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ABSTRACT

Objective: With the increasing prevalence of premature coronary artery disease (CAD), early
detection and risk stratification are crucial. While physical inactivity is linked to CAD risk, its impact
in the early stages remains underexplored. This study aims to identify biomarkers for early CAD
diagnosis and their association with physical activity (PA), ultimately reducing morbidity and
mortality rates.

Methods: This case—control study enrolled 300 subjects aged 18-45 years. They were subdivided
into three categories. Additionally, the 200 subjects in groups | and Il were classified into active,
moderate, and sedentary categories based on World Health Organization (WHO) criteria. Serum
levels of high-sensitivity C-reactive protein (hs-CRP), lipoprotein (a) [Lp(a)], apolipoprotein A1
(Apo-A1), apolipoprotein B100 (Apo-B100), and oxidized low-density lipoprotein (oxidized LDL)
were analyzed, whereas non-high-density lipoprotein cholesterol (non-HDL-C) was calculated.
The comparison of these biochemical parameters was done in terms of mean + standard error
of the mean (SEM) and area under the receiver operating characteristic curve (AUROC), and their
significance with PA was determined using one-way analysis of variance (ANOVA) and Bonferroni
test.

Results: Significant differences in hs-CRP, Apo-B100, Lp(a), non-HDL-C, and oxidized LDL were
observed across groups. AUROC analysis confirmed their strong association with CAD risk.
Additionally, the findings highlight that an active lifestyle is linked to a more favorable biochemical
profile, which may help mitigate the risk of premature CAD.

Conclusion: The study suggests including hs-CRP, Apo-B, Lp(a), non-HDL-C, and oxidized LDL in
routine screening for early CAD detection. Despite their proven effectiveness, these biomarkers
are not widely used. Therefore, integrating early biomarker screening with lifestyle modifications
can enhance risk assessment and improve treatment outcomes.
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panel, which includes total cholesterol (TC),
low-density lipoprotein (LDL), high-density
lipoprotein (HDL), and triglycerides (TG). While
this panel provides valuable insights, recent
studies indicate thatit may not be sufficient for
accurate prediction, especially in young Indians
at risk of premature CAD. Given the growing
burden of premature CAD in this population,
itis crucial to move beyond conventional lipid
parameters in cardiovascular risk assessment.
A more comprehensive cardiac screening
panel, integrating novel biomarkers, could
facilitate earlier detection of CAD and offer a
deeper understanding of other contributing
risk factors, such as sedentary behavior. This
shift in approach would enhance prevention
andintervention efforts, addressing the urgent
need for more effective and personalized
strategies to combat CAD. Therefore, this
study seeks to identify biomarkers for the early
diagnosis of CAD and explore their association
with PA. The goal is to enhance screening and
prevention strategies, mitigate the morbidity
and mortality associated with CAD, and foster

INTRODUCTION

oronary artery disease (CAD) remains a

leading cause in global rates of illness
and death. The early onset of CAD, referred
to as premature CAD, presents significant
challenges due to its aggressive nature and
the need for early intervention.! Emerging
evidence suggests that the incidence of
CAD in Indians is 50-400% more than in
other ethnic groups.>™ This vulnerability to
premature CAD is primarily driven by rapid
socioeconomic and cultural transitions.
Over the past three decades, economic
liberalization has led to significant lifestyle
and dietary changes with decreased physical
activity (PA) and increased mental stress.’
Regular PA has been shown to substantially
lower the risk of cardiovascular mortality
rates, while decreased PA is linked with
a higher risk of morbidity. Additionally, a
recent science advisory from the American
Heart Association highlights the detrimental
relationship between sedentary behaviorand

cardiovascular mortality.®
The standard approach of assessing CAD
risk primarily relies on the standard lipid profile

greater awareness of the role of lifestyle
choices in cardiovascular health.

