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Adverse effects of statin therapy and their treatment
Dae Young Cheon1, Sang-Ho Jo2
1

Division of Cardiology, Department of Internal Medicine, Hallym University Dongtan Sacred Heart Hospital, Dongtan, Korea
Division of Cardiology, Department of Internal Medicine, Hallym University Sacred Heart Hospital, Anyang, Korea

2

Statins are one of the most widely used drugs worldwide as first-line drugs for the treatment of hyperlipidemia and the prevention
and treatment of cardiovascular diseases. Most of the side effects of statins are known to be mild, and mainly hepatotoxicity and
various muscle symptoms are known. Recently, there have been studies on concerns about an increase in the incidence of diabetes
after using statins, but it was found that the benefits sufficiently outweigh the risk of side effects. Therefore, the use of statins in the
appropriate group should be actively performed, and it seems that the side effects can be prevented through close physical observation and appropriate examination.
Keywords: Statin; Adverse effects; Dyslipidemia; Myalgia; Diabetes mellitus

INTRODUCTION
Statins are a mainstay of therapy for reducing low-density
lipoprotein cholesterol levels to prevent cardiovascular
events and mortality; therefore, statins are one of the most
commonly used classes of drugs worldwide [1–3]. Nonetheless, various side effects, such as hepatotoxicity, muscle disease, acute renal failure, cataracts, and an increased risk of
diabetes mellitus, have been reported [4–11]. In this review,
we cover the common and important side effects of statins
and their management based on the fourth edition of the
Korean guidelines for the management of dyslipidemia,
which were revised in 2020 [12–14], European guidelines
released in 2019 (European Society of Cardiology [ESC]
and European Atherosclerosis Society [EAS]) [8,15], United States guidelines released in 2018 (American College
of Cardiology [ACC]/American Heart Association [AHA])
[16,17], and Japanese guidelines released in 2019 (Japan

Atherosclerosis Society [JAS]) [18,19]. We also compare and
summarize those guidelines.

HEPATIC DYSFUNCTION
Hepatotoxicity by statins is usually defined as an increase
in alanine aminotransferase (ALT) to 2–3 times higher than
the upper normal limit or more than a twofold increase in
conjugated bilirubin [20]. A higher dose increases the risk
of liver function deterioration, and it is known that statin-induced liver toxicity usually occurs in the first year of
statin use [21]. This type of liver injury has no symptoms,
represents a temporary increase in liver enzyme levels, and
usually improves on its own regardless of drug interruption.
Furthermore, it does not cause histological changes in the
liver, and it therefore does not fall into the category of actual
liver damage. The exact mechanism is not well known, but
it is most likely involves an idiosyncratic drug-induced liver

Received: January 3, 2022; Revised: January 11, 2022; Accepted: January 19, 2022
Correspondence to Sang-Ho Jo, MD
Division of Cardiology, Department of Internal Medicine, Hallym University Sacred Heart Hospital, 22 Gwanpyeong-ro 170beon-gil, Dongan-gu,
Anyang 14068, Korea. E-mail: sophi5neo@gmail.com
© 2022 Korean Society of Cardiovascular Disease Prevention, Korean Society of Cardiovascular Pharmacotherapy
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

www.e-jcpp.org

1

Dae Young Cheon, et al.

Statins and adverse effects

injury or immune-allergic reaction [22].
Clinically meaningful liver toxicity is extremely rare [16]. If
ALT continues to rise to more than ten times higher than the
upper normal limit, it may be associated with other diseases or interactions with other drugs metabolized via the liver.
This is important because statins are mainly metabolized in
the liver. Therefore, it is necessary to investigate the possible presence of another medical disease, other medications
used, and other possible causes of liver toxicity. Acute liver
failure caused by statins is extremely rare, with an incidence
rate of 1/114,000 patient-years, similar to the incidence of
idiopathic acute liver failure in the general population [23].
The elevation in ALT usually improves naturally because

adaptation or tolerance is believed to occur. However, if the
ALT level rises to ten times the upper normal limit, most
guidelines recommend discontinuing the statin.
Previous guidelines in Korea recommended conducting
liver function tests before administering statins and at 6 and
12 weeks after the start of administration, but the recently
revised guidelines suggest that measurements can be considered between 4 and 12 weeks. According to the ESC and
EAS guidelines, routine liver function tests are not necessary. The ACC/AHA guidelines state that if patients have
symptoms suggesting hepatotoxicity, liver enzyme testing
is required, including total bilirubin and alkaline phosphatase. In Japan, ALT and total bilirubin levels are recom-

Table 1. Comparison of four guidelines on statin-induced hepatotoxicity and myopathy
Korea (KSoLA)
Revised year 2018
Detect of
Pretreatment
hepatotoxicity Consider at 4–12 weeks
(not routinely)
Definition of
ALT ≥ 3× UNL, two times
hepatotoxicity

Japan (JAS)
2019
Pretreatment
At 4 weeks (ALT + T.bil)

United States (ACC/AHA)
2018
Pretreatment
Consider if symptoms are
present (AST+ALT, not
routinely)
ALT ≥ 3× UNL

ALT > 3× UNL or
T.bil > 2× UNL
Coping with
ALT ≥ 3× UNL
ALT > 3× UNL and T.bil > 2× UNL ALT ≥ 3× UNL
→ Stop
hepatotoxicity → Recheck
→ Dose reduction or
ALT ≤ 3× UNL or T.bil ≤ 2× UNL
alternative statins
→ ALT ≥ 3× UNL, stop
→ Consider stop
ALT ≤ 3× UNL and T.bil ≤ 2× UNL
→ Recheck at 2–4 weeks
Detect of
Pretreatment
Pretreatment
Identify predisposing
myopathy
factors
Consider if symptoms are At 4 weeks
present (not routinely)
Consider if symptoms are
present (not routinely)
Coping with
CK ≥ 10× UNL
CK ≥ 10× UNL and symptoms
Not specifically mentioned
myopathy
→ Stop
→ Stop, refer to specialist
→ Statin discontinuation
until symptoms improve
4× UNL ≤ CK < 10× UNL CK ≥ 10× UNL and no symptoms
→
Rechallenge with a
→ Stop, monitor
→ Stop, recheck at 4-6 weeks
reduced dose, alternaCK < 4× UNL
4× UNL ≤ CK < 10× UNL and
tive agent, or alternative
→ Restart after 2–4 weeks symptoms
dosing regimen
→ Stop, recheck at 4-6 weeks
4× UNL ≤ CK < 10× UNL and no
symptoms
→ Continue, recheck at 2–4 weeks
CK < 4× UNL and symptoms
→ Continue, recheck at 2–4 weeks
CK < 4× UNL and no symptoms
→ Continue

Europe (ESC/EAS)
2019
Pretreatment
At 8–12 weeks

ALT ≥ 3× UNL
ALT ≥ 3× UNL
→ Stop
→ Recheck at 4–6 weeks
ALT < 3× UNL
→ Continue
Pretreatment
Consider if symptoms are
present (not routinely)
CK ≥ 10× UNL
→ Stop, check every 2 weeks
CK < 10× UNL and symptoms
→ Stop, monitor
CK < 10× UNL and no symptoms
→ Continue, check every 2 weeks
CK < 4× UNL
→ Continue, if symptoms occur,
monitor CK regularly

KSoLA, Korean Society of Lipid and Atherosclerosis; JAS, Japan Atherosclerosis Society; ACC, American College of Cardiology; AHA, American Heart Association; ESC, European Society of Cardiology; EAS, European Atherosclerosis Society; ALT, alanine aminotransferase; T.bil, total bilirubin; AST, aspartate
aminotransferase; UNL, upper normal limit; CK, creatinine kinase.bin.
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mended to be measured at 4 weeks. According to the Korean guidelines, if the ALT level rises more than three times,
and if it is still elevated after re-measurement, the cause
is to be examined after stopping the statin. In the United
States, if the ALT level increases more than three times, it
is recommended to change the drug or reduce the dose
without stopping the statin immediately, and in Europe, it
is recommended to check liver enzyme levels again after
stopping the statin for 4 to 6 weeks. In Japan, total bilirubin
is included in the diagnostic criteria, and if both levels are
elevated, stopping the drug is considered, while if only one
is elevated, both are to be re-measured after 2 to 4 weeks to
decide whether to stop the statin (Table 1) [8,12–19].

MYOPATHY
Statin-induced myopathy, also known as statin-associated muscle symptoms, is the most common complication
of statins and is usually the most important reason for
their discontinuation [24]. Myopathy has a wide variety
of patterns, ranging from minor muscle pain to rare but
life-threatening rhabdomyolysis. Most cases of statin-induced myopathy appear as muscle enzyme elevation
without symptoms, or as bilateral muscle pain involving a
proximal muscle such as the thigh. Twenty-five percent of
patients complain of whole-body pain. The muscle pain
patterns are non-specific and diverse, involve intermittent
complaints of pain, and last for several different periods [25].
Most studies have reported that side effects occur after 1 to
12 months of use, and disappear within about 2 months of
discontinuation of the drug. The risk factors for muscle side
effects are old age and intense physical exercise, with the
concomitant intake of various drugs. It has been reported
that no difference exists in the risk for myopathy among
statins. The rhabdomyolysis risk is high when creatine
kinase (CK) is more than ten times the normal value with
high doses [26].
The predisposing factors are known to include age, female sex, a low body mass index, Asian descent, excess
alcohol consumption, high levels of physical activity, and
trauma. The drug interactions of statins are also associated
with myopathy. Since simvastatin, lovastatin, and atorvastatin are metabolized by cytochrome P450 3A4 (CYP3A4),
drugs that suppress CYP3A4, such as cyclosporin A or protease inhibitors, can increase the serum concentration of
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statins and consequently cause rhabdomyolysis. In cases of
mixed dyslipidemia, gemfibrozil or fenofibrate can be additionally used. Gemfibrozil can double the serum concentration of statins and is reported to be associated with a 15-fold
higher risk of rhabdomyolysis than fenofibrate; therefore,
it is recommended to use fenofibrate as add-on therapy.
Pravastatin is excreted by the kidneys, while fluvastatin and
rosuvastatin are metabolized by another pathway within
the liver (CYP4502C9); therefore, these drugs are relatively
safe from the standpoint of drug interactions and can be an
alternative if the dose of statin should be sustained [27].
In order to check the side effect of statins on muscle, all
four guidelines recommend testing basal CK levels before
prescribing a statin. After starting a statin, only the Japanese
guidelines recommend performing routine tests of CK levels
at the fourth week, while all other guidelines recommend
testing only if symptoms occur. The ACC/AHA guidelines
from the United States recommend measuring CK levels in
individuals with severe statin-associated muscle symptoms
or objective muscle weakness [8,12–19].
The criteria of severe myopathy are simply defined as a
CK increase to ten times or more than upper normal limit
along with symptoms. Most myopathy patients have 3 to 10
times higher serum levels of CK than normal. In the Korean
guidelines, regardless of symptoms, the CK level is regarded
as the most important criterion. If the CK level is ten times
higher than the upper normal limit or more than 10,000 IU/
L, statins have to be immediately stopped. If the CK level is
4 to 10 times higher than the normal limit, the drug should
be stopped, but can be used again if necessary while monitoring the CK level. If CK levels decrease to under four times
the upper normal limit, it is possible to restart the drug
about 2 to 4 weeks after stopping. The ACC/AHA guidelines
describe that objective muscle weakness (myopathy) and
an associated significant increase in CK levels (myositis)
are rare but recommend prompt statin cessation. However,
if the symptoms are not severe and tolerable, they recommend reassessing and conducting a statin rechallenge. In
other words, these guidelines state that symptoms are the
main criteria for statin cessation regardless of the CK level.
After that, the ACC/AHA guidelines recommend measuring
and monitoring CK levels and symptoms every week. If either of them worsens, statin should be stopped for a while
or be reduced in dose until symptoms improve. In the European ESC/EAS guidelines, the CK limit is stricter (four times
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the upper normal limit). If the CK level is four times or more
higher than the upper normal limit with symptoms, statins
have to be stopped for 6 weeks. If it rises to less than four
times the normal upper limit with accompanying symptoms, the drug must be stopped for 2 to 4 weeks. However,
if the CK level rises to less than ten times the upper normal
level with no symptoms, statins can be continued and CK
levels should be monitored every 2 weeks. According to the
Japanese guidelines, if the CK level increases to more than
ten times the upper normal limit with muscle-related symptoms, the statin should be stopped and the patient should
be referred to a specialist. If the CK level rises to more than
ten times the upper normal limit with no symptoms or to
four to ten times the upper normal limit accompanied with
symptoms, it is recommended to stop the drug for 4 to 6
weeks. If there are symptoms, but the CK level rises to less
than four times the upper normal limit, or if the CK level rises to four to ten times the upper normal limit with no symptoms, the guidelines recommend continuing to take statins
with appropriate follow-up (Table 1) [8,12–19].
Most of the guidelines present the same recommendations for restarting statins, stating that patients should
start at a low dose or start with an alternative statin, and
that symptoms and CK levels should be monitored more
frequently after the CK level normalizes. Once the CK level
normalizes, any other statin can usually be tried at a small
dose, and there will generally be no side effects in 40% of
cases. Some guidelines recommend taking the drug only
once or twice a week. Fluvastatin alone or statin plus ezetimibe combination therapy is considered more useful than
lovastatin, simvastatin, or atorvastatin if there is an intolerance due to previous statin-induced myopathy symptoms
[28]. In addition, considering that muscle disease occurs
due to drug interactions, especially at high doses, rosuvastatin (which is metabolized through the CYP2C9 pathway)
may be an alternative [29].

DIABETES
Meta-analyses of prospective randomized clinical studies
have reported that statin use can increase the risk of diabetes by 9% to 13%, and higher doses increase the risk of
developing diabetes [30,31]. No significant differences in
the risk of diabetes by statin type were found in meta-analyses that synthesized the results of prospective randomized

4
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clinical studies, although some studies showed contradictory results [32–35]. Nonetheless, it is appropriate to interpret these findings as indicating that all statins have a class
effect [36]. Because statins have much greater efficacy for
preventing cardiovascular events and deaths than their risk
of new-onset diabetes, most guidelines recommend maintaining statin use if the benefits outweigh the risk [8,12–19].
The risk factors of developing diabetes are high-intensity
statin use, high basal fasting blood glucose and triglyceride
levels, body mass index, diuretic administration, metabolic
syndrome, hypertension, and old age. It is necessary to emphasize aspects of lifestyle management such as diet control
and exercise by identifying high-risk individuals for diabetes development after statin administration. If patients are
in a high-risk group or have arteriosclerotic cardiovascular
disease, it is necessary to prescribe high-intensity statin
treatment without hesitation. This is because the effect of
reducing cardiovascular events is more than three times
greater than the risk of statin-induced diabetes, and the
clinical prognosis of patients who develop diabetes during
statin administration is not significantly different from that
of patients without diabetes [31].

CONCLUSIONS
Elevated levels of liver and muscle enzymes, the most
common side effects associated with the use of statins, are
sometimes detected by blood tests or when patients complain of symptoms. However, if the elevation is not very
high, statin use can be continued and the elevated enzyme
levels usually normalize on their own. Fatal rhabdomyolysis or liver failure is very rare and unpredictable, but drug
interactions should be minimized and the possibility of
occurrence should be kept in mind by reducing the number
of concomitant drugs in elderly patients. New-onset diabetes is generally considered to be a side effect of all statins,
but the benefit of statins in reducing cardiovascular events
is generally greater than their adverse effects. Thus, statin
use should be continued if it is indicated. In conclusion,
although statins have limitations in terms of their adverse
effects, these adverse effects are generally of minimal clinical significance and can be avoided by taking appropriate
precautions. Clinicians should pay appropriate attention to
these side effects when prescribing statins. We do not need
to hesitate using statins due to fear of these adverse effects,
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because the benefits generally outweigh the risks.
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Inflammation plays a crucial role in the pathophysiology of coronary artery disease (CAD). Several types of sterile inflammation are
mediated through the nucleotide-binding oligomerization domain-like receptor pyrin domain containing 3 (NLRP3) inflammasome.
Colchicine has recently been shown to effectively block NLRP3 inflammasome assembly in addition to several other actions on inflammatory cells. Recent evidence also points to favorable effects of colchicine in patients with CAD, including lower levels of inflammatory markers, coronary plaque stabilization, and more favorable cardiac recovery after injury. This review focuses on the role of
colchicine in the process of atherosclerosis and discusses its potential as a therapeutic option for the prevention and treatment of
CAD.
Keywords: Atherosclerosis; Inflammation; Interleukin-1; Colchicine; Coronary artery disease

INTRODUCTION
Despite significant advances in our understanding and
treatment of atherosclerosis, its clinical manifestation of
coronary artery disease (CAD) remains the leading global
cause of death worldwide [1]. Even with optimal treatment,
there is still a significant incidence of cardiovascular (CV)
events, as up to 20% of patients with acute coronary syndrome (ACS) have a recurrent major adverse cardiovascular
event in the first 3 years [2]. Therefore, more effective and
widely available therapies are needed to further reduce the
risk of CV events and mortality.
Inflammation plays a crucial role in the pathogenesis
of atherosclerotic plaque development, progression, and
rupture, and elevated levels of inflammatory markers have

been shown to be predictive of future CV events [3]. The
specific targeting of these processes in experimental models
has been shown to attenuate myocardial and arterial injury,
reduce disease progression, and promote healing. However, there have been few attempts to examine the potential
role of anti- inflammatory treatment in this setting, possibly
because attempts to translate these treatments into clinical
practice and demonstrate clear efficacy have yielded disappointing results [4].
Recent evidence indicates that several types of sterile
inflammation are mediated through the nucleotide-binding oligomerization domain-like receptor pyrin domain
containing 3 (NLRP3) inflammasome. This inflammasome
regulates caspase-1 activation and the subsequent processing of the potent inflammatory cytokine interleukin (IL)-1β,
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as well as triggering inflammatory cell death pyroptosis [5].
Inhibition of the NLRP3 inflammasome and its downstream
inflammatory cytokines improved outcomes in patients
with CAD. The recent phase III Canakinumab Anti-inflammatory Thrombosis Outcome Study (CANTOS) trial
revealed the efficacy of IL-1β inhibition by canakinumab in
preventing recurrent CV events in patients with myocardial
infarction (MI) [6]. However, because of the expensive cost
and the need to administer the drug on an ongoing basis,
it is unlikely that canakinumab will be widely used for the
prevention of recurrent MI.
Colchicine is a widely available, safe, and low-cost drug
primarily used for the treatment of gout and familial Mediterranean fever. In the cardiology field, it is widely employed
as an anti-inflammatory agent for acute and recurrent
pericarditis [7]. Colchicine has recently been shown to effectively block NLRP3 inflammasome assembly in addition
to several other actions on inflammatory cells [8]. Recent
evidence also points to favorable effects of colchicine in
patients with CAD, including lower levels of inflammatory
markers, coronary plaque stabilization, and more favorable
cardiac recovery after injury [9]. Therefore, this review focuses on the role of colchicine in the process of atherosclerosis and discusses its potential as a therapeutic target for
the prevention and treatment of CAD.

