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Efficacy and safety of lowering LDL cholesterol in older
patients: a systematic review and meta-analysis of
randomised controlled trials
Baris Gencer, Nicholas A Marston, KyungAh Im, Christopher P Cannon, Peter Sever, Anthony Keech, Eugene Braunwald, Robert P Giugliano,
Marc S Sabatine

Summary

Background The clinical benefit of LDL cholesterol lowering treatment in older patients remains debated. We aimed
to summarise the evidence of LDL cholesterol lowering therapies in older patients.
Methods In this systematic review and meta-analysis, we searched MEDLINE and Embase for articles published
between March 1, 2015, and Aug 14, 2020, without any language restrictions. We included randomised controlled
trials of cardiovascular outcomes of an LDL cholesterol-lowering drug recommended by the 2018 American College
of Cardiology and American Heart Association guidelines, with a median follow-up of at least 2 years and data on
older patients (aged ≥75 years). We excluded trials that exclusively enrolled participants with heart failure or on
dialysis because guidelines do not recommend lipid-lowering therapy in such patients who do not have another
indication. We extracted data for older patients using a standardised data form for aggregated study-level data. We
meta-analysed the risk ratio (RR) for major vascular events (a composite of cardiovascular death, myocardial
infarction or other acute coronary syndrome, stroke, or coronary revascularisation) per 1 mmol/L reduction in
LDL cholesterol.
Findings Data from six articles were included in the systematic review and meta-analysis, which included 24 trials
from the Cholesterol Treatment Trialists’ Collaboration meta-analysis plus five individual trials. Among
244 090 patients from 29 trials, 21 492 (8·8%) were aged at least 75 years, of whom 11 750 (54·7%) were from statin
trials, 6209 (28·9%) from ezetimibe trials, and 3533 (16·4%) from PCSK9 inhibitor trials. Median follow-up
ranged from 2·2 years to 6·0 years. LDL cholesterol lowering significantly reduced the risk of major vascular
events (n=3519) in older patients by 26% per 1 mmol/L reduction in LDL cholesterol (RR 0·74 [95% CI 0·61–0·89];
p=0·0019), with no statistically significant difference with the risk reduction in patients younger than 75 years
(0·85 [0·78–0·92]; pinteraction=0·37). Among older patients, RRs were not statistically different for statin
(0·82 [0·73–0·91]) and non-statin treatment (0·67 [0·47–0·95]; pinteraction=0·64). The benefit of LDL cholesterol
lowering in older patients was observed for each component of the composite, including cardiovascular death
(0·85 [0·74–0·98]), myocardial infarction (0·80 [0·71–0·90]), stroke (0·73 [0·61–0·87]), and coronary revas
cularisation (0·80 [0·66–0·96]).
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Introduction
Clinical trials of therapies lowering LDL cholesterol
concentration have consistently shown a reduction in the
risk of cardiovascular events.1,2 However, the clinical
benefit from LDL cholesterol lowering in older patients
remains debated because participants aged 75 years or
older were not well represented in individual trials.3,4
In the Cholesterol Treatment Trialists’ Collaboration
(CTTC),5 major vascular events were reduced by 21%
per 1 mmol/L reduction in LDL cholesterol with statin
treatment or a more intensive statin regimen, but with
some possible attenuation in older patients.
www.thelancet.com Vol 396 November 21, 2020

The 2018 American College of Cardiology and American
Heart Association (ACC/AHA) cholesterol guidelines
have lower strength recommendations for older patients
compared with those for younger patients.6 The 2019
European Society of Cardiology and European Athero
sclerosis Society dyslipidaemia guidelines endorse
treating older patients, but add specific considerations
to assess comorbidities before initiating treatment.7
In clinical practice, studies show that the use of lipid
lowering in older patients, an important demographic
that accounts for almost 20% of the population,8 is lower
than in younger patients.9,10
1637
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Research in context
Evidence before this study
Clinical trials of treatments lowering LDL cholesterol have
consistently shown a reduction in the risk of cardiovascular
events. However, the clinical benefit from LDL cholesterol
lowering in older patients remains debated because
participants aged 75 years or older were not well represented
in individual trials. In the Cholesterol Treatment Trialists’
Collaboration meta-analysis, major vascular events were
reduced by 21% per 1 mmol/L reduction in LDL cholesterol
with statin therapy, but with some possible attenuation in
older patients. Practice guidelines have noted that the level of
evidence in older patients is low and some have lower strength
recommendations for older patients than for younger patients.
We searched MEDLINE and Embase for articles published
between March 1, 2015, and Aug 14, 2020, without any
language restrictions, including randomised controlled trials
of cardiovascular outcomes of an LDL cholesterol-lowering
drug recommended by the 2018 American College of
Cardiology and American Heart Association guidelines, with a
median follow-up of at least 2 years and data on older patients
(aged ≥75 years).

