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Introduction: While serious liver injury among statin users is extremely rare, baseline liver enzyme testing is still recommended 
prior to initiating therapy. The benefit of such screening should be reevaluated based on empirical evidence. This study compared the 
risk of severe acute liver injury (SALI) between statin initiators with an elevated ALT (>35U/L) matched to statin initiators with 
a normal ALT level (≤35U/L). Statin initiators with an elevated ALT were additionally compared against matched non-users.
Methods: The study created cohorts from Optum and MarketScan claims data. Exposed and comparison cohorts were propensity 
score (PS) matched in each dataset and findings were pooled using meta-analysis. Proportional hazards regression was used to estimate 
hazard ratios (HRs), and a prespecified non-inferiority margin for SALI was set at a HR of 1.8.
Results: 232,889 patients with elevated ALT were PS-matched to 232,889 with normal ALT level. The overall incidence rate of SALI 
was about 19/100,000 person-years among statin initiators. Statin initiators with elevated ALT had no meaningfully increased risk of 
SALI compared to those with normal ALT (HR=1.15; 95% CI 0.75 to 1.75). Comparing statin initiators with non-initiators with 
elevated ALT values equally yielded no increased risk (HR=0.76; 95% CI 0.52 to 1.11).
Conclusion: In this large population-based study, SALI in statin users was rare. Importantly, the results showed no evidence that 
baseline ALT status is a reliable indicator for an increased risk of severe liver injury among statin initiators.
Keywords: statins, liver injury, liver failure, alanine aminotransferase

Plain Language Summary
Research has shown that liver injury from statins is very rare. However, liver testing is still recommended before starting a treatment 
with statins. This requirement may increase the cost associated with the statin treatment and may reduce the use of statins, which are 
effective in preventing heart diseases. Our study has shown that baseline liver testing does not predict who may be at risk for severe 
liver injury among people who start statins.

Introduction
Statins are one of the most widely prescribed medications and have demonstrated substantial benefit in the primary and 
secondary prevention of cardiovascular (CV) events and mortality.1 Despite the clear benefits of statin therapy in 
preventing adverse CV events, approximately 55% of US adults who would qualify for treatment based on guidelines 
are not treated.2 While several factors contribute to undertreatment with statins, physician concerns about potential 
hepatotoxicity may be a contributing factor.3,4 The concerns for hepatotoxicity arose when the National Institute of 
Health Guidelines at the Fogarty conference in 1978 deemed liver alanine aminotransferase (ALT) values larger than 
three times the upper level of normal should be used as an indicator for induced liver injury, introducing this measure as 
standard monitoring practice in the statin clinical trials that followed in 1980s.5 In a survey conducted among primary 
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care physicians, thirty-seven percent of respondents had falsely elevated perceptions of statin hepatotoxicity risk based 
on baseline liver Alanine Aminotransferase (ALT) values, and these perceptions correlated inversely with statin 
prescribing.4

Initial labeling for all statins recommended baseline liver enzyme testing and periodic liver enzyme monitoring 
because hepatic adverse effects were a concern.5 Based on a literature review assessing the overall incidence of liver 
failure among statin users, the incidence rate for acute liver failure (ALF) is estimated to be between 1 and 2 per 
100,000 person-years.6,7 Overall, data published since 2006 continue to demonstrate the rarity of statin-associated liver 
failure.7,8

In February 2012, after extensive review of statin data, the US Food and Drug Administration (FDA) revised labels to 
remove the need for routine periodic monitoring of liver enzymes in patients taking statins. The FDA concluded that 
serious liver injury with statins is rare and unpredictable in individual patients; routine periodic monitoring of liver 
enzymes does not appear to be effective in detecting or preventing serious liver injury.9 However, baseline liver enzyme 
tests are still a requirement.9 The benefits of baseline liver enzyme testing are unproven, and the recommendation is 
based on expert opinion - the lowest quality of evidence.6 The requirement for baseline liver enzyme testing, however, 
may present a potential undue barrier to statin initiation.4

Despite the low risk of liver injury from statin use, a scientific question remains whether patients with elevated liver 
enzymes at baseline when initiating a statin are at higher risk of developing liver injury compared to those patients with normal 
liver enzymes at baseline. If the risk of developing liver injury is similar in the two groups, then routine baseline liver enzyme 
testing prior to initiation may not provide additional benefit, and a potential barrier to statin initiation could be eliminated.

