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Abstract

Objective: Statins have been shown to be beneficial for the prevention of cardiovascular events.

In elderly individuals, the efficacy of statins remains controversial and the comparative effect of

statins has not been assessed.

Methods: MEDLINE, Embase, and the Cochrane Central database were searched for random-

ized controlled trials that assessed statins in older patients.

Results: Seventeen trials were analyzed. When used for secondary prevention, statins were

associated with reduced risk of cardiovascular events, all-cause mortality, cardiovascular mortal-

ity, revascularization, and stroke. When used for primary prevention, statins reduced the risk of

myocardial infarction and revascularization, but did not significantly affect other outcomes.

A modest difference between pharmaceutical statin products was found, and high-quality evi-

dence indicated that intensive atorvastatin had the greatest benefits for secondary prevention.

Conclusions: In secondary prevention, evidence strongly suggests that statins are associated

with a reduction in the risk of all-cause mortality, cardiovascular events, cardiovascular mortality,

and revascularization. However, differences in the effects of various statins do not appear to have

significant effects on therapy in secondary prevention for the elderly.
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Introduction

Cardiovascular disease (CVD) is the leading
cause of morbidity and mortality world-
wide.1 Dysfunction of lipid metabolism
and elevated serum levels of low-density
lipoprotein cholesterol (LDL-C) are major
risk factors for atherosclerotic cardiovascu-
lar diseases (ASCVDs).2,3 Statins are the
most widely used lipid-lowering therapy
in the world, and they are the first-line ther-
apy for dyslipidemia. Statin therapy has
been shown to be very beneficial for prima-
ry and secondary prevention of CVD.4,5

The 2013 guidelines of the American
College of Cardiology and American
Heart Association (ACC/AHA) recom-
mend the use of statins for adults to
reduce the rate of cardiovascular adverse
events.6 With society’s increasing life expec-
tancy, more than 80% of the occurrence of
CVD and/or cardiac deaths occur in older
individuals (aged 65 years and older);7

therefore, prevention and reduction of
CVD has become increasingly crucial in
this population.8 Based on current guide-
lines, statin use is recommended for nearly
all patients between the ages of 65 and
75 years, especially for secondary preven-
tion of CVD.9

Despite these guidelines, large-scale, ran-
domized, controlled trials of statins in older
patients are limited because of age-related
changes in pharmacokinetics and pharmaco-
dynamics in this population.10 Several stud-
ies have combined and analyzed previous
trials. For example, Teng et al.11 performed
a meta-analysis that demonstrated a role for
statins in the primary prevention of cardio-
vascular adverse events in the elderly from a
risk–benefit perspective. However, the

evidence quality levels and recommenda-

tions were not assessed. A recent study

included an analysis of the efficacy of statins

and non-statins in the elderly. This study

supported the use of statins for secondary
prevention of CVD in older patients based

on high-certainty evidence.12 However, this

study did not compare various statins or

provide a final ranking of the different

statin drugs. In addition, there were relative-

ly few head-to-head trials assessing the effec-

tiveness of various statins, which is an
increasing concern for the elderly.

Therefore, it is imperative to synthesize the

current information regarding statins and

conduct a quantitative evaluation of treat-

ment with different statins in patients aged

65 years and older.
The current study comprises a standard

meta-analysis and Bayesian network analy-

sis, and it aims to summarize the present

evidence for statin use in primary and sec-

ondary prevention of CVD in older individ-
uals (�65 years) with or without CVD.

Estimation of the clinical outcomes and

results of several different statins may help

clinicians to provide more detailed, quanti-

tative information to develop best practice

guidelines for the rational use of statins in
older patients.

Methods

This study was performed in accordance

with the Cochrane Collaboration guidelines,

and it is reported in accordance with the

Preferred Reporting Items for Systematic

reviews and Meta-Analysis extension

(PRISMA) statement for systematic reviews
incorporating network meta-analyses for

2 Journal of International Medical Research



health care interventions.13,14 All analyses

were based on previous published studies,

and thus, no ethics approval or patient con-

sent was required.

Search strategy

The relevant RCTs published from January

1995 to July 2019 were identified from

MEDLINE, Embase, and the Cochrane

Central database. The search was restricted

to trials in humans that were published

in English language journals. The main

search terms used to maximize the search

sensitivity and specificity were as follows:

statin, hydroxymethylglutaryl-CoA, prava-

statin, simvastatin, atorvastatin, rosuvastatin,

fluvastatin, lovastatin, cerivastatin, random-

ized controlled trials (RCTs), clinical trial,

randomized, and cardiovascular disease.

Inclusion and exclusion criteria

Inclusion criteria (PICOs) for the network

analysis were as follows: (1) Patient/popu-

lation: elderly patients (age �65 years or

mean age >70 years) were included in the

statin or control group of the study; (2)

Intervention/exposure and comparison/

control: studies comparing any single

statin at any dose with either a control (pla-

cebo/usual care) or another type of statin;

(3) Outcome: the primary endpoint was car-

diovascular events (including myocardial

infarction, stroke, cardiovascular death,

and revascularization), and secondary end-

points were all-cause mortality, cardiovas-

cular mortality, myocardial infarction, need

for revascularization, or stroke; and (4)

Study design: RCTs. Exclusion criteria

were as follows: (1) Overlapping and repet-

itive data; (2) review articles, single case

reports, and noncomparable studies; (3)

the number of elderly patients for compar-

ison was less than 100; and (4) follow-up

period of less than 6 months.

