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Abstract

Introduction—Chronic HIV/HCV co-infection carries increased risk of cirrhosis, hepatocellular
carcinoma, and death. Due to anti-inflammatory properties, HMG co-A inhibitors (statins) may be
useful adjunctive therapy to reduce liver disease progression.

Methods—Clinical information was extracted from the Veterans Affairs HIV and HCV Clinical
Case Registries (1999-2010). HIV-related variables included combination anti-retroviral therapy
(cART) era of diagnosis, CD4 cell count, and percent time with undetectable HIV viral load.
Metabolic variables included diabetes, low-HDL, and hypertension. Statin use was measured as
percent time with active prescription (time-updated throughout the follow-up period). Cox
proportional hazards analysis was used to determine risk factors for cirrhosis (ICD-9 or APRI>2)
overall and in groups stratified by alanine aminotransferase (ALT) level above and below 40 1U/L.

Results—The cohort included 5985 HIV/HCV co-infected veterans. The majority was black
race, and the mean age at index date was 45 years. Statin use was significantly protective of
cirrhosis for patients with ALT <40 IU/L; for every 30% increase in time on statin, there was a
32% decreased risk of developing cirrhosis (HR 0.68, 95% CI 0.47 —0.98). Diabetes and low-HDL
were significantly associated with cirrhosis in patients with ALT > 40 IU/L (HR 1.15, p <0.04 and
HR 1.3, p <0.0001).

Conclusions—Statin drug use is beneficial in mitigating the risk of liver disease progression for
HIV/HCV co-infected patients without advanced liver disease. Low-HDL and diabetes in co-
infected patients with abnormal ALT have greater risk of cirrhosis development.
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Introduction

Globally, nearly 7 million people are co-infected with HIV and HCV, representing about
20% of the HIV population.[1] In the U.S. and parts of Europe, co-infection prevalence
among those with HIV is nearly 30%, with higher rates seen among clusters of high-risk
groups such as intravenous drug users and men who have sex with men.[2-5] Co-infection is
well known to be associated with reduced HCV clearance, increased HCV viremia, rapid
progression of fibrosis, and ultimately end stage liver disease (ESLD). [6-8] Several studies
have demonstrated that patients with HIV/HCV co-infection who have poor immunological
and virological control of HIV have increased risk of cirrhosis and hepatocellular carcinoma
(HCC). [9-14]

End stage liver disease and HCC have become leading causes of mortality among the co-
infected population in the era of combination antiretroviral therapy (CART).[15] One cross-
sectional study from France showed that death from liver disease contributed to nearly 25%
of non-AlIDS-related deaths. Among those with ESLD, death due to HCC increased steadily
over 10 years from 5% to 25%.[16] Compared to the general population, patients with co-
infection are diagnosed at a younger age, and are more than twice as likely to die of liver
cancer. [15, 17, 18] Thus, reducing the risk of liver disease progression, cirrhosis, and HCC
are of the utmost importance in the HIV/HCV co-infected population.

Although successful treatment of HCV with direct acting antivirals (DAAS) plays an
important role in reducing the risk of ESLD, HCC and mortality compared to those without,
[19] cost and other barriers to therapy limit access to these medications for many patients. In
addition, there is a residual risk for development of HCC after sustained viral response from
DAAs for HCV in patients with cirrhosis. [20] Thus, utilizing other strategies to decrease the
risk of ESLD and cirrhosis, including the use of medications that inhibit HMG-CoA
reductase (statins) as adjuncts in care for patients with chronic liver disease and HIV are
needed. Statins’ pleotropic properties including their immunomodulatory, anti-inflammatory,
and antineoplastic traits are thought to be beneficial in chronic disease states beyond their
primary cardio-protective utility.[21, 22]

