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Abstract: Objective: Cardiovascular disease (CVD) remains a leading cause of morbidity and mortality worldwide,
with physical inactivity identified as a critical modifiable risk factor - the association between physical activity levels
and cardiometabolic markers warrants further exploration to inform preventive strategies. We investigate the as-
sociation between physical activity levels and cardiovascular disease in the adult population. Methods: This retro-
spective study was conducted at a Tertiary Care Hospital. A total of 554 participants were recruited, including 277
cases diagnosed with CVD and 277 age- and gender-matched controls with no CVD. Physical activity levels were
categorized as poor, intermediate, or recommended, based on the weekly activity level. Demographic and clinical
data were collected, including Body Mass Index (BMI), blood pressure, lipid profiles, and smoking status. Results:
Physical inactivity was significantly higher among patients with CVD, with only 17.9% meeting recommended activity
levels compared to 82.1% of controls (P<0.001). CVD patients also exhibited significantly higher BMls, systolic blood
pressures, LDL cholesterol levels, and triglyceride levels, as well as lower HDL levels. Conclusion: Physical inactivity
is strongly associated with cardiovascular disease and adverse cardiometabolic profiles. Promoting regular physical
activity is crucial for reducing cardiovascular risk.
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Introduction vigorous-intensity aerobic activity per week [3].
However, adherence to these recommenda-
tions remains low in both developed and devel-
oping countries, primarily due to sedentary life-
styles, lack of awareness, psychosocial barriers,

and socioeconomic constraints [4].

Cardiovascular disease (CVD) is a leading
cause of death and disability worldwide,
accounting for a significant burden on health-
care systems and economies [1]. Regular physi-
cal activity is a well-established preventive and
therapeutic tool for CVD. It improves myocardial
efficiency, enhances endothelial function, opti-
mizes lipid profiles, and regulates blood pres-
sure and glucose metabolism - each playing a
vital role in mitigating cardiovascular risk [2].

Physical activity exerts cardioprotective eff-
ects not only by modifying direct risk factors -
such as obesity, hypertension, dyslipidemia,
and type 2 diabetes mellitus - but also by reduc-
ing systemic inflammation and enhancing auto-
nomic regulation [5]. Physical activity reduces

Guidelines from the World Health Organization
(WHO) and the American Heart Association rec-
ommend that adults engage in at least 150
minutes of moderate-intensity or 75 minutes of

central adiposity, a potent factor that drives
metabolic syndrome and atherogenic dyslipid-
emia [6]. Exercise improves insulin resistan-
ce, thereby reducing endothelial dysfunction
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caused by hyperglycemia, an initial event in
atherosclerosis [7]. A growing body of evidence
demonstrates that these physiological benefits
follow a dose-response pattern, with greater
frequency and intensity of exercise conferring
greater protection [8].

Among individuals already diagnosed with CVD,
structured exercise programs form a key com-
ponent of cardiac rehabilitation [9]. Studies
have shown that such programs significantly
improve functional capacity, reduce the inci-
dence of rehospitalization, and lower cardio-
vascular mortality [10]. Meta-analyses confirm
these outcomes across diverse patient popula-
tions, especially post-myocardial infarction or
after coronary revascularization procedures.

Several meta-analyses have established that
exercise-based rehabilitation, as demonstrated
in randomized controlled trials, decreases hos-
pital readmissions and improves quality of life
in both post-myocardial infarction and post-
coronary artery bypass graft patients [11, 12].
Other physiological benefits include increased
myocardial oxygen consumption, reduced sys-
temic inflammation, and improved autonomic
balance, as reflected by enhanced heart rate
variability [13]. Despite the strong evidence on
the role of physical activity in reducing the bur-
den of CVDs, population adherence to regular
physical activity remains suboptimal [14]. Over-
all, a sedentary lifestyle, socioeconomic con-
straints, and a lack of awareness have contrib-
uted to the high prevalence of physical inactiv-
ity [15]. Therefore, health professionals shou-
Id be involved in patient education and promot-
ing behavior modification. Physical activity is a
non-pharmacological therapy with minimal cost
and significant cardiovascular benefits [16].

Studies such as that by Kubota et al. high-
light the substantial differences in CVD risk
among individuals with poor (47.6%), intermedi-
ate (44.0%), and recommended (38.1%) physi-
cal activity levels. These statistics emphasize
the need for better implementation of preven-
tive strategies and targeted interventions [17].

