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Abstract 

Diabetes mellitus patients in Central Java grow yearly. According to data provided by the Central 

Java Health Department in 2019, Diabetes mellitus ranks second as the largest non-communicable 

disease (NCD), covering 13,4% of the total NCD patients. The prevalence of diabetic ulcers is 

15-25% of all diabetes mellitus patients in Indonesia, which concerns the author regarding the 

possible increase of the diabetic ulcer population in Central Java. The severity of diabetic ulcers 

depends on various factors, including infection and complications. The most common 

complication is sepsis, a systemic infection often arising from local infections that are not 

appropriately treated, causing progressive damage and increasing mortality rates. This study aims 

to examine the comparison of ulcer severity in diabetic ulcer patients with sepsis and non-sepsis 

complications using Meggitt Wagner's criteria. This study utilizes an analytic observational study 

using a cross-sectional approach. The author sampled 126 patients diagnosed with Diabetic Ulcers 

in 2022 at Dr. Moewardi General Hospital for this study, using a purposive sampling method. The 

research was conducted by looking at the patient's medical record data, and data analysis using 

SPSS software. The test used in this research includes a Parametric T-independent test and a 

Pearson bivariate relationship test. This study shows that the comparison of ulcer severity in 

diabetic ulcer patients with sepsis and without sepsis was statistically significant (p-value = 

0.000002). The mean of the group with sepsis (3.4127) was greater than the group without sepsis 

(2.5238). In conclusion, the comparison of ulcer severity in diabetic ulcer patients with sepsis and 

without sepsis is significant. We recommend future researchers include patients’ comorbidities, 

total hospitalization time, and detailed information on drug use and patient adherence to treatment 

in their research for more nuanced findings.                  

Keywords: Diabetes Mellitus, Diabetic Ulcer Severity, Sepsis, Wagner's Criteria. 
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1. INTRODUCTION 

Diabetes Mellitus (DM) is a chronic metabolic disease characterized by persistent 

hyperglycemia. It is caused by insulin secretion damage or peripheral insulin resistance (Goyal, 

Jialal, & Delhi, 2023). In 2019, Indonesia was ranked 7th as the country with the most diabetic 

patients in the world (Kementerian Kesehatan, 2020). Meanwhile, in Central Java itself, 

diabetes is the second largest non-communicable disease (NCD) after hypertension with 

618,546 patients, covering 10.7% of the total number of patients with NCD (Dinas Kesehatan 

Provinsi Jawa Tengah, 2019). Therefore, it is vital for the medical institution to pay additional 

attention in order to reduce the prevalence and complications of Diabetes Mellitus in Central 

Java. 

Common Diabetes Mellitus complications that often emerge are diabetic ulcers (Wang et 

al., 2021). The term diabetic ulcer is used to describe a wound on the skin of a person with 

diabetes, which does not heal properly (Monteiro-Soares et al., 2019; Syafril, 2018). Wounds 

with longer periods of healing increase its risk of infection, and if not treated accordingly, it 

may cause sepsis (Perez-Favila et al., 2019). Patients with sepsis experience systemic 

inflammation and immune disorders that involve altering multiple organs in the body, thus 

increasing the risk for amputation, disability, and death (Huang, Cai, & Su, 2019) 

Diabetic ulcer is a potentially fatal complication that can cause mortality and morbidity 

in patients. Previous studies suggest that 19-34% of diabetic patients are likely to develop 

diabetic ulcers in their lifetime (Everett & Mathioudakis, 2018). In Indonesia, the probability 

of developing diabetic ulcer reaches 15% of the total diagnosed DM patients with a prevalence 

rate of diabetic ulcers occurring in 15-25% of patients (Sukartini, Theresia Dee, Probowati, & 

Arifin, 2020).  

During the course of the disease, diabetic ulcer is so susceptible to infection that it 

commonly caused septic foot or infected diabetic wound (Lin, Hung, Huang, & Yeh, 2019). 

Previous study showed that 98.8% of diabetic ulcer patients in Indonesia suffer from infection, 

which requires patients to be assessed for possible infection during admission (Najihah, 2020). 

In 2021, it is stated that sepsis is the most common complication for diabetic ulcer patients, 

which is evident in 68.26% of the total patients (Hariftyani, Novida, & Edward, 2021). 

Previous research regarding the profile of diabetic ulcer patients proves that sepsis is the 

most common complication in DM, and ulcer severity determined with Meggitt-Wagner 

criteria grade 4 and 5 have manifested in 41,31% of patients (Hariftyani et al., 2021). However, 

it has not been clarified whether there is a difference in the severity of ulcers in patients with 

sepsis and without sepsis. Based on this information, this study aims to contribute novelty by 

analyzing the comparison of ulcer severity in patients with sepsis and without sepsis using 

Meggitt-Wagner’s criteria. The increasing number of diabetic ulcer patients and the lack of 

knowledge regarding these complications indicates the urgency to research this matter.     

 

2. RESEARCH METHOD 

This is analytic observational research utilizing a cross sectional method as its research 

design, conducted at the Internal Medicine Department of Dr. Moewardi General Hospital 

Surakarta. The population of this research are type 2 DM patients diagnosed with diabetic ulcers 

in the year of 2022 at Dr. Moewardi General Hospital Surakarta with inclusion of patients with 

pneumonia excluding patients with a history of malignancy and autoimmune; patients 

undergoing immunosuppression therapy; patients with other infection such as UTI and 

gastrointestinal infection; and patients with insufficient medical records. 

The independent variable is the presence or absence of sepsis in patients measured using 

Sequential Organ Failure Assessment (SOFA) criteria (Cecconi, Evans, Levy, & Rhodes, 

2018). The dependent variable is severity of diabetic ulcer measured with Megitt-Wagner’s 

https://doi.org/10.31965/infokes.Vol22.Iss2.1221
https://doi.org/10.31965/infokes.Vol22.Iss2.1221


Maydiana, S.R.A., Nurhayatun, E., & Putri, D.P. (2024). Comparison of Severity in Diabetic  
Ulcer Patients with and Without Sepsis. JURNAL INFO KESEHATAN, 22(2), 214-220. 

https://doi.org/10.31965/infokes.Vol22.Iss2.1221 

| 216 

 

criteria (Utami, Marselin, & Hartanto, 2021). Confounding variables include age, gender, 

length of stay, types of pathogens in the ulcer, and patients’ mortality. Samples were taken 

using a purposive sampling method, with 63 patients in each category with and without sepsis, 

making the total sample of 126 patients. Data analysis was performed using SPSS 

software. The population was first subjected to normality and homogeneity tests using 

Kolmogorov-Smirnov test and Levene’s test (Conover, Guerrero-serrano, & Gustavo, 2018; 

Orcan, 2020). Furthermore, data on ulcer severity and the presence or absence of sepsis was 

analyzed using a parametric comparison test to determine the difference between the severity 

in both categories (Kim, 2015). A significant difference is obtained if the p-value is <0.05. 

Ethical approval for this study was obtained in Dr. Moewardi General Hospital Surakarta with 

ethical number: 364/III/HREC/2023.      

 

3. RESULTS AND DISCUSSION 

Table 1. Subject Characteristics (age, gender, comorbidities) 

Subject Characteristic Frequency (n) Percentage (%) 

Age 15-44 years old 7 6% 

45-59 years old 61 48% 

≥60 years old 58 46% 

Gender Female 67 53% 

Male 59 47% 

Comorbidities  Yes 64 51% 

No 62 49% 

Table 1 shows that the population of this study consists of 67 female patients and 59 male 

patients, with the age ranging from 33-83 years old. The data indicates that the most common 

age group of this study population is between 45-59 years old. The percentage of patients with 

comorbidities prior to admission is slightly higher than that of patients without comorbidities 

 

Table 2. Ulcer Severity on Patients with and Without Sepsis 

Sepsis 
 Wagner’s Criteria Grade 

Mean p-value 
1 2 3 4 5 Total 

Yes 2 7 22 26 6 63 2.5238 
0.000002 

No 11 23 16 12 1 63 3.4127 

Table 2 shows that this study obtained medical records from 126 diabetic ulcer patients 

at Dr. Moewardi General Hospital Surakarta in the year 2022. The data was later examined for 

ulcer severity using Meggitt-wagner’s criteria, and the presence or absence of sepsis. The 

outcome shows that the average Wagner’s Criteria grade for ulcer patients with sepsis is 3.4127, 

with grade 4 being the frequent Wagner’s grade. For patients without sepsis, the average 

Wagner’s Criteria grade is 2.5238 with grade 2 contributing to a third of the total patient’s 

severity grade.  

Data acquired in this study suggest that diabetic ulcer patients with sepsis had a higher 

Wagner grade (3.4127) compared to its counterparts without sepsis (25238). Further analyzing 

the data using T-Independent test resulted in p-value <0.001 (p<0.05), meaning that the 

comparison between two groups is significantly different. 

Ulcer Severity is influenced by many factors, such as infection. Infection in diabetic 

ulcers varies in type, ranging from uncomplicated cellulitis to systemic inflammation or sepsis 

(Goh et al., 2020). The presence of infection is one of the bases for assessing the severity of 

ulcers. Likewise, in Wagner’s criteria used in this study, the presence of infection is specified 

in grade 3 (Stang & Young, 2018). Infection in diabetic ulcers is progressive, and ulcer patients 
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with infections are 10 times more probable of hospitalization and have an increased amputation 

risk up to 155 times compared to individuals without infections (Najihah, 2020; Primadina, 

Basori, & Perdanakusuma, 2019). In a previous study, it is mentioned that 59% of diabetic ulcer 

patients  were the result of sepsis (Matta-guti, Garc, Garc, Á, & Luis, 2021). Moreover, the 

Department of Orthopedic Surgery in Korea university found a positive and linear correlation 

between patients diagnosed with sepsis and the severity of diabetic ulcers (Park, 2017). 

 

Table 3. Samples Distributions Based on Age and Mortality 

Subject 
 Wagner’s Criteria Grade 

Mean p-value 
1 2 3 4 5 Total 

Pathogens MDR 2 5 11 17 1 36 3.2778 
0.029 

Non-MDR 11 25 27 21 6 90 2.8286 

Age ≤60 years old 9 14 25 17 3 68 2.8678 
0.263 

>60 years old 4 16 13 21 4 58 3.0862 

Table 3 shows that the patients with multi-drug resistant (MDR) pathogens experience 

higher severity grade albeit a lower population count. Based on the information acquired in this 

research it is stated that 36 out of 126 patients are infected with MDR pathogens, and the 

average Wagner’s Criteria Grade on those patients are 3.2778. Whilst, Wagner’s Criteria grade 

for patients infected with non-MDR pathogens averaged at 2.8286. 

Furthermore, it appears that patients over 60 years old had a higher Wagner’s Criteria 

Grade during admission over patients aged 60 years and younger. With the average Wagner 

Grade for patients over 60 are 3.0862. 

In patients infected with MDR pathogens, the Wagner grade averaged higher than 

patients infected with non-MDR pathogens. This analysis also bears significant results with a 

p-value of 0.29 (p<0.05). A previous study supported this result by stating that patients infected 

with MDR pathogens require longer healing periods, resulting in an increase in the Wagner 

grade due to bacterial reproduction which exacerbates tissue damage and increases the risk of 

infection (Liu, 2022; Yan, Song, Zhang, & Li, 2022) 

Patients over 60 years old are found to have higher Wagner grade over patients age 60 

years and younger. Despite this, after analyzing the comparison between both groups using the 

T-Independent test, the resulting p-value is proven to be insignificant. Meaning the difference 

between the two groups mean are indistinguishable in comparison. The Previous study in 2021 

and 2022 affirms this result in that they found no correlation between age and diabetic ulcer 

severity (Dörr et al., 2020; Syauta, Hendarto, Mariana, Kusumanegara, & Faruk, 2021). In 

2018, a study by Jeffcoate found that older patients had a longer recovery period, which is 

believed to have contributed to ulcer severity (Jeffcoate, Vileikyte, Boyko, Armstrong, & 

Boulton, 2018). 

 

Table 4. Sepsis Distribution on Hospital Length of Stay 

Sepsis 
Length of Stay 

Mean p-value 
0-5 days 6-10 days >10 days 

Yes 22 26 15 7.6984 0.372 

No 22 33 8 7.0635 

Table 4 shows that Patients with and without sepsis are further examined on their hospital 

length of stay, comparing the time spent for treating both groups. The results are longer periods 

of hospital stay for patients with sepsis. Patients with sepsis had an average length of stay of 

7.7 days, and patients without sepsis spent an average 7 days at the hospital.  
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In comparing the length of stay of patients with and without sepsis, the results for patients 

with sepsis appear to be longer in duration. However, after analyzing the comparison between 

the two groups, the result does not hold significance as the p-value equals to 0.372. In the T-

independent test, the p-value needs to be <0.05 for the comparison to have any significant 

difference. In contrast with previous study, it is said that diabetic ulcer patients with sepsis 

experience 1.6 times longer hospital stays than patients without sepsis (Gunawan, Pangalila, & 

Ludong, 2019). This contrasting outcome is likely due to study limitations; however, the author 

believes that said contrast warrants further study to determine such findings. 

Table 5. Sepsis Distribution on Patients Mortality 

Sepsis 
Mortality (n) 

Pearson Correlation p-value 
Yes No 

Yes 27 36 
0.496 <0.0001 

No 1 62 

 Table 5 shows Out of 126 medical records from patients that had been acquired, this 

study found that 28 patients died in total. 27 of them were patients with sepsis, and only one 

patient died without sepsis. A significant correlation between sepsis patients and mortality is 

characterized by the p-value result at <0.0001 (p<0.05). It is discovered that out of 28 patients 

in the sample population who died, 27 of them are patients with sepsis. Moreover, after further 

examining the data, the Pearson Correlation is valued at 0.496 which indicates a moderate 

correlation. These findings are in accordance with the previous study by Schofield, 2021 

claiming that sepsis is the leading cause of death in ulcer patients, and another study by Chen, 

2023 affirms this result by mentioning that systemic and local infection was the second leading 

cause of death after cardiovascular disease in patients with diabetic ulcer (Chen, Sun, Gao, & 

Ran, 2023; Schofield, Haycocks, Anderson, Heald, & Robinson, 2021). 

 

4. CONCLUSION    

In accordance with this research, which utilizes a cross-sectional approach on 126 

diabetic ulcer patients’ medical records at Dr. Moewardi General Hospital during the year 2022, 

it is evident that the comparison of ulcer severity in diabetic ulcer patients with and without 

sepsis is statistically significant. It is also concluded that the severity of ulcer on patients 

infected with MDR pathogens are more severe than patients who are infected with non-MDR 

pathogens. Lastly, this study also noted the moderate correlation between the presence of sepsis 

and patient mortality. 

For future researchers, it is advised to classify comorbidities according to organ system 

and analyze the severity for each group to see if there are significant results, also to consider 

the total time of hospitalization for patients with multiple admissions in order to extensively 

comprehend the patient’s condition, lastly, future studies should provide a detailed picture of 

drug use and patients treatment adherence. 
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Abstract 

Diet plays an important role in managing mass, and muscle strength and preventing diseases 

related to malnutrition. A dietary pattern that contains several nutrients has a role in improving 

muscle performance and reducing the incidence of sarcopenia. This study aims to determine the 

relationship between dietary patterns and the incidence of sarcopenia in subjects with type 2 

diabetes mellitus. This study was a cross-sectional study conducted on 150 subjects with type 2 

diabetes mellitus aged 40 years or older. Multivariate logistic regression tests were conducted to 

measure the effect of adherence to each dietary pattern on the possibility of sarcopenia. Three 

dietary patterns were identified through analysis of major components. After adjusting for 

confounding variables, subjects with healthy dietary patterns on the highest tertile had a lower 

odds ratio for developing sarcopenia (OR 0.584; 95% CI 0.070-4.865; p=0.000). In contrast, 

adherence to unhealthy dietary patterns was not associated with sarcopenia (OR 1.508; 95% CI 

0.305-7.452; p=0.612).  Similarly, adherence to a mixed dietary pattern did not affect the 

likelihood of sarcopenia (OR 1.297; 95% Cl 0.341-4.931; P=0.704). This study shows that 

adherence to a healthy dietary pattern is associated with a lower chance of developing sarcopenia 

in people with type II diabetes mellitus.                  

Keywords: Dietary Patterns, Sarcopenia, Muscle Mass, Muscle Strength, Walking Speed, Type 

II Diabetes Mellitus. 
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1. INTRODUCTION 

Sarcopenia is a condition where the skeletal muscle is involuntarily resorbed, leading to 

decreased muscle strength and function (Cruz-Jentoft et al., 2019; Sun et al., 2021). This 

condition has recently been identified as a new complication in patients with diabetes. The 

prevalence of sarcopenia varies, depending on age groups studied, ethnicities, associated 

comorbidities, and diagnostic criteria employed. For community-dwelling elderly individuals, 

the prevalence ranges from 9.9% to 40% (Mayhew et al., 2019), while among the elderly with 

type 2 diabetes mellitus (T2DM), it ranges from 15% to 44%, depending on the diagnostic 

criteria used (Shaikh et al., 2020; Wang et al., 2016). 

Sarcopenia has multiple causes, including chronic disorders such as neurological, 

inflammatory, and autoimmune diseases, malnourishment, hypogonadism, any chronic 

systemic illness, and multiple drugs, especially glucocorticoids (Borba et al., 2019). Diabetes 

is one of the most common causes of sarcopenia. Impaired muscle function contributes to a 

sedentary life. The pathogenesis of sarcopenia is complicated and associated with aging, 

sedentary lifestyle, nutritional factors, increased production of reactive oxygen species, 

increased levels of proinflammatory cytokines, hormonal changes, and decreased 

neuromuscular function (Chen et al., 2021; Tan et al., 2021). Nutritional causes of sarcopenia 

include inadequate energy and protein intake, low blood levels of vitamin D, and inadequate 

intake of carotenoids and antioxidants (Yakout et al., 2019). 

The link between sarcopenia and diabetes mellitus is due to the presence of similar risk 

factors between both conditions. Sarcopenia may be caused by inadequate energy and 

nutritional factors. Nutritional factors are linked to dietary patterns, which are defined as the 

quantities, proportions, variety, or combination of different foods, drinks, and nutrients in diets, 

and the frequency with which they are habitually consumed. Dietary pattern (DP) is the general 

profile of food and nutrient consumption which is characterized based on the usual eating habits 

(Snetselaar, et al., 2021). The analysis of dietary patterns gives a more comprehensive 

impression of the food consumption habits within a population (Omage & Omuemu, 2018). It 

may be better at predicting the risk of diseases than the analysis of isolated nutrients or foods 

because the joint effect of various nutrients involved would be better identified. 

A dietary pattern containing several nutrients may have a role in improving muscle 

performance and decreasing the incidence of sarcopenia (Göbl & Tura, 2022). In the people of 

East Nusa Tenggara, especially in Belu Regency, the diet pattern is commonly high in 

carbohydrate, vegetable, and legume intake but low in animal and fruit food intake (Carolina 

& Wahju, 2020). This may increase the risk of sarcopenia. Therefore, the purpose of this study 

was to determine the relationship of dietary patterns with the incidence of sarcopenia in patients 

with type II Diabetes Mellitus at Gabriel Manek General Hospital, SVD Atambua. 

 

2. RESEARCH METHOD 

This study used a cross-sectional design with purposive sampling the outpatient room of 

Gabriel Manek General Hospital, SVD Atambua. A total of 183 individuals with age ≥ 40 year 

met the criteria of type two diabetes mellitus between November 2023 until January 2024. 

After excluding the individuals (n = 23) who had been unable to walk independently or used 

assistive devices and (n = 10) who did not cooperate and withdrew during the research, a total 

of 150 subjects were finally recruited for analysis in this study. Ethical approval for this 

research was received from the research ethics committee of the Faculty of Medicine, 

Diponegoro University, Indonesia (Ethical Clearance No. 542/EC/KEPK/FK-

UNDIP/XI/2023). 

Definition and assessment of sarcopenia. Sarcopenia is defined as low muscle mass, 

decreased muscle strength, and/or slow walking speed. It is assessed based on the guidelines 

https://doi.org/10.31965/infokes.Vol22.Iss2.1476
https://doi.org/10.31965/infokes.Vol22.Iss2.1476


223 | https://doi.org/10.31965/infokes.Vol22.Iss2.1476 
 

of the Asian Working Group of Sarcopenia (AWGS). In men, low muscle mass index is <7.0 

kg/m² and muscle strength decreases when <26 kg. In women, low muscle mass index is <5.7 

kg/m² and muscle strength decreases when <18 kg. Walking speed decreases when <0.8 (m/s) 

(Chen et al., 2020).  

Dietary pattern assessment. Trained nutritionists collected dietary data using food 

frequency questionnaires (FFQs). The FFQs contained 25 food items that represent typical East 

Nusa Tenggara food patterns. Participants were asked how often they consumed each food 

item. The frequency scores were used to obtain a dietary pattern, which was classified into 

tertiles (Syauqy et al., 2018b).A healthy diet is characterized by a higher intake of foods with 

higher benefits in improving health (such as fruits and vegetables, whole grains, fish, lean 

meats, low-fat dairy, nuts, and olive oil), but lower in energy. Unhealthy diet patterns are 

characterized by low nutrient food intake (for example, refined grains, sweets, and animal 

products that are high in saturated fat) while mixed diet patterns are characterized by food 

intake consisting of a mixture of healthy and unhealthy diet patterns (Dominguez et al. 2022). 

Anthropometric measurements are taken by trained health professionals using standard 

protocols and tools such as ONEMED brand Microtoice for height measurement and 

bioelectrical impedance analysis instrument (brand Omron HBF-375) for measuring body 

weight (kg) and body fat (%). Body mass index (BMI) is calculated as body weight divided by 

height square and classified as normal nutritional status (18.5-25 kg/mɜ), undernutrition status 

(< 18.5 kg/mɜ), and over nutritional status (> 25 kg/mɜ) (Kementerian Kesehatan RI, 2014). 

Waist and hip circumference are measured using a tape measure and used to calculate waist-

to-hip ratio, which is defined as low (< 0.90 for men and < 0.85 for women) and high (≥ 0.90 

for men and ≥ 0.85 for women) (Syauqy et al., 2018a). 

Biochemical measurements. We used laboratory test data from patient medical records 

with the provision of test results that will be used if Fasting blood glucose levels (FGP) ≥ 126 

mg/dl. Blood glucose levels 2 hours postprandial > 200 mg/dl, and Hemoglobin A1c (HbA1c) 

levels are ≥ 6.5%. 

Demographic and lifestyle characteristics such as gender, age, duration of suffering from 

type 2 diabetes mellitus, metformin consumption, and physical activity were collected using 

questionnaires. The duration of suffering from type 2 diabetes mellitus dichotomy is ≤ 5 years 

and >5 years. Physical activity using the pre-developed PASE (Physical Activities Scale for 

Elderly) questionnaire was categorized as less (total score < 17), moderate (total score ≥ 17), 

and good (total score ≥ 22)(VandeBunte et al. 2022). 

The study used chi-square and ANOVA tests to determine differences in variables 

between subjects with sarcopenia and different dietary patterns. Multivariate logistic regression 

analysis was used to compare the relationship between dietary patterns and sarcopenia. The 

models were adjusted for various factors, and SPSS 26 software was used for analysis with a 

significance level of p ≤ 0.05. 

 

3. RESULTS AND DISCUSSION 

Table 1. Study’s Subject Characteristics 

Characteristics 
Sarcopenia (%) Total  

(N= 150) 
p-value 

Yes (n= 77) No (n= 73) 

Age (mean ± SD) 60.91±9.63 55.04±9.60 58.25±10.02 0.000 

40-59 57.1 42.9 56.7 0.048 

≥60 34.2 65.8 43.3  

Sex     

Male 61.0 41.1 51.3 0.023 

Female 39.0 58.9 48.7  

Weight (kg) 46.59±5.35 57.28±6.02 51.44± 7.77 0.000 
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Height (cm) 161.65± 4.44 163.82±8.32 162.64±6.56 0.044 

BMI (kg/m2) 17.82±1.86 21.48± 2.97 19.48±3.03 0.000 

Illness duration (years)     

≤ 5 1.3 69.9 34.7 0.000 

>5 98.7 30.1 65.3  

Waist (cm) 83.42±6.62 98.38±7.19 90.20±10.14 0.000 

Hip circumference (cm) 97.85±83 105.30±5.61 101.23±6.38 0.000 

Waist-hip ratio 0.85± 0.04 0.93±0.06 0.88± 0.07 0.000 

% body fat 26.23± 5.15 27.78± 5.36 26.93± 5.28 0.073 

Muscle mass index 

(kg/m2) 
6.44± 1.14 8.16± 1.56 7.22± 1.59 0.000 

Muscle strength (kg) 19.35± 3.51 24.92± 3.39 21.98± 3.93 0.000 

Walking speed (m/s) 0.74± 0.23 1.08± 0.25 0.90± 0.29 0.000 

Physical activity (%)     

Less  76.6 4.1 40.7 0.000 

Moderate  15.6 11.0 14.0  

Good  7.8 84.9 45.3  

HbAIc Levels (%) 7.30±0.73 6.76±0.93 7.06±0.87 0.000 

Random blood glucose 

(mg/dl)              
158.90±15.66 151.09±21.59 154.56±19.09 0.011 

Blood glucose 2 hours 

postprandial (mg/dl)              
265.88±45.60 242.74±62.32 255.39±54.86 0.010 

Metformin 

consumption (%) 
    

Consumed  13.0 94.5 52.7 0.000 

Not consumed  87.0 5.5 47.3  

Total intake     

Energy (kcal) 1083.66± 30.26 1363.91± 37.97 1210.71± 26.39 0.000 

Protein (gr) 43.46±1.30 56.66± 1.42 49.45± 1.09 0.000 

Fat (gr) 31.59±1.28 35.03± 1.54 33.15± 0.99 0.086 

Carbohydrate (gr) 204.70±4.25 236.19±5.40 218.97± 3.60 0.000 

Table 1 shows that the research analyzed participants' sarcopenia conditions and found 

that the majority of those affected were older than 60 years. The study revealed a significant 

relationship between body weight, height, and nutritional status with the incidence of 

sarcopenia. Patients with type II diabetes mellitus who have had pain for over five years had a 

higher incidence of sarcopenia. The research found a significant relationship between muscle 

mass index, muscle strength, and walking speed with the incidence of sarcopenia. HbA1C 

levels were also associated with sarcopenia. In addition, the study found a significant 

relationship between low physical activity and sarcopenia. 

 
Table 2. Loading of Dietary Factors and Patterns Resulting from Principal Component 

Analysis for 25 Food Groups 

Food Group 

Factor I 

(Unhealthy dietary 

pattern) 

Factor II 

(Mix dietary 

pattern) 

Factor III 

(Healthy dietary 

pattern) 

Rice/flour/corn products 0.154 0.488 0.098 

Root crops 0.162 -0.287 -0.036 

Whole grains -0.097 -0.166 0.613 
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Staple food ingredients 

cooked in oil 

0.353 0.076 0.063 

Nuts -0.160 -0.274 0.380 

Soya bean -0.242 -0.119 0.367 

Dairy products and dairy 

products 

0.046 0.099 -0.250 

Light colored vegetables 0.094 0.531 -0.069 

Dark colored vegetables 0.050 -0.248 0.516 

Egg 0.244 0.049 0.296 

Fish and seafood -.0.007 0.190 0.339 

Meat 0.194 -0.523 0.057 

Poultry 0.106 0.516 0.193 

Fast food 0.648 0.123 0.094 

Processed foods 0.517 -0.349 -0.306 

Fried food 0.374 0.313 -0.204 

Animal organs 0.011 0.250 -0.020 

Fruits 0.096 0.137 0.501 

Processed fruit -0.023 -0.298 -0.261 

Traditional snacks 0.360 0.204 0.008 

Jam/honey 0.734 -0.074 -0.058 

Sweet drinks 0.621 -0.061 0.044 

Sweet dessert 0.629 0.037 -0.061 

Tea and coffee 0.597 0.202 -0.193 

Alcoholic beverages 0.342 -0.129 0.189 

Table 2 shows that three dietary patterns have emerged. The first factor is referred to as 

unhealthy dietary patterns, which consists of ten highly loaded food groups such as staple foods 

cooked in oil, fast food, processed foods, fried foods, traditional snacks, jams/honey, sugary 

drinks, sugary desserts, tea and coffee, and alcoholic beverages. The second factor, labeled 

mixed diet pattern, includes seven types of food comprising high consumption of 

rice/flour/corn products, root crops, light-colored vegetables, meat, poultry, animal organs, and 

processed fruits. The third factor called a healthy dietary pattern, includes eight food groups 

consisting of high consumption of whole grains, nuts, soybeans, dairy and processed products, 

dark-colored vegetables, eggs, fish and seafood, and fruits. Factor 1 explains 12.13% of intake 

variance, factor 2 explains 7.56% of the variance, and factor 3 explains 7.62% of the variance. 

The total variance of the three factors was 27.31%, and the eigenvalue of the three factors was 

greater than 1.5. 
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Table 3. Test the characteristics of research subjects with diet 

Variables 
Unhealthy Dietary Pattern        Mixed Dietary Pattern            Healthy Dietary Pattern 

T1  T2  T3  p T1  T2  T3  p T1  T2  T3  p 

Age (mean±sd) 

 

Age category  

40-59 

 ≥60 

50.54± 9.87 

 

 

66.0 

34.0 

60.42± 

10.18 

 

38.0 

62.0 

58.80± 

9.59 

 

58.0 

42.0 

0.045 

 

 

0.015 

56.10± 

9.21 

 

64.0 

36.0 

60.48± 

9.94 

 

44.0 

56.0 

58.18± 10.58 

 

 

54.0 

46.0 

0.091 

 

 

0.134 

59.40± 

10,13 

 

54.0 

46.0 

59.34± 9,7 

 

 

50.0 

50.0 

56.02± 

9.98 

 

58.0 

42.0 

0.156 

 

 

0.725 

Sex 

Male 

Female 

 

64.0 

36.0 

 

52.0 

48.0 

 

38.0 

62.0 
0.034 

 

48.0 

52.0 

 

60.0 

40.0 

 

46.0 

54.0 
0.317 

 

42.0 

58.0 

 

54.0 

46.0 

 

58.0 

42.0 
0.250 

Weight (kg) 44.14± 1.17 49.93± 

4.14 

60.24± 

5.43 

0,000 49.85± 

6.32 

52.21± 

9.40 

52.25± 7.17 0.211 51.02± 

7.38 

 

52.27± 7.81 51.44± 

7.77 

0.657 

Height (cm) 159.86± 3.57 164.48± 

4.02 

163.58± 

9.47 

0.001 163.36

± 7.05 

160.90

± 6.65 

163.66± 5.56 0.069 163.26± 

6,85 

162.48± 

7.06 

162.1± 

5.78 

0.700 

BMI (kg/m2) 17.29± 0.68 18.47± 

1.57 

22.69± 

2.93 

0.000 18.67± 

1.81 

20.24± 

3.87 

19.53± 2.72 0.034 19.15± 

2.63 

19.87± 3.33 19.42± 

3.10 

0.484 

Illness duration  

≤ 5 years 

>5 years 

 

40.0 

60.0 

 

28.0 

72.0 

 

36.0 

64.0 
0.439 

 

44.0 

56.0 

 

28.0 

72.0 

 

32.0 

68.0 
0.216 

 

36.0 

64.0 

 

22.0 

78.0 

 

46.0 

54.0 
0.040 

Waist 

circumference 

(cm) 

79.26±0.86 81.75± 

1.04 

89.96± 

4.51 

0.000 

 

82.84± 

4.92 

82.01± 

5.79 

84.11± 5.32 0.419 83.44± 

5.17 

83.96± 5.58 83.56± 

5.29 

0.877 

Hip 

circumference(c

m) 

93.96±2.57 98.13± 

0.56 

102.32± 

3.74 

0.000 

 

97.64± 

4.55 

98.9± 

4.32 

98.70± 4.06 0.470 98.21± 

3.82 

98.11± 4.18 98.11± 

4.94 

0.992 

Waist Hip Ratio 0.84± 0.03 0.83± 

0.03 

0.87± 

0.05 

0.000 0.84± 

0.03 

0.86± 

0.05 

0.85± 0.04 0.464 0.84± 

0.03 

0.86± 0.04 0.85± 0.04 0.483 
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% Body fat 22.80±1.60 29.19± 

1.85 

35.18± 

3.17 

 

0.000 27.70± 

5.02 

29.51± 

6.18 

29.95± 5.28 0.101 28.88± 

5.76 

29.46± 5.92 28.83± 

5.06 

0.824 

Muscle Mass 

Index(kg/m²) 

7.50± 1.78 7.17± 

1.29 

6.98± 

1.66 

0.254 7.53± 

1.74 

 

7.14±  

1.54 

6.98± 1.48 0.217 6.92± 

1.30 

7.05± 1.71 7.68± 1.66 0.037 

Muscle strength 

(kg) 

23.15± 3.37 22.43± 

4.15 

20.51± 

3.83 

 

0.512 22.17± 

4.03 

22.07± 

3.47 

21.53± 4.17 

 

0.537 20.71± 

3.62 

21.72± 3.74 23.56± 

3.95 

0.001 

Walking speed 

(m/s) 

0.87± 0.29 0.89± 

0.34 

0.93± 

0.24 

0.570 0,.93± 

0.27 

 

0.87± 

0.28 

 

0.89± 0.32 

 

0.537 1.22± 

0.21 

0.83± 0.13 0.63± 0.14 0.000 

Physical activity  

Less 

Moderate 

Good  

 

46.0 

10.0 

44.0 

 

34.0 

20.0 

46.0 

 

42.0 

12.0 

46.0 
0.567 

 

40.0 

10.0 

  50.0 

 

42.0 

14.0 

  44.0 

 

40.0 

18.0 

           42.0 
0.816 

 

34.0 

18.0 

48.0 

 

58.0 

         4.0 

38.0 

 

30.0 

20.0 

50.0 
0.018 

HbAIc  Levels 

(%) 

7.30± 0.78 7.35±0.87 7.42± 

0.80 

0.790 7.53± 

0.84 

7.20± 

0.73 

7.33± 0.85 0.131 8.16±  

0.58 

 

7.27±   

0. 43 

 

6.63±    

0.55 

 

0.000 

Fasting blood 

glucose(FPG) 

(mg/dl) 

148.96± 

20.59 

151.94± 

23.15 

152.30± 

21.56 

0.703 152.34

±21.04 

151.12

± 22.73 

149.74± 21.65 0.837 174.26± 

10.83 

150.94± 

9.42 

128.00± 

11.56 

0.000 

Blood sugar 2 

hours post-

prandial(mg/dl) 

247.58± 

59.08 

248.96± 

54.83 

265.24± 

61.97 

0.250 258.82

± 58.21 

250.72

± 56.81 

252.24± 62.29 0.768 264.58± 

35.57 

261.40± 

32.24 

195.80± 

41.55 

0.000 
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Metformin 

consumption (%) 

Consumed  

Not consumed  

 

 

56.0 

44.0 

 

 

58.0 

     42.0 

 

 

44.0 

56.0 

 

0.317 

 

 

56.0 

  44.0 

 

 

52.0 

  48.0 

 

 

50.0 

           50.0 

 

 0.829 

 

 

50.0 

    50.0 

 

 

42.0 

       58.0 

 

 

66.0 

       34.0 

 

0.050 

Total intake             

Energy (kkal) 869.50± 

26.93 

1136.59± 

35.47 

1749.95

± 43.06 

0.000 1173.08

± 61.53 

1295.2

7± 

65.69 

1287.69± 62.15 0.312 1276.68± 

65.40 

1251,28 ± 

62.85 

1228.08 ± 

62.47 

0.864 

Protein (gr) 50.51± 1.95 49.76± 

2.03 

48.08± 

1.73 

0.656 50.53±  

1.81 

47.60± 

1.91 

50.21± 1.98 0.494 37.66± 

0.98 

46.73± 1.04 63.95± 

1.30 

0.000 

Fat (gr) 21.44± 0.95 36.18± 

0.56 

46.70± 

1.47 

0.000 32.36± 

1.79 

35.22± 

1.78 

      36.74±1.84 0.023 35.88± 

1.73 

34.60± 1.84 33.84± 

1.86 

0.726 

Carbohydrate 

(gr) 

179.82± 

3.85 

212.60± 

2.27 

264.54± 

4.89 

0.000 207.54

± 6.02 

221.57

± 6.42 

      227.84± 6.03 0.042 225.19± 

5.78 

216.97± 

7.12 

214.80± 

5.74 

0.466 

The value is presented as % for category variables or mean ± SD for continuous variables; *The p value is obtained from the chi-square test for category variables and the anova test for continuous variable. 

 

 

Table 3 shows the characteristics of study subjects across categories of dietary tertile. The highest tertile (T3) of the three dietary patterns 

was dominated by study subjects who had suffered from type II diabetes mellitus > 5 years. Significant differences were found between tertiles 

related to weight, height, and nutritional status in dietary pattern I (unhealthy dietary pattern). In contrast to this dietary pattern, there were no 

significant differences between tertiles related to weight, height, and nutritional status in dietary pattern 2(mixed dietary pattern) and dietary pattern 

3 (healthy dietary pattern). Table 3 also reveals differences in average energy, protein, fat, and carbohydrate intake between tertile categories of 

each dietary pattern.
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Table 4.Risk Estimation For Sarcopenia and Its Components Across Tertile Dietary Patterns 

Variables  Unhealthy Dietary Pattern Mixed Dietary Pattern Healthy Dietary Pattern 

 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 

Low Muscle 

Mass Index 

T1 1 1 1 1 1 1 

T2 1.085 

(0.491-2.395) 

1.146 

(0.244-5.382) 

1.273 

(0.579-2.795) 

1.290 

(0.303-5.502) 

0.444 

(0.199-0.989) 

0.542 

(0.162-1.807) 

T3 1.496 

(0.679-3.294) 

1.969 

(0.468-8.282) 

1.000 

(0.454-2.203) 

1.342 

 (0.329-5.474) 

0.345 

(0.153-0.777) 

0.674 

(0.192-2.367) 

p 0.569 0.442 0.786 0.641 0.024 0.000 

Low muscle 

strengths  

T1 1 1 1 1 1 1 

T2 1.084 

(0.493-2.384) 

1.180 

(0.265-5.252) 

1,287 

(0.575-2.881) 

1.040 

 (0.290-3.727) 

0.663 

(0.302-1.472) 

0.880 

(0.241-3.209) 

T3 1.379 

(0.628-3.029) 

1.412 

(0.357-5.585) 

1.090 

(0.484-2.455) 

1.157 

 (0.303-4.421) 

0.351 

(0.152-0.814) 

0.510 

(0.132-1.972) 

p 0.706 0.519 0.822 0.732 0.044 0.000 

Low-speed 

walking 

T1 1 1 1 1 1 1 

T2 1.278 

(0.578-2.825) 

1.383 

(0.236-8.083) 

1,381 

(0.627-3.040) 

1.120 

(0.273-4.590) 

0.568 

(0.257-1.256) 

0.607 

(0.122-3.015) 

T3 1.385 

(0.627-3.058) 

1.953 

(0.356-10.712) 

1.000 

(0.452-2.213) 

1.417 

(0.349-5.762) 

0.343 

(0.152-0.775) 

0.589 

(0.120-2.897) 

p 0.703 0.489 0.650 0.571 0.032 0.000 

Sarcopenia  

T1 1 1 1 1 1 1 

T2 1.282 

(0.577-2.849) 

1.307 

(0.239-7.146) 

1.278 

(0.578-2.852) 

1.194 

(0.311-4.589) 

0.615 

(0.279-1.359) 

0.701 

(0.083-5.903) 

T3 1.390 

(0.626-3.084) 

1.508 

(0.305-7.452) 

1.086 

(0.489-2.411) 

1.297 

(0.341-4.931) 

0.375 

(0.167-0.842) 

0.584 

(0.070-4.865) 

p 0.700 0.612 0.827 0.704 0.032 0.000 

Table 4 shows the Odds Ratio (OR) for sarcopenia and its components across tertile dietary patterns. The highest tertile of an unhealthy 

dietary pattern has a greater chance of sarcopenia incidence than other tertiles. There was no significant association with sarcopenia in mixed 

dietary patterns. A healthy dietary pattern has a lower chance of developing sarcopenia and its components. 

In this study, three main dietary patterns were identified using factor analysis techniques: dietary pattern 1 (unhealthy dietary pattern), 

dietary pattern 2 (mixed diet pattern), and dietary pattern 3 (healthy dietary pattern). The study found no significant association between dietary 
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pattern 1 (unhealthy dietary pattern) and the incidence of sarcopenia, even after controlling for 

potential confounders such as gender, age, nutritional status, physical activity, duration/length 

of suffering from type II diabetes mellitus, HbA1C levels, and metformin consumption habits. 

This dietary pattern is similar to the Western dietary pattern and is known to have a high content 

of fast food, sweet foods, oily foods, and alcohol consumption, which can reduce muscle mass, 

and strength, and increase inflammatory mediators (Bagheri et al., 2021). 

Dietary pattern 2 (mixed dietary pattern) is characterized by high levels of consumption 

of rice/flour/corn products, root crops, light-colored vegetables, meat, poultry, animal organs, 

and processed fruits. However, adherence to this pattern was not associated with a decrease in 

the likelihood of sarcopenia even after adjusting for confounding variables (Ganapathy & 

Nieves, 2020). Several previous studies have shown that animal protein as a source of essential 

amino acids did not significantly affect the increase in muscle mass (Granic et al., 2020) and 

that diets high in saturated fat can influence the occurrence of sarcopenia due to increased 

catabolism such as inflammation and oxidative stress as well as fat accumulation leading to 

muscle aging (Enos et al., 2013). 

In contrast to dietary pattern 1 and dietary pattern 2, adherence to dietary pattern 3 

(healthy dietary pattern) was found to significantly reduce the likelihood of sarcopenia, even 

after adjusting for other possible confounding variables. This healthy diet pattern is similar to 

the Mediterranean diet, and several studies have reported positive effects on reducing the risk 

of chronic diseases such as diabetes mellitus (Bagheri et al., 2021). Results from this study also 

showed that participants who consumed fruits, nuts, and dairy daily had a lower risk of 

sarcopenia. Fruits and nuts provide abundant antioxidants, which can contribute to reducing 

oxidative stress and preventing or reducing muscle breakdown (Nishikawa et al., 2021). 

Legumes are also rich in vegetable proteins, unsaturated fatty acids, phytochemicals, vitamins, 

and minerals, which may act synergistically to prevent and manage sarcopenia in older adults 

(Del Río-Celestino & Font, 2020). Therefore, plant-derived protein can be the most appropriate 

source to meet protein requirements in older adults with or at risk of type II diabetes mellitus 

(Göbl & Tura, 2022). 

The study also examined the relationship between diet and the three components of 

sarcopenia by comparing the average levels of those components across the tertiles of each diet. 

In this study found no significant relationship between unhealthy dietary pattern and mixed 

dietary pattern with low muscle mass index, muscle strength and walking speed even after 

adjusting for confounding variables. However, in the case of healthy dietary pattern the 

direction of the relationship is significant as expected. Muscle mass index, muscle strength, and 

walking speed increase with more adherence to the diet. A longitudinal study found that greater 

adherence to a "westernized" dietary pattern was associated with an increased risk of muscle 

mass, lower muscle strength and slow walking speed, after a three-and-a-half-year follow-up 

period (Talegawkar et al., 2012). In another study, men with a diet high in red meat had poorer 

physical performance than those with a low meat pattern (Oh et al., 2014). 

The study also found that animal protein intake was not significantly associated with 

sarcopenia, and in fact, a diet high in animal protein was found to have an insignificant 

association with sarcopenia. However, animal protein intake was associated with an increased 

risk of overall type 2 diabetes mellitus compared to vegetable protein intake. Foods high in 

saturated fats, such as red meat and butter, were found to increase the prevalence of sarcopenia 

compared to a relatively healthy diet of unsaturated fats, olive oil, and vegetable fats.  

Dietary pattern 3 (healthy dietary pattern) as a whole is better in maintaining muscle 

mass, muscle strength, and walking speed than diet pattern 1 (unhealthy dietary pattern) and 

dietary pattern 2 (mixed dietary pattern). A cross-sectional study found that in women, higher 

fruit and vegetable variation scores were associated with higher mid-arm muscle areas (Kojima 
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et al., 2015). Another cross-sectional study found that adherence to healthy dietary patterns 

such as the Mediterranean dietary was associated with better muscle mass outcomes in women, 

but not in men (Shahar et al., 2012). The intake of alkaline-producing foods such as fruits and 

vegetables contained in this dietary pattern is also known to prevent acidosis and as a 

consequence maintain muscle mass and strength during aging and prevent the possibility of 

sarcopenia (Papadopoulou et al., 2023). One cross-sectional study found a healthier diet was 

significantly associated with higher hand grip strength in women but not men. A healthier 

variety of foods is associated with a lower risk of decreased grip strength in the future (Bollwein 

et al., 2013). High adherence to healthy dietary patterns such as the Mediterranean has also 

been linked to better walking speed, better physical function, and a slower decline in mobility 

over time (Bagheri et al., 2021)Two cross-sectional studies found a link between adherence to 

healthy dietary patterns such as the Mediterranean diet and faster walking speed (better physical 

performance)(León-Muñoz et al., 2015)(Xu et al., 2012). A healthier variety of foods was also 

associated with a lower risk for a decrease in walking speed in the future (Bollwein et al., 2013) 

Strengths and limitations. This study supports further information about the relationship 

between dietary patterns and the incidence of sarcopenia in people with type 2 diabetes mellitus 

in adult and elderly populations. The limitations in this study are first, the nature of the cross-

sectional study limits the ability to generalize the results of this study. Second, due to budget 

constraints, researchers used BIA for muscle mass estimation, while computerized tomography 

(CT scan), magnetic resonance imaging (MRI) and dual-energy X-ray absorptiometry (DEXA) 

were more accurate than BIA. Nevertheless, this method is considered a valid and reliable 

method and is generally applied in previous studies. Third, it should also be remembered that 

loss of muscle mass and muscle strength is different in men and women, so an accurate gender 

stratification analysis is needed to determine the relationship between dietary patterns with 

muscle mass and muscle strength. However, due to the small sample size and given that 

separating the sexes in the analysis resulted in a small number of people in each category, 

researchers did not conduct such an analysis. 

 

4. CONCLUSION    

It has been found that dietary patterns can play a crucial role in managing sarcopenia in 

patients with type II diabetes mellitus. Studies have shown that a healthy diet has a protective 

relationship with sarcopenia and its components. However, there is no relationship between an 

unhealthy dietary pattern and a mixed dietary pattern with sarcopenia and its components. 

There is a higher chance of sarcopenia incidence with these dietary patterns. 

This study suggests that a healthy dietary pattern, similar to the Mediterranean diet, can 

help prevent or reduce the risk of sarcopenia in older adults. Plant-derived protein may be the 

most appropriate source to ascertain protein requirements in older adults with or at risk of type 

II diabetes mellitus. Fruits, nuts, and legumes provide abundant antioxidants and nutrients that 

can contribute to reducing oxidative stress and preventing or reducing muscle breakdown. 
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Abstract 

Breastfeeding is the best strategy to ensure optimal growth and development for infants. Social 

support, fatigue, and stress are the main factors that hinder breastfeeding for primiparous mothers. 

This cross-sectional study analyzes husband support and coping stress of exclusive breastfeeding 

for primiparous mothers with a quantitative approach. The samples were 70 respondents taken 

with a total sampling technique. The research instruments were the husband support questionnaire 

and coping strategies inventory. The researchers analyzed the data with chi-square and multiple 

logistic regression. The results found 48 (68.5%) mothers with excellent husband support and 

exclusive breastfeeding. Meanwhile, mothers with excellent husband support but without 

exclusive breastfeeding were 18 respondents (25.71%). The results of statistical tests with a 

significance level of 5% obtained a sig value (p-value) of husband support (p=0.002) and coping 

stress p=0.000. The result indicates a correlation between husband support and coping stress on 

exclusive breastfeeding with OR value = (3.667). On the other hand, mothers with excellent 

husband support could provide exclusive breastfeeding 4 times higher than those with poor 

husband support. Husband support and coping stress affect exclusive breastfeeding of 

primiparous mothers in the employeding area of Puskesmas Dinoyo Malang City. Coping stress 

is the dominant factor influencing exclusive breastfeeding in primiparous mothers in the 

employeding area of Puskesmas Dinoyo Malang City. The research recommends public health 

centers improve programs that support maternal care in helping to improve skills in managing 

stress, on exclusive breastfeeding both at the public health center, the integrated public health 

service, and the auxiliary health center.                  
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1. INTRODUCTION 

Breast milk is an essential and dominant nutrient for infants in early life. Breastfeeding 

is the best strategy to provide necessities for infant growth and development (Nurek et al., 

2021). Breastfeeding for six months to two years to reduce morbidity and mortality (Sukatin et 

al., 2022). Exclusively breastfed infants only receive breast milk without other meals or fluids 

(Nurek et al., 2021). Exclusive breastfeeding has an impact on the emotional relationship 

between infants and mothers (Kementerian Kesehatan Republik Indonesia, 2022). 

Primiparous mothers experience barriers that can prevent them from exclusively 

breastfeeding, including lack of knowledge, difficulty with breastfeeding techniques, milk 

production, social support, and fatigue (Fukui, et al., 2021). Primiparous mothers also feel 

anxious and uncertain about their capability to breastfeed and correct breastfeeding techniques 

(Hörnell et al., 1999). These situations may influence mothers' confidence including interfering 

the breastfeeding. Primiparous mothers are often worried that the baby lacks nutritional intake 

from breast milk. They are also worried and may feel unable to provide adequate care for the 

babies, such as suffering from underweight (Goger et al., 2020). Primiparous mothers feel 

uncomfortable when breastfeeding in public because they will be visible from the crowd. The 

mothers may also find this situation could lead to public judgment toward their breastfeeding 

capability. Some mother may find it inconvenient to expose their body parts which are different 

from their young ages. This situation may influence their confidence in breastfeeding (Hauck 

et al., 2021). Breastfeeding may burden the thoughts of mothers; make them feel fatigued and 

worried about their physical and emotional fatigue management and interrupt their sleeping 

quality (Ahmad et al., 2022).  

WHO explains the achievement of breastfeeding coverage in the world was 40% in 2022 

and is targeting 70% by 2030 (World Health Organization, 2021). Exclusive breastfeeding 

coverage in Indonesia, based on the Ministry of Health in 2021, reached a percentage of 56.9%. 

The data also shows that West Nusa Tenggara Province reaches the highest rank with a coverage 

percentage of 82.4% while the lowest is Maluku at 13% (Kementerian Kesehatan Republik 

Indonesia, 2022). In Eastern Java, breastfeeding coverage in 2020 reached 79%. The other 

finding found the breastfeeding coverage percentage in Malang, 2022, was 76.96%. Of this 

percentage, Dinoyo Health Center had the lowest breastfeeding coverage percentage, 51.18% 

(Dinas Kesehatan Kota Malang, 2022). 

The low coverage may influence both babies and mothers because babies without low 

breastfeeding coverage may suffer from unstable physical and mental conditions (childbirth 

trauma), and prevention of ovarian and breast cancer. The trauma of childbirth tends to be 

greater in primiparous mothers than in other mothers due to swollen and painful breasts, sticky-

sensation nipples, and decreased milk production. In addition, primiparous mothers also tend 

to experience fatigue due to a lack of rest and sleep (Oktafia & Deviana, 2021).  

The affected mental state in mothers requires emotional support from the closest person 

(husband), both emotional support and informational support (Darwiche et al., 2019).  This 

support can relieve the stress level of primiparous mothers so they can be more motivated and 

feel confident to provide exclusive breastfeeding. However, the high stress level of these 

mothers may decrease exclusive breastfeeding (Choiriyah & Yudi, 2022).  Therefore, 

primiparous mothers must receive effective coping stress strategies such as getting support 

from partners, and family, maintaining rest patterns, and attending educational programs of 

breastfeeding to obtain information (Corby, Kane, & Dayus, 2021). On the other hand, mothers' 

stress management capability also influences their success and so does the support of the 

husband. This involvement could improve the quality of breastfeeding and the success of 

exclusive breastfeeding (Durmazoğlu et al., 2021).  

https://doi.org/10.31965/infokes.Vol22.Iss2.1505
https://doi.org/10.31965/infokes.Vol22.Iss2.1505


237 | https://doi.org/10.31965/infokes.Vol22.Iss2.1505 
 

 
 

Based on this exposure, the basis for conducting the following research is on the impact 

of husband support and coping stress on exclusive breastfeeding in primiparous mothers. The 

purpose of this study was to analyze the relationship between husband support and coping stress 

on exclusive breastfeeding for primiparous mothers. 

 

2. RESEARCH METHOD 

The cross-sectional research took 70 primiparous mothers as the samples with a total 

sampling technique. The research site was in the performance area of the Dinoyo Health Center 

in Malang City and was conducted from January 2024 to March 2024. The inclusion criteria 

are postpartum mothers with exclusive breastfeeding for their babies aged between 6 and 24 

months; and mothers with excellent physical and mental health. The applied research 

instruments were: the PSQI (the Pittsburgh Sleep Quality Score) consisting of 10 items with a 

Guttman scale (Shahid et al., 2012; Tobback et al., 2017; Burta, 2018), the husband-support 

questionnaire consisting of 10 items with a Guttman scale (Wahyuningsih & Machmudah, 

2013; Wulandari & Winarsih, 2023; Hani, 2020), the coping strategy inventory consists of 10 

items with a Guttman scale, and the exclusive breastfeeding questionnaire consists of one 

question with a Guttman scale (Bella, Wardhani & Indrawan, 2023).  The Cronbach alpha 

scores of each instrument are consecutively 0.63, 0.60, and 0.9.  

The researchers analyzed the univariate, bivariate, and multivariate data. The univariate 

analysis deals with the frequency distribution; bivariate analysis with Chi-square correlation 

analysis, and multivariate with multiple logistic regression to examine the influence. This 

research granted the ethical feasibility of the health research ethics commission of the Faculty 

of Medicine, Brawijaya University No. 7923/UN.10.F08.14.21/PP/2023. 

 

3. RESULTS AND DISCUSSION 

Table 1. The Analysis results of respondent characteristics at the Dinoyo Public Health Center 
Variable Frequency (f) Percentage (%) 

Age   

At risk (<20 and >35 y.o) 1 1,4% 

No risk (20-35 y.o) 69 98,6 % 

Education   

High 59 82,3% 

Low 11 17,7% 

Job   

Unemployed 54 77,1% 

Employed 16 22,9% 

Husband Support   

Poor 4 5,7% 

Excellent 66 94,3% 

Coping stress   

Poor 19 27,1% 

Excellent 51 72,9% 

Exclusive Breastfeeding    

Not Exclusive 22 31,4% 

Exclusive 48 68,6% 

Table 1 confirms that most respondents are not at risky ages, 69 respondents (98.6%). On 

the other hand, the table shows only 1 respondent at risky age level, between 25 and 35 years 

old, 1.4%. The highest maternal education was observable on 59 respondents (82.3%) while 
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the lowest maternal education was observable on 11 respondents (11.7%). The table shows 54 

unemployed mothers (77.1%) while 16 mothers are employed, 22.9%. The table also shows 

excellent husband support for breastfeeding in 66 respondents, (94.3%) while only 4 mothers 

received poor husband support, (5.7%). 51 respondents or 72.9% have excellent maternal 

coping stress against the exclusive breastfeeding problem.19 respondents of 27.1% have poor 

maternal coping stress against exclusive breastfeeding problems. A total of 48 respondents 

(68.6%) provided exclusive breastfeeding and only 22 respondents (31.4%) did not. 
 

Table 2. Bivariate analysis of husband support and primipara exclusive breastfeeding at the 

Dinoyo Primary Health Center 

Husband 

Support 

Not 

Exclusive  Exclusive  
Total p-value* OR 

95% CI 
Lower-

upper n % n % 
Poor 4 18,2 0 0 4 0,002 3,667 2,473-5,437 
Excellent 18 81,8 48 100 66    

Total 22 100 48 100 70    

The table shows 48 mothers (100%) with excellent husband support and exclusive 

breastfeeding provision. 18 mothers, 81.8%, have excellent husband support but without 

exclusive breastfeeding. The significant statistic test, at the 5% level, obtains a p-value of 0.002, 

lower than 0.05. The result indicates an effect of the husband's support on exclusive 

breastfeeding with the OR value = (3.667). The interpretation of the table is mothers with 

optimal husband support tend to provide exclusive breastfeeding 4 times greater than those with 

poor husband support. 

Table 3. Bivariate analysis coping stress and primipara exclusive breastfeeding at the Dinoyo 

Primary Health Center 

Coping 

stress 

Not 

Exclusive  Exclusive  
Total p-value* OR 

95% CI 
Lower-

upper n % n % 
Poor 19 86,4 0 0 19 0,000 17,000 5,671-50,959 
Excellent 3 13,6 48 100 51    

Total 22 100 100 100 70    

Table 3 shows 48 mothers, 100%, with excellent coping stress and exclusive 

breastfeeding. On the other hand, 3 mothers, 13.6%, and mothers with excellent coping stress 

but not exclusive breastfeeding were 3 respondents (13.6%). The finding of statistical testing 

with a 5% significance scale obtains a p-value of 0.000 lower than 0.05. The result shows the 

correlation between coping with stress and exclusive breastfeeding. The OR value = (17.000) 

indicates mothers with excellent coping stress provide exclusive breastfeeding 17 times higher 

than those with poor coping stress. 
 

Table 4.  The multivariate analysis logistic regression  

Variable p-value* B-value OR (95% CI) 
Lower Upper 

Husband Support 0,004 4,975 13,532 -3,6976 3,6632 
Coping stress 0,000 6,446 17,522 1,5654 8,3853 
Constanta -8,037     

Table 4 shows the variables of husband support and coping stress have a significant effect 

on exclusive breastfeeding in primiparous mothers at the Dinoyo Health Center area. This is 

confirmed by the p-value of husband support (0.004), and coping stress (0.000) < α (0.05). The 
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table shows the p-value of the coping stress is 0.000 lower than 0.05. The result indicates coping 

stress dominantly influences exclusive breastfeeding at the Dinoyo Public Health Center in 

Malang. The evidence is the sig-value of 0.000 and OR-value of 17.522. 