Several subgroup analyses from randomised con
trolled trials with statin and non-statin lipid-lowering
therapies added new evidence regarding the efficacy and
safety of lowering LDL cholesterol in older patients.5,11–15
Given these new data, we aimed to summarise the evi
dence of lipid-lowering therapies in the older population
and readdress whether older patients should be treated
less intensively than younger patients.

Methods

Search strategy and selection criteria

See Online for appendix
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In this systematic review and meta-analysis, we followed
PRISMA guidelines.16 BG and NAM searched MEDLINE
and Embase for all randomised, controlled, cardiovascular
outcome trials of LDL cholesterol-lowering therapy as
recommended by the 2018 ACC/AHA guidelines (statin,
ezetimibe, evolocumab, and alirocumab)6 published
between March 1, 2015, and Aug 14, 2020, without
any language restrictions. A complete list of search terms
and inclu
sion and exclusion criteria are given in the
appendix (p 4). The start date for our search was chosen
because the CTTC provided data for statins in older
patients in 2019,5 and the first outcome trial for
these recommended non-statin therapies was published
in 2015. BG and NAM screened titles, abstracts, and full
text of papers identified in our search and assessed for
risk of bias. BG and NAM extracted the data for patients
aged at least 75 years using a standardised data form for
aggregated study-level data and any discrepancies were
resolved by consensus. The CTTC meta-analysis provided
data for statin treatment.5 We extracted pooled data of
older patients (aged >75 years) from 24 trials with statins,

Added value of this study
This meta-analysis involving 21 492 older patients from statin
and non-statin trials of lipid-lowering treatments adds new
evidence regarding the efficacy and safety of lowering LDL
cholesterol in older patients. We found an unequivocal
reduction in the risk of major vascular events with both statin
and non-statin LDL cholesterol-lowering treatments, which was
similar to that seen in younger patients. Moreover, significant
reductions were seen for all of the individual components of the
composite endpoint, including cardiovascular death,
myocardial infarction, stroke, and coronary revascularisation.
Implications of all the available evidence
Life expectancy for patients aged 75 years in high-income
countries is expected to be at least 10 years. Older individuals
have high rates of major vascular events and, given comparable
relative risk reductions with lipid-lowering treatments, should
therefore have high absolute risk reductions. These results
should strengthen guideline recommendations for the use of
lipid-lowering treatments, including non-statin therapy,
in older patients.

excluding four trials that exclusively enrolled participants
with heart failure or on dialysis.5 This decision was based
on the 2018 US and 2019 European guidelines, which do
not recommend lipid-lowering treatment in patients
with heart failure or advanced kidney disease who do not
have another indication.6,7

Data analysis
Outcomes from each trial were selected to most closely
approximate the target composite endpoint of major
vascular events, which consisted of cardiovascular death,
acute myocardial infarction or other acute coronary
syndrome, coronary revascularisation, or stroke when
available, because all these events have been shown to be
reduced by therapies that lower LDL cholesterol. In some
instances, the selected outcome that best matched the
target composite was a secondary composite endpoint for
the original trial. The specific composite outcome selected
for each trial is listed in the appendix (p 5). We also
examined the individual components of the composite
outcome, as well as non-cardiovascular death and allcause death. We extracted data of participants younger
than 75 years to compare the treatment effect between
older and younger patients. Since the younger data in the
Treat Stroke to Target trial14 were presented by two age
categories (<65 years and 65–75 years), we estimated the
effect in younger patients using a fixed effect approach.
Safety outcomes of interest that were available included
cancer, haemorrhagic stroke, new-onset diabetes, and
neurocognitive adverse events (appendix p 18).
The hazard ratio (HR) or rate ratio and 95% CI was
extracted and normalised per 1 mmol/L (38·67 mg/dL)
www.thelancet.com Vol 396 November 21, 2020
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Older
patients