Study selection

In this study, two reviewers (CN Zhai and
K Hou) independently screened the titles
and abstracts from the articles against the
eligibility criteria. The full text of the stud-
ies that potentially met the inclusion criteria
was inspected to determine the final includ-
ed studies. Disagreements regarding the
inclusion of a study were resolved by con-
sensus and arbitration by a third author
(HL Cong).

Data extraction

The data from all included articles were
extracted independently by two investiga-
tors (CN Zhai and K Hou). The data
included the study title, publication date,
authors, number of patients, types of
statin, drug dose, duration of follow-up,
and outcome. Network plots were used to
describe the network geometry.15 The cor-
responding authors of the included studies
were contacted to obtain any required
information that was missing. The total
extracted data were verified by a third
investigator (HL Cong).

Assessment of methodological quality and
evidence synthesis

The methodological quality and the risk
of bias for each included article was inde-
pendently assessed by two authors (CN
Zhai and R Li) following the Cochrane
Handbook for Systematic Reviews of
Interventions 5.3.16 Disagreements were
resolved by discussion, and the correspond-
ing author (HL Cong) was the adjudicator
when no consensus could be achieved. The
evidence grade was determined using the
Grading of Recommendations Assessment,
Development and Evaluation (GRADE)
working group guidelines. As recom-
mended by the GRADE working group,
the lowest evidence quality for any of the
outcomes was used to rate the overall
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evidence quality. The evidence quality is
graded using GRADE Pro version 3.6 soft-
ware (McMaster University, 2015 [devel-
oped by Evidence Prime, Inc.], available
from gradepro.org). The strengths of the
recommendations are reported based on
the quality of the evidence.

Statistical analysis

Data analysis was conducted using RevMan
software, version 5.1 (Copenhagen: The
Nordic Cochrane Centre, The Cochrane
Collaboration, 2014) and STATA 15.0 soft-
ware (StataCorp, College Station, TX,
USA). The odds ratios (ORs) and 95% con-
fidence intervals (CIs) were used to evaluate
dichotomous outcomes. The inverse vari-
ance and Mantel–Haenszel techniques were
used to combine the separate statistics.
Heterogeneity was investigated using the Q
statistic, and P values <0.05 were regarded
as statistically significant. To control for the
risk of random type I or II error because of
the sparse data and repetitive testing of accu-
mulating data, and to assess the reliability
and conclusiveness of the present evidence,
trial sequential analysis (TSA) of any statin
versus placebo/usual care was conducted on
each clinical outcome with at least two trials.
A default type I error of 5% and type II
error of 20% was used. TSA was performed
using TSA software, version 0.9 beta.17

Bayesian network meta-analysis (NMA)
was conducted using the aggregate data
drug information system (ADDIS) v1.16.5
(van Valkenhoef, University of Groningen,
the Netherlands). Outcomes were combined
using the random effects model.18 For all
estimates, convergence was achieved at
50,000 iterations and autocorrelation was
checked and confirmed. Markov chain
Monte Carlo (MCMC) modeling was con-
ducted to estimate the relative ranking prob-
ability of each treatment group.19 For each
clinical outcome, we estimated the probabil-
ity of each treatment included in the network

to be the best among all treatments using the
surface under the cumulative ranking curve
(SUCRA).20 Because the directly and indi-
rectly compared results in any network were
available, incoherence analyses (defined as
the statistical disagreement between two evi-
dence types) were conducted using the Node
Split method.21 In addition, to assess the
robustness of outcome findings, sensitivity
analyses were conducted by excluding stud-
ies with unique populations (i.e., diabetic
mellitus, heart failure) and studies with a
high risk of bias. Publication bias was statis-
tically evaluated using Begg funnel plots and
Egger bias test using STATA 15.0 software
(StataCorp). The above methods were used
to statistically measure the degree of funnel
plot asymmetry.22,23

Results

Search of the published literature

There were 2167 articles that were identified
during the initial electronic search. After
the abstracts were screened, most articles
were excluded because they had no rele-
vance to this analysis. In total, 1373 articles
failed to meet the eligibility criteria and
another 65 articles were removed because
of unusable data, a small number cases, or
a very short follow-up period. Seventeen
studies satisfied the eligibility criteria
(Figure 1).

Characteristics and methodological
quality of the included studies

Seventeen RCTs, which included 41,924
patients, examined the effect of various sta-
tins in older individuals (age �65 years),
with or without CVD, were included in
the present NMA.24–40 Participants’ clinical
characteristics are summarized in Table 1.
The methodological quality of included
studies is shown in Figure 1. Judgements
about risk-bias items are presented as
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percentages across all included RCTs in
Figure 2. In the summary criterion, two
trials (12%) were estimated as having
a high risk of bias, one trial (6%) as mod-
erate risk, and 14 trials (82%) as low risk
(Figure 3).

