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Statins were not associated with hepatocellular carcinoma after
controlling for time-varying confounders in patients with diabetes
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Abstract
Background and Objectives: We examined the association between statin use and hepatocellular carcinoma (HCC) incidence in pa-
tients with diabetes using marginal structural models (MSMs) estimated by inverse probability weight (IPW), which adjusts for time-
varying confounders that are also mediators, and we compared the results with conventional regression methods.

Methods: This retrospective cohort study included 245,122 patients with type 2 diabetes who were new users of lipid-lowering drugs
identified using the claims data of a universal health insurance program. Statin exposure was time-updated every three months during the
follow-up period. Stabilized IPW was calculated and accounted for chronic liver diseases considering as time-dependent confounders
affected by past statin exposure.

Results: Over a median follow-up of 5.2 years, 1,694 patients developed HCC. In the conventional regression analysis, the hazard ratio of HCC
associatedwith statin usewas 0.88 (95%confidence intervalCI: 0.79e0.97) after adjusting for baseline covariates and0.97 (95%CI: 0.87e1.08) after
additionally adjusting for time-varying covariates. The hazard ratio increased to 1.11 (95% CI: 0.94e1.31) using the MSM approach.

Conclusion: Statin use was not associated with the risk of developing HCC in patients with diabetes. Our findings highlight the impor-
tance of controlling time-varying confounders in observational studies. � 2022 Elsevier Inc. All rights reserved.
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Mediators
1. Introduction

Hepatocellular carcinoma (HCC) is the most common
primary malignancy of the liver. Globally, HCC ranks sixth
in cancer incidence and fourth in cancer mortality [1,2].
Meta-analyses of epidemiological studies have demon-
strated that patients with diabetes have a two-to-threefold
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higher risk of HCC incidence than do patients without dia-
betes [3,4]. Potential pathophysiological mechanisms un-
derlying the association between diabetes and HCC
development include hyperglycemia, insulin resistance,
hyperinsulinemia, and the activation of insulin-like growth
factor signaling pathways [5,6]. Diabetes and associated
metabolic dysfunction are related to liver diseases such as
nonalcoholic fatty liver disease, and cirrhosis, which pre-
dispose patients to a higher risk of HCC [7,8].

Accumulating experimental evidence over the past decade
suggests that statins (3-hydroxy-3-methylglutaryl coenzyme
A reductase inhibitors), which are widely used lipid-
loweringmedications, induce growth inhibition and apoptosis
of HCC cell-lines [9,10]. Several observational epidemiolog-
ical studies have also reported a lower risk of HCC in statin
users than in nonusers [11e13]. However, there are only two
nested case-control studies in this area designed specifically
to evaluate patients with diabetes [12,14]. Furthermore, treat-
ment decisions in observational studies using real-world data
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What is new?

Key findings
� Statin use was associated with a reduced risk of

HCC after adjusting for baseline covariates, but
the association no longer existed after additionally
controlling for chronic liver diseases, which were
considered as time-varying confounders that were
also intermediate variables.

What this adds to what was known?
� Our findings suggest no association between statin

use and reduced risk of HCC in patients with type
2 diabetes and highlight the importance of account-
ing for time-varying confounding due to chronic
liver diseases.

What is the implication and what should change
now?
� When studying effect of time-dependent drug use

using observational data, not appropriately control-
ling for time-varying confounders may yield a
biased estimate.

are complex and dynamic [15], and time-varying con-
founders that are affected by previous treatments (i.e., me-
diators) likely exist [16,17]. For example, physicians are
often reluctant to prescribe statins for patients with chronic
liver disease owing to concerns regarding potential hepato-
toxicity [18]. In addition, in the recent years, evidence has
also suggested that statins may have beneficial effect in the
pathobiology of chronic liver disease [11,19]. Therefore,
liver diseases may act as time-varying confounders that
are also mediators in the association between statin use
and HCC risk. However, there is a paucity of studies ac-
counting for this issue to date [20].

Marginal structural models (MSMs) with inverse probabil-
ity weight (IPW) estimate the effects of time-varying treat-
ments in the presence of time-varying confounders affected
by prior treatment in observational studies [16,21,22]. In this
study, we harnessed this approach to examine the association
between statin use and HCC incidence in patients with dia-
betes newly treated with lipid-lowering drugs. We compared
the results of the IPWof anMSMwith conventional regression
adjustment to assess the impact of accounting for such time-
varying confounding.

Y.-C. Yeh et al. / Journal of Clini
Fig. 1. Flow chart of the study.
2. Materials and methods

2.1. Data source and study cohort

The National Health Insurance (NHI) program is a
compulsory social insurance program for which the
enrollment rate exceeds 99% of the entire population of
Taiwan [23]. In this retrospective cohort study, we used
claims data of a cohort comprising 120,000 patients
randomly selected each year from all NHI beneficiaries
who were newly diagnosed with diabetes between
January 1, 1999, and December 31, 2013. Diabetes was
defined by at least two outpatient claims or one inpatient
claim recorded with the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM) codes 250.xx or 648.8 within 1 year, or any pre-
scription for anti-diabetic drugs. The claims contained
individual-level data, including birth date, sex, medical
diagnosis, prescription drugs, and information on medical
services for inpatient, outpatient, and emergency room
visits.

