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Purpose: This study aimed to evaluate Atorvastatin (ATO)-associated hepatotoxicity using

prescription sequence symmetry analysis (PSSA), based on a health insurance database of

a Chinese population living in Jiangsu Province, China.

Methods: Patients prescribed ATO and hepatoprotective drugs in 2017 were identified, and

the run-in period was determined based on the “waiting-time” distribution. Adjusted

sequence ratio (ASR) and 95% confidence interval (95% CI) were calculated to estimate

the risk of ATO-associated hepatotoxicity under different time intervals or based on gender

and age stratification.

Results: A total of 2,549 patients, with 1,518 filling the ATO prescription first and 1,031

filling the ATO prescription second, were analyzed. After setting the run-in period as 30 days

and the time interval as 15, 30, 60, 90, 120, and 180 days, the ASRs were 1.492 (95% CI:

1.367–1.652), 1.399 (95% CI: 1.308–1.508), 1.280 (95% CI: 1.213–1.357), 1.292 (95% CI:

1.234–1.356), 1.278 (95% CI: 1.226–1.336), and 1.274 (95% CI: 1.229–1.323), respectively.

No significant difference was observed between different genders and ages (χ2=0.161,

P=0.688; χ2=1.565, P=0.211, respectively).

Conclusion: This is the first study conducted in a real-world setting to evaluate the

relationship between ATO and hepatotoxicity using the PSSA in a Chinese population. We

found a 1.3- to 1.5-fold increase in risk of hepatotoxicity following ATO, with the greater

risk occurring within the first 30 days of treatment.

Keywords: atorvastatin, hepatoprotective drug, prescription sequence symmetry analysis,

health insurance database

Introduction
Atorvastatin (ATO) is one of the most widely prescribed drugs and statins in the

world;1 it decreases production of low-density lipoprotein (LDL) cholesterol by

blocking the action of the 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)

reductase enzyme in the liver at the rate-limiting step of cholesterol biosynthesis.2

Together with other statins, ATO has been commonly used for decades. Currently,

ATO is proven to play other roles in decreasing the risk of heart failure,3 cerebro-

vascular disease,4 chronic subdural hematoma,5 depression,6 pancreatic cancer,7

contrast-induced acute kidney injury,8 rheumatoid arthritis,9 and so on. Although

ATO is safe and generally well tolerated across the range of its therapeutic dosage

(10–80 mg/day);10 it is associated with adverse effects, which are underrecognized

as well as underreported.11,12 Common adverse drug events (ADEs) or adverse drug
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reactions (ADRs) for patients taking ATO include arthral-

gia, dyspepsia, diarrhea, nausea, nasopharyngitis, insom-

nia, urinary tract infection and pain in the extremities.13

Additionally, ATO-associated myalgia,11 hearing loss,14

and hepatotoxicity15,16 are often reported. Idiosyncratic

liver injury associated with statins is rare but can be

associated with severe outcomes,17 and the research on

this topic is incomplete but extremely necessary.18

Postmarketing surveillance is essential in order to protect

patients against avoidable risks from medication.19

Spontaneous reporting on ADRs is a quick method, but under-

reporting is a problem; intensive monitoring gives high quality

data but is expensive.19 Now, there is ongoing interest in

developing systems or methods that can incorporate and use

existing electronic data to enable active surveillance for

ADEs,20 and this surveillance for signal detection of ADEs

is feasible.21 Prescription sequence symmetry analysis (PSSA)

is a signal detection method for ADEs utilizing administrative

claims data22 and is based on analyzing the sequences of

medications; if one medication (marker drug) is more often

initiated after another medication (index drug) than before, it

may be an indication of an adverse effect of the index drug.23

Validation studies have indicated that the PSSA has moderate

sensitivity and high specificity, and has robust performance.23

PSSA has become a tool to assist in global pharmaco-

surveillance of medicines, complementary to other methods,

and a pharmacovigilance tool to identify unsuspected side

effects.23,24 The method has been increasingly used to inves-

tigate safety concerns of medications, including ace-inhibitor

induced cough, inhaled corticosteroid induced oral candidia-

sis, nonsteroidal anti-inflammatory induced stroke, and isotre-

tinoin and cardiovascular medicine induced depression.25 To

our knowledge, only one Chinese study reported the associa-

tion between statins and liver injury using PSSA,26 but no

other study has evaluated ATO-associated hepatotoxicity

based on the PSSA.

