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Abstract 

Statins are known for reducing cardiovascular risk in people with or at high 

risk for cardiovascular disease (CVD). However, it is less clear whether the 

benefits of statins outweigh the risks for primary prevention in older adults and 

people with intermediate CVD risk. Therefore, studies are needed to provide 

additional evidence to fill these knowledge gaps and inform evidence-based 

clinical practice. This thesis aimed to investigate the role of statins for primary 

prevention in older adults and the value of a novel CVD risk biomarker called 

coronary artery calcium (CAC) to help refine patient’s eligibility to statin therapy.  

In Chapter 3, a systematic review and meta-analysis of 11 randomised 

controlled trials was conducted to investigate the safety and tolerability of statin 

therapy in older adults without overt CVD. The study results showed no 

significant association between statin use and risk of any adverse events (AE), 

muscle-related AEs, any treatment discontinuation and discontinuation due to 

AEs or muscle symptoms. 

 In Chapter 4, a post-hoc analysis of a randomised trial was conducted to 

investigate the association between statins, disability-free survival (defined as a 

composite of all-cause mortality, persistent physical disability, or dementia), and 

risk of CVD in 18,096 healthy community-dwelling adults aged ≥70 years. The 

main results suggest that statin use was not associated with improved disability-
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free survival, reduced all-cause mortality and dementia, but was associated with 

lower risks of persistent physical disability and CVD.  

In Chapter 5, we performed a qualitative study in the form of semi-structured 

telephone interviews with 30 participants aged ≥70 years within an ongoing 

randomised statin trial. This study aimed to explore the factors contributing to 

participants’ permanent discontinuation of trial medication within two years of 

trial entry by capturing their experiences and perspectives. Perceived AEs with 

their impact on participants’ daily lives were major factors leading to permanent 

trial medication discontinuation. For some, concurrent challenging life 

circumstances further lowered their tolerance to perceived AEs thus making 

discontinuation of medication more likely. These findings imply that addressing 

participants’ concerns about drug-related side effects at trial entry and offering 

timely medical assistance if AEs occur may be useful to reduce treatment 

discontinuation rates. 

CAC is a potent marker of subclinical atherosclerosis and a powerful predictor 

of future risk of CVD, independent of traditional risk factors. Chapter 6 

investigated the modifying effect of CAC on statin-associated cardiovascular 

benefits in primary prevention populations. An observational study of 6,301 

CVD-free individuals followed for over 14 years found that statin use was 

associated with a significantly lower risk of CVD only in participants with high 

CAC burden but not in those with low or no CAC burden. These findings support 

the role of CAC in identifying best statin candidates in clinical practice, especially 

in individuals whose indication for statins is unclear. 
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In summary, this thesis offers a valuable insight into the net benefit of statins 

for primary prevention of CVD in older adults and the role of CAC in helping 

determine whether primary prevention of statins might help. These results 

emphasise the necessity of future clinical trials to provide definitive evidence on 

the net benefit of statins in the certain primary prevention population groups to 

inform evidence-based clinical decisions about statin prescribing. 
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1.1 Burden of Cardiovascular Disease  

1.1.1 The Global and National Epidemic of Cardiovascular Disease  

Cardiovascular disease (CVD) remains the leading cause of disability and 

premature death globally. Despite a steady decline in the age-standardised 

mortality rates of CVD over past decades, the absolute number of deaths continue 

to increase.1-3 In 2016, CVD was responsible for 1 in 3 deaths worldwide 

(approximately 17.8 million deaths). Among the deaths caused by CVD, 85% 

were attributable to either heart attacks or strokes.4  

 

In Australia, CVD is the most prevalent disease group and affects more than 

4.2 million Australians.5 CVD contributed to over half a million hospitalisations 

and nearly 30% of all-cause deaths in 2017, despite a 73% decline in the fatality 

rate of CVD from 1980 to 2015 (3.9% decline per year).2,5 CVD was the second 

biggest disease group contributing to 14% of the total disease burden in 2015, or 

646,000 disability-adjusted life years (DALYs, a measure of overall disease 

burden expressed as the number of healthy life years lost) after cancer, which 

accounted for 19% of the total disease burden.6,7 CVD has also placed a 

significant economic burden on society, with the associated healthcare costs 

accounting for 10.4% of the total national disease expenditure (corresponding to 

$10.4 billion in 2015-16).8 

 

Coronary heart disease (CHD), which is characterised mainly as myocardial 

infarction (MI) and angina pectoris, contributed 12% of the total deaths (19,800 
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fatal CHD events) and 6.9% of the total disease burden in Australia in 2015.2,6 

Notably, males have a greater CHD burden than females (8.6% versus 5.0% of 

the total disease burden, or 216,774 versus 111,999 DALYs).7 Furthermore, the 

proportion of CHD burden in the total disease burden rises sharply with 

increasing age (45-54 years 8.9%, 55-64 years 10.6%, 65-74 years 11.4%, 75-84 

years 12.7%, and 85+ years 15.8%).7  

 

1.1.2 Population Ageing and Increased CVD Burden in the Elderly  

The world population is ageing due to a continued decline in fertility and a 

prolongation of life expectancy,9 and Australia is in the midst of this demographic 

transition.10 Data from the Australian Institute of Health and Welfare (AIHW) 

reported that around 15% of Australians were aged 65 years and older in 2017 

(3.8 million) and this proportion was projected to hit 22% (8.8 million) by 2057 

and 25% (12.8 million) by 2097.11 It was also projected that people aged 85 years 

and older will become the most rapidly growing sector of the population over the 

coming decades, with the number projected to double by 2034.12 

  

As older adults live with multiple chronic health conditions at far higher rates 

than younger adults, the ageing of the population has posed a challenge to public 

health.13 CVD is among the most prevalent chronic health conditions and is a 

particular concern in older adults, with the prevalence and incidence rate rising 

exponentially with increasing age.14,15 In Australia, about 35% of individuals aged 

55 to 64 years reported living with a long-term CVD condition and this proportion 

almost doubled in those aged 75 years and older (data in 2014-15).16 Furthermore, 

older people have a greater risk of cardiovascular morbidity and mortality. 
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According to data from the Australian Bureau of Statistics in 2017, 80% of CVD 

deaths occurred in people aged 65 years and older.15,17 CVD was also the greatest 

contributor to the total disease burden in the over 65s group, equal to cancer and 

other neoplasms combined (24% of the total disease burden; data in 2011).11  

 

1.2 Primary Prevention of CVD  

1.2.1 Importance of the Primary Prevention of CVD  

The World Health Organisation (WHO) estimates that 80% of premature heart 

diseases and strokes are preventable.18 This has reinforced the need for evidence-

based, population-wide strategies for CVD prevention in people who have not yet 

developed a clinically manifest CVD (also known as ‘primary prevention of 

CVD’). Whilst risk of CVD is much lower in primary prevention populations than 

secondary prevention populations, most cardiovascular events occur in the former 

group which account for a much larger proportion of the population. Thus, greater 

health gains would conceivably be obtained through the primary prevention of 

CVD compared with the secondary prevention of CVD. This is known as the 

‘prevention paradox’.19 

 

1.2.2 Risk Factors for the Development of CVD 

CVD risk factors are defined as certain traits, conditions, behaviours, and 

circumstances that increase the risk of CVD. Ameliorating the burden of CVD 

risk factors is key to primary prevention of CVD. CVD risk factors can be 

classified as non-modifiable factors and modifiable factors. Major non-modifiable 

risk factors include age, gender, ethnicity, and family history of CVD.20 Major 
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modifiable risk factors include physical inactivity, unhealthy dietary patterns, 

tobacco use, harmful alcohol consumption, elevated blood pressure and glucose, 

abnormal blood lipids, overweight and obesity.4,21 The modifiable risk factors 

contribute most to the risk of developing CVD and are the targets of preventive 

measures.22,23 It is estimated that 95% of Australians have at least one modifiable 

risk factor and about two-thirds have three or more of these risk factors.2 Among 

these modifiable risk factors, an unhealthy diet pattern has been identified as the 

biggest contributor to the burden of CVD among Australians, followed by high 

blood pressure, high cholesterol, overweight/obesity, smoking, physical inactivity, 

and high blood glucose.7 

 

1.2.3 CVD Risk Assessment Guiding Clinical Primary Preventive Strategies 

The overall goal of primary prevention of CVD has been transferred from 

controlling and treating individual risk factors in isolation to managing patient’s 

holistic absolute cardiovascular risk, defined as the numerical probability of the 

occurrence of a cardiovascular event within a specific time frame (conventionally 

the next 5 or 10 years).24,25 Lifestyle modification is recognised as an initial step 

for primary preventive efforts against CVD. However, optimum risk management 

is often difficult to achieve when lifestyle modification is adopted as the only 

strategy for risk management.26 Pharmacotherapy in conjunction with lifestyle 

modification is often advocated for better risk management.  

 

The cardiovascular benefit obtained from preventive pharmacological 

therapies is predominantly dependent on individual’s risk of CVD.27 This has 

resulted in the CVD risk assessment having a role as a starting point for 
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identifying people who are most likely to benefit from drug therapy. Generally, 

clinicians use an endorsed CVD risk calculator, in which the measures of 

traditional risk factors are put into a mathematical algorithm, to predict patient 

absolute CVD risk within a specific timeframe.  

 

Endorsed risk calculators vary across different clinical guidelines. The 

Australian National Vascular Disease Prevention Alliance (NVDPA) Guidelines28 

and the Canadian Cardiovascular Society (CCS) Guidelines29 both endorse the 

modified Framingham Risk Score (FRS) to predict CVD risk over the next 5 

years. The American College of Cardiology/American Heart Association 

(ACC/AHA) Guidelines on the Primary Prevention of CVD30 and the United 

States Preventive Services Task Force (USPSTF) Guidelines31 recommend the 

Pooled Cohort Equations (PCE) to predict an individual’s 10-year risk of hard 

atherosclerotic CVD (hard ASCVD; a composite outcome of coronary death, 

nonfatal MI, or fatal or nonfatal stroke). The European Society of Cardiology and 

European Atherosclerosis Society (ESC-EAS) Guidelines advocate the 

Systematic Coronary Risk Evaluation (SCORE) for prediction of 10-year risk for 

fatal CVD.32 The England National Institute for Health and Care Excellence 

(NICE) Guidelines recommend the QRISK calculator to estimate 10-year CVD 

risk.33 Age, sex, ethnicity, lipid measures, blood pressure, the presence of diabetes 

and smoking status are major risk factors included in the algorithms of most risk 

calculators.28,29,31-34 Notably, according to the guidelines, people who are deemed 

at clinically high CVD risk based on certain clinical characteristics such as 

diabetes are recommended for aggressive pharmacological interventions without a 

risk assessment. 
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Except for the QRISK, which applies to adults aged 25 to 84 years, most risk 

calculators apply only to adults aged 40 to 74 years because of the limited data 

from clinical trials including older-aged participants (age ≥75 years).35 The 

insufficient trial evidence has thus led to the primary prevention of CVD in this 

age group presenting a clinical dilemma. Currently, decisions about primary 

preventive interventions are recommended to be made on an individualised basis. 

Shared decision-making is prioritised following a clinician-patient risk discussion 

in which patients’ preferences and values, their burden of disease and medications, 

and general health and functional status are taken into account. 

 

1.3 High Cholesterol and Drug Therapy  

1.3.1 Cholesterol Facts 

Cholesterol is an essential substance produced from the liver and responsible 

for many metabolic processes, including constituting cell membranes, producing 

hormones, bile acids and vitamin D, and promoting the digestion and absorption 

of dietary fats.36  

 

Low-density-lipoprotein (LDL) and high-density-lipoprotein (HDL) are 

particles responsible for transferring cholesterol via compounds called LDL-

cholesterol (LDL-C) and HDL-cholesterol (HDL-C).37 Normally, LDL delivers 

cholesterol from the liver to cells that require it. However, when circulating 

cholesterol levels exceed the body’s need, LDL transports excess cholesterol to 

arteries. The cholesterol can accumulate along the inner walls of arteries, forming 
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plaques that can either gradually occlude the artery through stenosis or rapidly 

occlude the vessel through endothelial rupture triggering thrombosis, with 

myocardial infarction or stroke as a result.38 HDL-C, in contrast, is responsible for 

removing the excess cholesterol back to the liver for disposal, thus preventing 

further build-up of plaques in arteries. Either elevated LDL-C or reduced HDL-C 

level is associated with an increased risk of CVD.39  

 

1.3.2 Dyslipidaemia  

Dyslipidaemia is the major attributable risk factor for CVD worldwide.40 A 

person will be diagnosed with dyslipidaemia if they fit at least of one of the 

following criteria: (1) Total cholesterol ≥ 5.5 mmol/L; (2) HDL-C < 1.0mmol/L 

for men and <1.3 mmol/L for women; (3) LDL-C ≥ 3.5 mmol/L; (4) Triglycerides 

≥ 2.0 mmol/L or; (5) Taking lipid-modifying medications.41 Data from the 

Australian Health Survey 2017-18 suggest that about 6.1% of Australians self-

reported having high cholesterol as a long-term health condition, with the highest 

prevalence in people aged 65 years and older (21.2%).42 The same survey during 

2011-12 suggest around one-third of Australians aged ≥18 years (32.8%) had 

abnormal or high total cholesterol (total cholesterol ≥5.5 mmol/L) according to 

their cholesterol test results.43  

 

The positive and linear associations of total cholesterol and LDL-C with 

cardiovascular morbidity and mortality have been well-established.10,40,44 WHO 

reported that high cholesterol contributes to a third of ischaemic heart disease, 

accounting for an estimated 2.0% of overall disease burden and 4.5% of total 

deaths in one year worldwide.45 The Cholesterol Treatment Trialists’ 
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Collaboration conducted a meta-analysis based on 14 randomised controlled trials 

(RCTs) comprising 90,056 individuals showing that every 1 mmol/L (38.7 mg/dl) 

reduction in LDL-C was associated with a significant reduction in risk of all-

cause mortality by 12% and risk of major vascular events by 21%.10 The authors 

also found that the degree of risk reduction in CVD and related mortality with 

LDL-C lowering was smaller in the older group (aged ≥65 years) compared with 

the younger counterpart. In accordance with these findings, another collaborative 

meta-analysis of 892,337 adults free of vascular disease demonstrated that each 1-

mmol/L reduction in total cholesterol was associated with a 56%, 34% and 17% 

significant decrease in the risk of coronary deaths among adults aged 40 to 49, 50 

to 69, and 70 to 89 years, respectively.44  

 

1.3.3 Lifestyle Modification for Lipid Management 

Lifestyle modification underpins lipid management in all ages. Effective 

approaches to improving lipid profile include following a healthy diet (such as 

low trans and saturated fat intake), regular physical activity, maintaining a healthy 

weight, and preventing excessive alcohol assumption.46 A robust body of 

evidence have demonstrated the beneficial effect of lifestyle modification on lipid 

management.47,48 Beard et al. 49 in his study enrolled 80 participants to receive a 

lifestyle modification program comprised of healthy diets low in cholesterol and 

fat and high in carbohydrates and fibre in additional to daily aerobic exercise, 

with the aim of evaluating the effect of the program on lipid metabolism. The 

study results showed that both total cholesterol and LDL-C levels of participants 

were lowered by 20% after three weeks of program initiation compared to the 

levels before their participation. Craig et al.50 analysed data from 54 studies and 
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found that smokers had significantly higher levels of total cholesterol (3%), LDL-

C (1.7%), and triglycerides (9.1%) as well as a lower level of HDL-C (-5.7%)  

compared to non-smokers. Moreover, the observed relationship between smoking 

and serum lipid levels was found to be dose-dependent. As such, there is strong 

body of evidence demonstrating the detrimental effect of excessive alcohol 

assumption on blood lipid metabolism .51,52  

 

Although lifestyle change serves as the foundation and long-term strategy for 

lipid management and controlling other CVD risk factors, adhering to a healthy 

lifestyle is frequently difficult.53 This is often the case among older adults who 

have long-established dietary and other behavioural habits. Moreover, as 

mentioned previously, risk management through lifestyle modification alone often 

fails to achieve lipid targets. 

 

1.3.4 Drug Therapy for Lipid Management  

Pharmacotherapy is generally recommended by clinicians and 

pharmacologists when patients’ abnormal lipid levels are inadequately/unable to 

be controlled by nonpharmacological means. Lipid-modifying agents that are 

currently available for prescription include statins (atorvastatin, rosuvastatin 

etc.),54 fibrates (fenofibrate, gemfibrozil etc.),55 proprotein convertase 

subtilisin/kexin type 9 inhibitor (alirocumab, evolocumab etc.),56 cholesterol 

absorption inhibitor (ezetimibe),57 bile acid sequestrants (cholestyramine, 

colestipol etc.)58 and nicotinic acid (niacin).59 Of these, statins are recommended 

as the first-line lipid-lowering therapy for primary prevention of CVD. Other 

modifying agents are often administrated as add-ons to maximally tolerated 
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statins to individuals at high CVD risk and those who do not attain LDL-C targets 

or as alternatives in statin-intolerant patients. 

 

1.4 Statin Therapy 

1.4.1 Statins as a Class and Individual Types  

Statins are competitive inhibitors of 3-hydroxy-3-methylglutaryl-coenzyme A 

reductase, which is a rate-limiting enzyme essential for cholesterol bio-

synthesis.60 Through its role in decreasing circulating cholesterol levels, statin 

therapy effectively prevents CVD and CVD-related morbidity and mortality in a 

wide range of populations, even in those who have normal cholesterol levels (total 

cholesterol <200mg/dL is desirable).30,61,62 Furthermore, statins have a variety of 

proven pleiotropic effects (i.e. anti-inflammatory effects, improvement of 

endothelial function, inhibition of thrombosis, plaque stabilisation) that appear to 

be beneficial for CVD prevention.63 

 

There are several different types of statins. Types that are currently available 

for prescription include lovastatin, simvastatin, pravastatin, fluvastatin, 

atorvastatin, pitavastatin and rosuvastatin.64 Cerivastatin was withdrawn from the 

world market in 2001 due to an unacceptable risk for rhabdomyolysis, a severe 

muscle-related side effect.65 Among these individual statins, atorvastatin was the 

most frequently dispensed prescription medicine in Australia (around 10.4 million 

prescriptions) in 2016-17, with rosuvastatin ranked second (10.2 million 

prescriptions).66  
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Despite being based on the same broad mechanism of action for cholesterol-

lowering, individual statins differ in chemical structures, pharmacokinetics 

(lipophilicity etc.), and cholesterol-lowering potency.67 For example, rosuvastatin 

is most potent at reducing LDL-C, followed by atorvastatin, simvastatin and 

pitavastatin. In terms of solubility, pravastatin and rosuvastatin are hydrophilic 

statins while the others are relatively lipophilic. The differential pharmacological 

properties across individual statins may lead to their varying net benefits for 

primary prevention of CVD.68 The pharmacokinetic properties and LDL-C 

lowering capacity of each statin are summarised in Table 1.1.  

 

 

TABLE 1.1 Comparisons of Pharmacokinetic Properties and LDL-C Lowering 

Capacity across Individual Statins 

Statin type  Bio-

availability 

Solubility Elimination 

half-life 

(hrs) 

CYP450 

metabolism 

and 

isoenzyme 

Renal 

excretion 

LDL-

reduction* 

Atorvastatin  12% Lipophilic 14  √ 3A4 <5% 50% 

Simvastatin 5% Lipophilic 2  √ 3A4 13% 41% 

Rosuvastatin 20% Hydrophilic 19 Limited 10% 63% 

Pravastatin 18% Hydrophilic 1.8 × 20% 34% 

Pitavastatin ~80% Lipophilic 11 Limited NA 48% 

Lovastatin 5% Lipophilic 3 √ 3A4 10% 34% 

Fluvastatin 24% Lipophilic 1.2 √ 2C9 6% 24% 

*The proportion of LDL-lowering is based on a daily dose of 40 mg for atorvastatin, fluvastatin, lovastatin, 

pravastatin, simvastatin and rosuvastatin and 4 mg for pitavastatin. CYP450: Cytochrome P450; NA: Not 

available. 

Adapted from Schachter.67 
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1.4.2 Efficacy of Statins 

1.4.2.1 The Efficacy of Statins for Secondary Prevention of CVD   

Statins are effective in secondary prevention of CVD in all ages. A meta-

analysis by Gutierrez et al. of 11 randomised trials showed that statins 

significantly reduced the incidence of CVD and all-cause mortality by 19% 

equally.69 Specifically, there is a strong body of evidence supporting the use of 

statins for secondary prevention of CVD in older adults.70-72 A hierarchical 

Bayesian meta-analysis by Afilalo et al.71 based on 9 secondary prevention RCTs 

demonstrated that statins significantly reduced the risk of all-cause mortality by 

22% and CHD mortality by 30% over an average of 5 years.  

 

1.4.2.2 The Efficacy of Statins for Primary Prevention of CVD   

Statins have a proven favourable risk-benefit profile for primary prevention in 

individuals at risk of CVD who are younger than 75 years.73 In a meta-analysis of 

7 RCTs, Thavendiranathan et al. reported that primary prevention with statins 

significantly reduced the incidence of major coronary and cerebrovascular events 

and revascularisation but had no effect on all-cause mortality and CHD 

mortality.74 Their study findings were in line with the results from a later meta-

analysis by Ray et al., who revealed no survival benefit of statins in high-risk 

patient groups without established CVD.75 In contrast, one meta-analysis of 20 

RCTs by Mills et al. showed that statins significantly reduced the risk of fatal 

CVD by 11% and all-cause mortality by 7%.76 In concordance with their results, a 

subsequent Cochrane meta-analysis of 18 statin trials showed that statins 
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significantly reduced the risk of CVD by 25%, CHD by 33%, stroke by 22%, and 

all-cause mortality by 14% in primary prevention populations.77  

 

Table 1.2 outlines a brief description of six major treatment guidelines for 

Europeans, North Americans, and Australians for primary prevention of CVD 

with statins including the (ACC/AHA)-2019, the NICE-UK-2014/2016, the CCS-

2016, the USPSTF-2016, the ESC/EAS-2016, and the NVDPA- 2012.73 
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TABLE 1.2 Eligibility for primary prevention with statins (Class I or Strong indication) 

Indication for Statin Therapy ACC/AHA 

2019 

NICE-UK 

2014/2016 

CCS 

2016 

USPSTF 

2016 

ESC/EAS 

2016 

NVDPA 

2012 

High estimated 10-yr risk  

Age range, yrs 40-75 30-84 30-75* 40-75 40-65 40-75 

Risk model PCE QRISK2 Modified FRS-CVD PCE SCORE   FRS-CVD (5 yrs risk) 

Predicted endpoints  Nonfatal MI, CHD 

death, stroke 

CHD, stroke, TIA 

(fatal and nonfatal) 

MI, angina, CHD death, heart 

failure, stroke, TIA, PAD 

As same as 

ACC/AHA 

Fatal ASCVD As same as CCS 

Risk threshold for therapy  ≥7.5% ≥10% 10%-19% (intermediate), ≥20% 

(high risk) 

≥10% 5% to <10% (high risk), 

≥10% (very high risk) 

≥15% 

Risk factor requirement No No Yes if 10% -19% risk∗ 

No if ≥20% risk 

≥1‡ No Yes if 10%-15% risk;  

No if ≥15% risk $ 

LDL-C before treatment, mg/dl 70-189 No ≥135 if 10% -19% risk∗; No if 

≥20% risk 

≤190 ≥155 if high risk; ≥100 if ≥10% risk No 

LDL-C treatment target, mg/dl No High intensity: >40% 

↓§ 

<77/>50%↓∗ No <100/≥50%↓ if high risk <70/≥50%↓ if 

≥10% risk 

<77 

High-risk clinical condition 

FH and/or high cholesterol, 

mg/dl 

LDL-C ≥190 

aged ≥21 yrs 

No§ LDL-C ≥190 No ‡ FH or TC >310 FH or TC >290 

Diabetes mellitus 40–75 yrs of age High-risk type 1§ ≥40 yrs of age No‡ >40 yrs of age >60 yrs of age or with 

microalbuminuria 

CKD (eGFR), ml/min/1.73 m2 No <60§ <60† No 30-59 (high risk); <30 (very high risk)† <45 

* The Framingham Risk Score for general cardiovascular disease (FRS-CVD) is not well validated after 75 years of age. In the modified version, the risk is doubled in case of family history of premature cardiovascular disease (CVD). Equivalent 

values are provided for low-density lipoprotein cholesterol (LDL-C), non–high-density lipoprotein cholesterol (HDL-C), and apolipoprotein B. Required risk factors in intermediate risk: men ≥50 years of age and women ≥60 years of age and 1 

additional CVD risk factor. Diabetes: ≥40 years of age or ≥15-year duration for ≥30 years of age (type 1) or microvascular disease. Chronic kidney disease (CKD): ≥50 years of age and estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 

m2 or albumin/creatinine ratio >3 mg/mmol (those on dialysis optional) †Systematic COronary Risk Evaluation (SCORE) is only applicable up to 65 years of age. Statin therapy is not recommended in end-stage renal disease. ‡These 

recommendations do not pertain to persons with familial hypercholesterolemia (FH) and/or LDL-C >190 mg/dl. Required risk factor includes dyslipidaemia, diabetes, hypertension, or smoking. § Patients with FH or receiving renal replacement 

therapy are not covered under this guideline. Diabetes, high risk: type 1 diabetes >40 years of age or diabetes >10 years or nephropathy or cardiovascular risk factors. In type 2 diabetes, QRISK2-guided statin therapy is recommended. CKD: eGFR 

<60 ml/min/1.73 m2 and/or albuminuria. Treatment goal: >40% reduction in non–HDL-C. $ In NVDPA guidelines, drug therapy is not routinely recommended. Lipid lowering agent are considered in addition to lifestyle advice if 3-6 months of 

lifestyle intervention does not reduce risk or having family history of premature CVD or in specific population where the FRS underestimates risk. Abbreviations: ACC/AHA = American College of Cardiology/American Heart Association; ASCVD 

= atherosclerotic cardiovascular disease; CCS = Canadian Cardiovascular Society; CHD = coronary heart disease; ESC/EAS = European Society of Cardiology/European Atherosclerosis Society; MI = myocardial infarction; NICE-UK = NICE = 

UK National Institute for Health and Care Excellence; NVDPA = The National Vascular Disease Prevention Alliance; PAD = peripheral artery disease; PCE = pooled cohort equation; TC = total cholesterol; TIA = transient ischaemic attack; 

USPSTF = U.S. Preventive Services Task Force.  

Adapted from Mortensen, MB et al.73 J Am Coll Cardiol. 2018; 71(1):85-94
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Clinical guidelines for primary prevention of CVD with statins and other 

lipid-lowering medications have long been based on the approach of global risk 

assessment. However, all risk prediction tools are limited by their 

moderate calibration and discrimination.78 Despite being widely-accepted, risk 

prediction algorithms have been shown to overpredict 78-80 or underpredict 81-
83 

CVD risk for certain subpopulations. Overestimation of CVD risk may increase 

patient’s hazard for drug-related adverse events if being overtreated, 

and underestimation of CVD risk may lead to delayed preventative interventions, 

thus increasing patients' risk for future CVD events. Meanwhile, risk 

prediction algorithms are based heavily on one-off measurements of risk factors 

that do not reflect accumulated effects of life-time risk exposure. Given 

these inherent limitations of the existing risk prediction tools, refinement of 

risk assessment is warranted to better identify patients who are at high risk of 

CVD and should benefit from pharmacological therapies.  

The ACC/AHA guidelines for CVD prevention recommend further 

assessments for risk-enhancing factors to provide incremental risk information 

that would help classify a patient’s risk category more precisely and support 

targeted preventive strategies.34 Recommended risk-enhancing factors include 

coronary artery calcium (CAC), high-sensitivity C-reactive protein, 

lipoprotein(a), family history of premature ASCVD, and inflammatory diseases. 

Among these factors, CAC has been shown to be the strongest independent risk 

enhancer for the development of CVD.84,85 By quantifying coronary 

atherosclerotic plaque burden, CAC has been widely demonstrated as a surrogate 

marker of subclinical atherosclerosis and an independent predictor of future 
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ASCVD events.86 The presence and amount of CAC are measured from cardiac 

non-contrast computed tomography scan. CAC is generally quantified using the 

Agatston scoring method, in which a summed score of all coronary calcified 

plaques is calculated, based on the total area and the maximal pixel intensity of 

each coronary calcified plaque.87 Agatston CAC score (CACS) is frequently 

categorised into four strata that correspond to four cardiovascular risk levels: 

CACS = 0 (very low risk of death, 10-year risk <1%), CACS = 1-100 (low risk, 

<10%), CACS = 101-400 (intermediate risk, 10-20%), CACS >400 (high 

risk, >20%).88  

 

CACS provides additional individualised risk information beyond 

conventional risk assessment, which could help clinicians to predict patient’s 

CVD risk more precisely and inform clinical decision-making about appropriate 

preventive strategies.89 As per the ACC/AHA clinical guidelines, 

pharmacological therapy (mainly statin) is not mandatory but optional for 

individuals at borderline (10-year ASCVD risk 5.0% to 7.5% [by PCE]) and 

intermediate CVD risks (10-year ASCVD risk 7.5% to 20% [by PCE]), and 

strongly recommended for those at high CVD risk (10-year ASCVD risk ≥ 20% 

[by PCE]).30 A retrospective cohort study of individuals free of CVD reported that 

the CAC-guided risk-reclassification approach significantly improved the 

specificity of the ACC/AHA-recommended statin eligibility for coronary heart 

disease from 15% to 37%, with the sensitivity decreasing  minimally (2%).90 The 

ACC/AHA guidelines also state that CAC testing is most useful in CVD-free 

individuals deemed at borderline and intermediate CVD risk by classical risk 

assessment tools, in which use of a statin is considered but not clearly 
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recommended.34 CACS helps refine their CVD risk and direct them to appropriate 

statin use. In detail, patients with CACS = 0 will be re-classified into a lower risk 

group where a statin can be reasonably deterred or postponed while those with 

CACS > 100 would be re-classified into a higher risk group where statin use is 

recommended. The guidelines also caution that CAC testing has little value 

among high-risk patients (>20% 10-year ASCVD risk or determined as clinically 

high risk) who have a clear indication for statin treatment and very-low-risk 

patients (<5% 10-year ASCVD risk) who would achieve minimal benefit from 

taking statins. Results from a recent retrospective study91 also supported the 

guidelines by showing varying statin benefits across patient groups with different 

CACS levels. Among 13,644 adults (mean age 50 years) without ASCVD at 

baseline who were followed for a median follow-up of 9.4 years, statin use vs. no 

use was found to be associated with 44-68% reduced risk of major adverse 

cardiovascular events among individuals with CACS >100. No significant 

association of statin use with MACE was found among subgroups of CACS =0 

and CACS 1-100. 

1.4.3 Safety of Statins 

1.4.3.1 Statin-Associated Muscle Symptoms 

Any drug comes with side effects. Statin-associated muscle symptoms (SAMS) 

are the most commonly reported adverse events (AEs) in daily clinical practice, 

accounting for up to 72% of all statin-related AEs.92 SAMS were reported to 

occur in 7% to 29% of statin users in non-RCT settings.93 The underlying 

mechanism of SAMS has yet to be fully understood. SAMS frequently affect 
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large proximal muscle groups symmetrically (especially the lower extremities) 

and typically manifest as myalgia (muscle aches and pain), muscle tenderness, 

weakness, stiffness and cramping, accompanied by a normal or slightly elevated 

creatine kinase (CK) concentration.64,94 The majority of SAMS are mild and are 

reversible on reducing the drug dosage, switching to an alternative statin or 

discontinuing the therapy.93 Myopathy (defined as muscle symptoms with 

CK >10 × the upper limit of normal [ULN]) and rhabdomyolysis (defined as 

muscle symptoms with CK >40 × ULN when accompanied with renal impairment 

and/or myoglobinuria) are two severe and life-threatening SAMS conditions 

although they rarely occur.93 Myopathy and rhabdomyolysis were estimated to 

occur in 5 and 1.6 patients per 100,000 person-years, respectively.95 The risk for 

the development of myopathy and rhabdomyolysis is dependent on type, dose and 

lipophilicity of the statin used and other predisposing risk factors of muscle 

symptoms such as sarcopenia.95 

 

SAMS have been reported to be major reasons for statin intolerance and 

discontinuation.96 A web-based clinical survey including 810 clinicians from 13 

countries reported that around 6% of patients were confirmed to be intolerant of 

statin treatment, of whom nearly two-thirds were estimated to have SAMS.97 

Another cohort study of around 230,000 patients from Israel reported that SAMS 

contributed to up to three-quarters of statin discontinuations within two years of 

drug initiation.98  

 

SAMS and other subjective AEs linked to statins are thought to be partially 

due to patients’ awareness of and concerns over these potential side-effects, 
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referred to as ‘nocebo’ effect.99 This was seen in a double-blind RCT named 

Anglo-Scandinavian Cardiac Outcomes Trial - Lipid-Lowering Arm (ASCOT-

LLA) by Gupta et al.100 The authors compared the incidence of reporting of 

adverse events (AEs) among the study participants during and after their 

participation in ASCOT-LLA. During the double-blinded randomised phase, there 

was no significant difference in the incidence of AEs between participants who 

were randomly assigned to atorvastatin and placebo (2.0% vs. 2.0% per year). 

After the completion of the trial, all participants were invited to participate in an 

extended observational study in which they were given open-label statins if they 

chose to do so. During this extended nonblinded nonrandomised phase, 

participants who were taking open-label statins had a significantly higher risk of 

AE as compared with those who were not taking statins (1.3% vs. 1.0% per year). 

The authors concluded that no attributable risk of muscle-related AEs to statin 

therapy in the prior phase by contrast with the excess risk attributable to statin 

therapy in the latter phase suggests the presence of ‘nocebo’ effect. Evidence for a 

‘nocebo’ effect was also seen in a large retrospective cohort study of around 

10,780 patients who had ever received a statin prescription.101 The study results 

showed that 17.4% of patients discontinued statins due to a perceived AE 

(accounting for 32.7% of total discontinuations), of whom 92% underwent a statin 

rechallenge and were able to tolerate them long-term. Based on these findings, it 

is possible that the majority of the AEs suffered by statin users might not have 

been attributable to statins but were the results of the so-called ‘nocebo’ effect.  

 

The effect of misattribution and ‘nocebo’ effect on the assessment of statin 

risk can be avoided through double-blind, placebo-controlled study design in a 
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RCT. ‘Nocebo’ effects will impact the statin and placebo arms equally, and AEs 

occurring in both arms will be adjudicated on the same criteria by researchers 

who are masked to the treatment assignment. Consistent results from randomised 

statin trials suggest no difference in the risk of muscle symptoms between statin 

and placebo groups, with the rate ranging from 1% to 5% in both arms.102,103 

Despite the advantage of RCTs for assessment of statin safety by removing the 

impact of the ‘nocebo’ effect, concern remains about transferring trial evidence to 

real-life settings. Many researchers believe that the risk of statins is 

underestimated in clinical trials because clinical trial participants are highly 

selective (having better functioning and fewer morbid conditions, taking fewer 

types of medication, etc.) and do not necessarily represent general populations, 

especially those who live with multimorbidity, polypharmacy, and have a high 

risk for drug-related side effects and drug-drug interactions.60,104  

 

1.4.3.2 Other Possible Statin-associated Side Effects 

Other possible AEs associated with statin use that were reported in previous 

literature are summarised in Table 1.3.   
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TABLE 1.3 Other Possible Statin-Associated Side Effects that Have Been 

Observed in Previous Literature 

Organ/Systems  
Possible statin-related side effect (relative risk increased 

by %) 

Respiratory 

Interstitial lung disease (0.01-0.4%), upper respiratory tract 

infection (1-16%), pharyngitis (3-13%), rhinitis (1-11%), 

sinusitis (2-7%), bronchitis (2%), cough (1-2%) 

Neurologic and 

Psychological 

effects 

Headache (2-17%), asthenia (1-4%), dizziness (1-4%), fatigue 

(1-4%), depressive disorder in stroke patients, risk of 

haemorrhagic stroke, severe irritability, insomnia, 

somnolence, agitation, confusion, hallucinations, nightmares 

Endocrine New-onset diabetes (9-27%) 

Gastrointestinal 
Constipation, diarrhoea, dyspepsia, flatulence, heartburn, 

nausea, vomiting 

Hepatic 
<1.5% hepatotoxicity in coronary artery disease patients in 5 

years, activity of liver enzymes 

Skin 
Alopecia, lichenoid eruption, dermographism, chronic 

urticaria, toxic epidermal necrolysis, rash (1-4%) 

Eye Cataract (27%), diplopia, ptosis, ophthalmoplegia 

Reproductive 

Erectile dysfunction, decreased libido, gynecomastia, 

decreased testosterone levels by 10.3% and by 7.5% 

respectively after 48 weeks of statins 

Blood Thrombotic thrombocytopenic purpura 

Bones and joints Tendinitis, arthralgia, arthritis, lupus, polymyalgia rheumatica 

Adapted from Banach M et al. 96 
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1.4.4 Statin Non-Adherence and Discontinuation in Real-Life Practice 

Statins are effective in CVD prevention only on the basis of long-term use. 

Benefits can only be attained when patients adhere to statin-taking and can 

tolerate it well.105,106 However, the adherence rate of statins in real-life scenarios 

is suboptimal. It has been estimated that around half of statin users discontinued 

their drug within one year of treatment initiation.106 Notably, individuals without 

a history of CVD are less adherent to statin use than those who take it for 

secondary prevention purpose, likely due to perceived lessened treatment benefits 

but an equal potential for harms. A large cohort study by Jackevicius et al. 

suggests that among older patients with established CHD, only 36% of them 

adhered to the statin treatment over 2 years, while in those with no evidence of 

CHD, this proportion fell to 25%.107  

 

Statin-related AEs are major factors that contribute to statin nonadherence and 

discontinuation in real-life practice. However, as illustrated previously, the 

perceived AEs are not necessarily caused by statins but can be caused by other 

factors such as any medication that is used concurrently with statins, disease-

related AEs, or ‘the nocebo effect’. Mis-diagnosing symptoms as attributable to 

statins may lead to discontinuation of treatment and loss of the potential 

benefits.108 This is supported by a recent population-based study of 120,173 adults 

≥75 years of age with no history of CVD, in which patients who discontinued 

statins prematurely were 33% more likely to be hospitalised due to CVD than 

those who were taking statins continuously.109 Additional support is provided by a 

meta-analysis suggesting a 15% significantly lower risk of CVD in statin adherers 

relative to poor-adherers (defined as adherence rate <80%).110 In summary, good 



 
Chapter 1- Introduction 

 

24 
 

adherence to statin treatment is essential for effective CVD prevention, and 

intervention strategies that help to improve statin users’ adherence rate are needed. 

 

1.4.5 Statin Nonadherence and Discontinuation in the Clinical Trial Context 

The high discontinuation rates in randomised trials of statins undermine the 

trial’s ability to obtain reliable estimates of treatment effects. Although most 

RCTs are based on an intention-to-treat approach that offers unbiased 

comparisons among treatment groups by eliminating the non-random attrition of 

participants, this approach assigns equal weights to both discontinuers and 

continuers. This will increase the risk of type II error (false negative), leading to 

underestimated benefits and risks of statin treatment.111 Hence, the nonadherence 

and discontinuation rates of study medication in statin trials should be minimised 

to ensure the reliability of study results, especially when the sample size is small. 

A better understanding of trial participants’ rationale for discontinuing the study 

medication, either statin or placebo, may aid trial investigators in developing 

effective intervention strategies for maintaining participants in their allocated 

study arm. 

 

1.5 Statin Therapy in Older Populations 

1.5.1 Trend in Statin Use in Older Populations  

Statins are among the most widely dispensed prescription medications in 

older adults (aged ≥65 years). The prevalence of statin use is expected to 

continue to rise in the coming decades as the population ages and CVD mortality 

steadily declines.112,113 According to the Medical Expenditure Panel Survey in 
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the U.S. (>13,000 adults aged 79 years and over), the prevalence of statin use for 

primary prevention increased from 8.8% to 34.1% between 1999 and 2011, and 

from 27.6% to 43.7% for secondary prevention.112 A population-based study of 

89,086 American residents in Pennsylvania reported that 28% of individuals 

aged 75 to 79 years and 22% aged ≥80 years took statins for the primary 

prevention of CVD.114 

 

An Australian population-based study analysing data from the Pharmaceutical 

Benefits Scheme indicated that the prevalence of statin use in older Australians 

increased from 34% to 44% between 2007 and 2016 (Figure 1.1 a), with the 

highest prevalence among people aged 75 to 84 years, followed by those aged 65 

to 74 years and over 85 years. The 10-year incidence of statin use was highest 

among people aged 65 to 74 years, followed by those aged 75 to 84 years and 

over 85 (Figure 1.1 b). Both incidence and prevalence of statin use were 

consistently higher in male older Australians compared with female older 

Australians over the last 10 years. (Figures 1.1 a & b)   
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Reproduced from Ofori-Asenso R et al. 115 with permission 

Figure 1.1 a. Prevalence of statin use among older Australians from 2007 to 2016; b. 

Incidence of statin use among older Australians from 2007 to 2016. 
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1.5.2 Statins for Primary Prevention of CVD in Older Adults 

Despite a favourable risk-benefit profile of statins for secondary prevention of 

CVD in older populations, the uncertainty remains for primary prevention of 

CVD, where the trial evidence is limited and inconsistent.71 116 No clinical trial 

has been completed to date that was designed a priori to examine the effect of 

statins for primary prevention of CVD in older adults, who have been historically 

underrepresented in prior statin trials.117 Therefore, existing evidence that has 

been used to inform the clinical decision on statin use was mainly from 

subgroup/post-hoc analyses of principle statin trials118-121 and the pooled data 

from these studies. 72,122,123 

 

Ridker et al.122 conducted a meta-analysis based on age-stratified data from 

two primary prevention statin trials (the Justification for Use of Statins in 

Prevention: An Intervention Trial Evaluating Rosuvastatin [JUPITER] and the 

Heart Outcomes Prevention Evaluation [HOPE]-3). They reported a 49% and 26% 

reduction in the incidence of a composite CVD outcome that was comprised of 

non-fatal MI, non-fatal stroke or fatal cardiovascular events among subjects aged 

65 to 70 years and over 70 years, respectively. As participants eligible for the 

JUPITER trial had elevated C-reactive protein (CRP) level and those eligible for 

the HOPE-3 trial had at least one of the prespecified cardiovascular risk factors, 

whether their study findings can be extrapolated to broader unselected 

populations (i.e. low risk cohort) is unknown.  

 

Two meta-analyses of randomised trials have shown beneficial effects of 

statins for primary prevention of CVD in older adults. In Teng et al’s124 meta-
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analysis, statin therapy was effective in reducing major adverse cardiovascular 

events (MACE) and MI but not in reducing stroke and all-cause mortality. 

Savarese et al.123 reported a beneficial effect of statin use on MI and stroke, but 

not on all-cause mortality and fatal CVD. The major limitations of these analyses 

were the old trial data (1998-2011), the younger old (65 to 70 years) included, 

and the under-representation of participants aged over 80 years.     

 

Other studies suggest no benefit of statins for the primary prevention of CVD 

in older adults and this has raised widespread concerns over statin use in older 

people free of CVD.118,119 The Prospective Study of Pravastatin in the Elderly at 

Risk (PROSPER) trial118 comparing pravastatin 40 mg/day with matched 

placebo is the only randomised trial of statins in older populations (aged over 70 

years) that has been completed to date. In its subgroup analysis restricted to 

study participants with no previous vascular disease (n = 3,239), there was no 

significant difference in the incidence of MACE between participants on 

pravastatin and those on placebo. (11.4% vs. 12.1%, Hazard ratio 0.94 [95% 

confidence interval 0.77 to 1.15]). In accordance with their result, a later post-

hoc analysis of 2,867 older participants with no established CVD within the 

Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial 

(ALLHAT-LLT) suggests that compared with usual care, pravastatin neither 

reduced the risk of CHD nor reduced the risk of all-cause mortality.119 As the 

study drug used in both PROSPER and ALLHAT-LLT was pravastatin, a statin 

subclass in low-potency, it is possible that the non-significant risk reduction in 

CVD observed in pravastatin users vs. controls was due in part to its low potency 
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in cholesterol-lowering. A greater cardiovascular benefit may be obtained by 

using more potent statins (i.e. atorvastatin and rosuvastatin).  

 

The limitations and ambiguity of the existing trial evidence has led to 

guidelines and management of primary prevention of CVD with statins in people 

aged over 70 years based, at least partly, on the extrapolation of evidence from 

clinical trials involving younger populations.125 This approach is likely to 

overestimate the net benefit in older adults, who appear to be at a heightened risk 

of drug-related side effects owing to their declined physiological reserve and 

increased burdens of multimorbidity and polypharmacy.73,126 In a forecasting 

analysis by Odden et al. using a Markov model of the U.S. population,127 it was 

projected that a 10%-30% increased risk of statin-associated AEs could offset the 

overall statin benefits in adults aged ≥75 years in primary prevention settings. 

Concerns about the potential harms of statins lead to uncertainty or reluctance 

among clinicians to prescribe statins to older patients.128 Presumably some 

patients themselves also avoid taking statin drugs due to concerns of side 

effects.129 Besides, statin use among older people with limited life expectancy 

may place them at unnecessary risk of statin-related side effects by conferring 

them little chance to accrue the benefits. Deaths caused by other prevalent 

geriatric-related diseases, such as cancer and respiratory disease, could nullify 

statin benefits in older adults. 

 

1.5.3 Clinical Guidelines for Primary Prevention with Statins in Older Adults 

Age-dependent implementations of five mainstream clinical guidelines for 

primary prevention of CVD with statins in older populations are summarised in 
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Figure 1.2. Most clinical guidelines (NVDPA-2012,28 ACC/AHA-2019,30 NICE-

UK-2019/2020,130 the CCS-2016,29 the USPSTF-201631) recommend primary 

prevention with statins among individuals at high risk for CVD aged between 65 

to 75 years, except for the ESC/EAS Guidelines,32 in which no clear 

recommendation is made for this age group as the guideline-endorsed risk 

calculator (SCORE) is only eligible for people younger than 65 years. Instead, the 

ESC/EAS guidelines suggest that statins may be considered in people with no 

known CVD but with multiple risk factors, especially hypertension, smoking, 

diabetes and dyslipidaemia.32 For people aged over 75 years, most of the 

guidelines28-32 make no clear recommendation for statin use, except for the NICE-

UK Guidelines130 that recommend statins use in high-risk individuals aged 75 to 

84 years. For individuals aged 85 years and older, none of the clinical guidelines 

has made a clear recommendation for statin use. Statin therapy in this age group 

has been encouraged on an individualised basis. 

