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ABSTRACT

OBJECTIVE

To assess whether statin treatment is associated with
a reduction in atherosclerotic cardiovascular disease
(CVD) and mortality in old and very old adults with and
without diabetes.
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PARTICIPANTS

46864 people aged 75 years or more without clinically
recognised atherosclerotic CVD. Participants were
stratified by presence of type 2 diabetes mellitus and
as statin non-users or new users.

MAIN OUTCOME MEASURES

Incidences of atherosclerotic CVD and all cause
mortality compared using Cox proportional hazards
modelling, adjusted by the propensity score of statin
treatment. The relation of age with the effect of statins
was assessed using both a categorical approach,
stratifying the analysis by old (75-84 years) and very
old (=85 years) age groups, and a continuous analysis,
using an additive Cox proportional hazard model.
RESULTS

The cohort included 46 864 participants (mean age
77 years; 63% women; median follow-up 5.6 years).
In participants without diabetes, the hazard ratios
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WHAT IS ALREADY KNOWN ON THIS TOPIC

The efficiency of statins in reducing any cardiovascular event and also
cardiovascular mortality in secondary prevention in those aged 75 years or older
is well established

Statin prescriptions to elderly patients have increased in recent decades

Evidence on the effects of statins in primary prevention in those older than 74
years and particularly in those aged 85 years or older is lacking

WHAT THIS STUDY ADDS

Statins were not associated with a reduction in atherosclerotic cardiovascular
disease (CVD) or all cause mortality in primary prevention in people without
diabetes older than 74 years independently of age subgroup

Statins were significantly related to a reduction in incidence of atherosclerotic
CVD and in all cause mortality in people with type 2 diabetes mellitus; this effect
was substantially reduced after the age of 85 and disappeared in nonagenarians
These results do not support the widespread use of statins in old and very old
populations, but they do support treatment in those with diabetes who are
younger than 85 years
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for statin use in 75-84 year olds were 0.94 (95%
confidence interval 0.86 to 1.04) for atherosclerotic
CVD and 0.98 (0.91 to 1.05) for all cause mortality,
and in those aged 85 and older were 0.93 (0.82

to 1.06) and 0.97 (0.90 to 1.05), respectively. In
participants with diabetes, the hazard ratio of statin
use in 75-84 year olds was 0.76 (0.65 to 0.89) for
atherosclerotic CVD and 0.84 (0.75 to 0.94) for all
cause mortality, and in those aged 85 and older

were 0.82 (0.53 to 1.26) and 1.05 (0.86 to 1.28),
respectively. Similarly, effect analysis of age in a
continuous scale, using splines, corroborated the
lack of beneficial statins effect for atherosclerotic
CVD and all cause mortality in participants without
diabetes older than 74 years. In participants with
diabetes, statins showed a protective effect against
atherosclerotic CVD and all cause mortality; this effect
was substantially reduced beyond the age of 85 years
and disappeared in nonagenarians.

CONCLUSIONS

In participants older than 74 years without type 2
diabetes, statin treatment was not associated with

a reduction in atherosclerotic CVD orin all cause
mortality, even when the incidence of atherosclerotic
CVD was statistically significantly higher than the risk
thresholds proposed for statin use. In the presence
of diabetes, statin use was statistically significantly
associated with reductions in the incidence of
atherosclerotic CVD and in all cause mortality. This
effect decreased after age 85 years and disappeared
in nonagenarians.

Introduction

Cardiovascular disease (CVD) is the leading cause
of death globally.! Older populations are especially
vulnerable to CVD, with incidence and mortality rates
almost three times higher in those older than 74 years
than in younger people.? In addition, projections of
population growth anticipate that people older than 74
years will represent more than 10% of the population
in developed countries in 2050.> Consequently,
prevention of CVD in this population will be a major
worldwide health policy challenge during the next
decades.

Evidence from randomised clinical trials and meta-
analysis supports statin treatment for the secondary
prevention of CVD in those aged 75 years and older.*”
Data from meta-analyses also support statins for the
primary prevention of CVD in those aged 65 years
or more.? ° This evidence does not, however, include
people older than 74 years, and especially those older
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than 84 years—an age group that is underrepresented
in clinical trials and observational studies.'® People
aged 85 years and older represent a rapidly increasing
portion of the population worldwide and many
experience disease and disability, with heavy costs in
health and social care.!’ Recent reports from post hoc
secondary analyses of data from the Lipid-Lowering
Trial component of the Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial
(ALLHAT-LLT) showed no benefit of pravastatin in
primary prevention in adults aged 75 years and older.*

This concern also applies to older patients with type
2 diabetes mellitus—a particularly high risk group in
primary prevention of CVD. Those with longstanding
diabetes have a risk of coronary heart disease similar
to that of patients with a history of coronary heart
disease.”® Still, the benefit of statins in primary
prevention in older people with diabetes has not
been sufficiently evaluated.'” Notwithstanding this
uncertainty, the number of prescriptions for statins in
those aged 75 years or older have increased in recent
decades.' *® Moreover, current recommendations of
the most implemented guidelines on cardiovascular
prevention classify almost all patients aged 75 years
or older as eligible for statin treatment based on 10
year risk estimation, because CVD incidence (ie, risk)
is highly dependent on age.'”?°

The older population might also be more susceptible
to adverse effects and drug interactions owing to
comorbidities and polypharmacy, although these
aspects have been poorly studied.”* In this scenario,
decisions on statin use in people older than 74 years
are made individually and are not supported by high
quality evidence; further research is needed.!” We
assessed whether the use of statins was associated
with a reduced incidence of atherosclerotic CVD and
mortality in older people initially free of CVD, by type
2 diabetes and age.

Methods

We carried out a retrospective cohort study using
data from the Spanish Information System for the
Development of Research in Primary Care (SIDIAP).
This is a clinical database of anonymised longitudinal
patient records of more than six million people (80% of
the Catalan population and 10% of the total population
of Spain) registered in 274 primary care practices and
with a total of 3414 general practitioners.?? A subset
of records from general practitioners who surpass
predefined data quality standards®® constitutes the
SIDIAPY, which provides research quality anonymised
data on approximately two million patients, attended
by 1365 general practitioners, yielding nearly 14
million person years of clinical data for 2005-15.

