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ABSTRACT
Introduction  The coronary artery calcium (CAC) scan 
serves as a crucial tool in assessing the risk of coronary 
atherosclerosis in patients with hyperlipidaemia, 
particularly when there is ambiguity surrounding 
pharmacotherapy decisions. In addition to CAC, advanced 
glycation end products (AGEs), glycated proteins and 
lipids involved in ageing are emerging as markers for 
atherosclerosis. However, the relationship between 
AGEs score and CAC scores has not been evaluated to 
date. Our primary objective is to evaluate abnormal CAC 
scores in patients with low and borderline ASCVD risk 
and normal low-density lipoprotein cholesterol (LDL-C) 
levels ≤100 mg/dL. The secondary objective is to explore 
potential associations between CAC and AGEs scores.
Methods and analysis  We will retrospectively review 
health records of adult patients seen at the General 
Internal Medicine Executive Health Program (Mayo Clinic; 
Rochester, Minnesota) between 1 September 2023 and 
31 March 2024, where all patients were offered the 
option of a baseline CAC scan. For our primary aim, 
we will determine the percentage of patients with low 
and borderline 10-year Atherosclerotic Cardiovascular 
Disease (ASCVD) risk, not receiving pharmacotherapy for 
hyperlipidaemia, who have LDL-C levels ≤100 mg/dL and 
have an abnormal CAC score. For our secondary aim, we 
will examine potential associations between CAC and AGEs 
scores.
Ethics and dissemination  This study was determined 
to be exempt from institutional review board approval (ID 
24–0 03 921; 45 CFR 46.104d, category/subcategory 4(iii)) 
at the Mayo Clinic, Rochester. The findings of this study 
will be published in a peer-reviewed journal.

BACKGROUND
Coronary artery disease (CAD) poses a signif-
icant global health challenge, contributing 
substantially to morbidity and mortality world-
wide.1 2 CAD manifests through the gradual 
formation of atherosclerotic plaques within 
the coronary arteries, necessitating effective 
risk assessment and management strategies.3 
The American College of Cardiology (ACC) 

and American Heart Association (AHA) 
guidelines recommend using 10-year ASCVD 
risk calculators to estimate cardiovascular 
risk, categorising it into four groups: low risk 
(< 5%), borderline (5% to <7.5%), interme-
diate risk (≥ 7.5% to <20%) and high risk 
(≥20% or greater).4 5 Coronary artery calcium 
(CAC) scans are recommended for patients 
in the intermediate risk category when treat-
ment decisions are unclear.4 5 The CAC scan, 
a non-invasive CT procedure, quantifies the 
amount of calcified plaque present in the 
coronary arteries, aiding in the prediction 
of future cardiovascular events and guiding 
clinical decision-making.4–6 A positive CAC 
scan indicates the presence of atheroscle-
rosis. While international guidelines differ on 
the threshold for starting statin therapy, most 
agree on initiating it when the CAC score 
exceeds 100.5 Notably, CAC scores over 300 
are associated with a risk of adverse cardiac 
events comparable with that of patients with 
established CAD.7

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study benefits from comprehensive data col-
lection using multiple data sources, including CAC 
scores, AGEs scores, lipid levels and cardiac imag-
ing results, providing a multidimensional view of 
cardiovascular risk.

	⇒ This study will ensure the collection of accurate and 
reliable data by training data collectors, adapting 
prevalidated research tools and conducting regular 
quality checks.

	⇒ This single-centre study is limited by its reliance on 
the type of patients that present to unique practice, 
and thus results cannot be generalised to the gen-
eral population.

	⇒ The study is limited by its reliance on patient re-
cords, which restricts reviewers to the availability 
and quality of documented information.
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Findings from two landmark studies indicate that 
traditional ASCVD risk models may fail to identify some 
patients with atherosclerosis, an issue of particular impor-
tance especially for those at high risk.7 8 The COronary 
CT Angiography EvaluatioN For Clinical Outcomes: An 
InteRnational Multicenter (CONFIRM) study, which 
assessed 4511 patients without prior ASCVD, reported 
that 703 healthy individuals had a score of >300, signifying 
a high risk for future ASCVD.7 These patients would have 
been missed if CAC scans were not part of their clinical 
evaluation.7 Similarly, in the MESA study, 480 out of 2174 
patients were categorised as low-ASCVD risk and 356 out 
of 772 patients with borderline ASCVD risk had a positive 
CAC score, with a CAC ≥400 in 20 and 32 patients in these 
groups, respectively.8 Therefore, adding CAC scoring to 
traditional risk assessment measures could be a method 
to identify higher-risk patients who might otherwise be 
overlooked.9

