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Aims The role of statin therapy in primary prevention of cardiovascular disease in persons older than 75 years remains a
subject of debate with little evidence to support or exclude the benefit of this treatment. We assessed the effect
of statin discontinuation on cardiovascular outcomes in previously adherent 75-year-olds treated for primary
prevention.

...................................................................................................................................................................................................
Methods
and results

A population-based cohort study using French national healthcare databases was performed, studying all subjects
who turned 75 in 2012–14, with no history of cardiovascular disease and with a statin medication possession ratio
>_80% in each of the previous 2 years. Statin discontinuation was defined as three consecutive months without
exposure. The outcome was hospital admission for cardiovascular event. The hazard ratio comparing statin discon-
tinuation with continuation was estimated using a marginal structural model adjusting for both baseline and time-
varying covariates (cardiovascular drug use, comorbidities, and frailty indicators). A total of 120 173 subjects were
followed for an average of 2.4 years, of whom 17 204 (14.3%) discontinued statins and 5396 (4.5%) were admitted
for a cardiovascular event. The adjusted hazard ratios for statin discontinuation were 1.33 [95% confidence interval
(CI) 1.18–1.50] (any cardiovascular event), 1.46 (95% CI 1.21–1.75) (coronary event), 1.26 (95% CI 1.05–1.51)
(cerebrovascular event), and 1.02 (95% CI 0.74–1.40) (other vascular event).

...................................................................................................................................................................................................
Conclusion Statin discontinuation was associated with a 33% increased risk of admission for cardiovascular event in 75-year-

old primary prevention patients. Future studies, including randomized studies, are needed to confirm these findings
and support updating and clarification of guidelines on the use of statins for primary prevention in the elderly.
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Introduction

The use of statin therapy for secondary prevention has been clearly
established in all age groups. However, the role for statin therapy in

primary prevention in the elderly remains a subject of debate, with lit-
tle evidence for or against its benefit.1–4

The available evidence is mainly derived from subgroup and post
hoc analyses of the data of randomized trials.5–8 The results of these
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analyses in elderly individuals treated for primary prevention are in-
consistent in terms of the effect on cardiovascular morbidity, while
most studies reported a non-significant effect of statin therapy on all-
cause mortality. Two relevant interventional studies have recently
been launched, but their findings are expected only after 2020.9

Consequently, the European guidelines on the management of
dyslipidaemias and on cardiovascular disease prevention in clinical
practice, respectively, provide no recommendation for or against sta-
tin use for primary prevention in persons older than 75 years and the
2018 American College of Cardiology–American Heart Association
(ACC-AHA) guidelines simply recommend a shared decision-making
process between clinicians and these patients that targets individual-
ized decisions, with regular reassessments over time.10–12 However,
for older adults with a coronary artery calcium (CAC) score of 0, the
likelihood of benefits from statin therapy does not outweigh the risks,
according to the ACC-AHA guidelines. The three guidelines under-
line that in older patients lipid-lowering medication should be started
at a lower dose than in younger subjects.

A particularly relevant practical question is whether existing statin
therapy can be stopped in older people with no history of cardiovas-
cular disease. This issue currently concerns a large proportion of the
population over the age of 75 years as well as large numbers of peo-
ple under the age of 75 years currently taking evidence-based treat-
ment with statins and reaching ages for which only limited evidence
of efficacy is available.13,14 None of the above mentioned guidelines
provide specific recommendations for statin discontinuation for pri-
mary prevention in persons older than 75 years, except in older
adults with severe age-related management complexities. To the
best of our knowledge, no study has evaluated the impact of discon-
tinuing primary prevention with statin therapy in older people.

We therefore conducted a study to assess the effect of statin dis-
continuation on cardiovascular outcomes in patients who turned 75
in 2012–14, previously adherent to statin therapy for at least 2 years
with no history of cardiovascular disease, using the French healthcare
databases.

Methods

Study design and data source
This retrospective cohort study was based on data derived from the
French national health insurance claims database [Système National
d’Information Inter-Régimes de l’Assurance Maladie (SNIIRAM)], which con-
tains information on all health spending reimbursements and which is
linked to the French hospital discharge database.15 Hospital discharge
diagnoses and diagnoses related to specific health insurance benefits are
recorded using the International Classification of Diseases, 10th revision
(ICD-10). Clinical procedures are coded according to the French proced-
ure classification [Classification Commune des Actes Médicaux (CCAM)] and
drugs are coded according to the Anatomical Therapeutic Chemical
(ATC) classification. Information on individual drug use is usually not
available for patients admitted to hospital or a skilled nursing home with
an internal pharmacy. Apart from these exceptions, comprehensive data
are available for statin use, in particular, as statins are available by pre-
scription only and all statin prescriptions are reimbursed. This study was
approved by the French data protection agency [Commission Nationale de
l’Informatique et des Libertés (CNIL)]. All databases used in this study only
contain anonymous patient records.

