
Statins and All-Cause Mortality in Patients Undergoing Hemodialysis
Jaehun Jung, MD;* Gi Hwan Bae, MS;* Minsun Kang, MHS; Soo Wan Kim, MD, PhD; Dae Ho Lee, MD, PhD

Background-—Recommendations have not yet been established for statin therapy in patients on maintenance dialysis. In this
study, we aimed to evaluate the effects of statin therapy on all-cause mortality in patients undergoing maintenance hemodialysis.

Methods and Results-—This retrospective cohort study analyzed data from adults, aged ≥30 years, who were on maintenance
hemodialysis for end-stage renal disease. Data on statin use, along with other clinical information between 2007 and 2017, were
extracted from the Health Insurance Review and Assessment Service database in Korea. In total, 65 404 patients were included,
and 41 549 (73.2%) patients had received statin therapy for a mean duration of 3.6�2.6 years. Compared with statin nonusers
before and after the initiation of hemodialysis (entry), patients who initiated statin therapy after entry and patients who continued
statins from the pre–end-stage renal disease to post–end-stage renal disease period had a lower risk of all-cause mortality; the
adjusted hazard ratios (95% CIs) were 0.48 (0.47–0.50; P<0.001) for post–end-stage renal disease only statin users and 0.59
(0.57–0.60; P<0.001) for continuous statin users. However, those discontinuing statins before or at entry showed a higher risk of
all-cause mortality. Statin-ezetimibe combinations were associated with better survival benefits than fixed patterns of statin
therapy. These results were consistent across various subgroups, including elderly patients aged >75 years, and were maintained
even after propensity score matching.

Conclusions-—Our results showed that in adult patients undergoing maintenance hemodialysis, statin therapy, preferably
combined with ezetimibe, was associated with a lower risk of all-cause mortality. ( J Am Heart Assoc. 2020;9:e014840. DOI: 10.
1161/JAHA.119.014840.)
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S tatin therapy in adults with or at risk of atherosclerotic
cardiovascular diseases produces relatively consistent

proportional reductions in major cardiovascular outcomes and
all-cause mortality.1 Therefore, guidelines issued by major
societies recommend moderate- to high-intensity statin
therapy for individuals who are at high risk of atherosclerotic

cardiovascular diseases, including patients with chronic
kidney disease (CKD).2–4 Because there is insufficient
evidence to support recommendations for or against statin
treatment in patients on maintenance hemodialysis, recent
guidelines have not made any recommendations for the
initiation of statins in these patients.2,4,5

Indeed, the findings of studies examining the effects of
statin use in patients on hemodialysis are inconsistent. For
instance, the SHARP (Study of Heart and Renal Protection)
showed that moderate-intensity statin therapy (simvastatin,
20 mg/d) in combination with ezetimibe reduced the risk of
major atherosclerotic events in patients with a wide spectrum
of CKDs, including those on dialysis.6 In contrast, 2 random-
ized clinical trials (RCTs) on statin use in patients undergoing
maintenance hemodialysis (namely, the AURORA [A Study to
Evaluate the Use of Rosuvastatin in Subjects on Regular
Hemodialysis: An Assessment of Survival and Cardiovascular
Events] and 4D Study [German Diabetes and Dialysis Study])
have failed to show significant benefits of statin therapy in
their primary outcomes.7,8

In addition to established conventional risk factors for
atherosclerotic cardiovascular diseases, other factors, includ-
ing arterial stiffness and arterial calcification, play important
roles in the pathophysiological characteristics of cardiovascular
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diseases in patients with end-stage renal disease (ESRD).9

Statin therapy has been shown to reduce the pulse wave
velocity, ameasure of arterial stiffness, independent of changes
in the lipid profile and blood pressure.10 The volume of calcified
plaques in the coronary arteries may also be reduced by
treatment with statins, both dependent and independent of the
reduction in low-density lipoprotein cholesterol levels.11 How-
ever, many studies have shown that the use of statins is
associated with the progression of coronary artery calcification
in ESRD.12,13 However, the impact of increased coronary
calcification on atheroma stabilization remains unclear. If the
pathophysiologic factors related to more advanced CKD can be
ameliorated by statin therapy, this should translate to improved
major clinical outcomes, which, notably, is yet to be proved.
Whether inadequate statistical power was responsible for the
lack of benefit found in the previous studies is unclear.
Furthermore, when evaluating the causes of mortality in
patients undergoing dialysis, the causes of death in databases
are often uncertain or missing, and are of noncardiovascular
origin in a significant proportion of patients.14,15 Therefore, all-
cause mortality may be a better primary end point in the
evaluation of patients with ESRD.

Although RCTs with larger numbers of patients with ESRD
than have been used previously would likely be required to
prove the above hypothesis, real-world clinical data may be a
useful alternative. The National Health Insurance program in
Korea delivers a government-controlled single-payer obligatory
insurance plan that covers almost the entire Korean population,
which was made up of �50 million residents in 2014.16–18

Encrypted customized data tailored for a study protocol may be
extracted from the National Health Insurance raw data. These
are authorized by 1 of the 2 government organizations in Korea
(ie, theHealth Insurance andReviewAssessment [HIRA] and the

Health Insurance Service). As described previously and sum-
marized in Table S1, the HIRA research data consist of 6 major
files (namely, the general information, healthcare services
[including inpatient prescriptions], diagnoses, outpatient pre-
scriptions, drug master, and provider information).16

In the present study, we aimed to evaluate the effects of
statin therapy on all-cause mortality in patients with ESRD
undergoing maintenance hemodialysis by analyzing patient
data from the HIRA database.

Methods
The data that support the findings of this study are available
from the corresponding author on reasonable request. The
study was reviewed by the Institutional Review Board of the
Gachon University Gil Medical Center, which decided the study
protocol was qualified for a waiver of ethics approval in
compliance with governmental laws and regulations (protocol
GCIRB2018-380); and the requirement for informed consent
was also waived as we only accessed deidentified, previously
collected data.

