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RESEARCH ARTICLE

The Relationship Between Nutritional Szatus With
Malondialdchyde (MDA) and Vitam'n D I eve, (Anaszasys K5, et al.)

TLHE RELATIONSLIIP BEYWEEN NUTRITIONAL STATUS WI'TLL
MALONDIALDEILIYDE (MDA) AND VITAMIN D LEVEL
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ABSTRACT

Introduction: Numitonal statns has been found g he
correlared with malondialdehyde (MDA) profiles in the
bloud. MDA is a marker ol oxidative stress in the budy dud is
the final product of lipid peroxidation chain reactions. ‘1he
long-term undernutrition and excess stams will he closely
related lo melabuliv disorders aud degenerdtive disedses.
Slreet cleaning staff are oflen exposed (o {ree vadicals Lhat
will improve lipid peroxidation, which will also break down
into MDA. Vitamin D serum levels have an inverse
correlaton with adipose lissue mass, where (Le ligler Qie
13M1 and body fat mass of a person, the lTower the levels of
vitumin D serum. The purpose of this study was to determine
the relationship ol uutrilivndl status wilth MDA dud vitaiuin
Dlcvelsintheblood.

Methods: 'Lhis rescarch conducted from July 2024 to
I'ehruary 2025, nsing o crass-sectinnal design at the Faculty

ol Medicine, Trisakti TniversiLy, with the largel population
being Lhe sireet cleaning stall in Jakarla. The samples were
taken by consecntive sampling for all soect cleaning staff
who mel the inclusion and exclusion eriteria, with a wolal ol

76 swuples,

Resulls: BMI showed no signilicaut relatonstiip witl either
MDA or vitamin D, but there was a significant relationship
between vicamin D and MDA (0,190, p—0.047).

Coclusion: [ligher BMI is associared with a relative
reduction in musclemass percenlage and 4 substanligl
increase in visceral adiposily.irespeclive ol sex. These
findings suggest that 3MI1 alone may notadequately
represent body composition or metaholic risk and supportthe
rouline use ol body cowmiposition dssessment ds 4
complementarytool in clinical ohesity evaluation,

Keywords: Nutritional. status, MDA, vitamin D,

INTRODUCTION

Oxidative stuess plays a cenual role in Lhe pathogenesis
nf merabolic and degenerative disepses. It occurs when the
production ol reaclive oxvgen species (ROS) exceeds Lhe
body's antioxidant delense capacity, leading (o cellular and
meleculor damage. One of the most widely used hiomarkers
to assess oxidative stress is mulondialdehyde (MDA), &
product of lipid peroxidation lhat rellecls uxidalive njury
witlin biological svsterns.' Oxidative stress is defined as a
conditinon where there is an imbalance between the oxidation
process by Iree radicals and the process ol penetralion by
antioxidants in the body. Oxidative stess conditions are
formed Reactive Oxygen Species (ROS) consisting of
oxygen [(ree radicals (super oxides) and Lheir derivalives
(Lydroxyl radicals) O, Ol and 11'O". As (lie nature of [ree
radicals, ROS are active and always find other electrons in

© 2025 1he Autbor(s). "1his 35 wn open vucess artC e wrder CC-LY-5A license (LLps:/ creclivecomrons.urg/licenses 2y -su/1.0/)

order (0be able (o pair and can cause cell danage, menibrane
dysfunction, protein modification, enzyme activation, and
rupture ot DNA chains. Damage to the intracel lular structure
direcly allecls e arranpement ol cell metabulisun, ROS can
attaclk molecules on cell membranes and networks; for
example, the disruption of the lysosome membrane causes
lthe release ol lysosomal hydrolylic enzymes Lhat [urlher
cause ingacellular damage and strengthen the ability of free
radicalsto induce cell damage.”

Vitamin 13 hasbeen recagnized not only tories classical
role in caltium homeostasis and bone metabolism but glso
[or ils emerging (uclions wy modulating inflamation and
oxidative stress. Vitamin 1) deficiency has been assaciated
with increased oxidative damage, vetr the relutionship
betweenn vilamin D status and MDA levels reinains
contraversial across different populations and clinical
conmtexts. Vienmin 1 deficiency cim decrease the response of
welght loss therapy, so (he bivavailability ol vitamin D
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sernm is low due to the increase of vitamin 1 circulation into
high lal cell deposils, and deposits ol vitamin D incredse in
adipose Ussue.  Vitamin D deliciency is generally defined as
o serum 23-hydroxyvitomin 1) (23(01D1) level below 20
ng/ml.. Additionally, low levels of vitamin T have been
assotidled will a higher risk ol chiconic disedses, including
cardiovascular discasc. diabetes, and autoimmune
conditions. High levels of fat in the body are one of the risk
[actors [or vitamin D deficiency. Vitamio D insulficiency
refers to serum levels between 20 nganl and 29 ng mlL.
While not as severe as deficiency, insufficiency still poses
risks Lo health. Insulliciency is olten more common in
individuals who do not get enough swilight exposure, (hose
with darker skin, older adnlts, and individuals with ohr‘qiTy.G
Street cleaming stall gre ut risk of exposure o Iree radiculs
sucli as vehicle pollulion, TV light, and various olher
pollutants, A radical increase will be at risk of oxidative
stress causing lipid peroxidase in the body and cousing
degeneralive diseases. Nutritional status greatly allects bolh
the bad risks caused by these fice radicals, Furthermore,
most previons studies were conduceted in clinical or
labordtury setlings, with limited dald on outdour workers
who expetience chronic environmental stressors sucl as
ultravielet exposure, air pallution, and hear. ‘These
environmentdl Lactors may lurther amplily oxidative siress
and aller vilamin D netabolism. leading lo wuique
physiological adaptations.”

I3ody maoss index (13MI), a marker of matritional and
adiposity status, has heen linked to both oxidative stress and
vitarin D levels. Individuals wilh higher BMI olten exlibit
Increased oxidative stess due to chronic inflanumation and
lipid peroxidation, alongside reduced circulating vitamin 1)
resulting lrom its sequestration in adipuse lissue. Despite
(his, (he nlerplay between BMI, vitamin D, and oxidative
stress (MIDA) hias nor been fully clucidated, particnlarly in
populations exposed Lo environmental stressors such s air
pollution and ullraviolet radiation.” Elevated BMI lLas been
associated with higher oxidative stress through increased
lipid peroxidation, while vitamin T deficiency is often
ubserved 1 individuals with excessive adipuosily due (o its
sequestration in fat tissue. Llowevel. rescarch exploiing
whether low vitamin T) levels correlate with elevated MDA
concentrations across dillerenl BMI categories has shuwn
inconsistent and populadon-specific findings.

Therelore, (his study aims Lo lnvesligale (he
relationship hetween sernm MDA levels, vitamin 1)
concentration, and BMT among sireel cleaning workers in
Jakarta, This population provides 4 unigue tuodel (o explore
how nutritional and cnvironmental factors influence
oxidative stress dynamics, filling the rescarch gap on the
triangular relationship between uxidative biomarkers,
vitamin D status, and hody coniposition.

Print ISSN: 2/16-362%, Orline IS5N: 2/20-956 5

METHODS

Study Design

This stucly is 4 descriplive audlylic observational
rescarch with a cross sectional design, aiming to determine
the relationship between nutritional status, MDA, and
vitauiin D levels among streel cledning stall.This research
was approved by the Lithics Comiittee Faculty of Mcdicine
Universitas' ITisakti, with number086 KIFR/IFK 08 2024.

Population and Sawpling

‘I'his smidy involved 76 street cleaning staff cmployed
by the Jukarta Provincial Government. The rescarch was
conducted between July 2024 and Eebruary 2025 at Lhe
Faculty of Medicine, Liisakd University, Jakarta. Samples
wore selected using o consecutive sampling method from
pdrlicipdnts who mel the inclusion and exclusion criteria.
‘The inclusion criteria were individuals wlio agreed to sign an
intormed consent form, were actively working as streer
cleaning stall, and had no history ol cardiovascular disease
or diabetes mellitus. Exclusion crileria included pregnancy
orlactation, physical disahilitics (such as post-injury or post-
stroke conditions), and chronic or intectious diseases such as
cancer, wberculusis, clionic rendl failure, or heart [ailure,
Physical activity was asscssed using the International
Physical Activity Questionnaire (TPAQ=shore form), and
parlitipdnts with extremely high or low aclivity levels were
excluded. The resulting activity scores were also included as
covariates during data analysis to acconnt for their potential
ellect on oxidative stress markers. Ultraviolet (UV)
exposure was documented hrough a struclured
questionnaire thar recorded avernge daily sumlight exposnre,
lime ol day, and use ol sun proteclion. Parlicipants with
uusudl TV exposure palierns, sucl as night-shill workers or
thasc wusing full protective clothing, were excluded to
maintain homogencity. Dictary intake was evaluated using
both 4 24-hour [oud recdll and @ semi-yudntitative Food
Frequency Questionnaire (FEQ) focusing on vitamin D-rich
and antioxidant-containing foods. Participants were
instrutled (o maintain their usual dielary habils during Lhe
study period, and dietary intake was stalistically adjusled as
aconfounding facrerin the anal ysis.