Five statins were included in these trials.
Atorvastatin was studied in six trials
(6754 patients),30,32–34,36,37 pravastatin in
six trials (7626 patients),25,27,29,30,38,39 rosu-
vastatin in two trials (5392 patients),31,40

fluvastatin in two trials (503 patients),25,27

and simvastatin in three trials (3687
patients).23,31,34 Based on dose intensity
defined by the 2013 ACC/AHA guide-
lines,41 four trials30,32–34 used statins
at a high-intensity dose (atorvastatin,
80mg/day), 12 trials24–29,31,35–38,40 used
moderate-intensity dose (atorvastatin, 10
mg/day; pravastatin, 40 to 80 mg/day; sim-
vastatin, 20 to 40 mg/day; rosuvastatin, 5 to
10 mg/day; Fluvastatin, 40 to 80 mg/day),

Figure 1. Search strategy based on the PRISMA statement.
PRISMA, Preferred Reporting Items for Systematic Reviews.
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and one trial39 used a low-intensity dose

(pravastatin, 10 to 20 mg/day). In addition,

two trials compared atorvastatin to simva-
statin or pravastatin. The mean (standard

deviation; SD) of the follow-up duration

was 3.7 years (range, 0.8–5.4 years), and

at least eight trials24,25,27,32,33,35,38,39 had a

long follow-up period of 4.5 years.

Clinical outcomes of the standard meta-

analysis and Bayesian network analysis

Figure 4 shows the network geometry for

all clinical outcomes in this study. The

results of the standard meta-analyses are

shown in Table 1. Figure 5 shows the esti-

mates of secondary prevention outcomes of

any statin against control group outcomes

from the standard meta-analysis, in addi-
tion to the estimate of each statin against

the control group from the network analy-

sis, with the corresponding ranking proba-

bility (SUCRA) and quality levels of

evidence (GRADE). Bayesian network

analysis estimates of clinical outcomes for
each comparison between various statins

and control groups.

Cardiovascular events

Thirteen trials24,25,29,31,33–40 included

34,911 elderly patients and compared the

risk of cardiovascular events between any
statin and the control group (placebo/

usual care). For secondary prevention in

older patients with ASCVD, six

trials24,25,29,31,33,34 that included 13,130

patients indicated that statins were associ-

ated with a 28% relative reduction in car-
diovascular events (OR: 0.72, 95% CI:

0.61–0.84; GRADE: high). For primary

prevention in the elderly, seven trials

(21,781 patients in total),29,35–40 identified

a similar risk of cardiovascular events

between patients on statins and the control
group (OR: 0.88, 95% CI: 0.72–1.06;

GRADE: moderate). Based on theT
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Figure 2. Methodological quality of included trials. This risk-of-bias tool incorporates an assessment of
randomization (sequence generation and allocation concealment), blinding (participants, personnel, and
outcome assessors), completeness of outcome data, selection of outcomes reported, and other sources of
bias. The items were scored with “yes,” “no,” or “unsure.”
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Bayesian NMA comparing different statins

for secondary prevention (Figure 5), high-

quality evidence indicated that 80mg of

atorvastatin had the highest probability of

having the greatest benefit for preventing

cardiovascular events (three trials30,31,33

including 4141 patients; OR: 0.68, 95%

CI: 0.49–0.92; SUCRA, 77%). This was

Figure 3. Risk of bias. Each risk-of-bias item is presented as percentages across all included trials, which
indicate the proportion of different levels of risk of bias for each item.

Figure 4. Network plots of evidence for overall clinical outcomes. Line: Direct comparison between two
linked drugs (statins/control). Each line links a statin regimen that have been directly compared in studies,
while the thickness of the line is proportional to the precision of each direct estimate. The number of trials
per comparison is reported next to each line. Circle: Statin types/control for trial comparisons. The width
of each circle is proportional to the number of studies included. In addition, the number of patients included
in each treatment (statins/control) is reported in the bracket below the statin/control name.
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followed by 40 mg of pravastatin (three

trials25,29,30 including 4739 patients; OR:

0.72, 95% CI: 0.54–1.01; SUCRA, 52%)

and 10 mg of rosuvastatin (one trial31

including 5011 patients; OR: 0.94, 95%

CI: 0.60–1.50; SUCRA, 26%). Low-

quality evidence indicated that 20/40 mg

of simvastatin (one trial24 including 1021

patients; OR: 0.57, 95% CI: 0.35–0.90;

SUCRA, 85%) was associated with a

reduction in cardiovascular events.

