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ABSTRACT

Progression of coronary artery calcification and association with
traditional risk burden in asymptomatic Korean adults: the Korea
initiatives on coronary artery calcification (KOICA) registry

Ji Hyun Lee

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Hyuk-Jae Chang)

Introduction: Repeat coronary artery calcium (CAC) screening has been
suggested as a method to track progression of atherosclerosis, which
underlines that excessive CAC progression might be related with future
cardiovascular events. We aimed to evaluate the relationship between
CAC progression and traditional risk factor (RF) burden in a large
sample of Korean adults.

Methods: From a six center, single ethnicity observational registry, a
total of 14,255 asymptomatic Korean adults (mean age, 5319 years;
84.0% male) underwent two examinations, including CAC screening as
part of a broader health study with an average of 3.75+1.92 years
between scans. CAC progression was defined as a difference =2.5
between the square root (V) of the baseline and follow-up CAC scores.
A composite score summed the individual parameters as 0, 1, 2, and =
3 RFs, including hypertension, diabetes, current smoking, high LDL-,
and low HDL-cholesterol.

Results: A total of 5,080 individuals (35.6%) experienced CAC
progression during follow-up (median, 6.9 years; interquartile range,
5.0-8.4 years). Most traditional cardiovascular RFs were independently

associated with CAC progression, and CAC progression was related to

1



a higher RF burden compared to those without any RF (P-value < 0.05).
The annualized CAC progression rate was 0.5%, 0.6%, 0.8%, and 0.9%
for subjects with RFs of 0, 1, 2, and =3, respectively. For all subsets of
risk burden at baseline, the annualized CAC progression notably
increased as the risk burden increased at follow-up, compared to
baseline (all P-value < 0.05).

Conclusion: In asymptomatic Korean adults, cardiovascular RFs were
significantly related to progression of subclinical atherosclerosis, and
increased risk burden was associated with a higher risk of CAC
progression. Furthermore, CAC progression rate was significantly
associated with risk burden changes over time.

Key words: coronary artery calcium score; progression; risk factor; risk
burden; annualized CAC progression.



Progression of coronary artery calcification and association with
traditional risk burden in asymptomatic Korean adults: the Korea
initiatives on coronary artery calcification (KOICA) registry

Ji Hyun Lee

Department of Medicine
The Graduate School, Yonsei University

I. INTRODUCTION:

Coronary artery calcium (CAC) is associated with coronary atherosclerosis and
correlates well with atherosclerotic burden.> 2 CAC scoring, as measured by
cardiac computed tomography (CT), is an effective marker for predicting
incident coronary artery disease (CAD), CAD mortality, and all-cause
mortality.>® However, a single evaluation of atherosclerosis may not fully
delineate the dynamic properties of the disease, and the ability to quantify
atherosclerotic change may improve prognostic information. Thus, serial
assessment of CAC has been proposed as a method to track the progression of
coronary atherosclerotic burden,” since excessive progression of CAC might be
related to future cardiovascular events. Hence, cardiovascular risk should be
reappraised in individuals with CAC progression, as the most recent CAC score
is the most informative for future cardiovascular risk.®

Although studies have assessed the importance of CAC progression and
its cardiovascular risk factors (RF), they predominantly involved Western
populations.®* Whether the presence of individual traditional RFs displays a
close relationship with CAC progression among non-Western populations
remains unclear. Further still, CAC progression according to RF burden as well
as the change in risk burden over time, remains to be determined beyond
Western societies. In this study, using a large cohort of asymptomatic Korean
adults, we aimed to determine the relationship between CAC progression and
cardiovascular RFs as well as RF burden and, further risk burden changes over
time.



Il. MATERIALS AND METHODS

1.

Study population

We used data of individuals enrolled in the Korea Initiatives on Coronary
Artery Calcification (KOICA) multicenter registry, the design and
rationale of which has been previously described.’® This is an
observational, retrospective, single ethnicity, dynamic multicenter
registry in a self-referral setting for subjects who underwent cardiac CT
for CAC scoring as a part of a health examination at six health care
centers in South Korea. A total of 94,558 individuals were enrolled in the
registry from April 2003 to March 2017 (Figure 1). Self-reported medical
questionnaires were used to obtain information about medical history,
and all data were obtained during visits to each healthcare center. A total
15,146 individuals who underwent at least two CAC scan examinations,
were included. Individuals with a prior history of ischemic heart disease
or stroke (n=793) were excluded and 14,255 subjects were finally
enrolled in the study.



