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Background: Coronary artery calcium score (CACS) has become an important tool for evaluating cardiovascular disease (CVD). 
This study evaluated the significance of CACS for future CVD through more than 10 years of follow-up in asymptomatic Korean 
populations with type 2 diabetes mellitus (T2DM) known to have a relatively low CACS burden.
Methods: We enrolled 981 asymptomatic T2DM patients without CVD at baseline who underwent CACS evaluation using multide-
tector computed tomography between January 2008 and December 2014. They were grouped into five predefined CACS categories 
based on Agatston scores and followed up by August 2020. The primary endpoint was incident CVD events, including coronary, 
cerebrovascular, and peripheral arterial disease.
Results: The relative risk of CVD was significantly higher in patients with CACS ≥10, and the significance persisted after adjust-
ment for known confounders. A higher CACS category indicated a higher incidence of future CVD: hazard ratio (95% confidence 
interval) 4.09 (1.79 to 9.36), 12.00 (5.61 to 25.69), and 38.79 (16.43 to 91.59) for 10≤ CACS <100, 100≤ CACS <400, and CACS 
≥400, respectively. During the 12-year follow-up period, the difference in event-free survival more than doubled as the category in-
creased. Patients with CACS below 10 had very low CVD incidence throughout the follow-up. The receiver operating characteristic 
analysis showed better area under curve when the CACS cutoff was 10 than 100.
Conclusion: CACS can be a sensitive marker of CVD risk. Specifically, CACS above 10 is an indicator of CVD high-risk requiring 
more intensive medical treatment in Koreans with T2DM.
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INTRODUCTION

Patients with diabetes have at least twice the coronary heart dis-

ease (CHD)-related mortality risk compared with individuals 
without diabetes [1] as well as a similar risk of new-onset myo-
cardial infarction (MI) as of non-diabetic individuals with a pri-
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or MI [1,2]. Despite the absence of comorbidities, such as hy-
pertension, or symptoms related to cardiovascular disease 
(CVD) [3,4], assessment of CVD risk is very important in pa-
tients with diabetes to enable early diagnosis or preventive man-
agement to decrease the risk [5].

The coronary artery calcium score (CACS) is an independent 
risk factor for all-cause mortality in subjects with or without dia-
betes [6,7], albeit with a higher burden in patients with diabetes 
[7-9]. And the CACS constitutes an additional cardiovascular 
(CV) risk assessment tool for patients with diabetes, and the di-
agnostic value has been emphasized, especially in asymptomatic 
patients [10]. The prognostic value of coronary artery calcium 
(CAC) for CV events in asymptomatic patients, regardless of 
race, is-well known [11-15]. Furthermore, a prospective study 
showed an approximately 30% increase in the CHD risk for 
each doubling of CACS in patients with type 2 diabetes mellitus 
(T2DM) [9]. A meta-analysis including eight studies with mean 
follow-up of 5.18 years revealed the association of CACS ≥10 
with CHD risk in patients with T2DM [16]. A 15-year long-term 
follow-up study showed that patients with diabetes have a high-
er CACS burden (≥100) than non-diabetic individuals, whereas 
CACS=0 indicated a good 5-year prognosis for mortality that 
was similar to that of non-diabetic patients [8]. In an additional 
15-year follow-up study based on the Multi-Ethnic Study of 
Atherosclerosis (MESA) data, the CVD risk including heart 
failure according to the increase in the CAC category in non-di-
abetic patients is similar to the risk of CVD in diabetic patients 
with CAC of one category lower [15]. However, in this study, 
the CAC category was broadly divided into 0, 1–100, or 100+ 
based on American College of Cardiology (ACC)/American 
Heart Association (AHA) guideline [17], which the authors  
also suggest as a limitation. And they did not suggest a specific 
CACS cutoff for stratification of high-risk CVD groups in as-
ymptomatic diabetic patients. The current ACC/AHA guideline 
strongly recommended to start on statins if CACS is ≥100 in 
non-diabetic patients with an “intermediate risk” of 10-year ath-
erosclerotic cardiovascular disease (ASCVD) [17]. However, 
regardless of diabetes, only CACS of ≥100 correlated well with 
the 10-year ASCVD risk category for primary prevention, help-
ing to improve CVD risk prediction [18].

