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Abstract

Background: Cardiovascular disease is the leading cause of mortality worldwide, with elevated low-density
lipoprotein (LDL) cholesterol representing a major modifiable risk factor. Physical activity is widely
recommended to improve lipid profiles, although its effects may vary across populations and exercise
protocols. This systematic review aimed to synthesize recent evidence on the effects of physical activity on
LDL cholesterol levels in diverse populations.

Methods: A literature search was conducted in January 2026 using PubMed, Google Scholar, and
ScienceDirect for studies published between 2022 and 2025. Study selection followed the PRISMA 2020
guidelines. Methodological quality was assessed using the Joanna Briggs Institute (JBI) Critical Appraisal
Tools and the Cochrane Risk of Bias tool.

Results: Ten studies met the eligibility criteria, involving individuals with diabetes or prediabetes, university
students, heart failure, pregnancy, childhood populations, multiple sclerosis, and older adults. Six studies
(60%) reported significant reductions in LDL levels following structured physical activity, including aerobic
exercise, high-intensity interval training (HIIT), resistance training, and diabetes-specific exercise. Greater
benefits were generally observed with supervised moderate-to-vigorous exercise performed for 30-60
minutes per session, 3-5 times weekly, for 8 weeks to 6 months. However, findings were inconsistent in
university students and pregnant women.

Conclusion: Structured and supervised physical activity can reduce LDL cholesterol, although effectiveness
depends on exercise characteristics, adherence, and population-specific factors. Standardized exercise
protocols and further high-quality studies are needed to develop population-specific recommendations.
Keywords: Physical activity, cardiovascular disease, LDL

1. INTRODUCTION (LDL) (2). Therefore, it is important to manage

The World Health Organization (WHO)
states that cardiovascular disease has been the
leading cause of death worldwide in the last 15
years. In 2017, 31% of deaths were estimated to be
due to cardiovascular disease. Deaths caused by
this disease are predicted to continue to increase
until 2030. In Indonesia, PERDOSKI also stated
that deaths due to cardiovascular disease will
continue to increase (1). One factor that can
likelihood of developing
cardiovascular disease is low-density lipoprotein

increase  the

LDL in the body.

There are at least two ways to manage LDL
pharmacologically and
pharmacologically.
such as statins have been widely used, but there
are several side effects, such as muscle disorders.
Meanwhile, non-pharmacological therapies such
as lifestyle changes are more promising because

levels: non-

Pharmacological therapies

of the minimal side effects (3).
Changing one's lifestyle to include more
frequent physical activity is an effective method
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because it can reduce LDL levels and strengthen
muscles (3,4). The study by Yusiyana et al. showed
a significant relationship between physical
activity and LDL levels. However, in the study by
Damayanti et al., physical activity did not show
significant results on LDL levels. Therefore, this
systematic literature review is necessary to
synthesize the latest findings related to the
relationship between physical activity and LDL
levels.

2. MATERIALS AND METHODS

This study was conducted as a systematic
review to synthesize the current evidence
regarding the effects of physical activity on low-
density lipoprotein (LDL) levels across different
populations. The review was performed in
January 2026 following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA 2020) guidelines.

A systematic literature search was
conducted using three electronic databases:
PubMed, Google Scholar, and ScienceDirect.
Eligible studies were published between 2022 and
2025. The search strategy combined keywords
related to physical activity and LDL cholesterol, as
presented in Table 1.

The inclusion criteria were: (1) original

quantitative studies, including randomized
controlled trials, quasi-experimental studies, and
observational studies; (2) full-text articles

published between 2022 and 2025; (3) studies
investigating the association between physical
activity or exercise interventions and LDL levels;
and (4) articles published in English or Indonesian.
The exclusion criteria included gray literature,
conference abstracts, review articles, case
reports, letters to the editor, editorials, and
studies without sufficient outcome data.

After duplicate removal, two reviewers (YYP
and SAPA)

abstracts, and full-text articles according to the

independently screened titles,

85

Academic Hospital Journal 8(2), 2026, 84-92

predefined eligibility criteria. Any disagreements
during the selection process were resolved
through discussion until consensus was achieved.
The study selection process is presented in the
PRISMA flow diagram (Figure 1).

Data
performed by

extraction independently
both using a
standardized data extraction form. The extracted

was
reviewers

information included the first author, publication
year, study design, study population, sample

type,
duration, exercise frequency, study location,

characteristics, intervention exercise
outcome measurements, statistical analysis, and
the main findings related to LDL levels.

The methodological quality of the included
studies was assessed using the Joanna Briggs
Institute (JBI) Critical Appraisal Checklist for
cross-sectional and quasi-experimental studies,
whereas randomized controlled trials were
evaluated using the Cochrane Risk of Bias (RoB 2)
Tool. The findings were synthesized narratively
because of substantial heterogeneity in study
populations, exercise interventions, and outcome
measurements, which precluded quantitative
meta-analysis.

