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Abstract

Background and objective: There is limited evidence on the clinical effects of statins in older persons. We aimed to explore
statin use and discontinuation patterns in Danes age 70 and older.

Design: Register-based drug utilisation study.

Setting: Danish nationwide health registries.

Subjects: All Danish persons aged >70 years between 2011 and 2016.

Measurements: (1) Monthly prevalence and (2) quarterly incidence of statin use, (3) characteristics of new users, (4) total
amount of statin redeemed, (5) statin discontinuation rate between 2014 and 2016 in long-term statin users and (6) factors
associated with discontinuation.

Results: We identified 395,279 unique older statin users between 2011 and 2016. The prevalence increased from 30% in 2011
t0 33% in 2016 (23% for primary prevention and 56% for secondary prevention in 2016). The quarterly incidence fell from
11 per 1,000 persons in 2011 to 7 per 1,000 persons in 2016. The prevalence was generally stable in those 70 to 79 years. In
those aged >80 years, the prevalence increased despite decreasing incidence. The proportion of persons initiating for primary
prevention decreased from 58% in 2011 to 52% in 2016. Approximately 19% of long-term statin users discontinued therapy
between 2014 and 2016. Increasing age was the strongest predictor of statin discontinuation.

Conclusions: Approximately one in three Danes age > 70 years were taking statins in 2016. The characteristics of incident
users shifted between 2011 and 2016, with less people age 80 and older starting on statins and fewer people starting for
primary prevention.
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Key points

* Around one in three Danes 70 years and older were taking statins in 2016.

* From 2011 to 2016, prevalence increased slightly while incidence decreased.

* The characteristics of incident statin users shifted, with less initiation for primary prevention and in those 80+ years old.
* Around one in five long-term statin users discontinued therapy from 2014 to 2016.

Introduction Limitations in the statin evidence base have been highlighted

for older persons [1,2]. In particular, evidence of benefit is
Statins are used to reduce risk of cardiovascular disease,  conflicting for initiation in primary prevention, and there is
both in those with a history of cardiovascular disease (sec- little evidence among those who are frail or have multiple

ondary prevention) and those without (primary prevention).  co-morbidities [2—5]. Contemporary guidance advocates an
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individualised approach to statin use and discontinuation
among older persons [6-8]. The aim of our study was to
examine patterns of statin use, initiation and discontinua-
tion, as well as factors associated with discontinuation in
older Danes.

Methods

We described measures of statin use and discontinuation in
older persons (>70 years of age) in Denmark from 2011 to
2016.

Data sources

Data were obtained from the Danish National Prescrip-
tion Registry [9], Danish National Patient Register [10],
Population Education Register [11], Danish Civil Registra-
tion System [12] and Danish Register of Causes of Death
[13]. Codes and definitions are provided in Supplementary
Table S1.

Research questions

Extent of statin use

The total annual statin use was calculated as the total number
of defined daily doses (DDD) of all statins redeemed each
year from the Danish National Prescription Registry.

Prevalence of use

We determined the proportion of statin use per 100 persons
on the first of each month. Prevalence was determined over-
all, in 5-year age categories, by sex and by indication (primary
or secondary prevention). We identified secondary preven-
tion using ICD-10 codes for cardiovascular disease (myocar-
dial infarction, angina, ischemic heart disease, peripheral
arterial disease and ischemic stroke or transient ischemic
attack), while primary prevention users were free of cardio-
vascular disease. Statin use on the first of each month was

defined based on the days’ supply of a prescription plus 20%.

Incidence of statin use

The quarterly incidence of statin use (per 1,000 persons) was
calculated overall and according to age, sex and indication
categories defined above. The denominator was the popula-
tion on the first of each quarter who had not filled a statin
prescription in the previous five years.

Characteristics of incident statin users

We summarised the following characteristics of incident
statin users for each study year: age, sex, indication, co-
morbidities, Charlson co-morbidity score [14], concomitant
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medication use, education, marital status and region of resi-
dence. Refer to Supplementary Tables S1 and S2 for further
detail.

Rate of discontinuation in long-term statin users

Long-term users were those exposed to statins on 1 January
2014 who filled one or more statin prescriptions each cal-
endar year 2009-2013. We followed these persons until 31
December 2016 and calculated the statin discontinuation
rate over this period. Discontinuation was defined as not
filling a statin prescription during the days’ supply of the
previous prescription plus 180 days. We excluded persons
who died within 180 days of their last prescription, to
exclude those where death (or impending death) was the
reason for discontinuation. A 180-day grace period was used
to ensure that we captured true discontinuation and based
on exploration of prescription patterns (see Supplementary

Table S3).

Factors associated with statin discontinuation
among long-term users

We evaluated a priori defined factors (see Supplementary
Tables S4 and S5) associated with statin discontinuation
in those classified as discontinuers above. We used logistic
regression, reporting both crude odds ratios (OR) for each
factor and adjusted ORs after incorporating all factors into
a single model.

Approvals

Ethics approval was not required. The study was registered
at the University of Southern Denmark’s inventory (record

No. 18/15245).

Results

Extent of statin use

We identified 395,279 unique statin users age 70 or older,
filling 6,513,347 prescriptions between 2011 and 2016.
Statin use increased from 84 million DDDs in 2011 to 120
million DDDs in 2016 (Figure 1). Simvastatin was the most
commonly used statin, followed by atorvastatin, and then
rosuvastatin, with atorvastatin use increasing over time.