Data collection

Demographic informacion. height and weight, medical
history, as well as blood test resules for MDA and vitamin D,
are sume dald collected.

MDA Measurement

Blood samples (3 mlL) were collected in EDTA tubes
dud centriluged al 3000 rpur for 10 winules. The seruu
malondialdchyde (MDA} level was measured using the
Thiobarbituric Acid Reactive Substances (TBARS) assay
ethod. The absorbance was read 4l 532 mm wavelength

NOL10,15408/ fjens,v1211,44738
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using o Shimadzn UV-1800 spectrophotometer (Japan).
Reagents used included thiobarbituric acid (TBA) 0.67%
and ricliloroacetic acid (TCA) 10%.

Vitamin D Measurement

Serumn vitamin D levels (23(OH)D) were measured
using the I'nzyme-Linked Inmmmosorbent Assay (LLISA)
method with Hnman 25-OH Vitamin 1 1LISA Kit (Car. No.
E-EL-0025. Elabscience, USA). The oplical density was
read at 450 wn wavelength using a Bio-Rad iMark'™
microplate reader,Ihe MDA valnes were examined nsing
spectrophotometry with a 532 nm wavelength with muximal
absorplion, while vitamin D exaininalion was deterniined by
measuring the concentration of 25 [(O1}1Y in hlood plasma
using the ET.TSA method.

Data Analysis

ata were analyzed using SPS5 sofrware to examine
the relationship between nuwritional status, malondialdehyde
(MDA) prolile, and vilawin D levels among streel cleaning
staff, An Independent *I-test was applicd to compare miecan
differences between two independent groups. Tor normally
distribuled nwnerical dala, the Pedrson correlation lest was
applied, while for non-normually distributed data, the
Spearman rank correlation test was used. Tn this stdy, rhe
Pearson correlation coellicient was wsed lo assess Lie
saength and direction of the linear association between two
numerical varinbles, such as vitnmin D and MDA levels.

RESULTS

The priniary objective of this study was Lo invesligale
the carrelation hetween nutritional status, malondialdehyde
(MDA) profile, and vitamin D levels among street cleaning
stall, Nulrilional slatus plays a crucial role in maintainig
mectabolic halance, while MDA serves as a biomarker of
oxidative stross, and vicumin T 18 essential for immune
regulation and vverall health, This researcl aiius o provide
scientific evidence by gquantifying and analyzing the
relationships among these variables, with the goal of
underslanding how nulrilivnal laclors and oxiddlive siress
contibute to the health outcomes of individuals exposed to
nccupatinnal and environmental stressors. lable 1
describes Lhe characlerislics ol research respondents.

Table 1. Characteristic Sample

Variable N (76)
Age
Mcan 1 Std 11.0118.916
Median 41.00

Rauge (1iu-uian) 21.00-56.00
95% CI 40.08-42.21

NOT 1015408/ fjenz,v” 211,447 38

The Relationship Between Nutritional Szatus With
Malondialdchyde (MDA) and Vitam'n D I eve, (Anaszasys K5, et al)

Gender
Man
Wornai
Ethnic
Javanesce
Sunddnese
Belawl
Melayu
Wesl Sumalera
Educalion
Ilementary School
Junior High School

Senior High Schuol

Lniversity
Marriage Status
Married
Non martied

Divarce

Duration of Work in Hours

Mean=5d
Median
Range (min-muax)
05% CI

Hcight {cm)
Mean=5«l
Medidn
Range (min-nax)
9532, Cl1

Weight (kg)
Mean=5d
Medion
Range (Min-muax)
95% CI

Rody Mass Index (BV1)

Mean=5ul
Median
Ringe (min-nax)
937, CT

BMI Category
Obese
\on-ohese

Vitamin D (ng/mL}
Mean=5d
Median
Range (min-muax)
05% CI

MDA (M)
Mean=5«l
Median
Renge (min-nax)
937, Cl

70 (92.1%)
6 (7.8%)

22 (2R.9%)
10 (13.2%)
42 (55.3%)
1(1.4%)
1 (1.3%)

3 (2.9%)
12 (15.8%)
56 (76.3%)
3(1.9%)

66 (86.6%)
3 (6.59%)
3(6.6%)

7.97+£0.231
800
6.00-8.00
7.92-8.02

162.01£6.979
162.00
145.00-185.00
160.3-163.7

63.85=11.020
64,00
45.50-111.60
61.3-6G.3

24.34=3.832
24.50
17.16-32.61
23.4-251

17 (22.4%)
39 (77.69%)

20,7%6.23
25,6
9.00-38.00
24.3-27.2

0.78+0.21
0.75

.40-1.78
0.73-0.83

This s an open zrcess att'cle urder CC-BY-5A license (Hips: /crestiverommons.nrg/licenses/ av-=a/4.0/)
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lable 1 shows adiverse group of 76 participants, with o
madjority being male (92.1%) and [rom lhe Belawi ethnic
group (55.3%). The average age of the parlicipants is 41.01
years, with most having completed Scnior 1ligh School
(76.2%) und u high proportion heing married (86.8%). Tn
terins ul healll indicators, Lie average BMIis 24.34, placing
most participants i the healthy weight roinge, though 22,4%
fall into the obese category, imdicating a potential area of
conceru. The average work durdtion is 7.97 hours per day,
and participants generally have an average height of 162.01
rm and an average weight of 63.85 kg. ‘T'he data reveals that
Lhe average Vilamin D level in the sample is 25.7 ng mL,
wilia standard devialionol 6.23, indicating some variabilily

Print ISSN: 2/16-3628, Orline S5N: 2/20-956 8

aromnd the mean. 'The median value of 25.6 ng/ml. is qnite
close Lo Lhe mean, suggesting Lhat the data distribution is
[aidy symunelrical. The 95% Counlidence luterval (CL) [or
Vitamin Dis 21,3 -27.2 ng/ml., meaning that we can be 93'%
confident that the true average Vitumin D level in the
population lalls willin (his range. As lur MDA (e average
level is 0,78 pM, with a standard deviation of 0.21,
suggesting moderate variability. The median value is 0.75
HM, iudicating thal Lhe data poinls dre clustered around the
medn, 1Te 95% Clfor MDA s 0.73 - 0.83 1M, which means
we ciin be 95% canfident that the one mean MDA level inthe
population les within this range.

Table 2. Correlation Analysis between Nulritional Status and MDA

Variable
Correlalion betweenn BMI and MDA

Correlation R
Pearson

P Vulue

-0.074 0.521

Tlie Pearson correlation coellicient between BMI and MDA
showed in table 2 1s-0.074, indicating a vervy weak niegative
correlarion between these two varinbles. This snggests that
ds one varldble increases, the other tends w decrease slighlly.
but the relationship is so weak that it is practicallv negligible,
‘I'e p-value of 0.521 means thar the abserved correlation is
not statistically significanl, and the chance that it occurred

due 0 random variation is high. Therelore, Lhis result
indicates that there is no meaningful or reliable relationship
between BMT and MDA levels in the sample studied. The
wedk uegalive correlation and the non-signilicant p-value
suggest that anv observed association should he interpreted
with raution and is unlikely to reflect a trme underlying
relalionship.

‘Iable 3, Correlatinn Analysis between \utritional Status and Vitamin D

Variable
Correlation between 13MI and Vitamin D

Correlation R
Peqarson

P Value

-0.016 0.392

The analysis ol table 3 shows a very weak negalive
correlation of -0.016 between BMI and Vitamin D levels,
meaning there is almost no relationship between the two.
The negative value suggests that as one increases, Lhe other
might decrease sliglily, but (e ellecl is s0 small Ual it

doesm'Lredlly matterin practice. Additionally, the p-value is
0.892 meaus thal e observed relalionship is not signilicant,
and it's highly likely that it happened by chance 5o, hased on
these findings, we can conclude thal changes in BMT don't
seenl 1o have an elfect on Vilamin D levels, and vice versa.