The information recorded includes demographic
and lifestyle factors relevant to primary care settings
(eg, body mass index, smoking status, alcohol use);
clinical diagnoses, outcomes, and events (coded
according to the international classification of diseases,
10th revision); referrals and hospital discharge
information (international classification of diseases,
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ninth revision); laboratory tests; and prescribed drugs
that have been dispensed by community pharmacies.
The high quality of SIDIAP? data has been previously
validated and the database has been widely used to
study the epidemiology of several health outcomes.**2
Confidentiality in the SIDIAP? database is rigorously
assured by a standardised system of codification that
involves all possible identifier variables, which are not
available to investigators.

Study population and criteria for inclusion and
exclusion

All individuals registered on SIDIAP? aged 75 years or
older with at least one visit recorded in the electronic
medical records during the 1.5 years before the index
date were eligible for inclusion. We excluded those with
a history of CVD, defined as any of several conditions:
symptomatic peripheral arterial disease, ischaemic
and haemorrhagic stroke, heart failure, and coronary
heart disease, including non-fatal angina, non-fatal
myocardial infarction, or cardiac revascularisation. We
also excluded participants taking drugs to treat cardiac
diseases (Anatomical Therapeutic Chemical code
C01), those with type 1 diabetes and a history of lipid
lowering treatment (statins or others), and, to avoid
frailty bias, people with cancer, dementia, or paralysis,
and those receiving dialysis, living in residential care,
or with an organ transplant.

Statin use

To prevent survivor bias and covariate measurement
bias, we selected a “new users design” over “all statin
users.”?” We defined a new user as anyone who received
statin treatment (simvastatin, pravastatin, lovastatin,
fluvastatin, rosuvastatin, atorvastatin) for the first time
ever, or who initiated statin treatment with no such
pharmacy invoicing recorded during the previous 18
months. We included those with at least two invoices
for statins during the enrolment period. In descriptive
analysis, we stratified the exposure of patients to
statins according to the cholesterol reduction capacity
of these drugs: low (<30%), moderate (31-40%), high
(41-50%), and very high (>50%).%®

Study entry and follow-up

The study period started in July 2006, with enrolment
to the end of December 2007 and follow-up to the
end of December 2015. People who moved from the
primary care practices that provide data to SIDIAP,
were accordingly transferred from SIDIAP? and thus
considered to be lost to follow-up. For statin users,
index date was the date of the first statin invoice;
for non-users, we selected the index date at random
according to the distribution of the index date for statin
users.

Outcomes

We identified the onset of cardiovascular diseases
during follow-up using relevant SIDIAP? codes in both
primary care and hospital discharge records. Primary
outcomes were total mortality and atherosclerotic CVD,
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a composite of coronary heart disease (fatal and non-
fatal angina, fatal and non-fatal myocardial infarction,
or cardiac revascularisation), and stroke (fatal and non-
fatal ischaemic stroke). We also considered coronary
heart disease and ischaemic stroke separately, as
secondary outcomes.

Adverse effects

Liver toxicity and myopathy were considered
attributable to statins if they occurred within 12
months of treatment initiation. If the diagnosis of new
onset type 2 diabetes, cancer, and haemorrhagic stroke
occurred after one year we considered these more
likely to be associated with long term use and thus
attributable to statin use.?”’

Baseline covariates

We explored the variables associated with statin
prescription to determine candidate variables for the
propensity score of statin treatment. From SIDIAP?
we obtained data on age, sex, systolic and diastolic
blood pressure, body mass index, vascular risk factors

(diabetes, hypertension, hypercholesterolemia,
smoking, high alcohol consumption), other
comorbidities at baseline (atrial fibrillation,

arthritis, asthma, chronic obstructive pulmonary
disease, hypothyroidism), other drugs (non-statin
lipid lowering drugs, diuretics, p blockers, calcium
channel blockers, angiotensin converting enzyme
inhibitors, antidiabetics, anti-inflammatory drugs,
aspirin), and laboratory tests (total cholesterol,
low density lipoprotein cholesterol, high density
lipoprotein cholesterol, triglycerides, glucose, glycated
haemoglobin, glomerular filtration rate). For each
participant, we also recorded the number of visits and
a deprivation index.>®

Statistical analysis

We present categorical variables as percentages and
continuous variables as means (standard deviations)
or their 95% confidence intervals, or medians
(interquartile ranges), as appropriate.

The number of imputations performed was defined
according to efficiency and reproducibility based on
the fraction of missing information, which measures
the impact of the overall missing percentage on the
estimated hazard of interest (use of statin).’! To
replace missing baseline values of total cholesterol,
low density lipoprotein cholesterol, high density
lipoprotein cholesterol, triglycerides, glucose, systolic
and diastolic blood pressure, and body mass index, we
used 10 multiple imputations by chained equations.**
The supplementary file describes the process of
multiple imputation and the variables considered in the
models. Supplementary material (eTable1) describes
the missing data patterns. In addition to incorporating
the missing-at-random assumption, we compared
case complete results with multiple imputation as a
sensitivity analysis (see supplementary file).

Because of non-random treatment allocation, we
used a logistic model based on potential confounding
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covariates to calculate the propensity score of statin
treatment (see supplementary file for details on the
development and assessment of the propensity score
model). We calculated the propensity score separately
for participants with and without diabetes and also
within each age group, and standardised differences
before and after adjustment for propensity score.
Variables with standardised differences <0.10 were
considered to be well balanced.

Using Cox proportional hazard regression models
adjusted by propensity score, we calculated the
hazard ratios of statin use for the outcome events.
Participants were censored at the date of transfer
from SIDIAP? or at the end of the study period. For
each group (based on age and type 2 diabetes status)
in each imputed dataset we calculated 10 propensity
scores and 10 hazard ratios. A pooled hazard ratio
was then calculated according to Rubin’s rules, with
propensity score as covariate. To prevent residual
confounding we performed additional regression
adjustments after adjustment of propensity score.
Variables that remained imbalanced after propensity
score adjustment were also included in the models.
The proportionality of hazards assumption was tested.
We also calculated the absolute risk reductions and
one year number needed to treat for one additional
patient to survive without reaching an endpoint.

We analysed the data using a simulated intention to
treat scenario, where subsequent changes in treatment
of the participants who used or did not use statins did
not modify the category of use or study ending time.
In an additional sensitivity analysis, we used a Fine-
Gray semiparametric proportional subdistribution
hazards model for the main cardiovascular outcomes,
considering all cause mortality as a competitive event.
This model was also adjusted by the same propensity
score used in the Cox model.

