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ABSTRACT

Purpose: The aim was to study discontinuation of statin treatment, especially with respect to clinical characteristics and
adverse effect measured by clinical laboratory tests indicating muscle damage (plasma creatine kinase, CK) and liver
AEs (plasma alanine aminotransferase, ALAT). Methods: The initial study population included 60,488 individuals who
had purchased first time statin prescription in Helsinki-Uusimaa region between 01-01-2007 and 31-12-2009. The fol-
low-up started when first statin prescription was purchased and ended 31-12-2009 or death, which ever occurred first.
From this population 54,172 individuals were defined to eligible to study population of this study. Clinical laboratory
measurements were obtained from Helsinki-Uusimaa University Hospital (HUSLAB) that which provides the labora-
tory tests for the Helsinki-Uusimaa region serving about a population of 1.5 million. Results: In this fairly large
real-life study the occurrence of ALAT-AE and mild CK-elevations after initiation of first statin treatments were rela-
tively low. Increasing age and the presence of co-morbidities increased the risk of these AEs. Further, the ALAT-AEs
implied increased risk of discontinuation of treatment. Diabetic patients discontinued treatment more often than non-
diabetics, whereas the presence of other chronic conditions implied higher persistence of statin treatment. Conclusions:
It is essential that those who would benefit from statin therapy actually are treated and by far in most patients treatment
seems to be safe and well tolerated. For those who cannot tolerate statins new therapeutic options are needed.
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1. Introduction that these muscle and liver AEs associated with statin use
are quite common with estimates ranging from 10% -
20% [6]. The statin discontinuation rates are surprisingly
high, about 30% within the first year of initiation of ther-
apy [7-10]. One somewhat hitherto neglected and under-
estimated aspect is that the discontinuation of statins
might increase the risk of adverse outcomes in acute
coronary syndromes or stroke [11-13]. It has been even
suggested that the withdrawal of statins may be worse
than never taking statins in relation to outcomes [14].

The aim of this study is to study discontinuation of
statin treatment, especially with respect to clinical char-
acteristics and adverse effect measured by clinical labo-
ratory tests indicating muscle damage (plasma creati-
nekinase, CK) and liver AEs (plasma alanine aminotrans-
“Corresponding author. ferase, ALAT, also called glutamic pyruvic transami-

The 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-
CoA) reductase inhibitor class of drugs (statins) reduce
plasma cholesterol by more than 20% [1]. Statins also in-
crease survival and reduce the incidence of adverse car-
diovascular events in both secondary and primary coro-
nary heart disease (CHD) prevention trials. These drugs
as a class effect have favorable safety profile [2] and
benefits are seen in many groups [3,4]. However, despite
this favorable safety profile statins are not devoid of ad-
verse effects (AEs). The most common AEs are those
related to muscle and liver enzymes. In controlled clini-
cal trials these have been quite rare occurrences [2], but
recent cohort reports [5] and clinical experience suggest
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nase).

2. Methods
2.1. Study Population and Data Sources

The initial study population included 60,488 individuals
new users of statins who had purchased first time statin
prescription in Helsinki-Uusimaa region between 01-01-
2007 and 31-12-2009. These data were obtained from
Finnish Social Insurance Institution (SIT). New user was
defined to be without statin prescription in previous year.
Data of purchased statin prescriptions for study periods
included the following information: subject ID, date of
purchase, amount purchased (in defined daily dose, DDD)
[15], and ATC (Anatomical Therapeutic Chemical) for
drug. Information of dates and causes of death was ob-
tained from Statistics Finland [16]. The follow-up started
when first statin prescription was purchased and ended
31-12-2009 or death, which ever occurred first. From this
population 54,172 individuals were defined to eligible to
this study, because their follow-up time was longer than
99 d.

Clinical laboratory measurements were obtained from
Helsinki-Uusimaa University Hospital (HUSLAB) that
provides the laboratory tests for the Helsinki-Uusimaa
region serving about a population of 1.5 million Individ-
ual level data were linked using unique social security
number (SSN), and after linking the original SSN was
replaced by a study person identification number (ID).
Thus, the study group utilized only anonymous data with
Study ID. Study protocol was reviewed by ethical com-
mittee of Hjelt Institute of Medical Faculty, University of
Helsinki.

