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Abstract

Objective: To assess the effect of statins compared with placebo on the risk of developing
hypertransaminasemia.
Patients and Methods: We performed a systematic review of electronic databases and included articles
published between January 1, 1965, and April 10, 2017. Randomized clinical trials (RCTs) comparing
statins vs placebo were included. Odds ratios (ORs) were pooled in random-effect meta-analyses according
to established methods recommended by the Cochrane Collaboration.
Results: Seventy-three eligible RCTs, comprising 123,051 patients, were identified. Statins associated
with a significantly risk of hypertransaminasemia (OR 1.45; 95% confidence interval [CI], 1.24-1.69;
P<.001). Atorvastatin showed the highest odds (OR 2.66; 95% CI, 1.74-4.06; P<.001) followed by
rosuvastatin (OR 1.35; 95% CI, 1.06-1.70; P¼.01) and lovastatin (OR 1.53; 95% CI, 1.03-2.28; P¼.04).
Pravastatin, fluvastatin, and simvastatin yielded no statistically different odds compared with placebo.
Conclusions: A dose-dependent risk of developing hypertransaminasemia occurs in patients taking
atorvastatin, rosuvastatin, and lovastatin.
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S tatins are the most common therapy
used in the treatment of hypercholester-
olemia and among the most used drugs

in clinical practice. They have been shown to
reduce cardiovascular events significantly
compared with placebo.1,2 Statins can lead to
meaningless increased concentrations of
liver-associated enzymes3 but a very low inci-
dence of serious liver injury.4 However, these
reports have generated controversy as to
whether or not to recommend the monitoring
of liver enzymes under statin treatment, as re-
flected by the contrasting indications promul-
gated by such international tasks forces or
agencies as the Food and Drug Administration
(FDA).5

It has been estimated that, in the United
States, 1% to 10% of those taking statins (ie,
300,000 to 3,000,000) have been denied the
benefit of statins as a result of unwarranted
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concern,6 and the annual cost of semiannual
liver-test monitoring is estimated to be $3
billion a year.6,7

Current statins package inserts prescribe
liver-function tests before (all statins), at 12
weeks after initiation of therapy (rosuvastatin
and fluvastatin), and when otherwise clinically
indicated (all statins).8,9 Given the established
cardiovascular benefits of statins, and the
likely increasing use of intensive statin regi-
mens even in patients suffering with chronic
liver diseases, it is pivotal to estimate the asso-
ciated liver risks precisely, ultimately enabling
physicians and patients to make informed
choices.

To date, appropriately powered compari-
sons among statins with regard to the risk of
developing hypertransaminasemia are lacking.
The only comparative analysis was not
designed to analyze the risk of elevation of
oi.org/10.1016/j.mayocpiqo.2019.01.003
ucation and Research. Published by Elsevier Inc. This is an open access article under
nc-nd/4.0/).
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transaminase during statin treatment and had
significant limitations due to high heterogene-
ity that mitigated the clinical applicability of
the result.10

One of the most relevant limits in the anal-
ysis of trials has been the different definition of
liver toxicity, the different dose used, and the
low frequency of events that makes any
attempt of network analysis inconsistent.
Accordingly, only a comprehensive meta-
analysis of all randomized controlled trials
(RCTs) may provide reliable conclusions in
this debated scenario. Accordingly, we per-
formed an updated meta-analysis of random-
ized and placebo-controlled clinical trials to
investigate the potential risk of hypertransami-
nasemia after administration of statins.

METHODS
We compared the risk of developing hyper-
transaminasemia in patients assuming statins
vs placebo treatment and enrolled in RCTs.
The following statins were included: atorvasta-
tin, fluvastatin, lovastatin, pravastatin, rosu-
vastatin, and simvastatin. We conducted the
meta-analysis according to established
methods recommended by the Cochrane
Collaboration and reported our findings ac-
cording to the Preferred Reporting Items for
Systematic reviews and Meta-Analyses
(PRISMA) statement.11,12

Data Sources and Searches
We conducted systematic search in Pubmed
Central, Scopus, the Cochrane Central Register
of Controlled Trials, ClinicalTrials.gov, andma-
jor congress proceedings until April 10, 2017.
The following key words were used: statins,
liver, atorvastatin, rosuvastatin, simvastatin,
pravastatin, fluvastatin, lovastatin, placebo,
hepatotoxicity, transaminases, AST, ALT,
aspartate aminotransferase, alanine amino-
transferase, safety, and randomized controlled
trial. For each RCT, the most updated or most
inclusive data were used. Titles and abstracts
were screened, and full-text articles were
assessed if they were considered to be relevant.