We stratified all the analyses by diabetic status. For
the relation of age with effect of statins, we performed
two parallel statistical analyses. The first was a
categorical approach stratifying the analysis by age
group: old (75-84 years) and very old (=85 years). The
second was a continuous analysis using an additive
Cox proportional hazard model. To model the effect
of age in users and non-users separately we used thin
plate regression splines.

All statistical analyses were carried out using R
software.’? 3

Patient involvement

No patients were involved in setting the research
question or the outcome measures, nor were they
involved in the design or implementation of the study.
No patients were asked to advise on interpretation or
writing up of results. There are plans to disseminate
the results of the research to the relevant patient
community.

Results
Between July 2006 and December 2007, 46 864 people
fulfilled the inclusion criteria, of whom 7502 (16.0%)



Aged 75-84 without type 2 diabetes (n=31 916):
Statin non-users in this period (n=27 114)
Statin new users in this period (n=4802)

Aged 75-84 with type 2 diabetes (n=6641):
Statin non-users in this period (n=4885)
Statin new users in this period (n=1756)

RESEARCH

People »74 years during study period in SIDIAP? database (n=157 747)

Excluded (n=111 031):
Previous cardiovascular disease (n=51 173)
Type 1 diabetes mellitus (n=73)
Dementia, cancer, or in residential care (n=20 461)
Previous statin treatment (n=39 324)

Met inclusion criteria (n=46 864)

' '

Aged =85 without type 2 diabetes (n=7068):
Statin non-users in this period (n=6325)
Statin new users in this period (n=743)

/

Aged 285 with type 2 diabetes (n=1239):
Statin non-users in this period (n=1038)
Statin new users in this period (n=201)

/

Fig 1| Flowchart of participant selection. SIDIAP®=Information System for the
Development of Research in Primary Care

started statin treatment (fig 1). Median follow-up
was 7.7 years (interquartile range 7.2-8.0 years). The
highest fraction of missing information associated
with the hazard of interest (use of statins) was less
than 0.1. Therefore, 10 imputations would be enough
to ensure efficiency and reproducibility. Table 1 shows
the proportion of missing data for incomplete variables
and a comparison of the complete case dataset and
imputed dataset. Mean values of these variables
remained similar after multiple imputations.

Of those participants included, 7880 (16.8%)
had type 2 diabetes. Among those without diabetes,
women constituted 64.4% and the mean age was
80.8 (SD 4.7) years. Overall, 58.8% of participants
had hypertension, 11.5% were smokers, and 25.5%
had hypercholesterolemia. Close to 85% of new users
were treated with a statin of low or moderate capacity
to reduce low density lipoprotein levels. Among
participants with diabetes, 60.4% were women with
a mean age of 80.5 (SD 4.3) years. Hypertension was

present in 76.2% of participants, 13.7% were smokers,
and hypercholesterolemia was present in 29.2%. More
than 85% of statin new users with type 2 diabetes were
treated with a statin of low and moderate capacity to
reduce low density lipoprotein levels.

Tables 2 and 3 show the baseline characteristics
for statin new users and non-users by age group
and presence of type 2 diabetes. After adjustment
for propensity score, no statistically significant or
clinically relevant standardised differences were
observed.

Statin effectiveness
Number of events, event rates per 1000 person years,
and hazard ratios (95% confidence intervals) of
coronary heart disease, stroke, atherosclerotic CVD,
and mortality in the 75-84 years and 85 years or older
age groups are presented for participants without
diabetes (table 4) and for those with diabetes (table 5).
The proportionality of hazards assumption was met
in all the groups and for all the outcomes except for
coronary heart disease in the population aged 85 or
older with diabetes, in which case we considered a
time exposure interaction in evaluating the Cox model.
In participants without diabetes, the hazard ratios
for statin use were 0.94 (95% confidence interval 0.86
to 1.04) for atherosclerotic CVD and 0.98 (0.91 to 1.05)
for all cause mortality in 75-84 year olds. Similarly,
no benefit was observed for participants without
diabetes aged 85 years and older: 0.93 (0.82 to 1.06)
for atherosclerotic CVD and 0.97 (0.90 to 1.05) for
all cause mortality. In participants with diabetes, the
hazard ratios for statin use were 0.76 (0.65 to 0.89)
for atherosclerotic CVD and 0.84 (0.75 to 0.94) for
all cause mortality in 75-84 year olds. The one year
number needed to treat was 164 for atherosclerotic
CVD and 306 for all cause mortality. In participants
with diabetes aged 85 years and older, the hazard
ratios were 0.82 (0.53 to 1.26) for atherosclerotic CVD
and 1.05 (0.86 to 1.28) for all cause mortality.

Table 1 | Mean (95% confidence interval) of variables with missing data in complete case dataset (observed values)

and imputed dataset, by presence of diabetes
Variables Missing values (%)
Participants without diabetes:

Observed values Imputed values

Total cholesterol (mmol/L) 12432 (31.9)

5.5 (5.5t05.5) 5.4 (5.4105.4)

HDL cholesterol (mmol/L) 17028 (43.7)

1.6 (1.5t0 1.6) 1.5 (1.5t0 1.6)

LDL cholesterol (mmol/L) 17 138 (44.0)

3.4 (3.4103.4) 33(33t03.3)

Triglycerides (mmol/L) 15849 (40.7)

1.3 (1.2t0 1.3) 1.2(1.2t01.2)

Glucose (mmol/L) 12125 (31.1)

5.3(5.3t05.3) 5.3(5.3t05.3)

Systolic blood pressure (mm Hg) 5118 (13.1)

137.8 (137.6 to 138.0) 137.4(137.2t0 137.6)

Diastolic blood pressure (mm Hg) 5436 (13.9)

74.8 (74.7 10 75.0) 75.1(75.0t0 75.2)

Body mass index 10752 (27.6)

28.6 (28.6 t0 28.7) 28.1(28.1t028.1)

Participants with diabetes:

Total cholesterol (mmol/L) 1279 (16.2) 5.2(5.2t05.2) 5.2(5.1t05.2)

HDL cholesterol (mmol/L) 1599 (20.3) 1.4(1.4t0 1.4) 1.4 (1.4t0 1.4)