In this study, we aim to address this gap in evidence by conducting an observational cohort study using two 
nationwide databases in the US to compare the risk of severe acute liver injury (SALI) between statin initiators with 
an elevated ALT value (>35 U/L) matched to statin initiators with a normal ALT level. We also compared the risk of 
SALI among statin initiators matched to non-initiators with an elevated ALT value (>35 U/L).

Methods
Data Source and Study Design
This cohort study was conducted using longitudinal insurance claims data from IBM MarketScan (about 63 million 
patients) and Optum Clinformatics Data Mart (about 196 million patients). For the primary objective, the risk of 
hospitalization or emergency department (ED) visit for SALI was compared among statin initiators with elevated ALT 
values (>35 U/L) with statin initiators with normal ALT values (≤35 U/L) during the 6 months before initiating the statins 
which was the cohort entry date. Among those with elevated ALT levels we compared statin initiators to non-initiators 
requiring at least one statin indication and a low-density lipoprotein (LDL) test during the six months before cohort entry. 
Given the potential for non-equivalency between the user and non-user arms, a negative outcome analysis, with humerus 
bone fracture as the negative outcome, was performed before conducting the final analysis to confirm the equipoise and 
detect any residual confounding.10 A sensitivity analysis with an active comparison group of patients initiating non-liver- 
toxic glaucoma medication was also conducted.11 However, due to the rare occurrence of SALI, the study did not have 
the sufficient size to achieve adequate power. We also conducted a positive outcome analysis, with LDL reduction, to test 
the sensitivity of the study to detect a change when LDL reduction is expected with statin use.

Appendix A depicts the longitudinal study design.

Study Population
The study included adult patients in the US enrolled in either of the Optum CDM database and the MarketScan Claims- 
Lab linked database who initiated statin medications or were eligible for the secondary comparison between statin new- 
users and non-initiators. The index date was the date of statin initiation with a 6-month washout period. For the 
secondary comparison of statin initiators to non-initiators, the index date for non-statin initiators was the initiation day 
of the matched treatment-exposed patient (statin initiator). Based on data availability, study eligibility ranged from 
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January 1, 2007 to December 31, 2017 in Optum and from January 1, 2008 to December 31, 2017 in MarketScan. Both 
Optum and MarketScan data included non-identifiable information, and the study was exempt from IRB review.

Other eligibility criteria included continuous enrollment with pharmacy and medical benefits for a minimum of six 
months before the index date /cohort entry date. Participants were required to have at least one ALT liver enzyme test 
result and no statin use in the prior six months. In addition, for the secondary comparison between statin new-users and 
non-initiators, participants had an LDL-Cholesterol (LDL-C) test within 180 days before the ALT test and had an 
indication for statin initiation. Statin indication was defined as LDL-C greater than 160 mg/dl and age greater than 20 
years; or a diabetes diagnosis and age greater than 40 years; or LDL-C between 70 and 160 mg/dl and older than 40 years 
and at least one of the risk factors or risk enhancing factors for cardiovascular disease.12

Patients with SALI, acute liver failure, or chronic liver disease at any time before cohort entry were excluded. In 
addition, patients with a diagnosis of cancer, jaundice, or hyperbilirubinemia (serum total bilirubin of greater than 2 times 
the upper limit of normal) were excluded.

The follow-up period began on the day after cohort entry (date of first statin dispensing) and continued until the end 
of the study, end of enrollment in a continuous health plan, occurrence of a study outcome, discontinuation of the statins 
or initiation of the statin medication in the non-user comparator cohort or diagnosis of chronic liver disease.

Treatment
Statin use was the primary drug exposure of interest (Appendix B). Patients were classified as treated from the day of the 
first statin dispensing until discontinuation. The last day of treatment was defined as the last day of a drug dispensing’s 
days supply, if no subsequent prescription was filled within the 90 days grace period. If the drug was refilled during the 
90 days grace period, drug use was continued and the same algorithm was applied to this dispensing. Discontinuation 
was defined as 30 days after the last day of treatment. Sensitivity analyses were conducted around the allowable gap 
definitions of 30 and 60 days to assess statin discontinuation.