CAC scan between 2003 and 2017 in KOICA registry
(n=94,558)

A single scan performed
(n=78,245)

F————

v

At least two scans
(n=16,313)

Scan duration < 365 days (n=1,061)
Without an available CAC score (n = 106)

v

Subjects with available repeat CAC scan
n=15,146

Patients excluded due to:
+ Prior history of CAD or stroke (n=793)
+ Without an available all-cause mortality (n=98)

Final subjects in analytic sample
n =14,255

Figure 1. Flow diagram of participants in the KOICA registry.
Abbreviations: CAC = Coronary artery calcium; CAD = Coronary artery
disease.

Cardiovascular risk factor collection

A detailed interview related to sociodemographic factors and risk profiles
was administered during the health examination. All data were obtained
at baseline and follow-up visit using a health check database at the
healthcare center of each site in South Korea. Clinical parameters
included age, sex, and body mass index, and laboratory tests for lipid
profiles after a minimum 8-hour fast were also obtained. Self-reported
medical questionnaires were used to obtain information regarding
smoking status, past medical history of hypertension (HTN), diabetes
mellitus (DM), dyslipidemia, and family history of early CAD. In this
study smoking was defined as current use of cigarettes. HTN and DM
were defined as individuals who had a physician-diagnosed medical
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history of each respective disease, which they self-reported via medical
questionnaire. Low high density-cholesterol (HDL-C) was defined as
<40 mg/dL, and high low density-cholesterol (LDL-C) was defined as
=130 mg/dL. For the purpose of this study, the analyses were evaluated
to each individual RF, as well as by RF burden, which was defined as
having 0, 1, 2, or = 3 of the pre-specified modifiable RFs (HTN, DM,
current smoking, high LDL-C, and low HDL-C). All methods were
performed in accordance with the relevant regulations and guidelines.

CAC score acquisition and analysis

The CAC score was subsequently calculated according to the scoring
system previously described by Agatston et al.?®* CAC progression was
defined as a difference > 2.5 between the square roots (v) of the
baseline and follow-up CAC scores (A +transformed CAC) to minimize
the effect of interscan variability.!” For subjects with more than two CT
scans, the square root-transformed difference was calculated utilizing the
baseline and last CT scan. All participants in the Korean cohort
underwent CAC scanning using a more than 16-slice multidetector CT
(MDCT) scanner. The specific CT scanner types utilized at each center
included the Philips Brilliance 256 iCT (Philips Healthcare, Cleveland,
OH, USA), Philips Brilliance 40 channel MDCT (Philips Healthcare),
Siemens 16-slice Sensation (Siemens, Forchheim, Germany), and the GE
64-slice Lightspeed (GE Healthcare, Milwaukee, WI, USA). All centers
performed standard prospective or retrospective methods with a 225 to
400 ms gantry rotation time.

Ethical statement
The appropriate institutional review board committees of each center
approved the protocol of the current study.



Statistical methods

Based on the presence/absence of CAC progression, and pre-specified
risk burden, continuous variables are reported as means * standard
deviation, the differences in continuous variables for patients according
to symptom typicality were compared using a Student’s t test.
Categorical variables are expressed as counts with percentages and were
compared by use of Pearson’s chi-square test. Univariable and
multivariable logistic regression analyses reporting the odds ratio (OR)
with 95% confidence interval (95% CI) were constructed to identify not
only the clinical RFs significant for CAC progression, but also the
associations between CAC progression and risk burden. In an adjusted
logistic regression model, the most clinically important variables were
selected to show the significant RFs to predict CAC progression, 10-year
increase in age, male sex, body mass index, current smoking, HTN, DM,
dyslipidemia and scan duration. We adjusted 10-year increase in age,
male sex and scan duration in an additional analysis indicating the
association between CAC progression and risk burden. All statistical
analyses were performed using STATA version 13 (StataCorp LP,
College Station, TX, USA), and a two-tailed P-value <0.05 was
considered statistically significant.



I1l. RESULTS

1.

Baseline characteristics

The mean age of the 14,255 participants (11,967 males, 84.0%) was
5319 years. During the follow-up (median, 6.9 years; interquartile range,
5.0-8.4 vyears), 9,175 (64.4%) and 5,080 (35.6%) patients were
categorized into no progression and progression groups, respectively.
Table 1 demonstrates the baseline characteristics of participants with and
without CAC progression according to baseline and follow-up.
Individuals with CAC progression were more likely to be elderly and,
male, and a significantly higher proportion of cardiovascular RFs, such
as HTN, DM, and dyslipidemia, than individuals without CAC
progression at both baseline and at follow-up.