In this long-term (12 years) cohort study, we evaluated the 
relative risk for CVD according to the baseline CACS burden. 
The primary endpoint was incident CVD, defined as coronary 
artery, cerebrovascular, and peripheral artery disease [3,4]. The 
too broad CACS category mentioned as a limitation of previous 
MESA analysis was further subdivided by referring to previous 

imaging studies [19]. Based on this, a specific CACS cutoff was 
proposed to stratify CVD risk in Korean patients with T2DM.

METHODS

Study population and design
This long-term retrospective study was conducted from January 
2008 to August 2020, and included 1,058 asymptomatic patients 
with T2DM who underwent CACS evaluations at the Depart-
ment of Endocrinology and Metabolism, Kangbuk Samsung 
Hospital between January 2008 and December 2014. The CAC 
was examined using a multidetector computed tomography, 
which scans in conjunction with an electrocardiogram (Bril-
liance 64 slice and CT 6000 iCT scanners, Philips, Amsterdam, 
Netherlands). The CACS was evaluated by the Agatston score 
[20], which was obtained by multiplying the indexed maximal 
computer tomographic number according to a specific category 
with a computed tomography density ≥130 Hounsfield units for 
the lesion by the lesion area, and then summing the values for all 
lesions [21]. At the baseline evaluation, no assessment of the de-
gree of coronary artery stenosis, besides the CACS score, was 
performed.

The term CVD encompasses coronary artery disease (CAD; 
also known as CHD), cerebrovascular disease, and peripheral 
artery disease [3,4]: fatal/non-fatal MI, stable/unstable angina, 
atherosclerotic coronary disease, ischemic heart disease, stroke 
(cerebral infarction), transient ischemic attack, carotid artery 
stenosis, and peripheral artery disease. In addition, CVD diag-
nosis was included only when the official diagnosis name (or 
code) and date of diagnosis were confirmed simultaneously  
on the chart or computerized data. After excluding 69 patients 
with underlying CVD or eight patients with data missing for the 
analysis variables, 981 participants (male, 57.4%) were enrolled 
and classified into five risk stratification categories based on the 
CACS [19] as follows: absent (CACS=0, n=543), minimal (1≤ 
CACS <10, n=88), mild (10≤ CACS <100, n=172), moder-
ate (100≤ CACS <400, n=133), and extensive (CACS ≥400, 
n=45) (Supplemental Fig. S1). This study was approved by  
the Institutional Review Board of Kangbuk Samsung Hospital 
(KBSMC 202211049-HE001, Seoul, Korea), which waived the 
requirement for informed consent because of the analysis of de-
identified data in this retrospective cohort study.

Acquisition of medical information and anthropometrics
The diagnosis of incident CVD was confirmed using computer-
ized patient disease codes and official records that were obtained 
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from the physicians’ notations in medical charts. Information  
on medical history, alcohol consumption, smoking status, and 
physical activity was obtained from official medical charts and 
interview records of the patient’s visits to the study center and 
meticulously verified. Alcohol intake was determined based on 
the average number of weekly standard drinks in accordance 
with the World Health Organization guidelines, and active alco-
hol consumption was defined, regardless of sex, as consuming 
>14 standard drinks (140 g pure ethanol) per week [22]. Current 
smoking status was determined based on yes or no responses to 
questions. Regular exercise was defined as moderate- or high-
intensity exercise lasting more than 1 hour, at least three times a 
week. The blood pressure was measured using a standard sphyg-
momanometer with the patient in the sitting position with a sta-
ble status after sufficient rest. All biochemical tests were per-
formed in laboratories with standardized equipment, and anthro-
pometric measurements were performed by well-trained staff. 
Total cholesterol, high-density lipoprotein cholesterol, and low-
density lipoprotein cholesterol (LDL-C) levels were measured 
by using enzymatic colorimetric method, selective inhibition 
method, and homogeneous enzymatic colorimetric test, respec-
tively. Urinary albumin-to-creatinine ratio (UACR) was deter-
mined by measuring spot urine albumin base on radioimmuno-
logical competition assay (Immunotech, Prague, Czech Repub-
lic) method and spot urine creatinine concentration by using a 
modified Jaffe method. Blood glucose levels were assessed by 
the hexokinase method (Modular D2400, Hitachi, Tokyo, Ja-
pan). Glycated hemoglobin (HbA1c) levels were measured by 
the immunoturbidimetric assay method (Cobra Integra 800 au-
tomatic analyzer, Roche Diagnostics, Basel, Switzerland).

