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Aims We undertook a propensity match-weighted cohort study to investigate whether statin treatment recommenda-
tions for statins translate into improved cardiovascular (CV) outcomes in the current routine clinical care of the
elderly.

Methods We included in our analysis (ISACS Archives -NCT04008173) a total of 5619 Caucasian patients with no known

and results prior history of CV disease who presented to hospital with a first manifestation of CV disease with age of 65 years

or older. The risk of ST-segment elevation myocardial infarction (STEMI) was much lower in statin users than in
non-users in both patients aged 6575 years [14.7% absolute risk reduction; relative risk (RR): 0.55, 95% CI 0.45—
0.66] and those aged 76years and older (13.3% absolute risk reduction; RR: 0.58, 95% CI| 0.46-0.72). Estimates
were similar in patients with and without history of hypercholesterolaemia (interaction test; P-values = 0.24 and
0.35). Proportional reductions in STEMI diminished with female sex in the old (P for interaction = 0.002), but not in
the very old age (P for interaction = 0.26). We also observed a remarkable reduction in the risk of 30 day mortality
from STEMI with statin therapy in both age groups (10.2% absolute risk reduction; RR: 0.39; 95% CI 0.23-0.68 for
patients aged 76 or over and 3.8% absolute risk reduction; RR 0.37; 95% CI 0.17-0.82 for patients aged 65—75 years
old; interaction test, P-value = 0.46).

Conclusions Preventive statin therapy in the elderly reduces the risk of STEMI with benefits in mortality from STEMI, irrespec-
tive of the presence of a history of hypercholesterolaemia. This effect persists after the age of 76 years. Benefits are
less pronounced in women. Randomized clinical trials may contribute to more definitively determine the role of
statin therapy in the elderly.
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1. Introduction

Since 2016, five major guidelines on statin use to prevent cardiovascular
(CV) disease have been released by: the UK National Institute for Health
and Care Excellence (NICE)," the Canadian Cardiovascular Society,” the
US Preventive Services Task Force (USPSTF),? the European Society of
Cardiology/European Atherosclerosis Society,’ and the American
College of Cardiology/American Heart Association.” Although these
guidelines are based on the same evidence originating predominantly
from randomized controlled trials on statin therapy in hypercholestere-
mic patients, the recommendations for using statins to prevent CV dis-
ease in the elderly differ substantially. Only the NICE guidelines provide
a strong, statin indication over 75 years of age.

To further complicate matters, some guidelines endorsed a treat-to
target strategy with primary prevention low-density lipoprotein choles-
terol (LDL-C) targets ranging from 77 to 100 mg/dL for high- vs. low-risk
individuals.>* Other guidelines suggested a specific intensity of statin for
each risk category with intended LDL-C reduction threshold varying
from 30% to 50%." This approach is of concern for treatment of the el-
derly as LDL-C increases up until the midpoint of life, and then it gradu-
ally decreases in the latter decades of life.° Removing treatment targets
or treat-to-target strategies and replacing them with a global evaluation
of risk profile may facilitate decision-making in the elderly.

One of the most notable global risk estimation tools is the Pooled
Cohort Equations (PCE).” The USPSTF endorsed the PCE to calculate
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10 year risk of CV disease events and to determine whether patients are
at sufficient risk to merit treatment with statins. Still there are limitations.
No statin clinical trials enrolled patients based on a specific risk thresh-
old. Limited data exist on the performance and use of the 10 year risk
scores, especially among people 76 years and older. Consequently, the
USPSTF judges the magnitude of the potential benefits of statins to be
too poorly documented to merit a decisive recommendation in the
older population.

Concern also applies for the more widespread use of concomitant
preventive medications that may blunt the cardio-protective effect of
statins. Better management of blood pressure and other risk factors is
likely to lower the risk of developing disease, and these medications are
mostly used in persons aged more than 65 years. While this issue is
clearly important, concomitant medications have been poorly tracked in
prior statin randomized work.

On this background, we carried out a statin prevention study using a
register-based cohort data in a match propensity-weighted design.
Framing our questions around the current USPSTF algorithm for the pri-
mary prevention of CV disease in adults, we sought to determine
whether statin therapy may lead to reduction in clinically significant out-
comes of healthy older adults aged 65 years and above. The main out-
come of interest was ST-segment elevation myocardial infarction
(STEMI) and its relation with 30 day mortality. We matched patients us-
ing a parametric balancing strategy by weighting to adjust for differences
among sex, ages, and concurrent medications. Statin users vs. non-users
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had a similar pattern of exposure to the most common risk factors and
preventive therapies.