Several studies of HCV mono-infected patients have also shown statins to be associated with
reduced risk of cirrhosis and HCC.[23-26] One study in veterans with diabetes suggested
that statin medication may be useful in reducing the risk of developing HCC by 46% (95%,
C1 0.55-0.75). [24] To investigate the impact of statin medications and metabolic risk factors
on liver progression among HIV/HCV co-infected individuals, we performed a retrospective
study utilizing the Veterans Affairs (VA) HIV and HCV Clinical Case Registries (CCR).
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Data Sources and Subjects

The study population consisted of HIV and HCV co-infected veterans whose health-related
information was collected from the HIV and HCV VA CCR dating from January 1, 1999 to
December 31, 2010. The CCRs are comprehensive databases extracted from the VA
electronic medical record and includes all laboratory, outpatient, inpatient, and pharmacy
data on included patients.[27] The original cohort has been previously described in detail.
[12] Figure 1 shows the additional restrictions made to the original cohort, which resulted in
the final cohort used for these analyses. This study was approved by the Institutional Review
Board of Baylor College of Medicine and Affiliated Institutions and the Michael E.
DeBakey VA Medical Center Research and Development Committee.

Cirrhosis was defined by ICD-9 codes for cirrhosis (571.2, 571.5, 571.6) or aspartate
aminotransferase (AST) to platelet ratio index > 2 (APRI score). A previous chart review
validation study of the cirrhosis ICD-9 code showed that the positive predictive value
compared to chart review was 90% [40]. Female veterans were also excluded due to small
numbers (<2%). Patients lacking HCV RNA, follow-up CD4 count or HIV viral load
information were also excluded. Within the confirmed HIVV/HCV co-infected cohort,
patients with a diagnosis of cirrhosis prior to or within 90 days after the diagnosis of HIV or
index date (January 1, 1999) were excluded. Patients were censored at death, at the date of
their last recorded health care encounter, or at the end of the study period.

Study Variables

Metabolic risk factors were ascertained including degree of obesity, diabetes, hypertension,
and low-HDL. Diabetes was defined by hemoglobin Alc measurement =6.5% or ICD-9
codes: 250.0-250.9, 357.2, 362.0, and 366.41. Hypertension was defined by ICD-9 code:
401.00 to 405.99. Low-HDL was defined as HDL less than 40 mg/dL. Obesity was defined
as body mass index (BMI) greater than 30 kg/m2. The maximum BMI was retained
throughout the follow-up period. Alcohol use was defined as documented use of alcohol
designated by the following ICD-9 codes: 571.0-571.3, 291, 303.0, 303.9, 305.0, and 535.3.
Statin medication use was defined as percent of follow-up time with an outpatient
prescription for a statin drug prior to diagnosis of cirrhosis and was time-updated throughout
the follow-up period. Prescriptions included rosuvastsatin, atorvastatin, simvastatin,
pravastatin, fluvastatin, or lovastatin.

Other covariates defined at index date included age at HIV diagnosis, race, use of cART, and
era of HIV diagnosis defined as pre-cART (<1996), early CART (1996-2001), and late
CART (2002-2010), and HCV genotype. Other HIV-specific variables included were CD4
count (cells/uL) most recent to event or censor and percent of time with undetectable HIV
viral load, both as time-updated variables throughout the study period. Co-morbidities
measured by Deyo Comorbidity score (excluding HIV) were also included in the
multivariate analyses. All variables were time-dependent except age, race, era of HIV
diagnosis, and HCV genotype. For time varying co-variates, missing data were excluded
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from the analysis until it became available later in the follow-up time and then the last value

was carried forward until a new value was available.

Data Analysis

Results

Primary outcome was time to cirrhosis. Descriptive analyses with Chi-square and Fisher’s
exact tests were used to characterize and compare the demographic and disease
characteristics of the non-cirrhotic and cirrhotic groups. Cox proportional hazard regression
analysis was used to calculate the effect of demographic, HIV-specific variables, metabolic
variables, and statin drug use on time to cirrhosis. An interaction analysis between ALT and
statin was performed, which led to stratification of patients based on ALT above and below
40 1U/L. Log-rank test and Kaplan-Meier method were used to compare and demonstrate
cumulative incidence of cirrhosis for patients group by ALT greater or less than 40 IU/L and
percent time on statin drug.