INFLAMMATION AND PATHOPHYSIOLOGY OF CAD
Monocytes/macrophages and neutrophils are key effectors of the inflammatory response present throughout the
entire atherosclerotic process, and they closely interact
mutually to enhance their activity through the activation
of the NLRP3 inflammasome [10]. During the early phases,
endothelial cell adhesion molecules drive the recruitment
of monocytes, followed by chemokine-guided migration
into the arterial intima [11]. Thereafter, multiple signals
determine the maturation of these cells into macrophages,
which engulf oxidized low-density lipoprotein and cholesterol crystals, inducing the release of several cytokines,
most importantly IL-1β and tumor necrosis factor (TNF)-α,
and resulting in their transformation into foam cells and activation of the NLRP3 inflammasome [12]. This results in a
burst response of proinflammatory mediators activating the
endothelium, leading to the further recruitment of leukocytes and perpetuation of the inflammatory microenviron-
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ment [13].
Neutrophils are also important drivers of the innate immune response in atherogenesis and plaque rupture. They
accumulate in the shoulder regions of plaques, the area
most prone to rupture, and release metalloproteinases,
which are known to degrade the constituents of the fibrous
cap [14]. They also secrete elastase, which is capable of
cleaving almost all components of the extracellular matrix,
as well as inducing further chemotaxis secondary to ligand
exposure [15]. Myeloperoxidase can produce reactive oxygen species and promote lipid peroxidation, resulting in endothelial dysfunction by nitric oxide depletion [16]. Neutrophils can prime macrophages to produce pro-IL-1β, which
later is transformed into its mature form, IL-1β, through
NLRP3 inflammasome activation, further aggravating the
inflammatory cascade [17].

ANTI-INFLAMMATORY EFFECTS OF COLCHICINE
Microtubules in neutrophils
Colchicine is unique in that its mechanism of action does
not involve the arachidonic acid pathway, which is affected
by non-steroidal anti-inflammatory drugs and glucocorticosteroids. Colchicine irreversibly intercalates into free α/
β-tubulin dimers that incorporate into and block microtubule extension [18]. During inflammation, microtubules
facilitate the movement of adhesion molecules onto cell
surfaces. Colchicine concentrations are much higher in
neutrophils than in other leukocytes due to the diminished
activity of the P-glycoprotein membrane efflux pump, which
serves as an energy-dependent colchicine efflux transporter [19]. Thus, even at low doses, it impairs adhesion of
neutrophils to the endothelium by reducing both E- and
P-selectin expression, inhibiting neutrophil migration, and
thereby attenuating inflammation [20]. The disruption of
microtubules also diminishes the rheologic capacity of neutrophils, inhibiting their transmigration out of blood vessels
[21]. Although the mechanisms are less well understood,
colchicine interferes with several steps in the inflammatory
process by inhibiting the synthesis of TNF-α, leukotriene B4,
prostaglandin E2 and TxA2, as well as the activity of cyclooxygenase-2 [22]. It also inhibits neutrophil release of α-defensin and diminishes neutrophil-to-platelet aggregation,
thereby potentially preventing large thrombus burdens [23].
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NLRP3 inflammasome in monocytes/macrophages and
neutrophils
The innate immune response relies on pattern-recognition
receptors to target pathogenic or dangerous signals. Inflammasomes are cytoplasmic pattern-recognition receptors, of
which the best characterized is NLRP3 [24]. Colchicine has
recently been shown to decrease IL-1β and IL-18 production by blocking the activity of the NLRP3 inflammasome.
Two studies confirmed the inhibitory activity of colchicine
at the NLRP3 inflammasome. In patients with ACS, in
whom acute colchicine administration (1 mg followed by
0.5 mg within 24 hours before sampling) resulted in a significantly lower transcoronary release of these cytokines.
The transcoronary cytokine levels of ACS colchicine-treated
patients were notably similar to those of patients with no
obstructive CAD [25]. The local reduction in IL-1β and IL18 levels were highly suggestive of NLRP3 inflammasome
inhibition. This was later confirmed in a follow-up study
using stimulated peripheral monocytes from patients from
a different cohort with ACS, where short-term colchicine
administration resulted in a significant reduction of both
intracellular and secreted IL-1β, via inhibition of inflammasome caspase-1 [26]. There are several mechanisms of
action by which colchicine can suppress NLRP3 inflammasome activation: (1) inhibition of the expression of the
pyrin domain, (2) prevention of intracellular transport of
mitochondrial-associated apoptosis-associated speck-like
protein containing a caspase recruitment domain to NLRP3,
(3) inhibition of protein expression of cleaved caspase-1,
and (4) inhibition of P2X7-mediated K+ efflux. The final process is the inhibition of the active form of IL-1β and IL-18
production and the recruitment of additional neutrophils
and macrophages [8].

CLINICAL APPLICATIONS OF COLCHICINE ON CAD
Atherosclerosis and plaque vulnerability
There has been recent interest in using low-dose colchicine to treat the chronic inflammation associated with
atherosclerotic disease. The reduction in inflammatory
biomarkers seems to be related to atherosclerotic plaque
modification into a more stable phenotype. In a prospective, non-randomized study of 80 patients with recent ACS,
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0.4 mg of colchicine daily plus optimal medical therapy resulted in a significant reduction of low-attenuation plaque
volume seen on computed tomography coronary angiography (15.9 mm3 [–40.9%] vs. 6.6 mm3 [–17.0%]; P=0.008)
and high-sensitivity C-reactive protein (mean, 1.10 mg/
L [–37.3%] vs. 0.38 mg/L [–14.6%]; P<0.001). This change
in low-attenuation plaque was positively associated with
a reduction in high-sensitivity C-reactive protein levels
in patients receiving colchicine (r=0.578, P<0.001) [27].
These favorable effects seem to be correlated with clinical
benefits. In a retrospective study of 1288 gout patients, the
prevalence of MI was 1.2% in colchicine users versus 2.6%
in no-colchicine users (P=0.03). Colchicine users also had
fewer deaths and lower C-reactive protein levels, although
these did not achieve statistical significance [28]. According to a Cochrane meta-analysis including 39 randomized
controlled trials with 4,992 patients receiving colchicine for
multiple indications, colchicine may have substantial CV
benefits, especially for the reduction of CV mortality and MI
[29].
Colchicine’s activity in atherosclerosis was first examined
in stable CAD. Colchicine (0.5 mg twice daily) was associated with a 60% relative reduction in C-reactive protein levels
in patients with stable CAD on high-intensity atorvastatin
therapy at baseline. This suggests that colchicine may have
additive effects to statin therapy for reducing C-reactive
protein levels [30]. In an earlier open-label trial of low-dose
colchicine (LoDoCo) involving 532 patients with chronic
CAD, treatment with colchicine (0.5 mg daily) was associated with a 67% relative risk reduction in acute CV events over
3 years, suggesting a potential role of colchicine on plaque
stabilization [31]. A subsequent randomized double-blind
trial involving 5,522 patients with chronic CAD after at least
6 months of a clinically stable condition (LoDoCo2) showed
that low-dose colchicine prevented acute CV events, including CV death, spontaneous MI, ischemic stroke, or ischemia-driven coronary revascularization, which occurred at
a 31% lower rate than in those who received placebo [32].
ACS is associated with higher risks of recurrent events
and exacerbated inflammation. In a randomized double-blind trial involving 4,745 patients within a month after
MI (Colchicine Cardiovascular Outcomes Trial [COLCOT]),
the risk of acute CV events was also 23% lower in those who
received low-dose colchicine (0.5 mg once daily) than those
who received placebo. This result was due predominantly
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to a lower incidence of strokes and urgent hospitalizations
for angina leading to coronary revascularization [33]. These
benefits of colchicine with regards to CV events in COLCOT
were at least as large as those of canakinumab in CANTOS.
However, there were no benefits in the Australian COPS
(Colchicine in Patients With Acute Coronary Syndrome)
Trial regarding the composite endpoint of all-cause mortality, ACS, ischemia-driven urgent revascularization, or
non-cardioembolic ischemic stroke in 396 patients, who
were randomized to colchicine (0.5 mg twice daily) for 30
days followed by 11 months of colchicine at a dose of 0.5 mg
daily, compared with 399 patients randomized to placebo.
There was a higher rate of total death (8 vs. 1; P=0.017, logrank), particularly non-CV death, in the colchicine group (5
vs. 0; P=0.024, log-rank). However, this trial was underpowered to detect between-group differences with such a low
event rate, and therefore these results must be interpreted
with caution [34].

The role of colchicine on CAD

mL vs. median, 25.1 mL; interquartile range, 20.0–35.9 mL;
P=0.019).
On the contrary, the COVERT-MI investigators randomly
assigned 192 STEMI patients referred for primary percutaneous coronary intervention to receive oral colchicine (2mg loading dose followed by 0.5 mg twice a day, n=101)
or matching placebo (n=91) from admission to day 5. At 5
days, the gadolinium enhancement-defined infarct size did
not differ significantly between the colchicine and placebo
groups (P=0.87). At 3 months of follow-up, there were no
significant differences in infarct size and left ventricular remodeling between the colchicine and placebo groups [37].
This discrepancy between these studies may be related to
differences in study design. This former study assessed infarct size reduction by using myocardial biomarker release
and only reported infarct size reduction on cardiac MRI in a
subgroup of patients. The latter trial used an accepted primary endpoint with core laboratory measurement of cardiac MRI infarct size.

Infarct size after short-term colchicine treatment
Cardiac remodeling after long-term colchicine treatment
After ST-elevation MI (STEMI), an important inflammatory
response starts in the minutes after reperfusion and peaks
in the first days after reperfusion. Over the past years, a substantial volume of evidence has identified that inflammatory cells such as neutrophils, followed by monocytes and
macrophages, rapidly infiltrate the injured myocardium
with abundant proinflammatory cytokine secretions that
may cause additional damage to the myocardium in patients presenting with STEMI [4,35].
Deftereos et al. [36] conducted a double-blind, placebo-controlled trial to determine whether a 5-day course of
colchicine could reduce infarct size in 151 STEMI patients
after percutaneous coronary intervention. Infarct size was
measured by the surrogate endpoints of CK-MB fraction
concentration and troponin T. Cardiac magnetic resonance
imaging (MRI) with late gadolinium enhancement was
used in a subset of 60 patients to measure infarct volume.
Patients were randomized 1:1 to colchicine with a 2-mg
loading dose followed by 0.5 mg twice daily or to placebo
for 5 days. The 72-hour median area under the curve of
CK-MB and peak troponin T was significantly reduced in
patients receiving colchicine compared with placebo. There
was a significant reduction in infarct volume as seen on
cardiac MRI (median, 18.8 mL; interquartile range, 8.1–28.5
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Inflammation has long been suggested to contribute to
cardiac remodeling through crosstalk of inflammatory mediators, leading to chronic heart failure (CHF) by fibrosis,
enhanced apoptosis, and cellular dysfunction. This has
led to a number of clinical studies studying the potential
of anti-inflammatory and immunomodulatory agents to
influence the course of CHF. In a placebo-controlled trial of
anakinra (an IL-1 receptor antagonist) in patients with MI, a
14-day course of anakinra treatment showed a beneficial effect on left ventricular end-systolic volume index compared
to patients given a placebo, which is likely to have been due
to a reduction in cardiac remodeling that takes place after
the loss of viable heart muscle, resulting in CHF [38,39].
In contrast, Deftereos et al. [40] studied colchicine, an
agent with known potent anti-inflammatory action, in 267
patients with stable symptomatic heart failure and systolic
left ventricular dysfunction (ejection fraction ≤40%). This
prospective, randomized study showed that a 6-month
course of colchicine (0.5 mg twice daily) in patients with
stable CHF, although effective in reducing inflammation
biomarker levels, did not lead to any significant New York
Heart Association functional improvement (odds ratio,
1.40; 95% confidence interval, 0.67–2.93; P=0.365) or affect
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the likelihood of death or hospital stay for heart failure
(P=0.839). There is no doubt that colchicine can indeed
suppress proinflammatory activation in patients with CHF,
but this effect does not appear to lead to any discernible
clinical benefits.
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processes in cardiovascular disease: a route to targeted therapies. Nat Rev Cardiol 2017;14:133–44.
5. Chen GY, Nunez G. Sterile inflammation: sensing and reacting
to damage. Nat Rev Immunol 2010;10:826–37.
6. Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH,
Ballantyne C, et al. Antiinflammatory therapy with canakinum-

CONCLUSIONS

ab for atherosclerotic disease. N Engl J Med 2017;377:1119–31.
7. Rodriguez de la Serna A, Guindo Soldevila J, Marti Claramunt V,

Colchicine is a substance with potent anti-inflammatory
properties, having a unique mechanism of action that enables safe use in patients with CV disease. The large-scale
COLCOT and LoDoCo2 trials also showed benefits of lowdose colchicine (0.5 mg every day) for the reduction in recurrent CV events in patients with CAD. Colchicine is easily
administered, generally well tolerated, and inexpensive.
Therefore, these findings could strengthen the evidence in
favor of this old, yet recently re-purposed drug in CAD.
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Genetic information is one of the essential components of precision medicine. Over the past decade, substantial progress has been
made, such as low-cost, high-throughput genotyping arrays, advances in statistical techniques, and progressively larger discovery
datasets, enabling the discovery of alleles contributing to common diseases, such as coronary artery disease and type 2 diabetes.
The polygenic risk score (PRS) represents the aggregate contribution of numerous common genetic variants, individually conferring
small to moderate effects, and can be used as a marker of genetic risk for major chronic diseases. PRSs can be obtained from early
childhood, and only one measurement is needed to determine the score. PRSs can potentially be used for triage of further investigations to confirm disease susceptibility and to optimize individualized preventive strategies for high-risk disease groups. We provide
an overview and commentary on important advances in deriving and validating PRSs, as well as the implementation of PRSs for
clinically useful purposes.
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INTRODUCTION
Precision medicine for common chronic diseases entails
the customization of patient care based on genetic, clinical,
and environmental information sourced from large populations [1]. Risk prediction models for chronic diseases
are useful tools for classifying high-risk groups that require
educational or clinical therapeutic interventions. However,
traditional risk factors for common chronic diseases do
not typically appear early in life, making it difficult to fully
identify individuals at high-risk. Genome-level analyses are
attractive in that they provide predictive information about
the entire trajectory of a disease at an early stage of life; previous studies have reported that around 40% to 50% of phe-

notypic variance in susceptibility to chronic diseases such
as coronary artery disease (CAD) or type 2 diabetes (T2D)
can be explained by genetic factors [2,3]. However, over the
last decade, genome-wide association studies (GWAS) have
demonstrated that each individual genetic variant generally
has only a small or modest effect. Thus, from the current
perspective, the most common complex diseases that pose
public health concerns are highly polygenic in nature, with
hundreds or thousands of small-effect genetic variants influencing the development or progression of the disease [4].
This situation has led to the development of models
for polygenic risk scoring, which aggregate the effects of
multiple single-nucleotide polymorphisms (SNPs) into a
single score. More specifically, polygenic risk scores (PRSs)
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represent a method of aggregating an individual’s genetic
information, weighted by the associations of genetic variants with disease outcomes as identified from GWAS, into
simplified scores that capture an individual’s susceptibility
to disease and can therefore be used for risk prediction
[5]. Previously, PRS models were based on a small number of SNPs identified through candidate gene studies and
scores calculated simply by summing an individual’s risk
allele burden for a handful of disease-associated variants,
all weighted equally regardless of the underlying strength
of association. Recent advances in the organization of
large-scale consortia and biobanks have enabled the brisk
discovery of genetic variants associated with common
complex diseases [6–8]. In addition to these large datasets
becoming available, computational and statistical advances
have allowed easier derivation, calculation, and validation
of PRS models [9]. This has led PRSs to be widely applied in
research studies, consequently confirming the genetic contributions of common variants to disease status [3,10]. This
review aims to briefly introduce the methods of calculating
a PRS, examples of clinical utility for cardiometabolic PRSs,
and considerations for the application of PRSs in clinical
practice.