Study population
All patients who turned 75 in 2012–14 and with a statin medication pos-
session ratio (MPR) of at least 80% in each of the previous 2 years were
eligible (Figure 1, Take home figure). Patients with a diagnosis of cardiovas-
cular disease or a related in-hospital procedure in the previous 2 years
(codes in Supplementary material online, Table S1) and patients taking at
least one of the following treatments during this period were excluded:
(i) combined use of aspirin and another antiplatelet agent, (ii) combined
use of antiplatelet agent, b-blocker, and angiotensin-converting enzyme
inhibitor (ACEI) or angiotensin II receptor blocker (ARB) or aliskiren, and
(iii) long-term treatment with an antiplatelet agent other than aspirin (at
least three prescriptions filled over 1 year). Time was divided into calen-
dar months, where month 0 refers to the month of the person’s 75th
birthday.

Exposure
Statin exposure was modelled as a time-varying variable and was initially
measured on a daily time-scale (days covered by the prescription) as
described in detail in Supplementary material online, Table S2. Statin ther-
apy was considered to be discontinued when the person presented three
consecutive months without exposure.

Outcome variables and follow-up
The outcome was hospital admission for a cardiovascular event (ICD-10
and CCAM codes in Supplementary material online, Table S1, classified as
coronary, cerebrovascular, and other vascular events).

Follow-up started at month 3 and continued until: (i) outcome, (ii) cen-
soring for resumption of statin therapy after discontinuation, admission
to a skilled nursing home with an internal pharmacy, or death, or (iii)
December 2015, whichever occurred first (Figure 1).

Covariates
Baseline covariates included sex, deprivation index of the area of resi-
dence, residence in a skilled nursing home (without an internal phar-
macy), cardiovascular drug use, comorbidities, frailty indicators, and
hospital admission (total length of stay, elective, or emergency admission).
Corresponding time-varying covariates were assessed monthly during
follow-up. Detailed definitions are presented in Supplementary material
online, Table S3.

Statistical analysis
A weighted Cox proportional hazard model (a so-called marginal struc-
tural Cox model) was used to estimate the hazard ratio (HR) of statin dis-
continuation vs. continuation, controlling for baseline and time-varying
confounding.16–18 Each patient’s contribution to the risk set for a given
month t was weighted by the inverse of the probability of the patient’s
treatment history taking into account the patient’s covariate history. In
order to also correct for potentially informative censoring at the time of
treatment resumption, the patient’s initial weight was multiplied by the in-
verse probability of remaining uncensored up until month t, taking into
account the patient’s covariate history. Details, including information on
weight truncation, are provided in Supplementary material online, Figure
S1 and Table S2. All baseline and time-varying covariates listed in Table 1
and Supplementary material online, Table S4, as well as the year of the
75th birthday, were used for weight calculation (except for the use of
other lipid-lowering agents during follow-up, as it is strongly recom-
mended to omit weak confounders that are strongly associated with
treatment17).

Predefined subgroup analyses, including tests for effect heterogeneity,
were performed, as well as analyses separately considering hospital
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.admission for coronary, cerebrovascular, and other vascular events, each
with censoring at admission for one of the two other types of cardiovas-
cular event.

Sensitivity analyses focused on the impact of weight truncation and the
role of the various covariates in adjustment, as well as the impact of the
definition of statin discontinuation and the sensitivity with respect to the
use of other lipid-lowering agents during follow-up.

In complementary analyses, conventional multivariate Cox analyses
were performed and hospital admission for renal colic (ICD-10 codes
N20, N21, N23) was used as a negative control outcome to evaluate the
healthy-adherer effect.

All calculations were performed using SAS, version 9.2 software (SAS
Institute Inc.). P < 0.05 (two-tailed) was considered to be statistically
significant.

Results

A total of 120 173 patients were included in the study (Figure 2). The
mean duration of follow-up was 2.4 years (maximum 4 years).
Baseline and time-varying characteristics are summarized in Table 1
and described in detail in Supplementary material online, Table S4.
A total of 5396 patients were admitted for cardiovascular events,
corresponding to a crude incidence rate of 2.1 per 100 patient-years.
These patients comprised 2299 patients with a coronary event
[including 1233 with ICD-10 diagnosis code I20 (Angina pectoris) and
542 with I21 (Acute myocardial infarction)], 2328 other patients with
a cerebrovascular event [931 with ICD-10 code I63 (Cerebral infarc-
tion), 525 with G45 (Transient cerebral ischaemic attacks and related
syndromes), and 521 with I65 (Occlusion and stenosis of precerebral

arteries, not resulting in cerebral infarction)] and 769 other patients
with another vascular event [324 with ICD-10 code I74 (Arterial em-
bolism and thrombosis)]. A total of 3243 patients died during follow-
up with no previous admission for cardiovascular events, including
1005 (31.0%) patients who died outside of hospital.

