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ABSTRACT

Introduction: Helminthiasis remains a significant public health issue in Indonesia, negatively impacting nutrition and
cognitive development, particularly among individuals who are in direct contact with soil. To mitigate this issue, improving
personal hygiene and awareness of infection prevention is essential. This study aims to examine the correlation between
sociodemographic factors and personal hygiene with blood profiles among workers in agrarian areas. Methods: A cross-
sectional approach was used, with 144 samples collected through purposive sampling in the agrarian area of Malang
Regency. Data were gathered using questionnaires covering sociodemographic factors and personal hygiene, as well as
through hematology tests results obtained from blood samples taken from respondents, which were tested at the dr. Saiful
Anwar Malang General Hospital. For data analysis, the Chi-square test was utilized for bivariate analysis, while logistic
regression was employed for multivariate analysis. Results: The mean age of respondents was 48.1 + 14.1 years, with a
majority having attained only an elementary education (51.4%) and primarily working as farmers (66.7%). Approximately
38.2% of respondents demonstrated poor personal hygiene. Significant associations were found between personal hygiene
and hemoglobin levels (p=0.031), as well as eosinophil counts (p=0.007). Multivariate analysis showed that respondents
who did not wash their hands before eating had 1.8 times higher odds of having abnormal blood profiles compared to
those who practiced handwashing. Conclusion: The results of this study suggest that sociodemographic factors and
personal hygiene are associated with the quality of blood profile among respondents. Enhanced education is needed to
raise community awareness regarding personal hygiene.
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INTRODUCTION

Helminth infections remain a major health
challenge, especially in tropical regions, such as
Indonesia. The geographical conditions, temperature,
and humidity in Indonesia are conducive to the
habitat and proliferation of worms. Most helminth
infections are asymptomatic and only become
noticeable when the infection reaches a severe
level (Idris, Wintola and Afolayan, 2019). This is
what makes worm disease included in neglected

or insufficient attention (Nath et al., 2022).
Helminthiasis is caused by worm infections,
which can cause nutrient deficiencies, anemia,
and decreased appetite, which may culminate in
stunted growth, hindered cognitive development,
and a diminished capacity to learn. Severe infections
and polyparasitism are also associated to increased
morbidity rates and heightened vulnerability to
additional infections (Idris, Wintola and Afolayan,
2019; Nath et al., 2022). Numerous infectious
agents, including worms, are linked to chronic
anemia (Caldrer et al., 2022). The incidence of
anemia due to helminth infections varied between
10,3% to 27,1% (Ntonifor et al., 2021; Tofel et al.,
2024).
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One of the groups of worms that can cause
infections in humans is soil transmitted helminths
(STH), through contact with eggs found in warm
and moist soil. Common STH species include
roundworms (Ascaris lumbricoides), hookworms
(Ancylostoma duodenale and Necator americanus),
and whipworms (Trichuris trichiura) (Murni,
Lubis and Fujiati, 2018). According to the World
Health Organization (2023), more than 1.5 billion
people globally, representing about 24% of the total
population, experience worm infections (World
Health Organization, 2023). Recent data indicate
that 819 million people globally are infected with
A. lumbricoides, 439 million with hookworms,
and 465 million with T. trichura, in addition to 2-4
billion who are at risk of contracting these infections
(Aemiro et al., 2022). In Indonesia, the prevalence
of helminthiasis is still quite high with the number
varying between 2.5% to 6.2% (Prabandari, Sari
and Ahtamagara, 2023). In East Java, the prevalence
rate of worms reaches 7.95% (Fauzi Sabban et al.,
2023).

Worms have a multifactorial mechanism of
blood loss, with the severity of the infection, the
worm species, iron stores, and other factors like age
and underlying medical conditions all influencing
the rate of chronic blood loss. Most cases of blood
loss are caused by hookworms through disruption
of the intestinal epithelial and endothelial barriers.
Hookworms will secrete anticoagulants derived from
the parasites that inhibit blood clotting and adversely
affect the host's inflammatory response (Caldrer et
al., 2022). Moreover, worms within the human body
actively consume and digest red blood cells, leading
to significant blood loss (Loukas et al., 2016).

Helminthiasis can be evaluated by looking
for eosinophilia in blood tests (Primadana et al.,
2019). Eosinophils are a result of the body's cellular
immune response to worm infestations, induced
by T helper 2 (Th2) cells, which increase IgE and
IL-5, functioning as eosinophil activators (Eren
and Aktekin, 2023). Numerous granulocytes called
neutrophils move swiftly to areas of tissue damage,
infection, or inflammation. They are crucial in
fighting off infections in a variety of ways, including
engulfing them, releasing toxic granules, and
producing reactive oxygen species. Despite the fact
that both eosinophil and neutrophil are recruited
during worm infections, it is still unclear exactly
how neutrophils fight these parasites. However,
recent research suggests that neutrophils might help

in removing larvae from the lungs (Bouchery ef al.,
2020; Giacomin et al., 2008).

Worm infections have the potential to irritate
and inflame the intestinal mucosa, which can
cause bleeding and leading to anemia. Chronic
blood loss leads to iron deficiency, which lowers
hemoglobin (Hb) production, causing red blood cells
to become hypochromic and a contributing factor
to anemia (Mutalazimah and Putri, 2021). When
assessing anemia, the mean corpuscular volume
(MCV) and mean corpuscular hemoglobin (MCH)
are crucial parameters in evaluating anemia; MCV
represents the typical size of red blood cells, while
MCH shows the average amount of hemoglobin
in each red blood cell. MCV is frequently low in
iron deficiency anemia cases, and MCH may also
decrease, underscoring the effect of worm infections
on blood health in overall.

Ngadas Village is one of the highest areas in
Malang Regency, located within the territorial area
of the Bromo Tengger Semeru National Park at an
elevation of approximately 2,150 meters above sea
level. The majority of the population in Ngadas
Village works as vegetable farmers (Statistic of
Malang Regency, 2021). Vulnerable groups at risk
of helminth infection include workers who have
close contact with soil, such as farmers, waste
pickers, potters, and garbage collectors. Farmers
are particularly susceptible to helminthiasis due
to their activities closely linked to soil, including
digging, planting seeds, fertilizing, weeding, and
harvesting (Prabandari, Sari and Ahtamagara, 2023).
Agricultural environments often provide breeding
grounds for parasites and worms, especially when
there is standing water or moist soil. Soil serves
as a medium for the development of STH eggs
until they reach the infective stage, ready to infect
humans. In farmers, STH infections may occur due
to inadequate use of protective equipment while
working, allowing worm eggs in the soil to adhere to
long, dirty nails, which can then be ingested during
meals. Infection can also occur directly if the worm
larvae penetrate the skin in direct contact with the
soil (Apsari et al., 2020). In addition, the practice
of not cleansing hands with soap prior to meals
and not using footwear, as well as gloves while
working can increase the risk of helminthiasis (Fauzi
Sabban et al., 2023). The impact of the worldwide
environment, the growing human population, and
the diminishing consciousness regarding personal
hygiene are significant contributors to the spread of
parasites like worms.
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Helminth infections still receive less attention
because most of them do not cause symptoms or
only cause mild infections, even though if this is
allowed continuously, helminth infections will
become more severe and cause manifestations, one
of which is anemia (Irawan et al., 2024). Measures
such as improved personal hygiene are essential
to prevent infections and should be included in
a comprehensive strategy aimed at the long-term
management of helminth diseases (Mationg et al.,
2022). According to this description, it is concluded
that studies that examine sociodemographic factors
and personal hygiene in relation to blood profiles is
still rarely studied. This study aims to investigate
the relationship between sociodemographic factors
and personal hygiene on peripheral blood profiles in
agrarian workers.