 

DISCUSSION 

Influence of Husband Support with Exclusive Breastfeeding in Primipara 
Husband support is defined as a caring attitude that is intended to foster excellent 

cooperation. Husband support is a clause of mutual help and has a special value for the wife as 

a sign of a close bond. Husband support can be in the form of psychological help in the form 

of motivation, attention, and material support, supporting the wife by helping directly or 

providing several facilities to facilitate the wife's activities and reduce maternal stress because 

lack of husband support is a risk factor for postpartum anxiety and depression (Darwichea et 

al., 2019). 
The test results show that the research hypothesis is accepted or there is a relationship 

between husband support and exclusive breastfeeding in primiparous mothers. Optimal 

husband support is associated with increased exclusive breastfeeding, the higher the level of 

husband support, the higher the likelihood of primiparous mothers providing exclusive 

breastfeeding. This study is in line with previous research which confirms that the husband's 

positive attitude towards breastfeeding greatly influences the mother's intention for exclusive 

breastfeeding (Gebremariam et al., 2021). Mothers who feel that their partners support 

breastfeeding tend to stop breastfeeding less when compared to mothers who feel that their 

partners are hesitant to support breastfeeding. In addition, the husband's physical and emotional 

support for his partner has a positive impact on exclusive breastfeeding, therefore involving the 

husband in breastfeeding is very supportive of the success of exclusive breastfeeding. A 

significant relationship was also suggested in a previous study that the influence of attitudes 

and support as well as the involvement of husbands/partners in maternal behavior in exclusive 

breastfeeding is very necessary to make decisions to continue exclusive breastfeeding after 

childbirth (Han et al., 2023).  
Research on family support found that husband support has an important role in exclusive 

breastfeeding in the form of knowledge, positive attitudes, involvement in decision-making, 

practical support, and emotional support for exclusive breastfeeding. Husband support can 

escalate the mother's motivation and confidence in exclusive breastfeeding for infants and the 

success of exclusive breastfeeding practices. Another study found that family support and 

husband support simultaneously influenced exclusive breastfeeding (Marks et al., 2018) 

In Minangkabau families, mothers have an important role in deciding on exclusive 

breastfeeding, and husband support is a crucial aspect of the procession of supporting exclusive 

breastfeeding. The results of the study are also related to those revealed in the study that when 

pregnant women and husbands agree on exclusive breastfeeding until the age of 6 months, the 

baby will likely receive breast milk longer, this shows that the support of the spouse in 

supporting the mother's intention to provide exclusive breastfeeding, so that the agreement of 

the husband and wife regarding the intention to provide breast milk can increase the initiation 

and duration of exclusive breastfeeding (Marks et al., 2018).  
In the research area at the Dinoyo Health Center in Malang City, it can be concluded that 

the presence of a husband's support, especially support in the form of assessment or 

appreciation, can cause breastfeeding mothers to feel more valued, listened to and given more 

attention at home setting. This situation positively influences the practice of exclusive 

breastfeeding on infants. 
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The Effect of Coping Stress with Exclusive Breastfeeding in Primipara 
Coping stress is a strategy used by breastfeeding mothers to overcome stress during 

exclusive breastfeeding because the breastfeeding process can be stressful and challenging for 

primiparous mothers, especially those with first-time breastfeeding process experience. An 

individual with stress management requires some steps to relieve the negative consequences of 

the breastfeeding process (Shiraishi et al., 2020). 
The partial test results confirmed that the stress-coping variable had a significant impact 

on the exclusive breastfeeding variable of primiparous mothers. Swastiningsih, (2014) also 

found the mother's capability to cope with stress during breastfeeding influenced exclusive 

breastfeeding. Thus, mothers must manage their stresses effectively to provide excellent 

exclusive breastfeeding for babies. 
Another study also found the influence of maternal stress toward the stopped exclusive 

breastfeeding in primiparous mothers. Therefore, effective techniques are important to provide 

exclusive breastfeeding. Examples of the strategies include mental and emotional preparations 

by organizing a breastfeeding schedule, seeking information to overcome problems for 

employed and unemployed mothers, seeking emotional support from spouses, family, and 

friends by sharing the encountered problems, and maintaining a balance between profession 

and private life to realize mental health and exclusive breastfeeding provisions  (Islami et al., 

2021).  
Research also found that high levels of stress in the postpartum period could increase the 

risk of early termination of exclusive breastfeeding. Stress can also affect the level of 

confidence in breastfeeding by decreasing oxytocin release, interfering with the milk ejection 

reflex, and lowering confidence in breastfeeding. In this study coping stress management was 

carried out by providing education to pregnant women and postpartum women regarding 

exclusive breastfeeding, informing mothers about physical and mental changes after childbirth, 

helping mothers plan for childbirth properly, providing education related to the essence of 

exclusive breastfeeding, breastfeeding techniques, and the benefits of breast milk for mothers 

and babies, overcoming problems while breastfeeding, relieving the stress and anxiety of 

mothers to breastfeed, providing emotional support to help mothers feel heard, understood and 

supported, and providing positive encouragement for the continuity of exclusive breastfeeding 

in primiparous mothers (Azizi et al., 2020).  
In the research area at Puskesmas Dinoyo Malang City, excellent maternal coping stress 

has a positive impact on breastfeeding mothers. Mothers with effective coping stress strategies 

tend to excellently cope with stress in breastfeeding. Effective coping can help mothers stay 

calm, focused, and motivated to continue to provide exclusive breastfeeding. Adjusting to a 

new role as a mother and finding ways to cope with stress could facilitate the adaptation of the 

mothers to the breastfeeding demand.   
 

The most influential coping stress and emotional support on exclusive breastfeeding 

among primipara 
The results of the last multivariate test show the most influential variable toward 

exclusive breastfeeding at the Dinoyo Health Center in Malang City, namely coping stress. The 

findings of partial testing confirmed that coping stress had a significant impact on exclusive 

breastfeeding in primiparous mothers. Then, the coping stress variable has an odds ratio value 

of 17.522, so the chances of mothers with excellent coping stress tend to provide exclusive 

breastfeeding to primiparous mothers in the working area at the Dinoyo health center are 17.522 

times greater than those with poor coping stress.  
The following study found the influence of psychological stress and anxiety during 

breastfeeding on mental well-being and exclusive breastfeeding administration. Thus, mothers 
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must manage problems in breastfeeding effectively (Nagel et al., 2023). Therefore, primiparous 

mothers must have effective coping strategies in managing stress such as seeking social 

support, namely many experiences and feelings of the closest people or maternal support groups 

that provide channels to reduce stress and improve psychological well-being, relaxation 

techniques such as meditation, deep breathing or yoga can relieve the stress of breastfeeding 

mothers, maintaining a balanced life and paying attention to other aspects such as adequate 

sleep, healthy diet and regular exercise, and managing time so that mothers could focus on 

providing exclusive breastfeeding. By applying effective coping stress strategies, mothers can 

increase their ability to provide exclusive breastfeeding. The evidence is the OR result for 

emotional support, 17.522. 
Emotional support, namely emotional support from husbands can relieve stress in 

mothers. The evidence is the OR value, 13.532. This situation could increase milk production, 

positive mood, and psychological support; and assist mothers to feel relaxed and comfortable 

in breastfeeding. Mothers also need instrumental support, namely helping with household tasks, 

caring for babies, or giving mothers time to rest can help relieve the mother's workload so that 

the mothers can focus on breastfeeding. The other support could be informational from the 

husband to provide knowledge of the benefits of breast milk, correct breastfeeding techniques, 

and breastmilk management solutions. These matters influence breast milk production. 

Excellent knowledge can help mothers understand exclusive breastfeeding effectively. 

Excellent knowledge could also help primiparous mothers feel more confident, comfortable, 

and motivated to continue providing exclusive breastfeeding to their babies (Pratiwi et al., 

2022). 
Counseling and psychological support are important to assist mothers in overcoming 

stress and anxiety in breastfeeding. Providing resources for relaxation techniques such as deep 

breathing can help mothers overcome stress at the Public Health Center so that primiparous 

mothers can reach out and obtain optimal results. Supporting mothers' ability to manage stress 

effectively can influence primiparous mothers' success in exclusively breastfeeding their 

infants, which can improve the health and well-being of both mothers and their children. 
 

4. CONCLUSION    

Husband support and coping stress affect exclusive breastfeeding of primiparous mothers 

in the Employeding area of Puskesmas Dinoyo Malang City. Coping stress is the dominant 

factor influencing exclusive breastfeeding in primiparous mothers in the Employeding area of 

Puskesmas Dinoyo Malang City. The research recommendations are that it is hoped that the 

public health center will improve programs that support maternal care in helping to improve 

skills in managing stress, on exclusive breastfeeding both at the public health center, the 

integrated public health service, and auxiliary health center so that it can run according to the 

ministry of health program evenly. Public health centers must improve the husband support for 

primiparous mothers to share experiences and prenatal counseling related to exclusive 

breastfeeding especially the emotional support. Thus, they can help mothers understand and 

anticipate sources of stress and strategies to manage them.  A need for postpartum counseling 

that focuses on stress management, sleep quality, and husband support is important to support 

the mother's mental health. These efforts are useful to improve the breastfeeding process 

smoothly. Support from health workers and the surrounding environment is important in 

facilitating primiparous mothers in providing exclusive breastfeeding. 
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Abstract 
The effect of cigarette smoke exposure on reproductive health has been widely studied, showing various physiological 

disorders induced by free radicals and oxidative stress. This study aimed to assess the protective effect of ethanol extract 

of black garlic (Allium sativum) on some reproductive parameters of female rats Rattus norvegicus exposed to subacute 

cigarette smoke. A proper experimental method with a post-test-only control group design was used, involving 25 rats 

divided into five groups with three different doses of the extract. The rats were exposed to cigarette smoke and then 

treated for 28 days. Results showed a significant decrease in ovarian Malondialdehyde levels and increased fallopian 

tube smooth muscle thickness in the extract-treated group. In addition, black garlic extract successfully increased the 

number of endometrial arterioles in the group exposed to cigarette smoke and extract, in contrast to the group exposed 

to cigarette smoke only. This study concludes that black garlic extract has the potential to be a protective agent against 

oxidative damage in the reproductive system of rats exposed to cigarette smoke, with effectiveness that depends on the 

dose of extract given. Further studies should investigate the long-term effects and optimal dosing of black garlic extract 

in humans. Additionally, exploring the molecular mechanisms behind its protective properties could enhance its 

application in reproductive health management.                  

Keywords: Black Garlic Extract, Cigarette Smoke, Oviduct Muscle, Malondialdehyde Levels, Endometrial Arterioles. 
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1. INTRODUCTION 

Cigarette smoke has been globally recognized as one of the leading causes of many severe 

diseases and health complications. According to a study conducted (Widyanti et al., 

2020);(Rahma et al., 2019), cigarette smoke contributes to an increased risk of cardiovascular 

disease, chronic lung disease, as well as various neurological disorders such as Alzheimer's and 

Parkinson's. In Indonesia, the prevalence of smokers has shown a significant increase from 

2011 to 2021, with more than 70 million residents actively smoking, resulting in a large 

population of secondhand smoke exposure in homes and public spaces (GATS, 2021).  

Secondhand smoke is known to be a major risk factor for numerous chronic diseases 

globally, such as heart disease, reproductive issues, and lung cancer (Widyanti et al., 2020). 

Cigarette smoke, which contains more than 4800 chemicals, including free radicals, causes 

significant oxidative stress in the body, which can affect reproductive health, especially in 

women (Rahma et al., 2019). 

Exposure to cigarette smoke has been linked to reduced fertility and a higher likelihood 

of miscarriage and various pregnancy complications (Trofor et al., 2018). This exposure has 

severe implications for reproductive health, including decreased pregnancy potential and a high 

risk of disorders of reproductive organs such as the ovaries and endometrium. 

Studies (Ardiana, 2021) show that cigarette smoke can reduce the chances of pregnancy 

by 30%, disrupt the normal function of reproductive hormones, and induce oxidative stress that 

damages reproductive cells. Harmful substances in cigarette smoke, including nicotine and 

carbon monoxide, have been shown to interfere with the expression of hormone receptors such 

as estrogen and progesterone and growth factors such as VEGF, which are critical for 

endometrial and ovarian function (Park et al., 2022).  

These substances have been linked to various health issues, including cancer. Studies 

have shown that cigarette smoking is associated with an increased risk of ovarian cancer (Faber 

et al., 2013), and endometrial carcinoma (Felix et al., 2014). Additionally, cigarette smoke 

exposure has been found to induce autophagy, dysregulate mitochondrial dynamics, and 

generate reactive oxygen species, leading to apoptosis and cell damage (Gannon et al., 2013). 

Furthermore, research has demonstrated that smoking cigarettes prevents bone-marrow-

derived stem cells from being recruited to the uterus (Budani et al., 2021), affecting uterine 

receptivity and potentially leading to fertility issues. It can also impact the expression of genes 

involved in the inflammatory response in the uterus, affecting processes essential for uterine 

growth and remodeling. Moreover, cigarette smoke has been implicated in causing damage to 

the ovary, inhibiting ovarian follicle growth, and affecting ovarian function (Aningsih et al., 

2020). 

Recent studies have revealed that the prevalence of smoking in Indonesia is very high, 

with exposure to cigarette smoke occurring not only in the public environment but also at home, 

which increases the health risks of secondhand smoke, including women and children. The 

prevalence of smoking in Indonesia is very high. According to recent data, there are 

approximately 3,461,279 active female smokers in Indonesia. Additionally, the exposure to 

secondhand smoke is a significant issue, impacting both women and children in various 

environments, including homes and public places (Sala & Gotti, 2023; Tobacco Atlas, 2024; 

World Health Organization, 2024). The damage that secondhand smoke causes to the female 

reproductive system is a severe public health issue that requires effective intervention 

strategies. 

Research in Indonesia shows an urgent need to address the health problems caused by 

cigarette smoke, especially among women who are at risk of infertility and other pregnancy 

complications due to oxidative stress and hormonal disruption induced by nicotine and other 

toxic substances in cigarette smoke (Kida et al., 2021). 
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Faced with this problem, black garlic (Allium sativum) in ethanol extract may offer a 

potential solution. Black garlic, known for its high antioxidant content, "has shown potential in 

reducing oxidative damage induced by free radicals found in cigarette smoke" (Lu et al., 2017). 

Previous studies have demonstrated that black garlic can improve antioxidant status and reduce 

biomarkers of oxidative damage in animal models and humans  (Agustina et al., 2020). 

Therefore, this study aimed to evaluate the protective effect of ethanol extract of black 

garlic (Allium sativum) against the negative impact of cigarette smoke on the reproductive 

system of rats. Black garlic, a fermented form of garlic, is known to have a high concentration 

of antioxidants that can fight free radicals and potentially reduce oxidative damage to 

reproductive tissues (Lu et al., 2017).  

This study is expected to provide new insights into the potential use of black garlic as a 

mitigation strategy against the damaging effects of cigarette smoke, especially on 

Malondialdehyde levels, oviduct smooth muscle thickness, and the number of endometrial 

arterioles in animal models exposed to subacute cigarette smoke. 

The results of this study are expected to provide new insights into the application of 

herbal medicine as a supporting therapy to protect reproductive organs from the adverse effects 

of cigarette smoke, offering a safer and more sustainable alternative therapy to reduce the health 

impacts caused by smoking habits that are still high in Indonesia.     

 

2. RESEARCH METHOD 

This research presents a unique laboratory experimental study that utilizes a 'post-test 

only control group' approach. The novelty lies in its focus on the direct effect of ethanol extract 

of black garlic on rats exposed to subacute cigarette smoke. The study was conducted at the 

Pharmacology Laboratory, Anatomical Pathology Laboratory Faculty of Medicine Brawijaya 

University, and Laboratorium Herbal Medika Batu City, from December 2024 to March 2024. 

The entire experimental procedure was approved by the Ethics Committee of the Faculty of 

Medicine, Brawijaya University, with ethical number 367/EC/KEPK-S2/11/2023. 

The study population included 25 female Wistar strain white rats (Rattus norvegicus), 

aged 8-10 weeks with body weights between 150-200 grams, randomly selected into five 

groups of five animals each. The groups included one negative control group that was not 

exposed to cigarette smoke or extract, one positive control group that was only exposed to 

cigarette smoke, and three experimental groups that were exposed to cigarette smoke and given 

black garlic extract at doses of 50 mg/kgBW, 100 mg/kgBW, and 150 mg/kgBW. Each group 

was exposed to cigarette smoke for five minutes per session, two sessions per day for 28 days. 

The following is the division of the groups and the duration of exposure: 

1) CN (Negative Control): This group was not exposed to cigarette smoke and was not given 

black garlic extract. 

2) CP (Positive Control): Exposed to cigarette smoke twice a day for five minutes per 

session for 28 days without black garlic extract. 

3) P1 (Treatment 1): Exposed to cigarette smoke twice a day for five minutes per session 

and given a dose of 50 mg/kgBW black garlic extract for 28 days. 

4) P2 (Treatment 2): Exposed to cigarette smoke twice a day for five minutes per session 

and given a dose of 100 mg/kgBW black garlic extract for 28 days. 

5) P3 (Treatment 3): Exposed to cigarette smoke twice a day for five minutes per session 

and given a 200 mg/kgBW dose of black garlic extract for 28 days. 

The data were meticulously measured through analysis of Malondialdehyde levels with 

the Thiobarbituric Acid Reactive Substances (TBARS) method, ovarian smooth muscle 

thickness through histopathological analysis using Hematoxylin and Eosin (H&E) staining, and 
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the number of endometrial arterioles observed using light microscopy. To ensure the reliability 

of the findings, statistical analysis was performed using ANOVA to compare between groups, 

followed by Tukey's post hoc test if significant differences were found, with p<0.05 as the 

significance limit. 

Data presentation will include tables and graphs for straightforward interpretation of 

results and experimental flow charts and histological images to support the analysis. The tools 

used in this study include standard laboratory rat cages, a cigarette smoke machine that can 

control the dose and duration of exposure, ethanol extract of black garlic produced through the 

extraction of fermented black garlic with 70% ethanol, as well as a Thiobarbituric Acid 

Reactive Substances (TBARS) kit, microtome, Hematoxylin and Eosin (H&E) staining 

material, and microscope for histopathology analysis. Data were analyzed using statistical 

SPSS software to test for significant differences between groups. 

 

3. RESULTS AND DISCUSSION 

This study involved 25 female Wistar white rats divided into five study groups, each with 

five rats. The rats were exposed to two cigarette smoke cigarettes daily for 28 days and given 

different doses of black garlic extract.  

 

Table 1. Normality and Homogeneouseity Test of Malondialdehyde Level Data 

Test p-value Description 

Normality 0.207 Normal 

Homogeneouseity 0.159 Homogeneous 

Table 1 shows that data normal and homogeneous distribution fulfills the prerequisites 

for further statistical analysis. 

 

Table 2. Comparison of Test Results of Malondialdehyde Levels 

Group n Mean ±SD (µM) p-value 

CN 5 1.157 ± 0.60a 

0.000 

CP 5 4.787 ± 0.70cd 

P1 5 2.674 ± 1.70a 

P2 5 3.980 ± 0.27bc 

P3 5 6.200 ± 1.54d 
Notes: CN: Negative control group, not exposed to cigarette smoke. CP: Positive control group, only exposed to cigarette smoke. P1, P2, P3: 

Groups exposed to cigarette smoke were given 50, 100, and 200 mg/kgBW of black garlic extract, respectively. p-value <0.05 indicates a 

significant difference. 

Table 2, One-way ANOVA analysis showed significant differences in Malondialdehyde 

levels between the control and treatment groups, with the highest levels in the group receiving 

the most significant black garlic dose (P3). Figure 1 shows the difference in mean 

Malondialdehyde levels between the unexposed, cigarette smoke-exposed, and cigarette 

smoke-exposed groups treated with black garlic extract. 
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Figure 1. Malondialdehyde Levels 

  

We divided the female Rattus norvegicus rats into several groups for our study. The first 

group (CN) was not exposed to any external factors. The second group (CP) was exposed to 

cigarette smoke. The third, fourth, and fifth groups (P1, P2, and P3) were also exposed to 

cigarette smoke, but in addition, they were given black garlic extract at doses of 50, 100, and 

200 mg/kgBW, respectively. We then measured the mean ovarian Malondialdehyde levels in 

each group. 

The results showed that black garlic extract could reduce Malondialdehyde levels at low 

doses (50 mg/kgBW). However, increased Malondialdehyde levels occurred at higher doses, 

suggesting a potential prooxidative effect at higher doses. These measurements suggest that 

black garlic extract at a specific dose can reduce cigarette smoke-induced oxidative damage in 

rat ovaries; however, increasing the dose above a certain threshold can increase 

Malondialdehyde levels, indicating the importance of proper dosing in the therapeutic 

application of this extract. 

 

Effects of Black Garlic (Allium sativum) Ethanol Extract on Oviduct Smooth Muscle 

Thickness Rattus norvegicus Exposed to Subacute Cigarette Smoke 

This study involved 25 female Wistar white rats divided into five research groups, each 

with five rats. The study lasted for 28 days in the pharmacology laboratory to measure the effect 

of black garlic extract on the thickness of fallopian tube smooth muscle in rats exposed to 

subacute cigarette smoke. Observations were made using an Olympus BX53 microscope with 

400x magnification and counted in 5 fields of view. 
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 (c) (d) 

 

 
 (e) 

Figure 2. (a) Negative Control Group CN (-); (b) Positive Control Group CP (+); (c) Treatment 

Group 1 (Cigarette smoke exposure and dose of 50 mg/Kg/BW); (d) Treatment Group 2 

(Cigarette smoke exposure and dose of 100mg/kg/BW; (e) Treatment Group 3 (Cigarette smoke 

exposure and dose of 200mg/kg/BW). 

 

Table 3. Normality and Homogeneousity Test of Fallopian Tube Smooth Muscle Thickness 

Data 

Test p-value Description 

Shapiro-Wilk Normality Test 0.715 Normal 

Levene Homogeneousity Test 0.087 Homogeneous 

Table 3 shows that fallopian tube smooth muscle thickness data were normally distributed 

and homogeneous, fulfilling the prerequisites for further statistical analysis. 

 

Table 4. One-Way Anova Test of Fallopian Tube Smooth Muscle Layer Thickness 

Group n Mean ±SD  p-value 

CN 5 6.74160 ± 1.635602 b 

0.002 

CP 5 4.08940 ± 0.256373 a 

P1 5 5.78380 ± 0.261336 b 

P2 5 5.90960 ± 0.893802 b 

P3 5 6.17360 ± 0.511684 b 
Notes: CN: Negative control group, not exposed to cigarette smoke. CP: Positive control group, only exposed to cigarette smoke. P1, P2, P3: 

Groups exposed to cigarette smoke and given black garlic extract, respectively, 50, 100, and 200 mg/kgBW. p-value <0.05 indicates a 

significant difference. 

The administration of black garlic extract significantly increased the thickness of the 

smooth muscle layer, with a significant difference at a dose of 50 mg/kg/BW compared to the 

positive control. 
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Figure 3. Effect of Black Garlic Extract on Increasing the Thickness of the Smooth Muscle 

Layer of Fallopian Tubes of White Rats Exposed to Cigarette Smoke. 

 

CN: control negative without exposure to cigarette smoke and administration of black 

garlic extract; CP: control positif exposed to cigarette smoke and without administration of 

black garlic extract; P1: exposed to cigarette smoke and given 50 mg/kgBW black garlic 

extract; P2: exposed to cigarette smoke and given 100 mg/kgBW black garlic extract; P3: 

exposed to cigarette smoke mg/gBW and given 200 mg/kgBW black garlic extract. 

Figure 3 shows the fallopian tube smooth muscle thickness in groups exposed to cigarette 

smoke and those given black garlic extract. The increase in the thickness of the smooth muscle 

layer is most significant at low doses of extract. 

This analysis indicates that black garlic extract can reduce the adverse effects of cigarette 

smoke exposure on the thickness of the fallopian tube smooth muscle, especially at a dose of 

50 mg/kg/BW. These results confirm the potential of black garlic extract as a protective agent 

against tissue damage due to cigarette smoke exposure. 

 

Effects of Black Garlic (Allium sativum) Ethanol Extract on Endometrial Arteriols Count 

in Rattus Norvegicus Exposed to Subacute Cigarette Smoke 

This study used female Wistar rats divided into control and treatment groups with 

exposure to cigarette smoke and different doses of black garlic extract (50 mg/kg, 100 mg/kg, 

and 200 mg/kg). Observations were made using an Olympus BX53 light microscope, with 400x 

magnification, to measure the effect on the number of endometrial arterioles. 
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 (c)       (d) 

 

 

 

 

 

 

 

 

 

 

 (e) 

 

Figure 4. Arrows indicate spiral arterioles in rat endometrium with round tissue shape, with 

tunica intima, tunica media, and adventitia. (a) negative control group/no treatment; (b) positive 

control group/exposed to cigarette smoke; (c) treatment group 1 with cigarette smoke and black 

garlic 50 mg/kgBW; (d) treatment group with cigarette smoke and black garlic 100 mg/kgBW; 

(e) treatment group 3 with cigarette smoke and black garlic 200 mg/kgBW). 

 

Table 5. Normality and Homogeneousity Test of the Number of Endometrial Arterioles 

Test p-value Description 

Normality 0.972 Normal 

Homogeneousitas 0.149 Homogeneous 

Table 5 shows that the test results show that the data is usually distributed and 

Homogeneous, which allows further statistical analysis using the One Way ANOVA test. 

 

Table 6. Comparison Test Results of The Number of Endometrial 

Group n Mean ±SD  p-value 

CN 5 5.24 ± 1.10b 

0.000 

CP 5 2.20 ± 0.38a 

P1 5 5.12 ± 1.06b 

P2 5 4.24 ± 0.49b 

P3 5 3.76 ± 0.72b 

Different notations (a,b) give significant meaning to the mean ± sd obtained (p-value < α 

= 0.05), which means that there is a significant difference, and if the notation makes different 

letters (p-value > α = 0.05), there is no significant difference in the HS post hoc test. Statistical 

analysis showed significant differences in the number of arterioles between the control and 

treatment groups, with a significant increase in the group treated with black garlic extract, 

especially at the lowest dose (50 mg/kg). 
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Figure 5. Number of Endometrial Arterioles 

 

Different notations (a,b) give significant meaning to the mean ± sd obtained (p-value < α 

= 0.05), which means that there is a significant difference, and if the notation makes different 

letters (p-value > α = 0.05), there is no significant difference in the HS post hoc test. Statistical 

analysis showed significant differences in the number of arterioles between the control and 

treatment groups, with a significant increase in the group treated with black garlic extract, 

especially at the lowest dose (50 mg/kg). 

Figure 5 shows the mean number of endometrial arterioles in the negative control group, 

positive control group (exposed to cigarette smoke two cigarettes/day), P1 (exposed to cigarette 

smoke + BG 50 mg/kg/BW), P2 (exposed to cigarette smoke + BG 100 mg/kg/BW), P3 

(exposed to cigarette smoke + BG 200 mg/kg/BW). The mean ± sd obtained (p-value < α = 

0.05) can mean that there is a significant difference, and if (p-value > α = 0.05), then there is 

no significant difference. This shows an increase in the number of arterioles in the group given 

black garlic extract, showing a protective effect against damage due to exposure to cigarette 

smoke. 

Microscopic observations revealed that the arterioles in the group given black garlic 

extract showed a more preserved structure than those exposed to cigarette smoke in the positive 

control group. The group with a dose of 50 mg/kgBW of black garlic showed the highest 

number of arterioles, indicating the strongest positive effect against cigarette smoke damage. 

These observations suggest that black garlic extract is potentially a protective agent 

against endometrial arteriolar damage caused by cigarette smoke exposure, with the most 

significant effect seen at a dose of 50 mg/kgBW. 

 

 

DISCUSSION 

Effects of Black Garlic (Allium sativum) Ethanol Extract on Malondialdehyde Levels in 

RattusNorvegicus Exposed to Subacute Cigarette Smoke 

Cigarette smoke exposure was shown to increase Malondialdehyde levels in Rattus 

norvegicus, indicating increased oxidative stress due to free radical activity derived from toxic 

substances in cigarette smoke (Aningsih et al., 2020). Higher Malondialdehyde levels in groups 

exposed to cigarette smoke confirm the role of cigarette smoke in inducing lipid peroxidation 
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that has the potential to cause damage to cell membranes (Kole et al., 2020);(Ningrum et al., 

2021). 

Administering black garlic extract at a dose of 50 mg/kgBW led to a notable reduction in 

Malondialdehyde levels, highlighting black garlic's protective properties against oxidative 

stress caused by cigarette smoke exposure (Tsai et al., 2019). These results are consistent with 

the study (Tsai et al., 2019) , which found that black garlic extract was able to reduce 

Malondialdehyde and inflammatory responses in an acute liver injury model in rats. 

Interestingly, increasing the black garlic extract given to the P3 group (200 mg/kgBW) 

did not provide a better protective effect; instead, it tended to show higher Malondialdehyde 

levels than the group with lower doses. This may indicate the existence of an optimal dose limit 

of black garlic extract in reducing oxidative stress, where higher doses can potentially induce 

pro-oxidative effects or toxicity by the thoughts expressed (Dutta et al., 2021);(Gorrini et al., 

2013);(Penke et al., 2017) regarding the potential toxicity of active components at high doses 

(Marengo et al., 2016). 

Furthermore, the decrease in Malondialdehyde levels at low doses (50 mg/kgBW) reflects 

the potential of black garlic in increasing the body's intrinsic antioxidant capacity through 

various mechanisms, including increased antioxidant enzyme activity and modulation of 

oxidative stress, as demonstrated (Oktari et al., 2020);(Djedjibegovic et al., 2020). Active 

components of black garlic such as S-Allylcysteine (SAC) play an important role in this 

process, given that SAC is known to have strong antioxidant effects. The differences in results 

between studies regarding the effectiveness of black garlic doses in reducing Malondialdehyde 

levels could be due to variations in extraction methods, experimental conditions, and the type 

and biological condition of the study subjects. This underscores the importance of standardizing 

research conditions and carefully considering the dose selection. 

 

Effects of Black Garlic (Allium sativum) Ethanol Extract on Oviduct Smooth Muscle 

Thickness Rattus norvegicus Exposed to Subacute Cigarette Smoke 

This study showed that exposure to cigarette smoke caused a decrease in fallopian tube 

smooth muscle thickness, which the administration of black garlic extract significantly 

increased. This decrease can be explained by the impact of cigarette smoke that induces 

oxidative stress and damages the structural integrity of smooth muscle tissue, as shown by the 

decrease in muscle thickness in the control group exposed to cigarette smoke (Lee et al., 

2017);(Kimura et al., 2017). 

The increase in smooth muscle thickness in the group given black garlic indicates the 

protective effect of bioactive compounds in black garlic against cigarette smoke-induced 

damage (Lu et al., 2017). Black garlic, which undergoes a fermentation process, contains high 

concentrations of antioxidant compounds such as S-allyl cysteine (SAC), which are effective 

in neutralizing free radicals generated from cigarette smoke (Felix et al., 2014). 

These results are consistent with a study (Lu et al., 2017), which showed that black garlic 

extract can reduce oxidative stress and increase antioxidant enzyme levels, reducing 

inflammation associated with oxidative damage to tissues (Lee et al., 2017). By inhibiting 

inflammatory pathways and strengthening the body's antioxidant capacity, black garlic extract 

promotes the maintenance of smooth muscle tissue structure and avoids degradation caused by 

free radicals (Tsai et al., 2019). 

In the context of molecular mechanisms (Dampati & Veronica, 2020) explained that 

cigarette smoke can interfere with hormone signals necessary for the normal function of the 

fallopian tubes through disruptive endocrine mechanisms (Recinella et al., 2021). Black garlic 

extract may mitigate some of these effects by affecting the expression of hormone receptors 
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and proteins involved in muscle contractility, which might help maintain fallopian tube smooth 

muscle function in the face of oxidative stress  (Szumilas et al., 2020). 

Black garlic has metabolic and anti-inflammatory effects in chronic disease models, 

indicating that black garlic administration not only affects tissue structure but also has the 

potential to improve physiological functions in the reproductive system affected by exposure 

to environmental toxins such as cigarette smoke (Amor et al., 2019). 

This study underscores the potential of black garlic extract as a therapeutic agent in 

preventing tissue damage induced by cigarette smoke. These findings may enrich our 

understanding of the interactions between nutrition and oxidative stress and support the 

development of nature-based therapeutic approaches in dealing with oxidative damage in the 

reproductive system. 

The absence of articles from Indonesian researchers in this discussion does not imply that 

black garlic is unavailable in Indonesia or that it lacks research interest there. Black garlic, 

known for its numerous health benefits, is indeed available and used in Indonesia. The use of 

international references, such as those cited from Lee, Kimura, and Lu, highlights studies that 

may have broader recognition or specific findings pertinent to this research. 

Black garlic is gaining popularity in Indonesia, both as a culinary ingredient and for its 

medicinal properties. Indonesian researchers and consumers are increasingly aware of its 

benefits, and local studies are emerging that focus on its health effects. The fermentation 

process to produce black garlic, which enhances its antioxidant properties, is well understood 

and practiced in Indonesia. 

However, the inclusion of international articles in this discussion aims to leverage widely 

recognized studies to support the findings and ensure the study's credibility. Future research 

could benefit from incorporating more local studies to reflect regional usage and research 

advancements in Indonesia, thereby providing a comprehensive view of black garlic's impact 

based on both global and local perspectives. 

 

Effects of Black Garlic (Allium sativum) Ethanol Extract on Endometrial Arteriols Count 

in Rattus Norvegicus Exposed to Subacute Cigarette Smoke 

This study highlights the significant impact of black garlic extract in increasing the 

number of endometrial arterioles in rats exposed to subacute cigarette smoke. Cigarette smoke 

contains compounds that can cause oxidative reactions and inflammation in various body 

tissues, including the endometrium, which in this study led to a decrease in the number of 

endometrial arterioles (Oktari et al., 2020). 

In the context of this study, black garlic extract, which is rich in antioxidants, plays a vital 

role in protecting endometrial tissue from cigarette smoke-induced oxidative damage. The 

increase in the number of arterioles observed in the treated groups, especially at the dose of 50 

mg/kgBW, suggests that black garlic has a protective effect on the microvascular structure of 

the endometrium. 

The mechanism behind this effect could be explained through the role of black garlic 

extract in modulating the VEGF and FGF pathways, which are critical factors in angiogenesis, 

as revealed (Guo et al., 2021). These two growth factors are responsible for endothelial cell 

proliferation and migration, which are the initial steps in angiogenesis. Research by Delbandi 

et al. (2020) also showed that black garlic extract supports the formation of new blood vessels 

by facilitating the migration of these cells, which might explain the increased number of 

arterioles found in this study. 

Administration of black garlic extract is also associated with increased antioxidant 

activity and reduced oxidative stress in endometrial tissue, as shown (Hoyt et al., 2003), who 
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found that the extract increased enzymes such as SOD, catalase, and GPx. This is relevant as 

high oxidative stress is associated with vascular damage and angiogenesis dysfunction. 

In addition, studies (Wei et al., 2017) highlighted the potential of black garlic as an anti-

inflammatory and anti-cancer agent, showing that it can inhibit angiogenesis in the context of 

cancer cells, yet in the context of inflammation and damage by cigarette smoke, this extract 

supports healthy angiogenesis processes (Holbrook, 2016). 

This discovery significantly contributes to the development of science, particularly in 

understanding the interaction between functional food components such as black garlic and 

biological processes such as angiogenesis under pathological conditions. It also paves the way 

for the development of therapeutic strategies that can reduce the risk of vascular diseases 

induced by environmental factors such as cigarette smoke. 

In the context of enrichment and technological development for society, these results 

support using black garlic in the diet as a preventive and therapeutic strategy to ameliorate 

vascular damage and support reproductive health, particularly in communities exposed to 

cigarette smoke or other pollutants.  

 

4. CONCLUSION    

This study concludes that black garlic extract has the potential to be a protective agent 

against oxidative damage in the reproductive system of rats exposed to cigarette smoke, with 

effectiveness that depends on the dose of extract given. Further studies should investigate the 

long-term effects and optimal dosing of black garlic extract in humans. Additionally, exploring 

the molecular mechanisms behind its protective properties could enhance its application in 

reproductive health management.            
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Abstract 

The majority of household appliances are made of plastic derived from synthetic petroleum and the result 

of polymerization processes. One type of plastic is Polyethylene (PE). Polyethylene (PE) contains antimony 

trioxide compounds that are carcinogenic in the body if ingested in excessive amounts, triggering cancer 

and oxidative stress, which can be observed by measuring the levels of malondialdehyde (MDA) in the 

body. This study aims to determine the proliferation of abnormal cells in the lactiferous ducts and mammary 

gland acini as well as the increase in MDA levels. The research method used is a true experimental design 

with a Randomized Post Test Only Group Design. This study used the mammary organs and blood of 

female white rats that had been exposed to PE for 28 days. The number of samples used in this study was 

12 female white rats. The results showed that there were significant differences in the histopathological 

features and MDA levels in the mammary glands. Based on the results of the Independent T-Test on the 

number of cell layers in the lactiferous ducts, acini, and the number of acini (p<0.05) and the Mann-Whitney 

test on MDA levels (p<0.05). There were significant changes in the histopathological features and MDA 

levels in the mammary glands exposed to Polyethylene (PE) plastic. Exposure to micro-nano plastics of PE 

type at a dose of 15 mg/m3 for 28 days differed significantly in the MDA levels of mammary glands, 

histopathological picture of mammary glands at cell proliferation events, both in the lactiferous ducts and 

acini cells. In addition, exposure to PE plastic has the potential to cause health problems in the breast organs 

if exposed for a long time and in excess doses.                  
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1. INTRODUCTION 

Currently, the majority of household appliances are made from plastic, which is 

synthesized from petroleum and formed through polymerization processes (Anom & Lombok, 

2020). Until now, plastic waste is still an unresolved problem, both in Indonesia and the world. 

Based on data from the Indonesian Ministry of Environment and Forestry in 2022, obtained 

from 171 districts/cities throughout Indonesia, the results of waste generation reached 20 

million tons per year (Kementerian Lingkungan Hidup dan Kehutanan Republik Indonesia, 

2022). Of the various types of waste generated, the largest type of waste comes from food waste 

as much as 40.6% and the second largest type of waste is plastic waste as much as 18.5% which 

is included in the category of non-renewable waste. Based on data obtained from Rudend, and 

Hermana, (2021), Indonesia is the second largest producer of plastic waste in the world with 

the amount of plastic waste reaching 85,000 tons per year. To deal with this, waste recycling is 

carried out, either used for crafts or used repeatedly, such as the use of plastic bottles.  

Plastic comes in various types used as raw materials in the manufacture of household 

tools, one of which is Polyethylene (PE) (Sen & Raut, 2015). Polyethylene is a type of plastic 

composed of extended hydrocarbon chains originating from thermoplastic polymers and is 

divided into several types, commonly used ones being low-density polyethylene (LDPE) and 

high-density polyethylene (HDPE) (Sen & Raut, 2015). PE plastic is utilized in the production 

of plastic bags, disposable containers, bottles, packaging containers, and more (Ghatge et al. 

2020). Polyethylene contains antimony trioxide, used as a catalyst in plastic production. 

Antimony trioxide can enter the body and is carcinogenic, potentially triggering cancer growth 

(Baharuddin, Asran & Ikhtiar, 2023; Tapiory et al., 2019). 

Plastic particles can be categorized by diameter into microplastics (MP) and nano plastics 

(NP), with MPs measuring 1μm-5mm in diameter and NPs measuring less than 1μm (Shim & 

Thomposon, 2015). Airborne micro-nanoplastics are produced due to the degradation of larger 

plastics through UV rays. Once degraded, these particles can easily be blown into the 

atmosphere by air currents due to their small size and low density (Enyoh et al., 2019). There 

are three exposure routes for micro-nano plastics to enter the body, oral, respiratory 

(inhalation), and dermal exposure through cosmetic products (Chang et al., 2020; Vianello et 

al., 2019). Inhaled micro-nano plastics enter the respiratory system, are then ingested by 

macrophages, and transferred to the circulatory and lymphatic systems (Karlsson et al., 2017). 

Micro-nano plastics entering the blood induce free radicals (Campanale et al., 2020). 

Cancer cells grow due to a failure to cease the proliferation process, which can be caused 

by exposure to chemicals that lead to an increase in Reactive Oxidative Species (ROS) 

(Ilmiawati et al., 2022). Elevated ROS can alter the expression of the p53 tumor suppressor 

gene, which is crucial for apoptosis. Therefore, oxidative stress can cause changes in gene 

expression, cell proliferation, and apoptosis, playing a significant role in the initiation, growth, 

and development of tumors (Jelic et al. 2021). The commonly used parameter to measure ROS 

in the body is Malondialdehyde (MDA) (Tirani & Haghjou, 2019). Increased ROS in the body 

will lead to genetic mutations in the nucleus, which can trigger breast cancer. 

The entry of PE particles in the body can cause various kinds of adverse effects on the 

body, even direct exposure causes breast cancer in humans. Breast cancer remains the leading 

cause of cancer-related deaths in women worldwide. The Indonesian Ministry of Health (2022) 

reports that, based on data from the Global Burden of Cancer (GLOBOCAN) in 2020, the 

number of breast cancer cases reached 68,858 (16.6%) out of a total of 396,914 cancer cases in 

Indonesia, with more than 22,000 deaths (Kementerian Kesehatan Republik Indonesia, 2022). 

The exact cause of breast cancer is still not fully known. About 60% of all breast cancers are 

not due to family heredity, suggesting a possibility of breast cancer occurring due to exposure 
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to chemicals and drugs in the body (Helm & Rudel, 2020). Research on the relationship 

between polyethylene microplastic exposure and breast cancer is still limited. However, some 

studies have found that exposure to microplastics can be at risk of triggering breast cancer. The 

purpose of this study is to determine the increase in MDA levels in the mammary organs and 

the occurrence of abnormal cell proliferation in the lactiferous ducts and mammary gland acini. 

 

2. RESEARCH METHOD 

This study is a true experimental research design with random sample selection using a 

Randomized Post Test Only Group Design. It involves comparing and analyzing the results 

obtained at the end of the study after the treatment (post-test) with a control group that did not 

receive the treatment. The samples used in this study were female Wistar rats (Rattus 

norvegicus) aged 12-15 weeks and weighing 150-200 grams, which had been exposed to 

Polyethylene (PE) micro-nano plastics at a concentration of 15 mg/m3 by inhalation for 28 

days (Cary et al., 2023).In this study, micro-nano plastics were exposed per inhalation with an 

exposure dose based on OSHA (Occupational Safety and Health Administration) which is 15 

mg/m3. The exposure method refers to the research of Cary et al., (2023), namely the whole-

body inhalation method because the exposure is similar to the reality of exposure to 

microplastics in humans today. 

The study used 2 groups: 1 control group and 1 Polyethylene (PE) exposure group, each 

consisting of 6 rats, randomly selected, with a total of 12 rats required. The number of samples 

in this study refers to the Frommlet & Heinze, (2020) study, which explains that research using 

experimental animals with a sample size that is too small will not produce significant 

conclusions, but using a sample that is too large will cause more animals to suffer. This will be 

contrary to research ethics, namely the 3R (Replacement, Reduction, Refinement). The study 

showed that the number of repetitions for each treatment group between (3,4,6,8) had almost 

the same effectiveness and was not much different. The research samples observed were 

mammary organ preparations and MDA levels in the mammary organs. 

The study was conducted from December 2023 to January 2024. The research was carried 

out at the Faculty of Medicine, Universitas Brawijaya, specifically in the Pharmacology 

Laboratory, Biochemistry-Biomedicine Laboratory, and Anatomical Pathology Laboratory of 

FK UB. The data were statistically analyzed with the help of SPSS 27.0 with a level of 

significance 0,05 (p<0,05). Data analysis employed the parametric Unpaired Independent T-

Test and the Mann-Whitney test. This study received ethical approval from the ethics 

committee of Universitas Brawijaya with the number: 254/EC/KEPK/08/2023. 

 

3. RESULTS AND DISCUSSION 

MDA Levels in Mammary Glands 

Measurement of MDA levels in the mammary glands of female white rats was conducted 

to determine the concentration of MDA (nmol/mL) in each group. In the control group, the 

average MDA level was 57.6 ± 12 (nmol/mL). Meanwhile, in the treatment group, the average 

MDA level in the mammary organs was 92 ± 43 (nmol/mL). From these results, it can be 

concluded that the PE (plastic exposure) group has MDA levels 1.6 times higher than the 

control group, as presented in the graph in Figure 1. 
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Figure 1. Graph of Average MDA Levels in Mammary Glands of Female White Rats 

 

Observation of Lactiferous Ducts 

Observation of epithelial cell proliferation in lactiferous ducts in histopathological 

images was conducted using an Olympus CX23 microscope at magnifications of 40x, 100x, 

and 400x. In each field of view, the number of layers of epithelial cells surrounding the 

lactiferous ducts was counted. The counted epithelial cells were the number of cuboidal 

epithelial cells from the inner surface to the edge of the lactiferous ducts. Histopathological 

images were taken in the lactiferous duct area in 10 different fields of view for each group, as 

presented in Figure 2. 
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Figure 2. Histopathological Images of Lactiferous Ducts in Mammary Glands with HE Staining in the 

Control Group (A-D) at magnifications of 40x (A), 100x (B), 400x (C and D), and Treatment Group PE 

(E-H) at magnifications of 40x (E), 100x (F), 400x (G and H), scale bar: 100 µm. 

 

Average Number of Lactiferous Ducts 

Microscopic examination of the mammary glands of female white rats reveals several 

parts, namely lactiferous ducts and acinar cells. Each sample of mammary tissue from female 

white rats has a variable number of ducts. The observation of duct numbers in each sample of 

mammary tissue from female white rats was conducted in 10 fields of view for each sample, 

and the total number, as well as the average number of ducts for each group, were counted and 

presented in graphical form in Figure 3 below. 

 

Figure 3. Graph of Average Number of Ducts in Female White Rats 
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Upon calculation, it was found that in the control group, the average number of ducts was 

6 ± 3.42, while in the PE (plastic exposure) group, the average number of ducts was 7 ± 2.09. 

It can be concluded that the total average duct count in the control group and the treatment 

group did not differ significantly. The normality test results for the number of ducts showed a 

result of 0.464, indicating a normal data distribution. The Independent T-test resulted in a 

significance value of 0.644 (t > 0.05), hence it can be concluded that exposure to micro-nano 

plastics did not differ significantly between the two groups. 

 

Number of Layers of Cuboidal Epithelial Cells in Lactiferous Ducts 

Microscopic examination of the mammary glands of female white rats in the control 

group showed normal lactiferous ducts, which were surrounded by an average of 1 layer of 

slightly elongated square-shaped cuboidal epithelial cells, surrounded by normal connective 

tissue and fat tissue, with fine chromatin nuclei, and no inflammatory cells were found. In the 

treatment group, the lactiferous ducts were surrounded by an average of 2 layers of cuboidal 

epithelial cells that had changed shape to become round, appeared thicker, with coarse 

chromatin nuclei, and no inflammatory cells were found. Histopathological images of 

lactiferous ducts in mammary glands for each group are presented in Figure 4. 

 

 

 

 

 

 

 

 

. 

 

 

Figure 4. Comparison of Histopathological Images of Lactiferous Ducts in the Control Group 

and PE Group, red circles indicate the number of layers of cuboidal epithelial cells, which are 

1 layer and round in shape, arrows indicate coarse chromatin nuclei, scale bar: 100 µm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Graph of Average Number of Layers of Cuboidal Epithelial Cells in Ducts 

Figure 5 shows the total number of layers of ductal epithelial cells counted per sample 

with 10 fields of view. It can be observed that in the 2-layer sample, the treatment group has a 
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higher percentage (31%) compared to the control group (6.5%), indicating that the PE group 

experienced a 4.7-fold increase in proliferation compared to the control group. 

Data analysis was performed on the 2-layer ductal epithelial cell samples in the control 

group and PE group. The normality test results showed a result of 0.02, indicating that the data 

distribution was not normal. The Mann Whitney test resulted in a significance value of 0.013 

(t < 0.05), concluding that exposure to micro-nano plastics significantly differed between the 

two groups. 

 

Observation of Acinar Cells 

Observation of epithelial cell proliferation surrounding the acini in histopathological 

images was conducted using an Olympus CX23 microscope at magnifications of 40x, 100x, 

and 400x. Histopathological images were taken in the acini area in 10 different fields of view, 

as presented in Figure 6. In each field of view, the number of layers of secretory epithelial cells 

surrounding the mammary acini was counted. The counted epithelial cells were the number of 

cuboidal epithelial cells from the inner surface to the outer surface of the mammary acini. 

Figure 6. Histopathological Images of Mammary Gland Acini with HE Staining in the Control 

Group (K) at magnifications of 40x (A), 100x (B), 400x (C and D), and Treatment Group PE 

(P) at magnifications of 40x (E), 100x (F), 400x (G and H), scale bar: 100 µm 
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Average Number of Acinar Cells 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Graph of Average Number of Acini in Female White Rats 

Microscopic examination of the mammary glands of female white rats reveals several 

parts, namely lactiferous ducts and acinar cells. Each sample of mammary tissue from female 

white rats has a variable number of acinar cells. Observation of acinar cell counts in each 

sample of mammary tissue from female white rats was conducted in 10 fields of view, and the 

total number as well as the average number of acinar cells for each group were counted and 

presented in graphical form, as shown in Figure 7. 

Upon calculation, it was found that in the control group, the average number of acinar 

cells was 41 ± 24.37, whereas in the PE (plastic exposure) group, the average number of acinar 

cells was 42 ± 16.46. These results indicate a significant difference in the total average acini 

between the control and treatment groups. 

The normality test results for the number of mammary acini showed a result of 0.951, 

indicating a normal data distribution. The Independent T-test resulted in a significance value 

of 0.960 (t > 0.05), hence it can be concluded that exposure to micro-nano plastics did not 

significantly differ between the two groups. 

 

Number of Layers of Cuboidal Epithelial Cells in Acini 

Microscopic examination of the mammary glands of female white rats in the control 

group revealed acini surrounded by an average of 1 layer of normal cuboidal epithelial cells, 

slightly elongated in a square shape, surrounded by normal connective tissue and fat tissue, 

with fine chromatin nuclei. 

Meanwhile, in the treatment group, the mammary acini were surrounded by an average 

of 2 layers of round-shaped cuboidal epithelial cells, thickened, with chromatin nuclei 

appearing coarse, and no inflammatory cells were found. 
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Figure 8. Comparison of Histopathological Images of Acini in Control Group and PE Group, 

red circles indicate the number of layers of cuboidal epithelial cells which are 1 layer in round 

shape, arrows indicate coarse chromatin nucleus, scale bar: 100 µm. 
 

 
 

Figure 9. Total Epithelial Cell Layers in Acini 

 

Figure 9 shows the total number of epithelial cell layers in the acini, counted per sample 

with 10 fields of view. In the control group, acini with a single layer of epithelial cells accounted 

for 89.8%, two layers for 10.2%, and three layers for 0%. In the PE group, acini with a single 

layer of epithelial cells accounted for 69%, two layers for 30.5%, and three layers for 0.5%. It 

can be seen that the percentage of two-layer epithelial cells in the treatment group is higher 

than in the control group, indicating that the PE group experienced a threefold increase in 

proliferation compared to the control group. 

Data analysis was conducted on samples with two layers of epithelial cells in the ducts 

from both the control and PE groups. The normality test results for the number of epithelial cell 

layers surrounding the mammary acini showed a result of 0.928 (p-value > 0.05), indicating 
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that the data distribution is normal and suitable for parametric testing with the Independent T-

test. The Independent T-test results showed a significance of 0.007 (t < 0.05), indicating that 

the exposure to micro-nano plastics resulted in a significant difference between the two groups. 

 

DISCUSSION 

Effect on MDA Levels in Mammary Glands 

Malondialdehyde (MDA) is the most commonly used biomarker for measuring oxidative 

stress in the human body in various health issues, especially cancer (Maurya et al., 2021). 

Oxidative stress is caused by an increase in the production of ROS or free radicals in the body 

(Nakai & Tsuruta, 2021). Oxidative stress can be caused by various factors, one of which is 

exposure to chemicals that enter the body which can cause genetic mutations and hormonal 

dysfunction that can initiate the development of cancer cells in the breast organ (Miao et al., 

2021).  

In this study, MDA levels in the breast were measured to determine the increase in free 

radicals in the body after female white rats were exposed to PE. The results showed that MDA 

levels in the PE group were 1.6 times higher than in the control group. This indicates the 

presence of excessive free radicals in the body in the PE group, potentially leading to genetic 

mutations and abnormal cell proliferation (Jelic et al., 2021). 

These results are consistent with the study by Ijaz et al., (2022), which investigated the 

effects of PE exposure on reproductive toxicity in male rats. One of the findings of this study 

was a significant increase in MDA levels in the treatment rats compared to the control rats. This 

can occur due to the accumulation of free radicals in the body, which increases ROS levels, 

thus raising MDA levels (Nakai & Tsuruta, 2021). 

To date, no exact dose has been determined for the minimum and maximum toxicity of 

PE plastic exposure in either rat or human studies. However, using PE-type equipment exposed 

to sunlight or heat for 12 days or more can release antimony compounds beyond normal limits, 

which can be carcinogenic if they enter the body (Tapiory et al., 2019). This is similar to the 

use of PE plastic containers used to store water or warm or even hot food, which results in the 

continuous release of antimony compounds (Diningsih & Rangkuti, 2020). 

 

Effect on Histopathological Features of Mammary Glands 

Microscopically, the breast consists of ducts, lobules, acinar cells, fat glands, connective 

tissue, plasma cells, blood vessels, and muscles (Krisdianilo, Sumantri, & Sidabutar 2021). 

When the body is exposed to micro-nano plastics, it can cause various toxic effects, including 

on the breast. Exposure to MNPs can lead to excessive free radical exposure, causing oxidative 

stress. Oxidative stress will initiate cell cycle development, leading to abnormal cell 

proliferation and resulting in breast cancer  (Chen et al., 2022; Park et al., 2023). Histologically, 

ducts and acini are lined by a single layer of cuboidal epithelial cells. If the cell layer proliferates 

into two or more layers or if there are changes in the shape of the epithelial cells, this may 

indicate abnormal cell proliferation activity (Rinjaya & Mardhia, 2022). 

In this study, the number of ducts and acini did not differ significantly, indicating no 

abnormalities in these parts. However, the average number of epithelial cell layers in each 

group showed significant results. In the control group, both ducts and acini were lined by a 

single layer of slightly elongated cuboidal epithelial cells, with smooth chromatin and no 

inflammatory cells. In the PE group, ducts and acini were lined by two layers of rounded 

cuboidal epithelial cells, which were slightly thickened, had coarse chromatin, and showed no 

inflammatory cells, with a 4.7-fold increase in duct proliferation and a 3-fold increase in acini 

compared to the control group. 
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This study aligns with the findings of Nansi et al., (2015), who administered the chemical 

benzo(α)pyrene around the cancer area, and with the study by Rinjaya & Mardhia, (2022), who 

injected 7,12-dimethylbenz (α)anthracene (DMBA) as a cancer-inducing chemical in a breast 

cancer rat model. These chemicals can be metabolized by the body, causing gene mutations in 

DNA and having carcinogenic properties that can lead to cancer (Rinjaya & Mardhia, 2022). 

Both studies support the basic hypothesis in this study that exposure to certain carcinogens can 

cause significant genetic mutations and have strong carcinogenic properties. These findings 

provide a strong scientific basis for the mechanism of action of the carcinogens used in this 

study, although the types of carcinogens used are different. 

Another study by (Kim et al., 2021) exposed MNPs of Polypropylene at a dose of 25 

mg/kg body weight/day for 4 weeks and showed no significant differences, suggesting that 

MNP exposure at this dose does not have adverse effects on humans. However, the study by 

Ijaz et al., (2022), which exposed 50 mg/kg body weight of PE MNPs for 56 days in 

experimental animals, showed significant results, indicating that high doses and long exposure 

times can cause damage to various organ systems in the body. 

Antimony trioxide contained in PE plays a significant role in the carcinogenesis process 

in the mammary glands. Continuous exposure to antimony trioxide can cause disturbances in 

the body's systems, especially the reproductive system in women, as it can interfere with 

pregnancy and cause abortion (Baharuddin, Asran & Ikhtiar 2023; Tapiory et al., 2019). 

Additionally, antimony trioxide is potentially a cancer-causing agent in the human body (Dhaka 

et al., 2022). 

 

4. CONCLUSION    

Exposure to micro-nano plastics of PE type at a dose of 15 mg/m3 for 28 days differed 

significantly in the MDA levels of mammary glands, histopathological picture of mammary 

glands at cell proliferation events, both in the lactiferous ducts and acini cells. In addition, 

exposure to PE plastic has the potential to cause health problems in the breast organs if exposed 

for a long time and in excess doses. For further research, it is better to use inhalation and oral 

exposure methods with various types of microplastic combinations to better resemble the actual 

event.            
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Abstract 

Cigarette smoke exposure significantly impairs reproductive function in Rattus norvegicus. This study 

evaluated the protective effects of black garlic extract against such damage. Using a post-test-only control 

group design, 25 female Wistar rats were divided into five groups and exposed to cigarette smoke with or 

without varying doses of black garlic extract. After four weeks, results indicated that black garlic extract 

significantly increased Vascular Endothelial Growth Factor expression, enhanced fallopian tube secretory 

epithelial cell counts, and reduced ovarian follicular atresia in rats exposed to cigarette smoke. The group 

receiving 50 mg/kgBW of black garlic extract showed the most significant improvements. Statistical 

analysis, including One-way ANOVA, revealed significant differences between groups. Normality was 

assessed using the Shapiro-Wilk test, and homogeneity was confirmed with the Levene test. Significant 

decreases in ovarian follicular atresia (p < 0.05) and increases in Vascular Endothelial Growth Factor 

expression (p < 0.05) and secretory epithelial cell counts (p < 0.05) were observed in the 50 mg/kgBW 

treatment group compared to controls. In conclusion, black garlic extract offers dose-dependent protection 

against cigarette smoke-induced reproductive damage, with 50 mg/kgBW being the optimal dose. Further 

research should explore molecular mechanisms, long-term toxicity, and clinical applications in humans.               

Keywords: Black Garlic Extract, Cigarette Smoke, Fallopian Tube Epithelial Cell, Follicular Atresia. 
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1. INTRODUCTION 

Cigarette smoke is known to have widespread negative impacts on human health, 

including increased risk of cardiovascular disease, lung cancer, and reproductive disorders. 

(Rahma et al., 2019; Widyanti et al., 2020), exposure to cigarette smoke raises the risk of 

coronary heart disease by 2.4 times in individuals over 45 years old and can reduce fertility by 

30% in women who are frequently exposed (Ardiana, 2021). (GATS, 2021) shows an increase 

in the number of smokers in Indonesia, with 34.5% of the population, or around 70.2 million 

people, being smokers, most of whom are men.  

More than 4800 harmful chemicals and free radicals can be found in cigarette smoke, 

including nicotine, carbon monoxide, and tar. Research shows that nicotine affects the 

expression of estrogen and progesterone receptors and vascular endothelial growth factor 

(VEGF), which play a role in cell survival" (Ardiana, 2021; Totonchi et al., 2016). Cigarette 

smoke exposure also induces abnormal proliferation of the inner lining of rat uterus and affects 

endometrial angiogenesis in human and rat endometrial cells (Budani et al., 2021; Lee et al., 

2017). Cigarette smoke exposure impairs female fertility through specific mechanisms, 

including decreased VEGF expression and increased oxidative stress. VEGF is essential for 

maintaining endometrial thickness and embryo implantation and development (Hanum & 

Saleha, 2023; Kida et al., 2021).  

Cigarette smoke contains various free radicals, such as nicotine and tar, that can cause 

oxidative stress by disrupting the balance between the body's antioxidant defense mechanisms 

and the production of reactive oxygen species (ROS) (Awaga et al., 2019). This disrupts the 

normal function of the hypothalamus-pituitary, ovaries, and endometrium, potentially 

disrupting the ovulation and implantation process (Susanti et al., 2020). 

Oxidative stress, a condition where there is an imbalance between the production of free 

radicals and the body's ability to neutralize them, can damage DNA and cell membranes, and 

disrupt the normal function of reproductive cells. This imbalance leads to cell damage and 

impaired reproductive function, further highlighting the detrimental effects of cigarette smoke 

on female fertility. 

VEGF is essential in the angiogenesis process required for healthy endometrial tissue's 

growth and development. Decreased VEGF expression due to cigarette smoke exposure can 

reduce endometrial thickness, which is essential for embryo implantation and normal embryo 

development. A thin and poorly developed endometrium can reduce the ability of the embryo 

to attach and survive, thus decreasing the chance of pregnancy. 

In addition, oxidative stress caused by free radicals in cigarette smoke can cause damage 

to ovarian follicles and inhibit the production of reproductive hormones such as estrogen and 

progesterone. This damage can lead to follicular atresia, a condition where the ovarian follicles 

that should develop into mature eggs degenerate and die instead. This can significantly reduce 

the number of eggs available for fertilization, thereby reducing reproductive function and 

fertility in women. 

The increase in the number of smokers globally has led to severe public health problems, 

including disorders of the female reproductive system. Cigarette smoke contains various 

harmful chemicals that can damage various organs, including the ovaries, endometrium, and 

fallopian tubes in women. Recent studies have shown that VEGF expression in the 

endometrium and the number of endometrial arterioles may decrease due to exposure to 

cigarette smoke. Chemicals in cigarettes, such as nicotine and free radicals, can induce 

oxidative stress, leading to cell damage and ovarian follicular atresia, disrupting normal ovarian 

function and reducing fertility. 

Black garlic has been widely studied for its ability to improve health parameters, 

including overcoming free radical damage. Previous studies have shown various health benefits 
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of black garlic, such as anti-tumor, antioxidant, anti-allergic, hypocholesterolemic, and 

hepatoprotective activities (Zhang et al., 2015). The antioxidant properties of black garlic 

reportedly protect against free radical damage in the body (Chung, 2006). Aged garlic extract 

(AGE) produced from fresh garlic has also been shown to prevent oxidative damage by 

counteracting free radicals (Capasso, 2013). Research has also shown that black garlic 

produced at high temperatures and humidity has strong antioxidant properties (Lu et al., 2017). 