This study examines the relationship between
physical activity levels and cardiovascular dis-
ease in adults within a regional population. It
aims to provide practical, locally relevant evi-
dence to guide clinical practice and inform pub-
lic-health strategies for CVD prevention.
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Methodology
Study design

Our retrospective case-control study examined
the relationship between physical activity lev-
els and cardiovascular disease (CVD) in adults.
The study was conducted at a Tertiary Care
Hospital (from the 15" of April 2024 to the 15"
of April 2025). This study encompassed 600
inpatient beds, multiple specialty departments,
and a dedicated cardiology and internal medi-
cine unit. The hospital admits a high number of
patients each month, and its healthcare staff
comprises physicians, nurses, allied health pro-
fessionals, and administrative personnel. This
setting provided a diverse patient population
suitable for this case-control study. The study
followed the STROBE (Strengthening the Re-
porting of Observational Studies in Epidemi-
ology) guidelines for observational case-control
studies.

Sample size and sampling

The sample size was calculated based on the
odds ratio (OR) of 1.25 for poor physical activity
levels associated with CVD, as reported in the
study by Kubota et el. [17]. Since we focused
on exploring potential risk factors for CVD, a
case-control design was employed to compare
individuals with CVD (cases) to those without
CVD (controls). A total of 554 participants (277
cases and 277 controls) were recruited for this
study. The sample size was determined using
the formula for case-control studies:

2 . 2
Zl'%(Pl(l'Pl)"'P2(1'P2))+Zl-,8(P1'P2)
PP’

Where:

-Z, ,,,=1.96 (for 95% confidence level),

-Z,,=0.84 (for 80% power),

- P,=0.476 (prevalence of poor physical activity
among cases),

- P,=0.381 (prevalence of poor physical activity
among controls).

Using a prevalence of inadequate physical
activity among controls of 47.6%, a 95% confi-
dence level, 80% power, and a 1:1 case-to-con-

trol ratio, the required sample size was deter-
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mined to be 554 participants (277 cases and
277 controls). Cases were diagnosed with CVD,
and controls were frequency-age and gender-
matched individuals without CVD. The inclusion
criteria were strict to guarantee comparability
between groups and to minimize confounding
variables.

Inclusion criteria

1. Participants aged 30-80 years. 2. Individuals
who are willing to give written informed con-
sent. 3. Participants with diagnosed CVD based
on medical records or clinical examination. 4.
Individuals with no prior history of CVD.

Participants aged 30 to 80 years were selected
to focus on the adult population most vulnera-
ble to cardiovascular disease. This range ex-
cludes younger adults with low baseline risk
and older individuals (>80) who may have com-
plex multimorbidities that could confound the
relationship between physical activity and car-
diovascular outcomes.

Exclusion criteria

1. Patients at the advanced stage of malignan-
cies. 2. Patients who have chronic inflammato-
ry diseases. 3. Participants with severe disease
(e.g., NYHA Class IV heart failure, end-stage
renal disease on dialysis), uncontrolled infec-
tions, or any condition that significantly limits
physical activity or compromises data accura-
cy. 4. Patients with acute or recent cardiovas-
cular events within the last six months (e.g.,
myocardial infarction, unstable angina, or re-
cent cardiac surgery), as these conditions could
affect physical activity capacity and confound
outcome assessments.

Data collection tools

Demographic, clinical, and behavioral charac-
teristics: A comprehensive set of data coll-
ection tools to obtain demographic, clinical,
and behavioral characteristics. A standardized
demographic questionnaire collected informa-
tion (age, sex, regular quarterly physician visits,
smoking or waterpipe use, occupation, and
weekly physical activity patterns).

Physical activity: Physical activity was catego-
rized into three levels - Regular, Light, and In-
active - based on the World Health Organization
(WHO) Global Recommendations on Physical
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Activity for Health (2010), consistent with the
International Physical Activity Questionnaire
(IPAQ) classification framework: 1. Regular:
Engaging in 30-minute walking sessions 4 to 7
days per week. 2. Light: Engaging in 30-minute
walks 1 to 3 days per week. 3. Inactive: Eng-
aging in less than one session per week.

This classification has been widely used in epi-
demiological studies to assess physical activity
patterns in relation to chronic diseases, includ-
ing cardiovascular disease. It has demonstrat-
ed content validity and reproducibility across
populations and has been applied in studies
such as: 1. Kubota et al. (2017) - Examining life-
time CVD risk by physical activity status. 2. Lee
et al. (2012) - Estimating the global burden of
disease attributable to physical inactivity. 3.
Bauman et al. (2009) - Evaluating the use of
physical activity questionnaires in population
surveillance.