METHODS

Study Area

The Malang Regency’s agricultural region
serves as the study area (Figure 1). Geographically,
Malang Regency is situated between 112°17" and
112°57" East Longitude and 7°44' and 8°26' South
Latitude. The temperature in this area ranges from 0
to 18°C (Statistic of Malang Regency, 2021).

The selection of this area is because agricultural
practices often involve the use of manure and
interaction with the soil can be a factor causing
the spread of worms, as well as close contact with
livestock. By understanding the prevalence and risk
factors in agrarian area, more effective interventions
can be designed to prevent and control helminthic
diseases in vulnerable populations. All residents in

the study area are considered the target population
and constitute the research population.

Study Design, Population, and Determination of
Sample Size

This study is a cross-sectional that utilized
a questionnaire and laboratory hematology data
conducted in July 2024. The Lemeshow formula with
a 95% confidence interval was used to calculate the
sample size. A total sample size of 96 respondents
was obtained from this computation. However, to
minimize the potential for missing data, the number
of respondents in this study was increased to 144,
which is considered the final sample.

The criteria for inclusion in this study
comprised participants aged 18 and older and who
agreed to take part as respondents by signing an
informed consent form. Those who refused to
complete the questionnaire, declined laboratory
hematology testing, or were not willing to sign the
informed consent form were excluded from the
study. The sampling method used in this study was
purposive sampling. This method establishes the
study population according to specific inclusion
and exclusion criteria that align with the study's
objectives. The Universitas Brawijaya Ethics
Committee granted approval for the study (No. 353/
EC/KEPK/10/2024).

Data Collection

Sociodemographic characteristics and personal
hygiene factors influencing helminth infection
incidence were collected through a questionnaire.
To make sure that respondents fully understood the
questions, the questionnaire was provided orally
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Figure 1. Locations of the agrarian area where this study was conducted
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and was available in both Indonesian and Javanese.
There are four sections on the questionnaire. The
respondent sociodemographic characteristics,
including gender, age, marital status, education level,
occupation, monthly income, and medical history,
are detailed in the first section.

The following part addresses inquiries related to
personal hygiene. These questions include whether
respondents always wash their hands before eating,
always wash their hands after working, always
wash their feet after working, always use soap when
washing their hands and feet, always wear footwear
when going outside, always bathe regularly at
least twice a day, always shower immediately after
returning from work, and always clean/cut their nails
once a week. Respondents were given two response
options: "yes" or "no."

Additionally, data collection involved blood
sampling from respondents, which was tested at
the laboratory of RSUD dr Saiful Anwar Malang
on the same day by experienced medical laboratory
technologists. The blood profile examined in this
study included hemoglobin (Hb), mean corpuscular
volume (MCV), mean corpuscular hemoglobin
(MCH), neutrophils, and eosinophils. Hb was
measured to assess oxygen-carrying capacity
and detect anemia, while MCV and MCH were
evaluated to determine red blood cell size and
hemoglobin content, respectively, aiding in anemia
classification. Neutrophils were counted to evaluate
the immune response to infection and inflammation,
and eosinophils were measured to assess allergic
reactions and parasitic infections, particularly
helminthiasis.

Data Analysis

Data from questionnaires and laboratory results
were input into Microsoft Excel 2010 using the
double-entry technique. IBM SPSS Statistics version
26 was used for the following analysis, which
involved categorizing variables and examining at the
absolute and relative frequency distributions. Prior
to utilization, the questionnaire underwent testing
for both validity and reliability. If an item's Pearson
correlation value was higher than the cut-off value
(), it was considered valid. If an item's Cronbach's
alpha value was higher than 0.6, it was considered
to be of good reliability. The validity and reliability
of the questionnaire used in this investigation were
established.

The analysis used in this comprised univariate
analysis to describe the research variables through
frequency distribution. Subsequently, bivariate
analysis was employed to investigate the relationship
between the independent variables and the dependent
variable. The bivariate analysis was carried out using
the Chi-square test. Independent variables with a
p-value of less than 0.05 were identified as having a
significant association with the dependent variable.
All factors that met the p-value threshold of less than
0.25 were incorporated into the model, and logistic
regression was executed with a p-value of less than
0.05, presenting the factors in terms of adjusted odds
ratio (aOR) and 95% confidence interval (CI).

To assess the personal hygiene questionnaire,
scoring was applied to each response. "Yes"
responses were assigned a score of 1, while "No"
responses were assigned a score of 0. Consequently,
respondents' personal hygiene scores ranged from 0
to 7. To evaluate the hematology laboratory results
of respondents, categorization was performed
according to the predetermined cut-offs for each
blood profile, classifying results as "normal" or
"abnormal."

RESULT

Sociodemographic Characteristics of
Respondents

A total of 144 respondents participated in this
study, with an average age of 48.1 = 14.1 years.
The vast majority of the respondents were female
(91.7%) and most were married (81.3%). The age
distribution of the respondents included those
aged 19-30 years (16%), 31-50 years (34.7%), and
over 50 years (49.3%). A significant number of
respondents reported having completed elementary
school as their highest level of education (51.4%)
and worked as farmers (66.7%). Respondents had an
average monthly income of less than Rp 1,000,000,
which applied to 73.6% of them. Furthermore,
a small group of respondents had a history of
helminth infection (7.6%), while the majority did
not report any medical history (92.4%). Table 1
displays the sociodemographic characteristics of the
respondents.

Based on the blood profile examination results,
it was found that the average respondents had normal
levels of Hb (68.8%), MCV (79.9%), MCH (73.6%),
eosinophils (92.4%), and neutrophils (62.5%).
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Table 1. Sociodemographic Characteristics of

Respondents

Variable Frequency [n(%)] (n=144)
Age (years old), mean £ SD 48.1£14.1
19-30 23 (16.0)
31-50 50 (34.7)
>50 71 (49.3)
Gender
Male 12 (8.3)
Female 132 (91.7)
Marital Status
Unmarried 7(4.9)
Married 117 (81.3)
Widow/widower 20 (13.9)
Education Status
Did not finish school 8(5.6)
Elementary school 74 (51.4)
Middle school 46 (31.9)
High school 4(2.8)
Bachelor degree 12 (8.3)
Occupation
Unemployed 11 (7.6)
Housewife 23 (16.0)
Private sector worker 14 (9.7)
Farmer 96 (66.7)
Medical History
There is medical history 11 (7.6)
There is no medical history 133 (92.4)
Monthly Income
<Rp 1.000.000 106 (73.6)
Rp 1.000.001 — Rp 38 (26.4)
3.000.000
Hb
Normal 99 (68.8)
Abnormal 45 (31.3)
MCV
Normal 115 (79.9)
Abnormal 29 (20.1)
MCH
Normal 106 (73.6)
Abnormal 38 (26.4)
Neutrophil
Normal 90 (62.5)
Abnormal 54 (37.5)
Eosinophil
Normal 133 (92.4)
Abnormal 11 (7.6)

SD = Standard Deviation, n = total

Assessment of Respondents' Personal Hygiene

In this study, the majority of respondents
reported consistently practicing handwashing before
meals (91.7%), always washing their hands after
work (75.0%), always washing their feet after work
(59.7%), consistently using soap every time they
wash their hands and feet (67.4%), always wearing
footwear when leaving the house (86.8%), regularly
bathing at least twice a day (59.0%), and always
cleaning/cutting their nails once a week (72.2%).
This data are presented in Table 3.