Design, Setting, and Participants
This population-based retrospective cohort study aimed to
evaluate the effects of statin therapy on all-cause mortality in
patients with ESRD on maintenance hemodialysis. Cus-
tomized data of patients who received maintenance hemodial-
ysis from January 1, 2007, to December 31, 2015, were
extracted from the HIRA database, and patients were followed
up until December 31, 2017. The diagnoses have been coded
following the Korean Standard Classification of Diseases
Version 6, which is based on the International Classification
of Diseases, Tenth Revision (ICD-10).16

Patients with ESRD undergoing hemodialysis were defined
as those who met all 3 of the following criteria: (1) had ICD-10
codes corresponding to CKD/ESRD or related conditions as a
diagnosis (N18, N181–N184, N189, N19, Z490, Z491, Z90, or
Z905), (2) had procedure codes related to hemodialysis
(O7011–O7018 or O7020), and (3) were supported by a special
Korean National Health Insurance program under the copay-
ment assistance policy that covers rare, incurable,malignant, or
severe and burdensome diseases (eg, specific code for patients
on dialysis: V001 or V003). Although ESRD is one of these
diseases, only patients undergoing maintenance hemodialysis,
patients undergoing peritoneal dialysis (PD), or recipients of
kidney transplantations are supported by copayment in
Korea.19 Among the patients who received dialysis therapy,
we excluded adult patients with ESRD who were aged
<30 years, as younger patients are less likely to have ESRD
causally related to cardiometabolic diseases.20 In addition, we
excluded those who received renal transplantation or PD and

Clinical Perspective

What Is New?

• Recommendations have not yet been established for statin
therapy in patients on maintenance dialysis.

• We evaluated the effects of statin therapy on all-cause
mortality in patients undergoing maintenance hemodialysis
using a nationwide cohort.

• In adult patients on maintenance hemodialysis, statin
therapy with appropriate dose adjustment, and preferably
in combination with ezetimibe, was associated with
decreased all-cause mortality.

What Are the Clinical Implications?

• Our results provide possible answers to multiple critical
questions about the effects of statin use in patients on
maintenance hemodialysis.

DOI: 10.1161/JAHA.119.014840 Journal of the American Heart Association 2

Statins and Mortality in Patients on Hemodialysis Jung et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



those who received combined hemodialysis and PD during the
study period. To ensure a washout period, we also excluded
patients who received hemodialysis during 2007.

Measurements
Data on the prescription of statins and other drugs were
extracted using drug codes based on the Anatomical Thera-
peutic Chemical Classification in the claim data of the study
period, and were analyzed in conjunction with other informa-
tion, including demographic parameters, comorbidities, and
procedures, on the basis of the patients’ medical records. The
lists of statin prescriptions and statin-ezetimibe combinations
captured in the present study are summarized in Table S2.
Comorbidities, including diabetes mellitus, hypertension, and
coronary heart disease, were defined during the period from
12 months before entry (initiation of hemodialysis) until the
end of follow-up; and the Charlson Comorbidity Index (CCI) was
calculated to assess the general health status of the study
subjects21 (Tables S3 and S4). Statin use was defined as at
least one prescription of statins being recorded in the claim
data. The statin intensity was classified according to existing
guidelines.5 Some patients who received less than the defined
“low-intensity therapy” were pooled together with the low-
intensity group as the “low- or less-intensity group.” Collec-
tively, statin use was categorized as follows: (1) no statin use
before or after entry (nonusers) and statin ever-use before or
after entry (ever-users), (2) nonuse, continuous (continuous
statin use before and after entry), pre-ESRD only (stopped using
statins before or at entry), and post-ESRD only use (started
statin therapy after entry), (3) low- or less-, moderate-, high-,
and variable-intensity statin therapies, and (4) proportion of
days covered (PDC) per total days of follow-up after the
initiation of hemodialysis to measure statin adherence (PDC
categories: <25%, ≥25%–<50%, ≥50%–<75%, and ≥75%). We
calculated the PDC by dividing the number of statin prescription
days after entry by the total follow-up period from the initiation
of hemodialysis to the end of data collection or mortality event.

The primary outcome of the present study was the all-
cause mortality during the follow-up period. Mortality was
confirmed by using the certificate database (recorded data of
reasons for changes in eligibility for National Health Insurance
or medical aid, death, or emigration) and the HIRA database.
Thus, a death event was defined by any one of the following:
(1) the HIRA claim contained a record of death or (2) no
medical records of renal replacement for >3 months without
kidney transplantation. Patients in each cohort were followed
up from the initiation of hemodialysis (entry date) until the
occurrence of study outcome or until December 31, 2017,
whichever occurred first. This definition is intended to prevent
a record of death from being missed during treatment, such
as by changing medical service providers.

Statistical Analysis
Baseline characteristics were compared according to the
statin use status. Categorical variables are expressed as
numbers and percentages, and continuous variables are
expressed as the mean�SD. The demographic characteristics
of the patients were measured by frequencies and percent-
ages. The overall survival rates were evaluated using a Kaplan-
Meier curve, and the log-rank test was used to compare the
groups. To evaluate the effects of the prognostic variables,
the Cox proportional hazards model was used for multivariate
analyses; and adjustments were made for age, sex, and CCI.
As multiple testing was performed between subgroups, we set
a robust cutoff of P<0.01 for statistical significance.

There may be selection bias owing to the difference in the
proportion of basic characteristics between the statin users
and the nonusers, an issue for which propensity score
matching (PSM) provides a reasonable method for addressing.
The propensity score was defined as the probability of
individuals using statins and was calculated by multiple
logistic regression using variables that included age, sex,
factors associated with individual patterns of receiving
healthcare service, and socioeconomic status (whether par-
ticipants receive medical aids, whether those were consis-
tently prescribed from the same healthcare facility, and the
level of healthcare facility attended), CCI, and specific medical
care, such as emergency department visits and hospitalization
within 1 year before entry. Statin nonusers and users were
matched in a 1:�2 proportion. We used a greedy nearest
neighbor matching on the logit of the propensity score.

After PSM, Cox proportional hazards models were repeated
to determine the association between statin use and all-cause
mortality and were reported in terms of hazard ratios and 95%
CIs. In the Cox models, age, sex, and CCI were used as
covariates, which showed significant differences even after PSM.

SAS, version 9.4 (SAS Institute Inc, Cary, NC), and R,
version 3.5.2 (R Foundation for Statistical Computing, Vienna,
Austria), software programs were used for the analyses. J.H.J.
and D.H.L. had full access to all study data and were
responsible for data integrity and data analysis accuracy.

Results

Characteristics of the Study Population
In total, there were 115 559 patients with ESRD who were
undergoing dialysis between January 1, 2007, and December
31, 2015. As presented in the flowchart in Figure 1, we
excluded 50 155 patients on the basis of the above-mentioned
exclusion criteria, including those on hemodialysis during the
predetermined washout period in 2007 (n=39 102), patients
who received PD, PD combined with hemodialysis, or renal

DOI: 10.1161/JAHA.119.014840 Journal of the American Heart Association 3

Statins and Mortality in Patients on Hemodialysis Jung et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



transplantation (n=10 269), and those aged <30 years
(n=784). Therefore, 65 404 patients were finally included in
the present study. The mean follow-up duration after entry was
3.4�2.7 years. The baseline characteristics of the study
subjects at entry are summarized in Table 1.