THE PROCESS OF CREATING POLYGENIC RISK SCORES
Before discussing the clinical utility of PRS profiling, we
briefly introduce the process by which PRSs are developed
and evaluated. PRSs are calculated through statistical models, which are constructed via the five-step process outlined
below [11].
1) Selection of base and target datasets
2) Single-nucleotide polymorphism selection and weight
calculation: First, a base GWAS dataset is needed that provides summary statistics, including beta coefficients and
the P-values of genotype and phenotype associations. This
dataset is used to identify disease-associated SNPs and their
effect sizes. Weighting parameters that affect the calibration
and predictive ability of the final model are also determined
from the base dataset. In addition, a target dataset consisting of genotypes and phenotypes is required, which should
be independent of the base dataset as it is used for calculating individual PRSs and checking the overall performance
accuracy.
3) Dataset quality control: To ensure high accuracy and
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validity when performing a PRS analysis, quality control
of both the base and target datasets is very important. Regarding genotype and phenotype data, the quality control
process includes addressing missing SNPs and individuals,
checking for sex discrepancies, including only SNPs above
an appropriate minor allele frequency threshold, and excluding individuals on the basis of relatedness and high or
low heterozygosity rates.
4) Shrinkage of GWAS effect size estimates and controlling
linkage disequilibrium: Since not all SNPs influence the
trait under study, using the unadjusted effect size estimates
of all SNPs could lead to poor prediction outcomes with
high standard error. To avoid this problem and control for
linkage disequilibrium, two methods for shrinking the effect
size estimates are broadly used: (1) statistical shrinkage/
regularization techniques such as Lasso or ridge regression, or Bayesian approaches that perform shrinkage via
prior distribution specification, and (2) a P-value selection
threshold with clumping. In some cases, using a threshold
below that for genome-wide statistical significance may
improve performance, often at the expense of generalizability. PRSs can be readjusted with consideration of effect size
biases, including the effect size inflation typical in a base
dataset, the presence of multiple linked variants within
each disease-associated locus, subphenotypes of interest,
and ethnic or demographic factors that may influence generalizability.
5) Generation and validation of PRSs: PRSs can be generated by a mathematical algorithm that combines selected
SNPs, assigns weighting based on effect size, and determines the best-performing SNPs in the population of the
independent target dataset. Separate populations should
be used to confirm the validity of a PRS, and considerations
that should be taken into account include the PRS unit,
population genetic structure, PRS distribution, and overfitting.

GENETIC EFFECTS OF COMMON VARIANTS ON
COMMON COMPLEX DISEASES
The clinical utility of GWAS-based inherited risk estimates
has mainly been assessed in terms of discriminative ability
as described by the area under the curve, sensitivity, and
specificity [5,12,13]. The area under the curve is a population-level metric reflecting the overall probability of

Cardiovasc Prev Pharmacother 2022;4(1):13-17

Jae-Seung Yun

Clinical utility of polygenic risk score

discriminating individuals with a given disease from those
without [14]. This metric cannot provide information regarding the absolute predictive risk conferred to a single
individual or subgroup. In contrast, a PRS can identify a
subset of individuals whose absolute risk of disease is significantly higher than that of the average individual in the
general population. One of the major utilities of PRSs may
be the comprehensive stratification of an overall population
through accounting for each individual’s or subgroup’s respective genetic susceptibility [15].
In previous papers, PRSs have demonstrated considerable
performance in predicting target diseases. Khera et al. [5]
showed that, in five common diseases, including CAD and
T2D, genome-wide PRSs could identify a larger fraction of
the population than could carrier status for rare monogenic
mutations, while considering a comparable risk level. With
respect to CAD in particular, individuals in the top 1% of the
PRS distribution had 4.8-fold higher risk than the remaining
99%. In addition, relative to the carrier frequency of familial
hypercholesterolemia, which is caused by a rare monogenic
mutation, the PRS identified 20-fold more individuals at
comparable risk. Those high-risk individuals could benefit
from tailored health management strategies, which may
include intensive screening or more invasive preventive interventions. Another study suggested that, compared to individuals with average PRSs, those in the top 2.5 percentile

experienced the onset of common diseases 4.3 to 6.6 years
earlier [13]. They also evaluated the effect of adding the PRS
to clinical risk scores on discriminative and reclassification
performance and found that the addition of PRS significantly enhanced both the concordance index and net reclassification improvement.
Genetic risk may be modifiable through adherence to
a favorable lifestyle or medication. Previous studies have
demonstrated the effects of PRSs, lifestyle factors, and their
interaction on the risk of chronic metabolic diseases. In
particular, Khera et al. [16] suggested that genetic and lifestyle factors are independently associated with CAD risk.
Even in individuals at high genetic risk, a favorable lifestyle
reduced the relative risk of CAD by nearly half relative to an
unfavorable lifestyle. The log additive effects of combined
genetic composition and lifestyle behaviors on disease risk
have also been reported in atrial fibrillation, stroke, hypertension, and T2D [17].

CLINICAL UTILITY OF POLYGENIC RISK SCORES
Combining PRSs with traditional clinical risk factors can
further refine prevention strategies by enabling more sophisticated risk stratification (Fig. 1). Although PRSs are not
yet routinely used in clinical practice, they are proposed
to have several advantages. First, PRSs can be ascertained
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Fig. 1. Risk stratification using polygenic risk scores and the selection of preventive strategies according to risk groups.
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from birth, and only one measurement is needed to determine the score. Cardiovascular risk captured by PRSs
appears to be largely independent of traditional risk factors,
which usually manifest in middle-aged adults [18]. Thus,
lifestyles can be optimized from infancy and genetic information can potentially influence motivation for disease
prevention from very early in a patient’s life. Second, PRSs
may be appropriate for screening common metabolic diseases in large community populations, especially in young
adults. Several results have demonstrated their utility in
decisions for early or late initiation and the interpretation
of disease screening (e.g., for breast, colorectal, or prostate
cancer) [19–21]. Third, PRSs can affect the disease course
or progression as well as disease incidence. We previously
demonstrated that individuals with high PRSs for CAD and
T2D had significantly higher risk of cardiovascular mortality, the most progressive manifestation of CVD [22]. Fourth,
PRSs can factor in target selection for interventions to treat
or prevent disease. Individualized treatment is central to
precision medicine, and applying PRSs to improve individual patient care would benefit the decision-making process
for diagnosis and treatment and thereby guide therapeutic
interventions. A high PRS may assist in triaging individuals
in a borderline risk group. In the context of cardiovascular
disease, there has been considerable debate as to whether
PRSs are appropriate as interventions for primary preventive treatments, such as antiplatelet drugs and statins.
For example, in individuals with borderline low-density
lipoprotein cholesterol levels, a CAD PRS in addition to
traditional risk factors may permit a more detailed categorization of risk, thus influencing the decision to initiate statin
therapy [23,24].

Clinical utility of polygenic risk score

a single risk factor due to several limitations. Thus, further
research should be conducted, especially more large-scale
prospective studies examining the clinical utility of PRSs,
and caution remains needed when interpreting PRS results
and applying them to the general population. The dissemination of false deterministic beliefs should be rejected. As
methodological advances increase the accuracy of PRS determinations and so continue to improve PRS estimates, it
is expected that PRSs will become more useful.
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Background: Anticoagulation is important in atrial fibrillation (AF) patients to reduce the occurrence of thrombotic events. We evaluated the efficacy and safety of percutaneous left atrial appendage occlusion (LAAO) as an alternative to systemic anticoagulation
through an indirect comparative analysis.
Methods: An indirect comparative analysis of nonvitamin K oral anticoagulants (NOACs) and LAAO was conducted. Comparisons
were made using data from four landmark randomized clinical trials (RE-LY, ROCKET-AF, ARISTOTLE, and PROTECT AF). Using warfarin as the common comparator, an indirect comparison was performed using data from each trial, and the relative risk was calculated between NOACs and LAAO.
Results: NOACs and LAAO showed similar results for the reduction of stroke and systemic embolism, with a non-statistically significant trend favoring NOACs (hazard ratio [HR], 0.74; 95% confidence interval [CI], 0.37–1.46 for dabigatran; HR, 0.99; 95% CI,
0.50–1.92 for rivaroxaban; HR, 0.89; 95% CI, 0.45–1.74 for apixaban). Significantly fewer major bleeding and procedure-related
complications were found in patients treated with apixaban compared with LAAO (HR, 0.45; 95% CI, 0.26–0.75). Cardiovascular
death occurred more frequently in patients administered NOACs than in patients with LAAO (HR, 2.28; 95% CI, 1.03–5.10 for dabigatran; HR, 2.41; 95% CI, 1.09–5.42 for rivaroxaban; HR, 2.40; 95% CI, 1.10–5.36 for apixaban).
Conclusions: The rate of all-cause death was similar between NOACs and LAAO. Compared with LAAO, NOACs led to a nonsignificant numerical decrease in stroke and embolism in AF patients. Significantly fewer safety events occurred in patients treated with
apixaban. LAAO significantly reduced cardiovascular death.
Keywords: Atrial fibrillation; Stroke; Anticoagulants; Atrial appendage

INTRODUCTION
Atrial fibrillation (AF) is the most common type of complex
arrhythmia, and stroke is a serious complication [1]. Ischemic stroke secondary to AF has a poorer prognosis than
stroke due to other causes [2]; therefore, stroke prevention

in AF patients is important. Warfarin reduces the risk of
stroke but increases the risk of bleeding [3]. Despite strong
evidence of the clinical efficacy of warfarin, underuse and
inadequate anticoagulation are quite common [4]. The limitations associated with warfarin have led to an extensive
search for alternative strategies. First, for systemic anticoag-
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ulation, several nonvitamin K oral anticoagulants (NOACs)
were developed to replace warfarin and approved for clinical use [5–7]. All NOACs showed non-inferiority in primary
efficacy for stroke and systemic embolism prevention, and
dabigatran (150 mg twice daily) and apixaban showed superiority over warfarin. In terms of safety, dabigatran (110
mg twice daily) and apixaban caused less major bleeding
than warfarin. Second, percutaneous left atrial appendage
occlusion (LAAO) was developed as a local treatment [8,9]
because approximately 90% of strokes can be attributed to
thrombus formation in the left atrial appendage when a
source can be identified in nonvalvular AF [10]. The local
LAAO strategy showed non-inferiority to warfarin regarding
the primary efficacy endpoint of stroke, systemic embolism,
and cardiovascular death [11]. Although NOACs and LAAO
are different strategies (i.e., the former involves systemic
anticoagulation with a drug and the latter involves local
treatment using a device), the target population of both modalities is AF patients at high thrombotic risk [12,13]. In the
absence of head-to-head trials, an adjusted indirect method allows comparison of two treatments using a common
comparator (e.g., warfarin) in randomized controlled trials
(RCTs) [14,15]. An indirect comparison of each NOAC has
previously been published and has been helpful for clinical
decision-making and generating further hypotheses [16]. In
the present study, an indirect comparison between NOACs
and LAAOs regarding the efficacy and safety endpoints was
performed.

METHODS
RCTs in which the treatment consisted of NOACs (random-

ized evaluation of long-term anticoagulation therapy [RELY], rivaroxaban once daily oral direct factor Xa inhibition
compared with vitamin K antagonism for prevention of
stroke and embolism trial in AF [ROCKET-AF], and apixaban for reduction in stroke and other thromboembolic
events in AF [ARISTOTLE]) or LAAO (Watchman left atrial appendage system for embolic protection in patients
with AF [PROTECT AF]) versus warfarin in patients with
AF were included in the present study. Two studies were
double-blind (ROCKET-AF, ARISTOTLE) and the other two
studies were open-label (RE-LY, PROTECT AF). In all trials,
the data were analyzed based on the intention-to-treat principle. The main efficacy and safety endpoints from the trials
were reviewed for comparability and consistency of definitions (Table 1). In contrast to large pharmaceutical trials involving over 50,000 patients, only two randomized trials of
LAAO have been published to date [8,17]. The recent PREVAIL trial compared LAAO and warfarin; however, this trial
was not included due to the lack of published data (specifically, the number of major bleeding events and all-cause
deaths) [17]. Regarding the RE-LY trial, the group treated
with 110 mg of dabigatran was excluded for comparability
and simplicity of the analysis. Regarding the PROTECT AF
trial, the longer follow-up results published recently were
used in the present study [11].
In the indirect analysis, treatment effectiveness was
assumed to be the same across all trials used in the comparison. The primary efficacy endpoint for all trials, except
for PROTECT AF, was stroke and systemic embolism. In
the PROTECT AF trial, the primary efficacy endpoint was a
composite of stroke, systemic embolism, and cardiovascular death. For comparability of the safety endpoint, major

Table 1. Summary of the included trials
Variable
Key inclusion criteria
Study group
Control group (TTR)
Follow-up (yr), median

RE-LYa)
(n=12,098)
Nonvalvular AF, CHADS2 ≥1
Dabigatran (150 mg twice
daily)
Warfarin (64%)
2.4

ROCKET-AF
ARISTOTLE
PROTECT AF
(n=14,264)
(n=18,201)
(n=707)
Nonvalvular AF, CHADS2 ≥2 Nonvalvular AF, CHADS2 ≥1 Nonvalvular AF, CHADS2 ≥1
Rivaroxaban (20 mg daily) Apixaban (5 mg twice daily) LAAO (Watchman)
Warfarin (55%)
1.9

Warfarin (66%)
1.8

Warfarin (66%)
2.3

RE-LY, randomized evaluation of long-term anticoagulation therapy; ROCKET-AF, rivaroxaban once daily oral direct factor Xa inhibition compared with vitamin K antagonism for prevention of stroke and embolism trial in atrial fibrillation; ARISTOTLE, apixaban for reduction in stroke and other thromboembolic
events in atrial fibrillation; PROTECT AF, Watchman left atrial appendage system for embolic protection in patients with atrial fibrillation; AF, atrial fibrillation;
CHADS2, congestive heart failure, hypertension, age ≥75years, diabetes mellitus, stroke (2 points); LAAO, left atrial appendage occlusion; TTR, time in
therapeutic range.
a)
Patients who received 110 mg of dabigatran were excluded.
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bleeding and procedure-related complications were formed
into a composite. The network is shown in Fig. 1. The results of intention-to-treat analyses were used throughout.

The present study was a meta-analysis, and approval by the
institutional committee was therefore not required.

RESULTS
Baseline characteristics

Apixaban
Left atrial
appendage
occlusion

Dabigatran
Rivaroxaban

Warfarin
Fig. 1. Evidence network of the four reported randomized controlled trials of new oral anticoagulant and left atrial appendage
occlusion in patients with nonvalvular atrial fibrillation at risk of
stroke. The dashed lines represent indirect comparisons from the
present study.

The clinical trials compared in the present study are summarized in Table 1. All trials included a high-risk population of patients with nonvalvular AF. The ROCKET-AF trial
enrolled a population at higher risk of stroke (CHADS2 score
≥2) than the other trials (CHADS2 score ≥1). CHADS2 stands
for congestive heart failure (C), hypertension (H), age ≥75
years (A), diabetes mellitus (D), stroke (2 points; S2). The average time in therapeutic range among the warfarin-treated patients was similar. Patients’ baseline characteristics
are summarized in Table 2. The mean age of patients was
broadly similar; however, there were fewer women in the
PROTECT AF trial. Patients in the ROCKET-AF trial were at

Table 2. Baseline characteristics of patients in the included clinical trials
Baseline characteristic
Age (yr)
Male sex (%)
CHADS2, mean
CHADS2 score (%)
0–1
2
3–6
Prior stroke, TIA, systemic embolism (%)
Heart failure (%)
Prior myocardial infarction (%)
Diabetes mellitus (%)
Hypertension (%)
Paroxysmal AF (%)
Use of warfarin (%)
Race/ethnicity (%)
Asian
Black
White
Other

RE-LYa)
(n=12,098)
71.5±8.7
63.2
2.2

ROCKET-AF
(n=14,264)
73 (65–78)
60.3
3.5

ARISTOTLE
(n=18,201)
70 (63–76)
64.8
2.1

PROTECT AF
(n=707)
72.0±8.9
70.3
2.2

31.6
36.1
32.4
20.1
31.9
16.5
23.2
78.9
33.2
49.4

0
13.0
87.0
54.9
62.6
16.6
40.4
90.3
17.5
62.3

34.0
35.8
30.2
19.4
35.4
14.2
25.0
87.5
15.3
57.2

31.5
34.8
33.7
18.5
26.9

15.3
NA
NA
NA

12.6
1.3
83.2
3.0

16.0
NA
NA
NA

0.7
1.6
91.5
6.2

26.2
89.5
42.3
98.7

Values are presented as mean±standard deviation, median (range), or number.
RE-LY, randomized evaluation of long-term anticoagulation therapy; ROCKET-AF, rivaroxaban once daily oral direct factor Xa inhibition compared with vitamin K antagonism for prevention of stroke and embolism trial in atrial fibrillation; ARISTOTLE, apixaban for reduction in stroke and other thromboembolic
events in atrial fibrillation; PROTECT AF, Watchman left atrial appendage system for embolic protection in patients with atrial fibrillation; CHADS2, congestive
heart failure, hypertension, age ≥75 years, diabetes mellitus, stroke (double weight); TIA, transient ischemic attack; AF, atrial fibrillation; NA, not available.
a)
Patients who received 110 mg of dabigatran were excluded.
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Table 3. Efficacy and safety results of each trial
Variable
Stroke and systemic embolism
Major bleeding and procedure-related
complicationsb)
Cardiovascular death
All-cause death

RE-LYa)
(n=12,098)
0.66 (0.53–0.82)
0.93 (0.81–1.07)

ROCKET-AF
(n=14,264)
0.79 (0.66–0.96)
1.04 (0.90–1.20)

ARISTOTLE
(n=18,201)
0.79 (0.66–0.95)
0.69 (0.60–0.80)

PROTECT AF
(n=707)
1.51 (0.65–0.92)
1.53 (0.95–2.70)

0.85 (0.72–0.99)
0.88 (0.77–1.00)

0.86 (0.74–0.99)
0.92 (0.82–1.03)

0.89 (0.76–1.04)
0.89 (0.80–0.99)

0.38 (0.18–0.85)
0.71 (0.46–1.28)

