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Background and Purpose  The American College of Cardiology and the American Heart 
Association (ACC-AHA) have released new guidelines and expanded indications for statin 
treatment. We aimed to reveal the clinical efficacy of each indication in the guidelines using a 
large-scale national cohort.
Methods  We used National Health Screening Cohort data to determine the proportions of 
participants for whom statin therapy would be recommended using the different guidelines. 
We assessed the cumulative incidence rates of major adverse cardiovascular events (MACE) 
using the Cox proportional-hazards model.
Results  Under the 2013 ACC-AHA guidelines, 111,600 participants were additionally eligi-
ble to receive statins, compared with 50,023 participants according to the Third Adult Treat-
ment Panel (ATP-III). Most of the additional statin-eligible participants in the ACC-AHA 
guidelines were indicated by their 10-year cardiovascular disease risk. The increase in statin-
eligible participants in the ACC-AHA guidelines mainly involved elderly patients aged 60–75 
years. Among participants not requiring statin, participants who were eligible for a statin un-
der the ACC-AHA guidelines had a significantly higher hazard ratio of MACE when compared 
with those eligible under the ATP-III guidelines. Among the not-recommended groups, pa-
tients with diabetes and low-density lipoprotein <70 mg/dL constituted the group with the 
highest risk of MACE.
Conclusions  The 2013 ACC-AHA guidelines increase the number of statin-eligible partici-
pants, especially among the elderly. These guidelines provide a stronger recommendation for 
statins to high-risk groups, but it remains necessary to consider the characteristics of the popula-
tion in the risk equation. In addition, the aggressive use of statin in diabetes patients and further 
studies of older subjects are needed. 
Key Words    cardiovascular disease, myocardial infarction, stroke, statins.

Reassessment of Inclusion Criteria in the 2013 the American 
College of Cardiology and the American Heart Association 
Cholesterol Guidelines for Cardiovascular Disease Prevention

INTRODUCTION

In 2013 and 2018, the American College of Cardiology and the American Heart Associa-
tion (ACC-AHA) released new guidelines for the management of cholesterol, to replace 
the Third Adult Treatment Panel (ATP-III) guidelines of the National Cholesterol Educa-
tion Program.1-4 Without changing the number of statin-recommended subjects from the 
2013 guidelines, the 2018 guidelines added intermediate- and high-risk groups.3 The pre-
vious ATP-III guidelines were primarily target-based, with treatment decisions based 
largely on observed levels of low-density lipoprotein (LDL)-cholesterol.1 In contrast, the 
proposed ACC-AHA guidelines are based on the evidence that the administration of 
statins should be determined by the risk threshold of atherosclerotic cardiovascular dis-
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ease (ASCVD).5

There have been some concerns that the ACC-AHA guide-
lines substantially increase the number of subjects who are 
potentially eligible for statin therapy.6-8 The largest increase 
in statin-eligible subjects was due to the indication of a 10-
year predicted cardiovascular disease (CVD) risk of ≥7.5%, 
for the purpose of primary prevention.7 The Pooled-Cohort 
Risk Assessment Equations were developed to predict the 
ASCVD risk in non-Hispanic, Caucasian, and African-Amer-
ican populations.5,9 Therefore, the working group responsi-
ble for developing the ACC-AHA guidelines called for fur-
ther research that included analyses of the short- and long-
term risks in diverse racial groups.2 Several studies have 
applied the ACC-AHA pooled-cohort equations in different 
populations.6,10

The aim of the present study was to verify the efficacy of 
and differences in statin-recommended groups between the 
2013 ACC-AHA guidelines and the ATP-III guidelines. In 
addition, we sought to determine how well the guidelines pre-
dict the occurrence of major adverse cardiovascular events 
(MACE) using the National Health Insurance Service Na-
tional Health Screening Cohort (NHIS-HEALS).11

METHODS

Study population
According to health examination legislation in Korea, it is 
obligatory for all employees to undergo a nationwide health 
screening examination annually and for the unemployed to 
be screened biannually. Among the 5.15 million screened ex-
aminees who were aged 40–79 years as of December 2002, 
10% were randomly sampled as part of the NHIS-HEALS data 
set (n=514,866) and followed until 2013 to observe changes 
in their health conditions, economic status, usage of health-
care facilities, and other factors. These cohort data are pro-
vided without any personal identification in order to support 
their utilization in academic research, and they can be ac-
cessed through the homepage of the National Health Insur-
ance Sharing Service (https://nhiss.nhis.or.kr/). The usage of a 
statin or other drugs was collected from prescription data. 
Since LDL-cholesterol was first recorded in 2009, we exclud-
ed 176,534 participants who did not have LDL-cholesterol 
measurements. We evaluated the eligibility of the remaining 
338,332 participants for statin treatment using both the ACC-
AHA and ATP-III guidelines.