In clinical practice, ASCVD risk calculation is often 
initiated on observing elevated low-density lipopro-
tein cholesterol (LDL-C) levels, one of the variables 
inputted into the 10-year ASCVD risk calculation.10 
The 2018 AHA/ACC practice guidelines categorised 
LDL-C into optimal (below 100 mg/dL), near optimal/
above optimal (100–129 mg/dL), borderline high (130–
159 mg/dL), high (160–189 mg/dL), and very high 
(190 mg/dL and above). According to these guidelines, 
statins are typically recommended for high and very 
high LDL-C categories regardless of ASCVD risk.10 The 
relationship between LDL-C levels and CAC scores is 
not yet well understood. At least one study has demon-
strated evidence that even normal LDL-C levels are asso-
ciated with subclinical atherosclerosis in the absence of 
other cardiovascular risk factors.11 In this study, 4% of 
patients with LDL-C between 90 and 100 mg/dL and 7% 
of patients with LDL-C ranging 80–90 mg/dL, consid-
ered optimal LDL-C levels, showed subclinical athero-
sclerosis.11 This suggests that some patients with optimal 
LDL-C may have subclinical atherosclerosis and could 
benefit from further diagnostic studies such as a CAC.11 
However, there is currently no data to guide clinical 
scenarios such as these.

In addition to 10-year ASCVD risk and LDL-C levels, 
other biomarkers, such as advanced glycation end prod-
ucts (AGEs), glycated proteins and lipids, are currently 
being investigated as potential supplementary biomarkers 
of ageing and atherosclerosis.12–14 AGEs influence athero-
sclerosis by making LDL-C more atherogenic, promoting 
oxidative stress and inflammation, and raising blood pres-
sure through vascular stiffness and endothelial dysfunc-
tion. A review by Sharifi-Zahabi et al reported that higher 
AGEs were significantly associated with increased all-
cause and mortality.15 Assessing the feasibility of incorpo-
rating AGEs into routine cardiovascular evaluations could 
be worthwhile, but this necessitates further study.16 17The 
objective of our study is to determine the percentage of 
patients with low and borderline ASCVD risk, particularly 
those with normal LDL-C levels who have a positive CAC 

score. Additionally, we aim to explore potential associa-
tions between CAC scores and AGEs scores.

METHODS
Study design and setting
We will retrospectively review the medical records of adult 
patients who received medical care and completed a CAC 
study at the Mayo Clinic Executive Health Programme 
(MCEHP) in Rochester, Minnesota, between 1 September 
2023 and 31 March 2024. The project is scheduled to 
commence in the third-quarter of 2024, with anticipated 
completion by 31 December 31.

Objectives
For all included patients, we will assess and categorise 
10-year ASCVD risk, CAC scores, LDL-C levels, and AGEs.

Study sample and sampling techniques
Study entry criteria will include being an empaneled 
patient aged 40–75 years old in the MCEHP, having 
provided authorisation for research, completed a CAC 
scan (done in all patients aged 45 and above in our 
practice), had low or borderline 10 year ASCVD risk and 
completed a lipid profile, figure 1. We anticipate that a 
total of approximately 1000 patients will meet the inclu-
sion criteria. Based on a preliminary review of our prac-
tice, we anticipate that approximately 250 of the 1000 
patients will have normal LDL-C, no established CAD 
and will not be taking pharmacotherapy. We hypothesise 
that 5%–10% of individuals with normal LDL-C levels will 
have abnormal CAC scores. With a denominator of 250 
and an expected calcium scan abnormality rate of 10% 
or less, the margin of error for a 95% CI is expected to 
be approximately 3.5%, such that any observed calcium 
abnormality rate (CAR) of 10% or less would yield a CI of 
CAR+/-3.5%. This is based on using nQuery Advisor 7.0 
(CI for a proportion using the normal approximation).