Study Selection
The main inclusion criteria were (1) RCTs
conducted in humans, (2) RCTs conducted
in adults, (3) studies reporting data of hepatic
safety, (4) duration of statin treatment of at
Mayo Clin Proc Inn Qual Out n June 2019
least 4 weeks, (5) English language. Exclusion
criteria were (1) non-RCTs, (2) RCTs conduct-
ed in patients with liver diseases, (3) concur-
rent administration of potentially hepatotoxic
drugs, (4) crossover RCTs, (5) duration of
statin treatment of less than 4 weeks, (6)
RCTs not reporting safety data, (7) RCTs
reporting hepatic adverse events but not
criteria for severity. Internal validity was
appraised according to the proper allocation
sequence/concealment, patient blinding,
investigator blinding, and complete outcome/
full reporting. Primary clinical end point was
significant serum liver enzyme alterations dur-
ing statin treatment. Supplemental Table 1
summarizes the included RCTs and the criteria
for the definition of significant liver injury.

Data Extraction and Quality Assessment
Two investigators not involved in any of the
selected studies independently abstracted
data by using prespecified forms. Two investi-
gators then independently appraised the accu-
racy of the abstractions and resolved any
discrepancies by consensus after discussion
with a third investigator. High-dose statin
therapy was defined as daily use of atorvasta-
tin, 20 mg or more; rosuvastatin, 20 mg or
more; simvastatin, 40 mg or more; fluvastatin
80 mg13; lovastatin and pravastatin 80 mg.
Other treatment regimens were defined as
low-dose or standard-dose statin treatment.
Two unblinded investigators independently
appraised the potential risk of bias of the
RCTs by using methods described in the
Cochrane Collaboration.11

The Grades of Recommendation, Assess-
ment, Development and Evaluation (GRADE)
system for rating the quality of evidence was
also used to evaluate the strength of evi-
dence.14 Accordingly, the absolute effect was
also calculated for each statin.

Data Synthesis and Statistical Analysis
Data were analyzed according to the intention-
to-treat principle. Odds ratios (ORs) with 95%
confidence intervals (CIs) were used as sum-
mary statistics. Heterogeneity was assessed by
the CochranQ test and summarized by I2 statis-
tic, which quantifies the percentage of variation
in study results due to heterogeneity rather than
chance.15,16 Pooled ORs were calculated by us-
ing the more conservative random effect model
;3(2):131-140 n https://doi.org/10.1016/j.mayocpiqo.2019.01.003
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with the Mantel-Haenszel method. The fixed
effect model was applied when no or low-
to-moderate heterogeneity (<50%) or not sig-
nificant inconsistency (P>.05) was found.11,16

The test for subgroup differences was per-
formed to show interaction among subgroups
and investigate potential different degrees of
risk in different statin subgroups.

Results were considered statistically
significant at 2-sided P�.05. Analyses have
been conducted using Review Manager
5.3 (Cochrane Collaboration, Copenhagen,
Denmark).
RESULTS

Study Selection and Patient Population
Figure 1 shows the PRISMA flow diagram of
study selection. Seventy-three trials comprising
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FIGURE 1. Flow diagram of the review process accord
reviews and meta-analysis (PRISMA) statement.
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a total of 123,051 patients were included in our
final analysis. Study characteristics are shown
in Supplemental Table 2. The longest follow-
up was up to 5.3 years. Fifty-three trials were
funded by industry. Most trials were performed
after the year 2000.