Table 1. Baseline characteristics according to baseline versus follow-up

At baseline At follow-up

Variables Overall No progression Progression Overall No progression Progression

(n = 14,255) (n = 9,175) (n = 5,080) Prvalue (n = 14,255) (n = 9,175) (n = 5,080) Prvalue
Age (years) 53+9 51+8 56 + 8 < 0.001 - - - -
Male 11,967 (84.0) 7,362 (80.2) 4,605 (90.7) < 0.001 - - - -
Body mass index (kg/m?) 246 + 28 243+ 238 250+ 2.6 <0.001 245+ 2.7 243+ 2.7 248+ 2.7 <0.001
Weight circumference (cm) 86.9+ 7.9 85.9+ 8.1 885+ 7.3 <0.001 86.9+ 7.3 86.0 + 8.0 885+ 7.3 <0.001
Creatinine (mg/dL) 0.97 + 1.05 0.94 + 0.17 101+ 175 <0.001 0.93+ 0.79 0.92 + 0.98 0.93+ 0.17 0.292
hs-CRP (mg/dL) 0.30 + 1.59 0.36 + 1.95 0.19 + 0.49 <0.001 0.31+ 0.95 0.37 + 1.67 0.20 + 0.95 <0.001
Fasting glucose (mg/dL) 99.1+ 20.5 96.7+ 184 103.3+ 23.3 <0.001 102.1+ 20.8 99.8 £ 19.2 106.3+ 22.7 <0.001
HbAlc (%) 57+ 15 57+ 06 59+ 22 <0.001 58+ 19 57+ 23 6.0+ 0.8 <0.001
SBP (mmHg) 119.6 + 14.8 119+ 15 121+ 15 <0.001 120 + 15 119+ 15 122+ 15 <0.001
DBP (mmHg) 76.0 £ 10.8 75+ 11 77+ 11 <0.001 77+ 11 76+ 11 78+ 10 <0.001
Total cholesterol (mg/dL) 197.2+ 34.0 197.2+ 33.6 197.0+ 34.6 0.644 191.8+ 35.7 195.2+ 34.8 185.7 + 36.6 <0.001
Triglyceride (mg/dL) 139.3+ 87 1342+ 85.7 148.7 + 88.6 <0.001 131.2 + 80.8 130.3+ 80.4 133.0+ 815 0.052
HDL-C (mg/dL) 51.7+ 125 520+ 12.7 512+ 122 <0.001 531+ 144 53.7+ 14.8 52.2+ 13.6 <0.001
LDL-C (mg/dL) 125.2 + 30.5 1246 + 30.1 126.1+ 31.1 0.011 1185+ 32.1 120.6 £ 31.8 1145+ 32.3 <0.001
Hypertension 4,092 (29.6) 2,087 (23.6) 2,005 (40.4) <0.001 5,206 (38.1) 2,702 (30.9) 2,504 (50.7) <0.001
Diabetes mellitus 1,468 (10.6) 650 (7.4) 818 (16.5) <0.001 2,126 (15.6) 978 (11.2) 1,148 (23.3) <0.001
Dyslipidemia 2,731 (20.6) 1,421 (16.7) 1,310 (27.6) <0.001 3,670 (27.8) 1,855 (22.0) 1,815 (38.1) <0.001
Current smoking 3,429 (25.9) 2,165 (25.5) 1,264 (26.6) 0.182 2,769 (21.5) 1,772 (21.3) 997 (21.8) 0.498
Family history of CAD 938 (11.6) 579 (10.5) 359 (13.8) <0.001 - - - -
CAC score categories
0 7,693 (54.0) 6,570 (71.6) 1,123 (22.1) 6,267 (44.0) 6,267 (68.3) 0(0)
1-100 4,723 (33.1) 1,987 (21.7) 2,736 (53.9) <0.001 4,402 (30.9) 2,254 (24.6) 2,148 (42.3) <0.001
>100 1,839 (12.9) 618 (6.7) 1,221 (24.0) 3,586 (25.2) 654 (7.1) 2,932 (57.7)

Data are given as mean + standard deviation or number of patients (%)
Abbreviations: SBP = Systolic blood pressure; DBP = diastolic blood pressure; RF = Risk factor; CAD = Coronary artery disease; CAC = Coronary artery calcium;