Study Outcome
Severe acute liver injury (SALI) with a hospitalization or an emergency department (ED) visit was defined using ICD-9 
CM and ICD-10 CM diagnosis codes. Diagnosis codes included in at least two out of three validation studies were used 
to identify SALI (Appendix C).13–15

ALF, as identified by two hepatologists using claims data, was also explored as a narrow clinical outcome. However, 
due to the infrequency of ALF, the study did not have sufficient size to achieve adequate power.6,7,16

Patient Characteristics
A range of pre-exposure patient characteristics were considered in the propensity score (PS) matching (Table 1). They 
included demographic characteristics (age, gender, region), medications (medications associated with drug induced liver 
injury, anti-diabetics, pharmacy dispensed acetaminophen), comorbidities (obesity, alcohol consumption, Charlson 
comorbidity score, etc.) and the calendar year of the index date. All covariates were selected a priori and assessed 
during the 180 days before the index date.

WCG IRB reviewed the study protocol, and the study was exempted from IRB review as information is recorded in 
such a manner that the identity of the human subjects cannot readily be ascertained directly or through identifiers linked 
to the subjects. The study authors did not contact the subjects.

Statistical Analysis
To control for baseline confounding, PS-matching with match ratios of 1:1 was used for the primary objective and 1:4 for 
the secondary objective. Logistic regression was used to estimate propensity scores. For the primary objective, PS- 
matching was performed using 1:1 nearest neighbor matching with a maximum matching caliper of 1%. For the 
secondary objective, PS-matching was performed using 1:4 nearest neighbor matching. In PS-matched analyses, 
confounding control was addressed through the matching process. After matching, the treatment effect measures were 
directly derived from the balanced populations without any further adjustment.
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Table 1 Baseline Characteristics of Statin Initiators with Normal Baseline ALT Value and Statin Initiators with Abnormal Baseline ALT 
Value After Propensity Score Matching

Optum MarketScan

ALT <=35 U/L 
(n=135,264)

ALT >35 U/L 
(n=135,264)

ALT <=35 U/L 
(n=97,625)

ALT >35 U/L 
(n=97,625)

Age on index date (mean, SD) 51.48 (12.15) 51.58 (11.41) 50.81 (10.77) 50.86 (10.23)

Females (n, %) 36,833 (27.2%) 36,631 (27.1%) 26,592 (27.2%) 26,930 (27.6%)

Region

Region - Northeast 10,320 (7.6%) 10,612 (7.8%) 16,374 (16.8%) 16,507 (16.9%)

Region - Midwest 13,451 (9.9%) 13,891 (10.3%) 10,941 (11.2%) 11,378 (11.7%)

Region - South 84,468 (62.4%) 83,002 (61.4%) 60,371 (61.8%) 59,724 (61.2%)

Region - West 26,727 (19.8%) 27,463 (20.3%) 9,915 (10.2%) 9,988 (10.2%)

Region - Other 298 (0.2%) 296 (0.2%) 24 (0.0%) 28 (0.0%)

Medications

Statin Intensity -High (n, %) 18,467 (13.7%) 18,986 (14.0%) 14,073 (14.4%) 14,554 (14.9%)

Medications associated with drug-induced 

liver injury (n,%)

38,215 (28.3%) 39,178 (29.0%) 26,747 (27.4%) 27,723 (28.4%)

Antidiabetic medication - Oral (n, %) 32,938 (24.4%) 33,877 (25.0%) 24,972 (25.6%) 26,093 (26.7%)

Antidiabetic medication - Insulin (n, %) 6,202 (4.6%) 6,479 (4.8%) 4,563 (4.7%) 4,898 (5.0%)

Antidiabetic medication - GLP-1 (n, %) 2,196 (1.6%) 2,239 (1.7%) 1,842 (1.9%) 1,937 (2.0%)

Non-statin antihyperlipidemic medications (n, %) 11,218 (8.3%) 11,548 (8.5%) 7,702 (7.9%) 8,120 (8.3%)

Pharmacy-dispensed acetaminophen (n, %) 21,743 (16.1%) 22,822 (16.9%) 15,048 (15.4%) 15,968 (16.4%)

Comorbidity

BMI >30 or obesity surgery (n, %) 19,313 (14.3%) 20,165 (14.9%) 10,747 (11.0%) 11,444 (11.7%)

Smoking history (n, %) 9,332 (6.9%) 10,112 (7.5%) 4,805 (4.9%) 5,385 (5.5%)

Alcohol consumption (n, %) 1,616 (1.2%) 1,655 (1.2%) 919 (0.9%) 959 (1.0%)

Hypertension diagnosis (n, %) 76,775 (56.8%) 77,337 (57.2%) 52,388 (53.7%) 52,881 (54.2%)