Statistical analysis
To determine the hazard ratio (HR) with 95% confidence inter-
val (CI) for CV events, a Cox proportional hazard model with 
five baseline CACS category groups was used. The main refer-
ence group is patients with a CACS of <10, and additionally, in 
the supplementary analysis, patients with zero CACS were ap-
plied as a reference group. And known confounding factors for 
the risk of MI or CVD [23] were adjusted in various models: 
model 1, adjusted for age and sex; model 2 additionally adjusted 
for body mass index (BMI), HbA1c, hypertension, LDL-C, and 
creatinine; model 3, additionally adjusted for smoking status, 
alcohol consumption, regular exercise, diabetes mellitus (DM) 
medications, and anti-dyslipidemia medications; model 4, addi-
tionally adjusted for DM duration. Kaplan-Meier estimation 
was used to determine the probability of CV events over time, 

whereby the interval survival rates at each timepoint in the fol-
low-up period as well as the cumulative survival rate were cal-
culated. Restricted spline curve analysis was used to estimate 
the baseline log-cumulative hazards, and local regression 
smoothing in a generalized additive model was used to obtain 
curves of pointwise estimation and CI.

 The participants were divided into subgroups stratified by 
CVD-associated confounding factors, including age (years; 
20≤ age <59 and 59≤ age), sex, BMI (kg/m2; <25 and ≥25), 
exercise status (times/week; <3 and ≥3), smoking status (cur-
rent smoker, nonsmoker), hypertension (yes, no), and diabetes 
duration (years; <10 and ≥10). The adjusted model 4 was used 
for the abovementioned subgroup analyses. 

 Continuous data were expressed as the mean±standard devi-
ation and compared using a t test for two independent samples, 
as appropriate. In case of skewed distribution, the median (in-
terquartile range) was used in the Mann-Whitney U test. One-
way analysis of variance (ANOVA) was used for evaluating 
more than two continuous independent variables, and the Krus-
kal-Wallis test was applied for non-normally distributed vari-
ables. All two-tailed values with P<0.05 were considered statis-
tically significant. All statistical analyses were performed using 
STATA version 16.1 (StataCorp., College Station, TX, USA).

RESULTS

Of the 981 participants, 438 (44.7%) had positive CAC at the 
baseline (Table 1) who were relatively older and had a longer 
duration of diabetes, higher rates of hypertension, and signifi-
cantly higher levels of UACR than participants without CAC. 
During the follow-up period (median, 10.1 years), 71 patients 
were diagnosed with CVD: only CAD=55, only cerebrovascu-
lar disease=14, CAD and cerebrovascular disease combined=1, 
and peripheral artery disease=1.

Patients with CVD were older, and had longer duration of di-
abetes, higher prevalence of hypertension, and higher creatinine 
and UACR levels than in participants without CVD, albeit with-
out statistical significance. No intergroup difference in the ratio 
of anti-dyslipidemia drug administration was noted. Interesting-
ly, the proportion of patients taking thiazolidinediones was more 
than twice as high in the non-CVD group as in the CVD group, 
but the proportion of patients receiving insulin therapy reversed. 
(Supplemental Table S1).