Population

Age, years Female
patients

Male
patients

Treatment

Achieved LDL cholesterol,
mmol/L (mg/dL)

Experimental
group

Control group

Experimental
group

Control
group

Median
follow-up,
years

Major vascular
events

Statin therapy
CTTC5

Primary
prevention
and secondary
prevention

NA

NA

NA

Statin or more
intensive statin

Placebo or less
intensive statin

NA

NA

4·9

1695

642

Secondary
prevention

NA

NA

NA

Target LDL
cholesterol
<1·8 mmol/L
(70 mg/dL)

Target LDL
cholesterol
2·3–2·8 mmol/L
(90·110 mg/dL)

1·7 (65·0)

2·5 (96·0)

3·5

74

IMPROVE-IT11

2798

Secondary
prevention

80 (4)

947
(33·8%)

1851
(66·2%)

Ezetimibe plus
simvastatin

Placebo plus
simvastatin

1·4 (55·1)

1·8 (68·7)

6·0

1017

EWTOPIA 7512

3411

Primary
prevention

81 (5)

2539
(74·4%)

872
(25·6%)

Ezetimibe

Usual care

3·2 (123·8)

3·6 (139·7)

4·1

222

FOURIER15

2526

Secondary
prevention

78 (3)

848
(33·6%)

1678
(66·4%)

Evolocumab on
background of
statin therapy

Placebo on
background of
statin therapy

1·0 (40·0)

2·4 (91·5)

2·2

283

ODYSSEY
OUTCOMES13

1007

Secondary
prevention

78 (3)

458
(45·5%)

549
(54·5%)

Alirocumab on
background of
statin therapy

Placebo on
background of
statin therapy

1·5 (56·9)

2·5 (97·0)

2·8

228

··

··

··

··

11 108

Treat Stroke to
Target14

Non-statin therapy

Total

21 492

··

··

··

··

3·3 (2·2–4·6)

3519

Data are n, n (%), mean (SD), or median (IQR), unless otherwise indicated. The methods used for extraction of LDL cholesterol data in each study are summarised in the appendix (pp 5, 6). CTTC=Cholesterol
Treatment Trialists’ Collaboration. EWTOPIA 75=Ezetimibe Lipid-Lowering Trial on Prevention of Atherosclerosis Disease in 75 or Older. FOURIER=Further Cardiovascular Outcomes Research with PCSK9
Inhibition in Patients with Elevated Risk. IMPROVE-IT=Improved Reduction of Outcomes: Vytorin Efficacy International Trial. NA=not available in patients aged 75 years or older. ODYSSEY OUTCOMES=Evaluation
of Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment with Alirocumab.

Table: Patient characteristics

Events (% per year)
Experimental group
Statin
CTTC5
802 (4·1%)
Treat Stroke to Target14
32 (2·9%)
Random effects model for statin (p=0·0005)
Non-statin
IMPROVE−IT11
454 (5·5%)
EWTOPIA 7512
89 (1·3%)
FOURIER15
128 (4·5%)
13
ODYSSEY OUTCOMES
105 (7·6%)
Random effects model for non-statin (p=0·0256)
Random effects model for all studies (p=0·0019)

Weight (%)

RR (95% CI) per 1 mmol/L
reduction in LDL cholesterol

893 (4·7%)
42 (3·6%)

96·0
4·0

0·82 (0·73–0·92)
0·72 (0·41–1·28)
0·82 (0·73–0·91)

563 (6·6%)
133 (1·9%)
155 (5·7%)
123 (8·5%)

25·0
15·4
30·9
28·7

0·53 (0·36–0·74)
0·36 (0·18–0·69)
0·85 (0·71–1·01)
0·88 (0·69–1·13)
0·67 (0·47–0·95)
0·74 (0·61–0·89)

Control group

0·25

0·50

1·00

2·00

Figure 1: Effect of LDL cholesterol lowering on the risk of major vascular events with statin and non-statin treatment in older patients
Older patients were aged 75 years or older. RRs per 1 mmol/L reduction in LDL cholesterol were generated from a random effects model. In the ODYSSEY OUTCOMES
trial, the event numbers were provided at 4 years, whereas the RR is for the entire duration of trial. CTTC=Cholesterol Treatment Trialists’ Collaboration.
EWTOPIA 75=Ezetimibe Lipid-Lowering Trial on Prevention of Atherosclerosclerotic Disease in 75 or Older. FOURIER=Further Cardiovascular Outcomes Research with
PCSK9 Inhibition in Patients with Elevated Risk. IMPROVE-IT=Improved Reduction of Outcomes: Vytorin Efficacy International Trial. ODYSSEY OUTCOMES=Evaluation
of Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment with Alirocumab. RR=risk ratio.