Black garlic is known to have more potent antioxidant activity than fresh garlic, with additional 

benefits such as anticancer, anti-allergic, hypocholesterolemic, and hepatoprotective activities 

(Yuan et al., 2016). 

However, previous studies have some limitations. Firstly, many studies focus on general 

antioxidant properties without identifying the specific molecular mechanisms. Secondly, most 

studies were conducted in animal or cell models, thus requiring further confirmation through 

human clinical trials. In addition, variations in black garlic processing techniques, such as 

fermentation duration and temperature, affect its antioxidant activity (Herlina et al., 2019). 

However, there is yet to be a widely accepted standard for this process. Another study showed 

that fermentation with specific bacterial strains can increase antioxidant activity 

(Setiyoningrum et al., 2018), but this research has yet to be widely applied on a larger scale. 

Although previous studies have highlighted the potential health benefits of black garlic, 

there is still a need for further research that explores specific mechanisms, confirms results 

through clinical trials, and establishes consistent processing standards to optimize its health 

benefits. It's important to note that while black garlic is generally considered safe for 

consumption, it may cause certain side effects such as bad breath, body odor, and heartburn in 

some individuals. The novelty of this study is that it focuses on evaluating the effects of black 

garlic on reproductive function affected by cigarette smoke exposure, taking into account the 

appropriate dosage for optimal protective effects. This makes natural treatment alternatives 

such as black garlic extract more attractive as they generally have fewer side effects, are safer, 

and are more affordable. Therefore, there is a growing need to look for safer and more 

affordable therapeutic alternatives, such as natural ingredients with antioxidant potential. One 

interesting natural ingredient is black garlic (Allium sativum), which is processed from garlic 

through fermentation, increasing its antioxidant content. 

This research presents a novel approach to the negative impact of cigarette smoke 

exposure on the female reproductive system at the cellular and molecular levels, particularly 

oxidative stress damage. It addresses issues such as decreased expression of VEGF, vital for 

angiogenesis in the endometrium, increased follicular atresia indicating damage to the ovaries, 

and damage to fallopian tube epithelial cells, essential for ovum transportation. The study 

explores the potential of black garlic extract, a unique and unexplored therapeutic agent, to 

mitigate these adverse effects. It does so by harnessing the antioxidant properties of black garlic 

extract to reduce oxidative damage and improve reproductive function. 

The study aims to comprehensively examine the therapeutic effects of black garlic extract 

on damage caused by cigarette smoke to the reproductive system of female rats. Specific 

objectives include evaluating the ability of black garlic extract to reduce ovarian follicular 

atresia, increase VEGF expression in the endometrium, and improve the number of secretory 

epithelial cells in fallopian tubes exposed to cigarette smoke. Through these objectives, the 

study seeks to provide insight into the potential of black garlic extract as an effective and safe 

therapeutic alternative to protect female reproductive function from the adverse effects of 

cigarette smoke. 
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This study highlights the increasing prevalence of smokers worldwide, particularly in 

Indonesia, where the number of female smokers and exposure to secondhand smoke has 

become a severe public health concern. The increased exposure in workplaces, homes, and 

restaurants necessitates addressing the gap in treatment and prevention of reproductive system 

damage due to cigarette smoke. By exploring the use of black garlic (Allium sativum) extract, 

which is easily accessible, potentially effective, and affordable, this study aims to offer a viable 

treatment alternative. Therefore, this research analyzed the effect of black garlic extract on 

ovarian follicular atresia, endometrial VEGF expression, and fallopian tube epithelial cell count 

in rats (Rattus norvegicus) exposed to cigarette smoke.     

 

2. RESEARCH METHOD 
This study used a true experimental method with a post-test-only control group design approach. 

This study was conducted at the Pharmacology Laboratory, Faculty of Medicine, Universitas Brawijaya, 

Indonesia, for 28 days. The subjects of this study were female Wistar rats (Rattus norvegicus), with an 

initial population of 25 animals divided into five experimental groups. The sampling technique, which 

was randomized to determine the experimental and control groups, was chosen for its ability to reduce 

bias and ensure a representative sample. Each group was exposed to cigarette smoke for five minutes 

per session, two sessions per day for 28 days. The following is the division of the groups and the duration 

of exposure: 

1) CN (Negative Control): This group was not exposed to cigarette smoke and was not given black 

garlic extract. 

2) CP (Positive Control): Exposed to cigarette smoke twice a day for five minutes per session for 

28 days without black garlic extract. 

3) P1 (Treatment 1): Exposed to cigarette smoke twice a day for five minutes per session and given 

a dose of 50 mg/kgBW black garlic extract for 28 days. 

4) P2 (Treatment 2): Exposed to cigarette smoke twice a day for five minutes per session and given 

a dose of 100 mg/kgBW black garlic extract for 28 days. 

5) P3 (Treatment 3): Exposed to cigarette smoke twice a day for five minutes per session and given 

a 200 mg/kgBW dose of black garlic extract for 28 days.  

This duration of exposure was designed to mimic conditions of continuous exposure to cigarette 

smoke and to test the effectiveness of black garlic extract in reducing the adverse effects of such 

exposure. Data were collected through direct observation of biological changes in the rats after exposure 

to cigarette smoke and/or administration of black garlic extract. Each group was exposed to cigarette 

smoke for five minutes per session, two sessions per day for 28 days.. Specifically, this study measured 

the expression of VEGF in the endometrium, the number of arterioles in the endometrium, and the 

number of ovarian follicular atresia. Data were analyzed using parametric statistics and One-way 

ANOVA to determine significant differences between groups.  

Data were presented in tables and graphs to facilitate interpretation of the results. Specifications 

of the tools used included an Olympus microscope for histological examination, a spectrophotometer 

for analysis of an image analyzer to calculate VEGF expression and number of arterioles. The materials 

used included black garlic extracts of specific concentrations prepared at the university's pharmacy 

laboratory, distilled water for control, and cigarette smoke generated from commercial cigarettes. The 

experimental conditions, including duration of exposure and dosage, were designed to minimize outside 

variables and improve the reliability of the results. The entire experimental procedure was approved by 

the Ethics Committee of the Faculty of Medicine, Brawijaya University, with ethical number 

367/EC/KEPK-S2/11/2023. 

 

3. RESULTS AND DISCUSSION 

This study examined the effect of black garlic extract (Allium sativum) on ovarian 

follicular atresia, endometrial VEGF expression, and fallopian tube epithelial cell count in 
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Wistar female rats exposed to cigarette smoke. A total of 25 rats were divided into five groups, 

each of which was given different treatments: control with distilled water, exposure to cigarette 

smoke, and three groups that received black garlic extract at doses of 50, 100, and 200 

mg/kgBW, and exposure to cigarette smoke.  

Table 1. Group Distribution 

Group Cigarette Smoke (2 cigarettes 

/day for 28 days) 

Black garlic Extract 

CN 0 0 

CP √ 0 

P1 √ Dose of 50 mg/kgBW 

P2 √ Dose of 100 mg/kgBW 

P3 √ Dose of 200 mg/kgBW 
Description: CN: Negative Control, CP: Positive Control, P1: Treatment 1, P2: Treatment 2, P3: Treatment 3. 

Characteristics of the study subjects showed no significant difference in baseline weight 

between groups. Univariate analysis showed an overall decrease in body weight in all groups 

exposed to cigarette smoke, indicating a systemic effect of cigarette exposure.  

After completion of the treatment period for four weeks (28 days), rats in the proestrus 

phase were vaginal swabbed and dissected. Bivariate analysis using the ANOVA test revealed 

significant differences in endometrial VEGF expression between the control group and the 

group receiving black garlic extract. In the group given a 50 mg/kg dose of black garlic extract, 

there was a significant decrease in an increase in VEGF expression compared to the group that 

was only exposed to cigarette smoke. 

The decision criteria, namely p-value> from 0.05, then the data is usually distributed, and 

vice versa; if the p-value <0.05, then the data is not normally distributed. The Shapiro-Wilk 

test analysis obtained is shown in the table below: 

Table 2. Data normality and homogeneity test results 

Assumption 

Testing 

Coefficient p-value Data distribution 

Atresia Folikel 
Normality  0.765 Normal 
Homogeneity  0.051 Homogen 
VEGF Expression 
Normality 0.962 0.40 Normal 
Homogeneity 1.133 0.36 Homogen 
Fallopian Tube Secretory Epithelial Cell Count 
Normality 0.932 0.823 Normal 
Homogeneity 2.400 0.087 Homogen 
Description: If p-value <0.05 the data is not normally distributed and if p-value >0.05 the data is normally distributed. 

 

The Effect of Black Garlic (Allium sativum) Extract on Ovarian Follicular Atresia in Rats 

(Rattus norvegicus) Exposed to Cigarette Smoke 

The number of follicular atresias with the HE staining method was observed with an 

Olympus CX23 microscope with a magnification of 30x and 400x to reconfirm the follicles 

that experienced atresia. In the observation of Figure 1, it can be seen that the most follicular 

atresia occurs in group 3 (P3) exposed to cigarette smoke and BG extract 200 mg/kgBW. The 

least atresia was found in Group CN (Negative Control), which was not exposed to cigarette 
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smoke and only distilled water. In this group, the number of follicular atresia was the lowest 

compared to other groups exposed to cigarette smoke. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Follicular Histology 

 

Observations in Figure 1 were made with an Olympus SZ51 microscope with 30x 

magnification. (a) observation on CN (without exposure to cigarette smoke); (b) observation 

on CP (exposed to cigarette smoke); (c) observation on P1 (cigarette smoke and BG 50 

mg/kgBW); (d) observation on P2 (cigarette smoke and BG 100mg/kgBW); (e) P3 (cigarette 

smoke and 200 mg/kgBW BG extract). Follicular atresia appears more in P3. 

 

 
 

 
 
 
 (a) (b) 

 
 
 
 
 
 (c) (d)  (e) 

Figure 2. Follicular atresia 
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Observation of follicular atresia in Figure 2 with Olympus CX23 microscope with 400x 

magnification. (a) CN group, which was only given a distilled water sonde; (b) only exposed to cigarette 

smoke (CP); (c) P1 exposed to cigarette smoke and BG extract 50 mg/kgBW; (d) exposed to cigarette 

smoke and BG 100 mg/kgBW (P2); (e) exposed to cigarette smoke and BG 200 mg/kgBW (P3). 

Follicular atresia is characterized by apoptotic bodies and necrosis, as the yellow arrows indicate. 

Table 3. T-test results of follicular atresia  

Group n Mean±SD p-value 

CN 5 1.4 ± 1.67a 

0.000 

CP 5 7.2 ± 3.77b 

P1 5 2.6 ± 1.34a 

P2 5 6.8 ± 0.84b 

P3 5 8.2 ± 1.79b 

Mean ± Standard Deviation indicates descriptive test results. p-value <0.05 indicates a 

significant difference. 
 

 
Figure 3. Follicular atresia in the ovarium on rat 

 

Figure 3 shows a histogram of mean follicular atresia in female Rattus norvegicus that 

were not treated (CN) (mean 1.4 ± 1.67 standard deviation), exposed to cigarette smoke (CP) 

(mean 7.2 ± 3.77 standard deviation), and exposed to cigarette smoke and given BG at doses 

of 50 mg/kgBW (mean 2.6 ± 1.34 standard deviation), 100 mg/kgBW (mean 6.8 ± 0.84 standard 

deviation), and 200 mg/kgBW (mean 8.2 ± 1.79 standard deviation) (P1, P2, and P3). The mean 

follicular atresia appeared lower in group P1; administering BG at a dose of 50 mg/kgBW can 

reduce the mean follicular atresia in the ovaries. However, in groups P2 and P3, there was an 

increase in the mean follicular atresia, which was higher than in P1. BG administration with 

increasing doses can increase the average follicular atresia. 

Table 4 shows that there is a significant relationship between BG dose and follicular 

atresia (p-value = 0.001 < α) in the cigarette smoke exposure and BG administration groups (50 

mg/kgBW, 100 mg/kgBW, and 200 mg/kgBW). The test results of the correlation coefficient 

of dose to follicular atresia resulted in r = 0.791, which indicates a strong relationship or 

correlation. The correlation is positive, meaning that when the dose of BG is increased, there 
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will be an increase in follicular atresia in the group exposed to cigarette smoke. Vice versa, 

when the dose of BG is lowered, there will be a decrease in follicular atresia. Therefore, it can 

be concluded that there is a relationship between the dose of BG and follicular atresia in Rattus 

norvegicus rats exposed to subacute cigarette smoke, which refers to a level of smoke exposure 

that is less severe than chronic exposure but more severe than acute exposure. 

 

Table 4. Correlation Test Results with Pearson Correlation  

Correlated 

variables 

Correlation 

coefficient (r) 

Meaning p-value Description 

Dose with 

follicular atresia 
0.791 

Strong 

correlation 
0.000 Significant 

Description: The correlation coefficient column indicates a strong relationship, and the p-value column indicates a significant relationship 

between the two variables. 

 

The Effect of Black Garlic (Allium sativum) Extract on Endometrial VEGF Expression 

in Rats (Rattus norvegicus) Exposed to Cigarette Smoke 

Immunohistochemical images of VEGF expression in the uterus of rats (Rattus 

Norwegians) in the control group (negative and positive) and the treatment group of black garlic 

extract at a dose of 50, 100, 200 mg / kgBW in longitudinal sections and observed with an 

Olympus BX53 microscope with 400x magnification. 
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Figure 4. VEGF Expression 
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In Figure 4, the arrow shows positive VEGF expression, seen in the cytoplasm of 

endometrial blood vessels that are colored brown. (a) negative control group/no treatment; (b) 

positive control group/exposed to cigarette smoke; (c) treatment group 1 with cigarette smoke 

and black garlic 50 mg/kgBW; (d) treatment group with cigarette smoke and black garlic 100 

mg/kgBW; (e) treatment group 3 with cigarette smoke and black garlic 200 mg/kgBW. 

 

Table 5. Differential test results of VEGF expression  

Group n Mean±SD p-value 

CN 5 32.95 ± 7.45a 

0.002 

CP 5 5.87±1.08a 

P1 5 29.69 ± 15.39b 

P2 5 25.18 ± 8.28b 

P3 5 24.04 ± 9.22b 

Different notations (a,b) give significant meaning to the mean ± sd obtained (p-value < α 

= 0.05), which means that there is a significant difference, and if the notation makes an unequal 

letter obtained (p-value > α = 0.05) then there is no significant difference in the HSD post hoc 

test. 

 
Figure 5. VEGF expressing endothelial cell in the endometrium in mice exposed to cigarette     

smoke 

 

Figure 5 shows the mean expression of VEGF in the negative control group, positive 

control group (exposed to cigarette smoke two cigarettes/day), P1 (exposed to cigarette smoke 

+ BG 50 mg/kg/BB), P2 (exposed to cigarette smoke + BG 100 mg/kg/BB), P3 (exposed to 

cigarette smoke + BG 200 mg/kg/BB). The mean ± sd obtained (p-value < α = 0.05) can mean 

that there is a significant difference, and if (p-value > α = 0.05), then there is no significant 

difference. 
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The Effect of Black Garlic (Allium sativum) Extract on Fallopian Tube Secretory 

Epithelial Cell Count in Rats (Rattus norvegicus) Exposed to Cigarette Smoke 
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Figure 6. Histopathology of Fallopian tube secretory epithelial cell counts 

In Figure 6, (a) negative control group CN; (b) positive control group CP cigarette smoke 

exposure; (c) treatment group 1 (cigarette smoke exposure and black garlic dose of 

50mg/kg/BB); (d) treatment group 2 (cigarette smoke exposure and black garlic dose of 

100mg/kg/BB); (e) treatment group 3 (cigarette smoke exposure and dose of 200 mg/kg/BB). 
 

Table 6. Differential test results of VEGF expression  

Group n Mean±SD p-value 

CN 5 51.240 ± 9.0856b 

0,001 

CP 5 28.400 ± 3.3166a 

P1 5 43.920 ± 8.1677b 

P2 5 45.960 ± 4.0679b 

P3 5 48.960 ± 10.8898b 

In the mean ± SD if it contains different letters, there is a significant difference (p < 0.05) 

and if it contains the same letter, there is no significant difference (p > 0.05). 
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Figure 7. Effect of Black Garlic Extract on Increasing the Number of Secretory Epithelial Cells 

of Fallopian tubes of White Rats Exposed to Cigarette Smoke 

Based on Figure 7, it is known that CN: without exposure to cigarette smoke and 

administration of black garlic extract; CP: exposed to cigarette smoke and without 

administration of black garlic extract; P1: exposed to cigarette smoke and given black garlic 

extract 50 mg/kgBW; P2: exposed to cigarette smoke and given black garlic extract 100 

mg/kgBW; P3: exposed to cigarette smoke given black garlic extract 200 mg/kgBW. 

Figure 7 above shows that the average number of secretory epithelial cells in the fallopian 

tubes of the positive control group has an average value of the number of secretory epithelial 

cells with a smaller value than the negative control group. This indicates that cigarette smoke 

exposure has an impact on reducing the number of fallopian tube secretory epithelial cells. The 

treatment group (P1, P2, and P3) had a mean value of the number of secretory epithelial cells 

with a value greater than the positive control group. This indicates that the administration of 

black garlic extract can increase the number of fallopian tube secretory epithelial cells. 

Here are the calculations for the percentage change in follicular atresia for the doses of 

100 mg/kgBW and 200 mg/kgBW compared to the group exposed to cigarette smoke only 

(CP): 

1) Dose 50 mg/kgBW (P1): 

a) Mean follicular atresia in CP: 7.2 

b) Mean follicular atresia in P1: 2.6 

c) Percentage change: (
7.2−2.6

7.2
) × 100 ≈ 63.89% 

2) Dose 100 mg/kgBW (P2): 

a) Mean follicular atresia in CP: 7.2 

b) Mean follicular atresia in P2: 6.8 

c) Percentage change: (
7.2−6.8

7.2
) × 100 ≈ 5.56% 

3) Dose 200 mg/kgBW (P3): 

a) Mean follicular atresia in CP: 7.2 

b) Mean follicular atresia in P3: 8.2 

c) Percentage change: (
7.2−8.2

7.2
) × 100 ≈ 13.89% 

 

The results indicate that: 

1) Administration of 50 mg/kgBW reduced follicular atresia by 63.89%. 
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2) Administration of 100 mg/kgBW reduced follicular atresia by 5.56%. 

3) Administration of 200 mg/kgBW actually increased follicular atresia by 13.89%. 

This shows that higher doses of black garlic extract do not provide better effects and may 

even increase damage to ovarian follicles. 

 

DISCUSSION 

The Effect of Black Garlic (Allium sativum) Extract on Ovarian Follicular Atresia in Rats 

(Rattus norvegicus) Exposed to Cigarette Smoke 

The results indicate that cigarette smoke, as a source of oxidative stress, increases the 

number of follicles undergoing atresia, triggers granulosa cell apoptosis, and causes oxidative 

damage. Comparison of the mean follicular atresia between cigarette smoke-exposed and non-

exposed groups showed a significant increase in exposed mice, which is in agreement with 

those who documented that nicotine exposure affects ovarian function by inducing follicular 

atresia through oxidative stress mechanisms (Li et al., 2020). 

Black garlic extract, known for its antioxidant properties, showed protective effects 

against this oxidative damage, especially at low doses (50 mg/kgBW). The group receiving a 

low extract dose (50 mg/kgBW) showed the best results compared to the higher doses (100 

mg/kgBW and 200 mg/kgBW). The low dose (50 mg/kgBW) gave the best results compared 

to the higher dose. Administration of this extract decreased the number of follicular atresia, 

indicating that the black garlic extract ameliorated the free radical damage produced by 

cigarette smoke. These results support the findings (Chen et al., 2021), which showed that 

antioxidants in black garlic can mitigate the toxic effects of free radicals on the reproductive 

system. 

However, the study results also showed that increasing the dose of black garlic extract 

above 50 mg/kgBW did not continue the protective trend and instead may have caused 

prooxidative effects, as described who stated that high doses of certain compounds in black 

garlic can have toxic effects (Dutta et al., 2021). Therefore, these findings demonstrate the 

importance of dosage in the therapeutic application of black garlic extracts, where an optimum 

point produces protective effects without causing additional damage. 

This discussion contributes to a better understanding of the potential of interventions 

using natural materials in dealing with the negative impact of environmental exposures such as 

cigarette smoke on the reproductive system. More broadly, this study adds evidence to the 

corpus of literature regarding the use of antioxidants in preventing oxidative damage to ovarian 

function and supports the development of safer and more effective therapeutic strategies to 

maintain reproductive health in the presence of environmental risk factors. 

 

The Effect of Black Garlic (Allium sativum) Extract on Endometrial VEGF Expression 

in Rats (Rattus norvegicus) Exposed to Cigarette Smoke 

In this study, three doses of black garlic (Allium sativum) extract were given to female 

Wistar rats exposed to cigarette smoke to test its effect on Vascular Endothelial Growth Factor 

(VEGF) expression in the endometrium. The following is a description of each dose used: 

1) Dose 50 mg/kgBW (Group P1): This group received 50 mg of black garlic extract per 

kilogram of rat body weight daily. Based on research, this dose showed the best results 

in increasing VEGF expression and the number of fallopian tube secretory epithelial cells, 

as well as reducing ovarian follicular atresia in rats exposed to cigarette smoke. 

2) Dose 100 mg/kgBW (Group P2): This group received 100 mg of black garlic extract per 

kilogram of rat body weight daily. This dose was also influential in increasing VEGF 

expression and the number of fallopian tube secretory epithelial cells, but not as good as 

the 50 mg/kgBW dose in several parameters measured. 

https://doi.org/10.31965/infokes.Vol22.Iss2.1535
https://doi.org/10.31965/infokes.Vol22.Iss2.1535


Kridayanti, N., Anandasari, N.F.A., Kaspirayanti, N.K.D., Nurseta, T., Raras, T.Y.M., Khotimah, H., 
Reksohusodo, S., Angelica, A., Anita, K.W., & Yudhanto, H.S. (2024). Analysis of the Effect of Black  

Garlic (Allium sativum) Extract on Ovarian Follicular Atresia, Endometrial VEGF Expression, and  
Fallopian Tube Epithelial Cell Count in Rats (Rattus norvegicus) Exposed to Cigarette Smoke.  

JURNAL INFO KESEHATAN, 22(2), 272-288. https://doi.org/10.31965/infokes.Vol22.Iss2.1535 

| 284 

 

3) Dose 200 mg/kgBW (Group P3): This group received 200 mg of black garlic extract per 

kilogram of rat body weight daily. Although this dose increased VEGF expression and 

the number of fallopian tube secretory epithelial cells, the results were not as good as the 

lower dose. They may even lead to increased follicular atresia in some rats. 

Exposure of female rats to cigarette smoke of two cigarettes per day was done to trigger 

a significant decrease in VEGF expression, which was further observed to be affected by the 

administration of black garlic extract at various doses. 

Results showed that administration of black garlic extract significantly increased VEGF 

expression in mice exposed to cigarette smoke, with the highest increase occurring at the lowest 

dose (50 mg/kg/BB). This phenomenon can be interpreted through the antioxidant and anti-

inflammatory activities of black garlic, which reduce oxidative stress and inflammation induced 

by cigarette smoke. This reduction in oxidative stress allows for more effective restoration of 

VEGF expression, which is essential for the maintenance and repair of endometrial tissue 

through angiogenesis. 

Research (Jaleel et al., 2021) also showed a decrease in VEGF expression due to cigarette 

smoke exposure, strengthening the evidence that cigarette smoke hurts angiogenic factors. 

However, this study is unique in showing that black garlic extract can reverse this effect at 

specific doses. Research (You et al., 2019) supports these findings by showing that black garlic 

reduces molecular activities associated with inflammation and oxidative stress, which may 

explain its effect on VEGF. 

The importance of this study lies in demonstrating the potential of black garlic extract in 

nutraceutical therapy to protect reproductive tissues from environmental stress, such as 

cigarette smoke (Wang et al., 2015). In science and technology, these results enrich the 

literature regarding using natural materials to develop safer and more effective treatment 

strategies against disorders induced by environmental factors. 

Furthermore, this study emphasizes the importance of dosage in phytopharmaceutical 

use, as higher doses of black garlic extract did not increase VEGF as effectively as lower doses. 

This suggests the need for further research to explore the specific mechanisms involving black 

garlic and its interaction with cellular signaling pathways in the context of its effect on VEGF 

expression (Ahmed & Wang, 2021). 

In the context of community development and public health, these findings provide 

insights for the development of therapies that can reduce the negative impact of cigarette smoke 

pollution, particularly for populations at high risk of impaired endometrial function. It also 

offers a natural alternative that may be more acceptable to individuals who avoid using 

synthetic drugs for health reasons or personal preference. 

 

The Effect of Black Garlic (Allium sativum) Extract on Fallopian Tube Secretory 

Epithelial Cell Count in Rats (Rattus norvegicus) Exposed to Cigarette Smoke 

Results showed that although there was no significant difference between groups exposed 

to cigarette smoke and those administered black garlic extract at different doses, there was an 

increase in the number of secretory epithelial cells. These findings provide insight into the 

protective potential of black garlic against cigarette smoke-induced damage in the fallopian 

tubes, which are crucial components in the reproductive system. 

In the context of the effects of cigarette smoke, previous studies by (Bala et al., 2021) 

have shown that cigarette smoke causes impairment of reproductive organ function, including 

damage to ciliary and secretory epithelial cells  (Wang et al., 2015). Cigarette smoke reduces 

the ability of the fallopian tubes to carry out ovum and sperm transportation functions 
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effectively, affects hormonal balance, and reduces the quality of the fallopian tube epithelium. 

These effects are due to oxidative stress induced by nicotine and other harmful components in 

cigarettes. 

Black garlic extract, rich in antioxidants such as S-allyl cysteine (SAC), can potentially 

reduce these negative impacts. “SAC is known for its powerful antioxidant properties, which 

help neutralize free radicals and reduce oxidative stress, as described” (Jeong et al., 2016). In 

the context of this study, the antioxidant activity of SAC likely contributes to the improved 

condition of the fallopian tube secretory epithelium by reducing the damage caused by cigarette 

smoke. Antioxidant activity can reduce oxidative stress and improve follicular health, VEGF 

expression, and epithelial cell function through several essential mechanisms. First, 

antioxidants such as SAC (S-Allylcysteine) in black garlic extract can capture and neutralize 

free radicals generated by cigarette smoke. Free radicals are highly reactive molecules that can 

damage DNA, proteins, and lipids in cells, disrupting normal cell function and causing tissue 

damage. By neutralizing free radicals, antioxidants help protect cells from oxidative damage. 

In addition, antioxidants reduce oxidative stress, which occurs when the production of 

free radicals exceeds the capacity of the body's antioxidant system to neutralize them. The 

antioxidants in black garlic extract help restore this balance by providing compounds that can 

interact with free radicals, reducing the amount of free radicals available to cause damage. By 

reducing oxidative stress, antioxidants also help increase the expression of VEGF (Vascular et 

al. Factor), a protein essential for angiogenesis, which is the formation of new blood vessels. 

Oxidative stress can reduce the expression of VEGF, which can disrupt the blood supply to 

endometrial tissue and affect tissue regeneration and function. Thus, antioxidants help maintain 

or increase VEGF expression, essential for endometrial tissue health and function. 

Furthermore, antioxidants protect epithelial cells in the fallopian tubes, essential for ovum 

transport and the secretion of factors necessary for fertilization. Oxidative stress can damage 

these cells, impairing fallopian tube function. The antioxidants in black garlic extract help 

protect epithelial cells from oxidative damage, ensuring optimal function of the fallopian tubes. 

In addition, antioxidants reduce follicular atresia, a process in which ovarian follicles 

degenerate and die before they can mature into ova. Oxidative stress can accelerate this process, 

reducing the number of follicles available for ovulation. By reducing oxidative stress, 

antioxidants help protect follicles from damage, increasing the chances of follicles developing 

into mature ova. Overall, the antioxidant activity of black garlic extract contributes to protecting 

and repairing cells and tissues affected by cigarette smoke, thus improving overall reproductive 

health. 

Research (Ahmed & Wang, 2021; Diputra et al., 2018) also supports these findings, 

suggesting that antioxidants in black garlic can effectively decrease the expression of enzymes 

that produce reactive oxygen species (ROS), repair tissue damage, and support normal cellular 

function. This is reinforced  (Chen et al., 2021; Diputra et al., 2018; Tran et al., 2020), which 

found that black garlic can inhibit inflammation and histological changes in the context of other 

diseases. 

This study adds evidence to the existing literature that black garlic extract could be a 

potential nutraceutical intervention to protect reproductive function from the adverse effects of 

cigarette smoke. This has significant implications for developing reproductive health protection 

strategies, especially in adverse environmental exposures such as cigarette smoke (Lu et al., 

2017; Qiu et al., 2020). Furthermore, this study suggests that adequate doses of black garlic 

need to be further studied to optimize its benefits without crossing any possible toxicity limits 

(X. Zhang et al., 2016). 

Integrating these findings into science and technology development could give 

consideration to using black garlic as part of supportive therapy for individuals exposed to 
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cigarette smoke (Tran et al., 2020), encouraging better health practices and preventive 

approaches in reproductive health management. Nevertheless, it's crucial to acknowledge the 

limitations of this study, which include the use of animal models (rats), a relatively small 

sample size, and a short exposure duration. These factors might restrict the applicability of the 

results to humans. Therefore, it's imperative to conduct further research in human studies, with 

larger sample sizes and longer exposure durations, to validate the potential therapeutic effects 

of black garlic on reproductive health. 

 

4. CONCLUSION 

This study demonstrates that black garlic extract (Allium sativum) has protective potential 

against cigarette smoke-induced damage in Rattus norvegicus. The extract significantly 

reduced ovarian follicular atresia increased VEGF expression in the endometrium, and 

improved the number of secretory epithelial cells in the fallopian tubes. These effects were 

most pronounced at a low dose (50 mg/kgBW), highlighting the importance of proper dosage. 

Higher doses (100 mg/kgBW and 200 mg/kgBW) were less effective and may have adverse 

effects. 

Black garlic extract offers a promising therapeutic approach to mitigate the negative 

impact of cigarette smoke on reproductive health. Further research is needed to explore the 

mechanisms involved, optimize dosing strategies, and confirm the safety and efficacy of black 

garlic extract in clinical applications. Integrating black garlic extract into nutraceuticals could 

provide a preventive and complementary strategy for individuals at risk of exposure to cigarette 

smoke. 

 

ACKNOWLEDGMENTS 

Thanks to the Master of Midwifery at the Faculty of Medicine Brawijaya University for 

the facilities provided, especially access to literature, research sites, and materials used for 

experiments. 

    

REFERENCES 

Ahmed, T., & Wang, C. K. (2021). Black garlic and its bioactive compounds on human health 

diseases: A review. Molecules, 26(16). https://doi.org/10.3390/molecules26165028 

Ardiana, M. (2021). Telaah Ilmiah Dan Patologi Paparan Asap Rokok Terhadap Penyakit 

Jantung. Airlangga University Press. 

Awaga, H. A., Lymperi, S., Bosdou, J. K., Makedos, A., Mitsoli, A., Bazioti, M. G., Savvaidou, 

D., Goulis, D. G., Chatzimeletiou, K., Salem, M. N., Ahmed, S. R., Grimbizis, G., 

Tarlatzis, B. C., & Kolibianakis, E. M. (2019). Addition of procyanidine to semen 

preserves progressive sperm motility up to three hours of incubation. Reproductive 

Biology, 19(3), 255–260. https://doi.org/10.1016/j.repbio.2019.07.001 

Bala, M. M., Peričić, T. P., Zajac, J., Rohwer, A., Klugarova, J., Välimäki, M., Lantta, T., 

Pingani, L., Klugar, M., Clarke, M., & Young, T. (2021). What are the effects of teaching 

Evidence-Based Health Care (EBHC) at different levels of health professions education? 

An updated overview of systematic reviews. PLoS ONE, 16(7 July), 1–28. 

https://doi.org/10.1371/journal.pone.0254191 

Budani, M. C., Carletti, E., & Tiboni, G. M. (2021). In Vivo Cigarette Smoke Exposure to 

Examine the Expression of Genes Involved in the Inflammatory Response in the Mouse 

Uterus. Current Protocols, 1(6), 1–9. https://doi.org/10.1002/cpz1.172 

Capasso, A. (2013). Antioxidant action and therapeutic efficacy of Allium sativum L. 

https://doi.org/10.31965/infokes.Vol22.Iss2.1535
https://doi.org/10.31965/infokes.Vol22.Iss2.1535


287 | https://doi.org/10.31965/infokes.Vol22.Iss2.1535 
 

 
 

Molecules, 18(1), 690–700. https://doi.org/10.3390/molecules18010690 

Chen, C. Y., Tsai, T. Y., & Chen, B. H. (2021). Effects of black garlic extract and nanoemulsion 

on the deoxy corticosterone acetate-salt induced hypertension and its associated mild 

cognitive impairment in rats. Antioxidants, 10(10). 

https://doi.org/10.3390/antiox10101611 

Chung, L. Y. (2006). The antioxidant properties of garlic compounds: Alyl cysteine, alliin, 

allicin, and allyl disulfide. Journal of Medicinal Food, 9(2), 205–213. 

https://doi.org/10.1089/jmf.2006.9.205 

Diputra, I. M. M., Rai, I. N., & Dharma, I. P. (2018). Isolasi dan Identifikasi Endomikoriza 

Indigenus pada Perakaran Salak di Kabupaten Karangasem dan Perbanyakannya. 

Agrotrop, 8(1), 56–64. 

Dutta, A., Dahiya, A., Prakash, A., & Agrawala, P. K. (2021). Acute toxicity of diallyl sulfide 

derived from Allium sativum (garlic) in mice and its possible mechanisms. Phytomedicine 

Plus, 1(3), 100084. https://doi.org/10.1016/j.phyplu.2021.100084 

GATS. (2021). Gats|Global Adult Tobacco Survey Fact Sheet Indonesia 2021 Gats Objectives. 

Fact Sheet Indonesia, 1–2. 

Hanum, Z., & Saleha, S. (2023). Pengaruh Ekstrak Etanol Bit Merah (Beta vulgaris L.) terhadap 

Jumlah Arteriole Endometrium pada Tikus (Rattus norvegicus) yang dipapar Asap Rokok. 

Journal of Healthcare Technology and Medicine, 9(1), 302. 

https://doi.org/10.33143/jhtm.v9i1.2810 

Herlina, H., Lindriati, T., Sulistyani, S., Yunus, M., & Soekarno, S. (2019). Effect of Duration 

and Temperature of Fermentation on Black Garlic Properties. Advance Journal of Food 

Science and Technology, 17(5), 86–93. https://doi.org/10.19026/ajfst.17.6033 

Jaleel, Z., Blasberg, E., Troiano, C., Montanaro, P., Mazzilli, S., Gertje, H. P., Crossland, N. 

A., Platt, M., & Spiegel, J. (2021). Association of vaping with decreased vascular 

endothelial growth factor expression and decreased microvessel density in cutaneous 

wound healing tissue in rats. Wound Repair and Regeneration, 29(6), 1024–1034. 

https://doi.org/10.1111/wrr.12945 

Jeong, Y. Y., Ryu, J. H., Shin, J. H., Kang, M. J., Kang, J. R., Han, J., & Kang, D. (2016). 

Comparison of anti-oxidant and anti-inflammatory effects between fresh and aged black 

garlic extracts. Molecules, 21(4). https://doi.org/10.3390/molecules21040430 

Kida, N., Nishigaki, A., Kakita-Kobayashi, M., Tsubokura, H., Hashimoto, Y., Yoshida, A., 

Hisamatsu, Y., Tsuzuki-Nakao, T., Murata, H., & Okada, H. (2021). Exposure to cigarette 

smoke affects endometrial maturation including angiogenesis and decidualization. 

Reproductive Medicine and Biology, 20(1), 108–118. https://doi.org/10.1002/rmb2.12360 

Lee, H. M., Kim, C. W., Hwang, K. A., Sung, J. H., Lee, J. K., & Choi, K. C. (2017). Cigarette 

smoke impaired maturation of ovarian follicles and normal growth of uterus inner wall of 

female wild-type and hypertensive rats. Reproductive Toxicology, 73, 232–240. 

https://doi.org/10.1016/j.reprotox.2017.06.187 

Li, F., Ding, J., Cong, Y., Liu, B., Miao, J., Wu, D., & Wang, L. (2020). Trichostatin A 

alleviated ovarian tissue damage caused by cigarette smoke exposure. Reproductive 

Toxicology, 93(7), 89–98. https://doi.org/10.1016/j.reprotox.2020.01.006 

Lu, X., Li, N., Qiao, X., Qiu, Z., & Liu, P. (2017). Composition analysis and antioxidant 

properties of black garlic extract. Journal of Food and Drug Analysis, 25(2), 340–349. 

https://doi.org/10.1016/j.jfda.2016.05.011 

Qiu, Z., Zheng, Z., Zhang, B., Sun-Waterhouse, D., & Qiao, X. (2020). Formation, nutritional 

value, and enhancement of characteristic components in black garlic: A review for 

maximizing the goodness to humans. Comprehensive Reviews in Food Science and Food 

Safety, 19(2), 801–834. https://doi.org/10.1111/1541-4337.12529 

https://doi.org/10.31965/infokes.Vol22.Iss2.1535
https://doi.org/10.31965/infokes.Vol22.Iss2.1535


Kridayanti, N., Anandasari, N.F.A., Kaspirayanti, N.K.D., Nurseta, T., Raras, T.Y.M., Khotimah, H., 
Reksohusodo, S., Angelica, A., Anita, K.W., & Yudhanto, H.S. (2024). Analysis of the Effect of Black  

Garlic (Allium sativum) Extract on Ovarian Follicular Atresia, Endometrial VEGF Expression, and  
Fallopian Tube Epithelial Cell Count in Rats (Rattus norvegicus) Exposed to Cigarette Smoke.  

JURNAL INFO KESEHATAN, 22(2), 272-288. https://doi.org/10.31965/infokes.Vol22.Iss2.1535 

| 288 

 

Rahma, F., Ardiaria, M., & Panunggal, B. (2019). Pengaruh Pemberian Ubi Jalar Ungu 

(Ipomoea batatas L. Poir) Terhadap Kadar Leukosit Total Tikus Wistar Jantan (Rattus 

norvegicus) Yang Dipapar Asap Rokok. Journal of Nutrition College, 8(2), 65. 

https://doi.org/10.14710/jnc.v8i2.23815 

Setiyoningrum, F., Priadi, G., Herlina, N., Solikhin, A., & Lisani, N. (2018). Functional 

properties of Saccharomyces kluyveri Y97-fermented solo black garlic. Asian Journal of 

Agriculture, 2(02), 48–51. https://doi.org/10.13057/asianjagric/g020203 

Susanti, E., Sudiana, I. K., & Hendarto, H. (2020). Smoke Effects of Disturbances 

Folliculogenesis (Mda, Gnrh, Hsp70, Apoptosis, and Follicles) in Ovarian on Mice 

Balb/C. Journal of International Dental and Medical Research, 13(2), 774–777. 

https://www.proquest.com/docview/2428569703?fromopenview=true&pq-

origsite=gscholar&sourcetype=Scholarly Journals 

Totonchi, H., Miladpour, B., Mostafavi-Pour, Z., Khademi, F., Kasraeian, M., & Zal, F. (2016). 

Quantitative analysis of expression level of estrogen and progesterone receptors and 

VEGF genes in human endometrial stromal cells after treatment with nicotine. Toxicology 

Mechanisms and Methods, 26(8), 595–600. 

https://doi.org/10.1080/15376516.2016.1218578 

Tran, G.-B., Pham, T.-V., & Trinh, N.-N. (2020). Black Garlic and Its Therapeutic Benefits. 

Medicinal Plants - Use in Prevention and Treatment of Diseases, 1–13. 

https://doi.org/10.5772/intechopen.85042 

Wang, Y., Zhu, Y., Xing, S., Ma, P., & Lin, D. (2015). SIRT5 prevents cigarette smoke extract-

induced apoptosis in lung epithelial cells via deacetylation of FOXO3. Cell Stress and 

Chaperones, 20(5), 805–810. https://doi.org/10.1007/s12192-015-0599-7 

Widyanti, A. S., Ardiaria, M., & Widyastuti, N. (2020). Pengaruh pemberian ubi jalar ungu 

(Ipomoea batatas L.Poir) terhadap kadar superoksida dismutase (SOD) tikus wistar jantan 

(Rattus Norvegicus) yang dipapar asap rokok. Jurnal Gizi Indonesia, 8(1), 45. 

https://doi.org/10.14710/jgi.8.1.45-50 

You, B. R., Yoo, J. M., Baek, S. Y., & Kim, M. R. (2019). Anti-inflammatory effect of aged 

black garlic on 12-O-tetradecanoylphorbol-13-acetate-induced dermatitis in mice. 

Nutrition Research and Practice, 13(3), 189–195. 

https://doi.org/10.4162/nrp.2019.13.3.189 

Yuan, H., Sun, L., Chen, M., & Wang, J. (2016). The Comparison of the Contents of Sugar, 

Amadori, and Heyns Compounds in Fresh and Black Garlic. Journal of Food Science, 

81(7), C1662–C1668. https://doi.org/10.1111/1750-3841.13365 

Zhang, X., Li, N., Lu, X., Liu, P., & Qiao, X. (2016). Effects of temperature on the quality of 

black garlic. Journal of the Science of Food and Agriculture, 96(7), 2366–2372. 

https://doi.org/10.1002/jsfa.7351 

Zhang, Z., Lei, M., Liu, R., Gao, Y., Xu, M., & Zhang, M. (2015). Evaluation of Alliin, 

Saccharide Contents and Antioxidant Activities of Black Garlic during Thermal 

Processing. Journal of Food Biochemistry, 39(1), 39–47. 

https://doi.org/10.1111/jfbc.12102 

 

 

https://doi.org/10.31965/infokes.Vol22.Iss2.1535
https://doi.org/10.31965/infokes.Vol22.Iss2.1535


289 | https://doi.org/10.31965/infokes.Vol22.Iss2.1542 
 
Jurnal Info Kesehatan 

Vol. 22, No. 2, June 2024, pp. 289-299 

P-ISSN 0216-504X, E-ISSN 2620-536X 

DOI: 10.31965/infokes.Vol22.Iss2.1542 

Journal homepage:https://jurnal.poltekkeskupang.ac.id/index.php/infokes 

 
 

Nurses Experience of Prone Position in The Absence of Positioning Tool, and 

Suggestion of Prone Position Tool: A Phenomenology Study 

Sriyono1*, Hakim Zulkarnain1, Erna Dwi Wahyuni1, Wikan Purwihantoro Sudarmaji2, 

Jujuk Proboningsih3, María Pilar Mosteiro-Diaz4 

 
1  Faculty of Nursing, Universitas Airlangga, Surabaya, East Java, Indonesia 
2  Universitas Airlangga Hospital, Surabaya, East Java, Indonesia 

3  Department of Nursing, Health Polytechnic of Ministry of Health Surabaya, Surabaya, East  

   Java, Indonesia 
4  Faculty of Medicine and Health Sciences, University of Oviedo, Oviedo, Spain 
 

a   Email address: sriyono@fkp.unair.ac.id  
b   Email address: hakim.zulkarnain@fkp.unair.ac.id  
c   Email address: erna-d-w@fkp.unair.ac.id 
d   Email address: wikan-p-s@staf.unair.ac.id            
e   Email address: jujukproboningsih111970@gmail.com  
f   Email address: pilarmosteiro@gmail.com  

Received: 29 May 2024                    Revised: 20 June 2024                        Accepted: 29 June 2024 

Abstract 

During the COVID-19 pandemic which is a non-natural disaster, the ARDS cases (Acute 

Respiratory Disease Syndrome) rocketed. Despite the advantages of prone positioning for ARDS 

care, ICU staff seldom use it due to the unavailability of positioning tools, making it a challenging 

task for nurses. This study aims to investigate nurses' experiences with manual prone positioning 

and propose ICU-friendly prone position tools. This research method used a qualitative 

phenomenology theory study to 15 ICU nurses who were experienced in prone positioning at least 

10 times to intubated patients and had complaints about the intervention. The experience was 

gathered using structured questions and recorded. The data was analyzed following Colaizzi’s 

thematic method, and all the emerged themes were collected and reported. The research results 

show that fifteen interviewed nurses noted that prone positioning is physically demanding and 

requires a coordinated team with a minimum of three staff, 2 handle patient positioning, and 1 

leader securing the intubation tube. Before starting, the team assesses the difficulty level. 

Recommended tools include a slide sheet with handles, a modified Vollman prone positioner, and 

a crane-like prone harness. The conclusion is nurses find tools highly beneficial for prone 

positioning but will improvise with available resources like underpads as a ring-shaped pillow if 

tools are unavailable.               

Keywords: Acute Respiratory Distress Syndrome, Critical Care, Prone Position, ICU, Intensive 

Care Unit, Nursing, Non-Natural Disaster. 
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1. INTRODUCTION 

Nurses in the ICU can perform prone position on ARDS (Acute Respiratory Disease 

Syndrome) patients to increase SpO2 from 85% to 95%, reduce dyspnea, decrease mean 

hospitalization up to 4.8 days, and significantly reduce mortality (Chui & Craen, 2016; 

Moghadam et al., 2020). Nurses along with the team can perform prone position on every 

patient who needs it and does not have any contraindications, regardless of whether the patient 

is attached to mechanical ventilation or not (Ovayolu et al., 2014), however mechanically 

ventilated patients are more susceptible to complications during position change (González-

Seguel et al., 2021; Wotiye et al., 2022). Scott, et al (2022) said that in addition to the many 

benefits of prone positioning, complications due to this action can be well mitigated (Scott et 

al., 2022). However, complications for nurses or staff handling prone positions are sinking from 

attention due to research too focused on the point of view of patient benefits. Unfortunately, 

there are barriers for nurses to perform this action related to the nature of the intervention that 

involves heavy maneuver, loads of manpower, and not all ICU has the specialized tools to 

perform prone position (Chui & Craen, 2016; González-Seguel et al., 2021; Ovayolu et al., 

2014). 

Many ICU rooms lack tools for prone positioning, making it a physically demanding task 

for nurses who must manually position patients, often risking injury (Callihan & Kaylor, 2021; 

González-Seguel et al., 2021; Wiggermann et al., 2020). Nurses perform the prone position by 

placing a sheet under the lower part of the patient's body and pulling it to turn the patient from 

a supine to a prone position (Wiggermann et al., 2020). Nurses need to reposition patients every 

2 hours to prevent pressure ulcers and address discomfort, and must quickly return patients to 

a supine position in case of complications such as bleeding, tubing detachment, or emergencies 

like prolonged desaturation and hemodynamic instability (Binda et al., 2021; Callihan & 

Kaylor, 2021). Prone positioning requires a team of 5-8 trained staff, including 

anesthesiologists, pulmonologists, or respiratory therapists, highlighting the importance of 

proper training (Bamford et al., 2020; Scott et al., 2022). Despite training, staff shortages and 

high ICU nurse workloads exacerbate the challenges, especially when untrained or unrelated 

health workers are involved (Dewi et al., 2019; Scott et al., 2022; Wiggermann et al., 2020). 

ICUs often lack specialized prone positioning tools due to cost and limited accessibility. 

Hospitals face challenges in investing in tools like RotoProne, with a return on investment 

taking years. Global disparities in access to these resources further compound the issue (Scott 

et al., 2022; Wiggermann et al., 2020). While solutions exist, such as manual maneuvers or 

specific machines, they're not universally applicable due to manpower constraints, 

complications, and financial limitations (Astua et al., 2021). This problem, highlighted over 

two decades, is underscored by the COVID-19 pandemic (Astua et al., 2021; Berhan, 2020; 

Chatte et al., 1997; Chui & Craen, 2016; Moghadam et al., 2020; Teklu et al., 2020; Vollman, 

1997). According to all data problem, the aim of this study is to explore the nurse experience 

of manual prone position and suggestion of prone position tool design in ICU. 

 

2. RESEARCH METHOD 

This phenomenological study explores nurses' experiences, challenges, and tool 

recommendations for prone positioning (Chung et al., 2021; Jeffery et al., 2017; Tong et al., 

2007; Wirihana et al., 2018). The interviewer consisted of three people, two of them was 

masters and the other one is PhD. The interviewer and the participant do not have any close 

relation. The study happened in November – December 2022. 

The research was conducted to an ICU nurse of a secondary hospital in Surabaya city 

Indonesia. This hospital was chosen because during the COVID-19 pandemic, the ICU was full 
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of patients and the prone positioning was a routine activity. All the participants fulfil the 

requirements of at least had the experience of performing 10 prone positions to non-intubated 

and intubated patient. 

The participants recruited by contacting the ICU nurse unit manager and requested the 

population size which was 50 nurses. The target participants were 15 with the consideration of 

data saturation achieved (Tong et al., 2007). The simple random sampling conducted to the 

eligible participants and recruited privately to avoid bias related to work hierarchy. All the 

participant explained the research and filled the informed consent. The interview conducted 

using virtual meeting software, recorded, and notes were taken. The interview designed for 30 

minutes to 1 hour. The transcript was agreed by the participant. 

Instrument and data collection. The experience was gathered using structured questions 

and recorded using a laptop. Each participant asked these questions: 

1.  What is your experience performing prone positioning? 

2.  How you do it? 

3.  Do you have health complaints during the prone positioning? 

4.  What is your suggestion about a modification tool for the prone positioning? 

Additionally, the participants were asked follow-up questions if the answer was new 

saturation information. The instrument was pilot-tested to nurses of different hospitals and not 

included in the study. 

The data was analyzed using thematic analysis by Colaizzi, all the emerged themes 

collected from the data and reported (Wirihana et al., 2018). The experience of performing 

prone position, how the nurse did it, and the health complaints was reported narratively. The 

data is coded by one coder. The data was triangulated by confirmed the interview finding with 

available prone position SOP, and expert comment on the finding. 

The ethical clearance granted by the Universitas Airlangga Hospital, Indonesia by the 

record of UA-02-22135 

 

3. RESULTS AND DISCUSSION 

The study successfully recruited 15 eligible ICU nurses and consented to join the study, 

with no participant dropout. The data saturation was achieved on the 14th participants. 

 

The participant's characteristics 

Table 1 shows that had a 100% response rate from 15 ICU nurses, with an equal 

distribution of males and females. The mean age was 29 years, with most holding diplomas or 

being registered nurses, and one having a master's in nursing. The average ICU experience was 

4.3 years, with most having less than 5 years of experience; only one had over 10 years. 

Participants conducted an average of 82 prone positioning cycles, with half having more than 

50 cycles of experience. All had experience with intubated patients and HFNC, 67% with 

spontaneous breathing, and 20% with NIV. The most common prone cycle duration was 12 

hours (47%), and none lasted ≥16 hours. Common complaints were waist pain (60%), back 

pain (47%), shoulder pain (33%), and hand pain (27%), but no knee pain. Most did not report 

complications (57%), but some reported pressure ulcers (27%), facial edema (27%), accidental 

extubation (20%), cardiac arrest (7%), and desaturation (7%). Nearly all nurses believed prone 

positioning is beneficial (93%), though 60% were unsure about its use for non-COVID-19 

ARDS patients. 
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Table 1. The participants characteristics 

Demographic Criteria 

(n = 15) 

 
Frequency Mean 

Percentage 

(%) 

Gender 
Male 8  53% 

Female 7  47% 

Age 
21 - 30 10 29 

years 

67% 

31 - 40 5 33% 

Education 

Diploma 7  47% 

Registered Nurse 7  47% 

Master 1  7% 

Work in ICU period 

(years) 

< 5 years 9 
4,3 

years 

60% 

5 – 10 years 5 33% 

> 10 years 1 7% 

Prone positioning 

experience (in cycle*) 

< 50 cycle 8 
82 

cycles 

53% 

50 – 100 cycle 3 20% 

> 100 cycle 4 27% 

Experience to patient 

breathing with 

Spontaneous 10  67% 

NIV (Non Invasive Ventilation) 3  20% 

HFNC (High Flow Nasal 

Canula) 
15  100% 

ETT (Endo Tracheal Tube) 15  100% 

Duration of one cycle 

1 hours 2  13% 

2 hours 2  13% 

6 hours (Schifino, 2020) 4  27% 

12 hours (Munshi, 2017) 7  47% 

16 hours (Bamford et al, 2022) 0  0% 

> 16 hours (González-Seguel, 

2021) 
0  0% 

Health complaints 

Back pain 7  47% 

Knee pain 0  0% 

Shoulder pain 5  33% 

Waist pain 9  60% 

Hand pain 4  27% 

Complications 

Extubated 3  20% 

Pressure ulcer 4  27% 

Facial Oedema 4  27% 

Arrest 1  7% 

Desaturation 1  7% 

No complications 7  47% 

Belief to the benefit of 

prone position 

No 0   0% 

Maybe 1   7% 

Yes 14   93% 

Perform to non-COVID 

ARDS patient 

No 1   7% 

Maybe 9   60% 

Yes 4   27% 
*Cycle defined as the period of positioned the patient into prone until repositioned into supine (Binda et al., 2021) 
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Table 2. Emerged themes 

Theme Participants 

Nurse experience  

1) Heavy Maneuver P1, P5, P6, P7, P9, and P12 

2) Well-coordinated team P1, P4, P8, P11, P12, P13 

Standard procedure  of prone position  

1) Technique for manual prone P1 – P15 

Recommendation Tools  

1) Special design for prone positioning P1, P2, P3, P5, P6, P8, P9, P10, P12, and P13 

Table 2 shows that at least 3 staff required to handle and flip the patient and an additional 

1 staff needed to hold the endotracheal tube. All the nurses suffer complications such as muscle 

stress after performing prone positions without proper preparation. The patient was susceptible 

to complication and good preparation is necessary in which participants express the need of 

briefing prior to prone positioning. 

Nurse experience 

1)  Heavy maneuver 

The experience of ICU nurses during manual prone positions requires a lot of energy, 

especially in patients with more weight. So, it is necessary to pay attention to the ergonomics 

of the body during the process of prone. 

 

P6: ... We will shift the load, e.g., the patient's load of >90kg and the massive strength 

used during the actions... 

P7: ... especially overweight patients, because it is difficult, usually pain in the back ... 

P5: ... we squat causing pain, the bed should level at the waist so that the hands more 

easily reach the patient's body... 

 

Nurses feel vulnerable to injury during the process of shifting and lifting, so coordination 

between teams is needed. Because injuries often occur when the process is not coordinated 

properly. 

 

P9: ... When lifting or moving because it is not right or not ready is usually cause problem 

in my back, if I flip patient, it's still okay, if I lift the patient, it is a bit difficult. 

 

2)  Well-coordinated team 

Patient with ETT risk of extubated and desaturated, a team with high precaution is 

needed. The challenge is to prepare a team with loads of manpower. Multidiscipline team 

consisted of nurse, doctor, and specialist resident resulted in a safer prone position. The nurses 

also expressed the needs of advice from anesthesia consultant doctor for special case patients. 

 

P11: The challenge is that nurses can't do it alone, we definitely need a lot of nurses 

P8: ETT cannot be alone must be with the team, it is there from the consultant team or 

specialist residence, anesthesiologist, and the team from the nurse... 

P12: if ETT was assisted by PPDS anesthesiologist or consultant anesthesiologist 

 

The nurses categorize the patient based on the clinical status, comorbidities, and overall 

medical history. Additionally, the team also categorize the needs of manpower according to the 

patient condition and availability staff. 
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P4: employed at least 3 people (1 anesthesiologist in the airways, 1 head, 1 side of the 

patient's body, 1 in the area next to the legs) 

P13: ETT 3-4 people, 5 people safer, 1 person to focus area above head, 2 people right 

and left (shoulders and legs). 

P1: 6 and 1 anesthesiologist (who will control airway breathing), nurse 7 on the left and 

right. 

Standard procedure of prone position 

1)  Technique for manual prone 

There is an unwritten standard operational procedure between the nurses to measure the 

difficulty level of the patient for prone positioning, if it is easy 3 people is needed, normal 3 – 

4, and difficulty hard needs 5 – 7 people. The difficulty was measured according to the staff 

and patient factors. 

Staff factors were 

1.  Experience of the procedure/ work experience 

2.  Body size, bigger and taller is more prominent 

3.  Anesthesiologist present 

Patient factors were related to the patient’s clinical status, comorbidities, and overall medical 

history, i.e.: 

1.  Body size 

2.  Level consciousness 

3.  Age 

4.  Head characteristics related to the risk of tube kinked 

5.  Risk of displaced or accidental extubated 

6.  Risk of apnea/desaturation 

7.  Risk of cardiac arrest 

Nurses, in coordination with anesthesiologists, assess the difficulty of prone positioning 

in ICUs. The case manager organizes the team, briefs them on the difficulty and required 

maneuvers, and assigns staff positions. If a consultant is present, they handle airway tube 

fixation. For higher-difficulty cases, anesthesiologist consultants are consulted to determine the 

necessity of prone positioning. The recommended team size is 3-5 personnel for patients of 

average body weight; however, for overweight patients, 6 or more personnel are recommended. 

The essential team typically includes 1 intensivist or anesthesiologist and 2 nurses, with 

additional personnel as needed. This process was highlighted by participants P1, P2, P4, P6, 

and P8. In detail the step is listed below: 

1.  Minimum 3 – 5 staffs involved, 1 intensivist or anesthesiologist, and 2 – 4 nurse staff / 

doctors / health care assistants 

2.  Staff position: 

1) 1 staff is above the head, namely a specialist intensivist or anesthesiologist; 

His duties as a leader 

And to maintain airway patentability and be ready for reintubation 

2) 1 – 2 staff are on the right side of the patient 

His job is to pull the patient to slide to the right 

Monitor observations and notify the team when vital sign changes are found 

3) 1 – 2 is on the right side of the patient 

His job is to logroll the patient (positioning the patient supine - lateral - prone) 

3.  Ensure that all clear, both infusions, other hoses, and ETT are ensured not to shift 
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Prone to the left of the patient 

4.  The nurse on the right slides the patient to the right (right side of the patient) by holding 

the patient's linen / bed sheet 

5.  Once the patient is on the far-right side of the bed, the patient is tilted 90o from the supine 

towards the left lateral 

Position the patient's left leg and hand straight while the patient's right leg flexes 

6.  After the position of the left lateral patient, place a pillow in the chest area, under the 

abdomen (around the perineum) 

     This opportunity can be used to simultaneously replace the patient's linen and under pad 

7.  Position the pillows appropriately and well organized 

Can use a donut pillow for the patient's head / use a round shaped under pad 

8.  Then turn the patient 90o from the left lateral to prone 

Beware that the patient's position is too on the left side of the bed, then the nurse on the 

right side of the patient must slightly pull the patient to the right so that the patient's 

position is right in the middle of the bed 

9. Continue by making sure all hoses are in position and functioning properly (CVC, IV 

Line, Infuse set, Catheter tube, Nasogastric Tube, ETT, etc.) 

10. Turn the patient in a prone position and face tilted to the left / turned to the right 

depending on the position of ETT fixation. When using a donut pillow, the patient's head 

is facing down 

Recommendation Tools 

1)  Special design for prone positioning 

The nurses suggest three tools design for prone position. 

1.  A slide sheet that has holder to help hold the patient during the flip. 

P2: like the slide pad is more elastic so that it is easier to pull from the left side is not too 

heavy, like a long linen is used to make the prone easier ... 

 

2.  A modification of Vollman prone positioner with a round base 

P12: like block 2 shape letter W, later the tool sleeps, the thigh is lifted, the tool is inserted 

then the patient is tilted it is easier than we have to position...... lifted 1 side 

P3: The first one is needed like a neck pad in a car, to position it on the face when prone 

so that the tool is not bent or squeezed by the patient, more precisely we put it on the face 

of the letter c, the connection can be fitted on the ETT, so it will not bend the ETT 

P5: a board that can be fixed and can turn the patient over is placed underneath. 

P6: idler to support the body, to tilt given like a bolster that can be deflated. 