The health insurance data are an important source of

information for medical research,27 which usually contains

each patient’s unique encrypted identification number, age,

sex, diagnosis, medical treatment administered, whether

the individual was an inpatient or outpatient, type of

insurance, medical expenses, medical institution identifica-

tion number, and prescriptions. The data are a valuable

resource for exploratory analyses of a variety of health

services research questions.27 Based on the PSSA, the

health insurance database can also be used for the study

of ADEs/ADRs. This study aimed to evaluate ATO-

associated hepatotoxicity using the PSSA, based on

a health insurance database of a Chinese population in

Jiangsu Province, China.

Patients and methods
Data source
Data for this study were obtained from the health insur-

ance database of Jiangsu Province in 2017. A subset of

data was used in the present study, including patients who

were prescribed ATO or hepatoprotective drugs as single

or combination products in either the inpatient or the out-

patient setting. The variables in the data set included drug

prescriptions (generic name and brand name of drugs, and

prescription time) and patients’ information (identification

number, gender, age). The present study was approved by

the Ethics Committee of Nanjing Medical University, and

the data set does not contain any information that can

identify subjects, such as names or addresses.

Definition of index and marker drugs
The index drug is the drug thought to produce a given side

effect, while the marker drug is the drug used to alleviate

the given side effect.28 In the present study, the index drug

is ATO, regardless of its manufacturer or dosage. The

marker drugs, namely, hepatoprotective drugs, which

were the most commonly used drugs in China, were cate-

gorized into five therapeutic classes: anti-inflammatory,

antioxidant, antidote, choleretic, cell membrane repair

agents (Table 1). Such categorization applied regardless

of the manufacturer or dosage. In China, the patients with

Table 1 Hepatoprotective drugs included in the atorvastatin analyses

Therapeutic class Hepatoprotective drugs

Anti-inflammatory agents Magnesium Isoglycyrrhizinate, Diammonium glycyrrhizinate

Antioxidant agents Bicyclol, Bifendate

Antidote agents Reduced glutathione sodium for injection

Choleretic agents Ademetionine 1,4-Buta nedisulfonate, Ursodeoxycholic acid

Cell membrane repair agent Polyene phosphatidylcholine
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drug-induced liver injury (DILI) can be treated with

hepatoprotective drugs.29 The international criteria estab-

lished by the Council for International Organizations of

Medical Sciences (CIOMS) is used for judging the DILI

based on three clinical types.29,30 (1) hepatocellular

injury, alanine aminotransferase (ALT) ≥3 upper limit of

normal (ULN) and R (the ratio of the elevation of base-

line ALT to baseline alkaline phosphatase (ALP)) ≥5; (2)
cholestatic injury, ALP≥2 ULN and R≤2; (3) hepatocel-
lular-cholestatic mixed injury, ALT≥3 ULN, ALP≥2 ULN

and 2<R<5.

Run-in period and time periods
The run-in period, namely, how long you would have to wait

before a patient fills his first prescription for a given drug,

was determined based on the “waiting-time”

distribution.22,31 The time intervals, the periods between the

initiation of index drugs and marker drugs, were set at

different days (15, 30, 60, 90, 120, and 180 days) to conduct

the sensitivity analysis according to the reference.26

Statistical analysis
The PSSA method, originally described by Hallas,22 was

applied in this study. In brief, PSSA proceeds in three steps.

First, patients who filled incident prescriptions of both index

andmarker drugs during 2017 are identified. Second, patients

are classified on the basis of the temporal order of the alter-

native sequences of prescription events. The “causal” group

consists of patients who filled the index drug first and the

marker drug second, whereas conversely the “noncausal”

group consists of patients who filled the index drug second

and the marker drug first. Finally, the estimate of risk is

calculated by taking the ratio of the number of patients in

the “causal” to the “noncausal” groups.22,32 The three key

indicators were calculated as follows:

(1) The crude sequence ratio (CSR) is the ratio of the

number of patients in the “causal” group over the

number of patients in the “noncausal” group, which

is a measure of the degree of asymmetry between

the two patient groups.

(2) The null-effect sequence ratio (NESR) determines

the expected sequence ratio given no cause-effect

relationship between the index drug and the mar-

ker drug. The NESR measures differential change

in prescribing patterns during the study period,

which could confound the CSR. NESR is defined

as a/(1−a)33 where a is given as

a ¼ ∑u
m¼1 ATOm ∑mþd

n¼mþ1 HDn

∑u
m¼1 ATOmð∑m�1

n¼m�d HDn þ∑mþd
n¼mþ1 HDnÞ

In the aforementioned formula, m or n is the conse-

cutive days of the survey period (excluding the run-in

period) and u is the last day of the survey period. HD is

an abbreviation for hepatoprotective drug. HDindex is the

number of patients being prescribed hepatoprotective

drugs first on the index day, and ATOindex is the number

of patients being prescribed ATO first on the index day.

d is the time interval between ATO and the hepatopro-

tective drugs.