difference in LDL cholesterol for each trial, as has been
done previously.2 When the HR or rate ratio were not
available, a risk ratio (RR) was calculated (appendix p 6).
When the results were pooled, RR was used to describe
the effect estimate. In the CTTC, the rate ratios in age
subgroups were presented with 99% CIs and therefore
we calculated 95% CIs before pooling with other trials.
www.thelancet.com Vol 396 November 21, 2020

A random-effects meta-analysis with a restricted maxi
mum likelihood approach was used to account for
heterogeneity between trials in lipid-lowering therapies,
follow-up duration, and study populations. Patients
were stratified by statin5,14 versus non-statin11–13,15 LDL
choles
terol-lowering therapies for the primary and
secondary endpoints, and by with versus without
1639
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established atherosclerotic cardiovas
cular disease for
the primary endpoint (stratified analyses by presence of
baseline atherosclerotic cardiovascular disease were
not uniformly available for individual outcomes). We
assessed hetero
geneity using Cochran’s Q statistic,
and Higgins and Thompsons’ I², as well as average
dispersion in effect sizes τ². The risk of bias was
assessed according to the Cochrane tool for assessing
risk of bias in randomised clinical trials (appendix p 9)
and sensitivity analyses were done for the primary
endpoint by excluding trials that were at risk of bias
and by applying the Hartung-Knapp adjustment.17
Publication bias for the primary endpoint of major
vascular events was assessed using Egger’s regression
test and a funnel plot.18
For safety endpoints, HRs or rate ratios and 95% CIs
were extracted from the original trials if available or an
RR was calculated from raw counts for each trial and
meta-analysed using a random effects model with a
restricted maximum likelihood approach after normali
sation of RR per 1 mmol/L reduction in LDL cholesterol.
Statistical analyses were done using R (version 3.6.1) and
the R package metafor (version 2.0-0).19

Role of the funding source
There was no funding source for this study. All authors
had full access to all the data in the study and the
corresponding author had final responsibility for the
decision to submit for publication.
Events (% per year)
Experimental group

RR (95% CI) per 1 mmol/L
reduction in LDL cholesterol
Control group

Older patients
Statin treatment
834 (4·1)
935 (4·7)
Non-statin treatment
974 (6·1)
776 (5·1)
Random effects model for older patients (p=0·0019)
Younger patients
Statin treatment
9805 (2·9)
12 161 (3·6)
Non-statin treatment
4525 (4·5)
4933 (5·2)
Random effects model for younger patients (p=0·0001)
0·25

0·82 (0·73–0·91)
0·67 (0·47–0·95)
0·74 (0·61–0·89)
0·77 (0·75–0·79)
0·90 (0·86–0·94)
0·85 (0·78–0·92)
0·50

1·00

2·00

Figure 2: Effect of LDL cholesterol lowering on the risk of major vascular events in older versus younger
patients
Older patients were aged 75 years or older and younger patients were younger than 75 years. RRs per 1 mmol/L
reduction in LDL cholesterol were generated from a random effects model. RR=risk ratio.
Events (n)

Major vascular events
Cardiovascular death
Myocardial infarction
Any stroke
Coronary revascularisation

RR (95% CI) per 1 mmol/L
reduction in LDL cholesterol

Experimental group

Control group

1610
723
813
401
428

1909
799
971
486
513
0·25

0·74 (0·61–0·89)
0·85 (0·74–0·98)
0·80 (0·71–0·90)
0·73 (0·61–0·87)
0·80 (066–0·96)
0·50