 

As previously outlined, older people are more vulnerable and less resilient to 

drug-related side effects owing to their decreased physiological function. Frailty, 

multi-morbidity and polypharmacy are common conditions in older populations 

that may increase their risk of drug-drug and drug-disease interactions, and drug-

related side effects.126,131 Accordingly, many clinical guidelines30,130 emphasise 

that decision-making about primary prevention with statins should be based on an 

informed clinician-patient risk discussion that takes into account patients’ 

preferences and values, their treatment goals, and overall health functioning.  
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Reproduced from Mortensen, MB et al.73 J Am Coll Cardiol. 2018; 71(1):85-94. 

Figure 1.2 Recommendations from five mainstream clinical guidelines for primary 

prevention with statins in older adults 
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1.5.4 Potential of Statin Therapy for the Improvement of Overall Health and 

Wellbeing in Older Adults 

Although the risk-benefit profile of statins for primary prevention of CVD in 

older populations remains uncertain, we still expect that statin therapy has the 

potential to preserve productive life years and independent living in older adults 

without CVD through its role in preventing CVD and related morbid and fatal 

conditions.34,132,133 This is important as even small gains in preserving 

independent living and preventing or delaying institutionalisation will 

substantially improve older people’s quality of life.134 Since a limited number of 

existing studies have focused on the effect of statins on overall health in the 

elderly,135 studies are needed that aim to understand their effects on both 

cardiovascular outcomes and global health outcomes such as life expectancy, 

independent living, and overall functioning.136  

 

 

1.6 Summary  

Statins have a proven favourable risk-benefit profile in people with established 

CVD and those at high risk for the development of CVD. However, important 

knowledge gaps remain, which include, but are not limited to, the net benefit for 

primary prevention of CVD in certain population groups such as older adults and 

those at intermediate CVD risk. For older adults, there is, as yet, insufficient 

evidence to either support or oppose statin use. Despite a great potential for 

statins to prolongation of independent living and improvement of qualify of life 

among older adults, concerns have been raised over a likely increased risk of 

statin-related side effects with ongoing age and the presence of other geriatric-
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related competing events that may nullify statin benefits. For those who are 

deemed at intermediate CVD risk by conventional risk assessment, they are, by 

definition, less likely to benefit from statin taking compared with those who are at 

high CVD risk, while the potential for harm from statin taking is equally 

distributed between the two. That is, the net benefit of statin use in the 

intermediate-risk group is less clear than the high-risk group. Reliable and robust 

evidence regarding the efficacy, safety, and tolerability of statin use and use of 

novel biomarkers to identify those who are likely to benefit most from statins is 

needed. This evidence would inform clinical decision-making on appropriate 

statin use for primary prevention in these populations, especially for older adults 

as they are potentially the major consumers of statin drugs.  

 

1.7 Hypotheses and Aims of This Thesis  

The overall aims of this thesis were to firstly examine the efficacy, safety and 

tolerability of statins in older adults in primary prevention settings and secondly, 

to examine the ability of CACS to guide statin use in primary prevention 

populations, especially those at borderline and intermediate risk to whom statin 

use is currently deemed optional. The detailed research hypotheses and aims are 

outlined following. 

 

Hypothesis I:  

H0: Statin use is not associated with an increased risk of muscle-related 

symptoms, any adverse event, and incidence of discontinuation among older 

adults in primary prevention settings. 
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H1: Statin use is associated with an increased risk of muscle-related symptoms, 

any adverse event, and incidence of discontinuation among older adults in 

primary prevention settings. 

 

Hypothesis II:  

H0: Statin use is not associated with reduced risk of CVD and other patient-

centred clinical outcomes among older adults in primary prevention settings. 

H1: Statin use is associated with reduced risk of CVD and other patient-centred 

clinical outcomes among older adults in primary prevention settings. 

 

Hypothesis III: 

H0: The statin-associated cardiovascular benefits are not dependent on patients’ 

CAC burden in the setting of primary prevention. 

H1: The statin-associated cardiovascular benefits are dependent on patients’ CAC 

burden in the setting of primary prevention. Patients with greater CAC burden are 

more likely to benefit from statin treatment.   

 

Research Aims: 

 

I. To examine the safety and tolerability of statin use among older adults 

without overt CVD in a systematic review and meta-analysis, with a focus 

on muscle-related symptoms. (Chapter 3) 
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II. To investigate the association of statins with disability-free survival and

risk of CVD in healthy adults aged ≥70 years within the Aspirin in

Reducing Events in the Elderly (ASPREE) randomised trial. (Chapter 4)

III. To identify underlying factors contributing to permanent study drug

(statin/placebo) discontinuation among healthy older participants (aged 

≥70 years) within an ongoing primary prevention statin trial in a 

qualitative study in the form of semi-structured phone interviews; and to 

inform future statin trials of older populations on the development of 

strategies to reduce treatment discontinuations and improve the trial 

retention rate. (Chapter 5)

IV. To investigate the modifying effect of CACS on the association between

statin use and cardiovascular outcomes among asymptomatic individuals

who were free of CVD from the Multi-Ethnic Study of Atherosclerosis

(MESA). (Chapter 6)
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This chapter describes the major methods applied in the studies contained in 

this thesis. Both quantitative and qualitative research methods were introduced. 

 

2.1 Data Sources  

2.1.1 Aspirin in Reducing Events in the Elderly (ASPREE) 

2.1.1.1 Overview of ASPREE  

Chapter 4 analysed data on participants within the ASPREE trial. ASPREE 

was a double-blinded randomised clinical trial that compared the effect of daily 

oral 100 mg aspirin with matched placebo on disability-free survival among 

community-dwelling adults living in Australia and the United States, who were 

aged ≥70 years (≥65 years in U.S. minorities) and free of documented CVD, 

dementia, and physical disability at trial entry. Between March 2010 and 

December 2014, a total of 19,114 participants were enrolled through either 

general practice-based recruitment in Australia (n = 16,703) or academic centre-

/community-based recruitment in the United States (n = 2,411). The intervention 

phase ceased on 12nd June 2017 and the median follow-up time was 4.7 years.139-

142   

 

2.1.1.2 Selection Criteria of ASPREE Trial   

Major inclusion criteria in ASPREE were:  

i. Non-minority people aged ≥70 years; 

ii. U.S. minorities (African American and Hispanic) who were aged ≥ 65 years; 

iii. Willing and able to provide written informed consent. 
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Major exclusion criteria in ASPREE were:  

i. History of diagnosed CVD; 

ii. Serious intercurrent illness likely to cause death within the next five years; 

iii. Systolic blood pressure ≥180 mmHg or/and diastolic blood pressure ≥105 

mmHg; 

iv. An absolute contraindication to or being allergic to aspirin or at a high risk of 

major bleeding; 

v. Anaemia (haemoglobin < 12 g/dl males, < 11 g/dl females); 

vi. Current continuous use of other antiplatelet drugs or anticoagulants; 

vii. A history of dementia or a Modified Mini-Mental State Examination (3MS) 

score ≤77;143 

viii. Severe difficulty or an inability to perform any one of the 6 Katz activities of 

daily living (ADLS);144 

ix. Pill-taking compliance ≤80% over a 4-week placebo wash-out phase; 

x. Currently participating in another clinical trial. 

 

2.1.1.3 Measurement of Baseline Covariates in the ASPREE 

At the baseline visit, participants’ height and weight were measured to 

calculate their body mass index (computed as the weight in kilograms divided by 

the square of the height in metres). Gait speed was measured by a timed gait 

speed test for three metres (8ft) and grip strength of the dominant hand was 

measured on a grip strength dynamometer. Information on concomitant 

medication use at trial entry was collected by either checking participants’ 

medical records or by asking them to bring in all of their currently or recently 
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used medications to study visits. Medical data regarding morbid conditions were 

collected through review of participants’ medical record and questionnaire or 

participant self-report. Measurements and data were collected by ASPREE 

research staff after the participant had provided informed consent to participate in 

the study. Blood pressure was measured in the seated position after five minutes 

of rest using an oscillometric device. Mean heart rate was calculated as the 

average of three measurements recorded which were taken one minute apart. 

Cognitive function was tested using the 3MS.145 Blood samples were collected by 

the local pathology laboratory providers for the measurement of laboratory 

pathology results, such as total cholesterol, low-density lipoprotein cholesterol, 

fasting glucose, and creatinine. Information on other items was collected by 

standard questionnaires at the baseline visit. 

 

2.1.1.4 Ascertainment and Definitions of ASPREE Study Outcomes  

All-cause mortality included all types of deaths that were confirmed with two 

independent sources (e.g. family, general practitioner/family physician, or public 

death notice). Although not an ASPREE endpoint, trajectory to death was also 

collected according to the following categories including (1) cancer-related death; 

(2) dementia-related death; (3) coronary heart disease death (i.e. myocardial 

infarction, sudden cardiac death, rapid cardiac death, cardiac failure with coronary 

cause, other coronary death); (4) non‐coronary vascular death (e.g. abdominal 

aortic aneurysm rupture, cardiomyopathy, or myocarditis); (5) stroke death; (6) 

major haemorrhage death; or (7) death from other cause.139 
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Dementia was defined according to the Diagnostic and Statistical Manual for 

Mental Disorders, 4th edition, American Psychiatric Association criteria.146 

Diagnostic features included memory impairment and at least one of the 

following: aphasia, apraxia, agnosia, disturbances in executive functioning 

(assessed via dementia assessment visit). In addition, the cognitive impairments 

needed to be severe enough to cause impairment in social and occupational 

functioning, and the decline must have represented a decline from a previously 

higher level of functioning. 

 

Persistent physical disability was defined as a response of ‘a lot of 

difficulties’, ‘unable to do activity’ or the requirement for assistance for the same 

Katz ADLs147 at consecutive administrations of the ADL questions approximately 

6 months apart. In cases where the Katz ADL questions could not be administered, 

admission to care for assistance with activities of daily living was considered as a 

physical disability endpoint.  

 

Myocardial infarction included both fatal and nonfatal myocardial infarction 

and was defined as any cardiac event demonstrating a typical rise in biochemical 

markers of myocardial necrosis (i.e. troponin or creatine kinase-myocardial band) 

with at least one of the following: (1) ischaemic symptoms, development of 

pathologic Q waves on the electrocardiogram; (2) electrocardiogram changes 

indicative of ischaemia or; (3) coronary artery intervention (i.e. coronary 

angioplasty) as per the American College of Cardiology and European Society of 

Cardiology definition. Development of proven new pathological Q waves on 
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serial electrocardiograms, or evidence of acute, healed or healing myocardial 

infarction on autopsy was also considered as a myocardial infarction endpoint. 

 

Stroke was defined as per the WHO criteria as ‘rapidly developing clinical 

signs of focal (or global) disturbance of cerebral function lasting more than 24 

hours (unless interrupted by surgery or death) with no apparent cause other than 

of vascular origin’. All fatal and nonfatal stroke types (including haemorrhagic 

stroke, ischaemic stroke, ischaemic stroke with haemorrhagic transformation, 

subarachnoid haemorrhage stroke, and stroke type uncertain) recorded in the 

ASPREE trial were counted as a stroke endpoint. 

 

Fatal CVD was defined as any death caused by coronary heart disease, stroke 

(details see the definition for ‘stroke’) or other cardiovascular events. 

 

Major adverse cardiovascular events were defined as a composite of nonfatal 

myocardial infarction, fatal/nonfatal stroke (details see ‘stroke’ definition [section 

2.3.1.5]), or coronary heart disease death. 

 

2.1.2 Statins in Reducing Events in the Elderly (STAREE) 

2.1.2.1 Overview of STAREE 

In Chapter 5 of this thesis, a qualitative study is presented which aimed to 

understand the factors leading to permanent study drug discontinuation among 

participants within the STAREE trial (NCT02099123). STAREE148 is an ongoing 

double-blind randomised placebo-controlled trial. STAREE was designed to 

provide evidence on whether statin therapy (atorvastatin 2 × 20mg versus placebo 
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2 × 20mg) will prolong overall survival and reduce cardiovascular events over an 

average of  5-year follow-up period among individuals aged ≥70 years who do not 

have CVD, diabetes, physical disability and dementia at trial entry. The study 

began in 2015 and is scheduled for completion in 2022.  

 

2.1.2.2 Selection Criteria of STAREE Trial   

Major inclusion criteria in STAREE are: 

i. Community-dwelling individuals aged ≥70 years and living independently; 

ii. Willing and able to provide written informed consent. 

 

Major exclusion criteria in STAREE are: 

i. History of diagnosed CVD or diabetes; 

ii. Total cholesterol >7.5 mmol/l; 

iii. Moderate or severe chronic kidney disease (persistent proteinuria [defined as 

urine albumin/creatinine >30mg/mmol or urine protein/creatinine >45 mg/mmol] 

and/or estimated glomerular filtration rate <45ml/min/1.73m2). 

iv. Moderate or severe liver disease (persistent elevations of transaminases of 

more than three times the upper limit of the normal laboratory reference range); 

v. Serious intercurrent illness likely to cause death within the next five years; 

vi. Absolute contraindication to statin therapy or current use of statins or other 

lipid-modifying agents for primary prevention purpose and unwilling to stop the 

medication; 

vii. Currently participating in another clinical trial; 

viii. Pill-taking compliance ≤80% over a 4-week placebo run-in period; 

ix. A history of dementia or a 3MS score ≤77;143 
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x. Severe difficulty or an inability to perform any one of the 6 Katz ADLS.144 

 

2.1.3 Multi-Ethnic Study of Atherosclerosis (MESA) 

2.1.3.1 Overview of MESA 

In Chapter 6 of this thesis, data on study participants were collected from the 

Multi-Ethnic Study of Atherosclerosis (MESA). MESA was a multi-ethnic 

population-based longitudinal cohort study launched in the United States in 2000. 

The main objectives of the MESA study were to understand the characteristics of 

subclinical CVD and the risk factors for the progression of subclinical CVD or the 

development of clinically manifested CVD.149 A total of 6,814 asymptomatic 

individuals aged 45 to 84 years and free of clinical CVD were enrolled in the 

study between July 2000 and September 2002 (38% white, 28% black, 22% 

Hispanic, and 12% Asian). Participants were recruited from six Field Centres in 

the United States including Wake Forest University, Columbia University, Johns 

Hopkins University, University of Minnesota, North-western University, and the 

University of California, Los Angeles. Six follow-up examinations have been 

completed to date. Participants have been contacted every 9 to 12 months 

throughout the study to assess clinical morbidity and mortality.  

 

2.1.3.2 Measurement of Baseline Covariates in MESA 

At the baseline examination, clinical teams at each of the six Field Centres in 

the United States collected information of MESA participants. Information on 

medication use was collected by questionnaires. Furthermore, participants were 

also asked to bring the pill containers for all the medications being taken during 
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the two weeks before visits. The interviewer then recorded medication name, 

prescribed dose, and frequency of administration from the containers. The resting 

blood pressure was measured three times with the participants in the seated 

position using the automated oscillometric device, with the average of the last two 

measurements used in the analysis. A central laboratory (University of Vermont, 

Burlington) measured levels of plasma glucose and high-sensitivity C-reactive 

protein in blood samples obtained after a 12-hour fast. Estimated glomerular 

filtration rate was calculated based on participants’ creatinine level and 

characteristics by using the Chronic Kidney Disease Epidemiology Collaboration 

equation.150 Participants’ height and weight were measured at the baseline visit 

and used to calculate their body mass index (computed as the weight in kilograms 

divided by the square of the height in metres). Hypertension was defined as 

systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg 

or use of antihypertensive medication. Impaired fasting glucose was defined as a 

fasting plasma glucose levels of 100-125 mg/dl (5.6-6.9 mmol/l) and diabetes 

mellitus was defined as a fasting plasma glucose >126 mg/dl (7.0 mmol/l) or a 

history of using any glucose-lowering medication. Information on other items was 

collected by standard questionnaires at baseline visit. 

 

2.1.3.3 Ascertainment and Definitions of Outcomes in the MESA Study 

At every 9-12 months, MESA investigators asked participants or their family 

members over the phone about the participants’ interim hospital admissions, 

outpatient diagnoses of CVD and death. To verify and classify the reported 

cardiovascular events, copies of medical records from hospitalisations and 

outpatient diagnoses were requested. For out-of-hospital deaths, events were 
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confirmed from participants’ death certificates or autopsy reports or by reports 

from their relatives or physicians. Trained staff collected hospital records and 

suggested possible CVD events, and two physicians independently categorised 

endpoints and assigned the incidence date. Any discrepancy emerging during the 

process of review and adjudication was resolved by a mortality and morbidity 

review committee to make the final classification. Overall, hospital records on an 

estimated 99% of hospitalised cardiovascular events and some information on 97% 

of outpatient diagnostic encounters were obtained. The latest dataset recording the 

cumulative clinical events and surveillance time was through the end of 2015.151 

 

All-Cause Mortality in MESA was identified, with the cause of death assigned 

for potential CVD deaths through committee review. For other deaths, the 

underlying causes were obtained through state or city vital statistics departments.  

 

Fatal Coronary Heart Disease (CHD) was classified as definite, possible, or 

absent. Definite fatal CHD required a documented myocardial infarction within 

the previous 28 days, chest pain within the 72 hours before death, or a history of 

CHD, and required the absence of a known non-atherosclerotic or non-cardiac 

cause of death. If the definite fatal CHD criteria were not met, possible fatal CHD 

was assigned with an underlying cause of death consistent with fatal CHD and 

required the absence of a known non-atherosclerotic or non-cardiac cause of death. 

 

Fatal Cardiovascular Disease was defined as a composite of fatal coronary 

heart disease, fatal stroke, or other deaths with the underlying cause of a 

cardiovascular event.  
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Myocardial Infarction was classified as definite, probable, or absent, based 

primarily on combinations of symptoms, electrocardiogram, and cardiac 

biomarker levels. In most cases, definite or probable myocardial infarction 

required either abnormal cardiac biomarkers (two times upper limits of normal) 

regardless of pain or electrocardiogram findings, evolving Q waves regardless of 

pain or biomarker findings, or a combination of chest pain, and ST-T evolution or 

new left bundle branch block, and biomarker levels 1-2 times upper limits of 

normal. 

 

Stroke was classified as present or absent. Stroke consisted of rapid onset of a 

documented focal neurologic deficit lasting 24 hours or until death, or if < 24 

hours, there was a clinically relevant lesion on brain imaging. Patients with focal 

neurologic deficits secondary to brain trauma, tumour, infection, or other non-

vascular cause were excluded.   

 

Resuscitated Cardiac Arrest was defined as a condition that a patient 

successfully recovered from a full cardiac arrest through cardiopulmonary 

resuscitation (including cardioversion). 

 

2.2 The Rationale for Using a Qualitative Method Design  

Discontinuation of study drug in clinical trials can occur due for various 

reasons and threatens the validity of study findings. The primary factors that 

contribute to the treatment discontinuation are routinely recorded by trial 
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investigators and presented as numbers with percentages in terms of different 

categories.152-154 This approach often falls short of considering why and how these 

factors or the categories they are assigned to impact on participants’ 

discontinuation, and how they influence and interact with each other.  

 

In order to answer these questions, qualitative research methods are required 

as they generate descriptive data with the aim of obtaining an in-depth 

understanding of human behaviours and experiences in a particular context.155,156 

Undertaking qualitative research with randomised controlled trials has been 

increasingly recommended due to its potential to add value to trial processes and 

outcomes.157-159 This may occur through aiding the interpretation of trial results 

and increasing their external validity, improving ethical practice, and 

strengthening the feasibility or efficiency of participants recruitment and trial 

procedures.158,159 In chapter 5 we undertook a qualitative study associated with 

the STAREE trial in order to better understand what factors had led to participants’ 

discontinuation of the study drug (statins), how these factors had influenced their 

decision-making, and the potential interrelationship between the factors if more 

than one was reported. Semi-structured interviews were undertaken with 30 

participants from the STAREE trial who had permanently discontinued the study 

drug after randomisation. The data were analysed using the Framework Method, 

which supports thematic analysis of interview data by generating themes through 

comparisons between and within the cases.160  

 

The value of the findings from a qualitative study of this nature may lie 

beyond the trial it is undertaken in conjunction with, informing future clinical 
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trials and daily clinical practice. For example, the study findings from the 

qualitative study in chapter 5 can assist with, not only the STAREE trial but also 

other future trials to formulate and implement effective intervention strategies that 

help maintain participants staying in their allocated arms. A summary of the value 

of qualitative research with clinical trials can be found in Table 2.1. 
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TABLE 2.1 Value of Using Qualitative Research with Trials 

 

 

Source: O’Cathain A, et al.159 p4. 
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2.3 Statistical Methods 

Detailed methodology used for each study is provided in the method section of 

their respective chapters. For novel analytic approaches employed in this thesis, 

we described them in detail in the following. 

 

2.3.1 Inverse Probability of Treatment Weighting 

Randomised controlled trials have been recognised as the ‘gold standard’ to 

provide unbiased estimates for the effect of treatment in a study population. In 

contrast, estimating the effect of treatment in observational studies by comparing 

treatment groups directly is subject to confounding bias due to systematic 

differences in the characteristics between treated and non-treated groups. 

However, conducting a randomised control trial is time-consuming and 

randomised assignment of intervention and control is not always feasible (e.g. 

smoking & non-smoking). The conventional approach to reduce confounding bias 

in a non-experimental study is to adjust for potential measured baseline 

confounders in regression models. Inverse probability of treatment weighting 

(IPTW) based on propensity scores is an alternative statistical technique used for 

eliminating treatment selection bias in non-experimental studies.161,162 In this 

thesis, the IPTW approach was used in studies outlined in Chapters 4 and 6. 

IPTW can provide a feasible way to obtain unbiased estimates of average 

treatment effects, assuming there is no unmeasured confounding.163 The 

propensity score represents the probability of receiving a treatment conditional on 

observed pre-treatment (or baseline) characteristics. The propensity score for each 
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subject can be generated from logistic regression, with covariates as independent 

variables and the treatment status as an outcome variable. Treated subjects will 

receive weights of 1/p and untreated subjects will receive weights of 1/ (1 – p), 

where p is the propensity score of each subject. The weighted study population 

(also known as a ‘pseudo-population’) will be balanced across the treatment 

groups on the observed baseline confounders, resembling the study design of 

RCTs. 

  

Xu has proposed a stabilised weight, which can be generated using the 

marginal, or overall, probability of treatment instead of 1 as a numerator in the 

formula above that is used to calculate general weights. Using the stabilised 

weights ensures that the chance of the type I error is not increased and therefore 

an appropriate estimation of the variance of treatment effect can be obtained.164 

The formula for stabilised weights is P/p for the treated subjects and (1−P)/(1−p) 

for the untreated subjects, where P is the overall probability of getting treated and 

p is the propensity score of each subject.  

 

To avoid the influence of extreme weights, weights trimming (also called 

‘weights truncation’) is commonly used following the weight creating to improve 

the accuracy and precision of final parameter estimates. Weights are often 

truncated at the 1st and 99th percentiles as suggested by Cole et al.165 

 

Following the weight truncation, the covariate balance between the treatment 

groups pre- and post-weighting is conventionally checked by an absolute 

standardised difference measure.166 The measure value ≥0.1 indicates an 
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imbalance. In general, covariates that are unable to achieve a balance between the 

treatment groups will be further adjusted in the regression model for outcome 

analysis.  

As mentioned above, IPTW is an extended approach of propensity-score 

matching. Matching on propensity score has also been commonly used to reduce 

treatment selection bias in observational studies by pairing treated and untreated 

subjects who have similar propensity scores.167 However, one major limitation of 

using a matching approach is that data of unmatched observations will be 

discarded, resulting in a reduced sample size. By weighting the study sample 

rather than matching, the IPTW approach can preserve the original sample size 

and retain all observations for data analysis. Compared with the 

conventional covariate adjustment method by adjusting for all covariates 

in one time in regression models, IPTW technique mimics a randomisation 

procedure by creating a weighted study sample in which treatment 

assignment is independent of the measured baseline variables that are considered 

as potential confounders. Risk estimates can be directly obtained from regression 

analyses using this weighted sample without making further adjustment. 

Meanwhile, using conventional covariate adjustment in studies with small 

numbers of events may face an over-fitting issue. This issue can be attenuated 

with the IPTW approach, in which all covariates are combined into a single 

covariate, namely propensity-score.168   

2.4 Ethical Consideration 
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The qualitative study in chapter 5 was approved by the Monash University 

Human Research Ethics Committee (15334) and the Tasmanian Health and 

Medical Human Research Ethics Committee (H0017572). The cohort study in 

chapter 6 was approved by the Tasmanian Health and Medical Human Research 

Ethics Committee (H0017933). Other studies were exempt from ethics review 

given that the existing de-identifiable data were used, and no new information 

was collected from participants. 
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3.1 Abstract 

Introduction: The use of statins for primary prevention of cardiovascular disease 

(CVD) is increasing in older adults. Nonetheless, good clinical evidence for the 

safety and tolerability of statins in this population is limited.  

Objective: We aimed to evaluate the safety and tolerability of statins in older 

adults without overt CVD, with a focus on statin-related muscle symptoms. 

Methods: Double-blinded randomised controlled trials (RCTs) of statins 

published before January 2012 were identified from a Cochrane review updated to 

2012. Trials published between January 2012 to July 2018 were identified 

through the Cochrane Controlled Register of Trials, MEDLINE and EMBASE 

databases. Eligible trials were limited to those including individuals aged ≥ 65 

years without overt CVD followed for at least one year and reporting at least one 

of the outcomes of interest. Pooled relative risk estimates and 95% confidence 

intervals were calculated using the random-effects models.  

Results: Eleven trials including 18,192 participants were identified (mean age 

73.7 years; 43% females). Compared with placebo, statins neither increased the 

risks of muscle-related symptoms (Relative risk, 1.01; 95% confidence interval, 

0.90 to 1.12), total adverse events (AEs) and serious AEs nor led to more total 

permanent treatment discontinuations and discontinuations due to AEs or 

specifically due to muscle-related symptoms. No evidence of heterogeneity was 

observed in any of these outcomes.  
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Conclusions: This meta-analysis of RCTs found no excess incidence of muscle-

related symptoms, total AEs, serious AEs and treatment discontinuations caused 

by statins compared with placebo among older adults without CVD.  
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3.2 Introduction 

Use of statins for the secondary prevention of cardiovascular disease (CVD) in 

older adults, defined as individuals aged 65 years and older, has been well-

acknowledged and supported by a strong body of evidence.34 However, for 

primary prevention with statins, recommendations in clinical guidelines from 

different countries are inconsistent in adults aged 65 to 75 years and are generally 

lacking in those aged 75 years and older, who have been largely underrepresented 

in clinical trials.73,171 Despite this, there has been a marked increase of statin 

prescriptions for primary prevention in older adults over the past decade, owing to 

their higher disease burden and poorer outcomes following a first cardiovascular 

event.115,172,173 The widespread use of statins in this sub-population has raised 

great concerns about potential statin-related risks, upon which the clinical trial 

evidence is weak and limited.116 

 

Compared with younger adults, older adults seem to be more susceptible and 

less resilient to statin-related adverse events (AEs) and drug-drug interactions 

owing to decreased physiologic reserve, multiple morbidities and polypharmacy. 

174,175 Statin-associated muscle symptoms (SAMS) are the most commonly 

reported AEs in clinical practice, occurring in approximately 7% to 29% of statin-

users and contributing to up to 75% of treatment discontinuations of statins within 

two years of treatment initiation.93 The clinical presentation of SAMS is highly 

heterogeneous, mainly characterised by muscle pain or aches (myalgia), muscle 

weakness, stiffness and cramp, with normal or slightly elevated creatine kinase 
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(CK) concentrations.93 For older adults, SAMS may substantially impact their 

independence and quality of life by exacerbating physical deconditioning and 

frailty.176 Two rare and severe forms of SAMS - myopathy (defined as muscle 

symptoms with CK >10 × the upper limit of normal [ULN]) and rhabdomyolysis 

(defined as muscle symptoms with CK >40 × ULN when accompanied with renal 

impairment and/or myoglobinuria) are devastating and potentially life-

threatening.93 In real-world populations, it was estimated that the myopathy and 

rhabdomyolysis occur in 5 and 1.6 patients per 100,000 person-years, 

respectively.95 

  

The high incidence and prevalence of SAMS and other statin-related AEs 

were mainly observed in non-randomised scenarios, including observational 

studies, patient registries and routine clinical settings.177 However, owing to the 

lack of a comparator in these contexts, any relation between reported AEs and 

statin use can only be seen as associative. In contrast, results yielded using data 

from randomised controlled trials (RCTs) that enable the establishment of causal 

relations, should provide more reliable evidence of actual statin attributable AEs. 

Therefore, we conducted a systematic review and meta-analysis of RCTs to 

comprehensively evaluate the safety and tolerability of statins versus placebo in 

primary prevention in older adults, with a focus on the risk of SAMS. We also 

assessed the incidence of total AEs, serious AEs (SAEs), and permanent treatment 

discontinuations between statin and placebo groups, as these outcomes present the 

general safety and tolerability profiles of a treatment.  

3.3 Methods 
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3.3.1 Systematic Review Registration 

The protocol was registered with the International Prospective Register of 

Systematic Reviews (PROSPERO) (registration number CRD42017058436) and 

published elsewhere.169 This systematic review and meta-analysis was reported in 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses method.178  

 

3.3.2 Data Sources and Study Selection  

Except for participants’ age, this meta-analysis used the same selection criteria 

as used in a previous Cochrane meta-analysis investigating the effects of statins in 

primary prevention populations with no age limit. We therefore selected eligible 

trials published before January 2012 from the reference lists of this published 

Cochrane meta-analysis (updated to 2012) to avoid duplicate work.77 We then 

conducted a new search using the Cochrane Central Register of Controlled Trials 

(CENTRAL), MEDLINE and EMBASE databases to identify eligible trials 

published between January 2012 and July 2018. A combination of MeSH subject 

headings terms (such as “Hydroxymethylglutaryl-CoA Reductase Inhibitors”, 

“Hyperlipidaemias”, “Cholesterol”, “Cardiovascular Diseases”) and related free 

text terms (such as “hydroxymethylglutaryl*”, “cardio*”, “hyperlipid*”, 

“cholesterol*”) were used.  Terms “random$ or placebo$ or single blind$ or 

double blind$ or triple blind$” were used to filter the RCTs. A complete 

EMBASE search strategy is presented in Table 4.1.169 The search strategy was 

adapted to the other databases. No language restrictions were applied. We also 

manually searched relevant reviews and the reference lists of eligible articles to 

supplement the electronic search.  
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TABLE 3.1 Searching Strategy Designed for EMBASE Database                                                                                                                                                    

1. exp hydroxymethylglutaryl 

coenzyme A reductase 

inhibitor/ 

2. hydroxymethylglutaryl*.tw. 

3. HMG-CoA*.tw. 

4. (statin or statins).tw. 

5. cerivastatin.tw. 

6. fluvastatin.tw. 

7. lovastatin.tw. 

8. atorvastatin.tw. 

9. pravastatin.tw. 

10. simvastatin.tw. 

11. lipitor.tw. 

12. baycol.tw. 

13. lescol.tw. 

14. mevacor.tw. 

15. altocor.tw. 

16. pravachol.tw. 

17. lipostat.tw. 

18. zocor.tw. 

19. mevinolin.tw. 

20. compactin.tw. 

21. fluindostatin.tw. 

22. rosuvastatin.tw. 

23. dalvastatin.tw. 

24. cranoc.tw. 

25. canef.tw. 

26. locol.tw. 

27. lochol.tw. 

28. leucol.tw. 

29. lescol.tw. 

30. monacolin.tw. 

31. medostatin.tw. 

32. mevinacor.tw. 

33. livalo.tw. 

34. pitava.tw. 

35. pitavastatin.tw. 

36. pravasin.tw. 

37. mevalotin.tw. 

38. gerosim.tw. 

39. lipex.tw. 

40. zenas.tw. 

41. crestor.tw 

42. meglutol.tw. 

43. or/1-42 

44. exp cardiovascular 

disease/ 

45. cardio*.tw. 

46. cardia*.tw. 

47. heart*.tw. 

48. coronary*.tw. 

49. angina*.tw. 

50. hyperlipidemia/ 

51. exp cholesterol/ 

52. exp lipid blood level/ 

53. hyperlipid*.tw. 

54. hypercholesterol*.tw. 

55. cholesterol*.tw. 

56. hypercholester?emia*.tw. 

57. hyperlip?emia*.tw. 

58. triglycerid*.tw. 

59. hypertriglycerid?emia*.tw. 

60. hyperlipoprotein?emia*.tw. 

61. LDL.tw. 

62. HDL.tw. 

63. or/44-62 

64. 43 and 63 

65. limit 64 to yr=”2012 -

Current” 

66. (random$ or placebo$ or 

single blind$ or double 

blind$ or triple blind$).ti,ab. 

67. retracted article/ 

68. 66 or 67 

69. (animal$). sh, hw. 

70. (book or conference paper 

or editorial or letter or 

review).pt. not exp randomized 

controlled trial/ 

71. (random sampl& or 

random digit$ or random 

effect$ or random survey or 

random regression).ti,ab. not 

exp randomized controlled 

trial/ 

72. 69 or 70 or 71 

73. 68 not 72 
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Records from three databases were exported to Endnote X8 (Bld 10063). After 

removing duplicate records, two review authors (ZZ and LA) independently 

screened the title and abstract against the eligibility criteria. Discrepancies were 

resolved by consensus after discussion. A recommendation was given by the third 

author (MN) if consensus could not be reached. The full text for titles and 

abstracts that meet the inclusion criteria were obtained. Two review authors (ZZ 

and LA) independently screened the full text of identified records and recorded 

the reasons for excluding trials.  

 

3.3.3 Selection Criteria 

We included studies that met the following criteria: 1) double-blind RCTs of 

statins versus placebo with at least one-year follow-up and; 2) reporting at least 

one outcome of interest (defined below in section 2.4 Outcomes) in (subgroup of) 

participants aged 65 years or more without overt CVD.   

 

We excluded studies that 1) targeted participants with certain pre-existing 

conditions including cancer, hypothyroidism, acute infection, chronic kidney 

disease, human immunodeficiency virus infection, post-transplantation, or any 

other acute illness, which may increase the risk of AEs;179 2) studied cerivastatin, 

which was withdrawn from the market in 2001 or; 3) studied a combination of 

statins with any other lipid-lowering medication as the study treatment.  

 

3.3.4 Outcomes  
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The primary outcome was adverse muscle symptoms including myalgia, 

muscle weakness, stiffness, tenderness and cramp (myopathy and rhabdomyolysis 

were not included).93  

 

Other outcomes included myopathy, rhabdomyolysis, any AE (refers to the 

AEs recorded in the original trial; we did not exclude adverse muscle symptoms, 

myopathy and rhabdomyolysis if these outcomes were counted as AEs in the 

original trial), any SAE (defined as adverse experiences that were considered 

serious including life-threatening, causing death or a permanent disability or 

incapacity, resulting in or prolonging hospitalisation),180 permanent treatment 

discontinuation of statins or placebo due to any reason, AEs or adverse muscle 

symptoms.  

 

3.3.5 Data Extraction and Quality Assessment 

Two reviewers (ZZ, LA) independently extracted data using a pre-defined, 

standardised data extraction sheet. When trial outcome data was published in a 

form that corresponded to our age eligibility criteria (age ≥65 years) it was 

extracted directly from the publication in aggregate form. If there was no 

subgroup data provided for the over 65 age group, we requested individual patient 

data from the corresponding authors and/or pharmaceutical sponsors of the 

original trial and performed the appropriate analysis for that age group.  

 

Two independent review authors (ZZ and LA) assessed the risk of bias of all 

included studies separately using the Cochrane’s Risk of Bias Tool (RevMan 

Version 5.3.5, The Cochrane Collaboration).181 The Cochrane Collaboration tool 
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included seven specific domains  (See Table 3.2 for the seven assessment 

criteria).182 We assessed the overall risk of bias for each trial based on the 

judgement of each domain as high, low or unclear risk and rated it by the highest 

risk assigned across individual domains. Two figures were generated using 

RevMan in this chapter. One was a ‘Risk of bias summary’ figure that showed all 

assessments in a cross-tabulation for each study (Figure 3.1 a). Another was a 

‘Risk of bias graph’ figure that presented the proportion of studies with each of 

the assessments for each entry in the tool (Figure 3.1 b).182  

 

We used the Grading of Recommendations Assessment, Development, and 

Evaluation (GRADE) approach to rate the quality of evidence for each outcome 

across all the trials as very low, low, moderate or high, with a ‘Summary of 

findings’ table created (Table 3.3).183  

 

TABLE 3.2 Seven Domains Involved in Cochrane Assessment Tool for Risk of 

Bias                                                                                                                                    

●   Random sequence generation (Selection bias) 

●   Allocation concealment (Selection bias) 

●   Blinding of participants and personnel (Performance bias) 

●   Blinding of outcome assessment (Detection bias) 

●   Incomplete outcome data (Attrition bias) 

●   Selective reporting (Reporting bias) 

●   Other sources of bias (Other bias) 
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Figure 3.1 ‘Risk of bias’ summary (a) and graph (b) 

Review author’s judgements about each methodological quality item were presented as percentages across all 

included trials (a) and for each included trial (b). 
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TABLE 3.3 ‘Summary of Findings’ Generated by GRADE183 

Outcomes 
Anticipated absolute effects  

(95% CI) 

Relative Risk  

 (95% CI) 

№ of participants  

(number of studies) 
I2 statistics p value 

Certainty of the 

evidence 

(GRADE) 
Risk with placebo Risk with statins 

Adverse muscle-

related symptoms  
75 per 1,000 

76 per 1,000 

(68 to 84) 

1.01 

(0.90 to 1.12) 

16,633 

(n = 9) 

1.1% 0.50 ⨁⨁⨁◯ 

MODERATE 

Myopathy  Only 4 cases reported in the statin group and 3 in the placebo group 

within the JUPITER. No case was reported in other trials. 

- 13,379 

(n = 7) 

- - ⨁⨁◯◯ 

LOW  

Rhabdomyolysis  Only one case was reported in the pooled statin groups; No case 

was reported in the pooled placebo groups. - 
15,308 

(n = 7) 

- - ⨁⨁◯◯ 

LOW  

AEs 
300 per 1,000 

297 per 1,000 

(285 to 312) 

0.99 

(0.95 to 1.04) 

3,254 

(n = 6) 

0.0% 0.95 ⨁⨁⨁◯ 

MODERATE  

Serious AEs 
285 per 1,000 

288 per 1,000 

(277 to 300) 

1.01 

(0.97 to 1.05) 

15,947 

(n = 7) 

0.0% 0.89 ⨁⨁⨁◯ 

MODERATE  

Permanent 

discontinuation  
125 per 1,000 

124 per 1,000 

(102 to 153) 

0.99 

(0.81 to 1.22) 

2,268 

(n = 6) 

0.0% 0.81 ⨁⨁◯◯ 

LOW  

Permanent 

discontinuation due to 

AEs 

33 per 1,000 

34 per 1,000 

(27 to 44) 

1.05 

(0.83 to 1.33) 

7,842 

(n = 8) 

0.0% 0.59 ⨁⨁⨁◯ 

MODERATE  

Permanent 

discontinuation due to 

muscle symptoms 

6 per 1,000 

7 per 1,000 

(4 to 12) 

1.17 

(0.64 to 2.14) 

6,570 

(n = 6) 

0.0% 0.75 ⨁⨁⨁◯ 

MODERATE  

AE = adverse event; CI = confidence interval; GRADE = Grading of Recommendations, Assessment, Development and Evaluations JUPITER = Justification for the Use of statins in Prevention:   

An Intervention Trial Evaluating Rosuvastatin. 
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3.3.6 Data Synthesis and Analysis 

To account for a between-study variation in the effect sizes of an outcome, we 

employed the DerSimonian and Laird random-effects models to perform meta-

analyses of outcomes (except for myopathy and rhabdomyolysis).184 Results of 

the analyses were presented as risk ratios (RRs) with 95% confidence intervals 

(95% CIs). We provided a narrative statement for myopathy and rhabdomyolysis 

as most included trials reported zero events of these two outcomes in both arms.  

 

Between-study heterogeneity was assessed using the I2 statistic.185 I2 values of 

0% to 40%, 30% to 60%, 50% to 90%, and 75% to 100%  correspond to 

negligible, moderate, substantial and considerable heterogeneity, respectively.184 

Subgroup analyses were conducted for the primary outcome based on pre-

specified factors including follow-up duration (<3 years, ≥ 3 years), the dose 

intensity of statins (standard, intensive, multiple)186 and the solubility of statins 

(hydrophilic, lipophilic). As only nine trials reported the primary outcome, we 

were unable to assess publication bias using funnel plots and Egger’s regression 

test as planned.187 A leave-one-out sensitivity analysis was conducted by 

iteratively removing one study at a time to assess the impact of every single study. 

Meta-regression was not conducted to prevent the risk of false positives.188  

 

All the analyses were conducted using R (Version R-3.5.1). All tests were 2-

tailed. A p-value <0.05 was considered statistically significant. 
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3.4 Results  

3.4.1 Trials Retrieved and Study Characteristics 

The trial selection flowchart is presented in Figure 3.2. Of 9,751 citations 

identified initially by our new established search, 71 articles were retrieved for 

full review and two publications from one trial (Heart Outcomes Prevention 

Evaluation [HOPE]–3 trial152) met our eligibility criteria in the database search. 

However, this trial had a wider age-range criterion and was excluded later as 

separate data for older adults could not be obtained.189 Ten RCTs selected from 

the Cochrane review and one from the manual search were included in the final 

analyses, with a total of 18,192 subjects included (mean age 73.7 years; 43% 

females; median follow-up 3.0 years).  
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Figure 3.2 Study selection process.  

*Trial by Bruckert et al. †MRC/BHF (Medical Research Council/British Heart Foundation) Heart 

Protection study,190 HOPE-3 trial152 and ACAPS (Asymptomatic Carotid Artery Plaque Study) 

trial.191 Abbreviations: HOPE-3 = Heart Outcomes Prevention Evaluation-3; RCT = randomised 

controlled trial. 
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The characteristics of the included RCTs are summarised in Table 3.4. Trials 

conducted by Bruckert et al. and Chan et al. exclusively enrolled older adults 

without overt CVD.154,192 Data from 3 trials were derived from the post-hoc 

analyses of the primary trials.153,193,194 Data from 4 trials were extracted from 

individual patient data.195-198 Data from the PROSPER trial118 were obtained from 

the meta-analysis by Teng et al.124 and data from the ASCAPS-TexCAPS trial199 

were from the meta-analysis by Iwere et al.200  

 

3.4.2 Risk of Bias and Quality of Evidence 

Results of the risk of bias assessment are presented in Figure 3.1. In terms of 

the rating of methodological quality items across all included trials, half of the 

trials were rated as having an unclear risk of bias for the random sequence 

generation and for the allocation concealment. Most of the trials were rated as 

having an unclear or high risk for the item of ‘other bias’, because they were 

funded by pharmaceutical companies. For the remaining items, most included 

trials were rated as having a low risk of bias. In terms of the methodological 

quality for each individual trial, eight trials (ASCAPS-TexCAPS 1998,199 

PROSPER 2002,118 CARDS 2004,194 PREVEND IT 2004,197 ASPEN 2006,198 

Bone 2007,196 METEOR 2007195 and ASCOT-LLA 2011153,201) were rated as 

having an unclear risk of bias, and three trials (Chan 1996,192 Bruckert 2003,154 

JUPITER 2010120,193) were rated as having a high risk of bias.  

 

The quality of evidence applied for each outcome was summarised in the 

‘Summary of findings’ table according to the GRADE approach (Table 3.3). The 
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quality of evidence on adverse muscle symptoms, AEs, SAEs, permanent 

treatment discontinuations due to AEs and due to muscle-related symptoms was 

rated moderate and on myopathy, rhabdomyolysis and total permanent 

discontinuations was rated low. 

 

3.4.3 Adverse Muscle Symptoms  

Nine trials with 7.7% (642/8346) of participants in the statin group versus 7.5% 

(622/8287) of participants in the placebo group reported adverse muscle 

symptoms. There was no significant difference in the risk of adverse muscle 

symptoms between the two groups (RR 1.01, 95% CI 0.90 to 1.12, p = 0.50, I2 = 

1.1%) (Figure 3.3).  

 

3.4.4 Myopathy and Rhabdomyolysis 

Seven trials with 0.06% (4/6724) of participants treated with statins versus 

0.05% (3/6655) treated with placebo reported myopathy. Of seven trials with 

available data on rhabdomyolysis, only one case (1/7691) in the statin group and 

none (0/7617) in the placebo group were recorded. 

 

3.4.5 Adverse Event (AE) and Serious Adverse Event (SAE) 

Six trials with 34.3% (581/1694) of participants treated with statins versus 

30.0% (468/1560) treated with placebo reported AEs. Seven trials with 28.0% 

(2238/7989) of participants treated with statins versus 28.5% (2270/7958) treated 

with placebo reported SAEs. The risks of both AEs (6 trials; RR 0.99, 95% CI 

0.95 to 1.04, p = 0.95, I2 = 0.0%) and SAEs (RR 1.01, 95% CI 0.97 to 1.05, p = 
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0.89, I2 = 0.0%) did not differ significantly between statin and placebo (Figure 

3.4). 

 

3.4.6 Permanent Treatment Discontinuation  

There were no significant differences observed in the incidence of total 

permanent treatment discontinuations (6 trials; RR 0.99, 95% CI 0.81 to 1.22, p = 

0.81, I2 = 0.0%), permanent treatment discontinuations due to AEs (8 trials; RR 

1.05, 95% CI 0.83 to 1.33, p = 0.59, I2 = 0.0%) and due to adverse muscle 

symptoms (6 trials; RR 1.17, 95% CI 0.64 to 2.14, p = 0.75, I2 = 0.0%) of statins 

versus placebo (Figure 3.4).  