All-cause mortality

Eleven trials24,26–28,31,33,34,37–40 that included
28,606 older patients compared any statin
with a control group and addressed all-cause
mortality. In the standard meta-analyses for
secondary prevention, statins were associated
with an 18% relative reduction in all-cause
mortality (seven trials24,26–28,31,33,34 including
13,785 patients; OR: 0.82, 95% CI: 0.72–
0.93; GRADE: high). For the primary

Figure 5. Forest plot of the meta-analysis estimate for each statin compared with the control group, and of
each statin against control within the networks for clinical outcomes in secondary prevention with at least
two trials compared with the corresponding ranking probability (SUCRA) and quality of evidence (GRADE)
for each statin regimen for each outcome.
SUCRA, surface under the cumulative ranking curve; GRADE, Grading of Recommendations Assessment,
Development and Evaluation.
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prevention subgroup, four trials (14,821
patients in total)37–40 found that statins
had no statistically significant effect on
all-cause mortality compared with the con-
trol group (OR: 0.94, 95% CI: 0.76–1.16;
GRADE: low). When comparing different
statins for secondary prevention, low-
quality evidence indicated that 80 mg of
fluvastatin (two trials26,28 including 989
patients; OR: 0.55, 95% CI: 0.19–1.35;
SUCRA, 81%), 20/40 mg of simvastatin
(two trials24,32 including 4780 patients;
OR: 0.71, 95% CI: 0.29–1.53; SUCRA,
66%), and 80 mg of atorvastatin (four
trials30,32–34 including 7900 patients; OR:
0.74, 95% CI: 0.37–1.29; GRADE: high;
SUCRA: 63%) were associated with reduc-
tions in the risk of all-cause mortality.

Cardiovascular mortality

Eleven trials24–28,31,33,36–38,40 included
26,955 older patients and compared the
risk of cardiovascular mortality between
any statin and the control group. In the
standard meta-analyses for secondary pre-
vention, seven trials24–28,31,33 comprising
12,819 patients indicated that statins were
associated with a 31% relative reduction in
cardiovascular mortality (OR: 0.69, 95%
CI: 0.55–0.86; GRADE: high). For primary
prevention, four trials36–38,40 (14,136
patients) were included, which reported
that statins did not have a significant
effect on cardiovascular mortality com-
pared with the control group (OR: 1.00,
95% CI: 0.81–1.24; GRADE: low). When
comparing different statins for secondary
prevention, high-quality evidence indicated
that 80 mg of atorvastatin caused a signifi-
cant 49% relative risk reduction (three
trials30,32,33 including 5,651 patients; OR:
0.51, 95% CI: 0.26–0.85; SUCRA: 77%).
Low-quality evidence showed that 20/
40mg of simvastatin caused a 49% risk
reduction (two trials24,32 including 4,780
patients; OR: 0.51, 95% CI: 0.27–0.93;

SUCRA: 77%) in cardiovascular mortality,

followed by 80mg of fluvastatin (two

trials26,28 including 989 patients; OR: 0.48,

95% CI: 0.19–1.28; GRADE: low;

SUCRA: 72%), and 40 mg of pravastatin

(three trials25,27,30 including 5,688 patients;

OR: 0.70, 95% CI: 0.44–1.18; GRADE:

high; SUCRA, 45%).

Myocardial infarction

In the standard meta-analyses, 11

trials24–28,31,33,36–38,40 included 26,955 older

patients and compared the risk of myocar-

dial infarction between any statin and con-

trol group. For secondary prevention, seven

trials24–28,31,33 comprising 12,819 patients

detected no significant difference between

patients on statins and controls (OR: 0.78,

95% CI: 0.59–1.02; GRADE: moderate).

For primary prevention, four trials36–38,40

(14,136 patients in total) identified that sta-

tins were associated with a significant

reduction in the incidence of myocardial

infarction (OR: 0.61, 95% CI: 0.50–0.73;

GRADE: high). Low to moderate-quality

evidence indicated that there was no statis-

tically significant difference in the incidence

of myocardial infarction in patients taking

atorvastatin (two trials30,33 including 4445

patients; OR: 0.54, 95% CI: 0.21–1.10;

GRADE: moderate; SUCRA: 73%), rosu-

vastatin (one trial40 including 5695 patients;

OR: 0.54, 95% CI: 0.17–1.69; GRADE:

low; SUCRA: 68%), or pravastatin (one

trial38 including 2867 patients; OR: 0.71,

95% CI: 0.22–2.15; GRADE: low;

SUCRA: 48%) compared with controls.

Revascularization

Nine trials24,25,27,28,31,33,34,36,40 included

21,526 elderly patients and compared

patients who were taking any statin com-

pared with control patients to address

revascularization. For secondary preven-

tion, seven trials,24,25,27,28,31,33,34 comprising
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14,702 patients indicated that statins were
associated with a 30% relative reduction in
revascularization (OR: 0.70, 95% CI: 0.58–
0.84; GRADE: high). For primary preven-
tion, two trials36,40 (6,824 patients), found
that the risk of revascularization was
reduced in the statin compared with the
control group (OR: 0.49, 95% CI: 0.32–
0.76; GRADE: low). When comparing dif-
ferent statins for secondary prevention,
high-quality evidence indicated that 80 mg
of atorvastatin had the highest probability
of having the greatest benefit for revascu-
larization (three trials30,33,34 including 3,250
patients; OR: 0.57, 95% CI: 0.41–0.79;
SUCRA: 80%), followed by 20/40mg of
simvastatin (one trial24 including 1021
patients; OR: 0.60, 95% CI: 0.33–1.01;
SUCRA: 73%), 80mg of fluvastatin (one
trial28 including 623 patients; OR: 0.61,
95% CI: 0.36–1.10; SUCRA: 69%), and
40mg of pravastatin (three trials25,27,30

including 5,688 patients; OR: 0.72, 95%
CI: 0.54–0.99; SUCRA: 46%). However,
because of the low-quality of evidence and
small number of trials, reliable results
regarding the use of different statins for pri-
mary prevention could not be estimated.