Themean age of the study subjects was 64.9�12.9 years at
entry, with a mean CCI of 3.3�1.9. In total, 36 409 (55.7%)
patients received statin prescriptions after entry, with 29 127
patients being continuous statin users before and after entry
and 7282 patients belonging to the post-ESRD only statin group
(Table 1). The mean duration of exposure to statins after entry
in the statin user groups was 3.6�2.6 years. Prevalent
hypertension, diabetes mellitus, and coronary heart disease
were present in 95.8%, 78.0%, and 47.8% of patients, respec-
tively. Interestingly, statin ever-users showed a higher preva-
lence of these diseases than nonusers (Tables S5 and S6).

Statin Therapy in Patients on Maintenance
Hemodialysis Was Associated With a Lower Risk
of All-Cause Mortality
First, we analyzed all included patients, and statin ever-users
(before or after entry) were then compared with statin
nonusers (before and after entry). The survival plots of

all-cause mortality showed a significant benefit of statin
therapy in the statin ever-users compared with the nonusers
(Figure S1A). In addition, the statin ever-users showed a lower
risk of all-cause mortality, according to both the age- and sex-
adjusted and age-, sex-, and CCI-adjusted hazard ratios
(Table 2 and Figure 2A).

Second, we classified the study population into 4 groups
(ie, the nonuser, continuous user, pre-ESRD only user, and
post-ESRD only user groups) (Table S6). Compared with the
nonuser group, the pre-ESRD only user group showed an
increased risk of all-cause mortality, whereas the continuous
and post-ESRD only user groups showed a decreased risk of
all-cause mortality in both the unadjusted and adjusted
analyses (Table 2, Figure S1B, and Figure 2B).

When we analyzed the data according to the intensity of
statin therapy after entry (Table S7), compared with those in
the nonuser group, patients receiving less than high-intensity
statin therapies demonstrated a decrease in both the
unadjusted and adjusted hazard ratios for all-cause mortality.
However, high-intensity statin therapy showed survival ben-
efits after multiple adjustments (Table 2, Figure S1C, and
Figure 2C).

We also categorized patients into 4 groups according to
their PDC values after entry (<25%, ≥25%–<50%, ≥50%–<75%,

Figure 1. Flow diagram of participant inclusion in the study. ESRD indicates end-stage renal disease.
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and ≥75%) (Table S8). The results showed that patients with a
PDC ≥75% had the highest survival benefits among the
different PDC groups (Table 2, Figure S1D, and Figure 2D).

Beneficial Effects of Statin Therapy on All-Cause
Mortality Were Consistent Across Various Patient
Groups
We also performed sensitivity analyses to determine whether
changes in a clinically important variable would influence the
effects of statin therapy on all-cause mortality in patients
receiving maintenance hemodialysis. The beneficial effects of
statin therapy were maintained across most subgroups
(Table S9). Notably, as with nonusers, both older (aged
>75 years) and younger (aged <40 years) patients also
showed survival benefits with statin therapy. Of the 36 409
statin users undergoing maintenance therapy, 6169 (16.9%)
received statin-ezetimibe combination therapy. The use of
statin-ezetimibe combination therapy after entry was associ-
ated with a lower adjusted hazard ratio for all-cause mortality
than statin therapy without ezetimibe (Figure 3A). Further
adjustment for ezetimibe combination therapy did not change
the results described above and in Figure 2 and Table 2.

Beneficial Effects of Statin Therapy on All-Cause
Mortality Were Consistently Observed Even After
PSM
After a 1:2 PSM between statin nonuser and user groups,
44 180 patients (16 417 statin nonusers and 27 763 statin
users) were included in the analysis. Patients were relatively
well matched for factors associated with individual patterns of
receiving healthcare service, socioeconomic status, and
specific medical care within 1 year before entry. However,
further adjustments were needed for age, sex, and CCI for
subsequent analyses (Table S10).

The results of the Cox models remained consistent when
statin nonusers and users after entry were PSM matched
(Tables S11 and S12 and Figure 3B). In patients on mainte-
nance hemodialysis, users of statins, and preferably statin-
ezetimibe combinations, continued to have a reduced risk of
all-cause mortality compared with statin nonusers.

Discussion
In the present study, we found that statin therapy consistently
provided beneficial effects in adult patients with ESRD who
were on maintenance hemodialysis. Both continuous users and
patients who started statin therapy after entry showed lower
all-cause mortality than statin nonusers. In addition, patients
who stopped using statins before or at the initiation of
hemodialysis showed an increased risk of all-cause mortality.

These beneficial effects were more evident in patients who
continuously received statin prescriptions during the study
period (ie, PDC ≥75%), those who received statin-ezetimibe
combination therapy, and patients who received variable- or

Table 1. Baseline Characteristics of the Study Subjects at
Entry (n=65 404)

Parameters Groups/Subgroups Values

Age at entry, mean (SD), y Total 64.9 (12.9)

Subgroups by age, N (%) 30–39 y 2426 (3.7)

40–49 y 6496 (9.9)

50–59 y 12 529 (19.2)

60–69 y 16 522 (25.3)

≥70 y 27 431 (41.9)

Sex, N (%) Men 38 446 (58.8)

Women 26 958 (41.2)

Statin ever-use, N (%) Ever-users 47 902 (73.2)

Nonusers 17 502 (26.8)

Statin use over 3 mo, N
(%)

Ever-users 43 479 (71.3)

Nonusers 17 502 (28.7)

Statin use status during
the study period, N (%)

Continuous users 29 127 (44.5)

Nonusers 17 502 (26.8)

Post-ESRD only users 7282 (11.1)

Pre-ESRD only users 11 493 (17.6)

Statin use period after
entry: PDC, N (%)

PDC <25% 12 447 (19.0)

25% ≤ PDC < 50% 5152 (7.9)

50% ≤ PDC <75% 4465 (6.8)

PDC ≥75% 14 345 (21.9)

Nonusers 17 502 (26.8)

Pre-ESRD only users 11 493 (17.6)

Intensity of statin therapy
after entry, N (%)

Variable intensity 13 592 (20.8)

High intensity 405 (0.6)

Moderate intensity 21 928 (33.5)

Low or less intensity 484 (0.7)

Nonusers 17 502 (26.8)

Pre-ESRD only users 11 493 (17.6)

Hypertension, N (%) Yes 62 630 (95.8)

No 2774 (4.2)

Diabetes mellitus, N (%) Yes 51 028 (78.0)

No 14 376 (22.0)

CHD, N (%) Yes 31 272 (47.8)

No 34 132 (52.2)

CCI, mean (SD) Total 3.31 (1.92)

CCI category, N (%) CCI <3 24 839 (38.0)

CCI ≥3 40 565 (62.0)

CCI indicates Charlson Comorbidity Index; CHD, coronary heart disease; ESRD, end-
stage renal disease; PDC, proportion of days covered.
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moderate-intensity statin therapy rather than fixed high- or
lower-intensity therapy. The benefits of statin therapy
remained significant even after adjusting for age, sex, and
CCI. Sensitivity analysis also showed consistent benefits of
statin therapy across various subgroups, including older (aged
>75 years) and younger (aged <40 years) patients. Further-
more, the main findings in this cohort remained consistently
significant even after PSM.