Risk of Bias
The risks of bias of the included studies are
shown in Supplemental Table 3. Funnel plots
or Egger regression test did not reveal publica-
tion bias (Supplemental Figures 1 and 2). The
RCTs were similar in that their risk of bias was
low for most of the items in the majority of the
included studies. Sixty-one RCTs were multi-
center trials, and all studies included reported
data according to the intention-to-treat princi-
ple, except for one. The certainty of evidence
was also calculated according to grade profile
s assessed
ility
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and was reported for all statins in
Supplemental Table 4.

Primary Clinical End Point: Overall Risk of
Hypertransaminasemia
Seventy-three trials contributed to the final
analysis. Two RCTs 17,18 included data on
more than one statin and were considered
more than once during statistical analysis vs
placebo.

Overall, there was a statistically significant
increase in hypertransaminasemia with statin
treatment compared with placebo (OR 1.45;
95% CI, 1.24-1.69; P<.001; heterogeneity
P¼.21; I2¼14%) (Figure 2).

Pravastatin, simvastatin, and fluvastatin
did not increase the odds of developing high
transaminase levels compared with placebo.
Rosuvastatin and lovastatin treatment was
significantly associated with a 35% and 53%
odds increase of developing hypertransamina-
semia, respectively.

Among all statins, atorvastatin yielded the
highest odds (OR 2.66; 95% CI, 1.74-4.06;
P<.001; absolute effect of 10 more per 1000
patients), followed by rosuvastatin
(OR¼1.35; 95% CI, 1.06-1.70; P<.01; 3
more per 1000 patients), and lovastatin
(OR¼1.53; 95% CI, 1.03-2.28; P<.04; abso-
lute effect of 3 more per 1000 patients). How-
ever, the subgroup analysis showed
heterogeneity (c2 ¼ 12.72, P¼.03; I2 ¼
60.7%) that was fully resolved (c2 ¼ 2.48,
P¼.78, I2 ¼ 0%) by excluding 3 studies of
73 that included patients with complicated
conditions including stroke and acute coro-
nary syndrome (ACS).

It is interesting that high doses of atorvas-
tatin had an absolute effect of 48 more events
per 1000 patients. Fluvastatin increased the
absolute effect of developing hypertransami-
nases; however, the OR was not statistically
significant, and the certainty of evidence was
low (Supplemental Table 5).

Sensitivity Analysis of High Doses vs
Standard Doses of Statins and Risk of
Hypertransaminasemia
The overall class analysis was stratified by
comparing high-dose statins and standard
doses of statins vs placebo, according to the
definition of a board of experts from the Euro-
pean Atherosclerosis Society.13
Mayo Clin Proc Inn Qual Out n June 2019
Forty-four RCTs, comprising 71,060 pa-
tients, were included, and treatment with
high-dose statins resulted in a statistically sig-
nificant increase in development of hypertran-
saminasemia compared with placebo (OR
1.64; 95% CI, 1.30-2.06; P<.001) (Figure 3).
The odds did not differ significantly from pla-
cebo for fluvastatin, pravastatin, or simvastatin.
The odds of developing hypertransaminasemia
increased by 78%, 47%, and 53% during treat-
ment with high doses of atorvastatin, rosuvas-
tatin, and lovastatin, respectively.

The same analysis was performed with
standard doses of statins by comparing 34
RCTs including 52,265 patients, and results
showed no difference compared with placebo
(OR 1.19; 95% CI, 0.98-1.46; P¼.08; hetero-
geneity P¼.85; I2¼0%) (Figure 4). Subgroup
analysis of single statins confirmed these data.

In trials exploring standard doses of lova-
statin, pravastatin, and fluvastatin, hypertran-
saminasemia was not observed. Sensitivity
analysis of atorvastatin showed that all sub-
group analyses had increased risk to develop
liver toxicity; the subgroups that developed
the highest rates had ACS and acute cerebro-
vascular events (Supplemental Table 5).