Stroke

Eleven trials25,27,29,31,33,34,36–40 included
34,812 older patients and compared the
risk of stroke between any statin and the
control group. For secondary prevention,
six trials25,27,29,31,33,34 (15,623 patients) indi-
cated that statins were associated with a
24% relative reduction in stroke (OR:
0.86, 95% CI: 0.76–0.97; GRADE: high).
For primary prevention, six trials29,36–40

(19,189 patients) identified that the risk
of stroke was similar between patients on
statins and controls (OR: 0.78, 95% CI:
0.60–1.00; GRADE: moderate). There
were no statistically significant differences
in secondary prevention when comparing
pravastatin (four trials25,27,29,30 including

8,253 patients; OR: 0.83, 95% CI: 0.58–

1.20; GRADE: high; SUCRA: 68%), ator-

vastatin (three trials30,33,34 including 4,141

patients; OR: 0.84, 95% CI: 0.51–1.25;

GRADE: moderate; SUCRA: 64%), and

rosuvastatin (one trial31 including 5,011

patients; OR: 0.90, 95% CI: 0.49–1.63;

GRADE: high; SUCRA: 49%) with the

control group.

Trial sequential analysis

The trial sequential analysis results are

shown in Figures 6 and 7. For secondary

prevention (Figure 6) of cardiovascular

events, all-cause mortality, cardiovascular

mortality, and revascularization, the TSA

comparing any statins with the control

group showed that the cumulative z-curve

crossed the conventional boundary

(P¼ 0.05) as well as the trial sequential

monitoring boundary and never regressed.

When random error is excluded, evidence

indicating that statins reduced the risk of

these outcomes was reliable. However, for

myocardial infarction, the cumulative

z-curve failed to cross the conventional

boundary and trial sequential boundary,

indicating that the risk of random type II

error (information deficit 15,967) could not

be excluded. The cumulative z-curve for

stroke also did not cross the trial sequential

boundary, and thus, random type I error

could not be excluded (information deficit

11,370). For primary prevention of cardio-

vascular events, all-cause mortality, cardio-

vascular mortality, and stroke, the TSA

indicated that the cumulative z-curve failed

to cross the conventional boundary and the

trial sequential boundary (Figure 7).

Revascularization data indicated that the

z-curve also did not cross the trial sequential

boundary, and thus, random type I error

could not be excluded. The cumulative

z-curve crossed the conventional and trial

sequential boundary for myocardial

Zhai et al. 13



infarction, indicating that the risk of random

type I error could be excluded.

Additional analyses

In the standard meta-analysis, publication

bias tests were performed for all endpoints

of included RCTs. Some significant publi-

cation biases were shown for cardiovascular

events and stroke via the Begg rank-

correlation method (stroke, P¼ 0.03) and

the Egger weighted-regression method (car-

diovascular events, P¼ 0.04; stroke,
P¼ 0.01) (Table 2). To explore the sources

Figure 6. Results of the trial sequential analysis (TSA) of the risks of clinical outcomes for older patients in
secondary prevention. TSA provided a termination criterion for clinical trials by estimating the required
information size (RIS). Red dotted line: TSA boundary curve. Green dotted line: The conventional
boundary curve. Blue line: The cumulative z-curve of the meta-analysis. Abscissa: The cumulated sample
sizes of included trials in meta-analysis. The accumulated Z-curve passed through the conventional boundary
curve and also across the TSA boundary curve, indicating a positive and reliable conclusion has been reached
before reaching the expected amount of information size (including cardiovascular events, all-cause mor-
tality, cardiovascular mortality, and revascularization).
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of heterogeneity, a sensitivity analysis was
conducted, as described below. For each
clinical outcome, subgroup analyses by
statin treatment dose (studies investigating
statins at low- versus medium- versus high-
intensity dose) were performed. These anal-
yses estimated results that only included
trials that were classified as having a low

risk of bias, as well as those that excluded
individuals with diabetes mellitus and heart
failure. After excluding studies with a high
bias risk, there was a statistically significant
difference in the reduction of stroke
(OR: 0.72, 95% CI: 0.54–0.95) in primary
prevention and for myocardial infarction
(OR: 0.73, 95% CI: 0.63–0.84) in secondary

Figure 7. Trial sequential analysis (TSA) of the risks of clinical outcomes for the older patients in primary
prevention.
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prevention. Other results of sensitivity anal-

yses were similar to those of the overall

analysis and did not show significant differ-

ences compared with the main analyses.

Discussion

Over the past 10 years, the prevalence of

dyslipidemia has increased dramatically.42

Recent evidence indicates that a high lipid

level is closely related to ASCVD and that

dyslipidemia is the critical independent risk

factor for ASCVD.43 ASCVD is the leading

cause of death in the elderly.44 Therefore,

actively and effectively reducing a deleteri-

ous lipid level is of great significance for

prolonging the life span in the elderly.