CKD is an important risk-enhancing factor for atheroscle-
rotic cardiovascular diseases and is a reasonable indication

for statin therapy.2,3 However, an important concern is that
the beneficial effects of statin therapy may not be maintained
in patients with advanced CKD.6–8 To the best of our
knowledge, for the effects of statin use, the present study
is the first to answer multiple key questions in patients on
maintenance hemodialysis, including statin ever-use or
nonuse before and after the initiation of hemodialysis,
continuation of statins at the initiation of hemodialysis,
optimal intensity of statin therapy, benefits of statin therapy
in patients aged >75 years, combination of statins with

Figure 2. Multiple (age, sex, and Charlson Comorbidity Index) adjusted survival plots for all-cause mortality related to statin therapy,
according to various conditions in adult patients undergoing maintenance hemodialysis. A, Statin ever-users vs nonusers. B, Statin use before
and after entry (the initiation of hemodialysis). C, The intensity of statin therapy. Note that the plot lines for variable and moderate intensities of
statin therapies overlap completely. D, Prescription maintenance of statin therapy, as determined by the proportion of days covered (PDC). Note
that the plot lines for the 2 PDC groups (25%–<50% and 50%–<75%) overlap completely. ESRD indicates end-stage renal disease.
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ezetimibe, and the impact of adherence to statins on
mortality.

Similar to our results, previous observational studies have
shown that statin therapy is associated with reduced mortality
in patients receiving hemodialysis.22,23 The DOPPS (Dialysis
Outcomes and Practice Patterns Study), which included 7635
patients receiving hemodialysis, showed that patients on
hemodialysis who were prescribed statins had a 31% lower
adjusted risk of all-cause mortality and a 23% lower risk of
cardiac mortality than statin nonusers.22 Moreover, Wave 2
(US Renal Data System Dialysis Morbidity and Mortality
Study), which included 3700 incident dialysis patients,
showed a 32% lower all-cause mortality and 36% lower
cardiovascular mortality with statin therapy.23

In contrast, 2 landmark RCTs in patients undergoing
hemodialysis (namely, the AURORA and 4D Study) showed
that statin therapy had no significant effects on major clinical
outcomes.7,8 In addition, a recent systematic analysis of 25
studies (8289 participants) showed that statin therapy in
adults on dialysis showed little or no beneficial effects on
mortality or cardiovascular events.24

The reasons for the discrepancies between the RCTs and
the observational study findings and ours are unclear. Some
studies have suggested that probably unlike the case of
hydrophilic statins, lipophilic statin-induced enhancement of
vascular calcification in patients with ESRD may offset small
beneficial effects of statins in these patients with many
nontraditional risk factors.12,13,25 Although we could not
directly evaluate arterial calcification in the present study, we
observed that compared with hydrophilic statins, their
lipophilic counterparts were associated with a lower risk of
all-cause mortality (Table S13). Further studies are required to

address the association between statin and vascular calcifi-
cation in patients with ESRD. The sample sizes of the previous
RCTs may have been too underpowered to prove any
significant benefit or harm of statin therapy in patients on
dialysis.6–8 Indeed, the 4D Study showed the beneficial
effects of statin therapy on the combined risk of all
cardiovascular events.8 Furthermore, a significant proportion
of patients in the placebo groups had taken nonstudy statins,
and this may have affected the outcomes.6,8 In the present
study, the beneficial effects of statins may be explained by
nonrandom effects. Finally, differences in the research
designs and study subjects may also explain the discrepant
results.26

Also, in patients with ESRD, administering statins with or
without ezetimibe may be more beneficial in terms of lowering
blood low-density lipoprotein cholesterol levels with lower-
intensity statins and decreasing the incidence of adverse
effects.27 The statin-ezetimibe combination was found to be
beneficial in SHARP, in which 33% of the study population was
on maintenance dialysis.6 The results revealed that after
weighing for low-density lipoprotein cholesterol reductions,
the proportional effects of the statin-ezetimibe combination
on primary outcomes were similar across patients who were
and were not on dialysis.6 Our findings support the results of
SHARP, and provide an additional therapeutic implication, in
that the statin-ezetimibe combination was a better option
than statin without ezetimibe for decreasing all-cause mor-
tality in patients on hemodialysis.

The present study has several limitations. First, the
customized HIRA data do not provide information pertaining
to laboratory data, lifestyle, or family history that may be
related to cardiovascular risks.16 Furthermore, the severity or

Figure 3. Multiple (age, sex, Charlson Comorbidity Index, and ezetimibe use) adjusted survival plots for all-cause mortality related to statin
therapy, according to ezetimibe combination in adult patients undergoing maintenance hemodialysis. A, Nonmatched survival plot. B, Survival
plot after propensity score matching (1:�2) for statin nonusers and statin users. ESRD indicates end-stage renal disease.
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stage of comorbidities was not adequately captured, although
we did use the CCI for adjustments. Second, we assessed all-
cause mortality as the only end point, and no information was
obtained on the cause of death in the present study for
several reasons, which included limitations of the HIRA data.
Although cardiovascular mortality is a major cause of death in
patients on hemodialysis,7 recent data from the United
Kingdom show that the causes of death in patients with ESRD
are more diverse.14 The complex nature of ESRD may
complicate the assessment of the exact cause of death.13

In addition, several reports have addressed poor concordance
(31%–38%) in the causes of death between ESRD registry data
and national statistics data based on death certificates.15,28

Third, adverse effects of statins were not systematically
evaluated in the present study. Notably, this issue needs to be
further evaluated in the near future with respect to distinct
types of statin therapy, including statin-ezetimibe combina-
tions and high-intensity therapy in patients receiving dialysis.
Finally, our results were based on a single ethnic population
within one country.

The strengths of the study include a large number of adults
with dialysis-dependent CKD and the use of records from the
HIRA database that covered all patients with ESRD in Korea
during the study period.

In conclusion, our observational study using a nationwide
cohort showed that in adult patients on maintenance hemodial-
ysis, statin therapy, with appropriate dose adjustment and
more favorably in combination with ezetimibe, was associated
with decreased all-cause mortality. Further prospective studies
on more diverse cohorts are needed to validate our findings.
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Table S1. Variables in the Korean National Health Insurance claim data. 