The crude simple incidence rate confirmed that a higher 
CACS category at baseline indicated an exponentially higher 
incidence of CV events (Supplemental Table S2). A higher 



Warning of CACS about CVD in Diabetics

Copyright © 2023 Korean Endocrine Society www.e-enm.org  571

CACS category correlated with a higher relative risk of CVD as 
compared to the reference group (patients without CAC). The 
minimal group (CACS 1–9) tended to have a higher CVD risk 
than the group with zero CAC, but these results were not statis-
tically significant especially after further adjustment of con-
founding factors. And there was little difference in CVD inci-
dence between the minimal and negative groups in Kaplan-
Meier event-free survival analysis of 12-year follow-up (Sup-
plemental Fig. S2). 

Therefore, the analysis was performed based on four CACS 
categories with groups with CACS less than 10 as reference.  
In the Cox proportional hazard analysis, patients with a CACS 
burden of 10 or higher had an average relative risk of CVD 

eight times higher (HR, 8.41; 95% CI, 4.30 to 16.46, model 4) 
than those who did not (Table 2). According to CACS catego-
ries, in the mild group (CACS 10–99), the relative risk for CVD 
was significantly higher than the reference group (CACS <10) 
(HR, 4.29; 95% CI, 1.95 to 9.39, model 1) with minimal differ-
ence even after additional adjustments for confounding factors 
(HR, 4.09; 95% CI, 1.79 to 9.36, model 4). When the CACS 
category rises by one level, the relative risk for CVD tends to 
increase by three times: moderate category (HR, 12.00; 95%  
CI, 5.61 to 25.69) and extensive category (HR, 38.79; 95% CI, 
16.43 to 91.59) in model 4. 

Kaplan-Meier event-free survival analysis (Fig. 1) confirmed 
that the groups with CACS above 10 at the baseline consistently 

Table 1. Baseline Characteristics of Participants with and without Coronary Artery Calcium 

Characteristic Total
CAC

P value
No Yes

No. of participants 981 543 (55.4) 438 (44.7)

Male sex 563 (57.4) 298 (54.9) 265 (60.5) 0.077

Age, yr 58.4±10.0 55.2±9.7 62.2±9.1 <0.001

BMI, kg/m2 25.4±3.3 25.3±3.3 25.5±3.2 0.446

Glycated hemoglobin, % 6.8±1.1 6.8±1.1 6.9±1.1 0.537

DM duration, mo 105.0±73.8 91.9±69.3 121.3±76.0 <0.001

SBP, mm Hg 121.2±13.8 120.0±13.5 122.8±1 0.001

DBP, mm Hg 72.2±9.3 72.4±9.4 71.9±9.2 0.454

Hypertension 617 (62.9) 316 (58.2) 301 (68.7) 0.001

Creatinine, mg/dL 1.3±3.7 1.3±4.9 1.2±1.2 0.376

AST, U/L 27.1±15.0 26.4±12.1 28.0±18.0 0.100

ALT, U/L 29.1±20.6 30.1±22.5 27.9±18.1 0.083

TC, mg/dL 166.0±38.1 166.9±38.6 164.9±37.5 0.423

LDL-C, mg/dL 94.0±49.1 95.1±60.6 92.6±28.9 0.403

HDL-C, mg/dL 50.5±12.1 51.0±12.3 49.8±11.7 0.118

UACR, mg/g 34.8±81.2 28.1±51.4 43.2±106.9 0.005

Alcohol consumptiona, drinks/wk 0.635

   <10 708 (72.8) 388 (71.5) 320 (73.1)

   ≥10 271 (27.6) 154 (28.4) 117 (26.7)

Current smoker 227 (23.1) 134 (24.7) 93 (21.2) 0.405

Regular exerciseb, times/wk 0.237

   <3 680 (69.3) 366 (67.4) 314 (71.7)

   ≥3 298 (30.4) 176 (32.4) 122 (27.9)