Hyperlipidemia diagnosis (n, %) 106,203 (78.5%) 105,831 (78.2%) 67,135 (68.8%) 66,901 (68.5%)

Diabetes (Type 1 or Type 2) diagnosis (n, %) 35,231 (26.0%) 36,224 (26.8%) 24,580 (25.2%) 25,567 (26.2%)

Cardiovascular hospitalization (n, %) 6,389 (4.7%) 6,901 (5.1%) 1,881 (1.9%) 2,077 (2.1%)

Charlson Comorbidity Index (CCI) (mean, SD) 0.63 (1.01) 0.66 (1.06) 0.55 (0.91) 0.59 (0.96)

Results of most recent laboratory tests in baseline period

LDL>130 mg/dl (n, %) 68,821 (60.2%) 67,770 (59.7%) 49,261 (59.3%) 48,622 (58.8%)

HDL<40 mg/dl (n, %) 42,891 (34.7%) 43,817 (35.6%) 30,655 (34.6%) 31,276 (35.4%)

Triglycerides >150 mg/dl (n, %) 76,623 (62.0%) 76,650 (62.2%) 54,738 (61.6%) 54,764 (61.8%)

(Continued)
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The treatment was specified as the dependent variable. All the predefined baseline covariates were used to calculate 
PS; no variable selection was conducted. Cases with missing values for any of the following covariates were excluded 
from the analyses: age, gender, region, acute liver injury, and ALT categories. Missing indicators were created for all 
other variables reported in Table 1. Missing categorical variables were coded as “Missing”, furthermore analyzed and 
reported with this missing indicator. For numeric variables, an additional binary covariate was created to indicate missing 
data and the missing numeric variable was assigned as value of 0. A caliper of 0.01 was used for matching and 
a standardized difference <0.1 was used to indicate balance between the comparison groups.17,18 Standardized differ-
ences for the primary and secondary objectives were reported in Appendices D and E, respectively.

Among statin new users, patients with an elevated ALT were compared to those matched with normal ALT using Cox 
proportional hazards regression assuming an on-treatment analysis.19 Incidence rate per 100,000 person-years, and 
hazard ratios (HR) with 95% confidence intervals (CI) are presented.

In addition, we performed a negative outcome analysis for the secondary objective comparing statin initiators versus non- 
initiators and the association with humerus bone fracture as the negative outcome. Randomized controlled trials have shown no 
relationship between statin use and risk of fractures.20,21 Similarly, in our analysis we found no association between statin 
initiation and humerus fracture providing confidence that our data analytic approach would unlikely be subject to major biases.

To test the sensitivity of the study in finding an expected association, we performed a positive outcome analysis for the 
secondary objective comparing statin initiators versus non-initiators and the association with LDL-C reduction as the positive 
outcome. In MarketScan, statin initiators experienced 17.95 mg/dl greater LDL-C reduction compared to non-initiators (95% 
CI 17.46, 18.44) in the first 6 months. Among those with LDL-C > 130 mg/dl at baseline, this difference was 25.79 mg/dl 
(95% CI 25.11, 26.47) and even among those with LDL-C was <= 130 mg/dl during baseline, the reduction was statistically 
significant (11.42 mg/dl; 95% CI 10.85, 11.99). Similar LDL-C reductions were observed in Optum data for the overall 
population (21.36 mg/dl; 95% CI 20.90, 21.82), those with LDL-C >130 mg/dl during baseline (31.37 mg/dl; 95% CI 30.74, 
32.00) and those with LDL-C <=130 mg/dl during baseline (14.49 mg/dl; 95% CI 13.96, 15.01).

Once the potential for unmeasured confounding was assessed, the outcome of SALI was compared between the 
groups using Cox proportional hazards regression conducting an on-treatment analysis.

Table 1 (Continued). 