A sensitivity analysis for atorvastatin was
performed and showed that diabetes, hyper-
cholesterolemia, or renal failure have no effects
on the comparison (Supplemental Information
Table 5). On the other hand, including only
studies with ACS or cerebrovascular events
significantly influences the overall risk (OR
4.49; 95% CI, 2.79-7.22; P<.001; I2¼0%).
DISCUSSION
The current study is the largest analysis of
hypertransaminasemia developing in patients
treated with statins. Data on whetherdand
to what extentdtreatment with statins is asso-
ciated with an increased risk of liver abnormal-
ities remains an issue of debate.

Our systematic review and results of meta-
analysis investigating the relationship between
use of statins and occurrence of hypertransa-
minasemia is the most comprehensive over-
view on the liver safety of all commercialized
statins from 1990. The main findings of our
meta-analysis are as follows: (1) Irrespective
of clinical significance, there is an increase in
serum transaminases with statin treatment
;3(2):131-140 n https://doi.org/10.1016/j.mayocpiqo.2019.01.003
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FIGURE 2. Analysis of odds ratios and 95% confidence intervals for overall risk of hypertransaminasemia.
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compared with placebo; (2) high-doses of
atorvastatin, rosuvastatin, and lovastatin are
associated with significant increase of odds of
developing hypertransaminasemia compared
with placebo; and (3) all analyzed low-dose
statins showed a similar and nonsignificant
risk compared with placebo.

The data from this large-scale analysis pro-
vide, for the first time, robust evidence of a
gradient across statins in the induction of
hypertransaminasemia with atorvastatin, rosu-
vastatin, and lovastatindparticularly at high
dosesdassociated with the highest odds of
liver-function test (LFT) abnormalities. Of
note, a gradient across statins was found for
all patients treated with statins. Patients
affected by ACS or stroke greatly show the
highest risk, but populations are heteroge-
neous. Probably, in such patients, the higher
risk of developing hypertransaminasemia de-
pends on assumption of atorvastatin 80 mg
together with critical clinical conditions.

Our results support previous observations
that pravastatin and simvastatindboth at stan-
dard and at high dosesddo not induce hyper-
transaminasemia, and, accordingly, routine
monitoring should be avoided for these sta-
tins. A previous meta-analysis on pravastatin,
pooling 5 RCTs,19-22 has shown no difference
in the risk of developing hypertransaminase-
mia compared with placebo.23 Our analysis,
which included 14 trials, confirmed such
reports.

Simvastatin has, so far, not been analyzed
in a meta-analysis study. We included 13 trials
with 15,627 patients, and no difference was
observed in terms of hypertransaminasemia
when compared with placebo at any doses.

De Denus et al. showed that fluvastatin
yielded an increase in the odds of hypertransa-
minasemia compared with placebo; however,
the authors explained the observed increased
risk as a consequence of the extremely low
rate in the overall placebo group.23 In the cur-
rent analysis, we considered 8 trials and 4816
patients (2406 treated with the statin), and the
final results show no increased risk of hyper-
transaminasemia at any doses compared with
placebo.

With high-dose atorvastatin (including 17
studies and 11,560 patients) the odds of
hypertransaminasemia rises almost 3-fold
Mayo Clin Proc Inn Qual Out n June 2019
compared with placebo, with an absolute ef-
fect of 48 more per 1000 patients, compared
with placebo. In the analysis of rosuvastatin,
12 trials were included for a total of 26,253
patients. The overall risk of developing hyper-
transaminasemia was 1.35, which reaches 1.47
in the intensive regimen. There are several
underlying mechanisms that might explain
the highest degree of hypertransaminasemia
found with certain types of statins vs others.

Atorvastatin is a synthetic hydroxymethyl-
glutaryl coenzyme A (HMG-CoA) reductase
inhibitor, approved for use in the United
States in 1996, and become one of the most
commonly prescribed drugs in the United
States, with more than 50 million prescrip-
tions yearly.24 Atorvastatin is largely metabo-
lized in the liver via CYP 3A4, excreted in
bile, and usually induces a transient elevation
of serum transaminase levels.25 The pathogen-
esis of atorvastatin-associated liver dysfunction
is unclear. Some authors suggest that the in-
duction of the CYP 450 system may be
involved in the liver injury, and, indeed, ge-
netic polymorphisms in CYP 3A4 may reflect
differences in drug reactions.26 Idiosyncratic
and clinically apparent liver injury has many
features of autoimmunity and may be immune
mediated.