MEeTHODS

This case-control study took place at a
tertiary healthcare facility in Northern
India, enrolling 300 subjects aged 18-45
years. Premature CAD was described as
the occurrence of CAD before the age
of 55 in women and 45 in men.” Patients
with diabetes mellitus, hypertension,
noncardiac inflammatory conditions (such
as rheumatoid arthritis or osteoarthritis),
and those on statin therapy were excluded
from the study.

The subjects were subdivided into three
categories:

«  Group I: Angiographically proven cases
of CAD (n = 100); subjects having >50%
diameter stenosis in at least one epicardial
coronary artery were included in the
study.

«  Group lI: Subjects who had one or two
risk factors associated with CAD were
recruited in group Il category (n = 100).
The risk factors included positive family
history and smoking.

«  Group lll: Noncardiac controls (n = 100);
subjects without any history or risk factors
associated with CAD were recruited
in group lll category. The selection of
the noncardiac controls was based on
randomization.

Additionally, the 200 subjectsin groups | and
Il were further categorized based on their PA
levels—active, moderate, and sedentary—
according to the criteria established by the
World Health Organization (WHO).8
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Further stratification of Group |
and Il (n = 200) based on
physical activity (WHO criteria):

v

Active (practicing more
than 150 minutes of
workout per week)

The Institutional Ethics Committee
approved the study, and all participants
provided informed consent. Blood samples
(5 mL) were collected in plain vials,and serum
was separated following standard protocols.
Sample collection and preservation
adhered to the STROBE-ME guidelines. The
biochemical parameters analyzed in the
study included high-sensitivity C-reactive
protein (hs-CRP), Apo-B, lipoprotein (a) [Lp(a)],
non-high-density lipoprotein cholesterol
(non-HDL-C), Apo-A1, and oxidized LDL, in
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Fig. 1: Mean + SEM level of hs-CRP and Lp(a)
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Moderate (practicing less
than 150 minutes of
workout per week)

Sedentary (minimum
or no exercise)

addition to the conventional lipid profile
parameters.

After collecting blood samples, serum
TG, HDL-C, and TC were assessed using
the Siemens Dimensions RxL analyzer.
LDL and very-low-density lipoprotein
(VLDL) levels were determined using the
Friedewald equation, whereas non-HDL-C
was derived from TC to HDL-C. For the analysis
of inflammatory and lipoprotein markers,
hs-CRP was estimated using a latex-enhanced
turbidimetric immunoassay, while Apo-B,

ROC curve
.(—/_'

Sensitivity
QOO0 900 =
O=_NWhOIONOWOO

S | Sy O

0.0 0].1 0f2 OT3 0{4 015 0?6 0?7 0{8 0{9 140
1- Specificity
Source of the curve
—Hs_CRP — n_HDL_C — Lp(a) Apo-A1
Apo-B Oxidized-LDL — Reference line |

Fig. 3: ROC curve for all the parameters

500~
450
400
350+
% 300
+ 250
=
S 200

= 150 = E

100 =
50

non-HDL-C Apo-A1

'm Group |

Group I

Apo-B Oxidized-LDL

Group IlI

Fig. 2: Mean + SEM level of non-HDL-C, Apo-A1, Apo-B, and oxidized LDL

Apo-A1, and Lp(a) were analyzed by the
immunoturbidimetry method, and oxidized
LDL was estimated using a sandwich enzyme-
linked immunosorbent assay (ELISA).

Statistical Analysis

Biochemical parameters were compared
in terms of mean + standard error of the
mean (SEM) level and area under the
receiver operating characteristic curve
(AUROC) analysis. The association between
biochemical parameters and PA was evaluated
using one-way analysis of variance (ANOVA)
followed by a post hoc analysis (Bonferroni)
to identify the mean differences between
the groups (active, moderate, and sedentary)
for each biochemical parameter. All analyses
were done by SPSS version 24. A p-value below
0.05 was interpreted as statistically significant.