Prevalence

The prevalence in the overall population of Danes age 70 or
older was relatively stable (30% in 2011 and 33% in 2016;
Figure 2). Similar trends were noted for primary prevention
(21% in 2011 and 23% in 2016) and secondary preven-
tion (54 and 56%). Prevalence broken down by 5-year age
categories, sex and indication is provided in Supplementary
Figures S1-S4. In general, prevalence increased slightly in
the age groups 80 years and older and was stable in the age
groups between 70 and 79 years.
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Figure 1. Nationwide extent of statin use for Danes age 70 and
older between 2011 and 2016. Other = fluvastatin, pravastatin,

lovastatin, simvastatin + ezetimibe, atorvastatin + ezetimibe
Abbreviation: DDD = defined daily dose.

Incidence

The quarterly incidence in the overall population of Danes
age 70 or older fell from around 11 per 1,000 persons in early
2011 to around 7 per 1,000 persons in late 2016 (Figure 2).
There was a decrease in incidence for primary and secondary
prevention (Figure 2). Incidence broken down by age, sex
and indication is provided in Supplementary Figures S5-S8.

Characteristics of incident users

Characteristics of incident statin users are presented in Sup-
plementary Table S2. Statin initiators commonly had co-
morbidities such as type 2 diabetes (11-14%) or hyperten-
sion (31-33%). The median Charlson co-morbidity score
was 1 (IQR 0 to 2) across the study period, and incident
statin users redeemed a median of 6 (IQR 4 to 9) concomi-
tant medications. The proportion of incident users over the
age of 80 years dropped from 30% in 2011 to 25% in 2016.
The proportion initiating statins for primary prevention
decreased from 58% in 2011 to 52% in 2016.

Statin discontinuation in long-term users

On 1 January 2014, there were 169,038 Danes age 70 and
older who had taken a statin for 5 years or more (Sup-
plementary Table S$4). Approximately 19% discontinued
their statin between 2014 and 2016. The odds of discon-
tinuation increased with each increasing 5-year age group
(see Supplementary Table S5). The odds of discontinuation
also increased with each increasing level of Charlson co-
morbidity score (e.g. aOR 1.34, 95% CI 1.26 to 1.43, for
a score of 5+ compared to 0). Concomitant cardiovascular
medication use was associated with reduced odds of discon-
tinuation, ranging from a 15% reduction (aOR 0.85, 95%
CI0.82 to 0.87) for ACEIs/ARBs to a 22% reduction (aOR
0.78, 95% CI 0.74 to 0.82) for anticoagulants. A diagnosis
of MI (aOR 0.91, 95% CI 0.88 to 0.95) or ischemic

stroke (aOR 0.91, 95% CI 0.87 to 0.96) was also associated
with reduced odds of discontinuation. A full summary is in
Supplementary Table S5.

Discussion

Around one in three Danes age 70 and older were taking
statins between 2011 and 2016. Despite a stable preva-
lence, incident statin use dropped slightly. The proportion
of persons over 70 years of age initiating statins for primary
prevention fell. Around one in five long-term statin users
discontinued therapy between 2014 and 2016. Increasing
age was the strongest predictor of discontinuation.

Limitations

We calculated prevalence using a 20% grace period attached
to the end of a prescription. It is possible that those with
irregular filling patterns were not captured in our prevalence
estimate each month. The Danish National Prescription
Registry captures medications redeemed at the pharmacy,
and thus we do not know whether medications were actually
taken by patients. In defining discontinuation, we used a
grace period of 180 days to minimise misclassification; how-
ever, around 37% of those considered to discontinue statins,
restarted therapy (see Supplementary Table S3). Finally, with
respect to factors associated with discontinuation, we were
only able to investigate (and adjust for) factors which are
captured in the Danish registers.

Comparison to existing literature

Our findings on prevalence are consistent with a previ-
ous Danish study with data up to 2010 [15]. Studies in
other countries have reported prevalence rates of 12-60% in
persons 80 years and older [16]. The decreasing incidence
we observed is consistent with studies from the UK and
Australia [17,18]. We found the rise in prevalence was more
pronounced in those 80 and older. This may suggest a
“cohort effect” [19] where people started statins at a younger
age and have remained on them into their 80s and 90s.

The discontinuation rate we observed in long-term users
was slightly lower than what has been reported over the
first years following statin initiation [20,21]. The factors we
identified to be associated with discontinuation in long-term
statin users generally reflect what has been reported in early
statin users, with increasing age being the strongest predictor
of statin discontinuation [19,21-24]. Similar to a previous
study [21] of early discontinuation, we found higher co-
morbidity scores increased likelihood of discontinuation. It
is possible that with increasing co-morbidity, the poten-
tial benefit of statins becomes less compelling, prompting
discontinuation [25].

Clinical implications and future research

There is limited evidence surrounding statin use among
older persons, particularly those age 80 and older and those
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Figure 2. Nationwide prevalence and incidence of statin use in Danes age 70 and older between 2011 and 2016 (A = prevalence,

B =incidence).

who are frail, along with limited evidence and guidance
on statin discontinuation [6,8,26,27]. Our findings high-
light the need for greater understanding around how statin
treatment and discontinuation decisions are made in older
persons, and the need for guidance and evidence to support
these decisions.

Conclusion

Statin use was common in older Danes between 2011 and
2016, though the incidence gradually fell. Approximately,
19% of long-term older statin users discontinued their statin
between 2014 and 2016.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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