2. Methods

2.1 Derivation cohort

From October 2010 to January 2019, we analysed information from the
International Survey of Acute Coronary Syndromes (ISACS) Archives
(NCT04008173). The ISACS Archives provides access to de-identified,
research cohorts and clinical trials in acute coronary syndromes
(ACSs).8"" As the aim of the current investigation was to analyse the re-
lation between CV outcomes and prior evidence-based medication use,
we identified two large clinical registries providing such information,
namely the ISACS-TC (NCT01218776) and the EMMACE-3X (Long-
term Follow-up of Health-Related Quality of Life in Patients with Acute
Coronary Syndrome; NCT01955525). In brief, the ISACS-TC registry
collected data from 41 centres in 12 European countries: Bosnia and
Herzegovina, Croatia, Italy, Kosovo, Lithuania, Macedonia, Hungary,
Moldova, Montenegro, Romania, Russian Federation, and Serbia. Among
these sites, there were 22 tertiary health care services providing percuta-
neous coronary intervention (PCI).">" The EMMACE-3X gathered rou-
tine clinical information from 47 hospitals in England. CV facilities
including PCI were available in 33 hospitals.'* This study complies with
the Declaration of Helsinki. The local research ethics committee from
each hospital approved the study. Because patient information was col-
lected anonymously, institutional review boards waived the need for
individual-informed consent. Both registries had independent source
documentation. All data were transferred to the Department of
Electrical and Computer Engineering, University of California, Los
Angeles, where final statistical analyses were done.

2.2 Patient population

Routine clinical information was gathered from hospital records. The
designated physician collected the registry data at the time of clinical as-
sessment. Patients were admitted with a diagnosis of ACS and had at
least one of the following: ECG changes consistent with ACS, increases
in serum biochemical markers of cardiac necrosis, and/or documentation
of coronary artery disease.” The initial population consisted of 23 567
patients with ACS. Patients presenting with a history of CV (coronary
heart disease, peripheral vascular disease, and cerebrovascular disease)
events or heart failure were excluded leaving a study population in the
primary prevention setting of 14 542 patients. Of these patients 5619
were 65 years and older (Supplementary material online, Figure ST).

2.3 Outcome measures and definitions

The main outcome measure was the incidence of STEMI. A further key
outcome measure was the association between STEMI and all-cause
mortality at 30 days. The 30 day window was selected to enrich the data
over that acquired during the index hospitalization while mitigating survi-
vor bias. We noted the type of evidence-based medications [aspirin, sta-
tins, angiotensin-converting enzyme inhibitors (ACE-inhibitors),
angiotensin receptor blockers, and beta-blockers] given on a regular ba-
sis at least for 2 weeks before the onset of the qualifying event.
Medications received immediately before hospitalization or in the emer-
gency department were not considered prior medication use.
Multivessel disease was defined as at least two main branches of the epi-
cardial coronary artery with >70% stenotic lesions or >50% stenosis in
the left main coronary artery. All patients with a glomerular filtration

rate <60 mL/min/1.73 m? for 3 months were defined as having chronic
kidney disease. Patients with a history of cough, breathlessness, and evi-
dence of airflow limitation documented through spirometry were classi-
fied as affected by chronic obstructive pulmonary disease. Smoking
habits were self-reported (Supplementary material online, Methods).
Hypertension, hypercholesterolaemia, and diabetes were assessed by
designation of medical history prior to admission in the database. The 10
year CV risk for each patient was calculated by using the PCE. We set
the cut-off for increased level of CV disease risk at 10% according to the
2017 recommendation statement of the USPS Task Force.®