Table 4. Correlation Analysis between MDA and Vitamin D

Variable
Correlalion betweernt MDA and Vilamin D

Correlation R
Peurson

P Value

=0.190 0.047%*

According le Table 4 above, The Pearson correlation
cocfficient hetween MDA and Vitamin indicating o weak
negative correlation between these two varinhles. This
medns Lidl d@s one varidble incredses, the otier lends Lo
decrease slightly, althouglh the strength of this relationship is
quite weak. 'T'he p-valne of 0.047 is significant suggeses that
the vbserved negative correlalion is onlikely o have
occurred by chance, making il a slatstically valid result.
lowever, despite the sraristical significance, the weak

78

magnitude of the correlation implies (al (e relalionship
between MDA and Vitamin 1Y ig not strong, and other factors
may be influencing these variables. The finding suggests that,
while there is a4 ineasurable relationship. it is not substantial
cnough to draw anv definitive conclusions about a direct
canse and effect relatinonship hetween MDA and Vitamin 1D
levels. Further research may be required o explore vther
potential factors or confounders affecting diis relationship.

NOL10,15408/ tfjens,v1211,44738
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‘Iable 5. Correlatinn hetween Duratinn of Warking and VIDA

Variable
Correlation berween duration
ol working and MDA

Pearson

Correladion R

P valug

0.172 0.135

‘I'ahle 3 shows the correlation analysis hetween the duration
ot working and MDA shows a Pearson correlution
voelficient ol 0.172, indicaling 4 very weak posilive
relationship between these two variables, 'Ihis means that as
the duration ot working increases, MDA levels may slightly
increase ds well. However, lhe correldtion is 50 wedk Lhdl it
stiggests only a minimal association. Additicnally, the p-
value of 0.135 immlies thar the ohserved relarionship is not

statistically significant, and the chance of it heing o random
oceurrence is high. Tn academic terms, this result indicates
Lhat there is no slrong or meduinglul correlation between the
duration of working ind MDA levels in the sammple studiced.
Therefare, itis reasanable to conclude that warking duration
does not have a signilicant eflect ou MDA levels, and any
observed association should not be interpreted as a 1eliable
orcansative tactar.

‘lable 6, Corrclation between Duration of Working and BMI

Viariable
Cortelation between duration of
warking and 1¥M1

Correlalion R

Peurson

P Vulue

0.082 0.478

Lhe correlation between the duration of working and
BMT implics that as the number of hours worked increases,
BMI ruay incredse slightly, bul the relationship is extrermely
weak and practically negligible. 1he the cowrelation also
shows that is nnt statistically significant, meaning rhe
observed relationship is likely due lo random chance rather
than & wue underlying coimection belween Uie duralion of
working and BMI, ‘This analysis shows that there is no
meaningtul relationship between the duration of working
atd BMI iu lhe sample, The weak currelaioun aud Ligh p-
value suggest that any potentinl association should bhe
interprered with caution and docs not provide reliable
evidente [or a direcl conunection belween lliese Lwo
variables,

DISCUSSION

Characterisdc of Subject

I his study was condncred an 76 street cleaning seatf in
Jakarla. The characteristics ol respondenls included age,
gender, ethuicity, education, mariage stalus, dwation of
working (hawurs), height, weight, 13M1, 3MI category,
Vitamin D and MDA, The average age of respondents is
41.01 = 8.92 years, willl an age range belween 21 aud 56
years. Research shows that street ¢leaning staff ave gencrally
within the productive age range. The majority of
respandenls dre inale, as rudny 45 92.1%. This is 1 line with
the characteristics of ficldwork that often demands physical
strength, soitis more filled by male warkers. ' The majority
ul respondents came [rom lhe Belawl tribe as much as
55.3%, (ollowed by Javanese (28.9%) and Sundanese
(13.29%). 'Ihese resnlrs are caused by the Incation of the
research, which is localed in the area ol Jakarts, where the
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majority ol the original population is [rom (e Betawi wibe,
"I'his characteristic has not been discussed specifically in
previous reseurch on street cleaning stutt. The majority of
respondents lasl education was high school, which is as
much as 76,3%, 'I'his is in Tine with previous rescarch that
shows that 78.1%, ot streer cleaning statf have higher
education, which reflecls the geuneral administrdlive
requirements of street cleaning staff recruitment.” Most of
the respondents were married (86.8™). Marriage statns in
slreel cledaning stall is not specifically dvailable in previous
sludies, but it is generally [ound (hal slreel cleaning stall are
mnostly married, which shows this work is generally in
demand by individuals who have had family dependents.”

The average duration of work is 7.97 = 0.23 hours per
ddy. Street cleaning stall iu Jakarld are reguired Lo work [ur 8
hours every day (working dav), with 3 working times (shifts)
in 24 hours. That is, the working hours of street ¢leaning staff
may be in the morning-allernoon, dllernovn-night, or early
morming undl morning. Studies have showii thatlonger work
hours can significantly impact physical health, mental well-
being, and oxidative stress levels. Prolonged working hours
are associated willi increased fatigue, suess, and increased
risk of metaholic disorders. l.onger working hours in
physically demanding jobs like street cleaning contribute to
higher body weight and melabolic unbdlances due lo
reduced time for physical activity and rest.” | he average
height of respondents was 162.01 + 6.98 ¢m, while the
average weighl was 63.85 £ 11.02 kg with a BMI average
value of 24.34 _ 3.83 kg w?, This i3 often duc to unhealthy or
irregular dicts and volatile physical activity. OQutdoor
warkers exposed Lo poor environmental conditions, such as
lack of proper shelter and hy giene, ollen show lower-lhan-
average heighr compared tn workers in better enviromments,
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IHowever, this issue is more significant in low-income arcas
where nutritional deliciencies dare common during
childhood, leading (o stunted grow (h."”

The average level ol Viteunin D in the sanple is 25,7
ng/ml., indicating that cleaning staff have normal range
vitumin 1. Another study also showed thar outdoor workers
generdlly have higher vilamin D levels and lower deliciency
rates than indoor workers due to greatel sum exposiuce, but
many can still be deficient, cspecially in winter or it using
sunscreen wearing heavy clothing, wilh lactors like age,
ckin lone, lalitude, and wourl habits influencing slats. While
nutdoor roles (farming, canstriction) after protection, some
studies show significant percentages ol outdoor workers still
experiencing wsulliciency, higllightog Qal just being
ontside isn't cnongh for optimal levels year-round.” 'I'he
average MDA level in this study is 0.78 pM. This result
relevaut with another study hat showed (e prevdlence of
Ligl MDA levels is often asseciated with chronic exposure
to pollutants and long working hours. Another study ot street
tleaning workers in Jakarta, MDA levels were [ound o be
elevated in 50-60% of participants, reflecting the impact of
pralonged exposure to cnvironmental stressors.

Currelalion Belween Nulritiondl Satns and MDA

I'he results of this study showed that there was no
significant negative relationship between BMT and MDA
levels. Allthougsh higher BMI tended (o be associated with
lower MDA levels, this relationship was not statistically
meaningtul. ‘T'his finding is interesting becanse ohesity is
generdlly linked lo higher o\vidative slress, which is
conuuonly reflected by increased MDA levels, Biologically,
the relationship berween M1 and MDA can he explained
through oxidutive stress pathways. Oxidative slress oceurs
when lhe producdon ol reaclive oxypen species (ROS)
exceeds the hodv's antioxidant capacity. MDA is formed as
the timal product of lipid peroxidation when ROS interact
with [atty acids in cell membraues. In individuals with
obesity, anincrease in adipose tissue usually trigaers chronic
inflammation and elevated ROS production, which may