Values are presented as number (range). In the RE-LY trial, NOAC showed preventive effect on the occurrence of stoke and systemic embolism with HR 0.66
(0.53–0.82).
RE-LY, randomized evaluation of long-term anticoagulation therapy; ROCKET-AF, rivaroxaban once daily oral direct factor Xa inhibition compared with vitamin K antagonism for prevention of stroke and embolism trial in atrial fibrillation; ARISTOTLE, apixaban for reduction in stroke and other thromboembolic
events in atrial fibrillation; PROTECT AF, Watchman left atrial appendage system for embolic protection in patients with atrial fibrillation.
a)
Patients who received 110 mg of dabigatran were excluded. b)Procedure-related complications consisted of serious pericardial effusion, device embolization, and procedure-related stroke.

higher risk of stroke based on the mean CHADS2 score. In
addition, there was a greater proportion of patients with a
higher CHADS2 score (3–6), previous stroke, heart failure,
and diabetes. The prevalence of nonparoxysmal AF and
previous warfarin use was significantly higher in patients
included in the PROTECT AF trial; however, there were fewer Asian patients (Table S1).
Review of outcomes in each trial
The efficacy and safety endpoints of each trial are compared
in Table 3. In contrast to a significant reduction in stroke
and systemic embolism in NOAC trials, LAAO showed a
tendency to increase events, while significantly reducing
cardiovascular death. As previously published, the primary endpoint of the PROTECT AF trial was a composite of
stroke, systemic embolism, and cardiovascular death; LAAO
showed non-inferiority to warfarin therapy [8]. In the PROTECT AF trial, safety endpoints including major bleeding
and procedure-related complications occurred at a higher
rate in the LAAO group (hazard ratio [HR], 1.69; 95% confidence interval [CI], 1.01–3.19). However, in the NOAC trial,
safety endpoints occurred at a similar rate in the NOAC and
warfarin groups.
Indirect comparison of NOACs and LAAO
Indirect comparisons were performed for each NOAC versus LAAO. The results are summarized in Fig. 2. Regarding
the reduction in stroke and systemic embolism, NOACs
and LAAO were similar, but a non-statistically significant

Cardiovasc Prev Pharmacother 2022;4(1):18-25

trend favored NOACs compared with LAAO (HR, 0.74; 95%
CI, 0.37–1.46 for dabigatran; HR, 0.99; 95% CI, 0.50–1.92
for rivaroxaban; HR, 0.89; 95% CI, 0.45–1.74 for apixaban).
Major bleeding and procedure-related complications were
significantly less common in patients treated with apixaban
than in those who underwent LAAO (HR, 0.45; 95% CI,
0.26–0.75). Similarly, but not significantly, major bleeding
and procedure-related complications tended to occur less
often in patients treated with dabigatran (HR, 0.60; 95% CI,
0.35–1.01) or rivaroxaban (HR, 0.69; 95% CI, 0.40–1.15). Cardiovascular death occurred more often in patients who were
administered NOACs than in those who underwent LAAO
(HR, 2.28; 95% CI, 1.03–5.10 for dabigatran; HR, 2.41, 95%
CI, 1.09–5.42 for rivaroxaban; HR, 2.40; 95% CI, 1.10–5.36 for
apixaban). This finding was mainly due to the results of the
PROTECT AF trial. The rate of all-cause death was similar
between NOACs and LAAO (HR, 1.23; 95% CI, 0.72–2.07 for
dabigatran; HR, 1.16; 95% CI, 0.67–1.99 for rivaroxaban; HR,
1.25; 95% CI, 0.74–2.09 for apixaban).

DISCUSSION
The present study is the first to conduct an indirect comparison between NOACs and LAAO. The major findings of
the present study are as follows: (1) compared with LAAO, a
nonsignificant numerical decrease in stroke and embolism
was found in patients treated with NOACs; (2) LAAO was
associated with reduced cardiovascular mortality; and (3)
NOACs and LAAO were similar in terms of all-cause death.
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Favor NOAC

HR

95% CI

0.74

(0.37–1.46)

0.99

(0.50–1.92)

0.89

(0.45–1.74)

1.13

(0.58–2.14)

0.60

(0.35–1.01)

0.69

(0.40–1.15)

0.45

(0.26–0.75)

0.65

(0.38–1.07)

2.28

(1.03–5.10)

2.41

(1.09–5.42)

2.40

(1.10–5.36)

2.69

(1.25–5.94)

1.23

(0.72–2.07)

1.16

(0.67–1.99)

1.25

(0.74–2.09)

1.40

(0.84–2.32)

Favor LAAO

Fig. 2. New oral anticoagulants (NOACs) versus left atrial appendage occlusion (LAAO). The plot shows the hazard ratios (HRs) and
95% confidence intervals (CIs) for each outcome with NOACs versus LAAO estimated from the indirect comparisons.

Indirect comparison as an analytic method

Need for alternative treatments and their comparison

Performing clinical trials for device evaluation is difficult
due to the inherent risk of invasive procedures. Furthermore, greater complexity and cost limit the number and
ability of patients to participate in trials. The application
of indirect methods has increased in publications dealing
with cardiovascular disease [18–22], and indirect methods
are well-accepted despite the existence of many limitations,
such as inter-trial population differences. The different trials
examined in the present study were conducted in a similar
population of patients with nonvalvular AF, which allowed
for some degree of homogeneity. The efficacy and safety of
NOACs and LAAO were evaluated in a systematic review
and meta-analysis [23]; however, a comparative analysis
was not performed. The present study conducted an indirect comparison of NOACs and LAAO due to the difficulty
of direct comparison (Fig. 1).

The risk of stroke and systemic embolism is fivefold higher
in patients with nonvalvular AF than in those with sinus
rhythm [24]. In addition, thromboembolism occurring with
AF is associated with a greater risk of recurrent stroke, more
severe disability, and mortality [25]. Even silent AF is associated with stroke [24]. Although anticoagulants have been
found to be effective in reducing thromboembolism, they
have significant limitations that require monitoring, such as
unpredictable response, food and drug interactions, and an
increased risk of bleeding. Many patients at risk of thromboembolic events still have inadequate or no anticoagulation.
Therefore, new alternative treatments for stroke prevention
are needed for patients with AF. Recently, two interesting
methods have emerged, NOACs and LAAO, which have
shown positive results regarding effectiveness and safety
in comparison with warfarin [5–8]. Careful consideration
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Table 4. Suggested strategies in clinical situations in patients with nonvalvular atrial fibrillation
Variable
Preventive treament of thrombotic event

NOAC favored
Recurrent thrombus despite warfarin therapy
Non-feasibility for an invasive procedure

LAAO favored
Contraindication of anticoagulation
Poor drug compliance
Concurrent risk of thrombus and bleeding

NOAC, new oral anticoagulant; LAAO, left atrial appendage occlusion.

is required to balance the benefits and risks of bleeding in
each patient with AF. The two alternative treatments have
different mechanisms of reducing thromboembolism; thus,
a comparison of both modalities is necessary to determine
which option is the most suitable for each patient. Regarding stroke prevention in patients with AF, many clinical
situations requiring alternatives to warfarin can occur, such
as bleeding in patients with a high CHA2DS2-VASc score,
stroke, or embolism even after adequate warfarin therapy,
poor compliance with oral anticoagulation, and labile warfarin effects. CHA2DS2-VASc stands for congestive heart
failure (C), hypertension (H), age ≥75 years (2 points; A2),
diabetes mellitus (D), stroke (2 points; S2), vascular disease,
age 65 to 74 years, female sex (VASc).
Indirect comparison of efficacy
Despite the limitations of an indirect comparison, several differential effects between NOACs and LAAO were
observed for stroke prevention and death. NOACs were
associated with a numerical but nonsignificant decrease in
stroke and systemic embolism, as well as bleeding and procedure-related complications. The following could be inferred from the results of each trial: all NOACs were broadly
effective in preventing stroke and systemic embolism (HR,
0.66–0.79) (Table 3). However, LAAO increased thrombotic
events, but this increase was statistically nonsignificant (HR,
1.51; 95% CI, 0.65–3.92). In the PROTECT AF trial, LAAO
significantly reduced cardiovascular death, which led to a
nonsignificant decrease in all-cause death. Conversely, NOACs showed neutral effects on mortality, with HRs ranging
from 0.88 to 0.92 (Table 3). In the present analysis, LAAO
showed efficacy regarding mortality compared with NOACs
(Fig. 2).
Clinical implications and limitations
Stroke in AF patients cannot always be prevented by warfa-

Cardiovasc Prev Pharmacother 2022;4(1):18-25

rin. Although NOACs and LAAO have been introduced into
clinical practice, data from a direct comparison between
NOACs and LAAO, as well as guidelines to determine the
best strategy in clinical practice, are lacking. Based on the
results of the present study, several suggestions could be
made regarding this question (Table 4). However, this study
has several limitations. First, all indirect comparisons have
inherent limitations and cannot be substituted for headto-head RCTs. In the present analysis, the common comparator was warfarin, and the quality of anticoagulation
control was different among the four trials, particularly in
the ROCKET-AF trial (which had a 55% average time in
the therapeutic range) while the other three trials showed
better warfarin control (with an average time in therapeutic range of approximately 64% to 66%). Thus, whether the
results from indirect comparisons can be directly applied or
this type of comparison is only useful for hypothesis generation is unclear. In addition, whether indirect comparisons
can be used as the basis for direct comparisons might be
difficult because the strategies are different. Second, the
number of patients who underwent LAAO was significantly
smaller than the number of patients who were administered
NOACs. Unfortunately, the PREVAIL trial, which is one of
the two randomized LAAO trials, could not be included due
to the lack of published data on bleeding and mortality. In
conclusion, NOACs tended to reduce stroke and systemic
embolism, as well as bleeding and complications, although
the results did not reach statistical significance. LAAO significantly reduced cardiovascular death compared with
NOACs. These findings could be helpful for clinical decision-making; however, they should be confirmed in headto-head RCTs.

SUPPLEMENTARY MATERIAL
Table S1. The number of patients in each group. Supplementary data are available at https://doi.org/10.36011/
cpp.2022.4.e1.
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Background: Aspirin is known to aggravate coronary artery spasm (CAS) regardless of the dose (100–325 mg/day). However, it is
unclear whether low-dose aspirin (LDA; 100 mg) has deleterious impacts on the clinical course of CAS patients in the long-term.
Thus, we investigated the impact of LDA on the long-term clinical outcomes of CAS patients.
Methods: A total of 5,697 consecutive patients without significant coronary artery disease who underwent an acetylcholine provocation test from November 2004 to May 2015 were enrolled. Of these patients, 3,072 CAS patients were enrolled in the study and
divided into two groups based on whether they took LDA: the LDA group (n=338) and the non-LDA group (n=2,734). All CAS patients
were prescribed anti-anginal medication as appropriate. To adjust for any potential confounders that could cause bias, a propensity
score matching analysis was performed using a logistic regression model.
Results: After propensity score matching, two propensity-matched groups (524 pairs, 1,048 patients, C-statistic=0.827) were generated, and the baseline characteristics of the two groups were balanced. The two groups were showed no significant differences in
any follow-up events, such as major adverse cardiac events and recurrent angina.
Conclusions: The main finding of the present study is that the use of LDA did not affect cardiovascular events up to 5 years in CAS
patients. Therefore, the prescription of LDA in these patients should be individualized considering their clinical status.
Keywords: Coronary artery vasospasm; Aspirin; Acetylcholine

INTRODUCTION
Coronary artery spasm (CAS) is a well-known manifestation
of endothelial dysfunction, and obstructive CAS in particular is a major cause of vasospastic angina and could also
lead to ischemic heart disease and even sudden death [1–3].
CAS patients also have higher risks for comorbidities associ-

ated with cardiovascular disease, such as diabetes, dyslipidemia, and peripheral artery disease [3–9]. Low-dose aspirin
(LDA; 100 mg/day) is a crucial drug for addressing various
types of ischemic heart disease linked with atherosclerotic
plaque, such as angina pectoris and acute coronary syndrome, in high-risk individuals. LDA treatment is also wellknown for its ability to prevent cardiovascular events and
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strokes. Ironically, regardless of dose (100–325 mg/day),
aspirin has been found to worsen CAS and has been occasionally contraindicated for usage in CAS patients [4,10].
Thus, the long-term clinical effects of LDA on CAS patients
have not yet been well studied. In this study, we investigated the impact of LDA on the long-term clinical outcomes of
CAS patients who received appropriate anti-anginal treatment.

METHODS
The design of this registry has been published before [4–8].
In brief, it is a single-center, prospective, all-comer registry
designed to reflect “real-world” practice since 2004. Data
were collected by a trained study coordinator using a standardized case report form. Standardized definitions of all
patient-related variables and clinical diagnoses were used.
Ethical statement
The Institutional Review Board of Korea University Guro
Hospital specifically approved this entire study and all the
consent procedures (No. KUGH10045). The authors of this
manuscript certify that the information contained herein
is true and correct as reflected in the records of the Institutional Review Board.
Study population
A total of 10,177 consecutive patients with typical or atypical
chest pain were enrolled between November 2004 and May
2015 and underwent coronary angiography (CAG) at the
Cardiovascular Center of Korea University Guro Hospital,
Seoul, Republic of Korea. Among these, 6,430 patients with
typical or atypical chest pain without significant coronary
artery disease (defined as a stenosis diameter of less than
70% on quantitative coronary angiography) underwent an
acetylcholine (ACH) provocation test. Ineligible patients
were excluded, as presented in Fig. 1, if they had conditions
that could be major causes of adverse cardiovascular events
and could bias the results. In total, 3,072 CAS patients were
enrolled in the study and divided into two groups based on
whether they took LDA: the LDA group (n=338) and nonLDA group (n=2,734) (Fig. 1).

Safety and efficacy of low-dose aspirin in CAS patients

Study definition
Significant CAS was defined as having more than 70% of luminal narrowing of the artery during the ACH provocation
test regardless of the presence of ischemic changes on electrocardiography (ECG) changes or chest pain. Deaths were
regarded as being of cardiac causes unless a noncardiac
death could be confirmed. Repeated CAG (mostly due to recurrent angina) was performed in patients who complained
of recurrent angina despite having received adequate anti-anginal medication for at least 6 months since the onset
of first CAG. In these cases, the physician assumed that CAS
may have progressed or there may have been newly developing atherosclerotic coronary artery disease [5]. Major
adverse cardiovascular events (MACE) were defined as the

A total of 10,177 patients underwent coronary agiography from
November 2004 to May at the Cardiovasular Center of Korea
University Guro Hospital.

Among them, 6,430 patients who had chest pain without a significant
coronary lesion (luminal narrowing <70%) underwent coronary
angiography with intracoronary acetylcholine provocation test.

Patients were excluded if they had one of the following conditions:
a previous acute coronary syndrome, a previous coronary artery
bypass graft, a previous percutaneous coronary intervention, an
advanced heart failure (New York Heart Association functional
class III or IV), an underlying hypertrophic cardiomyopathy, a
previous cerebrovascular disease, or any other serious medical
conditions such as an increased creatinine level ≥2 mg/dL.

A total of 5,697 patients were finally enrolled.
(3,072 coronary artery spasm patients)

338 Coronary artery spasm
patients received low-dose
aspirin.

2,737 Coronary artery spasm
patients did not receive
low-dose aspirin.

Propensity score matching analysis was performed.
(313 pairs, n=626, C-statistic=0.827)

Fig. 1. Flowchart of the study population.

Cardiovasc Prev Pharmacother 2022;4(1):26-33

www.e-jcpp.org

27

Byoung Geol Choi, et al.

composite of total death, myocardial infarction (MI), and
revascularization (including percutaneous coronary intervention [PCI] and coronary artery bypass graft [CABG]) [11].
Major adverse cardiovascular and cerebrovascular events
(MACCE) 1 were defined as the composite of MACE and
stroke events [11]. MACCE 2 were defined as the composite
of MACCE 1 and recurrent angina.
ACH provocation test
The design of the ACH test has been described before [4–8].
In brief, CAS induction was tested by an intracoronary injection of ACH immediately after diagnostic angiography by
either a transradial or transfemoral approach. ACH was injected by incremental doses of 20 (A1), 50 (A2), and 100 (A3)
µg/min into the left coronary artery over a 1-minute period
with 5-minute intervals up to the maximum tolerated dose
under continuous monitoring by ECG and measurements
of blood pressure. Routine provocation tests of the right coronary artery were not done due to safety issues regarding
the higher prevalence of advanced atrioventricular block,
which needs a temporary pacemaker for maintaining an
adequate ACH infusion rate and cost-effectiveness for the
diagnosis and management of significant CAS. Angiography
was repeated after each ACH dose until a significant focal or
diffuse narrowing of more than 70% was observed. An intracoronary injection of 0.2 mg of nitroglycerine was administered after completing the ACH provocation test, followed
by CAG 2 minutes later. If significant focal or diffuse vasoconstriction (>70%) of the coronary arteries was induced at
any dose, the ACH infusion was stopped. End-systolic images for each segment of the left coronary artery were chosen according to the corresponding points on the ECG trace
(QRS onset or end of T wave) and analyzed using the quantitative coronary arteriography system of the catheterization
laboratory (FD-20; Phillips, Amsterdam, Netherlands).
Statistical analysis
For continuous variables, differences between the two
groups were evaluated by the unpaired t-test or Mann-Whitney rank test. Data were expressed as mean±standard
deviation. For discrete variables, differences between the
two groups were expressed as counts and percentages and
analyzed with the chi-square or Fisher exact test. To adjust
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for any potential confounders, propensity score matching
(PSM) was performed using a logistic regression model. We
tested all available variables that could be of potential relevance: age, sex, cardiovascular risk factors (hypertension,
diabetes, dyslipidemia, current smokers, and current alcohol drinkers), angiographic and clinical parameters (myocardial bridge, ACH dose [20, 50, and 100 µg/min], CAS site
[left arterial descending, left circumflex], number of CAS
vessels, CAS length, ECG changes, chest pain, and atrioventricular block), and medical treatment (renin-angiotensin
system inhibitors, calcium channel blockers, diltiazem, nitrate, trimetazidine, molsidomine, beta-blockers, diuretics,
aspirin, and statins). The propensity score was estimated
using the C-statistic in the logistic regression model, and
the propensity score for the two groups was 0.827. Matching was performed using a 1:1 matching protocol without
replacements (nearest neighbor matching algorithm), with
a caliper width equal to 0.05 of the standard deviation of the
logit of the propensity score. Various clinical outcomes were
estimated with the Kaplan-Meier method, and differences
between the groups were compared with the log-rank test
before and after PSM. A proportional-hazard model was
used to assess the hazard ratio of the LDA group compared
with the non-LDA group in the PSM population. For all
analyses, a two-sided P<0.05 was considered to indicate statistical significance. All data were processed with IBM SPSS
ver. 20.0 (IBM Corp., Armonk, NY, USA).
Medications
After diagnosis, CAS patients were prescribed anti-anginal
medication such as nitrate, calcium channel blockers (including diltiazem), and/or nicorandil for at least 6 months
depending on the physician’s discretion.
Study endpoints
The primary endpoint was the cumulative incidence of
major clinical endpoints such as various composite events
of total death, MI, PCI, CABG, stroke, and repeat CAG. The
secondary endpoint was recurrent angina. In this study,
the mean follow-up period was 1,216±597 days (after PSM,
1,318±561 days), and we could follow up the clinical data
of all enrolled patients through face-to-face interviews at
regular outpatient clinic visits, medical chart reviews, and
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telephone contacts.

medications such as calcium channel blockers, beta-blockers, diuretics, renin-angiotensin-aldosterone system inhibitors (e.g., angiotensin receptor blockers or angiotensin-converting enzyme inhibitors), and statins. However, in the
matched analysis, the medical treatments were balanced
between the two groups (Table 3).