Main outcome measures
The main outcomes were MACE, including CVD mortality, 
fatal or nonfatal myocardial infarction (MI), and stroke. The 
information about previous CVD included the MI history, 

coronary or other arterial revascularization, stroke or focal 
transient ischemic attack, and heart failure. Complete de-
scriptions of diagnostic criteria are provided in Supplemen-
tary Fig. 1 (in the online-only Data Supplement).

Statistical analysis
We started the analysis by examining the proportion of the 
study population for whom statin therapy was recommend-
ed according to the two guidelines. We then assessed sex, age, 
body mass index (BMI), and other baseline characteristics 
for significant differences. Furthermore, risk-factor profiles 
such as previous CVD and total cholesterol were compared 
between the two guidelines.

For the current-statin-user group, the statin-recommend-
ed group, and the not-recommended group in the two guide-
lines, the cumulative incidence rates of MACE were plotted 
on Kaplan-Meier survival curves. For MACE in the two guide-
lines, hazard ratios (HRs) in the univariate or multivariate 
Cox regression analyses were estimated for the current-statin-
user group and the statin-recommended group with refer-
ence to the not-recommended group. The covariates adjust-
ed in the multivariate Cox model were sex, age, economic 
status, total cholesterol, hypertension, systolic blood pres-
sure, diabetes, BMI, previous CVD, smoking status, alcohol 
status, high-density lipoprotein cholesterol, and LDL-cho-
lesterol. The HRs of MACE were also estimated for concor-
dant and discordant recommended groups with reference to 
the concordant not-recommended group in the two guide-
lines. Lastly, MACE were further stratified into CVD mortal-
ity, fatal or nonfatal MI, and stroke. The incidence and HR of 
each component were analyzed for both guidelines.

This study used the NHIS-2016-2-127 NHIS-HEALS data 
set provided by the NHIS. All analyses in this study were per-
formed using SAS software (version 9.4, SAS Institute, Cary, 
NC, USA). An alpha level of <0.05 and no overlap of 95% 
confidence intervals (CIs) were used as the criteria for statis-
tical significance in all tests. The need for patient consent was 
waived, and all components and procedures of this study 
were approved by the Institutional Review Board of our hospi-
tal (IRB File No.: 2015-05-008). 

RESULTS

Study sample 
We restricted the analysis to the 338,332 participants with 
LDL-cholesterol measurements who were aged 40 years to 
75 years as of December 2009 in the NHIS-HEALS data set. 
The baseline characteristics of the study participants are list-
ed in Table 1. The sample included 69,163 participants (20.4%) 
who were already receiving statin therapy. Based on the ATP-
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III guidelines, 50,023 participants (14.8%) would be addi-
tionally eligible for statin therapy, compared with 111,600 
participants (33.0%) according to the ACC-AHA guidelines. 
The age in the statin-recommended group was higher in the 
ACC-AHA guidelines (62.0±8.1 years vs. 58.8±8.2 years, 
mean±standard deviation). On the other hand, the ATP-III 
guidelines showed a higher percentage of patients with hy-
pertension (56.8% vs. 53.9%), diabetes (33.7% vs. 30.3%), 
and current smokers (37.4% vs. 30.6%), as well as higher to-
tal cholesterol (223.6±34.2 mg/dL vs. 201.6±36.6 mg/dL) and 
LDL- cholesterol (145.8±45.0 mg/dL vs. 121.5±41.5 mg/dL). 

Supplementary Fig. 1 (in the online-only Data Supplement) 
depicts the clinical criteria for recommending statin therapy 
in the two guidelines. The ACC-AHA guidelines expanded 
the statin recommendation by including all patients with 
previous CVD history, regardless of the LDL-cholesterol 
threshold of 100 mg/dL. This criterion resulted in the inclu-
sion of 5,162 participants who had clinical CVD and LDL-
cholesterol levels lower than 100 mg/dL. Moreover, the ACC-
AHA guidelines lowered the LDL-cholesterol criterion in 

diabetes patients to 70 mg/dL, thus increasing the number 
of participants included for statin recommendation from 
11,210 to 15,274.

In order to further analyze the number of statin-recom-
mended subjects by age, we divided them into two groups: 
older than 59 years and younger than 60 years (Supplementa-
ry Fig. 2 in the online-only Data Supplement). The proportion 
of statin recommendations increased by 7.0% for those aged 
40 years to 59 years, and the increase was much greater among 
those aged 60 years to 75 years, at 38.0% (46,518 subjects).

Table 2 presents the number of participants for whom statin 
recommendations were discordant between the two guide-
lines. Only 4,229 participants (1.5%) were reclassified “down-
ward” (statins recommended only by the ATP-III guidelines), 
whereas 65,806 (24.4%) were reclassified “upward” (statins 
recommended only by the ACC-AHA guidelines). 