 

Category Variables 

Demographic information Sex, Age, Region, Death, Type of Qualification 

Diagnosis Principal diagnosis, 9 additional diagnosis (ICD-10) 

Healthcare utilization Health and medical care institution, Payment, Day of medical 

care, Number of visiting day, In-hospital administration of 

medicine, Procedure, Surgery 

Prescription Name of Drug, Date, Filled days, Quantity dispensed 

 

ICD-10, International Classification of Diseases 10th Revision.  



Table S2. Classification of statin therapy intensity and prescriptions captured in the 

present study.  

Statin therapy Statins 

The Intensity of statin therapy1  

High-Intensity Statin Therapy Atorvastatin (40)-80mg 
Rosuvastatin 20 (40) mg 

Moderate-Intensity Statin Therapy Atorvastatin 10 (20) mg 
Rosuvastatin (5) 10 mg 
Simvastatin 20-40 mg 
Pravastatin 40 (80) mg 
Lovastatin 40 mg 
Fluvastatin XL 80 mg 
Fluvastatin 40 mg bid 
Pitavastatin 2-4 mg 

Low-Intensity Statin Therapy Simvastatin 10 mg 
Pravastatin 10-20 mg 
Lovastatin 20 mg 
Fluvastatin XL 80 mg 
Fluvastatin 20-40 mg 
Pitavastatin 1 mg 

Statin prescriptions captured in the present 
study 

Atorvastatin 5-80 mg 
Rosuvastatin 5-20 mg 
Simvastatin 5-40 mg 
Pravastatin 5-40 mg 
Lovastatin 20 mg 
Fluvastatin 20-80 mg 
Pitavastatin 1-4 mg 

Statin-ezetimibe combinations captured in 
the present study 

Atorvastatin 10-40 mg/Ezetimibe 10mg 
Rosuvastatin 5-20 mg/ Ezetimibe 10mg 
Simvastatin 5-40 mg/Ezetimibe 10mg 

 

  



Table S3. International Classification of Diseases 10th Revision (ICD-10) codes for 

major comorbid diseases. 

Diseases ICD-10 codes 

Hypertension I10 ~ I15 

Diabetes mellitus E10 ~ E14 

Coronary Heart Disease I20 ~ I25 

 

  



Table S4. International Classification of Diseases 10th Revision (ICD-10) mapping for 

Charlson Comorbidity Index.2 

Diseases ICD-10 codes Weight 

Myocardial infarction  I21, I22, I252 1 

Congestive heart failure  I43, I50, I099, I110, I130, I132, I255, I420, I425, I426, 

I427, I428, I429, P290 

1 

Peripheral vascular disease  I70, I71, I731, I738, I739, I771, I790, I792, K551, K558, 

K559, Z958, Z959 

1 

Cerebrovascular disease  G45, G46, I60 ~ I69, H340 1 

Dementia  F00 ~ F03, G30, F051, G311 1 

Chronic Obstructive 

Pulmonary Disease  

J40 ~ J47, J60 ~ J67, I278, I279, J684, J701, J703 1 

Connective Tissue Disease  M05, M32 ~ M34, M06, M315, M351, M353, M360  1 

Peptic Ulcer Disease K25 ~ K28 1 

Mild Liver Disease B18, K73, K74, K700, K701 ~ K703, K709, K717, K713, 

K714, K715, K760, K762 ~ K764, K768, K769, Z944 

1 

Diabetes without 

complications 

E100, E101, E106, E108 ~ E111, E116, E118 ~ E121, 

E126, E128 ~ E131, E136, E138 ~ E141, E146, E148, 

E149 

1 

Diabetes with complications E102 ~ E105, E107, E112 ~ E115, E117, E122 ~ E125, 

E127, E132 ~ E135, E137, E142 ~ E145, E147 

2 

Paraplegia and Hemiplegia  G81, G82, G041, G114, G801, G802, G830 ~ G834, 

G839 

2 

Renal Disease N18, N19, N052 ~ N057, N250, I120, I131, N032 ~ 

N037, Z490, Z491, Z492, Z940, Z992 

2 

Cancer  C00 ~ C26, C30 ~ C34, C37 ~ C41, C43, C45 ~ C58, 

C60 ~ C76, C81 ~ C85, C88, C90 ~ C97 

2 

Moderate or Severe Liver 

Disease  

K704, K711, K721, K729, K765, K766, K767, I850, I859, 

I864, I982 

3 

Metastatic Carcinoma  C77 ~ C80 6 

Acquired immune deficiency 

syndrome (AIDS)  

B20 ~ B22, B24 6 

  



Table S5. Characteristics of study subjects based on statin ever-use and non-use.* 

Parameters 
Groups/ 

Subgroups 

Non-users 

(N=17,502) 

Ever-users 

(N=47,902) 

Age at entry, Means (SD), year Total 65.6 (14.1) 64.67 (12.5) 

Subgroups by age, N (%) 30~39 855 (4.9) 1,571 (3.3) 

40~49 1,865 (10.7) 4,631 (9.7) 

50~59 2,912(16.6) 9,617 (20.1) 

60~69 3,777 (21.6) 12,745 (26.6) 

70~ 8,093 (46.2) 19,338 (40.4) 

Sex, N (%) Male 11,136 (63.6) 27,310 (57.0) 

 Female 6,366 (36.4) 20,592 (43.0) 

Hypertension, N (%) Yes 15,698 (89.7) 46,932 (98.0) 

No 1,804 (10.3) 970 (2.0) 

Diabetes Mellitus, N (%) Yes 10,732(61.3) 40,296 (84.1) 

No 6,770 (38.7) 7,606 (15.9) 

CHD, N (%) Yes 4,895 (28.0) 26,377 (55.1) 

No 12,607 (72.0) 21,525 (44.9) 

CCI, Means (SD) Total 2.68 (1.9) 3.53 (1.9) 

Groups by CCI, N (%) CCI < 3 9,082 (51.9) 15,757 (32.9) 

 CCI  3 8,420 (48.1) 32,145 (67.1) 

*Statin ever-use or non-use was evaluated in the included patients on hemodialysis during 

the study period from January 1, 2007, to December 31, 2017, whenever they started statins. 

Note that all variables showed statistically significant differences at a p-value of 1%.  

SD, standard deviation; CHD, coronary heart disease; CCI, Charlson Comorbidity Index. 



Table S6. Baseline characteristics at entry based on statin use. 