Statin therapy is an important strategy

for reducing lipid levels, and prevention

of cardiovascular adverse events by statins

has been demonstrated for primary and

secondary prevention of cardiovascular dis-

ease.45,46 However, because of the particu-

larity of the older population, comorbidities

and adverse effects might render research

results difficult to interpret, and the elderly

are usually excluded from pre-marketing

clinical trials.47 Thus, the therapeutic bene-

fits of preventive medicine in the elderly are

not well established. The present study sum-

marized and quantified the current RCTs in

the elderly (�65 years) as well as in a sub-

group of the elderly population. Assessment

of the evidence quality and recommenda-
tions were concurrently conducted and the
clinical benefits of several various statins
were compared.

The overall meta-analysis of all clinical
outcomes in the current study showed that
the elderly could significantly benefit from
statin therapy. Subgroup analysis exploring
differences between primary and secondary
prevention indicated that statin therapy was
more beneficial for secondary prevention.
Statins can significantly reduce the risk of
mortality, cardiovascular events, and revas-
cularization, and the level of evidence was
higher for secondary prevention compared
with primary prevention. However, sub-
group analysis revealed differences in the
risk of myocardial infarction and stroke.
Reducing the risk of stroke was better
reflected in secondary prevention, although
there was no statistically significant reduc-
tion for myocardial infarction. However, a
reductive trend was observed for myocardi-
al infarction.

For the first time, a TSA was used to
calculate the sample size. The included
studies were identified based on the differ-
ent publication years and adjusted for
random errors. This analysis counterbal-
anced the lack of sample size estimation in
the standard meta-analysis.48 The TSA
analysis revealed that most clinical end-
points suggest that statin treatment can

Table 2. Publication bias assessment of this meta-analysis.

Clinical outcomes
Egger test Begg test

t-value p t-value p

All-cause mortality �1.62 N.S. 1.56 N.S.

Cardiovascular mortality �1.62 N.S. 0.78 N.S.

Cardiovascular events �2.27 0.04 1.77 N.S.

Myocardial infarction �1.32 N.S. 1.40 N.S.

Revascularization �2.09 N.S. 1.98 N.S.

Stroke �3.05 0.01 2.13 0.03

N.S., not significant.

16 Journal of International Medical Research



significantly reduce cardiovascular adverse
outcomes in older patients when used for
secondary prevention of cardiovascular dis-
ease. The possibility of a false negative
could not be excluded as the reason for
the only negative result (myocardial infarc-
tion). The sensitivity analysis, which exclud-
ed studies with a high risk of bias, also
supported this result. The lack of a positive
result for myocardial infarction might be
associated with variances in the types of
myocardial infarction that were assessed,
and in the overall physical condition of
the patient population.49,50 In addition, a
false positive that may not be excluded
when assessing the stroke risk might be
related to the different types of stroke that
were assessed, such as cardiogenic stroke
and hemorrhagic stroke. These issues have
not been explained in depth in previous
clinical trials. A recent study indicated
that statin therapy in post-stroke patients
increased the risk of hemorrhagic stroke;
however, when weighing the benefits and
potential harms, statins had an overall ben-
eficial effect in patients with a history of
stroke.51 Therefore, the risk of stroke for
elderly patients who are taking statins
needs to be studied further.

Even if the treatment effects of various
statins appear to be similar, there could
be differences in other critical dimensions
such as the pharmacokinetic properties.
Different statins show different susceptibil-
ities to changes in metabolism that are
associated with differences in various isoen-
zymes of the liver cytochrome CYP450
family. Accurate data comparing the rela-
tive effectiveness of different statins were
not sufficient and the results were unclear,
especially in older individuals. However,
the effectiveness of statin therapy for sec-
ondary prevention of cardiovascular disease
was nearly indisputable.52,53 For example,
the SAGE trial demonstrated that intensive
atorvastatin (80 mg/day) therapy was asso-
ciated with reductions in cardiovascular

adverse events and mortality compared
with moderate pravastatin therapy (40 mg/
day).30 The IDEAL study showed that the
magnitude of the effect in favor of intensive
atorvastatin was higher in younger patients
compared with elderly patients, although
no significant interactions between age
and treatment were found.32 Additionally,
a recent study conducted a network analysis
to compare the benefits and harms of
various statins in patients with ischemic
strokes or transient ischemic attacks, and
the authors concluded that differences
in the effects among statins had potential
therapeutic equivalence.54 Similarly, the
Bayesian network analysis in this study
found no significant differences among dif-
ferent statins for secondary prevention in
the elderly. The only difference may be
that intensive atorvastatin treatment
(80mg) might be more effective compared
with other statins for reducing the rate of
cardiovascular events, cardiovascular mor-
tality, and revascularization compared with
the control group. In addition, although
this study did not assess the degree of
LDL-cholesterol (LDL-C) reduction, it is
reasonable to assume that LDL-C reduc-
tion by atorvastatin significantly exceeded
the effect that was observed by studies
that evaluated simvastatin, pravastatin, or
fluvastatin. Clinicians need to be aware that
some drugs can inhibit CYP3A4 (e.g.,
erythromycin, antiretrovirals), leading to
an increase in the plasma atorvastatin
level, which is a risk factor for increased
morbidity, rhabdomyolysis, and muscular
toxicity.

