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Background: Statins are one of the most frequently prescribed medications to reduce the risk of 
cardiovascular events. Statins appear to be safe however, there are contradictory data regarding their 
adverse effects, which might be due to genetic variation in their metabolism. Hence, this prospective 
study was aimed to evaluate the effects of atorvastatin on liver transaminase changes in a clinical setting, 
in north Iran.
Materials and Methods: This prospective semi-experimental study was performed on hyperlipidemic 
adults in 2010-2011. Patients received atorvastatin (5-40 mg/d) based on the American National Cholesterol 
Education Program guidelines. Liver aminotransferases were measured in three occasions of baseline, 8 and 
16 weeks period.
Results: A total of 206 patients were included in the study. Of which 178 were female and 30 were 
male. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were in normal range before 
intervention in the majority, except in 25 (12.1%) and 16 (7.8%) of patients, respectively. In general, ALT and 
AST remained in normal range over the study period (23.3 IU/L and 21.8 IU/L, respectively). There was found 
no relationship between different doses of atorvastatin prescribed and ALT/AST changes in the patients. 
The males’ ALT means at baseline (26.9 IU/L), 8 weeks (30 IU/L) and 16 weeks (28.8 IU/L) after statin therapy 
were significantly higher than females (22 IU/L, 22.2 IU/L and 22.1 IU/L, respectively; P < 0.05 for all).
Conclusion: The absence of any hepatic adverse effect in the present study supports safety of atorvastatin 
and emerging opinion that routine screening of liver function tests is not necessary in patients on statins.
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Abstract

Statin therapy and hepatotoxicity: Appraisal of the safety 
profi le of atorvastatin in hyperlipidemic patients

Saeed Kalantari, Mohammadreza Naghipour1

Departments of Endocrinology, 1Internal Medicine, School of Medicine, Guilan University of Medical Sciences, Rasht, Iran

INTRODUCTION

Statins are one of the most frequently prescribed 
classes of medications, since their launch as the first 
3-hydroxy-3-methylglutaryl coenzyme A reductase 
inhibitors, in 1987. Although, the effect of statins 
in reducing the risk of cardiovascular disease is 
well-established, less is known regarding their possible 
side-effects. In general, statins appear to be safe, but 
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several clinical studies are demonstrated evidences 
of liver toxicity for up to 3% of patients receiving 
statins, mostly manifesting as minor and persistent 
elevations in liver aminotransferases.[1] A meta-analysis 
of 35 randomized trials reports an excess risk of 
aminotransferase elevation with statin therapy.[2] Other 
studies display that hepatotoxicity primarily occurs 
during the first 3 months of therapy and usually is 
dose dependent.[3-5] Rare episodes of severe liver injury 
are also reported 3-4 months after initiation of statin 
therapy.[6] On the other hand, other studies find no 
significant difference in the incidence of persistently 
elevated liver enzymes between statin and placebo 
therapy.[7-9] There are contradictory data regarding the 
role of genetic in development of statin side-effects and 
the incidence of liver transaminases elevation.[2,5,10] Some 
studies suggest that part of the variability in response 
to and side-effects with statins may be related to genetic 
differences in the rate of drug metabolism.[11,12] For 
instance, Asians might have greater responses to low 
doses  of statins than Caucasians. The potential 
mechanisms of this heightened response are related 
to genetically based differences in the metabolism 
of statins at the level of hepatic enzymes and drug 
transporters.[13] Among statins, atorvastatin typically is 
the most common statin reported to cause drug induced 
liver injury.[6,14-16] However, a recent large cohort study 
from England and Wales has reported similar risks 
of hepatic dysfunction with different statins, with the 
exception of a higher rids with Fluvastatin.[17] Our 
study, therefore, was conducted to evaluate the effects 
of atorvastatin, the most commonly used medication in 
this class, on liver transaminase changes in a clinical 
setting, in north Iran.