2.4 Statistical analysis

Patient characteristics were stratified according to treatment group:
statin users vs. statin non-users. Baseline characteristics were reported
as percentages for categorical variables and means with standard devia-
tion for continuous variables. We had complete data on sex, age, index
event, and outcomes. Some patients had missing data on other variables.
We used k-nearest neighbour algorithms as imputation method to treat
missing data'® (Supplementary material online, Methods). The existence
of associations between outcomes and statin therapy was evaluated with
the use of inverse probability of treatment weighting models'”
(Supplementary material online, Methods). We calculated odds ratios
(ORs) or relative risks (RRs) with their 95% confidence interval (95% Cl)
from logistic regression and inverse probability of treatment weighting
models, respectively. Comparisons of outcomes between groups were
assessed by two-sided P-value. The characteristics incorporated into the
logistic regression and inverse probability of treatment weighting models
are reported in Table 1. Variables included demographics, CV risk fac-
tors, medical history, and angiographic findings. Standardized differences
after weighting were calculated to ensure balanced treatment groups
with respect to baseline characteristics. Groups were considered bal-
anced when the standardized difference was <20% (Supplementary ma-
terial online, Methods). We quantified the impact of statin use on STEMI
rates in two age groups (65—75 years and >76 years). Subsidiary analyses
were also conducted to assess differences in the main outcome in sub-
groups based on sex, history of hypercholesterolaemia, and diabetes. To
minimize concern about comparison of the treatment effect in sub-
groups, estimates were compared by test of interaction on the log
scale."® A P-value <0.05 was taken to indicate that the difference be-
tween the effects in subgroups was unlikely to have occurred simply by
chance (Supplementary material online, Methods).

3. Results

Of 23 567 patients with information on prior evidence-based medica-
tion use, 14 542 had no prior CV event. Statin users showed a slightly
higher predicted 10 year CV risk compared with non-users
(Supplementary material online, Table S7). Age was a major determi-
nant for the estimation of CV risk with PCE (SD =0.27). In our cohort,
a 10 year cardiovascular disease risk <10% was rarely reached by peo-
ple aged 65-75years (N=193 of 3469; 5.5%) and by those aged
76years or over (N =18 of 2361; 0.8%). We therefore restricted our
analysis only to those individuals who were 65 years and older with a
10 year CV risk exceeding 10%. In total, 5619 patients were eligible for
participation (Supplementary material online, Figure S7). The outcome
of first STEMI was available in 3576 patients, with 393 (11%) of 3576
first STEMI classified as deaths from STEMI. The baseline characteris-
tics, stratified by age group (65-75years and >76years) and by
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Table I Inverse probability of treatment weighting: outcomes sorted by age and statin use before index event

Characteristics

Statin Statin
users non-users

.............................................................. N=506  ..N=27170
Age, years 69.4+3.1 69.3+£29
Female sex 36.9 32.5
Cardiovascular risk factors

Diabetes 30.1 26.8

History of hypertension 713 68.7

History of hypercholesterolaemia 39.7 37.7

Current smokers 322 31.6

Former smokers 18.0 15.2
Clinical history

COPD 5.6 6.5

Chronic kidney disease 4.7 52
Medications before admission

Aspirin 21.8 192

ACE-inhibitors/ARBs 43.1 393

Beta-blockers 24.7 232
Angiographic findings

Multivessel disease 494 47.7
Outcome

STEMI 50.3 65.0

Risk ratio (95% Cl) 0.55 (0.45-0.66)

Age 65-75 years

Age > 76 years
" Standardized “Statin | Statin Standardized
difference users non-users difference
...................................... N=362 @ N=1981

0.0584 79.6+3.6 80.0+4.4 -0.0985

0.0930 46.0 44.6 0.0286

0.0985 26.5 26.0 0.0119

0.0676 76.2 731 0.0708

0.0415 355 31.4 0.0984

0.0118 16.5 13.9 0.0727
0.0738 15.8 14.4 0.0385
-0.0370 6.8 79 -0.0414
-0.0215 13.5 10.4 0.0937
0.0642 271 235 0.0816

0.0773 43.7 43.1 0.0121

0.0359 31.8 28.0 0.0963
0.0350 56.5 59.2 -0.0549
P-value P-value
<0.0001 51.2 64.5 <0.0001
<0.0001 0.58 (0.46-0.72) <0.0001

Data are percentages or means + standard deviation unless stated otherwise.

ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; STEMI, ST-elevation myo-

cardial infarction.

treatment group (statin users vs. non-users), are listed in
Supplementary material online, Table S2. Slightly more than 15% of
patients reported use of statins. Statin users were more often former
smokers. Diabetes, hypertension, and hypercholesterolaemia were
more frequent among statin users vs. non-users. Statin users were also
more likely to take concomitant evidence-based medications.

After adjustment for inverse probability of treatment weighting, no
statistically significant or clinically relevant standardized differences were
observed between statin users and non-users (Table 7). Prior statin use
was associated with a significantly decreased rate of STEMI compared
with no prior statin use. The effect of statins was consistent in both
patients aged 65—75 years (absolute difference 14.7%; RR 0.55, 95% CI
0.45-0.66) and those aged 76years and above (absolute difference
13.3%; RR 0.58, 95% CI 0.46-0.72; interaction test, P-value = 0.3620)
(Supplementary material online, Table S3).