LDL cholesterol (mmol/L) 1606 (20.4) 3.2(3.1t03.2) 3.1(3.1t03.1)
Triglycerides (mmol/L) 1478 (18.8) 1.5(1.5t0 1.5) 1.5 (1.4 t0 1.5)
Glucose (mmol/L) 1183 (15.0) 7.8 (7.71t07.8) 7.7 (7.71t07.8)
Systolic blood pressure (mm Hg) 341 (4.3) 140.6 (140.2to 141.1) 140.6 (140.2 to 140.9)
Diastolic blood pressure (mm Hg) 408 (5.2) 74.7 (74.4 10 74.9) 74.6 (74.4t074.9)
Body mass index 801 (10.2) 29.4(29.2t0 29.5) 29.2 (29.1t029.3)

HDL=high density lipoprotein; LDL=low density lipoprotein.
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No type 2 diabetes

Atherosclerotic cardiovascular disease
1.4
1.2

1.0

Type 2 diabetes

]

Hazard ratio (95% ClI)
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All cause mortality
1.4
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Fig 2 | Thin plate regression splines of hazard ratios of atherosclerotic cardiovascular disease and all cause mortality
for statin use, by age, in participants with and without type 2 diabetes mellitus

Similarly, in the estimation of hazard ratios for each
year of age (fig 2), those for the use of statins remained
close to 1 in participants without diabetes and
statistically non-significant, regardless of the age, for
atherosclerotic CVD and all cause mortality. In contrast,
in participants with diabetes the hazard ratios showed a
statistically significant and clinically relevant (ranging
from 0.7 to 0.8) reduction in atherosclerotic CVD. This
reduction lost statistical significance at age 85 years.
Statins also showed a protective effect against all cause
mortality in participants with diabetes; however, this
effect began to lose statistical significance at age 82
years and definitively disappeared in participants aged
88 years or more (fig 2).

The case complete analysis showed no statistically
or clinically relevant differences from the hazard ratio
obtained in the analysis of the dataset with multiple
imputations (see supplementary eTable 2). The same
occurred with the competing risk analysis, which did
not differ from the Cox analysis (eTable 3). We observed
no significant increase of adverse events attributable to
statins (tables 4 and 5).

Discussion

Our results show a lack of association between statin
treatment and reduction in atherosclerotic CVD events
or all cause mortality in the absence of type 2 diabetes
mellitus in old and very old groups, although the
incidence (ie, risk) of atherosclerotic CVD in both age
groups (table 4) was significantly higher than the risk
thresholds proposed for statin use in the guidelines
for cardiovascular prevention.!” In participants
with diabetes, however, statins significantly reduced
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the incidence of atherosclerotic CVD, by 24%, and all
cause mortality, by 16%, in participants aged 75-84
years. No benefits were observed in participants with
type 2 diabetes in aged 85 years or older. These results
do not support the widespread use of statins in old
and very old populations, but they do support statin
treatment in selected people such as those aged 75-
84 years with type 2 diabetes. Similarly, the analysis
of the effect of age in a continuous scale using splines
corroborated the lack of beneficial effect of statins
for atherosclerotic CVD and for all cause mortality
in participants without diabetes and older than 74
years. Statins showed a protective effect against
atherosclerotic CVD in participants with diabetes,
which began to lose statistical significance at age
85 years and definitively disappeared in those aged
92 years or older. Statins also showed a protective
effect against all cause mortality in participants with
diabetes, which began to lose statistical significance
at 83 years of age and definitively disappeared
in those aged 90 years or older. These results are
clinically plausible because age itself may be the
main contributor to death at these advanced ages.
However, we acknowledge the limited sample size of
the group of participants with diabetes aged 85 years
or older, with few statin new users and few events and
therefore with limited statistical power. We cannot
rule out the possibility that this small sample was
responsible for the lack of effect observed. Larger
observational and clinical studies are needed to
elucidate the effect of statins in this subgroup. In
addition, the relatively low baseline low density
lipoprotein cholesterol level in people with diabetes
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Table 2 | Baseline characteristics of statin new users and non-users without type 2 diabetes mellitus by age group, using standardised differences
of the mean before and after adjustment for propensity score. Values are numbers (percentages) unless stated otherwise