 

3.4.7 Subgroup Analyses 

The results of subgroup analyses suggest that our primary result was 

consistent regardless of the solubility and dosing of statins assigned and the 

length of follow-up duration of trials (Figures 3.5, 3.6 & 3.7). 

 

3.4.8 Sensitivity Analyses 

The results yielded by the leave-one-out sensitivity analysis were consistent 

with the primary result, indicating that our primary finding was not driven by any 

single study (Figure 3.8).  
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TABLE 3.4 Baseline Characteristics and Outcomes Reported of the Included Trials 

Study name Year Country 

Patients (n) 

(Statin 

/placebo) 

Mean age (Age 

range) 

Median 

follow-up, 

year 

Female 

(%) 

Statins 

(mg/day) 

 

Dosage 

Intensity 

 

Baseline 

LDL-C 

(mmol/L) 

Run-in 

(week) 

Stop 

early 

Outcome 

reported 

Chan et al192 

 

1996 China 96 

(48/48) 

77 (≥65) 1.0 51 Pravastatin* 

(15) 

Standard 5.27 Dietary 

(12) 

No MS, AE, TPD, 

PD-AE, PD-MS 

ASCAPS-

TexCAPS199 

 

1998 U.S. 1416 

(715/701) 

NR (65-75) 5.2 

 

25 Lovastatin† 

(20-40) 

Standard 4.06 Dietary 

(12) + 

Placebo (2) 

Yes MY 

PROSPER118 

 

2002 Scotland, Ireland, The 

Netherlands 

3239 

(1585/1654) 

75(70-82) 3.3 59 Pravastatin* 

(40) 

Standard 3.80 Placebo (4) No MS, MY, RB, 

SAE 

Bruckert et al154 

 

2003 France, Italy, Spain, 

Belgium, Israel 

1229 

(607/622) 

76(69-92) 1.0 75 Fluvastatin† 

(80) 

Standard 5.18 None Yes MS, MY, AE, 

SAE, TPD, PD-

AE, PD-MS 

PREVEND IT197 2004 The Netherlands 143 

(78/65) 

70(65-76) 3.83 

(mean) 

27 Pravastatin* 

(40) 

Standard 4.30 None No TPD, PD-AE 

 CARDS194 

 

2004 UK and Ireland 1129 

(572/557) 

69(65-77) 3.9 

 

31 Atorvastatin† 

(10) 

Standard 3.06 Placebo (6) Yes MS,MY,RB, 

AE, SAE, PD-

AE 
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*Hydrophilic; †Lipophilic; ‡Patients with the history of angina were excluded; §Median. Abbreviations: ASCAPS-TexCAPS = Air Force/Texas Coronary Atherosclerosis Prevention Study; 

PROSPER = Pravastatin in Elderly Individuals at Risk of Vascular Disease; PREVEND IT = Prevention of Renal and Vascular End-stage Disease Intervention Trial; CARDS = Collaborative 

Atorvastatin Diabetes Study; ASPEN = The Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints in Non-Insulin-Dependent Diabetes Mellitus; METEOR= Measuring Effects 

on Intima-Media Thickness: an Evaluation of Rosuvastatin; JUPITER= Justification for the Use of statins in Prevention: an Intervention Trial Evaluating Rosuvastatin; ASCOT-LLA = Anglo-

Scandinavian Cardiac Outcomes Trial Lipid-Lowering Arm; MS = muscle-related symptoms MY = myopathy; RB = rhabdomyolysis; TPD = total permanent discontinuation; PD-AE = 

permanent discontinuation due to AEs; PD-MS = permanent discontinuation due to muscle-related symptoms; HTN = hypertension; NR = not report. 

TABLE 3.4 (Cont.) 

Study name Year Country Patients (n) 

(Statin/place

bo) 

Mean age (Age 

range), year 

Median 

follow-up, 

year 

Female 

(%) 

Statins 

(mg/d) 

 

Dosage 

Intensity 

 

Baseline 

LDL-C 

(mmol/L) 

run-in 

(weeks) 

Stop 

early 

Outcome 

reported 

ASPEN198 

 

2006 14 countries 590‡ 

(309/281) 

69(65-78) 4 34 Atorvastatin† 

(10) 

Standard 2.98 Placebo (6) No MS,MY,RB,AE

,PD,PD-AE,PD-

MS 

Bone et al196 

 

2007 U.S. 129 

(100/29) 

69(65-78) 1 100 Atorvastatin† 

(10-80) 

Multiple 3.4-4.9 None No MS, 

RB,AE,SAE,PD

,PD-AE,PD-MS 

METEOR195 

 

2007 U.S. and Europe 81 

(58/23) 

NR (65-74) 1.8 77 Rosuvastatin* 

(40) 

Intensive 3.99 None No MS,MY,RB,AE

, SAE, PD, PD-

AE, PD-MS 

JUPITER120,193 

 

2010 26 countries 5695 

(2878/2817) 

74§ (70-97) 

 

1.9 

 

52 Rosuvastatin* 

(20) 

Intensive 2.80 Placebo (4) Yes MS,MY,RB, 

SAE 

ASCOT-

LLA153,201 

2011 Six European 

countries 

4445 

(2189/2256) 

NR (≥65) 3.3 

 

20 Atorvastatin† 

(10) 

Standard 3.44 None Yes MS,RB, SAE, 

PD-AE,PD-MS 
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Figure 3.3 Relative risks along with 95% confidence intervals of adverse muscle 

symptoms between the statin and placebo groups.  

Abbreviation: CI = confidence interval.   
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Figure 3.4 Relative risks of adverse events, serious adverse events, total permanent 

discontinuations, discontinuations due to adverse events and muscle symptoms.  

Abbreviations: AE = adverse event; CI = confidence interval; MS = muscle-related symptoms. 
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Figure 3.5 Subgroup analysis of adverse muscle symptoms in terms of the solubility 

of statins. 

Abbreviation: CI = confidence interval.   

 

 

  



Chapter 3- The safety and tolerability of statin therapy in primary prevention in older 
adults: a systematic review and meta-analysis 

 

77 
 

 

Figure 3.6 Subgroup analysis of adverse muscle symptoms in terms of the dose 

intensity of statins.  

Abbreviation: CI = confidence interval.   
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Figure 3.7 Subgroup analysis of the adverse muscle symptoms in terms of the length 

of follow-up of trials. 

Abbreviation: CI = confidence interval.   
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Figure 3.8 Leave-one-out sensitivity analysis for the primary outcome. 

Abbreviations: CI = confidence interval; RR = relative risk.    
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3.5 Discussion 

3.5.1 Principal Findings   

In this meta-analysis of eleven RCTs, we found no evidence of an excess 

incidence of adverse muscle symptoms, AEs and SAEs attributable to statin 

compared to placebo in older adults without overt CVD. For myopathy and 

rhabdomyolysis, incidence rates were extremely low in both statin and placebo 

groups. Additionally, the incidence of total permanent discontinuations and of 

permanent discontinuations due to AEs or adverse muscle symptoms were not 

significantly different between statin and placebo groups. Our study findings 

supplement the current evidence base regarding the safety and tolerability of 

statin use in older adults in the primary prevention setting.  

 

We did not evaluate the risk of other purported statin-related AEs such as 

diabetes and haemorrhagic stroke, as they may only emerge after long-term statin 

exposure in large numbers of patients.202 In a cohort study of 22,340 older adults, 

45% discontinued statins within one year of treatment initiation.203 It therefore 

seems likely that participants may be more concerned about the more immediate 

side effects of statins such as SAMS. 

 

3.5.2 Comparison with Other Studies and Possible Explanations 

Prior to our study, a meta-analysis by Teng et al. 124 using published data from 

statin trials showed no increased risk of myalgias, SAEs and AE-related treatment 

discontinuations associated with statin use versus placebo/usual care in older 

adults without CVD. Our study updated their study findings by adding new data 
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from four clinical trials, applying stringent selection criteria, and looking into 

additional safety-related outcomes which are clinically relevant. Another meta-

analysis of RCTs of older adults with and without CVD history by Iwere et al.200 

also showed no significant difference in the risks of muscle-related symptoms and 

AE-related treatment discontinuations between statin and placebo/usual care 

groups.  

 

Whilst our study findings were consistent with previous meta-analyses of 

RCTs, they do not concur with the high prevalence of SAMS and other statin-

related AEs observed in routine clinical settings. In the absence of a comparator 

group in real-world scenarios, it is possible that patients and their health providers 

may misattribute symptoms to statins if that patient was currently taking statin 

drugs. Evidence for this is seen in a large cohort study in a routine care setting, in 

which more than 90% of statin-users who were re-challenged after suffering an 

AE could tolerate a statin long-term.101 In fact, muscle complaints are frequently 

reported by older adults and the reasons can be diverse (i.e. sarcopenia, increased 

physical activity, diseases that lead to or increase the susceptibility to muscle 

problems, medications with known muscular toxicity).93 Such misattribution may 

prevent a substantial number of older adults from taking statins, and mean they 

forego potential cardiovascular benefits with more incident events as a 

consequence.93 

 

The nocebo effect may also provide some explanation for the higher 

prevalence of SAMS in real-world practice.100 The nocebo effect refers to the idea 

that subjective AEs such as aches and pains are due to patients’ expectations of 
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harm from statin therapy, because of their awareness and concerns about possible 

statin-related side effects.99 In fact, the misattribution bias and nocebo effect (if 

participants believe they are taking statins whether or not they are) may also occur 

in RCTs. Despite this, they impact statin and placebo groups equally. Hence their 

presence will not distort the estimates of treatment effects. In this meta-analysis, 

the incidence of adverse muscle symptoms was found to be similar between statin 

and placebo groups (7.7% vs. 7.5%), further indicating that the AEs observed in 

the statin group were not necessarily related to the study treatment.  

 

It is worth noting that the generalisability of our study findings may be limited 

to routine clinical settings due to the inadequate representation of real-world 

populations. Participants within a clinical trial are more homogeneous than real-

world populations, with regards to demographic, functional and clinical aspects. 

In this meta-analysis, most included trials involved predominantly white and older 

adults of age less than 80 years. Therefore, our study results may not apply to 

very old populations and other races or ethnicities. Trial participants also tend to 

be more motivated and to have better physical and psychological functioning, so 

that the risk of statin-related AEs for these individuals is likely to be lower.204 In 

view of this, evidence from clinical registries that reflect day-to-day clinical 

practice can be complementary to randomised evidence and provide some value 

for informing clinical decision-making, while also acknowledging the design 

limitations.  

 

3.5.3 Limitations 
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Several limitations in this review need to be raised. Firstly, evidence quality of 

the outcomes in this review was rated from low to moderate. Therefore, the 

results should be interpreted with caution. Secondly, individual patient data from 

three identified trials152,190,191 could not be obtained, which lowers the study 

power. Thirdly, a median follow-up of 3 years of included trials may limit study 

ability to assess the safety and tolerability of statins over the long-term. However, 

common and immediate side effects of statins such as SAMS are more likely to 

be clinically-concerning issues that were reported to contribute to a high rate of 

statin discontinuations within the early period (1-2 years) of treatment initiation.93 

Fourthly, all the included trials were industry-sponsored and therefore may be 

biased in favour of the sponsor’s drugs. However, this limitation is likely to be 

minimal as all the reported AEs were recorded by blinded personnel. Additionally, 

as seven included trials did not perform further subgroup analysis by age and 

participants’ mean age in three trials was unknown, we were unable to conduct a 

subgroup analysis or meta-regression to assess whether age increases the risk of 

statin-related AEs and the incidence of treatment discontinuations of statins. 

Moreover, some trials have a small sample size and unbalanced treatment arms, 

which may influence the accuracy of the results. While no heterogeneity was 

observed in the meta-analyses of all outcomes, the small study effect appeared to 

be negligible. Finally, the study results may have generalisability considerations 

for patients in routine clinical settings.  

 

3.6 Conclusions  
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In this meta-analysis of RCTs, we found no evidence of an excess incidence of 

adverse muscle symptoms, total AEs, SAEs and treatment discontinuations 

attributable to statin compared to placebo among older adults without CVD. As 

statin intolerance and discontinuation remain important and unresolved clinical 

issues, further evidence from high-quality RCTs that design a priori to assess the 

safety and tolerability of statins in older adults without CVD exclusively is 

warranted to provide more reliable evidence. 
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4.1 Abstract  

Background: There is clinical uncertainty regarding the benefits and harms of 

prescribing statins in healthy individuals aged ≥70 years.  

Objectives: To examine the association between statins, dementia and disability-

free survival, and cardiovascular disease (CVD) among healthy older adults 

using data from the Aspirin in Reducing Events in the Elderly (ASPREE) trial. 

Methods: ASPREE was a randomised trial of 19,114 community-dwelling 

persons in Australia and the United States, aged ≥65 years and free of 

documented CVD, dementia, and disability. We collected data for those aged 

≥70 years and then compared the participants who took statins at baseline with 

those who did not using Cox proportional-hazards regression with an inverse-

probability weighting. The primary outcome, referred to as ‘disability-free 

survival’, was a composite of all-cause mortality, dementia, or persistent 

physical disability. Other outcomes included the individual components of the 

composite, major adverse cardiovascular events, fatal CVD, myocardial 

infarction, and stroke.  

Results: Of the 18,096 included participants (median age, 74.2 years; 56.0% 

women), 5,629 took statins at baseline. Over a median follow-up of 4.7 years, 

baseline statin use was not associated with disability-free survival nor with the 

risk of all-cause mortality or dementia. However, it was associated with lower 

risks of physical disability and all cardiovascular outcomes.  
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Conclusions: Among healthy community-dwelling adults aged ≥70 years, statin 

use may be beneficial for preventing physical disability and CVD, but not 

beneficial for prolonging disability-free survival, or avoiding death or dementia. 

Future clinical trials are needed to confirm these findings. 
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4.2 Introduction 

Primary prevention of cardiovascular disease (CVD) is an increasingly 

important strategy for healthy ageing due to a high CVD burden borne by older 

populations.14 Statin therapy is a mainstay for reducing cardiovascular risk in 

individuals with established CVD and those at high risk.34 However, there 

remains clinical uncertainty as to whether statins are beneficial in adults aged ≥70 

years without CVD who have been largely underrepresented in past statin 

trials.205,206  

 

In the absence of primary prevention trials designed a priori to examine the 

effects of statins exclusively in older adults, existing evidence is derived mainly 

from post-hoc or subgroup analyses of principle randomised trials and meta-

analyses of these studies.207 A meta-analysis by Ridker et al.122 using age-

stratified data from two primary prevention statin trials (the Justification for Use 

of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin [JUPITER] 

and the Heart Outcomes Prevention Evaluation [HOPE]-3) found that use of 

rosuvastatin significantly lowered risk of a composite outcome of nonfatal 

myocardial infarction [MI], nonfatal stroke, or cardiovascular death by 26% 

compared with placebo in people aged ≥70 years initially free of CVD. However, 

participants included these trials bore a disproportionate burden of CVD 

(JUPITER required elevated high-sensitivity C-reactive protein and HOPE-3 

required at least one prespecified CVD risk factor) and this may mean the study 
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findings cannot be extrapolated to general older populations in primary 

prevention settings.   

 

The insufficient trial evidence has therefore resulted in the use of preventive 

statins in older adults based at least partly on extrapolation from findings in 

younger groups.73 The main concern with this approach is that older adults are 

likely to be more susceptible to and less tolerant of drug-related side effects 

compared with younger people due to age-related physiological decline and 

increased burdens of disease and medication.73 A cost-effectiveness study by 

Odden et al.127 projected that any statin-related adverse effect that contributes to 

a mild decline in functioning and cognition could counterbalance its 

cardiovascular benefits in adults aged ≥75 years. Moreover, older people may 

experience immediate harms from statins and may not live long enough to accrue 

the benefits due to the competing risks of non-CVD deaths. 

 

Notwithstanding these concerns, primary prevention with statins has the 

potential to preserve function and prolong a healthy and independent life span 

for older adults through their roles in preventing cardiovascular morbidity and 

mortality.132,133 Small gains in maintaining living independence and in avoiding 

or postponing institutionalisation may substantially improve their quality of 

life.134 Yet, little detailed work has been done on these areas.135 There is a 

significant need for better evidence for the effects of statins not only on CVD, 

but more importantly, on a set of global, cross-disease health outcomes such as 

life expectancy, independent living, and physical and cognitive functioning.136  
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Thus, we conducted a prospective cohort study of independent, community-

dwelling adults aged ≥70 years with no evidence of CVD, dementia and physical 

disability (referred to as ‘healthy older adults’ hereafter) using data from the 

Aspirin in Reducing Events in the Elderly (ASPREE) trial.139-142 The overarching 

aim of the present study was to investigate the association of statin use with 

disability-free survival, risk of all-cause mortality, incident dementia, and 

physical disability as well as CVD in the target population.  

 

4.3 Methods 

This analysis is exempt from ethics review because of the existing data from 

ASPREE used and because no additional information was collected from 

participants.  

 

4.3.1 Data Source and Study Population 

The trial design, methods, and main results of the ASPREE trial have been 

published previously.139-142 In brief, ASPREE was a double-blind, randomised 

clinical trial that compared daily 100 mg aspirin to placebo on disability-free 

survival in community-dwelling adults living in Australia and the U.S. who were 

aged ≥70 years (≥65 years in U.S. minorities) and initially free of documented 

CVD, dementia, and physical disability. Other selection criteria were detailed 

elsewhere.139-142   

 

The exposure in the present analysis is use of statins at baseline. As statins 

were not randomly assigned, the observed data arise from a cohort design and 
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were used to estimate average treatment effects of statin use at baseline on 

outcomes. The population of interest was those aged ≥70 years who had complete 

data on baseline statin status, follow-up events and the covariates used for the 

analysis. Of the 19,114 participants randomised into the ASPREE trial, we 

excluded 566 aged under 70 years and 452 with incomplete data on baseline 

covariates, leaving 18,096 for the final analyses (Figure 4.1).  

 

 

 

Figure 4.1 Flow diagram of participant selection 

From a total of 19,114 participants recruited to the ASPREE trial, 566 were excluded from this 

study for their age being under 70 years. Further 452 participants were excluded for missing data 

on the baseline covariates (including grip strength of dominant hand, gait time for 3 meters, 

cancer history, heart rate and education attainment). The final study population consisted of 

18,096 participants. 

  

19 114 participants being randomized to the ASPREE trial 

566 excluded with age under 70 years 

452 Excluded 

272 missing data on the grip strength of dominant hand 

90 missing data on gait time for 3 meters

21 missing data on cancer history 

5 missing data on heart rate

1 missing data on education level

18 096 included in the final analysis
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4.3.2 Baseline Covariates 

To reduce the imbalance of potential confounding factors between statin users 

and nonusers, we compiled a comprehensive set of baseline covariates on which 

to compare statin users and nonusers. Covariates included age, sex, race/ethnicity 

(white Australian, white American, black, Hispanic, other), body mass index 

(BMI calculated as weight in kilograms divided by height in meters squared), 

mean heart rate, tobacco use (never, former, current), alcohol consumption, 

educational attainment (<12 years, ≥12 years), living alone (Yes/No), morbidities 

at baseline (diabetes, hypertension, chronic kidney disease), cancer history, family 

history of CVD, total number of medication used at baseline (0-1, 2-4, ≥5), 

baseline medication use (other lipid-lowering agents, antihypertensives, oral 

hypoglycemics, insulin, and previous regular aspirin use), physical function (gait 

speed [time to walk three metres] and grip strength of dominant hand). Details on 

the measurements of baseline variables have been reported previously139-142 and in 

Methodology Section 2.1.1.3. 

 

4.3.3 Ascertainment of Baseline Statin Exposure 

Information on statin use (including types) was recorded at ASPREE trial 

entry along with the use of other concomitant prescription medications and was 

updated at 1-year intervals during follow-up. The information was collected by 

either checking participants’ medical records from their general practitioner or 

primary care provider, or by asking participants to bring in all current or recently 

used medications to study visits. Statin type used by participants at baseline 
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included atorvastatin, simvastatin, rosuvastatin, pravastatin, lovastatin, 

fluvastatin, and pitavastatin. 

 

4.3.4 Outcome Measures 

The prespecified primary outcome, referred as to disability-free survival, was 

a composite outcome derived from death, dementia, or persistent physical 

disability (‘physical disability’ for short; as measured by the Katz Activities of 

Daily Living [ADL]144 tests or admission to a nursing care facility for physical 

disability). Secondary outcomes included the three individual components of the 

primary composite and cardiovascular outcomes including major adverse 

cardiovascular event (MACE), fatal CVD, MI and stroke. All outcomes were 

adjudicated by expert committees blinded to the aspirin or placebo assignment. 

The definitions of outcomes are described in Methodology Section 2.1.1.4.  

 

4.3.5 Statistical Analyses 

We used an inverse-probability of treatment weighting (IPTW) approach 

based on propensity scores for confounding adjustment.163 Propensity-score based 

IPTW is a well-established approach that reduces bias in treatment effect 

estimation in survival analyses.161,162 The propensity score represents the 

probability of receiving a statin, conditional on observed covariates. We created 

propensity scores for statin use for each participant using logistic regression, with 

baseline covariates listed in Table 4.1 as independent variables. The overlap in 

PS distribution between the two groups was checked (Figure 4.2). Stabilised 

weights were imputed based on propensity scores to reweight the study 
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population and achieve covariate balance by creating a pseudo-population.164 To 

limit the influence of extreme weights, we truncated the weights at the 1st and 99th 

percentiles.165 We checked the covariate balance with an absolute standardised 

difference (ASD) measure (ASD ≥0.1 indicates imbalance).166 

 

Next, we calculated the number of events and incidence rate (events in per 

1000 person-years) for each outcome in the original sample. We displayed 

weighted cumulative incidence curves for the primary outcome in addition to 

statistically significant secondary outcomes, considering competing risks. We 

estimated hazard ratios (HRs) for outcomes in relation to baseline statin use with 

Cox proportional-hazards regression with stabilised weights. Robust standard 

errors were used to estimate 95% confidence intervals (CIs). To account for 

multiple events occurring per participant, we repeated the primary analysis using 

the Andersen-Gill method 208 by assuming that all the events and censoring times 

were independent. Schoenfeld residuals validated the proportional-hazards 

assumption for all analyses except for those for physical disability, in which the 

follow-up period was restricted to a 6-year time horizon to meet the assumption. 

Prespecified subgroup analyses were conducted similarly to assess the association 

between statin use and all outcomes by sex (men and women) and age 

(participants <75 and ≥75 years), with the interaction between statin use and age 

or sex tested. 

 

To examine whether the protective association of statins with physical 

disability was a consequence of the cardiovascular benefit of statins, we 

conducted an exploratory analysis in which participants were restricted to those 
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who did not suffer from MACE prior to developing a physical disability and 

compared these results to the main analysis.   

 

We next checked the validity of the IPTW with a negative control.209 We used 

cancer as a negative outcome since there is no clear evidence of an association 

between statins and cancer in the elderly210 and underlying factors increasing the 

risk of cancer are similar to the risk of CVD, such as unhealthy eating and 

lifestyle habits. A significant association between statin use and cancer would 

indicate inadequate confounding adjustment due to uncontrolled confounders. 

 

4.3.5.1 Ancillary Analyses 

As statin exposure was only measured at one point in time on an annual basis 

during follow-up, we were unable to conduct time-dependent Cox regression 

analyses to consider the impact of the variation of statin exposure over time on 

the associations of interest. Instead, we delineated the variation of statin exposure 

over the follow-up period by calculating the proportion of ‘on-treatment’ 

participants in the two groups every year after trial entry.  

 

Although cholesterol-lowering is achieved by all statin types by competitively 

inhibiting 3-hydroxy-3-methylglutaryl‐CoA reductase, individual statins differ in 

chemical structures, pharmacokinetics, and lipid-lowering potencies. The 

variability in pharmacological properties may contribute to varying 

cardiovascular benefits across individual statins, and may ultimately result in 

differential effects on CVD-related morbidity and mortality.67,211,212 We therefore 

compared the incidence of the primary composite outcome, all-cause mortality, 
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and MACE across participants taking specific statin subclasses according to type, 

potency, and solubility. Similar analyses were not conducted for the other 

outcomes due to a relatively small event number in each individual statin group 

and thus a likely insufficient study power for comparison. We classified 

rosuvastatin and atorvastatin as high-potency statins and the other statins as 

low/moderate potency statins according to their relative capacity in low-density 

lipoprotein-cholesterol (LDL-C) reduction.213,214 In terms of solubility, we 

classified pravastatin and rosuvastatin as hydrophilic statins and the other statins 

as lipophilic statins.67 Conventional multivariable Cox models were used to 

calculate the risk estimates for study outcomes. 

 

4.3.5.2 Sensitivity Analyses 

Additional sensitivity analyses were conducted. Firstly, to detect the potential 

confounding by indication, stratified analyses were conducted for the primary 

outcome in terms of diabetes, hypertension, family history of CVD and smoking 

to enable the association with statins to be analysed separately for each clinical 

indication.215,216  

 

Secondly, to test the potential interaction between the effect of statins and 

randomised aspirin on study outcomes, we repeated the analyses including a 

multiplicative interaction term in the weighted Cox models. To eliminate the risk 

of insufficient covariate balance, we repeated the analyses by further adjusting for 

baseline covariates in the IPTW-adjusted Cox regression (called the ‘Doubly-

robust’ method217). Thirdly, to account for competing risks of study outcomes, the 
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main analyses were repeated using the IPTW-adjusted Fine and Gray competing-

risk models.  

 

Finally, we did not use low-density-lipoprotein cholesterol (LDL-C) and other 

cholesterol parameters for propensity score imputation as these biomarkers are 

causally affected by prior statin use, resulting in LDL-C levels that do not reflect 

the levels that indicated treatment. However, omitting cholesterol might lead to 

inadequate confounding adjustment. To detect possible confounding by indication, 

we estimated the pre-treatment LDL-C values for statin users by using the 

summary estimates from a meta-analysis218 of 164 randomised trials for 

percentage reductions in LDL-C, according to statin types with a 20 mg dose (48% 

by rosuvastatin, 43% by atorvastatin, 32% by simvastatin, 29% by lovastatin, 24% 

by pravastatin, 21% by fluvastatin). The LDL-C estimates for statin users together 

with the baseline LDL-C values for nonusers were further incorporated into the 

propensity score imputation model. We then repeated outcome analyses with 

these new weights. 

 

All statistical tests were two-sided, and a p-value <0.05 was considered 

statistically significant. Analyses were performed using STATA/SE 15.0 for 

windows (StataCorp, College Station, TX: StataCorp LLC). 

 

4.4 Results  

4.4.1 Baseline characteristics  
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Among the included 18,096 participants (median [interquartile range] age, 

74.2 [71.8-77.8] years; 56% women), 5,629 (31.1%) were taking statins at 

baseline and 12,467 (68.9%) were not. At baseline and before weighting, 

compared with nonusers, statin users were more likely to be female and to have 

diabetes, chronic kidney disease, hypertension, obesity, and family history of 

CVD, as well as a lower level of educational attainment and grip strength. 

Additionally, more statin users took concomitant medications at baseline and had 

been taking aspirin previously. After weighting adequate covariate balance was 

achieved in all models (all ASDs ≤0.01) (Table 4.1).  
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TABLE 4.1 Characteristics of the Study Population by Baseline Statin Use 

Characteristic* 

Total 

(n = 18096)  

No statin 

(n = 12467)  

Statin 

(n = 5629)  

Before 

IPTW 

After 

IPTW 

ASD† 

Age, y (median, IQR) 74.2 (71.8-77.8) 74.2 (71.8-77.9) 74.2 (71.8-77.7) 0.03 <0.01 

Age ≥ 85 years 699 (3.9) 518 (4.2) 181 (3.2) - - 

Female 10140 (56.0) 6727 (54.0) 3413 (60.6) 0.14 <0.01 

Ethnicity/Race      

  White Australian  15968 (88.2) 11079 (88.9) 4889 (86.9)  

 

0.09 

 

 

<0.01 

  White American 1071 (5.9) 753 (6.0) 318 (5.7) 

  Black  473 (2.6) 292 (2.3) 181 (3.2) 

  Hispanic/Latino  322 (1.8) 194 (1.6) 128 (2.3) 

  Other 262 (1.5) 149 (1.2) 113 (2.0) 

Smoking Status      

  Never 10050 (55.5) 6978 (56.0) 3072 (54.6)  

0.03 

 

<0.01   Former  7407 (40.9) 5065 (40.6) 2342 (41.6) 

  Current  639 (3.5) 424 (3.4) 215 (3.8) 

Current Drinker 14020 (77.5) 9767 (78.3) 4253 (75.6) 0.07 <0.01 

BMI Categories      

  Under-weight  341 (1.9) 288 (2.3) 53 (0.9)  

 

0.27 

 

 

<0.01 

  Normal  4434 (24.5) 3382 (27.1) 1052 (18.7) 

  Over-weight  8090 (44.7) 5562 (44.6) 2528 (44.9) 

  Obese  5231 (28.9) 3235 (26.0) 1996 (35.5) 

Family CVD History 11061 (61.1) 7396 (59.3) 3665 (65.1) 0.12 <0.01 

History of Cancer 3517 (19.4) 2438 (19.6) 1079 (19.2) 0.01 <0.01 

Heart Rate, Beats/min 71 ± 11 71 ± 11 71 ± 11 0.05 <0.01 

Diabetes 1858 (10.3) 756 (6.1) 1102 (19.6) 0.41 <0.01 

Chronic Kidney 

Disease 

4679 (25.9) 2995 (24.0) 1684 (29.9) 0.13 <0.01 

Hypertension 13461 (74.4) 8821 (70.8) 4640 (82.4) 0.28 <0.01 

Living Alone 12231 (67.6) 8458 (67.8) 3773 (67.0) 0.02 <0.01 
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Data are presented as mean ± SD or number (percentage) unless otherwise indicated. ‡Absolute 

standardized difference (ASD) was the absolute difference in means or proportions divided by 

standard error. *Ethnicity/Race “other” includes aboriginal/Torres strait islander, native American, 

more than one race, native Hawaiian / Pacific Islander and those who were not Hispanic and who 

did not state their ethnicity/race. BMI was calculated as weight in kilograms divided by height in 

meters squared and categorized into under-weight (<20 kg/m2), normal (20-24.9 kg/m2), over-

weight (25-29.9 kg/m2), obese (≥30 kg/m2). Diabetes is defined from self-report or fasting glucose 

≥126mg/dL or on treatment for diabetes. Chronic kidney disease is defined as an estimated 

glomerular filtration rate < 60 ml/min/1.73m2 or urinary albumin to creatinine ratio ≥3mg/mmol. 

Hypertension is defined as ‘on-treatment’ for high blood pressure, or blood pressure >140/90 

mmHg at ASPREE trial entry. The number of total concomitant medications used is defined as the 

number of concomitant prescription medication taken by participants at baseline (statin-taking was 

not counted). Previous regular aspirin use was self-reported regular use of aspirin immediately 

prior to first baseline visit with a one-month washout prior to randomisation to study medication. 
†An imbalance was defined as an absolute standardized difference value greater than 0.10 which 

was presented in bold. ASD = absolute standardised difference; BMI = body mass index; CVD = 

cardiovascular disease; IPTW = inverse probability of treatment weighting; IQR = interquartile 

range. 

 

TABLE 4.1 (Cont.) 

Characteristic* 

Total 

     (n = 18096)  

No statin 

     (n = 12467)  

        Statin 

      (n = 5629)  

Before 

  IPTW 

After 

  IPTW 

            ASD† 

Education ≥12 Years 9767 (54.0) 6926 (55.6) 2841 (50.5) 0.10 <0.01 

Gait Time to Walk 

3m, s 

3.1 ± 0.9 3.1 ± 0.9 3.2 ± 0.9 0.09 <0.01 

Grip Strength of 

Dominant Hand, kg 

26.8 ± 9.9 27.2 ± 10.0 26.1 ± 9.7 0.10 <0.01 

Number of Total Concomitant Medication Use     

  0-1 5828 (32.2) 4648 (37.3) 1180 (21.0)  

0.40 

 

<0.01   2-4 8297 (45.9) 5550 (44.5) 2747 (48.0) 

  5 or more  3971 (21.9) 2269 (18.2) 1702 (30.2) 

Other Cholesterol 

Meds 

810 (4.5) 460 (3.7) 350 (6.2) 0.12 <0.01 

Antihypertensives 9489 (52.4) 5657 (45.4) 3832 (68.1) 0.47   0.01 

Oral Hypoglycemics 982 (5.4) 304 (2.4) 678 (12.0) 0.38 <0.01 

Insulin 133 (0.7) 31 (0.3) 102 (1.8) 0.16 <0.01 

Previous Regular 

Aspirin Use 

1891 (10.5) 1148 (9.2) 743 (13.2) 0.13 <0.01 
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4.4.2 Association between Baseline Statin Use and the Primary Composite 

Outcome 

During a median follow-up of 4.7 years (interquartile range: 3.6 to 5.7 years), 

a total of 1,759 incident cases of the primary composite outcome occurred, 

comprised of 884 deaths, 523 incident dementias, and 352 physical disabilities 

(unweighted). The unweighted incidence rate for the primary outcome was 20.8 

per 1000 person-years in statin users and 21.9 per 1000 person-years in nonusers. 

In the IPTW-adjusted Cox model, the risk of the primary outcome did not differ 

significantly between statin users and nonusers (HR weight-adjusted: 0.92; 95% CI: 

0.83 to 1.03; p = 0.17) (Figure 4.3 and Table 4.2). A similar risk estimate was 

produced using the Andersen-Gill method (Table 4.2). 

 

4.4.3 Association between Baseline Statin Use and All-Cause Mortality, 

Dementia, and Physical Disability  

For the individual components of the primary composite outcome, we 

analysed their associations with statin use separately. No strong evidence for an 

association was observed between statin use and all-cause mortality (HR weight-

adjusted: 0.87; 95% CI: 0.75 to 1.01) or dementia (HR weight-adjusted: 1.14; 95% CI: 

0.94 to 1.39). However, statin use was associated with a significantly lower risk 

of physical disability (HR weight-adjusted: 0.75; 95% CI: 0.58 to 0.96) (Figure 4.3 

and Table 4.2).  

 

In the exploratory analysis for physical disability that restricted those who had 

no MACE history when developing a physical disability (n = 435), the association 
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was weakened and lost statistical significance (HR weight-adjusted: 0.78; 95% CI: 0.61 

to 1.00). 

 

4.4.4 Association between Baseline Statin Use and Cardiovascular Outcomes 

Statin use was associated with significantly reduced risks of MACE (HR weight-

adjusted: 0.68; 95% CI: 0.57 to 0.82), fatal CVD (HR weight-adjusted: 0.71; 95% CI: 

0.51 to 0.99), MI (HR weight-adjusted: 0.56; 95% CI: 0.43 to 0.75), and stroke events 

(HR weight-adjusted: 0.75; 95% CI: 0.58 to 0.96). (Figure 4.3 and Table 4.2).  

 

4.4.5 Association between Baseline Statin Use and the Negative Control  

There was no significant association between statin use and incident cancer 

(HR weight-adjusted: 1.03; 95% CI, 0.93 to 1.15), indicating a small likelihood of 

confounding bias (Table 4.2).  

 

4.4.6 Association between Baseline Statin Use and Outcomes by Sex and Age 

Categories (<75; ≥75 Years of Age) 

The age- and sex-specific associations of statin use with study outcomes are 

presented in Table 4.3. No significant interaction was observed between statin 

use and age or sex on the study outcomes (all P interaction > 0.05). 

 

4.4.7 Statin Exposure Throughout the Follow-Up Period 

The variations of statin exposure over the follow-up period among baseline 

statin users and nonusers are presented in Figure 4.4. From year 1 through year 6, 

the proportion of baseline statin users reporting statin use ranged from 98% to 
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87%, and of the baseline nonusers reporting statin use the proportion ranged from 

6% to 17%. 

 

4.4.8 Association of Use of Specific Statins with the Study Outcomes 

As there were 6 participants receiving two types of statins at baseline, a total 

of 18,090 participants were included in this set of analysis. Overall, atorvastatin 

was most widely used (n = 2,158, 37.9%), followed by simvastatin (n =1,641, 

29.6%), rosuvastatin (n = 1,461, 25.5%) and other statins including pravastatin, 

lovastatin, fluvastatin and pitavastatin (n = 363, 6.5%). In terms of statin potency, 

3,619 (64.4%) participants were taking high-potency statins and 2,004 (35.6%) 

were taking low/moderate-potency statins. In terms of statin solubility, 3,858 

(68.6%) participants were taking lipophilic statins and 1,765 (31.4%) were taking 

hydrophilic statins. 

  

Compared with no statin use, use of any specific statin subclass was not 

associated with improved disability-free survival and reduced all-cause mortality. 

In terms of the MACE outcome, use of atorvastatin, simvastatin, and rosuvastatin 

was associated with 32%, 21%, and 38% reduced risk compared with no statin 

use, respectively. There was no significant difference in the incidence of MACE 

between participants taking other statins and those not taking statins at baseline. 

In addition, the significant association between statin use and MACE was 

stronger for statins with higher potency (Adjusted HR for high-potency statins vs. 

low/moderate potency statins: 0.66 vs. 0.74), and was comparable across statins 

with different solubility (Adjusted HR for lipophilic statins vs. hydrophilic statins: 

0.68 vs. 0.71), (Table 4.4). 
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4.4.9 Sensitivity Analyses  

The association between statin use and the primary outcome was found to be 

consistent across subgroups stratified by diabetes, hypertension, family history of 

CVD and smoking status indicating a low likelihood of confounding arising from 

these clinical indications for statin treatment (all P interaction > 0.05) (Table 4.5).  

No significant interaction was detected between use of statins and randomized 

aspirin on all study outcomes (Table 4.6). Except for a loss of statistical 

significance for the association for fatal CVD, using ‘doubly-robust’ method did 

not materially alter the main results (Table 4.7). Similarly, using competing risk 

regression modelling did not change the main results appreciably (Table 4.7).  

 

After adjusting for LDL-C, the inverse associations of statin use with risks of 

physical disability and fatal CVD were attenuated whereas the associations with 

MACE, MI and stroke were enhanced markedly. Other results were compatible 

with the main results (Tables 4.8 & 4.9).  
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(A)                                                                          

 

 

(B) 

 

 

Figure 4.2 Propensity score distributional overlap before and after propensity score 

weighting 

Figure (A) presents propensity score distributions for statin users (yellow) and nonusers (blue) 

before weighting. Figure (B) presents propensity score distributions for statin users (yellow) and 

nonusers (blue) after weighting. Greater overlap of propensity score curves of the two groups 

indicates a lesser risk of confounding by indication. After applying weights, propensity score 

curves for statin users (yellow) and nonusers (blue) were superimposed, indicating baseline 

covariates well-balanced.  
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Figure 4.3 Cumulative Incidence of Primary and Secondary Outcomes (Selected*) 

Stratified by Baseline Statin Use 

*For secondary outcomes, cumulative incidence curves were only presented for statistically 

significant outcomes. Weighted Kaplan-Meier failure function was applied to present cumulative 

incidence of the (A) primary composite outcome in statin users (orange dash line) and nonusers 

(blue solid line), respectively. For (B) persistent physical disability; (C) MACE; (D) fatal CVD; 

(E) myocardial infarction; and (F) stroke, the plots were constructed from the weighted 

cumulative incidence predicted based on separate models in statin users and nonusers, considering 

competing risks. The risk table shows the weighted numbers of participants at risk. The graphs 

stop at year 6 because only a small number of participants reached year 7 (67 statin nonusers and 

16 statin users). Abbreviations as in Tables 4.1 & 4.2. 
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Figure 4.4 Statin Exposure During the Follow-up among Baseline Statin Users and 

Nonusers  

Blue bars and orange bars denoted the proportions of baseline statin users and nonusers who 

reported statin use at the calendar year of each annual visit, respectively. The prior proportion in 

each calendar year of the annual visit was calculated by dividing the total number of baseline 

statin users with available records on concomitant medication use at that calendar year into the 

number of baseline statin users who reported statin use at that year; Similarly, the latter proportion 

in each calendar year of the annual visit was calculated by dividing the total number of baseline 

statin nonusers with available records on concomitant medication use at that calendar year into the 

number of baseline statin nonusers who reported statin use at that year. 
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*Values are expressed as the number of participants with events (rate in event per 1000 person-

years) in the original sample. †Weights were stabilised and truncated at the 1st and 99th percentile. 

95% CIs were calculated based on robust standard error. ‡For MACE was the first occurrence of 

any one of the three components (death from coronary heart disease, nonfatal myocardial 

infarction, or fatal/nonfatal stroke). For other secondary outcomes, all the participants who had an 

event at any time during the trial are counted. §HR was calculated over a restricted follow-up time 

of 6 years. CI = confidence interval; HR = hazard ratio; MACE = major adverse cardiovascular 

events; other abbreviations as in Table 4.1. 

 

TABLE 4.2 Baseline Statin Use and Hazards of Study Outcomes 

Outcomes  
Statin Users  

 (n = 5629)* 

Nonusers 

(n = 12467)* 

IPTW-Adjusted 

HR (95% CI)† 
p-Value 

Primary Outcome 526 (20.79) 1233 (21.88) 0.92 (0.83-1.03) 0.17 

  All-cause death 258 (10.20) 626 (11.11) - - 

  Dementia 173 (6.84) 350 (6.21) - - 

  Persistent physical disability 95 (3.76) 257 (4.56) - - 

Anderson-Gill model  576 (-) 1366 (-) 0.92 (0.83-1.03) 0.17 

Secondary Outcomes‡       

Death from any cause 289 (11.14) 718 (12.42) 0.87 (0.75-1.01) 0.07 

Dementia 180 (6.93) 368 (6.33) 1.14 (0.94-1.39) 0.18 

Persistent physical disability 107 (4.73) 280 (5.56) 0.75 (0.58-0.96)§ 0.02 

Cardiovascular Outcomes       

  MACE 188 (7.52) 570 (10.29) 0.68 (0.57-0.82) <0.001 

  Fatal CVD 57 (2.20) 160 (2.77) 0.71 (0.51-0.99) 0.04 

  Myocardial infarction 72 (2.86) 262 (4.69) 0.56 (0.43-0.75) <0.001 

  Stroke 99 (3.94) 280 (5.01) 0.75 (0.58-0.96) 0.02 

Negative control (cancer) 565 (24.38) 1259 (23.53) 1.03 (0.93-1.15) 0.57 
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*Stabilised weights were recalculated for each subgroup and were further truncated at the 1st and 

99th percentile. 95% CIs were calculated based on robust standard error. †For MACE was the first 

occurrence of any one of the three components (death from coronary heart disease, nonfatal 

myocardial infarction, or fatal/nonfatal stroke). For other secondary endpoints, all the participants 

who had an event at any time during the trial are counted. ‡HR was calculated over a restricted 

follow-up time of 6 years. Abbreviations as in Tables 4.1 & 4.2. 
 

TABLE 4.3 Statin Use and Hazards of Study Outcomes Stratified by Sex and Age 

Category (<75 years, ≥75 years)  

 

 

Outcomes  

Male (n = 7,956) Female (n = 10,140) p interaction 

Statin Users vs. Nonusers 

(2216 vs.5740) 

Statin Users vs. Nonusers 

(3413 vs.6727) 

 

IPTW-Adjusted HR  

(95% CI)* 

IPTW-Adjusted HR  

(95% CI)* 

 

Primary outcome 0.88 (0.75-1.04) 0.95 (0.82-1.11) 0.62 

Secondary outcomes†     

Death from any cause 0.81 (0.66-1.01) 0.96 (0.78-1.18) 0.30 

Dementia  1.02 (0.75-1.38) 1.21 (0.94-1.56) 0.47 

Persistent physical disability  0.78 (0.53-1.16) ‡ 0.72 (0.52-0.99) ‡ 0.47 

Cardiovascular outcomes    

  MACE  0.63 (0.48-0.81) 0.72 (0.56-0.93) 0.34 

  Fatal CVD  0.56 (0.34-0.92) 0.90 (0.57-1.43) 0.17 

  Myocardial infarction 0.53 (0.37-0.78) 0.60 (0.39-0.92) 0.61 

  Stroke  0.67 (0.45-1.01) 0.82 (0.59-1.15) 0.56 

    

 

Outcomes 

Age < 75 years  

(n =10,352) 

Age ≥ 75 years 

 (n = 7,744) 

p interaction 

Statin Users vs. Nonusers 

(3221 vs.7131) 

Statin Users vs. Nonusers 

(2408 vs.5336) 

 

IPTW-Adjusted HR  

(95% CI)* 

IPTW-Adjusted HR  

(95% CI)* 

 

Primary outcome 1.00 (0.83-1.21) 0.93 (0.81-1.07) 0.36 

Secondary outcomes†    

Death from any cause 0.91 (0.70-1.17) 0.91 (0.75-1.09) 0.66 

Dementia  1.29 (0.92-1.82) 1.13 (0.90-1.43) 0.63 

Persistent physical disability  0.89 (0.60-1.33) ‡ 0.70 (0.51-0.97) ‡ 0.19 

Cardiovascular outcomes    

  MACE  0.68 (0.52-0.90) 0.71 (0.56-0.91) 0.95 

  Fatal CVD  0.53 (0.27-1.03) 0.89 (0.61-1.31) 0.25 

  Myocardial infarction 0.57 (0.38-0.86) 0.56 (0.38-0.83) 0.89 

  Stroke  0.72 (0.48-1.07) 0.81 (0.58-1.14) 0.86 
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Disability-free survival was defined as a composite outcome of all-cause mortality, incident dementia, or persistent physical disability. *Other statins were pravastatin, fluvastatin, lovastatin and 

pitavastatin. Abbreviations: CI = confidence interval; HR = hazard ratio. 

TABLE 4.4 Association of Baseline Statin Use by Type, Potency and Solubility with Risk of Primary Outcome, All-Cause Mortality, and MACE 

 
Number of Participants  

Primary Composite Outcome  All-Cause Mortality MACE 

 Fully Adjusted HR (95% CI)  

Type     

  Atorvastatin 2158 0.90 (0.77-1.05) 0.94 (0.77-1.16) 0.68 (0.53-0.88) 

  Simvastatin 1641 1.03 (0.88-1.21) 0.93 (0.75-1.16) 0.69 (0.52-0.91) 

  Rosuvastatin 1461 0.85 (0.70-1.04) 0.82 (0.63-1.08) 0.62 (0.45-0.86) 

  Other statins* 363 0.92 (0.67-1.26) 0.76 (0.47-1.22) 0.97 (0.61-1.55) 

  Nonusers 12467 1 [Ref.] 1 [Ref.] 1 [Ref.] 

