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Abstract
Background and Purpose Dyslipidemia is a signi�cant risk factor for cerebro-cardiovascular diseases
(CVD). Limited evidence is available on the prevention effect of statin in a nationwide large population.
We aim to verify the primary and secondary prevention effects of statin on CVD among not only the
general adult population but also elderly over 60 years.

Methods This study is a big data cohort study using propensity score-matched data from the Korean
National Health Screening Cohort. Differences in the cumulative incidence of major adverse cerebro-
cardiovascular events and hazard ratio between the statin-user and the non-statin-user groups were
investigated.

Results A propensity score-matched pairs of statin-user and non-statin-user identi�ed 64,182 population
of 40–75 years old without CVD and 24,688 with accompanying diseases. In this group, statin showed
both primary (HR 0.76, 95% CI 0.70–0.83, p<0.001) and secondary (HR 0.87, 95% CI 0.79–0.95, p=0.004)
prevention effect. In the elderly over 60 years, statin only showed primary prevention effect (HR 0.85, 95%
CI 0.76–0.96, p=0.008) in the 26,836 propensity score-matched pairs.

Conclusions Statin use in the elderly showed the primary prevention effect on CVD. Taking statin is
desirable for both general population of dyslipidemia patients and elders over 60 years with CVD risk
factors.

Introduction
In order to better prevent cerebro-cardiovascular diseases (CVDs), the 2013 and 2018 American College of
Cardiology and the American Heart Association (ACC-AHA) guidelines called for increased statin use
compared to the Third Adult Treatment Panel (ATP-III) guidelines of the National Cholesterol Education
Program.1–3 The 2013 ACC-AHA guidelines recommended statin by implementing the risk threshold of
atherosclerotic cardiovascular disease (ASCVD) and eliminating the low-density lipoprotein (LDL)-
cholesterol treatment goals.4 Even though some concerns were raised that the ACC-AHA guidelines
substantially increased the statin eligibility5, the e�cacy of the ACC-AHA guidelines has been veri�ed by
many studies involving diverse ethnicities.4–8

Even though advanced age is one of the signi�cant risk factors for ASCVD9, less stringent treatment
goals in elderly individuals with other cardiovascular risk factors, such as diabetes, have been in
practice.10–12 Guidelines for LDL-cholesterol management, speci�cally in the elderly, have not been clear.
While aspirin and clopidogrel, two important drugs in preventing CVDs, showed only secondary preventive
effects, statin showed both primary and secondary prevention.13–16 However, previous studies have rarely
focused strictly on the elderly and usually included mixed elderly and non-elderly populations.17–20
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In our previous study with the National Health Insurance Service Health Screening Cohort (NHIS-HEALS),
we reassessed the inclusion criteria of both the 2013 ACC-AHA and the ATP-III guidelines and veri�ed the
clinical effectiveness of the ACC-AHA guidelines in predicting the cumulative incidence of major adverse
cerebro-cardiovascular events (MACE).20 Furthermore, the ACC-AHA guidelines increased statin eligibility
mostly in the elder groups over 60 years old. Therefore, we aimed to analyze the e�cacy of the 2013 ACC-
AHA guidelines not only in the general adult population but speci�cally among elderly individuals over 60
years regarding the primary and secondary prevention effects on CVD by reassessing the secondary
analysis of our previous study.

Methods
Study population

In Korea, all employees must undergo a mandatory health screening examination annually, whereas the
unemployed population is screened biannually. NHIS-HEALS gathered health screening data from
January 2002 to December 2013.21 Among the 5.15 million screened examinees aged 40–79 years, as of
December 2002, 10% were randomly sampled (n=514,866) and provided as cohort data to support
academic research. Baseline characteristics, such as sex, age, body mass index (BMI), accompanying
medical diseases, and other factors, were surveyed and followed. Since low-density lipoprotein
cholesterol was �rst collected in 2009, the mean follow-up duration until 2013 was 4.6 years, and the
cohort database was released in 2015.

We separated the available data �rst into adults 40–75 years with a background of MACE and further
narrowed it down to elderly people 60–75 years old (eFigure 1). A total of 355,240 adults 40–75 years old
and 122,398 elderly individuals 60–75 years old were studied in this research to �nd the cumulative
incidence of MACE. We excluded participants over 75 years since this group would have been above the
average life span during the follow-up period and could have confounded the mortality rate.