Cumulative incidence of MACE during follow-up
The mean follow-up duration was 4.6 years. Fig. 1 depicts 
the Kaplan-Meier survival curves showing the cumulative 

Table 1. Baseline characteristics of the study participants

ATP-III guidelines
p*

ACC-AHA guidelines 
p*Statin used 

currently
Recommended

Not 
recommended

Statin used 
currently

Recommended
Not 

recommended
All participants 69,163 (20.4) 50,023 (14.8) 219,146 (64.8) 69,163 (20.4) 111,600 (33.0) 157,569 (46.6)

Sex (male) 31,576 (45.7) 36,066 (72.1) 115,544 (52.7) <0.01 31,576 (45.7) 81,893 (73.4) 69,717 (44.3) <0.01

Age, years 59.7±7.7 58.8±8.2 56.4±7.6 <0.01 59.7±7.7 62.0±8.1 53.3±5.1 <0.01

BMI, kg/m2 24.8±3.0 24.5±2.9 23.7±2.8 <0.01 24.8±3.0 24.1±2.9 23.7±2.8 <0.01

Economic status, decile <0.01 <0.01

0 (medical aid) 104 (0.2) 45 (0.1) 170 (0.1) 104 (0.2) 135 (0.1) 80 (0.1)

1–3 13,967 (20.2) 9,981 (20.0) 44,214 (20.2) 13,967 (20.2) 23,937 (21.5) 30,258 (19.2)

4–6 15,560 (22.5) 11,350 (22.7) 50,793 (23.2) 15,560 (22.5) 26,271 (23.5) 35,872 (22.8)

7–9 25,862 (37.4) 18,731 (37.4) 80,881 (36.9) 25,862 (37.4) 40,681 (36.5) 58,931 (37.4)

10 (highest) 13,670 (19.8) 9,916 (19.8) 43,088 (19.7) 13,670 (19.8) 20,576 (18.4) 32,428 (20.6)

Hypertension 48,137 (69.6) 28,416 (56.8) 72,177 (32.9) <0.01 48,137 (69.6) 60,173 (53.9) 40,420 (25.7) <0.01

Diabetes 27,046 (39.1) 16,865 (33.7) 24,892 (11.4) <0.01 27,046 (39.1) 33,814 (30.3) 7,943 (5.0) <0.01

Total cholesterol, mg/dL 207.8±49.1 223.6±34.2 192.6±30.9 <0.01 207.8±49.1 201.6±36.6 196.1±31.5 <0.01

HDL, mg/dL 55.7±32.5   52.0±29.8   56.0±30.3 <0.01   55.7±32.5   51.7±24.9   57.7±33.3 <0.01

LDL, mg/dL 122.1±47.8 145.8±45.0   111.5±29.0 <0.01 122.1±47.8 121.5±41.5 115.4±29.7 <0.01

Systolic BP, mm Hg 127.4±15.2 128.7±15.9 123.4±14.7 <0.01 127.4±15.2 129.4±15.2 120.9±14.0 <0.01

Previous CVD† 14,321 (20.7) 12,064 (24.1) 5,236 (2.4) <0.01 14,321 (20.7) 17,300 (15.5) 0 (0.0) <0.01

Smoking status <0.01 <0.01

Nonsmoker 47,443 (68.6) 22,865 (45.7) 146,689 (66.9) 47,443 (68.6) 55,596 (49.8) 113,958 (72.3)

Ex-smoker 12,342 (17.8) 8,452 (16.9) 41,282 (18.8) 12,342 (17.8) 21,884 (19.6) 27,850 (17.7)

Current smoker 9,378 (13.6) 18,706 (37.4) 31,175 (14.2) 9,378 (13.6) 34,120 (30.6) 15,761 (10.0)

Alcohol, drinks/week   1.77±1.45   2.13±1.66   1.95±1.58 <0.01   1.77±1.45   2.23±1.82   1.82±1.39 <0.01

Data are mean±standard-deviation or n (%) values. 
*p value using ANOVA for continuous data or the χ2 test for discrete data, †Myocardial infarction, stroke, or CVD.
ACC-AHA: the American College of Cardiology and the American Heart Association, ATP-III: the Third Adult Treatment Panel,  BMI: body mass index, 
BP: blood pressure, CVD: cardiovascular disease, HDL: high-density lipoprotein, LDL: low-density lipoprotein.
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incidence of MACE. Current statin users showed the high-
est incidence of MACE in both guidelines (Supplementary 
Fig. 3 in the online-only Data Supplement). Moreover, the cu-
mulative incidence of MACE in the not-recommended group 
was higher under the ATP-III guidelines than under the ACC-
AHA guidelines.