Based on the results of the personal hygiene
questionnaire, the average score among respondents
was 5.87 £ 1.12 SD, with scores ranging from a
minimum of 4 to a maximum of 7. A total of 61.8%
of respondents achieved scores above the average,
indicating that they have good personal hygiene,
while the remaining 38.2% have poor personal
hygiene (Table 4). This indicates that the results of
this study reveal a greater number of respondents
exhibiting good personal hygiene behavior than
those exhibiting poor behavior. In this study,
respondents who did not wash their hands before
meals had 1.8 times the risk compared to those who
did wash their hands. Additionally, respondents who
did not wear footwear when leaving the house had
a 6.1 times higher risk compared to those who did
wear footwear, and respondents who did not clean/
cut their nails once a week had a 1.2 times higher
risk compared to those who did.

Factors Affecting Respondents' Blood Profile

According to the results from the bivariate and
multivariate analyses (Table 3) of sociodemographic
factors associated with respondents' hemoglobin
levels, age (p=0.001), education level (p=0.001),
marital status (p=0.005), gender (p=0.006), and
medical history (p=0.016) have a significant
relationship with respondents' hemoglobin levels.
After adjustment, respondents over 50 years old
had higher odds of having lower hemoglobin levels
compared to those under 50 years (aOR=2.9; 95%
CI=1.1-7.5). Additionally, female respondents had
significantly higher odds of low hemoglobin levels
compared to male respondents (aOR=5.1; 95%
CI=1.4-18.8).

Regarding MCV, bivariate and multivariate
analysis (Table 4) indicate that marital status
(p=0.030) and employment status (p=0.001) have
a significant association. Notably, respondents
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who had only completed elementary school had
significantly higher odds 6.4 times of having low
MCYV levels compared to those who had graduated
from junior high school, high school, or university.

For (MCH levels, employment status (p=0.001)
and medical history (p=0.039) were significantly
associated (Table 5). Respondents working
as farmers had 2.8 times higher odds of having

Table 2. Assessment of Respondent’s Personal Hygiene
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low MCH levels compared to those working as
housewives, in the private sector, or who are
unemployed.

In terms of neutrophil levels, age (p=0.041)
showed a significant association (Table 6).
Respondents over 50 years old had 1.1 times
higher odds of having abnormal neutrophil levels
respectively, compared to those under 50 years old.

Distribution of Answer

Questions N OR (95% CI) Mean = SD Good (n) Poor (n)
m[%]) p-value
Personal Hygiene Yes No n(%)
Always Wash Hands
before Meals 132 (91.7) 18 (8.3) 0.398 1.8 (0.4-7.0)
Always Wash Hands
after Working 108 (75.0) 36 (25.0) 0.117 0.4 (0.16-1.2)
Always Wash Feet
after Working 86 (59.7) 58 (40.3) 0.691 0.8 (3.3-2.0)
Always use Soap
when Washing Hands 97 (67.4) 47 (32.6) 0.584 0.7 (0.2-2.1)
and Feet 5.87+1.12 89 (61.8) 55(38.2)
Always Wear
Footwear when 125 (86.8) 19 (13.2) 0.008* 6.1 (1.6-23.6)
Leaving Home
Always Bathe
Regularly at Least 85(59.0) 59 (41.0) 0.844 0.9 (0.3-2.2)
Twice a Day
Always Clean/Cut
Nails once a Week 104 (72.2) 40 (27.8) 0.712 1.2 (0.4-3.5)
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In addition, personal hygiene also demonstrated
a significant influence on blood profiles. Hemoglobin
levels (p = 0.031) and eosinophil levels (p =
0.007) were significantly correlated with personal
hygiene, according to the findings of bivariate and
multivariate tests (Table 8). Respondents with poor
personal hygiene had 2.1 times higher odds of
having abnormal hemoglobin levels and 1.1 higher
odds of having abnormal eosinophil levels compared
to those with good personal hygiene.

DISCUSSION

Sociodemographic Characteristics of
Respondents

In this study, the majority of respondents were
female (91.7%), married (81.3%), and aged over 50
years (49.3%), with an average age of 48.1 years.
Most had a maximum education level of elementary
school (51.4%) and worked as farmers (66.7%). This

Table 3. Potential Risk Factors Associated with Hemoglobin Levels

Variable l\iloz‘ymo i;l Al:ln;)oz;lal p-value (X2) aOR 95% (CI) p-value
Age (years old)
19-30 8 (34.8) 15 (65.2) 0.001* Ref. na na
31-50 43 (86.0) 7(14.0) 0.2 0.09-0.6 0.007*
>50 48 (67.6) 23 (32.4) 2.9 1.1-7.5 0.025%*
Gender
Male 4 (33.3) 8 (66.7) 0.006* Ref. na na
Female 95 (72.0) 37 (28.0) 5.1 1.4-18.08 0.011%*
Marital Status
Unmarried 4 (57.1) 3(42.9) 0,005 Ref. na na
Married 75 (64.1) 42 (35.9) 1.3 0.2-6.2 0.711
Widow/widower 20 (100.0) 0(0.0) na na 0.998
Education Status
zfolg?t finish § (100.0) 0(0.0) Ref. na na
Elementary school 51(68.9) 23 (31.1) 0.001* na na 0.999
Middle school 28 (60.9) 18 (39.1) na na 0.999
High school 0(0.0) 4 (100.0) na na 0.999
Bachelor degree 12 (100.0) 0(0.0) na na 1.000
Occupation
Unemployed 8 (72.7) 3(27.3) Ref. na na
Housewife 16 (69.9) 7 (30.4) 0.823 0.8 0.1-4.2 0.850
fféfﬁi? sector 11 (78.6) 3(21.4) 13 0.2-8.6 0.735
Farmer 64 (66.7) 32(33.3) 0.7 0.1-3.0 0.686
Medical History
ng;‘;yls medical 4(36.4) 7 (63.6) 00164 Ref. na na
zl};zrlecﬁ }II‘IOS fory 95 (71.4) 38 (28.6) 0.22 0.06-0.82 0.024*
Monthly Income
<Rp 1.000.000 72 (67.9) 34 (32.1) 0721 Ref. na na
Rp 1.000.001 —Rp 27 (71.1) 11 (28.9) 1.1 0.5-2.6 0.721

3.000.000

aOR = adjusted odds ratio, calculated via multivariate logistic regression; CI = confidence interval; * = significant at 5%
(p<0.05); a = significant at 25% (p<0.25); Ref = reference; X2 = chi-square
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sociodemographic profile reflects the characteristics
of rural agrarian communities, where farming is the
predominant occupation and educational attainment
is generally lower.