raise MDA levels

However, previous resedrch has reporled mixed resulls
regarding (his relationship. A study shiow hat found no
significant association between 13MI1 and serim MDA levels
und even noted that higher body ftat percentages were
sownetimes linked willy lower MDA levels, possibly due (0
adaptive physiological responses to oxidative stress.”
Meanwhile, studies by Widiastuti (2022) and Ashar (2023)
repurted thal individuals with ubesity lended Lo have liglier
MDA levels than those with nommal BML. although the
association was still net statistically significant.” Higher
MDA levels armong those with obesily, particularly central
obesity. These inconsislencies suggesl thal the relationship
hetween 3MI1 and oxidative stress is complex and influeneed
by many lactors.™
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In this study, BMI was not significantly correlared with
MDA or vitamin D levels. Several possible explanations
may widerlie (his Onding, BMI alone may nol accuwately
reflect adiposity or far distribntion, as it docs not
ditferentiute between lean muss and fat muass. Many
parlitipduls in tis sludy were pliysically active due (u Ueir
occupation s street cleaning workers, which conld vesultin
highor muscle mass despite a similar BMT range.™ This may
liave masked Lhe dssuciation lypicdlly vbserved between
higher adiposity and oxidative stress or vitamin D
deficiency, where vitamin 1> deficiency is commaonly defined
as serum levels below 20 ng mL The relatively narrow BMI
range among parlicipants might have reduced variability,
limiring statistical power ta derect a meaningful covrelarion,
Unlike general population sumples with wider nutritional
diversity, [his occupational group tends (o have noderale
body compasition due to regular physical activity and
caloric. expenditure.” Environmental and lifestyle factors
such as UV exposure, dieldary nldke, aud plysical workload
mayv have had a soonger influence on vitamin D mctabolism
and oxidative stress than BMTitselt. High sunlight exposure
can increase endogenous vitamin D synthesis, ollselting tie
expected mvetse relatonship between BMI and vitamnin D,
Similarly, nxidative stress in this papnlation may he driven
more by externdl pollutants and workload-induced
nietabolic demands rather than adiposity.” Taken logelher,
these findings suggest that 13M 1 is not a sufficient predictor
ot oxidative stress or vitamin 1 status in physically active
outdoor workers, Future researcls should icorporate imore
sensitive measies of hody composition, such as hody fat
percentage or waist circumference, and consider
uwltifactorial models inlegrating environmental expusure,
diet, and plivsical activity to better explain variations in
oxidarive biomarkers.®

The Relationship between Nutrilional Slalus and
Vitamin D I .evels

The results of this study showed a non-signiticant and
legdlive correlation between nutrilivnal status aud vitamin
D levels among saeet cleaning staff in Jakarta. ‘1his means
that individnals with higher BEMI tended ta have lower
vilamin D levels, allhough the relationship was not
statistically slrong, These {indings are consistent wilh
previous studies. Similarly, a stndy in Iran examining
children uged 8—18 years with tvpe 1 diabetes lound 4 similar
negalive association between BMI and vilamin D levels.” A
cohort study in Abu Dhabi also reported that vitamin 1D
levels decreased as adiposity increased.”

Sunlight exposure accounts for approximately
90-95% ul vitamin D synlhesis i Uie body. UVB radiatiou
(280-320 nm) stimulates the conversion of 7-
dehydrochelesterol in the skin ta pre-vitamin 1.3, which then
undergoes Lhermal isomerization inla vilamin D3
(cholecalcilerol). ludividuals with obesity lend lo have
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lower serum 23(O1131) concentrations. | his may be duce to
severdl [aclors, including reduced ouldoor aclivily,
sequeslralion of vitamin D into adipose Ussue, and an
increased praoportion of vitomin 13 heing stored rather than
circulated inthe bloodstream.”

Vitamin T is fat-soluble, meaning that when body far
1ncreases, more vitanin D becones slored i adipose Lissue.
‘1his reduces the amount of circulating vitamin D available
for physiological tunctinns. In addition, inflimmation in
adipuse Ussue may lurther accelerate vitamin D breakdown,
lowering serum levels. Vilamin D also affecls calciwm
ahsarprion and parathyroid hermone (P11 regnlarion.
When vitamin D levels are low, calcium ahsorplion
decreases, whicli can aclivale metabolic padiways (Lat
promote fat storage. including increased fatty acid synthase
(FAS) activity and reduced lipolysis. This suggests that
vitarin D deliciency not ouly resulls [rom incredsed
adiposity but may also conmibute to the maintenance or
progression of ohesity.”

The Relaliooship between MDA Levels and Vilamin D
Levels

This study found o significant negative correlation
between MDA levels aud vilauin D levels wnony, sireet
cleaning staff in Jakarta, In other words, higherr MDA levels
were associated with lowervicmmin T [evels, and individuals
with higher vilamin D levels tended (o have lower uxidalive
saess, ‘This suggests that vitamin D may play a role in
reduring oxidative stress hy supporting the body's
anlioxidant delense syslem. Patients with Llype 2 diaheles
who had low 25(OLDD levels exhibited increased plasima
MDA and myeloperoxidase activity, borh of which
contribute L inflammalory oxidalive reactions.”

Vitamin T exerts its protective effects through binding
(o vilamin D receplors (VDR), inlluenciug both genomic and
non-genomic signaling pathwavs. Supplementation with
vitamin T3 has been shown ta activate the Nrf2 cranscription
lactur, which enhances antioxidant delense by promaoting
the expression of genes involved in antioxidant responses.
Increased Nf2 activity helps reduce cellular domage caused
by oxidative stress. This is supporled by evidence ol
interaction belween he NF-nB and N\i[2 pathways, where
activation of \lxI3 (p65) promotes inflimmation, while
Nrt2 activation counters oxidative and inHummatory
cleunage.”

Vilamin D3 also suppurls endolhelial health by
stinmlating endothelial nitric oxide svmthase (eNOS),
increasing the prodnction of nitric oxide (NO). NO plays a
vruclal role in maintdining normal vascular funclion,
ncluding vasodilation. inhibition of platelel aggrepalion,
and preventinn of smooth muscle cell praliferation, Redured
NO availability can lead w endothelial dyslunction. which
contributes lo alherosclerosis developinenl, Oxidalive sizess
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The Relationship Between Nutritional Szatus With
Malondialdchyde (MDA) and Vitam'n D I eve, (Anaszasys K5, et al.)

markers snch as MDA are often elevared when NO
bioavailabilily is impaired. Additionally, Lredatment wilh
calciliiol. the aclive forn of vitamin D, has been shown lo
reduce oxidative stress, enhinee antioxidant defenses, and
improve endothelial function. Therefore, higher circulating
vitauiin D levels may help lower MDA levels aund protect
against oxidative damage.®

The Relationship Between Duration of Work and Levels
of MDA, Vilamin D, and Nutritional Status

‘I'his stndy did not find a sraristically significant
relalionship hetween lengih ol work and nutritiondl status or
MDA levels; however, (e corelation values showed d
positive direction (R = 0,083 and 0.172). 'This snggests a
tendency in which longer working duration may be
associdled witl o greater likeliliwod of ncreased BMI and
MDA levels. Saeet cleaning staff who work longer hows are
mare frequently exposed to air pallutants sneh as particulate
adtter (PM), nitrogen oxides (NOx), ozone (Os), and
polyeyclic aromatic hydrocarbons (PALLs). all of which can
contribute 10 oxidative stress and weight gain® similarly,
Kim e1 al. (2016) lound thut working more Lhun nine hoursy
per clay wcreasec (he risk ol obesitly, parlcularly aunong
older women, and night shift work has been linked to
increased hody weight and waist circumference.” According
lo e World Healtly Organizdtion, lileslyle-related diseases
including ohesity are projected to account for as much as
30% ot slobhal deaths by 2030, highlighting the importance
ol prevention and early intervention. ™

1ligh working hows can also reduce (he (ime and
energy available for phvsical acrivity, which is necessary far
mainwining 4 healthy metabolic balance. Most respondents
in Qiis stndy liad a higl scliool education level (76.3%),
which may Iimit awarencss of the importance of cxercise,
halinced nutrition, and antioxidant or vicamin T intake in
mnanaging oxidative stress, Respondents willl even lower
cducational hackgroumds may face greater challenges in
accessing and interpreting health intormation. Although
digital intormatiovn is widely available tuday,
misinformation remains common and may negatively
influence health behaviors.™ 1The lack of awarcness
regarding vitamin D was evidentin this study, where 5%.7%
ol participanls had insullicienl levels and 18.2% were
deficient, None af rhe workers reported taking viemmin 1)
supplements. This suggests that knowledge about the role of
vitamin D in prolecting cells [rom oxidative stress may be
limited, and financial constraints may also prevent workers
trom purchasing supplements ™
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CONCLUSION

The lindings of Llhis study indicdle a signilicant
associalion belween MDA (Malondialdeliyde) and vilamin
1) Tevels, snggesting that higher levels of vitamin 1) are
linked o lower oxidalive siress, ds rellected by MDA.
However, no signilicanl relatonship was [ound between
M1 and either MDA or vitamin D, implying that 13M1 alone
may not be a reliable indicator of oxidative stress or
nutritioual status, particularly amnong vuitdoor workers, The
results cruphosize that oxidative stress mnd vitmmin D
metabolism are influenced by multiple tactors, including
environmenldl exposure, oceupalional activity, and diel,
rather than justbody weight.

