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Abstract

Background: Current evidence from randomized controlled trials on statins for primary prevention of
cardiovascular disease (CVD) in older people, especially those aged > 75 years, is still lacking. We conducted a
systematic review and meta-analysis of observational studies to extend the current evidence about the association
of statin use in older people primary prevention group with risk of CVD and mortality.

Methods: PubMed, Scopus, and Embase were searched from inception until March 18, 2021. We included
observational studies (cohort or nested case-control) that compared statin use vs non-use for primary prevention of
CVD in older people aged 2 65 years; provided that each of them reported the risk estimate on at least one of the
following primary outcomes: all cause-mortality, CVD death, myocardial infarction (MI), and stroke. Risk estimates of
each relevant outcome were pooled as a hazard ratio (HR) with a 95% confidence interval (Cl) using the random-
effects meta-analysis model. The quality of the evidence was rated using the GRADE approach.
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Results: Ten observational studies (9 cohorts and one case-control study; n = 815,667) fulfilled our criteria. The
overall combined estimate suggested that statin therapy was associated with a significantly lower risk of all-cause
mortality (HR: 0.86 [95% Cl 0.79 to 0.93]), CVD death (HR: 0.80 [95% Cl 0.78 to 0.81]), and stroke (HR: 0.85 [95% Cl
0.76 to 0.94]) and a non-significant association with risk of Ml (HR 0.74 [95% ClI 0.53 to 1.02]). The beneficial
association of statins with the risk of all-cause mortality remained significant even at higher ages (> 75 years old; HR
0.88 [95% Cl 0.81 to 0.96]) and in both men (HR: 0.75 [95% Cl: 0.74 to 0.76]) and women (HR 0.85 [95% C| 0.72 to
0.99]). However, this association with the risk of all-cause mortality remained significant only in those with diabetes
mellitus (DM) (HR 0.82 [95% CI 0.68 to 0.98]) but not in those without DM. The level of evidence of all the primary

outcomes was rated as “very low.”

Conclusions: Statin therapy in older people (aged 2 65 years) without CVD was associated with a 14%, 20%, and
15% lower risk of all-cause mortality, CVD death, and stroke, respectively. The beneficial association with the risk of
all-cause mortality remained significant even at higher ages (> 75 years old), in both men and women, and in
individuals with DM, but not in those without DM. These observational findings support the need for trials to test

the benefits of statins in those above 75 years of age.
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Background

Cardiovascular disease (CVD) is the major cause of mor-
tality worldwide [1-3]. More than 80% of the overall
CVD death occurs in older people (aged > 65 years) [2,
4]. In 2015, people aged > 65years represented 8.5%
(617.1 million) of the global population (7.3 billion) [5].
In 2030, this percentage is projected to reach 12% (1 bil-
lion) of the world population [5]. In Europe, it is pro-
jected that almost 25% of its population will be aged >
65 years by 2030, higher than any of the other continents
[6, 7]. Therefore, efforts at the prevention of CVD in
older people are important and will influence global
healthcare policies.

The consideration of statins for primary CVD preven-
tion in older people represents a dilemma in clinical
practice unlike the secondary prevention, which is well-
established and supported by a level (A) evidence, ac-
cording to the most recent European Society of Cardi-
ology (ESC)/European Atherosclerosis Society (EAS)
guidelines [4, 8]. Current evidence on the use of statins
for primary prevention of CVD in older people (espe-
cially those aged > 75 years) is still lacking. Statin therapy
for primary prevention in people aged > 75 years (at high
risk) was supported by level (B) evidence and considered
as a class IIb recommendation in the 2019 ESC/EAS
guidelines on dyslipidemias [4]. The 2019 ESC/EAS
guidelines advocate statins for primary prevention in
older people aged < 75years (i.e., 65 to 75years) as a
class I recommendation, which is unlike the 2016 guide-
lines with a class Ila recommendation and level (B) evi-
dence [4, 9]. This change in recommendation class was
based on an individual participant level-meta-analysis
from 28 randomized controlled trials (RCTs) by the
“Cholesterol Treatment Trialists’ Collaboration” [4, 10]
that reported a significant 39% proportional reduction

[rate ratio (RR) 0.61; 99% confidence interval (CI) 0.51
to 0.73] in major vascular events for every 1 mmol/L
drop in low-density lipoprotein cholesterol (LDL-C) by
statins (or more intensive statin therapy) in participants
without vascular disease, aged > 65 and < 70 years [10].
This beneficial effect of statins was statistically insignifi-
cant for primary prevention in participants aged >70
years [10].

One important limitation in the previous results is
reporting only the treatment effect on a composite out-
come (i.e., major vascular events) without reporting the
results of its component outcomes [e.g., coronary artery
disease death, stroke, myocardial infarction (MI), or cor-
onary revascularization] that greatly varies in their indi-
vidual clinical importance [11]. Therefore, these results
may be somewhat misleading. Moreover, other study-
level meta-analyses did not report any significant effect
of statins for primary prevention in older people on any
of the components of the mentioned composite except
on MI (and on stroke in one meta-analysis) [11-14]. As
a result, this beneficial effect of statins on the major
CVD events could be driven entirely by their effects only
on MI and stroke.