Statin exposure and predictors of
discontinuation and resumption
Total follow-up was 3 067 730 patient-months, including 176 373
(5.7%) patient-months after discontinuation of statin therapy.

The most important factors related to statin discontinuation were
hospital admission during follow-up [adjusted odds ratio (aOR) up to
3.28], admission to a skilled nursing home (aOR 2.66), metastatic
solid tumour (aOR 2.22), and initiation of enteral or oral feeding
(aOR 2.13). Discontinuation of ACEIs, ARBs, or aliskiren during
follow-up increased the probability of statin discontinuation (aOR
1.68), while initiation of these drugs during follow-up and continu-
ation of baseline use both decreased this probability (aOR 0.89 and
0.75, respectively). A similar impact on statin discontinuation was
also observed for most other cardiovascular drugs. Important factors
related to subsequent resumption of statin therapy were use of anti-
platelet agents other than aspirin (aOR 2.04), use of oral antidiabetic
agents (aOR 1.54), use of insulin (aOR 1.52), metastatic solid tumour
during the previous 2 years (aOR 0.42), and residence in a skilled
nursing home (aOR 0.33). The estimated exposure model and the
estimated model of treatment resumption are described in detail in
Supplementary material online, Table S5. Note that these models de-
termine the weights used to estimate the effect of statin

Figure 1 Diagram of the study design. Patients with an outcome or censoring event before the start of follow-up at month m = 3 were excluded.
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker.

3518 P. Giral et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article-abstract/40/43/3516/5540819 by BIU
S Jussieu user on 22 N

ovem
ber 2019

https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz458#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz458#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz458#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz458#supplementary-data


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..discontinuation consequently allowing adjustment for all of the
abovementioned factors.

Among the 17 204 patients who discontinued statin therapy, 7336
(42.6%) resumed statin therapy during follow-up.

Cardiovascular events after statin
discontinuation
The crude HR for admission for a cardiovascular event, comparing
statin discontinuation vs. continuation, was 1.26 (95% CI 1.14–1.40),
while the adjusted HR was 1.33 (95% CI 1.18–1.50). Four years

after the 75th birthday, the corresponding adjusted cumulative
incidence rate was 10.1% (95% CI 8.8–11.3%) for statin discon-
tinuation vs. 7.6% (95% CI 7.3–7.9%) for statin continuation
(Figure 3, Take home figure).

Subgroup analyses based on baseline characteristics showed no
significant effect heterogeneity across sex, diabetes, antihypertensive
drug use, presence of at least one of the comorbidities, and frailty
indicators considered or intensity of statin therapy (Figure 4). In
patients with diabetes at baseline, the estimated effect of statin dis-
continuation was not statistically significant.

Assessment of study outcome
Hospital admission for cardiovascular event

Dec. 2015

75th birthday 

metropolitan France)

Start of 
follow-up

Month m=3

End of follow-up

Jan. 2012 Jan. 2013

-5 -4 -3 -2 0-1 1 2 3 4 5 7 8 9 10

Sta�n medica�on 
possession ra�o ≥ 80%

Between m=-12 and m=-1

Sta�n medica�on 
possession ra�o ≥ 80%

Between m=-24 and m=-13

No in-hospital diagnosis, clinical procedure or drug 
therapy sugges�ve of secondary preven�on

Between m=-72 and m=-1

Time is divided into calendar months,
m=0 referring to the month of the 75th birthday

Principal result

Sta�ns discon�nued

Sta�ns con�nued

Hazard ra�o 1.33 (95% CI, 1.18-1.50)

Assessment of study outcome
Hospital admission for cardiovascular event

Dec. 2015

75th birthday

metropolitan France)

Start of
follow-up

Month m=3

End of follow-up

Jan. 2012 Jan. 2013

-5 -4 -3 -2 0-1 1 2 3 4 5 7 8 9 10

Sta�n medica�on
possession ra�o ≥ 80%

Between m=-12 and m=-1

Sta�n medica�on
possession ra�o ≥ 80%

Between m=-24 and m=-13

No in-hospital diagnosis, clinical procedure or drug
therapy sugges�ve of secondary preven�on

Between m=-7277 and m=-1

Time is divided into calendar months,
m=0 referring to the month of the 75th birthday

Study design
In 2012 to 2014

(Pa�ents from the French general 
health insurance scheme living in 

(In par�cular at resump�on of sta�n
treatment a�er discon�nua�on; 

December 2015 at the latest)

...

...