Values are expressed as number (%) or mean±standard deviation.
CAC, coronary artery calcium; BMI, body mass index; DM, diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspar-
tate aminotransferase; ALT, alanine aminotransferase; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipopro-
tein cholesterol; UACR, urinary albumin-to-creatinine ratio.
aAlcohol consumption is defined, regardless of sex, as the consumption of >10 standard drinks (140 g) per week; bRegular exercise is defined as moder-
ate-intensity exercise lasting more than 1 hour, undertaken three times per week.
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maintained a higher incidence than the groups with CACS be-
low 10. Whereas patients with CACS below 10 had very low 
cumulative incidence of CVD for at least 10 years continuously 
(Fig. 1A). As the CACS category group increased, the differ-
ence in the ultimate cumulative incidence more than doubled. 
The slope of the cumulative incidence of CVD in patients with 
CACS ≥10 was steep within the first 3 to 6 years of follow-up 

(Fig. 1B).
In a predefined subgroup analysis (Fig. 2), patients with 

CACS ≥10, in all subgroups, had a higher risk for CV events 
than patients with CACS <10 at the baseline. There was no sta-
tistical significance between groups within all subgroups except 
DM duration. The relative power of CACS as a predictor was 
stronger in patients with diabetes for less than 10 years than in 

Table 2. Risk for Future Cardiovascular Events by Baseline CACS

CACS No. (%) PY No. 
of event IR, /1,000 PY

HR (95% CI)

Model 1 Model 2 Model 3 Model 4

CACS <10 631 (64.3) 6,733.67 13   1.93 
(1.12–3.32)

1 
(reference)

1 
(reference)

1 
(reference)

1
(reference)

CACS ≥10 350 (35.7) 3,285.99 58 17.65 
(13.65–22.83)

8.94 
(4.75–16.82)

8.92 
(4.62–17.25)

8.28 
(4.24–16.14)

8.41 
(4.30–16.46)

Categories

   Mild 10≤ CACS <100 172 (17.5) 1,743.58 13   7.46 
(4.33–12.84)

  4.29 
(1.95–9.39)

  4.17 
(1.83–9.47)

  4.02 
(1.76–9.18)

  4.09 
(1.79–9.36)

   Moderate 100≤ CACS <400 133 (13.6) 1,250.83 25 19.99 
(13.51–29.58)

13.09 
(6.40–26.81)

12.76 
(6.08–26.76)

11.78 
(5.53–25.11)

12.00 
(5.61–25.69)

   Extensive ≥400 45 (4.6) 291.58 20 68.59 
(44.25–106.32)

45.35
(20.35–101.03)

43.47
(18.69–101.13)

37.99 
(16.13–89.5)

38.79 
(16.43–91.59)

   P for trend <0.001 <0.001 <0.001 <0.001

Model 1: adjusted for age and sex; Model 2: additionally adjusted for body mass index, glycated hemoglobin, hypertension, low-density lipoprotein cho-
lesterol, and creatinine; Model 3: additionally adjusted for smoking status, alcohol consumption, regular exercise, diabetes mellitus (DM) medications, 
and anti-dyslipidemia medications; Model 4: additionally adjusted for DM duration.
CACS, coronary artery calcium score; PY, person-years; IR, incidence rate; HR, hazard ratio; CI, confidence interval. 

Fig. 1. Cumulative cardiovascular (CV) event-free survival by coronary artery calcium score (CACS) cutoff 10 (A) and according to CACS 
categories at baseline (B). 
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those with diabetes for more than 10 years. However, it showed 
a tendency to have relatively higher HR for CVD in relatively 
older patients (≥59 years) than in younger patients, in females 
than in males, in obese than in normal-weight patients, and in 
patients without hypertension than those with hypertension.

In the receiver operating characteristic (ROC) curve analysis, 
the optimal CACS cutoff value (31: sensitivity, 74.6%; specific-
ity, 75.2%) is included in the mild category, which is closer to 
10, and setting the cutoff to 10 (sensitivity, 81.7% [95% CI, 
70.7% to 89.9%]; specificity, 67.9% [95% CI, 64.8% to 70.9%]) 
shows a better area under the receiver operating characteristic 
curve (AUC) value than 100 (sensitivity, 63.4% [95% CI, 51.1% 
to 74.5%]; specificity, 85.4% [95% CI, 82.9% to 87.6%]): AUC, 
0.748 (95% CI, 0.700 to 0.796) vs. 0.744 (95% CI, 0.686 to 
0.801) (Fig. 3, Supplemental Table S3). 