Clinical data: Clinical data were obtained from
the patient’s medical records and laboratory
reports. Cardiovascular disease was confirmed
through retrospective review of the records by
attending physicians. Diagnoses were based
on documented findings such as ECG, echocar-
diography, or coronary angiography reports.
The data also included the history of diabetes,
hypertension, nephropathy, dyslipidemia, medi-
cation use, and cardiovascular disease status.
These conditions were defined according to
standard clinical guidelines: 1. Diabetes melli-
tus was defined as fasting blood glucose >126
mg/dL, HbAlc >6.5%, or documented use of
antidiabetic medication. 2. Hypertension was
defined as systolic blood pressure 2140 mmHg
and/or diastolic blood pressure =90 mmHg
or the use of antihypertensive medication.
3. Dyslipidemia was diagnosed if LDL >130
mg/dL, HDL <40 mg/dL (men) or <50 mg/dL
(women), triglycerides =150 mg/dL, or if the
patient was on lipid-lowering therapy. 4.
Nephropathy was defined by the presence of
microalbuminuria (>30 mg/day) or elevated
serum creatinine levels (>1.3 mg/dL).

Diagnoses were made based on documented
findings by the attending physician or based on
laboratory and medication history recorded in
the patient’s file.

Anthropometric measurements were taken
using standardized equipment. Weight was
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measured using a digital balance scale with a
precision of 0.1 kg, and height was measured
using a wall-mounted stadiometer with an
accuracy of 0.5 cm. Participants were assessed
without shoes and in light clothing or under-
wear to ensure consistency and reduce mea-
surement error.

Body Mass Index (BMI) was calculated using
the formula:

BMI = weight (kg)/height? (m?)

Based on WHO guidelines, participants were
categorized as: 1. Normal weight: 18.5-24.9
kg/m2. 2. Overweight: 25.0-29.9 kg/m?. 3.
Obese: 230.0 kg/m?2.

Smoking status was self-reported by partici-
pants and classified into three groups: 1.
Current smoker (smoked within the past year),
2. Ex-smoker (quit smoking >1 year ago), and 3.
Non-smoker (never smoked).

As a result, this systematic data collection
method was pivotal in maintaining the authen-
ticity and reliability of the information gathered,
providing a basis for analyzing the interrelation-
ship between physical activity levels, cardio-
vascular health, and related risk factors.

Data collection process: The Ethics Review
Board approved this study, and informed con-
sent was obtained from all participants before
data collection. Patients were informed about
the study, and written informed consent was
obtained before their participation. Data on
age, gender, occupation, hospital visits, level of
physical activity, and tobacco use were extract-
ed using a standardized demographics ques-
tionnaire.

Peripheral neuropathy was assessed using the
Michigan Neuropathy Screening Instrument
(MNSI), which comprises both a questionnaire
and a physical examination component to
detect signs and symptoms of neuropathy.

Clinical data, including body mass index (BMI)
and cardiovascular disease status, were re-
trieved from medical records. Participants with
diabetes were asked to record their daily dietary
intake for seven consecutive days. Weight and
height were measured to calculate BMI, while
blood samples were taken to perform a lipid
profile, including fasting blood sugar (FBS),
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HbAlc, and creatinine levels. These parame-
ters were calculated by comparing values over
the study period.

Statistical analysis: The data were analyzed
using IBM SPSS 30.0. Continuous variables,
such as BMI, blood pressure, and lipid levels,
were presented as means = standard devia-
tions (SD), while categorical variables, like sex
and smoking status, were summarized as fre-
quencies and percentages.

The Kolmogorov-Smirnov test was used to
assess the normality of continuous variables.
Independent samples t-tests and Mann-Whit-
ney U tests were used to compare continuous
variables between the case and control groups,
as appropriate. Chi-square tests were applied
to examine associations between categorical
variables (e.g., smoking status and physical
activity level). Univariate logistic regression and
the Pearson Chi-square test were used to cal-
culate the odds ratio (OR) for categorical and
continuous variables, respectively. To identify
independent associations between physical
activity and cardiovascular disease, a multivari-
ate logistic regression analysis was performed.
This model estimated adjusted odds ratios
(ORs) with 95% confidence intervals (Cls) for
the association between physical activity levels
and CVD status. A p-value <0.05 (two-tailed)
was considered statistically significant.

Quality control and reliability: Comprehensive
measures were taken to ensure the reliability
and validity of the study. The collection was per-
formed by trained health professionals using
standardized procedures in a controlled clinical
setting to minimize measurement bias. All mea-
surements were taken at baseline during par-
ticipants’ scheduled clinic visits. All personnel
were trained to become familiar with appropri-
ate data collection processes and standardized
measurement methodologies. Blood pressure,
anthropometric data, and other measures were
obtained using the same instruments and
according to the same protocols for all parti-
cipants. Data were carefully validated and
amended for accuracy during the data compila-
tion process by reviewing source documents.
Furthermore, the small sample of respondents
in the pre-test questionnaire revealed unre-
lated formatting issues and ambiguity. These
steps helped to ensure the accuracy and de-
pendability of the data acquired during the
research.
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Table 1. Demographics of the patients (n=554)