Main outcome measures

The primary outcomes included MACE, CVD mortality, fatal or nonfatal myocardial infarction (MI), and
stroke. According to the International Statistical Classi�cation of Diseases (ICD), CVD mortality was
de�ned by the death codes with I20~I25; MI with I21 classi�cation; and stroke with I60~I64 and I69
classi�cations. A MACE incident was added to the dataset when a patient was admitted to a hospital
with a primary or secondary diagnosis code of the above diseases. 

Statistical analysis

The cumulative incidence rates of MACE were plotted on the Kaplan-Meier survival curves. Participants
were subdivided into the statin-user group and the non-statin-user group. For the statin-user group, the
monitoring period started from statin administration and lasted until the MACE occurrence or the end of
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the follow-up duration. For the non-statin-user group, the monitoring period ranged from health screening
examination to the date of MACE occurrence or the end of the follow-up duration.

The two groups were matched using the propensity score matching method for sex, age, BMI, waist
circumference, hypertension, diabetes, triglyceride, high-density lipoprotein (HDL)-cholesterol, hemoglobin,
blood pressure, and smoking status controlled. Diabetes was de�ned when a patient was diagnosed with
ICD code for diabetes, treated with medication for diabetes, or showed fasting glucose higher than
126mg/dL in health screening test. Hypertension was de�ned when a patient was diagnosed with ICD
code for hypertension, treated with antihypertensive medication, showed systolic blood pressure higher
than 140mmHg or diastolic blood pressure higher than 90mmHg in health screening test. In the patient
group with current ASCVD and those without ASCVD, the cumulative incidence rates of MACE were
compared between the statin-user group and the non-statin-user group. 

All analyses in this study were performed using the SAS software (version 9.4, SAS Institute, Cary, NC,
USA) and R version 4.1 (R Foundation for Statistical Computing, Vienna, Austria). An alpha level of <0.05
and non-overlapping 95% con�dence intervals (CIs) were used as the criteria for statistical signi�cance in
all tests. 

The study was conducted according to the guidelines of the Declaration of Helsinki. The need for patient
consent was waived due to the use of a cohort big data, and all components and procedures of this study
were approved by the Institutional Review Board of the National Health Insurance Service Ilsan Hospital
(IRB �le No. 2020-02-001) and the NHIS data sharing system (Approval No. NHIS-2021-2-129).

Results
Demographic data

A total of 355,240 participants were 40–75 years old; 122,398 were age 60–75 years. Among the 40–75
year-old group, 32,091 participants without current ASCVD used statin for primary prevention, and 12,344
patients with current ASCVD used statin for secondary prevention. Among the 60–75 year-old elderly
group, 13,418 participants used statin for primary prevention, whereas 6,539 patients used statin for
secondary prevention. The demographic data are shown in Table 1.

For both groups with and without current ASCVD, the propensity score matching analysis was used to
design a non-treated control group. After propensity score matching, sex, age, BMI, waist circumference,
hypertension, diabetes, triglyceride, high-density lipoprotein cholesterol, hemoglobin, blood pressure, and
smoking status did not show statistically signi�cant differences between the two groups. (eTables 1 & 2)
However, the total cholesterol level between the statin-user and the non-statin-user elderly with current
ASCVD was statistically different (eTable 2).

Cumulative incidence of MACE in patients without current ASCVD (Primary prevention)



Page 5/16

Figure 1 depicts the Kaplan Meier survival curve, showing the cumulative incidence of MACE in 40–75-
year-old participants without current ASCVD. Figure 2 shows the cumulative incidence of MACE in 60–75-
year-old participants. During the mean follow-up duration of 4.6 years, the statin-user group showed
signi�cantly lower multivariable hazard ratios of MACE in both age groups (HR 0.76, 95% CI=0.70–0.83,
p<0.001 for the 40–75 age group & HR 0.85, 95% CI=0.76–0.96, p=0.008 for the 60–75 age group),
demonstrating the statistically signi�cant primary prevention effect of statin.

Cumulative incidence of MACE in patients with current ASCVD (Secondary prevention) 

Figure 3 depicts the Kaplan Meier survival curve showing the cumulative incidence of MACE in the 40–
75-year-old patients with current ASCVD. During the follow-up duration, the statin-user group showed a
signi�cantly lower multivariable hazard ratio of MACE (HR 0.87, 95% CI=0.79–0.95, p=0.004),
demonstrating the statistically signi�cant secondary prevention effect of statin among the general adult
population.

The cumulative incidence of MACE in the 60–75-year-old patients with current ASCVD is shown on the
Kaplan Meier survival curve of Figure 4. The multivariable hazard ratio of MACE in the statin-user group
was not statistically signi�cant (HR 0.92, 95% CI=0.81–1.03, p=0.182).