In the statin-recommended groups, participants with ‘pre-
vious CVD with LDL ≥100 mg/dL’ and ‘previous CVD’ showed 
the highest incidence of MACE in the ATP-III and ACC-AHA 
guidelines, respectively (Fig. 1A and B). Participants with pre-
vious CVD and LDL <100 mg/dL were not eligible for statin 
therapy according to the ATP-III guidelines, but they were eli-
gible under the ACC-AHA guidelines. This group showed 
the highest cumulative incidence of MACE in the not-rec-
ommended group (Fig. 1C).

HR of MACE under the two guidelines
The incidence of MACE was 2.1% in the entire study popu-
lation and 3.6% in the current-statin-user group (Table 3). 

The indication of a 10-year CVD risk of ≥7.5% increased the 
statin recommendation most substantially, by 74,826 sub-
jects. However, the cumulative incidence of MACE in this 
group was lower than that in other studies based on the US 
population.

Based on the ATP-III guidelines, the incidence rates of 
MACE in the statin-recommended and not-recommended 
groups were 3.2% and 1.4%, respectively. The univariate HR 
between these two groups was 2.38 (95% CI=2.24–2.53). In 
contrast, the incidence rates of MACE in the statin-recom-
mended and not-recommended groups according to the 
ACC-AHA guidelines were 3.2% and 0.7%, respectively. The 
univariate HR of 4.83 (95% CI=4.51–5.17) was higher, and 
the 95% CI did not overlap with that for the ATP-III guide-
lines. In the multivariate analysis, participants who were eligi-
ble for a statin under the ACC-AHA guidelines had a signifi-
cantly higher HR for the incidence of MACE when compared 
with those eligible under the ATP-III guidelines: 1.28 (95% 
CI=1.18–1.39) vs. 1.06 (95% CI=0.99–1.14), respectively.

Table 2. Descriptive statistics according to concordant and discordant recommendations for statin therapy

Concordant recommendations Discordant recommendations

Neither recommend
statin therapy

Both recommend
statin therapy

Recommended by
ATP-III guidelines

but not ACC-AHA guidelines

Recommended by
ACC-AHA guidelines

but not ATP-III guidelines
All participants 153,340 45,794 4,229 65,806

Sex, male 66,624 (43.5) 32,973 (72.0) 3,093 (73.1) 48,920 (74.3)

Age, years 53.3±5.1 59.4±8.2 52.6±5.3 63.8±7.4

BMI, kg/m2 23.6±2.8 24.5±2.9 24.3±2.7 23.9±2.9

Economic status, decile

0 (medical aid) 78 (0.1) 43 (0.1) 2 (0.1) 92 (0.1)

1–3 29,614 (19.3) 9,337 (20.4) 644 (15.2) 14,600 (22.2)

4–6 34,971 (22.8) 10,449 (22.8) 901 (21.3) 15,822 (24.0)

7–9 57,180 (37.3) 16,980 (37.1) 1,751 (41.4) 23,701 (36.0)

10 (highest) 31,497 (20.5) 8,985 (19.6) 931 (22.0) 11,591 (17.6)

Hypertension 38,040 (24.8) 26,036 (56.9) 2,380 (56.3) 34,137 (51.9)

Diabetes 7,872 (5.1) 16,794 (36.7) 71 (1.7) 17,020 (25.9)

Total cholesterol, mg/dL 195.1±31.0 222.5±34.9 235.2±22.8 187.0±30.0

HDL, mg/dL   57.7±33.1   51.5±28.6   57.8±40.7   51.8±21.9

LDL, mg/dL 114.2±29.2 144.9±46.6 155.5±17.0 105.1±27.4

Systolic BP 120.8±13.9 129.2±15.8 123.2±16.1 129.5±14.8

Previous CVD* 0 (0.0) 12,064 (26.3) 0 (0.0) 5,236 (8.0)

Smoking status

Nonsmoker 112,365 (73.3) 21,272 (46.5) 1,593 (37.7) 34,324 (52.2)

Ex-smoker 27,288 (17.8) 7,890 (17.2) 562 (13.3) 13,994 (21.3)

Current smoker 13,687 (8.9) 16,632 (36.3) 2,074 (49.0) 17,488 (26.6)

Alcohol, drinks/week   1.8±1.4   2.1±1.7   2.2±1.5   2.3±1.9

Data are mean±standard-deviation or n (%) values.
*Myocardial infarction, stroke, or CVD.
ACC-AHA: the American College of Cardiology and the American Heart Association, ATP-III: the Third Adult Treatment Panel,  BMI: body mass index, 
BP: blood pressure, CVD: cardiovascular disease, HDL: high-density lipoprotein, LDL: low-density lipoprotein.
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Our investigation of specific indications for a statin rec-
ommendation revealed that previous CVD was the most 
notable indication with the highest incidence: 4.8% in the 
ATP-III guidelines and 5.0% in the ACC-AHA guidelines. 
In the not-recommended groups for the ATP-III guidelines, 
those with previous CVD and LDL <100 mg/dL also showed 
the highest incidence, of 5.5%. Moreover, those with diabe-
tes and LDL <100 mg/dL showed an incidence of MACE of 
3.4%. These two groups would be included in the statin-rec-
ommended group according to the 2013 ACC-AHA guide-

