
INTRODUCTION 

Among countries with an aging global population, South Korea is 
the country with the fastest-aging population; with more than 14% 
of its population aged 65 years and older, South Korea officially 
became an aged society in 2017.1) Cardiovascular disease is the 
second leading cause of death among Koreans, and ischemic heart 
disease accounts for the majority of deaths.2) 

High low-density lipoprotein cholesterol (LDL-C) level is a 
well-documented risk factor for cardiovascular disease because it is 
associated with progression from early-stage fatty streaks to ad-
vanced-stage, lipid-rich plaques.3) Hydroxymethylglutaryl-coen-
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zyme A reductase inhibitors, are one of the best-established means 
for preventing and treating atherosclerotic cardiovascular disease.4) 
However, there is limited evidence to recommend statins for the 
primary prevention of cardiovascular disease in adults aged 75 
years and over.5,6) 

Since the American College of Cardiology/American Heart As-
sociation (ACC/AHA) guidelines published in 2013,5) five guide-
lines for statin use have been released:7) the UK National Institute 
for Health and Care Excellence (NICE-UK) in 2014,8) the Canadi-
an Cardiovascular Society (CCS),9) the US Preventive Services 
Task Force,6) the European Society of Cardiology/European Ath-
erosclerosis Society (ESC/EAS)10) in 2016, and ACC/AHA in 
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2018.11) However, of these guidelines, only the NICE-UK strongly 
recommends statins for primary prevention up to age 84; the 
ESC/EAS and the ACC/AHA recommend treatment to age 65 
and 75, respectively. The Korean guideline for dyslipidemia in 
2018 indicated that there is insufficient evidence regarding the ef-
fectiveness of statins for primary prevention of cardiovascular dis-
ease in older adult patients over 75 years of age without cardiovas-
cular disease and diabetes and recommended to consider statin 
use for primary prevention only in case of diabetes.12) 

Previous studies reported increased risks of diabetes mellitus 
(DM)13) and cognitive dysfunction due to statin use,14) with con-
cerns regarding statin prescriptions for older adults. However, few 
studies have evaluated the efficacy and safety of statins in people 
aged 75 years or older. 

Furthermore, most studies were conducted in Western coun-
tries; thus, there is insufficient clinical evidence regarding the pri-
mary preventive effect or tolerability of statins in older Asian pop-
ulations. 

Therefore, we evaluated the efficacy, mortality, and adverse out-
comes of statins in people aged over 75 years by analyzing National 
Health Insurance data. 

MATERIALS AND METHODS 

Data Background 
The dataset was provided by the Korean National Health Insur-
ance Service (NHIS), which was founded in 2000 as a single-in-
surer system. The NHIS has converted all medical records into the 
National Health Information Database containing personal infor-
mation, demographic data, and medical treatment data for Korean 
citizens categorized as insured employees, insured self-employed 
individuals, or medical-aid beneficiaries. Within this dataset is the 
NHIS-Senior Cohort (NHIS-SC), which is a population-based 
cohort comprising 558,147 people who account for approximately 
10% of the total 5,500,000 patients aged ≥ 60 years in 2002. The 
NHIS-SC database contains information on insurance member-
ship and income, medical use history, medical checkups, and long-
term care and provides data from medical health examinations that 
all older adult beneficiaries receive every 2 years, including blood 
pressure measurement, health behavior status (smoking, alcohol), 
and past medical history.15,16) 