Demographics Case group (n=277) Control group (n=277) P-Value
Age (years)2 54.646+14.82 55.180+15.30 0.7
BMI (Kg/m?)2 29.950+2.82 23.426+2.85 <0.001
Systolic Blood Pressure (mmHg)2 160.231+11.91 119.606+5.86 <0.001
Low Density Lipoprotein (mg/dL)2 168.631+20.68 103.126+13.98 <0.001
High Density Lipoprotein (mg/dL)2 38.426+5.33 59.472+5.50 <0.001
Triglyceride (mg/dL)2 221.151+43.52 98.014+28.59 <0.001
Total Cholesterol (mg/dL)2 272.472+22.09 223.436+13.63 <0.001
Notes: Mann-Whitney U 2, Mean + SD.
Table 2. Categorical variables by group (n=554)
Variable Case Group n=277 Control Group n=277 P-Value
Age? Age 30-50 117 (42.2%) 116 (41.9%) 0.93
Age 51-80 160 (57.8%) 161 (58.1%)
Gender? Male 165 (59.6%) 123 (44.4%) <0.001
Female 112 (40.4%) 154 (55.6%)
Smoking Status? Non-smoker 52 (18.8%) 123 (44.4%) <0.001
Ex-smoker 71 (25.6%) 88 (31.8%)
Current Smoker 154 (55.6%) 65 (23.5%)

Notes: Pearson Chi square 2, n (%).

Limitations: Although the study design’s str-
engths need to be acknowledged, the study is
not without limitations. The study was conduct-
ed in a single center, which has the potential for
broad generalizability. Additionally, the physical
activity levels were self-reported by partici-
pants, which may have been influenced by re-
call bias and could result in inaccurate results.
Due to the study’s retrospective case-control
design, causality cannot be established. Thus,
the results are limited to associations between
the variables of interest.

Ethical considerations: This study was conduct-
ed in accordance with strict ethical guidelines
to protect the rights and interests of partici-
pants. The study protocol was approved by the
institutional ethics committee. All participants
provided informed consent, being fully briefed
about the aims and methods of the study and
their involvement in the research. Participants
were informed that they could withdraw from
the study at any time. All data were collected
and stored securely to ensure confidentiality
and contained no individual identifiable infor-
mation. The privacy of participants and data
were protected, and the research was conduct-
ed in accordance with the Declaration of Hel-
sinki and other applicable ethical guidelines.
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Results

The demographics of the case and control
groups revealed similar mean ages of 54.646+
14.82 and 55.180+15.30 years, respectively.
BMI was significantly higher in the case group
(29.950+2.82 kg/m?) compared to the cont-
rol group (23.426+2.85 kg/m?2). Systolic blood
pressure (160.231+11.91 mmHg vs. 119.606+
5.86 mmHg), low-density lipoprotein (LDL)
(168.631+20.68 mg/dL vs. 103.126+13.98
mg/dL), and triglycerides (221.151+43.52 mg/
dL vs. 98.014+28.59 mg/dL) were significantly
higher in cases vs. controls. Conversely, high-
density lipoprotein (HDL) levels were lower in
cases (38.426+5.33 mg/dL) compared to con-
trols (59.472+5.50 mg/dL). Among categorical
variables, the case group had a higher propor-
tion of males (59.6% vs. 44.4%), current smok-
ers (565.6% vs. 23.5%), and ex-smokers (25.6%
vs. 31.8%). In comparison, the control group
had a higher percentage of non-smokers
(44.8% vs. 18.8%). Demographics and categor-
ical variables are shown in Tables 1 and 2.

Physical activity was significantly lower in the
case group, with only 17.9% of participants
meeting the recommended level, compared to
82.1% in the control group. Poor physical activ-
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Table 3. Comparison of physical activity levels between case and control groups (n=554)

Physical Activity Level? Case group (n=277) Control group (n=277) P value
Recommended 32 (17.9%) 147 (82.1%) <0.001
Intermediate 71 (47%) 80 (53%)

Poor 174 (77.7%) 50 (22.3%)

Total 227 (100%) 227 (100%)

Notes: Pearson Chi square 2, n (%).