RESULTS
Baseline clinical and angiographic characteristics
In this study, a total of 3,072 CAS patients were enrolled,
among whom 11.0% received LDA (Fig. 1). The patients’
baseline clinical characteristics are shown in Table 1, and
their angiographic characteristics are presented in Table 2. In the overall population, there was a considerable
imbalance between the LDA group and non-LDA group
in baseline clinical characteristics such as sex, age, body
mass index, left ventricular ejection fraction, and history of
hypertension, diabetes, and dyslipidemia. However, there
were no significant differences between both groups in
angiographic characteristics. After a matched analysis, the
baseline clinical and angiographic characteristics of the two
PSM groups (313 pairs, n=626 total) were balanced in all
measured criteria (Tables 1, 2).

Clinical outcomes
In the 5-year clinical follow-up of the entire population,
in comparison with the non-LDA group, the LDA group
showed significantly higher rates of MACCE1, MACCE2,
and recurrent angina. However, after PSM analysis to adjust
for baseline confounders, the two groups were undifferentiated regarding all follow-up events (Fig. 2). Multiple Cox-regression analysis after PSM showed that LDA use did not
affect any follow-up events (Table 4).

DISCUSSION
The use of LDA has recently increased to prevent secondary
heart attacks and strokes in high-risk patients [12–14]. A
large amount of aspirin aggravates CAS, but it is not wellknown whether the use of LDA in CAS patients has an
adverse impact on severe CAS and long-term clinical out-

Medication treatment for CAS
In the overall population, there was a considerable imbalance between the LDA and non-LDA groups in the use of
Table 1. Baseline clinical characteristics and laboratory findings
Variable
Male sex
Age (yr)
Body mass index (kg/m2)
LVEF (%)
History of risk factors
Hypertension
Diabetes
  New-onset diabetes
  Insulin
  Medication
Dietary
Dyslipidemia
History of smoking
Current smokers
History of alcohol drinking
Current alcohol drinkers

LDA (n=338)
197 (58.2)
61.1±10.0
24.8±3.1
58.1±6.1
193 (57.1)
102 (30.1)
16 (4.7)
19 (5.6)
72 (21.3)
6 (1.7)
140 (41.4)
122 (36.0)
78 (23.0)
123 (36.3)
107 (31.6)

All patients
Non-LDA (n=2,734)
1,345 (49.1)
55.3±11.5
24.3±3.1
59.2±2.9
1,109 (40.5)
380 (13.8)
104 (3.8)
28 (1.0)
222 (8.1)
34 (1.2)
777 (28.4)
852 (31.1)
616 (22.5)
1,053 (38.5)
979 (35.8)

P-value
0.002
<0.001
0.008
0.008

LDA (n=313)
178 (56.8)
60.8±10.1
24.7±3.1
58.2±5.9

Matched patients
Non-LDA (n=313)
166 (53.0)
61.7±9.89
24.6±3.0
59.1±3.3

P-value
0.335
0.315
0.752
0.087

<0.001
<0.001
0.405
<0.001
<0.001
0.416
<0.001
0.066
0.821
0.448
0.132

179 (57.1)
85 (27.1)
15 (4.7)
10 (3.1)
59 (18.8)
6 (1.9)
127 (40.5)
112 (35.7)
74 (23.6)
113 (36.1)
100 (31.9)

188 (60.0)
85 (27.1)
10 (3.1)
13 (4.1)
63 (20.1)
5 (1.5)
139 (44.4)
104 (33.2)
70 (22.3)
112 (35.7)
101 (32.2)

0.465
NS
0.307
0.524
0.687
0.761
0.332
0.501
0.704
0.934
0.932

Values are presented as number (%) or mean±standard deviation.
LDA, low-dose aspirin; LVEF, left ventricular ejection fraction; NS, not significant.
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Table 2. Angiographic and clinical outcomes of acetylcholine provocation tests
Variable

LDA (n=338)

Quantitative coronary angiography
MND (mm, during ACH test)
MND (%, during ACH test)
RD (mm, after NTG injection)
Acetylcholine dose
A1 (20 μg)
A2 (50 μg)
A3 (100 μg)
Spasm site
Left main
Left anterior descending
Left circumflex
Location
Proximal
Mid
Distal
Diffuse spasm
Multivessel spasm
ECG change
ST-segment elevation
ST-segment depression
T-inversion
Atrial fibrillation
AV block
Cough
Pacing
Chest pain

All patients
Non-LDA (n=2,734)

P-value

LDA (n=313)

Matched patients
Non-LDA (n=313)

P-value

0.69±0.36
71.1±13.2
2.39±0.55

0.70±0.35
70.3±12.7
2.41±0.72

0.491
0.333
0.751

0.69±0.37
71.3±13.4
2.40±0.55

0.71±0.37
70.4±13.3
2.37±0.58

0.491
0.447
0.569

15 (4.4)
125 (36.9)
198 (58.5)

135 (4.9)
933 (34.1)
1,663 (60.8)

0.684
0.304
0.411

13 (4.1)
116 (37.0)
184 (58.7)

22 (7.0)
110 (35.2)
180 (57.6)

0.115
0.639
0.782

0
318 (94.0)
137 (40.5)

7 (0.2)
2,562 (93.7)
1,023 (37.4)

0.352
0.789
0.265

0
295 (94.2)
126 (40.2)

1 (0.3)
296 (94.5)
125 (39.9)

0.317
0.862
0.935

150 (44.3)
314 (92.8)
275 (81.3)
290 (85.7)
118 (34.9)
25 (7.3)
10 (2.9)
10 (2.9)
2 (0.5)
3 (0.8)
90 (26.6)
84 (24.8)
6 (1.7)
211 (62.4)

1,344 (49.1)
2,470 (90.3)
2,215 (81.0)
2,343 (85.6)
889 (32.5)
171 (6.2)
59 (2.1)
57 (2.0)
33 (1.2)
22 (0.8)
700 (25.6)
648 (23.7)
52 (1.9)
1,803 (65.9)

0.097
0.128
0.879
0.960
0.376
0.418
0.349
0.300
0.315
0.873
0.685
0.640
0.872
0.199

142 (45.3)
290 (92.6)
255 (81.4)
269 (85.9)
109 (34.8)
23 (7.3)
8 (2.5)
10 (3.1)
2 (0.6)
3 (0.9)
82 (26.1)
76 (24.2)
6 (1.9)
198 (63.2)

138 (44.0)
289 (92.3)
257 (82.1)
269 (85.9)
112 (35.7)
19 (6.0)
6 (1.9)
8 (2.5)
4 (1.2)
1 (0.3)
77 (24.6)
70 (22.3)
7 (2.2)
189 (60.3)

0.748
0.879
0.836
NS
0.802
0.523
0.589
0.632
0.412
0.316
0.646
0.571
0.779
0.459

Values are presented as mean±standard deviation or number (%).
LDA, low-dose aspirin; MND, minimum narrowing diameter; ACH, acetylcholine; RD, reference diameter; NTG, nitroglycerin; NS, not significant; ECG, electrocardiography; AV, atrioventricular.

Table 3. Medication treatments for coronary artery spasm
Variable
CCB
Diltiazem
Nitrate
Trimetazidine
Nicorandil
Molsidomine
Beta-blockers
Diuretics
RAS inhibitors
ARB
ACE inhibitor
Statins

LDA (n=338)
274 (81.0)
253 (74.8)
229 (67.7)
179 (52.9)
20 (5.9)
117 (34.6)
52 (15.3)
70 (20.7)
108 (31.9)
37 (10.9)
223 (65.9)

All patients
Non-LDA (n=2,734)
2,365 (86.5)
2,313 (84.6)
1,772 (64.8)
1,462 (53.4)
204 (7.4)
838 (30.6)
161 (5.8)
187 (6.8)
338 (12.3)
63 (2.3)
920 (33.6)

P-value
0.007
<0.001
0.285
0.858
0.303
0.137
<0.001
<0.001

LDA (n=313)
257 (82.1)
239 (76.3)
210 (67.0)
167 (53.3)
19 (6.0)
104 (33.2)
45 (14.3)
59 (18.8)

<0.001
<0.001
<0.001

93 (29.7)
31 (9.9)
200 (63.8)

Matched patients
Non-LDA (n=313)
263 (84.0)
252 (80.5)
207 (66.1)
172 (54.9)
23 (7.3)
108 (34.5)
46 (14.6)
74 (23.6)

P-value
0.523
0.206
0.799
0.688
0.523
0.736
0.910
0.143

95 (30.3)
28 (8.9)
211 (67.4)

0.862
0.682
0.355

Values are presented as number (%).
LDA, low-dose aspirin; CCB, calcium channel blockers; RAS, renin-angiotensin system; ARB, angiotensin receptor blockers; ACE inhibitors, angiotensin-converting enzyme inhibitors.
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Fig. 2. Kaplan-Meier survival curves: cumulative incidence of various cardiovascular events. Entire patients (A) major adverse cardiac
events (MACE), (B) major adverse cardiovascular and cerebrovascular events (MACCE) 1, (C) MACCE 2, (D) recurrent angina. Matched
patients (E) MACE, (F) MACCE 1, (G) MACCE 2, (H) recurrent angina. ACH, acetylcholine; LDA, low-dose aspirin.
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Table 4. Hazard ratios of low-dose aspirin treatment on various
endpoints
Variable
Recurrent angina
MACE
MACCE 1
MACCE 2

Hazard ratio
(95% confidence interval)
1.319 (0.750–2.320)
0.294 (0.032–2.696)
1.404 (0.423–4.659)
1.332 (0.786–2.257)

P-value
0.336
0.280
0.579
0.286

MACE, major adverse cardiac events; MACCE, major adverse cardiovascular and cerebrovascular events.

comes. In a previous study, we evaluated all-comer patients
who underwent an ACH provocation test. The patients
taking LDA had more risk factors, including old age, diabetes mellitus, hypertension, and hyperlipidemia, and in the
ACH provocation test, the patients taking LDA had higher
incidence rates of ACH-induced CAS, severe and multivessel spasm, frequent ischemic symptoms, and a vulnerable
response to lower doses of ACH [4]. However, in the present study, we analyzed only patients with CAS identified
by an ACH provocation test. The prevalence of risk factors
for atherosclerosis, including old age, diabetes mellitus,
hypertension, and hyperlipidemia were higher in patients
taking LDA. However, we performed PSM analysis to make
the patients well balanced in their baseline clinical and
angiographic characteristics. As a result, the proportion of
patients with multivessel and diffuse spasm accompanying
CAS was not significantly different between the two groups
of CAS patients, and the use of LDA did not affect cardiovascular events up to 5 years in CAS patients. Therefore, we
interpret these results as suggesting that in patients who are
diagnosed with CAS by an ACH provocation test, there is no
need for hesitation or discontinuation of LDA use.
In this study, there were several limitations. First, the
present study analyzed patients’ data retrospectively and
PSM analysis was performed to minimize the confounding
factors, which might have influenced the results otherwise. Furthermore, although the registry was designed as
an all-comer prospective registry from 2004, we could not
adjust for all the limiting factors not contained in medical
records or collected through telephone interviews. Second,
only medication information from after the diagnosis was
used. Although medication history is very important for a
further detailed analysis, each patient’s drug dosage, duration of prescription, and changes of drugs were too complex to analyze. However, all patients received anti-anginal
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treatment medication until they were free of angina symptoms and showed clinical remission. Moreover, all patients
received disease-modifying medications for hypertension,
dyslipidemia, diabetes, or other conditions depending on
the physician’s discretion during the follow-up period.
In conclusion, the use of LDA did not affect cardiovascular events for up to 5 years in CAS patients. Therefore, the
prescription of LDA in these patients should be individualized with a careful consideration of patients’ clinical status.

ARTICLE INFORMATION
Ethical statement
The Institutional Review Board of Korea University Guro
Hospital specifically approved this entire study and all the
consent procedures (No. KUGH10045). The authors of this
manuscript certify that the information contained herein
is true and correct as reflected in the records of the Institutional Review Board.
Conflicts of interest
The authors have no conflicts of interest to declare.
Funding
None.
Author contributions
Conceptualization: BGC, KHK; Data curation: BGC, KHK;
Formal analysis: BGC, KHK; Investigation: BGC, KHK;
Methodology: SWR; Project administration: SWR; Supervision: SWR; Validation: SWR; Visualization: SWR; Writing–
original draft: BGC; Writing–review & editing: KHK, SWR.
All authors read and approved the final manuscript.
ORCID
Byoung Geol Choi, https://orcid.org/0000-0002-6090-869X
Kyung-Hee Kim, https://orcid.org/0000-0003-0708-8685
Seung-Woon Rha, https://orcid.org/0000-0001-9456-9852

REFERENCES
1. Picard F, Sayah N, Spagnoli V, Adjedj J, Varenne O. Vasospastic
angina: a literature review of current evidence. Arch Cardiovasc
Dis 2019;112:44–55.
2. Stern S, Bayes de Luna A. Coronary artery spasm: a 2009 update.

Cardiovasc Prev Pharmacother 2022;4(1):26-33

Byoung Geol Choi, et al.

Circulation 2009;119:2531–4.
3. Yasue H, Nakagawa H, Itoh T, Harada E, Mizuno Y. Coronary
artery spasm: clinical features, diagnosis, pathogenesis, and
treatment. J Cardiol 2008;51:2–17.
4. Park JY, Rha SW, Poddar KL, Ramasamy S, Chen KY, Li YJ, et
al. Impact of low-dose aspirin on coronary artery spasm as assessed by intracoronary acetylcholine provocation test in Korean patients. J Cardiol 2012;60:187–91.

Safety and efficacy of low-dose aspirin in CAS patients

by an intracoronary acetylcholine provocation test: angiographic and clinical characteristics of 986 patients. J Invasive Cardiol
2014;26:234–9.
9. Mishra PK. Variations in presentation and various options
in management of variant angina. Eur J Cardiothorac Surg
2006;29:748–59.
10. Miwa K, Kambara H, Kawai C. Effect of aspirin in large doses on
attacks of variant angina. Am Heart J 1983;105:351–5.