Using the diabetes dataset, we assembled a cohort of pa-
tients with at least three prescription records of antidiabetic
drugs (Anatomical Therapeutic Chemical [ATC] code A10)
within 6 months who were new users of lipid-lowering
drugs (ATC code C10) between January 1, 2001, and
December 31, 2012. A new user was defined as initiating
therapy with lipid-lowering drugs after the first prescription
of antidiabetic medications and had at least three prescrip-
tions within 6 months. To ensure that patients were new
users, we excluded patients who were prescribed lipid-
lowering drugs before their first prescription of antidiabetic
medications, identified by retrospectively searching claims
back to 1999. We used the date of 6 months after the first
prescription for lipid-lowering drugs as the date of cohort
entry. Exclusion criteria were as follows: data on sex and
birth date were unavailable, younger than 40 years of age
on the cohort entry date, and diagnosis of type 1 diabetes
or cancer of any site (Fig. 1) (diagnosis codes in
Supplemental Table 1). We excluded patients with type 1
diabetes because the pathophysiology, risk factors, and
managements differ between type 1 and type 2 diabetes
[24]. Patients with type 1 diabetes were identified whether
they received a catastrophic illness certificate for a diag-
nosis of type 1 diabetes. The institutional review board of
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Changhua Christian Hospital approved this study (IRB:
181,226). The need for informed consent was waived
because this was an analysis of de-identified data.

2.2. Exposure measurement

The study cohort comprised patients with type 2 diabetes
whowere new users of lipid lowering drugs. All patients were
classified into two groups, statin use or no statin use, according
to their status of exposure to statins at cohort entry and per
3monthsduring follow-up.At the timeofcohort entry (time0),
exposure to statins was defined as the receipt of at minimum a
cumulative 28-day prescription for statins within 180 days
before cohort entry. Exposure status was time-updated every
3 months during the follow-up period, starting on the date of
cohort entry. At each 3 month time point, patients were cate-
gorized into mutually exclusive groups: patients that had
received at least one prescription for statins during this period
were classified as ‘‘users’’; all other patients were classified as
‘‘nonusers.’’ Patients were considered to have continued statin
use if they received a repeated prescription or requested pre-
scription refills within 14 days following the end of the previ-
ous prescription.

2.3. Outcomes and follow-up

We identified patients newly diagnosed with HCC dur-
ing the follow-up period based on the diagnostic code
(ICD-9-CM code 155.0) recorded by the Registry for Cata-
strophic Illness Patients. In Taiwan, patients diagnosed with
diseases classified as catastrophic by the Ministry of Health
and Welfare can apply for a catastrophic illness certificate.
Relevant documents such as diagnosis certificates and path-
ological reports are reviewed; if approved, patients are ex-
empted from copayment for medical care. Follow-up
commenced at the time of cohort entry and ended on the
date of earliest occurrence of HCC, any cause of cancer
excluding HCC, withdrawal from NHI, death, or study
completion (December 31, 2013).

2.4. Baseline and time-varying covariates

We considered several baseline and time-varying covari-
ates as potential confounders of the association between
statin use and HCC. Baseline covariates comprised demo-
graphic variables, including age at cohort entry, sex, and
geographic region of NHI registration (northern, central,
southern, and eastern/offshore islands); calendar year of
cohort entry (2001�2003, 2004�2006, 2007�2009, and
2010�2012); utilization of healthcare services, including
number of outpatient clinic visits and hospital admission
(yes vs. no); comorbidities, such as cirrhosis, alcoholic liver
damage, nonalcoholic fatty liver disease, and hepatitis B
and/or C infection; use of medications, including metformin,
sulfonylurea, thiazolidinediones, other oral antidiabetic
agents, insulin, and aspirin; and duration between diabetes
diagnosis (i.e., date of the first prescription of antidiabetic
drugs) and cohort entry. All baseline covariates were evalu-
ated in the year preceding cohort entry. Comorbidities were
defined as at least two outpatient visits or one hospital
admission with the relevant diagnosis codes (Supplemental
Table 1). Time-varying covariates included cirrhosis, alco-
holic liver damage, nonalcoholic fatty liver disease, and hep-
atitis B and/or C infection, the status (yes vs. no) of which
was updated to the current 3 months. Patients with chronic
conditions such as chronic liver diseases may not seek med-
ical consultations every 3 months. Therefore, to avoid
misclassification of the status of the chronic liver diseases,
patients were assumed to stay in the group of having a
chronic liver disease after their first diagnosis of that disease.
These time-varying confounders were potential mediators of
the association between statin use and risk of HCC. Contin-
uous variables such as follow-up time, age, duration from
diabetes diagnosis to cohort entry, and number of outpatient
visits were modeled as restricted cubic spline with three
knots (fifth, 50th, and 95th percentiles) [22].
2.5. Statistical analyses