Parameters Variables 
Non-users 
(N=17,502) 

Continuous users 
(N=29,127) 

Post-ESRD only users 
(N=7,282) 

Pre-ESRD only users 
(N=11,493) 

Age at entry, Means (SD), year Total 65.61 (14.1) 64.21(12.0) 62.79 (13.1) 67.01 (12.9) 

Subgroups by age, N (%) 30~39 855 (4.9) 838 (2.9) 397 (5.5) 336 (2.9) 

40~49 1,865 (10.7) 2,793 (9.6) 886 (12.2) 952 (8.3) 

50~59 2,912 (16.6) 6,209 (21.3) 1,537 (21.1) 1,871 (16.3) 

60~69 3,777 (21.6) 8,286 (28.5) 1,847 (25.4) 2,612 (22.7) 

70~ 8,093 (46.2) 11,001 (37.8) 2,615 (35.9) 5,722 (49.8) 

Sex, N (%) Male 11,136 (63.6) 16,318 (56.0) 4,392 (60.3) 6,600 (57.4) 

Female 6,366 (36.3) 12,809 (44.0) 2,890 (39.7) 4,893 (42.6) 

Hypertension, N (%) Yes 15,698 (89.7) 28,743 (98.7) 6,990 (96.0) 11,199 (97.4) 

No 1,804 (10.3) 384 (1.3) 292 (4.0) 294 (2.6) 

Diabetes Mellitus, N (%) Yes 10,732 (61.3) 25,566 (87.8) 5,377 (73.8) 9,353 (91.4) 

No 6,770 (38.7) 3,561 (12.2) 1,905 (26.2) 2,140 (18.6) 

CHD, N (%) Yes 4,895 (28.0) 17,684 (60.7) 3,684 (50.6) 5,009 (43.6) 

No 12,607 (72.0) 11,443 (39.3) 3,598 (49.4) 6,484 (56.4) 

CCI, Means (SD) Total 2.68 (1.9) 3.77 (1.8) 2.60 (1.9) 3.53 (1.9) 

CCI category, N (%) CCI < 3 9,082 (51.9) 8,017 (27.5) 3,932 (54.0) 3,808 (33.1) 

CCI  3 8,420 (48.1) 21,110 (72.5) 3,350 (46.0) 7,685 (66.9) 

ESRD, end-stage renal disease; SD, standard deviation; CHD, coronary heart disease; CCI, Charlson Comorbidity Index. 

Note that all variables showed statistically significant differences at a p-value of 1%.  

 

 

 



Table S7. Characteristics of study subjects according to the intensity of statin therapy after entry. 

Parameters 
Groups/ 

Subgroups 

Non-users 

(N=17,502) 

Variable-intensity 

(N=13,592) 

High-intensity 

(N=405) 

Moderate-intensity 

(N=21,928) 

Low-or-less- 

intensity 

(N=484) 

Age at entry, mean (SD), year Total 65.61 (14.1) 63.81 (11.7) 64.84 (12.7) 63.99 (12.5) 63.4 (13.5) 

Subgroups by age, N (%) 30~39 855 (4.9) 387 (2.9) 11 (2.7) 807 (3.7) 30 (6.2) 

40~49 1,865 (10.7) 1,294 (9.5) 51 (12.6) 2,279 (10.4) 55 (11.4) 

50~59 2,912 (16.6) 3,023 (22.2) 67 (16.5) 4,563 (20.8) 93 (19.2) 

60~69 3,777 (21.6) 4,010 (29.5) 99 (24.4) 5,909 (26.9) 115 (23.8) 

70~ 8,093 (46.2) 4,878 (35.9) 177 (43.7) 8,370 (38.2) 191 (39.5) 

Sex, N (%) Male 11,136 (63.6) 7,652 (56.3) 269 (66.4) 12,499 (57.0) 290 (66.2) 

Female 6,366 (36.4) 5,940 (43.7) 136 (33.6) 9,429 (43.0) 194 (33.6) 

Hypertension, N (%) Yes 15,698 (89.7) 13,445 (98.9) 384 (94.8) 21,447 (97.8) 457 (94.4) 

No 1,804 (10.3) 147 (1.1) 21 (5.2) 481 (2.2) 27 (5.6) 

Diabetes Mellitus, N (%) Yes 10,732 (61.3) 12,034 (88.5) 310 (76.5) 18,259 (83.3) 340 (70.3) 

No 6,770 (38.7) 1,558 (11.5) 95 (23.5) 3,669 (16.73) 144 (29.8) 

CHD, N (%) Yes 4,895 (27.97) 8,904 (65.5) 237 (58.5) 12,021 (54.8) 206 (42.6) 

No 12,607 (72.0) 4,688 (34.5) 168 (41.5) 9,907 (45.2) 278 (57.4) 

CCI, mean (SD) 

Group by CCI, N (%) 

 

Total 2.68 (1.9) 3.76(1.9) 2.82 (1.8) 3.43(1.9) 3.02(1.9) 

CCI < 3 9,082 (51.9) 3,850 (28.3) 193 (47.7) 7,685 (35.1) 221 (45.7) 

CCI  3 8,420 (48.1) 9,742 (71.7) 212(52.4) 14,243 (65.0) 263 (54.3) 

SD, standard deviation; CHD, coronary heart disease; CCI, Charlson Comorbidity Index. 

Note that all variables showed statistically significant differences at a p-value of 1%.  

 



Table S8. Characteristics of patients based on the statin use period after entry: proportion of days covered (PDC) after entry.* 

Parameters 
Groups/ 

Subgroups 

Non-users 

(N=17,502) 

Pre-ESRD only users 

(N=11,493) 

PDC after entry* 

<25% 

(N=12,447) 

≥25 to < 50% 

(N=5,152) 

≥50 to < 75% 

(N=4,465) 

≥75% 

(N=14,345) 

Age at entry, mean (SD), 

year 
total 65.61(14.1) 67.03(12.9) 62.96(12.9) 63.76(12.5) 64.16 (12.0) 64.75 (11.5) 

Subgroups by age, N (%) 30~39 855 (4.9) 336 (2.9) 549 (4.4) 188 (3.7) 153 (3.4) 345 (2.4) 

40~49 1,865 (10.7) 962 (8.3) 1,575 (12.7) 532 (10.3) 424 (9.5) 1,148 (8.0) 

50~59 2,912 (16.6) 1,871 (16.3) 2,712 (21.8) 1,142 (22.2) 895 (20.0) 2,997 (20.9) 

60~69 3,777 (21.6) 2,612 (22.7) 3,094 (24.9) 1,386 (26.9) 1,332 (29.8) 4,321 (30.1) 

70~ 8,093 (46.2) 5,722 (49.8) 4,517 (36.3) 1,904 (37.0) 1,661 (37.2) 5,534 (38.6) 

Sex, N (%) Male 11,136 (63.6) 6,600 (57.4) 7,069 (56.8) 2,886 (56.0) 2,477 (55.5) 8,278 (57.7) 

Female 6,366 (36.4) 4,893 (42.6) 5,378 (43.2) 2,266 (44.0) 1,988 (44.5) 6,067 (42.3) 