Definition
Abnormal coronary calcium will be defined as a CAC 
score above 0. The coronary artery calcification scoring 
protocol in our institution involves performing an ECG-
gated CT scan of the heart. The patient’s calcium score 
is calculated using the Agatston–Janowitz scale, with a 
threshold of 130 Hounsfield units (HU) to differentiate 
calcified plaque from other tissues. We define normal 
LDL-C as ≤100 mg/dL. The calculation of LDL-C in our 
institution uses the Sampson NIH equation. The 10-year 
ASCVD will be estimated using the ASCVD risk estimator 
offered by the ACC. 18The AGEs reader, a non-invasive 
and clinically validated device, will be used to estimate 
glycated proteins by measuring autofluorescence in 
human skin tissue.16

Team composition and training
A comprehensive training reference guide will be created 
before data extraction. This guide will serve as a vital 
resource, outlining the project’s specific objectives. Any 



3Ratrout BM, et al. BMJ Open 2025;15:e094899. doi:10.1136/bmjopen-2024-094899

Open access

updates or changes to the project will be promptly incor-
porated into this guide and communicated to other 
members of the team. Training sessions will be conducted 
whenever a new abstractor joins the team, ensuring that 
each member is well trained in the extraction process. 
Prior to chart reviews, all members of the reviewing team 
will undergo training on the study protocol, key defini-
tions and the use of research tools. They will practise with 
test cases created by the adjudicators to familiarise them-
selves with the tools and identify any issues for review.

Record review and data collection approach
Data for this study will be abstracted from the electronic 
health record (Epic software; Epic Systems Corporation), 
and data will be subsequently collated through REDCap 

(Research Electronic Data Capture).19 20 The data abstrac-
tion sheet will be structured into five distinct sections: 
baseline demographic characteristics, laboratory test 
results, CAC scan and scoring details, cardiac imaging 
findings, and AGEs scores and risk categories, online 
supplemental 1–4. The first section of the data extraction 
sheet will include baseline demographic characteristics 
that were already collected at the time of their physical 
exam as illustrated in online supplemental 1. The second 
section of the data extraction sheet are laboratory variable 
results collected closest to their CAC scan, online supple-
mental 2. The third section of the data extraction sheet 
will detail variables obtained from CAC scans, online 
supplemental 3. The fourth section of the data extraction 

Figure 1  Enrollment and Screening Process Flowchart. AGEs, advanced glycation end products.
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sheet will consist of imaging variables, including findings 
from baseline ECG, echocardiography, carotid ultraso-
nography, stress echocardiography and exercise electro-
cardiography, online supplemental 4. For the secondary 
objective of this cohort study, AGEs scores and risk cate-
gories will be extracted. All variables closest to the CAC 
date will be collected and their dates recorded in the 
abstraction sheet. This will help us determine the effect 
of temporality, if any, following data abstraction.

Quality assurance
To ensure the accuracy and reliability of the extracted 
data, we plan to do random spot checks on the REDCap 
dashboard. Our objective is to maintain a 10% spot-check 
rate, equating to approximately 10 checks per page, with 
each page containing 100 patient records. These spot 
checks will be assigned randomly to avoid bias and will 
be conducted by reviewers independent of those who 
initially extracted the data. This dual-review process is 
crucial for identifying any discrepancies or errors that may 
have been overlooked during the initial data extraction 
phase. If mistakes are identified during the spot checks, 
they will be promptly corrected. In addition to correcting 
the errors, individuals responsible for the mistakes will 
undergo retraining to address any gaps in knowledge.

Data analysis plan
Patients will be initially categorised into established CAD 
or no established CAD, figure 1. Patients with established 
CAD will be excluded. Patients without established CAD 
and those who have completed a coronary calcium study 
will be categorised according to 10-year ASCVD risk. 
Patients with low or borderline 10-year ASCVD risk who 
are not on pharmacotherapy for hyperlipidaemia will 
be categorised based on LDL-C levels into two groups: 
≤100 mg/dL (group 1) and >100 mg/dL (group 2). Data 
on CAC scores, other vascular calcifications and AGEs 
in this group will be summarised. Following this, we will 
compare baseline characteristics of group one with the 
other groups: patients with established CAD (group 3), 
patients with high 10-year ASCVD (group 4), patients 
with intermediate 10-year ASCVD (group 5), patients with 
low and borderline 10-year ASCVD on pharmacotherapy 
(group 6), and patients with low and borderline 10 year 
ASCVD and LDL >100 (group 2), figure 1.

Group 1 will be categorised based on the presence or 
absence of detectable coronary calcium, and two group 
comparisons will be done. Data will be summarised using 
median (25th, 75th percentile) for continuous variables 
and n (%) for categorical variables. Following this, unad-
justed, age-adjusted and sex-adjusted analyses will be 
performed using logistic regression for group 1. Analysis 
will be conducted using the SAS V. 9.4 (SAS Institute Inc, 
Cary NC).21 For the secondary aim of this investigation, 
correlation analyses and general linear models will be 
used to assess the association of AGEs, indicative of cumu-
lative metabolic stress, with CAC scores and lipid profiles. 
For these analyses, distributional assumptions will be 

assessed with variable transformations (eg, log transfor-
mation) used as appropriate. Several other variables, such 
as echocardiogram, carotid ultrasound, cardiac perfusion 
stress test, and incidental CT findings, online supple-
mental 3 and 4, are being collected as part of the chart 
review and will be used at a later date in the preparation 
of additional manuscripts.