SAS version 9.4 (SAS Institute Inc, Cary, NC) was used for all analyses. Cox proportional
hazards regression was performed with SAS’s PHREG procedure.

The mean age among the final cohort (N = 5985) was 45 years at the time of HIV diagnosis,
and the mean follow-up time was 6.2 years. Of the total HIV/HCV co-infected cohort, 2,265
developed cirrhosis by the end of follow-up, with crude incidence of cirrhosis of 6.1/100
person-years. The majority of patients in the cohort were black (66%) and were diagnosed
with HIV during the fourth decade of life and in the early CART period. (Table 1) Initial
APRI scores (median) were 0.6 and 0.47 (p <.0001) in the patients with and without
cirrhosis, respectively. By the end of follow up, the patients with cirrhosis had significantly
higher APRI scores than patients without cirrhosis (2.23 versus 0.46, respectively, p <.0001).
Eighty-three percent had received cART and had CD4 values greater than 350 cells/pL
(55%). Patients who developed cirrhosis were significantly less likely to receive CART
(79.5%) and less likely to have CD4 >350 cells/uL (48.9%) compared to those without
cirrhosis (85.7% and 59.2%, respectively). HIV viral load was suppressed in over 80% of the
time; this was significantly less in the patients with cirrhosis compared to the patients
without cirrhosis (19.8% v 29%, p <.0001)

For the metabolic risk factors, over one-fifth of the total cohort was obese based on body
mass index (BMI) greater than 30 kg/m2. Diabetes was present in about 16% of the total
group, and was not significantly different between the patients with and without cirrhosis.
Over 50% of the cohort had hypertension and low-HDL, and these features were more
prevalent in the patients without cirrhosis compared to those with cirrhosis (60% and 64%
compared to 45.6% and 55.6%, respectively). Initial LDL in patients with cirrhosis was 91.2
mg/dL, and at last follow-up it was 84.4 mg/dL. In patients without cirrhosis, index LDL and
last-follow-up LDL were 94.4 and 89.4 mg/dL, respectively. Few patients had ever been
prescribed statin medications, and prescriptions were significantly lower in the cirrhotic
group compared to non-cirrhotic (8% and 20.6%, respectively). Among all patients, statins
were prescribed in 12.5% and 21.2% of patients with and without cirrhosis, respectively (p =
0.0001).
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Figure 2 demonstrates patient groups stratified by ALT value and percent time on statin. For
patients with ALT <40 IU/L, statin use greater or equal to 30% time was significantly
associated with reduced risk of development of cirrhosis compared to those with less time on
statin drugs. Likewise, for patients with ALT >40 IU/L patients with more than 30% time on
statin was also significantly protective for cirrhosis development compared to those with less
time on statin drugs.

In preliminary multivariate analyses, an interaction between ALT and statin use was
statistically significant (Supplemental table 1). Thus, further multivariate analyses were
stratified by ALT level to minimize the effect of modification bias of ALT on statin use in
the multivariate analyses. In the ALT <40 IU/L group, every 1% time on statin was
associated with a decreased risk of cirrhosis (aHR 0.98, 95% CI 0.97-0.99). This translates
to a 32% (aHR 0.68, 95% CI 0.47-0.98) reduction in progression to cirrhosis for individuals
with =230% time on statins. (Table 2) For patients with ALT >40 IU/L levels, each 1% of
time on statins was associated with a non-significant decreased risk of cirrhosis (aHR 0.95,
95% CI 0.9-1). In order to adjust for the competing risk of death, we performed a sensitivity
analysis using multivariate hazard regression models excluding patients who died before the
diagnosis of cirrhosis or censor. After excluding patients who died before cirrhosis or censor
date, we found that every 30% of time on statin was still associated with a significant 35%
reduction in cirrhosis progression (95% CI: 0.45-0.95).