REesuLTs

Serum hs-CRP, Lp(a), apolipoprotein Al
(Apo-AT), Apo-B, and oxidized LDL were
measured, while non-HDL-C was calculated
for all the subjects. The findings revealed that
hs-CRP was markedly elevated in group | but
decreased substantially in group IlI. Similarly,
Lp(a), non-HDL-C, Apo-B, and oxidized LDL
exhibited the highest values in group | and
progressively decreased across groups Il and
IIl, whereas the results were nonsignificant for
Apo-Al.Figures 1 and 2 show the mean + SEM
levels of hs-CRP and Lp(a), and non-HDL-C,
Apo-A1, Apo-B, and oxidized LDL, respectively.

The predictive values of hs-CRP, non-
HDL-C, Lp(a), Apo-Al, Apo-B, and oxidized
LDL were compared using ROC curve analysis.
The AUROC for oxidized LDL was found to be
0.982 (95% confidence interval: 0.963, 1.000),
followed by hs-CRP, 0.952 (95% confidence
interval:0.912,0.992), followed by non-HDL-C,
0.852 (95% confidence interval: 0.773, 0.931),
followed by Lp(a), 0.847 (95% confidence
interval: 0.769, 0.924), followed by Apo-B,
0.680 (95% confidence interval: 0.574, 0.787),
whereas Apo-A1 had the least AUROC of 0.498
(95% confidence interval: 0.381, 0.614) (Fig. 3).

The 200 subjects from groups | and Il were
further categorized based on their PA levels,
with results showing that more than half of
the participants exhibited sedentary behavior,
38% were moderately active, and only 9%
were physically active (Fig. 4).

The one-way ANOVA analysis of
biochemical parameters in relation to PA
demonstrated a significant association with
hs-CRP, Lp(a), non-HDL-C, Apo-B, and oxidized
LDL levels, while results were nonsignificant
for Apo-A1 (Table 1).

Additionally, the Bonferroni test was
conducted, revealing a significant mean
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Physical activity

Sedentary
53%

Fig. 4: Distribution of 200 subjects based on PA

difference among the active, moderate,
and sedentary groups only with non-HDL-C
and oxidized LDL-C. For hs-CRP, Lp(a), and
Apo-B, the mean difference was significant
between the active and both the moderate
and sedentary groups, whereas no notable
difference was detected between the
moderate and sedentary groups. Regarding
Apo-A1, no statistically significant differences
were detected across the groups (Table 2).

Figure 5 highlights the relationship
between physical activity levels and
biochemical parameters.

Table 1: ANOVA analysis of biochemical parameters in relation to PA

Discussion

Therising prevalence of premature CAD among
young Indians has become a growing concern
as affluence and urbanization have led to
significant lifestyle and dietary changes, along
with a decline in PA, which has exacerbated
this public health challenge, underscoring
the urgent need for preventive measures and
awareness.”'® Numerous biomarkers have
been identified to assess cardiovascular risk,
yet conventional risk prediction algorithms
still fall short of providing reliable and accurate

Sum of squares Df Mean square F Significance
hs-CRP Between groups 1661.18 2 830.591 15.05 <0.0071***
Within groups 16390.541 297 55.187
Total 18051.722 299
Non-HDL-C Between groups 88044.28 2 44022.14 42.07 <0.007%***
Within groups 310750.29 297 1046.29
Total 398794.58 299
Lp(a) Between groups 2035.49 2 1017.74 55 <0.01**
Within groups 54955.07 297 185.03
Total 56990.56 299
Apo-A1 Between groups 2036.05 2 1018.02 0.491 0.612
Within groups 615662.57 297 2072.93
Total 617698.62 299
Apo-B Between groups 76187.59 2 38093.79 4.161 <0.05*
Within groups 2718791.42 297 9154.18
Total 2794979.01 299
Oxidized LDL Between groups 2529770.63 2 1264885.31 63.346 <0.001***
Within groups 5930501.17 297 19968.017
Total 8460271.80 299