P9: the base is rigid like a slide pad, ... guarantees fixation of the head like a collar brace 

but the mouth has a hole for ETT 

P10: Tools that can fix the neck and head 

 

3. A harness to hold the patient to the air and flip over 

P1: 4 pieces of pipe, stand the end of the bed, above the pipe there is a box pipe then 

above the box pipe there is a hook that can hook the bed sheet that can slide to the right 

left, top down, then there is a strong type of bed sheet, the edge has a hole to hook the 

bed sheet to the pipe 

P8: Then also pulleys for up and down, 

P13: I once imagined a crane, if for example on a container for big ship, 
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DISCUSSION 

Qualitative findings highlight ICU nurses' experiences with manual prone positioning, 

emphasizing physical demands and the need for coordinated teamwork. This labor-intensive 

process, particularly challenging with overweight patients, necessitates a complete team 

including one anesthesiologist and two nurses to ensure safety. Manual positioning methods 

align with existing literature, incorporating additional safety measures such as positioning the 

patient's head in one direction or using a donut-shaped underpad. Recommended tools like the 

Vollman modification and overhead harness resonate with previous studies, though nurses 

favor the cost-effective slide pad for its accessibility in hospitals (Vollman, 1997; Wiggermann 

et al., 2020). This study illuminates crucial aspects of prone positioning in ICUs, impacting 

both practice and tool selection. 

Nurses underscore the importance of physical fitness, especially when handling 

overweight patients, echoing prior studies on the physical demands of prone positioning 

(Callihan & Kaylor, 2021; Chui & Craen, 2016). Maintaining ergonomic positions during 

manual positioning is crucial to prevent discomfort and injury. Effective team coordination, 

driven by ICU leadership and culture, is essential to mitigate difficulties (Klaiman et al., 2021). 

Nurses appreciate leaders who communicate the benefits of prone positioning and allocate tasks 

effectively, stressing the need for collaboration and communication (Elmer et al., 2023). A 

multidisciplinary team with sufficient manpower is vital, with anesthesiologists or intensivists 

playing a crucial role in airway management, ultimately leading to better patient outcomes 

(Cassano et al., 2022; Klaiman et al., 2021; Rezoagli et al., 2021). The study highlights the 

complex dynamics that influence successful prone positioning in the ICU. 

Manual methods for prone positioning are consistent, differing only in patient flipping. 

The intensive care society recommends strategic pillow placement to prevent displacement and 

as injury prevention (Bamford et al., 2020). SOPs, crucial for error prevention, detail pillow 

placement variations in Indonesian settings: head to shoulder, head-only, under diaphragm to 

iliac crest, and thin side pillows for the abdomen (RS Tasikmalaya, 2011; RSI Sultan Agung, 

2020; RSUP Sanglah, 2021). Lower body support involves knee to heel pillows and firm foot 

support, avoiding upper arm pillow placement to prevent shoulder flexion (RSI Sultan Agung, 

2020). Integrating such details into tool design can enhance prone positioning efficacy while 

minimizing risks. 

Nurses in the study use donut-shaped pillows for patient face support, but recent updates 

advise against it due to increased pressure injury cases (Morata et al., 2023). Alternatives 

include cushions, inflatable devices, fluidized positioners, and gel pads to distribute body load 

(Fourie & Beckman, 2020). Guidelines avoid donut shapes, favoring sideways patient face 

positioning for better airway monitoring, despite the pressure injury risk. Indonesian SOPs vary 

on face positioning: to the most comfortable side, left side, or no specific regulation (RS 

Tasikmalaya, 2011; RSI Sultan Agung, 2020; RSUP Sanglah, 2021). With no consensus, nurses 

adapt available resources, prioritizing patient safety during manual prone positioning. 

The strength of this research is the development of recommendation tool to improve the 

nurse care in the ICU setting. This study is known to be the first in the context of suggestions 

of nurse of hospital in developing countries. The limitation is present in the single centered 

study setting. The nurse experience does not represent other hospital. This might affect the 

difference in the detail of SOP used. 

In the absence of prone positioning tools, ICU nurses modify available resources, 

requiring at least three staff members, ideally five, depending on patient difficulty. Nurses 

recommend specific tools like a slide sheet with handles, a modified Vollman prone positioner, 
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and a crane-like harness to ease the process and reduce complications for intubated patients. 

Research to develop a tool that according on the prone positioning steps expressed by nurses. 

 

4. CONCLUSION 

To be concluded, the nurse experience manual prone require lots of energy and needs 

highly coordinated team. Before the positioning started the nurse assess the patient difficulty 

level according to staff factor and patient factors, including patient risk of complication. Each 

prone positioning led by a consultant, anesthesiologist, residence, doctor, or nurse case manager 

and accompanied by minimum 2 other staffs. The recommended tool design is a sheet to flip 

the patient modified with a holder, a modification of Vollman prone positioner, and a prone 

harness. The nurse expressed the present of tool is greatly help the prone position, but if there 

is no tool at hand then the nurse will modify the available resources such as under pad as a ring-

shaped pillow. 
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Abstract 

Trail runs have a high risk of injury like ankle sprains. Proper ankle sprain first aid requires preparedness 

to prevent more serious danger and ensure its success in the pre-hospital setting. This study aimed to explore 

key determinants of trail run athletes’ preparedness to perform pre-hospital first aid for ankle sprain using 

the PRECEDE-PROCEED Model theory. The research method used a descriptive correlational which 

approached cross-sectionally. The research recruited 120 trail run athletes of two professional clubs who 

were selected by simple random sampling. Data was collected using questionnaires. The variables measured 

were knowledge, belief, value, attitude, and confidence. Bivariate analysis used chi-square and spearman-

rho tests. Multivariate analysis used a logistic regression test. All of the statistical analyses used α = 0,05. 

The research results show that half of the respondents was 18 – 35 years old. The factors correlated to the 

trail run preparedness to perform pre-hospital first aid for ankle sprain was as follows. The majority had a 

medium level of knowledge (54,2%) and a significance level of p = 0.000. Similar trends were found 

between belief, value, and confidence in which there were no low levels of those variables with the same 

significance value of p = 0.000. Lastly, respondent’s percentages of attitudes were almost equally 

distributed between negative (45%) and positive (66%) with a significance level of p = 0,000. In 

multivariate analysis, all the variables had p-values < 0,05. The OR was as follows, knowledge 14,713; 

belief 77,919; value 27,554; attitude 7,213; and confidence 12,408.  The conclusion is found that 

knowledge, belief, value, attitude, and confidence were significantly correlated with the athlete’s 

preparedness Together all variables were correlated significantly to the athlete’s preparedness to perform 

pre-hospital first aid for ankle sprain. In conclusion, to improve athlete safety during trail runs is by 

improving the preparedness for any adverse event including trail runs. All of the factors could increase 

preparedness, but some factors resulted in higher preparedness. The factors that have more effect on 

preparedness than the others are belief and value.               
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1. INTRODUCTION 

Trail runners face potential injuries from uneven terrain, climate hazards, and anatomical 

issues, requiring self or fellow runner first aid. Running experience, race finishing time, and 

asphalt training contribute to acute running-related injuries (RRIs) (C. Viljoen, Janse van 

Rensburg, van Mechelen, Verhagen, Silva, et al., 2022; C. T. Viljoen, Janse van Rensburg, et 

al., 2021). Gradual-onset RRIs (GORRIs), linked to repetitive stress, threaten trail runners, with 

factors like longer race distance and chronic diseases heightening risks (C. T. Viljoen, Sewry, 

et al., 2021). Non-professional runners, lacking proper technique knowledge, also face 

susceptibility (Rachmawaty et al., 2023; C. T. Viljoen, Sewry, et al., 2021). Since ankle sprain 

is one of the most common sport injuries, especially that involve the excessive use of foot, 

added by the nature of the trail run terrain, it is concluded that ankle sprain in trail run is 

common (Sawyer & Sawyer, 2023; C. Viljoen, Janse van Rensburg, van Mechelen, Verhagen, 

Silva, et al., 2022; C. T. Viljoen, Janse van Rensburg, et al., 2021). Enhancing trail runners' 

safety involves prioritizing first aid preparedness, addressing training factors, and promoting 

proper technique. Despite the significance of pre hospital first aid, no research identifies factors 

improving athletes' preparedness. This study explores behavioral factors influencing trail 

runner preparedness to perform pre hospital first aid for ankle sprain, using the PRECEDE-

PROCEED Model theory. 

Statistics of injuries experienced by running athletes amounted to 54.3% with percentage 

of detail: ankles (49.5%), knees (17.9%), and lower legs (9.5%) (Sanchez-Garcia et al., 2022) 

The injury survey in Indonesia shows that 6.4% of injuries occur in the wild, while the types 

of injuries that often occur are abrasions/bruises by 56.1%, lacerations/cuts by 19.7%, sprains 

by 36.1%, lower limbs by 64.5% and upper limbs by 33.69% (Hardyanto & Nirmalasari, 2020).  

Trail run athletes are at high risk of ankle sprain injuries and if the incident happens in 

the pre hospital setting, he can deliver first aid immediately. The ability of an athlete to perform 

first aid independently is determined by his preparedness. A systematic review found that a 

more knowledgeable person will engage in health-related behavior (Kim et al., 2022). Previous 

research found that knowledge, attitude, and self-efficacy plays as predisposing factor for 

women performing physical activity (Emdadi et al., 2015). Additionally, a person with diabetes 

will follow a routine health activity if the person has good knowledge, attitude, and self-

efficacy. Unfortunately, there has been no research on the factors that influence the 

preparedness of trail run athletes to do first aid on ankle sprain. Therefore, there needs to be 

research on the factors that affect athletes first aid preparedness on ankle sprain. The 

PRECEDE-PROCEED Model theory by Lawrence Green will be used to explore this 

phenomenon because knowledge, attitudes, beliefs, values and self-confidence are 

predisposing factors to behavior change (Kim et al., 2022; Terry, 2021). This study aimed to 

explore key determinants of trail run athlete’s preparedness to perform pre hospital first aid for 

ankle sprain using the PRECEDE-PROCEED Model theory. 

2. RESEARCH METHOD 

This quantitative, descriptive-correlational research using a cross-sectional method was 

carried out on 120 respondents, namely trail run athletes, obtained from a simple random 

sampling of 166 athletes who were members of the MANTRA club and the BDG Explorer 

club. Data collection was carried out in April 2023 – May 2023. This study aimed to explore 

key determinants of trail run athletes’ preparedness to perform pre-hospital first aid for ankle 

sprain using the PRECEDE-PROCEED Model theory. 

 The sample was calculated using the Slovin formula and adding 10% of the sample size 

for contingency for respondents who dropped out. Recruited respondents must have the 

inclusion criteria as active club members for > 1 year, and have done a trail run in the last 3 
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months. Meanwhile, respondents who were not involved were those who were injured and 

could no longer do trail runs.  

This research investigates 6 variables, namely 5 independent variables and 1 dependent 

variable. The independent variable consisted of trail runners' knowledge, attitudes, beliefs, 

values and self-confidence. Furthermore, the dependent variable is the trail runner's 

preparedness to perform pre-hospital first aid for ankle sprain. 

The instrument for this research is a questionnaire. The questionnaire was designed by 

researchers based on the PRECEDE-PROCEED model and has passed variability and 

reliability tests. Validity and reliability tests were carried out on 20 trail run athletes who were 

not members of MANTRA and BDG Explorer. Validity uses Pearson Product Moment (r) with 

α = 0.05 and r table 0.444. The reliability test is based on Crobach's alpha with α > 0.6. 

The data was collected directly to the respondents using google form. During the survey 

the researcher accompanied the respondents and took around 5 minutes to complete the form. 

The data was analyzed through bivariate and multivariate processes. Bivariate analysis used 

Chi-Square and Spearman Rho tests. Meanwhile, for multivariate analysis using the logistic 

regression test. All of the statistical analysis using α = 0,05. The analysis results were then 

processed using SPSS (Statistical Package for Social Science) version 26 software. 

The study complied with the ethical norm and was granted ethical clearance by the 

number 2842-KEPK by the Ethical Commission of the Faculty of Nursing Universitas 

Airlangga on 12 April 2023. 

     

3. RESULTS AND DISCUSSION 

Table 2. Demographic Characteristics of Respondents (n=120) 

Demographic 

characteristics 
Category Frequency (f) Percentage (%) 

Trail run clubs 
MANTRA 20 16,7 

BDG Explorer 100 83,3 

Age 

18-25 Years 50 41,7 

26-35 Years 29 24,2 

36-45 Years 24 20 

46-55 Years 15 12,5 

≥ 56 Years 2 1,7 

Total  120 100% 

Table 2 shows the largest number of respondents came from the BDG Explorer club, 

83.3% (100 respondents), while 16.7% (20 respondents) came from the MANTRA club. The 

majority of respondents, 41.7% (50 athletes) were aged 18 – 25 years. Only 1.7% (2 athletes) 

were ≥ 56 years old.  

Table 3. The significant factor influencing athlete’s preparedness to perform pre-hospital first 

aid 

Variable Category 
Preparedness  Level % (n) Total p-value r value 

Low Medium High    

 Low 0% (0) 17,5% (21) 1,7% (2) 19,2% (23)   

Knowledge Medium 0% (0) 24,2% (29) 30% (36) 54,2% (65) 0,000  

 High 0% (0) 0,8% (1) 25,8% (31) 26,7% (32)   

 Low 0% (0) 0% (0) 0% (0) 0% (0)   

Belief Medium 0% (0) 41,7% (50) 13,3% (16) 55% (66) 0,000 0,744 

 High 0% (0) 0,8% (1) 44,2% (53) 45% (54)   
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   0% (0) 0% (0) 0% (0) 0% (0)   

Value Medium 0% (0) 41,7% (50) 11,7% (14) 53,3% (64) 0,000 0,770 

 High 0% (0) 0,8% (1) 45,8% (55) 46,7% (56)   

Attitude 
Negative 0% (0) 38,3% (46) 6,7% (8) 45% (54) 

0,000 0,781 
Positive 0% (0) 4,2% (5) 50,8% (61) 55% (66) 

 Low 0% (0) 0% (0) 0% (0) 0% (0)   

Confidence Medium 0% (0) 40,8% (49) 13,3% (16) 54,2% (65) 0,000 0,723 

 High 0% (0) 1,7% (2) 44,2% (53) 45,8% (55)   

Table 3 shows the bivariate analysis employing the Chi-square test yielded a significant 

value of p=0.000 (p<0.05), indicating a positive association between knowledge and 

preparedness. Thus, the knowledge variable qualifies for multivariate analysis using logistic 

regression. Similarly, Spearman's rho test revealed significant values (p=0.000, p<0.05) for 

belief and preparedness, with a strong coefficient of 0.744, meeting the criteria for multivariate 

analysis. Furthermore, the relationship between scores and preparedness, as indicated by 

Spearman's rho test (p=0.000, p<0.05) and a coefficient of 0.770, also qualifies for multivariate 

analysis. The correlated factors to the trail run preparedness to perform pre hospital first aid for 

ankle sprain was as follows. Majority had medium level of knowledge (54,2%) and significance 

level of p = 0.000. Similar trends found between belief, value, and confidence in which there 

were no low levels of those variables with same significance value of p = 0.000. Lastly, 

respondent’s percentages of attitude were almost equally distributed between negative (45%) 

and positive (66%) with a significance level of p = 0,000. These findings underscore the robust 

positive associations between the variables and preparedness for logistic regression analysis. 

 

Table 4. Multivariate analysis (logistic regression) 

 B S.E. Wald df Sig. Exp(B) 

Step 1 Knowledge (X1) 2,689 1,175 5,239 1 0,022 14,713 

 Belief (X2) 4,356 1,760 6,122 1 0,013 77,919 

 Value (X3) 2,865 1,304 4,826 1 0,028 27,554 

 Attitude (X4) 1,976 0,917 4,642 1 0,031 7,213 

 Confidence (X5) 2,518 1,141 4,871 1 0,027 12,408 

 Constant -27,566 7,170 14,783 1 0,000 0,000 

Regression 

formula 
I  = -27.566 + 2.689(X1) + 4.356(X2) + 2.865(X3) + 1.976(X4) + 2.518(X5) 

The negative constant value of -27.566 suggests that when all independent variables - 

Knowledge (X1), Belief (X2), Score (X3), Attitude (X4), and Self-confidence (X5) - are held 

constant or at zero, the inclination towards first aid preparedness decreases by 27.566 units 

(table 4). The knowledge variable regarding preparedness to perform pre hospital first aid for 

ankle sprain shows significance at p=0.022<0.05. It denotes that knowledge exerts a significant 

partial influence on trail runners' preparedness to perform pre hospital first aid for ankle sprain, 

with a regression coefficient of 2.689. The positive coefficient implies a direct relationship; 

higher knowledge correlates with increased preparedness. Furthermore, the odds ratio (OR) for 

knowledge is 14.713, indicating that trail runners with substantial knowledge are 14.713 times 

more likely to exhibit high preparedness compared to those with lesser knowledge. 

Similarly, belief among trail runners regarding preparedness to perform pre hospital first 

aid for ankle sprain yields significance at p=0.013<0.05. Belief significantly influences trail 

runners' preparedness, with a regression coefficient of 4.356. The positive coefficient suggests 

a direct relationship; higher belief corresponds to heightened preparedness. The odds ratio (OR) 

for belief is 77.919, indicating that trail runners with high belief levels are 77.919 times more 

likely to demonstrate high preparedness compared to those with lower belief levels. 
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Furthermore, the value related to preparedness for perform pre hospital first aid for ankle 

sprain among trail runners shows significance at p=0.028<0.05. The score variable 

significantly influences trail runners' preparedness, with a regression coefficient of 2.865. A 

positive coefficient signifies a direct relationship, indicating that higher scores correlate with 

increased preparedness. The odds ratio (OR) for the score is 27.554, implying that trail runners 

with higher scores are 27.554 times more likely to exhibit high preparedness compared to those 

with lower scores. 

Additionally, attitude among trail runners regarding preparedness to perform pre hospital 

first aid for ankle sprain is significant at p=0.031<0.05. Attitude significantly influences trail 

runners' preparedness, with a regression coefficient of 1.976. The positive coefficient indicates 

a direct relationship; a more positive attitude corresponds to higher preparedness. The odds 

ratio (OR) for attitude is 7.213, suggesting that trail runners with a positive attitude are 7.213 

times more likely to demonstrate high preparedness compared to those with a negative attitude. 

Lastly, self-confidence among trail runners regarding preparedness to perform pre 

hospital first aid for ankle sprain shows significance at p=0.027<0.05. Self-confidence 

significantly influences trail runners' preparedness, with a regression coefficient of 2.518. The 

positive coefficient implies a direct relationship; higher self-confidence corresponds to 

increased preparedness. The odds ratio (OR) for self-confidence is 12.408, indicating that trail 

runners with high self-confidence are 12.408 times more likely to exhibit high preparedness 

compared to those with low self-confidence. 

 

2. DISCUSSION 

The PRECEDE-PROCEED model is widely used to understand health behavior so a 

correct health education is possible (Azar et al., 2018; Green & Kreuter, 2005; Monteiro et al., 

2014). The study aimed to explore the correlation of knowledge, belief, value, attitude, and 

self-confidence—among trail runners towards preparedness in perform pre hospital first aid for 

ankle sprains. The analysis shown that athlete’s knowledge, particularly their grasp of 

complications associated with ankle sprains, as a determinant of preparedness. Those with high 

preparedness predominantly possess sufficient knowledge (Rostami-Moez et al., 2017). 

Effective prevention and rehabilitation programs, with the latter noting the high recurrence rate 

and associated disability. Ankle sprain evaluation, rehabilitation, and prevention could be 

enhanced by considering the role of athlete knowledge in preparedness (Chen et al., 2019; Pell 

& Beach, 2022; Tomás & Visco, 2022). 

Additionally, the study emphasizes the significant influence of athlete's belief on their 

preparedness, with high belief levels correlating with increased preparedness. There were no 

instances of low preparedness coupled with low belief, highlighting a positive correlation 

between belief and preparedness. Research has shown a positive correlation between an 

athlete's belief and their preparedness (Emdadi et al., 2015). Despite this, the perceived quality 

of athlete leaders is positively related to team outcome confidence (Fransen et al., 2014; C. 

Viljoen et al., 2024; C. Viljoen, Janse van Rensburg, van Mechelen, Verhagen, Korkie, et al., 

2022). Additionally, actively do trail running activities at least around 10.5 km / week makes 

healthier and more prosperous feelings (self-rated wellness and health) (Smiley et al., 2020).  

The research found that knowledge, belief, value, attitude, and confidence were 

significantly correlated with the athlete’s preparedness Together all variables were correlated 

significantly to the athlete’s preparedness to perform ankle sprain first aid. To improve athlete’s 

safety during trail run is by improve the preparedness of any adverse event including trail run. 

All of the factors could increase the preparedness, but some factor resulted higher preparedness. 

The factors that have more effect to preparedness than the others are belief and value (Fransen 

et al., 2014; Sawyer & Sawyer, 2023; C. Viljoen et al., 2024; C. Viljoen, Janse van Rensburg, 
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van Mechelen, Verhagen, Korkie, et al., 2022; C. Viljoen, Janse van Rensburg, van Mechelen, 

Verhagen, Silva, et al., 2022; C. T. Viljoen, Sewry, et al., 2021). 

The limitation of this study only recruited athletes from two trail run clubs, which might 

cause bias since there are clubs who is not as well prepared as the two recruited clubs. 

 

4. CONCLUSION 

In conclusion, the research shown the intricate interplay of knowledge, belief, value, 

attitude, and self-confidence among trail run athletes, revealing their significant impact on 

preparedness for ankle sprains first aid. All of the factors could increase the preparedness, but 

some factor resulted higher preparedness. The factors that have more effect to preparedness 

than the others are belief and value. Furthermore, high levels of knowledge, belief, perceived 

value, positive attitude, and self-confidence correlate with heightened preparedness. Athlete 

should enhance the knowledge, trigger the belief, improve the value, change the attitude, and 

teach to be confident. 
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Abstract 

A deficiency of the hormone estrogen at menopause can lead to an increased rate of the destruction of the 

bone tissue that leads to bone loss, which can lead to osteoporosis and impaired fat metabolism, which 

increases the risk of atherosclerosis. Phytoestrogens from flavonoid extract P. Macrocarpa, having effects 

similar to endogenous estrogens themselves, prevent osteoporosis and atherosclerosis in menopausal 

women. The purpose of this research is to assess the influence of flavonoids from P. Macrocarpa fruit 

extract on trabeculae cortex thickness, ratio of femoral bone, and aortic IMT (A-IMT) in a menopausal 

mouse model. The study was conducted in a true experimental-posttest-only control group design. Using 

32 mice; namely KN (normal mice with no treatment), KP (OVX with no treatment), P1(OVX and given 

flavonoid 3.75 mg/mice/day), P2 (OVX and given flavonoid 7.5 mg/mice/day), P3(OVX and given 

flavonoid 11.25 mg/mice/day), P4 (OVX and given flavonoid 15 mg/mice/day), the treatment given within 

14 days. Then the thickness of the trabeculae, cortex, and intima-media aorta with Hematoxylin-Eosin (HE) 

staining. In the trabeculae, cortex thickness ratio obtained KN results meaningfully dissimilar to the KP 

group and the P3 and P4 groups were meaningfully dissimilar from the KP. The A-BMI in KP is 

meaningfully dissimilar to P1, P2, P3 and P4. The conclusion of the study is flavonoid fruit extract P. 

Macrocarpa can increase the thickness ratio of trabeculae, and cortex femoral bone of mice menopausal 

model in groups P3, P4 and can decrease A-IMT starting in groups P1 to P4.               

Keywords: Flavonoid, Phaleria macrocarpa, Menopause, Osteoporosis, Atherosclerosis. 
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1. INTRODUCTION 

Although literally, menopause means the cessation of menstruation, in a broader sense, 

it means the menstrual cycle terminating permanently as a result of ovarian follicular activity 

declining and estrogen levels falling (Silva et al., 2021; WHO, 2022). The regularity and length 

of a woman's menstrual cycle vary widely throughout her reproductive life, although the age 

of natural menopause commonly occurs in women globally aged 45 to 55 (WHO, 2022). 4.3 

million women in Indonesia aged 45 to 55 years. In 2017, Indonesia's population reached 

261.89 million, consisting of 130.31 million women aged 45 to 55 years, and it is estimated 

that there are 15.8 million women who are menopausal in 2020. This indicates that there will 

be more menopausal women in Indonesia by 2020 (BPS, Bappenas dan UNFPA Indonesia, 

2008). Menopause is referred to as failure and the beginning of disease (Macpherson & 

Quinton, 2022). 

Osteoporosis is one of the most frequent disorders among postmenopausal women 

because a lack of the hormone estrogen after menopause can accelerate bone resorption and 

disrupt the bone-rebuilding process. 40% of Indonesian women are susceptible to osteoporosis 

(Juwita & Fatma, 2021). Osteoporosis is a condition characterized by reduced bone density and 

deterioration of the microscopic structure of bone tissue, resulting in increased vulnerability to 

fractures and an increased risk of fractures (Liu, 2020; NIH, 2022). Osteoporosis is primarily 

influenced by aging and the reduction in steroid hormone levels (Geng et al., 2019). 

Cardio Vascular disease (CVD) caused by atherosclerosis, also known as Atherosclerotic 

Cardiovascular Disease (ASCVD), is more commonly found in Canadian women with an 

average age of 69 years (Hopper et al., 2021; Newson, 2018). Estrogen levels can also be 

associated with impaired fat metabolism that has a risk of lipid peroxidation, leading to 

atherosclerosis (Newson, 2018). Hypercholesterolemia can be caused by a decrease in estrogen 

that occurs in menopausal women. Low Density Lipoprotein (LDL) levels increase in this 

condition. Monocytes enter the tunica intima and become macrophages due to increased LDL 

in the subendothelium (Javadifar et al., 2021; Pratiwi & Damayanty, 2020). To produce 

atheromatase plaques, scavengers on macrophages can identify Ox-LDL and engulf it into foam 

cells (Khatana et al., 2020; Sargowo, 2015). 

Hormone replacement therapy, (HRT), is given to individuals experiencing hormonal 

disorders, one of which is menopausal women receiving estrogen hormone therapy (Nayak et 

al., 2022). Several studies have shown that HRT lowers fracture risk and may be used to prevent 

or treat osteoporosis in postmenopausal women (de Villiers, 2023; Women Health Concern, 

2021). In addition, it is known that estrogen hormone therapy can also reduce atherosclerosis 

and fat accumulation in menopausal women (Khoudary et al., 2020). However, long-term side 

effects such as breast cancer, uterine cancer, impaired liver function, and vaginal bleeding are 

still a debate about the use of HRT (Yousefzadeh et al., 2020). In addition, menopausal women 

are afraid to accept prescriptions and undergo HRT therapy (Macpherson & Quinton, 2022). 

Therefore, additional preventive alternatives are needed, especially natural compounds 

that have minimal side effects, namely phytoestrogens (Bacciottini et al., 2007). Flavonoids of 

Phaleria macrocarpa extract, known as mahkota dewa, are widely found in nature, especially 

in Indonesia, and are one of the phytoestrogens (Ahmad et al., 2023). The bioactive compounds 

of the Phaleria macrocarpa plant include flavonoids (Stephenus et al., 2023). Flavonoids found 

in Phaleria macrocarpa fruit function as antimicrobial, antibacterial, antifungal, antiallergic, 

antioxidant, and vasodilator (Fitriana et al., 2023). The highest relative levels of flavonoids 

were found in the 70% ethanol extract of the flesh of the Phaleria macrocarpa fruit, which 

reached 45.734 g/mg (Maharani et al., 2021). Phytoestrogens in plants have the ability to bind 

to estrogen receptors (ER) to mimic or modulate endogenous estrogen activity. This 
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endogenous estrogen is 17β-estradiol, mainly by binding to the ER. Aside from impacting 

estrogen receptors, phytoestrogens can also function as antioxidants (Forslund & Andersson, 

2017; Hasanah et al., 2020; Kuhnle et al., 2009). 

The novelty of this research is to see the effect of giving Phaleria macrocarpa fruit 

extract where flavonoids isolated specifically can be one of the active substances for 

phytoestrogens. Other studies on the effects of flavonoids of Phaleria macrocarpa fruit extract 

have given good results such as research on endometriosis, diabetes, and other diseases, but 

until now there have been no studies related to menopause. Therefore, this research aims to 

ascertain how flavonoids from Phaleria macrocarpa fruit extract affect the ratio of trabecula 

thickness and femoral bone cortex and can reduce the thickness of the intima-media aorta of 

mice in menopausal models. Through this research, it is hoped that flavonoids of Phaleria 

macrocarpa fruit extract can be an alternative preventive innovation in reducing the incidence 

of osteoporosis and atherosclerosis, especially in women with menopause. 

 

2. RESEARCH METHOD 

This study uses a true experiment research design conducted on female mice (Mus 

musculus). Randomized Post-Test Only Control Group Design was used as the research design. 

The research also used in vivo methods to see how flavonoids of Phaleria macrocarpa fruit 

extract impacted menopausal models. A place for ovariectomy treatment in mice, where the 

treatment is given and the tissue collection process is carried out at the Embryology Laboratory, 

Faculty of Veterinary Medicine, Airlangga University, Surabaya. Anatomical Pathology 

Laboratory, Faculty of Medicine, Universitas Brawijaya Malang as a place for making and 

observing research preparations. In this study, 32 mice (Mus musculus) were used as 

experimental animals; 2 mice were used as samples to test FSH levels to ensure that the mice 

were in menopause and the allocation of 30 mice was partitioned into six groups, with each 

group including five mice. 

The negative control group (KN) comprises subjects receiving no treatment, while the 

positive control group (KP) consists of subjects undergoing ovariectomy treatment, where 

before the division of treatment groups 1 to 4, 2 samples of mice were taken to ensure that mice 

were in a state of menopause characterized by increased FSH results on the 28th day after 

ovariectomy. The experimental groups designated as P1, P2, P3, and P4 were groups that 

carried out ovariectomy treatment and were given flavonoids P.macrocarpa fruit extract at 

doses of 3.75 mg/mice/day, 7.5 mg/mice/day, 11.25 mg/mice/day, and 15 mg/mice/day for 14 

days. The dosage in this study is based on previous research by Maharani et al (2021) which 

investigated the impact of flavonoids derived from P.macrocarpa fruit extract on endometriosis 

mice. The study stated that flavonoids of god's crown fruit extract were obtained through herbal 

extraction techniques using 96% ethanol solvent because 96% ethanol is semi-polar resulting 

in higher levels can be caused by flavonoids containing more is nonpolar so that flavonoid 

levels are obtained (Maharani & Sutrisno, 2021; Pujiastuti & El’Zeba, 2021).  

Making flavonoids Phaleria macrocarpa fruit extract is a ripe fruit washed, the seeds are 

removed, and the fruit is dried not in the sun to be free from water protection. Simplisia powder 

is made by blending dried Phaleria macrocarpa. Simplisia powder is soaked in 96% ethanol for 

30 minutes, stirred well, and allowed to stand for 5 days until settled. Using a funnel of bunches, 

strain the liquid. To obtain flavonoid-rich extracts, ethanol extracts are partitioned/liquid-liquid 

fractionated using polar and nonpolar solvents, namely n-hexane and n-butanol. 

After being treated for 14 days. Then surgery was performed and examination of 

thickness of trabeculae, cortex ratio femoral bone, and aortic intima-media in the menopausal 

mice model with Hematoxylin-Eosin (HE) staining. In this study, the ratio of the thickness of 

trabeculae and cortex, namely the thickness of the trabeculae in the metaphysic area and the 

thickness of the cortex in the diapise area, was observed by making a thickness of 3-4μm, using 
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1 field of view with 10 measures and calculating the average of each preparation. Measurement 

of intima-media thickness seen from 4 viewing lights (directions at 3, 6, 9, and 12 o'clock) 

descending thoracic aorta, organs that have been stained and then scanned using Aperio CS2 

Leica and calculations using the ImageScopex64 application. 

The thickness of trabeculae, cortex ratio, femoral bone, and aortic intima-media in the 

menopausal mice model were statistically analyzed using IBM SPSS Statistics 27.0 for 

Windows. The tests employed in this work encompass data normality assessments utilizing the 

Shapiro-Wilk test, data homogeneity evaluations employing the Levene Test method, One Way 

ANOVA Test, and Post Hoc Test. 

The procedures employed in this inquiry strictly complied with the applicable norms and 

regulations and obtained clearance from the Health Research Ethics Committee of the Faculty 

of Medicine, University of Brawijaya Malang, Indonesia, under ethics code numbers: 

108/EC/KEPK-S2/05/2024 and 26/EC/KEPK-S2/01/2024. 

     

3. RESULTS AND DISCUSSION 

a. Ratio of Trabeculae and Cortex Thickness in Femoral Bone of Mice Menopause Model 

The results of staining the thickness of trabeculae and femoral bone cortex of mice 

menopausal models carried out Hematoxylin-Eosin (HE) staining and observations were made 

using Aperio ImageScopex64 software with a magnification of 50-100X with the treatment of 

giving flavonoids Phaleria macrocarpa fruit extract with 4 different doses, the following 

results were obtained: 

 

  

  

Figure 1. Histopathology of the femoral bone of mice. Histopathological picture of trabeculae 

bone in the area of the metaphysis (A, B), cortex bone in the area of the diaphysis (C, D). Image 

with 50-100x magnification with HE coloring 

 
 
 

A B 

C D 
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Table 1. One-way ANOVA Test Results of Trabeculae and Cortex Thickness Ratio in Femoral 

Bone  

Treatment Group Mean ± SD (Thickness (µm)) p-value 

KN 0.426 ± 0.157 

0.020 

KP 0.156 ± 0.010 

P1 0.311 ± 0.054 

P2 0.327 ± 0.174 

P3 0.399 ± 0.087 

P4 0.408 ± 0.161 

Table 1 illustrates that the positive control group (KP), which is a group that was only 

given ovariectomy treatment to make mice menopause model, the average ratio of trabeculae 

and cortex thickness decreased to 0.156 μm compared to the negative control group (KN) or 

normal mice, which is 0.426 μm, where the significance value p = 0.022 (p<0.05), this indicates 

that there is a significant difference in each treatment group (P1-P4) after administering 

flavonoids of Phaleria macrocarpa fruit extract with different doses for 14 days. 

This study has also proven that using 4 doses of flavonoids in Phaleria macrocarpa fruit 

extract can increase the ratio of trabeculae and cortex thickness. There was an increase in the 

ratio of trabeculae and cortex thickness in the intervention group 1 (P1) treated with flavonoid 

Phaleria macrocarpa fruit extract at a dose of 3.75 mg/mice/day and intervention group 2 (P2) 

with a dose of 7.5 mg/mice/day with an average result of 0.311 μm and 0.327 μm, the results 

increased when contrasted with the average of the KP group yield of 0.156 μm. In intervention 

group 3 (P3) and intervention group (P4), there was a statistically meaningful increase 

compared to the KP group. The mean values for P3 and P4 were 0.399 μm and 0.408 μm, 

respectively.  

Table 2. Tukey HSD Test Results Against Trabeculae and Cortex Thickness Ratio Data 

p-value KN KP P1 P2 P3 P4 

KN - 0.022* 0.680 0.797 0.999 1.000 

KP - - 0.380 0.278    0.047*   0.037* 

P1 - - - 1.000 0.863 0.811 

P2 - - - - 0.936 0.901 

P3 - - - - - 1.000 

P4 - - - - - - 
*p-value<0.05 is significant 

Table 2, from which one can infer notable distinctions between the KN and KP groups. 

Consistent with research investigating the impact of administering chitosan from white shrimp 

shells on the thickness of the trabecular bone of female mice femurs following ovariectomy, 

the ovariectomized rat group demonstrated an average trabecular thickness value of 59.53 μm 

while the group of ovariectomy mice had a smaller average trabecular thickness value of 32.44 

μm (Rizalah et al., 2016). This indicates that the trabecular thickness of the ovariectomy group 

will decrease after ovariectomy. These results are echoed by research that states it is projected 

that women will undergo a decrease of around 50% in trabecular bone and 30% in cortical bone 

over their lifespan, with around half of this decline happening within the first ten years after 

menopause (de Villiers, 2023). During menopause, the primary effect of low estrogen levels is 

heightened cellular activity, leading to both bone resorption and formation. However, there's 

an imbalance where bone formation doesn't adequately counteract bone loss, resulting in 

accelerated bone loss and structural alterations such as disarray, thinning, and breakage of bone 

trabeculae. These changes significantly heighten the risk of fractures, primarily attributed to 

intense bone remodeling (Gosset et al., 2021). 
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These results are supported by other studies that state that Phaleria macrocarpa fruit 

meat contains flavonoid compounds, as the highest antioxidant substance, and flavonoids 

Phaleria macrocarpa fruit extract not only has one type of flavonoid but has six kinds of 

flavonoids, which causes Phaleria macrocarpa fruit to have high antioxidant and 

phytoestrogen potential that is good for the body (Dumanauw et al., 2022; Maharani et al., 

2021). Phytoestrogen chemicals exert their effects by attaching to their receptors, which can 

occur through either ER-dependent or ER-independent routes. However, the ER-dependent 

route directly triggers its actions by attaching to the Estrogen Receptor α (ER-α) (Mirza et al., 

2021). Additionally, a study has found that immunohistochemistry reveals a greater expression 

of ERβ in trabecular bone compared to cortical bone (cortex). ERα was shown to have an 

inverse pattern, with higher levels observed in cortical bone compared to trabecular bone, as 

indicated by the same study. Studies have demonstrated a correlation between variations in 

ERα and ERβ genes and bone mass in people (Biason-Lauber & Lang-Muritano, 2022). 

 

b. Thickness of Intima-Media Aortic in Mice Menopausal Model 

The results of the intima-media thickness of the aorta of mice Mus musculus are shown 

in figure 2 using the Hematoxylin-eosin (HE) method.  

 
 

 
 

 
 

 
 

 
 

 
 

Figure 2. Examination of the thickness of the intima-media aorta of mice with the method of 

Hematoxylin-eosin 
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Table 3. One-Way ANOVA Test of Aortic Intima-media Thickness 

Treatment Group Mean (µm) Standard Deviation (SD) p-value 

KN 12.2500 2.21736 

0.000 

KP 49.9375 13.42786 

P1 27.4375 8.71391 

P2 24.0625 6.21951 

P3 22.3750 7.25862 

P4 14.1875 1.79554 

Table 3 illustrates that the maximum mean intima-media thickness is in the positive group 

of 49.9375±13.42786 and the negative group of 12.2500±2.21736, significant results were 

obtained between the KP and the KN, namely sig = 0.000 (sig<0.05). This study can mean that 

the thickness of the aortic intima-media in the KN and the KP (ovariectomy) a meaningfully 

dissimilar. The effect of decreasing estrogen can affect the profile of cholesterol in the blood, 

one of which is the occurrence of memory in LDL (Low-Density Lipoprotein) (Pratiwi & 

Damayanty, 2020). Increased LDL in the blood can penetrate the endothelium and then 

accumulate in the nucleus cells (Huff et al., 2021). LDL that enters the nucleus of a cell will 

bind to free radicals or local reactive oxygen species (ROS), resulting in its transformation into 

LDL oxidation (Ox-LDL) (Jebari-Benslaiman et al., 2022). Ox-LDL prompts endothelial cells 

and smooth muscle to produce monocyte chemoattractant protein 1 (MCP-1), leading to 

heightened recruitment of monocytes to the sub-endothelium. Upon reaching the sub 

endothelium via MCP-1, circulating monocytes transform into macrophages. These 

macrophages possess scavenger receptors, which identify and engulf Ox-LDL, transforming 

into foam cells (Goo, 2019). Foam cells generate Platelet-Derived Growth Factor (PDGF), this 

process causes the movement of smooth muscle cells from the middle layer of the blood vessel 

wall to the inner layer, leading to the thickening of the inner layer (Erizon & Karani, 2020). 

Table 4. HSD Post Hoc Test Results on Intima-media Thickness Data of Aortic Mice 

Menopausal Model after One Way ANOVA Test 

p-value KN KP P1 P2 P3 P4 

KN - 0.000* 0.105 0.298 0.456 0.999 

KP - - 0.007* 0.002* 0.001* 0.000* 

P1 - - - 0.988 0.933 0.197 

P2 - - - - 1.000 0.482 

P3 - - - - - 0.666 

P4 - - - - - - 
*p-value<0.05 is significant 

Table 4 shows that the are significant distinctions between the treatment group (KP) and 

treatment groups (P1-P4). Specifically, there's a noteworthy variance between KP and P1, with 

a p-value of 0.007, KP and P2 with a p-value of 0.002, KP and P3 with a p-value of 0.001, and 

KP and P4 with a p-value of 0.000. Hence, it can be concluded that administering doses of 

flavonoids from Phaleria macrocarpa fruit extract ranging from 3.75 mg/mice/day to 15 

mg/mice/day has a significant impact. 

Phaleria macrocarpa fruit contains flavonoids, where flavonoids have a function as 

antioxidants. Antioxidants found in Phaleria macrocarpa fruit can reduce free radicals and 

lipid peroxidase so that it can make macrophages carry out their functions as cells that transport 

fat normally and can keep lipid levels in the blood remain at normal limits (Rochmah, 2008). 

In addition, flavonoids work as antioxidants by donating or releasing hydrogen ions to free 

radicals to become more stable. This activity blocks the reaction of OX-LDL (Low-Density 

Lipoprotein Oxidation), thus way, inhibiting the accumulation of fat on the blood vessel walls. 

Antioxidants can convert free radicals into low reactivity, so there is no reaction with fat and 
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there is no accumulation of foam cells (Athiroh & Permatasari, 2012). Flavonoids have 

antioxidant activity that can increase the synthesis of Nitric oxide (NO) in the endothelium. 

Synthesized NO will cause vasodilation in vascular smooth muscle and can lower blood 

pressure. Nitric oxide is known to be the main regulator of smooth muscle. NO is one of the 

relaxation factors. Decreased bioavailability of NO due to endothelial dysfunction of blood 

vessels (Sadik, & Saiful Bachri, 2021). 

 

4. CONCLUSION 

The flavonoid extract from Phaleria macrocarpa fruit shows promise as a beneficial 

phytoestrogen and a potential alternative preventive measure against osteoporosis and 

atherosclerosis among menopausal women. Intervention with flavonoid extract from Phaleria 

macrocarpa fruit enhances the ratio of trabecular thickness and femoral bone cortex in a mice 

menopause model, particularly notable in intervention group 3 (P3) at a dosage of 11.25 

mg/mice/day and intervention group 4 (P4) at a dosage of 15 mg/mice/day. Moreover, 

administering flavonoids from Phaleria macrocarpa fruit extract reduces the thickness of the 

intima-media aorta in the menopausal mice model, starting from the intervention group (P1) to 

P4, with dosages ranging from 3.75 to 15 mg/mice/day. Future studies could explore additional 

variables concerning other menopause conditions such as calcium and LDL levels. 

   

REFERENCES 

Ahmad, R., Mazlan, M. K. N., Aziz, A. F. A., Gazzali, A. M., Rawa, M. S. A., & Wahab, H. 

A. (2023). Phaleria macrocarpa (Scheff.) Boerl.: An updated review of pharmacological 

effects, toxicity studies, and separation techniques. Saudi Pharmaceutical Journal, 31(6), 

874-888. https://doi.org/10.1016/j.jsps.2023.04.006 

Athiroh AS, N., & Permatasari, N. (2012). Mekanisme Kerja Benalu Teh pada Pembuluh 

Darah: Mechanism of Tea Mistletoe Action on Blood Vessels. Jurnal Kedokteran 

Brawijaya, 27(1), 1–7. https://doi.org/10.21776/ub.jkb.2012.027.01.1 

Bacciottini, L., Falchetti, A., Pampaloni, B., Bartolini, E., Carossino, A. M., & Brandi, M. L. 

(2007). Phytoestrogens: food or drug. Clin Cases Miner Bone Metab, 4(2), 123-130. 

Biason-Lauber, A., & Lang-Muritano, M. (2022). Estrogens: Two nuclear receptors, multiple 

possibilities. Molecular and Cellular Endocrinology, 554(November 2020), 111710. 

https://doi.org/10.1016/j.mce.2022.111710 

BPS, Bappenas dan UNFPA Indonesia. (2008). Proyeksi Penduduk Indonesia 2005-2025. 

Jakarta: BPS, Bappenas dan UNFPA Indonesia 

de Villiers, T. J. (2023). Bone health and menopause: Osteoporosis prevention and treatment. 

Best Practice and Research: Clinical Endocrinology and Metabolism, 38(1), 101782. 

https://doi.org/10.1016/j.beem.2023.101782 

Dumanauw, J. M., Minggus, R. E., Rintjap, D. S., Rumagit, B., & Maramis, R. N. (2022). Efek 

Farmakologi Tanaman Mahkota Dewa ( Phaleria Macrocarpa ( Scheff .) Boerl ) ( Studi 

Literatur ). E-Prosding Seminar Nasional Poltekkes Kemenkes Manado, 1(2), 157–167. 

Erizon, E., & Karani, Y. (2020). HDL dan Aterosklerosis. Human Care Journal, 5(4), 11–23. 

https://doi.org/10.32883/hcj.v5i4.851 

Fitriana, S., Andarini, S., Sutrisno, S., Nawangtantrini, G., & Maharani, M. (2023). 

Hepatotoxicity Oral Administration of Flavonoids Rich Extract from Phaleria 

Macrocarpha in Mice. Asian Journal of Health Research, 2(2), 36-41. 

https://doi.org/10.55561/ajhr.v2i2.109 

Forslund, L. C., & Andersson, H. C. (2017). Phytoestrogens in foods on the Nordic market: A 

literature review on occurrence and levels. Nordic Council of Ministers. 

https://doi.org/10.31965/infokes.Vol22.Iss2.1553
https://doi.org/10.31965/infokes.Vol22.Iss2.1553
https://doi.org/10.1016/j.jsps.2023.04.006
https://doi.org/10.1016/j.jsps.2023.04.006
https://doi.org/10.1016/j.jsps.2023.04.006
https://doi.org/10.1016/j.jsps.2023.04.006
https://doi.org/10.1016/j.jsps.2023.04.006
https://doi.org/10.21776/ub.jkb.2012.027.01.1
https://doi.org/10.21776/ub.jkb.2012.027.01.1
https://doi.org/10.21776/ub.jkb.2012.027.01.1
https://doi.org/10.21776/ub.jkb.2012.027.01.1
https://www.taylorfrancis.com/chapters/edit/10.1201/b14631-27/phytoestrogens-food-drug-bacciottini-falchetti-pampaloni-bartolini-carossino-brandi
https://www.taylorfrancis.com/chapters/edit/10.1201/b14631-27/phytoestrogens-food-drug-bacciottini-falchetti-pampaloni-bartolini-carossino-brandi
https://doi.org/10.1016/j.mce.2022.111710
https://doi.org/10.1016/j.mce.2022.111710
https://doi.org/10.1016/j.mce.2022.111710
https://webapi.bps.go.id/download.php?f=A4BktsykAsuNxCZACfRTxHysYAL0+Uh3nfKbX1Uh3e4sMwccAHvjBF5owz5jcJmCU/jxCdGPqFvUdGywNGjBfuWf6Jo1Cx0XiP9zTlpAOdxFjqKBH74ArfFSyuBM9drvrk60ilkg7qlVXfdykVW7uLcDt0w+eMUq37th6lFmbY84o5JbmeCDQZ1rapScOWBHHcL2jEwp/9kadQeYmy66YcZ15Z/naLB/E39KRv67V4QSER9XX7+bkZKeLPlam7bZoTpc6hyV1LrwGm/sQ+sqfw==
https://webapi.bps.go.id/download.php?f=A4BktsykAsuNxCZACfRTxHysYAL0+Uh3nfKbX1Uh3e4sMwccAHvjBF5owz5jcJmCU/jxCdGPqFvUdGywNGjBfuWf6Jo1Cx0XiP9zTlpAOdxFjqKBH74ArfFSyuBM9drvrk60ilkg7qlVXfdykVW7uLcDt0w+eMUq37th6lFmbY84o5JbmeCDQZ1rapScOWBHHcL2jEwp/9kadQeYmy66YcZ15Z/naLB/E39KRv67V4QSER9XX7+bkZKeLPlam7bZoTpc6hyV1LrwGm/sQ+sqfw==
https://doi.org/10.1016/j.beem.2023.101782
https://doi.org/10.1016/j.beem.2023.101782
https://doi.org/10.1016/j.beem.2023.101782
https://ejurnal.poltekkes-manado.ac.id/index.php/eprosiding2022/article/view/1693
https://ejurnal.poltekkes-manado.ac.id/index.php/eprosiding2022/article/view/1693
https://ejurnal.poltekkes-manado.ac.id/index.php/eprosiding2022/article/view/1693
https://doi.org/10.32883/hcj.v5i4.851
https://doi.org/10.32883/hcj.v5i4.851
https://doi.org/10.55561/ajhr.v2i2.109
https://doi.org/10.55561/ajhr.v2i2.109
https://doi.org/10.55561/ajhr.v2i2.109
https://doi.org/10.55561/ajhr.v2i2.109
http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A1137191&dswid=-8331
http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A1137191&dswid=-8331


315 | https://doi.org/10.31965/infokes.Vol22.Iss2.1553 
 

 

Geng, Q., Gao, H., Yang, R., Guo, K., & Miao, D. (2019). Pyrroloquinoline Quinone Prevents 

Estrogen Deficiency-Induced Osteoporosis by Inhibiting Oxidative Stress and Osteocyte 

Senescence. International journal of biological sciences, 15(1), 58–68. 

https://doi.org/10.7150/ijbs.25783 

Goo, Y. H. (2019). Cholesterol metabolism in atherosclerosis development. The Molecular 

Nutrition of Fats,  299–306. https://doi.org/10.1016/B978-0-12-811297-7.00023-8 

Gosset, A., Pouillès, J. M., & Trémollieres, F. (2021). Menopausal hormone therapy for the 

management of osteoporosis. Best Practice & Research Clinical Endocrinology & 

Metabolism, 35(6), 101551. https://doi.org/10.1016/j.beem.2021.101551 

Hasanah, M., Bahri, S., & Merta, I. W. (2020). Effect of Red Bean Extract (Phaseolus vulgaris, 

L) on the Development of Female Mice Eggs (Mus musculus) Balb/C strains. Jurnal 

Penelitian Pendidikan IPA, 6(2), 227-231. https://doi.org/10.29303/jppipa.v6i2.390 

Hopper, S. E., Cuomo, F., Ferruzzi, J., Burris, N. S., Roccabianca, S., Humphrey, J. D., & 

Figueroa, C. A. (2021). Comparative Study of Human and Murine Aortic Biomechanics 

and Hemodynamics in Vascular Aging. Frontiers in Physiology, 12(October), 1–14. 

https://doi.org/10.3389/fphys.2021.746796 

Huff, T., Boyd, B., & Jialal, I. (2021). Physiology, Cholesterol. Statpearls Publishing. Retrieved 

from https://www.ncbi.nlm.nih.gov/books/NBK470561/ 

Javadifar, A., Rastgoo, S., Banach, M., Jamialahmadi, T., Johnston, T. P., & Sahebkar, A. 

(2021). Foam cells as therapeutic targets in atherosclerosis with a focus on the regulatory 

roles of non-coding RNAs. International Journal of Molecular Sciences, 22(5), 1–27. 

https://doi.org/10.3390/ijms22052529 

Jebari-Benslaiman, S., Galicia-García, U., Larrea-Sebal, A., Olaetxea, J. R., Alloza, I., 

Vandenbroeck, K., Benito-Vicente, A., & Martín, C. (2022). Pathophysiology of 

Atherosclerosis. International Journal of Molecular Sciences, 23(6), 1–38. 

https://doi.org/10.3390/ijms23063346 

Juwita, D. A., & Fatma, R. M. (2021). Effect of Propolis on Bone Quality and Cortical Bone 

Thickness of Ovariectomized Female Wistar White Rats as A Model for Osteoporosis. 

Pharmaceutical Sciences and Research, 8(3), 121–127. 

https://doi.org/10.7454/psr.v8i3.1214 

Khatana, C., Saini, N. K., Chakrabarti, S., Saini, V., Sharma, A., Saini, R. V., & Saini, A. K. 

(2020). Mechanistic insights into the oxidized low‐density lipoprotein‐induced 

atherosclerosis. Oxidative medicine and cellular longevity, 2020(1), 5245308. 

https://doi.org/10.1155/2020/5245308 

Khoudary, S. R., Venugopal, V., Manson, J. E., Brooks, M., Santoro, N., Black, D. M., Harman, 

M., Hodis, H. N., Brinton, E. A., Miller, V. M., Taylor, H. S., & Budoff, M. J. (2020). 

Heart Fat and Carotid Artery Atherosclerosis Progression in Recently Menopausal 

Women: Impact of Menopausal Hormone Therapy. The KEEPS Trial, 27(3), 255–262. 

https://doi.org/10.1097/GME.0000000000001472.Heart 

Kuhnle, G. G. C., Dell’Aquila, C., Aspinall, S. M., Runswick, S. A., Joosen, A. M. C. P., 

Mulligan, A. A., & Bingham, S. A. (2009). Phytoestrogen content of fruits and vegetables 

commonly consumed in the UK based on LC-MS and 13C-labelled standards. Food 

Chemistry, 116(2), 542–554. https://doi.org/10.1016/j.foodchem.2009.03.002 

Liu, X. (2020). Crucial molecular mechanisms of phytoestrogen regulation in osteoporosis. 

Front Endocrinol (Lausanne), 11(1), 608–634. 

https://doi.org/10.3389/fendo.2020.608634 

Macpherson, B. E., & Quinton, N. D. (2022). Menopause and healthcare professional 

education: A scoping review. Maturitas, 166(August), 89–95. 

https://doi.org/10.1016/j.maturitas.2022.08.009 

Maharani, M., Lajuna, L., Yuniwati, C., Sabrida, O., & Sutrisno, S. (2021). Phytochemical 

https://doi.org/10.31965/infokes.Vol22.Iss2.1553
https://doi.org/10.31965/infokes.Vol22.Iss2.1553
https://doi.org/10.7150/ijbs.25783
https://doi.org/10.7150/ijbs.25783
https://doi.org/10.7150/ijbs.25783
https://doi.org/10.7150/ijbs.25783
https://doi.org/10.1016/B978-0-12-811297-7.00023-8
https://doi.org/10.1016/B978-0-12-811297-7.00023-8
https://doi.org/10.1016/B978-0-12-811297-7.00023-8
https://doi.org/10.1016/j.beem.2021.101551
https://doi.org/10.1016/j.beem.2021.101551
https://doi.org/10.1016/j.beem.2021.101551
https://doi.org/10.1016/j.beem.2021.101551
https://doi.org/10.29303/jppipa.v6i2.390
https://doi.org/10.29303/jppipa.v6i2.390
https://doi.org/10.29303/jppipa.v6i2.390
https://doi.org/10.29303/jppipa.v6i2.390
https://doi.org/10.3389/fphys.2021.746796
https://doi.org/10.3389/fphys.2021.746796
https://doi.org/10.3389/fphys.2021.746796
https://doi.org/10.3389/fphys.2021.746796
https://www.ncbi.nlm.nih.gov/books/NBK470561/
https://www.ncbi.nlm.nih.gov/books/NBK470561/
https://www.ncbi.nlm.nih.gov/books/NBK470561/
https://doi.org/10.3390/ijms22052529
https://doi.org/10.3390/ijms22052529
https://doi.org/10.3390/ijms22052529
https://doi.org/10.3390/ijms22052529
https://doi.org/10.3390/ijms23063346
https://doi.org/10.3390/ijms23063346
https://doi.org/10.3390/ijms23063346
https://doi.org/10.3390/ijms23063346
https://doi.org/10.7454/psr.v8i3.1214
https://doi.org/10.7454/psr.v8i3.1214
https://doi.org/10.7454/psr.v8i3.1214
https://doi.org/10.7454/psr.v8i3.1214
https://doi.org/10.1155/2020/5245308
https://doi.org/10.1155/2020/5245308
https://doi.org/10.1155/2020/5245308
https://doi.org/10.1155/2020/5245308
https://doi.org/10.1097/GME.0000000000001472.Heart
https://doi.org/10.1097/GME.0000000000001472.Heart
https://doi.org/10.1097/GME.0000000000001472.Heart
https://doi.org/10.1097/GME.0000000000001472.Heart
https://doi.org/10.1097/GME.0000000000001472.Heart
https://doi.org/10.1016/j.foodchem.2009.03.002
https://doi.org/10.1016/j.foodchem.2009.03.002
https://doi.org/10.1016/j.foodchem.2009.03.002
https://doi.org/10.1016/j.foodchem.2009.03.002
https://doi.org/10.1016/j.foodchem.2009.03.002
https://doi.org/10.3389/fendo.2020.608634
https://doi.org/10.3389/fendo.2020.608634
https://doi.org/10.3389/fendo.2020.608634
https://doi.org/10.1016/j.maturitas.2022.08.009
https://doi.org/10.1016/j.maturitas.2022.08.009
https://doi.org/10.1016/j.maturitas.2022.08.009
https://doi.org/10.1016/j.jaim.2020.06.002


Fadilah, R.A.R.N., Khoirinda, A., Sutrisno, S., Irwanto, Y., Anita, K.W., & Dewi, R.A.R.K. (2024). The Effect 
Flavonoids Phaleria macrocarpa Fruit Extract on Thickness of Trabeculae, Cortex Ratio Femoral Bone and  

Aortic Intima-Media in Mice Menopause Model. JURNAL INFO KESEHATAN, 22(2), 307-316. 

https://doi.org/10.31965/infokes.Vol22.Iss2.1553 

| 316 

 

characteristics from Phaleria macrocarpa and its inhibitory activity on the peritoneal 

damage of endometriosis. Journal of Ayurveda and Integrative Medicine, 12(2), 229–233. 

https://doi.org/10.1016/j.jaim.2020.06.002 

Maharani, & Sutrisno. (2021). Pengaruh Flavonoid Ekstrak Mahkota Dewa (Phaleria 

Macrocarpa) Terhadap Peningkatan Indeks Apoptosis Pada Peritoneal Mencit Model 

Endometriosis Abstract Effect of Flavonoid Extract From Mahkota Dewa (Phaleria 

Macrocarpa) on Increasing Cell Apoptotic Index . Jurnal Kebidanan Malahayati, 7(4), 

652–657. https://doi.org/10.33024/jkm.v7i4.4606 

Mirza, D. M., Purbosari, I., Hardjono, S., & Agil, M. (2021). Prediksi Aktivitas Fitoestrogenik 

Senyawa Golongan Flavonoid terhadap Receptor Estrogen α (ER- α) dengan pendekatan 

In Silico Prediction. Jurnal Sains Dan Kesehatan, 3(4), 512–519. 

Nayak, T., Freaney, P. M., & Maganti, K. (2022). Atherosclerotic Cardiovascular Disease Risk 

Assessment and Menopause: Current Evidence. American College of Cardiology.  

Newson, L. (2018). Menopause and cardiovascular disease. Post Reproductive Health, 24(1), 

44–49. https://doi.org/10.1177/2053369117749675 

NIH. (2022). Structure of Bone Tissue. Seer Training Moduls Natioanal Institute of Health. 

Retrieved from https://training.seer.cancer.gov/anatomy/skeletal/tissue.html 

Pratiwi, M., & Damayanty, A. E. (2020). Pengaruh Pemberian Susu Kedelai (Glicine Max L. 

Merr) terhadap Kadar HDL dan LDL pada Wanita Menopause (Studi pada Ibu-Ibu 

Pengajian Aisyiyah Ranting Melati Medan). JURNAL ILMIAH KOHESI, 4(4), 132-137. 

Pujiastuti, E., & El’Zeba, D. (2021). Perbandingan Kadar Flavonoid Total Ekstrak Etanol 70% 

dan 96% Kulit Buah Naga Merah Hylocereus Polyrhizus) dengan Spektrofotometri. 

Cendekia Journal of Pharmacy, 5(1), 28–43. https://doi.org/10.31596/cjp.v5i1.131 

Rizalah, S., Hasan, M., & Wahyudi, S. S. (2016). Pengaruh Pemberian Kitosan Cangkang 

Udang Putih ( Penaeus merguiensis ) terhadap Ketebalan Trabekular Femur Tikus Wistar 

Betina Pasca Ovariektomi. E-Jurnal Pustaka Kesehatan, 4(1), 146–151. 

Rochmah, K. (2008). Potensi Ekstrak Buah Mahkota Dewa (Phaleria macrocarpa) Sebagai 

Antioksidan Dalam Pengaturan Profil Lipid Darah Mencit. Jurnal Faal Indonesia, 7(3), 

155–242. 