(3) The adjusted sequence ratio (ASR) was calculated

for each time interval as the CSR divided by the

NESR (ASR=CSR/NESR). 95% confidence inter-

vals (95% CI) for the ASRs were calculated by

using a method for exact confidence intervals in

binomial distributions.34

Stratified analysis was conducted according to different

genders and ages, and the difference between the two

groups was analyzed by the χ2 test. Findings were consid-

ered statistically significant at an alpha level of 0.05 if the

95% CI did not include the null (1.0). All calculations

were performed using STATA (version 13.0, Stata Corp,

College Station, Texas, USA).

Results
The study database contains records on 10,318 patients with

73,388 prescriptions of ATO or hepatoprotective drugs over

the period from January 1, 2017, to December 31, 2017.

Among these patients, 4,480 patients prescribed both ATO

and hepatoprotective drugs in the same year were identified.

Five hundred eighty-two patients were excluded from the

analysis because of being prescribed both drugs on the

same day. As shown in Figure 1, the “waiting-time” dis-

tribution curves showed a steeply descending limb, reaching

a more or less stable plateau after 30 days. Therefore, the

other 1,349 patients were excluded because the run-in per-

iod was less than 30 days. Of the remaining 2,549 patients,

1,518 filled the ATO prescription first and 1,031 filled the

ATO prescription second (Figure 2). A slight asymmetry

was observed in the distribution between prescription orders

(Figure 3).

After setting the time interval between the initiation of

index and marker drugs as 15, 30, 60, 90, 120, and

180 days, the ASRs were 1.492 (95% CI: 1.367–1.652),
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1.399 (95% CI: 1.308–1.508), 1.280 (95% CI:

1.213–1.357), 1.292 (95% CI: 1.234–1.356), 1.278 (95%

CI: 1.226–1.336), and 1.274 (95% CI: 1.229–1.323),

respectively (Table 2). The ASRs showed a downward

trend as the extension of the time interval, and the positive

signal was stronger within 30 days’ time interval.

An extended stratified analysis was conducted accord-

ing to different genders and ages, and the results are shown
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in Table 2. The ASRs were 1.320 (95% CI: 1.228–1.430)

and 1.243 (95% CI: 1.150–1.354) in males and females,

respectively; 1.405 (95% CI: 1.303–1.529) and 1.188

(95% CI: 1.104–1.289) in patients age <60 and

≥60 years, respectively. No significant difference was

observed between different genders and ages (χ2=0.161,
P=0.688; χ2=1.565, P=0.211, respectively).

Discussion
This study is the first to evaluate the association of ATO

with the potential risk of hepatotoxicity using PSSA in

a Chinese population. Based on the health insurance data-

base and the PSSA, we confirmed the relationship between

the index drug (ATO) and the marker drugs (hepatopro-

tective drugs) (The ASRs were more than 1 under different

time intervals, and 95% CI did not include the null), which

indicated that the possibility of ATO-induced hepatotoxi-

city in a Chinese population. There is a 1.3- to 1.5-fold

increase in the risk of hepatotoxicity in the present study,

especially within 30 days of initiating ATO first. To date,

only one study has explored the relationship between

statins and the risk of hepatotoxicity, which showed the

potential association between statins and liver injury.26 In

that study, the ASR of statins was 1.471 (95% CI:

1.395–1.550), and the ASR of ATO was 1.419 (95% CI:

1.335–1.508),26 similar to that of the present study.

Additionally, the results of ADRs monitoring from differ-

ent countries also suggested that ATO may cause hepato-

toxicity. ADRs reports received by the Swedish Adverse

Drug Reactions Advisory Committee in 1988–2010

showed that a statin-related DILI was reported in 1.2/

100,000 users, and ATO was implicated in 30/73 (41%)

of the cases.17 Between April 1994 and August 2012, the

Spanish Hepatotoxicity Registry indicated that statin-

related DILI was not common in Spain, but ATO was the

statin involved in the greatest number of incidents (16/47,

34%).35 In prospective studies of patients with DILI, sta-

tins have been the cause in approximately 2–5% of

patients, and ATO has been the most frequently implicated

statin in all of the series of statin induced hepatotoxicity.16

The present study also verified ATO-associated hepato-

toxicity using PSSA, and this signal detection method

may be a fast and effective one in drug safety evaluation

and can also be implemented based on a health insurance

database.