DISCUSSION

In this study, we analyzed the CVD risk by subdividing the CACS 

categories more specifically. It was confirmed that a CACS score 
of 10 or higher was associated with an increased future CVD risk 
in asymptomatic Koreans with T2DM. These results are aligned 
with the main findings of previous studies and strengthen the 
evidence for CACS as a useful CV risk assessment tool in as-
ymptomatic patients [7-17] based on long-term follow-up (>10 
years). This study also confirmed a good long-term prognosis 
for CVD risk in patients with CACS below 10 even in diabetic 
conditions.

The current ACC/AHA guidelines suggest CACS=100 as a 
cutoff for statin use when it is “intermediate risk” based on the 
10-year ASCVD risk in non-diabetic patients [17]. The most re-
cently published MESA study did not suggest a specific cutoff 
value for diabetic patients at high-risk of CVD. Instead, in the 
case of diabetic patients, the CACS criteria corresponding to a 
similar CVD risk was suggested to be one level lower than that 
of non-diabetic patients [15]. However, the CACS category 
range is too broad and rough.

A previous meta-study (mean follow-up of 5 years) suggested 
a CACS value of 10 for the prediction of CVD risk in T2DM 
patients, the same as our study [16]. The findings of our study 
are of clinical significance that, unlike non-diabetic patients, 
lower CACS cutoff values (10) for CVD risk prediction and 
statin use should be applied even in East Asian (Korean) diabe-
tes patients with relatively lower CACS burden through a longer 
follow-up period. We further increased the statistical signifi-

Fig. 2. Intergroup difference in the risk of cardiovascular (CV) 
events between participants with coronary artery calcium score 
(CACS) ≥10 and CACS <10 at baseline. Adjusted for age, sex, 
body mass index (BMI), glycated hemoglobin, systolic blood pres-
sure, low-density lipoprotein cholesterol, creatinine, smoking sta-
tus, alcohol consumption, regular exercise, diabetes mellitus (DM) 
medications, DM duration, and anti-dyslipidemia (DLP) medica-
tions. HR, hazard ratio; CI, confidence interval. 

HR (95% CI)

3.51 (1.15–10.76)
19.13 (6.44–56.79)

8.65 (2.82–26.58)
13.53 (5.29–34.63)

8.97 (3.33–24.12)
11.18 (4.09–30.57)

16.24 (5.8–45.44)
4.68 (1.89–11.62)

9.48 (4.52–19.92)
9.66 (1.004–92.83)

14.84 (4.19–52.6)
8.35 (3.61–19.33)

11.26 (3.43–37.04)
10.04 (4.05–24.92)

Hazard ratio for the development of CV events

Subgroup

Age
   20≤ Age <59
   59≤ Age
Sex
   Male
   Female

Obesity
   BMI <25 kg/m2

   BMI ≥25 kg/m2

DM duration
   < 10 year
   ≥ 10 year
Current smoker
   No
   Yes
Hypertension 
   No
   Yes
Anti-DLP medications
   No
   Yes

0	 20	 40	 60	 80	 100

P interaction

0.111

0.714

0.446

0.045

0.946

0.932

0.537 Fig. 3. Receiver operating characteristic curve analysis of the opti-
mal coronary artery calcium score (CACS) cutoff for future cardio-
vascular disease risk. SEN, sensitivity; SPE, specificity; AUC, area 
under the receiver operating characteristic curve; CI, confidence in-
terval. 

1.00

0.75

0.50

0.25

0

Se
ns

iti
vi

ty

1-Specificity

AUC (95% CI)
CACS 1	 0.722 (0.679–0.766)
CACS 10	 0.748 (0.700–0.796)
CACS 31	 0.749 (0.696–0.802)
CACS 100	 0.744 (0.686–0.801)
CACS 400	 0.627 (0.574–0.680)

CACS=1 (SEN 85.9%, SPE 58.6%)
CACS=10 (SEN 81.7%, SPE 67.9%)

CACS=31 (SEN 74.6%, SPE 75.2%)

CACS=100 (SEN 63.4%, SPE 85.4%)

CACS=400 (SEN 28.2%, SPE 97.3%) 

0	 0.25	 0.50	 0.75	 1.00
A



Koo DJ, et al.