Study Population 
In this study, we included people aged 75 years and older who were 
enrolled in the NHIS-SC database between January 1, 2004, and 
December 31, 2005 (n = 159,015) and who received a health ex-
amination provided by the NHIS within 2 years of their first pre-

scription day (n = 25,350). We included people with total choles-
terol level of > 200 mg/dL on their health screening blood test. 
The exclusion criteria were: (1) having been prescribed statins 
from 2002–2003 or (2) having any of the following major or mi-
nor diagnostic codes on their medical records within the 2 years 
before enrollment -I20-25 (ischemic heart disease), I60-69 (cere-
brovascular disease), and I73 (other peripheral vascular diseases). 
For  comparison, the baseline cohort included patients with hyper-
cholesterolemia (with claim codes or a total cholesterol level > 200 
mg/dL) in the primary prevention cohort who were eligible for 
statin therapy but had no statin prescription history (n = 7,782). 
The medication possession ratio (MPR) was calculated by divid-
ing the sum of prescription days by the total prescription period 
(between the first date of prescription and the final follow-up day 
during the index period; January 1, 2004 to December 31, 2005) 
using medication history extracted from each patient’s medical re-
cord. Subjects with a statin MPR above 20% were assigned to the 
statin-user group (n = 767), while those who had never been ex-
posed to statins were assigned to the statin non-user group 
(n = 15,637).17,18) Because statin use was not randomly assigned, 
the effects of treatment-selection bias and potential confounding 
factors were mitigated by applying an exact block-matching ap-
proach. Exact block matching was determined using four blocks of 
sex, age (age groups within 2 years), total cholesterol (three catego-
ries; < 240, 240–300, and > 300 mg/dL), and incidence year, with 
each statin user matched to one control subject. The analyses final-
ly included 685 pairs (n = 1,370) (Fig. 1). 

Covariate Confounders 
We considered the risk factors for adverse events, including under-
lying medication history, socio-demographic characteristics (age, 
sex, income), body mass index (BMI), and lifestyle (smoking, al-
cohol consumption), as potential confounders. 

Outcomes 
The primary outcome variables included the rates of all-cause 
death and major adverse cardiovascular events (MACE), which 
was defined as the composite of myocardial infarction (MI; I20-
25), stroke (I60-69), and coronary revascularization (I46; percuta-
neous transluminal coronary angioplasty or coronary artery bypass 
grafting) from NHIS-SC records dated within the study period. 
The secondary outcomes were hospitalization for any cause (acute 
MI, ischemic cerebrovascular disease, chronic obstructive pulmo-
nary disease, and malignant neoplasm), cancer, new-onset diabetes 
mellitus (NODM), liver toxicity, and myopathy.19) NODM was re-
corded when antidiabetic drugs were first prescribed during fol-
low-up and when diagnostic codes were claimed for the first time. 
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The DM diagnostic codes were taken from the 10th revision of the 
International Statistical Classification of Diseases as follows: E11 
(non-insulin-dependent DM), E12 (malnutrition-related DM), 
E13 (other specified DM), or E14 (unspecified DM). The classes 
of antidiabetic drugs recognized for NODM diagnosis were sulfo-
nylureas, biguanides, alpha-glucosidase inhibitors, thiazolidinedi-
ones, meglitinides, and insulin.20) Incretin-based therapies (i.e., 
glucagon-like peptide-1 receptor agonists and dipeptidyl pepti-
dase-4 inhibitors) had not yet been introduced during the study 
period. Liver toxicity (K71, toxic liver disease) and myopathy 
(G71, drug-induced myopathy; M62.8, rhabdomyolysis) were 
considered attributable to statins if they occurred within 12 
months of initiation.21) 

Ethics Statement 
This study was approved by the Kyung Hee University Hospital 
Research Ethics Committee (No. KMC IRB 1601-09). 

Statistical Analyses 
We defined overall survival, one of the primary endpoints of this 
study, as the time from the enrollment date to the date of death 

from any cause. The baseline characteristics of the two groups are 
expressed as means and standard deviations for continuous vari-
ables and as percentages for categorical variables. We used Wilcox-
on two-sample and Fisher exact tests for continuous and categori-
cal variables, respectively. We performed log-rank tests and Cox 
proportional hazard regression to examine the differences between 
the statin user and non-user groups. Finally, we estimated the haz-
ard ratios (HRs) adjusted for age, sex, BMI, DM, hypertension 
(HTN), aspirin, and antiplatelet use. All statistical analyses were 
conducted using R version 3.4.4 (R Foundation for Statistical 
Computing, Vienna, Austria) and SAS version 9.3 (SAS Institute 
Inc., Cary, NC, USA) to explore and modify the large datasets. 