Tabel 1. Search Strategy

Database Keyword

Google Scholar ("aktivitas  fisik" OR
"latihan fisik" OR
"olahraga") AND ("kadar

LDL" OR "kolesterol LDL" OR

"profil lipid")
Sciendirect ("physical activity" OR
"exercise" OR "sports")
n "
Pubmed AND ("LDL cholesterol" OR

"low-density  lipoprotein”
OR "lipid profile")




Pratama and Asmara

Academic Hospital Journal 8(2), 2026, 84-92

‘ Identification of studies via databases and regi |
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=
)
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—_—
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Figure 1. Prisma Flowchart

3. RESULTS
Tabel 2. Data Extraction
Author Year Type of Measure Populatio  Location Physical Results
study ment n activity
Yusiyana et 2022 Quasi- Paired T Diabetes  Dr. Sobirin Diabetes -
. . . . Significant
al(s) experime  test mellitus Hospital, mellitus . . .
: . . relationship  with
ntal patients Musi exercise
LDL (p =
Rawas, 0.019)
Indonesia )
Damayanti 2025 Cross- Spearman Female Darussala - The relationship
etal (6) sectional  rank students m Gontor with LDL was not
University, significant (p =
Indonesia 0.619)
lil I 202 - Pati T j -
Galileoeta 025 Cros's Spearman a‘ments ugur"ejo Significant
@ sectional  rank with low Hospital, . . ;
relationship  with
EF heart Semarang, LDL (p=0.001)
failure Indonesia p=0-
Widiastuti 2022 Cross- Spearman Students  Faculty of - . .
. . The relationship
etal (8) sectional  rank Medicine, .
with LDL was not
Mataram .
Lo significant
University, (p=0.320)
Indonesia p=03
Jensen et 2024 Randomiz Linear Pregnant  Denmark Structure The relationship
al(9) ed regressio  women d with LDL was not
controlle n physical  significant at week
d trial activity 28 (p=0.738), week

32 (p=0.707), and
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at delivery
(p=0.483)
Amatoetal 2024 Randomiz Two-way  Multiple Paolo High- -
(10) ed ANOVA & sclerosis  Giacone intensity Slgnl.ﬂcant. :
. ; . relationship  with
controlle  post-hoc  patients Teaching interval
; ; . LDL (P=0.022)
d trial test Hospital training
Meng et al 2022 Randomiz Two-way  Children School High- iomifi
(11) ed ANOVA & aged 11-13 intensity Slgnl‘lcant' .
. relationship  with
controlle  post-hoc  years interval LDL (P<0.05)
d trial test training )
Strom et al 2022 Randomiz  Multiple Pregnant  Obstetrics  Aerobic
(12) ed linear women clinics in exercise LDL at weeks 16
controlle  regressio Eastern and 36 was not
d trial n North significant (p=0.13
Carolina, and p=0.67)
USA
Tomeleri et 2023 Randomiz One-way  Elderly United Resistanc A significant
al (13) ed ANOVA & States e relationship  with
controlle  chi- exercise LDL was found
d trial square (p=<0.05)
Alghadir et 2024 Randomiz = Pearson Patients Saudi Aerobic In diabetic
al(4) ed trial correlatio  with Arabia exercise  patients, a
n diabetes significant
mellitus relationship  was
and found after 3
prediabet months  (p=0.05)
es and 6 months
(p=0.01) of
intervention.
In prediabetes
patients, a
significant
correlation  was
found after 3
months  (p=0.01)
and 6 months
(p=0.001).
Table 3. Risk of Bias
No Researcher 1 2 3 4 5 6 7 8 ;:;fe’ Description
1. Z\lhdlaswtl et + + + + ? - + + 6 Moderate
2. aDlamayantl et + + + + - - + + 6 Moderate
3. Galileo et al + + + + ? - + + 6 Moderate
Table 4. Risk of Bias
D1 D2 D3 D4 D5 Result
Jensen et al Low Low Low Low Low Low risk
Amato et al Some Some High Low High High risk
concern concerns
Some
Meng et al Low Some concerns  Low Low Some concerns
concerns
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Strom et al Some Low Low Low Low Some concerns
concern