HDL-C = High-density lipoprotein cholesterol; LDL-C = Low-density lipoprotein c%olesterol; hs-CRP = High-sensitivity C-reactive protein; HbAlc = Hemoglobin Alc



Association between clinical factors and CAC progression

Table 2 describes the univariable and multivariable logistic regression
analyses for predicting CAC progression according to individual
cardiovascular RFs. Univariable analysis demonstrated that age (10 year
increase) (OR 1.98; 95% CI 1.89-2.07; P < 0.001), male sex (OR 2.34;
95% CIl 2.14-2.66; P < 0.001), body mass index (OR 1.10; 95% CI
1.08-1.11; P < 0.001), HTN (OR 2.19; 95% CI 2.03-2.36; P < 0.001),
DM (OR 2.48; 95% CI 2.23-2.77; P < 0.001), and dyslipidemia (OR
1.90; 95% CI 1.74-2.07; P < 0.001) were significantly associated with an
increased risk of CAC progression, yet current smoking was not
correlated with an incremental risk of CAC progression (OR 1.06; 95%
Cl 0.98-1.15; P = 0.182). In multivariable analysis, most of clinically
important conventional RFs, such as 10-year increase in age, male sex,
higher BMI, current smoker, presence of hypertension, diabetes, and
dyslipidemia had higher risk of CAC progression against those without
CAC progression. In addition, all of the above RFs were shown to be
independently associated with CAC progression in individuals with CAC

score of O at baseline, as well as in those with a CAC score > 0 at
baseline.
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Table 2. Results of univariable and multivariable logistic regression models for CAC progression over time: Overall, in
CAC score = 0 and CAC score > 0 at baseline

Overall (n = 14,255) CAC score 0 at baseline* CAC score >0 at baseline*

Variables Univariable Multivariable* (n=7,693) (n =6,562)

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Age (years, 10year increase) 1.98 (1.89,2.07) <0.001 2.24(2.12,2,37) <0001 1.96(1.76,2.18) <0.001  1.23(1.14,1.34) <0.001
Male 2.34 (2.14, 2.66) <0.001 252(2.20,2.88) <0.001 2.30(1.81,2.92) <0.001 1.54(1.25,1.90) <0.001
Body mass index (kg/m?) 1.10(1.08, 1.11) <0.001 1.07(1.05,1.08) <0.001 1.06 (1.02, 1.09) <0.001 1.04 (1.01,1.06) 0.003
Current smoking 1.06 (0.98, 1.15) 0.182 1.29 (1.17,1.42) <0.001 1.31(1.11,1.54) 0.001 1.38(1.19,1.59) <0.001
Hypertension 2.19(2.03,2.36)  <0.001 1.76 (1.61,1.93) <0.001 1.74(1.48,2.06) <0.001  1.39(1.22,158) <0.001
Diabetes mellitus 2.48(2.23,2.77) <0.001 1.85(1.63,2.10) <0.001 1.74(1.36,2.22) <0.001 1.54(1.30,1.83) <0.001
Dyslipidemia 1.90 (1.74,2.07)  <0.001 1.85(1.63,2.10) <0.001 1.40(1.18,167) <0001  1.30(1.12,1.50) <0.001
Family history of CAD 1.36 (1.18, 1.57) <0.001 - - - - - -
Total cholesterol (mg/dL) 1.00 (1.00, 1,00) 0.644 - - - - - -
Triglyceride (mg/dL) 1.00 (1.00, 1.00) <0.001 - - - - - -
HDL-C (mg/dL) 0.99 (0.99, 1.00) <0.001 - - - - - -
LDL-C (mg/dL) 1.00 (1.00,1.00)  0.011 - - - - - -
Log hs-CRP 0.59 (0.52, 0.68) <0.001 - - - - - -
Fasting glucose 1.02 (1.01, 1.02) <0.001 - - - - - -
HbAlc 1.51 (1.43,1.59) <0.001 - - - - - -
Creatinine (mg/dL) 3.66 (2.97, 4.50) <0.001 - - - - - -

*Multivariable adjusted for age (10-year increase), male, BMI, current smoking, hypertension, diabetes, dyslipidemia, and scan duration
Abbreviations: CACS = Coronary artery calcium score; OR = Odds ratio; Cl = Confidence interval; CAD = Coronary artery disease; HDL-C = High-den
sity lipoprotein cholesterol; LDL-C = Low-density lipoprotein cholesterol; hs-CRP = High-sensitivity C-reactive protein; CAC = Coronary artery calciu

m.; HbAlc = Hemoglobin Alc
11



Baseline characteristics, absolute change in CAC score and
annualized CAC progression rate according to risk burden