RESULTS 

General Characteristics 
The average age of the 1,370 people who met the inclusion criteria 
was 78 years. The mean follow-up period was 8.7 years (statin us-
ers 8.7 years vs. statin non-users 8.6 years). We analyzed 685 pairs 
by propensity matching for sex, cholesterol level, and residential 
area. Statin users were more likely to have HTN and DM and to be 

Fig. 1. Flow chart of study subjects. BMI, body mass index; MPR, medication possession ratio.

Older adults over 60 years old in Senior cohort database 2002 (n=558,147)

Older adults over 75 years old in 2004–2005
(n=159,015)

Health exam history within 2 years of index date
(n=25,350)

Health exam result of total cholesterol > 200 (587 / 6,657)
or

Index period E780-785 (except E783)

Baseline cohort (n=7,782) (742 / 7,040)

Statin user Statin nonuser

 Exactblock matching

MPR≥20% within
12 months of first
statin exposure

Statin user group
(n=685)

Statin non-user group
(n=685)

Statin user with MPR<20% within
1 year of first statin exposure
(& never-statin users)

Those who were initially prescribed statin in
2004–2005 (including matching targets) (n=12,648) 

Health examination : BMI alcohol, smoking, 
physical, examination, total cholesterol

Exclusion criteria
1. Index date History of disease within 2 years as a major
or minor diagnosing code (n= 1,356 / 7,113)

I20-25 Ischemic heart disease,
I60-69 Cerebrovascular disease,
I73 Other peripheral vascular diseases

2. prescribed history of statin in 2002-2003 (aged over 75)
(n= 894 / 381)
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taking aspirin or other antiplatelet. We observed no significant dif-
ferences in age distribution, alcohol, smoking, or physical activity 
between the statin user and non-user groups (Table 1). 

Outcomes according to Statin Use 
During follow-up, significantly higher rates of MACE (HR 
= 1.51; p < 0.001), hospitalization (HR = 1.21, p < 0.001), and 
NODM (HR = 1.28, p = 0.002) were observed in the statin user 
group than in the non-user group. In addition, significantly high-
er rates of MI (HR = 1.25, p < 0.001) and stroke (HR = 1.21, 
p = 0.026) and a non-significantly higher rate of coronary revas-
cularization (HR = 1.25, p = 0.750) were observed in the statin 
user group than in the non-user group (Supplementary Table 
S1). After adjusting for age, sex, BMI, DM (except for NODM), 
aspirin use, and antiplatelet use, the HRs were 0.83 (p = 0.040) 
for all-cause mortality, 1.24 (p = 0.030) for MACE, and 1.18 
(p = 0.060) for NODM. The risks of hospitalization, cancer, myop-
athy, and hepatitis did not differ significantly according to statin use 
(Table 2). 

Subgroup Analysis for Stain Use Duration 
Our sub-analysis of duration showed a significant relationship 
between longer statin use ( > 5 years) and all-cause mortality 
(HR = 0.76, p = 0.001) after adjusting for age, sex, BMI, DM, 
HTN, aspirin use, and antiplatelet use. The MACE risk was ele-
vated among patients who used statins for < 3 years (HR = 1.5, 
p < 0.001), but MACE risk was lower among patients with statin 
use duration > 5 years (HR = 0.88, p = 0.360). Similarly, NODM 
risk was higher for < 3-year statin use duration (HR = 1.10, 
p = 0.190) but lower for > 5 years duration (HR = 0.95, 
p = 0.780). These results suggest that patients receiving statins 

for longer periods were less likely to experience adverse events, 
including all-cause mortality, MACE, and NODM (Table 3). 