Potency     

  Low/moderate 2004 1.01 (0.87-1.17) 0.90 (0.73-1.10) 0.74 (0.58-0.95) 

  High  3619 0.88 (0.77-1.005) 0.90 (0.75-1.07) 0.66 (0.53-0.82) 

  Nonusers 12467 1 [Ref.] 1 [Ref.] 1 [Ref.] 

Solubility      

  Lipophilic 3858 0.95 (0.84-1.07) 0.92 (0.78-1.09) 0.68 (0.56-0.83) 

  Hydrophilic 1765 0.89 (0.75-1.07) 0.83 (0.66-1.06) 0.71 (0.54-0.94) 

  Nonusers 12467 1 [Ref.] 1 [Ref.] 1 [Ref.] 
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*Stabilised weights were recalculated based on the propensity scores generated in the logistical 

model with all baseline covariates (except for the variable used for sub-stratifying groups) as 

independent variables. Weights were further truncated at 1% and 99%. All the baseline covariates 

were well balanced after the weighting. Abbreviations as in Tables 4.1 & 4.2. 

 

 

 

 

 

 

TABLE 4.5 Subgroup Analyses on the Association between Baseline Statin Use 

and Composite Outcome by Demographic and Clinical Characteristics 

Subgroups 

Statin Users Nonusers 
IPTW-Adjusted 

HR (95% CI) * 

p interaction 

No. of Participants with Outcome/Total 

Participants (Rate per 1000 person-years)  

 

Diabetes     0.82 

  No  388/4527 (18.90) 1125/11711 (21.15) 0.92 (0.81-1.04)  

  Yes  138/1102 (28.96) 108/756 (34.09) 0.83 (0.64-1.08)  

Hypertension     0.79 

  No  76/989 (17.06) 319/3646 (19.41)  0.90 (0.68-1.18)  

  Yes  450/4640 (21.59) 914/8821 (22.89) 0.93 (0.82-1.04)  

Family CVD history   0.21 

  No  202/1964 (23.00) 506/5071 (22.14) 0.96 (0.81-1.16)  

  Yes  324/3665 (19.62) 727/7396 (21.69) 0.88 (0.77-1.02)  

Smoking status    0.46 

  Non-smokers 264/3072 (18.99) 618/6978 (19.51) 0.92 (0.79-1.08)  

  Smokers 224/2342 (21.34) 545/5065 (23.87) 0.88 (0.75-1.05)  

  Current 

smokers 

38/215 (42.47) 70/424 (37.70) 1.13 (0.73-1.75)  
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*Stabilised weights were recalculated based on the propensity scores generated in the logistical 

model with all baseline covariates as independent variables. Weights were further truncated at 1% 

and 99%. All the baseline covariates were well balanced after the weighting. †The interaction 

between statin and aspirin was tested by including a multiplicative interaction term in the IPTW-

adjusted Cox models. ‡For MACE was the first occurrence of any one of the three components 

(death from coronary heart disease, nonfatal myocardial infarction, or fatal/nonfatal stroke). For 

other secondary endpoints, all the participants who had an event at any time during the trial are 

counted. §HR was calculated over a restricted follow-up time of 6 years. Abbreviations: CI = 

confidence interval; CVD = cardiovascular disease; HR = hazard ratio; IPTW = inverse 

probability of treatment weighting; MACE = major adverse cardiovascular events. 

TABLE 4.6 Sensitivity Analysis for the Association between Statin Use and Study 

Outcomes by Randomised Aspirin Use 

Outcomes 

Statin users Nonusers 

IPTW-adjusted 

HR (95% CI)* 

P interaction
† 

No. of Participants with Outcome/Total 

Participants (Rate per 1000 person-years) 

Primary outcome     
 

       Aspirin 261/2808 (20.8) 627/6212 (22.3) 0.89 (0.76-1.04) 

0.47        Placebo   263/2821 (20.7) 598/6255 (21.2) 0.96 (0.82-1.13) 

Secondary outcomes‡ 
   

  Death from any cause 
   

       Aspirin  147/2808 (11.5) 392/6212 (13.7) 0.78 (0.63-0.96) 

0.17        Placebo 142/2821 (10.9) 326/6255 (11.3) 0.99 (0.80-1.22) 

  Dementia 
    

       Aspirin 94/2808 (7.3) 182/6212(6.3) 1.21 (0.92-1.60) 

0.59        Placebo   86/2821 (6.6) 186/6255 (6.4) 1.06 (0.81-1.40) 

  Physical disability  
   

       Aspirin 42/2808 (3.8) 131/6212 (5.3) 0.65 (0.44-0.95) § 

0.21        Placebo   60/2821 (5.3) 143/6255 (5.7) 0.87 (0.63-1.20) § 

Cardiovascular outcomes 
   

  MACE  
    

      Aspirin  87/2808 (7.0) 283/6212 (10.3) 0.64 (0.50-0.83) 

0.48       Placebo  101/2821 (8.1) 287/6255 (10.4) 0.74 (0.58-0.95) 

  Fatal CVD 
    

      Aspirin  26/2808 (2.0) 78/6212 (2.7) 0.72 (0.43-1.20) 

0.87       Placebo  31/2821 (2.4) 82/6255 (2.8) 0.79 (0.49-1.27) 

  Myocardial infarction 
   

      Aspirin  32/2808 (2.6) 129/6212 (4.6) 0.53 (0.35-0.81) 

0.72       Placebo  40/2821 (3.2) 133/6255 (4.8) 0.62 (0.42-0.91) 

   Stroke 
    

      Aspirin  48/2808 (3.8) 138/6212 (4.9) 0.71 (0.50-1.02) 

0.67       Placebo  51/2821 (4.0) 142/6255 (5.1) 0.80 (0.56-1.14) 
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*HRs of statin use for study outcomes in the weighted sample were estimated by the Cox 

proportional-hazard models with adjustment for baseline covariates used for weights creating. 
†Inverse probability of treatment weights-adjusted sub-distribution hazard ratio. ‡For MACE was 

the first occurrence of any one of the three components (death from coronary heart disease, 

nonfatal myocardial infarction, or fatal/nonfatal stroke). For other secondary endpoints, all the 

participants who had an event at any time during the trial are counted. §HR was calculated over a 

restricted follow-up time of 6 years. Abbreviations: CI = confidence interval; CVD = 

cardiovascular disease; HR = hazard ratio; MACE = major adverse cardiovascular events; SHR = 

sub-distribution hazard ratio. 

 

 

 

 

TABLE 4.7 Sensitivity Analyses for the Association between Statin Use and Study 

Outcomes using Doubly Robust Method and Competing Risk Models 

Outcomes 
Doubly robust model  Competing risk model 

Adjusted HR  

(95% CI)* 

P Value SHR (95% CI)† P Value 

Primary outcome 0.94 (0.84-1.05) 0.29 - - 

Secondary outcomes‡      

Death from any cause 0.90 (0.77-1.05) 0.19 - - 

Dementia 1.19 (0.97-1.46) 0.09 1.14 (0.94-1.39) 0.17 

Persistent physical 

disability 

0.77 (0.59-1.000) § 0.050 0.75 (0.59-0.96) § 0.02 

Cardiovascular outcomes      

  MACE 0.69 (0.58-0.83) <0.001 0.68 (0.57-0.82) <0.001 

  Fatal CVD  0.75 (0.53-1.06) 0.11 0.71 (0.51-0.99) 0.04 

  Myocardial infarction 0.57 (0.43-0.76) <0.001 0.57 (0.43-0.75) <0.001 

  Stroke 0.75 (0.58-0.98) 0.04 0.75 (0.58-0.96) 0.02 
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TABLE 4.8 Distribution of Statin Users by the Estimated Pre-treatment LDL-C 

and of Nonusers by Baseline LDL-C* 

LDL-C categories† 
No. of Statin Users  

(n = 5,451) 

No. of Statin nonusers 

(n = 12,152) 

Very low (< 70mg/dL) 76 327 

Low (70-99 mg/dL) 350 1587 

Borderline low (100-129 mg/dL) 1083 4515 

Borderline high (130-159 mg/dL) 1565 4134 

High (160-189 mg/dL) 1220 1320 

Very high (≥ 190mg/dl) 1157 269 

*Six participants using two types of statins, three using pitavastatin and 484 participants with 

missing data of LDL-C were excluded from this analysis. †LDL-C was treated as a categorical 

variable as the data were highly skewed. Abbreviation: LDL-C = low-density lipoprotein 

cholesterol. 

 

 

 

 

 

 

 

 



Chapter 4- Association of statin use with disability-free survival and cardiovascular 
disease among healthy older adults  

  

115 
 

*Six participants who took two types of statins at baseline and 487 with missing data (including 1 

participant using pitavastatin) for baseline LDL-C were excluded from this sensitivity analysis. † 

Stabilised weights were recalculated based on the propensity scores generated in logistical models 

with all baseline covariates plus estimated pre-treatment LDL-C values of statin users and baseline 

LDL-C values of nonusers as independent variables. Weights were further truncated at 1% and 

99%. All baseline covariates were well balanced after the weighting. ‡For MACE was the first 

occurrence of any one of the three components (death from coronary heart disease, nonfatal 

myocardial infarction, or fatal/nonfatal stroke). For other secondary outcomes, all the participants 

who had an event at any time during the trial are counted. §HR was calculated over a restricted 

follow-up time of 6 years. Abbreviations: CI = confidence interval; CVD = cardiovascular disease; 

HR = hazard ratio; IPTW = inverse-probability of treatment weighting; MACE = major adverse 

cardiovascular events.  

 

 

 

 

TABLE 4.9 IPTW-Adjusted Hazard Ratios for Study Endpoints by Adjusting for 

Estimated Pre-treatment LDL-C of Statin Users and Baseline LDL-C of Nonusers 

Outcomes  

  Statin Users (n = 5,451) versus Nonusers (n = 12,152) * 

IPTW-adjusted HR (95% CI) † P Value 

Primary outcome  0.90 (0.80-1.02) 0.11 

Secondary outcomes‡   

Death from any cause 0.86 (0.72-1.01) 0.07 

Dementia 1.15 (0.93-1.43) 0.21 

Persistent physical disability 0.80 (0.61-1.04) § 0.10 

Cardiovascular outcomes    

  MACE 0.56 (0.45-0.68) <0.001 

  Fatal CVD  0.74 (0.50-1.10) 0.14 

  Myocardial infarction 0.42 (0.31-0.57) <0.001 

  Stroke 0.62 (0.46-0.83) 0.001 
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4.5 Discussion 

In this primary prevention study of community-dwelling older adults followed 

for a median of 4.7 years, baseline statin use was not associated with disability-

free survival, risk of death or incident dementia. However, baseline statin use was 

associated with a significantly lower risk of persistent physical disability (follow-

up duration restricted to 6 years), MACE, fatal CVD, MI, and stroke. There is 

little heterogeneity in the impact of statins on study outcomes across sex and age 

categories (<75 and ≥75 years of age). A small statin exposure variation over the 

follow-up period suggests a likely constant association between statin use and the 

outcomes over time. 

 

To our knowledge, this was the first completed study to evaluate the 

association of statin use with disability-free survival, a robust measure of the 

healthy, productive and independent life in older adults, and an overarching goal 

of geriatric healthcare. Comparing our study results with findings from the main 

ASPREE trial which showed minimal cardiovascular benefits but high bleeding 

risk from aspirin, primary prevention with statins seems to be a more promising 

strategy for healthy ageing.135 Since statins may have varying effects on different 

outcomes in healthy older adults, patients’ treatment goals and the relative 

importance that they assign to these outcomes should be adequately considered 

before statin prescribing.73  

 

Our study finding regarding all-cause mortality is supported by two prior 

meta-analyses that used aggregate data of older subsets free of CVD (aged ≥65 
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years) from randomised statin trials reporting no statin benefit on all-cause 

mortality.123,124 The non-significant association in our study was due in part to a 

low proportion of deaths caused by CVD (24.5%). Furthermore, we found no 

evidence of an association between statin use and dementia risk. A similar finding 

was reported in a previous randomised statin trial (The Medical Research Council 

and the British Heart Foundation Heart Protection Study; 2002) of 20,536 adults 

aged 40 to 80 years (28% aged ≥70 years) and with high vascular risk,219 among 

whom the incidence rate of dementia did not differ significantly between statin- 

and placebo-treated participants (Odds ratio: 1.00, 95% CI: 0.61 to 1.65). 

Similarly, a recent observational study of 1,037 community-dwelling older adults 

in Australia who had normal cognition at baseline showed that statin use was not 

associated with a decline in memory or global cognition over 6 years based on 

their cognitive tests and brain magnetic resonance imaging results.220   

 

There is a general concern about prescribing statins to people aged ≥75 years 

due to a possible age-related increased risk of adverse effects that may lead to 

frailty, disability and impaired quality of life.221 Two prior studies of the Helsinki 

Businessmen Study cohort, however, found that statin use was not associated with 

impaired health-related quality of life and risk of phenotypic frailty in male 

octogenarian, despite a higher rate of multimorbidity in statin users.222,223 Our 

study findings also alleviate some of these concerns by showing a 25% decrease 

in the risk of physical disability with statin use, with the benefit more pronounced 

in those aged ≥75 years. This association was weakened when the study sample 

was restricted to the participants who were free of MACE prior to having a 

physical disability, suggesting that the protective statin effect against disability 



Chapter 4- Association of statin use with disability-free survival and cardiovascular 
disease among healthy older adults 

 

118 
 

was due in part to its role in preventing CVD morbidity. Further investigations are 

needed to explore the underlying mechanisms.  

 

We observed a clear association between statin use and lower risk of CVD 

outcomes that were consistent with the results of previous meta-analyses of 

primary prevention trials including older adults.123,124,224 In addition, our study 

results of association between individual statins and MACE were concordant with 

a recent network meta-analysis of randomised primary prevention trials including 

94,283 participants with no age limit.68 They demonstrated that atorvastatin and 

rosuvastatin were most effective in reducing the risk of most CVD outcomes 

compared with other statins including simvastatin, pravastatin, lovastatin and 

fluvastatin. The greater cardiovascular benefits from atorvastatin and rosuvastatin 

compared with other statin types among healthy older people was probably due to 

their greater capacity in reducing LDL-C, as seen in our analysis by statin potency. 

Moreover, we found similar associations with CVD outcomes between 

participants aged <75 and ≥75 years. These results contrast with those of a recent 

meta-analysis by the Cholesterol Treatment Trialists Collaboration that pooled 

individual patient data from 28 randomised trials.72 They reported a 16% risk 

reduction of major vascular events per 1 mmol/L LDL-C reduction associated 

with use of statins or more intensive statin regimen in people aged 70 to 75 years, 

as compared with controls or less intensive statin regimen. However, only 8% 

reduced risk with statin use was seen in those aged over 75 years. The authors 

stated that the validity of the latter result was limited by a small proportion (8%) 

of participants included in this age group and that future studies are needed to 

confirm these results.  
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4.5.1 Implications for Future Clinical Research 

Given the observational nature of our analyses, they should not inform 

evidence-based therapeutic strategies. However, the study offers first-hand data 

that can inform the rationale of future clinical trials towards addressing the 

comprehensive role of statins in healthy older adults. The ongoing placebo-

controlled randomized trial in Australia (STAREE: Statin Therapy for Reducing 

Events in the Elderly, NCT02099123)118 and a recently launched pragmatic trial 

in the U.S. (Pragmatic Evaluation of Events and Benefits of Lipid-Lowering in 

Older Adults)75 aim to explore the effects of statins in healthy older adults on 

disability-free survival and CVD. We await the results of these statin trials to fill 

the current knowledge gaps and inform an evidence-based approach for statin 

prescribing for primary prevention in older patients.  

 

4.5.2 Study Strengths 

A major strength of this study is the use of data from a contemporary 

randomised trial in a large older population with age and sex distributions 

comparable to population norms. The study was in rigorous quality control and all 

endpoints were actively screened, verified (based on validated measures) and 

adjudicated.  

 

4.5.3 Study Limitations  

We cannot establish causal relations due to the observational design. However, 

compatible HRs for the primary outcome across clinical indications increase the 
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likelihood that the outcome is a result of the statin exposure. We are unable to 

control for unmeasured confounders and thus residual confounding bias cannot be 

ruled out. ASPREE participants were predominantly white, had relatively good 

health and were likely to tolerate statins well, thus the results may not be 

generalisable to all older populations. The high proportion of baseline statin users 

taking statins continuously over time might be linked to other healthy lifestyle 

habits, introducing healthy user bias. However, results for death, dementia, and 

the negative control indicate that such bias was likely to be minimal. The small 

proportion of participants aged ≥85 years (3.9%) limits the applicability of study 

findings to this age group. Some subgroup analyses with small event numbers 

(such as fatal CVD) had limited statistical power. We included prevalent statin 

users, but the overall duration of statin use was not able to be measured. Some of 

the statin users might have taken treatment for many years,  this may lead to an 

overestimation of statin benefits as discussed in a prior study regarding prevalent 

user bias.225 Those who stopped statins due to side effects before being enrolled 

in ASPREE would not have been included in the exposure group. This may lead 

to an underestimation of adverse statin effects on non-CVD outcomes. Results of 

the sensitivity analysis regarding LDL-C implies that the main analyses were at 

risk of confounding by indication.   

4.6 Conclusions 

Among healthy community-dwelling adults aged ≥70 years, statin use may be 

beneficial for preventing persistent physical disability and CVD but not beneficial 

for prolonging disability-free survival, avoiding death or incident dementia. These 
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results should be interpreted with caution due to this study’s observational design. 

The ongoing statin trials will help inform the remaining knowledge gaps 

regarding use of statins as primary prevention in older populations. 
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Zhou Z, Jose K, Curtis A. et al. Older participant perspectives on permanent study 

drug discontinuation in an ongoing primary prevention trial of statins. Eur J Clin 

Pharmacol, 2021.  
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5.1 Abstract  

Introduction: Study drug discontinuation is commonplace in clinical trials of 

older populations and poses a major challenge to trial investigators. Little is 

known about why older participants discontinue the study drug. This study aimed 

to understand factors contributing to permanent study drug discontinuation among 

participants aged ≥70 years within an ongoing primary prevention trial of statins 

by exploring their own experiences and perceptions. 

Methods: Trial participants who had permanently discontinued the study drug 

within 2 years of randomisation were purposively sampled based on age (<75 and 

≥75 years) and sex to participate in semi-structured phone interviews between 

March 2019 and February 2020. Interviews were audio-recorded, transcribed and 

analysed thematically. 

Results: Thirty participants were interviewed (21 females; mean age, 77 years) 

and three themes were identified from the data including (1) the experience of 

AEs and their impact on daily life, (2) ambiguity about the cause of AEs and 

discontinuation, and (3) social factors and discontinuation. Perceived adverse 

events (AEs) and their effect on daily living (mobility, functional capacity, quality 

of life) were identified as the major factors leading to the participants 

permanently discontinuing their study drug. For some, concurrent challenging life 

circumstances further lowered their tolerance to the perceived AEs thus making 

discontinuation more likely. A few discontinuations were attributed to other 

factors (e.g. concerns about possible side effects, GP advice, unrelated illness).  
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Conclusion: Among healthy older participants enrolled in a statin trial, perceived 

AEs and their related impact were key factors contributing to the permanent study 

drug discontinuation. Addressing anticipated participant-reported AEs and their 

concerns about drug-related side effects at trial entry and offering timely medical 

assistance and support when AEs occur may be useful to reduce drug 

discontinuation rates. 
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5.2 Introduction  

Improved survival into older age has led to the primary prevention of 

cardiovascular disease in older people becoming a major concern in public health. 

Blood-pressure- and lipid-lowering therapies have, as a consequence, become an 

important strategy for healthy ageing.14,30 Properly designed and conducted 

randomised controlled trials are necessary to provide robust evidence on the risks 

and benefits of various therapeutic agents for primary prevention in this age group. 

227,228 The accuracy and validity of study results are contingent upon participants 

continued involvement and adequate adherence to randomised study drugs 

throughout the trial. Poor adherence/discontinuation may lead to a type II error 

with a subsequent loss of therapeutic benefit.229,230 

 

Minimising the rate of study drug discontinuation in such trials is important 

for determining efficacy of preventive strategies. Older people are more 

vulnerable and less resilient to drug side effects and have a higher burden of 

symptoms that may be misinterpreted as being drug side effects, making studies 

more challenging.  They also have a decline in physiological reserve as well as 

increased burden of disease and medication use.96,231-233 A better understanding of 

older trial participants’ rationale for discontinuing study drugs may aid trial 

investigators in developing effective strategies for maintaining participants in 

their allocated study arm.234  
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Despite the importance and complexity, few studies have investigated the 

underlying factors contributing to this phenomenon. To our knowledge no 

qualitative research was previously conducted to conceptualise participant 

discontinuation behaviours from their own experiences and perspectives. To this 

end we conducted a qualitative study to identify factors contributing to permanent 

study drug discontinuation from the older participants’ perspective in the ongoing 

‘Statins in Reducing Events in the Elderly’ trial (STAREE, NCT02099123) 

trial.235 Launched in Australia in 2015, STAREE is an ongoing (n = 7061 to 1 

June 2020), double-blind, randomised, placebo-controlled trial that was designed 

to explore the effect of statins in healthy community-dwelling persons aged 70 

years or older.  

 

5.3 Methods 

5.3.1 Study Participants and Recruitment Process 

STAREE participants who had permanently discontinued the study drug 

within 2 years of trial entry were eligible for interviews. Permanent 

discontinuation was defined as a cessation of the study drug by a participant who 

refused the option to recommence treatment after discontinuing but remained in 

the trial and agreed to attend follow-up visits (face-to-face or by phone). A 

purposive sampling approach was employed to ensure gender and age 

representation.236 Participants fitting the inclusion criteria were initially 

approached by a senior STAREE medical officer, who explained the details of 

this study and asked if they were interested in participating. A study information 

leaflet was then posted or emailed to those who indicated interest. ZZ and KJ 
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further telephoned these potential participants to confirm their willingness to 

participate before arranging interviews. Recruitment continued until 30 interviews 

were completed. Only six STAREE participants who were initially approached 

chose not to participate. As the trial is still underway, neither the investigators nor 

the participants had knowledge of the treatment assignment during the interviews. 

 

5.3.2 Data Collection  

Telephone interviews took place between March 2019 and February 2020. 

With two exceptions, both ZZ and KJ conducted phone interviews, which lasted 

for an average of 15 minutes. A semi-structured interview schedule (see 

Appendix 1.1) was developed by the study investigators following discussions 

with the STAREE research team, clinicians, and consideration of the literature. 

As the interviews followed an iterative process, one question regarding the 

relationship between participant’s prior knowledge of statins and discontinuation 

was added into the schedule after conducting one-third of interviews.  

 

5.3.3 Data Analysis 

Interviews were audio-recorded and transcribed verbatim, with identifying 

data removed. Data analysis was done by ZZ and KJ using the Framework 

Method.160 Analysis commenced as soon as possible after the completion of each 

interview. The analysis included considerations of potential factors leading to 

discontinuation; the impact of these factors on participants’ decision to 

discontinue and; the interrelationship between the factors if more than one was 

provided by an interviewee. Transcripts were coded using a coding frame that 
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consisted of the key concepts relating to research questions. Codes were 

categorised and key themes identified. Key concepts and emerging themes were 

then discussed, refined, and confirmed during regular analysis meetings (ZZ, KJ). 

During the analytic process, Excel was used to assist with data management and 

to generate a coding matrix by entering the summarised data and illustrative 

quotes into cells by concepts (columns) and cases (rows)). 160  

 

5.3.4 Ethics Consideration 

This study was approved by the Monash University Human Research Ethics 

Committee (15334) and Tasmanian Health and Medical Human Research Ethics 

Committee (H0017572). 

 

5.4 Results  

Thirty STAREE participants were interviewed, with the mean (SD) age at the 

interview of 76.6 (4.2) years (aged ≥75 years: n = 20) and 70% (n = 21) women. 

Overall, 26 participants cited experiencing an adverse event (AE) as contributing 

to their discontinuation of study drugs. Other factors leading to discontinuation 

included concern about potential side effects, unrelated illness, general 

practitioner (GP) advice, and difficulty remembering to take study pills (Table 

5.1). Potential differences in the contributing factors by gender and age were 

considered but none were found. Six participants reported discontinuing the study 

drug within approximately one month of randomisation, 23 participants reported 

discontinuing the study drug beyond one month of randomisation, and 1 could not 

recall. 
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TABLE 5.1 Reasons for Permanent Study Drug Discontinuation by Participants’ 

ID 

ID Gender Age* Reason for discontinuation Categories 

P1 F 75 Weight gain AE - physical 

P2 F 89 Concerns of side effects Other 

P3 F 83 Nausea, bowel problems, exhaustion AE – physical (under a 

special life circumstance) 

P4 F 74 Muscle pain AE - physical 

P5 F 75 Muscle pain AE - physical 

P6 F 75 Dizziness AE - physical 

P7 F 73 Feeling irritated when moving house AE – psychological (under a 

special life circumstance) 

P8 F 80 Muscle pain AE - physical 

P9 F 79 Feeling sluggish and progressively ill AE - physical 

P10 M 75 AE (cannot recall details) AE - uncertain 

P11 F 76 Tissue swelling AE - physical 

P12 M 74 Muscle pain AE - physical 

P13 F 76 Exhaustion, feeling sluggish AE - physical 

P14 M 75 Unrelated illness Other 

P15 F 73 Muscle pain AE - physical 

P16 M 79 Muscle soreness, stiffness AE - physical 

P17 F 73 Feeling depressed AE - psychological 

P18 M 75 Muscle pain, headache AE - physical 

P19 M 77 Muscle pain AE - physical 

P20 F 73 Anxiety & depression when moving 

house 

AE – psychological (under a 

special life circumstance) 

P21 M 76 Profuse sweating AE - physical 

P22 F 75 Muscle pain AE - physical 

P23 F 76 Headaches AE - physical 

P24 F 74 GP advice Other 

P25 M 91 Muscle cramp AE - physical 

P26 F 74 Constipation, split nail, and hair breakage AE - physical 

P27 F 74 Muscle pain AE - physical 

P28 F 77 Arm numbness when working overseas AE -physical (under a 

special life circumstance) 

P29 M 78 Feeling generally unwell AE - physical 

P30 F 74 Difficulty remembering to take the drug Other 

* age at interview. AE: Adverse event. 
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Three key themes were identified: 1) Experience of AEs and their impact on 

daily life; 2) Ambiguity about the cause of AEs and discontinuation; 3) Social 

factors and discontinuation. Example quotes from the participants were presented 

to illustrate themes and subthemes. 

 

5.4.1 Experience of Adverse Events and Their Impact on Daily Life 

5.4.1.1 Muscle-related Adverse Events  

Eleven participants cited muscle symptoms including muscle pain, soreness, 

stiffness, and cramps, as contributing to their discontinuation of study drug. Ten 

reported only muscle symptoms and one reported having muscle pains and 

headache simultaneously. Nine participants indicated that the muscle symptoms 

had significantly impacted their daily lives and functional capacity and they 

perceived the functional impact as the factor that led to study drug discontinuation 

(see Table 5.2).  
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TABLE 5.2 The Impact of Muscle Symptoms on Participant Daily Living with 

Example Quotes 

Impact  Example quotes 

 

 

Limiting 

mobility 

‘I had trouble rolling over in bed. I was walking up the front stairs one at a 

time when I was normally going up a couple at a time, it was just really pain, 

constant pain.’ (P12)  

‘I couldn’t even take a step ahead… I couldn’t sit down. All I could do is to 

stand. I was comfortable when I was standing.’ (P16) 

‘I’d never had soreness like that. Basically, it prevented me from walking.’ 

(P18) 

 

Interfering 

with usual 

daily 

activities & 

functional 

capacity 

‘It [muscle soreness] reduced the amount of exercise. If I played squash, I got 

bloody sore afterwards… If you haven’t played it for a long time, you play it, 

you will get really sore. But if you play it regularly, you don’t get sore. I kept 

getting sore. That wasn’t normal for me.’ (P16) 

‘It [the muscle symptoms] reduced my capacity by 30% or something like that. 

As you’re old, you need 100%.’ (P19) 

‘I’ve slowed down a lot [when cycling]. I haven’t got a lot of energy.’ (P27) 

 

 

 

 

Impacting 

quality of 

life  

‘I had a car accident about 20 years ago. When I came out of the operation, I 

just felt absolutely terrible with muscle pain, and bone pain, and mental pain. 

And it [the muscle pain experienced while on the STAREE medication] 

actually reminded me of the first three or four days after the major 

operation…because all the parts of the injuries were making me feel exactly 

the same! I don’t want to live through this again.’ (P19) 

‘It was muscle pain. It was everything. Everything was hurting me. I felt that it 

was my insides were gonna drop out. Everything was just aching so much. I 

really really felt very very sick.’ (P5) 
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5.4.1.2 Other Adverse Events 

Fifteen participants reported other AEs (see Table 5.1) that had led them to 

discontinue the study drug, with the majority recounting how these symptoms had 

impacted their daily life (e.g. interfered with daily activities, resulted in frailty, 

exhaustion, and raised concerns of side effects). For example, one participant 

reported experiencing severe dizziness one day at home after trying the full 

dosing of the medication for the first time. 

‘On the strong medication, the first time I took it. I took the pills and 

sat down. I tried to get up and the room absolutely swam around me. 

I’ve never had the room swimming around me before. I have no 

doubts. So, I just had to stay in the armchair, shut my eyes so I 

couldn’t see the room swimming. And I was there for over an hour 

before I could actually get up and move.’ (P6) 

Three reported psychological AEs (feeling depressed, anxious, irritated) 

that had led them to discontinue the study drug, with two reporting having similar 

experiences before taking part in the STAREE trial. 

‘I just felt that I was getting more and more irritable for no reason. 

And I was looking to have an argument with anybody… That was 

really weird.’ (P7)  
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‘I suffered with anxiety and depression, and I also had very bad ideas. 

So that’s why I stopped because I didn’t know whether it [medication] 

was reacting to my problems.’ (P20) 

In addition, three participants reported that they had felt generally unwell and 

exhausted when taking the study drug. 

 

5.4.1.3 Changes after Discontinuing the Study Drug 

Most participants stated that their AEs had significantly improved or rapidly 

resolved after discontinuing the study drug. Six participants recalled that the AE 

had taken some time to improve while three reported that the symptoms had not 

gone away despite discontinuing the drug. One of the latter three considered the 

AE was not related to the study drug while the remaining two were unclear on the 

cause of the AE.   

 

5.4.2 Ambiguity about the Cause of Adverse Events and Discontinuation  

Among the 26 participants who had experienced AEs, 10 stated that they were 

uncertain about the cause of the AE but ceased taking the study drug ‘just in case’ 

(P13); seven did not discuss the relationship between the AE and the study drug. 

Despite the ambiguity about the cause of the AE, these participants perceived 

their health as vulnerable and decided to discontinue the study drug. 

‘As far as I am concerned, I haven’t felt well during the process. It 

might be due to other things, but I can’t be bothered anymore. I would 

sooner not take it.’ (P9) 
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 ‘Whatever that impact was when I was taking the medication, I don’t 

think I want to risk having it again and again, by [going] back on the 

medication.’ (P10) 

Among seven participants who associated the AE with the study drug, five 

thought that they had been given real statins. ‘I am definitely not on the placebo, 

as I felt. You know, last few years, so disappointed, my feeling, my muscle, and 

bone pain.’ (P19) One said that he had suffered from severe muscle pains and 

headache that he had never had before soon after they took the study pill. 

‘On the first night I took that [study drug], and the next morning I had 

a severe headache, my back was sore. By lunchtime, I can barely walk, 

my legs were aching, my back was aching, my head was aching. I’d 

never had that strange thing in my life.’ (…) ‘Within a day or a day 

after [discontinuing the medication], everything was cleared up and 

obviously I was fine.’ (P18) 

Two participants considered the occurrence of AE to be unrelated to the study 

drug but discontinued anyway. One assumed the study drug might contribute to 

the AE before they discontinued it, although the symptoms remained following 

discontinuation. Another stopped taking drugs as they felt unwell while taking 

them but recognised that this may have been unrelated.  

‘Well, I just felt a bit uncomfortable with taking it. I didn’t feel great 

when I was taking it, and I felt better when I stopped taking it’ (…) ‘It 
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wasn’t a particularly strong thing. It wasn’t pain or anything like that. 

It could actually be the imagination.’ (P29)   

 

5.4.3 Social Factors and Discontinuation   

5.4.3.1 Life Circumstance and Adverse Events 

For some, it was the situation in which the AE occurred that contributed to 

their discontinuation of the study drug. Two participants (P7, 20) described that 

they were moving to a new house and feeling overwhelmed at the time they 

experienced the AE. One participant (P28) who had experienced an AE when she 

was working overseas, attributed her discontinuation to the concern of potential 

harms from the study drug that may have resulted in hospitalisation.   

 ‘If I’ve been at home, in my normal setting, I wouldn’t have taken 

that action. But it was the fact that I was so far from home and also 

just didn’t want to end up in a hospital. So, I didn’t want to risk 

getting harms, troubles or things like that.’ (P28) 

One participant (P3) implied that living alone, at least in part, contributed to 

her discontinuation with the study drug. 

‘The real thing is I felt really tired, exhausted almost. That was 

another thing. Because I am living on my own, you cannot afford to be 

too exhausted.’ (P3) 

5.4.3.2 Social Influences 
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The impact of social influences, such as family, relatives, friends and the 

media on participants’ discontinuation were also considered. Many reported that 

they had told other people they were taking part in the trial. Only two reported 

that their decision to participate in the trial had been opposed by their family 

members or friends, but this did not influence their participation, nor their 

decision to discontinue the study drug. In contrast, more than half of the 

participants did not inform others about their decision to participate. One 

explained, ‘My life is my business, not anyone else’s.’ (P5) 

 

Some participants revealed that they had heard about statins before 

participating in the STAREE trial, with the knowledge sourced through the media 

and experiences of their family and friends. Whilst some participants were aware 

of the controversies about use of statins before the trial took place, they noted 

their decision-making about discontinuation had not been influenced. A few 

highlighted that it was these doubts about statin use that motivated them to 

participate. One participant recalled:  

‘I did read one point… One cannot believe everything one reads… 

There were some doubts about the quality of the tests that were 

originally done in statins, before they were actually released on the 

market… That didn’t stop me. I decided to give it a try and see what 

happens’ (P9) 

5.4.3.3 GP-Direction 
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About two-thirds of the participants informed or consulted their GPs about 

their decision to discontinue, the others did not or could not recall. One 

participant discontinued because her new GP recommended cessation following 

the development of a medical condition potentially associated with statin use. 

 

In addition to the themes outlined above, other reasons raised by two 

participants included concerns about the potential for side effects and difficulty 

remembering to take the study pills. Despite a decision to discontinue the drug, 

the majority indicated strong support for clinical research with six revealing they 

or their partners had participated in previous clinical studies. The following 

example quote illustrates how participants thought their participation in clinical 

research and in the STAREE trial help improve the health and wellbeing of older 

populations. 

‘I pick studies like this, are very beneficial. It is where genuine 

evidence can be gathered, provided that the integrity is there. 

Genuine evidence can be gathered that helps society, might not assist 

me but might assist my grandchildren.’ (P16) 

 

5.5 Discussion  

Our interviews with participants aged 70 years and over within an ongoing 

primary prevention trial revealed that a perceived AE was a key factor 

contributing to most study participants permanently discontinuing their study drug, 

despite an unknown relationship between the AE and the study drug, and 
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participants’ strong support for the study. Most AE-attributed discontinuations 

occurred where the AE had an unacceptable impact on their daily lives. For some, 

the threshold at which the AE can be tolerated was lowered when facing 

challenging life circumstances. When making decisions, participants did not often 

consider the likelihood of the association of the AE and the study drug. To our 

knowledge, this is the first qualitative investigation aimed at understanding older 

participants’ discontinuation behaviour in a clinical trial. 

 

A previous clinical practice study that surveyed older adults about their 

willingness to take preventive cardiovascular drugs reported that 88% of patients 

would take a medication, with a known 30% risk reduction in myocardial 

infarction and no excess risk of adverse effects. Among those who indicated 

support for taking the preventive medication, 48% to 69% indicated that they 

would not take the medication if it resulted in mild fatigue, nausea, or dizziness, 

but no functional limitations. Only 3% were willing to take a medication when 

side effects impacted function.237 Similar findings were also revealed in this study 

of older people in a trial context. The severity and impact of AE onset was 

identified as the major barrier to complying with the study drug and preserving an 

acceptable quality of life and intact functional capacity were most important. 

Despite the ambiguity about the cause of AE, many had raised concerns of side 

effects and did not want to take the risk of resuming the study medication. 

 

A challenging life circumstance could have further lowered the threshold of 

participants being tolerant to AEs while on the study medication by either 

aggravating the severity of AEs or making managing the AEs more difficult. 
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These findings suggest that the study drug discontinuation was attributable to 

multiple factors and the interrelationship between these factors was an important 

consideration for understanding participants’ discontinuation behaviour and for 

working out strategies to address this. 

 

5.5.1 Study Strengths and Limitations  

Using qualitative methods allowed an in-depth understanding of the 

complexity of participants’ self-reported factors contributing to their 

discontinuations of the study drug. The study also has several limitations. Firstly, 

as the qualitative research targeted uncovering trends in thoughts and opinions, it 

is likely that some minor factors contributing to drug discontinuation by STAREE 

participants were unrevealed. Secondly, participants in this study were selected 

from those who had discontinued the study drug but agreed to remain in trial and 

to attend follow-up visits. Participants who had completely withdrawn from the 

STAREE trial were not able to be invited to this study as they have no longer 

engagement with the trial at all. They may report different reasons for 

discontinuation. Moreover, recall bias may be more prominent in this study due to 

age-related memory problems although STAREE participants were screened for 

cognitive impairment at trial entry and cognitive function was one of the 

eligibility criteria for STAREE. A reasonable timeframe from discontinuation to 

interviews was set to reduce recall bias. Finally, although muscle symptoms were 

the most frequently reported AEs in this study, and are the most prevalent side 

effects of statins leading to drug discontinuation in clinical practice,238 we cannot 
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attribute the AEs directly to statins as participants and investigators remain 

blinded to treatment allocation.   

5.5.2 Implications for Clinical Research 

This qualitative study highlighted several strategies to improve participant 

commitment to study medications in STAREE and future clinical trials: (1) 

reminding participants of the potential benefits of medical research and the 

importance of their full participation during recruitment and follow-up for valid

results, 239,240 (2) forewarning participants of possible AEs in a way that does 

not inflate the risks associated with the study medication, (3) investing the time to 

communicate with participants about any anticipated barriers, and concerns  

about taking the study drug during regular follow-up visits and phone calls, (4) 

using strategies such as a ‘medication holiday’ and rechallenge or a dose 

reduction in the circumstances of (1-3) and (5) encouraging participants to contact 

trial investigators or GPs if an AE occurs, regardless of the cause of the AE.  

       It is also worth noting that most GPs were involved as co-investigators in  

STAREE and thus were familiar with the trial protocol. Maintaining participants 

in clinical trials will be more feasible with the active support of GPs in facilitating 

contact between researchers and GP patients who are participants. Most of these 

strategies can also be applied to daily clinical practice when prescribing statins. It 

is the clinician/GP's responsibility to make their patients fully aware of the 

potential side effects of statins before taking them, without increasing their 

concerns about drug safety and compromising drug adherence. When the AE 

occur, clinician/GPs are encouraged to discuss with patients with regard to their 

experiences and perspectives of the AEs before ceasing the drug directly. 
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Strategies such as dose titration, medication holiday and drug rechallenge may be 

considered where appropriate.  

Qualitative research embedded in the host clinical trial that takes account of 

qualitative participant feedback could provide ‘real-time’ evidence to guide 

strategies to reduce study drug discontinuation.241,242 Studies to test the efficacy of 

the proposed strategies are suggested to improve retention rates.243,244 

5.6 Conclusions 

This study provides new insights into factors contributing to participants’ 

permanent discontinuation of study drug in a primary prevention trial in an older 

population and found that the perceived AEs with their effects is the key 

contributing factor. Addressing participants’ concerns about drug-related side 

effects at trial entry and offering medical assistance and support in a timely 

manner when the AE occurs may also be useful to reduce participant’s permanent 

study drug discontinuation and prevent further withdrawal. Future investigations 

are needed to determine the usefulness of these strategies. 
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6.1 Abstract 

Background: It remains uncertain whether the therapeutic benefit of statins for 

primary prevention of cardiovascular disease (CVD) is related to the burden of 

CAC.   

Objectives: Our primary study aim was to investigate the impact of coronary 

artery calcium score (CACS) on the associations between statin use and 

cardiovascular outcomes in the Multi-Ethnic Study of Atherosclerosis (MESA). 

Methods: We analysed data from 6,301 MESA participants according to their 

baseline statin use (938 statin users versus 5,363 nonusers), who were free of 

clinical CVD at enrolment and had complete information. Participants’ mean age 

was 62 years and the median follow-up was 14.2 years. Hazard ratios (HRs) for 

incident CVD and coronary heart disease (CHD) in statin users versus nonusers 

were examined among four CACS subgroups (baseline CACS = 0; 1 to 100; 101 

to 400; >400) with Cox regression, adjusted through propensity-score based 

inverse probability weights.  

Results: Statin use was associated with significant lower risks of CVD (HR 0.51; 

95% confidence intervals [CI] 0.33 to 0.79) and CHD (HR 0.51; 95% CI 0.31to 

0.83) in participants with CACS >400. No significant associations were observed 

for the CACS strata ≤400. The effect modification by CACS >400 was 

statistically significant for CVD (p interaction = 0.02) and CHD (p interaction = 0.005).  

Conclusions: In the MESA cohort of asymptomatic participants without 

established CVD, CACS >400 significantly modified the associations of baseline 
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statin use with incident CVD and CHD, with the risk reduction seen only in 

participants with CACS >400 but not in those with CACS ≤400. 
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6.2 Introduction 

Clinical guidelines for primary prevention of cardiovascular disease (CVD) 

with statins have long been based on the approach of global risk assessment that 

does not include subclinical measures of atherosclerosis.245 Coronary artery 

calcium (CAC) measured with non-contrast chest computed tomography scans 

and quantified using the Agatston scoring method, is a potent marker of 

subclinical atherosclerotic CVD (ASCVD).87,89 CAC has been demonstrated to 

independently predict cardiovascular risk in primary prevention populations, with 

the absence of CAC translating into a very low event rate (around 1.1% to 1.7%) 

over a decade.89 

 

A positive correlation between CAC and CVD risk independent of 

conventional risk factors has been consistently reported in previous studies of 

statin-naïve individuals.90,246-250 Based on this, the 2018 American College of 

Cardiology/American Heart Association (ACC/AHA) Cholesterol Guidelines 

recommend the use of CAC testing as an adjunct to the Pooled Cohort Equations 

risk estimator to refine the statin prescribing in individuals at borderline- and 

intermediate-risk, who are optional to the treatment but lack a clear indication.251 

By applying CAC scoring, individuals with CAC score (CACS) = 0 would be 

reclassified into a lower risk group in which statin could be deferred safely, 

whereas those with CAC >100 would be reclassified into a higher risk category 

with a clear statin indication.251 Although the recommendation of CAC to guide 

statin decisions has been well-accepted, existing data are limited to show that 
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statins do reduce cardiovascular risk in patients with elevated CACS but not in 

those without CAC.  

 

Accordingly, we conducted a cohort study to assess whether CAC has an 

impact on the associations between statin use and cardiovascular outcomes in 

asymptomatic individuals without clinically manifested CVD initially.  

 

6.3 Methods  

6.3.1 Data Source 

 The rationale and design of the MESA were previously reported.252 In brief, 

MESA was a prospective, multi-ethnic, population-based study launched in 2000 

aiming to investigate the characteristics, risk factors and progression of 

subclinical ASCVD. A total of 6,814 participants aged 45 to 84 years free of 

clinical CVD were recruited from July 2000 through September 2002 from six 

field centres in the United States. Participants identified themselves as non-

Hispanic White (38.6%), African-American (27.6%), Hispanic (21.9%), or 

Chinese (11.9%) at the time of enrolment.  

 

In this study, we only included participants with complete data for analysis (n 

= 6,301). Eligible participants were classified as statin users and nonusers 

according to their baseline statin use. Variations in statin exposure during the 

follow-up did not affect the group allocation. The association between baseline 

statin use and study outcomes was assessed in four pre-specified CACS 

subgroups, respectively (baseline CACS = 0, 1 to 100, 101 to 400 and 400 +). 
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6.3.2 Measurement of Coronary Artery Calcium   

The detailed procedures of CAC measurement in MESA were previously 

described.252,253 Briefly, the presence and amount of CAC was measured from 

cardiac non-contrast computed tomography scans at baseline and again at each 

follow-up examination. CAC was quantified using the Agatston scoring method,87 

in which a summed score of all coronary calcified plaques was calculated, based 

on the total area and the maximal pixel intensity of each coronary calcium plaque. 

Each participant was scanned twice. The mean phantom adjusted Agatston score 

for the two scans was used in the analyses of this study. Participants and their 

physicians were informed either that there was no CAC or that the CAC was 

below average, average, or above average for the participant's age. 

Recommendation about treatment was not made. 

 

6.3.3 Baseline Covariates 

Baseline covariates included age, sex, race/ethnicity (White, Chinese, black, 

Hispanic), annual family income, education attainment, health insurance status, 

body mass index, heart rate, systolic and diastolic blood pressure, diabetes (none, 

impaired fasting glucose, untreated diabetes, treated diabetes), hypertension, 

family history of CVD, CACS, other lipid-lowering agents, antihypertensive 

agent, tobacco use and alcohol consumption (never, former, current), pack-years 

of smoking, the amount of weekly intentional exercise (metabolic equivalent of 

task minutes per week) and laboratory data including serum creatinine, high-
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sensitivity C-reactive protein, and estimated glomerular filtration rate. Details on 

the information collection are provided in Methodology Section 2.1.3.2. 