Table 4. Association of physical activity level based on demographic variables across both groups

. . Physical Activity Level
Demographics variables Group - P-value
Recommended n (%) Intermediate n (%) Poor n (%)

Age (years)? 30-50 Case 16 (13.7%) 33(28.2%) 68 (58.1%) 0.003
Control 48 (41.4%) 48 (41.4%) 20 (17.2%)
51-80 Case 16 (100%) 38 (23.8%) 106 (66.2%)
Control 99 (61.5%) 32 (19.9%) 30 (18.6%)
Gender?2 Male Case 22 (13.3%) 47 (28.5%) 96 (58.2%)  0.52
Control 68 (55.3%) 28 (22.8%) 27 (22%)
Female Case 10 (8.9%) 24 (21.4%) 78 (69.6%)
Control 79 (51.3%) 52 (33.8%) 23 (14.9%)
Smoking? Current smoker  Case 15 (9.7%) 42 (27.3%) 97 (63%)  <0.001
Control 19 (29.2%) 38 (58.5%) 8(12.3%)
Ex-smoker Case 11 (15.5%) 17 (23.9%) 43 (60.6%)
Control 50 (56.8%) 16 (18.2%) 22 (25%)
Non-smoker Case 6 (11.5%) 12 (23.1%) 34 (65.4%)
Control 78 (62.9%) 26 (21%) 20 (16.1%)

Notes: Pearson Chi square 2.

ity was prevalent in cases (77.7%) compared to
controls (22.3%), P=0.000, as shown in Table
3.

Stratified analyses revealed significant associ-
ations between physical activity levels and de-
mographic variables, including age and smok-
ing status. In some cases, poorer activity levels
were observed predominantly among older
individuals, females, and current smokers than
their control counterparts (Table 4).

The correlation matrix (Supplementary Table 1)
reveals strong positive correlations among BMI,
LDL, total cholesterol, and triglycerides, indi-
cating a clustered pattern of dyslipidemia in
individuals with higher adiposity. HDL demon-
strated significant inverse correlations with
these variables, supporting its protective role
against adverse cardiometabolic profiles.

The univariate logistic regression analysis
showed that physical inactivity, smoking status,
male gender, higher body mass index, and ele-
vated total cholesterol were significantly asso-
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ciated with increased odds of cardiovascular
disease (Figure 1). In the multivariable logistic
regression model, physical inactivity, smoking,
male gender, BMI, total cholesterol, and age
group remained independently associated with
cardiovascular disease after adjustment for
potential confounders (Figure 2).

Univariate logistic regression was first conduct-
ed to determine the rough correlation between
each independent variable and cardiovascular
disease (CVD). The variables under analysis
included the age group, sex, body mass index
(BMI), systolic blood pressure, lipid parameters
(low-density lipoprotein, high-density lipopro-
tein, triglycerides, and total cholesterol), smok-
ing status, and physical activity level. The sta-
tistically significant or biologically relevant
variables were then included in a multivariable
logistic regression model to adjust for potential
confounding. The adjusted final model only
included gender, smoking status, physical
activity level, BMI, total cholesterol, and age
group. The lipid components (LDL, HDL, triglyc-
erides, and systolic blood pressure) were
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Univariate (Crude) Odds Ratios for CVD that sedentary behavior is

Age group (>45y) 4 A

associated with increased life-
time risk of CVD and cardio-

Male gender | —_ metabolic dysfunction.

Physical activity (active) 1 F——@——

BMI (per kg/m?) ——

Total cholesterol (per 10 mg/dL) 4 [ ]

In our study, the most notable
feature was that out of the
total cases, only 17.9% of the
cardiovascular disease cases
were found to meet the recom-
mended levels of physical ac-

Smoking {yes) - S tivity as compared to 82.1%
0dds Ratio (log slcoale) of controls, with a p-value of
0.000, indicating that physical
Figure.l. Forest plot showing the odds ratio calculated using the univariate inactivity is an essential factor
analysis. in the development of cardio-
vascular disease. These find-
Multivariable (Adjusted) Odds Ratios for CVD ings have practical implica-
Smoking (yes) 1 | —e— tions for regional cardiovas-
i cular prevention strategies,
Male gender 1 L where the integration of struc-
i tured physical activity promo-
Physical activity (active) | —a— | tion into routine outpatient vis-
! its could reduce the disease
BMI (per kg/m) 1 — burden.
i
i
Total cholesterol (per 10 mg/dL) 1 o The mechanisms underlying
i this association are multifacto-
Age group (>45¥)1 : h— | : rial. Physical activity is known
102 10! 10° 10! )
0dds Ratio (log scale) to enhance endothelial func-
tion, reduce systemic inflam-
Figure 2. Forest plot showing the adjusted odds ratio calculated using the mation, and improve lipid me-

multivariate analysis.

excluded due to the presence of multicollinear-
ity, which resulted in model instability. This was
represented by adjusted odds ratios (ORs) and
95% confidence intervals (Cls) to estimate the
independent contribution of each factor to the

risk of CVD (Supplementary Table 2).