In comparison with other statins, atorvas-
tatin is significantly longer acting. It has been
proposed that the longer exposure with ator-
vastatin could explain an increased risk of liver
injury.27

Dujovne hypothesized that, as atorvasta-
tin has more pronounced activity in lowering
serum low-density lipoprotein, this, in turn,
could influence the structure of cellular
membranes, leading to greater leakage of
cellular enzymes and increased incidence of
LFT abnormalities without direct
hepatotoxicity.28

Rosuvastatin was approved for use in the
United States in 2003 and, at present, is one
of the more potent available statins. The cause
of hepatic injury from rosuvastatin is unknown
because it is minimally (w10%) metabolized in
the liver (via CYP2C9), but, aswith atorvastatin,
rosuvastatin has been linked to hepatitis with
autoimmune features29 including elevated
immunoglobulin levels, ANA positivity, and a
clinical response to corticosteroids.24
;3(2):131-140 n https://doi.org/10.1016/j.mayocpiqo.2019.01.003
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The study by Koh et al.30 showed that
rosuvastatin is more potent and less hydro-
philic than pravastatin and is associated with
significant adverse metabolic effects such as in-
sulin resistance.

Finally, lovastatin was approved for use in
the United States in 1987, the first of this class
of drugs to be commercially available. It is
largely metabolized in the liver (via CYP
3A4), and metabolites are excreted in bile.

The pattern of injury is typically
cholestatic, as described by several case re-
ports,31-33 but can be also hepatocellular.
Eosinophilia and autoimmune features are un-
common, and the idiosyncratic and clinically
apparent liver injury associated with lovastatin
may be due to failure of adaptation.24

Remarkably, our results indicate that the
elevation of liver enzymes associated with
administration of statins is not a homogeneous
class-effect phenomenon dependent on the
statin type and dose. The observations of the
current report are pivotal in demonstrating
that high-dose atorvastatin and rosuvastatin
increase, to a greater extent, levels of LFTs
when compared with low-dose statins or
high doses of less potent statins (simvastatin,
fluvastatin, lovastatin, or pravastatin). There-
fore, hypertransaminasemia appears to occur
mostly with the 2 most potent regimens now
available for serum lipid lowering. Based on
this article, it might be conceivable that the
more drastic low-density lipoprotein-reduc-
tion levelsdand then the effects of serum
lipid lowering on the structure of cellular
membranesdmay be involved in the potential
risk of the highest doses.

Sensitivity analysis of atorvastatin showed
that all subgroup analyses had increased
odds to develop hypertransaminasemia; how-
ever, the subgroups that developed the highest
and most statistically significant rates of
hypertransaminasemia included patients with
ACS, acute cerebrovascular events, or persi-
stent hypertransaminasemia (Supplemental
Table 5).

Limitations
Our study has several limitations to be
acknowledged. As with all meta-analyses of
aggregated data, the availability of individual
patient data would have further improved
our findings. The results of this article,
Mayo Clin Proc Inn Qual Out n June 2019;3(2):131-140 n https://d
www.mcpiqojournal.org
however, are robust and corroborated in
several sensitivity analyses.

Another limitation is the use of different
criteria for the definition of hypertransamina-
semia used for study selection. However,
sensitivity analyses conducted by removing
one study at time did not reveal any differ-
ences with the overall findings, suggesting
that the effect is stable and justified.
CONCLUSION
Different types and doses of statins display
different potential to increase the incidence
of hypertransaminasemia. High-dose atorvas-
tatin, rosuvastatin, and lovastatin yielded
higher risks of LFT abnormalities. These find-
ings can have an impact on public health,
particularly on management with statins of
the population at risk, such as patients with
ACS, acute cerebrovascular events, and persis-
tent liver abnormalities.
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