The baseline characteristics are summarized according to pre-specified
risk burden (Table 3). Patients with an increased risk burden were
generally older and, male, and had a higher body mass index, creatinine,
fasting glucose, HbAlc, prevalence of HTN, DM, dyslipidemia, and
current smoking. The absolute change in CAC score was 71.8 + 212.1 for
the total study population. In terms of the strata of risk burden, the
absolute increase in the CAC score was 45.9 + 168.9, 66.0 + 208.2, 82.4
+222.2, and 97.61£242.4 for subjects with the presence of 0, 1, 2, and =

3 RFs, respectively. The annualized CAC progression rate was 0.71 £
1.4 events/year for the overall cohort population, and 0.5 £ 1.0, 0.6 £
1.2,0.8 £ 1.6,and 0.9 = 1.8 for participants with the presence of 0, 1,

2,and = 3 RFs, respectively.
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Table 3. Baseline characteristics, absolute change in CAC score and annualized CAC progression rate according to risk burden

Risk burden

Variables Overall

0 RF (n = 2,540) 1RF(n=5774) 2RFs(n=3,613) >3 RFs(n=2,328) P-value
Age (years) 53+9 52+ 9 53+ 8 53+ 9 54+ 8 0.017
Male 11,967 (84.0) 1,938 (76.3) 4,735 (82.0) 3,256 (90.1) 2,038 (87.5) <0.001
Body mass index (kg/m?) 246 + 2.8 236+ 2.6 244+ 26 251+ 27 253+ 3.0 <0.001
Weight circumference (cm) 86.9+ 7.9 834+ 83 865+ 7.4 88.7+7.3 89.2+ 8.0 <0.001
Creatinine (mg/dL) 0.97+ 1.05 0.92+ 0.18 0.96 + 0.17 1.02+ 2.05 0.95% 0.17 0.002
hs-CRP (mg/dL) 0.30+ 1.59 0.34+ 122 0.32+ 2.08 0.27+ 1.19 0.24 + 0.99 0.144
Fasting glucose (mg/dL) 99.1+ 205 938+ 12.7 96.5+ 16.1 101.7 + 22.0 107.4+ 29.8 <0.001
HbAlc (%) 57+ 15 55+ 05 5.6+ 0.6 59+ 26 6.1+ 1.0 <0.001
Systolic blood pressure (mmHg) 119.6 + 14.8 116 + 13 119+ 14 122 + 16 122+ 16 <0.001
Diastolic blood pressure (mmHg) 76.0+ 10.8 74+ 10 76+ 11 77+ 11 77+ 11 <0.001
Total cholesterol (mg/dL) 197.2+ 340 1787+ 224 199.4 + 34.3 2034+ 354 202.6 £ 345 <0.001
Triglyceride (mg/dL) 139.3+ 87 110.1+ 69.1 1319+ 78.7 157.3+ 96.2 161.3+ 97.3 <0.001
HDL-C (mg/dL) 51.7+ 125 56.8+ 12.6 53.0+ 11.8 488 + 11.7 46.8+ 12.3 <0.001
LDL-C (mg/dL) 125.2 + 30.5 1059+ 17.1 1278+ 31.1 132.8 + 31.3 131.0+ 30.9 <0.001
Hypertension 4,092 (29.6) 0(0) 1,198 (20.8) 1,774 (49.1) 1,120 (59.6) <0.001
Diabetes mellitus 1,468 (10.6) 0(0) 228 (3.6) 592 (16.4) 648 (34.5) <0.001
Dyslipidemia 2,731 (20.6) 299 (12.1) 1,086 (19.2) 889 (25.1) 457 (29.2) <0.001
Current smoking 3,429 (25.9) 0(0) 805 (13.9) 1,690 (46.8) 934 (71.4) <0.001
Family history of CAD 938 (11.6) 170 (10.5) 408 (11.4) 259 (12.4) 101 (12.2) 0.303
Absolute changes in CAC score 718+ 2121 45.9+168.9 66.0£208.2 82.44222.2 97.6+242.4 <0.001
Annualized CAC progression rate 071+ 14 0.5+1.0 0.6+1.2 0.8+1.6 0.9£1.8 <0.001