DISCUSSION 

The most important finding in this study was that statin use for 
primary prevention in patients aged over 75 years was associated 
with a lower risk of all-cause mortality and higher risks of MACE 
and NODM. Longer statin use ( > 5 years) resulted in a significant-
ly lower risk of all-cause mortality and did not result in a signifi-
cantly higher risk for NODM, hospitalization, or cancer compared 
to those for non-use. Finally, while the risk of MACE in long-term 
statin use was not statistically significant, it tended to decrease. 

Advanced age is recognized as a definite and strong risk factor 
for cardiovascular disease.22) The clinical benefit of statin use for 
secondary prevention, even in older adult patients, has been ro-
bustly demonstrated.23) However, direct evidence of a benefit for 
primary prevention in patients aged 75 years and over is controver-
sial.24) Although the reason for this controversy is not clear, differ-
ences in sex, study design, participants, age range, and ethnic char-
acteristics between studies may contribute to these differences.25) 
The participants included in previous trials of primary prevention 
were required to have at least one cardiovascular risk factor, e.g., 
the Prospective Study of Pravastatin in the Elderly at Risk (PROS-
PER) trial26) or elevated C-reactive protein level, e.g.,  Justification 
for the Use of statins in Primary prevention: an Intervention Trial 
Evaluating Rosuvastatin (JUPITER) trial27). In contrast, the pres-
ent study included patients with hypercholesterolemia without 
cardiovascular diseases irrespective of risk factors.  

Although the secondary prevention effect on statin treatment in 
old age is clearly beneficial, the effect on primary prevention has 

Table 1. Baseline characteristics

Variable
Exact matched cohort

Statin users (n = 685) Statin non-users (n = 685) p-value
Age (y) 78.0 ± 3.0 78.1 ± 3.2 0.900
Sex, women 450 (65.7) 450 (65.7) 1.000
HTN 548 (80.0) 267 (39.0) < 0.001
Diabetes mellitus 241 (35.2) 90 (13.1) < 0.001
Aspirin use 130 (19.0) 31 (4.5) < 0.001
Antiplatelet use 185 (27.0) 39 (5.7) < 0.001
HTN medication use 460 (67.2) 200 (29.2) < 0.001
Alcohol drinker 51 (7.4) 44 (6.4) 0.520
Smoker 86 (12.6) 101 (14.7) 0.270
BMI (kg/m2) 23.9 ± 3.3 23.2 ± 3.3 < 0.001
Physically active 130 (19.0) 108 (15.8) 0.130
Total cholesterol (mg/dL) 233.2 ± 44.0 237.7 ± 39.9 0.180
Values are presented as mean±standard deviation or number (%).
HTN, hypertension; BMI, body mass index.
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not been clear in randomized controlled trial studies. The PROS-
PER study was the first to investigate the effect of statin use in older 
adults without cardiovascular disease.26) The results indicated a 15% 
decreased risk of cardiovascular disease in the pravastatin group 
than in the placebo group, but no reduction in all-cause mortality 
(HR = 0.85; 95% confidence interval [CI], 0.77–1.15). In the JUPI-
TER study, the use of rosuvastatin did not significantly reduce mor-
tality (HR = 0.8; 95% CI, 0.62–1.04) in those aged over 70 years 
without cardiovascular disease, with an LDL-C level < 130 mg/dL 
and high-sensitivity (hs)-CRP level of 2 mg/L or higher, but it did 
decrease cardiovascular disease incidence27) (HR = 0.61; 95% CI, 
0.46–0.82). In the Cholesterol Treatment Trialists, meta-analysis of 
subjects over 75 years of age did not prove the primary prevention 
effect4) (HR = 0.92; 95% CI, 0.73–1.16). 

The results of observational studies have suggested mixed and 
less obvious benefits of initiating statins in patients older than 75 
years with increased risks of cardiovascular disease, such as diabet-
ics (e.g., Ramos et al.28)), with cardiovascular disease risk factors 
(e.g., the Statins on Clinical Outcomes for Primary prevention in 
individuals aged > 75 years (SCOPE-75) trial29)), or in men (e.g., 
Orkaby et al.30)). 