In the ALT <40 IU/L group, other metabolic risk factors including diabetes, low-HDL, and
hypertension were harmful, but did not significantly impact progression to cirrhosis. Within
the ALT >40 IU/L group, diabetes and low-HDL were consistently associated with an
increased risk of cirrhosis (aHR 1.15, 95% CI 1.01-1.31 and aHR 1.3, 95% CI 1.2-1.44),
respectively. Hypertension was associated with a greater risk of cirrhosis in both groups, but
it was not significant. Obesity was found to have a protective effect in both groups, but was
only significant in those with ALT >40 IU/L (aHR 0.85, 95% CI 0.76-0.95).

Several demographic and HIV-specific co-variates were significantly related to cirrhosis
incidence. Patients over 50 years old with ALT <40 IU/L group were at higher risk for
cirrhosis (aHR 2.5, 95% CI 1.54-4.18). Patients with Deyo co-morbidity score of greater
than 1 in the ALT <40 IU/L group also increased the risk cirrhosis (aHR 3.23, 95% ClI 2.3-
4.5). Alcohol use was significantly associated with liver disease progression only in patients
with ALT >40 IU/L (aHR 1.15, 95% CI 1.04-1.26). Poor immunological control with CD4
count less than 200 cells/uL conferred greatest risk of cirrhosis in both ALT <40 IU/L and
>40 IU/L groups (aHR 2.4, 95% CI1 1.8-3.2 and aHR 1.9, 95% 1.71-2.12), respectively.
Those patients with > 80% time with an undetectable HIV viral load in both ALT <40 IU/L
and >40 1U/L had a significantly lower risk of cirrhosis (aHR 0.72, Cl 0.5-1.0, aHR 0.72, CI
0.64-0.8), respectively.

Discussion

To our knowledge, this is the largest study of HIV/HCV co-infected individuals to examine
the effect of statin drugs on cirrhosis development. Furthermore, in contrast to previous
studies, the current study specifically adjusts for confounding by indication of non-statin
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receipt due to elevated ALT during follow-up years. We have demonstrated that statin drug
use in patients with HIVV/HCV co-infection and normal liver function decreased the risk of
cirrhosis, particularly among those with ALT <40 IU/L. Among patients with ALT >40 IU/L
metabolic risk factors including low-HDL and diabetes also were significantly associated
with development of cirrhosis.

Statin therapy in HCV mono-infection has been shown in two recent studies from the U.S.
(small, prospective) and Taiwan (large, retrospective) to reduce the cirrhosis risk by 69% and
87%, respectively. [25, 26] Although the study conducted in Taiwan did not adjust for ALT
variation within the study participants, it demonstrated both dose and time-dependent effects
in the development of cirrhosis. This may be due in part to better regulation of the pro-
inflammatory mechanisms and oxidative stress seen in chronic HCV. Alternately, statins
may have a more direct role interfering with the ability of HCV to harness the host lipid
metabolism in its replication mechanisms. [28]

Other metabolic risk factors demonstrated significant associations with the development of
cirrhosis for patients with elevated ALT in our study. The development of metabolic
derangements is common in patients with chronic HCV and can be seen in over 50% of this
population, making this population at high risk for a pro-inflammatory and high oxidative
stress environment. [29] In addition, many of these metabolic risk factors such as diabetes
and lipid derangements with liver fibrosis are associated with NAFLD progression, another
growing problem in the HIV infected population. [14-19] Although we did not find a
protective effect of statins on those with ALT >40 IU/L, statin medications may improve low
HDL, a manifestation of lipid dysregulation in chronic HCV, as well as improve anti-
inflammatory and anti-proliferative effects.

Diabetes has been shown to increase the risk of HCC in HCV mono-infected individuals.
[30] Diabetes control is also a modifiable risk factor and can be targeted as a therapeutic
strategy to reduce oxidative stress and decrease the risk of fibrosis progression. Only few
studies have examined the role of anti-diabetic agents in NAFLD; however, there is
substantial promise for these agents, especially the thializodinediones, in mitigating risk of
liver fibrosis.[31] The benefit of anti-diabetes medications in HCV/HIV co-infection is less
clearly understood and represents an area of further research.