lines, with the only exclusion being the presence of diabetes 
and LDL <70 mg/dL. Compared with not-recommended 
groups, the HR of MACE in the presence of diabetes and 
LDL ≥100 mg/dL in the ATP-III guidelines was not statisti-
cally significant (HR=1.04, 95% CI=0.92–1.17), while the HR 
of MACE in the presence of diabetes and LDL ≥70 mg/dL 
in the ACC-AHA guidelines was statistically significant (HR= 
1.31, 95% CI=1.15–1.48).

Applying the ATP-III guidelines resulted in 22,549 partic-
ipants being recommend to receive statins due to their 10-
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Fig. 1. Kaplan-Meier survival curves for the cumulative incidence of MACE under the two guidelines: the Third Adult Treatment Panel (A and C) the 
American College of Cardiology and American Heart Association (B and D). The cumulative incidence rates of MACE are shown during the mean 
follow-up of 4.6 years. MACE include CVD mortality, fatal or nonfatal myocardial infarction, and stroke. Panels A and B are statin-recommended 
groups, and panels C and D are not-recommended groups. CVD: cardiovascular disease, LDL: low-density lipoprotein, MACE: major adverse cardio-
vascular events.
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year CVD risk and LDL-cholesterol level, and the incidence 
of MACE in this group was 2.8%. The HR of MACE was not 
statistically significant (HR=1.10, 95% CI=1.00–1.21) in the 
comparison with the not-recommended groups. In contrast, 
applying the ACC-AHA guidelines resulted in 74,826 par-
ticipants being recommended to receive statins due to their 
10-year CVD risk, as calculated by the pooled equation. The 
incidence of MACE was 2.9% and the HR of MACE was sta-
tistically significant at 1.25 (95% CI=1.15–1.37) in the com-
parison with the not-recommended groups. 

According to the ATP-III guidelines, 208,338 (61.6%) par-
ticipants were not recommended to receive statins due to 
other reasons, and the incidence of MACE was 1.2%. Based on 
the ACC-AHA guidelines this number dropped to 155,987 
(46.1%), and the incidence of MACE also decreased, to 0.7%. 

Additionally, each component of MACE was evaluated 
separately; the HRs are presented in Table 4 and Supplemen-
tary Tables 1–4 (in the online-only Data Supplement). Stroke 

showed a statistically significant HR of 1.24 (95% CI=1.13–
1.36) for the statin-recommended group in comparison with 
the not-recommended group according to the ACC-AHA 
guidelines only (Table 4). 

HR of MACE according to concordant and 
discordant recommendations for statin therapy
Under both guidelines, 45,794 participants were recommend-
ed to receive statins, while 153,340 were not recommended 
under either of the guidelines (Table 2). The numbers of par-
ticipants recommended to receive statins solely based on the 
ATP-III and ACC-AHA guidelines were 4,229 and 65,806, 
respectively. In comparing discordant recommendations, the 
group recommended only by the ACC-AHA guidelines were 
older (63.8±7.4 years vs. 52.6±5.3 years) and a higher inci-
dence rates of diabetes [n=17,020 (25.9%) vs. n=71 (1.7%)] 
and previous CVD history [n=5,236 (8.0%) vs. n=0 (0%)]. On 
the other hand, participants recommended particularly by 

Table 3. Incidence of MACE under the two guidelines

Treatment category All participants (n=338,332) MACE (n=7,145) Univariate Multivariate*

ATP-III guidelines

Statin used currently 69,163 (20.4) 2,507 (3.6) 2.68 (2.54–2.83) 1.30 (1.23–1.39)

Previous CVD 14,321 (4.2) 992 (6.9) 5.26 (4.90–5.65) 1.09 (0.95–1.24)

Primary prevention 54,842 (16.2) 1,515 (2.8) 2.03 (1.91–2.16) 1.36 (1.27–1.46)

Recommended 50,023 (14.8) 1,620 (3.2) 2.38 (2.24–2.53) 1.06 (0.99–1.14)

Previous CVD & LDL 100 mg/dL 12,064 (3.6) 580 (4.8) 3.59 (3.29–3.93) 0.92 (0.80–1.07)

LDL 90 mg/dL 4,200 (1.2) 79 (1.9) 1.38 (1.10–1.73) 1.13 (0.89–1.44)

Diabetes & LDL 100 mg/dL 11,210 (3.3) 326 (2.9) 2.13 (1.90–2.39) 1.04 (0.92–1.17)

10-year CVD risk & LDL level 22,549 (6.7) 635 (2.8) 2.05 (1.88–2.23) 1.10 (1.00–1.21)

