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Abstract:

The relationship between physical activity patterns and coronary artery calcification (CAC) among 132 middle-aged adults aged 40-
60 years is of interest. Participants were followed over a 2-year period with baseline and follow-up coronary CT scans and activity
tracking. Results showed that moderate to high physical activity was significantly associated with lower CAC progression. Sedentary
behavior correlated with higher baseline CAC scores and greater progression over time. Thus, we show the importance of sustained

physical activity in mitigating early atherosclerotic changes.
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Background:

Coronary artery calcification (CAC) is a well-established marker
of subclinical atherosclerosis and a strong predictor of future
cardiovascular events [1]. As a non-invasive measure, CAC
scoring provides valuable insight into the burden of coronary
atherosclerosis even before clinical symptoms appear [2]
Physical activity has long been recognized as a modifiable
lifestyle factor that contributes to cardiovascular health, with
evidence suggesting its protective role against atherosclerosis
progression [3]. However, recent studies indicate that the
relationship between different intensities and patterns of
physical activity —especially in middle-aged populations—and
CAC progression remains complex and not fully understood [4].
Some data suggest paradoxical findings where excessive high-
intensity exercise may not confer additional benefit or may even
accelerate calcification, necessitating a closer examination of
activity type and duration [5]. Population aging has been a
global and progressive trend since the middle of the 20th
century, with important implications for societies and health
care systems. The proportion of older individuals (> 60 years) is
increasing at a faster rate in developed countries and more
slowly in developing countries. It is projected that, by 2050, the
proportions of older individuals will be up to one-third in
developed countries and one-fifth in developing countries.
Understanding these dynamics in a middle-aged cohort is
crucial, as this demographic often experiences the onset of
cardiovascular risk factors that may silently influence long-term
cardiac outcomes [6]. Therefore, it is of interest to bridge this
knowledge gap by analyzing the association between habitual

Table 1: Baseline demographic characteristics by physical activity group

S S
physical activity patterns and coronary artery calcification in an
observational cohort of middle-aged adults.

Materials and Methods:

This observational cohort study included 132 middle-aged
adults between the ages of 40 and 60 years, recruited from urban
health clinics and wellness centers over a 6-month enrollment
period. Participants were screened for cardiovascular risk
factors, and individuals with known coronary artery disease,
prior revascularization procedures, or chronic inflammatory
conditions were excluded. Baseline assessments included a
detailed questionnaire on demographics, medical history, and
lifestyle behaviors, including smoking, alcohol intake, and
dietary habits. Physical activity was assessed using validated
accelerometers worn continuously for 7 consecutive days,
capturing intensity, frequency, and duration of movement,
which were then, categorized into sedentary, light, moderate,
and vigorous activity levels. All participants underwent non-
contrast cardiac computed tomography (CT) to determine
baseline coronary artery calcium scores using the Agatston
method. Follow-up assessments, including repeat CT imaging
and physical activity tracking, were performed at the end of two
years. Data on blood pressure, lipid profiles, and body mass
index (BMI) were collected at both time points. The primary
outcome measure was the progression of coronary artery
calcification over the study period, analyzed in relation to
physical activity levels using multivariate linear regression,
adjusting for age, sex, BMI, smoking status, and baseline CAC
score.

Variable Sedentary (n=44) Moderately Active (n=52)  Highly Active (n=36)  p-value
Age (years) 521+£52 51.7£5.6 503 £4.9 0.18
Male (%) 61.4 Sl 44.4 0.22
BMI (kg/m?) 283+35 26.7 £3.2 24929 <0.01
Hypertension (%) 432 32.7 194 0.03
Current Smokers (%)  27.3 15.4 5.6 0.01

Table 2: Baseline coronary artery calcium (CAC) scores by physical activity group

Physical Activity Group ~ Mean CAC Score (Agatston)  Median (IQR)  p-value
Sedentary 152.6 + 89.4 138 (85-230)

Moderately Active 97.3+71.1 84 (50-120)

Highly Active 56.2 +45.6 48 (20-80) <0.001
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Table 3: Change in CAC scores over 2 years by physical activity group
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Group Mean Change in CAC (Agatston Units)  Annualized % Increase  p-value

Sedentary +49.1 £30.5 32.2%

Moderately Active ~ +28.4 +20.1 18.7%

Highly Active +13.6 +11.4 9.8% <0.001
Table 4: Association between daily sedentary time and CAC progression

Sedentary Time (hrs/day) Mean CAC Progression  Adjusted  Coefficient  p-value

<4 hours 11.2+10.5 Reference

4-8 hours 22.6+14.8 +0.28 0.01

>8 hours 409 +£22.4 +0.52 <0.001
Table 5: Multivariate regression analysis: Predictors of CAC progression

Variable B Coefficient ~ 95% CI p-value

Age +0.21 0.14 t0 0.34 <0.01

Male sex +0.17 0.04 to 0.31 0.02

BMI +0.13 0.06 to 0.24 0.03

Smoking status +0.29 0.15 to 0.48 <0.01

Moderate activity ~ -0.34 -0.51to —0.18  <0.001

High activity -0.57 -0.79 t0o -0.36  <0.001
Table 6: Lipid profile changes from baseline to 2-year follow-up