As in previous studies of HIV/HCV co-infected individuals, we found that host-related
factors, such as older age at diagnosis of HIV, greater co-morbidities, and low CD4 count
were significantly linked to liver fibrosis development in our cohort for ALT groups below
and above 40 IU/L. [8, 32, 33] We also found that patients who had a higher percent time
with undetectable viral load during follow-up decreased risk of cirrhosis development. [13,
34] HIV treatment with cART and adherence to therapy are known to play critical roles in
reducing risk of liver disease progression and ultimately decompensation. Patients with
cirrhosis received less CART, which may have multifactorial reasons including adherence,
poor-social support, as well as provider-hesitation. Our results, however, demonstrate that
above and beyond other known factors related to greater immunologic control and viral
suppression known to be associated with reduced risk of liver fibrosis and slower
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progression in HIV/HCV co-infection, statin use additionally decreases cirrhosis risk. [13,
35, 36]

Unsurprisingly, we found that our cohort of chronic liver disease patients received few statin
prescriptions, particularly among patients with ALT >40 IU/L. This phenomenon is likely
due to provider hesitation in prescribing medications with potential hepatotoxicity.[37]
Statin medication use in the presence of liver disease or enzyme elevation is generally safe
and well tolerated, [38, 39] and if followed closely, patients with slightly elevated ALT
should be able to receive statins. Our finding that statins are beneficial in reducing
progression to cirrhosis adds to the growing body of evidence of the beneficial use of statins
beyond its utility in cardiovascular disease, and they should be considered in patients even
with chronic liver disease.

Study limitations include the following: the study was a retrospective cohort study using
data extracted by ICD-9 codes, lab values, and pharmacy records from medical care records,
however, many of these variables have been validated in other VA studies. [40] Specifically,
alcohol utilization may not be completely captured with ICD-9 codes. Outside claims data
including Medicare and fee-based sources were not included in the analyses because they
are not included in the CCR. In addition, prescribing practices among different providers
and varying cART regimens may have affected frequency and dosage of statin drug use.
However, we attempted to address this limitation by carefully identifying the cohort and
adjusting for cART use and stratifying by ALT to minimize confounding. Because we had so
few patients on statins in the ALT >40 patients, our analyses of individuals with more
advanced cirrhosis and high ALT are limited and should be interpreted with caution. In
addition, patients with prolonged chronic hepatitis may have had abnormal lipid profiles
with low total cholesterol and low-LDL,[28] which may have led to less statin receipt for
hyperlipidemia, however we adjusted for lipid values in the multivariable analyses. In
addition, although we were unable to conduct classic competing risk analyses for death due
to use of time-dependent variables in the Cox model, in our sensitivity analysis of excluding
individuals who died prior to the cirrhosis diagnosis or censor from the cohort, we continued
to find a significant protective effect from statin use. Finally, generalizability may also be
limited as our study included only male patients, and the majority were over 40 years old at
time of HIV diagnosis. In conclusion, this study demonstrated that statin use in an
HIV/HCV co-infected population with minimal liver dysfunction was associated with
reduced risk of progression to advanced liver disease. Until effective therapies for treating
HCV become widely available, statin use may be an important, cost-effective adjunct in the
care of HIV/HCV co-infected patients. We also found that metabolic risk factors such as
low-HDL and diabetes are associated with development of cirrhosis. It is possible that
treatment of these co-morbidities could also help mitigate hepatic decompensation. Further
prospective studies are needed to better understand the safety and efficacy of statin use in the
prevention of cirrhosis and HCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Keypoints

Statin drugs may be a useful adjunct in mitigating risk of cirrhosis in patients with
chronic liver disease, but normal liver function. Metabolic risk factors including low-
HDL and diabetes are also associated with liver disease progression. Older age, more co-
morbidities, and poorer HIV control are associated with cirrhosis development.
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8,563 patients, HIV/HCV co-infected cohort

S

Excluded:

* 68 patients died or were lostto follow-up before 1/1/1999

= 16 patients had fewer than 90 days of follow-up after 1/1/1999
or firstHIV date

= 2,446 patients had cirrhosis diagnosed prior to index date or
lessthan 90 days after index date

= 48 did not have CD4 cell countvalue priorto cirrhosis date

5,985 patients inthe final study cohort

Figure 1.