Furthermore, more than two-thirds of
respondents reported a monthly income of <Rp
1,000,000, which aligns with national data indicating
that small-scale farmers in rural Indonesia often
live below the minimum wage standard (Statistic
of Malang Regency, 2021). Socioeconomic status,

especially low income and education level, has been
associated with limited access to healthcare and
poor nutritional outcomes, both of which are critical
factors influencing blood health (Taj et al., 2016).
Although the majority of respondents reported
no history of helminth infection (92.4%), this figure
may be underestimated due to underreporting
or limited access to diagnostic services in rural
areas. Nonetheless, the 7.6% who reported
previous infections remain important, given that

Table 4. Potential Risk Factors Associated with MCV Levels

Variable l\iloz"/mo i;l Al:ln;)(;’l;lal p-value (X2) aOR 95% (CI) p-value
Age (years old)
19-30 16 (69.6) 7 (30.4) 0276 Ref. na na
31-50 39 (78.0) 11 (22.0) 1.5 0.5-4.7 0.439
>50 60 (84.5) 11 (15.5) 2.3 0.7-7.1 0.120
Gender
Male 8 (66.7) 4(33.3) 0.2342 Ref. na na
Female 107 (81.1) 25(18.9) 2.1 0.5-7.6 0.243
Marital Status
Unmarried 7 (100.0) 0(0.0) 0.030* Ref. na na
Married 96 (82.1) 21(17.9) na na 0.999
Widow/widower 12 (60.0) 8 (40.0) na na 0.999
Education Status
]s)cf()‘:l’t finish 4(50.0) 4(50.0) Ref. na na
Elementary school 64 (86.5) 10 (13.5) 0.0572 6.4 1.3-29.7 0.018*
Middle school 35 (76.1) 11(23.9) 3.1 0.6-14.8 0.141
High school 4 (100.0) 0(0.0) na na 0.999
Bachelor degree 8 (66.7) 4(33.3) 2.0 0.3-12.5 0.459
Occupation
Unemployed 11 (100.0) 0(0.0) Ref. na na
Housewife 8 (34.8) 15 (65.2) 0.001* na na 0.999
ffgg sector 8 (57.1) 6 (42.9) na na 0.999
Farmer 88 (91.7) 8(8.3) na na 0.999
Medical History
Eﬁfg‘;yls medical 11 (100.0) 0(0.0) 0,083 Ref. na na
zltzrliﬁ ;‘los tory 104 (78.2) 29 921.8) 0.7 0.7-0.8 0.999
Monthly Income
<Rp 1.000.000 87 (82.1) 19 (17.9) 0.268 Ref. na na
?1(’)01(’)(_)8&001 ~Rp 28 (73.7) 10 (26.3) 0.6 0.2-1.4 0.271

aOR = adjusted odds ratio, calculated via multivariate logistic regression; CI = confidence interval; * = significant at 5%
(p<0.05); a = significant at 25% (p<0.25); Ref = reference; X2 = chi-square
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soil-transmitted helminths are still endemic in
many agrarian regions and can negatively impact
nutritional absorption and hematological parameters
(Amalia et al., 2023).

Assessment of Respondents' Personal Hygiene

One of the things people do to avoid getting sick
is to practice good personal hygiene. Cleanliness
refers to practices associated with good health.
Hygiene is the study and practice of preventing
disease or halting its spread by maintaining

cleanliness (Nurudeen and Toyin, 2020). In the
field of public health, good hygiene is essential to
preventing illness and promoting health. In order to
lower exposure to infectious agents, good hygiene
practices, such as bathing, handwashing, and
wearing footwear, are crucial.

According to this study, respondents who
practice good personal hygiene behavior were more
than those who practiced poor personal hygiene
behavior. This shows that respondents have a good
awareness of the importance of maintaining personal

Table 5. Potential Risk Factor Associated with MCH Levels

Normal Abnormal

Variable n (%) n (%) p-value (X2) aOR 95% (CI) p-value
Age (years old)
19-30 16 (69.9) 7(30.4) 0117 Ref. na na
31-50 42 (84.0) 8 (16.0) 2.2 0.7-7.3 0.162
>50 48 (67.6) 23 (32.4) 0.9 0.3-2.5 0.861
Gender
Male 8 (66.7) 4(33.3) 0.569 Ref. na na
Female 98 (74.2) 34 (25.8) 1.4 0.4-5.0 0.570
Marital Status
Unmarried 7 (100.0) 0(0.0) 0,108 Ref. na na
Married 87 (74.4) 30 (25.6) na na 0.999
Widow/widower 12 (60.0) 8 (40.0) na na 0.999
Education Status
Zfo‘;‘l’t finish 4(50.0) 4(50.0) Ref. na na
Elementary school 55 (74.3) 19 (25.7) 0.381 2.8 0.6-12.7 0.159
Middle school 35(76.1) 11 (23.9) 3.1 0.6-14.8 0.141
High school 4 (100.0) 0(0.0) na na 0.999
Bachelor degree 8 (66.7) 4(33.3) 2.0 0.3-12.5 0.459
Occupation
Unemployed 7 (63.6) 4(36.4) Ref. na na
Housewife 8 (34.8) 15 (65.2) 0.001% 0.3 0.6-1.3 0.120
]:vr;:lfz sector 11 (78.6) 3(21.4) 2.0 0.3-12.3 0.413
Farmer 80 (83.3) 16 (16.7) 2.8 0.7-10.9 0.125
Medical History
g};f;iy‘s medical 11 (100.0) 0 (0.0) 0,039 Ref. na na
Eézrliﬁ Ei‘;tory 95 (71.4) 38 (28.6) na na 0.999
Monthly Income
<Rp 1.000.000 79 (74.5) 21 (25.5) 0.677 Ref. na na
Rp 1.000.001 = Rp 27 (71.1) 11 (28.9) 0.8 0.3-1.9 0.677

3.000.000

aOR = adjusted odds ratio, calculated via multivariate logistic regression; CI = confidence interval; * = significant at 5%
(p<0.05); a = significant at 25% (p<0.25); Ref = reference; X2 = chi-square
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hygiene, which includes behaviors such as washing
hands before meals, cleaning hands and feet after
work, using soap when washing hands and feet,
wearing footwear outside, showering at least twice
daily, and cleaning/cutting nails weekly. This is in
accordance with the findings by Amalia et al. (2023),
which indicated that 55.6% of respondents practiced
good personal hygiene.

Poor hygiene practices, such as not washing
hands, can cause harmful germs to enter the
body directly through the mouth, nose, or eyes

or indirectly through contaminated food and
beverages (Farodis and Purnadianti, 2020; Lestari
and Saktiansyah, 2017). Poor personal hygiene and
sanitation, particularly in rural or agricultural areas,
have been associated with a greater risk of parasitic
infections. This is in accordance with research by
Lalangpuling, Manengal and Konoralma (2020)
which identified a correlation between worm
infections and clean living practices.