Data given as mean * standard deviation or number of patients (%)
Abbreviations: RF = Risk factor; CAD = Coronary artery disease; CAC = Coronary artery calcium; HDL-C = High-density lipoprotein cholesterol; LDL-C = Low-density
lipoprotein cholesterol; hs-CRP = High-sensitivity C-reactive protein; HbAlc = Hemoglobin Alc



Distribution and logistic regression analyses with 95% CI for CAC
progression according to risk burden and the absence/presence of
CAC

The distribution according to risk burden as well as the absence/presence
of CAC is shown in Figure 2A. The presence of 0, 1, 2, and = 3 RFs for
subjects with CAC progression was 25.5%, 33.9%, 41.2%, and 42.4%,
respectively. Notably, the presence of 0, 1, 2, and = 3 RFs for subjects
with a CAC score of 0 at baseline was 9.5%, 12.9%, 19.7%, and 19.2%,
respectively, whereas the presence of 0, 1, 2, and = 3 RFs for subjects
with a CAC score > 0 was 55.6%, 60.5%, 63%, and 59.4%, respectively.
Figure 2B displays the unadjusted and adjusted logistic regression
analyses for predicting CAC progression according to risk burden. In
particular, an incremental risk burden was significantly associated with a
higher risk of CAC progression.
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Figure 2. (A) Distribution of CAC progression according to risk burden and the absence/presence of CAC. (B) Logistic regression models

(ORs with 95% CI) for the progression of CAC according to risk burden. *Adjusted for age, sex and scan duration.
Abbreviations: CAC = Coronary artery calcium; OR = Odds ratio; Cl = Confidence interval; RF = Risk factor.
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Annualized CAC progression rate according to change in risk
burden at follow-up

The baseline characteristics and risk burden change at follow-up were
observed (Supplementary Table S1). Figure 3 demonstrates the
annualized CAC progression rate according to risk burden changes at
follow up (decreased/same/increased), as well as the baseline risk burden.
The annualized CAC progression rate increased with increased risk
burden change across each RF category. Markedly, the lowest CAC
progression rate was observed among those with same risk burden group
and 0 RF at baseline (0.42 event/year), whereas those with increased risk
burden and 2 RFs had the highest CAC progression rate (1.04
events/year). Further still, among subjects with 0 RF at baseline, the
annualized CAC progression rate was relatively low (e.g., 0.42 and 0.53
for same and increased risk burden at follow-up, retrospectively),
however was higher among those with = 3 RFs (e.g., 0.91 and 0.98 for

decreased and same risk burden at follow-up, retrospectively).
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Figure 3. Annualized CAC progression rate according to risk burden at
baseline and risk burden changes at follow-up (Decreased / Same /
Increased risk burden).

Abbreviations: CAC = Coronary artery calcium; RF = Risk factor.
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IV. DISCUSSION

Using data from the KOICA registry, we sought to assess the relationship between
CAC progression and traditional risk burden in a large cohort of asymptomatic
Korean adults. Our findings demonstrated that well-established cardiovascular
RFs were significantly associated with the progression of CAC, these included
older age, male sex, higher body mass index, fasting glucose, HbALlc, creatinine,
and the presence of clinical RFs, such as HTN, DM, dyslipidemia, and family
history of CAD. Similar findings were demonstrated regardless of the absence or
presence of baseline CAC. An increased risk burden was associated with a
higher risk of subclinical incremental atherosclerotic burden as measured by
CAC scanning. The CAC progression rate increased with the incremental risk

burden change at follow-up across all subsets of RF burden at baseline.
The baseline CAC score determined by cardiac computed tomography
(CT), is a well-identified diagnostic imaging tool for the detection of subclinical
CAD that may improve the prediction of future cardiovascular events.®
However, since atherosclerosis is a dynamic process, as shown by studies
indicating both plaque progression and regression,® serial assessment of CAC
scores has been proposed as a method to monitor atherosclerosis progression and
to evaluate the effectiveness of medical treatment to minimize adverse
cardiovascular risk.” In a study cohort of 4,609 asymptomatic adults undergoing
serial CAC scans, the investigators revealed that CAC progression added
significant incremental benefit for predicting all-cause mortality over baseline
CAC score, scan duration, baseline demographics, and cardiovascular RFs.*° In
another analysis from the MESA (Multi-Ethnic Study of Atherosclerosis) study
with 6,778 subjects followed for 7.6 years, Budoff et al. showed that CAC
progression is associated with incident hard and total CAD events and graded
associations between CAC progression and CAD event risk; these findings may
indicate that the functions are linear, with greater progression related to greater
risk.2 Although our study corroborates and expands on the findings of several
previous investigations, a recent study by Radford et al.® reported that the
association of CAC progression with adverse cardiovascular outcome is no
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longer significant as including follow-up CAC. Despite this, sequential CAC
evaluation is considered clinically important, and the most recent CAC scan is
still more informative on future adverse cardiovascular events. Notably, the most
recent ACC/AHA Cholesterol Guidelines allowed for use of the CAC score in
selected adults if a risk-based treatment decision related to the initiation of statin
therapy remains uncertain.?