Selection criteria for the final HIV/HCV co-infected study cohort*
*Details of full cohort have previously been described. [12]
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Figure 2.
Kaplan-Meier Cumulative Cirrhosis Incidence among HIVV/HCV Co-infected patients as

stratified by ALT groups and between those with more or less than 30% time with statin
medication

Legend: Statin <30% time

........... Statin =30% time
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Table 1
Demographic Information, N = 5,985 (HIV/HCV Co-infected)

No Cirrhosis Cirrhosis p value
N= 3720 (%) | N=2265 (%)
Age at HIV Diagnosis, years (mean) 46 44 <.0001
Race 913 (24.5) 620 (27.3) <.0001
White/other/unknown 2565 (68.9) 1420 (62.7)
Black 242 (6.5) 225 (9.9)
Hispanic
Age at index, years
<40 513 (13.8) 303 (13.4) <.0001
40-50 1999 (53.7) 1371 (60.5)
>50 1208 (32.5) 591 (26.1)
Duration of follow-up, years | 8.5 | 35 <.0001
Outpatient encounters, year prior to index date (mean) | 14 | 16.5 .0002
Deyo Comorbidity Score *(W/o HIV)
0 2760 (74.2) 1851 (81.7) | <.0001
1 535 (14.4) 255 (11.3)
>2 425 (11.4) 159 (7.0)
Era of HIV Diagnosis
Pre-cART 1035 (27.8) 892 (39.4) <.0001
Early cART 1353 (36.4) 916 (40.4)
Late CART 1332 (35.8) 457 (20.2)
Ever cART ¥ 3189 (85.7) | 1802 (79.5) | <.0001
CD4 Count *Cells/uL
<200 775 (20.8) 638 (28.0) <.0001
200-349 744 (20.0) 520 (23.0)
>350 2201 (59.2) 1107 (48.9)
CD4 Count Nadir*CeIIs/uL
<200 1943 (52.2) 1178 (52.0) 0.87
>200 1777 (47.8) | 1087 (48.0)
% Time HIV VL Undetectable ™
0-40% 1550 (41.7) 1373 (60.6) | <.0001
40-80% 1091 (29.3) 443 (19.6)
>80% 1079 (29.0) 449 (19.8)
HCV Genotype
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No Cirrhosis Cirrhosis p value
N= 3720 (%) | N=2265 (%)
1&4 2185 (58.7) 1136 (50.2) <.0001
2&3 281 (7.5) 137 (6.0)
unknown 1254 (33.7) 992 (43.8)
HCV Treatment *
None 3321 (89.3) 1940 (85.6) <.0001
No SVR 290 (7.8) 253 (11.2)
SVR 109 (2.9) 72 (3.2)
APRI Score (median)
Initial value 0.47 0.6 <.0001
Most recent value 0.46 2.23
Hce ™ 22 (0.6) | 91 (4.0) <.0001
Max BMI ™, kg/m?
<30 2867 (77.1) 1815 (80.1) 0.005
>30 853 (22.9) 450 (19.9)
ALT ™ 1U/L
<40 2036 (54.7) 273 (12.0) <.0001
41-60 896 (24.1) 266 (11.7)
>60 788 (21.2) 1726 (76.2)
Diabetes * | 622 (16.7) | 343 (15.1) | 0.11
Alcohol ¥ | 2218 (59.6) | 1319 (58.2) | 0.29
Hypertension * | 2256 (60.6) | 1034 (45.6) <.0001
Low-HDL * | 2407 (64.7) | 1253 (55.3) <.0001
LDL (mean)
Initial value 94 91 <.0001
Most recent value 89 84
Initial LDL, mg/dL
<130 2688 (54.2) 1541 (31) <.0001
130-159 345 (7) 184 (3.7)
>160 136 (2.7) 68 (1.4)
Statin* 767 (20.6) | 182 (8.0) <.0001
% Time on Statin at censor/cirrhosis <.0001
0% 2953 (79.4) 2083 (92.0)
>0-50% 624 (16.8) 147 (6.5)
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No Cirrhosis Cirrhosis p value
N= 3720 (%) | N=2265 (%)
51-100% | 143 (3.8) | 35(1.5) |
Death | 892 (14.9) | 953 (15.9) | <.0001