574  www.e-enm.org Copyright © 2023 Korean Endocrine Society

cance by adjustments of drugs that may affect the outcomes as 
well as the duration of diabetes [23].

Confirmation of the presence of CAC has diagnostic value as 
an additional risk assessment tool in the 10-year ASCVD risk 
formula, which is applied as a criterion for statin use in the cur-
rent ACC/AHA guidelines [17]. In a large-scale cohort study, 
CACS severity increased the predictive value of all-cause mor-
tality in addition to the conventional 10-year ASCVD risk for-
mula [24]. Furthermore, as the 10-year ASCVD risk category 
increased, the proportion of patients with zero CACS in that 
category decreased, whereas the proportion of patients with 
CACS of >100 increased. However, the proportion of patients 
with CACS between 1 and 100 was unassociated with the 10-
year ASCVD risk category [18]. The incidence of CHD and 
ASCVD ascertained by the 10-year ASCVD risk category dif-
fered according to the degree of the CACS burden in that cate-
gory; moreover, a higher CACS burden correlated with higher 
incidences of CHD and ASCVD [18]; especially, patients with 
CACS >100 showed the highest incidence rate within each 10-
year ASCVD risk category [18]. In terms of cost effectiveness, 
the additional application of CAC assessment was not disadvan-
tageous for the evaluation of CV risk in asymptomatic patients 
[25].

The prevalence of positive CACS and a higher CACS burden 
(≥100) in our cohort based on an East Asian (Korean) popula-
tion was lower compared to other studies conducted mainly 
based on Western populations [26,27]. In diabetic patients, the 
prevalence of positive CACS and above 100 CACS was more 
than twice as high as non-diabetic patients, with more than 60% 
and about 40% respectively [7,8]. Especially, among T2DM pa-
tients, the prevalence of CACS above 10 was at least 70% (vs. 
35.7% in our cohort), and the prevalence of CACS above 100 
had exceeded 50% (vs. 18.1% in our cohort) [9]. 

Nevertheless, it is noteworthy that a statistically significant 
increase in the risk of CVD was shown from CACS of 10 indi-
cating the need for more strong medical interventions to reduce 
CV risk as well as more aggressive evaluations for early diag-
nosis of imminent fatal CV events. These findings implied that 
in patients with T2DM, a lower CACS cutoff (10) should be ap-
plied for enabling high-intensity statins, regardless of the 10-
year ASCVD risk, age, or race, instead of the cutoff 100 for pri-
mary prevention in the general population that is based on the 
10-year ASCVD risk [17]. In our ROC curve analysis, setting a 
CACS cutoff of 10 for stratification of elevated CVD risk 
among predefined CACS categories shows a slightly better 
AUC than 100. Although this setting has a slightly lower speci-

ficity, it can be a better clinical choice considering the sensitivi-
ty aspect. In a previous meta-analysis study (mean follow-up 
5.18 years), CACS of 10 in T2DM patients was used as a prog-
nostic indicator with high sensitivity (94%; 95% CI, 89% to 
96%) and low specificity (34%; 95% CI, 24% to 44%) for mor-
tality and CV events, and even under high-risk conditions, good 
prognosis for CVD was shown in patients with CACS less than 
10 [16]. On the other hand, in our study, the sensitivity was 
slightly lower at 81.7%, but the specificity was twice as high at 
67.9%. We also found that even in patients with T2DM, long-
term prognosis for CVD was very good when the CACS burden 
was less than minimal (<10). Especially, our study strengthened 
the clinical significance based on long-term follow-up (median, 
10.1 years) and sophisticated adjustments for various confound-
ing factors.