IMPLICATION

Tlhe study contribules (o adeeper underslanding ol low
oxidative stress (MDA} and vitamin D status interact
independently ot BMT, particularly in populations exposed
o chronic environmenldl stressors. Thils suggests hal Lhe
naditional use of BMI as a sole indicator of metabolic and
nxidative health may be inadequare, and turnre research
should locus on comprehensive models inlegrating
enviromenltal expasure, pliysical aclivily, and nuliilional
hiomarkers, | raom a practical standpoint, these findings
underline the need lor ovcupalion-specilic healih
intervenlions anong outcoor workers. Regular monitoring
of oxidative stress markers and vitomin D levels, alongside
education on balanced nutrition and sun exposure, could
help reduce the risk of oxidalive-related diseases.
Policymakers and occupational health authorities should
consider develaping targeted preventive strategics inclnding
anlivxidant supplemenldtion and vilamin D oplimizdtion
programs (o prolect workers exposed (o polluton, ullraviolet
radiatinn, and heat stress, Overall, this rescarch emphasizes
Lthe necessity ol ¢ mullildctorial approdch w understanding
oxidalive balance, moving beyond body weight metics
toward more precise, environment-aware healch
ISSORSTICNTS.

STRENGTIISAND LIMITATIONS

Ihis study offers valuahle new insight inte how
oxidalive stress, vitkamin D levels, and BMI interact in
outdoor workers a papulation thal lias rarely been studied i
this context. Onc of the main strengths of this rescarchis the
use of ohjective hiochemical meusurements for both MDA
and vitwnin D, providing reliable markers ol oxidative
halance, In addition, lifestyle and cnvironmental factors
such as physical activity, UV exposure, and diet were
carelully recorded and stalistically controlled, allowing [ora
morc accirate interpretation of the findings. By focusing on
street cleaning statt, this study also caprures the real-world
cumplexily ol vceupational health, vather than relying solely
on contolled laboralory conditions. Despile these sreng(hs,
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several limitatians shonld he noted. Because this research
used a cross-sectional design, il cannot eslablish a cause-
and-ellecl relatiouship between he studied variables, There
is also a possibility of sclection bias, since the participants
came from a single occupuational group, which may limit
Lhow well the resulls apply lo uther populalivns, Sell-
reported information about diet, physical activity, and sum
exposure could be affected by recall bias, even though
rained Wlerviewers and standardized gueslionndires were
nscd to minimize this issuc. Finallv, 3MI alone may not
accnrately reflect body camposition or fat distribution,
suggesting Lhal luture research should use more precise
measurements such as body [al percentage or waisi-1o-hip
rario and inclnde langitndinal dara o canfirm the ohserved
paLlerns.
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ABSTRACT

Mitritiomal stitus las been found 10 be correlited wath malondinldehy de (MDA} profiles in the Blood.
MDA is 8 marker of ovidstive stress m the body and s the final prodoct of Tipid peroxidation chain
reactiond. The long-term undemutition and exoess stans will be dosely nebited w melsbholic
disorders and degenerative disenses, Street cleaning stall’ are oflen exposed to free mdicals thot will
mmprerve lipsd peroxidation, which will ales reak dovwn imio MDA, Viemin [ serum levels have an
inverse comelation with adipose tissee myss, where the higher the BM 1 and body fut mass of o person,
the lower the levels of vitamin D sepum. The purpase of this study was to deierming the relasionship
of mutritionul status with MDA ond vitamin D levels in the Mood. Thisresearch conducted from July
2024 1o February 2015, using n erss-sectionol desiyn ol fhe Faculty of Medieise, Trsakti University,
with the torgel populitksi belag the streel cleaning il in Jakeia, The aamples weie taken by
consprutive sapypling for all street clenmang stdT who met the inclusion amd exclusion cnteria, with
atot] of 66 samples. BMI showed mo significant relntionship with either MDA or vitamin D, but
there was a significont relationship between vitamin [ and MDA { p=0.04T).

Kevwords: MIA, vitamin [, nutritional staius, free mdicals, oxddative stress, street cleaning sl

s DTN
Dxidative stress plays o central nole in the pathogenesis of metnbolic and degenerative discases,
It oeeurs when the production of reactive cxygen species (ROS) exceeds the body's antioxidan
delense :.“nty lesding to cellulir und moleculnr darmage. One of the most widely uned blomarken
to woiess oxiditive stress (s malondialdehyde (MDA), a product o dipid peraxidation thie reflects
oxidative injury within hiological systema. (Supariasa 1. D, 2016). Oxidative stress is defined as o
condition where there is an imbalance between the exidation process by free mdicals and the process
of penetration by antionidants in the boady. Owidative siress conditions are formed Reactive Ovgen
Species (ROS) consisting of oxyvgen free radicals (super oxides) and their derivatives (hydrosyl
rudicals) O2-, OH- g H2O2. As the nanse of free radicals, ROS are active snd abvavs find ather
electrons in onder 1o be able 1o poir ond can cause cell damage, membrane dysfunction, protein
madification, emeyme activation, and rapture of DNA choins. Damage to the ivrocellular strsciure
directly offects the arrangement of cell metabolism. ROS con ansck molecules on cell membrones and
metworks, for cxomple, the disnaption of the lysosome membane couses the releuse of lysosamal
bydrolytic enzymes that furiher cause intracellular damage and sirengthen the ability of free rubcals
to irelnce cell damage (Manzoor MF, 2022)
Vitamin [} hos been recognized mol only for its classical role in caleium homeosiasis and bone
metabolism but also for iis emerging functions in modulating inflammation and oxidative siress,
Vitamin D deficiency has bheen associsted with increased oxidative damage, vet the relntionship




betwesn vitnmin B status and MDA levels remains controversial across different populations and
clinical comtests. Vitimin D deficiency can decrease the response of weight foss thempy, so the
bioavailabilky of vitlamin D serum is low duseap the increase of vitamin D circulation mio high fat cell
deposits, anad deposits of vitumin D incresse b adipose ase. High levels of fu in the body are ane of
the risk fsctors for vitamin [ deficiency, Street cleanbig slall are 6l fak of exposie 1o ree rdicals
such as vehicle polhetion, UV light, and various other pollutants, A raical imncrease will be at mdk of
oxidstive stress cousing lipid peroxidese in the body and cousing degenerative diseases, Nutritional
status greatly affects hoth the bad risks caused by these free radicals. Furthermore, most previous
stuslies were conducted in clinicnl or laborstory settings, with limited dota on ouldoor workers who
expericnos chronie envirenmental stressors such s wlimviele! exposure, air pollution, and heat. These
envirommentsd factors may further nmplify oxddative siress and alter vitemin D msewbolism, beading o
ufiigie phiyaiological adaptations (Haghosheny Z).

Body mass index (BMI), & marker of mutritionul and sdiposity stius, hos been linked 10 both
oxidstive stress mnd vitumnin D levels. Individuals with higher BMI often exhibit imereased oxidative
stress due o chronse inflammstion eod lipld perosidatson, alongside reduced circslating vatamin 13
resulting from its sequestrntion in adipose tissee, Despite this, the imterplay between BMI, vitamin [,
ond oxldstive siress (MDA) has not been fully elucadoted, parficularly in populstions expossd 1o
envirommental stressors such as air pollution and ultrmviolet madintion (P, Goarcis-Coparros, 2021),
Elevnted BMI hns been nssocinted with higher oxidative stress through increased lipid peroxidation,
while vilamin D deficiency is ofien observed in individuals with eawcessive adiposity due o is
scqueatration i fat tesne. However, rescanch explorig whether low vitomin D levels aorrelate with
elevated MDA comcentrations acrms different BMI cuegories has shown inconsistient and populadion-
speeihie findings (Carmao M, 2012),

Therefore, this study aims to investigate the relationship between serum MDA levels, vitamin [
concentration, and BMI among stredt cleaming workers i Jakara, This pogalition provides o unigue
maslel 0 explone hosw mudritional and environmental fictors mfluence oxidutive stress dynamics, filling
the rescarch gap on the tricngular relationship between oxidative biomarkers, vitamin [ siatus, and
body composition.