Among participants aged 76 years and above (Table 2), statin therapy
was associated with a 17.1% absolute risk reduction and a 51% RR reduc-
tion in STEMI (0.49; 95% Cl 0.35-0.68) compared to non-statin therapy
in women. Similarly, men had a 13.7% absolute risk reduction and a 43%
RR reduction in STEMI (0.57; 95% Cl 0.42-0.78; interaction test, P-val-
ue=0.26). Reduction of STEMI lost statistical significance in women
(Table 3) aged 65-75 years (5.9% absolute risk reduction; RR 0.78; 95%
Cl: 0.56—-1.08) whereas men still showed a statistically significant and clin-
ically relevant reduction in STEMI (20.7% absolute risk reduction; RR
0.43; 95% Cl: 0.34-0.54; interaction test, P-value = 0.002). The results of
the interaction tests are reported in Supplementary material online,
Table $4.

Figure 1 depicts the RRs of the outcome measure when treatment
with statins was stratified based on the presence of hypercholesterolae-
mia and diabetes (Supplementary material online, Tables $5-S8). There
was no evidence of heterogeneity in the results for any subgroup evalu-
ated (Supplementary material online, Table S4). For subjects with hyper-
cholesterolaemia in the age group 65—75 years, the benefit of statins was
similar to that for those without hypercholesterolaemia (RRs: 0.62; 95%
Cl10.48-0.79 vs. 0.57; 95% Cl 0.40-0.80; interaction test, P-value = 0.35).
Similar benefit was observed for subjects aged 76 years and above (RRs:
0.48; 95% Cl 0.35-0.66 vs. 0.57; 95% CI 0.40-0.82; interaction test, P-
value = 0.24). In line with these findings, the benefit of statins was seen
also in patients with and without a history of diabetes either for those
65—75-year-old (RRs: 0.56; 95% Cl: 0.41-0.78 vs. 0.50; 95% Cl: 0.40—
0.64; interaction test, P-value= 0.29) or for those 76years and older
(RRs 0.48; 95% Cl: 0.33—-0.70 vs. 0.61; 95% Cl: 0.46—0.81 interaction test,
P-value = 0.16).

Clinical presentation with STEMI as index event was strongly related to
30 day mortality (ORs: 7.44; 95% Cl: 5.26-10.54 in subjects aged 65—
75years and 5.77; 95% Cl| 4.45-748 in those 76years and above)
(Supplementary material online, Figure S2). To investigate at individual level,
the relationships among statin therapy, STEMI, and death, we restricted
our analysis to patients presenting with STEMI on admission. The observed
reduction in mortality associated with statins for patients aged 76 or over
(10.2% absolute risk reduction; RR: 0.39; 95% Cl 0.23-0.68) was nearly 3
times greater than that seen in the 6575 years old risk group (3.8% abso-
lute risk reduction; RR 0.37; 95% CI 0.17-0.82; interaction test, P-val-
ue =0.46) (Table 4 and Supplementary material online, Table S9).
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Table 2 Inverse probability of treatment weighting: outcomes sorted by sex and statin use before index event in patients

aged >76 years

Characteristics Women
Statin Statin
users non-users

Men
Standard|zed StatlnStatln ............... Standard|zed
difference users N=1103 difference

Age, years 80.2+3.7 804+ 4.6
Cardiovascular risk factors

Diabetes 24.2 279

History of hypertension 76.6 78.6

History of hypercholesterolaemia 38.0 339

Current smokers 9.1 9.4

Former smokers 104 7.8
Clinical history

COPD 4.8 6.9

Chronic kidney disease 125 10.5
Medications before admission

Aspirin 26.2 229

ACE-inhibitors/ARBs 482 49.1

Beta-blockers 36.2 321
Angiographic findings

Multivessel disease 513 56.4
Outcome

STEMI 51.5 68.6

Risk ratio (95% Cl) 0.49 (0.35-0.68)

-0.0648 789+3.2 79.6+4.2 -0.0822
-0.0880 27.5 24.2 0.0809
-0.0483 72.6 68.9 0.0716
0.0866 335 29.2 0.0753
-0.0092 20.6 17.7 0.0829
0.0831 194 19.6 -0.0064
-0.0913 9.1 8.8 0.0115
0.0608 13.0 10.4 0.0911
0.0750 26.9 239 0.0833
-0.0173 39.5 382 0.0266
0.0866 27.6 24.6 0.0647
-0.0927 63.6 615 0.0450
P-value P-value
0.0001 473 61.0 0.0005
<0.0001 0.57 (0.42-0.78) 0.0004

Data are percentages or means * standard deviation unless stated otherwise.

ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers; COPD, chronic obstructive pulmonary disease; STEMI, ST-elevation myocardial infarction.

4. Discussion

In this study, use of statin therapy in adults 65—75 years and 76 years
and above without prior evidence of CV disease led to a significant
reduction in the incidence of the most severe clinical manifestations
of CV disease, namely STEMI. Benefits were irrespective of history of
diabetes and hypercholesterolaemia. The effect of statin use varied
across sex, with men deriving the most gain in prevention of STEMI.
Our data also provided evidence for a beneficial effect of statins on
30 day mortality in patients presenting with STEMI on hospital admis-
sion suggesting that statin therapy lowers the risk of death through
other mechanisms in addition to the prevention of STEMI. These
results support the use of statins as a prevention therapy in people
75years and above in concert with current NICE guidelines
recommendations.

Whether the elderly and especially individuals aged 75years and
above, should receive statin treatment in the primary prevention of CV
disease continues to spur much debate."? Criticism is based on facts.
Some scientists question that although there have been many systematic
reviews and meta-analyses of statin treatment there is little evidence
concerning the older population alone for primary and secondary pre-
vention. These studies have, indeed, reported on trials that mostly in-
cluded participants with a history of CV disease.

Two recent studies might help to navigate some of these uncertain-
ties, as they fully disaggregated primary from secondary prevention data
in the very elderly. The first study is a co-operative metanalysis per-
formed by the Cholesterol Treatment Trialists (CTT),%° which included
6449 people whose age was older than 75years and who were taking

statins vs. placebo or less intensive statin treatment in the absence of his-
tory of CV disease. Overall, the study observed an 8% non-significant re-
duction in the risk of major vascular events per mmol/L reduction in
LDL-C (rate ratio 0.92; 95% Cl: 0.73—1.16). The second study is a trial,
the Heart Outcomes Prevention Evaluation 3 (HOPE-3),2" which evalu-
ated statin primary prevention treatment among 3086 men and women
aged 70year and above free of prior CV disease, but with at least one
major CV risk factor. The reduction of serious vascular events with sta-
tins was 17%, but this reduction was not statistically significant (hazard
ratio 0.83; 95% Cl: 0.64-1.07). In sum, based on outcome data from CTT
metanalysis and HOPE-3 trial, statins seem to confer no substantial ben-
efit among people aged 70 years and above.

Nonetheless, the debate is still open as queries about the evidence
base for statin use in the prevention therapy of the elderly continue to
emerge from many quarters. Uncertainties remain with regard to nu-
merous issues, such as: how strong is the weight to be given to the differ-
ent components of the composite outcome of major vascular events
commonly defined as non-fatal myocardial infarction, coronary death,
coronary revascularization, and stroke, is there a discrepancy between
the benefits in women and men, and is cholesterol level the only reliable
target to guide prevention of CV disease in the elderly?

An important aspect is the selection of outcomes. The effects of pri-
mary prevention therapy on mortality from coronary heart disease may
be confounded by the changing epidemiology of ACSs with ageing. The
elderly represents a growing proportion of the population that present
with non-ST-elevation acute ACSs.** Despite this, STEMI remains much
more closely associated with subsequent high rates of short-term mor-
tality than non-ST-elevation ACSs.? Lack of information on the type of
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Estimated effects of statins on CV outcomes according to age and CV risk factors

RR ratio (95%CI) P for interaction

Age 65to 75 years

Hypercholesterolemia

Yes ———— 0.62 (0.48-0.79)
No — | 0.57 (0.40-0.80) } 0.34%
Diabetes
Yes —_—— | 0.56 (0.41-0.78)
No o 050 (0.40-064) } gope
Age 276 years ;
Hypercholesterolemia
Yes ——O—— | 0.48 (0.35-0.66)
; 0.2408
No O i 057 (0.40-0.82)
Diabetes ;
Yes —_— : i
| 048(033070) ] 01589
No —_— i 0.61(0.46-0.81)
0 0.2 0.4 06 0.8 1
-—

Favors statins

Figure | Estimated effects of statins on CV outcomes: distribution by CV risk factors and age. Horizontal lines indicate corresponding
95% confidence intervals around relative risk ratios. All models were balanced for age, female sex, major CV risk factors, chronic obstructive pulmonary
disease, chronic kidney disease, medications before admission (aspirin, ACE-inhibitors/angiotensin receptor blockers, and beta-blockers), and multivessel
disease. 95% Cl, 95% confidence interval; CV, cardiovascular; RR, risk ratio; STEMI, ST-elevation myocardial infarction.