Optum MarketScan

ALT <=35 U/L 
(n=135,264)

ALT >35 U/L 
(n=135,264)

ALT <=35 U/L 
(n=97,625)

ALT >35 U/L 
(n=97,625)

Year of Index date

2007 9,689 (7.2%) 9,422 (7.0%) 0 (0.0%) 0 (0.0%)

2008 12,359 (9.1%) 12,288 (9.1%) 891 (0.9%) 904 (0.9%)

2009 14,570 (10.8%) 14,384 (10.6%) 6,504 (6.7%) 6,572 (6.7%)

2010 12,415 (9.2%) 12,347 (9.1%) 5,929 (6.1%) 5,834 (6.0%)

2011 10,580 (7.8%) 10,490 (7.8%) 5,685 (5.8%) 5,710 (5.8%)

2012 9,791 (7.2%) 9,703 (7.2%) 14,007 (14.3%) 14,018 (14.4%)

2013 12,204 (9.0%) 12,278 (9.1%) 13,372 (13.7%) 13,370 (13.7%)

2014 11,378 (8.4%) 11,439 (8.5%) 14,007 (14.3%) 14,022 (14.4%)

2015 11,957 (8.8%) 12,109 (9.0%) 13,497 (13.8%) 13,443 (13.8%)

2016 14,851 (11.0%) 14,984 (11.1%) 12,376 (12.7%) 12,343 (12.6%)

2017 15,470 (11.4%) 15,820 (11.7%) 11,357 (11.6%) 11,409 (11.7%)

Notes: Baseline characteristics before matching are provided in the Appendix D. 
Abbreviations: SD, standard deviation; BMI, body mass index.
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To obtain summary estimates of effect across both databases, a fixed effect meta-analysis was performed. Given the 
infrequency of the outcome, a non-inferiority margin of HR=1.8 was prespecified.22 For the primary objective, the 
necessary study size was calculated for event probability ranging from 17 to 21 per 100,000 participants, using one-sided 
alpha of 0.025, a non-inferiority margin of 1.8, and a 1:1 matching ratio between the exposed to reference groups. The 
event probability observed in the study was about 19 per 100,000 participants. Combining data from Optum and 
MarketScan provides 80% power to detect associations within the non-inferiority margin of HR=1.8.

Results
Primary Objective
In the Optum dataset, we identified 877,304 patients who initiated a statin prescription; among those, 740,396 patients 
had normal baseline ALT values and 136,908 patients had elevated baseline ALT values. In the MarketScan dataset, 
a total of 626,641 patients met the eligibility criteria; among those, 528,578 patients had normal baseline ALT values and 
98,063 patients had elevated baseline ALT values. After 1:1 PS-matching, 135,264 and 97,625 statin initiators with 
elevated ALT were matched to statin initiators with normal ALT levels in the Optum and Marketscan databases, 
respectively (Table 1). All covariates reported in Table 1 were balanced after the PS-matching with the standardized 
difference of <0.1. Appendix D shows the standardized differences for each covariate and PS overlap curves.

In the Optum database, the statin initiators with normal ALT had an incidence rate of 13 events per 100,000 person- 
years; statin initiators with elevated ALT had an incidence rate of 15 events per 100,000 person-years (Table 2). These 
rates were 21 and 24 per 100,000 person-years in MarketScan, respectively. The PS-matched hazard ratio was 1.18 (95% 
CI: 0.64, 2.19) and 1.11 (95% CI: 0.62, 1.99) in Optum CDM and MarketScan, respectively, corresponding to a pooled 
hazard ratio of 1.15 (95% CI: 0.75, 1.75). Similar hazard ratios were observed in the sensitivity analyses with allowable 
gap of 30 and 60 days. The crude incidence rates of SALI among statin initiators who were not PS-matched were also not 
significantly different in both Optum and MarketScan databases (data not shown).

Secondary Objective
In the Optum data, a total of 420,186 patients met the eligibility criteria as being indicated for statin initiation. Of these, 
84,231 patients initiated statins and 335,955 patients did not (referent group). In the MarketScan data, a total of 345,001 
patients were identified. Of these, 69,103 patients initiated statins and 275,898 patients did not (referent group). After the 
propensity score matching (1:4, statin initiators: non-initiators), 82,451 statin initiators were matched to 287,655 non- 
initiators in Optum and 66,959 statin initiators were matched to 229,545 non-initiators in MarketScan data (Table 3). All 
covariates were balanced after the PS-matching with standardized difference of <0.1 (Appendix E).