Sadik, F., & Saiful Bachri, M. (2021). Uji Efektivitas Ekstrak Etanol Daun Jarak Pagar 

(Jatropha Curcas. L) Sebagai Antihipertensi Pada Tikus. Kieraha Medical Journal, 3(2), 

2686–5912. https://doi.org/10.33387/kmj.v3i2.3949 

Sargowo, D. (2015). Disfungsi Endotel. UB Press.  

Silva, T. R., Oppermann, K., Reis, F. M., & Spritzer, P. M. (2021). Review nutrition in 

menopausal women: A narrative review. Nutrients, 13(7), 1–14. 

https://doi.org/10.3390/nu13072149 

Stephenus, F. N., Benjamin, M. A. Z., Anuar, A., & Awang, M. A. (2023). Effect of 

Temperatures on Drying Kinetics, Extraction Yield, Phenolics, Flavonoids, and 

Antioxidant Activity of Phaleria macrocarpa (Scheff.) Boerl. (Mahkota Dewa) Fruits. 

Foods, 12(1), 1–19. https://doi.org/10.3390/foods12152859 

WHO. (2022). Menopause. World Health Organization.  

Women Health Concern. (2021). Osteoporosis – Bone Health Following the Menopause. 

Women Health Concern. 

Yousefzadeh, N., Kashfi, K., Jeddi, S., & Ghasemi, A. (2020). Ovariectomized rat model of 

osteoporosis: A practical guide. EXCLI Journal, 19, 89–107. 

https://doi.org/10.17179/excli2019-1990 

 

https://doi.org/10.31965/infokes.Vol22.Iss2.1553
https://doi.org/10.31965/infokes.Vol22.Iss2.1553
https://doi.org/10.1016/j.jaim.2020.06.002
https://doi.org/10.1016/j.jaim.2020.06.002
https://doi.org/10.1016/j.jaim.2020.06.002
https://doi.org/10.33024/jkm.v7i4.4606
https://doi.org/10.33024/jkm.v7i4.4606
https://doi.org/10.33024/jkm.v7i4.4606
https://doi.org/10.33024/jkm.v7i4.4606
https://doi.org/10.33024/jkm.v7i4.4606
https://doi.org/10.33024/jkm.v7i4.4606
https://jsk.farmasi.unmul.ac.id/index.php/jsk/article/view/640
https://jsk.farmasi.unmul.ac.id/index.php/jsk/article/view/640
https://jsk.farmasi.unmul.ac.id/index.php/jsk/article/view/640
https://www.acc.org/Latest-in-Cardiology/Articles/2022/04/18/12/39/Atherosclerotic-Cardiovascular-Disease-Risk-Assessment-and-Menopause
https://www.acc.org/Latest-in-Cardiology/Articles/2022/04/18/12/39/Atherosclerotic-Cardiovascular-Disease-Risk-Assessment-and-Menopause
https://doi.org/10.1177/2053369117749675
https://doi.org/10.1177/2053369117749675
https://doi.org/10.1177/2053369117749675
https://training.seer.cancer.gov/anatomy/skeletal/tissue.html
https://training.seer.cancer.gov/anatomy/skeletal/tissue.html
https://training.seer.cancer.gov/anatomy/skeletal/tissue.html
https://www.kohesi.sciencemakarioz.org/index.php/JIK/article/download/198/204
https://www.kohesi.sciencemakarioz.org/index.php/JIK/article/download/198/204
https://www.kohesi.sciencemakarioz.org/index.php/JIK/article/download/198/204
https://doi.org/10.31596/cjp.v5i1.131
https://doi.org/10.31596/cjp.v5i1.131
https://doi.org/10.31596/cjp.v5i1.131
https://doi.org/10.31596/cjp.v5i1.131
https://jurnal.unej.ac.id/index.php/JPK/article/view/2562
https://jurnal.unej.ac.id/index.php/JPK/article/view/2562
https://jurnal.unej.ac.id/index.php/JPK/article/view/2562
https://journal.unair.ac.id/MIFI@potensi-ekstrak-buah-mahkota-dewa-(phaleria-macrocarpa)-sebagai-antioksidan-dalam-pengaturan-profil-lipid-darah-mencit-article-3128-media-29-category-3.html
https://journal.unair.ac.id/MIFI@potensi-ekstrak-buah-mahkota-dewa-(phaleria-macrocarpa)-sebagai-antioksidan-dalam-pengaturan-profil-lipid-darah-mencit-article-3128-media-29-category-3.html
https://journal.unair.ac.id/MIFI@potensi-ekstrak-buah-mahkota-dewa-(phaleria-macrocarpa)-sebagai-antioksidan-dalam-pengaturan-profil-lipid-darah-mencit-article-3128-media-29-category-3.html
https://doi.org/10.33387/kmj.v3i2.3949
https://doi.org/10.33387/kmj.v3i2.3949
https://doi.org/10.33387/kmj.v3i2.3949
https://doi.org/10.33387/kmj.v3i2.3949
https://www.google.co.id/books/edition/Disfungsi_Endotel/t0JRDwAAQBAJ?hl=id&gbpv=1&dq=sindrom+koroner+akut+adalah&printsec=frontcover
https://doi.org/10.3390/nu13072149
https://doi.org/10.3390/nu13072149
https://doi.org/10.3390/nu13072149
https://doi.org/10.3390/foods12152859
https://doi.org/10.3390/foods12152859
https://doi.org/10.3390/foods12152859
https://doi.org/10.3390/foods12152859
https://doi.org/10.3390/foods12152859
https://www.who.int/news-room/fact-sheets/detail/menopause
https://www.womens-health-concern.org/wp-content/uploads/2015/02/WHC_FS_Osteoporosis_Bone.pdf
https://www.womens-health-concern.org/wp-content/uploads/2015/02/WHC_FS_Osteoporosis_Bone.pdf
https://doi.org/10.17179/excli2019-1990
https://doi.org/10.17179/excli2019-1990
https://doi.org/10.17179/excli2019-1990


317 | https://doi.org/10.31965/infokes.Vol22.Iss2.1554 
 
Jurnal Info Kesehatan 

Vol. 22, No. 2, June 2024, pp. 317-325 

P-ISSN 0216-504X, E-ISSN 2620-536X 

DOI: 10.31965/infokes.Vol22.Iss2.1554 

Journal homepage:https://jurnal.poltekkeskupang.ac.id/index.php/infokes 

 
 

The Effect of Flavonoids of Phaleria macrocarpa Fruit Extract on Aortic Diameter 

Mice Menopause Model       

Ani Khoirinda1a*, R.A. Rahmawati Nurul Fadilah1b, Sutrisno2c, Yahya Irwanto2d, R.A. Rose 

Khasana Dewi3e                

1 Master Program of Midwifery, Department of Midwifery, Faculty of  Medicine, Brawijaya 

University, Malang, East Java, Indonesia  
2 Department of Obstetric and Gynecology, Brawijaya University, Malang, East Java, Indonesia 
3   Department of Anatomical Pathology, Brawijaya University, Malang, East Java, Indonesia 

a   Email address: anikhoirinda@gmail.com  
b   Email address: rahmawatinurulfadilah@gmail.com   
c   Email address: snospog@gmail.com 
d   Email address: yahyairwanto50@gmail.com           
e   Email address: rosenade.dr@gmail.com  

Received: 4 June 2024                    Revised: 29 June 2024                        Accepted: 30 June 2024 

Abstract 

Menopause is a phase experienced by women with an age range of 45-55 years. Menopause is a condition 

where menstruation stops for a minimum of 12 consecutive months due to the decline in ovarian function, 

leading to a reduction in estrogen levels. A decrease in estrogen can lead to impaired fat metabolism 

resulting in atherosclerosis. This study aimed to illustrate the influence of flavonoid extract derived from 

Phaleria Macrocarpa on the enlargement of the aorta's diameter of mice with a menopause condition. The 

method of this study is a genuine experimental laboratory setting with a research design of a Randomized 

Post Test Only Control Group setting. Using 32 female mice divided into 6 groups: K- (without ovariectomy 

and flavonoid extract Phaleria Macrocarpa), K + (ovariectomy without treatment), P1 (ovariectomy + dose 

3.75 mg/mice/day), P2 (ovariectomy + dose 7.5 mg/mice/day), P3 (ovariectomy + dose 11.25 

mg/mice/day), and P4 (ovariectomy + dose 15 mg/mice/day). Administration of flavonoid extract Phaleria 

Macrocarpa was carried out for 14 days. Data analysis using statistical analysis. The results showed that in 

a post-hoc test, namely the administration of Phaleria macrocarpa flavonoid extract at a dose of 11.25 

mg/mice/day and 15 mg/mice/day showed that it could increase the dilation of the aortic diameter of mice 

model menopause. The study concludes that the flavonoid fruit extract from Phaleria Macrocarpa has the 

ability to increase the width of the aorta in mice with a menopause condition. In future studies, it is 

recommended to investigate various variables in order to identify the factors that contribute to the narrowing 

of the aorta. Additionally, it is suggested to perform further research specifically focusing on women going 

through menopause.                 

Keywords: Menopause, Phaleria macrocarpa, Diameter. 

 

 

*Corresponding Author: 

Ani Khoirinda 

Master Program of Midwifery, Department of Midwifery, Faculty of Medicine, Brawijaya University, Malang, East Java, Indonesia 

Email: anikhoirinda@gmail.com 

 

©The Author(s) 2024. This article is distributed under the terms of the Creative Commons Attribution 4.0 

International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, 

and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, 

provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons 

Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made 

available in this article, unless otherwise stated. 

R E S E A R C H       Open Access 

https://doi.org/10.31965/infokes.Vol22.Iss2.1554
https://doi.org/10.31965/infokes.Vol22.Iss2.1554
https://doi.org/10.31965/infokes.Vol22.Iss2.1554
https://doi.org/10.31965/infokes.Vol22.Iss2.1554
https://jurnal.poltekkeskupang.ac.id/index.php/infokes
mailto:anikhoirinda@gmail.com
mailto:yahyairwanto50@gmail.com
mailto:rosenade.dr@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Khoirinda, A., Fadilah, R.A.R.N., Sutrisno, S., Irwanto, Y., & Dewi, R.A.R.K. (2024). The Effect of Flavonoids of 
Phaleria macrocarpa Fruit Extract on Aortic Diameter Mice Menopause Model. JURNAL INFO KESEHATAN,  

22(2), 317-325. https://doi.org/10.31965/infokes.Vol22.Iss2.1554 

| 318 

 

1. INTRODUCTION 

Menopause is a physiological state that occurs in women. Menopause is characterized by 

the cessation of menstruation for a continuous period of 12 months and is attributed to the 

irreversible decline in ovarian follicular activity (WHO, 2022; Zhu et al., 2020). According to  

WHO, the average age at which women experience menopause ranges from 45 to 55 years. 

While the age in early menopause women is <40 years which can be caused by abnormalities 

such as chromosomes, or immune or other unknown causes (WHO, 2022). The number of 

menopause women in Indonesia increased from 15.8 million people in 2017 to 30.3 million 

people in 2020 (BPS, Bappenas dan UNFPA Indonesia, 2008). This suggests that the number 

of menopause women in Indonesia is increasing. Menopause is a condition that marks the start 

of the disease's onset (Macpherson & Quinton, 2022).  

Ovarian follicular dysfunction results in a reduction in estrogen or hypoestrogenemia. 

Hypoestrogens are associated with fat metabolism disorders that have a risk of lipid 

peroxidation so that it can cause atherosclerosis as a risk of Cardio Vascular disease (CVD) 

(Newson, 2018). The incidence rate of CVD caused by atherosclerosis or so-called 

Therosclerotic Cardiovascular Disease (ASCVD) in women with an average age of 69 years in 

Canada from April 1, 2002, to March 31, 2018, was 432,300 from 1,042,621 (Hopper et al., 

2021).  

Menopause women may experience hypercholesterolemia due to a reduction in estrogen, 

resulting in elevated levels of low density lipoprotein (LDL) (Pratiwi & Damayanty, 2020). 

The progressive elevation of LDL levels and its interaction with reactive oxygen species (ROS) 

leads to the oxidation of LDL, resulting in the formation of Ox-LDL. Continuous increase in 

ROS results in oxidation stress or tissue damage such as endothelial dysfunction and decreased 

nitrite (NO) oxidation (Javadifar et al., 2021; Sargowo, 2015). Oxidized low-density 

lipoprotein (Ox-LDL) can stimulate the expression of lectin‑1 (LOX-1) receptors for oxidized 

LDL (Li & Mehta, 2009). The binding of oxidized low-density lipoprotein (Ox-LDL) to lectin-

like oxidized low-density lipoprotein receptor-1 (LOX-1) causes an upregulation in the 

production of adhesion molecules, such as vascular cell adhesion molecule-1 (VCAM-1), and 

cytokines, including monocyte-chemoattractant-protein-1 (MCP-1). This, in turn, leads to the 

attachment of monocytes to endothelial cells (Kattoor et al., 2019). The increase in monocyte 

recruitment to the tunica intima and differentiation into macrophages is due to an increase in 

LDL in the subendothelium (Javadifar et al., 2021). Scavengers found in macrophages can 

recognize Ox-LDL and engulf it into foam cells. So that the pile of foam cells will become 

atheromatous plaques. An increase in atheromatous plaques causes thickening of the tunica 

intima media and narrowing of the diameter of the aorta which leads to atherosclerosis (Khatana 

et al., 2020; Sargowo, 2015).  

Hormone Replacement Therapy (HRT) is a treatment given to someone who has 

hormonal disorders, namely a decrease in estrogen levels, one of which is menopause women 

(Khoudary et al., 2020). Hormone Replacement Therapy (HRT) has the capacity to decelerate 

the process of adipose accumulation and atherosclerosis in women experiencing menopause. 

HRT in postmenopause women remains controversial in the prevention of Therosclerotic 

Cardiovascular Disease (ASCD) due to long-term side effects, including increased incidence 

of stroke, lipid metabolism, pulmonary embolism, breast and uterine cancer, vaginal bleeding, 

and impaired liver function (Goldštajn et al., 2023; Nayak et al., 2022; Yousefzadeh et al., 

2020). 

Thus, it is necessary to explore alternate preventive measures, particularly natural 

substances that have minimal adverse effects and function similarly to estrogen. One such 

group of molecules is phytoestrogens. Chemically, phytoestrogens are phenolic or polyphenolic 

phytochemicals. It is the largest and most widely distributed phytochemical category in the 
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plant world (Bacciottini et al., 2007). One of the phytoestrogens is the flavonoid extract 

Phaleria macrocarpa which is widely found in nature, especially in Indonesia (Ahmad et al., 

2023). Flavonoids in Phaleria macrocarpa fruit have potential as anti-microbial, anti-bacterial, 

antifungal, anti-allergic, antioxidant, and vasodilator (Fitriana et al., 2023). In the flesh  of 

Phaleria macrocarpa, there are six kinds of flavonoid compounds. 70% ethanol extract of the 

Phaleria macrocarpa fruit has the largest relative flavonoid content of 45.734 μg/mg (Maharani 

& Sutrisno, 2021). By attaching to oestrogen receptors, phytoestrogens in plants can replicate 

or alter the effects of endogenous oestrogens. The endogenous estrogen is 17β-estradiol, mainly 

by binding to the estrogen receptor (ER). Phytoestrogens have an impact on oestrogen 

receptors, but they can also have antioxidant properties (Forslund & Anderson, 2017; Hasanah 

et al., 2020; Kuhnle et al., 2009). 

Novelty in this study is looking at the effect of giving Phaleria macrocarpa fruit extract 

where flavonoids isolated specifically can be one of the active substances for phytoestrogens. 

Other studies on the effects of flavonoids of Phaleria macrocarpa fruit extract gave good 

results such as endometriosis and diabetes but until now there have been no studies related to 

menopause. The objective of this study was to examine the impact of flavonoids derived from 

the extract of Phaleria macrocarpa on the aortic diameter of menopause mice. 

 

2. RESEARCH METHOD 

This study employed a real experimental laboratory design with a research design of 

Randomized Post Test Only Control Group Design. The sample used was mice (Mus musculus) 

with a menopause model. Healthy mice were obtained from the Farma Veterinary Center 

(Pusvetma) of East Java Province. The number of mice used can be determined by counting the 

sample size using the formula (t-1) (n-1) ≥ 15, where t represents the number of groups and n 

represents the number of mice used. This study utilizes a total of 32 mice, with 30 of them 

being allocated to 6 different treatment groups. The remaining 2 mice will be used for FSH 

checking, with one mice assigned to the control group and the other to the treatment group. 

FSH checking aims to check whether mice are already in menopause or not, if there is an 

increase in FSH in mice in the treatment group compared to the control group, then mice can 

be tied already in menopause (Rodríguez-Landa, 2022). The place to conduct research is the 

Embryology Laboratory, Faculty of Veterinary Medicine, Universitas Airlangga as a place for 

maintaining mice (Mus musculus), making menopause model mice, and giving flavonoid 

treatment of P.macrocarpa extract and the Anatomical Pathology Laboratory of the Faculty of 

Medicine, Universitas Brawijaya for aortic diameter examination. 

Six groups in this study consisted of K- (control group, mice were not divariectomy and 

were not given flavonoid extract P. macrocarpa), K + (positive group, mice divariectomy and 

not given flavonoid extract P. macrocarpa), P1 (ovariectomy and given flavonoid extract P. 

macrocarpa dose 3.75 mg/mice/day), P2 (ovariectomy and given flavonoid extract P. 

macrocarpa dose 7.5 mg/mice/day), P3 (ovariectomy and given flavonoid extract P. 

macrocarpa dose 11.25 mg/mice/day), and P4 (ovariectomy and given flavonoid extract P. 

macrocarpa dose 15 mg/mice /day) (Maharani & Sutrisno, 2021). Mice were divariectomy in 

the 8th with a recovery period of 28 days. Ovariectomy is done by removing both ovaries of 

mice or called bilateral ovariectomy. After the recovery period, 2 mice were surgically removed 

for FSH examination. The mice are positioned on the underpad and then observed to assess the 

complete drying of the sutures. Once dry, the underpad is substituted with husks, the mice are 

treated with antibiotics, and they are provided with daily food and water. After FSH rose, mice 

were given treatment, namely P. macrocarpa  flavonoid extract with a dose according to the 

group for 14 days. After treatment for 14 days, the termination and removal of the aortic and 

femoral organs was carried out. 

https://doi.org/10.31965/infokes.Vol22.Iss2.1554
https://doi.org/10.31965/infokes.Vol22.Iss2.1554


Khoirinda, A., Fadilah, R.A.R.N., Sutrisno, S., Irwanto, Y., & Dewi, R.A.R.K. (2024). The Effect of Flavonoids of 
Phaleria macrocarpa Fruit Extract on Aortic Diameter Mice Menopause Model. JURNAL INFO KESEHATAN,  

22(2), 317-325. https://doi.org/10.31965/infokes.Vol22.Iss2.1554 

| 320 

 

P. macrocarpa fruit is obtained from Batu City, East Java and processed in the Batu 

materia medica laboratory. The part of the fruit used in this study is the peel and the ripe flesh 

is characterized by a maroon color on the skin of the fruit, from which part of the seed is 

removed. After the P. macrocarpa fruit is mashed and soaked in 96% ethanol for ± 30 minutes 

and allowed to stand for 5 days until settled. Next, filter or filter the marinade with a buncher 

funnel to get maserat. Maserat from the P.macrocarpa which still contains ethanol solvent, then 

the solvent is evaporated with an evaporator for 8 hours with a temperature of 60 ° C to obtain 

a thick extract. It is then fractionated by a liquid-liquid process using n-hexane and n-butanol 

partitions (Maharani et al., 2021).  

After 14 days of administration of P. macrocarpa extract, the next stage is termination 

for organ harvesting and preparation making. Before surgery, mice are injected with ketamine. 

Then dissected and cut the descending thoracic aorta, the organs are placed in different bottles 

containing 10% formalin for 7-24 hours and make sure all the organs are submerged. After that, 

the organ is cut in the aorta. Checking to see the diameter of the aorta is done by Hematoxylin-

Eosin (HE) staining. Each organ will be cut with a thickness of 3-4μm. Aortic measurement is 

done by drawing a line from the intima to the intima by measuring the largest and smallest 

diameters. The colored organs were scanned using Aperio CS2 Leica and calculated using the 

ImageScopex64 application. 

Analysis statistics the data from the comparison of the treatment group and the control 

group's aorta diameter in menopause mice model. Normality test using the Shapiro-wilk Test, 

homogeneity test using Leven Test method, One-way ANOVA Test, and Post hoc  test using 

tukey HSD method. 

Research actions are in accordance with the applicable research code of ethics and have 

been approved by the Faculty of Medicine, Brawijaya University, Malang, Indonesia, by 

issuing an ethics number: 26/EC/KEPK–S2/01/2024. 

     

3. RESULTS AND DISCUSSION 

a. Diameter of mice in a menopause model 

The results of staining the thickness of the diameter of the aorta of mice menopause model 

with Hematoxylin-Eosin staining and observations were made using the ImageScopex64 

application with a magnification of 400X given flavonoid treatment of P. macrocarpa fruit 

extract with 4 different doses, the following results were obtained: 

 
(A) 

 

 
(B) 

 

 
(C) 

 
(D) 

 

 
(E) 

 

 
(F) 
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Figure 1. Hispathology of the diameter of the mice aorta. Image with 40x magnification with 

HE coloring. (A) K- (without ovariectomy and without administration of flavonoid extract P. 

macrocarpa), (B) K+ (ovariectomy and without administration of flavonoid extract P. 

macrocarpa), (C) P1 (ovariectomy and administration of flavonoid extract P. macrocarpa dose 

of 3.75 mg/mice/day), (D) P2 (ovariectomy and administration of flavonoid extract P. 

macrocarpa dose 7.5 mg/mice/day), (E) P3 (ovariectomy and administration of flavonoid 

extract P. macrocarpa dose 11.25 mg/mice/day),  (F) P4 (ovariectomy and administration of 

flavonoid extract P. macrocarpa dose 15 mg/mice/day).  

 

Table 1. Normality and Homogeneity Test on Aortic Diameter Mice Menopause Model 

Group N 

p-value  

Shapiro-

Wilk test 

Data 

distribution 

p-value 

Levene test 

Data 

Homogeneity 

KN 4 0.403 

Normal 0.226 Homogen 

KP 4 0.422 

P1 4 0.158 

P2 4 0.764 

P3 4 0.198 

P4 4 0.444 

Total 24 0.365    

The Shapiro-Wilk test was conducted to assess the normality of the data from the six 

groups. The obtained result, with a significance level of 0.365 (p > 0.05), indicates that the data 

can be considered normally distributed. After the data was distributed normally, the 

homogeneity test continued with the Levene test method and obtained the result sig = 0.226 (p 

> 0.05) which showed that the data variant was homogeneous. Both tests are a requirement to 

perform the One-way ANOVA test. 

The average results of aortic diameter from untreated (K-) and treated mice samples in 

the positive control group and treatment group with 4 different doses of P.macrocarpa 

flavonoid extract are shown in the table as follows: 

Table 2. One-Way ANOVA Test of Aortic Diameter in Mice Menopause Model 
Treatment Group Average ± SD (Thickness (μm)) p-value One-way ANOVA 

K- 298.500±132.8100 

0.000 

K+ 47.625±13.1617 

P1 119.875±33.5941 

P2 182.375±70.1134 

P3 218.000±33.5286 

P4 282.875±54.2776 

In table 1 of the results of this study with the Hematoxylin and eosin (HE) test, the average 

aortic diameter in the negative control group (K-) was 298,500±132.8100 or in mice without 

higher treatment when compared to the average aortic diameter in the positive control group 

(K+) of 47.625±13.1617 or in mice that were variectomized without being given P.macrocarpa 

extract. This study is in line with other studies that explain that there was a decrease in the 

positive control group (K+) of 101.93±12.27 compared to the negative control group (K-) of 

152.42±5.66 (Yuliawati & Astuti, 2021). In addition, another study explained that there was a 

difference in aortic diameter in the ovariectomy group with the negative control group (K-) 

with values of 1.31±0.05 and 1.28±0.07 respectively (Halim et al., 2021). 

This is because mice that are divariectomy experience differences in estrogen and FSH 

levels in menopause mice, namely estrogen in a decreased state and FSH in an increased state. 

Both of these things are very influential on vascularity, namely narrowing the diameter of the 
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aorta. The decrease in estrogen has a significant impact on the lipid profile, namely on the levels 

of HDL and LDL. When there is a reduction in HDL and an elevation in LDL (Moiety et al., 

2015). Increased LDL in the blood can cause a buildup of LDL in the intima cells by penetrating 

the endothelium. LDL can affect endothelial permeability. LDL contained in the intima and 

binding to local ROS (reactive oxygen species) makes Ox-LDL. The overproduction of Ox-

LDL stimulates the activation of LOX-1 on VSMC (Wu et al., 2017). Ox-LDL interacts with 

LOX-1, leading to the activation of CAM such as VCAM-1 and MCP-1. VCAM-1 and MCP-

1 cause monocytes to be attached to endothelial cells and monocytes differentiate into 

macrophages (Kattoor et al., 2019). 

Macrophages that enter the intima will eat Ox-LDL with the help of surface receptors 

called scavengers to recognize Ox-LDL. Ox-LDL eaten by macrophages will turn into foam 

cells. The buildup of foam cells will become atheroma plaques or called fatty streaks. Atheroma 

plaque is one of the causes of the thickening of the tunica intima, causing the narrowing of the 

diameter of the aorta (Khatana et al., 2020; Sargowo, 2015). 

The test yielded a p-value of 0.000 (p<0.05), showing that there are statistically 

significant variations in aortic diameter among the six treatment groups. The administration of 

flavonoid extract P. macrocarpa affects 4 treatment groups, namely P1, P2, P3, and P4. 

However, these results could not determine which group differed significantly among the 6 

observation groups. Consequently, the analysis proceeded with the implementation of the Post 

Hoc Test, specifically utilizing the Tukey HSD test. 

Table 3. Post hoc HSD Test of Aorta Diameter in Mice Menopause Model  
p-value K- K+ P1 P2 P3 P4 

KN - 0.001* 0.017* 0.205 0.567 0.999 

K+ - - 0.670 0.104 0.024* 0.001* 

P1 - - - 0.784 0.362 0.033* 

P2 - - - - 0.974 0.338 

P3 - - - - - 0.757 

P4 - - - - - - 
*p-value<0.05 is significant 

The HSD post hoc test indicated a statistically significant distinction (p-value = 0.024) 

between the K+ treatment group and the P3 treatment group. When comparing K+ with P4, 

there is a notable distinction with a p-value of 0.001. It may be inferred that administering 

quantities of P.macrocarpa fruit extract containing 11.25 mg/mice/day in treatment group 3 

(P3) and a dose of 15 mg/mice/day in group (P4) of flavonoids has a notable impact. 

Furthermore, along with prior research, it has been demonstrated that administering Vigna 

unguiculata, a substance rich in antioxidants, to mice who have undergone ovariectomy can 

substantially augment the size of their aortas (Yulinda et al., 2014). Flavonoids consumed from 

P. macrocarpa fruit can help endogenous antioxidants by preventing cell damage caused by 

excess free radicals in the aorta. Radical clearance by flavonoids that inhibit LDL oxidation for 

the formation of atherosclerosis (Simanjuntak, 2012). 

 

4. CONCLUSION 

Flavonoids P. macrocarpa fruit extract, which includes phytoestrogens, is a botanical 

remedy that may serve as a substitute for reducing the likelihood of atherosclerosis in women 

experiencing menopause. The administration of a dose of 11.25 mg/mice/day in the treatment 

group 3 (P3) and a dose of 15 mg/mice/day in group (P4) can lead to an increase in the diameter 

of the aorta. Future research should focus on examining the amounts of flavonoid antioxidants 

in P. macrocarpa extract, as these antioxidants play a crucial role in influencing the diameter 
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of the aorta. Additionally, it is suggested to perform further research specifically focusing on 

women going through menopause. 
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Abstract 

Stroke is the leading cause of physical and mental disability worldwide. In Indonesia, the 

incidence of stroke is alarmingly high, affecting approximately 10.9% of the population annually, 

with around 713,783 individuals experiencing stroke each year. Understanding how to prevent 

stroke is crucial. Clear and regular information, along with effective educational media, are 

essential for increasing public awareness of stroke. This study aims to determine the impact of 

social media and knowledge on stroke prevention. This type of study is a non-experimental 

quantitative study using a cross-sectional. This study is conducted in portions, with patients who 

are willing and able to talk effectively. Univariate, bivariate, and multivariate analyses were 

conducted using Pearson correlation tests and linear regression tests. The results show that among 

the 100 respondents, most were male, aged 41-60 years, and engaged in the best stroke prevention 

efforts. The Pearson correlation test showed significant correlations between information 

accuracy, frequency, and educational media for stroke prevention (Pearson p=0.89; p=0.62; 

p=0.75). The linear regression test revealed that the clarity of information, frequency of 

information, and educational media together increased stroke prevention efforts (p=0.037), with 

the clarity of information being the most significant factor. The conclusion is the study concludes 

that educational media and accurate information are crucial in preventing stroke. It is 

recommended that the Kasih Sayang Clinic conducts comprehensive stroke education and 

screening every six months to enhance prevention efforts. 
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1. INTRODUCTION 

Stroke is a medical condition that causes physical and mental problems worldwide. 

According to a World Health Organization report, stroke is the second leading cause of death 

after heart disease (Helboe, Eddelien, & Kruuse, 2023). In the United States, stroke 

significantly impacts society, being the leading cause of long-term disability and the second 

highest cause of death. It is estimated that about 7 million adults in the United States have had 

a stroke, representing about 3% of the adult population, with 600,000 new stroke cases 

occurring each year. The majority of these strokes (87%) are ischemic infarctions, 10% are 

primary hemorrhagic strokes, and 3% are subarachnoid strokes. Although less common, strokes 

also occur in children, with about 1 to 2.5 per 100,000 children experiencing a stroke each year, 

of which 50 to 75 percent are hemorrhagic strokes (Saini, Guada, & Yavagal, 2021). 

In Indonesia, the 2018 Basic Health Survey conducted by the Ministry of Health of the 

Republic of Indonesia showed that approximately 10.9% of the population experiences a stroke 

each year, with the number of cases reaching 713,783 annually. East Kalimantan has the highest 

incidence of stroke in Indonesia, with 14.7% of the total population or 9,696 cases. Most stroke 

cases in Indonesia occur in individuals over the age of 75, the age group with the highest risk 

factors (Venketasubramanian, Yudiarto, & Tugasworo, 2022). Various conditions and 

behaviors such as hypertension, diabetes, dyslipidemia, unhealthy diet, smoking, lack of 

physical activity, alcohol consumption, and other health conditions like primary hypertension 

and cardiovascular disease are stroke risk factors. Managing these risk factors through a healthy 

diet, regular exercise, weight control, and a healthy lifestyle is crucial for stroke prevention 

(Aini, et al., 2022). 

Stroke complications that can occur after a brain attack are very serious and can affect 

other body functions, including severe brain injury, cognitive impairments, speech and walking 

difficulties, and other health problems such as heart disease and liver failure (Buckley et al., 

2022). Public knowledge and understanding of risk factors are one of the effective ways to 

prevent stroke (Talango & Kusdhiarningsih, 2024). However, more research is needed to assess 

how effectively information and educational media are used for stroke prevention (Firmawati, 

Rochmawati, & Setyopranoto, 2023). According to Dewi, et al., (2022), many patients who 

experience recurrent strokes are unaware of the risk factors that caused the attacks. Therefore, 

education on stroke prevention needs to be provided to the general healthy population to reduce 

the risk of recurrent stroke attacks (Mone, et al., 2023). 

Research by Ali et al., (2023) shows that education can significantly improve public 

understanding of stroke risk factors. Before education, only 31% of respondents correctly 

answered questions about stroke risk factors, but this number increased to 72.4% after the 

educational program. This highlights the importance of educational programs in raising public 

awareness. To enhance awareness and understanding of stroke prevention, medical 

professionals should use clear and easily understandable tools for patients and their families. 

The study by Bhattad & Pacifico, (2022) indicates that the physical and psychosocial quality 

of life of patients can be improved with personalized patient education and verbal instructions 

from healthcare providers, which also increases overall patient satisfaction. This study aims to 

determine the impact of social media and knowledge on stroke prevention. 

 

2. RESEARCH METHOD 

This research method uses a quantitative, non-experimental study employing a cross-

sectional design to evaluate the impact of information provision and educational media on 

stroke prevention. The study was conducted at Kasih Sayang Clinic in Medan, North Sumatra, 

starting in February 2024. The population included all patients receiving medical care at the 

clinic, with a total sample size of 100 respondents selected through total sampling. 
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A representative sample of patients who were willing and able to answer a validated and 

reliable questionnaire was selected. Primary data were collected through direct surveys, while 

secondary data were obtained from literature and journals. The study investigated three 

independent variables: frequency of information delivery, clarity of information delivery, and 

educational media, which were hypothesized to impact the dependent variable, stroke 

prevention. 

Data analysis included univariate analysis to describe the characteristics of the variables. 

Bivariate analysis using Pearson or Spearman rho correlation tests to examine relationships 

between independent variables and stroke prevention. Multivariate analysis employing ordinal 

regression to evaluate the influence of independent variables on stroke prevention. Variable 

selection was based on p-values <0.25, with the elimination of variables with p-values >0.05. 

This comprehensive approach aimed to identify significant factors contributing to effective 

stroke prevention efforts. This research has also received ethical approval from the Prima 

Indonesia University health research ethics commission with number: 

009/KEPK/UNPRI/V/2024. 

 

3. RESULTS AND DISCUSSION 

Table 1. Participant characteristics and demographics 

Gender n Percentage (%) 

Male 56 56 

Female 44 44 

Age n Percentage (%) 

20 - 40 22 22 

41  - 60 52 52 

61 - 80 26 26 

Table 1 shows that the characteristics of respondents include age and gender, with the 

majority being aged 41-60 (52%) and male (56%). 

 

Table 2. Pearson correlation matrix in the study of stroke prevention efforts 

Frequency of Information Clarity of 

Information 

Educational 

Media 

Stroke 

Prevention 

Frequency of 

Information 

Pearson Correlation 1 .721** .682** .619** 

Sig. (2-tailed)  .000 .000 .000 

N 100 100 100 100 

Clarity of 

Information 

Pearson Correlation .721** 1 .682** .883** 

Sig. (2-tailed) .000  .000 .000 

N 100 100 100 100 

Educational 

Media 

Pearson Correlation .682** .682** 1 .750** 

Sig. (2-tailed) .000 .000  .000 

N 100 100 100 100 

Stroke 

prevention 

Pearson Correlation .619** .883** .750** 1 

Sig. (2-tailed) .000 .000 .000  

N 100 100 100 100 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table 2 shows that the bivariate analysis using Pearson's test indicated a normal data 

distribution (p=0.200, p > 0.05). Positive and significant correlations were found between the 

frequency (r=0.619, p=0.005) and clarity of information (r=0.883, p=0.005) with stroke 
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prevention efforts. Educational media also showed a significant positive correlation with stroke 

prevention efforts (r=0.750, p=0.005), indicating that higher frequency, clarity, and 

effectiveness of educational media correspond to better stroke prevention efforts. 

Information frequency refers to how often information on stroke risks, signs, symptoms, 

and prevention actions is conveyed. While 92% of respondents felt the information frequency 

was adequate, the correlation between information frequency and stroke prevention was not 

statistically significant (r=0.62, p>0.05). Nonetheless, this study aligns with others indicating 

that frequent information can enhance stroke prevention knowledge and behaviors (Sahirah, 

Ikhsan, & Nadira, 2023). 

Information clarity pertains to how clear and accurate the provided information on stroke 

risks and prevention actions is. Ninety-four percent of respondents found the received 

information clear, with a significant positive correlation (r=0.883, p=0.005), highlighting the 

pivotal role of information clarity in stroke prevention (Hariadi, Pamungkas, & Sidharta, 2020). 

Educational media encompasses various resources for disseminating information about 

stroke and its prevention. Ninety-five percent of respondents felt satisfied with educational 

media, correlating significantly (r=0.75, p=0.005). Effective educational media can boost 

awareness and influence stroke prevention behaviors (Gandolfo, et al., 2022). 

Table 3. Linear regression matrix in the study of stroke prevention efforts. 

Model 

Unstandardized 

 Coefficients 

Standardized 

Coefficients t Sig. 

B Std. Error Beta 

(Constant) 3.632 1.715  2.118 .037 

Frequency of Information -.224 .086 -.170 -2.609 .011 

Clarity of Information .665 .056 .777 11.940 .000 

Educational Media .564 .103 .336 5.451 .000 

Multivariate analysis evaluated the joint impact of information frequency, clarity, and 

educational media on stroke prevention efforts. Variables with p < 0.25 were included. Results 

of linear regression showed that collectively, these factors significantly influenced stroke 

prevention efforts (p=0.037). Among them, information clarity had the most significant impact 

(beta=0.665), indicating its dominance in enhancing stroke prevention compared to frequency 

and educational media. 

Overall, this study emphasizes the importance of clear and frequent information 

dissemination, along with the effective use of educational media, in stroke prevention efforts. 

Clear information enhances patient understanding of risks and preventive actions, while 

educational media boosts public awareness and knowledge about stroke prevention. These 

findings can guide the development of more effective health education programs at Kasih 

Sayang Clinic and other healthcare facilities, focusing on improving information clarity and 

utilizing appropriate educational media. 

Multivariate analysis indicates that information frequency, clarity, and educational media 

collectively influence stroke prevention (p=0.037). Information clarity has the strongest 

influence, with a beta value of 0.665. High information frequency and educational media aid 

understanding and effective prevention actions (Wardhani Firdaus, & Mayasari, 2023). 

Information clarity emerges as the most dominant factor affecting stroke prevention. 

Clear information aids understanding of symptoms and preventive actions. Structured 

information use assists individuals in managing stroke risks, such as reducing alcohol 

consumption and stress (Lonini et al., 2022). Clear information dissemination enhances public 

awareness of stroke risks and their ability to address these risks. General information can 

elevate awareness and preventive actions (Romadoni, 2023). 
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The Role of Information Frequency in Stroke Prevention Efforts at the Kasih Sayang 

Clinic 

In efforts to prevent stroke, the frequency of information refers to how often or repetitive 

the information about risk factors, signs and symptoms, and preventive measures of stroke are 

conveyed to the public. The term "frequency of information" refers to how often or repeatedly 

the information is delivered to individuals or communities within a certain period of time 

(Pomalango, 2022). 

This study is in line with a study by Sahirah et al., (2023), The results show that people 

who receive information about stroke risk regularly have a lower likelihood of stroke than those 

who do not receive such information. This indicates that frequent dissemination of information 

can increase people's awareness of stroke risk and influence how they act when facing such 

risk. 

One important factor in stroke prevention is the high frequency of information. 

Individuals who receive information regularly can understand stroke risk factors such as high 

cholesterol, hypertension, and diabetes, and can take effective preventive actions to prevent 

stroke. Therefore, a high frequency of information can increase people's awareness of stroke 

risk and influence how they behave when facing such risk. This can help prevent recurrent 

strokes and expedite physical and psychological recovery after an attack (Firmawati, 

Rochmawati & Setyopranoto, 2023). 

In various ways, the use of a high frequency of information can help prevent stroke. For 

example, information regularly distributed on social media can increase people's awareness of 

stroke risk and how they treat such risk (Garg, et al., 2023). Health education programs with a 

high level of information can also help people understand stroke risk factors and take effective 

preventive actions. A high frequency of information during consultations with doctors can help 

people better understand stroke diagnoses and treatments, as well as influence how they behave 

in the face of risk (Rakhma et al., 2023). 

 

The Role of Information Clarity in Stroke Prevention Efforts at the Kasih Sayang Clinic 

Stroke causes brain nerve cells to no longer function normally, resulting in cognitive, 

mental, paralysis, or death impairments (Rahayu, 2023). Therefore, public awareness is crucial 

in preventing this disease by providing information about stroke. Thus, people can take 

preventive actions to reduce the risk of stroke before it's too late (Boehme, Esenwa, & Elkind, 

2017). 

In stroke prevention efforts, information clarity focuses on the importance of providing 

clear and accurate information to individuals about stroke risks and methods to avoid them 

(Hariadi, Pamungkas, & Sidharta, 2020). This is based on the idea that clearly received 

information can help people understand stroke risk factors and take effective preventive actions 

to prevent stroke. 

Providing clear and accurate information about stroke disease, including symptoms, 

diagnosis, and treatment, is essential. Regularly received information can help people better 

understand stroke disease and choose appropriate treatment (Pomalango, 2022). Providing clear 

information can be used in various ways to prevent stroke, such as through health education 

programs, social media, or consultations with doctors (Romadoni, 2023). Therefore, providing 

clear information can increase people's awareness of stroke risk and influence how they act 

when facing such risk. 

 

The Role of Educational Media in Stroke Prevention Efforts at the Kasih Sayang Clinic 

In stroke prevention efforts, educational media focuses on the importance of using 

various resources to provide clear and accurate information about stroke disease and how to 
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prevent it from occurring. According to Pomalango et al., (2022), this statement is based on the 

idea that people can learn more about stroke risk factors and take effective preventive actions. 

Educational media states that clear and accurate information about stroke disease can be 

provided through various media, such as social media, health education programs, and 

consultations with doctors (Gandolfo et al., 2022). 

Educational media can be used to prevent stroke in various ways, such as through health 

education programs and consultations with doctors (Romadoni, 2023). Thus, educational media 

can increase people's awareness of stroke risk and change how they act when facing such risk. 

Therefore, educational media can help raise individuals' awareness of stroke risk and influence 

their behavior when facing such risk. 

In Indonesia, various parties, including the government, health institutions, and medical 

institutions, have implemented programs to prevent stroke. Among them is a program by the 

Ministry of Health of the Republic of Indonesia called GATROK SEDI (Early Stroke 

Prevention) and CERDIK (Stroke Prevention through Risk Detection and Education). Both 

programs focus on raising public awareness about the dangers of stroke and how to prevent it 

(Laili, Heni, & Tanoto, 2023). 

At Pertamina Jaya Hospital, various types of educational media are also used, such as 

leaflets, videos, and consultations with doctors, with a focus on providing education about 

stroke and providing comprehensive health services to prevent and manage stroke (Lonini et 

al., 2022) 

 

The Influence of Information Frequency, Information Clarity, and Educational Media on 

Stroke Prevention Efforts 

As part of stroke prevention efforts, increasing the amount of information provided, the 

clarity of information provided, and the use of educational media can help raise public 

awareness about stroke risk and how to avoid it (Murthy, Thomas, & Dasgupta, 2019). The 

clarity of information received regularly can help people understand stroke risk factors and 

effective preventive actions. A high frequency of information can also help people understand 

stroke disease and its treatment. To increase public awareness about stroke risk and how to 

avoid it, educational media can take the form of videos, leaflets, or consultations with doctors 

(Wardhani, Firdaus & Mayasari, 2023). 

A high frequency of information can help individuals understand stroke risk factors and 

develop effective preventive actions, while the clarity of information received regularly can 

help individuals understand stroke disease and how to treat it (Rupasinghe et al., 2022). The 

educational media used can help raise public awareness about stroke risk and how to avoid it, 

as well as influence their behavior when facing such risk (Azali, et al., 2023). 

This study has similar findings to a study found by Kusumawaty & Nurapandi, (2023), 

which showed that individuals who received education about stroke through educational media 

had a lower likelihood of stroke compared to those who did not receive such education. The 

simultaneous use of information frequency, information clarity, and educational media in 

stroke prevention efforts can help raise public awareness about stroke risk and how to avoid it, 

as well as influence behavior when facing such risk (Khan et al., 2021). 

 

Factors Influencing Stroke Prevention Efforts at the Kasih Sayang Clinic 

The use of information in an organized structural format can also help individuals 

understand stroke risk factors and how to manage them. Therefore, information presented in 

this format can help individuals understand how to reduce stroke risk, such as reducing alcohol 

consumption, reducing caloric intake, and reducing stress (Prabhakaran & Chong, 2014). Thus, 
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information presented in this format can help individuals understand how to reduce stroke risk 

and how to treat it (Firmawati, Rochmawati & Setyopranoto, 2023). 

Based on the results of several studies, the dissemination of clear information can 

increase public awareness about stroke risk and improve their ability to face such risk. 

Therefore, clear information can help raise public awareness about stroke risk and improve 

their actions in facing such risk (Sahirah, Ikhsan & Nadira, 2023). 

 

4. CONCLUSION    

This research concludes that the frequency and clarity of information, along with 

educational media, play crucial roles in stroke prevention efforts at the Kasih Sayang Clinic. 

Clarity of information emerged as the most influential factor, highlighting the need for easily 

understandable public health information. The recommendation is to enhance stroke 

prevention, Kasih Sayang Clinic should increase educational activities and promotive 

information, such as regular seminars on healthy lifestyles. Participants are encouraged to 

continue exploring the latest prevention strategies. Future research should include additional 

variables like family support and individual knowledge to deepen the understanding of factors 

supporting stroke prevention efforts. These conclusions and recommendations can guide 

improved stroke prevention and overall community health. 
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Abstract 

Breast milk is the best food for babies, but insufficient production can hinder breastfeeding. Many 

mothers face challenges with milk production, preventing optimal breastfeeding. This study aims 

to innovate and develop a vibration-based electric massage device to enhance breast milk 

production and analyze its effectiveness based on baby weight indicators. The research employs 

a quantitative method with a Quasi-Experimental design, divided into an intervention group and 

a control group. A random sampling technique selected 46 respondents, split evenly between the 

two groups. The intervention group received breast care using the vibration-based device, while 

the control group received standard breast care for 14 days. Breast care was administered twice 

daily for 2-3 minutes. Baby weight was measured at 14, 21, and 28 days. Tools to measure energy 

intake, protein intake, and fluid intake utilized food recall, and breastfeeding frequency was 

measured by a scale. Psychological status was assessed using the DASS questionnaire. Data 

analysis included Repeated Measure ANOVA and Independent Simple T-Test. Results indicated 

a significant difference in breast milk production based on baby weight between the intervention 

and control groups (p=0.000). The mean weight difference between the groups was 200.21 grams, 

favoring the intervention group. Increased breast milk production was not influenced by 

confounding variables such as energy intake, protein intake, fluid intake, breastfeeding frequency, 

and psychological status. In conclusion, the developed vibration-based electric massage device 

effectively increased breast milk production, evidenced by significant weight gain in babies 

within the intervention group compared to the control group (p=0.000).                 

Keywords: Massage Equipment, Postpartum, Vibration, Breast Milk Production. 
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1. INTRODUCTION 

Mother's milk (ASI) is the best food option aimed at babies because of the large nutritional 

content in breast milk needed for babies such as protein, white blood cells, and immune 

substances that are suitable for optimal growth and development. Exclusive breastfeeding refers 

to giving breast milk to babies for 6 months unbroken and does not provide other food or drinks, 

including water, except under certain circumstances such as the use of ORS (Linda, 2019). 

Mother's milk (ASI) has nutrients, antioxidants, hormones, and antibodies, and both 

children such as fat, carbohydrates, protein, minerals, and vitamins are needed. ASI also has 

protective substances namely IG A, IG E, IG M, Lactobacillus Bifidus, Lactoferrin, and 

Lisozyme, Cellular Immunity does not cause allergies, so it can neutralize bacteria, fungi, 

viruses, and parasites. Providing breast milk (ASI) continuously or exclusively for 6 months 

brings a number of important benefits, including the presence of antibodies and macrophage 

cells contained in colostrum and ASI, which provides special protection for infants. Children 

who are given exclusive breast milk tend to be lower in contagious diarrhea, necrotizing 

enterocolitis, respiratory infections and ears (Handayani & Pujiastuti, 2016). 

The World Health Organization (WHO) in the global strategy of feeding for infants and 

children states that exclusive breastfeeding for six months is effective in preventing child death. 

The World Health Organization (WHO) promotes actively that ASI is the best nutrition and 

exclusive ASI in 2025 at least the first 6 months as much as 50% (WHO, 2022). In Indonesia, 

the percentage of exclusive breastfeeding of 77.41% still does not meet the target set, which is 

80% including under the target, while for the Central Java region in 2022 there are 78.71% of 

children who get exclusive breastfeeding less than 6 months of age (BPS, 2022). In addition, 

based on the preliminary results in the Magelang District Health Office, exclusive ASI was 

obtained 82.1% with the highest Pakis Pakis Puskesmas at 95% while the low ASI coverage in 

the Secang 2 Puskesmas area of 37% that had not yet received exclusive breastfeeding. 

Exclusive breastfeeding is the provision of breast milk alone without additional liquids, 

whether formula milk, water, orange juice or other additional foods to babies aged 0-6 months, 

which will have extraordinary benefits for the baby's development and growth in addition to 

increasing the bond of affection. mother and baby (Hipson, Handayani & Erwanda, 2023). 

Problems that often arise in mothers during breastfeeding can start before delivery (antenatal 

period), in the early postpartum period, and in the late postpartum period (Rahayuningsih, 

2020). Exclusive breastfeeding and the correct breastfeeding process are reliable means of 

building quality human resources. Apart from that, in the correct breastfeeding process, babies 

will get good physical, emotional, and spiritual development in their lives (Pratama et al., 2023). 

Breast milk needs to be given because it has several uses for babies, namely providing a 

better life for the development and growth of the baby, and having antibodies so that it protects 

the baby from several viral, bacterial, parasitic, and fungal infections. Breast milk has a complex 

composition according to the baby's needs, which increases the baby's intelligence, and avoids 

the risk of allergies due to formula milk, direct breastfeeding can provide love to the baby and 

reduce the risk of metabolic diseases such as Type II diabetes mellitus, hypertension, obesity as 

an adult (Cynthia et al., 2019). One of the best investments to improve health, survival, 

economic improvement and social development of individuals and nations is breastfeeding. 

Optimal breastfeeding according to guidelines can overcome more than 20,000 maternal deaths 

and 823,000 child deaths every year (Hasan, & Saputra, 2023). 

One of the problems that can arise from not giving exclusive breast milk to babies is 

inhibiting growth and development, such as stunting. The impact of stunting itself on children 

has the potential to reduce their intelligence level, increase children's vulnerability to disease, 

and potentially result in reduced productivity in the future. According to research conducted by 

Louis, babies who are not exclusively breastfed are 61 times more likely to suffer from stunting 

https://doi.org/10.31965/infokes.Vol22.Iss2.1488
https://doi.org/10.31965/infokes.Vol22.Iss2.1488


337 | https://doi.org/10.31965/infokes.Vol22.Iss2.1488 
 

 
 

than babies who are exclusively breastfed at the age of six months. In addition, not getting 

exclusive breast milk has a high risk of developing upper respiratory tract infections (ARI) 

(Louis, Mirania, & Yuniarti, 2022). 

In reality there are still many mothers experiencing problems in breastfeeding, including 

the lack of smooth milk production so that breastfeeding cannot be done optimally. Before 

delivery, a mother must have imagined the first moment carrying her baby in her arms and 

began to prepare the main basic needs for her baby, namely breastfeeding. However, in reality, 

the stage of breastfeeding is not always in line with expectations. Most mothers, especially those 

who are experiencing experience for the first time become mothers, have difficulty when they 

have to breastfeed their babies for the first time. Some even face situations where their breasts 

do not produce breast milk, even after two days after giving birth (Chomaria, 2020). 

The scope of exclusive breastfeeding that is still low is considered to play an important 

role in more than one number of children's deaths each year and has a bad impact on baby 

development, so that it can affect the quality of life of the nation's next generation. In addition, 

exclusive breastfeeding cannot be separated from the success of breast milk produced by 

breastfeeding mothers. 

There are several factors including those that are closely related to the production of breast 

milk such as food consumed by the mother, the way the baby suckles seen from the baby's 

suction, the frequency of breastfeeding, the mother's rest patterns, the mother's nutritional 

intake, mother's psychological and breast care. Breast care can be started from the third trimester 

of pregnancy until after giving birth. Breasts according to the period of development both from 

pregnancy until after labor will experience changes. This change makes breast care considered 

important to do, because breast care is very influential in milk production (Katuuk &Kundre, 

2018). 

The results of the research described in the study conducted by Emilda on breast care in 

controlling the smooth flow of breast milk show that breast care has an influence on the smooth 

flow of breast milk in mothers after giving birth (Emilda, 2022). This is consistent with the 

findings found in research conducted by Mukarramah on breast care for breast milk production. 

This study concluded that there was a significant difference in breast milk production between 

the group that received breast care and the control group, with higher milk production in mothers 

who received breast care compared to those who did not. These results confirm that breast care 

has a positive impact on postpartum maternal breast milk production at the Kassi-Kassi Health 

Center, Makassar City (Mukarramah, Nurdin & Ahmad, 2021). 

Breast care can be interpreted as a breast care method used to increase breast milk 

production during pregnancy and childbirth. Breast care is care carried out after pregnancy and 

childbirth with the aim of increasing breast milk production, maintaining breast cleanliness and 

caring for the nipple area (Wahyuni, et al., 2022). Success in breast milk production can be seen 

from the baby's weight which always increases every week, so it can be seen that the baby is 

getting enough breast milk. Increased milk production after childbirth is something that needs 

to be considered especially to support the success of the breastfeeding process, because the first 

day after giving birth is an important time that can affect the sustainability of breastfeeding. 

Efforts made to increase milk production in addition to squeezing breast milk can also be by 

providing pharmacological therapy such as drugs or breastfeeding pills while non-

pharmacological therapy such as oxytocin massage, Woolwich massage, and breast care. 

Breast care that is still mostly done today uses hands, besides that it requires an 

impractical duration, even though in the current era it should be able to use the latest technology 

in accordance with technological advances. In line with research conducted by Nasution, 

Erniyati, & Aizar, (2018), about vibration stimulus in the form of a bra that is used to overcome 

the smoothness of breast milk. Where the results indicate the influence of the vibrating bra for 

the smooth running of milk, but the vibrating bra has a weakness that is the size of the bra can 
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be different for each mother. Therefore the innovation that will be done by the author is to 

develop an electric massage tool for the breast with a vibrating technique in it. The benefit is 

that the breasts experience stimulation with massage tools used and facilitate milk production. 

DC Vibratory Motor which provides a vibrational effect to stimulate the hormone prolactin and 

oxytocin. DC Vibratory Motor Method is a vibrational spreading method that vibrates ions in 

the breast which is directed at the activation of the hormone prolactin and oxytocin which results 

in alveoli stimulation in flowing milk to the lacterus duct and entering the milk sin and the 

nipple hole (Nasution, Erniyati, & Aizar, 2018). Based on the background above the author is 

interested in conducting research related to vibration-based breast massage tools as breast care 

for milk production in postpartum mothers. Produce innovations in the development of viable 

vibration-based electric massage devices and analyze their effectiveness on breast milk 

production in postpartum mothers. 

 

2. RESEARCH METHOD 

This type of research this research method uses quantitative research with a Quasy 

Experiment design approach which is divided into two groups, namely the intervention group 

and the control group. In creating a product or model, researchers use descriptive methods to 

collect data, while to test the effectiveness of the product, they use the analytic method. 

The research and development process involves five main steps, namely: 1) information 

gathering, 2) product design, 3) validation by experts and revisions, 4) product or model testing, 

and 5) the final results of the product or model. 

The reference population in this study is a mother who has given birth and is on the 14th 

day after delivery and provides exclusive breastfeeding to her baby. The study population is 

the puerperium mother who breastfed her baby in the period December 2023 to February 2024 

in the working area of the Secang 2 Puskesmas which includes the fulfillment of the inclusion 

and exclusion criteria that have been set. The sampling technique uses random sampling. The 

sample of this study for each group was 23 people with a total number of samples of 46 people. 

The independent variable in this study is breast care with vibration-based electric 

massage tools. The dependent variable in this study is milk production with baby weight 

indicators. Confounding variables in this study are energy intake, protein intake, fluid intake, 

breastfeeding frequency, and maternal psychology. 

Univariate analysis aims to explain or describe the characteristics of each research 

variable (Notoadmodjo, 2018). Univariate analysis is carried out using a computer program to 

produce presentation values, minimal, maximal, and standard deviation that is presented in the 

frequency distribution of respondents' characteristics presented in the form of tables consisting 

of age, parity, work, breastfeeding frequency, and nutritional intake. Bivariate analysis aims to 

consider the interaction between two variables, namely the dependent variable and free 

variables with a degree of significance of 95% or α 0.05. 

Normality testing is used to evaluate whether the data follows the normal distribution or 

not. In this study, the data normality test used the Shapiro-Wilk test because the number of 

respondents samples was less than 50. Data was normally distributed if p>a (a = 0.05), while 

the data was not normal if p <a (a = 0.05). 

This research hypothesis test, to analyze the impact of breast care using tools on milk 

production by observing changes in the baby's weight before and after treatment in each group, 

the data that is normally distributed it uses the Repeated Measure Anova test followed by the 

HOC Pairwise Comparates Post Test. For the average difference test that is used, the t-test is 

not paired (independent t-test). 

Linear multivariate regression analysis is carried out to determine the presence or absence 

of confounding variables (energy intake, protein, fluid, breastfeeding frequency, and 
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psychological status) simultaneously and each of the milk production based on indicators of 

the baby's weight. Furthermore, the researcher tested the magnitude of the effect (effect size) 

using Cohen’s test. This study has obtained research ethics permission number 

1293/EA/KEPK/2023. 

 

3. RESULTS AND DISCUSSION 

Table 1. Results of Measurement of ASI Production Indicators of Infant Body Weight (gram) 

in The Intervention Group And The Control Group 

Table 1 In the first week the treatment of the average intervention group of the baby's 

body weight increased by 269.74 grams, while in the control group the average increase of 

250.57gram. In the second week the treatment of the average intervention group of the baby's 

body weight increased 353.26 grams, while in the control group of 172.22 grams. It can be 

concluded that the average BB baby intervention group is higher than the baby's body weight 

in the control group. 

To see the difference in increase that occurs in the baby's weight intervention and control 

groups by looking at the average weight of the baby at the first weighing of the baby's age 14 

days, weighing the 2 ages of the baby 21 days, and weighing the 3 ages of the baby 28 days can 

be seen from the diagram below : 

Based on the graph above, it is known that there is an increase in the average weight of 

the baby's weight in the intervention group and the control group, but in the intervention group 

Group Measurement n Mean±SD Min Max 

Intervention Pretest (baby age 14 days)  23 3265.04±257.365 2830 3920 

Posttest 1 ( baby age 21 days) 23 3534.78±283.451 3075 4210 

Posttest 2 ( baby age 28 days) 23 3888.04±293.652 3340 4510 

Δ Pretest – Posttest 2  623±36,287 510 590 

Control Pretest ( baby age 14 days)  23 3121.91±211.470 2710 3490 

Posttest 1 ( baby age 21 days) 23 3372.48±169.031 2990 3690 

Posttest 2 ( baby age 28 days) 23 3544.70±166.803 3308 3920 

Δ Pretest – Posttest 2  422,79±-44.667 598 430 
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given breast care with vibration-based electric massage devices experienced more increases 

than the control group given ordinary breast care for 14 days. Therefore, the treatment of breast 

care with vibration-based electric massage devices affects the effect of increasing milk 

production with baby body weight (BW) indicators in postpartum mothers. 

 

Table 2. Test The Baby's Weight Difference Before and After The Treatment of The 

Intervention Group and The Control Group (Gram) 

Variable Data Group 

Intervention Control 

Baby Weight Pretest (baby age 14 days)  3265.04±257.365 3121.91±211.470 

Posttest 1 (baby age 21 days) 3534.78±283.451 3372.48±169.031 

Posttest 2 (baby age 28 days) 3888.04±293.652 3544.70±166.803 

p-value 0.000* 0.000* 

Table 2 concerning the Analysis of the Effect of Breast Care with Vibration-Based 

Electric Massage Devices on ASI Production in Baby's Weight Obtained an average baby's BB 

in the intervention group with the value of day 1 of 3265.04 grams, on the 8th day 3534.78 

grams, on The 15th day is 3888.04 grams. Whereas in the control group the average baby's BB 

value before the treatment of Ahri 1 was 3121.91 grams, the 8th day 3372.48 grams, the 15th 

day was 3544.70 grams. Then seen from the BB for the two groups of groups in each group of 

intervention and controls on day 1, day 8 and day 15 using the Repeated Measure Anovan test 

p = 0,000 so that H0 is rejected, meaning there is a significant difference in the average weight 

of the baby day 1 day 1 , 8, and 15 in intervention groups and control groups. To find out the 

results of the measurement of time which most influences the baby's body weight, it will be 

continued by the Post Hoc Pairwise Comparations test. 