2.2. Statin Discontinuation

Continuous statin usage sequences were constructed by
assuming usage of one DDD per day, and allowing
maximum 90 days gap between prescriptions. Thus, e.g.
prescription with 30 DDD was assumed to last for 120
days. If there was no new prescription before that, dis-
continuation of treatment was assumed. Because start of
follow-up was defined as the day of the first statin pre-
scription there was certain interval with no discontinua-
tion that was defined by gap (90 d) and smallest prescrip-
tion (9 DDD). Thus only this “immortal” period (99 d) in
respect with discontinuation was not taken into account
in analysis, and all censoring during this period were
omitted from analysis. Discontinuation was used as out-
come variable.

2.3. Definition of an Adverse Event and Other
Explanatory Variables

One of the aims of the study is to investigate the associa-
tion between observed adverse events (AE) and discon-
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tinuation of statin treatment. The occurrence of an AE
was determined using clinical laboratory measurements
from HUSLAB Laboratories. AE is defined to take place
after start of follow-up (purchase of the first statin pre-
scription) and before discontinuation of statin treatment
or censoring event (31-12-2009 or death).

Two adverse events used in this study were defined as
follows:

o For ALAT a value twice the baseline level (measured
within one year before start of follow-up) or, if a
baseline level was not available, twice the upper limit
of the reference range (70 U/l for males and 45 U/l
for females) [17].

e CK: For CK a value twice the upper limit of the ref-
erence range (400 U/l for males under 50 years and
210 U/1 for females).

Age, sex, and type of first statin purchased were used
as background variables. In addition, chronic disease
indicators provided by SII special reimbursement register
[18] were used. The following diseases were considered:
diabetes mellitus, chronic heart failure, chronic hyperten-
sion, chronic CHD, familial hypercholesterolemia, and
dyslipidemia associated with chronic CHD.

2.4. Statistical Methods

The association between AE and discontinuation of statin
treatment was modeled using Cox’s proportional hazards
model and using AE indicator as time-dependent variable
that takes value zero in the start of follow-up. Only the
first AE occurring for each individual was taken into
account. Background variables such as age, sex, first
statin, and chronic disease indicators were included inthe
models. We applied also marginal structural models
(MSM) approach in order to get grasp on selection bias
in respect to AE [19]. Inverse probability treatment wei-
ghts were calculated in respect with AE and used in
Cox’s proportional hazards model. Weights were con-
structed using above mentioned background variables.
The association between three levels AE (no, ALAT, CK)
and background variables was modeled with multinomial
regression. All analyses were carried out using R data-
analysis language [20].

3. Results

The mean age of the study population was 57.2 (1** quar-
tile 49.7, 3" 65.2) years for men and 62.1 (54.8, 69.8)
years for women, respectively. Men were significantly
younger (t-test, p < 0.0001). The basic characteristics of
the study population in relation to the occurrence of AE
are shown in Table 1. The frequencies of ALAT eleva-
tion were below 5% on average and CK-elevations less
than 1% (Table 1). The differences between different
statins seem to be rather small.
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Table 1. Basic characteristics of study population. (ALAT-AE = plasma alanine aminotransferase adverse effect; CK-AE =

plasma creatine kinase, CK adverse effect).

Number of patients Percentage
Variable
no AE ALAT-AE CK-AE no AE ALAT-AE CK-AE
Sex male 26,526 1077 202 95.4% 3.9% 0.7%
female 25,025 1194 148 94.9% 4.5% 0.6%
simvastatin 47,811 2128 332 95.1% 4.2% 0.7%
lovastatin 114 8 1 92.7% 6.5% 0.8%
pravastatin 425 19 4 94.9% 4.2% 0.9%
First statin fluvastatin 840 41 2 95.1% 4.6% 0.2%
atorvastatin 1549 45 4 96.9% 2.8% 0.3%
rosuvastatin 576 25 6 94.9% 4.1% 1.0%
simvastatin + ezetimibe 236 5 1 97.5% 2.1% 0.4%
) no 46,927 2005 301 95.3% 4.1% 0.6%
Diabetes

yes 4624 266 49 93.6% 5.4% 1.0%
no 51,017 2207 340 95.2% 4.1% 0.6%

Chronic cardiac insufficiency
yes 534 64 10 87.8% 10.5% 1.6%
no 41,239 1730 247 95.4% 4.0% 0.6%