In this study, the risk of developing health
problem was 1.8 times higher in participants who

Table 6. Potential Risk Factors Associated with Neutrophil Levels

Normal Abnormal

Variable n (%) n (%) p-value (X2) aOR 95% (CI) p-value
Age (years old)
19-30 20 (87.0) 3(13.0) Ref. na na
31-50 50 (100.0) 0(0.0) 0.041% na na 0.997
>50 63 (88.7) 8 (11.3) 1.1 0.2-4.8 0.818
Gender
Male 12 (100.0) 0(0.0) 0.298 Ref. na na
Female 121 (91.7) 11(8.3) 1.09 1.0-1.1 0.999
Marital Status
Unmarried 7 (100.0) 0(0.0) 0.068° Ref. na na
Married 110 (94.0) 7 (6.0) na na 0.999
Widow/widower 16 (80.0) 4 (20.0) na na 0.999
Education Status
zfolg?t finish 8 (100.0) 0(0.0) Ref. na na
Elementary school 66 (89.2) 8(10.8) 0.538 na na 0.999
Middle school 43 (93.5) 3(6.5) na na 0.999
High school 4 (100.0) 0(0.0) na na 1.000
Bachelor degree 12 (100.0) 0(0.0) 1.000
Occupation
Unemployed 11 (100.0) 0(0.0) Ref. na na
Housewife 20 (87.0) 3(13.0) 0379 na na 0.999
fvrgl‘;‘z sector 14 (100.0) 0(0.0) na na 1.000
Farmer 88 (91.7) 8(8.3) na na 0.999
Medical History
El};f(rflfyls medical 11 (100.0) 0 (0.0) 0391 Ref. na na
There is no 122 (91.7) 11(8.3) na na 0.999
medical history
Monthly Income
<Rp 1.000.000 99 (93.4) 7 (6.6) 0.435 Ref. na na
?%gfg&ool ~Rp 34 (89.5) 4(10.5) 0.6 0.1-2.1 0.324

aOR = adjusted odds ratio, calculated via multivariate logistic regression; CI = confidence interval; * = significant at 5%
(p<0.05); a = significant at 25% (p<0.25); Ref = reference; X2 = chi-square
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did not wash their hands prior meals compared
to those who washed their hands. Hands become
contaminated with harmful microorganisms
from dirty surfaces and then transmit infections
to themselves and others (Amalia et al., 2023).
Washing hands with soap and water can remove
viruses, bacteria, and parasites that cause disease
(Ejemot-Nwadiaro et al., 2021). Additionally, the
risk was 6.1 times higher for people who went
outside without wearing footwear than those who
wore. Furthermore, unclean or untrimmed hands

and nails make it easier for bacteria to enter the
body which are swallowed during meals (Suraya et
al., 2020). For this reason, good personal hygiene
practices are one of the necessary steps in living a
clean and healthy lifestyle.

Factors Affecting Respondents Blood Profile

Blood profiles play a crucial role in assessing
various aspects of health, including general
condition, disease diagnosis, and treatment
monitoring. Through this examination, healthcare

Table 7. Potential Risk Factors Associated with Eosinophil Levels

Normal Abnormal

Variable n (%) n (%) p-value (X2) aOR 95% (CI) p-value
Age (years old)
19-30 16 (69.9) 7 (30.4) 0.163 Ref. na na
31-50 26 (52.0) 24 (48.0) 0.4 0.1-1.3 0.162
>50 48 (67.6) 23 (32.4) 0.9 0.3-2.5 0.861
Gender
Male 8 (66.7) 4(33.3) 0.755 Ref. na na
Female 82 (62.1) 50 (37.9) 0.8 0.2-2.8 0.234
Marital Status
Unmarried 7 (100.0) 0(0.0) 0.017* Ref. na na
Married 67 (57.3) 50 (42.7) na na 0.999
Widow/widower 16 (80.0) 4(20.0) na na 0.999
Education Status
Did not fnish 8 (100.0) 0(0.0) Ref. na na
Elementary school 43 (58.1) 31 (41.9) 0.0852 na na 0.999
Middle school 27 (58.7) 19 (41.3) na na 0.999
High school 4 (100.0) 0(0.0) na na 1.000
Bachelor degree 8 (66.7) 4(33.3) na na 0.999
Occupation
Unemployed 3(27.3) 8(72.7) Ref. na na
Housewife 16 (69.6) 7(30.4) 0.049% 6.0 1.2-30.0 0.027
private sector 11 (78.6) 3(21.4) 9.7 1.5-61.6 0.015
Farmer 60 (62.5) 36 (37.5) 4.4 1.1-17.8 0.035
Medical History
gﬁf;‘;y‘s medical 7(63.6) 4.(36.4) 0,035 Ref. na na
zizrliﬁ El‘; tory 83 (62.4) 50 (37.6) 1.05 0.2-3.7 0.213
Monthly Income
<Rp 1.000.000 75 (70.8) 31(29.2) 0.001* Ref. na na
Rp 1.000.001 - Rp 15 (39.5) 23 (60.5) 0.27 0.12-0.58 0.001*

3.000.000

aOR = adjusted odds ratio, calculated via multivariate logistic regression; CI = confidence interval; * = significant at 5%
(p<0.05); a = significant at 25% (p<0.25); Ref = reference; X2 = chi-square
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professionals can determine whether a person has an
infection, anemia, or other hematological disorders.
Thus, blood profile provides a comprehensive
insight into an individual’s health and serves as a
beneficial tool in clinical settings. Numerous factors
can influence a person’s blood profile, including
demographic factors like age and gender, nutritional
status, health problems, lifestyle habits, and more.

When hemoglobin (Hb) is within the normal
range, anemia does not present, and the blood's
oxygen-carrying capacity will be adequate. Mean
corpuscular hemoglobin (MCH) refers to the average
hemoglobin contained in each red blood cell, while
,mean corpuscular bolume (MCV) describes the
average size of red blood cells. Normal levels of
MCYV and MCH suggest optimal oxygen transport.
Meanwhile, white blood cells components known
as neutrophils and eosinophils play a role in the
immune defense system—neutrophils function to
fight bacterial infection and inflammation, while
eosinophils play a role in overcoming allergic
reactions and parasitic infections (Ramirez et al.,
2018).

Neutrophils and eosinophils have important
functions in the body’s immune system. About 50-
70% of all white blood cells are neutrophils with
the main function of fighting infections, especially
those caused by bacteria, as well as helping to
manage tissue damage and produce antimicrobial
compounds to eradicate bacteria and fungi, in
addition, neutrophils also play an important role in
the inflammatory response (Ley et al., 2018), while

eosinophils comprise about 1 to 4% of the total
white blood cells and have a function in allergic
reactions and the fight against parasitic infections.

Hemoglobin levels in this study were
significantly correlated with some of the respondent
sociodemographic characteristics, including age,
gender, and education level. Respondents aged over
50 years had 2.9 times higher odds of experiencing
low hemoglobin levels than those under 50. Low
hemoglobin can indicate that individuals are anemic.
An elderly person faces an increased risk of anemia
as a result of aging, which brings about physiological
and functional changes that can lead to health issues.
Nevertheless, aging should not be viewed as the sole
contributing factor, since other factors can also cause
anemia, such as diet (Lopes et al., 2022).

Female respondents had 5.1 times higher odds
of low hemoglobin levels than male respondents.
This is attributed to women experience a menstrual
cycle that can lead to blood loss, particularly when
iron intake is insufficient to replenish this loss. A
study conducted among women in horticulture area,
showed that the prevalence of anemia among who
work as farmers is 27.5% (Yushananta et al., 2021).
Where this condition can also lead to increased
morbidity and mortality, hinder neurological
development, illness, and cognitive challenges, as
well as lower productivity due to fatigue (Chaparro
and Suchdev, 2019; Teshale et al., 2020).