Tolemeri et .
al Low Low Low Low Low Low risk

. . Some Some . .
Alghadiretal High Low Low High risk

concerns concerns
Table 5. Risk of Bias
Study D1 D2 D3 D4 D5 D6 D7 D8 D9 Result
Yusi
ustyan + ? - - + + + + Moderate

aetal

4. DISCUSSION

The ten included studies involved diverse
populations, including patients with diabetes
mellitus and prediabetes, university students,
patients with heart failure, pregnant women,
children aged 11-13 years, patients with multiple
sclerosis, and older adults. The interventions
comprised diabetes exercise programs, structured
physical activity, aerobic exercise, high-intensity
interval training (HIIT), and resistance training.
Overall, six of the ten studies demonstrated a
significant reduction in LDL levels following
physical activity interventions. These findings
indicate that the effectiveness of physical activity
in improving lipid profiles depends not only on the
type of exercise but also on the intensity,

frequency, duration, supervision, and
physiological characteristics of the target
population (14,15).

a. Diabetes mellitus and prediabetes patients
The findings of Yusiyana et al. are consistent
with those of Alghadir et al., both demonstrating
significant reductions in LDL levels following
structured physical activity. Although Yusiyana et
al. emphasized dietary habits as a contributing
factor, the exercise intervention itself likely played
a major role in improving lipid metabolism. In
Yusiyana et al., participants performed diabetes
exercise, a moderate-intensity aerobic program
specifically designed for patients with diabetes,
whereas Alghadir et al. implemented supervised
aerobic exercise for approximately 30-45 minutes
per session, three times per week for six months.
Supervised exercise ensures adherence to the

prescribed exercise intensity and minimizes
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variability among participants, thereby producing
more consistent metabolic adaptations (4).

From a physiological perspective, regular
aerobic exercise enhances lipoprotein lipase (LPL)
LDL
insulin  sensitivity,

activity, increases hepatic receptor

expression, improves and
stimulates fatty acid oxidation, resulting in greater
clearance of circulating LDL particles. Improved
glycemic control further suppresses hepatic very-
lipoprotein  (VLDL)

thereby indirectly reducing LDL concentrations

low-density production,
(15,16). These mechanisms explain why prolonged,

supervised aerobic exercise is particularly
beneficial for patients with diabetes mellitus and
prediabetes, who commonly exhibit insulin
resistance and dyslipidemia
b. Male and female students

The studies conducted by Damayanti et al.
and Widiastuti et al. reported no significant
association between physical activity and LDL
levels. The observed correlation coefficients were
also very weak, suggesting that physical activity
alone may not sufficiently influence lipid
metabolism in this population. Unlike structured
intervention studies, both investigations primarily
assessed habitual

physical activity without

controlling exercise intensity, frequency, or
duration.

Several physiological and behavioral factors
may explain these findings. University students
frequently experience irregular eating habits,
inadequate sleep, academic stress, and fluctuating
body weight, all of which lipid

metabolism independently of physical activity.

influence

Moreover, young adults generally have normal
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baseline lipid profiles; therefore, relatively low
levels of habitual physical activity may not produce
measurable reductions in LDL concentrations.
LDL
generally more pronounced among individuals

Exercise-induced improvements in are

with elevated baseline LDL or metabolic disorders

(15,17)-
students should incorporate structured moderate-

Future intervention studies involving

to-vigorous aerobic exercise performed at least
150 minutes per week, consistent with the World
Health
determine whether adequate exercise dosage

Organization recommendations, to
produces significant lipid improvements (14).
¢.  Heart Failure Patients

Galileo et al. demonstrated a significant
association between physical activity and LDL
levels despite a moderate negative correlation.
Patients with heart failure often exhibit impaired
exercise tolerance due to reduced cardiac output,
skeletal ~muscle  dysfunction, endothelial
dysfunction, and chronic systemic inflammation.
Consequently, physical activity programs for this
population generally consist of low-to-moderate
intensity aerobic exercise performed 30-60
minutes per session, three to five times per week,
with gradual progression according to functional
capacity (18).

Regular
endothelial function through increased nitric

aerobic  exercise improves
oxide bioavailability, enhances skeletal muscle

oxidative capacity, reduces systemic
inflammation, and increases lipid utilization during
energy metabolism. However, age, medication
use, disease severity, and sex remain important
determinants of LDL concentrations among
patients with heart failure, potentially explaining
the relatively modest correlation observed in this
population (15,18).
d. Pregnant women

The randomized controlled trials conducted
by Jensen et al. and Strom et al. found no
significant effects of physical activity on LDL levels
during pregnancy. Jensen et al. reported that
participants engaged in less than one hour of
structured physical activity per week, considerably
below the recommendations of at least 150
minutes of moderate-intensity physical activity per

week for pregnant women (14).
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The absence of significant changes may also
be explained by pregnancy-related physiological
adaptations. During pregnancy, maternal lipid
concentrations naturally increase to provide
sufficient cholesterol and fatty acids for fetal
growth and placental steroid hormone synthesis.
Consequently, LDL
represent a normal physiological adaptation

elevated concentrations
rather than a pathological condition. Therefore,
moderate physical activity during pregnancy
primarily improves maternal cardiovascular fitness
and glucose metabolism rather than substantially
lowering circulating LDL concentrations (9,19).
Additionally, the relatively short intervention
period and limited exercise dosage may have been
insufficient to overcome physiological
hyperlipidemia associated with pregnancy.
e. Children aged 11-13 years