To analyze the association between statin use and risk of
developing HCC, we fitted pooled logistic regression
models treating each 3-month follow-up per patient as an
observation. The odds ratio produced by this approach
approximated the hazard ratios (HRs) from Cox propor-
tional hazards models [25]. In addition, the pooled logistic
regression model that enabled the incorporation of time-
varying weights was adopted to approximate a weighted
Cox model, also termed a marginal structural Cox model.
The 95% confidence intervals (CIs) were calculated using
a robust variance estimator. Detailed information on
MSM with IPW is provided in Supplemental Methods
and Supplemental Tables 3 and 4.

We developed four models to investigate whether MSM
with IPW produced different HRs from the unweighted
models with or without adjustments for time-varying con-
founders. In all models, statin use was a binary independent
variable treated as a time-dependent exposure. Models one
to three were unweighted models with different levels of
confounder adjustment. Model one was a crude model that
only included time-varying statin exposure. Model two was
additionally adjusted for all baseline covariates. In Model
three, we included all Model two variables and all time-
varying confounders. Model four was an MSM with IPW,
a weighted model controlling for the potential confounding
effects of baseline covariates and time-varying covariates
that were also mediators. In MSM, the contribution of each
patient to the risk set at a given threemonth follow-up inter-
val was weighted by the inverse probability of treatment
(i.e., status of statin use) and censoring. Both time-
varying and baseline covariates were considered in the
estimation of treatment and censoring weights. We used
stabilized weights, which were preferred because they were
less variable than traditional weights [21]. Details of the
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weight estimation and modeling process are described in
online Supplementary Materials (Supplemental Methods,
Supplemental Tables 1�5, and Supplemental Figure 1).
To assess the robustness of the result, we also performed
several sensitivity analyses using MSM with IPW
(Supplemental Methods). All statistical analyses were con-
ducted using SAS 9.4 (SAS Institute, Inc., Cary, NC, USA).
3. Results

From an initial sample of 274,824 new users of lipid-
lowering agents diagnosed with diabetes between 2001
and 2012, a total of 245,122 patients met the inclusion
criteria (Fig. 1). Of these patients, 188,874 were statin ini-
tiators and 56,248 were noninitiators, with a median (inter-
quartile range) follow-up for 5.0 (4.8) years and 5.7 (5.5)
years, respectively. Table 1 presents the baseline character-
istics of the two groups. Women accounted for a greater
proportion of statin initiators than non-initiators (50.3%
vs. 39.1%, respectively). The mean (standard deviation)
age of statin initiators and noninitiators at cohort entry
was 60.1 (10.6) years and 58.1 (11.0) years, respectively.
Statin initiators tended to have better medication adherence
compared to nonusers (the proportion of days covered for
statins during the follow-up period, 53.2% vs. 22.1%).
Before cohort entry, statin initiators had a lower prevalence
of cirrhosis, alcoholic liver damage, and nonalcoholic fatty
liver disease. Compared to noninitiators, statin initiators
were less likely to be treated with sulfonylurea but were
more likely to be prescribed thiazolidinediones, insulin,
other oral antidiabetic agents, and aspirin.

During the follow-up period, 1,694 incident HCC cases
were identified. The crude incidence rates ofHCC for no statin
use and statin use were 14.6 per 10,000 person-years and 11.3
per 10,000 person-years, respectively. Table 2 presents the
HRs for the association between statin use and the risk of
developingHCC.Statin usewas associatedwith a reduced risk
of developing HCC (HR: 0.74, 95% CI: 0.67e0.82) in Model
1, in which only time-varying statin exposure was included.
The association was weaker but remained statistically signif-
icant after controlling for baseline covariates (HR: 0.88,
95%CI: 0.79e0.97;Model 2).However, in themodel adjusted
for both baseline and time-varying covariates, the HRs
increased to a statistically nonsignificant level (HR: 0.97,
95% CI: 0.87e1.08; Model 3). The HRs increased further to
1.11 (95% CI: 0.94e1.31, Model 4) in the MSM with IPW.
In the sensitivity analysis performed to assess the robustness
of MSM with IPW (Table 3), the results of all models were
similar to those of primary MSM (i.e., Model 4; Table 2).
4. Discussion

In this study, we used different models with or without
adjustment for time-varying confounders to evaluate the as-
sociation between statin use, which was treated as a time-
varying exposure, and the risk of developing HCC in a large
cohort of patients with diabetes who were new users of
lipid-lowering drugs. We observed that statin use was asso-
ciated with a 12% reduction in the risk of HCC after con-
trolling for baseline covariates; however, additional
adjustment for time-varying confounders eliminated this
association.