Education level also had a significant
relationship with respondents’ hemoglobin levels.
Low hemoglobin levels are more common among

Table 8. Multivariate Logistic Regression of Personal Hygiene Factors on Respondents' Blood Profile

Personal Hygiene Normaln (%) Abnormaln (%)  p-value (X?) aOR 95% (CI) p-value
Hemoglobin
Poor Personal Hygiene 32 (58.2) 23 (41.8) 0.031* 2.1 1.0-4.4 0.033*
Good Personal Hygiene 67 (75.3) 22 (24.7) Ref. na na
MCV
Poor Personal Hygiene 43 (78.2) 12 (21.8) 0.639 1.1 0.5-2.7
Good Personal Hygiene 72 (80.9) 17 (19.1) Ref. na
MCH
Poor Personal Hygiene 43 (78.2) 12 (21.8) 0.328 0.6 0.3-1.4 0.329
Good Personal Hygiene 63 (70.8) 26 (29.2) Ref. na na
Neutrophil
Poor Personal Hygiene 39 (70.9) 16 (29.1) 0.101 0.5 0.2-1.1 0.103
Good Personal Hygiene 51(57.3) 38 (42.7) Ref. na na
Eosinophil
Poor Personal Hygiene 55 (100.0) 0(0.0) 0.007* 1.1 1.0-1.2 0.997
Good Personal Hygiene 78 (87.6) 11(12.4) Ref. na na
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respondents with lower education. This may be
partly due to the fact that the majority of respondents
worked as farmers, whose occupation inherently
exposes them to health risks such as prolonged
contact with pesticides and other chemicals. Study
conducted by Taj et al., (2016) indicates that
farmers with lower education are more susceptible
to developing anemia. This vulnerability arises
because farmers health knowledge and behavior
will be impacted by education. Farmers with low
levels of education might not be fully awareness
about the risk associated with chemical exposure
and the necessary precautions to mitigate them.
Farmers are better equipped to comprehend the risks
of chemical exposure and how to address them as
their educational attainment increases (Taj et al.,
2016).

Significantly, occupational status especially
farmer, was associated with lower levels of Hb,
MCYV, and MCH. Farmers are regularly exposed to
agricultural chemicals during the fertilization and
spraying processes, such as pesticides and arsenic.
Long-term exposure to these substances may lead
to the body accumulate toxic compounds, including
sulphemoglobin and methemoglobin, which impair
red blood cells' ability to carry oxygen and ultimately
cause anemia (Asif Syed et al., 2021; Radi, Rejeki
and Octaviana, 2024; Sulistyawati et al., 2019;
Yushananta et al., 2021). Moreover, it is known that
pesticides cause oxidative stress and damaging red
blood cells, which further reduces MCV and MCH
values. This indicates that hematological parameters,
especially those related to anemia, are significantly
impacted by occupational exposure in agricultural
settings.

Age is also significantly associated with
eosinophil levels, where respondents over 50 years
of age have lower odds of elevated eosinophil levels
than those under 50 years. After the age of fifty, the
number of eosinophils can decrease. This may be
due to a decreased immune system function age,
especially if they are farmers who frequently handle
soil and fertilizer. As a result, they might be more
susceptible to infections such as worm infestations
if personal hygiene is neglected. Since eosinophils
are an indicators of the body's immune response
to worm infections, eosinophilia found in blood
tests can be a sign of the worms (Primadana et al.,
2019).

Besides sociodemographic factors, in this study
personal hygiene practices also have significant
relationship with the blood profile of respondents.

Blood profiles are impacted by risk factors such
as wearing footwear and washing hands before
eating, whereby normal blood profiles are usually
found in people with good personal hygiene. The
concept of personal hygiene, which focuses on
disease prevention, is widely applied in the medical
and public health domains (Nurudeen and Toyin,
2020).

This is in line with study by Fattah et al. (2020)
which found that personal hygiene factors, such
as hand washing practices, are correlated to worm
infections, which are connected to anemia (Fattah
et al., 2020; Listiana 2016). This is because worm
infections can cause acute and chronic intestinal
infections caused by exposure to pathogens in the
gastrointestinal tract and can cause enteric and
systemic inflammation. Environmental enteropathy
(EE) is a subclinical condition in which decreased
nutrient absorption and reduced intestinal absorption
surface area are caused by intestinal inflammation
and chronic villus atrophy (Amalia et al., 2023).
Long-term exposure to this infection can inhibit iron
absorption in the intestine and ultimately result in
anemia (Prentice ef al., 2019).

In this study, respondents with poor personal
hygiene were 2.1 times more likely to have abnormal
hemoglobin levels and 1.1 times more likely to have
abnormal eosinophil levels. Other studies have also
found a significant correlation between hygiene
practices and the number of people with anemia
(Kothari et al., 2019). People who do not wash their
hands before meals, bath regularly, keep their clothes
and footwear clean, and take care of their hair are
at higher risk.

A study by Aryadnyani, Inderiati and Ulfah
(2020) found that increasing rates of parasitic worms
infections correlated with diminished hemoglobin
levels. Worm infestations inhibit nutrient absorption
because parasites consume those nutrients, leading
to various health problems such as anemia, intestinal
obstruction, diarrhea, gastritis, and others (Amalia et
al., 2023). Worm infections worsen anemia because
they make it difficult to obtain clean drinking
water. Hygiene, access to clean water, and proper
sanitation are all important for reducing anemia rates
because they help stop infections caused by parasites
(Baranwal, Baranwal and Roy et al., 2014).

Consequently, sociodemographic characteristics
and behavioral factors, including personal hygiene,
have a major impact on blood profiles. Reducing
anemia rates and improving general health require
improving hygiene habits and health awareness,
especially in rural agricultural areas.
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Recommendations, Strengths and Limitations

The findings of this study can serve as an
importance guideline for conducting targeted
public health initiatives in rural areas. Improving
personal hygiene habits, such as such as consistent
hand washing and wearing of footwear, as well
as raising awareness of the health risks associated
with pesticide exposure and inadequate sanitation
should be the primary objectives of health promotion
strategies. To reduce the prevalence of anemia
and helminthiasis, especially among agricultural
workers, it 1s also recommended that educational
campaigns and deworming programs be conducted
periodically.

This study has several limitations that need
to be recognized, such as the potential respondent
bias related to health status and hygiene practices.
Additionally, the study was conducted in a single
location, which might limit the applicability of the
findings to other settings with different demographic
or environmental factors. Furthermore, although
a number of blood parameters were assessed,
important variables that may have an impact on the
results were overlooked, including dietary practices,
socioeconomic status, and genetic predisposition.

The strength of this study lies in its
comprehensive analysis of how sociodemographic
characteristics and personal hygiene affect the
blood profiles of farmers in agrarian areas. Through
the systematic data collection method and the
incorporation of various variables, this research
is capable of offering elaborate details on the
determinants of blood health. Additionally, focusing
on the farmer population enables researchers to
investigate particular issues relevant to the agrarian
setting, which can help create more focused and
efficient health interventions.