Although rare, ATO-induced hepatotoxicity has been

well documented, and different hepatotoxicity mechanisms

have been proposed.18 Multiple studies suggested thatT
ab
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ATO-induced autoimmune hepatitis is responsible for most

idiosyncratic drug reactions.16,36,37 However, no signifi-

cant association was observed for human leukocyte anti-

gen-A, -B and -C alleles with ATO-induced hepatotoxicity

in a Japanese population.38 Evidence from cell and animal

experiments suggest that it may also be related to other

mechanisms. HMG-CoA reductase inhibitors can induce

apoptosis by increasing intracellular reactive oxygen spe-

cies generation.39 ATO caused liver tissue dysfunction as

well as hepatic cell death via oxidative stress-induced cell

signaling pathways, including the signals from the mito-

chondria, caspases and calpain in a dose-dependent

manner.40 Thymoquinone, a prominent constituent of

Nigella sativa, has antioxidant, anti-inflammatory and anti-

apoptotic activity, and posttreatment thymoquinone can

reverse high-dose ATO-induced hepatic oxidative injury

in rats.41 Additionally, inhibition of HMG-CoA reductase

by statins reduces the production of mevalonate,

a precursor of coenzyme Q10.42 Even brief exposure to

atorvastatin causes a marked decrease in blood coenzyme

Q10 concentration.43 Coenzyme Q10 is one of the most

significant lipid antioxidants and its co-administration has

been shown to improve particular atorvastatin side effects

stemming from oxidative stress.44,45 Therefore, oxidative

stress induced by ATO or its metabolites, and the reduction

of coenzyme Q10 may contribute to the development of

ATO-induced hepatotoxicity. Furthermore, ATO and its

metabolites are predominantly eliminated by ATP-

binding cassette (ABC) transporters (ABCB1 and

ABCG2) mediated transport from liver into bile.46

A variation (rs2032582) in ABCB1 was also significantly

associated with ATO-induced hepatotoxicity (G allele ver-

sus T and A alleles, OR=2.59, 95% CI: 1.49–4.50,

P=0.00068).38 All these potential mechanisms, on the

one hand, illustrate the complexity of the mechanism of

ATO-induced hepatotoxicity, and on the other hand, indi-

cate that ATO does cause liver injury in patients initiating

ATO. Therefore, it is necessary to strengthen patient mon-

itoring and timely detect cases of hepatotoxicity, especially

within 30 days of initiating ATO.

In addition to ATO, other statins have been implicated

in the liver injury as well.18 However, only ATO and

simvastatin have been associated with fatality from statin

induced liver injury.16 Therefore, if the patients cannot

tolerate ATO, other statins could be used for lipid-

lowering treatments, such as fluvastatin, lovastatin,

pravastatin and rosuvastatin.16 In addition, some natural

lipid-lowering drugs are also safe, effective and well

tolerated in Chinese patients, such as Chinese medicine

Zhabitai,47 Xuezhikang48 and so on.

Limitations and strengths
Our study has several strengths. PSSA is a simple form of

a self-controlled design that is able to analyze effects of

drugs normally used for chronic conditions, and the effect

of the measured and unmeasured confounders is automa-

tically canceled out when the effect is stable over the study

period.33 Although this is a pilot study based on data for

one year, we only included all first-time patients of ATO

and hepatoprotective drugs to exclude the influence of

nonfirst-time patients. The run-in period was determined

by plotting the number of patients who were first-time

users each month to find the stable plateau. Sensitivity

analysis under different time intervals was used to detect

the signal and find which time period the signal was

stronger. Our study also has some limitations. First, using

hepatoprotective drugs as a proxy for hepatotoxicity is not

perfect. On the one hand, it is possible that some physi-

cians would discontinue ATO treatment if they suspected

that abnormal liver function in patients was related to

ATO. On the other hand, in addition to the hepatoprotec-

tive drugs mentioned in this study, there are some other

Chinese herbal medicines that may be used to treat hepa-

totoxicity but were not included as the marker

drugs. Second, we did not investigate the dose-response

relationship between ATO and hepatotoxicity in the study

because only patients who had both the marker and index

drugs were included in the analyses. Third, although gen-

eric ATO is as effective as the brand-name drug in low-

ering cholesterol levels,49 we didn’t distinguish whether

ATO was a generic or brand name drug because of the

limited sample size.

Conclusion
To the best of our knowledge, this is the first study con-

ducted in a real-world setting to evaluate the relationship

between ATO and hepatotoxicity using the PSSA in

a Chinese population. We found a 1.3- to 1.5-fold increase

in risk of hepatotoxicity following ATO, with the greater

risk occurring within the first 30 days of treatment. Our

findings may help guide patient education at the initiation

of treatment with ATO for lowering cholesterol levels.

PSSA is effectively applied as a safety signal detection

tool for recently marketed medicines, and would be more

widely used in the monitoring of ADEs/ADRs signals in

future.
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