Our findings are inconsistent with the results of the
majority of observational studies, which demonstrated
that statin use was associated with a reduced risk of
HCC among various populations, including the general
population [26,27], patients with diabetes [12], and indi-
viduals with chronic liver disease [13,28,29]. In the
nested case-control studies consisting of patients with dia-
betes, statin users had a 26% and 64% reduced risk of
HCC compared with nonusers [12,14]. The discrepancy
in the current findings and previous reports may reflect
methodological differences. First, indication bias may
occur because patients with advanced liver disease are
less likely to manifest hyperlipidemia and receive statin
therapy [30]. Second, the majority of previous studies
did not address time-varying confounders, which are
likely to be present in longitudinal studies
[12,13,26e29]. To address these issues, all patients must
have been prescribed lipid-lowering medications (i.e., pa-
tients with hyperlipidemia) to be eligible for inclusion in
our analysis. Furthermore, we used both standard regres-
sion methods and an MSM with IPW to adjust for poten-
tial time-varying confounders (i.e., chronic liver diseases)
during the follow-up period. Both analyses revealed that
the association between statin use and the risk of HCC
was no longer present after adjusting for time-varying co-
variates, highlighting the importance of accounting for
these confounders.

Our observation which showed the presence of poten-
tial time-varying confounding due to chronic liver dis-
eases likely reflect the different patterns of statin
prescriptions for patients with and without chronic liver
diseases. The concern of hepatotoxicity in the early years
may have led to reluctance to prescribe statins in the set-
tings of chronic liver disease. In the recent years, it is
increasing recognized that statins are generally safe and
not contradicted in patients with liver diseases except
those with decompensated cirrhosis or acute liver failure,
for whom the dose adjustments may be required [18,19].
Despite these data, recent studies revealed that statins
continued to be under-prescribed for patients with nonal-
coholic fatty liver disease who had indications for statin
therapy such as concomitant dyslipidemia [31,32]. There-
fore, chronic liver diseases may be time-dependent con-
founders in the association between statin use and HCC
risk, as evidenced in our analysis, because a diagnosis
of these liver diseases may affect the physicians’ deci-
sions on initiating or discontinuing statin therapy at base-
line or during follow-up.

It is well known that nonalcoholic fatty liver disease and
hepatitis can progress to cirrhosis and HCC development.

shresthabikal
Highlight

shresthabikal
Highlight



Table 1. Baseline characteristics of study participants

Characteristic

All participants Noninitiatorsa Statin initiatorsa

(n [ 245,122) (n [ 56,248) (n [ 188,874)

n % n % n %

Women 117,022 47.7 21,993 39.1 95,029 50.3

Age, years

40‒54 91,845 37.5 25,140 44.7 66,705 35.3

55‒64 78,240 31.9 16,140 28.7 62,100 32.9

�65 75,037 30.6 14,968 26.6 60,069 31.8

Mean and SD 59.7 10.8 58.1 11.0 60.1 10.6

Duration from diabetes to cohort entryb, month

!24 mo 104,474 42.6 24,378 43.3 80,096 42.4

24‒47 mo 60,641 24.7 15,048 26.8 45,593 24.1

48‒71 mo 36,848 15.0 8,320 14.8 28,528 15.1

�72 mo 43,159 17.6 8,502 15.1 34,657 18.4

Mean and SD 40.2 33.5 38.2 31.3 40.8 34.0

Calendar year of cohort entryb

2001‒2003 27,773 11.3 9,184 16.3 18,589 9.8

2004‒2006 60,017 24.5 14,220 25.3 45,797 24.3

2007‒2009 73,499 30.0 16,314 29.0 57,185 30.3

2010‒2012 83,833 34.2 16,530 29.4 67,303 35.6

Geographic region of registration to the health
insurance program

Northern 99,518 40.6 21,272 37.8 78,246 41.4

Central 57,554 23.5 15,157 27.0 42,397 22.5

Southern 74,013 30.2 16,691 29.7 57,322 30.4

Eastern/offshore islands 14,037 5.7 3,128 5.6 10,909 5.8

Number of clinic visits in the year before cohort entryb 29.0 18.6 28.3 18.9 29.2 18.5

!12 21,226 8.7 5,638 10.0 15,588 8.3

12‒23 96,233 39.3 22,829 40.6 73,404 38.9

24‒35 64,853 26.5 14,111 25.1 50,742 26.9

�35 62,810 25.6 13,670 24.3 49,140 26.0

Hospital admission in the year before cohort entryb 53,117 21.7 11,396 20.3 41,721 22.1