5. Choi BG, Park SH, Rha SW, Park JY, Choi SY, Park Y, et al. Five-

11. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van Es

year clinical outcomes in patients with significant coronary

GA, et al. Clinical end points in coronary stent trials: a case for

artery spasm: a propensity score-matched analysis. Int J Cardiol
2015;184:533–9.
6. Chen KY, Rha SW, Li YJ, Poddar KL, Jin Z, Minami Y, et al.
Peripheral arterial disease is associated with coronary artery
spasm as assessed by an intracoronary acetylcholine provocation test. Clin Exp Pharmacol Physiol 2009;36:e78–82.
7. Chen KY, Rha SW, Li YJ, Poddar KL, Jin Z, Minami Y, et al. Impact of hypertension on coronary artery spasm as assessed with
intracoronary acetylcholine provocation test. J Hum Hypertens
2010;24:77–85.
8. Li YJ, Hyun MH, Rha SW, Chen KY, Jin Z, Dang Q, et al. Diabetes

standardized definitions. Circulation 2007;115:2344–51.
12. Patrono C, Garcia Rodriguez LA, Landolfi R, Baigent C. Lowdose aspirin for the prevention of atherothrombosis. N Engl J
Med 2005;353:2373–83.
13. Weisman SM, Graham DY. Evaluation of the benefits and risks of
low-dose aspirin in the secondary prevention of cardiovascular
and cerebrovascular events. Arch Intern Med 2002;162:2197–
202.
14. Berger JS, Brown DL, Becker RC. Low-dose aspirin in patients
with stable cardiovascular disease: a meta-analysis. Am J Med
2008;121:43–9.

mellitus is not a risk factor for coronary artery spasm as assessed

Cardiovasc Prev Pharmacother 2022;4(1):26-33

www.e-jcpp.org

33

Original Article

Cardiovascular Prevention
and Pharmacotherapy

Cardiovasc Prev Pharmacother 2022;4(1):34-41
eISSN 2671-700X
https://doi.org/10.36011/cpp.2022.4.e2

Association between reproductive aging and
hypertension among Korean women
Eunji Kim, Youngrong Lee, Hyeon Chang Kim
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Background: Although postmenopausal women are well known to have a high prevalence of hypertension, it is unclear whether
menopause itself increases blood pressure independently from the known risk factors of hypertension. This study sought to determine whether an association exists between reproductive aging and an increased risk of hypertension among Korean women.
Methods: This cross-sectional study used baseline data from 5,456 women aged 30 to 64 years who participated in the Cardiovascular and Metabolic Diseases Etiology Research Center study in Korea from 2013 to 2018. The participants’ stage of reproductive
aging was assessed by a questionnaire and categorized as premenopause, perimenopause, and postmenopause. Multiple logistic
regression models were used to analyze the association between menopausal status and hypertension after adjusting for age, education level, marital status, employment, household income, smoking, drinking, physical activity, body mass index, and hormone replacement therapy use.
Results: The prevalence of hypertension increased with reproductive aging: 9.8% in premenopause, 25.2% in perimenopause, and
27.7% in postmenopause. The adjusted odds ratio (95% confidence interval) for having hypertension was 1.70 (1.07–2.72) for perimenopausal women and 1.14 (0.88–1.48) for postmenopausal women, compared to premenopausal women.
Conclusions: Our study shows that perimenopausal women are at high risk of developing hypertension. Since the menopausal transition may last months or years, blood pressure monitoring and early interventions are crucial for not only postmenopausal women,
but also those in the transition.
Keywords: Menopause; Perimenopause; Aging; Hypertension

INTRODUCTION
Elevated blood pressure (BP) is the most prevalent risk
factor for cardiovascular morbidity and mortality worldwide, although it is modifiable [1,2]. The widespread use of
antihypertensive medication and global efforts to alleviate
the impact of hypertension have resulted in either a stabilization or a slight decrease in mean BP globally [3,4]. The
prevalence of hypertension, however, has increased world-

wide [1]. In Korea, 28% of adults were estimated to have hypertension in 2019, and the increase in the prevalence was
more prominent in the elderly, particularly in women [5].
Although BP is likely to increase with aging in both men
and women, the sex difference is reversed when women
go through menopause [6]. Premenopausal women have
a lower prevalence of hypertension than men of the same
age, but hypertension increases rapidly after menopause,
and women have a higher prevalence of hypertension than
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men among the elderly [7–9]. These findings suggest that
menopause plays a notable role in hypertension.
However, there have been inconsistent findings on whether menopause itself affects hypertension. Some studies have
demonstrated a significant relationship between menopause
and hypertension [10]. In these studies, both systolic and
diastolic BP were associated with menopause after adjusting
for age and body mass index (BMI) [11–13]. Postmenopausal
women taking hormone replacement therapy had a lower
increase in BP than nonusers [14], implying that changes
and deficits in sex hormones during menopause play a
significant role in hypertension. Other studies, by contrast,
suggested that the association is mainly explained by postmenopausal changes in established risk factors [10,15,16].
For instance, the higher risk of hypertension in the postmenopausal group lost its significance after controlling for
age, smoking, BMI, and the presence of metabolic syndrome
[10,15,16]. A longitudinal study reported that menopause
appeared to have a protective effect on BP elevation due to
aging [17]. In this context, this study aimed to determine
whether an association exists between reproductive aging
and hypertension among Korean women.

METHODS
Ethical statement
This study used the baseline data of the Cardiovascular and
Metabolic Diseases Etiology Research Center (CMERC)
cohort study, that was approved by the Institutional Review
Boards of Severance Hospital, Yonsei University Health
System, Seoul, Korea (No. 4-2013-0661) and Ajou University Hospital, Suwon, Korea (No. AJIRB-BMR-SUR-13-272).
Written informed consent was obtained from all participants prior to the baseline survey.
Study participants
This cross-sectional study used baseline data from the
CMERC study. The CMERC study is a multicenter prospective study conducted to obtain valuable evidence for the
prevention and management of cardiovascular disease. A
total of 8,697 individuals free from myocardial infarction,
heart failure, stroke, or recent cancer were recruited at
baseline from 2013 to 2018. The detailed information on
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the study has been previously published in separate articles
[18,19]. After exclusion of male participants (n=3,060) and
those with missing data for related variables (n=181), 5,456
female participants aged 30 to 64 were included in our analyses.
Measurements
The stage of reproductive aging was assessed by a questionnaire. The definitions of menstruation adopted the 2001
Stages of Reproductive Aging Workshop criteria [20], which
divide adult female life into three broad phases: premenopause (reproductive), perimenopause (menopausal transition), and postmenopause [2]. Those who had menstruated
in the last 3 months were classified as premenopausal
regardless of the regularity of menstruation. If participants
had menstruated occasionally over the past 12 months
but eventually stopped menstruating in the most recent
3 months, they were considered perimenopausal. Postmenopause was defined as the absence of menstruation in
the past 12 months or more or a history of hysterectomy or
oophorectomy. Age at menopause was also collected and
used to calculate the period after menopause.
BP was measured in the right arm except when doing
so was not possible, such as in participants with a history
of breast cancer surgery. Participants rested for at least 5
minutes in a seated position before the first measurement.
Measurements were conducted three times at 2-minute
intervals using an automated oscillometric device (HEM7080; Omron Health, Matsusaka, Japan) under a standardized protocol. This study used the average of the second
and third values. We defined hypertension (also referred to
herein as total hypertension) when the definition of systolic
hypertension, diastolic hypertension, or treated hypertension was satisfied. Systolic hypertension was defined as a
mean systolic BP ≥140 mmHg; diastolic hypertension as a
mean diastolic BP ≥90 mmHg; and treated hypertension
as being on antihypertensive medication. The subtypes of
hypertension were not mutually exclusive. Based on the
literature, we selected potential confounders that included
age, socioeconomic status (e.g., education level and annual
household income), health-related behaviors (smoking,
drinking, and physical activity), BMI, and hormone replacement therapy.
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Statistical analysis
The general characteristics of the three groups (premenopause, perimenopause, and postmenopause) were presented as mean values with the standard deviation for continuous variables, and as the number of cases with percentage
for categorical variables. Comparisons were conducted using analysis of variance or the chi-square test, correspondingly. Simple and multiple logistic regression models were
used to estimate the association between the stage of reproductive aging and hypertension before and after controlling
for potential confounders. Model 1 controlled for education level, marital status, employment, household income,
smoking, drinking, physical activity, BMI, and hormone
replacement therapy use, and model 2 was adjusted for age
in addition to all covariates used in model 1. In a sub-analysis, postmenopausal women were divided into six groups
by units of 3 years from menopause. By doing so, their risk
of raised BP was estimated according to the time elapsed
since menopause. A two-sided P-value lower than 0.05 was
considered to indicate statistical significance. All analyses
were performed using SAS ver. 9.4 (SAS Institute Inc., Cary,
NC, USA).

RESULTS
Participants’ characteristics
Among 5,456 participants, 1,894 were premenopausal, 3,443
were postmenopausal, and 119 were in the menopausal
transition. The menopausal participants were older (mean±standard deviation; 42.81±6.37 years in the premenopausal group; 50.80±4.03 years in the perimenopausal group;
56.88±4.21 years in the postmenopausal group), more likely
to have an educational level of middle school or lower (3.5%
in the premenopausal group; 11.8% in the perimenopausal
group; 27.1% in the postmenopausal group), and more likely
to be obese (23.2% in the premenopausal group; 29.4% in
the perimenopausal group; 31.2% in the postmenopausal group) than the premenopausal and perimenopausal
groups (Table 1).

Stages of reproductive aging and hypertension

Association between hypertension and the stage of reproductive aging
The prevalence of total hypertension was higher in postmenopause (27.7%), than in premenopause (9.8%) or perimenopause (25.2%). The prevalence of treated hypertension increased with the stage of reproductive aging. Systolic
and diastolic hypertension, however, were highest among
women in the menopausal transition (10.9% and 9.2%, respectively) (Table 2).
Fig. 1 shows the unadjusted and adjusted odds ratios of
hypertension and its subtypes compared to the premenopausal group. The unadjusted odds ratio (95% confidence
interval) for total hypertension was 3.10 (1.99–4.81) in
perimenopausal women and 3.52 (2.98–4.17) in postmenopausal women. Treated hypertension showed an increasing
unadjusted risk with reproductive aging, but those in the
menopausal transition seemed to have the highest risk for
systolic and diastolic hypertension. Two models were used
to examine the adjusted odds ratios. Model 1 controlled
for all related variables except age. The risks of systolic and
diastolic hypertension were consistently higher in perimenopause. The odds ratio of being on antihypertensive
medication became the greatest in perimenopause after
adjustment. Model 2 was fully adjusted, including age. The
finding that perimenopausal women had the highest odds
ratio was persistent in this model (Table S1).
To determine how the increased risk of hypertension in
perimenopause changed with time after menopause, the
postmenopausal period was calculated, and postmenopausal participants were divided into six groups. As shown
in Fig. 2, the risk of systolic hypertension was highest during
menopause and decreased immediately after menopause,
but gradually increased again over time. The risk of diastolic hypertension was highest during menopause and
continued to decrease over time. However, we could not
fully assess the age-independent effects of postmenopausal
duration on hypertension, because the sample size of this
study was not large enough and the duration of the postmenopausal period was closely correlated with age.

DISCUSSION
In this study, we observed that women going through the
menopausal transition had a higher prevalence of hyper-
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Table 1. Characteristics of participants by the stage of reproductive aging
Variable
Age (yr)
Education level
Middle school or less
High school
University or beyond
Marital status
Married
Divorced, widowed, or single
Working status
Working
Nonworking
Household annual income
Q1
Q2
Q3
Q4
Smoking
No
Ever
Current drinking
No
Yes
Body mass index
Normal or low body weight
Overweight
Obesity
Physical activity (MET score)
Inactive
Minimally active
Health-enhancing physical activity
Hormone replacement therapy
No
Yes

Premenopause
(n=1,894)
42.81±6.37

Perimenopause
(n=119)
50.80±4.03

Postmenopause
(n=3,443)
56.88±4.21

67 (3.5)
797 (42.1)
1,030 (54.4)

14 (11.8)
61 (51.3)
44 (37.0)

934 (27.1)
1,718 (49.9)
791 (23.0)

1,613 (85.2)
281 (14.8)

103 (86.5)
16 (13.5)

2,849 (82.8)
594 (17.2)

1,208 (63.8)
686 (36.2)

85 (71.4)
34 (28.6)

1,706 (49.5)
1,737 (50.5)

199 (10.5)
579 (30.6)
581 (30.7)
535 (28.3)

15 (12.6)
31 (26.1)
34 (28.6)
39 (32.8)

782 (22.7)
959 (27.9)
781 (22.7)
921 (26.7)

1,709 (90.2)
185 (9.8)

110 (92.4)
9 (7.6)

3,315 (96.3)
128 (3.7)

524 (27.7)
1,370 (72.3)

40 (33.6)
79 (66.4)

1,464 (42.5)
1,979 (57.5)

1,038 (54.8)
416 (22.0)
440 (23.2)

49 (41.2)
35 (29.4)
35 (29.4)

1,420 (41.2)
950 (27.6)
1,073 (31.2)

852 (45.0)
772 (40.7)
270 (14.3)

56 (47.1)
44 (37.0)
19 (15.9)

1,280 (37.2)
1,532 (44.5)
631 (18.3)

1,825 (96.4)
69 (3.6)

108 (90.8)
11 (9.2)

2,676 (77.7)
767 (22.3)

P-valuea)
<0.001
<0.001

0.051

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Values are presented as mean±standard deviation or number (%).
MET, metabolic equivalent of task.
a)
Analysis of variance was used for age; the chi-square test was used for other variables.

Table 2. Prevalence of hypertension by the stage of reproductive aging
Stage of reproductive aging
Premenopause
Perimenopause
Postmenopause

Total

Total hypertension

1,894
119
3,443

186 (9.8)
30 (25.2)
955 (27.7)

Subtype of hypertensiona)
Systolic hypertension Diastolic hypertension Treated hypertension
75 (4.0)
100 (5.3)
75 (4.0)
13 (10.9)
11 (9.2)
21 (17.7)
330 (9.6)
225 (6.5)
664 (19.3)

Values are presented as number (%).
a)
Not mutually exclusive.
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Total hypertension

Systolic hypertension

C

Diastolic hypertension

0.1

1

D

Treated hypertension

Odds ratio
(95% confidence interval)

Unadjusted
Premenopause
Perimenopause
Postmenopause

3.10 (1.99–4.81)
3.52 (2.98–4.17)

Premenopause
Perimenopause
Postmenopause

2.67 (1.69–4.23)
2.56 (2.12–3.09)

Premenopause
Perimenopause
Postmenopause

1.70 (1.07–2.72)
1.14 (0.88–1.48)

Model 1

Model 2

0.1

1

10

0.1

1

10

10

0.1

1

10

Fig. 1. Association between stage of reproductive aging and hypertension. Model 1, adjusted for education level, marital status, employment, household income, smoking, drinking, physical activity, body mass index, and hormone replacement therapy use. Model 2,
adjusted for age in addition to all covariates used in model 1. (A) Total hypertension, (B) systolic hypertension, (C) diastolic hypertension, and (D) treated hypertension.

tension than premenopausal and postmenopausal women.
Menopause typically occurs between the ages of 49 and 52
years [21]. The prevalence of hypertension also increases
with age [22]. Therefore, age may affect both menopause
and the development of hypertension. It is noteworthy that
perimenopausal women had a higher risk of hypertension
than postmenopausal women, even after adjustment for age.
Although there is little research directly investigating
the mechanism linking perimenopause and elevated BP
in humans, a mechanism can be inferred from studies
on postmenopausal hypertension and on animal models
comparable to human perimenopause. The mechanism of
postmenopausal hypertension was explained by changes
in the estrogen/androgen ratio, along with changes in other
established risk factors of hypertension [10]. Menopause is
accompanied by a deficit of estradiol and a decrease in the
estrogen-to-testosterone ratio, resulting in a disturbance
of the renin-angiotensin system, endothelial dysfunction,
and increased BMI. These lead to increased levels of angiotensin II, oxidative stress, and endothelin, but decreased
levels of endogenous nitric oxide, and all of these changes
contribute to increases in renal vasoconstriction, causing
hypertension [8,10,23,24]. Furthermore, mouse models
mimicking the characteristics of human perimenopause
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(accelerated ovarian failure in estrogen receptor β reporter
mice) suggested that estrogen receptor β signaling plays
a significant role in BP regulation. An estrogen receptor β
agonist suppressed the increase in BP in mice with neurogenic hypertension induced by angiotensin II, and deletion
of estrogen receptor β produced a phenotype with sensitivity to hypertension [25,26]. In this context, fluctuations
of sex hormones and their impact on angiotensin II among
perimenopausal women may at least partially explain the
increased risk of hypertension.
This study has some strengths and limitations. Considering that most previous studies on the association between
menopause and hypertension divided participants into
only two groups (nonmenopausal and menopausal), a
strength of our study is that it took perimenopausal women
into account and highlighted that they showed the highest
level of risk. We were able to adjust for most known risk factors including socioeconomic status, lifestyle factors, and
hormone replacement therapy use, thereby minimizing
confounding effects. Despite these advantages, some limitations should be acknowledged. First, we measured BP in
the clinic with a single visit. The data used in this study did
not permit us to distinguish “white coat” hypertension or
“masked” hypertension, although the average of the second
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Fig. 2. Association between years after menopause and hypertension. The risk of hypertension was adjusted for education level, marital status, employment, household income, smoking, drinking, physical activity, body mass index, and hormone replacement therapy
use, not age. (A) Total hypertension, (B) systolic hypertension, (C) diastolic hypertension, and (D) treated hypertension.

and third measurements was used, with at least a 5-minute
rest preceding the measurements. Given that out-of-office
BP is recommended to evaluate white coat or masked hypertension [27–29], the use of only in-office BP measurements may have affected our findings. Second, information
on reproductive aging was obtained by self-report, so the
possibility of misclassification cannot be excluded. Third,
although we controlled for most of the major risk factors for
hypertension, there remains the possibility of residual confounding due to measurement errors and/or unmeasured
confounders.
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In conclusion, perimenopausal women were found to be
at risk of developing transient or persistent hypertension.
While recognizing that elevated BP among women in the
menopausal transition might be transient or persist, we
need to be cautious not to overlook the hypertension risk of
perimenopausal women by focusing only on managing other menopausal symptoms and complications. Considering
that the menopausal transition may last months or years,
BP monitoring and early interventions are crucial for not
only postmenopausal women, but also those in the menopausal transition.
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Effects of physical activity on cardiovascular outcomes
and mortality in Korean patients with diabetes: a
nationwide population-based cohort study
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Background: Since a sedentary lifestyle is considered a modifiable risk factor for cardiovascular disease (CVD), physical activity (PA)
is recommended for type 2 diabetes mellitus (T2DM) patients to prevent CVD. We investigated the association between different
levels of PA and the risk for CVD and all-cause mortality in patients with T2DM using nationwide data.
Methods: We examined health examination data and claims records of 2,745,637 participants with T2DM at baseline from the Korean National Health Insurance Service who underwent health examinations between 2009 and 2012. We excluded subjects with
a history of myocardial infarction or stroke. Each participant was asked to report their weekly PA levels according to three categories:
vigorous, moderate, and walking. The incidence of CVD and death was analyzed until 2017.
Results: The risk of CVD was lower in regular exercisers than in nonexercisers after adjusting for confounding variables. A dose-response trend was evident in the association between the degree of PA and CVD risk. All categories of PA were inversely associated
with CVD risk and mortality. The reduction in CVD risk and all-cause mortality was more profound in patients aged ≥65 years.
Conclusions: Augmenting PA might have positive effects on the prevention of CVD and all-cause death, especially in the elderly. The
benefits of PA were consistently observed in various subgroups regardless of the presence of chronic conditions. Therefore, clinicians should encourage elderly patients with T2DM to increase their daily PA.
Keywords: Diabetes mellitus; Exercise; Cardiovascular disease; Physical activity; Prevention

INTRODUCTION
The global prevalence of cardiovascular disease (CVD)
among patients with type 2 diabetes mellitus (T2DM) is

estimated at approximately 32.2% [1]. Despite advances in
medicine, CVD remains a major health problem worldwide
[2,3]. According to a brief report by Park et al. [4], the hospitalization rates owing to major cardiovascular complications
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and mortality among patients with T2DM have decreased
because of improvements in medical treatment. However,
the increase in the number of people with diabetes in aging
societies, including South Korea, has made CVD a major contributor to mortality. Along with medical treatment for other
risk factors of CVD, such as hypertension, interventions for
other modifiable risk factors related to lifestyle are important
for the primary prevention of CVD.
Since a sedentary lifestyle is considered a modifiable
risk factor for CVD, several meta-analysis studies have examined the effects of daily physical activity (PA) on CVD
prevention. Sofi et al. [5] conducted a meta-analysis of 26
studies reporting protection against coronary heart disease
in individuals with moderate or high levels of PA. Another
meta-analysis, including 44 prospective cohort studies,
demonstrated that PA had a negative linear correlation
with the risk of cardiovascular mortality [6]. Patients with
diabetes are at high risk of CVD; therefore, based on previous research, many guidelines have emphasized lifestyle
modifications, including the promotion of PA, to lower the
incidence of CVD. Most guidelines suggest that individuals
should engage in a minimum of 150 min/wk of moderate-intensity PA for health benefits [7–9].
However, there are discrepancies between guidelines and
real-world applications in clinical practice. With the extended life expectancy in aging societies, an increasing number
of elderly patients with T2DM will be unable to perform exercise of moderate to vigorous intensity owing to frailty and
multiple comorbidities [10]. To date, no consensus exists
on appropriate PA interventions in different stages of life,
especially for elderly patients with T2DM. Moreover, most
guidelines strongly recommend moderate to vigorous PA
for the general population, whereas the benefits of light PA,
such as slow walking, are rarely mentioned as key recommendations. Unfortunately, more than 60% of adults in the
United States population fail to meet PA recommendations
in terms of intensity and frequency and have a sedentary
lifestyle [11]. According to a study investigating trends in
adherence rates to PA guidelines in the United States [12],
it is difficult to implement lifestyle modifications in the face
of unrealistic PA recommendations that are challenging
to fulfill in daily life. Therefore, feasible PA guidelines for
patients with T2DM and further research on whether PA
below the current recommendations for all age groups can
prevent CVD and all-cause death are required. In this study,
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we investigated the association between different levels of
PA and the risk for CVD and all-cause mortality in patients
with T2DM using nationwide data.