Discussion
In the present study, statin showed primary and secondary preventive effects on cerebro-cardiovascular
diseases in the 40–75-year-old adult group. However, only the primary preventive effect was statistically
signi�cant in the 60–75-year-old elderly group. Our �ndings elucidate that strict LDL-cholesterol control in
elderly individuals aged 60–75 years is bene�cial for the primary prevention of MACE.

The primary and secondary preventive effects of statin have been proven in previous studies. For primary
prevention, Downs et al. showed a reduced risk for the �rst acute major coronary events in men and
women aged 45–73 years, with average values for total cholesterol and LDL-cholesterol.22 Kim et al.
speci�cally recruited 1,278 elderly individuals over 75 years to validate the effect of statin.23 Their study
proved lower cardiovascular events and all-cause deaths with statin use, but the study was limited to
participants from a single tertiary hospital. Kim et al. additionally used the National Health Insurance
Services-Senior Cohort of 1,370 elderly patients over 75 years to demonstrate the primary prevention
effect of statin in decreasing the all-cause mortality if statin was used for at least 5 years.24 Our study
similarly showed the primary preventive effect of statin. However, it differed in that we used the
nationwide health screening cohort data, which included a broader age range and a greater number of
elderly individuals.

The Heart Protection Study (HPS)25, Pravastatin or Atorvastatin Evaluation and Infection Therapy-
Thrombolysis in Myocardial Infarction 22 trial (PROVE-IT)26 and Reversal of Atherosclerosis with
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Aggressive Lipid Lowering studies27, all demonstrated the secondary effect of statin in preventing MACE
among patients with accompanying coronary diseases, occlusive arterial diseases, or diabetes.

Another important drugs to prevent cardiovascular events are aspirin and clopidogrel. In secondary
prevention trials of aspirin, the potential bene�ts of reducing the occurrence of MACE were signi�cant and
outweighed the potential risk of hemorrhages.13–15 In primary prevention trials, however, aspirin did not
show an effect on MACE. In the Aspirin to Reduce Risk of Initial Vascular Events trial28, aspirin showed no
effect on MACE in adults with multiple risk factors for cardiovascular diseases but showed increased
gastrointestinal bleeding. In the Aspirin in Reducing Events in the Elderly trial29, aspirin was randomly
assigned to the patient group who were 70 years or older, but the study was terminated early for futility.
Aspirin had no effect on disability-free survival but signi�cantly increased the risk of major hemorrhage
and all-cause mortality.

Similar to aspirin, the secondary preventive effect of clopidogrel is proved through multiple studies. Bhatt
et al. showed lower MACE with clopidogrel compared to the placebo group.16 Moreover, this bene�t was
more pronounced in patients with prior MI or ischemic stroke than peripheral artery disease. In the
Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management, and Avoidance
(CHARISMA) study30, however, the primary preventive effect of MACE by clopidogrel was not statistically
signi�cant; what is more, a higher risk of severe bleeding was seen in the primary prevention group
compared with the secondary prevention group. Currently, no studies have demonstrated the primary
preventive effect of aspirin and clopidogrel on CVDs.

In comparison to aspirin and clopidogrel, statin showed both primary and secondary preventive effects
on CVDs. Moreover, continued lowering of LDL-cholesterol through statin use is recommended in the elder
group over 60 years old. Sabatine et al. even suggested that further lowering of LDL-cholesterol can
further reduce cardiovascular risks.31 Other studies, such as HPS and PROVE-IT, suggested continued
lowering of LDL-cholesterol to levels substantially below current guideline recommendations, regardless
of the initial LDL-cholesterol concentrations.25–26