Other limitations of the current evidence from RCTs
include: (I) underrepresentation of the older people;
most of the available data are from subgroup analyses,
and (II) relatively short follow-up durations; especially
when evaluating the treatment effect on mortality and
the potential development of some side effects such as
cancer incidence and new onset diabetes mellitus
(NODM) that may require longer durations for adequate
assessment. Consequently, observational studies on sta-
tins for primary prevention in older people may extend
the current limited evidence through their larger popula-
tions, longer durations of follow-up, and better clinical
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practice generalizability than the RCTs. To our know-
ledge, no former meta-analysis assessed such outcomes
from observational studies.

To address this issue, we conducted a systematic re-
view and meta-analysis of the observational studies to
provide better evidence about the association of statin
use in older people primary prevention group (especially
those aged > 75vyears) with the risk of CVD and
mortality.

Methods

We designed this study according to the Meta-analysis
of Observational Studies in Epidemiology (MOOSE)
guidelines (Supplementary Table 1) [15]. This study
protocol was not prospectively registered. Due to the de-
sign of the study, it did not need any Institutional Re-
view Board approval or patient informed consent.

Literature search strategy

An electronic literature search of PubMed, Scopus, and
Embase was conducted, without any restriction filters,
from inception until March 18, 2021. We used a com-
bination of relevant keywords and Medical Subject
Headings (MeSH) terms reported in Supplementary
Table 2. To avoid missing any related study, we con-
ducted a manual search of the bibliographies of the in-
cluded studies and of selected relevant reviews.

Study selection

After removing the duplicates by Endnote X7 (Thomp-
son Reuter, CA, USA), two independent authors (MM
and MZ) performed a two-step screening of the
remaining articles. Firstly, title/abstract screening then,
full-text screening according to the predefined inclu-
sion/exclusion criteria. Disagreement was resolved by
the opinion of a third author (KA).

Original studies were included if they met the follow-
ing criteria: (1) being an observational study (cohort or
nested case-control), (2) compared using a statin (ator-
vastatin, fluvastatin, lovastatin, pitavastatin, pravastatin,
rosuvastatin, or simvastatin) with no statins, (3) being
restricted to or included a subgroup of older people aged
> 65 years and without established CVD (coronary artery
disease, cerebrovascular disease, and peripheral vascular
disease), and (4) reported the risk estimate as a hazard
ratio (HR), odds ratio (OR) with its 95% CI on at least
one of the following outcomes: all cause-mortality, CVD
death, MI, and stroke.

Exclusion criteria included any of the following: (1)
RCTs, experimental studies, reviews, theses, and book
chapters, (2) studies whose full-texts were not available
or with non-English content, (3) studies that contained
made-up data or were retracted by the journal, or (4)
studies that missed any of the inclusion criteria.
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Data extraction and outcomes of interest

Using preformatted tables, two independent authors
(MM, MZ) reviewed the included articles and extracted
the following data: (1) first author’s name, (2) year of
publication, (3) study location, (4) study design, (5)
follow-up duration, (6) study population characteristics,
and (7) data regarding the relevant outcomes (i.e., the
most adjusted risk estimates along with their 95% CI).
Disagreements were resolved upon the opinion of an-
other author (KA).

Primary outcomes were risk estimates of all cause-
mortality, CVD death, MI, and stroke. Secondary out-
comes included risk estimates on NODM and cancer
incidence.

If a study reported its data on the older people as mul-
tiple age cohorts, in which participants of the first age
cohort who survived to the next target age could have
been a part of multiple age cohorts, we only extracted
data of the age cohort with the largest sample size to
avoid overlapped data.

Risk of bias assessment

Two reviewers (KA and MZ) independently used The
Risk Of Bias In Non-randomized Studies of Interven-
tions (ROBINS-I) tool for the risk of bias assessment of
the included studies [16]. This tool includes seven do-
mains and rates the overall risk of bias as low, moderate,
serious, critical, or unclear. Disagreements were resolved
by discussion.

Quality of evidence assessment

The level of evidence of each primary outcome was rated
as very low, low, moderate, or high quality using the
Grading of Recommendation Assessment, Development
and Evaluation (GRADE) approach [17]. This rating sys-
tem is based on five domains to downgrade the evidence
level as follows: risk of bias, imprecision, inconsistency,
indirectness, and publication bias; and other three do-
mains for upgrading the evidence level as follows: large
effect size, dose-response gradient, and all residual con-
founding reducing an effect size [18, 19].

Quantitative data synthesis
Odds ratios from nested case-control studies may be
considered to be equivalent to HRs from cohort studies
obtained by the Cox regression analysis [20, 21]. There-
fore, the most adjusted risk estimates were pooled as a
HR with a 95%CI in a meta-analysis model. Given the
probable heterogeneity across the included observational
studies, the random-effects model was used for the
analysis.

Between-study heterogeneity was measured by I* and
Chi? tests. Interpretation of these tests was done in ac-
cordance with the “Cochrane handbook for systematic
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reviews of interventions,” in which an alpha level (for
Chi? test) < 0.1 is considered as significant heterogeneity
and the I” test is read as follows: 0—40%, might not be
important; 30-60%, may represent moderate heterogen-
eity; and 50-90%, may represent substantial heterogen-
eity [22].

