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ABSTRACT

Introduction: Switching from any statin to

another non-equipotent lipid lowering

treatment (LLT) may cause a low-density

lipoprotein cholesterol increase and has been

associated with a higher probability of negative

cardiovascular outcomes. The aim of the study

was to assess the impact of switching from

rosuvastatin to any other LLT on clinical

outcomes in primary care.

Methods: This was a retrospective analysis

based on data from IMS Health Longitudinal

Patient Database, which is a general practice

database including information of more than

1.0 million patients representative of the Italian

population by age, and medical conditions.

Patients that started on rosuvastatin

(10–40 mg/day) between January 2011 and

December 2013 were considered. The date of

the first prescription was defined as the index

date (ID). The observation period lasted from

the ID to September 2015 or until LLT

discontinuation, or the occurrence of an acute

myocardial infarction (AMI), or death.

Results: The primary end point of the study

was the occurrence of an AMI during the

observation period. The final study population

included 10,368 patients. During the

observation period, 2452 (23.6%) patients were

switched from rosuvastatin to another LLT. The

majority of patients (55.6%) were switched to

atorvastatin, followed by simvastatin (24.9%),

simvastatin/ezetimibe combination (10.0%)

and other statins (9.5%). Female gender (HR,

hazard ratio, 1.10, 95% CI, confidence interval,

1.02–1.19, p = 0.04) and the presence of chronic

kidney disease (HR 1.47, 95% CI 1.16–1.86,
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p = 0.05) were associated with a higher

probability of switch. During the observation

period, 113 patients experienced an AMI

(incidence of 6.7 AMI/1000 patient-years).

Multivariate analysis with Cox proportional

hazards method, including switching as a

time-dependent covariate, demonstrated that

changing from rosuvastatin to another LLT was

an independent predictor of AMI (HR 2.2, 95%

CI 1.4–3.5, p = 0.001).

Conclusion: We conclude that switching from

rosuvastatin to another non-equipotent LLT

may impart an increased risk of AMI and

should be avoided.
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INTRODUCTION

Large-scale observational studies have shown

that there is a continuous positive correlation

between low-density lipoprotein cholesterol

(LDL-C) concentrations and the incidence of

clinical manifestations of atherosclerotic

cardiovascular disease [1].

Back in 2005, the Cholesterol Treatment

Trialists’ Collaboration reported a

meta-analysis of 14 randomized trials of statin

therapy versus control [2]. The results of this

analysis showed that lowering of LDL-C by

about 1 mmol/L (38 mg/dL) with a standard

statin treatment safely reduced the 5-year

incidence of major coronary events,

revascularizations, and ischaemic strokes by

about a fifth [2]. An updated meta-analysis of

26 clinical trials from the same research group,

published 5 years later showed that additional

reductions in LDL-C achieved with more

intensive statin therapy, could further reduce

the incidence of major atherosclerotic

cardiovascular events [3].

As a matter of fact, statins significantly differ

in their potency (LDL-C lowering effect/mg),

with rosuvastatin being the most effective agent

of this pharmacological class in reducing LDL-C

[4]. The usual clinical dosage of 10-40 mg/day of

rosuvastatin has been shown to achieve a

46-55% reduction in LDL-C [5].

Recently, the introduction of generic statins

has enabled highly cost-effective LDL-C

reduction in clinical practice and third party

payers often recommend substitution of

branded agents with generic alternatives [6].

However, even if switching from brand-name

drugs to generic equivalents may reduce

prescription costs, it may also potentially

compromise therapeutic benefits if generic

options are not of equivalent efficacy [7]. In

fact, switching from a particular statin to

another non-equipotent lipid lowering

treatment may alter lipid control by causing a

significant LDL-C increase [7, 8]. In line with

this observation, switching from more effective

to less effective lipid lowering agents has been

associated with a higher probability of negative

clinical outcomes in high risk clinical

conditions [8, 9].

The aim of this study was to assess the

clinical impact of switching from rosuvastatin

treatment to any other lipid lowering therapy

on clinical outcomes in the Italian general

practice setting.

METHODS

The analysis in this article was based on

previously conducted studies and does not

involve any new studies of human or animal

subjects performed by any of the authors.
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Data Source