Not recommended 219,146 (64.8) 3,018 (1.4) 1.00 1.00

Previous CVD & LDL <100 mg/dL 5,162 (1.5) 282 (5.5) 1.00 1.00

Diabetes & LDL <100 mg/dL 5,646 (1.7) 191 (3.4) 1.00 1.00

Others 208,338 (61.6) 2,545 (1.2) 1.00 1.00

ACC-AHA guidelines

Statin used currently 69,163 (20.4) 2,507 (3.6) 5.50 (5.12–5.91) 1.55 (1.42–1.70)

Previous CVD 14,321 (4.2) 992 (6.9) 10.80 (9.90–11.77) 3.07 (2.77–3.39)

Primary prevention 54,842 (16.2) 1,515 (2.8) 4.17 (3.85–4.51) 1.58 (1.44–1.73)

Recommended 111,600 (33.0) 3,575 (3.2) 4.83 (4.51–5.17) 1.28 (1.18–1.39)

Previous CVD 17,300 (5.1) 863 (5.0) 7.65 (7.00–8.37) 2.66 (2.41–2.94)

LDL 90 mg/dL 4,200 (1.2) 79 (1.9) 2.83 (2.25–3.56) 1.31 (1.03–1.67)

Diabetes & LDL 70 mg/dL 15,274 (4.5) 473 (3.1) 4.66 (4.18–5.19) 1.31 (1.15–1.48)

10-year CVD risk 7.5% 74,826 (22.1) 2,160 (2.9) 4.34 (4.03–4.67) 1.25 (1.15–1.37)

Not recommended 157,569 (46.6) 1,063 (0.7) 1.00 1.00

Diabetes & LDL <70 1,582 (0.5) 44 (2.8) 1.00 1.00

Others 155,987 (46.1) 1,019 (0.7) 1.00 1.00

Data are n (%) or hazard ratio (95% confidence interval) values.
*Multivariate Cox model adjusted for sex, age, economic status, total cholesterol, hypertension, systolic blood pressure, diabetes, body mass index, 
previous CVD disease, smoking status, drinking status, high-density lipoprotein, and LDL. Each subcategory is compared with the non-recommended 
group under each set of guidelines.
ACC-AHA: the American College of Cardiology and the American Heart Association, ATP-III: the Third Adult Treatment Panel, CVD: cardiovascular dis-
ease, LDL: low-density lipoprotein, MACE: major adverse cardiovascular events.
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the ATP-III guidelines had higher total cholesterol (235.2± 
22.8 mg/dL vs. 187.0±30.0 mg/dL) and LDL-cholesterol 
(155.5±17.0 mg/dL vs. 105.1±27.4 mg/dL) levels. 

The concordantly recommended group had a significant 
HR of 1.29 (95% CI=1.17–1.42) in the comparison with the 
concordantly not-recommended group (Table 5). The HR of 
1.09 (95% CI=0.80–1.47) was not statistically significant for 
the group recommended under the ATP-III guidelines but 
not by the ACC-AHA guidelines. The group recommended 
exclusively by the ACC-AHA guidelines showed a statistical-
ly significant HR of 1.28 (95% CI=1.17–1.40). 

DISCUSSION

This study investigated whether applying statin therapy to 
more people at risk of future CVD would reduce the incidence 
of MACE. We detected the number of statin-recommended 
subjects under each indication criterion and the occurrence 
of MACE under the ACC-AHA and ATP-III guidelines. Our 
study included a large number of subjects and followed up 

Table 4. Incidence of stroke under the two guidelines

Treatment category All participants (n=338,332) Stroke (n=5,803) Univariate Multivariate
ATP-III guidelines

Statin used currently 69,163 (20.4) 1,943 (2.8) 2.43 (2.29–2.57) 1.14 (1.06–1.22)

Previous CVD 14,321 (4.2) 801 (5.6) 4.95 (4.57–5.36) 0.98 (0.85–1.13)

Primary prevention 54,842 (16.2) 1,142 (2.1) 1.79 (1.67–1.92) 1.19 (1.10–1.28)

Recommended 50,023 (14.8) 1,282 (2.6) 2.20 (2.05–2.35) 1.02 (0.95–1.11)

Previous CVD & LDL 100 mg/dL 12,064 (3.6) 513 (4.3) 3.75 (3.41–4.12) 0.95 (0.81–1.11)

LDL 190 mg/dL 4,200 (1.2) 48 (1.1) 1.00 (0.75–1.33) 0.89 (0.66–1.21)

Diabetes & LDL 100 mg/dL 11,210 (3.3) 258 (2.3) 1.99 (1.75–2.26) 1.00 (0.87–1.15)

10-year CVD risk & LDL level 22,549 (6.7) 463 (2.1) 1.72 (1.56–1.90) 1.04 (0.93–1.16)