METHODS

Study Design

This study i 0 deseriptive analytic ohservatonal seseorch with & cross sectional design, aiming to
determibne the selationship betwesn sstrifionsl stitus, MDA, and vitwmin D levels among street
cleaning stalT.This research wis approved by the Eihics Commiitee Faculty of Medicing Univenstas
Trisakti, with number CHAKER/FIC0R 2024,

Population sod Sempling

This siudy involved 76 street cleaning sisff employed by the Jakara Provincinl Governmem. The
rescarch was conducted between July 2024 and Febwuary 2028 at the Faculty of Medicine, Trisakti
University, Jakarta. Samples wire selectal using a consccutive sampling method from participants
who met the inclsion md exchedon ariterin, The inchision crteria wene individuals who agreed 10
sign an informed consent form, were actively working an street cleaning stafl, amd hod no isiory of
canfiovasculor disense or diabetes mellitus. Exclusion eriterin included pregnancy or lnctation,
phiysical disabilities (such ns posi-injury or post-siroke conditions ), and chronic or infections discases
such us eancer, wberoulosis, chronic renal failere, or heant fhilure. To minimize biss, severl potential
confounding varinbles that might affect oxidative stress and vitamin D levels were identified and
controlled. Physical activity was assessed using the Intemnational Physical Activity Questionnaire
(TP AL -shor form), amd paricipamts. with extremely high or low activity levels were exclsded. The
resulling activity scores were also included as covariates during dam onalyvsis 10 pocowt for their
potemtial elfect on oxidstive aress mirkers. Ulraviolel (UV) exposure wis docimented thiough o
structuned questioanaire thit reconded average dally sunlight exposure, tme of day, and use of sun




protection. Participants with unusual UV exposure patterns, such s night-shift workem or those using
fall protective clothing, were excluded 1o maintoin homogeneity. Dictary intoke wos evalusled using
both o 24-hour food recall and a semi-guantitntive Fecsd Frequency Questionnadre (FFQ) focusing on
vilmmin D-rich and potiexidani-coniaining foods. Panicipants were narecied s masntain thelr usual
dietary habits disring the study period., sl dictary intake was statiascally mijusted as a confousdig
factor o the wnalyss,

Dhata collectlon

Demapraphie information, heght ind weaght, medical history, as well as blood test results for MDA
nndd vitamin [, are some dote collected

A MDA Messurement

Blood snmples (3 miL) were collected in EDTA tubes and centrifuged st 3000 rum for 10 minues.
The serum mabondialdetyde (MDA bevel was mensured using the Thioharbituric Acid Resctive
Bubstances (THARS) asay method.

The ahsorbance wis read ot $32 nm wavelength using a Shimadeuw LIV 1400 spectropholometes
(Jopan), Rengents used ancluded thiobarbituric acid (THA) 0674 and irichloroacetic scid (TCA) 10%,
B, Vitamin I¥ Measurement

Serum vilamin I3 levels (25 0HID) were messured sang the Eneyme-Linked Inmunesorbent Agsay
(ELISA ) method with Human 2508 Viessmin D ELISA Ki (Cal. No. E-EL-0025, Elabscience, USA]
The opbcal density was read ai 450 nm wavelength using o Bio-Rod iMark™ microplate render. The
MDA volues were examined using spectrophalometry with a 332 nm wavelength with maximal
ubsorption, while vitamin D examinntion wes determined by mensuring the concentrition of 25 (OH)-
Din Mood plasmo wsing the ELTSA method.

Data Analysks

Data were analyzed using SPSS soffware to enumine the relationship berween nutritsomal sistus,
i bondenldelyde (MDA ) profile, and vitamin [ kevels among streed cleanimg stafl, An Independens T-
test was applied 1o compare mean dferences betwesn e independent groups. For nomiilly
distributed mimerical data, the Pearson comelation test was applied while for non-normally distribuied
dain, the Spearman rmk correlation f=st was viscd. In this study, 1he Pearson comrelation cocfiicient wis
used o assess the strength and direction of the linear asociation between two nemericul vanahies,
such us vitnmin [ and MDA levels

The primary objective of this sdy was to investigate the cormelation betwesn mitritional stutus,
imalondinldelyyde (MOA) profile, amd vitemin ¥ levels smong street cleaning staff. Nutritional staus
plavi o cruclal role in malnisning metabolic balance, while MIPA serves as a biomarker of oxidative
stress, and vitamen D i essentind for immune regulation and overall health, This research aims o
provide scientific evidence by quantifying and analyzing the relationships among these varinhles,
with the gral of understanding how mutritional factors and oxidative stress contribute 1o the health
outcomes of individuals exposed to occupational snd environmental stressors, Table | describes the
characteristics of research respondents.

Table [. Characteristic Sample

Variable N (TE)

Age
Meairt-Sed AL0IER 910
Meshiin 41,40




Range (min-mnx )

Gender
Mun

Ilhllll'l'lm

Ethnic {N=Ta)
Invamess
Sundianese

Betuwi

Mielayu

West Suriualerm

Ed ueathin
Elementary School
Junior High School
Senior High School
Liniversity
Marringe Sintus
Murried

MNon married
Drivores

st of Work b Hiwrs
MeantSed

Mpshinn
H.unﬁulmiﬂ-mu]

Height
Mean+Sed
Medinn

Runge {min-mis)

Weldght

MeantSul

Meilion

Range {min-minx)

Body Mass Tndes (BVIT)
MeantSed

Medion

Range {min-mx |

BMI Category

(¥beas

Non-obese

Abdominal Circomference
MeantSed

Medinn

Range (min-max )

Neck Clrenmference
MeartSed

Medinn

Range (min-mnx )

21.00-56.00

TO[RL1%)
(7. %)

222N

1 13.2%)

42{553%)
113
L%

TR

12415 8%)

SRITH. 3%
I

el RGLE )
St 6%
SihE%)

7.97440.23]
&.00
.00,

620 L6579
162,00
145.00- 185,00

63 RS 020
il Ak}
45 50-11 160

24,3443 H32
24.50
IT.16-32.61

17(22 4%)
S TT.6%)

B5,012K THE
B340
DI [0E 00

175042748
3700
33.00-45,00




Table I results from o stotistical anolysis of a corelotion Penrson o1 between BMD and MDA
varighles, The R wvaloe for the correlation value of BMI with MDA is -0.074; P value = 0.521; this
shows that there is no significant correlation with the direction of negatve correlonon. The incrense
i BM is inverscly proportionnd 1o MDA levels I o person las an excess BMI, then the probability
of llaher MDA valiae will be |u'|J.-. :Ild VICE Vi

Table 2. Cormelation Analvsis between Nutnitional Status and MDA

Variahle Correlation 13 PFwlue

Correlation between BN and MDA Pearvon LT =21

la secondance with Table 3 above from the stitesteal nnalysis of the comelation Pearson 1es between
HM] angd witnmdn 1), The B value For the cormelation value of IMT wiih vitarsin 1 wos 00016 P value
= 0H892; this showed that there was no significant correlation with the direction of negative
comrelution. Increased BMI is inversely proportional to vilamin B levels, If a person has an excess
BMI, then the chances of his body vitamin 1 levels being low will be low, md vice versn

Tahle 3, Comelation Anolysis between Nutrifional Ststus and % itomin

Varishle Correlation 13 PValue

Correlation between BMI aid Vitamin D Peariom D416 [LE. k]

Accorting to Table 4 above, from the resulis of sintistical analysis of the Pearson comelution tess
between MDA amd vicnmin [, The B vilue for MDA comelation with vieamin D is -0 190; the value
of P'= 0L047; this indicates that there is o significant correlation with the direction of negmive
cowrelntion. Incroased MDA levels are inversely proportional o vilamin D levels. 1T o person has
high levels of MDA, then the level of vitamin [ in his body will be low,

Toble 4. Correlation Analysis between MDA and Vitunin D

Variahle Correlation 1 PValue

Comrelation between MDA and Viemin D Pearmon RNLIN b7

Table 5 slwows the Pearson comelabon test between the duration of workisg and MDA, The resulis
of this study imdicate that there is no significant correlation with the direction of positive correlation
between durntion of working and MDA levels,

Table 5, Comrelution between Dumation of Working and MDA

Variable Carrelation 13 PValue

wrrelabion g




of working and MDA Powrson (LN o WL135

The resulisof siatistical analysis of the Pagsan correlation test between the duration of working and
BMI are dlwwn in Toble 6. These resilts indeate thil there is o significint correlstion with the
direction of positive correlation between length of work and st Honal staius.