Several investigations of CAC progression have reported diverse
methods to estimate progression.®"22 Min et al.? defined CAC progression as
the development of any CAC (CAC score >0). In the cohort from the MESA
study, Kronmal et al.® utilized the MESA method, which used the natural
logarithm plus 25 difference [In CAC(follow-up) + 25]-(In CAC(baseline) + 25)].
Hokanson and colleagues used the square root method where CAC progression
was defined as a difference > 2.5 between the square roots () of the baseline
and follow-up CAC scores with the purpose of reducing the impact of interscan
variability.}” Budoff el al.*® compared previously reported techniques to identify
the best model to predict adverse outcomes with CAC progression. Although all
methods for appraising CAC progression were significantly associated with
all-cause mortality, with the exception of in adults with a CAC score of 0, the
square root-transformed model revealed the best fit of the data, regardless of
baseline CAC score (CAC score = 0, > 0, and > 30. The latter study showed that
CAC progression was associated with > 3-fold increase in outcome regardless of
the cut points of the baseline CAC score. In light of this, our study defined the
progression of CAC as a square root-transformed difference > 2.5 in the same
manner.

Several studies have documented the associations between clinical RFs
and the progression of CAC. In a study of 299 asymptomatic adults, Budoff et
al.’® indicated that statin therapy resulted in a 61% decrease in the CAC
progression rate. Yoon and colleagues demonstrated that CAC progression was
significantly related to HTN and DM in a study comprising 217 consecutive
asymptomatic individuals.* Albeit, these investigations were based on small
sample sizes, retrospective observational designs, and/or restrictive populations.
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Kronmal et al.® provided the first large multiethnic study showing the incidence
and progression of CAC, from the MESA (Multi-Ethnic Study of
Atherosclerosis) study. In the latter study, the investigators discovered that most
conventional RFs, including age, male sex, HTN, body mass index, DM, glucose,
and family history of heart attack, were linked to both the risk of incidental and
progressed CAC. Nonetheless, given the ethnic differences in coronary
atherosclerosis and calcification, it is important to understand the nature of CAC
progression beyond the Western population. To date, the relationship of CAC
progression with cardiovascular RFs has not been investigated in an Asian
population. In a study comprising 6,268 asymptomatic adults with an initial
CAC score of 0 from the KOICA registry, Lee et al.?® reported that diverse RFs,
including age, male sex, waist circumference, diabetes, and LDL-C, were
significantly related with CAC progression. Further, they exposed CAC
progression risk by the 10-year atherosclerotic cardiovascular disease (ASCVD)
based on the pooled cohort equation.?* These findings are in keeping with our
results, and we further expanded the findings regardless of the absence/presence
of baseline CAC. The CAC progression rate was gradually increased with higher
10-year ASCVD risk (0.3%, 1.9%, 4.3%, 8.6%, and 16.7% for < 5%, = 5 but <
7.5%, and = 7.5%, respectively). Yet, as age is a primary determinant in
traditional risk prediction algorithms, some individuals (i.e., younger adults)
might be stratified as low estimated 10-year risk despite a significant burden of
RFs.* Thus, we sought to clarify the risk of CAC progression according to
prespecified modifiable RFs, as well as risk burden. Our findings corroborate
and expand the results of the latter study, in that we have demonstrated that the
CAC progression rate increased steadily with higher risk burden.

To our knowledge, this study is the first to report that the change in risk
burden at follow-up can influence the CAC progression rate across all ranges of
baseline risk burdens beyond Western populations. Our study provides strong
confirmatory evidence that the annualized CAC progression increased with
higher risk burden across each baseline RF category. Although individuals have
same RFs at baseline, those with decreased risk burden at follow-up had a lower

20



CAC progression rate. In this regard, our results further advocate the importance
of modulating RFs in clinical practice, which include stopping smoking,
intensive control of blood pressure, and taking a lipid-lowering medication in
order to achieve a satisfactory lipid profile on the background of the recent
guidelines.?