Take home figure In 75-year-old primary prevention patients previously adherent to statin therapy for at least 2 years, discontinuation of sta-
tins was associated with an increased risk of admission for a cardiovascular event. Cumulative incidence functions were adjusted for confounding due
to baseline and time-varying covariates using inverse probability of treatment and censoring weighting. 95% confidence intervals are indicated by
hatched curves. Under the assumptions required by this method (see Supplementary material online, Table S2), the cumulative incidence estimated
for statin discontinuation represents the experience of the entire study population had all individuals discontinued statins right from the beginning of
follow-up. The cumulative incidence estimated for statin continuation represents the experience of the entire study population had no individuals dis-
continued statins during follow-up.
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The adjusted HR for admissions for coronary, cerebrovascular,

and other vascular events were 1.46 (95% CI 1.21–1.75), 1.26 (95%
CI 1.05–1.51), and 1.02 (95% CI 0.74–1.40), respectively
(Supplementary material online, Figure S2).

Sensitivity and complementary analyses
The results were not sensitive to the weight truncation levels used
(Supplementary material online, Table S6). Cardiovascular drug use
had the greatest impact on adjustment, followed by hospital admis-
sions during follow-up, sex, and comorbidities (Supplementary ma-
terial online, Table S7). When statin discontinuation was defined as
6 months without exposure to statins, the crude and adjusted HR for
admission for a cardiovascular event were 1.23 (95% CI 1.09–1.38)

and 1.34 (95% CI 1.18–1.53), respectively. For a 12-month gap, the
crude and adjusted HR were 1.17 (95% CI 1.01–1.36) and 1.28 (95%
CI 1.08–1.51), respectively. Sensitivity analyses concerning the use of
other lipid-lowering agents during follow-up showed consistent
results (Supplementary material online, Table S8).

The HR for admission for a cardiovascular event, estimated by a
conventional Cox model using the same baseline and time-varying
covariates, was 1.26 (95% CI 1.13–1.41) (Supplementary material on-
line, Figure S3).

Finally, no significant association was observed between statin dis-
continuation and admission for renal colic: crude and adjusted hazard
ratio (aHR) were 1.22 (95% CI 0.89–1.68) and 1.13 (95% CI 0.78–
1.63), respectively.

..............................................................................................................

....................................................................................................................................................................................................................

Table 1 Patient characteristics and medication use at baseline and at selected time intervals during follow-up

At baseline During follow-upa

Month m 5 3 Month m 5 12 Month m 5 24 Month m 5 36

(n 5 120 173) (n 5 120 173) (n 5 115 314) (n 5 71 713) (n 5 33 394)

Demographic characteristics

Male sex 49 055 (40.8) 49 055 (40.8) 46 760 (40.6) 28 530 (39.8) 12 889 (38.6)

Residence in skilled nursing home 548 (0.5) 598 (0.5) 720 (0.6) 585 (0.8) 327 (1.0)

Cardiovascular drug useb

Statins 120 173 (100.0) 119 035 (99.1) 110 461 (95.8) 66 033 (92.1) 29 936 (89.6)

Antihypertensive agents 94 882 (79.0) 91 845 (76.4) 88 602 (76.8) 55 431 (77.3) 26 084 (78.1)

Vasodilator agents 3332 (2.8) 2151 (1.8) 1970 (1.7) 1282 (1.8) 574 (1.7)

Antiarrhythmic agents 6872 (5.7) 6349 (5.3) 6231 (5.4) 3949 (5.5) 1859 (5.6)

Antiplatelet agents 29 511 (24.6) 27 968 (23.3) 27 982 (24.3) 17 997 (25.1) 8602 (25.8)

Anticoagulants 16 580 (13.8) 12 555 (10.4) 12 710 (11.0) 8287 (11.6) 4095 (12.3)

Antidiabetic agents 31 912 (26.6) 31 229 (26.0) 30 108 (26.1) 18 636 (26.0) 8620 (25.8)

Other lipid-lowering agents 2789 (2.3) 2509 (2.1) 2680 (2.3) 1949 (2.7) 903 (2.7)

Hospital admission in the 3 prior months 5756 (4.8) 6186 (5.1) 6260 (5.4) 4057 (5.7) 1890 (5.7)

Comorbidities

Cancer in preceding 2 years 5128 (4.3) 5330 (4.4) 5249 (4.6) 3347 (4.7) 1546 (4.6)

Dementia 2323 (1.9) 2477 (2.1) 2812 (2.4) 2131 (3.0) 1210 (3.6)

Chronic pulmonary disease 21 902 (18.2) 22 452 (18.7) 22 756 (19.7) 14 916 (20.8) 7383 (22.1)

Connective tissue disease 1832 (1.5) 1884 (1.6) 1954 (1.7) 1321 (1.8) 664 (2.0)