Discussion

This study demonstrates a strong inverse asso-
ciation between physical activity levels and car-
diovasculardisease (CVD)inadults. Participants
in the control group, who were free of CVD,
exhibited significantly higher rates of recom-
mended physical activity compared to those in
the case group. In contrast, poor physical activ-
ity levels were markedly more prevalent among
CVD patients. These findings are consistent
with earlier research, including studies by Ku-
bota et al. and Lee et al., which have shown
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tabolism, all of which contrib-

ute to the reduction of athero-
genesis. Our study supports these mecha-
nisms, as participants with lower physical
activity levels also showed higher BMI, elevated
LDL cholesterol, triglycerides, and blood pres-
sure, alongside reduced HDL levels - factors
that collectively define a pro-atherogenic pro-
file. Translating these findings into practice
requires the systematic inclusion of physical
activity counseling in cardiology and primary
care settings. Hospitals can adopt brief phy-
sician-led counseling modules, standardized
physical-activity prescriptions, and referral pa-
thways to physiotherapists or community exer-
cise programs. Incorporating the WHO “Exer-
cise is Medicine” model into discharge plans or
chronic-disease follow-ups may improve long-
term adherence.

This work demonstrated a concordance with
remarkable differences among the cases and
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controls in some key cardiometabolic mar
kers, including increased BMI, high systolic
blood pressure, and an adverse lipid profile, in
cases compared to controls: 29.950+2.82
vs. 23.426+2.85 kg/m?; 160.231+11.91 vs.
119.606+5.86 mmHg. These findings are con-
sistent with the literature, which summarizes
regular physical activity as having various car-
dioprotective benefits, including improved en-
dothelial function, enhanced lipid metabolism,
and better blood pressure regulation. Taken
together, this study, as well as the literature to
which it refers, emphasizes the importance of a
multifaceted intervention that combines the
impact of physical activity with the profile of
blood lipids in relation to cardiovascular risks,
providing a comprehensive perspective. The
mean ages for case and control groups were
demographically similar: 54.646+14.82 years
for cases and 55.180+15.30 years for con-
trols. They fall within the population range that
Kakita et al. [18] studied, where their partici-
pants were 20 years old and above. In their
study, as well as in this one, age was a crucial
factor in determining the amount of physical
activity, with older subjects exhibiting fewer
activities. This may often be due to the de-
creased mobility of these individuals, which is
commonly associated with a greater comorbid-
ity burden that contributes to inactivity, thus
further heightening cardiovascular risk.

However, BMI in our case group was significant-
ly higher at 29.950+2.82 kg/m? compared to
the control group’s 23.426+2.85 kg/m2. This
corresponds with a powerful link between obe-
sity and CVD risk factors, as evidenced by Liu et
al. [19] and Wang et al. [20]. Similarly, in addi-
tion, physical inactivity along with incorrect eat-
ing behaviors appeared in these two studies
too, as other promotion factors of obesity,
along with dyslipidemia, as well as other meta-
bolic impairments. Authors Wang et al. [20]
stated in this work that being sedentary, when
combined with unhealthy eating, may have
shown an interaction that was more than addi-
tive in increasing the disease risks to the car-
diovascular system. In contrast, a significant
additive interaction was observed among con-
ditions like hypertension and type 2 diabetes.
These findings further support the evidence of
higher systolic blood pressure, LDL, and triglyc-
erides, and lower HDL in cases compared to
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controls, thereby confirming the cumulative
effect of these factors on cardiovascular health.

The differences in lipid profile in our study show
that cases had higher LDL (168.631+20.68
mg/dL vs. 103.126+13.98 mg/dL) and triglyc-
erides (221.151+43.52 mg/dL vs. 98.014+
28.59 mg/dL) and lower HDL (38.426+5.33
mg/dL vs. 59.472+5.50 mg/dL), which is in
tune with the physiological benefits of physical
activity on lipid metabolism as demonstrated
by Alsaleh and Baniyasin [21]. Indeed, their
study concluded that regular exercise improves
endothelial function and reduces some modifi-
able cardiovascular risk factors, such as dyslip-
idemia. This is further supported by our correla-
tion analysis, which reveals strong positive
associations between BMI and LDL (r=0.650,
P<0.001), total cholesterol (r=0.575, P<0.001),
and triglycerides (r=0.626, P<0.001). In con-
trast, HDL has shown inverse associations
with BMI (r=-0.700, P=0.000) and LDL (r=-
0.816, P=0.000). This is also depicted in
Supplementary Table 1. The outcome then out-
lines the significant contribution of the adiposi-
ty factor to the alteration of an unfavorable lipid
profile and an increased risk of CVD.