To investigate the risk estimate across different older
ages and to address the heterogeneity, a subgroup ana-
lysis (based on the availability of relevant data for the
intended subgroups in the included studies) was con-
ducted according to the age of the participants as fol-
lows: 65 to 75years, > 75years, > 80years, and > 85
years. Other subgroup analyses according to sex, pres-
ence of DM and risk of bias level were also conducted.
Subgroups focused only on all-cause mortality outcome,
which was sufficiently reported in most of the included
studies.

To assess the impact of each study on the overall com-
bined risk estimate (i.e.,, results robustness), we con-
ducted “leave-one-out sensitivity analysis,” by omitting
one study each time and repeating the analysis.

Potential publication bias was assessed by visual in-
spection of Begg’s funnel plot asymmetry and confirmed
by Egger’s regression test [23]. Funnel plot asymmetry (if
present) was corrected using the “trim and fill” approach
by imputing a number of theoretically missing studies
[24]. All analyses were done by MetaXL version 5.3
(add-in for meta-analysis in Microsoft Excel; www.

Page 4 of 17

epigear.com) and Comprehensive Meta-Analysis version
3 (Biostat, NJ, USA).

Results
Flow and characteristics of included studies
The literature search yielded 9727 records. After remov-
ing the duplicates and the two-step screening, ten obser-
vational studies [25-34] with 815,667 relevant
participants (without overlap) fulfilled our criteria and
were included in this meta-analysis (see Fig. 1 for the
PRISMA flow diagram). Supplementary Table 3 lists the
excluded studies with reasons for exclusion.
Characteristics and baseline parameters of the in-
cluded studies are shown in Table 1. Nine [25-31, 33,
34] of the included studies were cohort studies plus one
[32] nested case-control study. The follow-up duration
ranged from 4.7 to 24 years. The publication year ranged
from 2002 to 2020. The included studies were conducted
in Europe (n = 4), North America (USA; n = 4), and Asia
(South Korea; n = 2). The covariates that were used for
analysis adjustment in the included studies are shown in
Supplementary Table 4.

Risk of bias in the included studies

According to the ROBINS-I tool, the risk of bias was
rated as moderate in four included studies and as serious
in six studies. One important source of the serious risk
of bias in six included studies was including prevalent

Records identified

Full-text articles
assessed for eligibility [
(n=43)

Studies included in
this systematic review and
meta-analysis*
(n=10)

[ Included ] [EIigibiIity][Screening] [Identification]

g

Records identified through Scopus searchin Records identified
through PubMed searching g (n =l;251) i through Embase searching
L (n=5312) (n=2164)
( Records after )

duplicates removed

L (n = 7451) )
'a l ( I

Records screened Records excluded

(n=7451) (n=7408)
N\ | J
/ Articles excluded (n = 33) \

-Secondary prevention only or no data on primary prevention (n =5)
A 4 -Assessed the effect of statin adherence degree (n = 4)

-Contained overlapped data from the same database (n =2)

-Relevant risk estimate was not reported as OR or HR (n=1)

v -Relevant confidence intervals were not reported (n = 1)
e N\ \<Participants were free of CHD with no information about other CVDs (n =1)./

Fig. 1 PRISMA flow diagram of study screening and selection. LLT, lipid-lowering treatment; OR, odds ratio; HR, hazard ratio; CHD, coronary heart
disease; CVD, cardiovascular disease. *No additional eligible studies were found by manual search

-No data on elderly participants (n = 13)
-No relevant outcomes (n = 2)
-Compared different types of statins (n =2)

-Used other LLT with statins (n =1)
-Non-English content (n =1)
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statin users (i.e., who initiated statin therapy prior to
their inclusion in the study) instead of statins new users
(i.e., who initiated statin therapy at their inclusion in the
study). The risk of bias assessment is summarized in
Supplementary Table 5.

Outcome overall analysis

Primary outcomes

Overall pooled analysis suggested that statin use was
significantly associated with a lower risk of all-cause
mortality (HR 0.86 [95% CI 0.79 to 0.93]; studies n =
9; Fig. 2A), CVD death (HR 0.80 [95% CI 0.78 to
0.81]; studies n = 4; Fig. 2B), and stroke (HR 0.85
[95% CI 0.76 to 0.94]; studies n = 8; Fig. 3) compared
with statin non-use in the included population. A
non-significant association was found between statin
use and the risk of MI (HR 0.74 [95% CI 0.53 to
1.02]; studies n = 5; Fig. 4A). A significant heterogen-
eity was observed between the included studies in
case of all-cause mortality (I> = 90%, P value <
0.0001), stroke (I* = 61%, P value <0.0001), and MI
(I> = 85%, P value <0.0001). No heterogeneity was
observed in the case of CVD death (I = 0%, P value
= 0.6). According to the GRADE approach, the level
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of evidence of all the primary outcomes was rated as
“very low.” The quality of evidence assessment is
summarized in Supplementary Table 6.