Proportion of days covered for lipid-lowering drugsc

�50% 186,561 76.1 41,097 73.1 145,464 77.0

�80% 91,628 37.4 19,394 34.5 72,234 38.2

Comorbidities before cohort entryb

Cirrhosis 4,129 1.7 1,302 2.3 2,827 1.5

Alcoholic liver damage 3,388 1.4 1,355 2.4 2,033 1.1

Nonalcoholic fatty liver disease 10,226 4.2 2,682 4.8 7,544 4.0

Hepatitis B and/or C infection 11,932 4.9 2,803 5.0 9,129 4.8

Prescriptions in the year before cohort entryb

Metformin 172,672 70.4 39,300 69.9 133,372 70.6

Sulfonylurea 171,126 69.8 41,178 73.2 129,948 68.8

Thiazolidinediones 27,526 11.2 4,764 8.5 22,762 12.1

Other oral antidiabetic agents 51,828 21.1 10,052 17.9 41,776 22.1

Insulin 10,986 4.5 2,148 3.8 8,838 4.7

Aspirin 61,755 25.2 11,960 21.3 49,795 26.4

a Patients who initiated lipid-lowering drugs with statin and received at minimum a cumulative 28-day prescription for statins within 180 days
prior to cohort entry were defined as statin initiators; other patients were defined as non-initiators.

b The date of 6 months after the first prescription for lipid-lowering drugs was defined as the date of cohort entry.
c Proportion of days covered for lipid-lowering drugs was assessed during the enrollment period.
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Table 2. Hazard ratios for the association between statin use and risk of developing hepatocellular carcinoma

Model Follow-up person years Number of cases Hazard ratio 95% CI

Model 1: Unadjusted model

No use 722,826 1,054 1.00

Statin use 567,378 640 0.74 0.67, 0.82

Model 2: Baseline (time-fixed) covariatesa

No use 722,826 1,054 1.00

Statin use 567,378 640 0.88 0.79, 0.97

Model 3: Baseline and time-varying
covariatesb

No use 722,826 1,054 1.00

Statin use 567,378 640 0.97 0.87, 1.08

Model 4: MSM of IPWa,c

No use 722,826 1,054 1.00

Statin use 567,378 640 1.11 0.94, 1.31

Abbreviations: IPW, inverse probability of weight; MSM, marginal structural model.
a The model was adjusted for the following covariates measured at baseline: age at cohort entry, sex, month since start of follow-up, geographic

region of NHI registration, calendar year of cohort entry, duration of diabetes, utilization of healthcare services (number of outpatient clinic visits
and hospital admission), comorbidities (cirrhosis, alcoholic liver damage, nonalcoholic fatty liver disease, hepatitis B and/or C infection), and medi-
cation use (metformin, sulfonylurea, thiazolidinediones, other oral antidiabetic agents, insulin, and aspirin).

b The model was adjusted for all baseline covariates in Model two and the following time-varying covariates: cirrhosis, alcoholic liver damage,
nonalcoholic fatty liver disease, and hepatitis B and/or C infection in the current 3 months.

c The weighted MSM is described in the Supplemental Methods and Supplemental Tables 3 and 4.
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In addition, accumulating preclinical and observational
studies have indicated favorable effects of statins on the
pathobiology of chronic liver disease and the improvement
of outcomes in cirrhosis, although the beneficial effect has
not yet been confirmed by randomized clinical trials [19].
Therefore, when evaluating time-varying treatment effects
in the context of statins and HCC risk, chronic liver dis-
eases are potential time-dependent confounders that might
also be influenced by previous statin use. The use of stan-
dard regression methods to adjust for such confounders
may partially eliminate the effects of statins acting via
these variables on HCC risk as well as introduce
collider-stratification bias [33]. Therefore, we used MSM
with IPW, an approach that enables adequate control of
time-dependent confounders affected by previous treat-
ments [16]. Our findings from MSM with IPW suggested
that after controlling for the potentially exposure-affected
time-varying confounding by chronic liver diseases, there
was no association between statin use and HCC risk.

This study has several limitations. First, data on bio-
markers of liver function, such as aspartate aminotransferase
and alkaline phosphatase, were unavailable. Residual con-
founding effects may have occurred due to the use of diag-
nosis codes to define chronic liver diseases, which were
often underdiagnosed. Second, misclassification of hyper-
lipidemia may have occurred because we lacked information
on blood lipid levels. However, we used prescription data,
which has been demonstrated to be useful for improving
identification of hyperlipidemia using the claims data of
Taiwan [34]. We further requested at least three prescrip-
tions during the enrollment period to increase the likelihood
of including individuals with hyperlipidemia who may have
better adherence to lipid-lowering therapy. Third, informa-
tion on several potential confounders, such as alcohol use,
tobacco use, and obesity were unavailable in the claims data.
These factors, if distributed differently between statin users
and nonusers, may have confounded the observed associa-
tion between statin use and HCC risk. Fourth, misclassifica-
tion of statin use may have occurred due to noncompliance.
To address this issue, a minimum cumulative 28-day pre-
scription within 180 days before cohort entry was required
to be eligible for inclusion as a statin initiator in our ana-
lyses, and statin use during the follow-up period was consid-
ered a time-varying exposure. Noncompliance may
therefore be less of a concern by adopting these approaches.
Furthermore, the main results did not change in the sensi-
tivity analyses restricted to patients with a proportion of
days covered of �50% and �80%. Finally, selection bias
might occur because only subjects remaining under
follow-up at the date of cohort entry were eligible for inclu-
sion. However, only 810 (0.43%) statin initiators and 237
(0.42%) non-initiators were excluded because of having
had cancer, withdrawal from NHI, or death before cohort en-
try. The selection bias, if present, probably did not have a
substantial impact on our findings.