ACS may lead to underestimation of the effect of statins on CV mortality
in the elderly as a result of a ‘dilution bias’ due to combination of two in-
termediate different outcome measures carrying a different weight on
mortality, specifically STEMI and non-ST-elevation ACSs.>*

In this context, the main outcome of interest of this study was STEMI
because of its strong association with short-term CV mortality. Although
based on a retrospective analysis, our study provides robust evidence
not only of an association between reduction in the incidence of STEMI
and prior statin therapy in individuals 65-75 years and in those 76 years
and above who had not yet experienced a CV event, but also suggests a
decreased risk of death among people with STEMI who have undergone
treatment with statins before the index events.

Although we cannot identify the mechanism of the associations be-
tween reduced incidence and mortality from STEMI and prior statin
therapy, our data suggest that some hypotheses can be discounted. The
association is not attributable to age, diabetes, or impaired renal func-
tion,>>%¢ as we created a sample in which treatment was independent of
the above measured baseline covariates. The association does not reflect
a proxy for more unrecognized coronary artery disease and worse out-
comes in statin non-users, since in our study the angiographic severity of
coronary artery disease was similar in statin users and non-users.

A possible mechanism may involve the potential pleiotropic actions of
statins. Animal studies demonstrated changes in plaque structure includ-
ing reduction of macrophage numbers and matrix metalloproteinase-1
expression and increases in interstitial collagen content resulting in in-
creased plaque s'cability.27 Stabilization of atherosclerotic plaques trans-
lates into reduction of platelet aggregation, a chief factor influencing the
degree of coronary occlusion, and distal embolization of plaque

materials, a major culprit for microvascular dysfunction and related in-
farct expansion.”® Direct cardioprotective effects of statins have been
reported at ischaemic biomarker level, cardiac function, and remodelling
after experimental Ml followed by cardiac magnetic resonance imag-
ing 2"

Another source of uncertainty merit attention. Data on sex difference
in the primary prevention in the elderly are lacking as most primary pre-
vention trials and observational studies included few women and the
vast majority of these studies provided no sex-specific results.>? We
compared in our analysis the older and the very older populations and
identified sex-specific differences in response to statins. In the age group
65-75 years, the greatest gain was attained in male subjects with a 20.7%
absolute risk reduction of STEMI, which was statistically significant, com-
pared with a 5.9% absolute risk reduction seen in women, which was not
significant. There was a significant interaction by sex. On the other hand,
in the age group 76 years or older, the absolute risk in women was re-
duced by 17.1% compared with a 13.7% in men with no significant inter-
action by sex. There was thus good evidence to support a different
treatment effect in the older women vs. men, but not in the very older
women vs. men. The reasons for the less pronounced benefit of statins
in women 65-75years old are not known. It should not go unnoticed,
however, that 6575 years old is the age group in which myocardial in-
farction can be considered premature in women."*** When the poten-
tial benefit is low, the number of women needed to be treated to
prevent a major CV disease event is generally higher than that for men.

Additionally, women who develop myocardial infarction prematurely
may be those who are highly predisposed to the disease. Genetic suscep-
tibility to coronary heart disease in women is strongest up to 75 years
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Table 3 Inverse probability of treatment weighting: outcomes sorted by sex and statin use before index event in patients
aged 65-75 years

Characteristics Women Men
e S S e S S
users non-users difference users non-users difference

.............................................................. N=186 N8BT e NT320 L N89S e,
Age, years 69.8+2.8 69.7+29 0.0191 69.2+33 69.0+29 0.0670
Cardiovascular risk factors