CONCLUSION

This study highlights that sociodemographic
characteristics and personal hygiene practices
significantly influence respondents’ blood profiles
in agricultural settings. Factors such as age, gender,
occupation, and hygiene behaviors—particularly
handwashing and footwear use—are associated
with abnormalities in hemoglobin, MCV, MCH,
and eosinophil levels. Farmers with poor hygiene
are more vulnerable to anemia and helminth
infections. Therefore, improving hygiene practices
and implementing targeted health education and

deworming programs are essential to enhance the
health of farming communities.

CONFLICT OF INTEREST

The authors state that there are no significant
competing financial, professional, or personal
conflicts of interest that might have influenced their
performance.

AUTHORS’ CONTRIBUTION

DI: Designed the study, collected data, prepared
questionnaire, drafted the manuscript, supervised,
and edited the final manuscript. MGR and HS:
supported research implementation, collected data,
participated in the manuscript writing. DC and NB:
supported research implementation, collected data,
and supervised the research. SS: Contributed to the
manuscript's writing, conducted data analysis, and
edited the finished product. The final manuscript was
read and approved by all authors.

ACKNOWLEDGMENTS

The authors would like to express their gratitude
to all of the respondents in this study as well as the
enumerators who helped collect the data, including
the resident physicians. The Integrated Hibah
Pengabdian Masyarakat Terpadu of the Faculty of
Medicine, Universitas Brawijaya 2024, provided
funding for this study, which we also appreciate.

REFERENCES

Aemiro, A., et al. (2022) Prevalence of Soil-
Transmitted Helminthes and Associated Risk
Factors Among People of Ethiopia: A Systematic
Review and Meta-Analysis, Infectious Diseases:
Research and Treatment, 15, 117863372110554.
https://doi.org/10.1177/11786337211055437

Amalia, S., et al. (2023) The Association of Clean and
Healthy Living Behavior along with Hemoglobin
and Serum Ferritin Levels among Adolescent
Girls, Amerta Nutrition, 7(1), pp. 54—62. https://
doi.org/10.20473/amnt.v711.2023.54-62

Apsari, B. P. 1, et al. (2020) Gambaran Infeksi Soil
Transmitted Helminth Pada Petani Di Desa Gelgel
Kabupaten Klungkung, WICAKSANA: Jurnal
Lingkungan Dan Pembangunan, 4(2), pp. 21-30.
https://doi.org/10.22225/wicaksana.4.2.2676.21-
30



Dewi Indiastari, et al., Association Between Personal Hygiene Practices and Peripheral Blood Profiles... 175

Aryadnyani, N. P., Inderiati, D., and Ulfah, F.
(2020) Hemoglobin Levels on Trichuris trichiura
Infection in Children, Medical Laboratory
Technology Journal, 1(1), pp. 78—83. https://doi.
org/10.31964/mltj.v1i1.289

Asif Syed, M., et al. (2021) Pesticides and Chemicals
as Potential Risk Factors of Aplastic Anemia: A
Case—control Study among a Pakistani Population,
Clinical Epidemiology, 13, pp. 469—475. https://
doi.org/10.2147/CLEP.S304132

Baranwal, A., Baranwal, A., and Roy, N. (2014)
Association of Household Environment and
Prevalence of Anemia among Children under-5
in India, Frontiers in Public Health, 2(OCT), pp.
1-7. https://doi.org/10.3389/fpubh.2014.00196

Bouchery, T., et al. (2020). Hookworms Evade Host
Immunity by Secreting a Deoxyribonuclease to
Degrade Neutrophil Extracellular Traps, Cell
Host and Microbe, 27(2), pp. 277-289.¢6. https://
doi.org/10.1016/j.chom.2020.01.011

Caldrer, S., et al. (2022) Soil-Transmitted Helminths
and Anaemia: A Neglected Association Outside the
Tropics, Microorganisms, 10(5), pp. 1-12. https://
doi.org/10.3390/microorganisms 10051027

Chaparro, C. M., and Suchdev, P. S. (2019) Anemia
Epidemiology, Pathophysiology, and Etiology in
Low- and Middle-income Countries, Annals of
the New York Academy of Sciences, 1450(1), pp.
15-31. https://doi.org/10.1111/nyas.14092

Ejemot-Nwadiaro, R. 1., ez al. (2021). Hand-washing
Promotion for Preventing Diarrhoea, Cochrane
Database of Systematic Reviews, 2021(1),
pp. 1-104. https://doi.org/10.1002/14651858.
CD004265.pub4

Eren, T. K., and Aktekin, C. N. (2023) How Reliable
are the Synovial Cell Count and Blood Parameters
in the Diagnosis of Septic Arthritis?, Joint
Diseases and Related Surgery, 34(3), pp. 724—
730. https://doi.org/10.52312/jdrs.2023.1222

Farodis, 1., and Purnadianti, M. (2020) Correlation
Between Personal Hygiene And Hemoglobin
Levels On Typhoid Fever Suspect Patients At
Lirboyo General Hospital, Medicra (Journal of
Medical Laboratory Science/Technology), 3(2),
pp. 30-35. https://doi.org/10.21070/medicra.
v3i2.800

Fattah, N., et al. (2020). Hubungan Personal Hygiene
dan Sanitasi Lingkungan dengan Kejadian
Penyakit Kecacingan, UMI Medical Journal,
5(2), pp. 47-55. https://doi.org/10.33096/um;.
v5i2.78

Sabban, I. F., et al. (2023) Hasil Pemeriksaan
Telur Soil Transmitted Helminths Pada Kuku
Petani Di Desa Wonoayu Kabupaten Madiun,
Jurnal Sintesis: Penelitian Sains, Terapan dan
Analisisnya, 4(1), pp. 68-73

Giacomin, P.R., et al. (2008) The Role of Complement
in Innate, Adaptive and Eosinophil-Dependent
Immunity to the Nematode Nippostrongylus
Brasiliensis, Molecular Immunology, 45(2),
pp. 446—455. https://doi.org/10.1016/j.
molimm.2007.05.029

Idris, O. A., Wintola, O. A., and Afolayan, A. J.
(2019) Helminthiases; Prevalence, Transmission,
Host-parasite Interactions, Resistance to Common
Synthetic Drugs and Treatment, Heliyon, 5(1),
e01161. https://doi.org/10.1016/j.heliyon.2019.
e01161

Irawan, N. A., et al. (2024) Gambaran Sanitasi
Lingkungan dan Status Gizi dengan Infeksi
Kecacingan pada Siswa Madrasah Ibtidaiyah
Singosari, Boyolali, Plexus Medical Journal,
3(1), pp. 16-26. https://doi.org/10.20961/plexus.
v3il.1085

Kothari, M. T,, et al. (2019) Exploring Associations
between Water, Sanitation, and Anemia through
47 Nationally Representative Demographic and
Health Surveys, Annals of the New York Academy
of Sciences, 1450(1), pp. 249-267. https://doi.
org/10.1111/nyas.14109

Lalangpuling, I. E., Manengal, P. O., and Konoralma,
K. (2020) Personal Hygine dan Infeksi Cacing
Enterobius Vermicularis Pada Anak Usia Pra
Sekolah, Jurnal Kesehatan Lingkungan, 10(1), pp.
29-32. https://doi.org/10.47718/jkl.v10i1.891