Table 2 Primary Objective - Propensity Score Matched Rate of SALI and Hazard Ratios Among Those with Elevated and Normal ALT 
Values

Overall Results Optum MarketScan Overall

ALT <=35 
U/L

ALT >35 
U/L

ALT <=35 
U/L

ALT >35 
U/L

ALT <=35 
U/L

ALT >35 
U/L

No of patients 135,264 135,264 97,625 97,625 232,889 232,889

No of person-years 148,146 143,996 102,353 100,401 250,499 244,398

No of SALI 19 22 22 24 41 46

Rate of SALI per 100,000 person 

years

13 15 21 24 16 19

HR (95% CI) Ref 1.18  

(0.64, 2.19)

Ref 1.11  

(0.62, 1.99)

Ref 1.15  

(0.75, 1.75)

Abbreviations: SALI, severe acute liver injury; HR, hazard ratio; CI, confidence interval.
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Table 3 Baseline Characteristics of Statin Initiators and Non-Initiators with Abnormal Baseline ALT Value After Propensity Score 
Matching

Optum MarketScan

Statin Initiators 
(n=82,451)

Non-Initiators 
(n=287,655)

Statin Initiators 
(n=66,959)

Non-Initiators 
(n=229,545)

Age on index date (mean, SD) 54.07 (11.13) 53.94 (11.37) 52.83 (9.53) 52.58 (9.26)

Females (n, %) 24,911 (30.2%) 90,275 (31.4%) 20,403 (30.5%) 72,070 (31.4%)

Region

Region - Northeast 6,627 (8.0%) 24,156 (8.4%) 12,722 (19.0%) 45,290 (19.7%)

Region - Midwest 8,354 (10.1%) 28,347 (9.9%) 7,857 (11.7%) 26,111 (11.4%)

Region - South 49,793 (60.4%) 173,339 (60.3%) 39,565 (59.1%) 134,890 (58.8%)

Region - West 17,449 (21.2%) 61,020 (21.2%) 6,794 (10.1%) 23,193 (10.1%)

Region - Other 228 (0.3%) 793 (0.3%) 21 (0.0%) 61 (0.0%)

Medications

Medications associated with drug-induced 

liver injury (n,%)

23,397 (28.4%) 78,326 (27.2%) 18,684 (27.9%) 58,341 (25.4%)

Antidiabetic medication - Oral (n, %) 18,863 (22.9%) 65,239 (22.7%) 15,700 (23.4%) 52,877 (23.0%)

Antidiabetic medication - Insulin (n, %) 3,891 (4.7%) 12,290 (4.3%) 3,190 (4.8%) 9,240 (4.0%)

Antidiabetic medication - GLP-1 (n, %) 1,249 (1.5%) 4,123 (1.4%) 1,183 (1.8%) 3,805 (1.7%)

Non-statin antihyperlipidemic medications 

(n, %)

6,069 (7.4%) 21,854 (7.6%) 4,866 (7.3%) 16,513 (7.2%)

Pharmacy-dispensed acetaminophen (n, %) 13,633 (16.5%) 46,566 (16.2%) 10,614 (15.9%) 33,108 (14.4%)

Comorbidity

BMI >30 or obesity surgery (n, %) 12,084 (14.7%) 42,627 (14.8%) 7,258 (10.8%) 25,065 (10.9%)

Smoking history (n, %) 6,001 (7.3%) 19,428 (6.8%) 3,352 (5.0%) 10,635 (4.6%)

Alcohol consumption (n, %) 988 (1.2%) 3,405 (1.2%) 591 (0.9%) 1,959 (0.9%)

Hypertension diagnosis (n, %) 50,540 (61.3%) 174,563 (60.7%) 38,193 (57.0%) 128,545 (56.0%)

Hyperlipidemia diagnosis (n, %) 62,684 (76.0%) 218,717 (76.0%) 44,597 (66.6%) 153,049 (66.7%)

Diabetes (Type 1 or Type 2) diagnosis (n, %) 21,570 (26.2%) 75,107 (26.1%) 16,426 (24.5%) 55,725 (24.3%)

Cardiovascular hospitalization (n, %) 3,690 (4.5%) 11,839 (4.1%) 646 (1.0%) 1,154 (0.5%)

Charlson Comorbidity Index (CCI) (mean, SD) 0.69 (1.10) 0.68 (1.13) 0.56 (0.93) 0.54 (0.94)

Results of most recent laboratory tests in baseline period

LDL>130 mg/dl (n, %) 41,094 (49.8%) 145,674 (50.6%) 35,855 (53.5%) 122,776 (53.5%)

HDL<40 mg/dl (n, %) 25,216 (30.6%) 87,500 (30.4%) 20,094 (30.0%) 68,608 (29.9%)

Triglycerides >150 mg/dl (n, %) 45,759 (55.5%) 155,406 (54.0%) 38,564 (57.6%) 128,954 (56.2%)

(Continued)
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In the Optum database, the statin initiators had an incidence rate of 14 events per 100,000 person-years; and the non- 
initiators had an incidence rate of 22 events per 100,000 person-years; rates were 27 and 29 per 100,000 person-years in 
MarketScan, respectively (Table 4). The PS-matched hazard ratio was 0.59 (95% CI: 0.33 to 1.06) and 0.91 (95% CI: 
0.56 to 1.50) in Optum and MarketScan, respectively, corresponding to a pooled hazard ratio of 0.76 (0.52 to 1.11).