Tahle 6. Cormelation between Durmtion of Working und BMI1
Variahle Correlation 3 PV alue
0ATH

Comelation between duwration of

working and BMI Pegrwan o

DISCUSSHN
Characteristic of Sibjeet

This study wius conducted on 76 streel cleaning stafl i Jakortn, The clamclenstics of
respondents included nge, pender. ethnivity, educstion, marrge stniuy, durmtson of working (hours),
height, weight, BMI, BMI category, shdomen circumference, ad neck circamfermce. The avernge
age of respondents ks 41,00 = 8,92 vears, with un nge mnge between 21 and 56 vewrs. This is in line
with the minimum age requirements of |8 years for street cleaning siff in sccordance with the
decision of the governor of Tokaria No. 2331 of 2016, However, there is no clear maxisnm age limit
m the regulation. Rescarch dhows that street cleaning staff one generully within the productive age
runge {Parulion ¢t al., 20231 The majority of respondents are nnke, as many as 92,1 %, This is in line
with the charactertstics of fieldwork that oflen demands physical strength, so it s mone filled by
e workers,

The majority of respondents came from the Betnwi tribe s mech os 35 3%, followed by
Javanese [28.9%) and Sundanese (13.2%). These results are cansed by the bocation of the research,
which is bocated in the aren of Jokaria, where the majority of the original population is from the
Betawi tribe. This chamcienistic has not been discussed specifically in previous reseanch on street
cleaning stuff. The majority of respendents last aduention was high school, which s as much as
T6.3%. This is in line with previous research thiat shows that 8. 1% of street eleaning stafl hive
higher education, which reflects the genersd adminisirstive requirements of dreel cleantng sl
recrultment (Novanus, 2019 Maost of the respondents were married [(86,8%). Marriage status
street cleaning stafl is not specifically available in previous stusbies, but (1 s generally found that
street cleaning staff nre mostly marmed, which shows this work 1s genemally in demund by individuals
who hove hiad family dependents.

The avernge duration of work is 797 £ 0.23 hours per day, Street cheaning stafl in Rakarta

are requiresd 1o work for B hours every doy (working doy), with 3 working times (shifis) in 24 hoom.
That is, the working hours ol street cleaning stoff may be in the moming-ofiermoon, aftermoon-night,
or early morning until moming. The nvernge height of respondents was 162.01 + 6,98 cm, while the
nverage welght was 63,85 £ 1102 kg with a BMI average volue of 24.34 + 383 kg'm®, This is often
due o unbenlthy or iregular diots and volatile plysieal sctivity,
The average abdominal chreumference of respondems was 25,03 + 5.79 cm, while the avernge neck
circumference was 37.50 £ 275 em, According (o the Ministry of Health of the Republic of
Indonesia, central ohesity in men is characterized by an ahdominal circumference of 290 cm. In this
stdy, 22.4'% of respondents mest these criterine Anodber sindy Found that 41.7% of online taxi
drivers had un abdominal circumference of =% cm. showing a higher prevalence of cemiral obesity
codnpared 1o strect ¢leaning s fF{ Primary & Swiinn, 2020), This dsa can be used 1o asssess the health
risks associsted with nhdominnl obesity in street cleaning stafl. but specific information nbow
abdominn] and neck circumference in sireet cleaning stafT is still mrely discussed in previous related
stulies.




Caorrelation Between Nutritional Satus and MDA

The results of this study showed thut there was no significant negative relationship between
BMI and MDA levels. Although higher BMI tended to be associnted with lower MDA, levels, this
relationshidp wos not statisticully meaningful, This finding is inieresting because obesity is gencrally
linked o higher oxidative siress, which b commonly reflected by increased MDA levels,
Biologically, the relationship between BMI and MDA con be exploned thoough oxsdative sres
pothways, Oxidotive stress occuni when the prodiiction of renctive oxypen species (ROS) excesds
the boudy s anfioxidant capacity. MDA is formed as the final product of lipid peroxidation when ROS
imtermnect with fuity ncids in cell membranes. In individuals with obesity, an incresse in sdipose tissue
usually triggers chronic inflammation and elevated ROS production, which may raise MDA levels
(Huang ei al., 2023),

However, previous reseanch bis reparted mdved results regarding (his relitionship. A stidy
by Estuti (2023) found mo sipnificant pssocintion between BMI and serum MDA levels and even
nobed that higher body (it pereentnges were sometimes linked with lower MDA levels, possibly due
to aclaptive physislogecal responses o oxsdetive stress, Meanwhile, studhies by Widbasiuti (2022 ) aml
Ashar (2023) reported that mdividuals with shesity tended to have bigher MDA levels than those
with normal BMI, alithough the association was still not satistically significant (Ashar, 2023;
Widinstuti et al., 2022 ). Awadullab et ul. (2009) also observed higher MDA levels smong those with
obesity, particularly central obesity. These incomsistencies suggest that the relationship between BMI
anil oxidative siress is complex ad nfluenced by muany lsctos.

Iin this study, BMI did not show a significant sssociation with sither MDA of vitamin [ levels
Seversl posaible eaplonators oy underlie this fAodimg, BMI alone may ool sccurastely reflect
adipesity or {at distribution, as i does not differentiole between lean mass and fat mass. Many
participants in this study were physically active due 10 teir occupation s sirect cleaning workers,
which coubd result in higher muscle mass despile o amiler BMI mage. This mony have ouesked the
ussocation typically observed between higher adiposity and oxidative stress or vitamin D deficiency.
The relatively narmow BMI ringe among participants might kave reduced variability. limitmg statistical
power o detext 0 meaningful cormrelation. Unlike general population snmples with wider nuintional
diversity, this eccupationul group temds 10 have modenite body compesition due o regular physical
netivity snd calone expenditure (Fisher-Millman & Bloomer, 2009). Environmentl and lifestyle
Tuctors such as UV exposure, didtary intuke, and physical workload may have hod o stronger influence
on vilamnin [ metnbobism ond oxidative stress thon BMI jtsell. High sunlight exposure can increase
endeygeneus vitamin [ synthesis, offsctting the expected inverse relationship between BMI and vitamin
0. Sumilarly, oxidative stress in this pogalation may be doven more by external pollstants and
workload-induced metabolic demands meher than adiposity. Taken together, these findings suggest
that BMI i not & sufficient predictor of oxidative stress or vitnmin D stas in physically sctive outdoor
workeni. Fiitire resenrch should incorpomte more sensitive mensures of body composition, such as
body fat percentage or waist cicumfzrence, ond comsider multifactonial models  integrating
environmental exposure, diet, and physical nctivity to better explain varistions in oxidative biomorkers
(Scimeen et al., 2024),

The Relationship between Nueritional Status and Vitamin ) Levels

The results of this siedy showed a non-significant and negative comelation between
nitrithonal satas and vitamin D levels among street cleaning stafT in Jukarta. This means that
imatividals with higher BM1 tended fo bave kewer vitamin D levels, alithough the relationship was
moi stutistically strong, These findings are consistent with previows stsdies, For example, Mamsoaor
et al, (2020) also reponied po significant wssocintion betweoen vilmmin D stutus and obesity in a large
surple of sdults aped |5-85 yonrs. Stmilarly, o study i bnn exomibting ehildren aged 3-18 year
with type | dimbeses found s similar negative sssociation between BMI and vitamin [¥ levels
(Hocao@lu-Emre, 2019 A cohort study in Abu Dhabi also reported that vitnmin D levels deerensed
s ndiposity incrensed {Muojeed et al., 3023}




Sunlight exposure accounts for spprosimately 90-95% of vitamin [} synthesis in the body.
UVB radistion (280-320 nm) stimulutes the conversion of T-delydrochol 1 i the skin 1o pre-
vitmmin D3, which then andergoes thermal dsomerization inte vitamin D3 jcholecaleiferol).
Individuals with obesity tend 10 have Lower seniss 250D concentretions. Thia sy be duie 1o
several factors, inclicling reducad outdoor activity, segiiesieation of viissin 1 inie mlipose lsese,
el an increased proportion of vitaman [ being stored miher than cirewdated in the bloodstream (Jing
el al, 201% Lorensea ot al., 2020,