 

6.3.4 Study Endpoints  

The primary endpoints were incident hard coronary heart disease (CHD) 

(defined as a composite of myocardial infarction, resuscitated cardiac arrest, or 

CHD death) and incident hard CVD (defined as a composite of hard CHD event 

or stroke [transient ischaemic attack was not included]). Secondary endpoints 

included all-cause mortality, cardiovascular mortality, myocardial infarction, and 

stroke. The endpoint definitions and ascertainment are presented in Methodology 

Section 2.1.3.3. 

 

6.3.5 Statistical Methods  

We applied a propensity-score based inverse-probability of treatment 

weighting (IPTW) method to adjust for baseline covariates between the statin 

groups.254 We generated propensity-score for statin use for each participant using 

a multivariable logistic regression model, with all measured baseline covariates as 

independent variables. Stabilised weights were further computed based on the 

resulting propensity-score and used to create a weighted sample,164 in which the 

statin use was independent of measured covariates. We checked the covariate 

balance before and after weighting by calculating an absolute standardised 

difference (ASD), with ASD ≥0.1 indicating an imbalance.255 Covariate that were 

not sufficiently balanced in the weighting were further adjusted in Cox models.  
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We calculated crude and weighted event frequencies and incidence rates (in 

event per 1000 person-years) for all outcomes stratified by statin use and CACS 

categories. The hazard ratios (HRs) for outcomes with statin use among CACS 

subgroups were estimated using Cox proportional-hazards models with robust 

variance estimation, adjusted through inverse-probability weights and imbalanced 

covariates. The proportional hazards assumption was tested using Schoenfeld 

residuals and was valid in all analyses. We plotted Kaplan-Meier curves to 

describe the cumulative incidence of outcomes over time in the weighted sample. 

The effect modification by CACS on the association of statin use with outcomes 

were assessed by including a multiplicative interaction term in the Cox model. A 

10-year number needed to treat (NNT10) with statins to prevent one event was 

calculated following the CACS stratification. 

 

As the ACC/AHA guidelines do not recommend statin use in patients at low 

CVD risk determined by the conventional risk assessment, we performed an 

exploratory analysis by repeating the primary analysis in a subsample restricted to 

those who are eligible for guideline-based statin treatment.251 All statin users were 

deemed to be eligible for statin use based on the guidelines.  

 

We conducted several sensitivity analyses. First, we re-assessed the 

interaction between CACS and statin use on the two primary endpoints using 

alternative cut-offs of CACS = 0, 100, 200, and 300. Second, we conducted 

falsification analyses to check the presence of residual confounding. We assessed 

the association of baseline statin use with pre-specified falsification endpoints 

including chronic obstructive pulmonary disease, pneumonia and asthma among 
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CACS subgroups. As statins have no effect on these endpoints, any significant 

association implies the presence of residual confounding.256 Third, we repeated 

the main analyses by using alternative analytic models to avoid residual 

confounding (Model 1: IPTW-adjusted Fine and Gray sub-distribution hazards 

models; Model 2: Conventional multivariable Cox models (with no weighting); 

Model 3: IPTW-adjusted multivariable Cox models. Finally, we compared the 

results yielded using the data from the total (imputed) sample and from complete-

case (non-imputed) sample. Missing data on baseline variables were handled 

using multiple imputation approach.  

 

All statistical tests were two-sided, and a p-value < 0.05 was considered to be 

statistically significant. Analyses were performed using Stata/SE 15.0 for 

windows (StataCorp, College Station, TX). 

 

6.4 Results  

Of 6,814 MESA participants, 453 (6.6%) were excluded due to missing data 

(15 for statin use, 420 on covariates and 28 on follow-up events) leaving 6,301 

participants to be included in the main analysis. There were 938 (14.9%) 

participants who reported statin use at baseline and 5,363 (85.1%) who reported 

non-use. Over a median follow-up of 14.2 years (interquartile range: 13.5 to 14.8 

years), 1,150 participants died, with 271 deaths caused by CVD. A total of 620 

incident hard CVD and 396 hard CHD events occurred. There were 282 

participants that developed myocardial infarction and 258 participants that 

developed stroke.  
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6.4.1 Baseline Characteristics  

At baseline, participants’ mean age (standard deviation) was 62.0 (10.2) years 

and 53% were women. Before weighting and compared with nonusers, statin 

users were more likely to be older, former smokers, covered by health insurance, 

and to have higher body mass index, systolic blood pressure and serum creatinine 

but lower estimated glomerular filtration rate. Additionally, more statin users took 

antihypertensive drugs and they were more likely to have diabetes, hypertension 

and a family history of CVD. For CACS distribution, 33.0% (n = 310) statin users 

versus 53.4% (n = 2,864) nonusers had CACS = 0. In terms of CACS of 1-100, 

101-400 and >400, the proportion of statin users was 32.6%, 17.7% and 16.6%, 

and that of nonusers was 25.6%, 12.5% and 8.5%, respectively. After weighting, 

most baseline covariates were well matched (ASDs <0.10). Age and health 

insurance status which were not balanced were further adjusted for in the Cox 

models (Table 6.1). 
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TABLE 6.1 Baseline Characteristics of Statin Users Versus Nonusers Before and After 

the Inverse Probability of Treatment Weighting 

                Before IPTW      After IPTW  

Characteristics* No statin 

(n = 5,363) 

Statin 

(n = 938) 

ASD* No statin 

(n = 5,370) 

  Statin 

(n = 899) 

     ASD* 

Age, years 61.3 ± 10.3 65.9 ± 8.7 0.48 62.1 ± 10.4 63.4 ± 8.9 0.14 

Male  2543 (47.4) 438 (46.7) 0.01 2549 (47.5) 421 (46.8) 0.01 

Race/ethnicity    0.14   0.04 

     White 2040 (38.0) 405 (43.2)  2085 (38.8) 359 (39.9)  

     Chinese  684 (12.8) 103 (11.0)    666 (12.4) 101 (11.2)  

     Black 1397 (26.0) 255 (27.2)    1410 (26.3) 235 (26.1)  

     Hispanic 1242 (23.2) 175 (18.7)  1210 (22.5) 205 (22.8)  

BMI, kg/m2 28.2 ± 5.5  29.0 ± 5.3 0.14 28.3 ± 5.5 28.4 ± 5.1 0.02 

Heart rate (beats/min) 63.0 ± 9.6 63.7 ± 9.8 0.07 63.1 ± 9.7 63.4 ± 9.5 0.02 

Smoking status   0.16   0.07 

      Never   2745 (51.2) 472 (50.3)  2740 (51.0) 468 (52.1)  

      Former  1900 (35.4) 383 (40.8)  1949 (36.3) 336 (37.4)  

      Current 718 (13.4) 83 (8.8)  681 (12.7) 95 (10.6)  

Pack-years smoking 11.0 ± 20.8 13.0 ± 22.5 0.095 11 ± 21.5 12 ± 20.7 0.01 

Alcohol drinking    <0.01   0.03 

      Never 1101 (20.5) 193 (20.6)  1101 (20.5) 182 (20.2)  

      Former 1252 (23.3) 219 (23.3)  1257 (23.4) 223 (24.8)  

      Current 3010 (56.1) 526 (56.1)  3013 (56.1) 494 (54.9)  

Diabetes   0.37   0.04 

      None 4083 (76.1) 584 (62.3)  3972 (74.0) 654 (72.7)  

      IFG 711 (13.3) 148 (15.8)  732 (13.6) 128 (14.2)  

      Untreated 139 (2.6) 21 (2.2)  136 (2.5) 20 (2.3)  

      Treated 430 (8.0) 185 (19.7)  530 (9.9) 98 (10.8)  

Hypertension  2186 (40.8) 594 (62.9) 0.45 2378 (44.3) 428 (47.6) 0.07 

Hypertension meds  1738 (32.4) 565 (60.2) 0.58 1969 (36.7) 354 (39.3) 0.05 

Family history of CVD  2040 (38.0) 462 (49.3) 0.23 2134 (39.7) 368 (40.9) 0.02 

Health insurance  4826 (90.0) 912 (97.2) 0.30 4885 (91.1) 886 (94.2) 0.12 

Education attainment   0.09   0.05 

      <High school 972 (18.1) 154 (16.4)  960 (17.9) 161 (17.9)    
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TABLE 6.1 (Cont.)     

                Before IPTW      After IPTW  

Characteristics* No statin 

(n = 5,363) 

Statin 

(n = 938) 

ASD* No statin 

(n = 5,370) 

  Statin 

(n = 899) 

     ASD* 

      High school 2445 (45.6) 450 (48.0)  2471 (46.0)    419 (46.6)  

      College 969 (18.1) 147 (15.7)    946 (17.6) 144 (16.0)  

      Graduate school 977 (18.2) 187 (19.9)  992 (18.5)    176 (19.5)  

Annual family income    0.09   0.01 

      <USD 25,000  1668 (31.1) 310 (33.0)  1687 (31.4) 281 (31.2)    

      USD 25,000-49,000 1554 (29.0) 264 (28.1)  1551 (28.9) 259 (28.7)  

     USD50,000-99,000 1424 (26.6) 221 (23.6)       1401 (26.1) 234 (26.0)    

      ≥USD100,000 717 (13.4)   143 (15.2)  732 (13.6)    127 (14.1)    

Intentional exercise 

(MET-min/week)  

  0.03   0.05 

      <500 2058 (38.4) 350 (37.3)  2049 (38.2) 335 (37.2)  

      500-1,500 1545 (28.8) 264 (28.1)  1540 (28.7) 248 (27.5)  

     >1,500 1760 (32.8) 324 (34.5)  1781 (33.2) 317 (35.3)  

Other lipid-lowering 

drugs  

71 (1.3) 23 (2.5) 0.08 81 (1.5) 18 (2.0) 0.04 

Systolic BP, mmHg 125.6 ± 21.3 129.8 ± 21.5 0.19 126.3 ± 21.4 127.9 ± 

21.1 

0.08 

Diastolic BP, mmHg 72.0 ± 10.4 71.3 ± 9.7 0.07 71.9 ± 10.4 71.9 ± 9.3 <0.01 

CRP, mg/L 3.8 ± 5.8 3.3 ± 5.1 0.09 3.7 ± 5.6 4.4 ± 7.9 0.095 

eGFR, mL/min/1.73 m2 90.6 ± 16.7 84.3 ± 14.5 0.37 89.6 ± 17.1 88.3 ± 15.9 0.08 

Serum creatinine, mg/dL 0.96 ± 0.3 1.02 ± 0.4 0.16 0.97 ± 0.3 0.98 ± 0.3 0.01 

CAC score, Agatston    0.44   0.05 

      0 2864 (53.4) 310 (33.0)  2700 (50.3) 435 (48.4)  

      1-100 1373 (25.6) 306 (32.6)  1431 (26.7) 240 (26.7)  

      101-400 668 (12.5) 166 (17.7)  713 (13.3) 131 (14.6)  

      400+ 458 (8.5) 156 (16.6)  526 (9.8) 93 (10.4)  

Continuous variables were expressed as mean ± standard deviation and categorical variables were 

expressed as frequency (proportion). *ASD was absolute difference in means or proportions 

divided by standard error, and imbalance was defined as an ASD value greater than 0.10 (in bold). 

ASD = absolute standardised difference; BMI = body mass index; BP = blood pressure; CAC = 

coronary artery calcium; CRP = C-reactive protein; eGFR = estimated glomerular filtration rate; 

IPTW = inverse probability of treatment weighting; IFG = impaired fasting glucose; MET = 

metabolic equivalent of task. 
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6.4.2 Baseline Statin Use and Outcomes Following Coronary Artery Calcium 

Scoring  

Event frequencies and incidence rates of outcomes are presented in Table 6.2 

and 6.3. Kaplan-Meier curves for CVD and CHD are shown in Figure 6.1. In the 

subgroup of CACS >400, baseline statin use was associated with 49% risk 

reductions in both incident CVD (HR: 0.51; 95% confidence interval [CI]: 0.33 to 

0.79) and CHD (HR: 0.51; 95% CI: 0.31 to 0.83). No significant associations 

were observed for other CACS strata ≤400. The effect modification by 

CACS >400 on the associations of statin use with CVD (p interaction = 0.020) and 

CHD (p interaction = 0.005) was statistically significant (Table 6.4). For the 

CACS >400 group, the NNT10 with statins to prevent one additional CVD event 

was 10 and to prevent one additional CHD event was 13 (Table 6.4). Restricting 

the study sample to those who were eligible for statins based on the guidelines (N 

= 4,506) did not materially change our main results, except for a weakened 

modifying effect of CACS >400 for CVD (p interaction = 0.089) (Table 6.4).  

 

The hazard ratios for baseline statin use among CACS subgroups for all-cause 

mortality, cardiovascular mortality, myocardial infarction and stroke are 

presented in Table 6.5. CACS >400 significantly modified the association 

between statin use and myocardial infarction (p interaction = 0.04), with the 

statistically significant association seen only in the CACS >400 subgroup. 

Additionally, statin use reduced the risk of fatal CVD by 43% and of stroke by 45% 

in the CACS >400 subgroup, though the results were not statistically significant. 

For all-cause mortality, a significant risk reduction with statin use was observed 
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in the subgroups of CACS = 0 and CACS >400, on a likely basis of play in 

chance. 

 

6.4.3 Sensitivity Analysis  

When applying alternative cut-offs of CACS, we observed significant effect 

modification by CACS >300 on the association of statin use and CHD (p interaction 

= 0.03) (Table 6.6). No significant associations were observed between statin use 

and falsification endpoints, indicating a small likelihood of residual confounding 

(Table 6.7). Using alternative analytic models and the complete case analysis 

with imputed data did not alter our main study results appreciably (Tables 6.8 & 

6.9).
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TABLE 6.2 Crude and Weighted Event Frequencies and Incidence Rates of Hard CVD and CHD in Statin Users and Nonusers Among CACS 

Subgroups 

Statin Users Vs. 

Nonusers 

No. of Nonusers/ 

Statin users 

Hard CVD Hard CHD 

No statin  Statin  No statin  Statin  

Events Event rate* Events Event rate* Events Event rate* Events Event rate* 

Unweighted sample         

CACS = 0 2864/310 131 3.54 17 4.29 61 1.64 11 2.75 

0< CACS ≤100 1373/306 142 8.69 34 9.12 87 5.23 22 5.83 

100<CACS ≤400 668/166 120 16.18 29 15.08 78 10.23 25 12.78 

CACS >400 458/156 116 26.17 31 18.41 89 19.56 23 13.44 

          

Weighted sample         

CACS = 0 2700/435 126 3.63 23 4.03 59 1.68 16 2.72 

0< CACS ≤100 1431/240 151 8.93 27 7.83 92 5.31 15 4.99 

100<CACS ≤400 713/131 130 16.45 27 17.35 83 10.24 24 15.50 

CACS >400          526/93 135 26.91 14 13.57 105 20.39 11 10.25 

*Event rate per 1000 person-years. Abbreviations: CACS = coronary artery calcium score; CHD = coronary heart disease; CVD = cardiovascular disease. 
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TABLE 6.3 Crude and Weighted Event Frequencies and Incidence Rates of Secondary Endpoints in Statin Users and Nonusers Among CACS 

Subgroups 

Statin Users Vs. 

Nonusers 

No. of nonusers/ 

statin users 

All-cause death* Cardiovascular death* Myocardial infarction* Stroke* 

No statin Statin No statin Statin No statin Statin No statin Statin 

Unweighted sample         

CACS = 0 2864/310 277 (7.10) 29 (6.85) 48 (1.23) 8 (1.89) 46 (1.23) 7 (1.75) 76 (2.04) 10 (2.50) 

0< CACS ≤100 1373/306 268 (15.03) 62 (15.23) 64 (3.59) 15 (3.68) 57 (3.43) 15 (3.98) 60 (3.62) 12 (3.14) 

100< CACS ≤400 668/166 213 (25.67) 40 (19.16) 54 (6.51) 15 (7.18) 60 (7.87) 14 (7.14) 46 (6.00) 8 (4.02) 

CACS >400 458/156 201 (37.90) 60 (31.81)  53 (9.99) 14 (7.42) 67 (14.76) 16 (9.38) 36 (7.63) 10 (5.79) 

Weighted sample         

CACS = 0 2700/435 270 (7.35) 33 (5.47) 47 (1.28) 10 (1.72) 45 (1.28) 7 (1.71) 76 (2.10) 10 (2.01) 

0< CACS ≤100 1431/240 292 (15.80) 40 (12.52) 70 (3.76) 9 (2.70) 58 (3.38) 15 (3.89) 60 (3.79) 12 (2.61) 

100< CACS ≤400 713/131 235 (26.58) 34 (20.81) 61 (6.92) 18 (10.90) 63 (7.77) 14 (5.44) 46 (6.26) 9 (3.43) 

CACS >400 526/93 239 (39.62) 31 (26.57)  65 (10.79) 7 (5.93) 79 (15.28) 16 (6.65) 36 (7.56) 7 (4.07) 

*Data were presented as the number of participants with the outcome (event rate per 1000 person-years). Abbreviations: CACS = coronary artery calcium score; CHD = 

coronary heart disease; CVD = cardiovascular disease. 
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TABLE 6.4 Hazard Ratios for CVD and CHD for Statin use Among CACS 

Subgroups and The Corresponding 10-Year NNT 

Statin users vs. 

Nonusers 

 Model 1 Model 2 

Cumulative incidence 

of outcome at 10y (%)* 
ARR10 

(%)  

NNT10 

aHR(95% CI)* aHR(95% CI) No Statin Statin 

Hard CVD       

CACS = 0 0.99 (0.52-1.90) 0.94 (0.48-1.81) 2.82 2.79 0.03 - 

0< CACS ≤100 0.86 (0.56-1.32) 0.92 (0.58-1.46) 7.47 6.44 1.03 - 

100<CACS≤400 1.09 (0.64-1.87) 1.07 (0.71-1.60) 13.28 14.40 -1.12 - 

CACS >400  0.51 (0.33-0.79) 0.63 (0.40-0.97) 21.78 11.83 9.95 10 

Model 1: CAC score (CAC >400 vs. CAC ≤400) * statin use interaction term: p interaction = 0.020 

Model 2: CAC score (CAC >400 vs. CAC ≤400) * statin use interaction term: p interaction = 0.089 

Hard CHD       

CACS = 0 1.47 (0.64-3.40) 1.51 (0.64-3.57) 1.35 1.98 -0.63 - 

0< CACS ≤100 0.92 (0.53-1.60) 1.05 (0.59-1.89) 4.64 4.28 0.36 - 

100<CACS≤400 1.55 (0.85-2.86) 1.47 (0.94-2.29) 8.15 12.37 -4.22 - 

CACS >400  0.51 (0.31-0.83) 0.59 (0.36-0.98) 16.95 9.05 7.90 13 

Model 1: CACS (CACS >400 vs. CACS ≤400) * statin use interaction term: p interaction = 0.005 

Model 2: CACS (CACS >400 vs. CACS ≤400) * statin use interaction term: p interaction = 0.006 

 

Model 1: Weighted Cox models were fitted for the entire study cohort, adjusting for stabilized 

inverse-probability weights and two insufficiently balanced variables in the weighting including 

age and health insurance status. Model 2: Weighted Cox models were fitted for study participants 

with borderline- and higher CVD risk according to the 2018 ACC/AHA guidelines (new weights 

were generated); this subsample included nonusers with 10-year atherosclerotic CVD risk >5% or 

with diabetes and/or low-density lipoprotein concentration ≥190 mg/dl at baseline and all statin 

users who were assumed to be statin-eligible by the guidelines. * The cumulative incidence of 

CVD and CHD at 10 years were calculated at the mean of observed covariates in the weighted 

entire study cohort. ARR10 was calculated by subtracting the cumulative incidence among statin 

users from the cumulative incidence among nonusers at ten years. The NNT10 is the inverse of the 

ARR10. Abbreviations: aHR = adjusted hazard ratio; ARR10 = absolute risk reduction at 10-year; 

CACS = coronary artery calcium score; CHD = coronary heart disease; CI = confidence interval; 

CVD = cardiovascular disease; NNT10 = 10-year number needed to treat. 
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TABLE 6.5 Hazard Ratios for Secondary Endpoints in Statin Users Versus 

Nonusers Among CACS Subgroups 

Statin users vs. Nonusers IPTW-adjusted HR (95% CI) p Value 

All-cause death    

CACS =0 0.63 (0.40-0.98) 0.04 

0< CACS ≤100 0.80 (0.56-1.08) 0.15 

100< CACS ≤400 0.85 (0.56-1.30) 0.46 

CACS >400 0.68 (0.49-0.95) 0.02 

CACS >400 versus CACS ≤400                  0.94 (0.63-1.41) p interaction = 0.76                                   

Cardiovascular death   

CACS =0 1.14 (0.49-2.65) 0.76 

0< CACS ≤100 0.74 (0.40-1.37) 0.33 

100< CACS ≤400 1.70 (0.77-3.75) 0.19 

CACS >400 0.57 (0.30-1.09) 0.09 

CACS >400 versus CACS ≤400                 0.50 (0.22-1.13) p interaction = 0.10 

Myocardial infarction   

CACS =0 1.21 (0.39-3.80) 0.74 

0< CACS ≤100 1.14 (0.59-2.20) 0.71 

100< CACS ≤400 0.70 (0.38-1.30) 0.26 

CACS >400 0.44 (0.25-0.79) 0.006 

CACS >400 versus CACS ≤400                 0.44 (0.21-0.95) p interaction = 0.04                                    

Stroke   

CACS =0 0.84 (0.39-1.83) 0.67 

0< CACS ≤100 0.70 (0.36-1.37) 0.30 

100< CACS ≤400 0.56 (0.25-1.28) 0.17 

CACS >400 0.55 (0.26-1.16) 0.12 

CACS >400 versus CACS ≤400                  0.77 (0.32-1.83) p interaction = 0.55 

Abbreviations: CACS = coronary artery calcium score; CI = confidence interval; HR = hazard ratio; IPTW = 

inverse probability of treatment weighting. 
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TABLE 6.6 Hazard Ratios for Hard CVD and CHD in Statin Users Versus 

Nonusers Among CACS Subgroups Classified by Using Alternative Cut-offs of 

CACS 

 Hard CVD Hard CHD 

CACS 

subgroups 

IPTW-adjusted 

HR (95% CI) 

p interaction 
IPTW-adjusted 

HR (95% CI) 

p interaction 

CACS = 0 0.99 (0.52-1.90) 

0.63 

1.47 (0.64-3.40) 

0.39 

CACS >0 0.83 (0.62-1.12) 0.98 (0.68-1.41) 

     

CACS ≤100 0.91 (0.62-1.35) 

0.64 

1.12 (0.67-1.87) 

0.68 
CACS >100 0.80 (0.54-1.17) 0.97 (0.62-1.52) 

     

CACS ≤200 0.99 (0.68-1.43) 

0.13 

1.28 (0.79-2.05) 

0.10 
CACS >200 0.65 (0.45-0.93) 0.74 (0.49-1.12) 

     

CACS ≤300 0.97 (0.69-1.36) 

0.09 

1.28 (0.83-1.96) 

0.03 
CACS >300 0.61 (0.40-0.91) 0.63 (0.40-0.99) 

Abbreviations: CACS = coronary artery calcium score; CHD = coronary heart disease; CI = confidence 

interval; CVD = cardiovascular disease; HR = hazard ratio; IPTW = inverse probability of treatment 

weighting. 
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TABLE 6.7 Falsification Analysis to Test for Residual Confounding 

Statin Users 

Versus. 

Nonusers 

No Statin  

No. of 

Events/Total* 

Statin  

No. of 

Events/Total* 

IPTW-adjusted 

HR (95% CI) 

p Value 

COPD    

CACS= 0 50/2700 8/435 0.80 (0.19-3.32) 0.76 

0< CACS ≤100 43/1431 6/240 0.79 (0.38-1.63) 0.53 

100<CACS≤400 35/713 6/131 1.09 (0.51-2.32) 0.82 

CACS>400 37/526 8/93 1.07 (0.54-2.12) 0.85 

CACS >400 versus CACS ≤400                                                                              p interaction = 0.67 

    

Asthma    

CACS = 0 114/2700 18/435 0.91 (0.50-1.66) 0.76 

0< CACS ≤100 61/1431 14/240 1.24 (0.70-2.19) 0.47 

100<CACS≤400 37/713 6/131 0.85 (0.38-1.89) 0.69 

CACS >400 27/526 4/93 0.76 (0.31-1.87) 0.55 

CACS >400 versus CACS ≤400                          p interaction = 0.61                                                                                  

 

Pneumonia    

CAC = 0 107/2700 6/435 0.32 (0.12-0.84) 0.02 

0< CAC ≤100 77/1431 14/240 1.02 (0.54-1.94) 0.95 

100< CAC ≤400 61/713 8/131 0.72 (0.33-1.58) 0.41 

CAC >400 79/526 12/93 0.79 (0.48-1.31) 0.36 

CAC >400 versus CAC ≤400                          p interaction = 0.51                                                                                      

*Data were shown in the weighted sample. Abbreviations: CACS = coronary artery calcium score; 

CI = confidence interval; COPD = chronic obstructive pulmonary disease; HR = hazard ratio; 

IPTW = inverse probability of treatment weighting. 
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*Interaction between baseline statin use and CACS (CACS >400 versus CACS ≤400) on outcomes. Model 1: Inverse-probability of treatment weighting + Fine and Gray 

sub-distribution hazards model; Model 2: Multivariable Cox proportional hazards model, with adjustment for all baseline covariates; Model 3: Inverse-probability of 

treatment weighting + multivariable Cox proportional hazards model, with adjustment for all baseline covariates. Abbreviations: CACS = coronary artery calcium score; 

CHD = coronary heart disease; CI = confidence interval; CVD = cardiovascular disease; HR = hazard ratio; SHR = sub-distribution hazard ratio. 

 

 

 

TABLE 6.8 Hazard Ratios for Hard CVD and CHD in Statin Users Versus Nonusers Among CAC Subgroups Estimated by Using Alternative 

Analytic Models 

Statin Users vs. 

Nonusers 

Model 1 Model 2 Model 3 

Hard CVD Hard CHD Hard CVD Hard CHD Hard CVD Hard CHD 

     SHR (95% CI) SHR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) 

CACS = 0 1.02 (0.53-1.96) 1.53 (0.66-3.54) 0.82 (0.48-1.39) 1.21 (0.61-2.42) 0.91 (0.48-1.73) 1.50 (0.67-3.33) 

0< CACS ≤100 0.89 (0.58-1.37) 0.96 (0.55-1.66) 0.91 (0.62-1.35) 1.03 (0.63-1.68) 0.87 (0.55-1.37) 0.97 (0.54-1.75) 

100< CACS ≤400 1.18 (0.67-2.05) 1.68 (0.89-3.15) 1.06 (0.69-1.64) 1.54 (0.95-2.50) 1.09 (0.70-1.71) 1.56 (0.95-2.55) 

CACS >400 0.56 (0.37-0.86) 0.56 (0.34-0.91) 0.64 (0.42-0.97) 0.59 (0.37-0.96) 0.51 (0.33-0.81) 0.50 (0.29-0.84) 

p interaction
*  0.03 0.007 0.15 0.03 0.02 0.003 
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TABLE 6.9 Hazard Ratios for Hard CVD and CHD in Statin Users versus 

Nonusers Among CACS subgroups in the Total (Imputed) Sample 

Baseline CACS 

Score 

Hard CVD Hard CHD 

Statin Users (n = 1,007) vs. Nonusers (n = 5,762) 

CACS Categories 
IPTW-adjusted 

HR (95% CI) 

p Value 
IPTW-adjusted 

HR (95% CI) 

p Value 

CACS = 0 0.93 (0.49-1.75) 0.81 1.33 (0.59-2.99) 0.49 

0< CACS ≤100 0.84 (0.55-1.27) 0.40 0.89 (0.53-1.49) 0.65 

100< CACS ≤400 1.12 (0.78-1.61) 0.54 1.44 (0.96-2.15) 0.08 

CACS >400 0.58 (0.38-0.88) 0.01 0.57 (0.35-0.93) 0.03 

CACS ≥400 vs.<400       0.61 (0.37-1.01)  p interaction =0.05   0.48 (0.26-0.87)  p interaction =0.02 

Abbreviations: CACS = coronary artery calcium score; CHD = coronary heart disease; CI = 

confidence interval; CVD = cardiovascular disease; HR = hazard ratio; IPTW = inverse 

probability of treatment weighting. 
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Hard CVD 
 

   A                                                                                         B                                                  

  C                  D      

                               
 

Hard CHD 
 

  E                                                                                          F                                                  

G          H         

                    

                                               
Figure 6.1 IPTW-adjusted Kaplan-Meier Curves for Cumulative Incidence of CVD 

and CHD by Baseline Statin Use Among CACS Subgroups 

Kaplan-Meier curves adjusted through inverse probability weights for cumulative incidence of hard CVD 

were shown in subgroups of (A) CACS = 0, (B) CACS 1-100, (C) CACS 101-400, and (D) CACS >400, and 

for hard CHD were shown in subgroups of (E) CACS = 0, (F) CACS 1-100, (G) CACS 101-400, and (H) 

CACS >400. The effect modification by CAC score >400 was statistically significant on the association of 

baseline statin use with CVD (p for interaction = 0.020) and CHD (p for interaction = 0.005). CAC(S) = 

coronary artery calcium (score); CHD = coronary heart disease; CI = confidence interval; CVD = 

cardiovascular disease; HR = hazard ratio; IPTW = inverse probability of treatment weighting.
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6.5 Discussion  

In this population-based, multi-ethnic cohort study, CACS >400 significantly 

modified the associations of baseline statin use with incident hard CVD and CHD 

events among participants without clinical CVD, with significant associations 

seen only in the group of CACS >400 but not in the groups of CACS ≤400. 

Restricting the analysis to guideline-based statin-eligible participants did not 

change our main findings. Participants with CACS >400 also obtained the largest 

risk reduction in fatal CVD, myocardial infarction and stroke with statin use 

relative to those with CACS ≤400. The overall findings suggest the clinical utility 

for CACS to guide a more targeted statin therapy by identifying individuals who 

are likely to obtain the most and least statin benefits. These data also support the 

current ACC/AHA guideline recommendations on the use of CAC measurement 

as an adjunct to conventional risk assessment to refine the eligibility for statin 

treatment.30 Via a non-contrast cardiac CT scan, CAC screening can be easily 

implemented in daily clinical practice with a relatively low dose of radiation (~ 

1mSv). The whole procedure takes around ten minutes. 257 

 

6.5.1 The Impact of CAC on Statin Benefits for Primary Prevention of CVD  

Two studies have previously assessed the impact of CAC on statin benefits for 

primary prevention of CVD. Blaha et al.258 performed a post-hoc analysis of 

1,003 participants  (mean age 59 years) without CVD at enrolment and with 

baseline CACS above the 80th percentile for age and sex from the St. Francis 

Heart Study. The study results showed weak evidence on the effect modification 

by CAC on statin-associated cardiovascular benefit (p interaction = 0.08). Over an 
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average 4.3-year follow-up, participants with CACS >400 had a significantly 

lower incidence of major adverse cardiovascular events compared with those with 

CACS ≤400 (HR 0.58; 95% CI 0.34 to 1.00; 5-year NNT = 13). These study 

findings are concordant with our study results. 

 

Our study findings were also partially in line with another retrospective study 

by Mitchell et al.91 of 13,644 participants (mean age 50 years). Over a median 

follow-up of 9.4 years, statin use was associated with a significantly lower risk of 

major adverse cardiovascular events among participants with baseline CACS 101-

400 and CACS >400. In contrast, no significant association was found for those 

with CACS≤100. It was seen that CACS >100 significantly modified the 

association between statin use and major adverse cardiovascular events (p interaction 

< 0.001).  

 

One inconsistent result between Mitchell et al.’s study and ours was that we 

did not observe any statin benefit in participants with CACS 101-400. This 

inconsistency may be partly due to the smaller number of participants in this 

subgroup and the focus on hard-only events in our study, resulting in the lower 

confidence in results. Another possible reason is that statin-naïve participants with 

elevated CACS were more likely to initiate statins during the follow-up and such 

crossovers could have biased the result toward the null. This was seen in a 

previous MESA study by Nasir et al,259 in which participants with CACS 101-400 

and CACS > 400 had a 1.26 and 1.53 fold higher rate of initiation of lipid-

lowering drugs compared to those with CACS = 0.  
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The CACS of zero has been demonstrated to be the strongest negative risk 

marker of CVD and have the potential to reclassify patients’ risk and thus avoid 

statin overuse.84,260 In this study, CACS = 0 was common in both statin users 

(33.0%) and nonusers (53.4%). The incidence rates of CVD and CHD were 

noticeably lower in participants with CACS = 0 than in those with CACS >0. 

Moreover, no observed benefit from statins on primary outcomes in the CACS = 

0 group supports the role of CACS in identifying the patients who are least likely 

to benefit from statins. 

 

6.5.2 Study Strengths 

The main strength of the present study was using the large-scale, well-

characterised, multi-ethnic cohort and its long-term follow-up and good quality 

control. Study endpoints were actively screened and adjudicated by MESA 

investigators and overseen by MESA committees. The IPTW model made a good 

approximation of the likely effect of treatment assignment in randomised trials, 

by creating a weighted sample in which the use of statins was independent of 

baseline covariates.163  

 

6.5.3 Study Limitations  

This study has several limitations. First, residual confounding bias cannot be 

ruled out due to the observational nature of this study. Second, a prevalent user 

design was used, which could have resulted in an overestimation of statin benefits. 

Third, baseline lipid parameters were not adjusted in the IPTW models as the pre-

treatment lipid levels of statin users were unknown. Moreover, assuming all statin 
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users were eligible for guideline-based statin treatment could have led to some 

misclassifications. Last, a small number of events in some analyses might lead the 

analysis to lack sufficient statistical power. 

 

6.6 Conclusions 

CACS >400 significantly modified the association of statin use with incident 

cardiovascular events in asymptomatic participants, independent of traditional 

risk factors. This finding supports the role of a CAC test as an adjunct in guiding 

statin use for primary prevention of CVD by identifying those who are most and 

least likely to obtain the benefits from statin therapy. 
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7.1 Prelude  

Cardiovascular disease (CVD) is the leading cause of disability and death 

worldwide, and the case-fatality rate of CVD rises sharply with increasing age. 

Statins, a class of lipid-lowering medications, are among the cornerstones of 

pharmacological therapies for risk reduction in patients with established CVD and 

those at high CVD risk. However, there remains uncertainty as to whether statin 

therapy provides a net benefit for the primary prevention of CVD in older adults. 

This uncertainty comes mainly from the lack of robust and consistent trial 

evidence that either supports or opposes statin use in primary prevention in older 

populations and from the concerns over a likely increased risk of statin-related 

side effects with increasing age.116 The appropriateness of statin use in 

intermediate-risk patients has also been widely questioned, in whom the risk-

benefit trade-off of statins is less clear than in those at high CVD risk.261 Since 

these patient groups amount to a large segment of the general population, where 

the majority of CVD events come from, convincing evidence is needed to inform 

appropriate statin use among them. To contribute to the evidence base in the 

above research fields, the present thesis includes investigations of the role of 

statin therapy for primary prevention of CVD in older adults, the clinical ability 

of coronary artery calcium (CAC) testing to refine the eligibility for statin 

treatment in asymptomatic patients and, the underlying factors that contributed to 

the study drug discontinuation in an ongoing primary prevention statin trial of 

older populations. 
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7.2 Aims Revisited and Summary of findings 

In Chapter 3 the aim was to systematically evaluate the safety and tolerability 

of statins in adults who were aged ≥65 years and free of overt CVD. The study 

focus was muscle-related symptoms, which are by far the most commonly 

reported adverse events (AEs) with statin use in clinical practice.96 A systematic 

review and meta-analysis was conducted on 11 double-blind, placebo-controlled, 

randomised statin trials including 18,192 participants. The primary result 

demonstrated no excess risk of muscle-related symptoms with statin use as 

compared with placebo. This finding was not altered in the subgroup analysis by 

statin dosages, solubility, and exposure time. Similarly, there were no differences 

between the statin and placebo groups in terms of the incidence of AEs, serious 

AEs, and discontinuations for any reason or specifically for AEs or muscle 

symptoms. Furthermore, it was seen that the AEs were reported by around one-

third of participants in both treatment arms. This demonstrated that the perceived 

symptoms were not necessarily caused by the trial medication. The overall study 

findings help counter the popular belief of a high burden of statin-related side 

effects in real-life settings and provide reassurance to clinicians and patients with 

regards to statin use in older adults.    

 

In Chapter 4 the aim was to explore the association of statin use with CVD 

and non-CVD outcomes among healthy older adults. Of particular interest is the 

relationship between statin use and disability-free survival, which is seemingly 

the overarching goal of contemporary aged care.262 A post-hoc analysis of the 
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Aspirin in Reducing Events in the Elderly (ASPREE) randomised trial was 

conducted including data on 18,096 community-dwelling subjects aged 70 years 

and older, who were free of CVD, dementia, and physical disability (referred to as 

‘healthy older adults’) at trial entry. Comparing statin users with nonusers, statin 

use was associated with a significant risk reduction in persistent physical 

disability, major adverse cardiovascular events (MACE) and other CVD 

outcomes including fatal CVD, stroke, and myocardial infarction. In contrast, 

there were no associations of statin use with improved disability-free survival, 

reduced death and dementia. It was also seen that participants’ gender, age, and 

the presence of CVD risk factors including diabetes, hypertension, family history 

of CVD, and smoking did not impact any of these associations of interest. 

Moreover, the risk reduction in MACE was seen to be greater in participants 

treated with statins of a higher potency (rosuvastatin and atorvastatin).  

 

The study findings in Chapter 4 suggest there are varying statin effects on 

different clinical outcomes in healthy older adults. This highlights the importance 

of considering patients’ treatment priorities before making a clinical decision. For 

example, there is a rationale to prescribe statins to older patients who prioritise 

the prevention of CVD events over other outcomes. Equally, those who are 

concerned more about a healthy lifespan may not wish to start on statins due to a 

lack of perceived benefit and the risk of statin-related side effects. 

 

Chapter 5 aimed to explore the contributing factors to permanent study drug 

discontinuation among participants from the Statins in Reducing Events in the 

Elderly (STAREE),148 an ongoing double-blind randomised controlled trial 
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comparing the effect of atorvastatin versus placebo amongst healthy older adults. 

To enable participants’ experiences and perspectives to be explored in depth, we 

conducted semi-structured phone interviews using open-ended questions with 30 

participants who had discontinued their study drug permanently. It was seen that 

perceived AEs (reported by 26 interviewees) with their impact on daily living 

were the major factors contributing to discontinuations of the study drug. In some, 

concurrent challenging life circumstances further lowered their tolerance to the 

perceived AEs thus making discontinuation more likely. Although the participants 

were masked to the treatment assignment, two believed they had been assigned to 

statins. Most were uncertain about the cause of the perceived AEs but decided to 

cease taking the drug just in case, as they perceived their health as vulnerable. 

 

The findings in Chapter 5 suggest that addressing participants’ concerns about 

drug-related side effects at trial entry and offering timely medical support when 

AEs occur may help improve participant engagement and medication adherence 

in the STAREE trial. This information may also be helpful to other clinical trials 

in which perceived AEs are a major cause for study drug discontinuation.  

 

In Chapter 6 the aim was to investigate the modification of the presence and 

extent of coronary artery calcium (CAC) on the association between statin use 

and cardiovascular outcomes in asymptomatic individuals without a history of 

CVD. Analyses were conducted on the observational data of 6,301 participants 

aged 45 to 84 years from the Multi-ethnic study of atherosclerosis (MESA). The 

study results showed that the CAC score (CACS) >400 was a significant modifier 

of the associations of statin use with both incident CVD and coronary heart 
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disease, with risk reduction seen only in the subgroup with CACS >400. The 

study findings provide support to the current ACC/AHA guideline 

recommendations on the use of CAC measurement as an adjunct to conventional 

risk assessment to refine the eligibility for statin treatment in intermediate-risk 

patients.30  

In summary, this thesis supports widespread use of statins for the primary 

prevention of CVD in older adults, given the favourable efficacy, safety and 

tolerability of statin treatment as reported in the studies included in this thesis. 

despite the lack of mortality benefit. Among those who do not wish to start 

the treatment due to concerns about drug side effects and those who are 

eligible for statins but lack of a clear indication, scanning for CAC is 

encouraged. CAC scoring has the value to inform clinician-patient risk 

discussion and decision-making about statin prescribing by providing 

incremental individualised risk information beyond the conventional risk 

assessment. Given most of risk prediction algorithms fail to estimate CVD 

risk for adults aged over 75 years, CAC test will provide useful risk 

information in this age group.  

7.3 Strengths and Limitations of Current Studies 

The strengths and limitations of the studies contained in this thesis were outlined 

as follows. 

7.3.1 Meta-analysis of randomised trials 

The work presented in Chapter 3 was a systematic review and meta-analysis 

that pooled the study results from multiple double-blind, randomised placebo-
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controlled statin trials in order to increase the statistical power and improve the 

estimates of the effect size of statin use. The main strengths of this meta-analysis 

include: 1) a large pooled sample size and the stringent process of study selection 

and the assessments of risk of bias and evidence quality; 2) the rigorous meta-

analysis conducted following a published research protocol to avoid publication 

bias; 3) the absence of heterogeneity across studies for all study outcomes; 4) the 

reports of a variety of study outcomes to enable the statin safety and tolerability 

being comprehensively assessed; 5) risk estimates from four trials used for the 

pooled analysis were published for the first time.  

 

There were also several limitations in this meta-analysis. First, the 

generalisability of the study findings to real-world older populations is limited. 

The participants within the included statin trials were likely to be highly selected, 

who appeared to have better physical functioning, fewer morbidities and take 

fewer medications compared to similar aged people in real-world settings.60,177 

Hence, they are less likely to be susceptible to statin-related AEs and to be 

intolerant of statins. In addition, the study populations in the included trials were 

predominantly white and aged < 80 years, thus the study results cannot be 

generalised to very old adults and other races. Other limitations of this study 

included: 1) the inability to assess the risk of statins over the long-term (>5 years); 

2) the Grading of Recommendations, Assessment, Development and Evaluations 

(GRADE) assessment showed low-to-moderate evidence quality of the study 

outcomes; 3) the lack of specific assessment of statin-related AEs except for 

muscle problems; 4) possible sponsorship bias as all the included trials were 

funded by pharmaceutical companies.263 
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7.3.2 Observational research 

The studies using the ASPREE data (Chapter 4) and MESA data (Chapter 6) 

had an observational study design. Both studies applied an inverse probability of 

treatment weighting approach to minimise the imbalance in baseline confounders 

between groups being compared. This statistical technique is a superior method 

for controlling for selection bias in observational studies over other conventional 

covariate adjustment methods.163 Other strengths of these studies include: 1) the 

large study sample size that ensures the sufficient study power; 2) actively 

screened outcomes that were ascertained through a stringent adjudication process 

to prevent misclassifications; 3) rigorous and sophisticated data analyses to 

eliminate confounding biases; 4) main results were shown to be robust to a variety 

of sensitivities analyses.  

 

Limitations of the studies in Chapters 4 and 6 include: 1) the inability to 

establish the causal relationship between study exposure and outcomes due to the 

observational study design; 2) the difficulty of addressing confounding by 

indication despite the use of treatment weighting approach in an attempt to mimic 

some properties of randomised controlled trials; 3) the prevalent user design 

leading to the problem that the baseline covariates may not necessarily predict the 

statin use; 225,264 4) the inability to consider statin use as a time-varying exposure 

and interim initiation of other relevant pharmacotherapies; 5) the small number of 

events in some subgroups that led the analysis to be underpowered to demonstrate 

the statistical significance. Moreover, as the study participants in Chapter 4 were 
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predominantly white and aged younger than 85 years, the study findings may not 

be generalised to other races and people aged over 85 years. 

 

7.3.3 Qualitative research  

The sub-study embedded in the STAREE trial (Chapter 5) used a qualitative 

research design. The major strength of the qualitative research method is that it 

allows researchers to obtain an in-depth understanding of human behaviours and 

experiences in a particular context.155,156 In Chapter 5, semi-structured phone 

interviews were conducted with 30 participants to capture participants’ 

perspectives and experiences regarding their discontinuation of medication in an 

ongoing randomised statin trial. The blinding of participants to treatment 

allocation also made the misattribution of an adverse event to the study drug less 

likely to occur.  

 

The limitations of this study included: 1) as qualitative research is designed to 

uncover major trends in perspectives and opinions, revealing potential minor 

contributing factors is beyond the scope of this study; 2) possible recall bias as the 

study participants were aged over 70 years; 3) participants in this study were 

selected from those who had discontinued the study drug but agreed to remain in 

the trial and to attend follow-up visits. Those who had completely withdrawn 

from the trial and requested no further engagement with the trial were not able to 

be invited into this study. They may have reported different reasons for 

discontinuation. 
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7.4 Future Directions 

Studies presented in this thesis have provided novel and important information 

on statin therapy in the primary prevention of CVD. Recommendations for future 

research are outlined as follows.  

 

The meta-analysis in Chapter 3 demonstrated that statin use did not increase 

the overall risk of AEs and the risk of muscle-related symptoms in older adults 

without established CVD. Future studies could further investigate statin effects on 

other less frequent AEs in older adults, over both the short-term and long-term. 

For instance, it has been suggested that statin use is associated with increased risk 

of cognitive decline265 and cataracts,266,267 which are common age-related 

illnesses that place a significant burden on the quality of life among older adults. 