Secondary outcomes

There was a non-significant association between statin
use and the risk of T2DM (HR 0.90 [95% CI 0.72 to
1.12]; studies n = 2; Supplementary Figure 1A) or new-
onset cancer (HR 1 [95% CI 0.94 to 1.06]; studies n = 3;
Supplementary Figure 1B) compared with statin non-
use. No significant heterogeneity was observed in the
case of both outcomes (P value > 0.1).

Subgroup analysis

Subgroup analysis suggested that statin use was signifi-
cantly associated with a lower risk of all-cause mortality,
compared with statin non-use, in all age subgroups as
follows: 65 to 75years (HR 0.84 [95% CI 0.81 to 0.88];
studies n = 3, Fig. 5), = 75 years (HR 0.88 [95% CI 0.81
to 0.96]; studies n = 8; Fig. 5), > 80 years (HR 0.84 [95%
CI 0.79 to 0.89]; studies n = 3; Fig. 5), and > 85 years
(HR 0.88 [95% CI 0.79 to 0.99]; studies n = 2; Fig. 5).
Heterogeneity became insignificant in case of “65 to 75
years” subgroup (I = 0%, P value = 0.57). There was still

A All-cause mortality

Study HR (95% Cl) % Weight

Bezin et al 2018 L 1.01 ( 0.83, 1.22) 6.6

Gitsels et al 2016 (A) — 089 ( 0.81, 099) 92

Gitsels et al 2016 (B) —a 083 ( 079, 0.88) 103

Junetal 2019 —_— 0.73 ( 0.66, 0.81) 9.2

Kim et al 2019 056 ( 0.34, 093) 21

Lemaitre et al 2002 056 ( 0.36, 0.88) 25

Orkaby et al 2017 _—s 082 ( 069, 098) 7.1

Orkaby et al 2020 2 0.75 ( 0.74, 0.76) 108

Ramos et al 2018 (A) —a— 098 (091, 105) 9.9

Ramos et al 2018 (B) —_— 1.00 ( 0.90, 1.11) 91

Ramos et al 2018 (C) Y 084 ( 0.75, 0.94) 89

Ramos et al 2018 (D) = 1.05 ( 0.86, 1.28) 6.5

Zhou et al 2020 = 087 ( 0.75, 1.01) 7.9

Overall ? 0.86 ( 0.79, 0.93) 100.0

Q=124.63, p=0.00, 12=90%

04 06 08

Lemaitre et al 2002

Orkaby et al 2020
Zhou et al 2020

Overall 4
Q=1.88, p=0.60, 12=0%

HR
CV death
Study HR (95% Cl) % Weight
Kim et al 2019 0.64 ( 021, 1.95) 0.0

054 (027, 1.08) 0.1
0.80 ( 078, 0.81) 996
071 ( 051, 099) 03

0.80 ( 0.78, 0.81) 100.0

04 038

confidence interval; CV, cardiovascular

HR

1.2 16 2

Fig. 2 Forest plots displaying the results of the meta-analysis of observational studies that compared statin use with non-use in older people
aged = 65 years and without cardiovascular disease—A in terms of all-cause mortality and B in terms of cardiovascular death. HR, hazard ratio; Cl,
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Stroke
Study HR (95% Cl) % Weight
Alperovitch et al 2015 068 ( 045 101) 52
Jun et al 2019 —e— 074 ( 061, 0.89) 130
Kim et al 2019 061 (028 133) 17
Lemaitre et al 2002 069 ( 0.36 133) 24
Orkaby et al 2017 070 ( 045, 1.09) 46
Orkaby et al 2020 Eois 098 ( 0.96, 1.01) 21.7
Ramos et al 2018 (A) 4 = 094 (083 107) 167
Ramos et al 2018 (B) & 110 ( 0.85, 141) 98
Ramos et al 2018 (C) S S 081 ( 066, 099) 122
Ramos et al 2018 (D) 066 ( 0.37, 1.17) 29
Zhou et al 2020 M A 075 ( 058 096) 98
Overall 085 ( 0.76, 0.94) 100.0
Q=25.82, p=0.00, 12=61% '
03 06 09 12
HR
Fig. 3 Forest plot displaying the results of the meta-analysis of observational studies that compared statin use with non-use in older people aged
2 65 years and without cardiovascular disease in terms of stoke. HR, hazard ratio; Cl, confidence interval
J

a significant heterogeneity in the other age subgroups (P
value < 0.0001).

In the subgroup analysis according to sex, statin use
was significantly associated with a lower risk of all-cause
mortality, compared with statin non-use, in both men
(HR 0.75 [95% CI 0.74 to 0.76]; studies n = 4; Fig. 5) and
women (HR 0.85 [95% CI 0.72 to 0.99]; studies n = 4;
Fig. 5). No significant heterogeneity was observed in
both subgroups (P value > 0.1).

As for subgroups according to DM, a significant asso-
ciation was found between statin use and the risk of all-

cause mortality only in older people with DM (HR 0.82
[95% CI 0.68 to 0.98]; studies n = 3; Fig. 5) but not in
those without DM (HR 0.92 [95% CI 0.77 to 1.10]; stud-
ies n = 5; Fig. 5). A significant heterogeneity was ob-
served in both subgroups (P value < 0.0001).