Vitamin [ is fot-soluble, meaming that when body fat increnses, more vitamin D becomes
stored in sdipose tissue, This reduces the amsount of circulating vitamin D ovailuble for physiokegcal
funetions (Amos, X224, In addition, inflammation nadipose tissue may further secelernte vitamin
D breakdown, bowering serum levels. Vilmmin D also affects caleium nbsomption and parmtlymoid
bormaie {IFTH) regulition. When vitimbin [V levels ire low, calcum absorption decrenses, which
can activate metabolic pathways that promote @il storuge, including inereased finy ecid synthuse
(FAS) netivity amd reduced lipolysis. This suggests thal vitumin D deficeency not only results from
mereased sdiposity but miay also contribute to e maintenance or progression of obesty | Mavig et
al., 2020),

The Relationship beiween MDA Levels pind Vilsmin D Levels

This study found a significant negative correlation between MDA levels and vitamin D levels
nmong streel cleaning staffin Jakorta. In other words, hi gher MDA levels were associnted with lower
wiinmin B kevels, ondd mdividuals with ligher vitmin D levels ended 1o lave lower oxidative streis,
This suggests thal vitumin D may play a ol in reducing oxidative siress by suppirting the body's
antieadant defense systern. These findmgs are comistent with the siudy by Hassan ed al. (2023),
which showed that paticnis with type 2 dinbetes who had low 2500H)D levels exhibited imerensed
planma MDA wnd myeloperovidase activity, both of which contribite 1o mflammuory oxudative
rencthons,

Vitamen [ eneris fin protective effecs though binding o vilesia [ scopiom [VIR),
influencing both genomie amd non-genomie signaling pathways. Supplementation with vitamin D3
hus been shewn o pctivate the NriZ trarscripgtion fctor, which enhances antioxidant defense by
proemating the usion of genes [mvolved in antioxidum reaponses. Ineressed Nef2 activity helps
roduce cellular Jamnge eaised by oxiditive stress This s supporied by evidence of nieriction
between the NF-eH and Nri2 pathways, where sctivation of NF-cB (pa3) promotes. inflammation,
while Nri2 activation counters oxidative and milummatory desmage | Wee el al., 2021}

Vitaman % also supports endothelial bealth by stimulating endaothelial nitde oxide synthose
(eNOS), incrensing the production of nitric oxide (NOL N0 plyys i crucial roke in mainisining
noremal vaseular function, including visodilution, inhibition of platels sppregeiten md prevesilon
of smoath muscle eell proliferation. Reduced KO availability can lead 1o endothebal dysfunction,
which comribwies o otherosclerosis development | Sepidarkish ot al., 201%), Oxidotrve stress markens
guch as MDA are offen elevated when NO hipavailability is impoired. Additionally, reatment with
caleitriol, the active form of vitamin D, has been shown fo reduce oxidative siress, enhance
antionsdant defenses, and improve endothelial function. Therefore, higher cireulating vitwmin D
bevels may help lower MDA levels and protect ngainst oxidative dumage (Kim et al., 2020)

The Relationship Between Duration of Wark and Levels of MDA, Vitamin D, and Notritional
Stwtus

This study did nol find a stotistically significunt relstionship between length of work and
nutritienal stamus or MDA levels; however, the correlation values showed o positive direction (R =
0083 and 0.172). This sugigests a tendency in which longer working durtion may be nssociuted with
i greater likelihood of incressed BM1 and MDA levels. Street cleaning siaff who work longer hours
nre more frequently exposed 1o air pollutnnts such ns particulole matier (PM ), nitrogen oxides (WO,
vrome D), and polyeyelic aromatse hydmocarbons (FAHs), all of which can contribute o oxbdative
atress and welght gain (Loo et al, 2024), Previoos research also supports this relationship, For




example, Deschenes o al. reporied that even a slight increase in air pollution exposure was associated
with higher BMI kevels (3hi et al., 2022). Similorly, Kim et al. 2016) found that working more than
nine hours per day increased the nsk of obesity, pamculardy among older women, and night shift
work hus been linked o inercased body weight and waist cireumference (Brum et al, 2020),
Acconding to the World Health Organization, |feayle-related & —inchiding obesity—ame
propected 1o account for as much as 30% of ghobal deaths by 2030, highlightmg the importance of
prevention and enrfy miervention (Safaei e al., 2021)

High working hours con also reduce the time and energy mvailanble for physical activity, which
s necessury for maintnining a healthy metabolic balance. Maost respondents in this study had a high
school education level { T6.3% ), which muoy limil swareness of the imporance of exercise, bulanced
autrithi, and satioxidam or vimmmin D miske in mansing oxldative siress. Respondems with even
bower ediscational backgrounds moy fhee grenter challenges in necewing and Intespreting health
information. Although digial informatien is widely svailuble today, misinformotion remains
commmaon and may segatively influence bealth behaviom | Afmeur et al., 2023).

The lnck of awnreness reganding vitamin D was evident in this study, whene 59.7% of
purticipants had insufTicient levels and 18.2% were deficient; None of the workers reporied aking
vitamin D sapplements, This suggests that knowled e nbowt the role of witamin D in protecting cells
from oxidative stress mny be limited, snd finnncinl constraints may also prevent workers from
puarchnsing supplements {Untan ed al., 2023),

CONCLUSION

The findings revealed a significant sssocintion between MDA and vitamin D levels, mdicating the
mle of vilamin D in mitigoting oxidative stress. However, BMI showed no significunt relationship
with either MDA or vitsnin D, suggesting that body mass alone may nol adeguately reflect
oxidstive or mulFitions] s i physically active owdoor workers. The results highlight tha
oxidative sress and vitemin D metabolism are influenced not only by nuiritional ststus but also by
envirommentil exposure and occupational activity, These findings contnbute to understanding of
how lifestvle amnd environmenial foctors intersct 0 modulile oxidative balance. The stdy
emphasizes the need for occupation specific interventions including antioxidant rich diets, vitnmin
D supplementation, and regulnr health monitoring to reduce oxidative stress among owldoor
workers.

IMPLICATION

The study contributes to a deeper understanding of how oxidotive stress (MDA} and vitamin D states
enternet independently of BMI, particulordy in populations exposad 1o choonic environmenal siressor,
This smiggesls that the traditional use of M1 as o sole indicator of metabolic and oxidative healih may
be imadequate, and future rescarch should focus on comprehensive masdels imtegrating emvironmental
expasure, physical activity, and mirtiona] biomarkers. From o prctical standpoin, these findings
underling the need for oocupation-specific health iverventions smong owidoor workers. Repualor
manitoring of oxidative stress rarkers and vitamin D levels, nlongside education on halanced mrtrition
mnd sun exposwre, could help reduce the risk of oxidative-related diseases Policymakers and
oecupational health authorities should consider developing targeted preventive simtegies meluding
antsoxidant supplemeniation and vhemin D optimization progrmms 1o prolect workers exposed 1o
pollution, ulraviobet mdintion, ond heat siress. Overnll, this research emphasizes the necessity of a
multifnetionul approach o underdanding oxidative balunee, moving beyond body welght metries
tweard mone precise, envitommnent-aware healith agsessmments.

STHENGTHE AND LIMITATHINS

This study offers valuable new imsight into how oxidative stress, vitamin I levels, and BMI imteract in
vutdoor workers u pepalation thut has rarely been studied in this context. One of the main sirengths of
this research is the use of objective biochemicnl measuremenis for both MDA mnd vitwmin D, providing




relinble morkers of exidative halance. In addition. lifestyle and environmental factors such as physical
nctivity, 'V exposure, and diet were corefully necorded and statistically controlled. allowing for s more
nccurnie imerpretation of the findings. By focusing on sireot clenmng staff, this stody also captures the
real-world complexity of oocupational health, mther than relying solely on controlled babssmtory
conditions, Despite these sirengihs, several Hmibations should be noled. Becdase this resennch used a
croas-pectional design, it canmot establish o cowse-and-efTect relntionsbinp between the studicd varinhles.
There is also o possibility of selection hias, since the poarticipants cnme from o single occupotional
group, which may limit how well the results apply to ather populations. Self-reported mformation aboat
dict, physical activity, and sun exposure could be offected by recoll biss, even though irnined
imterviewers and standardized questionnaines were used oy minimize this isue. Finally, BMI alone may
not pecurstely refleet body compasition or far distribution, suggesting thar future research should e
e pirecise meamuremenls such as body fal percentage or wakd-io-hip mbio wid nelude loagiuadenal
dutu 1o confirm the observed putiems.
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