With the recommendation of the
2016 European Society of Cardiology/
European Society of arteriosclerosis (ESC/
EAS) guidelines, the status of statins as the
cornerstone of lipid-lowering drugs is
still unshakable, especially for high-risk
individuals and secondary prevention of
ASCVD.55 The present study strongly sup-
ports this and the recommendation could be
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extrapolated to the elderly population.
Analysis in the current study seems to sup-
port the feasibility of giving priority to a
particular statin that is more beneficial for
elderly high-risk groups, better tolerated,
and more effective at reducing recurrent
cardiovascular disease, especially cardio-
vascular events, cardiovascular mortality,
and revascularization. However, the quality
of the evidence for the benefits of statins for
primary prevention in the elderly is less
certain. We considered that the degree of
treatment effects on prognosis is strongly
associated with the degree of pre-existing
cardiovascular risk and the starting point
of statin treatment. The late prognosis
might be more beneficial in elderly patients
with elevated cholesterol levels, especially
for those patients whose statin treatment
for primary prevention was started early.
Therefore, it is more reasonable to recom-
mend initiation of statin therapy based on
individual risk stratification.55 In addition,
large-scale, high-quality randomized con-
trolled trials examining statins for the pri-
mary prevention of cardiovascular disease
and the prevention and treatment of specific
diseases, including stroke, are needed. The
strengths of the current study include the
implementation of a trial sequential analy-
sis methodology, which added certainty to
previous findings because it controlled for
the risk of false-positive and false-negative
results in the meta-analysis as a result of
sparse data and the repetitive analyses of
data. This study further assessed outcomes
using the GRADE system; thus, the evi-
dence can be considered to be conclusive.
Overall, this meta-analysis will help physi-
cians and older patients choose the appro-
priate statin regimen, and it provides
suggestions for future trials in the elderly
population.

Despite the above strengths, there are
limitations to this study. First, because of
the small number of included studies and
unavailable data, subgroup analysis could

not be performed on types of comorbidities

and the degree of LDL-cholesterol reduc-

tion. Second, to some extent, clinical het-

erogeneity cannot be resolved completely,

such as different ethnicities, past drug regi-

mens, complex physical differences among

the elderly, and clinical experience. Third,

individual studies with varied methodolog-

ical quality and potential language bias

were more likely to give rise to various

types of bias. Fourth, the safety of statins

for the elderly needs to be independently

evaluated.

Conclusion

Evidence strongly suggests that statins

are associated with a reduction in the

risk of all-cause mortality, cardiovascular

events, cardiovascular mortality, and revas-

cularization for older patients when used

for secondary prevention. However, the

overall evidence level for primary preven-

tion is low. Differences in the effects

among statins have potential therapeutic

equivalence for secondary prevention in

the elderly. Further studies are needed to

ascertain the benefits of statins for primary

prevention and to conduct a cost–effective-

ness analysis.
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Bayesian estimation in random effects

meta-analysis using a non-informative

prior. Stat Med 2017; 36: 378–399.
19. Larjo A and L€ahdesm€aki H. Using multi-

step proposal distribution for improved

MCMC convergence in Bayesian network

structure learning. EURASIP J Bioinform

Syst Biol 2015; 2015: 6.
20. Salanti G, Ades AE and Ioannidis JP.

Graphical methods and numerical summa-

ries for presenting results from multiple-

treatment meta-analysis: An overview and

tutorial. J Clin Epidemiol 2011; 64: 163–171.
21. Dias S, Welton NJ, Caldwell DM, et al.

Checking consistency in mixed treatment

comparison meta-analysis. Stat Med 2010;

29: 932–944.

Zhai et al. 19



22. Begg CB and Mazumdar M. Operating

characteristics of a rank correlation test for

publication bias. Biometrics 1994; 50:

1088–1101.
23. Egger M, Davey SG, Schneider M, et al.

Bias in meta-analysis detected by a simple,

graphical test. BMJ 1997; 315: 629–634.

24. Miettinen TA, Py€or€al€a K, Olsson AG, et al.

Cholesterol-lowering therapy in women and

elderly patients with myocardial infarction

or angina pectoris: Findings from the

Scandinavian Simvastatin Survival Study

(4S). Circulation 1997; 96: 4211–4218.
25. Lewis SJ, Moye LA, Sacks FM, et al. Effect

of pravastatin on cardiovascular events in

older patients with myocardial infarction

and cholesterol levels in the average range.

Results of the Cholesterol and Recurrent

Events (CARE) trial. Ann Intern Med 1998;

129: 681–689.
26. Serruys PW, Foley DP, Jackson G, et al. A

randomized placebo-controlled trial of flu-

vastatin for prevention of restenosis after

successful coronary balloon angioplasty;

final results of the fluvastatin angiographic

restenosis (FLARE) trial. Eur Heart J 1999;

20: 58–69.
27. Hunt D, Young P, Simes J, et al. Benefits of

pravastatin on cardiovascular events and

mortality in older patients with coronary

heart disease are equal to or exceed those

seen in younger patients: results from the

LIPID trial. Ann Intern Med 2001; 134:

931–940.
28. Serruys PW, De Feyter P, Macaya C, et al.