In the subgroup analysis according to risk of bias level
within the included studies, statin use was significantly
associated with a lower risk of all-cause mortality, com-
pared with statin non-use, only in case of serious risk of
bias (HR 0.82 [95% CI 0.76 to 0.88]; studies n = 5; Fig. 5)
but not in case of moderate risk of bias (HR 0.90 [95%

<
A Mi
Study HR (95%Cl) % Weight
Junetal 2019 = 112 ( 0.90, 1.41) 27.0
Kim et al 2019 = 032 (0.1, 0.99) 68
Lemaitre et al 2002 = 035 ( 0.15, 0.79) 102
Orkaby et al 2020 B 099 ( 097, 1.03) 309
Zhou et al 2020 = — 056 ( 043, 0.75) 252
Overall - 074 ( 053, 1.02) 100.0
Q=27.18, p=0.00, 12=85%
03 06 09 12
HR
MI
Study HR (95%Cl) % Weight
Kim et al 2019 = 0.32 ( 0.11, 0.99) 137
Lemaitre et al 2002 = 0.35 ( 0.15, 0.79) 18.6
Orkaby et al 2020 = 0.99 ( 097, 1.03) 354
Zhou et al 2020 056 ( 043, 0.75) 322
Overall 058 ( 0.35, 0.98) 100.0
Q=25.87, p=0.00, 12=88%
02 04 06 08 1
HR
Fig. 4 Forest plots displaying the results of the meta-analysis of observational studies that compared statin use with non-use in older people
aged = 65 years and without cardiovascular disease in terms of myocardial infarction—A before removing the study by Jun et al. and B after
removing the study by Jun et al. HR, hazard ratio; Cl, confidence interval;, MI, myocardial infarction
J
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Subgroup No. of studies Statins* No statins* HR (95% Cl) I-squared Chi2, p P value for interaction

Age ' 0.76

65 to 75 years 3 40189 215321 —-— E 0.84 (0.81 to 0.88) 0 0.54

>75 years 8 107874 515689 —— 0.88 (0.81 to 0.96) 91 <0.0001

>80 years 3 34225 138271 —a— ' 0.84 (0.79 to 0.89) 83 <0.0001

285 years 2 9735 47313 — 0.88 (0.79 to 0.99) 87 <0.0001
Sex ' 0.14

Men 4 59194 269738 = ] 0.75 (0.74 to 0.76) 0 0.60

Women 4 6265 54167 —_— 0.85 (0.72 to 0.99) 48 0.12
Diabetes ' 0.38

Yes 3 17594 33651 —_— 0.82 (0.68 to 0.98) 85 <0.001

No 5 48984 316395 —_—— 0.92 (0.77 to 1.10) 95 <0.0001
Risk of bias i 0.25

Moderate 4 65695 310180 —_— 0.90 (0.78 to 1.04) 94 <0.0001

Serious 5 47109** 266432 —— E 0.82 (0.76 to 0.88) 54 0.06

0.60 P 0.80 1.00 3.20
Statins better No statins better

Fig. 5 Forest plot displaying the results of the subgroup analysis (according to age, sex, diabetes mellitus, and risk of bias) of observational
studies that compared statin use with non-use in older people aged 2 65 years and without cardiovascular disease in terms of all-cause mortality.
HR, hazard ratio; HCl, higher confidence interval; LCl, lower confidence interval. *Number of included participants. **The exact number of statin
users in the study by Lemaitre et al. was not reported and not added to the presented number

CI 0.78 to 1.04]; studies n=4; Fig. 5). A significant het-
erogeneity was observed in both subgroups (P value <
0.1).

Sensitivity analysis

The “leave-one-out” sensitivity analysis suggested that all
overall combined risk estimates were robust except for
MI outcome. As previously stated, the overall risk esti-
mate for MI was as follows: (HR 0.74 [95% CI 0.53 to
1.02]; studies #n = 5; Fig. 4A). After omitting the study by
Jun et al. [32], this overall risk estimate became as fol-
lows: (HR 0.58 [95% CI 0.35 to 0.98]; studies n = 4; Fig.
4B), indicating a significant lower risk of MI with statin
use compared with statin non-use.

Publication bias

Visual inspection of funnel plots asymmetry indicated a
potential publication bias in terms of all relevant out-
comes (Supplementary Figure 2). The effect estimates of
the outcomes were corrected using the “trim and fill”
method by imputing 1-4 hypothetically missing studies
(for each outcome). The significance/insignificance of
the effect estimates was not altered after the adjustment
for all outcomes (Supplementary Table 7). Egger’s test
suggested a potential publication bias only in terms of
all-cause mortality (P value = 0.026), stroke (P value
0.003), and new-onset cancer (P value = 0.042) and ex-
cluded the presence of publication bias for the rest of
the outcomes (P value > 0.05; Supplementary Table 7).

Discussion

This meta-analysis suggests that statin therapy may be
associated with a significant lower risk of all-cause mor-
tality, CVD death, and stroke in older people aged > 65
years without CVD. The beneficial association of statins

with the risk of all-cause mortality remained significant
even at higher ages. It also was significant in both men
and women. The association with all-cause mortality
remained significant only in older people with DM but
not in those without DM. A non-significant association
was found between statins and MI, and this issue re-
quires further investigation.