Chronic hypertension

yes 10,312 541 103 94.1% 4.9% 0.9%
no 48,988 2074 305 95.4% 4.0% 0.6%

Chronic coronary heart disease
yes 2563 197 45 91.4% 7.0% 1.6%
no 51,505 2270 350 95.2% 4.2% 0.6%

Familial hypercholesterolemia
yes 46 1 0 97.9% 2.1% 0.0%
Dyslipidemia associated with no 51,130 2241 340 95.2% 4.2% 0.6%
chronic coronary heart disease yes 421 30 10 91.3% 6.5% 229

The impact of age, sex and chronic diseases in relation
to the occurrence of AEs by multinomial regression are
shown in Table 1. Increasing age implied higher risk of
AEs so that for one year increase in age the risk of
ALAT-AE increased by 1% and that of CK-AE 5% (Ta-
ble 2). In women the ALAT-AE was more common than
in men, but CK-AE was more frequent in men. The
presence of diabetes increased the risk of ALAT-AE, but
the risk of CK-AE was not statistically significant. Like-
wise, the presence of other chronic conditions increased
the risk of AEs and this was statistically significant for
those with chronic cardiac failure (ALAT-AE), arterial
hypertension (CK-AE), chronic CHD (both AEs) and
dyslipidemia associated with CHD (CK-AE).

The mean follow-up time was 1.4 years, and 28% of
statin users discontinued treatment with an average rate
of 21% per year (Table 3). ALAT-AE was associated
with an increased risk of discontinuation (hazard ratio,
HR 1.16, 95% CI 1.06 - 1.27), but for p CK there was no
association (Table 3). Discontinuation was slightly
higher for females (1.11, 1.07 - 1.15). The diabetes di-
agnosis was associated with higher discontinuation rate
compared to those without diabetes, but other chronic
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diseases were associated with lower frequency of discon-
tinuation. E.g. individuals with chronic CHD had 28%
lower (HR 0.72, 0.66 - 0.79) discontinuation rate than
individuals without this condition.

In general results from univariate, multivariate, and
marginal structural models were quite similar. Largest
difference for dyslipidemia associated with CHDs, where
univariate model showed strong inverse association (HR
0.56, 0.45 - 0.70) to discontinuation but MSM had no
significant effect.

4. Discussion

In this fairly large real-life study the occurrence of
ALAT-AE and mild CK-elevations after initiation of first
statin treatments were relatively low. Increasing age and
the presence of co-morbidities increased the risk of these
AEs. Further, the ALAT-AEs implied increased risk of
discontinuation of treatment. Diabetic patients discon-
tinued treatment more often than non-diabetics, whereas
the presence of other chronic conditions implied higher
persistence of statin treatment.

Some general limitations must be kept in mind when
evaluating the results from any observational study that
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Table 2. Odds ratios and 95% CI for predicting ALAT-AE (plasma alanine aminotransferase adverse effect) and CK-AE
(plasma creatine kinase, CK adverse effect) using multinomial regression (compared to no adverse event).