MATERIALS AND METHODS

This prospective quasi-experimental study was 
conducted on hyperlipidemic patients, who presented 
to a single endocrinology out-patient department 
in the city of Rasht, Center of Guilan Province, 
North Iran. Hyperlipidemic adult patients were 
consecutively selected by convenience sampling 
method over a period of 2 years, between 2010 and 
2011. The exclusion criteria of the study were positive 
history of taking oral contraceptives, alcoholism and 
having liver function tests more than three times 
normal. Furthermore, patients taking drugs that 
potentially could affect liver function or medications 
known to interact with statins-particularly attention 
given to agents metabolized through the same 
metabolic pathway as atorvastatin (i.e., Cytochrome 
P4503a4)-or having diseases that might change liver 
tests such as chronic liver diseases, hepatitis, biliary 
disease, hypothyroidism and congestive heart failure, 
were excluded from the study. Aminotransferases 

elevation preceded statin initiation was considered 
unrelated to statin therapy. The selected patients, who 
fulfilled the inclusion criteria, received atorvastatin 
therapy based on the American National Cholesterol 
Education Program guidelines.[18] Liver enzymes, 
alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST), were measured in three 
occasions; before starting atorvastatin therapy as a 
baseline, in 8 weeks and in 16 weeks interval during 
therapy. The enzymes were tested using biochemical 
methods (normal range 0-35 IU/L). The patients’ 
demographic data, underlying diseases, medical 
history and the results of liver enzymes tests were 
recorded in a structured questionnaire. The patients 
based on their baseline liver enzymes tests were 
subsequently categorized into two groups; patients 
with normal test and cases with elevated ALT/AST 
up to 3 times of normal level.  Epi Info [public domain 
statistical software for epidemiology developed by 
Centers for Disease Control and Prevention (CDC) 
in Atlanta, Georgia (USA)] version 7, was used 
for descriptive (frequencies and cross tabulation) 
and bivariate statistics analysis (means, t-test and 
ANOVA). Approval for the study was obtained 
from the Research Committee of Medical School, 
Guilan University of Medical Sciences, Rasht, Iran. 
Informed consent to participate was obtained from 
all the patients. The participants were free to decline 
or withdraw at any time without suffering any 
disadvantage or prejudice.

RESULTS

A total number of 206 patients who fulfilled the 
inclusion criteria were consecutively selected over the 
study period. The patients’ mean (standard deviation) 
of age was 50.5 (11.5) years, ranging from 19 to 73 years 
old. One hundred and seventy six (85.4%) patients were 
female and 30 (14.6%) were male. Diabetes mellitus 
was the most frequent underlying disease, detected in 
24 (11.7%) patients. The other underling disease of the 
patients was goiter, hypertension and some irrelevant 
complaints which do not interfere with our results. 
Baseline liver enzyme tests before intervention were 
in normal range in the majority of the patients, though 
ALT and AST were between 35 IU/L and 100 IU/L 
in 25 (12.1%) and 16 (7.8%) cases, respectively. As 
shown in Table 1, the mean levels of ALT and AST in 
those with elevated transaminases before treatment 
were 46.6 IU/L and 44.4 IU/L respectively, which 
were decreased in 8 weeks and 16 weeks of therapy 
to 39.1 IU/L and 42.9 IU/L for ALT and 34.4 IU/L and 
35.6 IU/L for AST, accordingly. In general, the mean 
levels of ALT and AST did not change significantly 
over the study period and remained in normal range 
during the intervention, as shown in Table 1. The effect 
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DISCUSSION

Statins are among the most commonly used 
medications world-wide. They are the drug of choice 
for patients with hypercholesterolemia and other 
risk factors for cardiovascular disease and are 
proven to be a live-reserving therapy in many of 
these patients.[19-22] Although statins appear safe, 
animal and pre-marketing clinical trials are shown 
signs of liver toxicity, mostly manifesting as minor 
elevations in aminotransferase concentrations.
[1] In patients on statins, mild elevation of liver 
enzymes are observed in 1-3% of cases, but in 
the vast majority of patents this is not clinically 
significant and there is no need for discontinuation 

Table 3: Liver enzyme changes in different age groups, before and for up to 16 weeks after treatment

Patient group ALT mean (SD) AST mean (SD)

Age N (%) Baseline 8 weeks 16 weeks Baseline 8 weeks 16 weeks

<30 6 (2.9) 19.5 (7.6) 16.8 (6.2) 15.3 (6.8) 19.2 (6.4) 14.5 (4) 17 (2.6)

30-39 19 (9.2) 23.9 (17.3) 22.5 (11.2) 32.4 (18.6) 23.4 (12.5) 20.6 (6.1) 25.7 (11.2)

40-49 61 (29.6) 23 (10.6) 24.8 (13.2) 24.7 (17.6) 22.1 (6.6) 22.2 (7.3) 22.4 (9.6)

50-59 82 (39.8) 22.4 (11.3) 23.4 (10) 21.3 (9) 21.9 (10.8) 22.2 (8.3) 20.6 (7.1)