Liver disease 1198 (1.0) 1259 (1.0) 1319 (1.1) 885 (1.2) 435 (1.3)

Diabetes (diagnosis) 29 337 (24.4) 29 805 (24.8) 29 582 (25.7) 18 676 (26.0) 8811 (26.4)

Psychoses 1461 (1.2) 1485 (1.2) 1485 (1.3) 912 (1.3) 442 (1.3)

Depression 4751 (4.0) 4930 (4.1) 5177 (4.5) 3557 (5.0) 1759 (5.3)

Parkinson’s disease 1064 (0.9) 1118 (0.9) 1245 (1.1) 898 (1.3) 488 (1.5)

Frailty indicators

Malnutrition 1245 (1.0) 1467 (1.2) 1970 (1.7) 1565 (2.2) 929 (2.8)

Tendency to fall 430 (0.4) 477 (0.4) 628 (0.5) 543 (0.8) 315 (0.9)

Bed confinement status, home hospital bed,

or anti-bedsore equipment

2881 (2.4) 3103 (2.6) 3566 (3.1) 2666 (3.7) 1505 (4.5)

Wheelchair 2166 (1.8) 2305 (1.9) 2554 (2.2) 1871 (2.6) 1018 (3.0)

Data are expressed as number (column %). For cardiovascular drug use, the baseline values refer to the year preceding the 75th birthday and follow-up values refer to months
m-3 to m-1. Baseline characteristics for comorbidities and the listed frailty indicators were identified during the 6 years preceding the 75th birthday, and once detected, a
comorbidity or frailty indicator was assumed to persist until the end of follow-up, except for cancer. Details of certain characteristics, e.g. antihypertensive agents, cancer, and
previous hospital admissions (total length of stay and emergency admission), as well as additional characteristics are given in Supplementary material online, Table S4.
aData refer to patients present in the study at the beginning of the month considered. Note that follow-up started at month 3 after the month of the 75th birthday and did not
exceed month 47 and that follow-up stopped at the time of resumption of statin therapy (after discontinuation).
bStatin exposure was determined as indicated in the text, while exposure to other drugs was identified by the presence of at least one filled prescription.
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..Discussion

In this nationwide population-based study in 75-year-old primary pre-
vention patients previously adherent to statin therapy for at least
2 years, discontinuation of statins was associated with an increased
risk of admission for a cardiovascular event (þ33%). This association
was stronger for admissions for coronary events than for admissions
for cerebrovascular events (þ46% andþ26% increased risk, respect-
ively). Sensitivity analyses showed consistent results.

Statin discontinuation rate
A low statin discontinuation rate was observed in this population
with a mean follow-up of 2.8 years (14.3% of patients). Nevertheless,
as indicated in Figure 2, the underlying general population of 75-year-
old individuals was characterized by a high prevalence of statin use
and poor adherence to statin therapy: 43% were treated with statins
during the previous 2 years, but 44% of these patients had a statin
MPR < 80% for at least 1 of the 2 years. These figures are similar to
data from other studies. In the UK, prevalent statin use was observed

in 49% of individuals 80 years and older (in 2011–15) and, in the US
(in 2005–08), in 45% and 39% of men and women 75 years and older,
respectively.13,14 A recent meta-analysis of data from over 40 coun-
tries reported a 40% non-adherence rate among statin users 65 years
and older (MPR < 80% or similar criteria).19 The low discontinuation
rate in our final study population can likely be explained by the selec-
tion of patients who had been previously adherent for at least 2 years.
For patients previously adherent to statin therapy for at least 1 year,
another French study reported a probability of statin discontinuation
of 9–12% at 9-month follow-up (in which discontinuation was defined
as two consecutive months without exposure).20 Finally, some of the
predictors of statin discontinuation observed in our study, e.g. female
gender, dementia, and cancer, have also been identified in another re-
cent meta-analysis in older statin users.21

Cardiovascular events after
discontinuation of statin therapy
Some studies have tried to specifically address the value of statins in
the elderly population. The PROSPER (Prospective Study of

Exclusion: 
• 715,219 (75.9%) pa�ents who  

• Filled no sta�n prescrip�on between m=-24 and m=-1  (536,854 pa�ents) or 
• Had a sta�n MPRa < 80% between m=-24 and m=-13 or between m=-12 and m=-1 

941,954 pa�ents who turned 75 in 2012-2014
(from the French general health insurance scheme and living in metropolitan France)

226,735 pa�ents adherent to sta�n therapy during the previous two years

Exclusion:  
• 75,282 (33.2%) pa�ents with a diagnosis of cardiovascular disease or related in-hospital 

procedure between m=-72 and m=-1, comprising   
• 51,900 (22.9%) pa�ents with coronary disease 
• 23,160 (10.2%) pa�ents with cerebrovascular disease 
• 27,447 (12.1%) pa�ents with other vascular disease 