Discussion
In this contemporary PS-matched analysis of US insurance claims data, the risk of SALI was not meaningfully different 
between patients who initiated statins with elevated ALT levels and patients who initiated statins with normal ALT, 
yielding results below the predefined non-inferiority margin threshold. Similarly, among matched patients with an 

Table 4 Secondary Objective - Propensity Score Matched Rate of SALI and Hazard Ratios Among Statin Initiators and Non-Statin 
Initiators

Overall Results Optum MarketScan Overall

Non-Statin 
Initiators

Statin 
Initiators

Non-Statin 
Initiators

Statin 
Initiators

Non-Statin 
Initiators

Statin 
Initiators

No of patients 287,655 82,451 229,545 66,959 517,200 149,410

No of person-years 509,467 89,844 392,691 71,099 902,158 160,943

No of SALI 112 13 112 19 224 32

Rate of SALI per 100,000 person years 22 14 29 27 25 20

HR (95% CI) Ref 0.59  
(0.33, 1.06)

Ref 0.91  
(0.56, 1.50)

Ref 0.76  
(0.52, 1.11)

Abbreviations: SALI, severe acute liver injury; HR, hazard ratio; CI, confidence interval.

Table 3 (Continued). 

Optum MarketScan

Statin Initiators 
(n=82,451)

Non-Initiators 
(n=287,655)

Statin Initiators 
(n=66,959)

Non-Initiators 
(n=229,545)

Year of Index date

2007 3,944 (4.8%) 13,752 (4.8%) 626 (0.9%) 2,162 (0.9%)

2008 6,963 (8.4%) 24,336 (8.5%) 4,198 (6.3%) 14,427 (6.3%)

2009 8,240 (10.0%) 28,858 (10.0%) 3,844 (5.7%) 13,150 (5.7%)

2010 7,140 (8.7%) 25,009 (8.7%) 3,495 (5.2%) 12,013 (5.2%)

2011 6,040 (7.3%) 21,064 (7.3%) 10,204 (15.2%) 35,091 (15.3%)

2012 5,848 (7.1%) 20,406 (7.1%) 9,645 (14.4%) 32,867 (14.3%)

2013 7,834 (9.5%) 27,376 (9.5%) 9,515 (14.2%) 32,589 (14.2%)

2014 7,279 (8.8%) 25,233 (8.8%) 8,985 (13.4%) 30,680 (13.4%)

2015 8,241 (10.0%) 28,707 (10.0%) 8,608 (12.9%) 29,603 (12.9%)

2016 10,185 (12.4%) 35,527 (12.4%) 7,839 (11.7%) 26,963 (11.7%)

2017 10,737 (13.0%) 37,387 (13.0%) – –

Note: Baseline characteristics before matching are provided in the Appendix D. 
Abbreviations: SD, standard deviation; BMI, body mass index.
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elevated baseline ALT value (>35 U/L), the risk of SALI was not meaningfully different between statin initiators and 
non-initiators. These results suggest that statin initiation is not associated with a significantly higher risk of SALI for 
patients with an elevated baseline ALT test value.

Due to the infrequency of ALF and SALI, examining the risk factors associated with severe liver injury has been 
challenging, requiring very large epidemiological data.6,7,16 Incidence rates of 10–14 acute liver injuries per 100,000 per-
son-years have been previously reported.23,24 We found the incidence rate of SALI resulting in an emergency department 
visit or hospitalization ranged from 14–28 per 100,000 person-years in two large US-based datasets. Utilizing two large 
administrative databases and pooling their results allowed us to calculate stable estimates of SALI incidence despite its 
rarity.