In summary, in this nationwide cohort study of patients
with diabetes treated with lipid-lowering drugs, we did not
identify a significant association between statin use and the
risk of developing HCC. We used MSMs with IPW to quan-
tify the relationship between statin use and the risk of HCC
to adjust for time-varying confounders that may have acted
as intermediate variables. Our findings highlight the
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Table 3. Sensitivity analyses for the association between statin use and risk of developing hepatocellular carcinoma estimated using MSM with
inverse probability weight

Sensitivity analysis Follow-up person-years Number of cases Hazard ratioa 95% CI

MSM with IPTW

No use 722,826 1,054 1.00

Statin use 567,378 640 1.08 0.93, 1.24

SW of IPCW accounting for statin switch b

No use 625,561 960 1.00

Statin use 50,620 577 1.09 0.92, 1.30

Exposure did not lag

No use 790,222 1,290 1.00

Statin use 622,380 578 0.95 0.76, 1.17

Exposure lagged for 1 y

No use 658,229 976 1.00

Statin use 510,233 561 1.01 0.87, 1.18

Proportion of days covered �50%c

No use 537,796 771 1.00

Statin use 452,537 493 1.09 0.92, 1.30

Proportion of days covered �80%c

No use 252,334 382 1.00

Statin use 241,612 257 0.93 0.78, 1.10

Extreme SW was replaced by the 0.01th
and 99.99th percentiles

No use 722,826 1,054 1.00

Statin use 567,378 640 1.03 0.92, 1.16

Trimmed SW between the 0.01th and
99.99th percentiles

No use 722,683 1,051 1.00

Statin use 567,250 635 0.98 0.88, 1.09

Abbreviations: IPCW, inverse probability of censoring weight; IPTW, inverse probability of treatment weight; MSM, marginal structural model;
SW, stabilized weight.

a The model was adjusted for the following covariates measured at baseline: age at cohort entry, sex, month since start of follow-up, geographic
region of NHI registration, calendar year of cohort entry, duration of diabetes, utilization of healthcare services (number of outpatient clinic visits
and hospital admission), comorbidities (cirrhosis, alcoholic liver damage, nonalcoholic fatty liver disease, hepatitis B and/or C infection), and medi-
cation use (metformin, sulfonylurea, thiazolidinediones, other oral antidiabetic agents, insulin, and aspirin).

b In the IPCW estimation, statin initiators were censored at the time of switching to alternative medication during the follow-up period.
c Proportion of days covered for lipid-lowering drugs assessed during the enrollment period.

104 Y.-C. Yeh et al. / Journal of Clinical Epidemiology 150 (2022) 98e105
importance of accounting for these confounders in observa-
tional studies.
CRediT authorship contribution statement

Yi-Chun Yeh: Conceptualization, Methodology, Formal
analysis, Data curation, Writing e original draft, Visualiza-
tion, Project administration. Yen-Yu Chen: Resources,
Data curation, Writing e review & editing. Pei-Chun
Chen: Conceptualization, Methodology, Writing e review
& editing, Supervision, Funding acquisition.
Acknowledgments

We thank the Health and Welfare Data Science Center,
Ministry of Health Welfare, and Health Data Science
Center, China Medical University Hospital for providing
administrative and technical support.
Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jclinepi.2022.06.014.

References

[1] Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.

Global cancer statistics 2018: GLOBOCAN estimates of incidence

and mortality worldwide for 36 cancers in 185 countries. CA Cancer

J Clin 2018;68:394e424.

[2] Akinyemiju T, Abera S, Ahmed M, Alam N, Alemayohu MA,

Allen C, et al. The burden of primary liver cancer and underlying eti-

ologies from 1990 to 2015 at the global, regional, and national level:

results from the global burden of disease study 2015. JAMA Oncol

2017;3:1683e91.

https://doi.org/10.1016/j.jclinepi.2022.06.014
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref1
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref1
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref1
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref1
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref1
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref2
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref2
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref2
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref2
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref2
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref2


105Y.-C. Yeh et al. / Journal of Clinical Epidemiology 150 (2022) 98e105
[3] El-Serag HB, Hampel H, Javadi F. The association between diabetes

and hepatocellular carcinoma: a systematic review of epidemiologic

evidence. Clin Gastroenterol Hepatol 2006;4:369e80.