Not recommended 219,146 (64.8) 2,578 (1.2) 1.00 1.00

Previous CVD & LDL <100 mg/dL 5,162 (1.5) 248 (4.8) 1.00 1.00

Diabetes & LDL <100 mg/dL 5,646 (1.7) 160 (2.8) 1.00 1.00

Others 208,338 (61.6) 2,170 (1.0) 1.00 1.00

ACC-AHA guidelines

Statin used currently 69,163 (20.4) 1,943 (2.8) 5.01 (4.63–5.43) 1.34 (1.22–1.48)

Previous CVD 14,321 (4.2) 801 (5.6) 10.24 (9.31–11.26) 2.74 (2.45–3.06)

Primary prevention 54,842 (16.2) 1,142 (2.1) 3.69 (3.39–4.03) 1.58 (1.44–1.73)

Recommended 111,600 (33.0) 2,957 (2.7) 4.72 (4.38–5.08) 1.24 (1.13–1.36)

Previous CVD 17,300 (5.1) 762 (4.4) 8.00 (7.27–8.82) 2.69 (2.41–3.00)

LDL 190 mg/dL 4,200 (1.2) 48 (1.1) 2.07 (1.55–2.77) 1.04 (0.77–1.40)

Diabetes & LDL 70 mg/dL 15,274 (4.5) 381 (2.5) 4.44 (3.93–5.00) 1.27 (1.10–1.45)

10-year CVD risk 7.5% 74,826 (22.1) 1,766 (2.4) 4.18 (3.86–4.53) 1.22 (1.11–1.34)

Not recommended 157,569 (46.6) 903 (0.6) 1.00 1.00

Diabetes & LDL <70 mg/dL 1,582 (0.5) 37 (2.3) 1.00 1.00

Others 155,987 (46.1) 866 (0.6) 1.00 1.00

Data are n (%) or hazard ratio (95% confidence interval) values.
ACC-AHA: the American College of Cardiology and the American Heart Association, ATP-III: the Third Adult Treatment Panel, CVD: cardiovascular dis-
ease, LDL: low-density lipoprotein.

the incidence of MACE with a low dropout rate, which was 
possible because all Koreans are obligately enrolled in the na-
tional insurance service. 

The ACC-AHA guidelines have the shortcoming of too 
many patients being included in the statin-recommendation 
group. The greatest increase was observed in the group with 
a 10-year CVD risk of ≥7.5%, although the incidence of 
MACE was still lower than in other studies of the US popu-
lation (Table 3 and Supplementary Fig. 3 in the online-only 
Data Supplement).7,8,12 The risk equation for ACC-AHA 
has a problem of overestimation,13 which seems to be greater 
in the Asian population. Therefore, the optimal method of 
applying prediction equations varies between different 
populations.

The increase in statin recommendations was much more 
pronounced among older subjects (Supplementary Fig. 2 in 
the online-only Data Supplement).8 Strictly controlling the 
blood pressure, diabetes, and hyperlipidemia from the age 
of 40 years can reduce the risk of vascular dementia, but even 
if CVD risk factors are controlled from the age of 60 years, 
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the dementia prevention effect is insignificant.14-18 The use-
fulness of using statins to prevent CVD in older subjects is 
also controversial.19 Therefore, the prediction equations or 
criteria for statin-eligible subjects need to vary according to 
race and age.

In comparison with the ATP-III guidelines, the ACC-AHA 
guidelines have successfully recommended statins for pa-
tients at a high risk of MACE. The cumulative incidence of 
MACE in the not-recommended group was higher under 
the ATP-III guidelines than under the ACC-AHA guidelines 
(Fig. 1), which is due to the exclusion of more subjects to 
whom statins should be recommended. The ATP-III guide-
lines restrict statins to people with previous CVD or diabe-
tes using the LDL ≥100 mg/dL criterion, which results in more-

vulnerable patients remaining in the not-recommended group 
and thus increases the incidence of MACE.

The ACC-AHA guidelines are more appropriate for dia-
betes patients. The HR of MACE in diabetics was statistical-
ly significant when the LDL-cholesterol threshold was low-
ered to 70 mg/dL in the ACC-AHA guidelines (HR=1.31, 
95% CI=1.15–1.48) (Table 3). The baseline LDL-cholesterol 
was lower in diabetes patients than in patients without dia-
betes, while the triglyceride level was higher. Thus, statin 
treatment may also be required for patients with diabetes and 
LDL <70 mg/dL. Comparing patients with diabetics between 
those with mean LDL-cholesterol levels of 80 and 61 mg/dL, 
the atheroma volume regression was only observed in the 
latter diabetic patient group, while the nondiabetic patients 

Table 5. MACE according to concordant and discordant recommendations under the two guidelines

Treatment category
(ATP-III guidelines/ACC-AHA guidelines)

All participants MACE Univariate Multivariate

Total 338,332 (100.0) 7,145 (2.1)