1·00

2·00

Figure 3: Effect of LDL cholesterol lowering on the risk of individual efficacy endpoints in older patients
Older patients were aged 75 years or older. RRs per 1 mmol/L reduction in LDL cholesterol were generated from
a random effects model. RR=risk ratio.
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Results
We included data from six articles in the systematic review
and meta-analysis, which included data from 24 trials
from the CTTC meta-analysis plus five individual trials
(appendix p 19). Among 244 090 patients from 29 trials,
21 492 (8·8%) were older (aged at least 75 years) at the time
of randomisation, of whom 11 750 (54·7%) were from
statin trials, 6209 (28·9%) from ezetimibe trials, and
3533 (16·4%) from PCSK9 inhibitor trials (table). Most
trials met the criteria for low risk of bias according to the
Cochrane tool for assessing risk of bias in randomised
clinical trials (appendix p 9). Median follow-up ranged
from 2·2 to 6·0 years.5,11–15 The statin trials consisted of
24 trials from the CTTC meta-analysis (statin or more
intensive statin vs placebo or less intensive statin)5
and the Treat Stroke to Target trial (target LDL choles
terol <1·8 mmol/L [70 mg/dL] vs 2·3–2·8 mmol/L
[90–110 mg/dL]).14 The non-statin trials were IMPROVE-IT
(ezetimibe 10 mg vs placebo, in addition to simvastatin),11
EWTOPIA 75 (ezetimibe 10 mg vs usual care),12 FOURIER
(evolocumab vs placebo, in addition to maximally tolerated
statin therapy),15 and ODYSSEY OUTCOMES (alirocumab
vs placebo, in addition to maximally tolerated statin
therapy).13 Demographic data were available for all older
patients in the non-statin trials, for whom the mean
age was 79 years and 4792 (49·2%) were women and
4950 (50·8%) were men. The treatment effect reported in
the trials in older and in younger (aged <75 years) patients
are summarised in the appendix (pp 11–17).
Baseline LDL cholesterol concentrations in the experi
mental groups ranged from 2·0 mmol/L (77·8 mg/dL) to
4·2 mmol/L (162·0 mg/dL), with a weighted mean of
2·8 mmol/L (107·6 mg/dL) and SD of 0·7 mmol/L
(25·9 mg/dL; appendix p 10). The mean achieved LDL
cholesterol concentrations after randomisation ranged
from 1·0 mmol/L (40·0 mg/dL) to 3·2 mmol/L
(123·8 mg/dL) in the experimental group (table). The
mean reduction in LDL cholesterol ranged from
0·4 mmol/L (13·6 mg/dL) to 1·3 mmol/L (51·5 mg/dL),
with a weighted mean of 0·9 mmol/L (36·2 mg/dL) and
SD of 0·4 mmol/L (14·9 mg/dL; appendix p 10).
3519 (16·4%) of 21 492 patients had a major vascular
event in the trials, of which 2736 (77·7%) occurred in
secondary prevention patients and 783 (22·3%) in
primary prevention patients. The weighted rate of major
vascular events in the control groups was 5·7% per year
in older patients versus 4·1% per year in younger
patients. Overall, lipid-lowering therapies reduced the
risk of major vascular events in older patients by 26%
per 1 mmol/L reduction in LDL cholesterol (figure 1;
appendix p 7). The magnitude of the risk reduction was
not statistically different to that seen in younger patients
(figure 2; appendix p 7), with no significant interaction
(pinteraction=0·37). Among older patients, the RRs per
1 mmol/L reduction in LDL cholesterol were not
statistically different for statin and non-statin treatment
(figure 2; pinteraction=0·64). Likewise, we found no evidence
www.thelancet.com Vol 396 November 21, 2020
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Events n/N (%)
Experimental group
Statin and non-statin
Cancer
Non-statin
Haemorrhagic stroke
New-onset diabetes
Neurocognitive adverse events

RR (95% CI) per 1 mmol/L
reduction in LDL cholesterol
Control group

878

807

1·07 (0·96–1·20)

27/6589 (0·4%)
257/3449 (7·5%)
165/5155 (3·2%)

26/6677 (0·4%)
286/3505 (8·2%)
179/5239 (3·4%)

0·94 (0·23–3·85)
0·89 (0·77–1·04)
0·93 (0·75–1·16)
0·25

0·50

1·00

2·00

Figure 4: Effect of LDL cholesterol lowering on the risk of safety endpoints in older patients
Older patients were aged 75 years or older. Data are n or n/N (%), unless otherwise indicated. RRs per 1 mmol/L reduction in LDL cholesterol were generated from a
random effects model. The numbers of patients without cancer events per treatment group were not available in the Cholesterol Treatment Trialists’ Collaboration
meta-analysis. The definitions of reported safety data in each trial are given in the appendix (p 18). RR=risk ratio.