*
Time-updated measurement
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Table 2

Multivariate Survival Analysis to Cirrhosis Among HIV/HCV co-infected veterans N 5,985

ALT <40 IU/L | P-value | ALT >40 IU/L P-value
N =273 N =1992
HR (CI) HR (CI)

Race

White/other/unknown reference

Black 0.64 (0.48-0.84) 0.001 0.67 (0.61-0.74) | <.0001
Age at index, years

<40 reference

40-50 1.84 (1.16-2.92) 0.009 1.14 (1.00-1.30) 0.047

>50 2.54 (1.54-4.18) | 0.0002 | 1.28 (1.09-1.50) 0.002
Deyo Comorbidity Score (without HIV)

0 reference

1 1.2 (0.84-1.75) 0.29 1.1 (0.96-1.27) 0.17

>2 3.23(2.31-4.50) | <.0001 1.5(1.28-1.93) <.0001
Era of HIV Diagnosis

Pre-cART reference

Early cART 0.83 (0.64-1.10) 0.19 0.93 (0.85-1.03) 0.19

Late CART 0.87 (0.61-1.26) 0.47 0.96 (0.84-1.1) 0.59
CD4 Count, cells/uL

<200 2.4 (1.80-3.19) <.0001 1.9 (1.71-2.12) <.0001

201-349 1.2 (0.91-1.73) 0.15 1.19 (1.07-1.34) 0.001

>350 reference
Percent Undetectable

0-40% reference

40-80% 0.68 (0.49-0.94) 0.02 0.76 (0.68-0.86) | <.0001

>80% 0.72 (0.51-1.00) 0.05 0.72 (0.64-0.8) <.0001
Genotype

2 & 3 or unknown reference

1&4 1.53(1.18-1.99) | 0.001 | 1.23(1.12-1.36) | <.0001
Maximum BMI, > 30 kg/m? | 0.84 (0.60-1.16) | 0.28 | 0.85 (0.76-0.95) | 0.005
Diabetes | 1.24 (0.88-1.75) | 0.20 | 1.15(1.01-1.31) | 0.04
Alcohol | 1.04 (0.81-1.34) | 0.75 | 1.15 (1.04-1.26) | 0.004
Hypertension | 1.07 (0.82-1.41) | 0.61 | 1.09 (0.98-1.2) | 0.096
Low-HDL | 1.26 (0.97-1.64) | 0.08 | 1.3 (1.2-1.44) | <.0001
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ALT <40 IU/L | P-value | ALT>40I1U/L | P-value
N =273 N =1992
HR (CI) HR (CI)
Percent Statin (per 1%) 0.98 (0.97-0.99) 0.04 0.99(0.99-1.00) 0.43
Statin by 30% increment*(Point estimate) 0.68 (0.47-0.98) | N | 0.95 (0.83-1.01) N
Deaths stratified by statin (at time of death or last follow-up)
>30% statin use 33 (0.55) <.0001 26 (0.4) <.0001
<30% statin use 974 (16.3) 812 (13.6)

*
The 30% point-estimate is a re-calculation of the 1% analysis to show a larger scale.
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