Diabetes 344 327 0.0363 29.6 242 0.0884

History of hypertension 80.4 76.1 0.0659 67.6 65.5 0.0709

History of hypercholesterolaemia 451 417 0.0674 34.6 358 -0.0252

Current smokers 27.7 245 0.0740 335 35.1 -0.0333

Former smokers 7.8 89 -0.0415 21.2 183 0.0445
Clinical history

COPD 59 7.3 -0.0565 5.1 6.0 -0.0414

Chronic kidney disease 7.0 7.0 0.0006 32 43 -0.0535
Medications before admission

Aspirin 231 19.8 0.0791 19.8 18.8 0.0255

ACE-inhibitors/ARBs 50.5 47.0 0.0713 352 35.6 -0.0085

Beta-blockers 26.8 27.6 -0.0190 219 209 0.0242
Angiographic findings

Multivessel disease 432 428 0.0073 54.2 50.0 0.0848
Outcome P-value P-value

STEMI 58.7 64.6 0.1400 44.6 65.3 <0.0001

Risk ratio (95% ClI) 0.78 (0.56-1.08) 0.1316 0.43 (0.34-0.54) <0.0001

Data are percentages or means * standard deviation unless stated otherwise.
ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers; COPD, chronic obstructive pulmonary disease; STEMI, ST-elevation myocardial infarction.

Table 4 Inverse probability of treatment weighting in patients with STEMI on admission: clinical factors and outcomes sorted
by statin use before index event and age

Characteristics Age 65-75 years Age >76 years

Statin Statin Standardized Statin Standardized
users non-users difference users difference

.............................................................. N=270  .NZ1826 e WNTAST L UNZA293 e,
Age, years 69.0+3.0 69.2+29 -0.0549 794+35 80.0+4.4 -0.1513
Female sex 413 323 0.1873 48.0 47.7 0.0051
Cardiovascular risk factors

Diabetes 327 26.5 0.1361 26.5 26.7 -0.0029

History of hypertension 7.7 66.5 0.1757 70.6 717 -0.0250

History of hypercholesterolaemia 414 373 0.0839 36.0 31.7 0.0903

Current smokers 30.6 343 -0.0810 211 15.5 0.1461

Former smokers 19.7 131 0.1784 13.0 11.6 0.0444
Clinical history

COPD 6.7 6.1 0.0264 6.0 7.6 -0.0603

Chronic kidney disease 4.8 4.8 -0.0005 127 10.0 0.0867
Medications before admission

Aspirin 20.4 16.2 0.1076 241 20.3 0.0925

ACE-inhibitors/ARBs 459 36.3 0.1950 431 413 0.0376

Beta-blockers 233 220 0.0311 354 26.3 0.1977
Angiographic findings

Multivessel disease 47.8 47.7 0.0025 58.6 588 -0.0041
Outcome P-value P-value

30-day mortality 25 6.3 0.0005 8.2 184 <0.0001

Risk ratio (95% Cl) 0.37 (0.17-0.82) 0.0148 0.39 (0.23-0.68) 0.0008

Data are percentages or means * standard deviation unless stated otherwise.
ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers; COPD, chronic obstructive pulmonary disease; STEMI, ST- segment elevation myocardial infarction.
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old and is independent of other risk factors for CV disease. While the
evaluation of such mechanisms is beyond the scope of our study, it may
be possible that heritable hypercoagulable states may support increased
liability for thrombosis and facilitate myocardial infarction in women, 33
It should not surprise us, therefore, that statins, which act mainly by low-
ering LDL-C, should confer less benefit in women. Clearly, additional re-
search is needed to confirm (or not) whether the observed sex
differences reflect true biological effect.

A second issue of importance relates to the role of diabetes. A relatively
recent retrospective cohort study suggested that the presence of diabetes
might be necessary to confer CV benefit in people aged over 75%; how-
ever, this analysis did not test for the heterogeneity of treatment effects
through interaction terms and the confidence intervals in diabetic patents
vs. non-diabetic patients overlapped the two estimates. In addition, be-
cause the composite CV outcome measure of such population was mainly
constituted by coronary revascularization, this study primarily identified
the effects of statin on the prevention of revascularization, not on the
determinants of the ‘natural history’ of disease, namely myocardial infarc-
tion and death. As so, trade-offs remain uncertain. In this study, statins
were associated with a remarkable reduction in the incidence of STEMI on
admission in diabetic patients independently of their older or very older
age. Still non-diabetic patients had similar benefits. It is possible that the in-
clusion of chronically ill patients with stable angina and coronary revascu-
larization in prior studies shifted the non-diabetic population at lower risk
of major adverse outcomes, such as myocardial infarction and death com-
pared with the presented results.