of treatment difference in patients with established
atherosclerotic cardiovascular disease at baseline and in
those without (pinteraction=0·89; appendix p 20).
Lipid-lowering therapies reduced cardiovascular death
in older patients by 15% per 1 mmol/L reduction in LDL
cholesterol, myocardial infarction by 20%, stroke by 27%,
and coronary revascularisation by 20% (figure 3; appendix
p 7). The magnitudes of treatment effect in older patients
were not statistically different for statin and non-statin
trials (appendix pp 21–24), except for stroke, for which the
risk reduction was slightly greater with non-statin
compared with statin (pinteraction=0·034). As expected, we
found no effect of lipid lowering on non-cardiovascular
death (appendix p 25). The RR for all-cause death was
0·93 (95% CI 0·84–1·02; p=0·13; appendix p 26).
Using all the trials but applying the Hartung-Knapp
method for adjustment, yielded a similar overall treat
ment effect for the major vascular events endpoint
among older patients (RR 0·74 [95% CI 0·55–0·98]).
We found moderate heterogeneity across the studies
(I²=67·61%). However, when the smallest trial with an
open-label design (EWTOPIA 75) was excluded, the
heterogeneity decreased substantially (I²<0·01%) and
the effect estimate continued to show a substantial
benefit for lipid lowering (RR 0·81 [95% CI 0·74–0·88]).
Sensitivity analyses excluding the studies at risk of bias
(Treat Stroke to Target and EWTOPIA 75) yielded similar
results for major vascular events (0·81 [0·74–0·89]). A
funnel plot suggested a slight presence of publication
bias (appendix p 27). This asymmetry was mostly due to
the inclusion of the EWTOPIA 75 trial. However, the
EWTOPIA 75 trial’s weight was only 6·6% for the overall
pooled result and a sensitivity analysis excluding the
EWTOPIA 75 trial still showed a significant benefit for
lipid lowering in older patients.
Each 1 mmol/L reduction of cholesterol in statin and
non-statin trials was not associated with an increased risk
of cancer in older patients (figure 4; appendix pp 8, 28).
For the other safety outcomes, the available data were
limited to non-statin trials and did not show an increased
risk of haemorrhagic stroke, new-onset diabetes, or
neurocognitive adverse events (appendix pp 8, 29–31).
www.thelancet.com Vol 396 November 21, 2020