In contrast, data from other studies showed that use of statins had neutral268-271 or 

beneficial effects272-275 on these outcomes. The mixed findings across different 

studies reinforce the need for large-scale and well-designed randomised trials to 

draw robust conclusions. While acknowledging a higher risk of bias, evidence 

from observational studies of older adults is still needed to detect long-term (>5 

years) and rarely occurred statin-related AEs. This will complement evidence 

produced from clinical trials of which the follow-up time is generally less than 5 

years. Subgroup analyses by statin type, dosage, lipophilicity, and exposure time 

could help determine the modifying effects of these statin-related characteristics 

on the risk estimate of an AE-related outcome.265  
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As the study outcomes reported in Chapter 4 should only be viewed as 

hypothesis-generating, large-scale, well-designed randomised controlled trials 

designed to test the effects of statins in primary prevention in older populations 

(aged ≥70 years) are still necessary to provide definitive evidence to inform 

clinical decision-making and treatment guidelines. The Statins in Reducing 

Events in the Elderly (STAREE)118 trial, launched in Australia in 2015, is a 

double-blind, randomised, placebo-controlled trial that was designed to 

investigate the effects of atorvastatin (2×20mg) on survival and disability-free 

survival over a 5-year follow-up in adults aged ≥70 years, who were free from 

CVD, dementia, diabetes, and physical disability at study entry. The targeted 

sample size of STAREE is 18,000 participants (>7000 recruited to date) and the 

scheduled year for completion is 2022. Another randomised placebo-controlled 

statin trial recently funded by the U.S. National Institutes of Health, called 

Pragmatic Evaluation of Events and Benefits of Lipid-Lowering in Older Adults 

(PREVENTABLE),75 plans to enrol 20,000 participants and follow them for up to 

5 years. The participant recruitment is currently suspended due to COVID-19 

pandemic. The PREVENTABLE trial aims to determine the risks and benefits of 

atorvastatin in adults aged ≥75 years who are free of CVD, dementia, and 

disability but may live with frailty, polypharmacy, and have mild cognitive 

decline. It is expected that the STAREE and PREVENTABLE trials will provide 

conclusive evidence to fill the current knowledge gap and inform clinical 

decision-making. 

 

In the qualitative study in Chapter 5, perceived AEs were the main reason that 

most of the STAREE participants we interviewed discontinued study medication. 
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As only 30 interviews took place, other minor factors contributing to the study 

drug discontinuation were not able to be captured in this study. Future studies 

could quantify the overall prevalence of the contributing factors in the entire 

cohort of the STAREE participants who had discontinued the study drug 

permanently and the prevalence of factors by treatment groups. Meanwhile, in 

Chapter 5 several strategies were proposed to maintain participants’ involvement 

in their allocated arms. These findings could inform the future STAREE 

processes and the development of other clinical trials with older adults. 

Chapter 6 provides novel information in support of the incremental value of 

CAC measurement in improving patient eligibility for statin therapy in the setting 

of primary prevention. Although this finding was in line with previous studies 

demonstrating the potential role of CAC scoring in better tailoring preventive 

statin treatment to patient’s CVD risk, it is not clear whether CAC scanning is 

cost-effective in routine clinical practice.250,276 Few studies have looked into this. 

Using data from the MESA cohort, Roberts et al.277 in their cost-effectiveness 

study projected that the CAC test is generally cost-effective among intermediate-

risk individuals. Another cost-effectiveness analysis by Pletcher et al.278 showed 

that CAC measurement is cost-effective in individuals at intermediate CVD risk 

only when statins are expensive or lower quality of life considerably. Kempen et 

al.279 reported that testing for CAC in intermediate-risk individuals is likely to be 

cost-effective only in men but not in women. These inconsistent findings 

regarding the cost-effectiveness of CAC testing in intermediate-risk individuals 

reinforce the need for more conclusive evidence. It is also uncertain whether CAC 

measurement is cost-effective in individuals who are deemed at low CVD risk by 
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the guideline criteria and thus are ineligible for statin therapy, but have one or 

more genetic risk factors such as a family history of CVD that may place them at 

a higher risk of developing CVD. A randomised clinical trial initiated in Australia 

named CAUGHT-CAD280 that should provide evidence to reduce this knowledge 

gap is underway. The study aim of the CAUGHT-CAD is to examine the 

effectiveness of a CAC-based preventive strategy in asymptomatic patients with a 

family history of premature CAD, who are ineligible for statins according to the 

National Vascular Disease Prevention Alliance (NVDPA)’s Guidelines (5-year 

CVD risk <15%).281  

In particular, there is a lack of data assessing the cost-effectiveness of CAC 

testing in an Australian setting, and the use of CAC score has not been 

incorporated into the Australian NVPDA’s Guidelines yet.282 New evidence 

regarding the clinical value of CAC scoring added to the existing treatment 

decision rules and regarding the cost-effectiveness of CAC testing in the 

Australian setting will be useful in informing whether CAC scores should be 

incorporate in the NVDPA guidelines to inform the clinical discussion of 

initiation of statin therapy in primary prevention.282  

7.5 Conclusions

In conclusion, this thesis supports the use of statin therapy as a safe and 

effective measure for the primary prevention of CVD in older adults, despite the 

lack of mortality benefit. The CAC test may help inform clinical decisions about 

statin prescribing by providing individualised risk information beyond 
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population-based conventional risk assessment in intermediate-risk patients who 

lack a clear statin indication. Large-scale, properly designed, and well 

conducted randomised controlled trials of statins exclusively in primary 

prevention older populations are warranted to provide definitive evidence to fill 

this knowledge gap and inform evidence-based clinical decisions. Because 

participants’ engagement in clinical trials is fundamental to the success of clinical 

trials and the accuracy of study results, and because older adults often perceive 

their health as vulnerable, implementing strategies aimed at eliminating 

participants’ concerns about statin safety may help reduce treatment 

discontinuations that are clinically unnecessary. The thesis also supports testing 

for CAC in asymptomatic individuals to help clinicians identify appropriate 

candidates for statin treatment. This is particularly useful in individuals at an 

intermediate CVD risk, who are eligible for statin treatment but are not 

recommended for it.  
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Interview schedule for semi-structured interviews 

Preamble: 

Thank you for agreeing to participate in this study, we really appreciate your time. 

We can now start the interview questions. You may have provided some of this 

information to other members of the STAREE team before, but we need to 

explore these issues in more depth.  

Interview questions: 

1. How long have you been in the STAREE study? 

2. Can you tell me what it has been like for you being part of the STAREE study? 

3. Did you talk to anyone about the STAREE study before you joined?  If so, who 

did you talk to? 

      Possible responses or prompts:  

• What sort of comments did you receive from them?  

• What did they want to know about the study? 

• What did they say about you being in the study? 

4. Does your family/relatives/friends know that you are in the study?  

      Possible responses or prompts: 

• What sort of comments/suggestions did you hear?  

• What are their attitudes toward your participation in the study?  

• If no, why didn’t you discuss it with them?  

5. We understand that the STAREE study involves taking tablets every day, how 

did you manage this when you were taking the tablets?   
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6. Could you please tell me what led you to stop taking the study medication?  

a. If they mention possible side effects: 

       Possible responses and prompts: 

• Can you tell me more about that?  

• When did the symptoms start?  

• Did you ever get these before being in the study? How often? How did it affect 

you?  

• Did the symptoms change (stop, get better, get worse) when you stopped the 

study medication?  

• Did you inform your GP about the problem you experienced? If yes, continue 

with: Did your GP advise you to stop, or support you in this decision-making?  

b. If they mention social factors (family/relatives/friends/GPs/media) then ask 

how did this impact on their decision.  

c. If they mentioned they take multiple other medications: 

       Possible responses and prompts: 

• What other medications are you taking? 

• What do you think about taking this number of medications? 

• What impact do you think taking this number of medications has? 

d. If they mention they have developed other health complaints since enrolment in 

STAREE:  

      Possible responses and prompts: 

• What other health complaints do you have? 

• Did taking the study medication affect your health? 

• Did you discuss this with your GP (or anyone else)? 

• What did your GP suggest? 
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e. If they mentioned the study processes such as long-term follow-up, drug 

delivery, routine visit/test/interview: 

      Possible responses and prompts: 

• Can you tell me more about how the study requirements affected you?  

• Was there anything that could have been done to make that easier for you? 

7.   Had you ever heard the statin drug before you take part in the STAREE trial?  

      Possible responses and prompts: 

• Where did you hear from? 

• How the information with regard to statins affected your participation and 

discontinuation? 

8. Were there any other reasons that led you to stop taking the study medication 

that we haven’t already discussed? 

9. Is there anything we haven’t asked you about that you would like to share with 

us about the STAREE study?  
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AbstrAct
Introduction Although statins are commonly used for 
prevention of cardiovascular disease, there is limited 
evidence about statin-related adverse effects in older 
people. Statin-related adverse events (AEs), especially the 
statin-associated muscle symptoms (SAMS), are the most 
common reasons for their discontinuation. Therefore, it 
is important to determine the risk of SAMS in the older 
population. We will undertake a systematic review and 
meta-analysis primarily focusing on the risk of SAMS 
and secondarily targeting myopathy, rhabdomyolysis, AEs 
and serious AEs, dropouts due to SAMS in run-in period, 
related permanent discontinuation rate of statins and 
creatine kinase level, among older people who received 
statins for primary prevention.
Methods and analysis This study has been developed 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Protocols statement. We will 
include randomised controlled trials in which statin was 
compared with placebo with at least 1 year follow-up 
among older adults aged ≥65. This review is an update of 
a Cochrane systematic review that included the articles 
published before 2012. Cochrane Central Register of 
Controlled Trials, Medline OvidSP and Embase electronic 
database searches will be performed to identify relevant 
articles, limiting the publication date from 1 January 
2012 to 13 February 2017. There will be no language 
limitation. Two independent reviewers will screen titles 
and abstracts and full text in duplicate. Risk of bias and 
evidence quality will be assessed using the Cochrane 
Collaboration’s tool and the Grading of Recommendations 
Assessment, Development and Evaluation approach, 
respectively. A meta-analysis using pooled data will 
be undertaken, if appropriate. We will also perform 
metaregression and subgroup analyses to identify sources 
of heterogeneity.
Ethics and dissemination This study is exempt from 
ethics approval due to the anonymous and aggregated 
data used. The outcomes will be disseminated by 
conference presentations and published in a peer-
reviewed journal.
trial registration number CRD42017058436.

IntroductIon
rationale
Cardiovascular disease (CVD) is the leading 
cause of death globally. The WHO has esti-
mated that 17.5 million people died from 
CVD in 2012, accounting for 31% of all global 
deaths.1 Age is the predominant risk factor 
for CVD with about 70% of adults older than 
65 years having either coronary artery disease 
(CAD) or subclinical atherosclerosis.2 More-
over, older adults (aged ≥65 years) account 
for more than 80% of the total CVD deaths.3 
Thus, reducing mortality and morbidity of 
CVD in this age group is of paramount impor-
tance in reducing related cost and patient’s 
disability. Additionally, according to the 
United Nations global demographic report, 
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Protocol

strengths and limitations of this study

 ► To our knowledge, this study will be the first 
systematic review primarily exploring the risk of 
statin-associated muscle symptoms in older adults 
who received statins for primary prevention.

 ► The protocol has been developed following the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses-Protocols guideline.

 ► This study will contribute to strengthen the evidence 
base on the safety profile of statins by pooling 
the data from double-blind, placebo-controlled 
randomised controlled trials (RCTs).

 ► As few prior primary prevention studies have 
specifically targeted the elderly, most data on 
the occurrence of statin-associated muscle 
symptoms  (SAMS) will be obtained from older 
subgroups in the selected RCTs.

 ► The lack of systematic collection of data on SAMS 
or adverse events (AEs) and the variability in 
definitions of SAMS and AEs may introduce potential 
ascertainment bias of outcomes.
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box 1 searching strategy designed for Embase database

1. exp hydroxymethylglutaryl coenzyme A reductase inhibitor/
2. hydroxymethylglutaryl*.tw.
3. HMG-CoA*.tw.
4. (statin or statins).tw.
5. cerivastatin.tw.
6. fluvastatin.tw.
7. lovastatin.tw.
8. atorvastatin.tw.
9. pravastatin.tw.

10. simvastatin.tw.
11. lipitor.tw.
12. baycol.tw.
13. lescol.tw.
14. mevacor.tw.
15. altocor.tw.
16. pravachol.tw.
17. lipostat.tw.
18. zocor.tw.
19. mevinolin.tw.
20. compactin.tw.
21. fluindostatin.tw.
22. rosuvastatin.tw.
23. dalvastatin.tw.
24. cranoc.tw.
25. canef.tw.
26. locol.tw.
27. lochol.tw.
28. leucol.tw.
29. lescol.tw.
30. monacolin.tw.
31. medostatin.tw.
32. mevinacor.tw.
33. livalo.tw.
34. pitava.tw.
35. pitavastatin.tw.
36. pravasin.tw.
37. mevalotin.tw.
38. gerosim.tw.
39. lipex.tw.
40. zenas.tw.
41. crestor.tw
42. meglutol.tw.
43. or/1–42
44. exp cardiovascular disease/
45. cardio*.tw.
46. cardia*.tw.
47. heart*.tw.
48. coronary*.tw.
49. angina*.tw.
50. hyperlipidemia/
51. exp cholesterol/
52. exp lipid blood level/
53. hyperlipid*.tw.
54. hypercholesterol*.tw.
55. cholesterol*.tw.
56. hypercholester?emia*.tw.
57. hyperlip?emia*.tw.
58. triglycerid*.tw.
59. hypertriglycerid?emia*.tw.

Continued
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box 1 continued

60. hyperlipoprotein?emia*.tw.
61. LDL.tw.
62. HDL.tw.
63. or/44–62
64. 43 and 63
65. limit 64 to yr=”2012 -Current’
66. (random$ or placebo$ or single blind$ or double blind$ or triple blind$).ti,ab.
67. retracted article/
68. 66 or 67
69. (animal$ not human$). sh, hw.
70. (book or conference paper or editorial or letter or review).pt. not exp randomized controlled trial/
71. (random sampl& or random digit$ or random effect$ or random survey or random regression).ti,ab. not exp randomized controlled trial/
72. 69 or 70 or 71
73. 68 not 72

box 2 characteristics of included articles

 ► Method: type of study.
 ► Participants: sample size; country; age range (mean±SD); 
proportion of females; baseline low-density  lipoprotein level; risk 
level of cardiovascular disease; any comorbidity such as diabetes or 
hypertension; loss to follow-up.

 ► Interventions: the name, dose and frequency of statins; comparison 
group; intervention in run-in phase; duration of follow-up and run-in 
phase.

 ► Outcomes: the primary outcome is statin-associated muscle 
symptoms  (SAMS); The secondary outcomes are myopathy, 
rhabdomyolysis, adverse events (AEs), serious AEs, dropouts due to 
SAMS in run-in phase, total permanent discontinuations of statins 
and discontinuations due to AEs and especially muscular problems 
and a creatine kinase level ≥5 times upper limit of normal.

 ► Notes: whether trials stop prematurely; conflicts of interest.

box 3 seven domains involved in cochrane assessment 
tool for risk of bias

 ► Random sequence generation (selection bias)
 ► Allocation concealment (selection bias)
 ► Blinding of participants and personnel (performance bias)
 ► Blinding of outcome assessment (detection bias)
 ► Incomplete outcome data (attrition bias)
 ► Selective reporting (reporting bias)
 ► Other sources of bias (other bias)

people aged 60 years or more represented 12.5% of the 
global population in 2015 and this will increase to an 
estimated 16.7% in 2030.4 This will undoubtedly increase 
government expenditure on healthcare. On a popu-
lation basis, primary prevention is very important for 
CVD prevention as healthy people represent the largest 
proportion of the general population. Therefore, the 
greatest potential for reduction in major adverse cardio-
vascular events (MACE) resides in this population.5

Statins (hydroxy-methyl-glutaryl-coenzyme A reduc-
tase inhibitors) have been shown to reduce MACE and 
mortality—in both middle-aged and older adults.6 7 The 

beneficial effect of statins on survival is evident 1–2 years 
after commencing statin treatment.8 A meta-analysis of 
observational studies found that about half of patients 
initiated on statins discontinued their medication within 
a year. Taking statins for primary prevention was deter-
mined to be a main predictor of non-adherence.9 10 Only 
one in four people aged over 65 years was adherent to 
statins after 2 years of commencing statin for primary 
prevention.8 Additionally, statin users aged over 70 years 
have lower adherence rates than middle-aged adults 
(50–69 years).10 While there are various reasons for statin 
discontinuation, two-thirds of the patients reported 
statin-related adverse effects as the reason.11 Older indi-
viduals are more vulnerable to adverse effects of drugs 
compared with younger individuals due to their phys-
ical deconditioning (decreased muscle mass and poorer 
renal and hepatic clearance), multiple morbidity and 
polypharmacy.12 13 Recognised statin-associated adverse 
effects include musculoskeletal dysfunction, hepatotox-
icity, new-onset type 2 diabetes and some other rare but 
significant adverse effects such as cancer, kidney disease 
and cataract.14–16 Of these, statin-associated muscle symp-
toms (SAMS), generally defined as all muscle-related 
complaints such as muscle pain or aching (myalgia), 
tenderness, stiffness, cramp and weakness, are the most 
commonly encountered adverse events (AEs) both in 
clinical studies and daily clinical practice.17 It is estimated 
that more than 1.5 million people per year experience 
SAMS.18 Of note, myopathy and rhabdomyolysis, which 
accompanied with high creatine kinase (CK) level, are 
two severe statin-related musculoskeletal diseases that 
rarely happen but are potentially life threatening.

Statins are recommended to be initiated during early 
middle age for people with clinical atherosclerotic 
cardiovascular disease (ASCVD) and high estimated 
10-year ASCVD risk due to the well-documented bene-
fits in middle-aged adults.2 19 20 Although the benefi-
cial effects of statins in the middle and younger adults 
are well documented, the older individuals have been 
under-represented in statin clinical trials, particularly 
those focusing on primary prevention and drug safety.21 22 

group.bmj.com on September 29, 2017 - Published by http://bmjopen.bmj.com/Downloaded from 

http://bmjopen.bmj.com/
http://group.bmj.com


4 Zhou Z, et al. BMJ Open 2017;7:e017587. doi:10.1136/bmjopen-2017-017587

Open Access 

Table 1 The scoring system provided by GRADE Working Group on assessing the quality of the evidence

Type of evidence

Initial score based on 
type of evidence

+4 RCTs/SR of RCTs,+/–other types of evidence

+2 Observational evidence (eg, cohort, case–control)

Quality

  Based on Blinding and allocation process

Follow-up and withdrawals

Sparse data

Other methodological concerns (eg, incomplete reporting, subjective outcomes)

  Score Score 0,–1, −2,–3 represents ‘no problems’, problem with one element’, ‘problem with two elements’, 
‘problem with three elements’, respectively.

Consistency

  Based on Degree of consistency of effect between or within studies

  Score +1 Evidence of dose response across or within studies (or inconsistency across studies is 
explained by a dose response); also one point added if adjustment for confounders would have 
increased the effect size

0 All/most studies show similar results

-1 Lack of agreement between studies (eg, statistical heterogeneity between RCTs, conflicting 
results)

Directness

  Based on The generalisability of population and outcomes from each study to our population of interest

  Score Score 0,–1, −2 represents ‘population and outcomes broadly generalisable’, ‘problem with one element’, 
‘problem with two or more elements’, respectively.

Effect size

  Based on The reported OR/RR/HR for comparison

  Score 0 Not all effect sizes >2 or <0.5 and significant; or if OR/RR/HR not significant

+1 Effect size >2 o r<0.5 for all studies/meta-analyses included in comparison and significant

+2 Effect size >5 or <0.2 for all studies/meta-analyses included in comparison and significant

GRADE, Grading of Recommendations Assessment, Development and Evaluation; RCTs, randomised controlled trials; SR, systematic review; 
OR, odds ratio; RR, relative risk; HR, hazard ratio.

There is still no definitive indication of statin therapy in 
the low-risk elderly due to a lack of evidence from clin-
ical studies or meta-analyses (cited in Class IIb and Level 
of evidence in European Society of Cardiology guide-
lines) and making work more challenging in routine 
clinical practice.19 To our knowledge, one meta-anal-
ysis indicated that there is no excess risk of myopathy 
in older adults who received statins for both primary 
and secondary prevention, while no prior systematic 
review has ever primarily investigated the risk of SAMS 
among older people who received statins for only 
primary prevention.23 Clearly, studies are required, both 
randomised controlled trials (RCTs) (such as StaREE: 
Statins in Reducing Events in the Elderly, which is an 
ongoing blind, placebo-controlled clinical trial of statin 
therapy in primary prevention elderly: NCT02099123) 
and meta-analyses to provide evidence on drug safety 
of statin therapy prescribed in older adults for primary 
prevention of CVD and further to facilitate optimal 
prescribing and management approaches to minimise 
the side effects.

objectives
We will primarily determine the risk of SAMS among older 
people (≥65 years) who have received statins for primary 
prevention. In addition, we will determine the risk of 
myopathy, rhabdomyolysis, the AEs and serious adverse 
events (SAEs), the number of dropouts due to SAMS in 
run-in period, total permanent discontinuations (results 
from all cause) and permanent discontinuations related 
to AEs and specifically, muscular problems, patients with 
a CK level ≥5 times upper limit of normal (ULN) among 
the same subpopulation group.

MEthods
This study has been designed and developed according 
to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Protocols statement.24 The 
protocol was registered with the International Prospec-
tive Register of Systematic Reviews (registration no 
CRD42017058436).
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Eligibility criteria
Studies will be selected according to the criteria outlined 
below.

Study design
We will include double-blind, randomised, placebo 
controlled trials. We will exclude RCTs with an open 
comparator, non-randomised controlled trials and obser-
vational studies (eg, cohort studies).

Participants
We will include studies with participants who do not have 
established CVD. In addition, eligible studies should 
have restricted inclusion to participants aged 65 years or 
older or have provided a subanalysis for this group. Also 
eligible are studies in which the authors are willing to 
share patient-level data so that this age restriction can be 
imposed as part of this analysis. We will exclude studies 
that included patients with specialised pre-existing 
disease such as cancer, hypothyroidism, acute infection, 
chronic renal disease, HIV, post-transplantation or any 
other acute illness that might affect the study outcomes.

Interventions
We will include studies with a statin (eg, atorvastatin, 
fluvastatin, lovastatin, pravastatin, rosuvastatin or simvas-
tatin) as the intervention and placebo as comparator. We 
will exclude studies using cerivastatin as a statin since it 
was withdrawn from the market due to a high risk of rhab-
domyolysis.25 We will also exclude the studies in which the 
combination of any other lipid-lowering medications and 
statin was used as an intervention.

Timing
Studies should have a follow-up time of at least of 1 year to 
be eligible for inclusion.

Outcomes
Studies should report at least one of the following 
outcomes to be eligible: SAMS, myopathy, rhabdomy-
olysis, AEs, SAEs, dropouts due to SAMS in run-in period, 
total permanent discontinuations of statins and discon-
tinuations due to AEs or muscular problems, elevation in 
CK defined as a CK level ≥5 times ULN.

Language
There will be no restrictions by language of publication.

search strategy
This systematic review will be an update of a rele-
vant Cochrane systematic review in which the articles 
published prior to 2012 were identified.26 This Cochrane 
review included a larger population because it was aimed 
at statin therapy for primary prevention across all age 
groups. For the articles published before 1 January 2012, 
we will make a further assessment by selecting the eligible 
articles from the articles included in this Cochrane 
review. For the articles published from 1 January 2012 to 
13 February 2017, we will establish a new search using the 

same search strategy listed in the Cochrane review apart 
from the publication date. The Cochrane Central Register 
of Controlled Trials, Medline OvidSP and Embase data-
bases will be performed to identify any relevant articles 
published. A combination of medical subject headings 
terms (such as ‘Hydroxymethylglutaryl-CoA Reductase 
Inhibitors’, ‘Hyperlipidemias’, ‘Cholesterol’, ‘Cardio-
vascular Diseases’) and related free text terms (such 
as ‘hydroxymethylglutaryl*’, ‘cardio*’, ‘hyperlipid*’, 
‘cholesterol*’) will be used. Term ‘random$ or placebo$ 
or single blind$ or double blind$ or triple blind$’ will be 
used to filter the RCTs. Furthermore, we will hand search 
the relevant review articles to help retrieve all eligible 
trials. A complete Embase search strategy is included in 
box 1. The search strategy will be adapted to the other 
databases.

selection process
Records from three databases will be exported to Endnote 
V.X8 (Bld 10063). After removing duplicate records, two 
review authors (ZZ and LA) will independently screen the 
title and abstract against the eligibility criteria. Discrep-
ancies will be resolved by consensus after discussion. A 
recommendation will be given by the third author (MN) 
if consensus cannot be reached. The full text for titles and 
abstracts that meet the inclusion criteria will be obtained. 
Two review authors (ZZ and LA) will independently 
screen the full text of identified records and record the 
reasons for excluding trials.

data extraction
We will use a standardised data extraction sheet to extract 
data from each included study. Data extracted will include 
study characteristics, methodology, intervention details 
and all relevant outcomes (see box 2 for extracted data). 
We will contact study authors to obtain missing data.

outcomes and prioritisation
1. The primary outcome is SAMS. Of note, we will 

only consider symptomatic muscular symptoms that 
matter to the participant, which included myalgia 
(muscle pain), muscle weakness, stiffness, tenderness 
and cramp.27 Asymptomatic, such as haematological 
index and pathological alteration will not be taken 
into account as they are less significant to participants 
who care more about symptomatic problems that 
compromise their life quality.

2. Our secondary outcome will measure myopathy 
(defined as SAMS with CK >10×ULN)17; 
rhabdomyolysis (defined as SAMS with CK >40×ULN 
when accompanied with renal impairment and/
or myoglobinuria)17; AEs; SAEs (defined as adverse 
experiences that were considered serious including 
life threatening, causing death or a permanent 
disability or incapacity, resulting in or prolonging 
hospitalisation28); dropouts due to SAMS in run-
in period; Total permanent discontinuations to 
statins and permanent discontinuations to statins 
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due to adverse effects-related and specifically, 
muscular problem-related reasons in RCTs, compared 
with placebo group. Additionally, we will also examine 
the incidence of high CK level ≥5×ULN as this is a 
meaningful predictor of myotoxicity.

Quality assessment (risk of bias of individual studies)
Two independent review authors (ZZ and LA) will assess 
the risk of bias of all included studies separately. We will 
use the Cochrane Collaboration tool for assessing the 
risk of bias, which include seven specific domains29 (see 
box 3 for the seven assessment criteria). Each domain will 
be assessed and categorised as ‘Low risk’, ‘High risk’ or 
‘Unclear risk’ of bias. Two figures will be generated using 
RevMan in our article. One is a ‘Risk of bias graph’ figure 
that will present the proportion of studies with each of the 
assessments for each entry in the tool. Another is a ‘Risk 
of bias summary’ figure that will show all assessments in a 
cross-tab for each study.29

data synthesis and analysis
For all primary and secondary outcomes in our study, as 
dichotomous data, relative risks (RRs) with 95% confi-
dence intervals (CIs) will be calculated for the pooled 
effects. Statistical analysis of outcomes will be based on 
‘intention-to-treat’ principle. The statistical heteroge-
neity between individual studies as measured by I2 test will 
be reported.30 I2 values of 30% to 60%, 50% to 90%, 75% 
to 100% may indicate moderate, substantial and consid-
erable heterogeneity, respectively.29 In view of the varia-
tion of the follow-up duration, the type and the dosage of 
statins and the assessment methods on AEs profile across 
the included RCTs, the random-effects model (DerSimo-
nian and Laird method) will be fitted in our study.31 32 
We will not perform a meta-analysis if the heterogeneity 
is substantial or there is a lack of data for any compar-
ison; a narrative, qualitative summary will be done. Where 
significant heterogeneity is present, meta-regression and 
subgroup analyses for the primary outcome will also 
be conducted to identify the sources of heterogeneity 
according to the following covariates: statin solubility 
(hydrophilic or lipophilic), dose (standard or intensive) 
and type of statins, study duration, gender and different 
comorbidities of subjects (such as diabetes and hyperten-
sion). In addition to this, a leave-one-out sensitivity anal-
ysis will be conducted by iteratively removing one study at 
a time to assess the impact of each study. STATA statistical 
software V.14.2 (Stata/SE for windows) will be used for all 
the analyses.

Publication bias assessment
Publication bias will be assessed using the funnel plot test 
if the number of articles is sufficient (>10). Asymmetry 
identified in the funnel plot implies possible publication 
bias.29 In addition to this, contour-enhanced meta-anal-
ysis funnel plots will be conducted to distinguish publica-
tion bias from other causes of asymmetry.33 The Egger’s 
regression-intercept test will also be performed to identify 

publication bias.34 The funnel plots and Egger’s regres-
sion test will be generated by STATA.

confidence in cumulative evidence
The scoring system (table 1) provided by the Grading of 
Recommendations Assessment, Development and Evalu-
ation (GRADE) Working Group will be used to assess the 
quality of the evidence. After summarising the score of 
each item in GRADE, the final score will be categorised 
to four levels: high (≥4 points), moderate (three points), 
low (two points), very low (≤1 point).35
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Abstract
Purpose The use of statins in the primary prevention of cardiovascular disease (CVD) is increasing in older adults. Nonethe-
less, good clinical evidence for the safety and tolerability of statins in this population is limited.
Objective We aimed to evaluate the safety and tolerability of statins in older adults without overt CVD, focusing on statin-
related muscle symptoms.
Methods Double-blinded randomised controlled trials (RCTs) of statins published before January 2012 were identified 
from a Cochrane review updated to 2012. Trials published between January 2012 and July 2018 were identified through the 
CENTRAL, MEDLINE and EMBASE databases. Eligible trials were limited to those including individuals aged ≥ 65 years 
without overt CVD, who were followed for at least 1 year. Trials had to have reported at least one of the outcomes of inter-
est. Pooled relative risk (RR) estimates and 95% confidence intervals (CIs) were calculated using random-effects models.
Results We identified 11 trials, including 18,192 participants (mean age 73.7 years; 43% females). Compared with placebo, 
statins neither increased the risks of muscle-related symptoms (RR 1.01; 95% CI 0.90–1.12), total adverse events (AEs) and 
serious AEs nor led to more total permanent treatment discontinuations and discontinuations due to AEs or specifically due 
to muscle-related symptoms. No evidence of heterogeneity was observed in any of these outcomes.
Conclusions This meta-analysis of RCTs found no excess incidence of muscle-related symptoms, total AEs, serious AEs 
and treatment discontinuations attributable to statin treatment compared with placebo among older adults without CVD.

1 Introduction

Use of statins for the secondary prevention of cardiovas-
cular disease (CVD) in older adults, defined as individu-
als aged ≥ 65 years, has been well-acknowledged and is 
supported by a strong body of evidence [1]. However, 
for primary prevention with statins, recommendations in 

clinical guidelines from different countries are inconsistent 
in adults aged 65–75 years and are generally lacking in those 
aged ≥ 75 years, who have been largely underrepresented 
in clinical trials [2, 3]. Despite this, statin prescriptions for 
primary prevention in older adults have markedly increased 
over the past decade, because of their higher disease burden 
and poorer outcomes following a first cardiovascular event 
[4–6]. The widespread use of statins in this subpopulation 
has raised great concerns about potential statin-related risks, 
upon which the clinical trial evidence is weak and limited 
[7].

Compared with younger adults, older adults seem to 
be more susceptible and less resilient to statin-related 
adverse events (AEs) and drug–drug interactions because 
of decreased physiologic reserve, multiple morbidities and 
polypharmacy [8, 9]. Statin-associated muscle symptoms 
(SAMS) are the most commonly reported AEs in clini-
cal practice, occurring in approximately 7–29% of statin 
users and contributing to ≤ 75% of treatment discontinua-
tions of statins within 2 years of treatment initiation [10]. 
The clinical presentation of SAMS is highly heterogeneous 
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and mainly characterised by muscle pain or aches (myal-
gia), muscle weakness, stiffness and cramp, with normal 
or slightly elevated creatine kinase (CK) concentrations 
[10]. For older adults, SAMS may substantially affect their 
independence and quality of life by exacerbating physical 
deconditioning and frailty [11]. Two rare and severe forms 
of SAMS—myopathy (defined as muscle symptoms with 
CK > 10 × the upper limit of normal [ULN]) and rhabdomy-
olysis (defined as muscle symptoms with CK > 40 × ULN 
when accompanied with renal impairment and/or myoglo-
binuria) are devastating and potentially life threatening [10]. 
In real-world populations, it was estimated that myopathy 
and rhabdomyolysis occur in 5 and 1.6 patients per 100,000 
person-years, respectively [12].

The high incidence and prevalence of SAMS and other 
statin-related AEs were mainly observed in non-randomised 
scenarios, including observational studies, patient registries 
and routine clinical settings [13]. However, given the lack 
of a comparator in these contexts, any relation between 
reported AEs and statin use can only be seen as associa-
tive. In contrast, results yielded using data from randomised 
controlled trials (RCTs) that enable the establishment of 
causal relations should provide more reliable evidence of 
actual statin-attributable AEs. Therefore, we conducted a 
systematic review and meta-analysis of RCTs to compre-
hensively evaluate the safety and tolerability of statins ver-
sus placebo in primary prevention in older adults, focusing 
on the risk of SAMS. We also assessed the incidence of 
total AEs, serious AEs (SAEs), and permanent treatment 
discontinuations between statin and placebo groups, as these 
outcomes present the general safety and tolerability profiles 
of a treatment.

2  Methods

2.1  Systematic Review Registration

The study protocol was previously registered (PROSPERO: 
CRD42017058436) and published [14]. This systematic 
review and meta-analysis was reported in accordance with 
the PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) method [15].

2.2  Data Sources and Study Selection

We selected eligible trials published before January 2012 
from the reference list of a published Cochrane systematic 
review (updated to 2012) of RCTs of statins including adults 
without established CVD [16]. A new search using the CEN-
TRAL, MEDLINE and EMBASE databases was conducted 
to identify eligible trials published between January 2012 
and July 2018. The full search strategy was outlined in our 
protocol [14]. No language restrictions were applied. We 
also manually searched relevant reviews and the reference 
lists of eligible articles to supplement the electronic search. 
Two reviewers (ZZ and LA) independently screened the 
titles and abstracts of articles against the selection criteria. 
The full text of articles that potentially met the eligibility 
criteria were retrieved. Discrepancies were resolved by dis-
cussion with a third reviewer (MN).

2.3  Selection Criteria

We included studies that met the following criteria: double-
blind RCTs of statins versus placebo with at least 1 year 
of follow-up and reporting at least one outcome of inter-
est (defined in Sect.  2.4) in (subgroup of) participants 
aged ≥ 65 years without overt CVD.

We also excluded studies that (1) targeted participants 
with certain pre-existing conditions, including cancer, hypo-
thyroidism, acute infection, chronic kidney disease, HIV 
infection, post-transplantation, or any other acute illness that 
may increase the risk of AEs [17]; (2) studied cerivastatin, 
which was withdrawn from the market in 2001; or (3) stud-
ied a combination of statins with any other lipid-lowering 
medication as the study treatment.

2.4  Outcomes

The primary outcome was adverse muscle symptoms, 
including myalgia, muscle weakness, stiffness, tender-
ness and cramp (myopathy and rhabdomyolysis were not 
included) [10].

Other outcomes included myopathy, rhabdomyolysis, any 
AE (refers to the AEs recorded in the original trial; we did 

Key Points 

This meta-analysis of randomised controlled trials sys-
tematically evaluated the safety and tolerability of statins 
in older adults without overt cardiovascular disease 
(CVD).

This meta-analysis found no significant difference in 
muscle-related symptoms, any adverse event and any 
serious adverse event between statin and placebo groups 
in older adults without CVD.

This meta-analysis found no excess incidence of total 
treatment discontinuations and adverse event-related 
treatment discontinuations of statins relative to placebo 
in older adults without CVD.
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not exclude adverse muscle symptoms, myopathy and rhab-
domyolysis if these outcomes were counted as AEs in the 
original trial), any SAE (defined as adverse experiences that 
were considered serious, including life threatening, causing 
death or a permanent disability or incapacity and resulting 
in or prolonging hospitalisation) [18], permanent treatment 
discontinuation of statins or placebo for any reason, AEs or 
adverse muscle symptoms.

2.5  Data Extraction and Quality Assessment

Two reviewers (ZZ, LA) independently extracted data using 
a predefined, standardised data extraction sheet. When trial 
outcome data were published in a form that corresponded 
to our age eligibility criteria (age ≥ 65 years), we extracted 
them directly from the publication in aggregate form. If 
no subgroup data were provided for those aged > 65 years, 
we requested individual patient data from the correspond-
ing authors and/or pharmaceutical sponsors of the original 
trial and performed the appropriate analysis for that age 
group. We assessed the risk of bias of included trials using 
Cochrane’s risk of bias tool (RevMan version 5.3.5, The 
Cochrane Collaboration) [19]. We assessed the overall risk 
of bias for each trial based on the judgement of each domain 
as high, low or unclear risk and rated it by the highest risk 
assigned across individual domains. We used the GRADE 
(Grading of Recommendations Assessment, Development, 
and Evaluation) approach to rate the quality of evidence for 
each outcome across all the trials as very low, low, moderate 
or high, and created a ‘summary of findings’ table (Sup-
plementary Table 1) [20]. More details can be found in our 
published protocol [14].

2.6  Data Synthesis and Analysis

To account for a between-study variation in the effect sizes 
of an outcome, we employed the DerSimonian and Laird 
random-effects models to perform meta-analyses of out-
comes (except for myopathy and rhabdomyolysis) [21]. 
Results of the analyses were presented as relative risks 
(RRs) with 95% confidence intervals (CIs). We provided 
a narrative statement for myopathy and rhabdomyolysis as 
most included trials reported zero events of these two out-
comes in both arms.

Between-study heterogeneity was assessed using the I2 
statistic [22]. I2 values of 0–40%, 30–60%, 50–90% and 
75–100% correspond to negligible, moderate, substantial 
and considerable heterogeneity, respectively [21]. Sub-
group analyses were conducted for the primary outcome 
based on prespecified factors, including follow-up duration 
(< 3 years, ≥ 3 years), the dose intensity of statins (standard, 
intensive, multiple) [23] and the solubility of statins (hydro-
philic, lipophilic). As only nine trials reported the primary 

outcome, we were unable to assess publication bias using 
funnel plots and Egger’s regression test as planned [24]. A 
leave-one-out sensitivity analysis was conducted by itera-
tively removing one study at a time to assess the impact of 
every single study. Meta-regression was not conducted to 
minimise the risk of false positives [25].

All the analyses were conducted using R (version 
R-3.5.1). All tests were 2-tailed. A p value < 0.05 was con-
sidered statistically significant.

3  Results

3.1  Trials Retrieved and Study Characteristics

The trial selection flowchart is presented in Fig. 1. Of 9751 
citations identified initially by our new established search, 
71 articles were retrieved for full review and two publica-
tions from one trial (HOPE-3 [Heart Outcomes Prevention 
Evaluation-3] [26]) met our eligibility criteria in the data-
base search. However, this trial had a wider age range cri-
terion and was later excluded because we could not obtain 
separate data for older adults [27]. Ten RCTs selected from 
the Cochrane review and one from the manual search were 
included in the final analyses, with a total of 18,192 subjects 
included (mean age 73.7 years; 43% females; median follow-
up 3.0 years).

The characteristics of the included RCTs are summarised 
in Table 1. Trials conducted by Bruckert et al. [30] and Chan 
et al. [31] exclusively enrolled older adults without overt 
CVD. Data from three trials were derived from the post-hoc 
analyses of the primary trials [32–34]. Data from four trials 
were extracted from individual patient data [35–38]. Data 
from the PROSPER trial [39] were obtained from the meta-
analysis by Teng et al. [40] and data from the ASCAPS-
TexCAPS trial [41] were from the meta-analysis by Iwere 
et al. [42].

3.2  Risk of Bias and Quality of Evidence

Results of the risk-of-bias assessment are presented in Fig. 2. 
In terms of the rating of methodological quality items across 
all included trials, half of the trials were rated as having 
an unclear risk of bias for random sequence generation and 
allocation concealment. Most of the trials were rated as hav-
ing an unclear or high risk of ‘other bias’ because they were 
funded by pharmaceutical companies. For the remaining 
items, most of the included trials were rated as having a 
low risk of bias. In terms of the methodological quality for 
each individual trial, eight trials (ASCAPS-TexCAPS [41], 
PROSPER [39], CARDS [34], PREVEND IT [37], ASPEN 
[38], Bone et al. [36], METEOR [35] and ASCOT-LLA [32, 
43]) were rated as having an unclear risk of bias, and three 
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trials (Chan et al. [31], Bruckert et al. [30] and JUPITER 
[33, 44]) were rated as having a high risk of bias.

The quality of evidence applied for each outcome was 
summarised in the ‘summary of findings’ table according to 
the GRADE approach (Supplementary Table 1). The qual-
ity of evidence on adverse muscle symptoms, AEs, SAEs 
and permanent treatment discontinuations due to AEs and 
muscle-related symptoms was rated moderate and that on 
myopathy, rhabdomyolysis and total permanent discontinu-
ations was rated low.

3.3  Adverse Muscle Symptoms

Nine trials with 7.7% (642/8346) of participants in the statin 
group versus 7.5% (622/8287) of participants in the placebo 
group reported adverse muscle symptoms. There was no 
significant difference in the risk of adverse muscle symp-
toms between the two groups (RR 1.01; 95% CI 0.90–1.12; 
p = 0.50; I2 = 1.1%) (Fig. 3).

3.4  Myopathy and Rhabdomyolysis

Seven trials with 0.06% (4/6724) of participants treated with 
statins versus 0.05% (3/6655) treated with placebo reported 
myopathy. Of seven trials with available data on rhabdo-
myolysis, only one case (1/7691) was recorded in the statin 
group; none (0/7617) were recorded in the placebo group.

3.5  Adverse Events and Serious Adverse Events

Six trials with 34.3% (581/1694) of participants treated 
with statins versus 30.0% (468/1560) treated with placebo 
reported AEs. Seven trials with 28.0% (2238/7989) of partic-
ipants treated with statins versus 28.5% (2270/7958) treated 
with placebo reported SAEs. The risks of both AEs (six 
trials; RR 0.99; 95% CI 0.95–1.04; p = 0.95; I2 = 0.0%) and 
SAEs (RR 1.01; 95% CI 0.97–1.05; p = 0.89; I2 = 0.0%) did 
not differ significantly between statin and placebo (Fig. 4).

Fig. 1  Study selection process. 
RCT  randomised controlled 
trial. aTrial by Bruckert et al. 
[30]. bMRC/BHF (Medical 
Research Council/British Heart 
Foundation) Heart Protection 
study [28], HOPE-3 (Heart 
Outcomes Prevention Evalua-
tion-3) trial [26] and ACAPS 
(Asymptomatic Carotid Artery 
Plaque Study) trial [29]

12 trials selected from the 
Cochrane review, 1 triala

added by manual search

Records from 
CENTRAL (n=3753)

Records from   
EMBASE (n=3105)

Records from 
MEDLINE (n=2893)

A�er duplicates removed (n=5901)

Records screened       
(n=5901)

Records excluded (n=5830)

Full-text ar�cles 
retrieved for eligibility 

(n=71)

2 ar�cles included on 1 
trial (HOPE-3 trial)

       11 trials included  

69 ar�cles were excluded:
Non-RCTs: 17
Non-relevant outcomes: 22
Non-primary preven�on trials 
or unavailable data for primary 
preven�on: 8
Ineligible study treatments or 
comparison:14
Insufficient follow-up: 6
Polypill therapy: 2

3 trialsb did not stra�fy par�cipants by 
age and we were not able to obtain 
individual-level data a�er contac�ng the 
authors
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3.6  Permanent Treatment Discontinuation

No significant differences between statins and placebo were 
observed in the incidence of total permanent treatment 
discontinuations (six trials; RR 0.99; 95% CI 0.81–1.22; 
p = 0.81; I2 = 0.0%) or permanent treatment discontinua-
tions due to AEs (eight trials; RR 1.05; 95% CI 0.83–1.33; 
p = 0.59; I2 = 0.0%) and due to adverse muscle symptoms 
(six trials; RR 1.17; 95% CI 0.64–2.14; p = 0.75; I2 = 0.0%) 
(Fig. 4).

3.7  Subgroup Analyses

The results of subgroup analyses suggested that our primary 
result was consistent regardless of the solubility and dosing 

of statins assigned and the follow-up duration of trials (Sup-
plementary Figs. 1, 2, 3).

3.8  Sensitivity Analysis

The results yielded by the leave-one-out sensitivity analysis 
were consistent with the primary result, indicating that our 
primary finding was not driven by any single study (Sup-
plementary Fig. 4).

Fig. 2  Risk of bias (a) summary and (b) graph: review author’s judgements about each methodological quality item presented as percentages 
across a all included trials and b for each included trial
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4  Discussion

4.1  Principal Findings

In this meta-analysis of 11 RCTs, we found no evidence 
of an excess incidence of adverse muscle symptoms, AEs 
and SAEs attributable to statins compared with placebo in 
older adults without overt CVD. For myopathy and rhabdo-
myolysis, incidence rates were extremely low in both sta-
tin and placebo groups. Additionally, the incidence of total 
permanent discontinuations and of permanent discontinu-
ations due to AEs or adverse muscle symptoms were not 
significantly different between statin and placebo groups. 
Our study findings supplement the current evidence base 
regarding the safety and tolerability of statin use in older 
adults in the primary prevention setting.

We did not evaluate the risk of other purported statin-
related AEs such as diabetes and haemorrhagic stroke, as 
they may only emerge after long-term statin exposure in 
large numbers of patients [45]. In a cohort study of 22,340 
older adults, 45% discontinued statins within 1 year of treat-
ment initiation [46]. It therefore seems likely that partici-
pants may be more concerned about the more immediate 
side effects of statins such as SAMS.

4.2  Comparison with Other Studies and Possible 
Explanations

Prior to our study, Teng et al. [40] conducted a meta-anal-
ysis using published data from statin trials and found no 
increased risk of myalgias, SAEs and AE-related treatment 
discontinuations associated with statin use versus placebo/
usual care in older adults without CVD. Our study updated 
their study findings by adding new data from four clini-
cal trials, applying stringent selection criteria and looking 
into additional clinically relevant safety-related outcomes. 
Another meta-analysis of RCTs of older adults with and 
without CVD history [42] also showed no significant differ-
ence in the risks of muscle-related symptoms and AE-related 
treatment discontinuations between statin and placebo/usual 
care groups.

Our study findings were consistent with previous meta-
analyses of RCTs, but they do not concur with the high 
prevalence of SAMS and other statin-related AEs observed 
in routine clinical settings. In the absence of a comparator 
group in real-world scenarios, it is possible that a patient 
and their health providers may misattribute symptoms to 
statins if that patient is taking a statin. Evidence for this 
was seen in a large cohort study in a routine care setting, 
in which > 90% of statin users who were rechallenged after 

Fig. 3  Relative risks (95% 
confidence intervals) of adverse 
muscle symptoms between the 
statin and placebo groups. CI 
confidence interval
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experiencing an AE could tolerate a statin in the long term 
[47]. In fact, muscle complaints are frequently reported by 
older adults, and the reasons can be diverse (i.e. sarcopenia, 
increased physical activity, diseases that lead to or increase 
susceptibility to muscle problems, medications with known 
muscular toxicity) [10]. Such misattribution may prevent a 
substantial number of older adults from taking statins and 
mean they forego potential cardiovascular benefits and expe-
rience more incident events as a consequence [10].