75-84 years >85 years
Statin Statin Adjusted Statin Statin Adjusted
non-users new users Standardised standardised non-users new users Standardised standardised
Characteristics (n=27114) (n=4802) difference difference (n=6325) (n=743) difference difference
Mean (SD) age (years) 79.1(2.8) 78.8(2.7) 0.13 0.03 88.6 (3.2) 88.5(3.2) 0.06 0.05
Men 10086 1676 (34.9) 0.05 0.01 1910 (30.2) 224 (30.2) -0.00 0.03
(37.2)
Smoker 3362 (12.4) 648(13.5) -0.03 0.01 424 (6.7) 58 (7.8) -0.04 0.04
Hypertension 15536 3155 (65.7) -0.17 0.08 3713 (58.7) 496 (66.8) -0.17 0.06
(57.3)
Hypercholesterolemia 5938 (21.9) 2607 (54.3) -0.71 0.09 1069 (16.9) 314 (42.2) -0.58 0.23
Obesity 9734 (35.9) 1801 (37.5) -0.03 0.05 1493 (23.6) 203 (27.3) -0.09 0.13
Mean (SD) body mass index 28.4 (4.6) 28.6 (4.6) -0.06 0.05 27.6 (4.5) 27.1(4.3) -0.08 0.13
Mean (SD) pulse pressure 61.8(14.6) 61.7(14.8) 0.00 0.01 64.9 (16.4) 65.3(16.9) -0.02 0.03
Mean (SD) systolic blood pressure (mm Hg) 137.1(16.2) 137.4(16.3) -0.02 0.02 138.5(17.8) 138.9(17.5) -0.02 0.07
Mean (SD) diastolic blood pressure (mm Hg) 75.4 (9.1) 75.7 (9.2) -0.03 0.05 73.6 (9.6) 73.5(9.4) 0.01 0.07
Mean (SD) total cholesterol (mmol/L) 5.4 (0.9) 6.1(1.1) -0.78 0.16 5.2 (0.9) 5.9(1.2) -0.63 0.03
Mean (SD) LDL cholesterol (mmol/L) 3.3(0.7) 3.9(1.0) -0.77 0.17 3.1(0.8) 3.7 (1.0) -0.64 0.03
Mean (SD) HDL cholesterol (mmol/L) 1.5 (0.4) 1.5 (0.4) 0.00 0.02 1.6 (0.4) 1.5 (0.4) 0.07 0.02
Mean (SD) serum triglycerides (mmol/L) 1.2 (0.5) 1.4 (0.7) -0.36 0.02 1.2 (0.5) 1.4 (0.6) -0.37 0.02
Drugs:
Aspirin 2115 (7.8) 812 (16.9) -0.28 0.13 841 (13.3) 198 (26.6) -0.34 0.13
Diuretic 6209 (22.9) 1546(32.2) -0.21 0.10 1727 (27.3) 308 (41.4) -0.30 0.13
B blocker 1898 (7.0) 586 (12.2) -0.18 0.08 304 (4.8) 87 (11.7) -0.25 0.07
ACE inhibitor/ARB 9354 (34.5) 2430(50.6) -0.33 0.16 2113 (33.4) 416 (56.0) -0.47 0.15
Calcium channel blocker 2928(10.8) 831(17.3) -0.19 0.13 797 (12.6) 166 (22.4) -0.26 0.05
Non-statin lipid lowering drugs 434 (1.6) 192 (4.0) -0.14 0.07 76 (1.2) 21(2.8) -0.12 0.06
Anti-inflammatory drugs 7321 (27.0) 1714 (35.7) -0.19 0.09 1202 (19.0) 221(29.8) -0.25 0.13
Antidiabetes treatment 271 (1.0) 250 (5.2) -0.25 0.13 51 (0.8) 49 (6.6) -0.31 0.06
Statin by LDL reduction capacity:
Low (<30%) = 331 (6.9) = = = 65 (8.8) = =
Moderate (31-40%) — 3755(78.2) — — — 549 (739 — —
High (41-50%) = 691 (14.4) = = = 127 (17.1) = =
Very high (>50%) — 24 (0.5) — — — 2(0.3) — —
Comorbidities:
Atrial fibrillation 1573 (5.8) 264 (5.5) 0.01 0.01 474 (7.5) 72(9.7) -0.08 0.04
COPD 2766 (10.2) 490 (10.2) 0.00 0.01 626 (9.9) 75 (10.1) -0.01 0.05
Arthritis 352 (1.3) 62 (1.3) -0.00 0.01 70 (1.1) 5(0.7) 0.04 0.02
Asthma 1166 (4.3) 221 (4.6) -0.01 0.02 196 (3.1) 24 (3.2) -0.01 0.00
Hypothyroidism 1247 (4.6) 226 (4.7) -0.01 0.00 221 (3.5) 27 3.7) -0.01 0.07
Mean (SD) No of visits 20.1(23.2) 23.4(23.7) -0.14 0.10 18.4 (22.5) 19.6 (23.2) -0.05 0.10
Deprivation index*:
1 (most deprived) 2983 (11.0) 543 (11.3) -0.01 0.02 841 (13.3) 114 (15.3) -0.06 0.03
2 4013 (14.8) 768 (16.0) -0.03 0.03 1012 (16.7) 126 (17.0) -0.01 0.01
3 4636 (17.1) 912(19.0) -0.05 0.02 1082 (17.1) 121 (16.3) 0.02 0.03
4 4908 (18.1) 898 (18.7) -0.02 0.04 993 (15.7) 117 (15.7) 0.00 0.06
5 (least deprived) 4826 (17.8) 826(17.2) 0.02 0.01 85 (13.5) 106 (14.3) -0.02 0.01

HDL=high density lipoprotein; LDL=low density lipoprotein; ACE=angiotensin converting enzyme; ARB=angiotensin receptor blocker; COPD=chronic obstructive pulmonary disease.
*Based on census data in large Spanish cities (the MEDEA project).>®

aged 85 years or older could have contributed to the
observed lack of effect in this group.

A possible survival effect should also be considered.
Study participants had reached age 75 years with
no vascular disease, which could partially explain
the limited effect size of statin treatment observed
in this population. Finally, we cannot dismiss the
possibility that a proportion of non-statin users might
have taken statins previous to the washout period,
potentially allowing a lagged effect of some statins
that could partially explain the observed lack of
differences between users and non-users without type
2 diabetes.**

It is rather complex to establish a precise cut-off
point for the age at which statins no longer have a

beneficial effect in people with diabetes. However, in
our data the effect was substantially reduced after age
85 years and disappeared in nonagenarians.

Comparison with other studies

The effectiveness of statins for primary prevention
in people aged 75 years or older has elicited wide
controversy.’> The only clinical trial specifically
designed for elderly people, the Prospective Study of
Pravastatin in the Elderly at Risk (PROSPER), included
patients aged 70-82 years (mean 75 years), with a high
proportion of participants in secondary prevention of
CVD. Although no beneficial effect was found in the
subanalysis including only participants in primary
prevention.>®

doi: 10.1136/bmj.k3359 | BMJ 2018;362:k3359 | thebmj
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Table 3 | Comparison of baseline characteristics of statin new users and non-users with type 2 diabetes mellitus by age group, using standardised
differences of the mean before and after adjustment for propensity score. Values are numbers (percentages) unless stated otherwise