Levels of statistical significance are denoted as follows: *p < 0.05 (significant), **p < 0.01 (highly significant), ***p < 0.001 (very highly significant)

Table 2: Bonferroni test of biochemical test in relation to PA

Dependent variable ) Is J)Is Mean difference Std. error p-value 95% confidence interval
(=) Lower bound Upper bound
hs-CRP 1 2 -4.494 1.096 <0.001 -7.132 -1.856
3 -5.892 1.100 <0.001 -8.539 -3.244
2 3 -1.398 0.997 0.486 (NS) -3.799 1.003
Non-HDL-C 1 2 —27.846 4.770 <0.001 -39.331 -16.360
3 -43.838 4.788 <0.001 -55.366 -32.310
2 3 -15.992 4.342 <0.001 -26.447 -5.538
Lp(a) 1 2 -5.752 2.006 <0.05 -10.581 -0.922
3 -6.108 2.014 <0.05 -10.956 -1.260
2 3 -0.357 1.826 1 -4.753 4.040
Apo-A1 1 2 -0.564 6.715 1 -16.730 15.602
3 -5.719 6.740 1 -21.945 10.507
2 3 -5.155 6.112 1 -19.870 9.560
Apo-B 1 2 -33.984 14.110 0.05 -67.956 -0.013
3 -38.236 14.163 <0.05 -72.335 -4.138
2 3 -4.252 12.843 1 -35.174 26.670
Oxidized LDL 1 2 -115.978 20.840 <0.001 -166.152 -65.805
3 -234.002 20917 <0.001 -284.362 -183.641
2 3 -118.023 18.969 <0.001 -163.693 -72.354

Note: 1 =active, 2 = moderate, and 3 = sedentary; The mean difference was considered significant at the 0.05 level
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Fig. 5: The relationship between PA levels and biochemical parameters

markers for CAD."" Therefore, this study was
designed to evaluate biomarkers for early
risk prediction of premature CAD and their
potential correlation with PA.

The mean + SEM level of hs-CRP, a key
inflammatory marker, was significantly
elevated in group |, moderately elevated in
group I, and within the normal range in group
Il (Fig. 1). The identified cutoff value for hs-CRP
was 0.795 mg/L. The results are consistent
with findings from studies by Gupta et al.”?
and Lee et al.,”> where a significant difference
in hs-CRP levels was observed between
cardiac and noncardiac individuals. Similarly,
Mokhtar et al.,'* in their study of 45 subjects,
reported findings comparable to those of the
present study. Extensive research, including
observational studies and clinical trials, has
also highlighted the role of elevated hs-CRP
levels in the development of atherosclerotic
vascular disease.> '8

Similarly, the mean + SEM level of non-
HDL-C was significantly higher in group |,
moderately elevated in group I, and within
the normal range in group Il (Fig. 2). These
findings align with those reported by Lietal.,'
Kathariya et al.,?° and Cui et al.”' The cutoff
value for non-HDL-Cin this study was found to
be 113.65 mg/dL. A large-scale study spanning
44 cohorts across multiple countries, involving
5,24,444 individuals, utilized multivariate
analysis to establish a significant relation
between levels of non-HDL-C and long-
term risk of CVDs.?? Furthermore, the Lipid
Association of India recognizes non-HDL-C
as a coprimary target for assessing CAD risk.”>

Likewise, the mean + SEM level of oxidized
LDL was found to be elevated in group | as
compared to groups Il and lll, and its cutoff
value was found to be 224 ng/mL in this
study (Fig. 2). Oxidized LDL plays a crucial
role in the atherosclerotic process, with
its proinflammatory and proatherogenic
properties contributing substantially to the
development of cardiovascular disease.?*
Atherogenicity of oxidized LDL is due to