[4] Wang C, Wang X, Gong G, Ben Q, Qiu W, Chen Y, et al. Increased

risk of hepatocellular carcinoma in patients with diabetes mellitus: a

systematic review and meta-analysis of cohort studies. Int J Cancer

2012;130:1639e48.

[5] Singh MK, Das BK, Choudhary S, Gupta D, Patil UK. Diabetes and

hepatocellular carcinoma: a pathophysiological link and pharmaco-

logical management. Biomed Pharmacother 2018;106:991e1002.

[6] Giovannucci E, Harlan DM, Archer MC, Bergenstal RM,

Gapstur SM, Habel LA, et al. Diabetes and cancer: a consensus

report. Diabetes Care 2010;33:1674e85.

[7] Mantovani A, Targher G. Type 2 diabetes mellitus and risk of hepa-

tocellular carcinoma: spotlight on nonalcoholic fatty liver disease.

Ann Transl Med 2017;5:270.

[8] Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M.

Global epidemiology of nonalcoholic fatty liver disease-meta-

analytic assessment of prevalence, incidence, and outcomes. Hepatol-

ogy 2016;64:73e84.
[9] Huang X, Ma J, Xu J, Su Q, Zhao J. Simvastatin induces growth in-

hibition and apoptosis in HepG2 and Huh7 hepatocellular carcinoma

cells via upregulation of Notch1 expression. Mol Med Rep 2015;11:

2334e40.

[10] El Sayed I, Helmy MW, El-Abhar HS. Inhibition of SRC/FAK cue: a

novel pathway for the synergistic effect of rosuvastatin on the anti-

cancer effect of dasatinib in hepatocellular carcinoma. Life Sci

2018;213:248e57.

[11] Kim G, Jang SY, Nam CM, Kang ES. Statin use and the risk of he-

patocellular carcinoma in patients at high risk: a nationwide nested

case-control study. J Hepatol 2018;68:476e84.
[12] El-Serag HB, Johnson ML, Hachem C, Morgana RO. Statins are

associated with a reduced risk of hepatocellular carcinoma in a large

cohort of patients with diabetes. Gastroenterology 2009;136:1601e8.
[13] Hsiang JC, Wong GL, Tse YK, Wong VW, Yip TC, Chan HL. Statin

and the risk of hepatocellular carcinoma and death in a hospital-based

hepatitis B-infected population: a propensity score landmark anal-

ysis. J Hepatol 2015;63:1190e7.
[14] Kim G, Jang SY, Han E, Lee YH, Park SY, Nam CM, et al. Effect of

statin on hepatocellular carcinoma in patients with type 2 diabetes: a

nationwide nested case-control study. Int J Cancer 2017;140:798e806.

[15] Faries DE, Kadziola ZA. Analysis of longitudinal observational data

using marginal structural models. Analysis of observational health

care data using SAS. Cary, NC: SAS Institute; 2010:211e29.

[16] Hernan MA, Brumback B, Robins JM. Marginal structural models to

estimate the causal effect of zidovudine on the survival of

HIV-positive men. Epidemiology 2000;11:561e70.

[17] Pazzagli L, Linder M, Zhang M, Vago E, Stang P, Myers D, et al.

Methods for time-varying exposure related problems in pharmacoepi-

demiology: an overview. Pharmacoepidemiol Drug Saf 2018;27:

148e60.

[18] Moctezuma-Velazquez C, Abraldes JG, Montano-Loza AJ. The use

of statins in patients with chronic liver disease and cirrhosis. Curr

Treat Options Gastroenterol 2018;16:226e40.
[19] Bosch J, Gracia-Sancho J, Abraldes JG. Cirrhosis as new indication

for statins. Gut 2020;69:953e62.

[20] Faries D, Zhang X, Kadziola Z, Siebert U, Kuehne F, Obenchain RL,

et al. Real world health care data analysis: causal methods and imple-

mentation using SAS. Cary, NC: SAS Institute; 2020.

[21] Robins JM, Hern�an MA, Brumback B. Marginal structural models

and causal inference in epidemiology. Epidemiology 2000;11:

550e60.

[22] Cole SR, Hernan MA. Constructing inverse probability weights for

marginal structural models. Am J Epidemiol 2008;168:656e64.

[23] National Health Insurance Administration. National health insurance

administration: the national health insurance statistics. 2008. Available at

https://www.nhi.gov.tw/English/Content_List.aspx?n59CA08E769CE4

D0F7&topn5BCB2B0D2433F6491. Accessed May 23, 2021.

[24] de Vries M, Westerink J, Kaasjager KHAH, de Valk HW. Prevalence

of nonalcoholic fatty liver disease (NAFLD) in patients with type 1

diabetes mellitus: a systematic review and meta-analysis. J Clin En-

docrinol Metab 2020;105:3842e53.

[25] D’Agostino RB, Lee M-L, Belanger AJ, Cupples LA, Anderson K,

Kannel WB. Relation of pooled logistic regression to time dependent

cox regression analysis: the framingham heart study. Stat Med 1990;

9:1501e15.