In the present study, statin use for primary prevention in patients 
aged over 75 years increased the risk of MACE for the first 3 years. 
Physicians may have been more likely to prescribe statins to pa-
tients with veiled cardiovascular risk factors that were not regis-
tered on claim diagnostic codes, which could have increased the 
healthy user selection bias.31) 

However, our sub-analyses of use duration showed that the risk 
of MACE, hospitalization, and NODM decreased after 5 years of 
starting statin prescription. This result is consistent with Mansi’s 
finding that statin users had significantly higher odds of developing 
diabetes (odds ratio [OR] = 1.93; 95% CI, 1.55–2.41), which per-
sisted throughout follow-up and that short-term statin use was not 
associated with decreased odds of major acute cardiovascular 
events (OR = 1.17; 95% CI, 0.72–1.92).32) These results indicate 
that statins may be effective for primary prevention when used 
long-term (e.g., 5 years or more). 

Meanwhile, concern about statin use in older adults is related to 
fear of myalgia, increased fall risk, liver enzyme elevation, cognitive 
impairment, stroke, fatigue, and drug interactions in polypharmacy 
patients.33,34) However, in this study, we observed no differences in 
the risks of myopathy and hepatitis between statin users and 
non-users. Moreover, statin therapy was not associated with elevat-
ed risks of cancer or hospitalization. Our results are similar to the 
those of the 2015 the Patient and provider Assessment of Lipid 
Management (PALM) registry, in which statins appeared to be 
similarly tolerated in older ( > 75 years) and younger adults.35) 

Our study has several limitations. First, there was the possibility 
of coding errors, missing data, lack of clinically relevant data because 
of unmeasured variables, or missing relevant drug use that was not 
typically collected in nationally-based datasets. Second, this was an 
observational study; hence, it suffers from potential selection bias 
despite robust exact block matching. One possible selection bias 
was that frail people might have been less likely to be prescribed 
statins. However, we observed no difference in physical activity be-
tween statin users and non-users and the prevalence of diabetes and 
HTN, which are potential risk factors for frailty, was higher in the 
statin group. These findings indicate that it was unlikely that the sta-
tin non-user group included more frail population. Moreover, pa-
tients with severe frailty were not likely to be included in this study 
because they could not have visited health examination centers and 
were excluded. Third, our study may be influenced by an immortal 
time bias. Statin users with MPR > 20% during the observation pe-
riod must survive to receive consecutive prescriptions and were, 
thus, less likely to die, which may have biased the increased mortali-
ty in the statin user group. However, our analysis of mortality as of 
the median time of survival duration showed no difference between 
statin users and non-users. Thus, we postulate the risk of immortal 
time bias might be less substantial. Fourth, we did not compare 
LDL-C, HDL cholesterol, and triglyceride levels between statin us-
ers and non-users, which could have affected the results, partly be-
cause LDL-C measurement was not included in the national health 
exam and triglyceride and HDL measurements were introduced in 
2009. Fifth, we could not accurately confirm the cumulative or dose 
effects of statins because we could not determine the daily dose of 
statins from the available data. Sixth, while alcohol and smoking are 
risk factors for mortality, they did not differ significantly between 
statin users and non-users. Therefore, they were not confounding 
factors and were excluded from the adjustment. Seventh, there was 
a possibility of unknown confounding regarding adverse outcomes 
in the statistical analysis, despite the exact block matching method 
in consideration of this concern. 

Despite these limitations, this nationwide study included a large 
sample of the older Korean adult population ( > 75 years) and 
demonstrated the benefit of statins for primary prevention if used 
for more than 5 years in terms of reducing all-cause mortality. In 
conclusion, the results of our study suggested that the use of statins 
for primary prevention by adults aged over 75 years was associated 
with a significant lower mortality risk. 
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