Fluvastatin for prevention of cardiac events

following successful first percutaneous coro-

nary intervention: A randomized controlled

trial. JAMA 2002; 287: 3215–3222.
29. Shepherd J, Blauw GJ, Murphy MB, et al.

Pravastatin in elderly individuals at risk of

vascular disease (PROSPER): A randomised

controlled trial. Lancet 2002; 360:

1623–1630.
30. Deedwania P, Stone PH, Bairey MCN, et al.

Effects of intensive versus moderate lipid-

lowering therapy on myocardial ischemia

in older patients with coronary heart disease:

Results of the Study Assessing Goals in the

Elderly (SAGE). Circulation 2007; 115:

700–707.

31. Florkowski CM, Molyneux SL and George

PM. Rosuvastatin in older patients with sys-

tolic heart failure. N Engl J Med 2008; 358:

1301; author reply 1301.
32. Tikkanen MJ, Holme I, Cater NB, et al.

Comparison of efficacy and safety of atorva-

statin (80 mg) to simvastatin (20 to 40 mg) in

patients aged <65 versus >or¼ 65 years

with coronary heart disease (from the

Incremental DEcrease through Aggressive

Lipid Lowering [IDEAL] study). Am J

Cardiol 2009; 103: 577–582.
33. Koren MJ, Feldman T and Mendes RA.

Impact of high-dose atorvastatin in coro-

nary heart disease patients age 65 to 78

years. Clin Cardiol 2009; 32: 256–263.
34. Chaturvedi S, Zivin J, Breazna A, et al.

Effect of atorvastatin in elderly patients

with a recent stroke or transient ischemic

attack. Neurology 2009; 72: 688–694.
35. Collins R, Armitage J, Parish S, et al. MRC/

BHF Heart Protection Study of cholesterol-

lowering with simvastatin in 5963 people

with diabetes: A randomised placebo-

controlled trial. Lancet 2003; 361:

2005–2016.
36. Neil HA, DeMicco DA, Luo D, et al.

Analysis of efficacy and safety in patients

aged 65-75 years at randomization:

Collaborative Atorvastatin Diabetes Study

(CARDS). Diabetes Care 2006; 29:

2378–2384.
37. Collier DJ, Poulter NR, Dahl€of B, et al.

Impact of atorvastatin among older and

younger patients in the Anglo-

Scandinavian Cardiac Outcomes Trial

Lipid-Lowering Arm. J Hypertens 2011; 29:

592–599.
38. Han BH, Sutin D, Williamson JD, et al.

Effect of statin treatment vs usual care on

primary cardiovascular prevention among

older adults: The ALLHAT-LLT random-

ized clinical trial. JAMA Intern Med 2017;

177: 955–965.
39. Nakaya N, Mizuno K, Ohashi Y, et al. Low-

dose pravastatin and age-related differences

in risk factors for cardiovascular disease in

hypercholesterolaemic Japanese: Analysis of

the management of elevated cholesterol in

the primary prevention group of adult

20 Journal of International Medical Research



Japanese (MEGA study). Drugs Aging 2011;
28: 681–692.

40. Glynn RJ, Koenig W, Nordestgaard BG,
et al. Rosuvastatin for primary prevention
in older persons with elevated C-reactive
protein and low to average low-density lipo-
protein cholesterol levels: exploratory analy-
sis of a randomized trial. Ann Intern Med

2010; 152: 488–496, W174.
41. Stone NJ, Robinson JG, Lichtenstein AH,

et al. 2013 ACC/AHA guideline on the treat-
ment of blood cholesterol to reduce athero-
sclerotic cardiovascular risk in adults: A
report of the American College of
Cardiology/American Heart Association
Task Force on Practice Guidelines.
Circulation 2014; 129: S1–S45.

42. Castro CM, Burggraaf B and Klop B.
Dyslipidemias in clinical practice. Clin

Chim Acta 2018; 487: 117–125.
43. Ryan A, Heath S and Cook P.

Dyslipidaemia and cardiovascular risk.
BMJ 2018; 360: k835.

44. Gaye B, Canonico M, Perier MC, et al. Ideal
cardiovascular health, mortality, and vascu-
lar events in elderly subjects: The three-city
study. J Am Coll Cardiol 2017; 69:
3015–3026.

45. Naci H, Brugts JJ, Fleurence R, et al.
Comparative benefits of statins in the prima-
ry and secondary prevention of major coro-
nary events and all-cause mortality: A
network meta-analysis of placebo-
controlled and active-comparator trials.
Eur J Prev Cardiol 2013; 20: 641–657.

46. Lardizabal JA and Deedwania P. Lipid-low-
ering therapy with statins for the primary
and secondary prevention of cardiovascular
disease. Cardiol Clin 2011; 29: 87–103.

47. Cho S, Lau SW, Tandon V, et al. Geriatric
drug evaluation: Where are we now and
where should we be in the future. Arch

Intern Med 2011; 171: 937–940.

48. Pogue JM and Yusuf S. Cumulating evi-
dence from randomized trials: Utilizing
sequential monitoring boundaries for cumu-
lative meta-analysis. Control Clin Trials

1997; 18: 580–593; discussion 661–666.
49. Güntekin €U, Tosun V, Kilinç AY, et al. ST
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