• 29,832 (13.2%) other pa�ents with drug treatment indica�ng cardiovascular diseaseb

between m=-72 and m=-1 

121,621 pa�ents treated for primary preven�on

Exclusion (constraints imposed by study design):  
• 531 (0.4%) pa�ents who experienced the main outcome before m=3
• 326 (0.3%) pa�ents who experienced a censoring event before m=3 (198 pa�ents died) 
• 591 (0.5%) pa�ents who could not be observed over the whole period from m=-72 to m=-1 

120,173 pa�ents present at the start of follow-up at m=3 

Figure 2 Patient selection flow chart. aMedication possession ratio, calculated as the sum of the days with exposure to statins over the period con-
sidered divided by the total number of days in this period. Statin exposure was determined as indicated in the text. bAt least one of the following
therapies: (i) combined use of aspirin and another antiplatelet agent (prescriptions filled on the same day), (ii) combined use of antiplatelet agent,
b-blocker, and angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker or aliskiren (prescriptions filled on the same day), (iii) long-
term treatment by an antiplatelet agent other than aspirin (at least three prescriptions filled during at least one of the 6 years before the 75th birth-
day). Time was divided into calendar months. Month m = 0 refers to the month of the 75th birthday.
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Pravastatin in the Elderly at Risk) trial5 evaluated the effect of pravas-
tatin 40 mg on the risk of cardiovascular events in people aged 70–
82 years (mean age 75 years). In the primary prevention subgroup of
3239 patients, statin therapy did not significantly reduce the incidence
of coronary heart disease and stroke vs. placebo.

Based on data from the JUPITER (Justification for Use of Statins in
Prevention: An Intervention Trial Evaluating Rosuvastatin) trial, com-
paring Rosuvastatin 20 mg vs. placebo in patients with no history of
cardiovascular disease and high C-reactive protein and low low-
density lipoprotein (LDL) cholesterol levels, subgroup analysis in the
5695 participants aged 70 years or older (median age 74 years)
showed a significant reduction of cardiovascular events (HR 0.61,

95% CI 0.46–0.82), but not all-cause mortality (HR 0.80, 95% CI
0.62–1.04).6

The meta-analysis of primary prevention by Savarese et al.,22 based
on eight trials including 24 674 people over the age of 65 years with a
mean age of 73 years concluded that statins vs. placebo significantly
reduced the risk of myocardial infarction by 39.4% (95% CI 15.3–
56.6%) and the risk of stroke by 23.8% (95% CI 7.4–37.4%), but sta-
tins did not provide any significant benefit on the risk of cardiovascu-
lar or all-cause mortality.

The recent meta-analysis by the Cholesterol Treatment Trialists’
Collaboration, based on 28 trials, included a subgroup of 6449 pri-
mary prevention patients older than 75 years.23 Within this subgroup,

Figure 3 Adjusted cumulative incidence of hospital admission for cardiovascular events according to statin use. Follow-up started at month 3 after
the month of the 75th birthday. Cumulative incidence functions were adjusted for confounding due to all baseline and time-varying covariates listed
in Table 1 and Supplementary material online, Table S4 (except for the use of other lipid-lowering agents during follow-up), plus the year of the 75th
birthday, using inverse probability of treatment and censoring weighting. 95% confidence intervals are indicated by hatched curves. Under the
assumptions required by this method (see Supplementary material online, Table S2), the cumulative incidence estimated for statin discontinuation
represents the experience of the entire study population had all individuals discontinued statins right from the beginning of follow-up. The cumulative
incidence estimated for statin continuation represents the experience of the entire study population had no individuals discontinued statins during
follow-up. CI, confidence interval; HR, hazard ratio.
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cardiovascular incidence rates of 2.7 and 2.8 per 100 patient-years
were found for the patient groups ‘statin or more intensive treat-
ment’ and ‘controls or less intensive treatment’, respectively, corre-
sponding to a rate ratio per 1 mmol/L reduction in LDL cholesterol
of 0.92 (95% CI 0.73–1.16).

In an observational study, Orkaby et al.24 considered 7213 men
aged 70 years or older from the Physicians’ Health Study and found
that baseline statin primary prevention was associated with an 18%
lower risk of all-cause mortality (aHR 0.82, 95% CI 0.69–0.98) and a
non-significantly lower risk of cardiovascular events (aHR 0.86, 95%
CI 0.70–1.06). Ramos et al. studied the impact of initiation of primary
prevention with statins at the age of 75 years or older using primary
care data in Catalonia, Spain. For the subgroup of patients aged 75–
84 years, they compared 5545 new statins users with 33 439 never
users, and found that statin initiation was not associated with a reduc-
tion of coronary heart disease and/or stroke in patients without dia-
betes (aHR 0.94, 95% CI 0.86–1.04), but with a significant reduction
in patients with diabetes (aHR 0.76, 95% CI 0.65–0.89).25

It is difficult to directly compare our results with those of these
studies due to the marked differences in terms of methodology, par-
ticularly as none of the abovementioned studies compared statin dis-
continuation vs. continuation and most studies examined patients
aged 65 or 70 years and older.