60-69 24 (11.7) 24.4 (12.6) 22.3 (9.4) 20.4 (10.5) 24.2 (9.9) 23.8 (10.6) 22.5 (10.6)

≥70 14 (6.8) 19.9 (6.7) 22.6 (8.7) 25.1 (10) 19.5 (6.1) 20.7 (7.2) 22.7 (8.3)

Total 206 (100) 22.7 (11.5) 23.4 (10.9) 23.3 (13.1) 22.1 (9.4) 21.9 (8) 21.8 (8.7)

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, SD: Standard deviation

of gender on liver enzymes is shown in the Figure 1. 
The males’ ALT means at baseline (26.9 IU/L), 
8 weeks (30 IU/L) and 16 weeks (28.8 IU/L) after 
statin therapy were significantly higher than in 
females (22 IU/L, 22.2 IU/L and 22.1 IU/L, respectively; 
P < 0.05 for all). The mean of AST in men (24.7 IU/L) 
also was significantly higher than in women (21.5 IU/L) 
in 8 weeks after therapy (P = 0.04). Atorvastatin was 
prescribed in different dosages of 5 mg in 17 (8.3%), 
10 mg in 171 (83%), 20 mg in 14 (6.8%) and 40 mg in 
4 (1.9%) patients respectively. As shown in Table 2, 
there was found no significant relation between 
different dosages of statin and ALT/AST changes over 
the study period; and the enzymes fluctuations in all 
age groups remained in normal range. The effect of age 
on the enzymes changes is shown in Table 3. Although, 
there was a non-significant steadily increase in ALT 
and AST levels in patients older than 70 years old over 
the study period, as a whole ALT/AST variation did 
not differ significantly during treatment and was not 
related to age in our study.

Table 2: Liver enzyme changes related to different doses of atorvastatin during the 16 weeks of follow-up

Atorvastatin ALT mean (SD) AST mean (SD)

Dosage N (%) Baseline 8 weeks 16 weeks Baseline 8 weeks 16 weeks

5 mg 17 (8.3) 22.7 (9) 25.4 (10.9) 25.5 (14.1) 24 (8.5) 24.8 (10.8) 23.7 (12.7)

10 mg 171 (83) 22.8 (12.1) 23.3 (11.3) 23 (13.6) 21.5 (7.7) 21.6 (7.9) 21.7 (8.3)

20 mg 14 (6.8) 20.5 (7.9) 22.2 (8.4) 22.2 (9) 27.5 (22.5) 21.6 (6.5) 20.2 (7.1)

40 mg 4 (1.9) 24.3 (10.6) 22.3 (4.6) 25.5 (5.7) 21 (4.5) 24.3 (2.1) 24.3 (5.7)

Total 206 (100) 22.7 (11.5) 23.4 (10.9) 23.3 (13.1) 22.1 (9.4) 21.9 (8) 21.8 (8.7)

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, SD: Standard deviation

20
21
22
23
24
25
26
27
28
29
30
31

Before therapy 8 weeks after
therapy

16 weeks after
therapy

Li
ve

r e
nz

ym
e 

le
ve

l (
IU

/L
)

Time

Male -ALT

Male  -AST

Female- -ALT

Female- -AST

Figure 1: Liver enzyme changes in male and female patients, before 
and for up to 16 weeks after treatment

Table 1: Liver enzyme changes in patients with normal or 

increased baseline values during the 16 weeks of follow-up

Enzyme Patients Enzyme mean (SD)

Type Level N (%) Baseline 8 weeks 16 weeks

ALT ≥35 IU/L 25 (12.1) 46.6 (12.5) 39.1 (14.6) 42.9 (27.2)

<35 IU/L 181 (87.9) 19.4 (6.3) 21.2 (8.3) 21 (7.8)

Total 206 (100) 22.7 (11.5) 23.4 (10.9) 23.3 (13.1)

AST ≥35 IU/L 16 (7.8) 44.4 (15.9) 34.4 (11.3) 35.6 (17.1)

<35 IU/L 190 (92.2) 20.2 (5.4) 20.9 (6.8) 20.7 (6.5)

Total 206 (100) 22.1 (9.4) 21.9 (8) 21.8 (8.7)