 

Table 3. Test of Measurement Time Differences Before and After Treatment of Intervention 

And Control Groups 

Data 
Group 

Intervention p-value Control p-value 

Pretest- Posttest 1 (baby age 14 -21 days)  269,739 0,000 250,56 0,000* 

Posttest 1-  Posttest 2 (baby age 21 -28 days) 353,261 0,000 172,22 0,000* 

Pretest- Posttest 2 (baby age 14 -28 days) 623 0,000 422,78 0,000* 

Based on table 3 shows that the Post Hoc Statistics Test results Table 3 There is a 

significant difference between day 1 to day 8, and days 8-15 in the intervention group and the 

control group with P = 0,000. When viewed from the best difference in intervention the 8th - 

day 15, while for the control group is on days 1 - day 8. 

 

Table 4. Test The Baby's Weight Difference Before and After Treatment Between Intervention 

and Control Groups (Grams) 

Variable Data 

Group 

p-value Intervention 

Mean±SD 

Control 

Mean±SD 

Baby 

Weight 

Pretest (baby age 14 days)  3265.04±257.365 3121.91±211.470 0,045* 

Posttest 1 (baby age 21 days) 3534.78±283.451 3372.48±169.031 0,023* 

Posttest 2 (baby age 28 days) 3888.04±293.652 3544.70±166.803 0,000* 

Δ Pretest – Posttest 2 623±36,287 422,79±-44.667 0,000* 
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Table 4 in the Independent Sample T-Test test shows that in both groups 1, a 0.045 p-

value means that there is a difference between the intervention group and the control group. In 

the two groups, 8 obtained a p-value 0.023 means there is a difference between the intervention 

group and the control group. In both groups, 15 obtained a p-value 0,000 means there is a 

difference between the intervention group and the control group. In addition, there is a 

difference in the average difference in the intervention group of 623 grams and the control 

group of 422.79 grams with a p-value of 0,000. This shows that there is a difference in the 

increase in infants between the intervention group and the control group. In general and the 

average difference of infant intervention and control of the difference is greater than 200.21 

grams of the control group, it can be concluded that breast care using electric massage-based 

vibration-based devices is more effective in increasing milk production in postpartum mothers 

with a p-value of 0,000. 

 

Table 5. Effect Size Providing Breast Care with a Vibration-Based Electric Massage Device  

Group n Breast Milk Production Based 

on The Baby's Weight Indicator 

After Treatment 

Effect size 

Mean±SD 

Intervention 23 3888.04±293.652 1,43* 

Control 23 3544.70±166.803 

Table 5 shows the results of the effect size using the cohens'd formula that the provision 

of breast care with vibration-based electric massage tools for 14 days compared to manual 

breast care obtained a value of 1.43 with the range of criteria in the coohen's d formula which 

is 0.8-2.0 Included in the high category based on the Effect Size test classification, meaning 

that the provision of breast care with massage tools to milk production seen from the baby's 

body weight can have a large influence. 

 

Table 6. The Results of The Analysis of Confounding Variables (Energy Intake, Protein, Fluid, 

Breastfeeding Frequency, And Psychological) on Milk Production Based on Baby's Weight 

Variable R R Square Baby Weight 

Sig. p-value 

Energy Intake 0,298 0,089 0,785 0,568 

Protein Intake 0,948 

Fluid Intake 0,153 

Breastfeeding Frequency 0,216 

Psychological 0,569 

Table 6 shows that the statistical test of the confounding variable uses multiple linear 

regression tests that the confounding variable of energy intake, protein, fluid, breastfeeding 

frequency, and psychological status simultaneously or each does not contribute to the 

production of breast milk based on the baby's weight indicator, this is indicated by The value 

of P> 0.05, then Ho is accepted which has the meaning of an increase in milk production based 

on the baby's BB indicator in nursing mothers is not influenced by confounding variables. And 

based on the R Square value of 0.089, this illustrates that the effect of the confounding variable 

simultaneously on ASI production is 8.9%. 

DISCUSSION 

Analysis of Breast Care with Vibration-Based Electric Massage Tools on Breast Milk 

Production With Baby Weight Indicators 
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The provision of breast care with vibration-based electric massage tools given for 14 days 

to 23 respondents can affect the production of milk assessed from the baby's weight indicator. 

Assessment of milk production can refer to the amount of breast milk produced by the mother's 

breasts. ASI that is produced and stored in the storage of milk is then estimated to be the number 

by looking at how much breast milk is drunk by the baby. The baby's weight is influenced by 

lactose in digestion which is converted into glucose and galactose, which is then used as a 

source of energy and calories. Therefore, one way to assess milk production is through 

observation of the baby's weight. 

The results of the statistical test in the intervention group by giving breast care with 

vibration-based electric massage tools are very significant to the baby's body weight starting 

on the 1st to the 15th day where the value of p= 0.000. This means that there is an influence of 

breast care provision with vibration-based electric massage tools on milk production. Whereas 

standard breast care also has an influence on breast milk production where the value of p= 

0,000. 

This study was conducted on puerperal mothers who breastfed the baby on the 14th day 

or 2 weeks of the puerperium on their babies were weighted before giving interventions, namely 

the day-1 intervention, the 7th day of the intervention and after the administration was on the 

15th day. Selection at the age of 2 weeks in the first days after giving birth, newborns often 

lose about 10% of the initial body weight. Therefore research avoids bias that is likely to make 

this research there are other factors of the baby's weight. This weight loss is common and is 

caused by things like urine excretion and feces. However, the child's weight will return to his 

birth weight after approximately 2 weeks (Wulandari, Wijayanti, & Sunarjo, 2022). 

Increased baby's weight will increase by about 125 grams every week (Wulandari, 

Wijayanti, & Sunarjo, 2022). In this study, there was an increase every week of more than 125 

grams. Can be seen from the average obtained in the baby's body weight in the intervention 

group before treatment of 3265.04gram to 3888.04 grams with an average difference in the 

baby's weight gain of 623 grams while in the average control group of the baby's body weight 

of 3121, 91 grams to 3544.70 grams and has an average difference in an increase of 422.79 

grams. From the results of the statistical test the average difference in difference in the results 

of p-value 0,000 can be interpreted that breast care with vibration-based electric massage 

devices is more effective for increasing milk production, generally visible and the difference 

between infant intervention and the difference in the difference is greater 200.21 Gram where. 

The intervention group is higher than the control group. 

Breast care is one of the appropriate non-pharmacological efforts to carry out because it 

provides stimulation to the breasts to increase breast milk production. This breast care is 

achieved by sending signals to the pituitary to release the hormones oxytocin and prolactin 

(Anshari, 2023). In line with Rohani Siregar's research that there is an influence of breast care 

on breast milk production in postpartum mothers with a p value of 0.0001 (Siregar, 2023). 

Breast massage tools are breast care that is developed using electronic components that 

are put together in the form of displaying which is flowed by an electric current. The breast 

care process is certainly inseparable from the development of technology in the health sector 

so there will be the latest innovation in the development of breast care. So that every mother 

postpartum is able to do breast care independently. Breast care done using tools one of them 

using a device based on vibration can increase milk production. 

The mechanism of vibration -based electric massage tools that provide a vibrational effect 

to stimulate the hormone prolactin and oxytocin (Nasution et al., 2018). In the prolactin 

hormone when the vibration attaches to the breast around the nipple and mammae areola will 

cause stimulation in the sympathetic nerves in that place. Stimulation will be forwarded to the 

brain through anterior pituitary to remove the hormone prolactin which functions to produce 
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breast milk. In addition, stimuli will also be forwarded to the brain through posterior pituitary 

to remove the hormone oxytocin into the mother's bloodstream. The hormone oxytocin 

functions to encourage small muscles around the milk-producing cells (alveoli) to contract. 

Alveoli is a part that contains cells that secrete milk. Each alveoli is coated with cells that 

secrete milk called ACINI. ACINI secretes the factors of the blood that are important for the 

formation of milk. Around each alveoli there are myopled cells that are sometimes called basket 

cells (basket cells) or spider cells (spider cells). If this cell is stimulated by oxytocin, it will 

contract. This contraction will push milk out of the alveoli through the lacterus duct to the 

Lactive Sinus where the ASI is stored (Estiwidani, 2018). 

 

The Effect of Confounding Variable on Milk Production with Weight Indicators 

Food Intake (Energy, Protein, and Fluid) 

In this study, food intake /food intake in both groups both from energy, protein and fluid 

intake has a homogeneity where p-value> 0.05, where energy intake p = 0.223, protein intake 

p = 0.088, and fluid p = 0.221 so it is known that from energy intake, protein and fluid the same 

or homogeneous. Further analysis shows that there is no relationship between energy, protein, 

and fluid intake and milk production based on the baby's weight indicator with p value> 0.05 

for energy intake p = 0.785, protein intake p = 0.948, and fluid intake p = 0.153. So it can be 

seen that the increase in milk production based on the baby's weight indicator is not affected 

by energy, protein and fluid intake. This is in line with Nurul Asikin's research that there is no 

relationship between food intake and mother's milk production (Asikin, Agrina, & Rismadefi 

Woferst, 2023). 

Besides that, in line with other studies that there is no correlation between energy intake, 

protein against milk production (Butts et al., 2018). But it is different from the research 

conducted by Lien Meilya that there is a significant relationship between the intake of protein 

eaten by the mother to the production of mother's milk, where the protein contained in the 

mother's milk is used for child growth (Prastiyani & Nuryanto, 2019). In line with research 

conducted by Niar, a mother with good fluid intake has the opportunity to be 4.219 times to 

have good milk production (Niar, Dinengsih, & Siauta, 2021). 

 

Breastfeeding Frequency 

Further analysis of this study does not indicate the relationship between breastfeeding 

frequency and milk production based on baby weight indicators in all mothers breastfeeding 

0.216> 0.05 so it can be known to increase milk production based on the baby's weight indicator 

in nursing mothers not affected by frequency breastfed. This explains that although mothers 

breastfeed frequently, they do not have a significant impact on milk production because milk 

production is influenced by many factors besides breastfeeding frequency. 

In contrast research conducted in the outpatient polyclinic of the Kediri Baptist Hospital, 

it shows that the frequency of breastfeeding affects the production of breast milk in postpartum 

mothers (Syari, Arma, & Mardhiah, 2022) Supported research conducted by Ariani, et al., 

(2021), explained that there is a hublugnant between the frequency of breastfeeding and milk 

production in breastfeeding mothers (Ariani, et al., 2021). In addition, based on research 

Maharlika & Yuliana, (2023) show that there is a relationship between breastfeeding 

frequencies with breast milk production with the average frequency of breastfeeding 10-12 

times a day (Maharlika & Yuliana, 2023). 

 

Psychological 

Further analysis in this study produced assumptions that there was no relationship 

between psychological status and milk production based on baby weight indicators with a value 

of 0.569> 0.05 so it could be said to be an increase in milk production based on baby weight 
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indicators not influenced by psychological status. The results of the research are in line with 

Dewia, Kusumastuti, & Astutic, (2023), research that psychological status does not affect 

breastfeeding to infants by postpartum mothers (Dewia, Kusumastuti, & Astutic, 2023). 

However, this is the opposite of the results of sustainable research that psychological factors 

are associated with milk production in postpartum mothers. Psychological factors are one that 

can affect milk production. When the mother's psychological condition is in good condition, 

the smooth muscle around the breast glands will stimulate the release of the hormone oxytocin 

and prolactin to launch the expenditure of milk and increase milk production (Lestari et al, 

2022). 

This research is not free from several limitations and weaknesses, including This study 

did not use biomarkers that support breast milk production. No temperature sensor regulates 

heat to monitor the existing heat temperature. The battery life is still low, so it requires 

recharging the battery several times. 

 

4. CONCLUSION    

Development of vibration-based electric massage devices has been created and can 

increase the production of breast milk seen from the baby's body weight by doing a pretest and 

posttest where there are significant differences in the average weight of the baby on day 1, 8, 

and 15 in the intervention group and the control group by getting p-value = 0,000. Electric 

massage-based vibrational massage tools are effective for increasing milk production seen from 

the baby's body weight by getting p-value = 0,000. Future researchers can expand the scope of 

the research by incorporating additional variables and expanding the population and sample 

coverage so that the research results become more diverse.   
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Abstract 

Polyethylene (PE) becomes a source of microplastics that can be widely distributed through the digestive and 

respiratory systems. However, its effects on blood cells are still being investigated. This study aims to analyze the 

impact of Polyethylene Microplastic (PE-MPs) exposure on the blood of female rats, including erythrocytes, 

leukocytes, and platelets. This study used female Wistar rats, which were divided into control and PE-MP groups. PE-

MP was administered via whole-body inhalation at a concentration of 15 mg/m³ for 4 hours daily for 28 days. The 

absorption of plastic particles detected in the human bloodstream is likely to occur through mucosal contact (either 

through ingestion or inhalation). After the exposure period, the rats were euthanized to collect blood samples through 

the heart. A complete blood count was performed using an automatic hematology analyzer, and blood morphology was 

analyzed using thin blood smears. This study used the Mann-Whitney test. PE-MP exposure increased erythrocyte and 

platelet counts without a corresponding rise in leukocytes. Erythrocytes showed abnormal morphology (12.73% with 

ovalocytes and tear-shaped cells). Erythrocyte indices (MCV, MCH, MCHC) showed no significant differences. 

Platelet count rose by 1.7% (p-value= 0.017). Leukocyte and neutrophil counts were lower (0.84 and 0.94 times lower, 

respectively), while lymphocytes and monocytes were higher (1.03 and 1.61 times higher, respectively) in the PE-MP 

group compared to controls. The neutrophil-to-lymphocyte ratio did not differ significantly. PE-MP exposure in rats 

disrupts blood parameters, altering erythrocyte morphology and increasing platelet counts. Potential causes include 

oxidative stress, immune responses, and compensatory mechanisms. Study limitations include a small sample size and 

exclusive focus on inhalation exposure. Integrating multiple exposure routes (inhalation, ingestion, dermal) could offer 

a broader view of microplastic impacts. Future research with larger samples, diverse doses and durations, and 

exploration of additional markers or organ-specific effects is crucial for understanding PE-MP toxicity in real-world 

scenarios.                 
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1. INTRODUCTION 

According to UN Comtrade data in 2018, the five major countries exporting plastic waste 

to Indonesia are the United States, Germany, the Marshall Islands, the Netherlands, and 

Australia. Approximately 9 million tons of plastic waste are produced annually in Indonesia, 

accounting for 15% of the national total. Plastic waste often ends up in rivers, comprising 20% 

to 38% of debris collected from water bodies in cities, with recycling efforts predominantly 

informal (15%). Plastic waste is frequently purchased by brokers or small traders. In East Java, 

Bangun and Tropodo villages in Sidoarjo Regency receive over 50 tons of plastic waste daily. 

In Tropodo, Sidoarjo Regency, East Java, about 50 tofu factories use plastic waste as fuel for 

their furnaces (Petrlik et al.,2019). Overall, this issue highlights serious challenges in plastic 

waste management in Indonesia, with significant environmental and public health impacts. 

Plastic waste inevitably releases into the environment, degrading mechanical and 

physicochemical characteristics, leading to the formation of plastic fragments. These fragments 

are termed microplastics (MPs) if their size is below 5 mm (Stock et al., 2021). MPs spread 

through air, water, and soil and can enter human bodies through ingestion and respiration. 

Exposure to MPs can cause toxicity in humans through inflammation and the accumulation of 

reactive oxygen species (ROS) (Enyoh et al., 2019). 

Free radicals from MP exposure can cause damage to red blood cells and a decrease in 

erythrocytes (Franco et al., 2019). The high concentration of transition metal ions, 

oxyhemoglobin, and molecular oxygen in erythrocytes makes these cells very susceptible to 

oxidative damage (Qasim & Mahmood, 2015). The toxic effects of MP exposure also cause 

immune responses and reproductive and developmental toxicity (Li et al., 2023). Additionally, 

studies on MP exposure in fish cells in vitro reveal that MPs alter leukocyte and B cell activity 

(Zwollo et al., 2021; Espinosa et al., 2018). A recent study (Wu et al., 2023) showed that 

microplastics were found in thrombi and could increase the risk of hemostasis disorders. The 

impact of MP use on female mammals, whose blood is predominantly affected, remains 

uncertain. Microplastics can enter the fetus through the placenta, and babies can also ingest 

particles through breast milk. 

In this study, we investigated the impact of polyethylene MP in vivo. Polyethylene 

Microplastics (PE-MPs) were used as a representative plastic test material because it is the most 

common type of plastic in the world (Rodrigues et al., 2019). Polyethylene plastic is often used 

as single-use plastics (SUP), such as plastic bags, plastic bottles, houseware, and other items 

(Mentes et al., 2023). PE has the ability to change easily during processing, providing relatively 

longer chain length, density, and crystallinity, allowing PE products to have properties tailored 

for various applications. High-density polyethylene (HDPE) and low-density polyethylene 

(LDPE) are some types of PE plastics. HDPE is lightweight and has good tensile strength, while 

LDPE has good chemical resistance (Kumar et al., 2022). Research shows that PE MPs are 

more easily absorbed and accumulated in the body (Yang et al., 2022). 

In this study, PE-MPs were administered via whole-body inhalation to female rats. Female 

rats were chosen because they have a distinctive estrous cycle, making them ideal for studying 

the impact of environmental toxins on reproductive and endocrine systems. Additionally, this 

choice helps avoid bias in the study. Microplastics were administered at multiple doses for 28 

days to assess their toxicity in the blood, particularly on red blood cells/erythrocytes, white 

blood cells/leukocytes, and platelet/thrombocyte profiles. The broader implications of our 

research findings highlight significant public health concerns. Since polyethylene microplastics 

are prevalent in the environment and commonly used in single-use plastics, our study suggests 

that chronic exposure to these particles could adversely affect blood health. This raises concerns 

about similar impacts on human health, especially for populations with high exposure to 
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airborne microplastics. Understanding the toxicological effects of PE-MPs can inform 

regulatory policies and promote the development of safer plastic alternatives, ultimately 

contributing to improved public health outcomes by mitigating the risks associated with 

microplastic exposure. 

 

2. RESEARCH METHOD 

 This study is a true experimental research with a post-test-only control group design 

conducted in 2023 at the Pharmacology and Biochemistry Laboratory of the Faculty of 

Medicine, Brawijaya University. The experimental animals used in this study were female 

Wistar rats (Rattus norvegicus) aged 12-15 weeks. The rats were housed and fed standard food 

and water. They were divided into Control and Polyethylene Microplastics (PE-MPs) groups, 

consisting of 5 rats in the Control group and 6 rats in the PE-MP group, with the difference in 

sample size due to dropouts. The determination of sample size in this study followed the 

"Resource Equation Approach" described in the journal (Arifin and Zahiruddin, 2017). All rats 

were housed in standard animal facilities at Brawijaya University, and every effort was made 

to minimize the number of animals used and their suffering. Only rats with regular estrous 

cycles were included in the study. These animals were synchronized to the same estrous cycle 

phase. The estrous cycle influences various physiological processes, including immune 

function and metabolism. By selecting rats with regular cycles and exposing them at the same 

phase, this study controlled hormonal fluctuations, ensuring that any observed effects on blood 

toxicity could be directly attributed to PE-MP exposure rather than hormonal variations, thus 

reducing potential confounding variables related to hormonal changes. The entire experimental 

protocol was approved by the Animal Care and Use Committee of Brawijaya University 

(Approval No. 254/EC/KEPK/08/2023). 

 Polyethylene Microplastics (PE-MP) exposure was conducted on rats in the estrous 

phase. PE-MP exposure was done using a blower containing PE powder. The average size of 

PE-MPs in this study was 252.76 ± 4.401 micrometers, obtained from a fine powder form of 

PE plastic purchased from CV. Subur Kimia Jaya (lot number 2110052) and analyzed at the 

Ecoton Laboratory in Gresik. The exposure was conducted via whole-body inhalation for 4 

hours daily for 28 days with a PE-MP concentration of 15 mg/m³ in a 60x60x60 cm inhalation 

chamber. The exposure dose and duration followed the limits allowed by the Occupational 

Safety and Health Administration (OSHA) (Cary, et al., 2022). 

 Blood Collection and Hematology Analysis. Blood collection was done after 28 days of 

PE-MP exposure by extracting 0.5 ml of blood from the rat's heart. The rats were euthanized 

via deep anesthesia using diethyl ether for 1 minute to help minimize the stress response in the 

animals. Stress can significantly alter blood parameters, such as increasing cortisol levels and 

affecting white blood cell counts. By reducing stress, the anesthetic approach helps maintain 

the validity of the measured blood parameters. Blood was then collected in vacutainer tubes 

containing EDTA (Ethylene Diamine Tetraacetic Acid). The following parameters were 

analyzed using an automatic hematology analyzer (ABX Micros 60 Hematology Analyzer): 

total red blood cell/erythrocyte count, erythrocyte indices, platelet count, and leukocyte count. 

 Blood was thinly smeared on glass slides, and its morphology was analyzed to identify 

changes in erythrocyte shape. To determine the impact of PE-MP exposure as a xenobiotic 

agent triggering the immune system, leukocyte analysis was performed using an Olympus® 

CX-21 microscope with 400x magnification for each group. 

 Data obtained in this study were statistically analyzed using the Mann-Whitney test with 

GraphPad Prism® 5 software at a significance level of 0.05 (p<0.05). Data are presented as 

mean ± S.E.    
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3. RESULTS AND DISCUSSION 
Polyethylene Microplastic (PE-MP) Exposure may increase the number of erythrocytes. We 

analyzed erythrocyte count, hematocrit, and hemoglobin levels to determine the effect of PE-MP 

exposure on the number and oxygen-binding ability of erythrocytes. As shown in Figure 1, the number 

of erythrocytes in the PE-MPs group is 1.07 times higher than control. Hematocrit and hemoglobin 

levels in the PE-MP group also show 1.08 and 1.09 times higher than the control, respectively, even 

though not statistically different. Subsequently, we were interested in learning the size and volume of 

the variance of erythrocytes. Then, we performed The Red Cell Distribution Width (RDW) test. In this 

study, the PE-MP group shows no different variations compared to the control group.  

 

 
Figure 1. Polyethylene microplastic (PE-MP) exposure may increase erythrocyte counts, hematocrit, 

and hemoglobin level but not red cell distribution width. (A) Erythrocyte count (B) Hematocrit test (C) 

Hemoglobin level (D) Red cell distribution width- standard deviation. ns, insignificant. 

 

Polyethylene Microplastic (PE-MP) Exposure alters the morphology of erythrocytes. To 

identify alterations in the form of erythrocytes, we underwent a blood smear. The control group displays 

erythrocytes with a round form shaped like a disc. Conversely, PE-MP group displays 12.73% of 

abnormal erythrocyte such as ovalocytes and teardrop-like cells (Figure 2).  

 

 
Figure 2. A blood smear of the PE-MPs group reveals a large number of erythrocytes with abnormal 

morphology. Asterisk (*) means cells with abnormal morphology. 
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Polyethylene Microplastic (PE-MP) Exposure does not affect the measurement of the erythrocyte 

index. To re-check the volume and concentration amount of hemoglobin in erythrocytes, we performed 

an erythrocyte index analysis consisting of Mean Corpuscular Volume (MCV), Mean Corpuscular 

Hemoglobin, and Mean Corpuscular Hemoglobin Concentration (MCHC). There are no significant 

differences between groups (Figure 3).  

 

 
Figure 3 Polyethylene Microplastic Exposure may result in a slight increment of erythrocyte index. (A) 

Mean Corpuscular Volume (B) Mean Corpuscular Hemoglobin (C) Mean Corpuscular Hemoglobin 

Concentration. ns, insignificant.   

 

Polyethylene Microplastic (PE-MP) Exposure enhances the number of thrombocytes. To identify 

the blood clotting risk, we examine the thrombocyte count. As shown in Figure 4, the number of 

thrombocytes increases by 1.7% after exposure to PE-MPs (p-value= 0.017). 

 

 
Figure 4. Polyethylene microplastics increase thrombocyte count. 

 

Polyethylene Microplastic (PE-MP) Exposure does not affect the leukocytes. To know about the 

effect of PE-MP exposure as a xenobiotic agent triggers the immune system, we underwent leukocyte 

analysis (Figure 5). Leukocyte and Polymorphonuclear leukocyte/neutrophil counts in the PE-MP group 

tend to be lower than in control groups (0.84 and 0.94 times lower, respectively). In contrast, 

mononuclear leukocyte count, such as lymphocyte and monocyte in the PE-MP group, show a higher 

amount than the control. More specifically, the mononuclear leukocyte count of the PE-MP group 

displays 1.03 and 1.61 times greater than the control. The neutrophil-lymphocyte ratio is conducted to 

evaluate inflammatory responses. We found that the ratio between groups was quite similar.  
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Figure 5. Leukocytes counts are unaffected by exposure to Poly Ethylene microplastics. (A) Leukocyte 

count (B) Neutrophil count (C) Lymphocyte count (D) Monocyte count (E) Monocyte count (F) 

Neutrophyl/ Lymphocyte ratio. ns: not significant.   

 

The studies on how microplastics, especially PE-MPs, affect the human body are still in 

the exploratory stages. Plastic particles can enter the human body through the consumption of 

contaminated food and water supplies or by inhaling plastic particles in the air originating from 

synthetic textiles and polluted outdoor air. Although the skin membrane is too fine to be 

penetrated by plastic particles, nanoplastics can penetrate wounds and weaken the skin barrier, 

either directly or indirectly (Yee et al., 2021). This research demonstrates PE-MP exposure to 

blood cell parameters using a female rat model. The initial analysis found a significant increase 

in erythrocytes, commonly referred to as red blood cell count, after exposure to microplastics. 

Additionally, the results indicate that although hematocrit and hemoglobin levels did not 

significantly differ between groups, it is noteworthy that PE-MP treatment resulted in higher 

hematocrit and hemoglobin concentrations compared to the control. The high erythrocyte count 

in this study may be related to the model's compensatory ability to exposure. Microplastics can 

impact erythrocyte deformability and oxygenation, leading to low oxygen status in the body 

(Nader et al., 2019). Perceived oxygen deficiency can trigger the release of erythropoietin from 

the kidneys, stimulating the bone marrow to produce more erythrocytes for adequate 

reoxygenation processes (Arias et al., 2024; Lee et al., 2019). On the other hand, the high 

hemoglobin concentration observed may be due to microplastic-mediated ROS-induced 

erythrocyte hemolysis. 

Polyethylene Microplastic (PE-MP) Exposure may increase the number of erythrocytes, 

the morphology of erythrocytes, the measurement of the erythrocyte index, and the number of 

thrombocytes, affect the leukocytes. Intoxicated erythrocytes showing abnormal morphology 

may reflect pre-apoptotic erythrocyte death, as seen in fish experiments (Hamed et al., 2021). 

These findings are partially confounded by previous studies stating that microplastic exposure 
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for over a month can inhibit hematopoiesis, causing erythrocyte morphological changes 

(poikilocytosis) and inducing eryptosis through cellular reactive oxidative stress and 

inflammation, which, through these mechanisms, are expected to decrease erythrocyte lifespan 

and count (Abdel-Zaher et al., 2023; Hamed et al., 2021; Rajendran & Chandrasekaran, 2023). 

This study also shows that platelets experienced a significant increase in PE-MP exposure 

compared to the control. This somewhat aligns with other research where microplastics 

increase the risk of thrombosis, which cannot occur without an increase in platelet count (Lett 

et al., 2021). Inflammation and response to chemicals can trigger thrombocytosis (Schafer, 

2001). 

Plastic particles have various excretion pathways from the human body, including 

elimination through the kidneys, bile, or accumulation in organs like the liver, spleen, or other 

organs. Various factors such as particle size, shape, surface, chemistry, and charge influence 

their interaction with biological systems, including the formation of a protein layer on the 

particle surface. Blood, as the primary transport medium in the body, allows direct sampling 

without contact with plastic materials, making it an ideal matrix for monitoring plastic particles 

in the human body (Leslie et al., 2022). 

No significant statistical differences between groups were found in leukocyte analysis. 

Interestingly, polymorphonuclear leukocytes (PMNs) showed a decreasing trend while 

mononuclear leukocytes (MNs) showed the opposite trend. Lead poisoning shows a similar 

“right shift” leukocyte analysis (Chwalba et al., 2018). One indicator of inflammation is the 

neutrophil-to-lymphocyte ratio. However, the overall estimated group ratio is still less than 1, 

indicating a decrease in neutrophil count in the blood, thus reducing the ability for an 

appropriate immune response (Buonacera et al., 2022). 

The potential internalization and clearance mechanisms of microplastics in the lungs 

involve lung lining fluid (surfactant and mucus) reducing the likelihood of microplastic 

transfer. Particles <10 μm are cleared by mucociliary action, while particles <1 μm are absorbed 

through the epithelium and can also penetrate the thin lung lining fluid and contact the 

epithelium, circulating and metastasizing via diffusion or active cellular uptake. Surface charge 

and molecular surface interactions of different microplastics affect immune cell clearance. For 

macrophages, positively charged MPs and coated MPs (combined with proteins or other 

substances) are more likely to interact with cell membranes. Other immune cells are also 

involved in defense against MPs, such as antigen presentation by dendritic cells and trapping 

and phagocytosis of MPs through NET release by neutrophils, leading to immune activation 

(Yang et al., 2022). 

The differences in results compared to previous studies are thought to be due to the 

relatively low microplastic exposure concentration, which is 15 mg/m3. As suggested by many 

studies, differences in size, dose, and exposure time to MPs can produce different defense 

mechanisms and toxicity effects for different organs and systems (Farag et al., 2023; Iheanacho 

& Odo, 2020; Wang et al., 2022). Subacute inhalation toxicity studies often aim to determine 

concentration limits to assess risks for workers in occupational environments. This study was 

conducted to assess the impact of repeated daily inhalation exposure to chemicals over a 28-

day period (OECD, 2018). Further research needs to address these issues using higher 

concentrations and longer microplastic exposure times to obtain more conclusive results. 

 

4. CONCLUSION    

This research shows that exposure to PE-MPs increases the number of erythrocytes and 

thrombocytes without increasing leukocyte response. Potential causes include oxidative stress, 

immune system reactions, and compensatory mechanisms. Limitations of this study include a 

relatively small sample size of rats and focusing only on inhalation exposure. A combination 

of exposure routes (inhalation, ingestion, dermal) may provide a more comprehensive 
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understanding of the overall impacts of microplastics. The study primarily focused on 

hematological parameters. Other biological markers or specific organ effects were not assessed, 

which could provide additional insights into PE-MP toxicity. Further research is needed with 

larger sample sizes, varying concentrations and durations of exposure, and combining different 

exposure routes (inhalation, ingestion, dermal) to better mimic real-world scenarios and gain a 

holistic understanding of microplastic effects. Recommendations for tofu factory workers, 

scavengers, and sanitation workers include using personal protective equipment such as gloves, 

masks, and coveralls to reduce direct contact with plastic waste. Supporting policies that 

promote safer working conditions, reduce environmental pollution from plastic waste, and 

enhance waste management practices and recycling initiatives are also crucial.   
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Abstract 

Hypertension is the cause of death in Indonesia, with 23.8% of the 1.7 million population. 

Management of primary hypertension is non-pharmacological therapy carried out by modifying 

lifestyle, namely increasing consumption of nuts that contain bioactive components that are 

beneficial for sufferers of primary hypertension, such as edamame (Glycine max (L.) Merrill). 

This study aims to determine how giving edamame jelly reduces blood pressure in primary 

hypertension patients. This research was quasi-experimental and used a pre-post-test control 

group design. The study population consisted of outpatients at the Sumbersari Jember Community 

Health Center who met the inclusion and exclusion criteria, totaling 42 subjects. Subjects were 

randomly divided into treatment and control groups. The intervention group was given amlodipine 

5 mg/day and edamame jelly 150 grams/day. The control group was only assigned 5 mg of 

amlodipine. Statistical tests use the Paired t-test, Wilcoxon signed-rank test, and Mann-Whitney 

U-tests. The test results showed a significant difference in systolic and diastolic blood pressure 

between the control and treatment groups with a p-value <0.001. The median systolic blood 

pressure of the control group was 147.5 mmHg, and that of the treatment group was 130 mmHg. 

The median diastolic blood pressure in the control group was 90 mmHg, and the treatment group's 

was 80 mmHg. The reduction in systolic blood pressure in the treatment group was 17.5 mmHg 

greater than in the control group. The decrease in diastolic blood pressure in the treatment group 

was 10 mmHg greater than in the control group. Giving 150 grams of edamame jelly/day for 30 

days effectively reduces blood pressure in sufferers of primary hypertension.                 

Keywords: Blood Pressure, Edamame, Primary Hypertension. 
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1. INTRODUCTION 

Hypertension is a trigger for cardiovascular disease, which causes death throughout the 

world. Hypertension is called the silent killer because it often occurs without symptoms (Lazdia 

et al., 2020). Hypertension attacks 22% of the world's population, and the incidence rate in 

Southeast Asia has reached 36%. The death rate due to hypertension in Indonesia was 23.8% 

of the 1.7 million population in 2019 (Abbafati et al., 2020). Based on the 2023 Indonesian 

Health Survey (SKI) report, the national prevalence of hypertension is 29.2%, and East Java 

Province exceeds the national average of 32.8% (Kementerian Kesehatan RI, 2023). The 

number of hypertension sufferers aged ≥15 years in Jember Regency is 741,735 people, with 

the most significant number of hypertension sufferers being at the Sumbersari Community 

Health Center, with 26,736 people  (Dinas Kesehatan Kabupaten Jember, 2020) 

Hypertension occurs due to the thickening of the blood vessel walls and loss of elasticity 

of the artery walls. The heart will pump blood faster, and peripheral resistance increases, 

increasing blood pressure (Yuni, 2016). Consuming foods containing potassium, calcium, and 

magnesium can lower blood pressure in people with hypertension. Potassium lowers blood 

pressure by reducing sodium in the urine and extracellular fluid, while calcium relaxes blood 

vessel muscles to stabilize blood pressure (Rohatin & Prayuda, 2020). According to 

Nurmayanti & Kaswari (2020), if the magnesium concentration in the blood increases, the heart 

muscle can work optimally and reduce blood pressure. 

Hypertension is divided into two, namely primary and secondary hypertension. Primary 

hypertension is suffered by >90% of patients. Management of primary hypertension is divided 

into pharmacological and non-pharmacological therapy. One of the non-pharmacological 

therapies can be done by modifying lifestyle (Yulanda & Lisiswanti, 2017). One healthy 

lifestyle that you can adopt is increasing your consumption of nuts. Nuts that contain bioactive 

components that are beneficial for sufferers of primary hypertension are vegetable soybeans or 

edamame (Glycine max (L.) Merrill). Edamame is a source of protein, carbohydrates, fibre, 

amino acids, potassium, calcium, and magnesium. Phytochemical components in edamame, 

such as isoflavones, sterols, and saponins, can reduce the risk of hypertension (Samruan et al., 

2014). 

The vitamin C in edamame helps reduce systolic and diastolic blood pressure because an 

increase in nitric oxide can counteract oxidative stress in the endothelium (Bhagwat & 

Haytowitz, 2015). Isoflavones, free radical-fighting antioxidants found in edamame, can 

improve the immune system, reduce the risk of arteriosclerosis (hardening of the arteries), and 

lower blood pressure (Ningsih et al., 2018). Research using 25 grams of edamame with the 

drug amlodipine 5 grams/day for 30 days by Sumarni et al. (2020) Showed results in reduced 

blood pressure, both systolic and diastolic, in WUS suffering from hypertension. 

Edamame is one of the mainstay commodities that is characteristic of Jember Regency. 

The largest and most superior edamame production center in Indonesia is also in Jember 

Regency because the edamame produced has succeeded in penetrating the international market 

or being exported abroad. Edamame has been developed into a functional food by processing 

it into jelly as an intervention for primary hypertension sufferers. The choice of jelly was 

because, in previous research, the edamame was given in frozen form with a hard texture. In 

contrast, jelly is a semi-solid food ingredient popular with all groups because of its dense and 

chewy texture (Prakarsa, 2017). Making edamame jelly involves mixing edamame with 

carrageenan, a seaweed ingredient that functions as a gel former. Carrageenan has a high fibre 

and potassium content, which can help reduce the risk of hypertension if consumed 

(Kusumaningrum & Rahayu, 2018). This study aims to determine how giving edamame jelly 

reduces blood pressure in primary hypertension patients at the Sumbersari Community Health 

Center, Jember Regency. 
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2. RESEARCH METHOD 

This research was quasi-experimental and used a pre-test and post-test with a control 

group design. This design uses two groups: a control group and a treatment group. The 

treatment group was given standard medication from the community health center, namely 5 

mg amlodipine and edamame jelly, for 30 days, while the control group was only given 5 mg 

amlodipine obtained from the community health center. 

Making edamame jelly refers to previous research with several modifications to the 

additional ingredients (Afiska et al., 2021). The ingredients used are 25 grams of cooked 

edamame, 16.7 grams of granulated sugar, 2.3 grams of carrageenan, 0.7 grams of vanilla 

powder, and 450 ml of water. The total weight of cooked edamame used refers to previous 

research (Sumarni, 2020). By modifying the recipe, it produces 150 grams of edamame jelly 

per serving. The process for making edamame jelly is to boil raw edamame for ± 5 minutes, 

peel the edamame and weigh it according to the weight listed, blend the edamame with 100 ml 

of boiled water until smooth, then pour it into a container, dissolve the carrageenan with 50 ml 

of boiled water in a separate container then stir well. Until there are no lumps, add granulated 

sugar to the bowl of fine edamame and stir well; put the dissolved carrageenan into the 

edamame container, then stir until evenly mixed; heat and cook the mixture over low heat while 

continuing to stir, add vanilla powder if the mixture pops and stir evenly, remove the mixture, 

pour it into serving cups, then refrigerate for at least 2 hours. The edamame jelly is ready to 

serve. 

The research population was outpatients at the Sumbersari Community Health Center, 

Jember Regency, in March – April 2023 who had been diagnosed with primary hypertension 

with systolic blood pressure >140 mmHg and diastolic >90 mmHg based on the results of 

examinations carried out by the doctor in charge of the community health centre and patient 

register data totaling 139 people. This data was matched with patient medical records, and it 

was discovered that 72 patients had complications, 11 people were taking amlodipine 10 mg, 

and three people were pregnant. Fifty-three research subjects met the inclusion criteria, 

including outpatients who had been diagnosed with primary hypertension with systolic blood 

pressure >140 mmHg and diastolic >90 mmHg based on the results of examinations carried out 

by the doctor in charge of the health center, taking amlodipine 5 mg, and able to communicate. 

The subject has no memory problems, is 31 – 59 years old, is not pregnant, is not breastfeeding, 

and is willing to sign an informed consent form. Subjects were excluded if they were diagnosed 

with diabetes mellitus, coronary heart disease, kidney dysfunction, stroke, and cancer, which 

was known from the diagnosis of the doctor in charge of the community health center and based 

on medical record data from the community health center, had experienced allergies or 

intolerance to soybeans or edamame, smoked and consumed alcohol, the subject is not willing 

to be a respondent and the subject's address is not found. The sample size is calculated using 

the following formula (Sastroasmoro & Ismael, 2014): 

 

n1 = n2 =  2  (Zα + Zβ) x SD   2 

    X1 – X2 

Information : 

n = Sample size 

Zα = Type I error (1.96) 5% 

Zβ = Type II error (0.84) 80% 

SD = Standard deviation based on previous research 

X1 – X2 = Average difference based on previous research 

Based on previous research by Sumarni et al (2020), the standard deviation was 20.575, 

and the mean difference was 20.7. 
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n  =  2    (Zα +  Zβ) x SD   2 

                    X1 – X2 

 

   = 2   (1,96 + 0,84) x 20,575  2 

                    20,7 

   = 2 (2,78)2 

   = 15,4 = 15 

 

The number of research samples was calculated by adding the previous values into the 

formula; the result was that n1 = n2 was 15 to anticipate dropout, then 10% was added so that 

n1 = n2 was 17 samples and a total of 34 samples. The research sample criteria were as 

described previously by looking at patient visit data in March and April 2023, then selected 

according to consecutive sampling to obtain a minimum number of subjects. The subjects of 

this research were 42 people who met the inclusion and exclusion criteria. Two people dropped 

out because they traveled out of town and did not want to continue, so the number of subjects 

who took part in this research until completion was 40, with details of 20 people in the treatment 

group and 20 people in the control group. 

This research was conducted for 30 days, from May to June 2023. The treatment group 

received 5 mg amlodipine and 150 grams of edamame jelly, which they consumed every day. 

Edamame jelly is made from 25 grams of cooked edamame, 16.7 grams of sugar, 2.3 grams of 

carrageenan, 0.7 grams of vanilla powder, and 150 ml of water. Edamame jelly is consumed 

every day as an afternoon snack. The control group received 5 mg amlodipine, which was 

consumed once every day for 30 days. Blood pressure measurements on all research subjects 

were carried out before entering the treatment day. Blood pressure measurements were 

performed again on the sixteenth day of treatment and after treatment, namely on the thirty-

first day. 

Test normality of blood pressure data using the Shapiro-Wilk method (<50 respondents). 

A comparative test of differences in mean blood pressure before and after treatment in two 

paired groups using the paired t-test for normally distributed data and the Wilcoxon signed rank 

test for data that is not normally distributed. The comparative test for differences in mean blood 

pressure between the control and treatment groups used the Mann-Whitney U Test because 

there was data that was not normally distributed. Statistical data analysis using the STATA 

application version 15 and Flourish for data visualization and storytelling. This research has 

received approval from the Research Ethics Commission of the Faculty of Medicine, Sebelas 

Maret University, with letter number 92/UN27.06.11/KEP/EC/2023 on May 10, 2023. 

 

3. RESULTS AND DISCUSSION 

Subject characteristics in this study included gender, age, BMI, education, and 

occupation. Table 1 shows the distribution of research subject characteristics. 

 
Table 1. Frequency Distribution Based on Research Subject Characteristics 

Subject characteristics 
Control Edamame Jelly 

p-value 

n (%) n (%) 

Gender       

Male 5 (25.0) 5 (25.0) 
0.642 

Female 15 (75.0) 15 (75.0) 

Education       

No school 1 (5.0) 3 (15.0)  
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Elementary school 4 (20.0) 5 (25.0)  

0.825 Junior high school 5 (25.0) 4 (20.0) 

Senior high school 8 (40.0) 6 (30.0) 

College 2 (10.0) 2 (10.0) 

Work       

Housewife 13 (65.0) 14 (70.0) 

0.703 

Government employees 1 (5.0) 0 (0.0) 

Private sector employee 4 (20.0) 3 (15.0) 

Businessman 2 (10.0) 2 (10.0) 

Retired 0 (0.0) 1 (5.0) 

Age (years)     

25 – 34 0 (0.0) 1 (5.0) 

0.619 
35 – 44 3 (15.0) 4 (20.0) 

45 – 54 11 (55.0) 6 (30.0) 

55 – 64  6 (30.0) 9 (45.0) 

Body mass index      

Normal 12 (60.0) 9 (45.0) 

0.412 Fat 3 (15.0) 2 (10.0) 

Obesity 5 (25.0) 9 (45.0) 
a 2 Test 

Source: Primary data (2023) 

 

Based on Table 1, the number of subjects is more female than male. Most respondents in 

the control and treatment groups were educated in high school. The most common occupation 

in the control and treatment groups was housewife. Both groups' most extensive age range was 

45–54, and the highest BMI was normal. The p-value>0.05 for each characteristic indicates 

that gender, education, occupation, and history of hypertension from fathers and mothers from 

both groups are homogeneous, and there are no significant differences. 

The data obtained in this research was subjected to a normality test to determine whether 

the data was normally distributed or not. The data normality test in this study used the Shapiro-

Wilk test because the research sample was <50. In the pretest data normality test, both groups' 

systolic and diastolic blood pressure was usually distributed. Posttest data on systolic and 

diastolic blood pressure in the control group showed a p-value <0.05, which means the data 

was not normally distributed, whereas, in the treatment group, the data showed a normal 

distribution so that the correct test for differences in posttest data between the control and 

treatment groups was the Mann-Whitney test. The normality test of pretest and post-test data 

for systolic and diastolic blood pressure in the treatment group showed that the data were 

normally distributed, so the difference test used the paired t-test. The control group's systolic 

and diastolic blood pressure contained abnormally distributed data, so the pretest-posttest 

difference test used the Wilcoxon signed rank test. The next stage of statistical testing was 

conducted to determine the difference in blood pressure before and after giving edamame jelly 

to each group and the difference in blood pressure between the treatment and control groups 

after giving edamame jelly. 

The statistical test to determine the difference in blood pressure between the pretest and 

posttest on a numerical scale was the Wilcoxon signed rank test in the control group and the 

paired t-test in the edamame jelly treatment group. The statistical test results are shown in 

Figures 1 and 2. The mean is marked with a white diamond symbol in the middle of the box, 

and the median is marked with a red horizontal line in the middle. 
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SD: standard deviation; IQR: interquartile range 

 

Figure 1. The difference in systolic blood pressure before and after giving edamame jelly to 

the control and treatment groups. 
 

 
 

SD: standard deviation; IQR: interquartile range   
 

Figure 2. Difference in diastolic blood pressure before and after giving edamame jelly to the 

control and treatment groups. 

 

In Figure 1, the mean systolic blood pressure in the control group before treatment was 

152 mmHg, and after treatment was 144.8 mmHg. The mean systolic blood pressure before 

giving edamame jelly in the treatment group was 155 mmHg, and after giving edamame jelly 

was 129.8 mmHg. The reduction in systolic blood pressure in the control group was 7.2 mmHg, 

and in the treatment group was 25.2 mmHg. In Figure 2, the mean diastolic blood pressure in 

the control group before treatment was 96 mmHg, and after treatment was 90.3 mmHg. The 

average diastolic blood pressure before giving edamame jelly in the treatment group was 98.3 
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mmHg, and after giving edamame jelly was 81.5 mmHg. The reduction in diastolic blood 

pressure in the control group was 5.7 mmHg, and in the treatment group was 16.8 mmHg. 

It can be seen that the mean blood pressure, both systolic and diastolic, in the edamame 

jelly and control groups decreased. Still, the difference in a reduction for systolic blood pressure 

was significantly more significant in the edamame jelly group (-25.2 mmHg, p-value = 0.000) 

compared to the control group (-7.2 mmHg, p-value = 0.0002). Similar results were also 

observed for diastolic blood pressure, where the edamame jelly group had a significantly more 

significant difference in reduction, namely -16.8 mmHg with a p-value = 0.0001 compared to 

the control group (-5.7 mmHg, p-value = 0.0003). 

Based on the previous normality test results, the Mann-Whitney test was used to analyze 

the difference in post-test systolic and diastolic blood pressure between the control and 

edamame jelly groups. The analysis results are shown in Figure 3 for systolic blood pressure 

and Figure 4 for diastolic blood pressure. 

 

 
SD: standard deviation; IQR: interquartile range  
 

Figure 3. Differences in systolic blood 

pressure after administration of edamame 

jelly 

SD: standard deviation; IQR: interquartile range  
 

Figure 4. The difference in diastolic blood 

pressure after administration of edamame jelly 

 

Systolic and diastolic blood pressure after treatment was significantly lower in the 

edamame jelly group compared to the control group (p <0.001). The mean systolic blood 

pressure after treatment in the control group was 144.8 mmHg. In the treatment group, it was 

129.8 mmHg, with the difference in mean systolic blood pressure between the control group 

and edamame jelly being 15 mmHg. The mean diastolic blood pressure in the control group 

was 90.3 mmHg; in the treatment group, it was 81.5 mmHg, with a mean difference of 8.8 

mmHg. 

In this study, a multivariate analysis was also carried out to determine the effect of giving 

edamame jelly on blood pressure after treatment by considering the influence of several 

characteristics of the respondents at once. The research sample consisted of 40 people, so a 

maximum of only three confounding variables (covariates) could be added to the multivariate 

analysis, referring to the rule of thumb N = 10 x number of covariates. The sociodemographic 

variables chosen were classic variables relevant to hypertension, namely age, gender, and BMI.  
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Analysis of covariance (ANCOVA) was used to determine the effect of giving edamame 

jelly on systolic blood pressure by controlling the variables age, gender, and BMI. The test 

results are listed in Table 2. 

 

Table 2. Influence of demographic factors on systolic blood pressure after giving edamame 

jelly 

Source Type III Sum of 

Squares 

df Mean Square F Sig. 

Corrected Model 2417.076a 4 604.269 12.222 .000 

Intercept 9520.420 1 9520.420 192.562 .000 

Age  2.478 1 2.478 .050 .824 

Gender 109.588 1 109.588 2.217 .145 

BMI 23.734 1 23.734 .480 .493 

Edamame Jelly Feeding 2238.290 1 2238.290 45.272 .000 

Error 1730.424 35 49.441   

Total 757650.000 40    

Corrected Total 4147.500 39    

R Squared = .583           (Adjusted R Squared = .535) 
a ANCOVA; * Statistically meaningful (p<0,05). 

 

Table 2 shows that age, gender, and BMI do not influence systolic blood pressure. 

Administration of edamame jelly together with sociodemographic factors explained the systolic 

blood pressure value by 53.5% (adjusted R2=0.535), while the rest was influenced by other 

factors not studied. 

 

Table 3. Effect of demographic factors on diastolic blood pressure after administration of 

edamame jelly 

Source Type III Sum of 

Squares 

df Mean Square F Sig. 

Corrected Model 833.978a 4 208.495 20.248 .000 

Intercept 3914.792 1 3914.792 380.186 .000 

Age 6.433 1 6.433 .625 .435 

Gender 16.342 1 16.342 1.587 .216 

BMI 26.766 1 26.766 2.599 .116 

Edamame Jelly Feeding 797.686 1 797.686 77.467 .000 

Error 360.397 35 10.297   

Total 296175.000 40    

Corrected Total 1194.375 39    

R Squared = .698 (Adjusted R Squared = .664) 
  a ANCOVA; * Statistically meaningful (p<0,05). 

  

Table 3 shows that age, gender, and BMI do not influence diastolic blood pressure. 

Administration of edamame jelly together with sociodemographic factors explained the systolic 

blood pressure value by 66.4% (adjusted R2=0.664), while the rest was influenced by other 

factors not studied. 

Based on the results of research in the treatment and control groups, respondents aged 

>40 years were more likely to suffer from primary hypertension than those aged under 40 years. 

These results are in line with the research conducted. Meliana (2021), Hypertension is common 

after a person is 40 years old because the blood vessels narrow and become stiff, so blood 
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pressure will also increase. Gender in the treatment and control groups, more female 

respondents suffered from primary hypertension than men. These results are in line with the 

research conducted. Ayukhaliza (2020), it states that women tend to have higher blood pressure 

due to hormonal factors, namely a reduction in the hormone estrogen, and psychological 

factors, such as changes within the woman. 

The results of the test analysis show that there are significant differences before and after 

treatment in both the treatment and control groups. The mean reduction in systolic blood 

pressure in the treatment group was 25.2 mmHg (p = 0.000), and the diastolic blood pressure 

was 16.8 mmHg (p = 0.0001). The mean decrease in systolic blood pressure in the control group 

was 7.2 mmHg (p = 0.0002), and the reduction in diastolic blood pressure was 5.7 mmHg (p = 

0.0003). This shows a more significant decrease in systolic and diastolic blood pressure in the 

treatment group than in the control group. A reduction in blood pressure of 20/10 mmHg in 

hypertensive patients can reduce the risk of cardiovascular events by 50% (Kandarini, 2017). 

Previous research conducted by Maulina et al., (2020), it was stated that giving 25 grams 

of edamame/day was very effective in reducing blood pressure in women of childbearing age 

with hypertension, so consuming 25 grams of cooked edamame/day is recommended for 

hypertension sufferers. The bioactive components in edamame jelly provide a vasodilating 

effect and lower blood pressure (Yuni, 2016). Analysis tests showed a significant reduction in 

blood pressure in the treatment group given edamame jelly and 5 mg of amlodipine. These 

results are due to how amlodipine works: it reduces calcium ion levels, providing a vasodilation 

effect on blood vessels. When combined with consuming edamame jelly, this significantly 

lowers blood pressure (Maulina et al., 2020). 

This research chose to process edamame into jelly because, in previous research, the 

edamame was given in frozen form with a hard texture, while jelly is a semi-solid food 

ingredient that is popular with all groups because its texture is dense and chewy (Prakarsa, 

2017). The process of making edamame jelly is by mixing edamame with carrageenan, which 

is an ingredient from seaweed and functions as a gel former. According to Kusumaningrum & 

Rahayu (2018), carrageenan has a high fibre and potassium content, which, if consumed, can 

help reduce the risk of developing hypertension. 

The control group that only received amlodipine also showed decreased systolic blood 

pressure. Still, the reduction in blood pressure in the treatment group was 18 mmHg greater, 

and diastolic blood pressure was 11 mmHg greater than in the control group. This is in line 

with a similar study using amlodipine as a control, which was also carried out (Maulina et al., 

2020). The result was a difference in the mean systolic and diastolic blood pressure values 

before and after treatment with 5 mg amlodipine therapy of 10.75 mmHg and 6.5 mmHg, 

respectively. 

The results of statistical tests of differences in blood pressure between the treatment group 

and the control group after giving edamame jelly showed a significant difference in reducing 

systolic and diastolic blood pressure (p <0.001). The treatment group's median posttest systolic 

blood pressure was 130 mmHg and diastolic 80 mmHg. The median post-test systolic blood 

pressure in the control group was 147.5 mmHg and diastolic 90 mmHg. The decrease in systolic 

blood pressure in the treatment group was 17.5 mmHg greater than the control group. In 

comparison, the reduction in diastolic blood pressure in the treatment group was ten mmHg 

greater than the control group. 

Edamame jelly in this study was given for 30 days to subjects in the treatment group. 

Giving edamame jelly affected reducing blood pressure in the treatment group. One hundred 

fifty grams of edamame jelly is consumed daily as an afternoon snack. The amount per serving 

of edamame jelly is based on the dosage given for edamame in previous research as well as 

modification of the recipe, which has gone through the organoleptic testing stage and nutritional 

value testing in the laboratory. Edamame jelly per serving contains 139.5 kcal calories, 9.1 
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grams of protein, 2 grams of fat, 21.4 grams of carbohydrates, 147 mg potassium, 36 mg 

calcium, 19.5 mg magnesium, and 8.1 mg isoflavones. Subjects in the treatment group and 

control group also received amlodipine 5 mg as pharmacological therapy for sufferers of 

primary hypertension. 

Research conducted by Wei et al. (2020), it was stated that the group that consumed ≥125 

grams/day of soy products had lower systolic and diastolic blood pressure than those that 

consumed <125 grams/day. The study also stated that intake of soy products can reduce blood 

pressure in the long term and can be implicated in preventing primary hypertension. 

Another study comparing food sources of vegetable (soybean) and animal (cow's milk) 

protein sources showed that respondents who consumed 25 grams of soybeans/day had lower 

systolic and diastolic blood pressure than those who drank cow's milk (Ghidanac et al., 2023). 

The vegetable protein in edamame contains essential amino acids that increase the active 

transport process from the blood to muscle cells and other tissues. This effect on the 

cardiovascular system increases peripheral blood flow, increasing cardiac output, which 

decreases blood pressure (Kusumastuty et al., 2016). The potassium content in edamame jelly 

provides a diuretic and vasodilator effect. It maintains the balance of extracellular sodium and 

potassium concentrations to reduce blood pressure in hypertension sufferers (Yuni, 2016). 

Respondents also consumed edamame jelly, which increased calcium and magnesium intake 

and maintained the balance of calcium and magnesium in the blood. Blood calcium levels are 

essential because calcium can help flex blood vessel muscles, while blood magnesium makes 

the heart muscle work optimally and decreases blood pressure (Rohatin & Prayuda, 2020).  

Edamame contains isoflavones, which are thought to show antihypertensive activity by 

increasing NO, reducing angiotensin, and inhibiting the formation of free radical reactions. 

Isoflavones work as antihypertensive agents by inhibiting the conversion of angiotensin I to 

angiotensin II, thereby inhibiting the release of aldosterone by ACE. Aldosterone impacts the 

kidneys in retaining sodium and water; more water is excreted, and blood pressure will decrease 

if aldosterone production is inhibited. (Putri & Nofia, 2020). These results align with other 

research on giving 40 grams of black soybean cookies for four weeks made from 20 grams of 

black soybean powder. Mean systolic blood pressure decreased by 7.5 mmHg and diastolic by 

four mmHg (Yamashita et al., 2020). 

The results of the ANCOVA test on the influence of sociodemographic factors on systolic 

and diastolic blood pressure show that edamame jelly can be used as a non-pharmacological 

therapy in addition to pharmacological therapy using the drug amlodipine, which provides 

benefits for treating primary hypertension. 

This research has limitations, namely that researchers have not been able to optimally 

control other factors that can influence blood pressure, including genetics, lifestyle, stress, and 

physical activity. Researchers also have limitations in finding more research samples. Another 

limitation of this research is that food intake was not monitored for all research subjects. 

 

4. CONCLUSION    

Giving 1 cup of edamame jelly (150 grams) for 30 days can reduce systolic blood pressure 

by 17.5 mmHg and diastolic by 10 mmHg. This study recommends that future researchers 

explore other forms of soy products or other bioactive components in edamame to determine 

their antihypertensive effects. 
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Abstract 

Diabetes mellitus and metabolic disorders are the priority programs in Indonesia. There is one 

program to reduce the fatality impact of diabetes which is diabetic self-management education 

(DSME). This study aimed to examine the effectiveness of Diabetes Self-Management Education 

(DSME) on dietary habits, physical activity, and obesity.  This study is a quasi-experimental 

approach with one group pre-test post-test design. The sample in this study was 75 people with 

DM type II. The intervention for all samples was done for 4 sessions. Each session lasted 60 to 

120 minutes/day with a maximum of 10 patients. The findings revealed that dietary habits were 

good from 56.0% to 69.3%, physical activity was good from 54.7% to 76.0%, and obesity 

decreased from 69.3% to 57.35, respectively for pre and post-test. The paired t-test result revealed 

that DSME correlates with dietary habits, physical activity, and obesity (obesity, physical activity, 

and dietary habit with p-values 0.024; 0.007; and 0.02, respectively). In conclusion, DSME has 

significantly influenced dietary habits, physical activity, and obesity. Education is crucial in 

promoting physical activity among individuals with diabetes. By enhancing self-efficacy, 

providing education on self-care behaviors, and emphasizing the importance of regular physical 

activity, these programs contribute to improving metabolic control, quality of life, and overall 

health outcomes in diabetic patients.                 

Keywords: DSME (Diabetic Self-Management Education), Dietary Habit, Physical Activity, 

Obesity. 
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1. INTRODUCTION 

The increasing prevalence of NCDs in developing countries has encouraged the 

emergence of agreement on a global strategy for preventing and controlling non-communicable 

diseases (NCDs). NCDs have become a strategic issue in the 2030 SDGs (Sustainable 

Development Goals) agenda so it must be a development priority in every country. In the 

management of non-communicable diseases, the SDGs indicator states that the rate of 

premature deaths due to non-communicable diseases will decrease by one-third by 2030 with 

one of the first global targets, namely reducing premature deaths due to NCDs by 25% by 2025 

(Ministry of Health Republic of Indonesia, 2019). The global prevalence of diabetes in 2019 is 

estimated at 9.3% (463 million people), increasing to 10.2% (578 million) in 2030 and 10.9% 

(700 million) in 2045. The prevalence in urban areas is higher (10.8%) compared to rural 

(7.2%) and in high-income countries (10.4%) compared to low-income countries (4.0%). The 

world prevalence of diabetes in adults (aged 20-79 years) was 6.4% (285 million) in 2010 and 

will increase to 7.7% (439 million) in 2030. Vulnerable in 2010 and 2030 there will be an 

increase of 69 % in developing countries and a 20% increase in developed countries. Indonesia 

has the highest prevalence of Diabetes Mellitus (DM) sufferers in the world along with China, 

India, the United States, Brazil, Russia, and Mexico with an estimated number of people with 

DM of 10 million people (IDF, 2019). 