The elderly population is biologically heterogeneous in terms of
frailty, comorbidities, and functional and cognitive capacities.1,26 The
main analysis of the present study comprised adjustment for comor-
bidities and frailty indicators, but omitting these covariates from ad-
justment only slightly modified the estimated HR (Supplementary
material online, Table S7).

In our subgroup analyses, the intensity of statin therapy at baseline
had little influence on the estimated effect of statin discontinuation.
Compared to patients treated with moderate- or high-intensity statin

therapy, patients with low intensity statin therapy less often pre-
sented cardiovascular drug use at baseline (e.g. antiplatelet agents:
20.7% vs. 25.6%; antidiabetic agents: 21.1% vs. 28.0%) and a slight
lower rate of comorbidities (e.g. chronic pulmonary disease: 17.1%
vs. 18.5%). The most notable difference concerned the type of statin
used at baseline (e.g. pravastatin: 73.2% vs. 7.1%). Our comparison
between intensities of statin therapy could therefore be misleading in
the presence of heterogeneity of effects according to the type of sta-
tin. Further research on the effect of discontinuation of individual sta-
tins in older primary prevention patients is warranted.

In our study, the adjusted HR for admission for a cardiovascular
event, comparing statin discontinuation vs. continuation, was 1.14
(95% CI 0.89–1.44) and 1.41 (95% CI 1.23–1.62) depending on
whether diabetes was present at baseline or not. The difference can
be partly explained by the higher baseline risk in patients with dia-
betes. For statin continuation, the adjusted cumulative incidence rate
of admission for a cardiovascular event 3 years after the 75th birthday
was 7.6% in diabetic patients and 5.0% in non-diabetic patients. For
statin discontinuation, these rates were 10.0% and 7.2%, respectively,
which means that, compared to statin continuation, these rates were
2.4 and 2.2 percentage points higher in diabetic and non-diabetic
patients, respectively. Therefore, although the rate differences com-
paring statin discontinuation to continuation were similar in diabetic
patients and in non-diabetic patients, the relative rate increase was
lower in diabetic patients than in non-diabetic patients. Compared to
non-diabetic patients, diabetic patients had actually more often car-
diovascular drug use at baseline (e.g. antihypertensive agents: 87.7%
vs. 75.5%; antiplatelet agents: 35.1% vs. 20.5%), comorbidities (e.g.
chronic pulmonary disease: 20.5% vs. 17.3%), and frailty indicators
(e.g. wheelchair: 2.4% vs. 1.6%). However, further investigation of the
effect of statin discontinuation in older primary prevention patients
with diabetes is needed.

Figure 4 Estimated effect of statin discontinuation in patient subgroups. aLow intensity: fluvastatin 20–40 mg, pravastatin 10–20 mg, simvastatin
5–10 mg; moderate intensity: atorvastatin 10–20 mg, rosuvastatin 5–10 mg, fluvastatin 80 mg, pravastatin 40 mg, simvastatin 20–40 mg; high intensity:
atorvastatin 40–80 mg, rosuvastatin 20 mg (rosuvastatin 40 mg and simvastatin 80 mg are not available in France). The outcome was hospital admis-
sion for cardiovascular event. All patient subgroups were defined at baseline. The estimated effects were adjusted for confounding due to all baseline
and time-varying covariates listed in Table 1 and Supplementary material online, Table S4 (except for the use of other lipid-lowering agents during fol-
low-up), plus the year of the 75th birthday. The result for the fluvastatin subgroup was omitted due to the small sample size of this subgroup (a total
of 6345 patients with 11 and 277 events on statin discontinuation and continuation, respectively). CI confidence interval; HR, hazard ratio.
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Our results are consistent with the reported relationship between

LDL levels and cardiovascular risk. According to the consensus state-
ment from the European Atherosclerosis Society Consensus Panel,
there is strong and consistent evidence from genetic studies, pro-
spective epidemiologic cohort studies, Mendelian randomization
studies, and randomized intervention trials (including statin, PCSK9
inhibitor, and ezetimibe trials) that LDL is not merely a biomarker of
increased risk, but a causal factor in the pathophysiology of athero-
sclerotic cardiovascular disease.27 Observational studies and a
Mendelian randomization study demonstrated that the LDL choles-
terol level remained related to cardiovascular risk and mortality even
at an advanced age.28,29 However, multiple comorbidities, often pre-
sent in older patients, could modify the LDL-lowering effect of statins
or amplify their side effects.