75-84 years >85 years
Statin Statin Adjusted Statin Statin Adjusted
non-users new users Standardised standardised non-users new users Standardised standardised
Characteristics (n=4885) (n=1756) difference difference (n=1038) (n=201) difference difference
Mean (SD) age (years) 79.2 (2.8) 78.8 (2.6) 0.16 0.04 88.2(2.7) 88.2 (2.8) -0.03 0.15
Men 2052 (42.0) 680 (38.7) 0.07 0.04 332 (32.0) 66 (32.8) -0.02 0.20
Smoker 718 (14.7) 270 (15.4) -0.02 0.04 85 (8.2) 13 (6.5) 0.07 0.01
Hypertension 3669 (75.1) 1377 (78.4) -0.08 0.02 787 (75.8) 166 (82.6) -0.17 0.10
Hypercholesterolemia 1065 (21.8) 938 (53.4) -0.70 0.05 233 (22.4) 7 (39.3) -0.37 0.02
Obesity 2262 (46.3) 867 (49.4) -0.06 0.01 345 (33.2) 77 (38.2) -0.10 0.03
Mean (SD) body mass index 29.4 (4.8) 29.7 (4.7) -0.08 0.00 27.5 (4.4) 28.2 (4.3) -0.17 0.04
Mean (SD) pulse pressure 65.4 (15.5) 65.9 (16.3) -0.03 0.02 68.0 (17.4) 66.3(15.2) 0.11 0.02
Mean (SD) systolic blood pressure (mm Hg) 140.3 (17.2) 141.0 (18.0) -0.04 0.01 141.0(18.5) 138.7(16.7) 0.13 0.02
Mean (SD) diastolic blood pressure (mm Hg) 74.9 (9.6) 75.1(9.6) -0.03 0.02 73.0(9.9) 72.4(10.6) 0.05 0.01
Mean (SD) total cholesterol (mmol/L) 5.0 (0.8) 5.8 (1.1) -0.84 0.20 5.0 (0.9) 5.5 (1.1) -0.42 0.22
Mean (SD) LDL cholesterol (mmol/L) 3.0(0.7) 3.7 (0.9) -0.85 0,17 3.0(0.7) 3.3(1.0) -0.40 0.19
Mean (SD) HDL cholesterol (mmol/L) 1.4 (0.4) 1.4 (0.4) 0.05 0.06 1.4 (0.4) 1.4 (0.3) 0.15 0.04
Mean (SD) serum triglycerides (mmol/L) 1.4 (0.7) 1.7 (0.8) -0.38 0.06 1.4 (0.7) 1.6 (0.9) -0.33 0.04
Drugs:
Aspirin 1045 (21.4) 543 (30.9) -0.22 0.16 227 (21.9) 73 (36.3) -0.32 0.09
Diuretic 1382 (28.3) 567 (32.3) -0.09 0.05 324 (31.2) 81 (40.3) -0.19 0.11
B blocker 474 (9.7) 216 (12.3) -0.08 0.02 63 (6.1) 21 (10.5) -0.16 0.05
ACE inhibitor/ARB 2716 (55.6) 1198 (68.2) -0.26 0.12 548 (52.8) 143 (71.1) -0.38 0.13
Calcium channel blocker 933 (19.1) 397 (22.6) -0.09 0.09 216 (20.8) 69 (34.3) -0.31 0.09
Non-statin lipid lowering drugs 220 (4.5) 104 (5.9) -0.07 0.07 23(2.2) 9 (4.5) -0.13 0.09
Anti-inflammatory drugs 1329 (27.2) 536 (30.5) -0.07 0.06 212 (20.4) 52 (25.9) -0.13 0.12
Antidiabetes treatment 3136 (64.2) 1282 (73.00 -0.19 0.11 608 (58.6) 130 (64.7) -0.13 0.02
Statin by LDL reduction capacity:
Low (<30%) = 107 (6.1) = = = 11 (5.5) = =
Moderate (31-40%) = 1398 (79.6) — = = 150 (74.6) = =
High (41-50%) = 248 (14.1)  — — — 39 (19.4) — =
Very high (»50%) — 4(0.2) — — — 1(0.5) — —
Comorbidities:
Atrial fibrillation 366 (7.5) 11 (6.6) 0.04 0.04 99 (9.5) 20 (10.0) -0.01 0.06
COPD 542 (11.1) 170 (9.7) 0.05 0.00 98 (9.4) 20 (10.0) -0.02 0.05
Arthritis 49 (1.0) 18 (1.0) 0.00 0.03 7 (0.7) 2 (1.0) -0.03 0.08
Asthma 215 (4.4) 81 (4.6) -0.01 0.00 44 (4.2) 6 (3.0) 0.07 0.05
Hypothyroidism 225 (4.6) 105 (6.0) -0.06 0.02 44 (4.2) 7 (3.5) 0.04 0.09
Mean (SD) No of visits 28.1(29.0) 30.4 (28.3) -0.08 0.09 24.9 (26.4) 27.1(26.6) -009 0.10
Deprivation index*:
1 (most deprived) 449 (9.2) 162 (9.2) 0.00 0.03 127 (12.2) 28 (13.9) -0.05 0.09
2 664 (13.6) 242 (13.8) -0.00 0.02 154 (14.8) 33 (16.4) -0.04 0.11
3 860 (17.6) 307 (17.5) 0.00 0.01 184 (17.7) 40 (19.9) -0.06 0.04
4 962 (19.7) 335 (19.1) 0.02 0.02 180 (17.3) 24 (11.9) 0.15 0.03
5 (least deprived) 1006 (20.6) 393 (22.4) -0.04 0.01 184 (17.7) 27 (13.4) 0.06 0.03

HDL=high density lipoprotein; LDL=low density lipoprotein; ACE=angiotensin converting enzyme; ARB=angiotensin receptor blocker; COPD=chronic obstructive pulmonary disease.
*Based on census data in large Spanish cities (the MEDEA project).”®

There are studies supporting the benefit of statins
on cardiovascular disease but not on mortality.
Within the JUPITER trial (Justification for Use
of Statins in Prevention: An Intervention Trial
Evaluating Rosuvastatin), a subanalysis of patients
older than 70 years (median 74 years), showed a
39% reduction of CVD in participants treated with
statins, but no beneficial effect on mortality.>’ Two
meta-analyses have also addressed the statin effect
in cardiovascular primary prevention.®’ Savarese et al
included participants older than 65 years (mean 73
years) and found that statins were associated with a
statistically significant reduction in the incidence of
myocardial infarction and stroke but not in overall
mortality.® Teng et al also included patients older
than 65 years (mean 72.7 years), but found statins
to be significantly effective only in reducing the

thelbmj | BMJ2018;362:k3359 | doi: 10.1136/bm;j k3359

incidence of myocardial infarction but not of stroke or
overall mortality.’