No treatment is without some risk. Statins can cause muscle pain and
injury and rarely diabetes, liver dysfunction, and acute renal failure.>*~*
They have also been associated with decline in cognition,”" but this evi-
dence is still unclear. Our study was addressed to search benefits, not
harms. Nevertheless, our retrospective findings may give some insights
to further our understanding on the balance between benefits and side
effects. We found that a PCE derived 10 year CV disease event risk
<10% was rarely reached by people aged 65-75years (5.5%) and by
those aged 76 years and above (0.8%). Therefore, the paradox that we
face is that the elderly people are at increased risk for CV disease and
yet they might be more sensitive to medication side effects. As so, it is a
tricky balance and we must stay on the lookout for side effects and inter-
actions, to ensure that we do not overtreat this often-vulnerable popula-
tion. Two large trials (ClinicalTrials.gov NCT04262206 and
NCT02099123) are ongoing. They both included dementia and physical
disability into the primary outcomes. As such, these trials may answer
important questions on whether there are meaningful harms associated
with use of statins in people of 70 years and older.

The outcomes from these two trials are awaited in 2023 and 2026. It
is unlikely that further trials will be performed to randomize specific sub-
groups of subjects, such as women vs. men and young old ages (65—
75 years) vs. very advanced ages (76 years or over). As so, our data have
the potential to inform clinical practice in the interim. In our study, we
noted a 10.2% absolute risk reduction in all-cause mortality in the very
old statin users presenting with STEMI. This magnitude of benefit was
nearly three times greater than that seen in old people at lower ages
(3.8%). Despite this, given the higher risk of CV events in the overall
older population, these benefits could translate to a considerable reduc-
tion in the risk of mortality in both people aged 6575 years and in those
aged 76 years and above.

This study has some potential limitations. First, residual confounding
might exist even if mitigated by matching using propensity-based meth-
ods. Second, all patients in our cohort are Caucasians, so ethnic

variations in response to statin treatment cannot be assessed. Third,
some of the risk factors were ascertained by the general practitioner,
which might have led to errors in the dataset. Nonetheless, this was the
closest attainable estimate of factors, such as blood pressure and glycae-
mic values that are potentially confounded by the severity of the disease.
Additionally, information on length of previous treatment, statin type,
and daily doses of statins was not addressed by the present analysis. We
were unable to adjust for the use of postmenopausal hormone therapy,
which may predict a favourable change in cholesterol levels of elderly
women. However, its use is not associated with substantial reduction of
coronary heart disease,* and therefore is unlikely to explain the fact
that statins confer in women approximately half the benefit that accrues
in men.

Our data are based on hospital-based patients with ACS and are
therefore unlikely to reflect the effects of statins as primary prevention
medication in entire countries or regions. Nevertheless, data were avail-
able from several countries, and as so this study is representative of a
real-world population. As a result, our overall conclusions that preven-
tive statin therapy in the elderly reduces the risk of STEMI with benefits
in mortality from STEMI is probably broadly applicable. We cannot rule
out that a number of people with STEMI may have died before presenta-
tion to hospitals. This fact would have contributed to a smaller propor-
tion of STEMI patients included in the study. Even so, the effect of statins
on prevention of STEMI and related mortality was strong and indepen-
dent of use of concomitant medications.

Finally, patients’ baseline risk was categorized using the current
USPSTF algorithm. Risk scores of other guidelines could not be used in
our study because we investigated areas outside the remit of the remain-
ing guidelines, specifically the role of statin therapy in the clinical manage-
ment of subjects without hypercholesterolaemia, but with other
conditions considered to be risk factors for CV disease, including hyper-
tension, diabetes, and smoking.4

In conclusion, preventive statin therapy was significantly associated
with a lower risk of STEMI and early mortality from STEMI in the elderly
aged 65 years and even 75 years and older with a 10% or greater 10 year
risk of developing CV disease, irrespective of the presence of a history of
hypercholesterolaemia. Benefits are less pronounced in women. Based
on these data, age is not a reason to withhold statins. In the absence of
definitive evidence from trials, we believe that our data provide sufficient
grounds for supporting the use of statins in the elderly according to
USPSTF CV risk approach and NICE recommendations.
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Translational perspective

In this register-based cohort study with match propensity-based design of patients without known prior history of CV disease, we compared statin
users vs. non-users in two age groups: 65—75 years and 76 years and older. Statin use was associated with a 13% absolute reduction in the risk of ST-
segment elevation myocardial infarction (STEMI) in patients 76 years and older irrespective of the presence of a history of hypercholesterolaemia.
Statin use was also significantly related to a 10.2% reduction in 30 day mortality from STEMI. Estimates were similar in patients aged 6575 years.
Benefits were less pronounced in women. This study demonstrates that preventive statin therapy is broadly effective at reducing the risk of major
cardiovascular events and mortality in the elderly. Results may inform future research and current guidelines.
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