Explanatory variable P.ALAT P.CK
OR (95% CI) OR (95% CI)

Age (years) 1.01 1.01 1.02 1.05 1.04 1.06
Sex (female vs male) 1.13 1.04 1.23 0.65 0.52 0.81
Diabetes (yes vs no) 1.25 1.09 1.43 1.35 0.99 1.84
Chronic heart failure (yes vs no) 1.91 1.47 2.5 1.44 0.78 2.68
Chronic hypertension (yes vs no) 1.10 0.99 1.22 1.3 1.03 1.65
Chronic coronary heart disease (yes vs no) 1.50 1.26 1.77 1.45 1.01 2.10
Familial hypercholesterolemia (yes vs no) 0.76 0.1 5.55 0.00 0.00 0.00
Dyslipidemia associated with chronic coronary artery disease (yes vs no) 1.07 0.72 1.58 2.05 1.01 4.18

is based on record linkage. First, the actual usage of pre-
scribed statin could not be verified with certainty, al-
though it is quite likely that most purchased drugs were
consumed. Second, it is very probable that not all adverse
events during follow-up were recorded, because our in-
formation of them was based on sporadic laboratory
measurements and some patients may have had their
laboratory tests carried out outside the HUSLAB, e.g. in
some private laboratories or in some patients the labora-
tory follow-up after statin initiation may not have been
very systematic. We assume that those who experience
side-effects within the first year of treatment are usually
monitored by liver and muscle enzyme tests. Certainly it
is possible that the probability of having these measure-
ments could depend on many background factors, and
thus may be tell more about probability to be tested than
real probability to have AE. In any scenario, these AE
frequencies most likely underestimate somewhat their
true occurrence. On the other hand, if the discontinuation
had been due to lack of conviction to prescribed therapy
or lack of the clinical response, the biochemical safety
tests are less likely to be performed.

Nevertheless, the increased ALAT-AE occurred in
about five percent of those whom statin therapy. The
increase of ALAT is commonly asymptomatic and tran-
sient phenomenon occurring in the first 12 weeks of
therapy [17]. This biochemical finding is asymptomatic
and not correlated with histopathological changes and
therefore does not represent the true liver injury [17].
There are no uniformly accepted definitions of clinical
relevance of liver test abnormalities. The frequency of
ALAT elevations across multiple studies performed with
different types of statins generally does not exceed three
percent and in controlled clinical trials the incidence of
ALAT-AEs with statins has not been very different from
their incidence with placebo [17] (erase text!). However,
the ALAT-AE seems to be linked with the dose of statin
and not the LDL-reduction achieved [17]. Thus the dis-
continuation of statins due to ALAT elevation most
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likely reflects physician’s fears of hepatotoxicity. Based
on aforementioned it may be that many of these discon-
tinuations could have been avoided with careful follow-
up. There was a female predominance in the occurrence
of ALAT-AE in this study. Possibly in women liver en-
zyme abnormalities generate relatively more anxiety than
in men—to the patient and the physician. It is thus con-
ceivable that female patients were also more likely to
have ALAT measured.

The most commonly reported AEs of statins are mus-
cle symptoms ranging from muscle pain, fatigue and
weakness up to rhabdomyolysis [21]. In randomized
clinical trials there has been no excess of muscle prob-
lems, but placebo-controlled trials have shown 2.5-fold
increased risk of myositis defined by 10-fold elevation of
CK [22]. The occurrence of myalgia is common com-
plaint in statin-users [21] and can occur without CK-
elevations [23]. In our study even mild elevations of CK
were not very frequent and this is in line with the current
concept that the occurrence of myositis with significant
CK elevations is not a common problem. These CK-AEs
did not contribute to the cessation of therapy and thus the
clinical significance of this CK-AE is somewhat obscure.
However, increasing age and the presence of co-mor-
bidities increased the likelihood of both ALAT- and
CK-AEs and thus with increasing age and co-morbidities
more alertness for the clinically significant risks are re-
quired in patients treated with statins.

The persistence of the described statin therapy during
the first 1.4-year was evidently higher in secondary than
in primary prevention and ALAT-AEs contributed to the
lowered persistence. Type 2 diabetic patients without
clinical CVD have a very high risk of cardiovascular
events [24] and statin therapy has been shown to reduce
this risk [4]. Statin therapy is generally recommended for
this group in several national and international treatment
guidelines [25]. The poor persistence in diabetic patients
may be due to the “glucocentric” approach to this disease
by the patients and clinicians alike and thus less emphasis
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Table 3. (a) Discontinuation of statin treatment. Result from univariate Cox’s proportional hazards model; (b) Discontinua-

tion of statin treatment. Result from multivariate Cox’s proportional hazards model, and marginal structural model.