These results are of interest especially in the context
of the involved mechanism(s). Several epidemiological
studies revealed no association or even an inverse associ-
ation between low total cholesterol (TC), specifically
LDL-C, and all-cause mortality in older people [35].
However, this paradox could be explained by some en-
dogenous factors that may affect both TC and mortality,
indicating reverse causation [36, 37]. One of these fac-
tors is “terminal decline”; in a cohort study with 99,758
participants aged 80 to 105 years, Charlton et al. [38]
found a greater decline in TC levels in the last 2 years of
life. Another factor is that low TC level was found to be
a pre-diagnostic marker of several types of cancer [39,
40]. In addition, inflammation can reduce the serum
LDL-C level through increasing the LDL receptor ex-
pression on the hepatocytes [41-44]. This response is
mediated by the elevated cytokines; interleukin (IL)-1f,
IL-6, tumor necrosis factor-a, and others [45, 46]. In this
context, a recent meta-analysis of nine prospective stud-
ies (n = 9087 participants) revealed that high levels of
IL-6 were associated with a higher risk of all-cause mor-
tality in older people [47]. In line with these possible ex-
planations, Mendelian randomization found that
elevated LDL-C still carries a higher risk of mortality
even in the oldest old people (> 90 years) [48].

In a meta-analysis that included eight RCTs, Savarese
et al. [12] found that statins significantly reduce the risk
of stroke (RR 0.76 [95% CI 0.63 to 0.93], I* = 43.7%,
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studies n = 5) compared with placebo in older partici-
pants without CVD. Our finding on stroke is in line with
this meta-analysis. In contrast, a recent meta-analysis in-
cluding nine RCTs conducted by Ponce et al. [14] sug-
gested no benefit of statins on stroke prevention (RR
0.78 [95% CI 0.6 to 1.01], I* = 58.1%, studies n = 6),
compared with placebo, in older participants without
CVD. However, the result of this meta-analysis [14], un-
like Savarese et al. [12], was not robust according to the
sensitivity analysis which was statistically significant (RR
0.51, 95% CI 0.33 to 0.78) when the analysis was limited
to studies that only included older participants or had
planned for a subgroup analysis according to age.

In contradistinction to the aforementioned meta-
analyses of RCTs [12, 14], our study suggested a non-
significant association between statin use and MI. This
finding should be cautiously interpreted because the
overall risk estimate of MI became significant after re-
moving the study conducted by Jun et al. [32], which
was the only included case-control study. Jun and col-
leagues explained their finding on MI by the possibility
that most of the included participants could have re-
ceived low- to moderate-intensity statins which are less
effective than high-intensity statins for MI prevention
[32].

Unlike the above-mentioned meta-analyses of RCTs
[12, 14], our study suggested a beneficial association
with statins in terms of all-cause mortality and CVD
death. In a recent meta-analysis including 40 RCTs,
Yebyo et al. [49] investigated the efficacy and safety of
statins for primary prevention of CVD in 94,283 partici-
pants of a wide age range. They found that statins sig-
nificantly reduced the risk of all-cause mortality (RR
0.89, 95% CI 0.85 to 0.93) in the included population.
Interestingly, the observed association with all-cause
mortality in our study (HR 0.86 [95% CI 0.79 to 0.93])
was similar to that in the meta-analysis by Yebyo et al.
[49]. In a recent Bayesian analysis of available data on
older people from 35 RCTs, Kostis et al. [50] reported
that people aged >75years on statins for primary pre-
vention may have a lower mortality (p = 0.03). In line
with our study, statin use for primary prevention was
also associated with a lower risk of all-cause mortality
(HR 0.83; p = 0.04) compared with statin non-use in a
retrospective cohort included 1370 older Korean adults
(aged > 75years); this observed association was more
evident (HR 0.76; p = 0.01) in case of statin use for more
than 5years [51]. However, our observational findings
on all-cause mortality should be interpreted cautiously
because, in clinical practice, older people with short life
expectancy (e.g., with malignancy) are less likely to re-
ceive statins and this might have introduced bias into
the observed results [52, 53]. Even so, the cumulating
evidence seems to be broadly consistent. In the general
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population, statins seem to reduce all-cause mortality
primarily by reducing CVD death, and this is in line with
our significant result in terms of CVD death [49, 54].
Only one of the included studies reported the associ-
ation of statins with the risk of non-vascular mortality
[28]. In this study, Kim et al. [28] observed that non-
CVD deaths were less frequent in the statin users than
non-users, but this was statistically non-significant.

In the present study, the observed beneficial associ-
ation of statins with the risk of all-cause mortality
remained significant even at higher ages. This finding is
in line with the previously mentioned result from Men-
delian randomization studies about the preserved risk
role of elevated LDL-C in the oldest old people (>90
years) [48]. However, the subgroups of the highest ages
(> 80 and > 85 years) were derived from a small number
of studies that included a relatively limited sample size
of this population. According to the reported analysis
based on DM presence, the beneficial association with
statins in terms of all-cause mortality was only evident
in participants with DM, which highlights the need to
more use of statin therapy in older people with DM in
primary prevention. The aforementioned finding is in
line with data from the Age, Gene/Environment Suscep-
tibility (AGES)-Reykjavik study [55]. That prospective
cohort study included 5,152 participants with an age
range of 66 to 96 years, showing that statins were associ-
ated with a lower risk of all-cause mortality in DM par-
ticipants comparable with non-DM, and regardless of
coronary heart disease or glucose-lowering therapy [55].
Diabetes mellitus is associated with a 2- to 4-fold higher
risk of CVD events [56]. Moreover, patients with long-
standing DM (> 10years), and without CVD, may be
comparable to coronary heart disease (CHD) patients
without DM in terms of future CHD events [57, 58].
Therefore, the above-mentioned result is clinically
plausible.