Recommended/recommended 45,794 (13.5) 1,575 (3.4) 5.27 (4.87–5.70) 1.29 (1.17–1.42)

Recommended/not recommended 4,229 (1.3) 45 (1.1) 1.60 (1.18–2.15) 1.09 (0.80–1.47)

Not recommended/recommended 65,806 (19.5) 2,000 (3.0) 4.65 (4.31–5.02) 1.28 (1.17–1.40)

Not recommended/not recommended 153,340 (45.3) 1,018 (0.7) 1.00 1.00

Previous CVD & LDL

Recommended/recommended

Previous CVD & LDL ≥100 mg/dL 12,064 (3.6) 580 (4.8) 7.49 (6.76–8.29) 2.60 (2.32–2.91)

Recommended/not recommended 0 (0.0) 0 (0.0) – -

Not recommended/recommended

Previous CVD & LDL <100 mg/dL 5,162 (1.5) 282 (5.5) 8.52 (7.47–9.72) 2.84 (2.47–3.27)

Not recommended/not recommended

Diabetes & LDL <70 mg/dL or others/others 153,340 (45.3) 1,018 (0.7) 1.00 1.00

Diabetes & LDL

Recommended/recommended

Diabetes & LDL ≥100 mg/dL 11,210 (3.3) 326 (2.9) 4.45 (3.93–5.04) 1.23 (1.07–1.42)

Recommended / not recommended 0 (0.0) 0 (0.0) – -

Not recommended/recommended

Diabetes & LDL ≥70 & <100 mg/dL 4,064 (1.2) 147 (3.6) 5.52 (4.64–6.56) 1.53 (1.27–1.84)

Not recommended/not recommended

Diabetes & LDL <70 mg/dL or others/others 153,340 (45.3) 1,018 (0.7) 1.00 1.00

10-year CVD risk & LDL level/10-year CVD risk 7.5%

Recommended/recommended

10-year CVD risk & LDL level/10-year CVD risk ≥7.5% 18,320 (5.4) 590 (3.2) 4.90 (4.42–5.42) 1.31 (1.17–1.48)

Recommended/not recommended

10-year CVD risk & LDL/others 4,229 (1.3) 45 (1.1) 1.60 (1.19–2.15) 1.09 (0.81–1.47)

Not recommended/recommended

Others/10-year CVD risk ≥7.5% 56,506 (16.7) 1,570 (2.8) 4.25 (3.93–4.60) 1.24 (1.13–1.36)

Not recommended/not recommended

Diabetes & LDL <70 mg/dL or others/others 153,340 (45.3) 1,018 (0.7) 1.00 1.00

Data are n (%) or hazard ratio (95% confidence interval) values.
ACC-AHA: the American College of Cardiology and the American Heart Association, ATP-III: the Third Adult Treatment Panel, CVD: cardiovascular dis-
ease, LDL: low-density lipoprotein, MACE: major adverse cardiovascular events.
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showed the same level of regression as the group with a mean 
LDL-cholesterol of 80 mg/dL.20 Therefore, our study calls for 
aggressive statin use in diabetic patients regardless of the LDL-
cholesterol level.

The adjusted HR for MACE was higher in the current-
statin-user group than in the statin-recommended group 
under both guidelines (Table 3). The former group includes 
patient with a history of MI, angina, and CVD. Since patients 
with a previous medical history have a greater risk of future 
MACE, the adjusted HR was also higher in this group.

This study was subject to a few limitations. Firstly, the study 
involved a Korean population, and so the results cannot be 
generalized to other populations. However, the ACC-AHA 
guidelines lack a foundation in diverse racial groups due to 
the pooled-cohort risk assessment equations accounting 
mostly for non-Hispanic, Caucasian, and African-Ameri-
can populations.5 Thus, our study utilized a large-scale da-
tabase from a Korean population and implemented the data 
using both the ACC-AHA and ATP-III guidelines to confirm 
their efficacies. Secondly, we could not investigate the new 
categories of the 2018 ACC-AHA guidelines and nonstatin 
medications. An intermediate risk category (≥7.5% to <20%) 
was added to the new guidelines, and a new definition of high 
risk (≥20%) was established. The new guidelines also recom-
mended nonstatin medications (e.g., ezetimibe) in patients 
who respond inadequately to statins alone. We did not fac-
tor in these new categories and nonstatin medications in this 
study, and so future studies are warranted to learn more about 
the efficacy of these additions.

In conclusion, the 2013 ACC-AHA guidelines increase the 
number of statin-eligible participants, especially among old-
er people. The ACC-AHA guidelines make stronger recom-
mendations for statins to be applied to high-risk groups, but 
it is necessary to consider the characteristics of the popula-
tion in the risk equation. Future studies should investigate 
the aggressive use of statin in diabetes patients and older 
subjects. 
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