We focused on the elder group due to the less stringent treatment goals in elderly individuals with other
cardiovascular risk factors, such as hypertension and diabetes. Until Beckett et al. published the
Hypertension in the Very Elderly Trial32, epidemiologic studies pointed to the inverse relationship between
blood pressure and the risk of death among people over 80 years old, thus possibly re�ecting the
increased risks of strict blood pressure control. For diabetes control, hemoglobin A1c, blood glucose
levels, cognitive function, life expectancy, functional impairments, polypharmacy, nutritional defects, and
other factors for overall health care must be all considered for the diabetic elderly people over 65 years
old.10–12 Since the timeline of bene�t is estimated to be at least 8 years for glycemic control11, the
decision to treat diabetes should be based on the bene�t and risk ratio for everyone concerned. Gerstein
et al. even demonstrated excessive deaths with intensive glucose control in the elderly while MACE was
not signi�cantly reduced.33
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Previous studies using the 2013 ACC-AHA guidelines showed an improved CVD prediction and called for
increased statin eligibility among elderly and diabetic patients.8,20,34 Baigent et al. conducted a meta-
analysis showing further LDL-cholesterol reduction has a de�nite effect of reducing the incidence of heart
attack and ischemic stroke.35 Therefore, our study investigated and proved the primary and secondary
effects of statin in preventing cardiovascular diseases among adults from not only the total population
of 40–75 year-olds but also the elderly group of 60–75 year-olds. Since a set LDL-cholesterol threshold is
controversial and asymptomatic atherosclerosis begins during childhood36, future studies are needed to
consider early statin use or to recommend strict LDL-cholesterol reference when a patient has risk factors
for CVDs.

This study was subject to a few limitations. Administration of drugs that may affect the incidence of
MACE, such as aspirin and clopidogrel, has not been investigated. Since antiplatelets and anticoagulants
can function as confounding variables, it is necessary to control medications in the study. Furthermore,
the mean follow-up duration was limited to 4.6 years due to LDL-cholesterol data availability. Longer
follow up period is critical to determine the severity of MACE.

Conclusions
From the results of our study and previous studies, we con�rm that statin has both primary and
secondary prevention effects. When limiting the study sample to elderly individuals of 60–75 years old,
the primary preventive effect was also demonstrated. Therefore, the 2013 ACC-AHA guidelines hold value
in the elderly individuals over 60 years old when compared to the 2008 guidelines. Finally, the following
study is essential to set the strict LDL-cholesterol reference for preventing MACE.
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40-75 years of age study
sample

60-75 years of age study
sample

Participants 355,240 122,398

Statin-user, No. (%) 73,381 (20.7) 33,267 (27.2)

Male, No. (%) 191,228 (53.8) 62,067 (50.7)

Age, mean (SD), years 58.5 (8.9) 66.4 (4.7)

BMI, mean (SD), kg/m2 24.0 (2.9) 24.1 (3.0)

Waist, mean (SD), cm 82.0 (8.3) 83.1 (8.1)

Economic status (10th percentiles),
No. (%)

   

0 (Medical Aid) 371 (0.1) 211 (0.2)

1~3 71,885 (20.2) 29,228 (23.9)

4~6 81,180 (22.9) 28,977 (23.7)

7~9 130,958 (36.9) 43,911 (35.9)

10 (highest) 70,846 (19.9) 20,071 (16.4)

Hypertension, No. (%) 10,272 (2.9) 5,679 (4.6)

Diabetes, No. (%) 74,329 (20.9) 34,641 (28.3)

Total cholesterol, mean (SD), mg/dL 200.1 (37.7) 198.3 (38.6)

Triglyceride, mean (SD) mg/dL 140.3 (91.6) 140.2 (85.9)

HDL, mean (SD), mg/dL 55.3 (30.9) 54.7 (31.7)

LDL, mean (SD), mg/dL 118.6 (38.1) 117.5 (38.6)

Hemoglobin, mean (SD), g/dL 13.8 (1.5) 13.6 (1.4)

Systolic BP, mean (SD), mm Hg 125.3 (15.3) 128.4 (15.6)

Diastolic BP, mean (SD), mm Hg 77.6 (10.0) 78.0 (9.8)

Previous CVD†, No. (%) 35,016 (9.9) 17,696 (14.5)

Smoking status, No. (%)    

Non-smoking 294,340 (82.9) 106,505 (87.0)

Current smoking 60,900 (17.1) 15,893 (13.0)

Drinking, mean (SD), No./week 1.9 (1.6) 1.8 (1.7)
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† Myocardial infarction, stroke, coronary artery disease

Abbreviations: BMI, Body mass index; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; BP,
Blood pressure; CVD, Cardiovascular disease

Figures

Figure 1

Kaplan-Meier survival curves for cumulative incidence of MACE in the 40–75 year-old participants
without current ASCVD
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Figure 2

Kaplan-Meier survival curves for cumulative incidence of MACE in the 60–75 years-old participants
without current ASCVD
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Figure 3

Kaplan-Meier survival curves for cumulative incidence of MACE in the 40–75 year-old patients with
current ASCVD
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Figure 4

Kaplan-Meier survival curves for cumulative incidence of MACE in the 60–75 year-old patients with
current ASCVD
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