The report from Indonesian Basic Health Research stated that the prevalence of DM is 

1.5% of the total population of Indonesia (Ministry of Health Indonesia, 2018). The highest 

prevalence of diabetes mellitus (DM) in Indonesia is in Yogyakarta (2.6%), DKI Jakarta 

(2.5%), North Sulawesi (2.4%), and East Kalimantan (2.3%). The prevalence of DM increases 

with increasing age, but from age ≥ 65 years it tends to decrease. Based on the North Sulawesi 

Basic Health Survey Report, there were 25,661 DM sufferers of all ages. The highest 

prevalence of DM sufferers in North Sulawesi based on a doctor's diagnosis is in Manado, 

namely 3.45%. There are several programs established by the government to reduce the 

prevalence of DM. 

Diabetes self-management education (DSME) programs are essential in empowering 

individuals with diabetes to effectively manage their condition. These programs aim to enhance 

patients' knowledge, skills, and self-care behaviors, leading to improved glycemic control and 

better health outcomes (Fitria et al., 2023; Powers et al., 2015). By utilizing culturally sensitive 

approaches and tailored interventions, these programs facilitate self-care practices and provide 

individuals with the necessary tools to make informed decisions regarding their diabetes 

management (Fitria et al., 2023; Powers et al., 2015). Furthermore, diabetes self-management 

education programs have evolved to become more patient-centered, and theoretically based, 

and emphasize the provision of ongoing support to maintain the self-management gains 

achieved by patients (Funnell et al., 2007). These programs address various factors such as 

health beliefs, cultural needs, knowledge levels, emotional concerns, and family support to 

enable individuals to effectively meet the challenges of self-management (Funnell et al., 2007; 

Powers et al., 2015). Collaborative efforts involving healthcare professionals, community 

health workers, and peer educators are crucial for the successful delivery of diabetes self-

management education programs  (Lawless et al., 2016; Tamayo & Reyes, 2022). These 

programs not only aim to enhance glycemic control but also work towards preventing diabetes-

related complications, such as diabetic foot injuries, through education and empowerment 

(Fitria et al., 2023).  

There are barriers of implementation DSME and the impact on dietary habits, physical 

activity, and obesity status is under study (Funnell et al., 2007). This study aimed to examine 

the effectiveness of Diabetic Self-Management Education on dietary habits, physical activity, 

and obesity.  
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2. RESEARCH METHOD 

This study is a quasi-experimental approach with one group pre-test and post-test design 

with intervention in between. The population in this study was 75 people with Diabetes Mellitus 

(DM) type II who live in the area of West Modayag Primary Health Care, East Bolaang 

Mongondow, North Sulawesi Province. The data collection was done from December 2023 to 

January 2024.  

The sample derived for this study was 75 people with DM type II that derived from the 

total sampling. The inclusion criteria of sample selection consist of those who were willing to 

participate in the study, residents in West Modayag Primary Health Care, actively controlled 

to primary health care, could be able to communicate verbally, and could be able to read and 

write. The exclusion criteria consist of refusal during the data collection, having physical, 

mental, and cognitive disabilities, and patients with neuropathy and cardiomyopathy 

complications.   

The intervention for all samples was done for 4 sessions. Each session had a duration of 

60 to 120 minutes/day with a maximum of 10 patients. So, for 75 samples, each session took 

six days. The interval time between each session was one week. The independent variable of 

this study is Diabetes Self-Management Education (DSME). There are four sessions of DSME, 

the first session is about education about DM, the second session is the explanation of nutrition 

diet for DM patients, the third session is about physical exercise, and the last session is about 

pharmacology treatment. To measure this variable, SAP (Satuan Acara Pengajaran or Teaching 

Program Unit) was used which followed the guidelines from Funnell theory (2011) (Funnell et 

al., 2007). The dependent variables of this study are dietary habits, physical activity, and 

obesity. Dietary habit was measured by a questionnaire adopted from (Dewiyanti, 2022) 

consists of 15 questions using Likert scales. Good dietary habit is categorized for those has 

score more than 37 and not good dietary habits are categorized for those has scored 37 or less. 

The formula to calculate the cut-off is adding maximum and minimum scores and dividing into 

2. Physical activity in this study was measured by the Global Physical Activity Questionnaire 

(GPAQ) developed by (World Health Organization, 2012). Good physical activity was 

categorized if respondents had MET < 600 and not bad was categorized for MET 600 or higher. 

Obesity was categorized by measuring the height and weight which resulted from the body 

mass index. Obese were categorized as those who had a BMI of 25 kg/m2 or higher and not 

obese were categorized as those who had a BMI less than 25 kg/m2 (PERKENI, 2015).  

The normality test was done with a significant level of 5% using the Shapiro-Wilk 

statistical test. Additionally, due to the normal result, a paired t-test statistical test was done. 

Regarding the instrument used in this study, we did not check the validity and reliability test 

because the instruments used are standardized instruments which already been used by previous 

researchers (Dewiyanti, 2022; Funnell et al., 2007; Ministry of Health Indonesia, 2024; 

PERKENI, 2015; World Health Organization, 2012). This study used a 95% Confidence 

Interval to define the significant level. This study was accepted the ethical approval from the 

ethical committee at Karya Husada University with number 061/KEP/UNKAHA/SIE/V/2024.  

 

3. RESULTS AND DISCUSSION 

Table 1. The General Characteristics of the Respondents (n = 75) 

Variable  Frequency Percentage (%) 

Sex Male 

Female 

33 

42 

44.0 

56.0 

Age 30 - 50 years old 

51 - 65 years old 

37 

38 

49.3 

50.7 

Education Elementary 

Junior high school 

1 

2 

1.3 

2.7 
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Senior high school 

Vocation 

Bachelor  

40 

14 

18 

53.3 

18.7 

24.0 

Occupation Private sector 

Self-employee 

Civil servant 

Others 

Unemployed  

21 

16 

21 

8 

9 

28.0 

21.3 

28.0 

10.7 

12.0 

Table 1 shows the univariate results as the general characteristics of the respondents. 

According to respondent’s sex, more than half of them were female (56.0%), aged 51 – 65 years 

old (50.7%), and graduated from senior high school (53.3%). The occupation among 75 

respondents revealed the highest percentage showed by those working in the private sector and 

as civil servants (28.0% for each).  

 

Table 2. The Distribution Frequency for Pre and Post-test (n = 75) 

Variable  
Pre-test 

f (%) 

Post-test 

f (%) 

Dietary habit Not good 

Good 

33 (44.0) 

42 (56.0) 

23 (30.7) 

52 (69.3) 

Physical activity Not good 

Good 

34 (45.3%) 

41 (54.7) 

18 (24.0) 

57 (76.0) 

Obesity Not obese 

Obese  

23 (30.7) 

52 (69.3) 

32 (42.7) 

43 (57.3) 

Table 2 shows that 44% of respondents had not good dietary habits before giving the 

intervention and 56% had good dietary habits. After the intervention, those who did not have 

good dietary habits reduced to 30.7%, and those who had good dietary habits increased to 

69.3%. According to physical activity, it shows that 45.3% of respondents did not have good 

physical activity before giving the intervention and 54.7% had good physical activity. After the 

intervention, those who did not have good physical activity reduced to 24.0%, and those who 

had good physical activity increased to 76.0%. In terms of the body mass index, 30.7% of 

respondents were not obese before giving the intervention and 69.3% were obese. After the 

intervention, those who were not obese increased to 42.7%, and those who were obese reduced 

to 57.3%. 

 

Table 3. The Effect of DSME on variables of interest (n = 75) 

Variable  
Mean Std 

deviation 

Std error 

mean 

p-value 

Dietary habit Before 

After 

1.56 

1.69 

0.500 

0.464 

0.058 

0.054 

0.024 

Physical activity Before 

After 

1.55 

1.76 

0.501 

0.430 

0.058 

0.054 

0.007 

Obesity Before 

After 

1.69 

1.57 

0.464 

0.498 

0.054 

0.057 

0.002 

Table 3 explains the paired t-test results of the effectiveness of DSME on variables of 

interest. Based on dietary habits, the mean score increased from 1.56 to 1.69 and the 

significance was shown by a p-value of 0.024.  According to physical activity, the mean score 

increased from 1.55 to 1.79 and the significance was shown by a p-value of 0.007. For the 

obesity status, the mean score decreased from 1.69 to 1.57 and the significance was shown by 
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a p-value of 0.002. In general, DSME is effective in improving dietary habits, improving 

physical activity, and reducing the number of obese.  

DSME effect on dietary habit 

The findings from this study revealed the influence of DSME on dietary habits (p-value 

< 0.05) and the improvement of dietary habits was a lot.  The mechanism of effectiveness of 

DSME on dietary habits by enhancing understanding of the disease, leading to improved self-

care practices and better glycemic (Iriana, 2022; Rusdiana et al., 2020; Utama et al., 2021). 

Additionally, DSME positively influences self-efficacy and self-care behaviors among 

individuals with type 2 diabetes including their foods (Fitriah et al., 2020; Wahyuni & 

Wahyuningsih, 2017). By implementing DSME routinely, dietary habits were improving too.   

There are previous studies that examined the impact of diabetic self-management 

education (DSME) on dietary habits. The previous study explored the perspectives of 

individuals recently diagnosed with type 2 diabetes and health professionals on self-

management of dietary intake and physical activity, emphasizing the importance of 

understanding patient views to tailor educational interventions effectively (Booth et al., 2012). 

Another study conducted a systematic review focusing on cultural influences on dietary self-

management of type 2 diabetes in East Asian Americans, found the significance of cultural 

perspectives in shaping dietary habits and the necessity for culturally sensitive education 

interventions (Li-Geng et al., 2020). Additionally, Willig et al., (2014) conducted a qualitative 

study on intuitive eating practices among African-American women with type 2 diabetes, 

suggesting that programs focusing on enhancing self-efficacy and dietary habits could improve 

glycemic control (Hayek et al., 2013; Willig et al., 2014). Furthermore, one study focused on 

implementing an education program for type 2 diabetes patients, demonstrating significant 

enhancements in dietary plans, physical exercise, and adherence to self-care after six months 

of intervention (Hayek et al., 2013). In line with this study, another study emphasized the 

effectiveness of culturally competent dietary self-management interventions in improving 

health outcomes for southern African Americans, particularly those at risk due to high-fat diets 

(Anderson-Loftin et al., 2005; Zhang et al., 2019). Additionally, supporting the findings of this 

study, another study developed and evaluated an internet-based diabetes nutrition education 

resource, underscoring the importance of empowering individuals to make positive dietary 

choices for diabetes management (Zhang et al., 2019). Furthermore, S.-K. Lee et al., (2019) 

focused on diabetes education through pattern management, mentioned the role of appropriate 

dietary habits in enhancing self-care and self-efficacy in patients with type 2 diabetes (Lee et 

al., 2019; Sami et al., 2020). Similarly, to this study, research conducted a cross-sectional study 

on the dietary attitudes of adults with type 2 diabetes in Saudi Arabia, stressing the necessity 

for tailored dietary self-management strategies for improved diabetes care (Sami et al., 2020). 

Effect on physical activity 

The result of this study found the positive influence of DSME on physical activity (p-

value <0.05). The impact of DSME is empowering individuals to take charge of their health 

and make informed decisions regarding their diabetes management (Fitriah et al., 2020; 

Wahyuni & Wahyuningsih, 2017). Additionally, DSME provides person-centered 

interventions to support patients, ensuring that individuals receive comprehensive care and 

education tailored to their specific needs (Mamed & Gastaldi, 2022; Powers et al., 2015; Sherr 

& Lipman, 2015). Individuals with DM type II could be able to manage their health behavior, 

including physical activity.  

The impact of diabetic self-management education on physical activity has been 

extensively studied.  Similar to the findings of this study, Nakawatase et al., (2007) highlighted 

the importance of regular physical activity for type 2 diabetic patients to improve metabolic 
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disorders and prevent complications such as cardiovascular disease. Additionally, Sadeghian et 

al., (2016) and Hamidi et al., (2022) demonstrated the positive effects of self-management 

educational programs on physical activity levels and quality of life in diabetic patients. Aljuhani 

et al., (2022) further emphasized the role of self-management behaviors, including physical 

activity/exercise, in enhancing self-care among individuals with diabetes. Moreover, Amer et 

al., (2018) found that patients with high self-efficacy in managing physical exercise activities 

were more adherent to exercise regimens, indicating the influence of self-efficacy on self-care 

activities, including physical activity. Additionally, Uly et al., (2022) explored the relationship 

between self-care behavior and diabetes self-management education, underlining the 

importance of physical activity/sports as part of self-management in patients with type 2 

diabetes. Moreover, (Juarez et al., 2021) highlighted the mediating role of self-efficacy in the 

association between diabetes education and support and self-care management, including 

physical activity. 

Effect on Obesity 

The statistical test result from this study found a significant correlation between DSME 

and obesity. The process might be due to the improvement in dietary habits and physical 

activity. Additionally, DSME provides support and education on which necessary skills and 

behaviors to manage their condition effectively (Powers et al., 2015). Through the self-

management system, DSME emphasizes the role of individuals themselves to control and 

manage their diabetes. As a result of long-term DSME implementation, the improvement in 

body mass index (BMI) could be measured.    

The impact of diabetic self-management education on obesity as found in this study, has 

similar findings with several previous studies. The study by Norris et al., (2002) emphasized 

the significance of diabetes self-management education in clinical practice, highlighting its role 

in empowering individuals to effectively manage their condition. Additionally, (Boles et al., 

2017) stressed the substantial contribution of obesity to the development of pre-diabetes and 

diabetes, underlining the importance of addressing weight management in diabetes care. 

Furthermore, (Fan et al., 2019) conducted a randomized controlled trial in China, illustrating 

that a diabetes education program significantly enhanced self-management levels, reduced 

psychological distress, and improved glycemic control in patients with type 2 diabetes. 

Supporting this study, (Miller et al., 2016) examined diabetes education, specialty care, and 

self-care advice among obese African American women with type 2 diabetes, shedding light 

on the care and education patterns in high-risk populations. Collectively, these studies suggest 

that diabetes self-management education plays a crucial role in addressing obesity and its 

implications in individuals with diabetes. 

In general, the implementation of Diabetic Self-Management Education is effectively 

improving dietary habits, physical activity, and obesity status. The findings of this study could 

be generalized to other settings and times. The role of family and health care are important to 

control the consistency of individuals.  

 

4. CONCLUSION    

DSME has a significant effect on dietary habits, physical activity, and obesity. The 

DSME could affect those three components through the self-centered by providing support and 

knowledge to the patient. It focused on self-care activities including improved glycemic 

stability, quality of life, self-efficacy, and reduction of complications and depressive symptoms. 

Future studies can include the qualitative approach of family contribution to support DSME 

implementation and consistency. This study is limited to a sample in the small scope of primary 

health care, so the result cannot be generalized to other times and places. 
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Abstract 

Postpartum hemorrhage is the main cause of high morbidity in the world (75%). Until now, efforts to early 

detect the risk of postpartum hemorrhage have still not been maximized. Sensor-based smartband can be 

the development of non-invasive methods in an effort to early detection of declining Hb levels in monitoring 

the risk of bleeding with practical, fast, precise, accurate, and practical. This research aims to determine the 

effectiveness of developing and analyzing the effectiveness of the "Hae-band" smartband in monitoring the 

risk of postpartum hemorrhage. The research method used is Research and Development (R&D), a quasi-

experimental one-group pretest-posttest design using a nonequivalent dependent variable. The sampling 

technique in this research uses non-probability sampling with purposive sampling type. Respondents were 

selected by purposive sampling with a sample of 35 respondents maternity up to 6 hours postpartum to 

measure Hb levels and analyze the average levels of Hb and declining levels of HB Hae-band, HB meter 

POCT and visual estimation of blood loss volume compared with HB meter POCT (gold standard). Data 

analysis using the descriptive test, validation test, Paired T-Test, Independent T-Test, and multiple linear 

regression. The research results show that the Hae-band has been developed and is feasible as a measure of 

Hb levels which has a sensitivity of truth tool as much as 70.0% and can detect a decrease in Hb levels as 

much as 63.9% (p=0.000) more partially effective than visual estimation (0.24%) Smartband can detect Hb 

levels with good results compared to the gold standard of blood tests with a difference of 0.324 g/dL 

(p.0.113) with an average Hb levels at 6 hours PP at 11.19 g/dL compared to the average POCT 11.34 g/dL. 

This research concludes that Hae-band is more effective in detecting postpartum hemorrhage risk than 

visual estimation. It is hoped that further research can develop a more modern design where the sensor is 

more comfortable to use for long periods and has an alternative way of reading the sensor other than on the 

wrist. Improving accuracy, sensitivity, and higher battery power by improving the type of design, sensor, 

and wave type to be more suitable for measuring Hb levels can also be developed considering the efficiency 

of maternal monitoring and recording in the era of digitalization in early detection of bleeding risk.                 

Keywords: Hae-band, Hb level, Visual Estimation, Postpartum Hemorrhage Risk. 
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1. INTRODUCTION 

The maternal mortality rate in developing countries is 430 per 100,000 live births 

compared to 12 per 100,000 live births in developed countries. 94% of maternal deaths in 

developing countries are caused by bleeding, including bleeding originating from inside the 

uterus (80-90%), lacerations (10-20%) and coagulopathy (<1%) with as many as 27% of 

maternal deaths caused by postpartum hemorrhage (James et al., 2022).  
Post-partum hemorrhage is the main cause of high maternal morbidity and mortality in 

most countries in the world. (WHO, 2022)  Approximately 14 million women experience 

bleeding every year, resulting in 70,000 maternal deaths worldwide. Postpartum hemorrhage is 

the main cause of maternal mortality in developed and developing countries. (James et al., 2022) 

The number of maternal deaths in Indonesia has increased from 4,627 in 2020 to 7,389 in 2021 

with hemorrhage contributing 1,330 cases of the total number of cases (Kementerian Kesehatan 

Republik Indonesia, 2022). 
The maternal mortality rate in East Java is around 184 deaths per 100,000 live births in 

the 2020 LF SP results. Jember Regency is the district with the highest number of death cases 

in East Java with 115 cases and 61 cases of postpartum maternal deaths with 9.62% caused by 

bleeding (Dinas Kesehatan Jawa Timur, 2021). Maternal deaths in Jember Regency in 2022 

amounted to 28 pregnant women due to pre-eclampsia - eclampsia (31%), bleeding (25%), 

infection (12%) and prolonged labor (6%) (Dinas Kesehatan Kabupaten Jember, 2022). 

Death due to bleeding can be avoided with the correct diagnosis time, right resources, and 

right management. The reduction in the death rate due to bleeding is proof that the treatment 

and prevention of bleeding has been carried out well (Adisasmita, 2017). However, the impact 

of postpartum hemorrhage is not only the threat of death, morbidity resulting from postpartum 

hemorrhage such as anemia, fatigue, depression, and the risk of blood transfusions also endanger 

the mother's condition (Simanjuntak, 2020). 

The government in its efforts to reduce the incidence of mortality and morbidity in 

pregnant, giving birth and postpartum women, especially in reducing the number of postpartum 

hemorrhages to date, is by innovating a health service system that prioritizes active management 

of the third stage by ensuring that there are health workers who are trained and expert in the 

management of the third stage, advocacy for the availability of oxytocin, the existence of 

protocols for preventing and treating bleeding cases, as well as monitoring to detect bleeding 

events (Putra et al., 2020). 

Monitoring blood loss is one effort that can be done to prevent complications from the 

risk of bleeding (Diaz et al., 2018).Visual estimation is a common method currently applied 

throughout the world to measure blood loss after delivery. However, the use of this visual 

method is considered less accurate in determining the amount of blood loss because blood can 

be mixed with amniotic fluid or urine, making it difficult for visual assessments to be carried 

out by health workers (Bell et al., 2020). 

Previous research shows that visual estimation has a low rate of objectivity at 9.6% in 

detecting blood loss. This really depends on the skills and experience of the monitoring health 

worker. Therefore, an objective and accurate method is needed to monitor the risk of bleeding 

(Sada et al., 2021). 

Measuring Hb levels is an examination method that is felt to have greater value in 

monitoring the risk of postpartum hemorrhage compared to other invasive and non-invasive 

methods. Hb levels are the main component in transporting oxygen throughout the body and 

can indicate anemia and blood deficiency (Ningsi et al., 2023). 

The American College of Obstetricians and Gynecologists states that quantitative methods 

have been proven to be more accurate than visual estimates. This method is Gravimetry. This 

method is carried out by weighing the item to calculate the difference in weight of the item 

before and after use with an estimate of the volume of blood lost equivalent to the weight of the 

blood weighed (I gram = 1 mL) (Katz & Farber, 2021). According to the study, the gravimetric 
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method considers external blood loss whose conversion is only an estimate. The absence of 

separation between blood and fluid results in inaccurate measurements (Thurer et al., 2022). 

The new prevention that has been developed is the use of technology that supports 

artificial intelligence which uses cellular technology and digital imaging algorithms using 

cameras to take images for analysis and measure hemoglobin and blood loss in real time (Obuna 

et al., 2020). 

Appropriate technology in the health sector is currently experiencing rapid development. 

One technology that is considered capable of monitoring the risk of bleeding practically, 

quickly, precisely and accurately is the use of an oximeter sensor to monitor hemoglobin levels 

and oxygen saturation non invasively, continuously, and in real-team during labor. This method 

can be applied to smarbands (Hasan et al., 2021). 

Checking Hb levels using a smartband is considered more practical and effective, 

including having a more compact form and being easy to carry anywhere without worrying 

about large storage space, which can be used at any time and does not require a long reading of 

the results.(Wisana et al., 2022). This research aims to determine the effectiveness of developing 

and analyzing the effectiveness of the "Hae-band" smartband in monitoring the risk of 

postpartum hemorrhage. 

 

2. RESEARCH METHOD 

The research method used is Research and Development (R&D), a quasi-experimental 

one-group pretest-posttest design using a nonequivalent dependent variable. The method to 

improve active monitoring for postpartum mothers to detect postpartum bleeding. In this 

developed application there are: sensor feature (oximeter) that can measure hemoglobin levels 

to monitor the risk of bleeding before delivery and every 2 hours and 6 hours after delivery. 

Research procedures in categories R&D consist of five procedures to produce final 

products so they are ready to be applied in the delivery of health services. The stages used are 

the adoption of a modified Borg and Gall model (Sugiyono, 2022). This research was carried 

out in the area of Sumbersari Jember Community Health Center for a period of 1 month, starting 

in December 2023. 

The population in this study were 3rd trimester pregnant women with birth estimate 

between December 2023 and January 2024 with a total of 35 pregnant women. The sample for 

this study was women giving birth up to 6 hours postpartum in the working area of the 

Sumbersari Jember health center. The sampling technique in this research uses non-probability 

sampling with purposive sampling type. The sample size in this study was calculated using the 

Lemeshow formula, resulting in a sample size of 35 respondents 

The independent variables in this study are Hae-band and Hb Meter PCT. The dependent 

variables are Hb levels and blood output volume. Data collection techniques use primary data 

and secondary data. Primary data was obtained from interviews with respondents and the results 

of checking Hb levels using tools, while secondary data was obtained from world, national, 

provincial, and regional data from the research location. 

Univariate data analysis in the form of the frequency distribution of subject characteristics 

based on age, parity, history of anemia, and pregnancy interval. Analysis of bivariate data from 

Hae-band and Hb meter POCT examinations in this study used the paired-t test and independent 

t-test. 

This research has received research ethics permission Number 1336/EA/KEPK/2023. 
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3. RESULTS AND DISCUSSION 

Table 1. Respondent Characteristics 

Characteristics Frequency (f) Percentage (%) 

Age   

< 20year 3 8.6 

20 –35 years old 31 88.6 

> 35year 1 2.9 

Amount 35 100 

Parity   

Nulliparous 9 25.7 

Primipara 16 45.7 

Multiparous 10 28.6 

Amount 35 100 

Pregnancy Distance   

First time pregnant 9 25.7 

< 2year 1 2.9 

2-10year 25 71.4 

Amount 35 100 

Table 1 shows that the majority of respondents are at the ideal age for giving birth between 

20-35 years, namely 31 people (88.6%). The majority of respondents had only given birth to 1 

child (Primipara), namely 16 people (45.7%) and the majority had an ideal birth spacing of 2-

10 years, 25 people (71.4%). 

 
Table 2. Results of different Hb level tests using Hae-band before giving birth and after 6 hours 

postpartum 

Variable  N Mean±SD Correlation Mean Sig. 

Hb Hae-band 
Pretest  35 11.79 ± 0.774 0.891 0.651 0,000 

Posttest 35 11.19 ± 0.945 
*Paired sample T-Test       

Based on Table 2, it is found that the average difference in Hb levels between before 

giving birth and 6 hours postpartum is 0.651 g/dL. The results of the significant value from the 

difference test for Hb levels before and after 6 hours postpartum are <0.05, which indicates that 

there is a significant difference in the results of Hb levels before giving birth and at 6 hours 

postpartum. 

Table 3. Analysis results of differences in Hb level results between the smartband and POCT 

Hb meter 

Method  n Q Mean 

different 

Std. Sig. 

Hb level 
Hb meter POCT 35 1,606 

0.342 21,350 0.113 
Hae-band 35 1,606 

Based on Table 3, it is known that the significance value of POCT and Hae-band Hb 

meter levels is 0.113, which is greater than 0.05, with an average of 0.342. So, according to the 

independent T-Test decision-making, it was found that there was no significant (real) difference 

between checking Hb levels using POCT and Hae-band Hb meters.
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Table 4. Hae-band Partial Effectiveness Test Results and Visual Estimates of Hb Meter POCT 

Table 4 show that The influence of Hae-band with Hb meter POCT as the gold standard 

for detecting Hb levels showed a result of 63.9%. Meanwhile, the magnitude of the partial 

effect of visual estimation in detecting a decrease in Hb levels with the POCT Hb meter shows 

a figure of 0.24% or in other words, it has an effectiveness of 0.24%. This shows that Hae-band 

is more effective in detecting a decrease in Hb levels in an effort to detect early postpartum risk 

compared to visual estimation, although both methods can be used simultaneously to produce 

better predictions of a decrease in Hb levels. 

DISCUSSION 

Characteristic Analysis Respondents Based on Age, Parity and Pregnancy Distance as 

Confounding Variables for Hae-band. 

Age 

The results of the research analysis showed that the average age of the respondents was 

obtained is reproductive age, namely 20-35 years (88.6%). Based on Ersalina's report, it was 

found that age has a relationship with Hb levels, where age ≤ 20 years tends to low Hb level 

data, this condition will change slowly with increasing age where Hb levels will tend to increase 

at age > 20 years and will decrease again when entering advanced age (≥ 50 years) (Nidianti et 

al., 2019).  

This is not in line with the results of further analysis where this study shows that there is 

no influence between age and the results of Hb levels using Hae-band (sig. 0.141) where there 

is only a low relationship between age and the results of Hb levels that can be detected (0.249) 

(Muhammad, 2012). 

 

Parity 

In this study, it was found that 9 people (25.7%) were pregnant for the first time and had 

never given birth before, namely 16 people gave birth to 1 child (Primipara) (45.7%), and 10 

people (28.6%) were multipara. Of the 10 respondents, 3 people had a parity number of 4, and 

the others < 4. The parity number shows the number of births that resulted in live or dead 

fetuses. Previous research conducted on Nulliparous respondents (women who have never 

given birth) using Co-Oximetry (SpHb) which was compared with blood tests in the laboratory, 

revealed that SpHb results tend to be higher than laboratory test results with an average bias of 

1.22–1.36 g/dL (Alfiana et al., 2019). 

 

Pregnancy Spacing 

 The majority of respondents in the study had ideal pregnancy spacing, namely > 2 years 

and < 10 years. The distance between pregnancies cannot directly affect the ability to detect Hb 

levels non-invasively, whether using sensor-based or device monitoring methods such as IoT 

(Internet of Things), but the distance between pregnancies can influence Hb levels in the blood, 

which can result in anemia or not (Siregar et al., 2023). 

Hae-band can detect Hb levels at various sizes of pregnancy intervals. This is shown by 

the results of the analysis of this study where the distance between pregnancies has no influence 

on the results of Hb levels using Hae-band (sig. 0.679). This can be seen from respondents who 

Method 
Beta Coefficient 

Correlation 

SE(%) R 

Square 

p-value 

Hae-band 0.788 0.812 63.9 0.664 0,000 
Visual Estimation -0.079 -0.316 0.24 
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were pregnant for the first time and gave birth, finding that the Hb level by the smartband was 

11.4 g/dL before giving birth and 11.2 g/dL after 6 hours of giving birth. This result is only 0.2 

g/dL lower than measurements using a POCT Hb meter. This difference may occur due to 

technical factors related to data collection, calibration, and other factors besides gestational 

spacing (Liu et al., 2020). 

 

Development and Feasibility of The Hae-band as a Tool For Measuring Hb Levels in 

Mothers Giving Birth Up to 6 Hours Postpartum 

The Hae-band design has been successfully developed with the average difference 

compared to the POCT Hb meter as the gold standard for examination being 0.325 and resulting 

in a true sensitivity of the Hae-band tool in detecting Hb levels of 70.0% and an error rate of 

30% in its ability to measure hemoglobin levels. non-invasively. This technique refers to the 

work of the Photoplethysmograph (PPG) which is a non-invasive method with the main 

principle of shining two different wavelengths of light through tissue and comparing the way 

the blood absorbs light below these wavelengths in the blood solution (Jahan et al., 2014). This 

research does not require any invasive blood samples, so it does not cause pain because the 

Hae-band uses a MAX30102 oximetry sensor which can process data on hemoglobin levels in 

the blood by detecting oxyhemoglobin (O2Hb) and deoxyhemoglobin (HHb) in the 

bloodstream via wavelengths (Kemalasari & Rochmad, 2022).  

 

Comparative Analysis of Measuring Hb Levels Using Hae-band (Non-Invasive) with Hb 

Meter POCT (Invasive) 

This research shows that there are differences in the results of measuring Hb levels before 

giving birth to 6 hours postpartum using both Hae-band and POCT Hb meters. This can be 

detected using both invasive and non-invasive Hb-level examination tools. The difference in 

results between Hae-band and Hb meter POCT can be based on several reasons, namely the 

use of equipment when collecting data that is less than optimal or other factors from the 

respondents. Even though there are differences, it is felt that the Hae-band can further improve 

alert conditions in detecting the risk of postpartum hemorrhage considering that the Hae-band 

gets a lower average measurement result than the Hb meter POCT which anticipates the lowest 

measurement of a decreased in Hb levels which can result in the risk of postpartum hemorrhage. 

 

Analysis of the average results of an examination of postpartum maternal Hb levels up to 

6 hours of research using Hae-band. 

In this study, the average result of postpartum maternal Hb level examination before 

giving birth or during the first stage of labor using the "Hae-band" Smartband was 11.79 g/dL. 

Normal Hb levels in pregnant women who are preparing to give birth are > 11 g/dL and it can 

be said that they are not anemic. Low Hb levels before delivery can cause problems and 

complications such as: bleeding to death during childbirth, requiring treatment increased 

consumption of iron-rich intake, and administration of additional pregnancy supplements 

(Pratama et al., 2020). 

The mean Smartband "Haeband" Hb level in respondents 6 hours after delivery was 11.04 

g/dL. Normal Hb levels after giving birth for each woman vary depending on the individual's 

specific conditions, where generally normal Hb levels are in the range of 12-16 g/dL. However, 

generally mothers in labor experience a significant decrease in Hb levels after 6-48 hours of 

giving birth. This is in line with other research by Fasiha et al which states that the average 

decrease in Hb levels in pregnant women with normal delivery is 1.2 g/dL, which is a normal 

condition. This decrease occurs in normal circumstances after a normal delivery process with 

blood loss <500 ml (Fasiha et al., 2022). 
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Analysis of the Effectiveness of Using Hae-band Compared with Visual Estimation 

Methods in Monitoring The Risk Of Postpartum Hemorrhage. 

In this study, it was found that visual estimation was effective with an influence size of 

0.24%, while Hae-band development had an effectiveness of 63.9% in predicting the results of 

invasive reduction in hemoglobin levels on Hb meter using the POCT method with a 

simultaneous influence size of 66.4% as standard. gold inspection. This shows that the Hae-

band is more effective in predicting a decrease in hemoglobin levels in an effort to monitor the 

risk of postpartum Hemorrhage (Aminuddin, 2021). Several researchers have stated that the 

visual estimation method is less accurate in detecting postpartum bleeding and requires 

objective measurement methods (Julieta & Giri, 2021). 

This Hae-band series uses the Max30102 oximeter sensor which has been carried out in 

previous research. The results of measuring the tool using this sensor have an accuracy level of 

up to 94.91% in measuring Hb levels and 98.99% in measuring oxygen levels in the body as 

an infrared light emitter and photodetector because this type of sensor has low noise so it is 

easy to position (Muthmainnah & Tabriawan, 2022). 

The working principle of the sensor in detecting Hb levels in this research is to use the 

PPG method, where when the LED light is turned on it will emit a light signal, when attached 

to the tissue it will enter the capillary blood vessels and there will be a change in the light 

intensity captured by the photodetector. These changes will be processed into data on the results 

of the respondent's Hb levels (Karina & Thohari, 2018). 

In this research, there are several limitations related to tools and technical 

implementation, namely the absence of repeated testing on extreme data during use trials. The 

time for collecting pretest data on maternal Hb levels tends to be difficult controlled considering 

that the pretest examination was carried out in the 1st stage of labor. There are women in early 

2nd stage labor who are checked because they consider the time or arrival of the patient's 

complete opening. This can affect the interpretation of Hb level results due to rushed data 

collection techniques. Reading Hb levels still uses a button by pressing it for approximately 2 

seconds, this can result in pressing the button incorrectly and increase the time for collecting 

examination data to be longer. Use for a long time requires more power because the Haeband 

smartband uses a 3.7 volt battery which requires frequent but short charging times each time to 

avoid wear (weakening of function) in the battery which is adapted to the sensor. 

 

4. CONCLUSION    

The Hae-band has been developed as a tool to measure Hb levels as an additional 

instrument in an effort to early detect the risk of postpartum hemorrhage. The Hae-band was 

declared suitable as a tool for measuring Hb levels in mothers giving birth up to 6 hours 

postpartum with a tool sensitivity of 70.0% There was no significant difference between the 

results of Hae-band measurements (Non-invasive) and Hb meter blood collection using the 

POCT method (sig. 0.113) and the average value difference was 0.324 g/dL. The average 

hemoglobin level before delivery was 11.79 g/dL while the average hemoglobin level 6 hours 

after delivery was 11.19 g/Dl. The Hae-band was more effective than visual estimation in 

monitoring the risk of postpartum hemorrhage by 63.9% by showing a very strong correlation 

level with the Hb meter POCT method as the gold standard for examination (r=0.78).  

It is hoped that further research can develop a more modern design where the sensor is 

more comfortable to use for long periods and has an alternative way of reading the sensor other 

than on the wrist. Improving accuracy, sensitivity and higher battery power by improving the 

type of design, sensor and wave type to be more suitable for measuring Hb levels can also be 

developed considering the efficiency of maternal monitoring and recording in the era of 

digitalization in early detection of bleeding risk. 
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Abstract 

The behavior of hypertension self-care management in the elderly is very important to be applied 

to reduce the prevalence of hypertension in rural areas. This study aims to analyze the factors 

associated with hypertension self-care management behavior in the elderly in rural areas based 

on the Protection Motivation Theory (PMT). The research design uses analytic observational with 

a cross-sectional approach. The sample in this study was 150 elderly people with hypertension 

who lived in rural areas. The independent variables are perceived vulnerability, perceived 

severity, perceived reward, response efficacy, self-efficacy, and intention. The dependent variable 

is hypertension self-care management behavior. Data collection uses the PMT and HSMBQ 

questionnaires. Bivariate analysis used the Spearman correlation test and multivariate analysis 

used linear regression with a significance level = 0.05. Bivariate test results found that perceived 

vulnerability (r=0.615 and p<0.05), perceived severity (r=0.497 and p<0.05), perceived reward 

(r=0.598 and p<0.05), efficacy response (r=0.510 and p<0.05), self-efficacy (r=0.477 and 

p<0.05), and intention (r=0.513 and p<0.05) related to hypertension self-care management 

behavior. Multivariate test results found that the PMT model associated with hypertension self-

care management behavior includes perceived vulnerability (p<0.05), perceived severity 

(p<0.05), perceived reward (p<0.05), and self-efficacy (p<0.05). The value of R square = 0.519 

indicates that the PMT model can predict 51.9% of self-care behavior. The dominant factor that 

can increase hypertension self-care management behavior is the perception of vulnerability. 

Nurses should be able to provide health education to improve hypertension self-care management 

behavior. 
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1. INTRODUCTION 

Hypertension increases with age (Pangribowo, 2022). We can often find hypertension in 

those who are aging (Guasti et al., 2022). Hypertension is a degenerative disease and is included 

in the main risk factors for other degenerative diseases. Hypertension can also cause death in 

the elderly (Nurhidayati et al., 2018). Cardiovascular diseases are also caused by hypertension 

(Harmili et al., 2021).  

The prevalence of hypertension tends to be higher in rural areas. This condition requires 

focused and real implementation in controlling the incidence of hypertension in rural areas 

(Ranzani et al., 2022). Prevalence of elderly people with hypertension in Indonesia increased 

by 63.2% at the age of 65-74 years (Pangribowo, 2022). East Java Province is included in the 

province with the highest incidence of hypertension (Kemenkes RI, 2018). Previous research 

conducted on elderly people with hypertension in rural areas found that the average blood 

pressure for elderly people is more than 156/93 mmHg (Silvanasari et al., 2022). 

Self-care management is an action initiated by oneself and carried out on behalf of oneself 

to maintain one's health. Actions to maintain health can include planning, implementing and 

evaluating actions for better lifestyle changes (Gobeil-Lavoie et al., 2019). One of the indicators 

in hypertension self-care management behavior is medication adherence (Rizkia, 2022). 

Adherence to treatment in the elderly with hypertension was lower than the adult age group. 

Elderly with hypertension only take medication if they feel something is uncomfortable in their 

body (Nurhidayati et al., 2018). Behavioral indicators of hypertension self-care management in 

addition to medication adherence include self-integration, self-regulation, interaction with 

health workers, and blood pressure monitoring (Rizkia, 2022). Self-integration is related to 

choosing the type and amount of food, physical activity undertaken, managing emotions, and 

consuming cigarettes and alcoholic drinks (Omoronyia et al., 2021). The habit of drinking 

coffee is quite high in society and also has an impact on increasing blood pressure (Syarif & 

Mivtahurrahimah, 2024). Changing lifestyle can be done as an effort to control hypertension 

(Iriana et al., 2022). Improper management of hypertension in individuals can also result from 

a poor level of knowledge (Darwis et al., 2023). Understanding related to optimal hypertension 

treatment in the elderly is of course very important in reducing the burden of disease and 

reducing mortality due to hypertension (Lee et al., 2019). 

Many health theories can be related to human behavior, including how to treat 

hypertension in the elderly. One of the theories that underlies this behavior is Protection 

Motivation Theory (PMT) from Rogers. Protection motivation is the intention to carry out the 

recommended behavior and results from two assessment processes, namely threat assessment 

and coping assessment. Protection motivation can be obtained by increasing perceptions of 

severity and vulnerability and decreasing perceived rewards from maladaptive behavior. 

Protection motivation can also be obtained by increasing response efficacy and self-efficacy 

from adaptive behavior. This intention then leads the individual to carry out decisions, face 

difficulties, and succeed or fail (Conner & Norman, 2005).  

 

2. RESEARCH METHOD 

The study employed an analytic observational design with a cross-sectional approach and 

was conducted in June 2023 at the Jenggawah Community Health Center in Jember Regency, 

East Java Province. The population consisted of 240 elderly individuals with hypertension, and 

a sample of 150 was selected through simple random sampling. Inclusion criteria were elderly 

aged 60 and above, regular participants in elderly Posyandu activities, and diagnosed with 

hypertension; individuals with dementia were excluded. 
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Independent variables included perceived vulnerability, perceived severity, perceived 

reward, response efficacy, self-efficacy, and intention, based on the Protection Motivation 

Theory (PMT). The dependent variable was hypertension self-care management behavior. Data 

collection instruments comprised a researcher-designed PMT questionnaire with 21 questions 

and the Hypertension Self-Management Behavior Questionnaire (HSMBQ) with 40 questions. 

Both instruments demonstrated validity and reliability. 

Data analysis involved univariate analysis of respondent characteristics, bivariate analysis 

using the Spearman correlation test, and multivariate analysis using linear regression, due to the 

non-normal distribution of the data. The study was ethically approved by the KEPK University 

of dr. Soebandi in April 2023 (ethical certificate number 088/KEPK/UDS/III/2023). Informed 

consent was obtained from all participants, and confidentiality was maintained. Enumerators 

assisted with data collection, providing explanations and help as needed. SPSS software was 

used for data processing and analysis, ensuring robust statistical evaluation of the factors 

associated with hypertension self-care management behavior. 

 

3. RESULTS AND DISCUSSION 

Table 1. Frequency Distribution of Respondent Characteristics (N=150) 

 Table 1 shows that most of the elderly with hypertension are aged  60-70 years (78%), 

are female (56%), do not work (52%) and have suffered from hypertension for 1-5 years 

(63.3%). 

Table 2. Spearman Correlation Test Results based on Protection Motivation Theory (N=150) 

*p < 0.05; ** p < 0.01 

Characteristics of Respondents N % 

Age   

60-70 years 117 78% 

71-80 years 31 20.7% 

>80 years 2 1.3% 

Gender   

Male 66 44% 

Female 84 56% 

Occupation   

Employee 72 48% 

Unemployed 78 52% 

Duration of hypertension 

1-5 years 95 63.3% 

>5 years 55 36.7% 

Total 150 100% 

 

 

Variable 

Spearman Correlation 

 

Perceived   

 vulnerability  

 

Perceived 

Severity 

 

 

Perceived 

Reward 

 

Efficacy 

Response 

 

Self-

efficacy 

 

Intention 

Hypertension 

self-care 

management 

behavior 

Perceived 

vulnerability 

NA 0.551** 0.677** 0.684** 0.364** 0.522** 0.615** 

Perceived Severity 0.551** NA 0.358** 0.433** 0.205* 0.279** 0.497** 

Perceived Reward 0.677** 0.358** NA 0.713** 0.585** 0.628** 0.598** 

Efficacy Response 0.684** 0.433** 0.713** NA 0.493** 0.644** 0.510** 

Self-efficacy 0.364** 0.205* 0.585** 0.493** NA 0.457** 0.477** 

Intention 0.522** 0.279** 0.628** 0.644** 0.457** NA 0.513** 

Hypertension self-care 

management behavior 

0.615** 0.497** 0.598** 0.510** 0.477** 0.513** NA 
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Table 2 shows that the bivariate analysis of perceived vulnerability (r=0.615 and p<0.05), 

perceived severity (r=0.497 and p<0.05), perceived reward (r=0.598 and p<0.05), efficacy 

response (r=0.510 and p<0.05), self-efficacy (r=0.477 and p<0.05), intention (r=0.513 and 

p<0.05) with hypertension self-care management behavior in the elderly. The relationship 

between perceived vulnerability, perceived reward, response efficacy, and intention with 

hypertension self-care management behavior was in the strong category (r=0.50-0.75). 

Table 3. Linear regression (N=150) 
Model Unstandardized  

coefficients 

Standardized 

coefficients 

T p-value 

B Std Error Beta 

Constant 11.826 8.204  1.442 0.152 

Perceived  

vulnerability 

2.176 0.591 0.312 3.679 0.000 

Perceived 

Severity 

3.401 0.906 0.251 3.754 0.000 

Perceived Reward 2.390 0.995 0.213 2.403 0.018 

Self-efficacy 1.936 0.928 0.146 2.086 0.039 

Table 3 shows the regression equation where hypertension self-care management 

behavior = 11,826 + 2,176 perceived vulnerability + 3,401 perceived severity + 2,390 perceived 

reward + 1,936 self-efficacy. If the perceived vulnerability, perceived severity, perceived 

reward and self-efficacy have high scores then the self-care management behavior will also be 

high. The dominant factor is perceived vulnerability because it has a standard coefficient beta 

of 0.312 where this value is higher than other independent variables. 

 

Table 4. Models overview 

Model R R square F p-value 

1 0.721 0.519 39.139 0.000 

Table 4 shows a summary of the model that has an R-square of 0.519, which indicates 

that the strength of the relationship between the independent variables (perceived vulnerability, 

perceived severity, perceived reward, and self-efficacy) is 51.9%, of which the remaining 

48.9% is influenced by other factors. The results of the F value of 39,139 with a value of p = 

0.000 indicate that there is a simultaneous influence between perceived vulnerability, perceived 

severity, perceived reward, and self-efficacy with hypertension self-care management behavior 

in the elderly in rural areas. 

 

Demographic characteristics  

Most of the elderly with hypertension are aged 60-70 years (78%). An increase in blood 

pressure occurs with aging. There is a relationship between age and self-management skills in 

hypertensive patients (Tursina et al., 2022). Elderly people aged under 65 years tend to have 

better hypertension self-care practices than elderly people over 65 years old (Konlan & Shin, 

2023). 

Most of the elderly with hypertension are female (56%) and do not work (52%). Previous 

research found that women in the pre-elderly age (45-54 years) each year have an average 

increase in systolic blood pressure of 0.94. The increase in systolic blood pressure is higher in 

populations with low incomes (Kohler et al., 2022).  Women over the age of 65 years are more 

prone to suffer from hypertension than men (Tursina & Silvanasari, 2022). Elderly with 

hypertension who are not working certainly do not have income independently and depend on 

their family. The absence of income and dependence on the family will also have an impact on 

the health status of the elderly with hypertension (Benu et al., 2023). Women who do not work 
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have a higher risk of suffering from hypertension, this is because they have lower physical 

activity than those who work (Gusty & Merdawati, 2020). Elderly with hypertension who are 

not working are certainly not optimal in fulfilling their hypertension self-care management 

behavior such as choosing the right and various hypertension diets. 

Most of the elderly have suffered from hypertension within the last 1-5 years (63.3%). 

Long suffering from hypertension which is still less than 5 years can also be caused because 

they only suffer from this hypertension when they enter old age. This is consistent with the 

results of this study which also stated that most of the elderly who were respondents in this 

study were in the early age range of entering the elderly (60-74 years). 

  

PMT model relationship with hypertension self-care management behavior in the elderly 

in rural areas 

All factors in PMT were bivariate, however when a multivariate test was performed not 

all factors could predict self-care behavior in the elderly. The PMT model related to 

hypertension self-care management behavior includes vulnerability of perceived, severity of 

perceived, reward of perceived, and self-efficacy. 

An individual's perception of their illness influences their self-care management behavior 

(Maninet & Desaravinid, 2023). Perceived vulnerability, perceived severity, and perceived 

reward are included in the threat assessment. Perceived vulnerability can be defined as a 

preventive behavior against hypertension. Fear of the elderly will appear if they feel vulnerable 

to certain diseases. A low perception of susceptibility would lead to low compliance in carrying 

out hypertension therapy (Prabawati et al., 2022).This perception of vulnerability can motivate 

elderly people with hypertension to behave adaptively.  

Perceived severity of an illness is a predictor of treatment compliance, low salt diet, and 

abstinence from drinking alcoholic beverages (Pahria et al., 2022). Perceived severity can be 

defined as the behavior of seeking health assistance caused by the severity of the illness. The 

elderly in this case want treatment so that more serious complications from hypertension do not 

occur. The severity of the disease can threaten the health status of the elderly. 

Perceived rewards consist of intrinsic rewards (inner satisfaction) and extrinsic rewards 

(social rewards). This perception of reward can increase maladaptive behavior (Conner & 

Norman, 2005). If the elderly with hypertension are satisfied with their current condition, then 

the elderly tend not to improve their hypertension self-care management behavior optimally. 

The same thing applies to social rewards, if the elderly with hypertension get praise from family 

or friends regarding their health behavior, then the elderly will feel their behavior is optimal 

and have no desire to further improve their self-care management behavior. 

Self-efficacy is a person's belief in their own ability to carry out the expected behavior 

(Tan et al., 2021). Self-efficacy can be a factor in adaptive behavior change. Previous findings 

also found that self-efficacy has a relationship with hypertension management behavior 

(Rasdiyanah et al., 2022). High self-efficacy tends to be related to effective self-management 

(Chrismilasari et al., 2024). Elderly with hypertension who have high self-efficacy will be able 

to behave optimally in hypertension management such as routinely monitoring their blood 

pressure and being able to maintain a good diet. 

The PMT model can predict 51.9% of self-care behavior. The dominant factor that can 

increase hypertension self-care management behavior is the perception of vulnerability. 

Community nurses can conduct health education for the elderly with hypertension by 

emphasizing the vulnerability of the elderly to suffering from a disease. Elderly who understand 

that they are susceptible to disease will have good self-integration, such as considering diet, 

normal weight, physical activity, and emotional control. Elderly with hypertension will also 

have self-regulation (such as planning to control blood pressure), interactions with nurses, 

monitoring of blood pressure, and adherence to good rules. 
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Education is a factor that can influence a person's treatment compliance (Kurnia et al., 

2023). It is important for elderly people with hypertension to get adequate information on how 

to do proper self-management of hypertension. Education regarding this matter can be provided 

by community nurses in every activity of the elderly Posyandu every month. This optimization 

of Posyandu activities for the elderly is in line with previous findings that community-based 

interventions related to chronic disease management programs can improve survival rates for 

those living in rural areas in Indonesia (Susanto et al., 2022). Promotion of healthy lifestyles 

can be carried out by the government to reduce hypertension rates (Mahiroh et al., 2019). 

Community nurses can also provide this education to families who care for elderly people with 

hypertension. Community nurses can choose appropriate health education methods and media 

according to culture so that the information provided can be fully received by elderly people 

with hypertension (Silvanasari et al., 2023). 

This research has several limitations. This research not being able to control potential 

confounding variable. Factors such as education, economic status, or access to healthcare 

services could also affect hypertension self-care management behavior but are not included in 

this analysis. The analysis uses Spearman correlation and linear regression, while these 

methods provide a good understanding of the relationship between variables, there may be other 

statistical methods that could provide additional or deeper insights into the observed 

relationships. 

 
4. CONCLUSION    

The PMT model related to hypertension self-care management behavior includes 

perceived vulnerability, perceived severity, perceived reward, and self-efficacy. The PMT 

model can predict 51.9% of self-care behavior. The dominant factor that can increase 

hypertension self-care management behavior is the perception of vulnerability. It is important 

to increase the understanding of elderly people with hypertension in rural areas regarding 

perceptions of vulnerability, perceptions of severity, perceptions of appreciation, and self-

efficacy of elderly people related to hypertension. This can be done by community nurses in 

elderly Posyandu activities which are routinely carried out every month. Health workers can 

also partner with families, religious leaders, or local community leaders to help increase the 

understanding of the elderly regarding this matter. Nurses should also be able to provide health 

education to improve hypertension self-care management behavior. Recommendations for 

further research are adding the role of the family related to hypertension self-care management 

in the elderly. 
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Abstract 

The role of hemoglobin in maintaining health is still not fully understood Thoroughly. Therefore, 

this literature review aims to uncover comprehensively the role of hemoglobin in maintaining 

health. Objective: The purpose of this literature review is to investigate the role of hemoglobin in 

maintaining health by collecting and analyzing current findings in the scientific literature. The 

methodology used is a systematic search through academic databases such as PubMed, Google 

Scholar, and Scopus using relevant keywords such as "hemoglobin", "health maintenance", and 

"literature review". Articles that meet the inclusion criteria are selected for analysis. The samples 

in this review literature are scientific articles published within a certain time frame and focus on 

the role of hemoglobin in maintaining health. The population studied includes humans of various 

age groups and health conditions. The results of the analysis stated that hemoglobin plays an 

important role in maintaining oxygen balance in the body, supporting the function of vital organs, 

and preventing diseases related to hemoglobin disorders. Factors such as nutrition, environment, 

and health conditions can affect a person's hemoglobin levels. In conclusion, this literature review 

confirms that a deep understanding of hemoglobin's role in maintaining health is important for 

the development of prevention and management strategies for diseases associated with 

hemoglobin disorders. Thus, further research in this area is needed to improve general well-being.  
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1. INTRODUCTION 

Hemoglobin, a protein molecule found in human red blood cells, has long been known as 

a key in the process of oxygen transport in the body (Ding et al., 2024; Olga et al., 2024; 

Simoneau et al., 2024). However, an understanding of hemoglobin's role in maintaining health 

goes beyond simply the function of oxygen transport. Hemoglobin also plays a role in 

maintaining acid-base balance, carbon dioxide transport, and interacting with various signal 

molecules and other biological compounds. Therefore, disturbances in hemoglobin levels or 

function can have a significant impact on an individual's health and well-being (Roldán 

Galiacho et al., 2024; J. Zhang et al., 2024). 

Although knowledge about hemoglobin has grown rapidly, there are still many aspects 

that need to be understood further. Changes in hemoglobin levels can be caused by a variety of 

factors, including nutrition, health conditions, and the environment. Disturbances in 

hemoglobin levels can lead to a variety of medical conditions, including anemia, polycythemia, 

and other hemoglobin disorders (Santos et al., 2024; Seekircher et al., 2024; Xue et al., 2024; 

Zhao et al., 2024). Therefore, a better understanding of hemoglobin's role in maintaining health 

is important to improve the diagnosis, treatment, and prevention of hemoglobin-related diseases 

(Parvez et al., 2024; Young et al., 2024; Zagrean-Tuza et al., 2024). 

Taking into account the complexity of hemoglobin's role and the consequences of 

disturbances in hemoglobin levels or functions, further research is needed to deepen our 

understanding of this molecule. Through this approach, it is hoped that more effective 

prevention strategies and more targeted therapies for medical conditions related to hemoglobin 

can be developed (Calandrino et al., 2024; Parmar et al., 2023). Therefore, investigations on 

the role of hemoglobin in maintaining health have great relevance in efforts to improve the 

overall quality of human life (Abuzairi et al., 2024; Butler et al., 2024; Kong et al., 2024; Ouali 

& Bousbata, 2024). 

In addition, modern environmental and lifestyle changes have given rise to new 

challenges related to hemoglobin health. Air pollution, exposure to toxic substances, and an 

unbalanced diet can affect the production or stability of hemoglobin in the body. This 

phenomenon has become increasingly significant with increasing urbanization and 

industrialization in various parts of the world (X. Zhang et al., 2024; Zhu et al., 2024). Oleh 

karena itu, pemahaman tentang interaksi antara lingkungan dan kesehatan hemoglobin It 

becomes important to develop holistic and sustainable prevention strategies. 

In addition to external factors, the development of science and technology also carries 

new implications in our understanding of hemoglobin (Camacho et al., 2024; Roy Chowdhury 

et al., 2024). The development of more sensitive and accurate diagnostic methods, as well as 

research on molecular-based therapies, opens up new opportunities in the management of 

diseases related to hemoglobin. However, with the proliferation of knowledge and technology, 

there have also been new challenges in integrating these findings into relevant clinical practice. 

Therefore, thorough research into the role of hemoglobin in maintaining health not only 

enriches our scientific understanding, but also provides a solid foundation for the development 

of more effective and sustainable health interventions. 

In recent years, research on hemoglobin's role in maintaining health has resulted in 

significant advances in our understanding of the complexity of this molecule. One of the major 

developments was the discovery of new regulatory mechanisms involved in hemoglobin gene 

expression. Recent research has revealed the role of transcription and epigenetic factors in 

regulating hemoglobin production, opening the door to the development of targeted therapies 

for conditions related to hemoglobin disorders (Galvis et al., 2024; Moreno Tirado et al., 2024; 

Ohuma et al., 2023; You et al., 2023). 
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In addition, advances in diagnostic technology have also expanded our ability to monitor 

hemoglobin levels more accurately and sensitively. The use of non-invasive diagnostic methods 

such as spectroscopy and molecular hematology has provided new insights into the dynamics 

of hemoglobin in the human body (Braat et al., 2024; Muramatsu et al., 2024; Ploug et al., 

2024). This allows for early detection of hemoglobin disorders as well as more efficient 

monitoring of responses to therapy (Ahlawat et al., 2024; Musallam et al., 2024; Nishi et al., 

2023). 

Not only that, new efforts have been made in the development of innovative therapies for 

conditions related to hemoglobin disorders. Gene therapy, stem cell therapy, and the 

development of targeted drug compounds have been promising research focuses in efforts to 

improve the management of diseases such as sickle cell anemia and thalassemia. Through this 

multidisciplinary approach, it is hoped that more effective and targeted interventions can be 

developed to improve the health and well-being of individuals affected by hemoglobin 

disorders (Bafirman, Zarya, et al., 2023; Bafirman, Wahyuri, et al., 2023; HB et al., 2023). 

This study presents a new contribution by exploring the interaction between genetic, 

environmental, and lifestyle factors in influencing hemoglobin levels and function. We propose 

a new approach to understanding the complexity of hemoglobin molecules, with emphasis on 

the role of interactions between genetics and environment in determining an individual's 

hemoglobin health profile. In addition, we are also investigating the potential of new therapies 

targeted at hemoglobin gene regulation, opening the door to the development of more effective 

interventions to address hemoglobin disorders (Amid et al., 2024; Charuvila et al., 2024). 

This research is expected to make a significant contribution in improving our 

understanding of hemoglobin's role in maintaining health and quality of life. By identifying key 

factors that influence hemoglobin levels, we can develop more targeted and targeted prevention 

strategies to reduce the risk of hemoglobin disorders and related health conditions. In addition, 

this research also has the potential to open new avenues in the development of more effective 

therapies for anemia, polycythemia, and other hemoglobin disorders, providing direct benefits 

to affected individuals (Cheung et al., 2024; Park et al., 2024). 

The main objective of this study was to evaluate the effectiveness of new approaches in 

understanding and managing hemoglobin disorders. By adopting a multidisciplinary approach 

involving genetics, molecular biology, and environmental science, we aim to present strong 

and clear evidence on the impact of the interaction between these factors on hemoglobin health. 

This evaluation will provide a solid foundation for the development of prevention strategies 

and therapies that are more effective in addressing hemoglobin-related health challenges, with 

the ultimate goal of improving the quality of life of individuals and society as a whole. 

In particular, the medical conditions associated with hemoglobin disorders have a 

significant impact on public health around the world. Anemia, for example, is one of the most 

common hemoglobin disorders and affects more than a quarter of the global population. 

Anemia can cause fatigue, decreased concentration, and interfere with growth and development 

in children. On the other hand, polycythemia, which is characterized by increased production 

of red blood cells, is also an important condition to understand, especially in the context of 

cardiovascular disease risk. 

In addition, genetic hemoglobin disorders such as sickle cell anemia and thalassemia are 

significant health problems in many countries, especially in regions with high birth rates. These 

two conditions not only result in sufferers experiencing serious symptoms, but also have a huge 

social and economic impact on individuals and their families. Therefore, increased 

understanding of the factors influencing the risk and progression of these conditions becomes 

critical to improving clinical management and prevention of diseases associated with 

hemoglobin disorders. 

https://doi.org/10.31965/infokes.Vol22.Iss2.1482
https://doi.org/10.31965/infokes.Vol22.Iss2.1482


Agesti, N., Damrah, D., Rasyid, W., Welis, W., Rahman, D., & Zarya, F. (2024). The Role of Hemoglobin in 
Maintaining Health: A Literature Review.  JURNAL INFO KESEHATAN, 21(2), 395-408. 

 https://doi.org/10.31965/infokes.Vol22.Iss2.1482 

| 398 

 

The study differs from previous studies with a multidisciplinary approach that 

investigates the interaction between genetic, nutrient, and environmental factors in regulating 

hemoglobin levels and function, something that has not been widely explored comprehensively. 

Interesting new findings include the identification of epigenetic mechanisms that affect 

hemoglobin gene expression and the impact of environmental pollution on hemoglobin 

stability. The study fills a gap in existing research by providing holistic insights into how 

external and internal factors together affect hemoglobin health, offering new insights for the 

development of more effective prevention and therapy strategies for hemoglobin disorders. 

 

2. RESEARCH METHOD 

This research uses a qualitative descriptive research model which is a literature study that 

uses various literature reviews to strengthen research analysis. This research begins with 

collecting some literature, then reviewing some important terms in the research, then collecting 

relevant research literature, conducting an analysis based on all the literature that has been 

obtained by compiling a discussion, then formulating conclusions based on the results that have 

been analyzed and submitting suggestions based on the conclusions obtained. 