This was a retrospective analysis based on data

extracted from the IMS Health Longitudinal

Patient Database (Intercontinental Marketing

Services Health LPD). The IMS Health LPD is

an Italian general practice database in place

since 1998 covering more than 1 million

active patients. These patients are

representative of the Italian population by

age, gender, medical conditions and death

rates, after adjustment for demographics and

social deprivation. The database includes

clinical and laboratory information of all

patients followed by a group of about 900

general practitioners (GPs), uniformly

distributed throughout the whole Italian

national territory [10, 11]. These GPs have

voluntarily agreed to take part in this research

panel, attend specific training courses and use

standard software to collect data during

consultations. Patient demographic details

included in IMS Health LPD are linked

through the use of an encrypted patient

code with medical records (diagnoses, tests,

tests results, therapeutic procedures, hospital

admissions), information on drug

prescriptions, lifestyle information (alcohol,

body mass index, smoking habit), and date

of death. In the IMS Health LPD, all diseases

are classified according to the International

Classification of Diseases, Ninth Revision,

Clinical Modification (ICD-9-CM). To be

considered for participation in the IMS

Health LPD, GPs must meet up to standard

quality criteria pertaining to the levels of

coding, prevalence of diseases, mortality

rates, and years of recording [12]. Quality

and consistency of data collected in the

database have been demonstrated and

validated through several studies in which

the retrieved information has been compared

with other current data sources or findings

from national surveys [10, 11].

Selection of Study Population

and Observation Period

New patients that started on rosuvastatin

(10–40 mg/day) between January 2011 and

December 2013 were included in the analysis.

The date of the first prescription was defined as

the index date (ID). For every single patient, the

observation period lasted from the ID to

September 2015 or until statin treatment

discontinuation (i.e., non-exposure to statin

therapy for more than 90 days), or the

occurrence of an acute myocardial infarction

(AMI; ICD-9-CM code 410), or death. To limit

the study to initial rosuvastatin prescriptions,

patients who had a prescription of rosuvastatin

during the 6 months preceding the ID were

preliminary excluded. As the Italian Medicines

Agency recommends the prescription of

high-dose atorvastatin in patients with

previous major adverse cardiovascular events,

other exclusion criteria were the history of a

prior AMI, of a prior stroke, and of any prior

revascularization procedure [13]. Besides,

‘‘sporadic’’ patients, i.e., patients with only one

prescription of any statin over the entire period

of observation, as well as patients treated with

low-dose rosuvastatin (i.e., 5 mg/day) were also

excluded from the analysis.

Primary End Point

The primary end point of the study was the

occurrence of an AMI during the observation

period.

Patients were considered to have

experienced an AMI (ICD-9-CM code 410)

when such an event was recorded in the IMS

Health LPD. This specific end point was chosen
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as it is clinically relevant, easily ascertainable

from clinical records and hospital discharge

documents [14], and potentially sensitive to

more intensive lipid lowering therapy [3, 15].

Besides, a ‘‘universal definition’’ for AMI is

currently available, which has also been

endorsed by all Italian scientific and

professional associations [16]. Other major

cardiovascular events do not share the same

degree of reliability in terms of clinical

diagnosis and coding in primary care and

could be underreported [17].

Statistical Analysis

Means (±standard deviation) were calculated

for continuous variables, while frequencies were

measured for categorical variables.

Univariate and multivariate Cox

proportional hazard regression analyses were

applied to identify clinical and demographic

variables associated with rosuvastatin therapy

switching over the observation period.

Multivariable adjusted Cox proportional

hazard regression analyses were also used to

assess the impact of switching from rosuvastatin

to any other lipid lowering therapy on the

occurrence of the primary end point. As

patients could switch from the initially

prescribed treatment (rosuvastatin

10–40 mg/day) to any other lipid lowering

treatment at any moment during the

observation period, Cox models for the

association of switching with the primary end

point included switching as a time-dependent

covariate. This approach has already been

employed in similar previous studies [8, 18]

because patients can be moved from one risk

class to another at the moment of documented

modification of pharmacological treatment.

Besides, in multivariable analyses, Cox

proportional hazards models were constructed

to assess the independent association between

rosuvastatin switching and the primary end

point adjusting for patient demographics (age

and gender), clinical history features

[hypertension, diabetes mellitus, chronic

kidney disease (CKD)] and pharmacological

treatments [insulin, oral hypoglycemic agents,

angiotensin-converting enzyme (ACE)

inhibitors, anti-platelet, beta blockers,

angiotensin II receptor blockers and calcium

blockers].

The assumption of proportionality for Cox

models was tested and met for all covariates.

The results of the Cox proportional hazards

models are presented as hazard ratios (HRs) and

95% confidence intervals (95% CIs).

All the analyses have been performed

using SAS� software version 9.4, Copyright

� [2002–2012] SAS Institute Inc., Cary, NC,

USA.

RESULTS

The final study population included 10,368 new

patients that started on ‘‘high-intensity statin

treatment’’ [19] with rosuvastatin

(10–40 mg/day) in the period between January

2011 and December 2013 according to the

inclusion criteria.