Discussion
Individuals aged 75 years and older account for almost
20% of the population in high-income countries.8
Concerns for lesser relative risk reductions, briefer
duration to affect risk of cardiovascular outcomes, and
increased incidence of adverse events have led to lower
usage rates of lipid lowering treatments in this important
segment of the population, compared with usage in
younger patients.4 Indeed, the ACC/AHA cholesterol
guidelines give different recommendations to manage
lipid lowering in older compared with younger patients.6
Specifically, in patients with atherosclerotic cardiovascular
disease not at very high risk, for patients aged 75 years or
younger the guidelines give a class I recommendation for
high-intensity statin and a class IIb recommendation for
the addition of ezetimibe if the LDL cholesterol remains
1·8 mmol/L (70 mg/dL) or more. By contrast, in patients
older than 75 years, only a class IIa recommendation is
given for a statin, which can be either moderate or high
intensity, and no recommendation exists for the addition
of a non-statin. Additionally, the recommendations for
the use of statin treatment in high-risk groups, such as
patients with severe hypercholesterolaemia, diabetes, or
as primary prevention, were all made for patients aged
between 40 and 75 years, whereas no specific guidance
was given for individuals aged 75 years or older. In general,
the level of evidence in older patients was considered low.
This meta-analysis adds new evidence regarding the
efficacy and safety of lowering LDL cholesterol in older
patients. We found an unequivocal reduction in the risk
of major vascular events with statin and non-statin LDL
cholesterol-lowering therapy that was at least as good as
that seen in younger patients. Moreover, significant
reductions were seen for all the individual endpoints,
including cardiovascular death, myocardial infarction,
stroke, and coronary revascularisation.
Older individuals have higher rates of major vascular
events. In our meta-analysis the rates for major vascular
events per annum were almost 40% higher in those aged
75 years and older compared with those younger than
75 years. Thus, given comparable relative risk reductions
emerging over just a few years of treatment, the absolute
1641
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risk reductions expected from treating older patients
should be higher than those in younger patients. At age
65 years, life expectancy is approximately 20 years for
men and greater than that for women in high-income
countries,20 which corresponds to an average time win
dow of at least 10 years to reduce cardiovascular disease
in patients aged 75 years. Moreover, coronary heart
disease still remains the leading cause of death in older
people.21 Although we have shown clear efficacy for lipid
lowering in older patients, we also note that the data
support keeping LDL cholesterol well controlled as early
as possible in individuals to prevent the development
of atherosclerosis.22,23 Indeed, coronary imaging studies
show plaque regression when LDL cholesterol is below
approximately 1·8 mmol/L, and epidemiological studies
show very low rates of coronary heart disease in societies
in which the average LDL cholesterol is at or below
1·8 mmol/L.24,25 Thus, our ability to treat patients with
atherosclerosis and the disease’s complications in older
patients should not preclude the initiation of lipidlowering therapies earlier in life to help prevent the
development of atherosclerosis.23,26
Our meta-analysis substantially expands on previous
meta-analyses in older patients using an older age cut-off
(≥75 years instead of ≥65 years),27 and extends the CTTC
meta-analysis of 24 statin trials with an additional statin
trial and four trials with non-statin lipid-lowering drugs.5
Our findings are also supported by an observational
analysis from the US Veterans Health Administration
that showed initiation of statin among 320 000 patients
aged 75 years or older without cardiovascular disease
was associated with a 20% lower risk of cardiovascular
death compared with patients who were not prescribed
a statin.28 The ongoing randomised controlled trial in
18 000 patients older than 70 years and without cardio
vascular disease (STAREE; NCT02099123) will clarify
the efficacy of statin compared with placebo to reduce
major vascular events in an older primary prevention
population.
In addition to showing that lipid-lowering therapies
reduce mortality and morbidity in older patients, we also
found no offsetting safety concerns. Some concerns
related to haemorrhagic stroke were considered as a
potential barrier for LDL cholesterol lowering in older
patients with statins. In the CTTC meta-analysis, no data
were presented for statin treatment with respect to
haemorrhagic stroke in older patients. However, in the
non-statin trials no signal has been observed, nor was an
excess of either new-onset diabetes or neurocognitive
adverse events shown in older patients with non-statin
treatment.
Our meta-analysis has some limitations. First, slight
differences exist in the outcome definitions and included
events between trials. However, lipid lowering has been
shown to be roughly equally effective on a per mmol/L
reduction in LDL cholesterol for all the elements of
the composite, and in our meta-analysis we found similar
1642

efficacy for all the components. Also, in the CTTC metaanalysis and in the Treat Stroke to Target trial, older
patients were defined as those older than 75 years and
not age 75 years or older; however, this minor difference
should not affect the clinical implications of this metaanalysis for older patients. Second, the trials were of
different durations. The benefit of lipid lowering is less in
the first year than it is in subsequent years.29 Thus, the
PCSK9 inhibitor trials might have underestimated the
long-term benefit of such treatment.30 Third, the data for
the benefit of lipid lowering for cardiovascular risk
reduction for primary prevention in older patients are
sparse, with slightly less than a quarter of the major
vascular events in primary prevention patients and with
the open-label EWTOPIA 75 trial having con
siderable
weight. Fourth, little safety data are available from the
CTTC meta-analysis for statin trials in older patients and
in the ODYSSEY OUTCOMES trial, safety data were
presented only in those aged 65 years or older (and not
≥75 years). Fifth, the data for the treatment effect
estimates by statin intensity were not provided by the
CTTC for the older versus younger populations
separately. Finally, older patients who are included in
clinical trials might not be representative of everyday
practice because indivi
duals with extensive noncardiovascular comorbidities or those unable to attend
follow-up visits would typically not be enrolled, although
the enrolled patients appeared to have the typical
cardiovascular comorbidities. Notably, because the rate
of major vascular events tends to be lower in clinical
trials than in registries, the absolute risk reduction of
the number of major vascular events with lipid lowering
in clinical practice might be even larger than that
observed in clinical trials.
In conclusion, in patients aged 75 years and older, lipid
lowering is as effective in reducing cardiovascular events
as it is in younger adults and reduces cardiovascular
death. These results should strengthen guideline recom
mendations for the use of lipid-lowering therapies,
including non-statin therapy, in older patients.
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