The beneficial association with statins in terms of all-
cause mortality was still evident in the subgroup that in-
cluded studies with serious risk of bias but not in that
with moderate risk of bias studies. Inclusion of prevalent
statin users instead of statin new users in all the studies
with serious risk of bias, denoting the long-term effect of
statins, may explain this observed result [59, 60]. How-
ever, other sources of bias (e.g., bias due to confounding)
might have affected this result.

The older population has a higher risk of drugs ad-
verse effects because of multiple comorbidities, poly-
pharmacy, and altered pharmacokinetics and
pharmacodynamics [61-66]. Statin safety in this popula-
tion is a point of concern as statin-related adverse effects
are the most common cause of statin discontinuation
[67-69]. In a meta-analysis that included more than 3
million older subjects, only 47.9% of statin users were
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Table 2 Summary of current evidence on statins for primary prevention in older people as a comparison between results from
meta-analyses of RCTs and our study or other observational studies

Outcomes Evidence from meta- Robust Ref Evidence from our meta- Robust  Ref
analyses of RCTs analysis or other
[relative risk (95% observational studies [hazard
confidence interval)] ratio (95% confidence
interval)]
mi Decreased 0.71 (0.60, v [12] No 0.74 (0.53, 1.02) x Our
0.84) association study
0.45 (0.31, v [14]
0.66)
Stroke Decreased 0.76 (0.63, v [12] Decreased 0.85 (0.76, 0.94) v Our
0.93) risk study
No benefit 0.78 (0.6, x [14]
1.01)
All-cause No benefit 0.94 (0.86, v [12] Decreased 0.86(0.79, 0.93) v Our
mortality 1.03) risk study
No benefit 0.95 (0.84, v [14]
1.07)
Decreased p=0.03** NR [50]
CVD death No benefit 0.91 (0.69, v [12] = Decreased 0.80 (0.78, 0.81) v Our
1.20) risk study
No benefit 1.01 (0.83, v [14]
1.24)
New-onset Insignificant 1.07 (0.77, v [13] No 0.90 (0.72,1.12) v Our
T2DM 1.48) association study
New-onset Insignificant 0.99 (0.85, v [12] No 1.00 (0.94, 1.06) v Our
cancer 1.15) association study
SAMS Insignificant  1.01 (0.90, v (82] No 1.39 (0.94, NAT  [87]
1.12) difference 2.05)"
Cognitive Insignificant’ ' 0.01 (-0.01, NR [84] No 1.14(0.94,1.39) NA"  [34]
impairment 0.03)i association
Decreased 0.849 (0.787, NR (86]
risk""" 0.916)"

Beneficial effect/association

Neutral effect/association

Bad effect/association

Abbreviations: RCTs randomized controlled trials, Ref references, Ml myocardial infarction, CV cardiovascular, T2DM type 2 diabetes mellitus, SAMS statin-associated

muscle symptoms, NA not applicable, NR not reported
“According to sensitivity analysis

“Bayesian analysis

““Not reported in any of the included studies
“""Regardless of cardiovascular disease history

"Data are reported as odds ratio (95% confidence interval)
Not a meta-analysis

*Data of the general population (including older participants not exclusively of older people) with normal cognition

*Data are reported as standardized mean difference (95% confidence interval)
*Data are reported as relative risk (95% confidence interval)

adherent to therapy after one year of follow-up for pri-
mary prevention [70]. In terms of safety, our study found
no significant association between statin use and the risk
of incident T2DM or new-onset cancer. These findings
are in line with evidence from primary prevention RCTs
of older people [12, 13, 71-74] and even of participants
with a wide age range [49]. In contrast, evidence includ-
ing general mixed population (i.e. primary and secondary

CVD prevention) reported a 9 to 55% increased risk of
T2DM in statin users compared with statin non-users
[75-77]. In a recent meta-analysis/meta-regression with
more than 4 million participants (statins vs no statins)
aged > 30 years, older participants were associated with
a decreased risk of T2DM (RR 0.79 [95% CI 0.63—0.98]
per 10-year older) compared with younger participants
[76]. The reported increase in statin-associated T2DM
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risk is mainly evident in participants who already are at
a high risk to acquire DM (e.g., people with other ele-
ments of the metabolic syndrome) [75, 78].