[26] Islam MM, Poly TN, Walther BA, Yang HC, Jack Li YC. Statin use

and the risk of hepatocellular carcinoma: a meta-analysis of observa-

tional studies. Cancers (Basel) 2020;12:671.

[27] Singh S, Singh PP, Singh AG, Murad MH, Sanchez W. Statins are

associated with a reduced risk of hepatocellular cancer: a systematic

review and meta-analysis. Gastroenterology 2013;144:323e32.

[28] Goh MJ, Sinn DH, Kim S, Woo SY, Cho H, Kang W, et al. Statin use

and the risk of hepatocellular carcinoma in patients with chronic hep-

atitis B. Hepatology 2020;71:2023e32.
[29] Simon TG, Bonilla H, Yan P, Chung RT, Butt AA. Atorvastatin and

fluvastatin are associated with dose-dependent reductions in cirrhosis

and hepatocellular carcinoma, among patients with hepatitis C virus:

results from ERCHIVES. Hepatology 2016;64:47e57.

[30] Kaplan DE. Statins and hepatocellular carcinoma protection. Gastro-

enterol Hepatol (N Y) 2019;15:190e3.

[31] Blais P, Lin M, Kramer JR, El-Serag HB, Kanwal F. Statins are

underutilized in patients with nonalcoholic fatty liver disease and

dyslipidemia. Dig Dis Sci 2016;61:1714e20.

[32] Thomson MJ, Serper M, Khungar V, Weiss LM, Trinh H, Firpi-

Morell R, et al. Prevalence and factors associatedwith statin use among

patients with nonalcoholic fatty liver disease in the TARGET-NASH

study. Clin Gastroenterol Hepatol 2022;20:458e460.e4.

[33] Shakiba M, Mansournia MA, Salari A, Soori H, Mansournia N,

Kaufman JS. Accounting for time-varying confounding in the

relationship between obesity and coronary heart disease: analysis

with G-estimation: the ARIC study. Am J Epidemiol 2018;187:

1319e26.
[34] Sung SF, Hsieh CY, Lin HJ, Chen YW, Yang YH, Li CY. Validation

of algorithms to identify stroke risk factors in patients with acute

ischemic stroke, transient ischemic attack, or intracerebral hemor-

rhage in an administrative claims database. Int J Cardiol 2016;215:

277e82.

http://refhub.elsevier.com/S0895-4356(22)00165-2/sref3
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref3
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref3
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref3
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref4
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref4
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref4
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref4
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref4
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref5
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref5
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref5
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref5
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref6
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref6
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref6
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref6
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref7
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref7
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref7
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref8
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref8
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref8
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref8
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref8
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref9
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref9
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref9
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref9
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref9
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref10
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref10
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref10
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref10
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref10
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref11
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref11
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref11
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref11
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref12
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref12
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref12
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref12
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref13
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref13
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref13
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref13
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref13
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref14
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref14
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref14
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref14
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref15
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref15
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref15
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref15
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref16
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref16
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref16
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref16
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref17
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref17
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref17
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref17
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref17
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref18
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref18
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref18
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref18
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref19
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref19
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref19
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref20
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref20
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref20
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref21
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref21
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref21
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref21
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref21
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref22
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref22
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref22
https://www.nhi.gov.tw/English/Content_List.aspx?n=9CA08E769CE4D0F7&amp;topn=BCB2B0D2433F6491
https://www.nhi.gov.tw/English/Content_List.aspx?n=9CA08E769CE4D0F7&amp;topn=BCB2B0D2433F6491
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref24
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref24
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref24
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref24
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref24
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref25
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref25
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref25
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref25
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref25
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref26
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref26
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref26
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref27
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref27
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref27
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref27
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref28
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref28
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref28
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref28
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref29
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref29
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref29
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref29
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref29
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref30
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref30
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref30
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref31
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref31
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref31
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref31
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref32
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref32
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref32
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref32
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref32
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref33
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref33
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref33
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref33
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref33
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref33
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref34
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref34
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref34
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref34
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref34
http://refhub.elsevier.com/S0895-4356(22)00165-2/sref34

	Statins were not associated with hepatocellular carcinoma after controlling for time-varying confounders in patients with d ...
	1. Introduction
	2. Materials and methods
	2.1. Data source and study cohort
	2.2. Exposure measurement
	2.3. Outcomes and follow-up
	2.4. Baseline and time-varying covariates
	2.5. Statistical analyses

	3. Results
	4. Discussion
	CRediT authorship contribution statement
	Acknowledgments
	Supplementary data
	References