Few epidemiologic studies have systematically examined the association between statin use and liver-related 
morbidity and mortality. Younoszai et al found that the rate of liver-related mortality was significantly lower among 
statin users compared to non-statin users in the National Health and Nutrition Examination Survey (NHANES III).25 

Similarly, Avins et al found that exposure to lovastatin was not associated with an increased risk of adverse hepatic 
outcomes.26 Some studies have suggested statin use to be safe or even offer hepatoprotective benefits in patients with 
stable chronic liver disease, including those with non-alcoholic-fatty liver disease (NAFLD), chronic hepatitis C, and 
compensated cirrhosis.27,28 Francis and Forman reported that clinically relevant risks to the liver from statins remain 
remarkably low in patients without cirrhosis and should not outweigh the broad cardiovascular and potential hepatic 
benefits.29

Due to the lack of evidence between statin use and severe liver injury, the National Lipid Association’s Liver Expert 
Panel concluded that routine liver function monitoring might inappropriately encourage doctors to discontinue statin 
therapy upon detection of liver enzyme elevations.30 Likewise, the FDA concurs that routine periodic monitoring of liver 
enzymes does not appear to be effective in detecting or preventing serious liver injury given the rarity and unpredict-
ability of serious liver injury with statins in individual patients. However, baseline liver enzyme testing prior to the 
initiation of a statin is still included in the prescribing information for statins.9

Similar to routine monitoring, liver function tests prior to statin initiation may create undue barriers to treatment for 
hyperlipidemia. In weighing the risk-benefit profile of statins, physicians may unnecessarily overestimate hepatotoxicity 
with a single, nonspecific liver function test, compromising the treatment of LDL.4 For example, NAFLD is a hepatic 
manifestation of the metabolic syndrome (MetS) that is highly associated with plasma lipoprotein abnormalities leading 
to increasing LDL and decreasing HDL as well as being one of the most common causes of elevated ALT.31–33 Patients 
with NAFLD may not be prescribed statins due to their physician’s false perceptions of a statin’s role in inducing 
hepatotoxicity based solely on a single ALT test. In fact, emergent data has shown that pre-existing liver dysfunction, 
such as NAFLD, nonalcoholic steatohepatitis, compensated cirrhosis, and compensated chronic liver disease, does not 
preclude statin use if treatment is clearly indicated.34 Similarly, our large-scale study using real-world data failed to find 
an association between SALI and statin initiation among those with elevated ALT levels compared to patients with 
normal ALT levels at baseline. In addition, no association between statin treatment and SALI among new statin users 
with an elevated ALT compared to non-initiators with an elevated ALT was observed. These results demonstrate that 
requisite liver enzyme testing prior to statin initiation is not a useful marker to predict liver injury.

Limitations
Given the rarity of SALI, the primary strength of the study was the utilization of two large contemporaneous datasets to 
appropriately power the study. Meta-analysis to obtain summary estimates of effect across both databases further 
strengthened the study and provided more precise effect estimates. As a positive control, the study was able to detect 
LDL-C reduction even among statin initiators who had LDL-C of less than or equal to 130 mg/dl during baseline. In 
addition, the Optum CDM and IBM MarketScan Commercial and Medicare claims databases included geographically 
diverse populations, increasing the generalizability of the study findings. However, despite the wide geographic and 
demographic coverage of both datasets, patients enrolled in some health plans, such as Medicaid, may be under- 
represented. In addition, some potential confounding factors associated with statin use among those with elevated 
ALT levels and development of SALI may not be fully captured in the claims data, such as alcohol intake, smoking 
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history, obesity, etc. Despite PS-matching, there may still be some residual confounding. A negative outcome (humerus 
bone fracture) was used to assess residual confounding, and the risk of humerus bone fracture was not significantly 
different between the comparison groups in both Optum and MarketScan data, indicating limited residual confounding. 
The SALI outcome definition was developed based on validation studies using claim-based algorithms. However, 
outcome misclassification may be present as the positive predictive value (PPV) in each comparison group and within 
each database is unknown. Exposure misclassification may also be present as claims data denote the date of fills and days 
supply, but do not have data on actual use of medications. Both outcome and exposure misclassification may bias the 
results towards the null. Lastly, this study was sponsored by AstraZeneca, the maker of rosuvastatin; however, this study 
examined statins as a class of drugs and was conducted with high rigor pharmacoepidemiologic methods.

Conclusion
The risk of SALI among statin initiators with elevated ALT levels was not significantly different from matched statin 
initiators with normal ALT. Furthermore, among patients with elevated ALT levels, statin initiators and matched non- 
statin initiators had the same risk of SALI. The findings suggest that baseline ALT status is not a reliable indicator for 
increased risk of SALI for patients initiating statin therapy.
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