The data used in this study was secondary data Sugiyono, (2015) states that secondary 

data is data taken indirectly that can provide information to data collectors. The source of the 

data obtained is in the form of original scientific reports derived from published scientific 

articles and journals that have been accredited and indexed, both printed and non-print which 

are interrelated in the model of application of blended learning in physical education and sports.  

The data collection method used in this study is the documentation method. The 

documentation method is a method of collecting data by digging and searching for data from 

the literature related to what is in the problem statement. Data that has been obtained from 

various literature is then collected as a unified document that will be used in answering the 

problems that have been formulated.  

Article search techniques in this study are through web access mendeley, google scholar, 

and scinece direct as well as on other journal search access with keywords learning models, 

blended learning, and physical education health sports. Articles or journals that match the 

criteria are then taken for further analysis and journal summary including the name of the 

researcher, year of publication of the journal, study design, research objectives, samples, 

instruments, and a summary of the results or findings. The summary of the research journal is 

entered into a table sorted according to the alphabet and year of publication of the journal and 

in accordance with the format mentioned above. This literature review uses literature that can 

be accessed fulltext in pdf format and scholarly (peer reviewed Journal). To further clarify the 

abstrack and full test, the journal is read and examined. The summary of the journal is analyzed 

on the contents contained in the research objectives and research results / findings. The analysis 

method used is journal content analysis     

To ensure the selection of relevant and high-quality articles, the study used strict 

inclusion and exclusion criteria. The inclusion criteria include articles that directly discuss the 

role of hemoglobin in maintaining health, including studies of hemoglobin gene regulation, 

factors affecting hemoglobin levels, as well as the impact of hemoglobin disorders on health. 

The selected article must be original research, systematic review, or meta-analysis published in 

a peer-reviewed journal within the last five years to ensure the relevance and up-to-date of the 

information. 

On the other hand, exclusion criteria are applied to articles that are not relevant to the 

research topic, such as studies that only discuss technical aspects of laboratories without 

relating them to human health, articles that are not available in full text, as well as publications 
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that are not in English or Indonesian. In addition, articles that are editorials, letters to the editor, 

or comments that are not supported by empirical data are also excluded from the analysis. 

To find suitable articles, specific keywords such as "hemoglobin," "health maintenance," 

"genetic regulation of hemoglobin," "nutritional impact on hemoglobin," and "environmental 

factors affecting hemoglobin levels" are used. These keywords are used in various academic 

databases including PubMed, Google Scholar, and Scopus to identify relevant literature. 

Featured article research design criteria include studies with clear methodologies, such 

as clinical trials, cohort studies, case-control studies, and systematic reviews with robust data 

analysis. Articles involving human populations of different age groups and health conditions 

are also preferred to provide a comprehensive overview. 

The results of hemoglobin studies analyzed include findings on how hemoglobin levels 

are affected by genetic, nutritional, and environmental factors, as well as how disruptions in 

hemoglobin contribute to medical conditions such as anemia, polycythemia, and genetic 

diseases such as thalassemia and sickle cell anemia. Key indicators for inclusion as featured 

articles are the relevance of the topic, the quality of the research methodology, and the 

significant contribution to the understanding of the role of hemoglobin in health. 

With this approach, this study seeks to present an in-depth and comprehensive analysis 

of hemoglobin's role in maintaining health, as well as offer useful insights for the development 

of strategies for the prevention and treatment of hemoglobin disorders. 

 

3. RESULTS AND DISCUSSION 

In this study, 28 pregnant women were willing to become respondents. In research during 

the pandemic, there were no respondents who were suspected, likely, or confirmed positive for 

Covid-19 infection and no one has reported Covid-19 infection in the household. The mean age 

of the respondents was 24.3 ± 5,005 with an age range of 18 to 36 years, and 75% of them were 

aged 20–34 years. Most pregnant women are high school graduates (67.9%), housewife 

workers (IRT) (60.7%), legally married status 89.3%, planning a pregnancy 64.3%, no 

pregnancy complications 75%, and the average level of knowledge The average respondent is 

7.29 ± 1,117 with a range of 0 to 10, the impact of Covid-19  is social and economic on family 

income problems by 50%, and the effect of Covid-19  on psychology is that pregnant women 

are afraid to leave the house 60.7%. During the pandemic, especially in endemic areas, pregnant 

women should be asked to stay at home, except for medical reasons.  

The average score of depression level was 12.36 ±1,929 with a range of 8 to 15 on the 

EPDS scale before being given the intervention, then it decreased after being given the 

intervention with an average score of 3.50 ± 1,552 with a scale range of 1 to 7, and for the 

average score level Anxiety before intervention was 22.46 ±4.114 with a range of 14 to 29 on 

the HARS scale, then decreased to an average score of 6.61 ± 3,213 with a range of 2 to 12 on 

the scale (Table 1). 

 

No. Researchers Article Title Research Results 

1 (Çuvadar & 

Yılmaz, 

2023) 

Non-invasive 

hemoglobin 

estimation from 

conjunctival images 

using deep learning 

Hemoglobin, a crucial protein found in 

erythrocytes, transports oxygen throughout the 

body. Deviations from optimal hemoglobin 

levels in the blood are linked to medical 

conditions, serving as diagnostic markers for 

certain diseases. The hemoglobin level is 

usually measured invasively with different 

devices using the blood sample. In the physical 

interpretation, some signs are traditionally 

used. These signs are the palms, face, nail 
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beds, pallor of the conjunctiva, and palmar 

wrinkles. Studies have shown that conjunctival 

pallor can yield more effective results in 

detecting anemia than the pallor of the palms 

or nail beds. 

2 (Y. Li et al., 

2023) 

Sensitive label-free 

hemoglobin 

detection based on 

polydopamine 

functionalized 

graphene oxide 

coated micro-

tapered long-period 

fiber grating 

The GO and PDA-GO functionalized TLPG 

based sensitive and label-free optical biosensor 

for human hemoglobin detection was 

demonstrated. The PDA-GO and GO were 

separately deposited onto fiber surface, the 

deposited materials provide a large number of 

binding sites to adsorb the hemoglobin and can 

further change the RI of fiber surface, and can 

provide more binding sites owing to the large 

specific surface area, and it exhibits higher 

sensing sensitivity of 3.14 mg/mL and the 

LOD can reach 0.057 mg/mL. In addition, the 

sensing was carried out in the presence of 

inference compounds and also proved its ideal 

reusability. The usage of PDA-GO as a bio-

interface layer enables strong interference of 

optical waves as well as excellent 

biocompatibility, which is considered to be 

valuable for biosensing applications. 

3 (Žagar et al., 

2022) 

Parasitemia and 

elevation as 

predictors of 

hemoglobin 

concentration and 

antioxidant capacity 

in two sympatric 

lizards 

Parasitemia was not an important predictor of 

the variation in hemoglobin concentration, 

which suggests that blood parasites do not 

constraint the aerobic capacity of the lizards. 

On the other hand, catalase activity reflected 

increased antioxidant activity in the presence 

of higher parasitemia, possibly acting as an 

adaptive mechanism to reduce oxidative stress 

during immune activation. Potential metabolic 

activity, as a proxy for maximum respiratory 

enzymatic capacity, did not differ between 

species or sexes nor was it affected by 

elevation or levels of parasitemia. The results 

provide insight into the relationships between 

physiological, biotic, and environmental traits 

in sympatric lizards. 

4 (Sachdev et 

al., 2021) 

Haemoglobin 

thresholds to define 

anaemia in a 

national sample of 

healthy children and 

adolescents aged 1–

19 years in India: a 

population-based 

study 

Between Feb 24, 2016, and Oct 26, 2018, the 

CNNS survey collected blood samples from 

49 486 individuals. 41 210 participants had a 

haemoglobin value, 8087 of whom were 

included in our study and comprised the 

primary analytical sample. Compared with 

existing WHO cutoffs, the study cutoffs for 

haemoglobin were lower at all ages, usually by 

1–2 g/dL, but more so in children of both sexes 

https://doi.org/10.31965/infokes.Vol22.Iss2.1482
https://doi.org/10.31965/infokes.Vol22.Iss2.1482


401 | https://doi.org/10.31965/infokes.Vol22.Iss2.1482 
 

 
 

aged 1–2 years and in girls aged 10 years or 

older. Aanemia prevalence with the study 

cutoffs was 19·2 percentage points lower than 

with WHO cutoffs in the entire CNNS sample 

with valid haemoglobin values across all ages 

and sexes (10·8% with study cutoffs vs 30·0% 

with WHO cutoffs). 

5 (Zohoun et 

al., 2020) 

Prevalence of 

hemoglobin 

abnormalities in an 

apparently healthy 

population in Benin 

Our study highlights the need for increased 

routine testing of hemoglobin abnormalities 

and newborn screening for sickle cell disease 

in order to enhance early disease detection, 

prevention and comprehensive care. 

6 (Wen et al., 

2021) 

The levels of 

hemoglobin are 

positively associated 

with arterial 

stiffness in 

community-

dwelling Chinese 

adults 

The data indicate that high Hb concentration 

significantly correlate with increased baPWV 

in general Chinese population. 

7 (Schneider et 

al., 2021) 

Effects of 

recreational sports 

and combined 

training on blood 

pressure and 

glycated 

hemoglobin in 

middle-aged and 

older adults: A 

systematic review 

with meta-analysis 

Results: From 6017 records, 27 studies were 

included (9 RS and 18 CT). The analysis 

included 1411 participants with 55 ± 8 years. 

RS and CT were associated with reductions in 

SBP (RS: −7.2 mmHg, P = 0.03; CT: −3.6 

mmHg, P < 0.001) and DBP (RS: −3.6 mmHg, 

P = 0.02; CT: −3.1 mmHg, P < 0.001) versus 

CON. Only CT was associated with a 

reduction in HbA1c versus CON (−0.47%; P < 

0.001). Conclusions: RS and CT are effective 

exercise interventions to improve BP in 

middle-aged and older adults. CT seems to be 

an excellent strategy to reduce HbA1c, and 

future studies are necessary to confirm the 

effectiveness of RS to improve HbA1c. 

8 (Ramírez-

Luzuriaga et 

al., 2018) 

Impact of Double-

Fortified Salt with 

Iron and Iodine on 

Hemoglobin, 

Anemia, and Iron 

Deficiency Anemia: 

A Systematic 

Review and Meta-

Analysis 

Hemoglobin concentrations, anemia 

prevalence and deworming at baseline, sample 

size, and study duration were not associated 

with effect sizes. The results indicate that DFS 

is efficacious in increasing hemoglobin 

concentrations and reducing the risk of anemia 

and IDA in LMIC populations. More 

effectiveness studies are needed. 

9 (Yang et al., 

2019) 

Decreased K13 

Abundance Reduces 

Hemoglobin 

Catabolism and 

Proteotoxic Stress, 

Underpinning 

Our findings suggest that K13 regulates 

digestive vacuole biogenesis and the 

uptake/degradation of hemoglobin and that 

ART resistance is mediated by a decrease in 

heme-dependent drug activation, less 
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Artemisinin 

Resistance 

proteotoxicity, and increased survival of 

parasite ring stages. 

10 (Nguyen et 

al., 2022) 

Preoperative 

hemoglobin and 

BMI are correlated 

with increased risk 

of conversion for 

minimally invasive 

gynecological 

oncology surgeries 

(564) 

In this study, we identified lower preoperative 

Hb as a risk factor for higher rates of 

conversion and worse postoperative outcomes 

after gynecological oncology procedures. We 

also showed that preoperative Hb and BMI 

could be used in conjunction to risk-stratify 

patients and potentially medically optimize 

them for operative planning. These patients 

may also be considered for perioperative pain 

management strategies in anticipation of 

conversion or to have a low threshold for 

planning open surgery in the first place. 

 

DISCUSSION 

An in-depth analysis of hemoglobin's role in maintaining health provides valuable 

insights into our understanding of the complex interactions between genetic, environmental, 

and lifestyle factors in regulating the body's physiological balance. In line with the research 

(Hoque et al., (2023); M. Li et al., (2024); Sedigheh et al., (2023), One important aspect of this 

discussion is the recognition of the important role of diet in influencing hemoglobin levels. 

Deficient nutrients, such as iron deficiency, folic acid, or vitamin B12, can lead to anemia and 

other hemoglobin disorders. Therefore, education on the importance of a balanced diet and 

proper nutritional supplementation can be an effective prevention strategy (Ramos et al., 2024; 

Romero-Rosales et al., 2024). 

In addition to nutrition, environmental factors also have a significant contribution to 

hemoglobin health. Exposure to air pollutants, toxic chemicals, or radiation can disrupt the 

production or stability of hemoglobin in the body. Initiatives to reduce exposure to these 

environmental risk factors can be an important step in efforts to prevent diseases related to 

hemoglobin disorders (P. Li et al., 2023; Shojaei et al., 2024). 

Furthermore, recent research in gene and stem cell therapy promises major advances in 

the management of hemoglobin-related diseases. Through gene therapy, for example, we can 

correct genetic mutations associated with sickle cell anemia or thalassemia, while stem cell 

therapy offers the potential to replace damaged or deficient red blood cells. However, the 

development of these therapies requires a deep understanding of the molecular mechanisms 

involved in hemoglobin production and regulation of hemoglobin genes, demonstrating the 

importance of advanced research in this area (Sun et al., 2024; Wan et al., 2023). 

This discussion highlights the complexity of hemoglobin's role in maintaining health and 

identifies various factors that affect hemoglobin levels and function. By strengthening our 

understanding of the interactions between genetic, environmental, and lifestyle factors, and 

through the development of more sophisticated therapies, we can take more effective steps in 

maintaining hemoglobin health and preventing health-related disorders (Fu et al., 2024; 

Gasparello et al., 2023). 

A discussion of hemoglobin's role in maintaining health reveals the complexities 

involved in maintaining the physiological balance of the human body. Hemoglobin, as the 

molecule underlying the transport process of oxygen and carbon dioxide, has a central role in 

maintaining the health of the whole organism. However, more than just a transport function, 
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hemoglobin also interacts with various internal and external factors that affect the balance and 

function of hemoglobin in the body (Canney et al., 2023; Lukin et al., 2024). 

From a nutritional perspective, the importance of intake of iron, folic acid, and vitamin 

B12 in maintaining healthy hemoglobin becomes very clear. This nutrient deficiency can 

interfere with hemoglobin production or cause hemoglobin abnormalities, such as anemia. 

Therefore, strengthening education and access to nutritious food is key in efforts to prevent and 

treat medical conditions related to hemoglobin. 

In addition to nutritional factors, environmental influences also cannot be ignored. Air 

pollution, exposure to toxic substances, and radiation can cause damage to red blood cells or 

interfere with the hemoglobin production process. In this interpretation, it is important to 

identify and reduce exposure to potentially damaging environmental factors to hemoglobin 

health, as part of a related disease prevention strategy. 

Further, the development of gene and stem cell therapies offers new hope in the 

management of hemoglobin-related diseases. By understanding the molecular mechanisms 

involved in hemoglobin gene regulation, we can direct therapeutic efforts in a targeted manner, 

presenting opportunities for effective genetic repair or replacement of damaged red blood cells. 

This interpretation highlights the importance of continued research in the field of gene and stem 

cell therapy, which has the potential to change the paradigm of treatment of medical conditions 

related to hemoglobin disorders. 

Taken together, this in-depth interpretation of the research topic underscores the 

complexity of hemoglobin's role in maintaining human health and the importance of a holistic 

approach in the prevention and management of related diseases. By continuing to explore our 

understanding of the interactions between genetic, environmental, and lifestyle factors in 

hemoglobin regulation, we can develop more effective and sustainable health strategies to 

improve the quality of life of individuals and society as a whole. 

 

4. CONCLUSION    

In the context of this study, it can be concluded very strongly that a deep understanding 

of the role of hemoglobin in maintaining health is key to the development of prevention and 

management strategies for diseases related to hemoglobin disorders. Through a thorough 

analysis of the interaction between genetic, environmental, and lifestyle factors, we have found 

that adequate nutrition, a clean environment, and targeted therapy are important components in 

maintaining hemoglobin health. In addition, the development of gene and stem cell therapies 

promises new hope in the management of hemoglobin-related diseases, highlighting the 

potential for a revolution in the treatment of this medical condition. 

As such, this research provides a solid foundation for the development of more effective 

and sustainable health interventions. In an effort to improve the quality of life of individuals 

and society as a whole, it is important to adopt a holistic approach that considers the role of 

hemoglobin in a broader context, including genetic, environmental, and lifestyle factors. By 

continuously applying new knowledge and innovation in clinical practice and research, we can 

strengthen our efforts in combating diseases related to hemoglobin disorders and create 

healthier and more prosperous societies. 
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Abstract 

Preeclampsia is a severe pregnancy complication characterized by elevated blood pressure and 

often occurs after 20 weeks of gestation. This condition can lead to significant morbidity and 

mortality for both the mother and the fetus. This study aims to identify the risk factors associated 

with preeclampsia in pregnant women, a condition that remains prevalent in Indonesia and 

globally. The research employed a comprehensive literature review method, examining ten 

articles sourced from databases such as Google Scholar, PubMed, and Elsevier. The inclusion 

criteria for the literature review involved studies focused on the causes and consequences of 

preeclampsia, published within the last ten years, and providing substantial data on maternal 

mortality. The results of the literature review indicated that pregnant women with a history of 

hypertension or previous preeclampsia are at a significantly higher risk of developing 

preeclampsia. Additionally, severe cases of preeclampsia, such as those involving HELLP 

syndrome, eclampsia, and high diastolic blood pressure, were strongly linked to increased 

maternal mortality. The review also highlighted the crucial role of efficient referral systems and 

timely medical interventions in managing severe preeclampsia and reducing maternal deaths. This 

study concludes that early detection and continuous monitoring are essential for managing 

preeclampsia effectively. The findings underscore the need for standardized treatment protocols, 

improved healthcare access, and comprehensive prenatal services to mitigate the risks associated 

with preeclampsia. Future research should aim to include a broader range of studies and explore 

the long-term implications of preeclampsia on maternal and fetal health. These insights are critical 

for developing effective strategies to reduce the incidence and severity of preeclampsia and 

enhance maternal health outcomes.                 
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1. INTRODUCTION 

Pre-eclampsia is a complex multisystem condition characterized by sudden onset 

hypertension after 20 weeks of gestation, accompanied by at least one additional complication 

such as proteinuria, maternal organ dysfunction, or placental-related issues (e.g., angiogenic 

imbalance or fetal growth retardation). It is one of the most serious pregnancy disorders and a 

leading cause of maternal and perinatal morbidity and mortality worldwide. Pre-eclampsia, 

previously known as toxemia, affects approximately 4 million women globally each year, 

resulting in over 70,000 maternal deaths and 500,000 fetal deaths (Magee et al., 2022). Women 

who survive pre-eclampsia are at an increased risk of developing chronic conditions like 

diabetes, heart disease, and stroke later in life (Kvalvik et al., 2020; Pittara et al., 2021; Poon et 

al., 2019). Additionally, infants born from pre-eclamptic pregnancies face risks including 

premature birth, perinatal mortality, neurodevelopmental delays, and future cardiovascular and 

metabolic diseases (Kvalvik et al., 2020). 

In Indonesia, pre-eclampsia affects approximately 128,273 women annually, accounting 

for about 5.3% of pregnancies. Hypertension (25%) and infection (12%) follow hemorrhage 

(30%) as leading causes of maternal death (Ministry of Health, 2015). Severe pre-eclampsia is 

a critical condition that requires immediate medical intervention to prevent complications 

during pregnancy, delivery, and the postpartum period. It can cause endothelial dysfunction in 

multiple organs, increasing the risk of cardiovascular diseases and other long-term health issues. 

Despite the existence of the National Medical Service Guidelines for Preeclampsia 

Diagnosis and Treatment, updated in 2016 by the Indonesian Association of Obstetric 

Gynecology in collaboration with the Association of Feto-Maternal Doctors, disparities in the 

quality of care for severe pre-eclampsia persist across hospitals and healthcare providers. These 

guidelines aim to standardize care practices and offer recommendations for the creation of 

Clinical Practice Guidelines. 

Maternal mortality risk factors can be categorized as per McCarthy and Maine's 

framework into: (1) underlying determinants, including social, financial, and cultural factors; 

(2) intermediate determinants, such as maternal health status, reproductive factors, healthcare 

accessibility, health-related behaviors, and other unknown factors; and (3) proximate 

determinants, including pregnancy and obstetric complications (Sulistyono &  Joewono, 2020). 

Effective basic healthcare could reduce maternal mortality by up to 20%, and a well-functioning 

referral system could decrease it by over 80% (UNICEF). 

Critical to reducing maternal mortality is the timely management of emergency cases. 

Delays in recognizing emergencies, reaching referral centers, and receiving adequate care 

remain significant challenges. A functional referral system ensures that obstetric emergencies, 

like severe pre-eclampsia, are managed promptly and accurately, improving maternal 

outcomes. This study aims to investigate the factors related to the referral and treatment of 

severe pre-eclampsia patients, focusing on referral processes (referrers, initial treatment, 

referral travel time) and treatment protocols (reaction time, magnesium sulfate administration, 

nifedipine use, delivery management) and their impact on maternal mortality (Sulistyono & 

Joewono, 2020). 

This research aims to investigate the effect of pre-eclampsia on maternal mortality by 

examining existing studies and data. This research aims to identify the critical factors involved 

in the referral and treatment processes for severe pre-eclampsia, focusing on the roles and 

responsibilities of healthcare providers, initial treatment protocols, and the impact of referral 

travel time on maternal outcomes. Moreover, the review aims to assess how these referral and 

treatment practices influence maternal mortality, analyzing the impact of timely and accurate 

referrals, adherence to treatment protocols, and identifying gaps in current practices 

contributing to high maternal mortality rates associated with severe pre-eclampsia. 
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2. RESEARCH METHOD 

The literature review process for this study followed a systematic approach using several 

academic databases including Google Scholar, Elsevier, PubMed, and Emerald. The search was 

conducted using specific keywords such as "Preeclampsia," "Cause," "Maternal Mortality," and 

"Pregnancy.” Initially, the researcher conducted searches across these databases using the 

specified keywords to identify relevant articles and studies related to preeclampsia and maternal 

mortality. Articles were selected based on their relevance to the research topic and the inclusion 

of key information related to the causes of preeclampsia and its association with maternal 

mortality. The criteria likely included studies published within a certain timeframe (e.g., recent 

studies), studies focusing on human subjects, and those providing substantial data or analysis 

on the specified topics. Ultimately, a total of ten relevant articles were selected for detailed 

analysis and inclusion in the literature review. These articles were chosen based on their 

contribution to understanding the specified aspects of preeclampsia and maternal mortality, 

ensuring a comprehensive review of the current literature on the topic. 

 

3. RESULTS AND DISCUSSION 

Of the ten literature obtained, four of the journals are cross-sectional studies and one 

journal is a case-control study. The findings of a study of five existing research journals can be 

displayed in the summary table of study results as follows: 

 

Table 1. Literature Review Results 

No. Researchers Result 

1. Sulistyono, et al (2020) Out of 63 occurrences of preeclampsia, there were 20 deaths; 

all of the deceased women were not on medical records. Case 

Death Rate (CFR): 31.74%; 11% >35 years old; 20% <1 day; 

65% of cases had preeclampsia and hypertension diagnoses; 

40% of cases had recurrent seizures. 40% were detected 

between 32 and 36 weeks of pregnancy, 65% had sepsis, 35% 

had brain hemorrhage, 55% 55% experienced renal failure, 

25% were obese, and 25% had HELLP syndrome. A 

significant fraction of unreported occurrences include 

maternal deaths due to eclampsia, which is characterized by 

high CFR, stays less than one day, and obesity comorbidities 

(Sulistyono & Joewono, 2020). 

2. Muhani & Besral (2015) High diastolic blood pressure, eclampsia, and HELLP 

syndrome are risk factors for severe pre-eclampsia that can 

greatly raise the chance of maternal death. After adjusting for 

variables such as maternal age, gravida, gestational age, 

delivery method, diasepam administration, the respondent's 

region of residence, education, and employment, the risk of 

death increases by 12.5 times for HELLP syndrome, 12.1 

times for eclampsia, and 7.4 times for diastolic blood 

pressure 110–119 mmHg and 5.5 times for diastolic blood 

pressure ≥ 120 mmHg. While not statistically significant, 

high systolic blood pressure and high proteinuria levels were 

two additional predictors of severe preeclampsia that were 

linked to an increased risk of maternal mortality (Muhani & 

Besral, 2015). 
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3. Skjaerven et al (2015) Preterm preeclamptic women carrying little fetuses (lowest 

quartile) were shown to have a 2.5-fold higher risk of 

cardiovascular disease death (95%C.I 1.6-3.8), whereas large 

fetuses (highest quartile) were associated with a 12.3-fold 

higher risk (7.3-21). Stronger HR values (HR = 11.4 and 

13.0) were observed in weeks 22–34 and 35–36. Diabetes is 

excluded, which significantly lowers this elevated risk. 

Women who have given birth just once in their lifetime are 

at a notably higher risk (Skjaerven et al., 2015). 

4. Ernawati, et al (2018) The findings demonstrated a significant correlation (p = 

0.005) between maternal age and the incidence of 

preeclampsia, gestational age of preeclamptic mothers (p = 

0.000), and delivery method of preeclamptic mothers (p = 

0.000), but no significant correlation between maternal parity 

status and infant mortality (p = 0.043) (Ernawati et al., 2018). 

5. Rana, S et al. (2019) Preeclampsia during the first trimester can lead to 

catastrophic consequences, such as the foetus's and mother's 

deaths. Preeclampsia's pathophysiology is mostly attributed 

to the placenta, according to clinical and scientific research, 

despite the fact that the exact origin of this disease is still 

unknown. Researchers address the available data in this 

review on the pathophysiology of maternal preeclampsia 

syndrome, including the aberrant role of placentation and the 

function of placental factors including SOLV1, SOD1 

(soluble fms-like tyrosine kinase 1) and SDF-1 (Rana et al., 

2019). 

6. Sriwandoko, et al (2019) The following factors were associated with an increased risk 

of maternal death: referral travel time (OR= 9.99; 95% CI = 

1.76 to 56.75; p=0.009), delayed treatment (OR=13.62; 95% 

CI = 2.25 to 82.45; p=0.009), complex delivery (OR=27.66; 

95%CI = 3.71 to 206.26; p=0.001), long operating room 

response time (OR=0.05; 95%CI <0.01 to 0.56; p=0.014), and 

long delivery room response time (OR=9.80; 95% CI = 1.70 

to 175.60; p=0.004) (Sriwandoko et al., 2019). 

7. Turbeville and Sasser 

(2020) 

consequences throughout time on the mother and child, 

raising their risk of hypertension and chronic renal disease 

(45, 54, 115, 116), which could last a lifetime for both of them 

(Turbeville & Sasser, 2020). 

8. Gayatri, et al (2022) Obesity, referral distance, and less than four prenatal services 

were linked to maternal mortality from preeclampsia. The 

capacity to stop preeclampsia-related maternal deaths will 

improve with the identification of these factors. Maternal 

mortality from preeclampsia was significantly correlated with 

four times the length of time from the place of delivery to the 

referral hospital (OR 5.183, 95% CI 1.681 - 15.977, p-value 

p 0.004), the frequency of obesity (OR 4.176, 95% CI 1.507 

- 11.572, p-value 0.006), and prenatal care (4.648, 95% CI 

1.776 - 12.167, p-value 0.002). The duration of trip to the 
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referral hospital, however, did not appear to be linked to 

maternal deaths caused by preeclampsia (OR 1.537, 95% CI 

0.534 - 4.422, p-value 0.426) (Gayatri et al., 2022). 

9. Dimitriadis, E., Rolnik, 

D.L., Zhou, W. et al. 

(2023) 

Preterm pregnancies increased the risk of preterm birth, 

perinatal mortality, neurodevelopmental impairments, and 

later-life cardiovascular and metabolic disorders in the 

offspring. In addition to having a shorter life expectancy and 

a higher risk of stroke, cardiovascular disease, and diabetes, 

women who survived pre-eclampsia (Dimitriadis et al., 

2023). 

10. Prihadi, et al (2023) 25.1% of cases had hypertension throughout pregnancy, with 

preeclampsia and eclampsia accounting for 9.8% and 1.4% of 

cases, respectively. The main reason for the 36.6% of 

maternal deaths associated with hypertension was eclampsia. 

The most frequent adverse events were hemolysis syndrome 

(HELLP, 22%) with elevated liver enzymes and low platelets, 

and heart failure (45.5%. In 2022, CFR dropped from 61% in 

2018 to 10%. From 2015 to 2022, the CFR was 1.3% overall, 

with eclampsia having the greatest death rate (9.4%). But 

since 2018, there has been a declining tendency, with a low 

of 0.2% in 2021 (Pribadi et al., 2023). 

The literature review of ten journal articles provided a comprehensive understanding of 

the intricate relationship between preeclampsia and maternal mortality. These studies 

collectively highlight the multifaceted nature of preeclampsia, emphasizing the need for early 

detection, effective management, and long-term care to improve maternal health outcomes and 

reduce mortality rates associated with this condition. A consistent finding across the reviewed 

literature is the importance of early detection and continuous monitoring of preeclampsia. 

Undiagnosed or inadequately managed hypertension and related complications significantly 

increase the risk of maternal mortality. Comprehensive prenatal care that includes regular 

screening for hypertension and preeclampsia is essential to identify and manage high-risk 

pregnancies effectively (Sulistyono et al., 2020). 

Severe manifestations of preeclampsia, such as eclampsia, HELLP syndrome, and high 

diastolic blood pressure, are strongly associated with increased maternal mortality. These 

severe cases require targeted interventions and prompt management to prevent fatal outcomes. 

The review underscores the necessity for healthcare systems to be equipped with the resources 

and protocols to handle severe preeclampsia efficiently (Muhani & Besral, 2015). Then, 

preeclampsia not only poses immediate risks during pregnancy but also has long-term health 

implications for both mothers and their children. Women with a history of preeclampsia are at 

a higher risk of developing cardiovascular diseases, hypertension, and chronic renal conditions 

later in life. Similarly, children born to mothers with preeclampsia face increased risks of 

neurodevelopmental delays and long-term cardiovascular and metabolic disorders. This 

highlights the need for long-term health monitoring and interventions beyond the immediate 

postpartum period (Skjaerven et al., 2015). 

Efficient referral systems are critical in managing preeclampsia, especially in severe 

cases. Delays in referral, prolonged travel times, and delayed treatment significantly increase 

the risk of maternal death. Effective emergency care protocols, including prompt transportation 

and timely medical interventions, are vital to improve outcomes for women experiencing severe 

preeclampsia (Sriwandoko et al., 2019). Socioeconomic factors, including obesity, inadequate 

prenatal care, and healthcare access, play a significant role in maternal mortality related to 

preeclampsia. Addressing these factors through improved healthcare access, lifestyle 
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interventions, and comprehensive prenatal services is crucial in reducing the incidence and 

severity of preeclampsia. The review indicates that socioeconomic determinants of health must 

be considered in developing strategies to manage and prevent preeclampsia (Gayatri et al., 

2022). 

The literature review suggests several policy and clinical practice recommendations to 

improve maternal and neonatal outcomes. These include the development of standardized 

treatment protocols, training programs for healthcare providers, and policies that ensure 

equitable access to quality prenatal and emergency care. Implementing these recommendations 

can help address the gaps in current practices and reduce maternal mortality rates associated 

with preeclampsia. These insights are supported by studies such as those by Sulistyono et al. 

(2020) and Gayatri et al. (2022), which emphasize the importance of timely intervention and 

standardized care protocols in managing preeclampsia and reducing maternal mortality 

The overall results of the literature review underscore the multifaceted impact of 

preeclampsia on maternal mortality. Early detection, effective management of severe cases, 

efficient referral systems, and addressing socioeconomic factors are crucial for improving 

outcomes. Long-term health monitoring and targeted interventions for both mothers and 

children affected by preeclampsia are also essential. By integrating these findings into clinical 

practice and policy development, healthcare systems can significantly enhance maternal health 

and reduce mortality rates associated with preeclampsia. 

 

The Effect of Referral Systems on Maternal Mortality 

The referral systems are crucial for reducing maternal mortality by ensuring that high-

risk pregnant women receive timely and specialized care. According to the literature, effective 

referral mechanisms allow for early detection and management of complications such as severe 

preeclampsia. These systems are essential in areas where primary care may lack the necessary 

expertise and resources to handle such emergencies. Strengthening these pathways is vital to 

improve maternal outcomes and reduce deaths (Sulistyono et al., 2020).  

 

Impacts of Early Treatment on Maternal Passing 

Early treatment of severe obstetric conditions is critical in reducing maternal mortality by 

preventing complications and ensuring timely interventions (Muhani & Besral, 2015). Early 

intervention in cases of severe preeclampsia and other obstetric emergencies is crucial in 

preventing maternal deaths. The literature highlights the importance of timely and appropriate 

treatment to stabilize the condition and mitigate risks. Healthcare providers must be able to 

identify and manage these conditions promptly to reduce complications and mortality. Early 

treatment not only involves administering appropriate medications but also preparing for 

potential emergency procedures.  

 

The Impact of Travel Time on Maternal Passing 

Reducing travel time to healthcare facilities is crucial in lowering maternal mortality by 

ensuring timely treatment for obstetric emergencies (Skjaerven et al., 2015). Travel time to 

healthcare facilities is a significant factor in maternal mortality rates. Longer travel times often 

result in delayed treatment, increasing the risk of complications and death. The literature 

emphasizes that reducing travel time is essential to ensure timely access to care for pregnant 

women, particularly those experiencing obstetric emergencies. Improving the accessibility of 

healthcare services can lead to better maternal health outcomes. 
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The Effect of Emergency Response Time on Maternal Mortality 

Quick emergency response times are essential in reducing maternal mortality by enabling 

timely and effective management of obstetric emergencies (Ernawati et al., 2018). The response 

time of emergency care teams significantly impacts maternal mortality. Rapid response to 

obstetric emergencies ensures that complications are managed quickly and effectively, reducing 

the risk of maternal death. The literature stresses the importance of efficient emergency 

response systems, which include the availability of trained personnel and medical resources, to 

improve maternal survival rates. 

 

The Effect of Operating Room Response Time on Maternal Death 

Timely availability of the operating room is crucial in reducing maternal mortality during 

emergency surgical interventions (Rana et al., 2019). The readiness and response time of the 

operating room are critical in emergencies. Delays in preparing the operating room for 

procedures such as cesarean sections can lead to increased maternal mortality. The literature 

indicates that ensuring the operating room is promptly available and that the surgical team is 

ready to act quickly is vital for managing severe obstetric complications and improving 

maternal outcomes. 

 

The Effect of Time Room Response on Maternal Death 

Fast response times in the delivery room are essential for reducing maternal mortality by 

ensuring timely management of obstetric emergencies (Sriwandoko et al., 2019). Response 

times in the delivery room are critical for preventing maternal deaths during obstetric 

emergencies. Prompt actions, including preparing for and performing emergency procedures, 

can significantly reduce the risk of maternal mortality. The literature highlights the importance 

of quick and effective responses to manage complications and prevent severe outcomes. 

 

Effect of MgSO4 Administration on Maternal Mortality 

MgSO4 administration is crucial in managing severe preeclampsia and reducing maternal 

mortality by preventing complications (Turbeville & Sasser, 2020). Magnesium sulfate 

(MgSO4) is widely recognized for its effectiveness in treating severe preeclampsia and 

eclampsia. The administration of MgSO4 can significantly reduce maternal mortality by 

controlling seizures and lowering blood pressure, thus preventing severe complications. The 

literature supports the timely and appropriate use of MgSO4 as a critical measure in reducing 

the risks associated with severe preeclampsia. 

 

The Effect of Nifedipine Administration on Iby's Death  

Nifedipine helps manage hypertension in severe preeclampsia, but its impact on maternal 

mortality requires consistent usage (Gayatri et al., 2022). Nifedipine is used to manage high 

blood pressure in pregnant women with severe preeclampsia. While it is effective in reducing 

blood pressure and preventing further complications, the literature suggests that its impact on 

maternal mortality may be limited due to inconsistent application among healthcare providers. 

Proper administration and adherence to treatment protocols are necessary to maximize its 

potential benefits. 

 

The Effect of Childbirth on Maternal Death  

Cesarean sections are essential in reducing maternal mortality by effectively managing 

severe preeclampsia complications (Dimitriadis et al., 2023; Prihadi et al., 2023). The mode of 

childbirth, particularly cesarean sections, plays a significant role in maternal mortality among 

women with severe preeclampsia. The literature indicates that cesarean sections are often 

necessary to manage severe complications and prevent maternal deaths. Timely decision-
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making and preparation for cesarean deliveries are crucial for improving maternal outcomes 

and reducing mortality rates. 

 

4. CONCLUSION    

The study's findings underscore the significant impact of preeclampsia on maternal 

mortality, highlighting the urgent need for effective management and intervention strategies. 

Specifically, the data suggest that maternal deaths are considerably influenced by delayed or 

inadequate response to preeclamptic emergencies. Internal factors such as genetic 

predisposition, chronic hypertension, and obesity, along with environmental factors including 

access to healthcare and socioeconomic status, are key contributors to the development and 

exacerbation of preeclampsia. While the precise pathophysiology of preeclampsia remains 

complex and multifactorial, current hypotheses suggest that abnormal placental development 

and immune responses play critical roles. The study emphasizes that early detection, timely 

referral, and prompt treatment, including the use of medications like MgSO4 and nifedipine, 

are crucial in reducing the risks associated with severe preeclampsia. Therefore, a 

comprehensive approach that integrates maternal health education, improved access to prenatal 

care, and robust emergency response systems is essential to mitigate the adverse outcomes 

associated with preeclampsia and ultimately reduce maternal mortality. 
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Abstract 

Honey is a naturally sweet liquid produced by bees from flower nectar, which varies in quality 

and flavonoid content due to the food source, environment and the bees that produce it. This study 

aims to evaluate the quality and flavonoid content of honey from the Riau Forest of Indonesia. 

Quality testing was conducted in accordance with SNI 8664:2018 with sensory, physical, 

chemical and microbiological parameters. Flavonoid testing was carried out qualitatively using 

HPLC. The test results showed that the sensory profile of honey was in accordance with the 

standard, sweet taste, distinctive aroma, brown colour and thick shape. Chemical parameters 

obtained values of moisture content of 21.92%, diastase enzyme 3.13 DN and HMF 4.14 mg/kg 

have met the requirements. However, the reducing sugar of 54.1% is still below the requirement. 

Heavy metal parameters (Pb, Cd, As and Hg) were not detected and microbiological ALT 3.0 x 

10 and yeast mould <10 colonies/gr that have met. Furthermore, the results of flavonoid 

qualitative tests detected several types including Luteolin, Mangiferin, Smiglanin, maltol, 

isoflavones, quercetin, Cnidimol C, Norcimifungin, Apigenin, Methyl ophiopogonanone B, 

Pectolinarigenin, Kusenol C, 3,5,6-trihydroxy-4',7-dimetoxyflavone and Lupinifoline. The 

conclusion of this study shows that honey from Riau forests fulfils most of the quality 

requirements and has a diverse flavonoid content.                      

Keywords: Honey, Flavonoid, Food Quality and Safety. 
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1. INTRODUCTION 

Honey is a naturally sweet liquid produced by bees (Apis dorsata.) from flower nectar 

(Edo et al., 2023). Honey generally contains a large amount of carbohydrates, mainly in the 

form of fructose and glucose more than 60%.  In addition, honey also contains proteins 

(including enzymes), minerals, vitamins, organic acids, polyphenols (flavonoids and phenolic 

acids), volatile compounds, waxes, and other phytochemicals (Tafere, 2021). Phenolic 

compounds (polyphenols) are secondary metabolites produced from plants. Flavonoids and 

phenolic acids are phenolic compounds that are found in honey (Cheung et al., 2019).  
Flavonoids present in honey come from flower nectar, propolis, and pollen (Tomás et al., 

1993). Honey that contains a lot of flavonoids and phenolic compounds is of better quality 

because it presents a potential natural antioxidant in the treatment of various diseases and 

contributes to individual health (Ahmed et al., 2018). Flavonoids and phenolic acids are able 

to prevent oxidation through the release of hydrogen or electrons, thus stabilizing free radicals. 

(Hassanpour, 2023). Many studies have shown that regular consumption of honey with its 

flavonoids and phenolic content can reduce the risk of heart disease (Bt Hj Idrus et al., 2020). 

In addition, these compounds also have biological activities as anticancer, anti-inflammatory, 

antioxidant, and antiatherogenic properties (Erejuwa et al., 2012).  
Indonesia is one of the countries that has a high production of forest honey (Food Review 

Indonesia, 2020). This is due to the vast forest potential. Riau Province, precisely in the Kampar 

area, is an area in Indonesia that is able to produce honey in large quantities. Generally, the 

honey produced is cattle honey by utilizing forest nectar, such as calliandra and rubber flowers 

(Yunianto, 2020).  

Despite the extensive research on the general composition and health benefits of honey, 

there remains a significant gap in the specific evaluation of honey from Riau Forest, Indonesia, 

particularly concerning its flavonoid content and overall quality. Previous studies have broadly 

covered the phenolic compounds in honey and their antioxidant properties, but there is limited 

detailed analysis of the flavonoid content in honey from this specific region. Additionally, 

while the health benefits of flavonoids and phenolic acids in honey are well-documented, there 

is a lack of localized research that ties these benefits to the unique floral sources and 

environmental conditions of Riau Forest. This study aims to fill this gap by providing a 

thorough evaluation of the quality and flavonoid content of honey from Riau Forest, 

contributing valuable data that can enhance our understanding of its potential health benefits 

and support the promotion of forest honey from this region as a high-quality product. 

 

2. RESEARCH METHOD 

This research is quantitative in nature with descriptive data analysis that observes the 

honey that comes from the forests of Riau province. The honey used in the study was multiflora 

honey produced from Apis dorsata bees taken from the forests of Riau province in the period 

January-June 2024. Honey was extracted from the hive through a centrifugation process, then 

put into glass bottles and stored at +4°C in a closed room. Prior to analysis the honey was gently 

stirred, when crystallization occurred the honey was warmed at 35°C to 38°C. 
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Figure 1. Sampling location of Riau Forest honey 

 

In the sample collection stage, sterile sample bottles, honey filters, labeling tools, and 

portable coolers are used. Evaluation of honey quality requires a refractometer, pH meter, UV-

Vis spectrophotometer, sugar analysis kit, water bath, micropipette, analytical balance, and 

thermometer. Analysis of flavonoid content using HPLC. Supporting equipment such as filter 

paper, test tubes, drop pipettes, and glassware are also required. 

Organoleptic Test Analysis. The test used limited trained panelists of 3 people who have 

experience in honey testing. Honey was tested organoleptically for taste, aroma, colour and 

texture and the resulting sensory profile was described (Cabrera & Santander, 2022). 

Diastase Enzyme Test Analysis. The exposed honey and starch solutions were incubated 

and the time required to reach the endpoint was measured photometrically. The result is 

expressed in ml of 1% hydrolyzed starch equivalent to the enzyme in 1 g honey in 1 (one) hour. 

Pipette 10 ml of sample solution, then put it into a 50 ml test tube. Continue by pipetting 5 ml 

of starch solution through the inner wall of the tube then place it in a 40°C ± 0.2°C water bath 

for 15 minutes. Shake and switch on the stopwatch. At every 5-minute interval, pipet 1 ml of 

the sample mixture and add it to 10.00 ml of iodine solution. Mix, then dilute to the volume as 

before and determine the absorbance value at a wavelength of 660 nm. Plot the absorbance 

value against time (minutes) on millimeter paper. A straight line is drawn through several 

points. From the graph, determine the time required to reach an absorbance value (A) = 0.235. 

The value of 300 divided by the time required to reach the absorbance value (A) indicates the 

diastase enzyme activity (DN)(BSN, 2018). 

HMF Analysis. HMF measurements were carried out based on the SNI 8664: (2018) 

reference, starting with 5g of honey weighed in a small glass cup, then put into a 50 ml 

volumetric flask and added aquadest until the volume of the solution reached 25 ml. Then 0.5ml 

Cerrez I solution was added, shaken, and then 0.5ml Cerrez II solution was added, shaken, and 

diluted with distilled water up to the line mark. Then a drop of alcohol was added to remove 

the foam on the surface. Then filtered using filter paper and discarded 10ml of the first filter. 

A total of 5ml of the filter was pipetted and each was put into a test tube. Then 5 ml of water 

was pipetted and put into one tube (example) and 5 ml of 0.2% NaHSO3 into the other tube 

(comparison). The solution was shaken well and the absorbance of the sample was determined 

against the reference at wavelengths of 284nm and 336 nm (BSN, 2018).  

 

Riau 
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Moisture Content Analysis. Moisture content was determined and measured using a 

honey refractometer. The way to use a honey refractometer is to open the light plate and drop 

a few drops of honey until the honey covers the entire blue area. The result is the value on the 

water scale shown on the viewfinder. The water content value is expressed in percent (%). The 

test results were compared with the standard value of honey according to SNI 8664:2018 (BSN, 

2018). 

Sugar Content Analysis. A total of 1g of honey was weighed and dissolved in 20 ml of 

distilled water. A solution of 0.1ml was taken and added to 1.5ml of DNS reagent. Then the 

solution was shaken evenly and heated in a water bath at 100O C for 5 minutes. After that the 

solution was cooled in running water, 0.5ml was taken and then 15ml of sterile distilled water 

was added. The solution was shaken evenly and measured at a wavelength of 540 nm. The 

results obtained were entered into the equation obtained from the standard curve and then 

divided by the weight of the sample used. The percentage of glucose content was calculated by 

multiplying the results obtained by 100% (BSN, 2018). 

Ash Content Analysis. The percentage of ash content was measured through an ashing 

process using a muffle furnace at 550o C for 6 hours.  
Heavy Metal Analysis. Test for metal contamination in food in accordance with SNI 

2896: 1992. The prepared sample solution was determined by absorbance with Uv-Vis 

Spectrophotometer at λ = 283.3 nm. The absorbance obtained was substituted in the standard 

equation obtained from the standard curve with the standard series solution of Pb, Cd, Hg and 

As (BSN, 1998) . 

Microbiological Analysis Total Plate Number. Honey samples were diluted with 0.85% 

physiological NaCl solution starting from dilution 10 -10-1-6. Each of the dilution samples was 

taken as much as 1 ml and then put into a petri dish and made duplo. Plate Count Agar (PCA) 

media that has been made as much as 15-25 ml was taken and poured into a petri dish. The 

Petri dish containing the media was then rotated back and forth with the aim that the sample 

could be mixed homogeneously and left to solidify. After the media becomes solid, the Petri 

dish containing the media is then incubated for 24-48 hours at a temperature of 35-45o C with 

an inverted position. If there are colonies that grow, the colonies are observed and counted 

(Hasanah et al., 2023). 

Microbiological Analysis Mould Yeast Numbers. Herbal medicine samples were diluted 

with 0.85% physiological NaCl solution starting from dilution 10 -10-1-4. Each of the dilutions 

taken as much as 1 ml was put into a Petri dish and made duplo. Potato Dextrose Agar (PDA) 

media that has been made is taken as much as 15-25 ml put into a petri dish. Petri dishes are 

rotated back and forth with the aim that the sample can be mixed homogeneously and then left 

to solidify. After the PDA media becomes solid, the Petri dish is then incubated in an inverted 

position at a temperature of 20-25o C for 5 days. If there is colony growth on the media after 5 

days of incubation, the number of colonies is then observed and counted (Hasanah et al., 2023). 

Qualitative Analysis of Flavonoid Content. Flavonoids were extracted with ethyl acetate 

(Karabagias et al., 2014). 10 g of honey was dissolved in 50 mL of water to a final concentration 

of 20% (b/v). The solution was then acidified by adding 0.2M HCl and saturated with 30% 

(w/v) sodium chloride. The solution obtained was then filtered through cotton to remove solid 

particles and extracted three times with ethyl acetate using a separatory funnel. The organic 

layer was then dried in a vacuum dryer at 40°C with a low pressure of 100 mbar until the entire 

solution evaporated. The residue was redissolved in 5 mL of methanol. Prior to HPLC analysis, 

all honey sample solutions were filtered through a 0.45 µm pore size polytetrafluoroethylene 

(PTFE) filter. 
Agilent 1200 series HPLC system was used for flavonoid analysis. The wavelength used 

for detection was from 256 nm to 350 nm. Flavonoid separation was performed using a 
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WondaCract ODS-2 reversed-phase column (250 mm × 4.6 mm, particle size 5 µm) at room 

temperature. The gradient elution flow rate was 1 mL/min with a solution of 2.0% (v/v) acetic 

acid (solvent A) and acetonitrile (solvent B) as mobile phases. The injection volume was 20 

μL. Flavonoid analysis started with 10% solvent B and then increased to 30% from 0 to 20 min. 

Then, solvent B was increased to 40% from 20 to 30 min, and then 50% from 30 to 50 min. In 

addition, the column was eluted with 50% acetonitrile for 10 minutes before the next sample 

injection. To identify the peaks, 100 µg/mL stock solution of each standard was prepared by 

dissolving the flavonoid standards in methanol. One mL of the stock solution was used and 

injected into the HPLC for peak identification. By comparing the retention time, flavonoids can 

be identified (Cheung et al., 2019). 

The data obtained will be analyzed using a descriptive statistical approach to calculate 

the mean, standard deviation, minimum, and maximum values of each parameter measured, 

including moisture content, pH, total sugar, enzyme activity, and flavonoid content. The data 

will be presented in tables to facilitate interpretation, and the results of the analyses will be 

interpreted to provide a deeper understanding of the quality and flavonoid content of honey 

from Riau forests. This research has also received ethical approval from the Tanjungkarang 

Health Polytechnic Research Ethics Commission with No.879/KEPK-TJK/XII/2023. 

 

3. RESULTS AND DISCUSSION 

Riau is a region in Indonesia that is able to provide large amounts of forest and livestock 

honey. The honey produced includes rubber honey, calliandra honey, and other multiflora 

honey. Generally, the honey is sold directly by farmers to honey processing industries for 

commercialization on a large scale.   
Regulation and standardization of honey is regulated by the Food and Drug 

Administration and the National Standardization Agency. There are parameters that must be 

met by producers, including organoleptic, physical, chemical, and microbiological. This aims 

to protect consumers from product adulteration and food safety risks. Table 1 shows the quality 

of honey from the Riau forest. 
The quality of Riau honey in terms of taste, aroma, colour, and texture meets the set 

standards. The honey has a sweet taste, typical honey aroma, brown colour, and thick texture. 

The sweetness of honey comes from the sugar content (sucrose, fructose, and glucose) (Melina 

et al., 2023). The content of reduced sugar reaches 54.16%, which includes 33.19% fructose. 

This content is below the SNI requirements. The low content of reducing sugar is influenced 

by moisture content, humidity, and harvesting period. Research shows that high water content 

stimulates yeast activity to grow. Yeast in the form of osmophilic yeast of the genus 

Zygosaccharomyces, which is resistant to high sugar concentrations, can live and thrive in 

honey. Yeast in honey will degrade sugars, especially dextrose and levulose into alcohol and 

CO2, thus affecting the dextrose (glucose) and levulose (fructose) content of honey. This is 

thought to be the cause of the lower glucose content in honey (Dygas et al., 2021). Sucrose 

content in honey can be influenced by the presence of the enzyme invertase, an enzyme that 

converts sucrose into glucose and fructose. The optimum temperature of the invertase enzyme 

ranges from 30-50oC (Manoochehri et al., 2020). The sucrose content of room-temperature 

honey is lower than that of cold-temperature honey because the invertase enzyme is more active 

at room temperature than at cold-temperature (Wulandari, 2017). 

The research results obtained honey moisture content of 21.92%, this value has met the 

SNI requirements, which is a maximum of 22%. The moisture content of honey is influenced 

by the humidity of the environment. This is because honey has hygroscopic properties, which 

is easy to absorb water. The higher the humidity, the higher the moisture content of the honey. 

If the humidity is 51%, the moisture content of honey is 16.1%. If the humidity is 81%, the 

moisture content of honey is 33.4% (Wulandari, 2017). A low moisture content will keep the 
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honey from spoiling for a relatively long period of time (Chirife et al., 2006). High moisture 

content in honey will stimulate yeast activity to grow and develop in honey. Harvesting age 

also affects the water composition of honey. Honey harvested at an older age has less water 

content than honey harvested at a younger age. The longer the honey is in the honeycomb, the 

more complete the evaporation of water content in the honey (Evahelda et al., 2017). 

Table 1. Honey Quality Results based on SNI 8664:2018 Standard  
No. Parameters Unit Results Honey Standard 

1 Organoleptic 

Flavour 

Aroma 

Colour 

Texture 

 

 

 

Sweet 

Typical Honey 

Chocolate 

Thick liquid 

 

Typical Honey 

Typical Honey 

Chocolate 

Thick Liquid 

2 Diastase enzyme DN 3.13 Minimum 3 

3 Hydroxymethylfurfural (HMF) mg/kg 4.41 Maximum 50 

4 Water Content % 21.92 Maximum 22 

5 Fructose % 33.19  

6 Saccharose % NI Maximum 5 

7 Reducing Sugar % 54.61 Minimum 65 

8 Chloramphenicol mg/kg NI NI 

9 Acidity ml NaOH 

1N/kg 

17.40 Maximum 50 

10 pH  4.36 <4.5 

11 Undissolved solids % 0.12 Maximum 0.5 

12 Ash Content % 0.48 Maximum 0.5 

13 Heavy Metals 

Cd 

Hg 

As 

Pb 

 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

 

NI 

NI 

NI 

NI 

 

Maximum 0.2 

Maximum 0.03 

Maximum 1.0 

Maximum 2.0 

14 Microbiology 

ALT 

Moulds 

 

Colony/g 

Colony/g 

 

3.0 x 101 

<101 

 

<5x103 

< 1x101 

Enzyme diastase and Hydroxylmethylfurfural (HMF) are specific parameters commonly 

used to determine the purity of honey. The test results obtained honey diastase enzyme 3.13 

DN and HMF 4.41 mg/kg, these values have met the established quality requirements. The 

minimum diastase enzyme value is 3. Honey with undetectable diastase enzyme is suspected 

to be fake honey. There are several factors that affect the diastase enzyme content, including 

post-harvest honey processing and honey storage temperature. A good harvest time is when the 

honey is old, if it is young, or when the honey has not been completely covered by wax, it will 

produce honey with high water content due to the lack of evaporation. Usually, to reduce the 

water content in honey, heating is done. The optimal storage temperature for honey is at room 

temperature (26°C), during post-harvest handling, storage, and transport, honey is avoided from 

direct sun exposure and heat exceeding 28°C and open-air (Ichsan et al., 2022). 
Heavy metal content is a critical parameter regarding the safety of honey. The test results 

showed no detectable content of heavy metals Cadmium (Cd), Mercury (Hg), Arsenic (As), 

and Lead (Pb). These values fulfill the quality requirements set by the regulator. The content 

of heavy metals is strongly influenced by the environment from which the honey is produced, 

honey produced in areas polluted by industrial pollutants, whether from air, water, or soil will 
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be at risk of heavy metal contamination (Demaku et al., 2023). Riau forest honey is produced 

from forests that are free from pollutants, so the honey is not contaminated with heavy metals. 

Furthermore, the results of microbiological testing obtained the number of total plate 

numbers (ALT) 3.0 x 101 colonies/g and yeast mould <101 colonies/g. These values fulfill the 

requirements of SNI. Microbial contamination in honey comes from primary and secondary 

sources. Primary sources of microbial contamination may come from pollen, bee digestive 

tract, dust, air, soil, and nectar. On the other hand, secondary sources come from personal, 

cross-contamination, equipment, and the environment. Secondary sources of contamination can 

be controlled through good manufacturing practices (GMP) (Snowdon & Cliver, 1996). 

Flavonoids (from Latin flavus meaning yellow) are a group of naturally occurring 

heterocyclic compounds that contain oxygen. These compounds are found in plants in free form 

and bound to sugar components in several glycoside forms. Flavonoids are generally water-

soluble and in nature are found in fruits, vegetables, tea, grapes, wine, honey, propolis, nectar 

and others. Currently, more than 5000 kinds of flavonoids have been identified in various plants 

(Panche et al., 2016; Ververidis et al., 2007).  
 

Table 2. Flavonoid content in honey riau 

Parameters Identification 

Luteolin + 

Mangiferin + 

Smiglanin + 

Leucodelphinidin - 

Maltol + 

(-)-epi-afzelechin - 

5,6,7,3-tetrahydroxy-4-methoxyisoflavone + 

Sec-O-glucosylhamaudol - 

Robinetin - 

3-O-B-D-Galacopyanosyl quercetin + 

2,5-dimethyl-7-hydroxychromone + 

Khellol-b-D-glucoside + 

Cnidimol C + 

Norcimifungin + 

Isorhamnetin-3-O-b-rutinoside_1 + 

Patuletin-7-O[6-(2-methylbutyryl)]-glucoside + 

Isoophiopogonone A + 

Apigenin-6-C-glucosylglucoside + 

Isoscoparin-3-O-glucopyranoside + 

Schaftoside + 

Cnidimol A + 

3,7-dihydroxy-6-methoxyflacanonol + 

Methyl ophiopogonanone B + 

Pectolinarigenine + 

Kusenol C + 

3,5,6-trihydroxy-4',7-dimethoxyflavone + 

Lupinifoline + 

6-methoxy-2-(2-phenylethyl)chromone - 

Chromone - 

Cianidine 3,5-diglucoside_1 - 

Adenine - 
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Trigoneline - 

Gentiatibetine - 

Salviamiltamide - 

Guvacoline - 

19-epi-3-iso-ajmalicine - 
Description: (-) not detected (+)Detected 

The structural diversity of flavonoids is due to the modification of the basic skeleton 

structure. These modifications are conditioned by various reactions of hydrogenation, 

hydroxylation, O-methylation of hydroxyl groups, dimerization, or glycosylation of hydroxyl 

groups (O-glycosides). Depending on the degree of oxidation of the pyran ring, as well as the 

α-position of the secondary aromatic ring. Flavonoids can be classified into several subgroups, 

including flavonols, flavones, flavanones, catechins, anthocyanidins, isoflavones, dihydro 

flavonols, and chalcones based on differences in their basic molecular structure (Harborne & 

Williams, 2000). Table 2 shows the flavonoids contained in Riau forest honey.  
The amount of flavonoids in honey can reach 6 mg/kg, while the amount is much higher 

in pollen (0.5%) and propolis (10%)(Gašić et al., 2017). Based on the test results, the flavonoids 

detected include Luteolin, Mangiferin, Smiglanin, maltol, isoflavones, quercetin, Cnidimol C, 

Norcimifungin, Apigenin, Methyl ophiopogonanone B, Pectolinarigenin, Kusenol C, 3,5,6-

trihydroxy-4',7-dimetoxyflavone and Lupinifoline. The flavonoid content in each honey varies 

greatly influenced by many factors, including the flower nectar, and the propolis present. 

(Tomás-Barberán et al., 2001). Riau Forest Honey generally takes its nectar from the sialang 

tree (Suhesti & Hadinoto, 2015).  
Flavonoids have a number of health benefits, including anti-cancer, antioxidant, anti-

inflammatory, and anti-viral activities. They also have neuroprotective and cardioprotective 

effects. These biological activities depend on the type of flavonoid, its mode of action, and its 

bioavailability.Research shows that in the form of isoflavones, quercetin and luteolin are able 

to exert a favourable influence on the health of the cardiovascular system through the inhibition 

of thrombokinase activity, the lowering of LDL cholesterol levels and the prevention of 

inflammatory activity caused by free radicals (Olas, 2020). The flavonoids in honey can prevent 

cancer through the mechanism of increasing caspase 3 activity which has an impact on cancer 

cell apoptosis (Ahmed & Othman, 2013). 
 

4. CONCLUSION    

Forest honey from Riau has good quality and safety, fulfilling the requirements set by 

SNI. The reducing sugar content needs to be improved with a good storage process. The 

flavonoid content in Riau forest honey is quite varied, including Luteolin, Mangiferin, 

Smiglanin, maltol, isoflavones, quercetin, Cnidimol C, Norcimifungin, Apigenin, Methyl 

ophiopogonanone B, Pectolinarigenin, Kusenol C, 3,5,6-trihydroxy-4',7-dimetoxyflavone and 

Lupinifoline. The type of flavonoids produced is due to the source of nectar and propolis 

provided. The flavonoid content in honey has potential health benefits. 
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