Strengths and limitations

This study, based on a population of 120 173 individuals aged 75 years
at study entry derived from the comprehensive French healthcare
databases, focused on patients of a given age in order to address a
practical clinical issue: whether or not to stop statin primary preven-
tion at the age of 75.

Observational studies with time-varying exposure are particularly
challenging. One of the strengths of the present study is the use of
marginal structural models designed to appropriately correct for
time-varying confounders affected by previous exposure and for in-
formative censoring. These models are increasingly used in pharma-
coepidemiologic studies, including studies on statins.30 In this study,
they allowed, in particular, adjustment for discontinuation of other
cardiovascular drug therapies and other time-varying factors that
contributed to statin discontinuation, such as hospital admission, ad-
mission to a skilled nursing home, metastatic solid tumour, and initi-
ation of enteral or oral feeding. All recommendations on study design
to avoid time-related bias were applied and both prevalent user bias
and potential bias related to competing risks were limited, as indi-
cated in Supplementary material online, Table S2.

This real-life study presents the fundamental limitations common
to all observational studies using healthcare databases. Firstly, statin
exposure was defined by prescriptions filled, but very few patients
are likely to have not taken the dispensed pills, as all patients regularly
filled their prescriptions. Secondly, detailed medical and socioeco-
nomic characterization of patients was limited and lifestyle factors
were not available. Certain cardiovascular risk factors, such as base-
line LDL cholesterol level, tobacco use, obesity, and frailty markers,
could therefore not be taken into account. Thirdly, and related to the
second limitation, the exact reasons for statin discontinuation were
unknown. However, the presence of major cardiovascular risk fac-
tors, indicated by cardiovascular drug use, comorbidities, and frailty
indicators, was investigated both at baseline and continuously during
follow-up and their association with treatment discontinuation was
taken into account by the analytical method adopted. In particular,
discontinuation of other cardiovascular drug therapies was corrected
for. Discontinuation for statin-related adverse events was also likely
less frequent in patients who had already tolerated treatment for at
least 2 years. Moreover, analysis of hospital admissions for renal colic,
as a negative control outcome, did not indicate the presence of a
healthy-adherer bias.

Only a very small proportion of patients in the study population
may have actually been treated in the context of secondary preven-
tion, as such patients were excluded by the corresponding in-hospital
diagnoses and clinical procedures, as well as drug therapy suggestive
of secondary prevention. In fact, 28.4% of the identified secondary
prevention patients were detected only on the basis of drug therapy.
Discontinuation of statin therapy was defined as at least three con-
secutive months without exposure to statins and a potential short-
term negative impact of statin discontinuation could therefore not be
measured.

Unfortunately, the impact of statin discontinuation on cardiovascu-
lar mortality could not be studied, as causes of death were not yet
included in the available databases.

Finally, the generalizability of our findings to a broader geographical
context may also be limited because of the differences among coun-
tries with respect to the healthcare system, statin market, lifestyle,
environment, and genetics.14

Conclusion

The results of this study suggest potential cardiovascular risk reduc-
tion associated with continuing statin therapy after the age of 75 years
in persons already taking these drugs for primary prevention.
However, due to the observational nature of this study, residual con-
founding cannot be excluded. Future studies, including interventional
randomized studies, are needed to confirm these findings and sup-
port updating and clarification of guidelines on the use of statins for
primary prevention in the elderly.

Supplementary material

Supplementary material is available at European Heart Journal online.
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France. Rev Epidemiol Sante Publique 2017;65 Suppl 4:S149–S167.

16. Hernán MA, Brumback B, Robins JM. Marginal structural models to estimate the
causal effect of zidovudine on the survival of HIV-positive men. Epidemiology
2000;11:561–570.

17. Cole SR, Hernán MA. Constructing inverse probability weights for marginal
structural models. Am J Epidemiol 2008;168:656–664.

18. Westreich D, Cole SR, Tien PC, Chmiel JS, Kingsley L, Funk MJ, Anastos K,
Jacobson LP. Time scale and adjusted survival curves for marginal structural cox
models. Am J Epidemiol 2010;171:691–700.

19. Ofori-Asenso R, Jakhu A, Zomer E, Curtis AJ, Korhonen MJ, Nelson M, Gambhir
M, Tonkin A, Liew D, Zoungas S. Adherence and persistence among statin users
aged 65 years and over: a systematic review and meta-analysis. J Gerontol A Biol
Sci Med Sci 2018;73:813–819.

20. Bezin J, Francis F, Nguyen NV, Robinson P, Blin P, Fourrier-Réglat A, Pariente A,
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