(@
Variable Univariate model
P-years events rate HR 95% C1
Adverse effect no 73,426 15,027 0.20 1.00 1.00 1.00
ALAT-AE 2040 500 0.25 1.14 1.05 1.25
CK-AE 348 73 0.21 0.98 0.78 1.25
Sex male 39,576 7695 0.19 1.00 1.00 1.00
female 36,238 7905 0.22 1.11 1.08 1.15
First statin simvastatin 69,668 14,677 0.21 1.00 1.00 1.00
lovastatin 203 42 0.21 1.02 0.74 1.40
pravastatin 734 122 0.17 0.81 0.67 0.97
fluvastatin 1668 222 0.13 0.65 0.57 0.75
atorvastatin 1918 316 0.16 0.80 0.71 0.89
rosuvastatin 1168 143 0.12 0.61 0.52 0.73
simvastatin + ezetimibe 456 78 0.17 0.84 0.67 1.05
Diabetes no 68,772 14,062 0.20 1.00 1.00 1.00
yes 7042 1538 0.22 1.07 1.02 1.13
Chronic heart failure no 74,857 15,448 0.21 1.00 1.00 1.00
yes 957 152 0.16 0.76 0.64 0.90
Chronic hypertension no 59,875 12,404 0.21 1.00 1.00 1.00
yes 15,939 3196 0.20 0.97 0.94 1.01
Chronic coronary no 71,339 14,970 021 1.00 1.00 1.00
heart disease
yes 4475 630 0.14 0.67 0.62 0.73
Familial , no 75,739 15,589 021 1.00 1.00 1.00
hypercholesterolemia
yes 75 11 0.15 0.73 0.38 1.41
Dyslipidemia associated
with chronic coronary no 74,995 15,507 0.21 1.00 1.00 1.00
artery disease
yes 819 93 0.11 0.56 0.45 0.70
(®)
Variable Basic Cox’s model MSM model
HR 95% CI HR 95% CI
Adverse effect no (reference) (reference)
ALAT-AE 1.16 1.06 1.27 1.16 1.06 1.26
CK-AE 1.02 0.81 1.30 1.02 0.81 1.30
Sex male (reference) (reference)
female 1.11 1.07 1.15 1.11 1.07 1.15
First statin simvastatin (reference) (reference)
lovastatin 1.01 0.73 1.39 1.01 0.73 1.39
pravastatin 0.81 0.68 0.97 0.81 0.68 0.97
fluvastatin 0.65 0.57 0.74 0.65 0.57 0.74
atorvastatin 0.82 0.73 0.91 0.82 0.73 091
rosuvastatin 0.63 0.53 0.74 0.63 0.53 0.74
simvastatin + ezetimibe 0.84 0.68 1.05 0.84 0.68 1.05
Diabetes no (reference) (reference)
yes 1.10 1.04 1.17 1.10 1.04 1.17
Chronic heart failure no (reference) (reference)
yes 0.84 0.70 1.00 0.84 0.70 1.00
Chronic hypertension no (reference) (reference)
yes 0.98 0.94 1.02 0.98 0.94 1.02
Chronic coronary heart disease no (reference) (reference)
yes 0.72 0.66 0.79 0.72 0.66 0.79
Familial hypercholesterolemia no (reference) (reference)
yes 0.83 0.43 1.59 0.84 0.43 1.61
Dyslipidemia associated With o (reference) (reference)
chronic coronary artery disease
yes 0.81 0.64 1.03 0.82 0.65 1.03
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on the treatment of dyslipidemia.

To conclude, in first-time statin users the frequency of
liver and muscle enzyme elevations are rather low, but
liver enzyme abnormalities reduce the adherence to the-
rapy. The persistence with statin therapy is higher in
those with evidence of vascular disease and rather low in
diabetic patients. For the prevention of cardiovascular
events it is essential that those who would benefit from
statin therapy actually are treated and by far in most pa-
tients treatment seems to be safe and well tolerated. For
those who cannot tolerate statins new therapeutic options
are needed.
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