Finally, the HOPE-3 (Heart Outcomes Prevention
Evaluation) trial assessed the benefit of statins in those
aged 65 years or older (mean 70.8 years) and found
a protective effect on the incidence of the composite
outcome including death from cardiovascular causes
and non-fatal myocardial infarction or stroke.*®

Extrapolations of these findings to the population
aged 75 years or older should be done with caution
because all these studies included a large proportion
of participants younger than 75 years, leading the
results towards the beneficial effect of statins observed
in younger people. In a recently published post hoc
analysis of the ALLHAT-LLT study,'? which included
patients with both hyperlipidaemia and hypertension,
the authors performed a subanalysis including
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Table 4 | Hazard ratios of incident cardiovascular events and mortality and one year number needed to treat to prevent one event by use of statins in
participants without type 2 diabetes mellitus by age group: intention to treat analysis

Variables
75-84 years

Statin non-users Statin new users

Incidence rate/

No of events 1000 person years (95% CI) No of events

Incidence rate/
1000 person years (95% Cl)

Hazard ratio (95% Cl) NNT

n=27114

n=4802

Outcomes of interest:

Coronary heart disease 1328 7.1(6.7t07.5) 270 8.2(7.2t09.1) 0.94 (0.81 t0 1.09)
Stroke 2066 11.2 (10.7 to 11.6) 364 11.1(9.9t012.2) 0.94 (0.83 to 1.07)
Atherosclerotic CVD 3229 17.8 (17.2t0 18.4) 600 18.8 (17.31t020.3) 0.94 (0.86 t0 1.04)
All cause mortality 7075 37.0 (36.1t037.8) 1109 32.6 (30.7 to 34.5) 0.98 (0.91 to 1.05)
Adverse effects:
Cancer 4125 27.3(26.5t0 28.2) 730 27.1(25.2t029.1) 1.02 (0.93t0 1.11)
Haemorrhagic stroke 639 3.9 (3.6104.2) 98 3.4 (2.7 t0 4.0) 0.89 (0.70t0 1.13)
Diabetes 2133 13.8 (13.2to 14.4) 430 15.8 (14.3t017.3) 1.02 (0.90 to 1.15)
Hepatotoxicity 13 0.5(0.2t00.7) 2 0.4 (-0.2t0 1.0) 1.01 (0.20t0 4.99)
Myopathy 12 0.5 (0.2t00.7) 0 0.0 (0.0 t0 0.0) =
285 years n=6325 n=743
Outcomes of interest:
Coronary heart disease 254 7.6 (6.7 t0 8.5) 38 9.6 (6.51012.6) 0.84 (0.58't0 1.24)
Stroke 581 17.8 (16.3 10 19.2) 83 21.7 (17.0 to 26.3) 1.10 (0.85 to 1.41)
Atherosclerotic CVD 801 24.9 (23.2 10 26.6) 115 30.6 (25.0t0 36.2) 1.00 (0.80to 1.24)
All cause mortality 4077 120.0 (116.3t0 123.7) 471 116.2 (105.7 t0 126.8) 1.00 (0.90t0 1.11)
Adverse effects:
Cancer 734 28.5 (26.4 t0 30.6) 87 28.6 (22.6 t0 34.6) 0.92(0.72t0 1.17)
Haemorrhagic stroke 145 5.3 (4.4t06.1) 19 5.8 (3.2t08.4) 1.13 (0.67 to 1.92)
Diabetes 336 12.6 (11.3t0 14.0) 41 13.1(9.1t0 17.1) 0.87 (0.60t0 1.26)
Hepatotoxicity 0 — 0 — —
Myopathy 7 1.1 (0.3 t0 2.0) 0 = = =

CVD=cardiovascular disease.

726 people aged 75 years or older (375 receiving
pravastatin and 351 receiving usual care) and found
no reduction in all cause mortality or in CVD. Our
results in participants without type 2 diabetes are in
line with those of the ALLHAT-LLT study.

However, no previous studies had specifically
analysed the effect of statins in people with diabetes
aged 75 years or older, and we found a different
scenario from that observed in participants without
type 2 diabetes: the observed benefits were not only
statistically significant but also clinically relevant,
because statin treatment was associated with an
absolute reduction in cardiovascular events of about
7 per 1000 people treated for one year and more
than 3 per 1000 individuals treated for one year
in overall mortality in the group aged 75-84 years.
These results are in accordance with the idea that
diabetes increases the risk of vascular events and
mortality regardless of age, and this increase is even
more pronounced in people who have had diabetes
long term,* or when multiple cardiovascular risk
factors coexist,*® as is common among older people.
In our study, participants with type 2 diabetes had a
higher prevalence of other cardiovascular risk factors
(hypertension, hypercholesterolemia, tobacco use,
obesity) than the general population of the same age
(tables 2 and 3), and the incidence of cardiovascular
disease in those with diabetes was more than 50%
higher than in those without diabetes.

Implications of findings
Our results support the need to individualise the
decision making process about statin treatment in

old and very old populations. Tools exist to predict
CVD risk in patients aged up to 79 years,” or even
84 years,** but older populations are heterogeneous,
with diverse life expectancy, different degrees of
frailty or special comorbid conditions, and use of drug
combinations. Thus, specific risk prediction tools are
more appropriate for these older people.*? Shorter
term (ie, five year) prediction tools may be reasonable
in older people, because life expectancy at older ages
is limited.*® Inclusion of information about functional
capacity in the risk prediction also could make sense
because Cruz et al reported that everyday functional
capacity has a greater impact on 10 year mortality
risk in very old people compared with traditional
cardiovascular risk factors.**

Following current guidelines, most of the population
in our study would be suitable candidates for statin
treatment because the incidence of CVD in the control
group was well above the risk threshold of 10%.
However, statins were only protective in those with
type 2 diabetes and younger than 85 years. Thus, our
results do not support these recommendations in old
and very old people without diabetes, and they raise an
important question: whether the current risk threshold
for statin indication (10% risk of atherosclerotic CVD
at 10 years) is appropriate in this population.

Adverse effects

Statin use was not associated with an increased
risk of myopathy, liver toxicity, or incidence of type
2 diabetes. An increased incidence of diabetes,*® ¢
myopathy,”” and hepatopathy*® has been reported,
mostly in intensive regimens; in our study, 85% of
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Table 5 | Hazard ratios of incident cardiovascular events and mortality and one year number needed to treat to prevent one event by use of statins in

participants with type 2 diabetes mellitus by age group: intention to treat analysis