alteration in its biological properties due
to oxidative modification of LDL, resulting
in increased chemotaxis, more retention in
subendothelial cells, macrophages, cytokine
production from smooth muscle cells, and
alteration of growth factors and endothelial
cells.?> Numerous studies have identified
oxidized LDL as a valuable lipid marker and
risk factor for atherosclerotic cardiovascular
disease.?°72% The study carried out by
Augsburg revealed notably elevated levels
of oxidized LDL in CAD patients compared to
the controls. Zhao et al.” observed elevated
oxidized LDL levels in individuals with CAD
compared to controls, which aligns with our
study’s results. Similarly, our findings are
consistent with studies by Koenig et al.>** and
Bansal et al.>' who also compared the oxidized
LDL in terms of mean + SD levels and found
increased oxidized LDL levels in CAD patients
as compared to the noncardiac controls.

Regarding Lp(a) and Apo-B, the mean +
SEM level was significantly higher in group |,
moderately elevated in group I, and within
the normal range in group lll, as depicted in
Figures 1 and 2, respectively. These findings
are consistent with the studies conducted by
Leistner et al., > Tsimikas,** Nathir et al.,>** and
Walldius and Jungner.*®

Recent meta-analyses link sedentary PA to
higher CAD mortality.® To assess its impact,
this study evaluated PA using a standard
questionnaire.?” Results showed that 53%
subjects had sedentary PA, while 38% had
moderate PA, suggesting its role in premature
CAD.?® The post hoc analysis revealed that
individuals with an active PA had significantly
lower hs-CRP levels than those with moderate
or sedentary activity, suggesting thatincreased
PA is associated with reduced inflammation,
which is in accordance with the study
conducted by Koeder et al.*® Similarly, active
individuals exhibited significantly lower
non-HDL-C levels than those in the moderate
and sedentary groups, further highlighting
the cardiovascular benefits of increased PA.

Likewise, oxidized LDL was significantly lowerin
active individuals compared to both moderate
and sedentary groups. Additionally, moderate
activity was associated with significantly
lower oxidized LDL levels than a sedentary
activity, emphasizing the role of PAin reducing
oxidative stress and cardiovascular damage.

In the context of Lp(a), individuals with an
active PA exhibited significantly lower Lp(a)
levels compared to those with moderate or
sedentary activity. This observation indicates
that increased PA is linked to lower Lp(a)
levels. Interestingly, no significant difference
was observed between individuals with
moderate PA and those leading a sedentary
PA, indicating that merely moderate activity
does not confer the same benefit in terms of
Lp(a) reduction. Therefore, maintaining active
PAis essential for achieving lower Lp(a) levels,
rather than simply engaging in moderate PA.
Likewise, Apo-B levels were notably reduced
in physically active individuals relative to
those in moderate and sedentary groups,
while no notable difference was observed
between the moderate and sedentary groups,
indicating a protective effect of PA against
elevated Apo-B levels. Therefore, addressing
lifestyle factors is crucial for CAD prevention,*
emphasizing the need to replace sedentary PA
with an active PA.

Limitation of the Study

The study was limited to a relatively small
sample size from a single center. Therefore,
extensive studies with larger and more
diverse populations are necessary to enhance
understanding and validate these findings.

CoNcLUSION

A comprehensive cardiac screening panel,
including hs-CRP, Apo-B, Lp(a), non-HDL-C,
and oxidized LDL, could enable earlier
detection of CAD and significantly benefit
public health. Moving beyond the traditional
lipid profile, which still leaves residual risk
despite achieving desired LDL levels, is
crucial to address the growing global burden
of premature CAD. Timely detection and
accurate diagnosis through the inclusion of
additional biomarkers would allow for disease
prevention at an early stage, even before
clinical symptoms appear. Incorporating this
expanded panel into leading institutes and
laboratories could notably reduce the CAD
burden.

The study also highlights the positive
relationship between an active lifestyle and
improved biochemical markers, offering
enhanced cardiovascular protection and
lowering the risk of premature CAD. These
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findings emphasize the need to combine
early biomarker screening with lifestyle
modifications to improve risk assessment and
clinical outcomes.
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