The mean level of physical activity in our study,
a critical determinant, was much lower among
the cases, at 17.9%, compared to 82.1% in the
control group. These findings are thus support-
ed by Kakita et al. [18] in which a low level of
physical activity has been reported, more so
in elderly CVD patients. Household activities
accounted for the majority of the contribution
to overall physical activity. Our stratified analy-
sis further supports this, as it has shown that a
poor physical activity level is higher among
females, current smokers, and those in the
older age group. These findings are also in con-
currence with Alsaleh and Baniyasin et al. [21]
work, which reports that perceived barriers
related to anxiety and time constraints among
persons in the older class or those who are less
physically active were consistently high, leading
to decreased participation in exercise and
physical activity among their members.

Interestingly, Liu et al. [19] emphasized the
importance of exercise timing and its synchro-
nization with circadian rhythms for achieving
maximum benefits to cardiovascular health.
This aspect was not covered in our study, but it
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is one way in which physical activity interven-
tions could be improved to better suit individual
needs. On the other hand, Perry et al. [22] used
a life-course framework, highlighting that risk
from physical inactivity accumulates across life
stages. These findings align with our observa-
tion that age and gender are critical demo-
graphic factors in determining activity levels
and their impact on cardiovascular events.

Gender and smoking status were also signifi-
cantly associated with physical activity levels.
Males were more likely to be physically inactive
than females, and current smokers had the
highest prevalence of poor activity levels. The-
se behavioral patterns underscore the impor-
tance of integrating lifestyle counseling - includ-
ing smoking cessation and physical activity pro-
motion - into CVD prevention and management
strategies. This again complements evidence
by Wang et al. [20] who, in evaluating smoking
as a risk factor, which, when combined with
poor dietary habits and physical inactivity, com-
pounded the burden of cardiovascular risk fac-
tors like dyslipidemia and hypertension, identi-
fied it as an additive factor.

While our findings strengthen the case for pro-
moting regular physical activity as a modifiable
risk factor for CVD, they also raise concern
about low adherence to physical activity guide-
lines in at-risk populations. The high prevalence
of inactivity, even among non-CVD participants,
reflects broader public health challenges such
as urban sedentary lifestyles, lack of commu-
nity infrastructure for exercise, and low health
literacy. Bays et al. [23] stated that cardiovas-
cular risk factors are multifaceted, and obesity
is one of the major causes of various comor-
bidities, including diabetes, hypertension, and
dyslipidemia. They further stated that modify-
ing lifestyles can primarily minimize the risk of
cardiovascular disease through dietary pat-
terns, such as the Mediterranean diet and the
DASH diet, as well as through regular physical
exercise. Obesity, especially central, while mul-
tiplying the severity of metabolic disorders
independently, increases cardiovascular risks
[23]. With this, Schrader et al. [24] studied the
benefits of regular exercise. They discovered
that regular physical activity was associated
with reduced cases of hypertension, diabetes,
and obesity. Participants who exercised regu-
larly also had lower stress levels, less depres-
sion, and a generally improved quality of life
[24].
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Occupational physical activity exerts its influ-
ence through mechanisms that are different
from those of leisure-time physical activity. In
contrast, Xia et al. [25] have found that the
association of OPA with CVD mortality is U-
shaped, such that moderate OPA levels are
linked to the lowest mortality risk. In contrast,
high or no OPA levels are associated with in-
creased risks. This pattern was particularly
pronounced within the lower socioeconomic
status group, suggesting that high work strain,
combined with insufficient recovery, underlies
these adverse outcomes [25]. These findings
were supported by those of Holtermann et al.
[26], where, although LTPA was consistently
linked with reduced risk of MACE and all-cause
mortality, an OPA revealed a high-level associa-
tion with increased risk. They attributed the dif-
ference to a static and longitudinally prolonged
physical demand emanating from occupational
activity, contrasting with the dynamic pattern of
LTPA, which generally involves rest periods.
Notably, the two activity forms independently
impacted health outcomes, highlighting the
need to take different approaches in their pro-
motion [26].

These findings highlight the importance of con-
sidering physical activities from a contextual
perspective. Leisure activities are dynamic and
controlled, offering immense cardiovascular
benefits, as well as psychological ones. On the
other hand, occupational physical activity can
be hazardous to health when jobs are highly
physically demanding and do not allow for suf-
ficient recovery time. These findings suggest
that a balanced approach, weighting activities
against recovery, especially in at-risk popula-
tions, presents a viable option. The consistency
of the findings across studies testifies to the
need for an integrated approach to health in
the population, considering physical activity,
eating habits, and other modifying factors such
as smoking, while taking into account the pecu-
liarities of each subject in terms of demograph-
ic and regional conditions. Overall, the findings
of this study highlight that improving physical
activity remains a practical, low-cost, and high-
impact strategy for reducing cardiovascular
disease risk in adults. The strong correlation
between physical inactivity and CVD emphasiz-
es the need to include regular physical activity
testing and training in outpatient care, cardiac
rehabilitation and follow-up with chronic illness-
es. Policies like the encouragement of available
exercise facilities, office health programs and
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community education can also enhance these
on a community level. Aligning these initiatives
with national prevention frameworks and pri-
mary-care protocols may help bridge the cur-
rent gap between evidence and practice, ulti-
mately reducing the burden of CVD in high-risk
populations.