Patient and public involvement and ethics
Patient or public involvement was not incorporated in the 
design, conduct, reporting or dissemination plans of this 
research.

DISCUSSION
The rationale for this study stems from the limitations of 
traditional ASCVD risk models in identifying all patients 
with atherosclerosis, particularly those with normal LDL-C 
levels.22 Asymptomatic individuals with normal or border-
line 10-year ASCVD risk and normal LDL-C levels may 
still have subclinical atherosclerosis, detectable through 
CAC scanning. Clinical observations, along with results 
from the MESA and CONFIRM studies, demonstrate 
that atherosclerosis can occur in patients with low cardio-
vascular risk.7 8 Additionally, Fernández-Friera et al have 
observed abnormal CAC scores in patients with normal 
LDL-C levels, suggesting that relying solely on risk models 
or LDL-C levels may be insufficient for detecting poten-
tially at-risk patients with atherosclerosis.11 This supports 
the rationale for our study. These patients are often 
seen in primary care settings that do not routinely use 
CAC scans and could benefit from such scans, enabling 
timely interventions. By investigating the prevalence of 
abnormal CAC scores in this cohort, we aim to contribute 
to the existing literature on the potential benefits of CAC 
scans for these patients.

The rationale for this study arises from the limitations of 
traditional ASCVD risk models in identifying all patients 
with atherosclerosis, especially those with normal LDL-C 
levels. Asymptomatic individuals with normal or border-
line 10-year ASCVD risk and normal LDL-C levels may still 
have subclinical atherosclerosis, detectable through CAC 
scanning.22 Clinical observations, results from the MESA 
and CONFIRM studies that demonstrate atherosclerosis 
in patients with low cardiovascular risk and observations 
of abnormal CAC scores in patients with normal LDL-C 
levels by Fernández-Friera et al suggest that relying solely 
on risk models or LDL-C levels may be inadequate for 
detecting potentially at-risk patients with atheroscle-
rosis and support the rationale for this study.7 9 11 These 
patients are often seen in primary care settings that do 
not routinely use CAC scans and could benefit from such 
scans enabling timely interventions. By investigating the 
prevalence of abnormal CAC scores in this cohort, we aim 
to contribute to the existing literature on the potential 
benefits of CAC scans for these patients.

Building on this, evidence suggests a pathophysiological 
link between AGEs and atherosclerosis, cardiovascular 
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disease and mortality12–14 . It is plausible that AGEs may 
correlate with coronary calcium, a marker for detecting 
coronary atherosclerosis.15 23–28 However, no studies have 
explored possible associations between AGEs and CAC, 
which will be unique to this retrospective cohort study. By 
investigating this potential association, we aim to deter-
mine whether AGEs could serve as a predictive biomarker 
for CAD, even in patients with normal LDL-C levels. This 
could provide valuable insights into the underlying mech-
anisms of cardiovascular disease and help identify indi-
viduals at higher risk, thereby improving prevention and 
treatment strategies.

The findings of our study could pave the way for future 
research to evaluate the use of CAC scans in cardiovas-
cular risk stratification, potentially enhancing clinical 
guidelines and practices, and integrating CAC scoring 
into risk prediction models.

Ethics and dissemination
This study underwent expedited review procedures and 
was determined to be exempt from institutional review 
board approval (ID 24–0 03 921; 45 CFR 46.104d, cate-
gory/subcategory 4(iii)). Ethical principles have and 
will continue to be carefully considered and adhered to, 
and only patients who previously consented to the use of 
their data for research purposes will be included in this 
cohort. Unique identifiers will be created to document 
all findings, ensuring the anonymity of the patients whose 
records are being reviewed. Data will be securely stored 
on encrypted, institution-approved cloud services, with 
access limited to the investigating team. Any modifica-
tions to the study design will be promptly submitted to 
the ethics review committee for review.

The results of this study will be disseminated through 
publication in a peer-reviewed journal and presentations 
at both national and international academic conferences. 
Additionally, we aim to promote our findings via social 
media platforms.

X Ivana Croghan @IvanaCroghanPhD
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