The ‘nocebo effect’ may also provide some explanation 
for the higher prevalence of SAMS in real-world practice 
[48]. The ‘nocebo effect’ refers to the idea that subjective 
AEs such as aches and pain are due to patients’ expectations 
of harm from statin therapy because of their awareness and 
concerns about possible statin-related side effects [49]. In 
fact, the misattribution bias and ‘nocebo effect’ (if partici-
pants believe they are taking statins whether or not they are) 
may also occur in RCTs. Despite this, they affect statin and 
placebo groups equally, so their presence will not distort 
the estimates of treatment effects. In this meta-analysis, the 
incidence of adverse muscle symptoms was similar between 
statin and placebo groups (7.7 vs. 7.5%), further indicating 
that the AEs observed in the statin group were not necessar-
ily related to the study treatment.

It is worth noting that the generalisability of our study 
findings may be limited to routine clinical settings because 
of the inadequate representation of real-world populations. 
Participants within a clinical trial are more homogene-
ous than real-world populations regarding demographic, 
functional and clinical aspects. In this meta-analysis, most 
included trials involved predominantly White and older 
adults aged < 80 years. Therefore, our study results may not 
apply to very old populations and other races or ethnicities. 
Trial participants also tend to be more motivated and to have 
better physical and psychological functioning, so the risk of 
statin-related AEs for these individuals is likely to be lower 
[50]. In view of this, evidence from clinical registries that 
reflect day-to-day clinical practice can be complementary 
to randomised evidence and provide some value for inform-
ing clinical decision making while also acknowledging the 
design limitations.

4.3  Limitations

Several limitations in this review need to be raised. First, 
the evidence quality of the outcomes in this review was 
rated from low to moderate, so the results should be inter-
preted with caution. Second, individual patient data from 

three identified trials [26, 28, 29] could not be obtained, 
which lowers the study power. Third, a median follow-up of 
3 years in included trials may limit study ability to assess 
the safety and tolerability of statins over the long term. How-
ever, common and immediate side effects of statins such as 
SAMS are more likely to be clinically concerning issues that 
were reported to contribute to a high rate of statin discon-
tinuations within the early period (1–2 years) of treatment 
initiation [10]. Fourth, all the included trials were industry 
sponsored and therefore may be biased in favour of the spon-
sor’s drugs. However, this limitation is likely to be minimal 
as all the reported AEs were recorded by blinded personnel. 
Additionally, as seven included trials did not perform fur-
ther subgroup analysis by age and participants’ mean age 
in three trials was unknown, we were unable to conduct a 
subgroup analysis or meta-regression to assess whether age 
increases the risk of statin-related AEs and the incidence of 
treatment discontinuations of statins. Moreover, some trials 
had a small sample and unbalanced treatment arms, which 
may influence the accuracy of the results. While no hetero-
geneity was observed in the meta-analyses of all outcomes, 
the small study effect appeared to be negligible. Finally, the 
study results may have generalisability considerations for 
patients in routine clinical settings.

5  Conclusions

In this meta-analysis of RCTs, we found no evidence of an 
excess incidence of adverse muscle symptoms, total AEs, 
SAEs and treatment discontinuations attributable to statins 
compared with placebo among older adults without CVD. 
As statin intolerance and discontinuation remain important 
and unresolved clinical issues, further evidence from high-
quality RCTs designed to assess the safety and tolerability of 
statins in older adults without CVD exclusively is warranted 
to provide more reliable evidence.
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Supplementary Table 1. ‘Summary of findings’ generated by GRADE. 

 

Outcomes Anticipated absolute effects (95% CI) Relative Risk  

 (95% 

confidence 

interval) 

№ of participants  

(number of studies) 

I2 statistics p value Certainty of 

the evidence 

(GRADE) 
Risk with 

placebo 

Risk with statins 

Adverse muscle-

related symptoms  
75 per 1,000 

76 per 1,000 

(68 to 84) 

1.01 

(0.90 to 1.12) 

16633 

(n=9) 

1.1% 0.50 ⨁⨁⨁◯ 

MODERATE 

Myopathy  Only four cases were reported in the statin 

group and three cases in the placebo group 

within the JUPITER trial. No case was 

reported in other trials. 

- 13379 

(n=7) 

-                  - ⨁⨁◯◯ 

LOW  

Rhabdomyolysis  Only one case was reported in the pooled 

statin groups; No case was reported in the 

pooled placebo groups. 
- 

15308 

(n=7) 

- - ⨁⨁◯◯ 

LOW  

Adverse events   300 per 1,000 
297 per 1,000 

(285 to 312) 

0.99 

(0.95 to 1.04) 

3254 

(n=6) 

0.0% 0.95 ⨁⨁⨁◯ 

MODERATE  

Serious adverse 

events   
285 per 1,000 

288 per 1,000 

(277 to 300) 

1.01 

(0.97 to 1.05) 

15947 

(n=7) 

0.0% 0.89 ⨁⨁⨁◯ 

MODERATE  

Permanent 

discontinuation  
125 per 1,000 

124 per 1,000 

(102 to 153) 

0.99 

(0.81 to 1.22) 

2268 

(n=6) 

0.0% 0.81 ⨁⨁◯◯ 

LOW  

Permanent 

discontinuation due 

to adverse events  

33 per 1,000 
34 per 1,000 

(27 to 44) 

1.05 

(0.83 to 1.33) 

7842 

(n=8) 

0.0% 0.59 ⨁⨁⨁◯ 

MODERATE  

Permanent 

discontinuation due 

to muscle symptoms  

6 per 1,000 
7 per 1,000 

(4 to 12) 

1.17 

(0.64 to 2.14) 

6570 

(n=6) 

0.0% 0.75 ⨁⨁⨁◯ 

MODERATE  



 

 

 

Supplementary Fig. 1 Subgroup analysis of adverse muscle symptoms in terms of the 

solubility of statins. CI confidence interval 

 

 

 

 

 

 

 



 

Supplementary Fig. 2 Subgroup analysis of adverse muscle symptoms in terms of the dose 

intensity of statins. CI confidence interval 

 

 

 

 

 

 

 

 

 



 

 

Supplementary Fig.3 Subgroup analysis of the adverse muscle symptoms in terms of the 

length of follow-up of trials. CI confidence interval 

 

 



Supplementary Fig. 4 Leave-one-out sensitivity analysis for the primary outcome. RR relative 

risk, CI confidence interval 
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ABSTRACT

BACKGROUND There is clinical uncertainty regarding the benefits and harms of prescribing statins in healthy

subjects $70 years of age.

OBJECTIVES The aim of this study was to examine the association among statins, dementia-free and disability-free

survival, and cardiovascular disease (CVD) among healthy older adults using data from the ASPREE (Aspirin in Reducing

Events in the Elderly) trial.

METHODS ASPREE was a randomized trial of 19,114 community-dwelling persons in Australia and the United States

$65 years of age and free of documented CVD, dementia, and disability. Data were collected for those $70 years of age,

and participants who took statins at baseline were compared with those who did not using Cox proportional hazards

regression with inverse probability weighting. The primary outcome, referred to as “disability-free survival,” was a com-

posite of all-cause mortality, dementia, or persistent physical disability. Other outcomes included the individual compo-

nents of the composite outcome, major adverse cardiovascular events, fatal CVD, myocardial infarction, and stroke.

RESULTS Of the 18,096 included participants (median age 74.2 years, 56.0% women), 5,629 took statins at baseline.

Over a median follow-up period of 4.7 years, baseline statin use was not associated with disability-free survival or with

the risk for all-cause mortality or dementia. However, it was associated with lower risks for physical disability and all

cardiovascular outcomes.

CONCLUSIONS Among healthy community-dwelling adults $70 years of age, statin use may be beneficial for

preventing physical disability and CVD but not beneficial for prolonging disability-free survival or avoiding death or

dementia. Future clinical trials are needed to confirm these findings. (J Am Coll Cardiol 2020;76:17–27)
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P rimary prevention of cardiovascular
disease (CVD) is an increasingly
important strategy for healthy aging

because of a high CVD burden borne by older
populations (1). Statin therapy is a mainstay
for reducing cardiovascular risk in patients
with established CVD and those at high risk
(2). However, there remains clinical uncer-
tainty as to whether statins are beneficial in
adults $70 years of age without CVD, who
have been largely under-represented in past
statin trials (3,4).

In the absence of primary prevention trials
designed a priori to examine the effects of statins
exclusively in older adults, existing evidence is
derived mainly from post hoc and subgroup analyses
of principal randomized trials and from meta-
analyses of these studies (5). A meta-analysis by
Ridker et al. (6) using age-stratified data from 2 pri-
mary prevention statin trials (JUPITER [Justification
for Use of Statins in Prevention: An Intervention Trial
Evaluating Rosuvastatin] and HOPE-3 [Heart Out-
comes Prevention Evaluation 3]) found that the use of
rosuvastatin significantly lowered the risk for a
composite outcome of nonfatal myocardial infarction
(MI), nonfatal stroke, or cardiovascular death by 26%
compared with placebo in subjects $70 years of age
initially free of CVD. However, participants included
these trials bore a disproportionate burden of CVD
(JUPITER required elevated high-sensitivity C-reac-
tive protein and HOPE-3 required at least 1 pre-
specified CVD risk factor), and this may limit extrap-
olation of the study findings to general older pop-
ulations in primary prevention settings.

The insufficient trial evidence has therefore resul-
ted in the use of preventive statins in older adults
based at least partly on extrapolation from findings in
younger groups (7). The main concern with this
approach is that older adults are likely to be more
susceptible to and less tolerant of drug-related side
effects compared with younger people because of
age-related physiological decline and increased bur-
dens of disease and medication (7). A cost-
effectiveness study by Odden et al. (8) projected
that any statin-related adverse effect that contributes
to a mild decline in functioning and cognition could
counterbalance its cardiovascular benefits in
adults $75 years of age. Moreover, older people may
experience immediate harms from statins but not live
long enough to accrue the benefits, and deaths due to
non-CVD causes can lead to ineffective statin
treatment.

Notwithstanding these concerns, primary pre-
vention with statins has the potential to preserve
function and prolong a healthy and independent
life span for older adults through statins’ role in
preventing CVD-related morbidity and mortality
(9,10). It is conceivable that small gains in main-
taining living independence and in avoiding or
postponing institutionalization from taking statins
may substantially improve older patients’ quality of
life (11). Yet little detailed work has been done in
these areas (12). There is a significant need for
better evidence of the effects of statins not only on
CVD but, more important, on a set of global, cross-
disease health outcomes such as life expectancy,
living independence, and physical and cognitive
functioning (13).

Thus we conducted a post hoc analysis of inde-
pendent, community-dwelling adults $70 years of
age with no evidence of CVD, dementia, or physical
disability (referred to hereafter as “healthy older
adults”) using data from the ASPREE (Aspirin in
Reducing Events in the Elderly) trial (14–17). The
overarching aim of the present study was to investi-
gate the association of statin use with disability-free
survival, risk for all-cause mortality, incident de-
mentia, and physical disability as well as CVD in the
target population.

METHODS

This analysis was exempt from ethics review because
existing data from ASPREE were used, and no addi-
tional information was collected from participants.

DATA SOURCE AND STUDY POPULATION. The trial
design, methods, and main results of ASPREE have
been published previously (14–17). In brief, ASPREE
was a double-blind, randomized clinical trial that
compared aspirin 100 mg/day with placebo on
disability-free survival in community-dwelling adults
living in Australia and the United States who
were $70 years of age ($65 years among U.S. minor-
ities) and initially free of documented CVD, dementia,
and physical disability. Other selection criteria are
detailed elsewhere (14–17).

The exposure in the present analysis is use of sta-
tins at baseline. Because statins were not randomly
assigned, the observed data arise from a cohort
design and were used to estimate average treatment
effects of statin use at baseline on outcomes. The
population of interest was those $70 years of age who
had complete data on baseline statin status, follow-
up events, and the covariates used for the analysis.
Of the 19,114 participants randomized into the
ASPREE trial, we excluded 566 younger than 70 years

SEE PAGE 28

ABBR EV I A T I ON S

AND ACRONYMS

CI = confidence interval

CVD = cardiovascular disease

HR = hazard ratio

IPTW = inverse probability of

treatment weighting

IQR = interquartile range

LDL-C = low-density

lipoprotein-cholesterol

MACE = major adverse

cardiovascular event(s)

MI = myocardial infarction

PS = propensity score(s)
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and 452 with incomplete data on baseline covariates,
leaving 18,096 for the final analyses (Supplemental
Figure 1).

BASELINE COVARIATES. To reduce the imbalance of
potential confounding factors between statin users
and nonusers, we compiled a set of baseline cova-
riates as listed in Table 1. Details on the

measurements of baseline variables have been re-
ported previously (14–17).

ASCERTAINMENT OF BASELINE STATIN EXPOSURE.

Information on statin use (including types) was
recorded at ASPREE trial entry, along with the use of
other concomitant prescription medications, and was
updated at 1-year intervals during follow-up. The

TABLE 1 Characteristics of the Study Population by Baseline Statin Use

Total
(N ¼ 18,096)

No Statin
(n ¼ 12,467)

Statin
(n ¼ 5,629)

ASD*

Before IPTW After IPTW

Age, yrs 74.2 (71.8–77.8) 74.2 (71.8–77.9) 74.2 (71.8–77.7) 0.03 <0.01

Age $85 yrs 699 (3.9) 518 (4.2) 181 (3.2) — —

Female 10,140 (56.0) 6,727 (54.0) 3,413 (60.6) 0.14 <0.01

Ethnicity/race 0.09 <0.01

White Australian 15,968 (88.2) 11,079 (88.9) 4,889 (86.9)

White American 1,071 (5.9) 753 (6.0) 318 (5.7)

Black 473 (2.6) 292 (2.3) 181 (3.2)

Hispanic/Latino 322 (1.8) 194 (1.6) 128 (2.3)

Other 262 (1.5) 149 (1.2) 113 (2.0)

Smoking status 0.03 <0.01

Never 10,050 (55.5) 6,978 (56.0) 3,072 (54.6)

Former 7,407 (40.9) 5,065 (40.6) 2,342 (41.6)

Current 639 (3.5) 424 (3.4) 215 (3.8)

Current drinkers 14,020 (77.5) 9,767 (78.3) 4,253 (75.6) 0.07 <0.01

BMI category 0.27 <0.01

Underweight (<20 kg/m2) 341 (1.9) 288 (2.3) 53 (0.9)

Normal (20–24.9 kg/m2) 4,434 (24.5) 3,382 (27.1) 1,052 (18.7)

Overweight (25–29.9 kg/m2) 8,090 (44.7) 5,562 (44.6) 2,528 (44.9)

Obese ($30 kg/m2) 5,231 (28.9) 3,235 (26.0) 1,996 (35.5)

Family history of CVD 11,061 (61.1) 7,396 (59.3) 3,665 (65.1) 0.12 <0.01

History of cancer 3,517 (19.4) 2,438 (19.6) 1,079 (19.2) 0.01 <0.01

Heart rate, beats/min 71 � 11 71 � 11 71 � 11 0.05 <0.01

Diabetes 1,858 (10.3) 756 (6.1) 1,102 (19.6) 0.41 <0.01

Chronic kidney disease 4,679 (25.9) 2,995 (24.0) 1,684 (29.9) 0.13 <0.01

Hypertension 13,461 (74.4) 8,821 (70.8) 4,640 (82.4) 0.28 <0.01

Living alone 12,231 (67.6) 8,458 (67.8) 3,773 (67.0) 0.02 <0.01

Education $12 yrs 9,767 (54.0) 6,926 (55.6) 2,841 (50.5) 0.10 <0.01

Gait time to walk 3 m, s 3.1 � 0.9 3.1 � 0.9 3.2 � 0.9 0.09 <0.01

Grip strength of dominant hand, kg 26.8 � 9.9 27.2 � 10.0 26.1 � 9.7 0.10 <0.01

Number of total concomitant medications 0.40 <0.01

0 or 1 5,828 (32.2) 4,648 (37.3) 1,180 (21.0)

2–4 8,297 (45.9) 5,550 (44.5) 2,747 (48.0)

$5 3,971 (21.9) 2,269 (18.2) 1,702 (30.2)

Other cholesterol medications 810 (4.5) 460 (3.7) 350 (6.2) 0.12 <0.01

Antihypertensive agents 9,489 (52.4) 5,657 (45.4) 3,832 (68.1) 0.47 0.01

Oral hypoglycemic agents 982 (5.4) 304 (2.4) 678 (12.0) 0.38 <0.01

Insulin 133 (0.7) 31 (0.3) 102 (1.8) 0.16 <0.01

Previous regular aspirin use 1,891 (10.5) 1,148 (9.2) 743 (13.2) 0.13 <0.01

Values are median (interquartile range), n (%), or mean � SD. For ethnicity/race, “other” includes aboriginal/Torres Strait Islander, Native American, more than one race, Native Hawaiian or
Pacific Islander, and those who were not Hispanic and who did not state their ethnicity/race. Diabetes was defined as self-report or fasting glucose $126 mg/dl or on treatment for diabetes.
Chronic kidney disease was defined as an estimated glomerular filtration rate <60 ml/min/1.73 m2 or urinary albumin/creatinine ratio $3 mg/mmol. Hypertension was defined as on treatment
for high blood pressure or blood pressure >140/90 mm Hg at ASPREE trial entry. Number of total concomitant medications was defined as the number of concomitant prescription med-
ications taken by participants at baseline (statins were not counted). Previous regular aspirin use was defined as self-reported regular use of aspirin immediately prior to first baseline visit, with
a 1-month washout prior to randomization to study medication. *ASD is the absolute difference in means or proportions divided by the standard error. An imbalance was defined as an ASD
>0.10, indicated in bold.

ASD ¼ absolute standardized difference; ASPREE ¼ Aspirin in Reducing Events in the Elderly; BMI ¼ body mass index; CVD ¼ cardiovascular disease; IPTW ¼ inverse probability of treatment
weighting.

J A C C V O L . 7 6 , N O . 1 , 2 0 2 0 Zhou et al.
J U L Y 7 , 2 0 2 0 : 1 7 – 2 7 Statin Effects in Healthy Older Adults

19

Author's Personal Copy

https://doi.org/10.1016/j.jacc.2020.05.016
https://doi.org/10.1016/j.jacc.2020.05.016


CENTRAL ILLUSTRATION Cumulative Incidence of Primary and Selected Secondary Outcomes
Stratified by Baseline Statin Use
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For secondary outcomes, cumulative incidence curves are presented only for statistically significant outcomes. Weighted Kaplan-Meier failure

function was applied to present cumulative incidence of the (A) primary composite outcome in statin users (red dashed line) and nonusers

(blue solid line), respectively. For (B) persistent physical disability, (C) major adverse cardiovascular events, (D) fatal cardiovascular disease,

(E) myocardial infarction, and (F) stroke, the plots were constructed from the weighted cumulative incidence predicted on the basis of

separate models in statin users and nonusers, taking into account competing risks. The graphs stop at year 6 because only a small number

of participants reached year 7 (67 statin nonusers and 16 statin users).
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information was collected by either checking partici-
pants’ medical records from their general practitioner
or primary care provider or asking participants to
bring all current or recently used medications to
study visits.

OUTCOME MEASURES. The pre-specified primary
outcome, referred as to “disability-free survival,” was
a composite outcome derived from death, dementia,
or persistent physical disability (“physical disability”
for short, as measured using Katz Activities of Daily
Living [18] tests or admission to a nursing care facility
for physical disability). Secondary outcomes included
the 3 individual components of the primary compos-
ite and cardiovascular outcomes, including major
adverse cardiovascular events (MACE), fatal CVD, MI,
and stroke. All outcomes were adjudicated by expert
committees blinded to aspirin or placebo assignment.
The definitions of outcomes are described in the
Supplemental Appendix.

STATISTICAL ANALYSES. We used an inverse prob-
ability of treatment weighting (IPTW) approach on
the basis of propensity scores (PS) for confounding
adjustment (19). PS-based IPTW is a well-established
approach that reduces bias in treatment effect esti-
mation in survival analyses (20,21). The PS represents
the probability of receiving a statin, conditional on
observed covariates. We created PS for statin use for
each participant using logistic regression, with base-
line covariates listed in Table 1 as independent vari-
ables. The overlap in PS distribution between the 2
groups was checked (Supplemental Figure 2). Stabi-
lized weights were imputed on the basis of PS to
reweight the study population and achieve covariate
balance by creating a pseudo-population (22). To limit
the influence of extreme weights, we truncated the
weights at the 1st and 99th percentiles (23). We
checked the covariate balance with an
absolute standardized difference measure (an abso-
lute standardized difference $0.10 indicates imbal-
ance) (24).

Next, we calculated the number of events and
incidence rate (events per 1,000 person-years) for
each outcome in the original sample. We displayed
weighted cumulative incidence curves for the pri-
mary outcome in addition to statistically significant
secondary outcomes, taking into account competing
risks. We estimated hazard ratios (HRs) for outcomes
in relation to baseline statin use with Cox propor-
tional hazards regression with stabilized weights.
Robust standard errors were used to estimate 95%
confidence intervals (CIs). To account for multiple
events occurring per participant, we repeated the
primary analysis using the Andersen-Gill method (25)

by assuming that all the events and censoring times
were independent. Schoenfeld residuals validated
the proportional hazards assumption for all analyses
except for those for physical disability, in which the
follow-up period was restricted to a 6-year time ho-
rizon to meet the assumption. Pre-specified subgroup
analyses were conducted in a similar manner to
assess the association between statin use and all
outcomes by sex (men and women) and age
(<75 and $75 years), with the interaction between
statin use and age or sex tested.

To examine whether the protective association of
statins with physical disability was a consequence of
the cardiovascular benefit of statins, we conducted an
exploratory analysis in which participants who
experienced MACE prior to developing physical dis-
abilities were excluded and compared these results
with those of the main analysis.

We next checked the validity of the IPTW with a
negative control (26). We used cancer as a negative
outcome because there is no clear evidence of an as-
sociation between statins and cancer in elderly pa-
tients (27), and underlying factors increasing the risk
for cancer are similar to those underlying the risk for
CVD, such as unhealthy eating and lifestyle habits. A
significant association between statin use and cancer
would indicate inadequate confounding adjustment
due to uncontrolled confounders.

TABLE 2 Baseline Statin Use and Hazards of Study Outcomes

Statin Users
(n ¼ 5,629)

Nonusers
(n ¼ 12,467)

IPTW-Adjusted
HR (95% CI)* p Value

Primary outcome 526 (20.79) 1,233 (21.88) 0.92 (0.83–1.03) 0.17

All-cause death 258 (10.20) 626 (11.11) — —

Dementia 173 (6.84) 350 (6.21) — —

Persistent physical disability 95 (3.76) 257 (4.56) — —

Anderson-Gill model 576 (—) 1,366 (—) 0.92 (0.83–1.03) 0.17

Secondary outcomes†

Death from any cause 289 (11.14) 718 (12.42) 0.87 (0.75–1.01) 0.07

Dementia 180 (6.93) 368 (6.33) 1.14 (0.94–1.39) 0.18

Persistent physical disability 107 (4.73) 280 (5.56) 0.75 (0.58–0.96)‡ 0.02

Cardiovascular outcomes

MACE 188 (7.52) 570 (10.29) 0.68 (0.57–0.82) <0.001

Fatal CVD 57 (2.20) 160 (2.77) 0.71 (0.51–0.99) 0.04

Myocardial infarction 72 (2.86) 262 (4.69) 0.56 (0.43–0.75) <0.001

Stroke 99 (3.94) 280 (5.01) 0.75 (0.58–0.96) 0.02

Negative control (cancer) 565 (24.38) 1,259 (23.53) 1.03 (0.93–1.15) 0.57

Values are number of participants with events (event rate per 1,000 person-years) in the original sample, unless
otherwise indicated. *Weights were stabilized and truncated at the 1st and 99th percentiles. 95% CIs were
calculated on the basis of robust standard errors. †For MACE, the first occurrence of any one of the 3 components
(death from coronary heart disease, nonfatal myocardial infarction, and fatal or nonfatal stroke) was counted. For
other secondary outcomes, all participants who had events at any time during the trial were counted. ‡HRs were
calculated over a restricted follow-up time of 6 years.

CI ¼ confidence interval; HR ¼ hazard ratio; MACE ¼ major adverse cardiovascular events; other abbreviations
as in Table 1.
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Because statin exposure was measured at only 1
point in time on an annual basis during follow-up, we
were unable to conduct time-dependent Cox regres-
sion analyses to take into account the impact of the
variation of statin exposure over time on the associ-
ations of interest. Instead, we delineated the varia-
tion of statin exposure over the follow-up period by
calculating the proportion of “on-treatment” partici-
pants in the 2 groups every year after trial entry.

SENSITIVITY ANALYSES. Additional sensitivity ana-
lyses were conducted. To detect the potential
confounding by indication, stratified analyses were
conducted for the primary outcome in terms of dia-
betes, hypertension, family history of CVD, and
smoking to enable the association with statins to be
analyzed separately for each clinical indication
(28,29). To test the potential interaction between the
effect of statins and randomized aspirin on study
outcomes, we reran the analyses including a multi-
plicative interaction term in the weighted Cox
models. To eliminate the risk for insufficient covari-
ate balance, we repeated the analyses by further

adjusting for baseline covariates in the IPTW-
adjusted Cox regression (called the “doubly robust”
method [30]). To account for competing risks for
study outcomes, the main analyses were repeated
using the IPTW-adjusted Fine and Gray competing-
risk models.

We did not use low-density lipoprotein-cholesterol
(LDL-C) and other cholesterol parameters for PS
imputation, as these biomarkers are causally affected
by prior statin use, resulting in LDL-C levels that do
not reflect the levels that indicated treatment. How-
ever, omitting cholesterol might lead to inadequate
confounding adjustment. To detect possible con-
founding by indication, we estimated the pre-
treatment LDL-C values for statin users by using the
summary estimates from a meta-analysis (31) of 164
randomized trials for percentage reductions in LDL-C,
according to statin types with a 20-mg dose (48% by
rosuvastatin, 43% by atorvastatin, 32% by simva-
statin, 29% by lovastatin, 24% by pravastatin, 21% by
fluvastatin). The LDL-C estimates for statin users
together with the baseline LDL-C values for nonusers
were further incorporated into the PS imputation

TABLE 3 Statin Use and Hazards of Study Outcomes Stratified by Sex and Age Category (<75 and $75 Years)

IPTW-Adjusted HR (95% CI)*
Male (n ¼ 7,956)

Statin Users vs. Nonusers
(2,216 vs. 5,740)

IPTW-Adjusted HR (95% CI)*
Female (n ¼ 10,140)

Statin Users vs. Nonusers
(3,413 vs. 6,727)

p Value
for Interaction

Primary outcome 0.88 (0.75–1.04) 0.95 (0.82–1.11) 0.62

Secondary outcomes†

Death from any cause 0.81 (0.66–1.01) 0.96 (0.78–1.18) 0.30

Dementia 1.02 (0.75–1.38) 1.21 (0.94–1.56) 0.47

Persistent physical disability 0.78 (0.53–1.16) ‡ 0.72 (0.52–0.99) ‡ 0.47

Cardiovascular outcomes

MACE 0.63 (0.48–0.81) 0.72 (0.56–0.93) 0.34

Fatal CVD 0.56 (0.34–0.92) 0.90 (0.57–1.43) 0.17

Myocardial infarction 0.53 (0.37–0.78) 0.60 (0.39–0.92) 0.61

Stroke 0.67 (0.45–1.01) 0.82 (0.59–1.15) 0.56

Age <75 yrs (n ¼ 10,352)
Statin Users vs. Nonusers

(3,221 vs. 7,131)

Age $75 yrs (n ¼ 7,744)
Statin Users vs. Nonusers

(2,408 vs. 5,336)

Primary outcome 1.00 (0.83–1.21) 0.93 (0.81–1.07) 0.36

Secondary outcomes†

Death from any cause 0.91 (0.70–1.17) 0.91 (0.75–1.09) 0.66

Dementia 1.29 (0.92–1.82) 1.13 (0.90–1.43) 0.63

Persistent physical disability 0.89 (0.60–1.33) ‡ 0.70 (0.51–0.97) ‡ 0.19

Cardiovascular outcomes

MACE 0.68 (0.52–0.90) 0.71 (0.56–0.91) 0.95

Fatal CVD 0.53 (0.27–1.03) 0.89 (0.61–1.31) 0.25

Myocardial infarction 0.57 (0.38–0.86) 0.56 (0.38–0.83) 0.89

Stroke 0.72 (0.48–1.07) 0.81 (0.58–1.14) 0.86

*Stabilized weights were recalculated for each subgroup and were further truncated at the 1st and 99th percentiles. Ninety-five percent CIs were calculated on the basis of
robust standard errors. †For MACE, the first occurrence of any 1 of the 3 components (death from coronary heart disease, nonfatal myocardial infarction, and fatal or nonfatal
stroke) was counted. For other secondary endpoints, all participants who had events at any time during the trial were counted. ‡HRs were calculated over a restricted follow-up
time of 6 years.

Abbreviations as in Tables 1 and 2.

Zhou et al. J A C C V O L . 7 6 , N O . 1 , 2 0 2 0

Statin Effects in Healthy Older Adults J U L Y 7 , 2 0 2 0 : 1 7 – 2 7

22

Author's Personal Copy



model. We then repeated outcome analyses with
these new weights.

All statistical tests were 2 sided, and p values <0.05
were considered to indicate statistical significance.
Analyses were performed using Stata/SE version 15.0
for Windows (StataCorp, College Station, Texas).

RESULTS

BASELINE CHARACTERISTICS. Among the included
18,096 participants (median age 74.2 years; inter-
quartile range: 71.8 to 77.8 years; 56% women), 5,629
(31.1%) were taking statins at baseline and 12,467
(68.9%) were not. At baseline and before weighting,
compared with nonusers, statin users were more
likely to be female and to have diabetes, chronic
kidney disease, hypertension, obesity, and family
history of CVD, as well as a lower level of educational
attainment and lower grip strength. Additionally,
more statin users took concomitant medications at
baseline and had been taking aspirin previously.
After weighting, adequate covariate balance was
achieved in all models (all absolute standardized
differences #0.01) (Table 1).

ASSOCIATION BETWEEN BASELINE STATIN USE

AND THE PRIMARY COMPOSITE OUTCOME. During a
median follow-up period of 4.7 years (interquartile
range: 3.6 to 5.7 years), a total of 1,759 incident cases
of the primary composite outcome occurred,
comprising 884 deaths, 523 diagnoses of incident
dementia, and 352 physical disabilities (unweighted).
The unweighted incidence rate for the primary
outcome was 20.8 per 1,000 person-years in statin
users and 21.9 per 1,000 person-years in nonusers. In
the IPTW-adjusted Cox model, the risk for the pri-
mary outcome did not differ significantly between
statin users and nonusers (HRweight-adjusted: 0.92;
95% CI: 0.83 to 1.03; p ¼ 0.17) (Central Illustration,
Table 2). A similar risk estimate was produced using
the Andersen-Gill method.

ASSOCIATION BETWEEN BASELINE STATIN USE

AND ALL-CAUSE MORTALITY, DEMENTIA, AND

PHYSICAL DISABILITY. For the individual compo-
nents of the primary composite outcome, we
analyzed their associations with statin use separately.
No strong evidence for an association was observed
between statin use and all-cause mortality (HRweight-

adjusted: 0.87; 95% CI: 0.75 to 1.01) or dementia
(HRweight-adjusted: 1.14; 95% CI: 0.94 to 1.39). However,
statin use was associated with a significantly lower
risk for physical disability (HRweight-adjusted: 0.75;
95% CI: 0.58 to 0.96) (Central Illustration, Table 2).

In the exploratory analysis for physical disability
that excluded those who had a history of MACE when

developing a physical disability, the association
was weakened and lost statistical significance
(HRweight-adjusted: 0.78; 95% CI: 0.61 to 1.00; cases in
statin users vs. nonusers [unweighted]: 98 vs. 254).

ASSOCIATION BETWEEN BASELINE STATIN USE

AND CARDIOVASCULAR OUTCOMES. Statin use was
associated with significantly reduced risks for MACE
(HRweight-adjusted: 0.68; 95% CI: 0.57 to 0.82), fatal
CVD (HRweight-adjusted: 0.71; 95% CI: 0.51 to 0.99), MI
(HRweight-adjusted: 0.56; 95% CI: 0.43 to 0.75), and
stroke events (HRweight-adjusted: 0.75; 95% CI: 0.58 to
0.96) (Central Illustration, Table 2).

ASSOCIATION BETWEEN BASELINE STATIN USE AND THE

NEGATIVE CONTROL. There was no significant associ-
ation between statin use and incident cancer
(HRweight-adjusted: 1.03; 95% CI: 0.93 to 1.15), indicating
a small likelihood of confounding bias (Table 2).

ASSOCIATION BETWEEN BASELINE STATIN USE

AND OUTCOMES BY SEX AND AGE CATEGORIES (<75

AND ‡75 YEARS). The age- and sex-specific associa-
tions of statin use with study outcomes are presented
in Table 3. No significant interaction was observed
between statin use and age or sex on the study out-
comes (pinteraction >0.05 for all).
STATIN EXPOSURE THROUGHOUT THE FOLLOW-UP

PERIOD. The variations of statin exposure over the
follow-up period among baseline statin users and
nonusers are presented in Figure 1. From year 1
through year 6, the proportion of baseline statin users
reporting statin use ranged from 98% to 87% and of
the baseline nonusers reporting statin use the pro-
portion ranged from 6% to 17%.

SENSITIVITY ANALYSES. The association between
statin use and the primary outcome was found to be
consistent across subgroups stratified by diabetes,
hypertension, family history of CVD, and smoking
status, indicating a low likelihood of confounding
arising from these clinical indications for statin
treatment (pinteraction > 0.05 for all) (Table 4). No
significant interaction was detected between use of
statins and randomized aspirin on all study outcomes
(Supplemental Table 1). Except for a loss of statistical
significance for the association for fatal CVD, using
the doubly robust method did not materially alter the
main results (Supplemental Table 2). Similarly, using
competing risk regression modeling did not change
the main results appreciably (Supplemental Table 2).

After adjusting for LDL-C, the inverse associations
of statin use with risks for physical disability and fatal
CVD were attenuated, whereas the associations with
MACE, MI, and stroke were enhanced markedly.
Other results were compatible with the main results
(Supplemental Tables 3 and 4).
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DISCUSSION

In this primary prevention study of community-
dwelling older adults followed for a median of 4.7
years, baseline statin use was not associated with

extended disability-free survival, risk for death, or
incident dementia. However, baseline statin use was
associated with a significantly lower risk for physical
disability (follow-up duration restricted to 6 years),
MACE, fatal CVD, MI, and stroke. There was little

FIGURE 1 Statin Exposure During Follow-Up Among Baseline Statin Users and Nonusers
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Blue and red bars denote the proportions of baseline statin users and nonusers who reported statin use at the calendar year of each annual

visit, respectively. The prior proportion in each calendar year of the annual visit was calculated by dividing the total number of baseline statin

users with available records on concomitant medication use at that calendar year into the number of baseline statin users who reported statin

use at that year. Similarly, the latter proportion in each calendar year of the annual visit was calculated by dividing the total number of

baseline statin nonusers with available records on concomitant medication use at that calendar year into the number of baseline statin

nonusers who reported statin use at that year.

TABLE 4 Subgroup Analyses of the Association Between Baseline Statin Use and Composite Outcome by Demographic and

Clinical Characteristics

Statin Users Nonusers IPTW-Adjusted HR (95% CI)*
p Value

for Interaction

Diabetes 0.82

No 388/4,527 (18.90) 1,125/1,1711 (21.15) 0.92 (0.81–1.04)

Yes 138/1,102 (28.96) 108/756 (34.09) 0.83 (0.64–1.08)

Hypertension 0.79

No 76/989 (17.06) 319/3,646 (19.41) 0.90 (0.68–1.18)

Yes 450/4,640 (21.59) 914/8,821 (22.89) 0.93 (0.82–1.04)

Family history of CVD 0.21

No 202/1,964 (23.00) 506/5,071 (22.14) 0.96 (0.81–1.16)

Yes 324/3,665 (19.62) 727/7,396 (21.69) 0.88 (0.77–1.02)

Smoking status 0.46

Nonsmokers 264/3,072 (18.99) 618/6,978 (19.51) 0.92 (0.79–1.08)

Smokers 224/2,342 (21.34) 545/5,065 (23.87) 0.88 (0.75–1.05)

Current smokers 38/215 (42.47) 70/424 (37.70) 1.13 (0.73–1.75)

Values are number of participants with outcome/total participants (rate per 1,000 person-years) unless otherwise indicated. *Stabilized weights were recalculated on the basis
of the propensity scores generated in the logistical model, with all baseline covariates (except for the variable used for substratifying groups) as independent variables. Weights
were further truncated at 1% and 99%. All the baseline covariates were well balanced after the weighting.

Abbreviations as in Tables 1 and 2.
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heterogeneity in the impact of statins on study out-
comes across sex and age categories (<75 and $75
years of age). A small statin exposure variation over
the follow-up period suggests a likely constant asso-
ciation between statin use and the outcomes over
time.

To our knowledge, this is the first completed study
to evaluate the association of statin use with
disability-free survival, a robust measure of healthy,
productive, and independent life in older adults and
an overarching goal of geriatric health care.
Comparing our study results with findings from the
main ASPREE trial, which showed minimal cardio-
vascular benefits but high bleeding risk from aspirin,
primary prevention with statins seems to be a more
promising strategy for healthy aging (12). Because
statins may have varying effects on different out-
comes in healthy older adults, patients’ treatment
goals and the relative importance they assign to these
outcomes should be adequately considered before
prescribing statins (7).

Our finding regarding all-cause mortality is sup-
ported by 2 prior meta-analyses that used aggregate
data of older subsets free of CVD ($65 years of age)
from randomized statin trials reporting no statin
benefit on all-cause mortality (32,33). The nonsignif-
icant association in our study was due in part to a low
proportion of deaths caused by CVD (24.5%).
Furthermore, we found no evidence of an association
between statin use and dementia risk. A similar
finding was reported in a previous randomized statin
trial (MRC/BHF Heart Protection Study, 2002) of
20,536 adults 40 to 80 years of age (28% were
$70 years of age) and with high vascular risk (34),
among whom the incidence rate of dementia did not
differ significantly between statin- and placebo-
treated participants (odds ratio: 1.00; 95% CI: 0.61 to
1.65). Similarly, a recent observational study of 1,037
community-dwelling older adults in Australia who
had normal cognition at baseline showed that statin
use was not associated with a decline in memory or
global cognition over 6 years on the basis of cognitive
tests and brain magnetic resonance imaging results
(35).

There is a general concern about prescribing statins
to people $75 years of age, because of a possible age-
related increased risk for adverse effects that may
lead to frailty, disability, and impaired quality of life
(36). Two prior studies of the Helsinki Businessmen
Study cohort, however, found that statin use was not
associated with impaired health-related quality of life
and risk for phenotypic frailty in male octogenarians,
despite a higher rate of multimorbidity in statin users
(37,38). Our study findings also alleviate some of

these concerns by showing a 25% decrease in the risk
for physical disability with statin use, with the benefit
more pronounced in those $75 years of age. This as-
sociation was weakened after excluding those who
experienced MACE prior to having physical disabil-
ities in the study sample, suggesting that the pro-
tective effect of statins against disability was due in
part to their role in preventing CVD morbidity.
Further investigations are needed to explore the un-
derlying mechanisms.

We observed a clear association between statin use
and lower risk for CVD outcomes that were consistent
with the results of previous meta-analyses of primary
prevention trials, including older adults (32,33,39). In
addition, we found similar associations with CVD
outcomes between participants <75 and $75 years of
age. These results contrast with those of a recent
meta-analysis by the Cholesterol Treatment Trialists
Collaboration that pooled individual patient data
from 28 randomized trials (40). They reported a 16%
risk reduction of major vascular events per 1 mmol/l
reduction in LDL-C associated with use of statins or a
more intensive statin regimen in subjects 70 to 75
years, compared with control subjects or less inten-
sive statin regimen. However, the proportion of risk
reduction fell to 8% in those older than 75 years. The
investigators stated that the validity of the latter
result was limited by a small proportion of partici-
pants (8%) included in this age group and that future
studies are needed to confirm these results.

A major strength of this study is the use of data
from a contemporary randomized trial in a large older
population with age and sex distributions comparable
with population norms. The study was subject to
rigorous quality control, and all endpoints were
actively screened, verified (on the basis of validated
measures), and adjudicated.

IMPLICATIONS FOR FUTURE CLINICAL RESEARCH.

Given the observational nature of our analyses, they
should not inform evidence-based therapeutic stra-
tegies. However, the study offers firsthand data that
can inform the rationale of future clinical trials to-
ward addressing the comprehensive role of statins in
healthy older adults. An ongoing placebo-controlled
randomized trial in Australia (STAREE [Statin Ther-
apy for Reducing Events in the Elderly];
NCT02099123) (41) and a recently launched pragmatic
trial in the United States (PREVENTABLE [Pragmatic
Evaluation of Events and Benefits of Lipid-Lowering
in Older Adults]) (42) aim to explore the effects of
statins in healthy older adults on disability-free sur-
vival and CVD. We await the results of these statin
trials to fill the current knowledge gaps and inform an
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evidence-based approach for statin prescription for
primary prevention in older patients.

STUDY LIMITATIONS. We cannot establish causal re-
lations, because of the observational design. Howev-
er, compatible HRs for the primary outcome across
clinical indications increase the likelihood that the
outcome is a result of the statin exposure. We are
unable to control for unmeasured confounders, and
thus residual confounding bias cannot be ruled out.
ASPREE participants were predominantly white, were
in relatively good health, and were likely to tolerate
statins well, so the results may not be generalizable to
all populations. The high proportion of baseline statin
users taking statins continuously over time might be
linked to other healthy lifestyle habits, introducing
healthy user bias. However, results for death, de-
mentia, and the negative control indicate that such
bias was likely to be minimal. The small proportion of
participants $85 years of age (3.9%) limits the appli-
cability of study findings to this age group. Some
subgroup analyses with small event numbers (such as
fatal CVD) had limited statistical power. We included
prevalent statin users, but the overall duration of
statin use could not be measured. This may have led
to an overestimation of statin benefits, as discussed
in a prior study regarding prevalent user bias (43).
Results of the sensitivity analysis regarding LDL-C
implies that the main analyses were at risk for con-
founding by indication.

CONCLUSIONS

Among healthy community-dwelling adults
$70 years of age, statin use may be beneficial for

preventing persistent physical disability and CVD but
not beneficial for prolonging disability-free survival
and avoiding death or incident dementia. These re-
sults should be interpreted with caution because of
this study’s observational design. The ongoing statin
trials will help inform the remaining knowledge gaps
regarding the use of statins as primary prevention in
older populations.
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Online Methods  

1. Definition of study outcomes  

All-cause mortality  

The all-cause mortality included all deaths were confirmed with two independent sources (e.g. 

family, general practitioner/family physician or public death notice). Although not an 

ASPREE endpoint, trajectory to death was also collected according to the following 

categories including 
1
 (1) cancer related death; (2) dementia related death; (3) coronary heart 

disease death (i.e. myocardial infarction, sudden cardiac death, rapid cardiac death, cardiac 

failure with coronary cause, other coronary death); (4) non‐coronary vascular death (e.g. 

abdominal aortic aneurysm rupture, cardiomyopathy, or myocarditis); (5) stroke death; (6) 

major haemorrhage death; or (7) death from other cause. 

 

Dementia  

Dementia was defined according to the Diagnostic and Statistical Manual for Mental 

Disorders, American Psychiatric Association (DSM‐IV) criteria.
2
 DSM‐IV diagnostic 

features of dementia include memory impairment and at least one of the following: aphasia, 

apraxia, agnosia, disturbances in executive functioning (assessed via dementia assessment 

visit). In addition, the cognitive impairments need to be severe enough to cause impairment in 

social and occupational functioning and represent must represent a decline from a previously 

higher level of functioning. 

 

Persistent physical disability 

Persistent physical disability is defined as a response of ‘a lot of difficulty’, ‘unable to do 

activity’ or the requirement for assistance for the same Katz Activity of Daily Living (ADL) 
3
 

at consecutive administrations of the ADL questions approximately 6 months apart (not 

adjudicated). In cases where the Katz ADL questions could not be administered, admission to 

care for assistance with activities of daily living was considered to be a physical disability 

endpoint.  

 

Myocardial infarction (MI) 

MI includes both fatal and nonfatal MI and is defined as any cardiac event demonstrating 

typical rise in biochemical markers of myocardial necrosis (i.e. troponin or CK‐MB) with at 

least one of: (1) ischemic symptoms; development of pathologic Q waves on the ECG; (2) 

ECG changes indicative of ischemia (ST segment elevation or depression) or; (3) coronary 

artery intervention (e.g. coronary angioplasty) as per the American College of Cardiology & 

European Society of Cardiology definition. Development of proven new pathologic Q waves 

on serial ECGs, or evidence of acute, healed or healing MI on autopsy was also be considered 

an MI endpoint. 

 

Stroke 

Stroke is defined as per World Health Organization (WHO) criteria as ‘rapidly developing 

clinical signs of focal (or global) disturbance of cerebral function lasting more than 24 hours 
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(unless interrupted by surgery or death) with no apparent cause other than of vascular origin'. 

Stroke endpoint included all fatal/nonfatal stroke types recorded in the ASPREE study: 

hemorrhagic stroke, ischemic stroke, ischemic stroke with hemorrhagic transformation, sub-

arachnoid hemorrhage stroke, and stroke type uncertain.  

 

Fatal CVD 

Fatal CVD was defined as any death in which the underlying cause was coronary heart 

disease, stroke (details see ‘stroke’ definition) or other CVD event. 

 

Major adverse cardiovascular event (MACE) 

MACE was a composite outcome of nonfatal myocardial infarction, fatal/nonfatal stroke 

(details see ‘stroke’ definition), or coronary heart disease death. 