Lipid Parameter Sedentary = Moderate Activity =~ High Activity  p-value

LDL-C (mg/dL) 132 - 126 128 — 117 122 — 108 <0.01

HDL-C (mg/dL) 42 - 43 45 — 48 47 > 52 <0.01

Triglycerides (mg/dL) 168 — 162 154 — 139 149 — 127 0.02
Table 7: Change in high-sensitivity CRP by physical activity group

Group Baseline hs-CRP (mg/L)  Follow-up hs-CRP  Mean Reduction  p-value

Sedentary 31+1.2 28+1.0 -0.3

Moderately Active 2.7 £1.1 2008 -0.7

Highly Active 24+1.0 1.4+0.6 -1.0 <0.001
Table 8: CAC progression by BMI category and physical activity level

BMI Category  Sedentary CAC Change  Moderate Activity ~ High Activity  p-value

Normal +35.2 +19.8 +8.1 <0.001

Overweight +51.1 +29.7 +14.5 <0.001

Obese +61.7 +39.6 +21.2 <0.001

Table 9: Incidence of new-onset hypertension over follow-up

Physical Activity Group ~ New Hypertension Cases (%)  Relative Risk (RR)  p-value
Sedentary 18.2 Reference

Moderately Active 9.6 0.53 0.04
Highly Active 5.6 0.31 0.01

Table 10: Correlation between physical activity metrics and CAC Progression

Activity Metric Correlation Coefficient (r)  p-value
Total daily steps -0.42 <0.001
Moderate activity (min)  —0.39 <0.001
Vigorous activity (min)  —0.51 <0.001
Sedentary time (hrs) +0.47 <0.001

Results:

Moderate to high physical activity was significantly associated
with lower coronary artery calcification (CAC) scores and slower
progression over the two-year follow-up. Sedentary individuals
exhibited higher baseline CAC values and greater annual
increase in Agatston scores, even after adjusting for age, sex,
BMI, and other confounders. Table 1 shows Participants were
evenly distributed across physical activity categories, with a
higher proportion of males in the sedentary group. Table 2
shows higher physical activity was associated with significantly
lower baseline CAC scores. Table 3 shows CAC progression
over 2 years was lowest among the highly active group. Table 4
shows individuals with higher sedentary time had greater CAC

progression, independent of other factors. Table 5 shows
physical activity remained a protective factor after adjusting for
major cardiovascular risk variables. Table 6 shows lipid levels
improved in more active participants, supporting cardiovascular
benefits beyond calcification. Table 7 shows higher activity
levels were associated with reduced inflammatory markers,
suggesting lower systemic inflammation. Table 8 shows Even
within similar BMI ranges, activity levels influenced CAC
progression, indicating an independent effect. Table 9 shows
Participants engaging in regular vigorous activity had the lowest
rates of new-onset hypertension. Table 10 shows Time spent in
vigorous activity showed the strongest inverse correlation with
CAC progression.
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Discussion:

This study demonstrates a clear inverse relationship between
physical activity and coronary artery calcification (CAC)
progression among middle-aged adults over a two-year period.
Participants engaging in moderate to high levels of physical
activity showed significantly lower baseline CAC scores and a
markedly slower rate of progression compared to their
sedentary counterparts [7]. These findings reinforce the cardio
protective effects of physical activity, even in asymptomatic
individuals without overt cardiovascular disease [8].
Importantly, the association persisted after adjusting for age, sex,
BMI, smoking, and lipid profiles, suggesting an independent
role of physical activity in attenuating subclinical atherosclerosis
[9]. Interestingly, vigorous activity appeared to have the
strongest inverse correlation with CAC progression, supporting
the notion that higher-intensity exercise may confer additive
cardiovascular benefits [10]. Additionally, reductions in
inflammatory markers and improvements in lipid profiles in
active individuals provide biological plausibility to the observed
radiological findings [11]. However, it is important to note that
individuals with high sedentary time exhibited greater CAC
progression, regardless of their activity level during other parts
of the day, emphasizing the dual importance of increasing
movement and reducing prolonged inactivity [12]. These results
align with existing literature suggesting that cardiorespiratory
fitness and daily movement play a crucial role in modulating
atherosclerotic processes [13]. Furthermore, the study highlights
that improvement in fitness levels and even enjoyment of
physical activity positively impacted adherence and long-term
outcomes [14]. Given the non-invasive nature of CAC
assessment, it may serve as a useful marker to personalize
lifestyle interventions and reinforce behavioral change in
middle-aged adults at risk [15]. Prior cross-sectional studies have
suggested that very high levels of physical activity (PA) are
associated with a higher prevalence of coronary artery calcium
(CAC). However, less is known regarding the association
between high-volume PA and progression of CAC over time
[16]. In a large community-based African American cohort, ideal
physical activity was associated with lower inflammation levels,
a lower prevalence of coronary artery calcification, and a lower
rate of incident coronary heart disease. These findings suggest
that promotion of ideal physical activity may be an important
way to reduce the risk of subclinical and future clinical coronary
heart disease in African Americans [17]. Future studies with
larger populations and longer follow-up durations could further
elucidate the complex interplay between activity type, intensity,
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and vascular calcification, especially in diverse populations with
varying baseline cardiovascular risk.

Conclusion:

Regular moderate to vigorous physical activity is significantly
associated with lower coronary artery calcification and slower
progression in middle-aged adults. Sedentary behavior
independently contributes to increased CAC burden despite
other risk factors. Promoting active lifestyles may play a vital
role in the early prevention of subclinical atherosclerosis.
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