None of the included studies reported data on other
statin safety concerns in older people, including statin-
associated muscle symptoms (SAMS) or cognitive im-
pairment except one study by Zhou et al. [34] that re-
ported a nonsignificant association between statins and
risk of dementia (HR 1.14 [95% CI 0.94 to 1.39]).
Current evidence from individual RCTs [72, 73, 79-81]
and meta-analyses [82—85] reported no increased risk of
SAMS with statins in older people or of cognitive im-
pairment in the general population. As for evidence
from observational studies, a meta-analysis of 25 pro-
spective cohorts of the cognitively healthy general popu-
lation found that statin use was associated with a lower
risk of all-cause dementia (mean age 59.3 years), mild
cognitive impairment (mean age 68.4 years), and Alzhei-
mer’s disease (mean age 71.3 years) but not of vascular
dementia (mean age 77.2 years) [86]. In terms of SAMS,
an observational study including 4355 participants aged
> 75 years from the Netherlands found no difference in
the prevalence of self-reported muscle symptoms in sta-
tin users compared with statin non-users (OR 1.39; 95%
CI 0.94 to 2.05) regardless of CVD history [87]. Table 2
shows a comparison between results from meta-analyses
of RCTs and our study or other observational studies in
older people for statins used in primary prevention.

Older people are heterogenous in many aspects (i.e.,
clinically, demographically, and functionally) [36]. They
were underrepresented in the available RCTs especially
those aged > 75years, and this may limit the
generalizability of their findings to the clinical practice.
On the other hand, our study was based on data from
observational studies, which are more generalizable. An-
other limitation of the evidence from older people RCTs
is the relatively short follow-up durations that ranged
from 1 to 5.2years [12]. However, the follow-up dura-
tions of the included cohort studies in the current meta-
analysis were longer (ranged from 4.7 to 24 years). Lar-
ger included number of participants, longer durations of
follow-up, residual confounders, and inclusion of preva-
lent statin users instead of statin new users in some of
the included observational studies are possible explana-
tions for the observed differences between our study and
RCTs in case of some outcomes (as presented above).
Some previous meta-analyses of RCTs reported statins
effect on composite outcomes of several components
that significantly varies in their clinical importance (e.g.
coronary revascularization versus CVD death) [10, 13]. It
is recommended to avoid combining composite out-
comes in meta-analyses to avoid any misleading results
[88]. In our study, we only combined data of single com-
ponents, and we filled some gaps in the evidence about
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people aged > 75 years, while awaiting the results of The
STAREE (STAtins for Reducing Events in the Elderly)
trial (NCT02099123) and the PREVENTABLE (Prag-
matic Evaluation of Events and Benefits of Lipid-
Lowering in Older Adults) trial (NCT04262206).

Limitations

This meta-analysis has several limitations. First, it is
based only on observational studies. One critical
source of bias in six included studies was including
prevalent statin users instead of statins new users.
Thus, the present results might have been influenced
by residual confounding. Second, unresolved hetero-
geneity was reported in terms of all-cause mortality,
stroke, and MI. Clinical diversity (e.g., variability in
the participant characteristics) and methodological di-
versity (e.g., different risk of bias sources and varied
follow-up durations) among the included studies are
possible causes of this observed heterogeneity. How-
ever, we addressed this heterogeneity by applying the
random-effects model in the analysis and conducting
subgroup analyses. Third, potential publication bias
was observed in all relevant outcomes. Fourth, data
on relevant outcomes (except for all-cause mortality)
were not sufficient for further subgroup analyses.
Fifth, none of the included studies reported data on
any of the relevant outcomes stratified by the partici-
pants’ baseline CVD risk score except the study by
Gitsels et al. [27]; they grouped the included partici-
pants according to the QRISK2 score. Sixth, data on
statins safety outcomes (especially SAMS) were not
sufficiently reported in the included studies. Seventh,
data on nutraceuticals and special diets that may
affect the participants’ lipid profile were not reported
[89]. Eighth, potential confounders included for the
risk estimates adjustment differed among the eligible
studies. Finally, this study protocol was not prospect-
ively registered. Most of these limitations reflected on
the evidence level, which was rated as “very low” by
the GRADE approach. As a result, making clinical
recommendations based on the current evidence level
is limited. However, our study is complementary to
the available evidence from RCTs and can inform fu-
ture research.

Future studies should employ a randomized design
with long-term follow-up periods. A consensus set of
standardized outcomes should be provided to and
followed by future trialists. The development and valid-
ation of a risk score for older people to predict the risk
of cardiovascular events can inform the clinical applic-
ability of statin use in this population. In addition, safety
outcomes should be a culprit in future studies in this
high-risk population, and outcomes that relate to cost-
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effectiveness should also be

considered.

and quality of life

Conclusions

In conclusion, statin therapy appears to be associated
with a significantly lower risk of all-cause mortality,
CVD death, and stroke (by 14%, 20%, and 15% re-
spectively) in older people aged > 65years and with-
out CVD. The beneficial association of statins with
the risk of all-cause mortality remained significant
even at different higher ages. It also was significant in
both men and women. However, the association with
all-cause mortality remained significant only in older
people with DM but not in those without DM. There
was no association between statin use and the risk of
MI, incident T2DM, or new-onset cancer. These find-
ings suggest statins may offer benefits in the older
people in primary prevention setting especially those
at the higher risk of CVD (i.e, with DM). As such,
these findings support the need for ongoing trials of
statins in older adults.
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