METHODS
Ethical statement
This study was approved by the Institutional Review Board
of Kangbuk Samsung Hospital of Korea (No. KBSMC 202104-049). Participants who underwent national health
checkup examinations provided written informed consent
for the use of their data for research purposes. All personal
information was deleted, and only de-identified data were
included in the analysis.
Source of data
This study analyzed data from the Korean National Health
Insurance Service (NHIS) and claims database. The NHIS is
a public health insurance program that covers 97.1% of the
Korean population. In Korea, the NHIS is the only healthcare insurer and is managed by the government. The NHIS
includes an eligibility database (with data such as age, sex,
socioeconomic variables, type of eligibility, and household
income level); a medical treatment claims database (compiled based on medical bills that were claimed by medical
service providers for medical expenses); a health examination database (including results of biennial general health
examinations and questionnaires on lifestyle and behavior);
a medical care institution database (including types of medical care institutions, location, equipment, and the number
of physicians); and a death register [13]. For this study, we
used the general health examination data and NHIS healthcare utilization data, including records on inpatient usage
(diagnoses and procedures received), prescription records
(drug codes, days prescribed, and daily dosage), and allcause mortality.
Study population
This study included adults aged >20 years who underwent
general health screening examinations. We selected participants who received a health examination between 2009 and
2012 and identified participants with T2DM at the baseline
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examination (n=2,745,637). A diagnosis of T2DM was defined according to the following criteria: (1) according to
the International Classification of Diseases, 10th revision,
clinical modification (ICD-10-CM) codes E11, E12, E13, or
E14 and claims for at least one oral antidiabetic agent or insulin at baseline or (2) a fasting glucose level of ≥126 mg/dL
(obtained from the health examination database). Among
these individuals, subjects with missing data were excluded
(n=94,423). Among the remaining subjects, we excluded
112,649 participants with a history of myocardial infarction
(MI) and 254,287 participants with a history of stroke before
the index date to ensure that all diagnoses of MI and stroke
were newly made. Finally, 2,284,278 participants were included in the analysis. Fig. S1 shows the process used to
select the study participants.
Anthropometric and laboratory measurements
The general health examination included medical history
taking, physical measurements, blood and urine sampling
after 12 hours of fasting, and chest radiography. Data on
health-related behavior and lifestyle were collected by administering a self-reported questionnaire, whereas physical
measurements and serum biochemical parameters were
obtained by trained staff. Body mass index (BMI) was defined as the weight (kg) of the patient divided by the square
of their height (m2). All laboratory values, including fasting
blood glucose, aspartate aminotransferase, alanine aminotransferase, and total cholesterol levels, were measured
after 12 hours of fasting.
Assessment of PA
The level of PA was evaluated using a self-administered
questionnaire provided by the NHIS. The questionnaire
was a modified version of the International Physical Activity
Questionnaire, developed by the World Health Organization. The questionnaire comprised questions on the individual’s exercise frequency and intensity during the past 7
days. Regular exercise was defined as performing at least 30
minutes of moderate PA at least five times a week or at least
20 minutes of strenuous PA at least thrice a week. Each participant was asked to report their weekly PA levels according
to the following three categories: vigorous PA (≥20 min/day;
e.g., running, aerobics, or fast cycling at least thrice a week),
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moderate PA (≥30 min/day; e.g., brisk walking, bicycling at
a usual speed, or gardening at least five times a week), and
walking (≥30 min/day at least five times a week). Walking
was defined as usual-pace walking for at least 10 minutes
at a time [14]. The validity and reliability of the self-administered questionnaire on PA deployed in the NHIS cohort
have been described in a previous study [15–17]. The English version of the self-administered questionnaire is presented in the Table S1.
Definition of comorbidities
Hypertension was defined according to the presence of at
least one claim per year for the prescription of antihypertensive agents, under ICD-10-CM codes I10 through I15, or
a systolic/diastolic blood pressure of ≥140/90 mmHg [18,19].
The presence of dyslipidemia was defined according to the
presence of at least one claim per year for the prescription
of antihyperlipidemic agents under ICD-10 code E78 or a
total cholesterol level of ≥240 mg/dL [18,20]. Chronic kidney disease (CKD) was defined as an estimated glomerular
filtration rate (GFR) of <60 mL/min [21].
Outcome assessment
CVD was defined as including MI and stroke. MI was defined by the occurrence of hospitalization with diagnostic
codes I21 and I22, while stroke was defined by the presence
of ICD-10-CM codes I63 and I64, as well as a history of hospitalization with claims for brain magnetic resonance imaging or brain computed tomography [19]. The incidence of
CVD and death was analyzed using claims data from January 1, 2010, to December 31, 2017, or until the date of death,
whichever occurred first.
Statistical analysis
Continuous variables are presented as mean±standard
deviation, and categorical variables are expressed as percentages. The clinical characteristics of the participants
were compared using one-way analysis of variance for
continuous variables and the chi-square test for categorical
variables. The incidence of MI, stroke, CVD, and death was
presented as rates per 1,000 person-years. We defined the
nonexerciser group as the reference group and conducted
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Cox proportional-hazards regression analysis with 95%
confidence intervals (CIs) for incident CVD and mortality
according to the levels of PA. The adjusted hazard ratio
(aHR) was calculated after adjusting for the following variables: age, sex, smoking, alcohol consumption, household
income, BMI, hypertension, dyslipidemia, GFR, fasting
blood glucose, insulin use, duration of diabetes (≥5 years),
and two or more oral hypoglycemic agents (OHAs).
For the subgroup analysis, we stratified the participants
by age (<40 years, <65 years, or >65 years), sex (male or female), duration of T2DM (≥5 years), insulin use, a combination of two or more OHAs, and CKD (yes or no). All reported
P-values were two-tailed, and P<0.05 were considered statistically significant. All statistical analyses were performed
using SAS ver. 9.4 (SAS Institute Inc., Cary, NC, USA) and R
ver. 3.2.3 (The R Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.org;).

RESULTS
Baseline characteristics
Participants’ characteristics are presented in Table 1. Of the
151,811 patients who developed CVD, the mean age was
63.8±10.8 years, and 90,866 of the patients (59.9%) were
men. Patients who developed CVD more frequently had
comorbidities such as hypertension and dyslipidemia than
those without CVD (68.4% vs. 52.3% and 43.3% vs. 39.1%,
respectively). Patients who developed CVD during the follow-up period were more likely to have unfavorable lipid
profiles, a longer duration of diabetes (≥5 years, 41.7% vs.
27.0%), a higher percentage of insulin users (9.9% vs. 5.1%),
and a combination of OHAs (≥2 OHAs, 28.5% vs. 23.6%).
The proportion of regular exercisers was lower among patients who developed CVD (18.9% vs. 20.9%).
Risk for CVD and mortality according to the dose of PA
Multivariable-adjusted Cox proportional hazard analysis
of CVD, stroke, MI, and all-cause mortality according to
the dose of PA are presented in Table 2. The risk of CVD,
MI, and stroke was lower in regular exercisers than in nonexercisers after adjusting for confounding variables such
as smoking and alcohol consumption (aHR, 0.85 for CVD;
aHR, 0.87 for MI; aHR, 0.84 for stroke; P<0.001). Regarding
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the association between the dose of PA and CVD risk, a
dose-response trend was evident. All categories of PA were
inversely associated with CVD risk and mortality. Compared with their control groups, participants who engaged
in vigorous PA were associated with the lowest risk of CVD
and all-cause mortality (aHR, 0.84 for CVD; aHR, 0.80 for
all-cause mortality). Patients who engaged in light-intensity
PA, such as walking, also had a reduced risk of CVD and
mortality.
Subgroup analysis
The favorable effects of PA on CVD prevention may vary
depending on the presence of other risk factors associated
with T2DM. Thus, we conducted a subgroup analysis as
follows: we stratified the participants by age (<40 years, <65
years, or >65 years), sex (male or female), duration of T2DM
(≥5 years), insulin use, a combination of two or more OHAs,
and CKD (yes or no). We conducted a subgroup analysis to
determine which individuals experience more benefits of
PA in lowering cardiovascular risk. In each subgroup, we
compared CVD and mortality risk according to whether
individuals engaged in regular exercise, vigorous exercise,
moderate exercise, or walking.
Effects of regular exercise on CVD and all-cause mortality
The reduction in CVD risk and all-cause mortality was more
profound in patients aged ≥65 years (CVD: HR, 0.82; 95% CI,
0.80–0.83; MI: HR, 0.85, 95% CI, 0.82–0.87; stroke: HR, 0.80;
95% CI, 0.78–0.81; all-cause mortality: HR, 0.77; 95% CI,
0.76–0.78; all P-values for interaction <0.001). However, patients aged ≤40 years did not show a decreased risk of CVD
(Fig. 1A), MI (Fig. 1B), stroke (Fig. 1C), and all-cause mortality (Fig. 1D). The risk of CVD, MI, and death demonstrated an interaction with the duration of T2DM that might be
interpreted as suggesting greater benefits of regular exercise
in patients with a longer duration of diabetes (CVD: HR,
0.83; 95% CI, 0.81–0.84; MI: HR, 0.83; 95% CI, 0.81–0.86; allcause mortality: HR, 0.76; 95% CI, 0.75–0.78). Interestingly,
insulin treatment or multiple combinations of OHAs did
not affect the risk of CVD and all-cause mortality. Regarding
the risk of stroke in regular exercisers, there were no significant interactions for sex, duration of T2DM, insulin use, the
number of OHAs, and the presence of CKD.
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Table 1. Baseline characteristics of participants
Characteristic
Age (yr)
Sex
Male
Female
Household income (lowest 20%)
Hypertension
Dyslipidemia
Smoking status
Never smoker
Former smoker
Current smoker
Alcohol drinking
Never
Mild (<30 g/day)
Heavy (≥30 g/day)
Regular exercise
DM duration ≥5 years
Use of insulin
Oral antidiabetic drugs ≥2
Body weight (kg)
Body mass index (kg/m2)
Waist circumference (cm)
Glomerular filtration rate
Fasting blood glucose (mg/dL)
SBP (mmHg)
DBP (mmHg)
Total cholesterol (mg/dL)
HDL-C
LDL-C
Triglyceridea)
AST (IU/L)a)
ALT (IU/L)a)
rGTP (IU/L)a)

Cardiovascular disease
No (n=2,132,467)
Yes (n=151,811)
55.60±12.15
63.81±10.83

Total (n=2,284,278)
56.15±12.24
1,400,555 (61.31)
883,723 (38.69)
439,368 (19.23)
1,219,281 (53.38)
899,389 (39.37)

1,309,689 (61.42)
822,778 (38.58)
407,957 (19.13)
1,115,479 (52.31)
833,694 (39.10)

90,866 (59.85)
60,945 (40.15)
31,411 (20.69)
103,802 (68.38)
65,695 (43.27)

1,239,385 (54.26)
418,974 (18.34)
625,919 (27.40)

1,154,144 (54.12)
394,500 (18.50)
583,823 (27.38)

85,241 (56.15)
24,474 (16.12)
42,096 (27.73)

P-value
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
1,251,634 (54.79)
789,400 (34.56)
243,244 (10.65)
473,410 (20.72)
638,885 (27.97)
122,785 (5.38)
546,062 (23.91)
66.73±12.00
25.07±3.71
85.28±8.89
86.03±36.37
145.95±47.04
128.87±15.77
79.19±10.27
198.45±46.21
52.46±29.99
113.8±86.17
147.21 (147.1–147.32)
26.38 (26.37–26.40)
26.69 (26.67–26.71)
37.71 (37.67–37.75)

1,154,729 (54.15)
96,905 (63.83)
748,537 (35.10)
40,863 (26.92)
229,201 (10.75)
14,043 (9.25)
444,798 (20.86)
28,612 (18.85)
575,591 (26.99)
63,294 (41.69)
107,688 (5.05)
15,097 (9.94)
502,847 (23.58)
43,215 (28.47)
66.92±12.03
64.04±11.31
25.09±3.74
24.75±3.35
85.24±8.91
85.89±8.51
86.42±36.43
80.54±34.96
145.77±46.41
148.40±55.02
128.65±15.64
131.91±17.21
79.16±10.23
79.65±10.83
198.36±46.21
199.66±46.28
52.54±30.04
51.42±29.20
113.68±86.24
115.55±85.13
146.97 (146.85–147.08) 150.70 (150.28–151.12)
26.43 (26.42–26.45)
25.67 (25.61–25.73)
26.86 (26.84–26.88)
24.42 (24.35–24.49)
37.80 (37.76–37.85)
36.46 (36.31–36.61)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
DM, diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST, aspartate transaminase; ALT, alanine transferase; rGTP, gamma glutamyltransferase.
a)
Geometric mean.

Effects of vigorous PA on CVD and all-cause mortality
The risk of CVD (Fig. 2A), MI (Fig. 2B), stroke (Fig. 2C), and
all-cause mortality (Fig. 2D) showed a significant interaction
with age, with a further risk reduction of CVD and death in
patients aged ≥65 years who engaged in vigorous PA (CVD:
HR, 0.82; 95% CI, 0.80–0.83; MI: HR, 0.85; 95% CI, 0.82–0.88;
stroke: HR, 0.80; 95% CI, 0.78–0.82; all-cause mortality: HR,
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0.79; 95% CI, 0.77–0.80; all P-values for interaction <0.05).
The risk of CVD, MI, and death demonstrated an interaction
with the duration of T2DM; however, an extended duration
of diabetes did not affect the risk of stroke. Regarding mortality risk (Fig. 2D), we observed an interaction between sex
and the presence of CKD (P-value for interaction <0.001). In
the subgroup analysis performed among patients who engaged in vigorous PA, there was no interaction for CVD, MI,
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Table 2. Risk for cardiovascular disease and mortality according to the dose of PA
No. of
patient
Cardiovascular disease
Regular exercise
  No
1,810,868
  Yes
473,410
Vigorous PA
  No
1,895,076
  Yes
389,202
Moderate PA
  No
2,069,270
  Yes
215,008
Walking
  No
1,635,065
  Yes
649,213
Myocardial infarction
Regular exercise
  No
1,810,868
  Yes
473,410
Vigorous PA
  No
1,895,076
  Yes
389,202
Moderate PA
  No
2,069,270
  Yes
215,008
Walking
  No
1,635,065
  Yes
649,213
Stroke
Regular exercise
  No
1,810,868
  Yes
473,410
Vigorous PA
  No
1,895,076
  Yes
389,202
Moderate PA
  No
2,069,270
  Yes
215,008
Walking
  No
1,635,065
  Yes
649,213
Death
Regular exercise
  No
1,810,868
  Yes
473,410
Vigorous PA
  No
1,895,076
  Yes
389,202
Moderate PA
  No
2,069,270
  Yes
215,008
Variable

Event

Duration

IR per
1,000

Modela)
1

2

3

4

123,199 13,836,283.94 8.90
1 (reference)
1 (reference)
1 (reference)
1 (reference)
28,612
3,691,757.17 7.75 0.87 (0.86–0.88) 0.82 (0.81–0.83) 0.85 (0.84–0.86) 0.85 (0.84–0.86)
129,120
22,691

14,485,597.02 8.91
1 (reference)
1 (reference)
1 (reference)
1 (reference)
3,042,444.09 7.46 0.83 (0.82–0.85) 0.81 (0.80–0.83) 0.85 (0.83–0.86) 0.84 (0.83–0.86)