This study has some limitations that bear mentioning. It was
observational and retrospective in nature; thus, it was difficult to determine a
causal relationship. Hence, the possibility of residual confounding cannot be
discounted due to unmeasured parameters. Moreover, we could not eliminate the
possible effects of medications for hypertension, diabetes mellitus, and
hyperlipidemia on CAC progression. In previous observational investigations,
statin treatment in particular might have introduced confounding if related to
better generalized cardiovascular care. Therefore, although we adjusted
dyslipidemia for logistic regression models, further large prospective studies are
needed to address these issues. The KOICA registry was on the background of
self-referred participants who underwent routine health check-up programs
including cardiac CT, which may not be fully representative of the overall
Korean population. Therefore, this study may have inferred a potential selection
bias. Further, the study sample had a male predominance; therefore, caution
should be taken in extrapolating our results to females. Finally, repeated cardiac
CT scans were not implemented according to a specific study protocol, and the
duration of interscan among study participants varied. Nevertheless, we
calculated the annualized CAC progression rate to lessen the effect of variations
in the interscan duration.

V. CONCLUSION

In asymptomatic Korean adults, conventional cardiovascular RFs were
significantly related to the progression of subclinical atherosclerosis as measured
by CAC scanning. The increased risk burden demonstrated a strong association
with a higher risk of CAC progression. Furthermore, the CAC progression rate
was significantly associated with risk burden changes at follow-up.
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APPENDICES

Supplementary Table S1. Baseline characteristics according to risk burden changes at follow-up

Risk burden change at follow-up

Variables Overall Decreased burden Same burden Increased burden Povalle
(n=3,688) (n=7,945) (n=2,622)

Age (years) 53+9 53+9 53+9 53+8 0.329
Male 11,967 (84.0) 3,134 (85.0) 6,619 (83.3) 2,214 (84.4) 0.06

Body mass index (kg/m?) 24.6+2.8 24.8+2.7 24.4+2.8 24.6+2.7 <0.001
Weight circumference (cm) 86.9+7.9 88.2+7.5 86.4+8.1 86.7+7.9 <0.001
Creatinine (mg/dL) 0.97+1.05 1.0£0.2 1.0+1.4 0.9£0.2 0.255
hs-CRP (mg/dL) 0.30£1.59 0.3+x1.9 0.3+x1.5 0.4+1.2 0.189
Fasting glucose (mg/dL) 99.1+20.5 99.5+21.1 98.8+20.6 99.4+19.5 0.146
HbAlc (%) 5.7+1.5 5.8+0.7 5.7+1.9 5.7+0.7 0.224
Systolic blood pressure (mmHg) 119.6+14.8 120415 119+15 121+14 <0.001
Diastolic blood pressure (mmHg) 76.0£10.8 76+11 7611 7711 <0.001
Total cholesterol (mg/dL) 197.2+34.0 201.7+34.8 196.7+34.7 192.1+29.4 <0.001
Triglyceride (mg/dL) 139.3+87 152.1497.4 133.8+81.1 138.4+87.2 <0.001
HDL-C (mg/dL) 51.7£12.5 46.8£12.7 53.2£12.2 53.1+£11.6 <0.001
LDL-C (mg/dL) 125.2+30.5 134.7+30.2 123.4+31.2 119.1+26.0 <0.001
Hypertension 4,092 (29.6) 1,469 (39.9) 2,177 (29.0) 446 (17.0) <0.001
Diabetes Mellitus 1,468 (10.6) 517 (14.0) 812 (10.8) 139 (5.3) <0.001
Dyslipidemia 2,731 (20.6) 796 (21.9) 1,429 (20.3) 506 (19.8) 0.078

Current smoking 3,429 (25.9) 982 (26.6) 1,832 (26.5) 615 (23.5) 0.006

Family history of CAD 938 (11.6) 287 (11.9) 490 (12.0) 161 (10.0) 0.095

Data given as mean + standard deviation or number of patients (%)

Abbreviations: RF = risk factor; CAD = coronary artery disease; HDL-2C6: high-density lipoprotein cholesterol; LDL-C = low-density lipoprotei

n cholesterol; hs-CRP = high-sensitivity C-reactive protein; HbAlc = hemoglobin Alc
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