During the entire period of observation,

2452 (23.6%) patients were switched from

rosuvastatin to another lipid lowering

treatment. Most of the patients were switched

to atorvastatin (55.6%), followed by simvastatin

(24.9%), simvastatin/ezetimibe (10.0%)

combination and other statins (9.5%). Besides,

in the vast majority of cases this therapeutic

substitution could be considered as

non-equipotent in terms of LDL-C reduction

and according to current definitions [19], most

patients (1777; 72.4%) were switched to

‘‘medium’’ or ‘‘low intensity’’ statin treatment
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(10–20 mg/day of atorvastatin in 1042 patients;

42.5%; 10–20 mg/day of simvastatin in 502

patients; 20.4%; other low-potency statin

agents, such as pravastatin and lovastatin in

233 patients; 9.5%).

Demographic and clinical characteristics of

the study population at baseline are reported in

Table 1 showing significantly higher

percentages in switched patients for most of

the analyzed variables; in particular, more

patients in the switch group had a history of

hypertension or CKD, were taking ACE

inhibitors, diuretics or antiplatelet drugs

(p value\0.0001).

According to multivariate analysis with Cox

proportional hazards method, factors

independently associated with a higher

probability of switch during the observation

period were female gender (HR = 1.10, 95% CI:

1.02–1.19) and the presence of chronic kidney

disease (HR = 1.47, 95% CI: 1.16–1.86).

As to the primary end point, during the

observation period, 113 patients experienced an

AMI, with an overall incidence of 6.7 AMI/1000

patient-years.

The incidence of AMI in patients remaining

on rosuvastatin was 6.3 AMI/1000

patients-years (87 events), while it was 8.3

AMI/1000 patient-years (27 events) in patients

switched to other lipid lowering therapies.

Multivariate analysis with Cox proportional

hazards method, including switching as a

time-dependent covariate demonstrated that

after adjustment for all available demographic

and clinical variables, treated hypertension (HR

0.6, 95% CI 0.4–0.9, p = 0.02), female gender

Table 1 Characteristics of the study population

Total cohort Rosuvastatin Switch p

Number of patients 10,368 7916 (76.4) 2452 (23.6)

Age (mean, SD) 65.4 (11.6) 65.2 (11.7) 66.4 (11.1) \0.0001

Female (n, %) 5162 (49.8) 3913 (49.4) 1249 (50.9) 0.1924

Obesity (BMI[30) (n, %) 1980 (19.1) 1490 (18.8) 490 (20.0) 0.7540

Hypertension (n, %) 6046 (58.3) 4502 (56.9) 1544 (63.0) \0.0001

Diabetes (n, %) 3027 (29.2) 2266 (28.6) 761 (31.0) 0.0218

Chronic kidney disease (n, %) 207 (2.0) 134 (1.7) 73 (3.0) \0.0001

Insulin 636 (6.1) 456 (5.8) 180 (7.3) 0.0044

Oral hypoglycemic agents 2299 (22.2) 1731 (21.9) 568 (23.2) 0.1765

Diuretics 2948 (28.4) 2136 (27.0) 812 (33.1) \0.0001

ACE inhibitors 3281 (31.6) 2414 (30.5) 867 (35.4) \0.0001

Anti-platelet drugs 4689 (45.2) 3425 (43.3) 1264 (51.6) \0.0001

Beta blockers 3414 (32.9) 2535 (32.0) 879 (35.8) 0.0004

ARBs 3191 (30.8) 2387 (30.2) 804 (32.8) 0.0135

Calcium blockers 1962 (18.9) 1444 (18.2) 518 (21.1) 0.0014

SD standard deviation, BMI body mass index, ACE angiotensin-converting enzyme, ARB angiotensin receptor blocker
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(HR 0.5, 95% CI 0.3–0.8, p = 0.002) and

changing from rosuvastatin to another lipid

lowering therapy (HR 2.2, 95% CI 1.4–3.5,

p = 0.001) were independent predictors of AMI.

DISCUSSION

In this study, we assessed the rate and potential

clinical risk of switching from the most effective

available statin agent to another lipid

modifying intervention in a primary care

setting.

The analysis of a large primary care

electronic medical record data resource

revealed a surprisingly high rate of treatment

substitution. More than 23% of patients were

switched from the initially prescribed

rosuvastatin 10–40 mg/day to another lipid

lowering treatment during the observation

period, without any evident clinical

explanation. Actually, the decisions to switch

from rosuvastatin to a potentially less effective

intervention were taken by GPs, while the

reasons for such a course of action in

individual patients are not reported in the

database. The only demographic and clinical

factors associated with a higher probability of

switching were female gender and presence of

CKD. In particular, the higher likelihood of

switch in patients with CKD suggests that safety

concerns may have played a role in some

instances [20]. Still, owing to the relatively low

prevalence of renal disease in the study

population (only 2%), such condition may

have had just a limited impact on the overall

results. As to female gender, published reports

indicate that women may show an increased

risk of developing muscle-related adverse

symptoms associated with statin use [21].