137,366 15,863,235.33 8.66
1 (reference)
1 (reference)
1 (reference)
1 (reference)
14,445
1,664,805.78 8.68 1.00 (0.98–1.02) 0.86 (0.85–0.88) 0.89 (0.87–0.90) 0.88 (0.87–0.90)
108,168 12,546,975.6 8.62
1 (reference)
1 (reference)
1 (reference)
1 (reference)
43,643
4,981,065.52 8.76 1.02 (1.01–1.03) 0.90 (0.89–0.91) 0.91 (0.90–0.92) 0.91 (0.90–0.92)

52,745
12,480

14,075,488.55 3.75
1 (reference)
1 (reference)
1 (reference)
1 (reference)
3,747,353.55 3.33 0.88 (0.87–0.90) 0.84 (0.82–0.85) 0.87 (0.85–0.89) 0.87 (0.85–0.88)

55,246
9,979

1,476,512.04 3.75
1 (reference)
1 (reference)
1 (reference)
1 (reference)
3,086,330.05 3.23 0.86 (0.84–0.88) 0.83 (0.82–0.85) 0.87 (0.85–0.89) 0.87 (0.85–0.88)

59,064
6,161

16,129,428.57 3.66
1 (reference)
1 (reference)
1 (reference)
1 (reference)
1,693,413.53 3.64 0.99 (0.96–1.02) 0.87 (0.84–0.89) 0.89 (0.87–0.92) 0.89 (0.86–0.91)

46,772
18,453

12,756,839.73 3.67
1 (reference)
1 (reference)
1 (reference)
1 (reference)
5,066,002.37 3.64 0.99 (0.98–1.01) 0.90 (0.88–0.91) 0.91 (0.89–0.92) 0.90 (0.89–0.92)

77,803
17,657

13,979,386.22 5.57
1 (reference)
1 (reference)
1 (reference)
1 (reference)
3,726,185.01 4.74 0.85 (0.84–0.86) 0.81 (0.79–0.82) 0.84 (0.82–0.85) 0.84 (0.82–0.85)

81,565
13,895

14,635,569.37 5.57
1 (reference)
1 (reference)
1 (reference)
1 (reference)
3,070,001.85 4.53 0.81 (0.80–0.83) 0.80 (0.79–0.82) 0.83 (0.81–0.84) 0.83 (0.81–0.84)

86,376
9,084

16,023,993.87 5.39
1 (reference)
1 (reference)
1 (reference)
1 (reference)
1,681,577.35 5.40 1.00 (0.98–1.02) 0.86 (0.84–0.88) 0.88 (0.86–0.90) 0.88 (0.86–0.90)

67,818
27,642

12,674,844.18 5.35
1 (reference)
1 (reference)
1 (reference)
1 (reference)
5,030,727.04 5.49 1.03 (1.01–1.04) 0.90 (0.89–0.91) 0.91 (0.90–0.92) 0.91 (0.89–0.92)

162,459 14,233,226.29 11.41
1 (reference)
1 (reference)
1 (reference)
1 (reference)
35,975
3,784,834.50 9.51 0.83 (0.82–0.84) 0.76 (0.75–0.77) 0.79 (0.78–0.80) 0.80 (0.79–0.81)
170,078
28,356

14,901,819.81 11.41
1 (reference)
1 (reference)
1 (reference)
1 (reference)
3,116,240.98 9.10 0.79 (0.78–0.80) 0.76 (0.75–0.77) 0.79 (0.78–0.81) 0.80 (0.79–0.81)

179,636 16,306,286.74 11.02
1 (reference)
1 (reference)
1 (reference)
1 (reference)
18,798
1,711,774.05 10.98 0.99 (0.98–1.01) 0.80 (0.79–0.81) 0.83 (0.82–0.84) 0.83 (0.82–0.84)
(Continued to the next page)
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Table 2. Continued
No. of
patient

Variable
Walking
  No
  Yes

Event

1,635,065 139,938
649,213 58,496

Duration

IR per
1,000

Modela)
1

2

3

4

12,897,567.65 10.85
1 (reference)
1 (reference)
1 (reference)
1 (reference)
5,120,493.14 11.42 1.05 (1.04–1.06) 0.88 (0.87–0.89) 0.89 (0.88–0.90) 0.88 (0.87–0.89)

IR, incidence rate; PA, physical activity.
a)
Models are presented as odds ratio (95% confidence interval). Model 1, unadjusted; model 2, adjusted for age and sex; model 3, adjusted for the variables in model 2 + smoking status, alcohol drinking, and household income; model 4, adjusted for the variables in model 3 + hypertension, dyslipidemia,
body mass index, glomerular filtration rate, fasting blood glucose, use of insulin, number of oral antidiabetic drugs, and duration of diabetes.

A

B
Subgroup

HR (95% CI)

P interaction

Age (yr)

<0.001

Subgroup

HR (95% CI) P interaction

Age (yr)

<0.001

<40

0.94 (0.83–1.05)

<40

0.98 (0.85–1.13)

<65

0.88 (0.86–0.90)

<65

0.90 (0.88–0.92)

≥65
Sex

0.82 (0.80–0.83)

0.85 (0.82–0.87)

0.046

≥65
Sex

Male
Female
DM duration ≥5 years

0.86 (0.84–0.87)
0.84 (0.82–0.86)

0.88 (0.86–0.90)
0.85 (0.82–0.88)

0.002

Male
Female
DM duration ≥5 years

No
Yes

0.86 (0.85–0.88)
0.83 (0.81–0.84)

Insulin

0.586

No
Yes
0.505

No
Yes

0.86 (0.85–0.88)
0.88 (0.82–0.93)

No. of oral antidiabetic drugs ≥2

0.85 (0.84–0.86)
0.84 (0.82–0.86)

Chronic kidney disease

0.757

No
Yes
0.308

No
Yes

0.89 (0.86–0.91)
0.83 (0.81–0.86)

Insulin

0.85 (0.84–0.86)
0.84 (0.81–0.88)

No. of oral antidiabetic drugs ≥2

<0.001

No
Yes
0.797

No
Yes

0.065

0.86 (0.84–0.88)
0.88 (0.85–0.91)

Chronic kidney disease

0.85 (0.84–0.86)
0.84 (0.81–0.87)

0.496

No
Yes

0.87 (0.85–0.89)
0.84 (0.80–0.88)

HR

HR

C

D

Subgroup

HR (95% CI)

Age (yr)

P interaction
<0.001

Subgroup

HR (95% CI) P interaction

Age (yr)

<0.001

<40

0.86 (0.71–1.03)

<40

1.06 (0.94–1.20)

<65

0.86 (0.84–0.89)

<65

0.89 (0.87–0.90)

≥65
Sex

0.80 (0.78–0.81)

≥65

0.77 (0.76–0.78)

Male
Female
DM duration ≥5 years

0.84 (0.82–0.86)
0.82 (0.80–0.85)

0.283

0.119

No
Yes

0.84 (0.83–0.86)
0.81 (0.80–0.84)

Insulin
0.84 (0.82–0.85)
0.81 (0.77–0.86)

No. of oral antidiabetic drugs ≥2
0.84 (0.82–0.86)
0.81 (0.79–0.84)

Chronic kidney disease
0.83 (0.82–0.85)
0.83 (0.80–0.87)
HR

Insulin

0.515
0.80 (0.79–0.81)
0.78 (0.75–0.80)

No. of oral antidiabetic drugs ≥2

0.638

No
Yes
0.175

No
Yes

<0.001
0.83 (0.82–0.84)
0.76 (0.75–0.78)

No
Yes
0.110

No
Yes

0.82 (0.81–0.83)
0.76 (0.74–0.78)

No
Yes
0.544

No
Yes

<0.001

Sex
Male
Female
DM duration ≥5 years

0.80 (0.79–0.81)
0.80 (0.78–0.82)

Chronic kidney disease

<0.001

No
Yes

0.81 (0.80–0.82)
0.76 (0.74–0.78)
HR

Fig. 1. Effects of regular exercise on (A) cardiovascular disease, (B) myocardial infarction, (C) ischemic stroke, and (D) all-cause mortality. HR, hazard ratio; CI, confidence interval; DM, diabetes mellitus.
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A

B
Subgroup

HR (95% CI)
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Fig. 2. Effects of vigorous physical activity on (A) cardiovascular disease, (B) myocardial infarction, (C) ischemic stroke, and (D) allcause mortality. HR, hazard ratio; CI, confidence interval; DM, diabetes mellitus.

stroke, and all-cause mortality stratified by insulin use and
multiple antidiabetic drugs.
Effects of moderate PA on CVD and mortality
Similar patterns were noted for CVD (Fig. 3A), MI (Fig. 3B),
stroke (Fig. 3C), and death (Fig. 3D), and the results were
largely consistent across patients who engaged in moderate-intensity PA. The overall favorable effects of moderate

Cardiovasc Prev Pharmacother 2022;4(1):42-55

PA on the risk of CVD and all-cause mortality were similar
across the stratified groups. The augmented benefits of
lowering CVD risk and mortality were observed in patients
aged ≥65 years who engaged in moderate levels of PA (CVD:
HR, 0.84; 95% CI, 0.82– 0.86; MI: HR, 0.86; 95% CI, 0.83–0.90;
stroke: HR, 0.83; 95% CI, 0.80–0.85; all-cause mortality: HR,
0.80; 95% CI 0.78–0.81; all P-values for interaction <0.05).
Interestingly, only patients with moderate PA had an interaction between the risk of stroke and the number of OHAs
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Fig. 3. Effects of moderate physical activity on (A) cardiovascular disease, (B) myocardial infarction (C) ischemic stroke, and (D) allcause mortality. HR, hazard ratio; CI, confidence interval; DM, diabetes mellitus.

(HR, 0.82; 95% CI, 0.79–0.86; P-value for interaction <0.001).
Regarding mortality risk (Fig. 3D), we observed additional
interactions for sex, T2DM duration, and the presence of
CKD (P-value for interaction <0.001).
Effects of walking on CVD and mortality
The overall favorable effects of walking on the risk of CVD
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and all-cause mortality were similar in the subgroup analysis. The risk of CVD (Fig. 4A), MI (Fig. 4B), stroke (Fig.
4C), and all-cause mortality (Fig. 4D) showed a significant
interaction with age, with an additional risk reduction for
CVD and death in the walking group among those aged ≥65
years. In patients who engaged in walking, the mortality risk
was associated with age, sex, T2DM duration, insulin use,
and the presence of CKD. Patients with T2DM receiving in-
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Fig. 4. Effects of walking on (A) cardiovascular disease, (B) myocardial infarction, (C) ischemic stroke, and (D) all-cause mortality. HR,
hazard ratio; CI, confidence interval; DM, diabetes mellitus.

sulin therapy might receive moderate benefits from walking
on all-cause mortality (HR, 0.85; 95% CI, 0.82–0.87; P-value
for interaction <0.001). The magnitude of the risk reduction
for CVD, MI, stroke, and mortality was greater in women
who engaged in walking (CVD: HR, 0.88; 95% CI, 0.86–0.90;
MI: HR, 0.88; 95% CI, 0.85–0.90; stroke: HR, 0.88; 95% CI,
0.86–0.90; all-cause mortality: HR, 0.83; 95% CI, 0.81–0.84;
all P-values for interaction <0.001).
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DISCUSSION
Several studies have confirmed that PA helps lower CVD
risk and mortality [22–24]. However, previous studies had
limitations with respect to their study populations, such as
including only men [22,25] or women [24,26], or involving
a low percentage of patients with diabetes [23]. Large-scale
studies examining whether light exercise can lower the incidence of CVD and mortality among patients with T2DM,
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including the elderly, are relatively rare. Using nationwide
population health screening data and claims data, our
findings lend additional evidence to current guidelines that
recommend any amount of PA, including low-intensity PA,
may lead to substantial risk reduction in CVD and mortality
among elderly patients with T2DM.
In the current study, we observed the benefits of regular
exercise in lowering the risk of CVD and mortality in nationwide cohorts with T2DM. We found that all intensities of PA
may help lower the risk for CVD and all-cause death. We
also found an inverse dose-response relationship in which
a higher level of PA was associated with a lower risk of CVD
and all-cause death, with the highest risk reduction found
for vigorous exercise, followed in descending order by moderate exercise and walking. In the subgroup analysis, we
observed greater benefits of all levels of PA in lowering CVD
and all-cause death among those aged ≥65 years. We also
observed greater benefits of walking among female patients
with T2DM and patients with a longer duration of T2DM.
We observed consistent associations of PA with lower CVD
risk and lower mortality in T2DM patients with or without
any risk factors (e.g., >5 years of diabetes, insulin treatment,
multiple OHAs, and CKD).
Through a subgroup analysis, we were able to identify
groups that could experience greater benefits of exercise.
The impact on women was more significant in our study,
and similar results have been published in previous studies
[27]. There are possible explanations for the greater reduction observed in women. First, women are more likely to
spend time performing household tasks than men, thereby
engaging in a higher level of “background” habitual PA [27].
Second, there might be sex-specific physiological responses
and differences in metabolism during exercise [28–30]. Beyond physiological differences, there might be differences
in exercise behaviors and related factors between men and
women [31]. There may also be differences in reporting
PA in self-reported questionnaires. However, there is conflicting evidence regarding this finding. The risk reduction
related to exercise was more prominent in men in the
Nord-Trondelag Health Study [32].
Another interesting finding in our study was that more
benefits of PA were seen among the elderly and patients
with a longer duration of T2DM. Sarcopenic obesity, which
is prevalent in the elderly, seems to be associated with CVD
[33,34]. Sarcopenic obesity and metabolic disease appear
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to share common pathways; therefore, engaging in PA may
play an important role in the prevention of CVD [35]. Individuals with T2DM usually receive education from professionals to maximize their self-management ability, which
might have prompted those with a longer duration of diabetes to maintain a healthier diet and engage in higher levels
of PA.
In a cross-sectional study conducted in Taiwan, participants (especially women) who had lower self-rated health
scores were more likely to exercise regularly [31]. Patients
with a longer duration of T2DM might have considered
themselves as having an unhealthy status, and this self-perception might have promoted health-related behaviors.
There are possible mechanisms that explain the benefits
of PA on CVD and mortality. In general, PA and exercise
lower blood pressure, improve lipid profiles, increase muscle mass, and prevent obesity. PA promotes nitric oxide
release, resulting in endothelium-dependent vasodilation
[36]. PA can have anti-inflammatory effects by increasing
plasma levels of interleukin (IL)-10, reducing inflammatory
cytokines (e.g., IL-6, tumor necrosis factor-α), platelet-related inflammatory mediators, and peripheral markers of
endothelial dysfunction [37,38].
Our study has several limitations that should be considered when interpreting the results. First, information on
the frequency and intensity of PA was based on a self-reported questionnaire, which was subject to recall bias.
Self-reported questionnaires may provide a reliable approximation of PA at the population level [39]; however, we
cannot completely rule out the possibility of bias. We also
did not collect detailed information regarding the type of
PA (i.e., resistance exercise, aerobic exercise, or both) via
the survey. Second, we did not consider the class effects
of medications, which might have potential effects on the
development of CVD and mortality. Although we tried to
minimize confounding effects by adjusting for the duration
of diabetes, insulin use, or the number of OHAs, we could
not completely rule out the possibility of residual bias. We
were unable to obtain data on the participants’ prescribed
antidiabetic drugs, especially those that might have potential favorable effects on cardiovascular outcomes (e.g., sodium-glucose co-transporter-2 inhibitors and glucagon-like
peptide-1 receptor agonists); however, according to Ko et
al. [40], metformin has been the most commonly used antidiabetic drug in Korea (80.4% in 2013), while sulfonylureas
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are the most commonly prescribed second-line agents
after metformin. According to the literature regarding the
prescription patterns for T2DM in Korea, sodium-glucose
co-transporter-2 inhibitors were first introduced in Korea
at the end of 2013 and have not been commonly prescribed
in newly diagnosed patients owing to reimbursement restrictions [41,42]. Third, we did not consider changes in
PA patterns, body weight or body composition, and other
health-related behaviors, including medication adherence,
smoking status, and alcohol consumption during the follow-up period. Additional studies using time-varying confounders should be conducted in the future. Fourth, there
is a possibility of underestimation of the incidence of CVD.
We analyzed claims data for the outcomes; if a patient failed
to visit the hospital and died at home because of a heart attack, this case may have been included in all-cause mortality but not as a CVD outcome. In this observational study, we
were unable to establish a causal relationship. In addition,
the results of this study might not be generalizable to other
races. Given these limitations, randomized controlled trials
are required to determine the most effective PA regimen for
patients with T2DM. However, owing to ethical concerns
regarding study designs controlling PA in populations at a
high risk of CVD, conducting randomized controlled trials
on this issue would be impossible.
Despite its possible biases and limitations, our study has
several strengths. Few studies have suggested an appropriate level of PA for elderly patients with diabetes who have
multiple complications. Previous studies have often been
limited to certain sex or age groups, and there have been
few large-scale studies including younger people aged >20
years and the elderly. An advantage of our research is that
it included both young and old patients with T2DM, including people aged >20 years. Clinical information such
as insulin treatment and the number of antidiabetic drugs
are crucial in epidemiological studies; however, few studies
have analyzed this information to date. This is a nationwide
population study including claims data, and we conducted
a subgroup analysis by dividing the subjects according to
these clinical factors.
Although the causal relationship between PA and the risk
of CVD and mortality could not be entirely addressed here,
our results suggest that augmenting PA, even slow walking,
might have positive effects on the prevention of CVD and
all-cause death, especially in the elderly. Elderly patients
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with a longer duration of T2DM are at increased risk for
hypoglycemia and have multiple comorbidities. Therefore,
the current PA guidelines should be revised for the elderly
to meet appropriate health goals.
In conclusion, the magnitude of risk reduction in CVD
and mortality might be greater in elderly patients with
T2DM, and the benefits of PA were consistently observed
for the various subgroups regardless of chronic conditions.
Therefore, clinicians should encourage patients with T2DM
to increase their daily PA, even if it were from low levels
such as walking. Age-specific, sex-specific, and individualized PA recommendations should be established.
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