Meng et al. demonstrated that high-intensity
interval training (HIT) significantly reduced LDL
concentrations among obese children aged 11-13
years. The intervention was conducted several
times per week over multiple weeks and
incorporated repeated bouts of vigorous exercise
HIT is

recognized as an effective strategy for improving

interspersed with recovery periods.

cardiometabolic health in children because it
substantially increases energy expenditure while
requiring relatively short exercise durations.
Physiologically, HIIT enhances mitochondrial
biogenesis, fatty
improves sensitivity,

increases acid oxidation,

insulin and stimulates
lipoprotein lipase activity, thereby accelerating
LDL clearance from circulation. Since children
generally possess greater metabolic flexibility
than adults, favorable lipid adaptations can occur
relatively rapidly following regular high-intensity
exercise (11,20). Furthermore, the prevalence of
dyslipidemia in children remains substantially
lower than that among older adults, making early
intervention particularly valuable for preventing
future cardiovascular disease.

f.  Multiple sclerosis patients
reported

improvements in LDL levels following high-

Amato et al significant

intensity interval training supervised by

The
exercised at an

experienced kinesiologists. intervention
ensured that participants

appropriate intensity while minimizing injury risk
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and maximizing adherence. HIIT has emerged as
an effective rehabilitation strategy for individuals
with multiple sclerosis because it simultaneously
improves  cardiovascular fitness, muscular
endurance, and metabolic function.

From a physiological standpoint, regular
high-intensity

inflammation, improves mitochondrial efficiency,

exercise reduces chronic
increases antioxidant capacity, and enhances lipid
These contribute to

reductions in

oxidation. adaptations
LDL

simultaneously improving physical function and

concentrations  while
quality of life among patients with multiple
sclerosis (10,21). Professional supervision remains
essential because neurological impairments may
affect balance, coordination, and exercise safety.
g. Elderly

Tomeleri et al. demonstrated that resistance
training significantly reduced LDL levels among
adults.  The
progressive resistance exercises performed under

older intervention  involved
professional supervision, allowing appropriate
adjustments in exercise intensity according to
individual functional capacity. Resistance training
is particularly important in older adults because
ageing is associated with sarcopenia, reduced
metabolic rate, insulin resistance, and impaired
lipid metabolism.

The reduction in LDL observed following
resistance exercise is primarily mediated through
skeletal muscle enhanced

increased mass,

lipoprotein lipase activity, improved insulin
sensitivity, and increased utilization of circulating
fatty acids for energy production. Resistance
exercise also contributes to improved functional
independence and reduced cardiovascular risk
among older adults (13,22). The presence of
instructors further ensured exercise
appropriate and high

adherence, thereby maximizing the physiological

trained
safety, progression,
benefits of resistance training.
Overall, the evidence indicates that the lipid-
lowering effects of physical activity are strongly

influenced by exercise modality, intensity,
duration, frequency, and participant
characteristics.  Structured and  supervised

exercise programs lasting at least 8-24 weeks,
particularly aerobic exercise, HIIT, and resistance
training, consistently produce greater reductions
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in LDL concentrations than unstructured habitual
should
standardize exercise protocols while controlling

physical  activity.  Future studies
dietary intake and medication use to better
elucidate the independent effects of physical
activity on LDL metabolism across different

populations.

5. CONCLUSIONS

Structured and supervised physical activity
appears to be an effective non-pharmacological
strategy for reducing LDL cholesterol across
several populations, with 60% of the included
studies demonstrating significant improvements.
The most consistent benefits were observed with
moderate-to-vigorous exercise performed for 30-
60 minutes per session, three to five times per
week, over periods of approximately 8 weeks to 6
HIIT,
training, and diabetes-specific exercise programs

months. Aerobic exercise, resistance
may improve LDL metabolism through enhanced
lipoprotein lipase activity, insulin sensitivity, fatty
acid oxidation, and hepatic LDL receptor activity.
However, the effects were not consistent across
all populations, particularly among university
students and pregnant women, indicating that
exercise dosage, adherence, lifestyle factors,
physiological conditions, and other confounders
may influence outcomes. Overall, physical activity
should be considered an important component of
cardiovascular risk reduction, while future studies
with standardized exercise protocols, larger
samples, and longer follow-up are needed to
establish population-specific recommendations

for LDL reduction.
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