Consequently, it is quite conceivable that

some of the therapeutic substitutions, at least

in women, may have been driven by side

effects. Anyway, when considering the overall

frequency of switching in the study population,

it seems clear that the decision to change lipid-

lowering therapy cannot be solely explained by

plain clinical reasons. This appears even more

evident when we take into account both the

efficacy and the reassuring safety of rosuvastatin

in clinical studies [22]. Moreover, no major

potentially statin-related adverse clinical events

(i.e., rhabdomyolysis or acute renal failure) have

been recorded in the database for the study

population.

In Italy, medication costs for cardiovascular

prevention are covered by the National Health

Service. However, similar to other European

countries [23], Italian national and local Health

Authorities have promoted specific policies in

favor of switching from branded statins to generic

alternatives during the study period (2011–2015)

[13, 24]. It seems highly probable that these

cost-cutting policies may have had a role in

encouraging GPs to switch from rosuvastatin to

other pharmacological agents, even in the

absence of any significant clinical issue.

Another point of major interest emerging

from this study is that switching from

rosuvastatin treatment to other lipid lowering

therapies was associated with a twofold higher

probability of AMI during the observation

period. Such relevant increase in

cardiovascular risk was independent from all

major demographic and clinical features. This

result is consistent with previously reported

observations supporting the notion that

switching from more effective to less effective

lipid lowering interventions may impart a

higher probability of negative clinical

outcomes in high risk clinical conditions [8].

Moreover, this evidence is also coherent with

data from specific computer simulated clinical

trials on rosuvastatin [9]. Overall, clinical
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studies have clearly shown that both LDL-C

levels and cardiovascular outcomes are directly

related to statin potency and dosing [2, 3].

In this study, most patients experienced a

non-equipotent switch to less effective doses of

less potent agents, clearly moving from ‘‘high’’

to ‘‘medium’’ or even ‘‘low’’ intensity statin

therapy [19]. Even if LDL-C levels are not

available in our series, it is reasonable to

assume that this undue therapeutic

modification may have altered lipid profile,

thereby favoring a negative outcome.

However, given the wide variety of different

agents and dosages used for the therapeutic

substitution, it is difficult to speculate about the

real amount of LDL-C rise occurring in patients

switched from rosuvastatin to other lipid

lowering interventions.

Current clinical guidelines for cardiovascular

prevention are clear in their recommendations

regarding statin therapy and treatment targets

[25]. In fact, clinical trials have shown that

statins are more effective than placebo in

reducing cardiovascular events, while for the

same purpose an intensive statin therapy is more

effective than a moderate one [2, 3]. Besides, the

lowest risk is associated with the lowest LDL-C

levels [2, 3, 15]. However, in clinical practice,

patients at high cardiovascular risk are prone to

be undertreated, while observational studies

suggest that mandatory statin substitution may

increase the gap between achieved and

recommended therapeutic targets [23, 26]. In

general, all statin interchange programs

promoting the use of non-equipotent agents

have been invariably associated with

unfavorable patient outcomes [26–28].

Overall, the results of this study confirm all

the previous observational studies on the

negative implications of non-equipotent

switch on clinical cardiovascular outcomes.

Limitations of the Study

This study has some limitations. First, although

this study was conducted using detailed patient

and prescription data, patient exposure to the

drugs was obtained from the prescription

records of GPs. Consequently, it is possible

that medication use in the study population

was overestimated.

Second, information on LDL-C levels before

and after rosuvastatin switch were not available

in the database. For this reason we can only

hypothesize that switching from a

high-intensity rosuvastatin therapy to another

less effective agent was associated with a rise in

LDL-C. Moreover, as already pointed out,

specific reasons for switch are not known and

can only be inferred.

Third, the size of the study population was

based on the availability of patients with

specific features in an already existing

database, rather than on statistical

considerations. We attempted to account for

the potential selection bias as much as possible

using multivariable time-dependent covariate

adjustment models. Actually, in our

multivariable models we considered more than

12 variables, including demographic

characteristics, and clinical historical features.

However, several other potentially relevant

variables that could affect outcomes were not

collected or evaluated, while there is just no

assurance that any statistical adjustment can be

guaranteed as fully precise. As a matter of fact,

as in all observational investigations, we cannot

exclude that our results might have been

partially conditioned by some form of

unmeasured confounding.

Finally, as a retrospective observational

study, it is not possible to demonstrate a

cause-effect relation between switch and AMI.
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CONCLUSIONS

We conclude that switching from rosuvastatin

to another, potentially less effective, lipid

lowering treatment may impart an increased

risk of experiencing an AMI and should be

avoided unless strictly necessary on clinical

grounds. Moreover, this analysis supports the

assertion that cost-containing therapeutic

substitution programs should always employ

clinically equivalent treatment alternatives.
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