 

 

References 

1. McNeil JJ, Nelson MR, Woods RL, et al. Effect of Aspirin on All‐Cause Mortality in the 

Healthy Elderly. N Engl J Med. 2018;379(16):1519–28.  
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Psychiatry. 1995;152(8):1228–1228. 

3. Katz S, Akpom CA. A Measure of Primary Sociobiological Functions. Int J Health Serv. 

1976;6(3):493–508. 
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Online Tables  

 

Online Table 1. Sensitivity Analysis for the Association between Statin Use and Study 

Outcomes by Randomized Aspirin Use. 

Outcomes 

Statin users Nonusers 

IPTW-adjusted HR 

(95% CI)
a
 

P interaction
b
 

No. of Participants with Outcome/Total 

Participants (Rate per 1000 person-years) 

Primary outcome      

       Aspirin 261/2808 (20.8) 627/6212 (22.3) 0.89 (0.76-1.04) 

0.47 
       Placebo   263/2821 (20.7) 598/6255 (21.2) 0.96 (0.82-1.13) 

Secondary outcomes
c
     

  Death from any cause     

       Aspirin  147/2808 (11.5) 392/6212 (13.7) 0.78 (0.63-0.96) 

0.17 
       Placebo 142/2821 (10.9) 326/6255 (11.3) 0.99 (0.80-1.22) 

  Dementia     

       Aspirin 94/2808 (7.3) 182/6212(6.3) 1.21 (0.92-1.60) 

0.59 
       Placebo   86/2821 (6.6) 186/6255 (6.4) 1.06 (0.81-1.40) 

  Physical disability     

       Aspirin 42/2808 (3.8) 131/6212 (5.3) 0.65 (0.44-0.95)d 

0.21 
       Placebo   60/2821 (5.3) 143/6255 (5.7) 0.87 (0.63-1.20)d 

Cardiovascular outcomes    

  MACE      

      Aspirin  87/2808 (7.0) 283/6212 (10.3) 0.64 (0.50-0.83) 

0.48 
      Placebo  101/2821 (8.1) 287/6255 (10.4) 0.74 (0.58-0.95) 

  Fatal CVD     

      Aspirin  26/2808 (2.0) 78/6212 (2.7) 0.72 (0.43-1.20) 

0.87 
      Placebo  31/2821 (2.4) 82/6255 (2.8) 0.79 (0.49-1.27) 

  Myocardial infarction    

      Aspirin  32/2808 (2.6) 129/6212 (4.6) 0.53 (0.35-0.81) 

0.72 
      Placebo  40/2821 (3.2) 133/6255 (4.8) 0.62 (0.42-0.91) 

   Stroke     

      Aspirin  48/2808 (3.8) 138/6212 (4.9) 0.71 (0.50-1.02) 

0.67 
      Placebo  51/2821 (4.0) 142/6255 (5.1) 0.80 (0.56-1.14) 

a Stabilized weights were recalculated based on the propensity scores generated in the logistical model with all 

baseline covariates as independent variables. Weights were further truncated at 1% and 99%. All the baseline 

covariates were well balanced after the weighting. b The interaction between statin and aspirin was tested by 

including a multiplicative interaction term in the IPTW-adjusted Cox models. c For MACE was the first 
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occurrence of any one of the three components (death from coronary heart disease, nonfatal myocardial 

infarction, or fatal/nonfatal stroke). For other secondary endpoints, all the participants who had an event at any 

time during the trial are counted. d HR was calculated over a restricted follow-up time of 6 years. Abbreviations: 

CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; IPTW, inverse probability of treatment 

weighting; MACE, major adverse cardiovascular events. 
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Online Table 2. Sensitivity Analyses for the Association between Statin Use and Study 

Outcomes using Doubly-Robust Method and Competing Risk Models. 

 
a HRs of statin use for study outcomes in the weight sample were estimated by the Cox proportional-hazard 

models with adjustment for baseline covariates used for weights creating. b Inverse probability of treatment 

weights-adjusted sub-distribution hazard ratio. c For MACE was the first occurrence of any one of the three 

components (death from coronary heart disease, nonfatal myocardial infarction, or fatal/nonfatal stroke). For 

other secondary endpoints, all the participants who had an event at any time during the trial are counted. d HR 

was calculated over a restricted follow-up time of 6 years. Abbreviations: CI, confidence interval; CVD, 

cardiovascular disease; HR, hazard ratio; MACE, major adverse cardiovascular events; SHR, sub-distribution 

hazard ratio. 

 

 

 

 

 

 

 

 

 

Outcomes 
Doubly-robust model  Competing risk model 

Adjusted HR (95%CI)
a
 P Value SHR (95% CI)

b
 P Value 

Primary outcome 0.94 (0.84-1.05) 0.29 - - 

Secondary outcomes
c
      

Death from any cause 0.90 (0.77-1.05) 0.19 - - 

Dementia 1.19 (0.97-1.46) 0.09 1.14 (0.94-1.39) 0.17 

Persistent physical disability 0.77 (0.59-1.000)d 0.050 0.75 (0.59-0.96)d 0.02 

Cardiovascular outcomes      

  MACE 0.69 (0.58-0.83) <0.001 0.68 (0.57-0.82) <0.001 

  Fatal CVD  0.75 (0.53-1.06) 0.11 0.71 (0.51-0.99) 0.04 

  Myocardial infarction 0.57 (0.43-0.76) <0.001 0.57 (0.43-0.75) <0.001 

  Stroke 0.75 (0.58-0.98) 0.04 0.75 (0.58-0.96) 0.02 
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Online Table 3. Distribution of statin users by the estimated pre-treatment LDL-C and 

of nonusers by baseline LDL-C 
a
 

 

LDL-C categories 
b
 No. of Statin Users  

(n = 5451) 

No. of Statin nonusers 

(n = 12152) 

Very low (< 70mg/dL) 76 327 

Low (70-99 mg/dL) 350 1587 

Borderline low (100-129 mg/dL) 1083 4515 

Borderline high (130-159 mg/dL) 1565 4134 

High (160-189 mg/dL) 1220 1320 

Very high (≥ 190mg/dl) 1157 269 

a Six participants using two types of statins, three using pitavastatin and 484 participants with missing data of 

LDL-C were excluded from this analysis. b LDL-C was treated as a categorical variable as the data were highly 

skewed. Abbreviation: LDL-C, Low-density lipoprotein cholesterol. 
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Online Table 4. IPTW-Adjusted Hazard Ratios for Study Endpoints in Statin Users 

Compared with Nonusers by Adjusting for Estimated Pre-treatment LDL-C of Statin 

Users and Baseline LDL-C of Nonusers 

 

 

a Six participants who took two types of statins at baseline and 487 with missing data (including 1 participant 

using pitavastatin) for baseline LDL-C were excluded from this sensitivity analysis. b Stabilized weights were 

recalculated based on the propensity scores generated in logistical models with all baseline covariates plus 

estimated pre-treatment LDL-C values of statin users and baseline LDL-C values of nonusers as independent 

variables. Weights were further truncated at 1% and 99%. All baseline covariates were well balanced after the 

weighting.c For MACE was the first occurrence of any one of the three components (death from coronary heart 

disease, nonfatal myocardial infarction, or fatal/nonfatal stroke). For other secondary outcomes, all the 

participants who had an event at any time during the trial are counted. d HR was calculated over a restricted 

follow-up time of 6 years. Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard 

ratio; IPTW, inverse probability of treatment weighting; MACE, major adverse cardiovascular events.  

 

 

Outcomes  
  Statin Users (n = 5451) versus Nonusers (n = 12152)

a
 

IPTW-adjusted HR (95% CI)
b
 P Value 

Primary outcome  0.90 (0.80-1.02) 0.11 

Secondary outcomes
c
   

Death from any cause 0.86 (0.72-1.01) 0.07 

Dementia 1.15 (0.93-1.43) 0.21 

Persistent physical disability 0.80 (0.61-1.04)d 0.10 

Cardiovascular outcomes    

  MACE 0.56 (0.45-0.68) <0.001 

  Fatal CVD  0.74 (0.50-1.10) 0.14 

  Myocardial infarction 0.42 (0.31-0.57) <0.001 

  Stroke 0.62 (0.46-0.83) 0.001 
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Online Figures  

 

 

Online Figure 1. Flow diagram of participant selection 

From a total of 19,114 participants recruited to the ASPREE trial, 566 were excluded from this study for their 

age being under 70 years. A further 452 participants were excluded for missing data on the baseline covariates 

(including grip strength of dominant hand, gait time for 3 meters, cancer history, heart rate and education 

attainment). The final study population consisted of 18,096 participants. 

 

 

19 114 participants being randomized to the ASPREE trial 

566 excluded with age under 70 years 

452 Excluded 

272 missing data on the grip strength of dominant hand 

90 missing data on gait time for 3 meters

21 missing data on cancer history 

5 missing data on heart rate

1 missing data on education level

18 096 included in the final analysis
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(A)                                                                                    (B) 

  

Online Figure 2. Propensity score distributional overlap before and after propensity 

score weighting 

Figure (A) presents propensity score distributions for statin users (yellow) and nonusers (blue) before weighting. 

Figure (B) presents propensity score distributions for statin users (yellow) and nonusers (blue) after weighting. 

Greater overlap of propensity score curves of the two groups indicates a lesser risk of confounding by indication. 

After applying weights, propensity score curves for statin users (yellow) and nonusers (blue) were superimposed, 

indicating baseline covariates well-balanced.   
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Abstract
Purpose Study drug discontinuation is commonplace in clinical trials of older populations. Little is known about why older participants
discontinue the study drug. This qualitative study aimed to understand factors contributing to permanent study drug discontinuation
among participants aged ≥ 70 years within an ongoing primary prevention trial of statins by exploring their experiences and perceptions.
Methods Trial participants who had permanently discontinued the study drug within 2 years of randomisation were purposively
sampled by age (< 75 and ≥ 75 years) and sex to participate in semi-structured phone interviews between March 2019 and
February 2020. Interviews were audio-recorded, transcribed and analysed thematically.
Results Thirty participants were interviewed (21 females; mean age, 77 years), and three themes were identified from the data.
Perceived adverse events (AEs) and their effect on daily living (mobility, functional capacity, quality of life) were identified as
the major factors leading to the participants permanently discontinuing their study drug, despite an ambiguity about the cause of
the AE. For some, concurrent challenging life circumstances further lowered their tolerance to perceived AEs thus making
discontinuation more likely. A few discontinuations were attributed to other factors (e.g. GP advice, unrelated illness).
Conclusion Among healthy older participants enrolled in a statin trial, perceived AEs and their related impact were key factors
contributing to the permanent study drug discontinuation. Addressing anticipated participant-reported AEs and their concerns
about drug-related side effects at trial entry, as well as offering timely medical assistance and support when AEs occur, may be
useful to reduce drug discontinuation rates.

Keywords Medication adherence . Aged . Clinical trial . Qualitative research

Introduction

Improved survival into older age has led to the primary pre-
vention of cardiovascular disease in older people becoming a

major concern in public health. Blood pressure- and lipid-
lowering therapies have, as a consequence, become an impor-
tant strategy for healthy ageing [1, 2]. Properly designed and
conducted randomised controlled trials are necessary to pro-
vide robust evidence on the risks and benefits of various ther-
apeutic agents for primary prevention in this age group [3, 4].
The accuracy and validity of study results are contingent upon
the participants’ continued involvement and adequate adher-
ence to randomised study drugs throughout the trial [5]. Poor
adherence/discontinuation may lead to a type II error with a
subsequent loss of therapeutic benefit [6, 7].

Minimising the rate of study drug discontinuation in such
trials is important for determining the efficacy of preventive
strategies [7, 8]. Older people are more vulnerable and less
resilient to drug side effects and have a higher burden of
symptoms that may be misinterpreted as being drug side ef-
fects, making studies more challenging. They also have a de-
cline in physiological reserve as well as increased burden of
disease and medication [9–12]. A better understanding of

Key points
• Adverse events along with their impacts on daily living were identified
as the major factors leading to older participants permanently
discontinuing their study drug.
• Difficult life circumstances may increase the chance of study drug
discontinuation among older trial participants.

• Proposed strategies may help prevent study drug discontinuation in
older trial participants.
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older trial participants’ rationale for discontinuing study drugs
may aid trial investigators in developing effective strategies
for maintaining participants in their allocated study arm [13].

Despite the importance and complexity of this area, few stud-
ies have investigated the underlying factors contributing to this
phenomenon [14]. To our knowledge, no qualitative research has
been conducted to conceptualise older participant discontinuation
behaviours from their own experiences and perspectives. To this
end, we conducted a qualitative study to identify factors contrib-
uting to permanent study drug discontinuation from the older
participants’ perspective in the ongoing ‘Statins in Reducing
Events in the Elderly’ trial (STAREE, NCT02099123) [15].
Launched in Australia in 2015, STAREE is an ongoing (N =
7061 to 1 June 2020, around 98% Caucasians), double-blind,
randomised, placebo-controlled trial that was designed to explore
the effect of statins in healthy community-dwelling persons aged
70 years or older.

Methods

Study participants and recruitment process

STAREE participants who had permanently discontinued the
study drug within 2 years of trial entry were eligible for inter-
views. Permanent discontinuation was defined as a cessation
of the study drug by a participant who refused the option to
recommence treatment after discontinuing but remained in the
trial and agreed to attend follow-up visits (face-to-face or by
phone). Participants or their GPs/family members notified
study staff of the discontinuation either by phone/e-mail or
by informing the field officer at the 6-month phone call or
annual visit. The information was then recorded in the
STAREE database. Those who fitted the inclusion criteria
were then selected from the database and initially approached
by a senior STAREE medical officer who explained the de-
tails of this study and asked if they were interested in partic-
ipating. A purposive sampling approach was employed to
ensure gender and age (younger/older than 75 years) represen-
tation [16]. A study information leaflet was then posted or e-
mailed to those who indicated interest. Two investigators (ZZ
or KJ) further telephoned these potential participants to con-
firm their willingness to participate before arranging inter-
views. Recruitment continued until 30 interviews were com-
pleted. Only six STAREE participants who were initially
approached chose not to participate. As the trial is still under-
way, both the investigators and interviewees are blinded to the
treatment assignment.

Data collection

Telephone interviews were conducted by an experienced
qualitative researcher (KJ) and Ph.D. candidate (ZZ) between

March 2019 and February 2020. Both researchers are female
with health professional backgrounds and are not directly in-
volved in the conduct of STAREE or in the prescription of
statins in clinical practice. With two exceptions, both ZZ and
KJ conducted phone interviews, which lasted for an average
of 15 min. A semi-structured interview schedule
(Online Resource 1) was developed by the study investigators
following discussions with the STAREE research team, clini-
cians and consideration of the literature. As the interviews
followed an iterative process, one question regarding the rela-
tionship between participant’s prior knowledge of statins and
discontinuation was added into the schedule after conducting
one-third of interviews.

Data analysis

Interviews were audio-recorded and transcribed verbatim,
with identifying data removed. Data analysis was done by
ZZ and KJ using the Framework Method [17]. Analysis com-
menced as soon as possible after the completion of each in-
terview. The analysis included considerations of potential fac-
tors leading to discontinuation, the impact of these factors on
participants’ decision to discontinuation and the interrelation-
ship between the factors if more than one was provided by an
interviewee. Transcripts were coded using a coding frame that
consisted of the key concepts relating to research questions.
Codes were categorised and key themes identified. Key con-
cepts and emerging themes were then discussed, refined and
confirmed during regular analysis meetings (ZZ, KJ). These
meetings also involved reflexive discussion with senior re-
searcher KJ guiding this process. During the analytic process,
Excel was used to assist with data management and to gener-
ate a coding matrix by entering the summarised data and il-
lustrative quotes into cells by concepts (columns) and cases
(rows) [17]. To aid data interpretation, findings were shared
periodically with the broader research team, which consisted
of clinicians and STAREE investigators.

Ethics

This study was approved by the Monash University Human
Research Ethics Committee (15334) and Tasmanian Health
and Medical Human Research Ethics Committee
(H0017572).

Results

Thirty STAREE participants were interviewed, with the mean
(SD) age at interviews of 76.6 years (4.2) (aged ≥ 75 years: n=
20, 67%) and 70% (n = 21)women.Overall, 26 participants cited
experiencing an adverse event (AE) as contributing to their dis-
continuation of study drugs. Other contributing factors included
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concern about potential side effects, unrelated illness, general
practitioner (GP) advice and difficulty remembering to take study
pills (see Online Resource 2). Potential differences in the con-
tributing factors by gender and age were considered, but none
were found. Six reported discontinuing the study drug within
approximately 1 month of randomisation, 23 beyond 1 month
of randomisation, and 1 could not recall.

Three key themes were identified: (1) experience of AEs
and their impact on daily life, (2) ambiguity about the
cause of AEs and discontinuation, (3) social factors and
discontinuation. Example quotes from the participants
were presented to illustrate themes and subthemes
(Table 1; Online Resource 3).

Experience of AEs and their impact on daily life

Muscle-related AEs

Eleven participants cited muscle symptoms including
muscle pain, soreness, stiffness and cramps, as contribut-
ing to their discontinuation of study drug, with one
reporting having muscle pains and headache simulta-
neously. Nine participants indicated that the muscle
symptoms had significantly impacted their daily lives
and functional capacity, and they perceived the functional

impact as the factor that led to study drug discontinuation
(see Table 1).

Other AEs

Fifteen participants reported other AEs (detailed in Online
Table 1) that had led them to discontinue the study drug, with
the majority recounting how these symptoms had impacted
their daily life (e.g. interfered with daily activities, resulted
in frailty, exhaustion and raised concerns of side effects).
One recalled: ‘On the strong [full dosing] medication, the first
time I took it. I took the pills and sat down. I tried to get up and
the room absolutely swam aroundme. I’ve never had the room
swimming around me before…And I was there for over an
hour before I could actually get up and move.’ (P6)

Three reported psychological AEs (feeling depressed, anx-
ious, irritated) that had led them to discontinue the study drug,
with two reporting having similar experiences before taking
part in the STAREE trial.

Changes after discontinuing study drugs

Most participants stated that their AEs had significantly im-
proved or rapidly resolved after discontinuing the study drug.
Six recalled that the AE had taken some time to improve, and

Table 1 The impact of muscle
symptoms on participant daily
living with example quotes

Impact (categories) Example quotes

Limiting mobility I had trouble rolling over in bed. I was walking up the front stairs one at
a time when I was normally going up a couple at a time, it was just
really pain, constant pain. (P12)

I could not even take a step ahead… I could not sit down. All I could
do is to stand. I was comfortable when I was standing. (P16)

I’d never had soreness like that. Basically, it prevented me from
walking. (P18)

Interfering with usual daily activities
and functional capacity

It [muscle soreness] reduced the amount of exercise. If I played squash,
I got bloody sore afterwards… If you have not played it for a long
time, you play it, you will get really sore. But if you play it regularly,
you do not get sore. I kept getting sore. That wasn’t normal for me.
(P16)

It [the muscle symptoms] reduced my capacity by 30% or something
like that. As you are old, you need 100%. (P19)

‘I’ve slowed down a lot [when cycling]. I have not got a lot of energy.’
(P27)

Impacting quality of life I had a car accident about 20 years ago. When I came out of the
operation, I just felt absolutely terrible with muscle pain, and bone
pain, and mental pain. And it [the muscle pain experienced while on
the STAREE medication] actually reminded me of the first three or
four days after the major operation… I do not want to live through
this again. (P19)

It was muscle pain. It was everything. I usually walk with a walker. I
was hanging on the walker. Everything was hurting me. I felt that it
was my insides were gonna drop out. Everything was just aching so
much. I really really felt very very sick. (P5)
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three reported that the symptoms had not gone away despite
discontinuing the drug. One of the latter three considered the
AE was not related to the study drug while the remaining two
were unclear on the cause of the AE.

Ambiguity about the cause of AEs and
discontinuation

Among the 26 participants reporting AEs, 19 mentioned their
thoughts on the relationship between the AEs and the study
drug. Ten stated that they were uncertain about the cause of
the AE but ceased taking the study drug ‘just in case’ (P13).
These participants perceived their health as vulnerable and
decided to discontinue: ‘As far as I am concerned, I haven’t
felt well during the process. It might be due to other things, but
I can’t be bothered anymore. I would sooner not take it.’ (P9)

Seven participants associated the AE with the study drug.
Among them, five thought that they had been given real
statins. ‘I am definitely not on the placebo, as I felt. You know,
last few years, so disappointed, my feeling, my muscle, and
bone pain.’ (P19) One (P18) said that he had suffered from
severe muscle pains and headache that he had never had be-
fore soon after they took the study pill.

Two participants considered the occurrence of AE to be
unrelated to the study drug but discontinued anyway. One
assumed the study drug might contribute to the AE before
they discontinued it, although the symptoms remained follow-
ing discontinuation. Another said they ‘felt uncomfortable
with taking it’ but recognised that this ‘could actually be the
imagination’ (P29).

Social factors and discontinuation

Life circumstance and AEs

For some participants, it was the situation in which the AE
occurred that contributed to their discontinuation of the study
drug. Two participants (P7, 20) described that they were mov-
ing house and feeling overwhelmed at the time they experi-
enced the AE. Another (P28) who had experienced AEs while
working overseas discontinued the study drug to avoid any
risk and trouble that may have resulted in hospitalisation far
from home. She claimed: ‘If I’ve been at home, in my normal
setting, I wouldn’t have taken that action’. One participant
(P3) implied that living alone, at least in part, contributed to
her discontinuation: ‘The real thing is I felt really tired,
exhausted almost. That was another thing. Because I am living
on my own, you cannot afford to be too exhausted.’ (P3)

Social influences

The impact of social influences from family, relatives, friends
and the media on participants’ discontinuation were also

considered. Many reported that they had told other people of
their participation in STAREE. Only two reported a lack of
support from their family members or friends, but none cited
this as a reason for their discontinuation. In contrast, more
than half did not inform others about their participation. One
(P5) explained, ‘My life is my business, not anyone else’s.’

Some participants revealed that they had heard about
statins before participating in the trial, with the knowledge
sourced through the media and experiences of their family
and friends. Whilst many were aware of the controversies
about statins before the trial took place, they noted their
decision-making about discontinuation had not been influ-
enced. A few highlighted that it was these controversies that
motivated them to participate. One participant recalled: ‘I did
read one point… One cannot believe everything one reads…
There were some doubts about the quality of the tests that
were originally done in statins before they were actually re-
leased on the market… That didn’t stop me. I decided to give
it a try and see what happens’ (P9)

GP direction

About two-thirds of the participants informed or consulted
their GPs about their decision to discontinue, the others did
not or could not recall. One (P24) discontinued because her
new GP recommended cessation following the development
of a medical condition potentially associated with statin use.

In addition to the themes outlined above, other reasons
raised by two participants included concerns about the poten-
tial for side effects and difficulty remembering to take the
study pills. Despite a decision to discontinue the drug, the
majority indicated strong support for clinical research with
six revealing they or their partners had participated in previous
clinical studies. One said: ‘I pick studies like this, are very
beneficial. It is where genuine evidence can be gathered, pro-
vided that the integrity is there. Genuine evidence can be
gathered that helps society, might not assist me but might
assist my grandchildren.’ (P16).

Discussion

Our interviews with participants aged ≥ 70 years within an
ongoing primary prevention trial revealed that a perceived
AE was a key factor contributing to participants’ permanent
discontinuation with their study drug, despite an unknown
relation between the AE and the study drug, and participants’
strong support for the study. Most AE-attributed discontinua-
tions occurred where the AE had an unacceptable impact on
their daily lives. For some, the threshold at which the AE can
be tolerated was lowered when facing challenging life circum-
stances. When making decisions, participants did not often
consider the likelihood of the association of the AE and the
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study drug. To our knowledge, this is the first qualitative in-
vestigation aimed at understanding older participants’ discon-
tinuation behaviour in a clinical trial.

The high rate of early treatment discontinuation in clinical
trials can lead to a difficulty in interpreting the study results
and an uncertainty about data validity, especially when differ-
ent results are generated from intention-to-treat analysis and
pre-protocol analysis [13, 18]. Participants who discontinued
the study drug may further withdraw from the study, resulting
in reduced sample size and study power [19]. Older popula-
tions present a unique retention challenge for trial investiga-
tors due to their vulnerability and potential increased risk of
drug side effects, making discontinuation more likely to occur
[20, 21]. A previous study exploring the factors affecting re-
tention in a trial of elderly patients reported that study drug–
related AEs (43.0%) were the most cited reason for premature
discontinuation [21]. For large statin trials like STAREE, pub-
lic awareness of the controversy over statin risk may lead
participants to be more alert to possible AEs [22].
Qualitative research within clinical trial contexts allows an
in-depth exploration of the participant-reported reasons for
discontinuation that may not be revealed by quantitative study
[23]. The research findings will inform the development and
adoption of tailored retention strategies that take account of
participants’ feedback [14].

In this study, the severity and impact of AE onset was
identified as the major barrier to complying with the study
drug, and preserving an acceptable quality of life and intact
functional capacity was most important. Despite the ambi-
guity about the cause of AEs, many participants with con-
cerns of side effects did not want to take the risks of resum-
ing the study medication. Similar findings were also re-
vealed in older people in daily clinical practice. A previous
clinical practice study that surveyed older adults about their
willingness to take preventive cardiovascular drugs report-
ed that 88% of patients would take a medication, with a
known 30% risk reduction in myocardial infarction and no
excess risk of adverse effects. Among those who indicated
support for taking the preventive medication, 48–69% indi-
cated that they would not take the medication if it resulted in
mild fatigue, nausea or dizziness, but no functional limita-
tions. Only 3% were willing to take a medication when side
effects impacted function [24].

A challenging life circumstance could have further
lowered the participants’ tolerance to perceived AEs and
made discontinuation more likely to occur, by either aggra-
vating the event severity, or when things are not going well
in their life, and they react by unburdening themselves of
things that are not essential or their top priority. These find-
ings suggest that the discontinuation can be attributed to
multiple factors, and considering their interrelationships is
important for understanding discontinuation behaviour and
for working out strategies.

Study strengths and limitations

Embedding this qualitative research within a clinical trial allows
an in-depth understanding of the complexity of participants’
views and perspectives on their discontinuation of study drug
[25]. Limitations in this study included the following: (1) The
qualitative research uncovered trends in thoughts and opinions,
leaving some minor contributing factors unrevealed. (2)
Participants who had completely dropped out were not available
to be invited as they had requested no further engagement with
the trial but may have reported different reasons for discontinu-
ation. (3) Recall bias may be more prominent in this study due to
age-related memory problems, although normal cognitive func-
tion was one of the eligibility criteria for STAREE, and a rea-
sonable timeframe from discontinuation to interviews was set.
(4) Although muscle symptoms were the most frequently report-
ed AEs in this study, and are the most prevalent side effects
leading to statin discontinuation in clinical practice [26, 27], we
cannot attribute the AEs directly to statins as participants and
investigators remain blinded to treatment allocation. (5) As with
other qualitative studies, the generalisability of findings in this
study is unknown. Factors influencing participant discontinua-
tion behaviours can differ according to randomised treatment
allocation, population of interest and trial setting.

Implications for clinical research

This qualitative study illuminated several strategies to im-
prove participant commitment to study medications in
STAREE and future clinical trials: (1) reminding participants
of the potential benefits of medical research and the impor-
tance of their full participation for valid results during recruit-
ment and follow-up [14, 28], (2) forewarning participants of
possible AEs in a way that does not inflate the risks associated
with the study medication, (3) investing the time to commu-
nicate with participants about their anticipated barriers, con-
cerns and challenges to taking study drug during regular
follow-up visits and phone calls, (4) using strategies such as
a ‘medication holiday’ and rechallenge or a dose reduction in
the former circumstances and (5) encouraging participants to
contact trial investigators or GPs if an AE occurs, especially
when the AE is unlikely to be caused by the study drug. It is
also worth noting that GPs are co-investigators in STAREE
and thus are familiar with the trial protocol. Maintaining par-
ticipants in clinical trials will be more feasible with the active
support of GPs in facilitating contact between researchers and
GP patients who are participants [29].

Qualitative research embedded in the host clinical trial that
takes account of qualitative participant feedback could pro-
vide ‘real-time’ evidence to guide strategies to reduce study
drug discontinuation [30, 31]. Studies to test the efficacy of
the proposed strategies are suggested to improve retention
rates [18, 32].
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Conclusion

This qualitative study found that perceived AEs with their
impacts are the key factor contributing to permanent discon-
tinuation of the study drug in a primary prevention trial in an
older population. Addressing participants’ concerns about
drug-related side effects at trial entry and offering medical
assistance and support in a timely manner when the AE occurs
may be useful to reduce participant’s permanent study drug
discontinuation and prevent further withdrawal. Future inves-
tigations are needed to determine the usefulness of these
strategies.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00228-020-03073-x.
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Association of Statin Use With

Cardiovascular Outcomes by

Coronary Calcium: MESA

Coronary artery calcium (CAC) is a potent marker of
subclinical atherosclerotic cardiovascular disease
(CVD) and an independent predictor of future car-
diovascular events (1). For these reasons, the 2018
American College of Cardiology/American Heart As-
sociation (ACC/AHA) Cholesterol Guidelines endorse
the use of CAC scores to guide statin initiation or
deferral in patients with borderline to intermediate
risk (2). However, limited evidence showed that sta-
tins do reduce cardiovascular risk in patients with
elevated CAC but not in those without CAC (3,4). We

hypothesized that the associations of statin use with
cardiovascular outcomes are CAC dependent in pri-
mary prevention populations. We tested our hy-
pothesis in a cohort from the MESA (Multi-Ethnic
Study of Atherosclerosis).

MESA is a prospective, multi-ethnic, population-
based study. The study recruited 6,814 participants
ages 45 to 84 years, free of CVD, from 6 U.S. field
centers from 2000 through 2002. All participants
underwent a CAC test at baseline.

In the present study, the outcomes were incident
coronary heart disease (CHD) (including myocardial
infarction, resuscitated cardiac arrest, and CHD
death) and CVD (including CHD and stroke). We
sought to compare the outcome incidence between
MESA participants according to self-reported statin
use at baseline across 4 CAC strata (baseline CAC
Agatston score: 0, 1 to 100, 101 to 400, and >400). We
controlled for potential baseline confounders using a
propensity score–based inverse-probability weighting
technique. We then checked the covariates’ balance
with an absolute standardized difference (ASD) (ASD
>0.10 indicates imbalance). We next performed the
outcome analyses using Cox proportional hazards
models, adjusted for the propensity score-based
weights and the imbalanced covariates after weight-
ing. The effect modifications by CAC on the associa-
tions of statins with outcomes were assessed by
including a multiplicative interaction term in Cox
models. Given the limited value of CAC in the very-
low-risk cohort, we further performed an analysis
restricted to participants with borderline and higher
risks, as suggested by the 2018 ACC/AHA guidelines.

After excluding 513 participants with incomplete
information, we included 6,301 in the final analyses.
At baseline, 938 participants reported statin use, and
5,363 did not. Participants’ mean age was 62.0 years.
The proportions in each CAC stratum of 0, 1 to 100,
101 to 400 and >400 were 33.0%, 32.6%, 17.7%, and
16.6% within statin users, respectively, and 53.4%,
25.6%, 12.5%, and 8.5% within nonusers, respec-
tively. Covariates were well balanced after the
weighting, except for age and health insurance status,
which were incorporated into the Cox models as
covariates.

The main results are presented in Table 1. Over a
median follow-up period of 14.2 years, 620 incident
CVD and 396 CHD events occurred. In the CAC >400
stratum, the incidence of CVD and CHD were signifi-
cantly lower in statin users compared with nonusers.
In contrast, there were no significant differences
observed for other CAC strata of #400. The effect
modification by CAC of >400 on the associations of
statin use with CVD (pinteraction ¼ 0.020) and CHD
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(pinteraction ¼ 0.005) was statistically significant.
Restricting the analysis to participants with border-
line and higher risk did not change our results appre-
ciably, although there was a slightly weakened
modifying effect of CAC on the statin-CVD association.

Participants with CAC score of >400 also obtained
the greatest absolute benefit from statins, with a
10-year number needed to treat of 10 for CVD and 13
for CHD.

These results are consistent with those previ-
ously published (3,4), except for the result for CAC
score of 101 to 400, in which a higher risk was seen
in statin users compared with nonusers. This
finding should be interpreted with caution and may
be explained by random variation and/or residual
confounding.

Limitations of this study include: 1) residual con-
founding given the observational design; 2) the dif-
ficulty of addressing confounding by indication; 3)
the small size of the statin-treated group and CAC
subgroups within the statin arm; and 4) the prevalent
user design and inability to consider statin use as a
time-varying exposure and the interim initiation of
other relevant pharmacotherapies.

In conclusion, CAC score of >400 significantly
modified the association of baseline statin use and
cardiovascular outcomes in the MESA cohort of par-
ticipants without CVD. The association of statins and
reduction in cardiovascular events was not seen with
a CAC score of 0 or in lower CAC strata, although the

latter should be interpreted with caution due to
the possibility of residual confounding. Further
investigation is warranted to provide more reliable
evidence.
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TABLE 1 Hazard Ratios for CVD and CHD for Statin Use Among CAC Subgroups and The Corresponding 10-Year NNT

Statin Users
Versus Nonusers

Model 1 Model 2
Cumulative Incidence of
Outcome at 10 Years, %*

ARR10, % NNT10aHR (95% CI)* aHR (95% CI) No Statin Statin

Hard CVD†

CAC ¼ 0 0.99 (0.52–1.90) 0.94 (0.48–1.81) 2.82 2.79 0.03 —

0 < CAC #100 0.86 (0.56–1.32) 0.92 (0.58–1.46) 7.47 6.44 1.03 —

100 < CAC #400 1.09 (0.64–1.87) 1.07 (0.71–1.60) 13.28 14.40 –1.12 —

CAC >400 0.51 (0.33–0.79) 0.63 (0.40–0.97) 21.78 11.83 9.95 10

Hard CHD‡

CAC ¼ 0 1.47 (0.64–3.40) 1.51 (0.64–3.57) 1.35 1.98 –0.63 —

0 < CAC #100 0.92 (0.53–1.60) 1.05 (0.59–1.89) 4.64 4.28 0.36 —

100 < CAC #400 1.55 (0.85–2.86) 1.47 (0.94–2.29) 8.15 12.37 –4.22 —

CAC >400 0.51 (0.31–0.83) 0.59 (0.36–0.98) 16.95 9.05 7.90 13

Model 1: Weighted Cox models were fitted for the entire study cohort with adjustment for stabilized inverse-probability weights and 2 insufficiently balanced variables in the
weighting (age and health insurance status). Model 2: Weighted Cox models were fitted for study participants with borderline and higher CVD risk according to the 2018
American College of Cardiology/American Heart Association guidelines (new weights were generated); this subsample included nonusers with 10-year atherosclerotic CVD risk
$5% or with diabetes and/or low-density lipoprotein concentration of $190 mg/dl at baseline and all statin users who were assumed to be statin-eligible by the guidelines.
*The cumulative incidences of CVD and CHD at 10 years were calculated at the mean of observed covariates in the weighted entire study cohort. ARR10 was calculated by
subtracting the cumulative incidence among statin users from the cumulative incidence among nonusers at 10 years. The NNT10 is the inverse of the ARR10. †Model 1: CAC score
(CAC >400 vs. CAC #400) � statin use interaction term: pinteraction ¼ 0.020. Model 2: CAC score (CAC >400 vs. CAC #400) � statin use interaction term: pinteraction ¼ 0.089.
‡Model 1: CAC score (CAC >400 vs. CAC#400)� statin use interaction term: pinteraction ¼ 0.005. Model 2: CAC score (CAC >400 vs. CAC#400) � statin use interaction term:
pinteraction ¼ 0.006.

aHR ¼ adjusted hazard ratio; ARR10 ¼ absolute risk reduction at 10 years; CAC ¼ coronary artery calcium; CHD ¼ coronary heart disease; CI ¼ confidence interval;
CVD ¼ cardiovascular disease; NNT10 ¼ 10-year number needed to treat.
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Prognostic Value of 18F-FDG PET Using

Texture Analysis in Cardiac Sarcoidosis

Sarcoidosis is a multisystem inflammatory disorder
characterized by noncaseating granulomata. Cardiac
involvement contributes to life-threatening conse-
quences. The diagnosis of cardiac sarcoidosis (CS) is
usually made on the basis of clinical and imaging
features including 18F-fluorodeoxyglucose (FDG)
positron emission tomography (PET) (1). Our group
recently reported that texture analysis of 18F-FDG
PET may have a role in semiautomated systems for
diagnosing CS (2). Texture analysis quantifies the re-
lationships among adjacent and surrounding pixels
and evaluates inhomogeneity (3). The aim of this
study was to evaluate whether myocardial 18F-FDG
texture analysis could add prognostic value beyond
the standard 18F-FDG parameter indexes in the
assessment of CS.

We retrospectively analyzed 62 patients (14 men)
with a median age of 64 years (interquartile range:
55 to 71 years) who were diagnosed with CS on the
basis of the Japanese Society of Sarcoidosis and
Other Granulomatous Disorders guidelines (4). All
patients underwent 18-h fasting before 18F-FDG PET/
computed tomography (CT) to reduce physiological
myocardial uptake. Patients who had already under-
gone oral steroid treatment prior to 18F-FDG PET/CT,
who did not show any significant 18F-FDG uptake, or
who had failed to follow the preparatory protocol of
either the low-carbohydrate diet or unfractionated
heparin injection were excluded.

PET/CT was performed using a Biograph 64 True-
Point TrueV scanner (Siemens Japan, Tokyo, Japan).
Imaging acquisition and analysis were performed as
previously described (2). The polar map was pro-
cessed to calculate the 36 texture features using
PTexture (2). Among them, high gray-level run
emphasis (HGRE) was calculated from the gray-level
run length matrix as follows:

HGRE ¼ 1
q

X

i

X

j

Rði; jÞ� i2

where R(i,j) represents the number of runs with the
ith intensity and the jth length of the gray-level run

FIGURE 1 Representative Case and Kaplan-Meier Curve
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(A) The maximum-intensity projection (MIP), polar map, and positron emission tomographic/computed tomographic images of a patient with

cardiac sarcoidosis with a major advanced cardiac event (MACE) are displayed. Focal uptake in the left ventricle and multiple uptakes in the

supraclavicular, mediastinum, hilum, and abdominal lymph nodes are seen. (B) Event-free rate of MACE stratified by the high (blue),

middle (green), and low (pink) groups derived from the tertile of high gray-level run emphasis (HGRE) showed statistical significance by

log-rank test.
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community could do more to leverage 
global outbreak vernacular to mobilise 
additional resources for this neglected 
slow-motion disaster.6
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frame9 NCDs as a so-called public 
issue.10 To shift from framing to 
shaping public policies is the only way 
to make the public health targets of 
the Sustainable Development Goals 
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You’re not speaking my 
language: reframing 
NCDs for politicians and 
policy makers
Richard Horton correctly identified 
inadequate framing as an important 
reason for why the world’s leading 
causes of death and disability—non-
communicable diseases (NCDs)—are 
not being seriously addressed by 
global leaders (July 22, p 346).1

The non-communicable misnomer 
wrong-foots the uninitiated and 
implicitly promotes individualistic 
above societal solutions.2 The most 
effective interventions are population-
level multisectoral policies that are 
unpopular with libertarians and much 
more challenging to introduce than 
individualistic, health-only initiatives.3 

There is some modelled evidence 
for the costs of action and inaction 
on NCDs,4 but it is written with little 
thought for the intended audience—
more technical document than 
policy brief. Again, there has been 
a move towards curating personal 
stories (eg, NCDs & me) but these 
efforts haven’t broken into the public 
consciousness yet. The average voter 
has no idea what an NCD is, nor do 
patients living with NCDs, nor the vast 
majority of health professionals. Why 
would politicians?

Changing the name might help.2 So 
would presenting evidence in policy 
makers’ own language with attention 
to returns on investment, trade-offs, 
and opportunity costs. Politicians 
need engaging narratives and ways 
of linking NCDs with priorities 
such as global warming, economic 
growth, and migration. President 
Trump’s recent budget proposal 
used a security framing that could 
work well for NCDs,5 especially since 
European leaders are being pushed to 
meet NATO spending commitments. 
A final, fruitful prism is pandemic 
preparedness, which is important 
to both President Trump and WHO 
Director-General Dr Tedros. The NCD 

For more on NCDs & me see 
http://apps.who.int/ncds-and-
me/

Concerns related to the 
nocebo effect
We read with interest the finding of 
Ajay Gupta and colleagues (June 24, 
p 2473)1 of an absence of attributable 
risk of muscle-related adverse events 
to statin therapy in the blinded 
randomised controlled phase by 
contrast with an excess risk in the non-
randomised, open-label extension 
phase in the same population. 
These results were attributed to 
the nocebo effect. We note that the 
overall proportion of participants 
reporting muscle-related adverse 
events was lower in the non-blinded, 
non-randomised phase than in the 
masked randomised phase. This might 
be explained by selective uptake or 
cessation of statins by participants in 
the follow-up phase, since 3364 (68%) 
of 4972 participants who had been 
randomly assigned to statin therapy 
made the choice to continue the drug 
in the open phase, whereas only 3045 
(62%) of 4927 participants who had 
been randomly assigned to placebo 
opted to take atorvostatin. It would 
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commence a statin in the non-blinded 
phase, there was little difference in the 
reported muscle-related adverse events 
among those previously assigned to 
statin therapy (1·32 per 100 person-
years) or placebo (1·20 per 100 person-
years; p=0·500). Indeed, the small 
excess in the reported rates among 
users who were previously assigned 
atorvastatin further strengthens our 
hypothesis of a nocebo effect as the 
explanation for the excess reporting of 
muscle-related adverse events in statin 
users during the non-blinded phase of 
the trial.
PS reports grants and personal fees from Amgen 
and Pfizer during the conduct of the study, and 
grants and personal fees from Amgen and Pfizer 
outside of the submitted work. PS is also a recipient 
of an NIHR and BRC awards. AG reports other 
support from Servier and the Foundation for 
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be interesting to know the proportion 
of those in the placebo group who 
reported muscle-related adverse 
events, because this is probably where 
the nocebo effect would be observed, 
since they are knowingly exposed to 
the drug for the first time.
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As detailed in our Article, we 
classified all adverse events using the 
Medical Dictionary for Regulatory 
Activities and they were further 
categorised by degree of certainty 
(definite, probable, or possible) 
according to prespecified definitions. 
The frequency of most adverse events, 
including all those assigned by system 
organ classification to musculoskeletal 
and connective tissue disorders, was 
similar in both phases of the trial 
(7–9%) but, using the more specific 
and adjudicated definitions for muscle-
related adverse events, the frequency 
was slightly lower in the non-blinded 
phase (1·2%) than in the blinded phase 
(2%). However, it is incorrect to assert 
that this is due to some selection bias. 
For example, the statin users in the 
non-blinded phase had similar rates 
of muscle-related adverse events 
when, during the blinded randomised 
phase, they were allocated to a statin 
(1·72 per 100 person-years) or placebo 
(1·80 per 100 person-years; p=0·636). 
Furthermore, following their decision 
of whether to continue, discontinue, or 
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Letter by Zhou et al Regarding Article, “Statin 
Toxicity: Mechanistic Insights and Clinical 

Implications”
To the Editor:

We read with interest the review by Ward et al1 on statin tox-
icity, with its focus on adverse events (AEs) in routine clinical 
practice particularly statin-associated muscle symptoms (SAMS). 
The authors have provided a broad and deep insight into the po-
tential mechanisms of statin toxicity and its clinical importance. 
However, some statements are problematic.

Ward et al1 stated twice that the relatively low rate of statin 
intolerance in clinical trials is believed to be attributed to the selec-
tive study population because statin-intolerant participants were 
excluded either before randomization or during statin run-in peri-
ods. Peto and Collins2 have shown that most large, long-term ran-
domized controlled trials of statins used a placebo run-in period to 
exclude noncompliant participants. They have also suggested that 
few of the trial participants would have had prior experience of 
statin use. Therefore, it is not likely that statin-intolerant partici-
pants were routinely excluded. Ward et al1 also pointed out that, 
although no excess risk of SAMS was observed in randomized 
controlled trials, the overall frequency of muscle-related symptoms 
had been underreported as a result of the lack of clear definition of 
SAMS and systematic query of muscle symptoms during the fol-
low-up. However, one should note that both a broad definition and 
systematic query of SAMS that capture more statin-unrelated AEs 
could lower the specificity of diagnosis, thus reducing the study 
power to demonstrate the between-group difference. Diagnosing 
symptoms as being attributable to statins in the routine care setting 
is even more problematic as consequences of misattribution are 
forgone potential benefits. Ward et al1 also stated that few trials 
had assessed the creatine kinase level and other biomarkers which 
may affect the trialability to identify statin-related adverse effects. 
It should be noted that most SAMS are simple myalgia (without 
raised creatine kinase levels) rather than myositis.3

Ward et al1 stated that SAMS are by far the most prevalent 
AEs, accounting for up to 72% of all statin-related AEs. This evi-
dence was derived from a large-scale, web-based clinician survey 
conducted in 12 countries.4 However, in the original article, it was 
reported that among 6% of patients who were statin-intolerant, 
64% were confirmed to have SAMS.4 Although it is correct that 
SAMS were the most common form of AE, in absolute terms they 
occurred in only 3.8% of all statin users. This shows that the fre-
quency of SAMS in this survey is as low as that seen in random-
ized controlled trials (around 1%–5%).5

Ward et al1 also stated that age is considered the leading pre-
disposing risk factor for statin-associated AEs. This claim, how-
ever, is not supported by the existing trial evidence. PROSPER 
trial (Prospective Study of Pravastatin in the Elderly at Risk),6 
which is the only major trial exclusively recruiting older individu-
als (aged 70 to 82 years), have shown that no increased risk of 

SAMS was seen in the statin group compared with the placebo. 
In the ASCOT-LLA trial (Anglo-Scandinavian Cardiac Outcomes 
Trial Lipid-Lowering Arm) in atorvastatin group, participants 
aged ≥65 years had a lower rate of myalgia than those aged <65 
years (2.6% versus 2.9%).7

We emphasize that evidence from randomized controlled tri-
als should be given more weight when assessing the safety of 
statins as they are the most rigorous and only way to establish the 
causal relationship of statins to AEs.
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