Hypertension, N (%) Yes 15,698 (89.7) 11,342 (97.4) 12,430 (97.9) 5,010 (98.1) 4,360 (97.9) 13,790 (98.5) 

No 1,804 (10.3) 299 (2.6) 268 (2.1) 96 (1.9) 92 (2.1) 215 (1.5) 

Diabetes Mellitus, N (%) Yes 10,732 (61.3) 9,353 (81.4) 10,367 (83.3) 4,399 (85.4) 3,835 (85.9) 12,342 (86.0) 

No 6,770 (38.7) 2,140 (18.6) 2,080 (16.7) 753 (14.6) 630 (14.1) 2,003 (14.0) 

CHD, N (%) Yes 4,895 (28.0) 5,090 (43.7) 6,434 (51.7) 3,018 (58.6) 2,665 (59.7) 9,251 (64.5) 

No 12,607 (72.0) 6,551 (56.3) 6,013 (48.3) 2,134 (41.4) 1,800 (40.3) 5,094 (35.5) 

CCI, Means (SD) total 2.68 (1.9) 3.52(1.9) 3.44(1.9) 3.54 (1.9) 3.55 (1.9) 3.62 (1.9) 

Groups by CCI,  

N (%) 

CCI < 3 9,082 (51.9) 3,808 (33.1) 4,336 (34.8) 1,711 (33,2) 1,429 (32.0) 4,473 (31.2) 

CCI  3 8,420 (48.1) 7,685 (66.9) 81,11 (65.2) 3,441 (66.8) 3,036 (68.0) 9,872 (68.8) 

*PDC was calculated by dividing the number of statin prescription days after entry by the total follow-up period from the initiation of 

hemodialysis to the end of data collection or mortality event.  

ESRD, end-stage renal disease; SD, standard deviation; CHD, coronary heart disease; CCI, Charlson Comorbidity Index. 

Note that all variables showed statistically significant differences at a p-value of 1%.  



Table S9. All-cause mortality in relation to statin use or non-use after entry, based on various parameters in patients undergoing 

maintenance hemodialysis. 

Parameters 

Statin users after entry Non-users after entry Adjusted HRs* Adjusted HRs† 

All-Cause mortality 
Person- 

Years 
All-Cause mortality 

Person- 

Years 
HRs 95% CIs 

P 

values 
HR 95% CIs 

P 

values 

Whole subjects 17,204/36,409 (47.3%) 145,034.9 19,054/28,995 (65.7%) 77,194.7 0.54 0.53-0.55 <.001 0.52 0.51-0.53 <.001 

Age category 

  >75 years 4,674/6,585 (71.0%) 16,859.1 7,026/8,243 (85.2%) 12,150.0 0.56 0.54-0.58 <.001 0.55 0.53-0.58 <.001 

40 ~ 75 years 12,296/28,589 (43.0%) 121,648.5 11,688/19,561 (59.8%) 59,324.0 0.53 0.52-0.54 <.001 0.51 0.50-0.52 <.001 

< 40 years 234/1,235 (18.9%) 6,527.4 340/1,191 (28.5%) 5,720.7 0.61 0.51-0.72 <.001 0.59 0.50-0.70 <.001 

Sex 

  Men 9,977/20,710 (48.2%) 81,364.9 11,532/17,736 (65.0%) 48,015.1 0.55 0.53-0.56 <.001 0.53 0.52-0.55 <.001 

  Women 7,227/15,699 (46.0%) 63,670.0 7,522/11,259 (66.8%) 29,179.6 0.52 0.50-0.54 <.001 0.51 0.49-0.52 <.001 

Hypertension 

  Yes 16,786/35,733 (47.0%) 143,122.5 17,318/26,897 (64.4%) 3,165.1 0.56 0.55-0.57 <.001 0.54 0.53-0.55 <.001 

  No 418/676 (61.8%) 1,912.5 1,736/2,098 (82.7%) 74,029.6 0.48 0.43-0.54 <.001 0.47 0.42-0.53 <.001 

Diabetes  

  Yes 14,726/30,943 (47.6%) 123,498.7 13,127/20,085 (65.4%) 55,095.6 0.56 0.54-0.57 <.001 0.54 0.53-0.55 <.001 

  No 2,478/5,466 (45.3%) 21,536.2 5,927/8,910 (66.5%) 22,099.1 0.49 0.47-0.51 <.001 0.49 0.46-0.51 <.001 

CHD 

  Yes 10,617/21,368 (49.7%) 85,388.9 6,641/9,904 (67.1%) 26,881.5 0.57 0.55-0.58 <.001 0.55 0.53-0.56 <.001 

  No 6,587/15,041 (43.8%) 59,646.1 12,413/19,091 (65.0%) 50,313.2 0.53 0.51-0.54 <.001 0.52 0.50-0.53 <.001 

Ezetimibe combination 

  Yes 2,281/6,169 (37.0%) 25,144.52 610/974 (62.6%) 2,179.4 0.36 0.33-0.39 <.001 0.35 0.32-0.39 <.001 

  No 14,923/30,240 (49.3%) 119,890.4 18,444/28,021 (65.8%) 75,015.3 0.56 0.55-0.57 <.001 0.54 0.53-0.56 <.001 

CCI 

<3 4,767/11,949 (40.0%) 50,442.8 7,741/12,890 (60.1%) 37,081.0 0.51 0.49-0.53 <.001 **   

  3 12,437/24,460 (50.8%) 94,592.1 11,313/16,105 (70.2%) 40,113.7 0.53 0.51-0.54 <.001 **   

*Adjusted for age and sex; †adjusted for age, sex, and CCI. 

HR, hazard ratio; CI, confidence interval; CHD, coronary heart disease; CCI, Charlson Comorbidity Index.



Table S10. Characteristics of study patients before and after propensity score matching. 
 

Parameters 

Before Matching  After Matching  

Statin users 
(n=47,902) 

Non-users 
(n=17,502) 

P 
Values 

Statin users 
(n=27,763) 

Non users 
(n=16,417) 

P 
Values 

Sex, N (%)         <.001         <.001 

Male 27,310 (57.0%) 11,136 (63.6%)  15,338 (55.3%) 10,491 (63.9%)  

Female 20,592 (43.0%) 6,366 (36.4%)  12,425 (44.8%) 5,926 (36.1%)  

Subgroups by age, N (%) 59.4 ± 12.4 61.1 ±14.0 <.001 59.5 ± 12.9  61.1 ± 13.9 <.001 

30~39 628 (1.3%) 294 (1.7%) <.001 442 (1.6%) 266 (1.6%) <.001 

40~49 2,764 (5.5%) 1,214 (6.9%)  1,805 (6.5%) 1,114 (6.8%)  

50~59 7,294 (15.3%) 2,414 (13.8%)  4,232 (15.2%) 2,247 (13.7%)  