Lestari, Y., G, F. N., and Saktiansyah, L.. O. A. (2017)
Analisis-Dampak-Kepadatan-Lalat-Sanitasi,
Jurnal llmiah Mahasiswa Kesehatan Masyarakat,
2(6), pp- 1-9

Ley, K., et al. (2018). Neutrophils: New Insights and
Open Questions, Science Immunology, 3(30).
https://doi.org/10.1126/sciimmunol.aat4579

Listiana A. (2016) Analisis Faktor-faktor yang
Berhubungan dengan Kejadian Anemia Gizi Besi
pada Remaja Putri di SMKN 1 Terbanggi Besar
Lampung Tengah, Jurnal Kesehatan, VII(3), pp.
455469

Lopes, S. O, et al. (2022) Factors Associated with
Anemia among Adults and the Elderly Family
Farmers, International Journal of Environmental
Research and Public Health, 19(12), pp. 1-10.
https://doi.org/10.3390/ijerph19127371



176 The Indonesian Journal of Occupational Safety and Health, Volume 14, Issue 2, August 2025: 161-177

Loukas, A., et al. (2016) Hookworm Infection,
Nature Reviews Disease Primers, 2(1), pp. 1-8.
https://doi.org/10.1038/nrdp.2016.88

Mahyuni, E. L., et al. (2021) Pesticide Toxicity
Prevention in Farmer’s Community Movement,
Open Access Macedonian Journal of Medical
Sciences, 9(E), pp. 1-7. https://doi.org/10.3889/
oamjms.2021.5565

Mationg, M. L. S., et al. (2022)“The Magic Glasses
Philippines”: A Cluster Randomised Controlled
Trial of a Health Education Package for the
Prevention of Intestinal Worm Infections in
Schoolchildren, The Lancet Regional Health
- Western Pacific, 18, pp. 1-16. https://doi.
org/10.1016/j.lanwpc.2021.100312

Murni, P. H. S., Lubis, M., and Fujiati, I. 1. (2018
Hubungan Infeksi Soil Transmitted Helminths
dengan Kemampuan Kognitif, Status Nutrisi,
dan Prestasi Belajar pada Anak Sekolah Dasar
di Desa Sikapas Kabupaten Mandailing Natal,
Sari Pediatri, 19(5), pp. 279-283. https://doi.
org/10.14238/sp19.5.2018.279-83

Mutalazimah, M., and Putri, D. P. (2021) Helminthiasis,
Iron Intake, and Hemoglobin Levels in Pregnant
Women, Enfermeria Clinica, 31, pp. S252—S256.
https://doi.org/10.1016/j.enfcli.2020.09.011

Nath, T. C., et al. (2022) An Update of Intestinal
Helminth Infections among Urban Slum
Communities in Bangladesh, IJID Regions,
5(July), pp. 1-7. https://doi.org/10.1016/j.
ijregi.2022.08.004

Ntonifor, H. N., et al. (2021) Intestinal Helminths as
Predictors of Some Malaria Clinical Outcomes
and il-1p Levels in Outpatients Attending Two
Public Hospitals in Bamenda, North West
Cameroon, PLoS Neglected Tropical Diseases,
15(3), pp. 1-17. https://doi.org/10.1371/journal.
pntd.0009174

Nurudeen, A. S. N., and Toyin, A. (2020) Knowledge
of Personal Hygiene among Undergraduates,
Journal of Health Education, 5(2), pp. 66—71.
https://doi.org/10.15294/jhe.v5i12.38383

Prabandari, A. S., Sari, A. N., and Ahtamagara, A.
F. (2023) Infeksi Nematoda Usus pada Petani di
Kabupaten Sukoharjo Jawa Tengah dan Faktor
yang Mempengaruhinya, Indonesian Journal on
Medical Science, 10(2), pp. 164-171. https://doi.
org/10.55181/ijms.v10i2.432

Prentice, A. M., et al. (2019) Respiratory Infections
Drive Hepcidin-mediated Blockade of Iron
Absorption Leading to Iron Deficiency Anemia
in African Children, Science Advances, 5(3), 1-8.
https://doi.org/10.1126/sciadv.aav9020

Primadana, A., et al. (2019). Eosinophilia Sebagai
Prediktor Morbiditas Soil- Transmitted
Helminthiases Pada Pekerja Perkebunan
Widodaren, Jember, Journal of Vocational Health
Studies, 3, pp. 47-52. https://doi.org/10.20473/
jvhs.V312.2019.47

Radi, R., Rejeki, D. S. S. and Octaviana, D. (2024).
A Literature Review: Factors Influencing the
Incidence of Anemia in Farmers in the World,
Jambi Medical Journal,12(1), pp. 53-59. https://
doi.org/10.22437/jmj.v12i1.30876

Ramirez, G. A., et al. (2018) Eosinophils from
Physiology to Disease: A Comprehensive Review.
BioMed Research International, 2018, pp. 1-28.
https://doi.org/10.1155/2018/9095275

Statistic of Malang Regency (2021) Kecamatan
Poncokusumo dalam angka 2022. Malang: CV
Kurnia.

Sulistyawati, S., et al. (2019). Riwayat Paparan
Pestisida dan Kekurangan Asupan Zat Gizi
Sebagai Faktor Risiko Kejadian Anemia pada Ibu
Hamil di Daerah Pertanian, Jurnal Gizi Indonesia
(The Indonesian Journal of Nutrition), 7(2), pp.
69-75. https://doi.org/10.14710/jgi.7.2.69-75

Suraya, C., et al. (2020). CITRA DELIMA : Jurnal
[lmiah STIKES Citra Delima Bangka Belitung
Hubungan Hygiene Makanan, Sumber Air dan
Personal Hygiene dengan Kejadian Diare pada
Anak. Ji, 3(2), 94-100. http://jurnalilmiah.
stikescitradelima.ac.id/index.php/

Taj, M., et al. (2016) Environmental Determinants
of Aplastic Anemia in Pakistan: A Case-control
Study, Journal of Public Health (Germany),
24(5), pp. 453-460. https://doi.org/10.1007/
$10389-016-0743-6

Teshale, A. B., et al. (2020) Anemia and Its Associated
Factors among Women of Reproductive Age in
Eastern Africa: A Multilevel Mixed-effects
Generalized Linear Model, PLoS ONE, 15(9),
pp. 1-16. https://doi.org/10.1371/journal.
pone.0238957

Tofel, H. K., et al. (2024) Intestinal Helminthiasis,
Anaemia and Associated Risk Factors in A Cross-



Dewi Indiastari, et al., Association Between Personal Hygiene Practices and Peripheral Blood Profiles... 177

Section of the Population of Melong, Littorial Yushananta, P, et al. (2021) Anemia and its Associated

Region of Cameroo, Scientific Reports, 14(1), Factors Among Women of Reproductive Age

pp. 1-13. https://doi.org/10.1038/s41598-023- in Horticulture Area, Jurnal Aisyah : Jurnal

46446-9 llmu Kesehatan, 6(2), pp. 317-325. https://doi.
World Health Organization (2023). Soil-Transmitted org/10.30604/jika.v6i2.498

Helminth Infections. Geneva: World Health
Organization