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, SD: Standard 

deviation
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of therapy.[23,24] In clinical trials, a similar proportion 
of patients randomized to treatment with stains and 
placebo are depicted elevations in aminotransferases 
levels.[23,24] Several other studies also report no 
significant difference in the incidence of persistently 
elevated aminotransferases between statin and 
placebo therapy.[7-9] There is also no idiosyncratic liver 
injury and cholestatic liver damage with atorvastatin 
during 12-16 weeks after therapy, according to 
the report of the Swedish Adverse Drug Reaction 
Advisory Committee.[6] The results of our study also 
indicated that prescription of atorvastatin was safe 
in terms of liver dysfunction or hepatotoxicity in 
Iranian patients. This finding was compatible with 
results of other studies from Iran and abroad. In a 
similar study from Shiraz, south Iran, the means of 
liver enzymes show no significant difference before 
and after atorvastatin therapy. More than 90% of 
patients, who receive atorvastatin show no change in 
their liver enzymes, however ALT and AST elevate 
for up to 3 times of normal level, in approximately 
6% of the cases.[25] In contrast, our findings were 
different from the results of other studies and clinical 
trials, reporting that up to 2% of their patients had 
transaminase elevations greater than three times of 
normal level.[26-28] Our results also differ from another 
large study, showing a transaminase level more than 
10 times normal in 0.1% of 23,000 patients[29] and from 
a meta-analysis of 35 randomized controlled trials, 
enrolling more than 74,000 subjects with a follow-up 
between 1 and 65 months, which find an excess risk of 
aminotransferase elevation in 4.2 case/1000 patients 
with statin therapy.[2] Patients who simply have 
baseline elevations in aminotransferases do not 
appear to be at increased risk when prescribed a 
statin.[30,31] It is convincingly shown in a study by 
Chalasani et al.[31] that the risk of developing statin 
induced liver damage is not related to the presence 
of pre-existing liver abnormalities; and most of the 
non-alcoholic fatty liver disease and individuals with 
elevated baseline liver enzymes are not at increased 
risk of hepatotoxicity from statin therapy. Similarly, 
a post-hoc analysis of a randomized clinical trial find 
no evidence of increased hepatic risk in patients with 
moderately abnormal liver function test at baseline, 
who were treated with statins, mainly atorvastatin.[32] 
Even the use of statins is shown to be associated with 
improvement in liver function tests in patients with 
fatty liver.[32-35]  The present study complies with the 
above findings. The aminotransferase levels did not 
increased during 8 weeks and 16 weeks of treatment 
with atorvastatin, but mostly were regressed to 
lower levels in this period, as shown in Table 1. In 
our survey, there was not a significant difference 
between ALT and AST changes; and because ALT 
is a more specific indicator of liver injury than AST, 

the measurement of ALT appear to be enough for 
evaluation of liver function, when indicated.[3] In 
contrast to some studies,[4-5] we did not find any 
significant relation between different atorvastatin 
dosage and transaminase changes in our patients, 
as shown in Table 2. Our findings, however, accord 
with a meta-analysis indicating that the difference 
between liver enzyme changes is not significant in 
statin and placebo groups with different doses, up 
to 40 mg daily.[10] In our study, we did not find any 
significant relation between age of the patients on 
atorvastatin and liver enzyme variations; however, 
the mean of ALT was significantly higher in males 
than in females, as shown in the figure. The low ratio 
of males to females and significant difference of ALT 
before treatment between them might explain the 
relation between sex and transaminases changes in 
patients on atorvastatin in our study. The existence 
of statin induced hepatotoxicity has been put into 
question and called a myth.[36] A study by Smith 
et al. fail to find any efficacy in routine screening 
of serum creatine kinase and transaminase in 
patients on statins.[26] The non-significant changes 
of liver enzymes in our study support the current 
guidelines of the American College of Cardiology/
American Heart Association/National Heart, Lung 
and Blood Institute, to recommend screening only 
after symptoms are reported by patients.[37] Our 
findings also are in line with the US Food and Drug 
Administration revision in 2012 on its labeling 
information on statins to recommend liver function 
testing only prior to initiation of statin therapy 
and to repeat such testing only in case of clinical 
indications.[38] Our results also comply with other 
studies supporting the safety of atorvastatin and 
argue against routine screening of liver function tests 
in patients on statins.[9,29,39,40]

CONCLUSION

In sum, prescription of atorvastatin find to be safe 
in terms of liver transaminases elevations and 
hepatotoxicity in hyperlipidemic patients in north 
Iran; and routine checks of liver function tests seem 
unnecessary in patients on statins in this setting, 
except in the case of symptomatic patients. The 
absence of any hepatic adverse effect in the present 
study supports safety of atorvastatin and current 
opinion that routine screening of liver function tests 
is not necessary in patients on statins.
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