Statin non-users

Statin new users

Incidence rate/

Incidence rate/

Variables No of events 1000 person years (95% Cl) No of events 1000 person years (95% ClI) Hazard ratio (95% ClI) NNT
75-84 years n=4885 n=1756
Outcomes of interest:
Coronary heart disease 385 12.4(11.2t013.7) 125 10.6 (8.7 t0 12.5) 0.75 (0.60t0 0.94) 341
Stroke 525 17.1 (15.6 to 18.5) 165 14.2 (12.0to 16.4) 0.81 (0.66 t0 0.99) 384
Atherosclerotic CVD 865 29.2 (27.2t031.1) 271 24.0 (21.1t026.8) 0.76 (0.65t0 0.89) 164
All cause mortality 1752 54.5(52.0t0 57.1) 503 41.5 (37.9 to 45.2) 0.84 (0.75 t0 0.94) 306
Adverse effects:
Cancer 733 29.3 (27.2t0 31.4) 258 26.7 (23.4 10 30.0) 0.93 (0.79 to 1.10) =
Haemorrhagic stroke 157 5.8 (4.9t06.7) 49 4.8 (3.4106.1) 0.96 (0.67 to 1.38) —
Hepatotoxicity 1 0.2 (-0.2t00.6) 3 0.6 (-0.1t0 1.3) — —
Myopathy 1 0.2 (-0.2t0 0.6) 0 — — —
285 years n=1038 n=201
Outcomes of interest:
Coronary heart disease 57 11.5 (8.5 t0 14.6) 14 13.9 (6.6t021.1) 1.15 (0.58 t0 2.28) —
Stroke 107 22.1(17.9t0 26.3) 16 15.8 (8.1t0 23.6) 0.66 (0.37 t0 1.17) =
Atherosclerotic CVD 159 33.5(28.2t0 38.7) 30 30.6 (19.6 to 41.5) 0.82 (0.53 t0 1.26) =
All cause mortality 696 137.0 (126.8t0 147.2) 140 134.6 (112.3t0 156.9) 1.05 (0.86 to 1.28) =
Adverse effects:
Cancer 117 31.0 (25.4 to 36.7) 17 21.3(11.2t0 31.4) 0.64 (0.37 to 1.10)
Haemorrhagic stroke 18 4.4 (2.4106.5) 7.3(1.41012.8) 1.96 (0.67 t0 5.75) —
Hepatotoxicity 0 — — — — —
Myopathy 1 1.0 (-0.98 to0 3.0) 0 = = =

CVD=cardiovascular disease.

statin regimens were of low to medium potency.
Additionally, mild myopathy or hepatopathy could be
underestimated in electronic medical records. In line
with previous studies, our results showed no increased
risk of cancer or haemorrhagic stroke associated with
statin use.”” °° Even so, the possibility that longer
duration of statin use might have shown an increased
incidence of diabetes, cancer, or haemorrhagic stroke
cannot be dismissed.

Study characteristics and limitations that merit
consideration
A major strength of this study was the high quality,
internally validated, database of electronic medical
records that provided a large sample size, ensured
high external validity,>* and reflected real life clinical
conditions by including participants often excluded
from clinical trials. For instance, the high proportion
of women in our study coincides with the general
population in this age group.”’® Furthermore, data
on statin use were obtained from official pharmacy
invoicing records of the national health service.
Several general limitations are inherent to
observational studies using medical records. Firstly,
residual confounding is a possibility, especially by
indication; we used a new users design and then
adjusted by propensity score in each age group and
stratum of type 2 diabetes status. Additionally, we used
sample restriction (excluding patients with cancer,
dementia, or paralysis and those receiving dialysis,
in residential care, or with an organ transplant) to
reduce the healthy user bias.>? Despite these efforts, we
acknowledge that some residual confounding might
exist. This would affect the results because propensity
score adjustment can account for some confounding

thelbmj | BMJ2018;362:k3359 | doi: 10.1136/bm;j k3359

but not all. The lack of data indicating ethnicity is
another limitation of the study. Our database does
not include this variable. Although ethnicity could
potentially affect the study results, it is reasonable
to assume that the study population is mostly white.
In Catalonia, the immigrant population is known to
represent a small percentage (<3.5%) of the reference
population older than 74 years—that is, most of
the population is white. Secondly, missing data can
influence results. We imputed the missing values of the
continuous variables in the study to avoid the selection
bias that might occur when excluding such records.
The percentage of missing data ranged from 4.3%
(systolic blood pressure) to 20.4% (low density
lipoprotein cholesterol) in participants with type 2
diabetes, and from 13.1% (systolic blood pressure)
to 43.9% (low density lipoprotein cholesterol) in
participants without diabetes, and the characteristics
of the complete case analysis did not differ from those
of the imputed data (eTable 2). Thirdly, we could not
analyse the effect of statins on cardiovascular death, as
cause of death is not available in the SIDIAP? database.
We also cannot exclude some underreporting of
outcomes, which could lead to non-differential
misclassification and reduce statistical power, biasing
the results towards the null hypothesis. This issue is
especially relevant for the incidence of hepatotoxicity,
myopathy, myalgia, fatigue, or weakness, which have
an important impact on older people’s quality of life.
Future studies should strive to involve patients in
evaluating statin use to capture their point of view
and experience with the drug. Fourthly, we applied
prescription time-distribution matching: random
index dates were assigned to the non-users matching
the distribution of the users’ date of first prescription.
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This prevents an imbalance in prescription time-
distribution between the two groups, which can
generate a survival bias.’® Finally, limited statistical
power was a weakness in our study, which restricts
the possibility of performing a comparative analysis of
some subgroups, such as patients receiving treatment
with high or very high versus moderate to low intensity
statins.

These results, based on observational data, may
not provide enough grounds for direct clinical
recommendations, but they do show the need for
randomised clinical trials to further elucidate this
problem. Statins for Reducing Events in the Elderly
(STAREE study) is a promising ongoing trial on CVD
primary prevention that compares atorvastatin (40 mg)
with placebo in healthy people older than 70 years,**
but until publication of the STAREE results, expected
in 2022, our findings may help to make decisions in
clinical practice. Ethnicity differences, sociocultural
aspects, lifespan, and characteristics of health systems
should be considered when extrapolating these results
to other countries. The population lifespan in Catalonia
at birth (83.2 years) is higher than the average lifespan
in Europe (80.6 years),”" and the public health system
provides universal healthcare, including prescriptions,
to the whole population, including the present study
population (>74 years old).

Conclusions

The effect of statin treatment in primary prevention in
the older population varies depending on the presence
of type 2 diabetes. Statins were not associated with a
reductioninatherosclerotic CVD orinall cause mortality
in participants without diabetes aged 75 years or older
and free of clinical CVD. In participants with type 2
diabetes, however, statins were significantly related
to a reduction in the incidence of atherosclerotic CVD
and in all cause mortality. This effect was substantially
reduced after the age of 85 years and disappeared in
nonagenarians.

These results do not support the widespread use
of statins in old and very old populations, but they
do support treatment in those with type 2 diabetes
younger than 85 years.
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