Strengths and limitations

A major strength of this study is the use of a
structured case-control design with age- and
gender-matched controls, enhancing compara-
bility. Standardized tools and objective lab me-
asurements further strengthened data validity.

However, the study has limitations. Physical
activity was self-reported, introducing potential
recall bias. Additionally, as a cross-sectional
case-control study, causality cannot be estab-
lished. The study was conducted in a single ter-
tiary care hospital, which may limit generaliz-
ability. Other methodological limitations are the
bias of recall in self-reported physical activity
questionnaires and the existence of unmea-
sured confounders, such as dietary patterns or
medication intake, which may affect the lipid
levels. Moreover, the case-control study design
does not allow the establishment of temporal
causality, and the associations described can-
not be interpreted as demonstrating causal
effects.

During the refinement of the statistical model,
the variables of LDL, HDL, triglycerides, and
systolic blood pressure were excluded because
they caused the model to become unstable and
resulted in wide confidence intervals. The total
sample included in the study was adequate,
but the following factors probably led to such
instability: the high level of inter-correlation
between lipid parameters (LDL, HDL, triglycer-
ides and total cholesterol share the common
biological pathway), the unequal distribution of
data in the case and control groups, and dupli-
cation of clinical data, where systolic blood
pressure and BMI already represent the associ-
ated cardiometabolic risk. Additionally, the fail-
ure to account for the variability caused by con-
current medication regimens, especially statins
or antihypertensive drugs, which could have
artificially lowered lipid or BMI levels among
cardiovascular disease patients, made the an-
alysis more difficult. This shortcoming also
helps explain the negative relationships with
several variables, including total cholesterol
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and BMI. To counteract data redundancy and
improve the accuracy of the results, the total
cholesterol was included as a representative
lipid outcome, and other variables that were
correlated or medication sensitive were not
considered in the final adjusted model.

Future implications

Our findings reinforce the role of regular physi-
cal activity in CVD prevention and risk reduc-
tion. Public health systems must emphasize
accessible, community-based exercise progra-
ms, especially for high-risk populations such as
smokers, men, and individuals with obesity.
Future longitudinal studies and randomized tri-
als are necessary to investigate causal path-
ways and the effects of targeted interven-
tions. These findings underscore the need for
national policy frameworks that integrate exer-
cise counseling into primary health-care proto-
cols, with community-level monitoring systems
to track adherence and cardiovascular out-
comes.

Conclusion

Our study has concluded that physical inactivity
is a significant contributing factor to the devel-
opment of cardiovascular disease. It highlight-
ed the apparent differences in cardiometabo-
lic profiles between cases and controls, rein-
forcing the role of regular physical activity in
mitigating cardiovascular risks. These findings
align with existing literature, emphasizing the
importance of integrating physical activity into
preventive strategies for cardiovascular health.
Overall, the study highlights the importance of
multifaceted interventions that target physical
activity and associated risk factors to reduce
the burden of cardiovascular disease.
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Supplementary Table 1. Correlation matrix between BMI, lipid profile, and related cardiovascular
variables

Study Variables r p-value
BMI and LDL 0.650%** <0.001
BMI and Total Cholesterol 0.575** <0.001
BMI and Triglycerides (TG) 0.626** <0.001
BMI and HDL -0.700** <0.001
LDL and Total Cholesterol 0.947** <0.001
LDL and Triglycerides (TG) 0.754** <0.001
LDL and HDL -0.816** <0.001
Total Cholesterol and TG 0.681** <0.001
Total Cholesterol and HDL -0.651** <0.001

**Significant correlation.

Supplementary Table 2. Multivariable and univariate logistic regression for predictors of cardiovascu-
lar disease

Predictor Crude OR (95% ClI) p value Adjusted OR (95% ClI) p value
Smoking (yes) 2.40 (1.93-2.98) <0.001 3.26 (1.40-7.59) 0.006
Male gender 1.85 (1.32-2.58) <0.001 11.64 (2.20-61.51) 0.004
Physical activity (active) 0.25 (0.20-0.32) <0.001 0.28 (0.10-0.75) 0.011
BMI (per kg/m?) 0.37 (0.31-0.45) <0.001 0.27 (0.15-0.48) <0.001
Total cholesterol (per 10 mg/dL) 0.85 (0.83-0.88) <0.001 0.84 (0.79-0.90) <0.001
Age group (>45y) 1.02 (0.72-1.42) 0.931 0.04 (0.01-0.27) 0.001