It is necessary to look closely at the results presented in our 
study. In the “minimal” category (0< CACS <10), the relative 
risk for CVD was higher than that of the reference group with 
zero CACS, but without statistical significance. However, a sta-
tistically significant increase in CVD risk was observed in all 
models when the CACS was ≥10. Even after adjustment for 
confounding factors, the significance was maintained and there 
was a slight decrease in HR; however, no significant changes. 
And in Kaplan-Meier analysis, there was no significant differ-
ence between the absent group and the minimal group for more 
than 10 years of follow-up. A significant difference in cumula-
tive CVD incidence was found only in patients with CACS ≥
10. CVD incidence increased steeply during the first 3 to 6 
years of follow-up, and higher CACS burdens correlated with 
shorter time to the first CVD event. These results strongly sug-
gest that early medical intervention is required before the CAC 
burden increases. The duration of diabetes did not significantly 
affect the results (model 4). Lifestyle related factors and medi-
cations also were found to have no significant effects although 
these factors have some influence. These results imply that 
CACS burden itself is a more important prognosis factor for fu-
ture CVD in patients with T2DM. Above the “mild” CACS cat-
egory, as the category increases, the HR for CVD increases ap-
proximately three times. It is particularly noteworthy that, above 
the “moderate” category, the incidence of CVD is overwhelm-
ingly high under any condition, indicating a very poor CV prog-
nosis in the future. At this stage, CACS may be one of the most 
important prognostic factors for future CV events in asymptom-
atic T2DM patients. Consistency of results was still maintained 
in the subgroup analysis. 

In terms of the pathophysiology of CAC and atherosclerosis, 
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CAC is typically detected in advanced atherosclerotic lesions 
with intimal calcification as well as in arteries with medial cal-
cification, which are non-atherosclerotic lesions [28,29]. Arteri-
al calcification in T2DM patients predominantly comprises me-
dial calcification, and is highly associated with the risk of lower 
extremity amputation [29]. Nevertheless, the CAC area evaluat-
ed by electron beam computed tomography (EBCT) and the 
sum of the histologically evaluated atherosclerotic plaque area 
highly correlated not only in the whole heart but also in individ-
ual coronary arteries, and the actual plaque burden was approxi-
mately five-fold greater than the calcium burden assessed by 
EBCT [30]. 

This study has several limitations. First, considerable effort 
has been invested from the research design stage onward to ex-
clude various biases; however, the limitations inherent in an ob-
servational cohort study remain. Second, the single-center co-
hort study design confers the possibility of selection biases. 
Third, data on lifestyles and medication compliance of patients 
only consist of self-reported information without objective veri-
fication, and there is the lack of information on socio-economic 
status of the subjects. Last, it is true that changes in medications 
taken by participants may have some effect on the results of the 
study. We tried to include the medications the participants were 
taking at the beginning of the study as adjustment factors, but 
we were unable to include in the analysis the careful changes in 
the factors throughout the follow-up period. Nevertheless, this 
study provides elaborately analyzed results based on accurate 
medical data and diagnosis during a long-term follow-up (>10 
years). In addition, along with other confounding factors, the 
duration of diabetes and the effects of medications at baseline 
were carefully considered, and most participants underwent 
regular medical management without interim loss during the 
follow-up period.

In conclusion, this study demonstrated the significance of 
CACS as an additional CVD risk assessment tool in asymptom-
atic patients with T2DM even in an East Asian (Korean) popula-
tion with relatively low CACS severity. Clinical significance of 
increased risk of CVD was confirmed under conditions above 
mild CACS (≥10), which may require high-intensity statins. 
However, if the CACS is less than 10, good prognosis for CVD 
for more than 10 years was guaranteed even in patients with 
T2DM. Moderate CACS (≥100) warns of an overwhelming in-
crease in future CVD incidence, which requires more aggressive 
management and invasive evaluation protocols for early diagno-
sis of impending CV events. To further increase the clinical val-
ue of these results and to ensure reliability, a larger prospective 

study that compares the significance of CACS in patients with 
T2DM and those without diabetes is needed. 
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