60~69 11,254 (23.5%) 3,255 (18.6%)  6,129 (22.1%) 3,083 (18.8%)  

70~79 15,128 (31.6%) 4,708 (26.9%)  8,360 (30.1%) 4,497 (27.4%)  

80~ 10,834 (22.6%) 5,617 (32.1%)  6,795 (24.5%) 5,210 (31.7%)  

Medical Aids Beneficiaries 4,868 (10.2%) 1,983 (11.3%) <.001 3,023 (10.9%) 1,812 (11.1%) 0.628 

Constantly prescribed at the same 
medical facility 

40,559 (84.7%) 14,468 (82.7%) 0.067 23,239 (83.7%) 13,716 (83.6%) 0.897 

Healthcare facility           

Tertiary and educational 6,337 (13.3%) 2,488 (14.7%) <.001 3,819 (13.7%) 2,323 (14.2%) 0.039 

Tertiary hospital 17,176 (35.9%) 6,553 (14.2%)  10,255 (36.9%) 6,149 (37.5%)  

General hospital 3,347 (7.0%) 1,280 (37.4%)  2,067 (7.5%) 1,202 (7.3%)  

Clinics 15,976 (33.4%) 4,616 (7.3%)  8,076 (29.1%) 4,540 (27.7%)  

Others 5,066 (10.6%) 2,565 (26.4%)  3,546 (12.8%) 2,203 (13.4%)  

CCI 3.5 ± 1.9 2.7 ± 1.9 <.001 3.0 ± 1.8 2.8 ±1.9 <.001 

Specific medical care within one year before entry 

Emergency room visit 0.5 ± 1.2 0.4 ± 1.3 0.010 0.4 ± 1.2 0.4 ± 1.2 0.256 

Hospitalization 3.2 ± 3.4 3.2 ± 3.5 0.974 3.2 ± 3.5 3.2 ± 3.4 0.608 

   

CCI, Charlson Comorbidity Index. 

  



Table S11. Association between statin use and all-cause mortality in patients undergoing maintenance hemodialysis after 

propensity score matching. 

Parameters related with 

statin use 

All-Cause 

mortality 

All 

patients 

Person- 

Years 

Adjusted model-1* Adjusted model-2† Adjusted model-3‡ 

HRs 95% CIs 
P 

values 
HRs 95% CIs 

P 

values 
HRs 95% CIs 

P 

values 

Non-users 10,587 16,417 48,228.2 Ref - - Ref - - Ref - - 

Statin ever-use             

Ever-users 14,181 27,763 97,657.8 0.71 0.69-0.73 <.001 0.70 0.68-0.72 <.001 0.73 0.71-0.75 <.001 

Over 3 months 12,146 24,766 88,998.1 0.67 0.65-0.69 <.001 0.66 0.64-0.68 <.001 0.68 0.66-0.70 <.001 

Statin use status during the study period 

Pre-ESRD only users 5,127 7,576 16,570.2 1.27 1.23-1.32 <.001 1.26 1.22-1.30 <.001 1.274 1.23-1.32 <.001 

Continuous users 6,958 15,336 5,7426.2 0.59 0.58-0.61 <.001 0.58 0.56-0.60 <.001 0.60 0.58-0.62 <.001 

Post-ESRD only users 2,096 4,851 23,661.4 0.48 0.46-0.50 <.001 0.49 0.47-1.52 <.001 0.50 0.48-0.53 <.001 

Statin use period after entry: Proportion of days covered (PDC) 

PDC < 25% 3,479 7,253 3,859.2 0.59 0.56-0.61 <.001 0.58 0.56-0.61 <.001 0.59 0.57-0.62 <.001 

25  PDC < 50% 1,389 2,868 11,823.7 0.61 0.58-0.65 <.001 0.60 0.57-0.64 <.001 0.62 0.59-0.66 <.001 

50  PDC < 75% 1,162 2,456 9,820.4 0.59 0.55-0.62 <.001 0.58 0.55-0.62 <.001 0.60 0.57-0.64 <.001 

PDC ≥75% 3,024 7,610 28,184.5 0.51 0.49-0.53 <.001 0.50 0.48-0.53 <.001 0.52 0.50-0.54 <.001 



The intensity of statin therapy after entry 

Variable-intensity 3,102 7,082 28,830.2 0.55 0.52-0.57 <.001 0.53 0.51-0.56 <.001 0.56 0.54-0.59 <.001 

High-intensity 155 262 947.6 0.78 0.67-0.91 0.002 0.80 0.69-0.94 0.007 0.81 0.69-0.95 0.008 

Moderate-intensity 5,637 12,522 50,086.8 0.56 0.55-0.58 <.001 0.56 0.54-0.58 <.001 0.57 0.55-0.59 <.001 

Low-or-less-intensity  160 321 1,223.1 0.69 0.59-0.80 <.001 0.70 0.60-0.82 <.001 0.76 0.65-0.89 <.001 

*Adjusted for age and sex; †adjusted for age, sex, and CCI; ‡adjusted for age, sex, CCI, and ezetimibe. 

HR, hazard ratio; CI, confidence interval; ESRD, end-stage renal disease; CCI, Charlson Comorbidity Index. 

  



Table S12. All-cause mortality according to various parameters in patients undergoing maintenance hemodialysis in relation to statin 

use or non-use after entry after propensity score matching. 

Parameters 

Statin users after entry Non-users after entry Adjusted HRs* Adjusted HRs† 

All-Cause mortality 
Person- 

Years 
All-Cause mortality 

Person- 

Years 
HRs 95% CIs 

P 

values 
HR 95% CIs 

P 

values 

Whole subjects 9,054/20,187 (44.9%) 64,798.4 15,714/23,993 (65.5%) 81,087.6 0.53 0.52-0.54 <.001 0.52 0.51-0.54 <.001 

Age category 

  >75 years 1,188/1,435 (82.8%) 4,478 3,110/3,360 (92.6%) 3,654.1 0.57 0.53-0.61 <.001 0.57 0.53-0.60 <.001 

40 ~ 75 years 7,566/17,039 (44.4%) 52,065.6 12,074/18,719 (64.5%) 69,335.4 0.52 0.51-0.54 <.001 0.52 0.51-0.54 <.001 

< 40 years 300/1,713 (17.5%) 8,254.8 530/1,914 (27.7%) 8,098.1 0.58 0.50-0.67 <.001 0.57 0.50-0.66 <.001 

Sex 

  Men 5,095/11,115 (45.8%) 40,197.4 9,568/14,714 (65.0%) 44,002.2 0.54 0.52-0.56 <.001 0.53 0.52-0.55 <.001 

  Women 3,959/9,072 (43.9%) 24,600.9 6,146/9,279 (66.2%) 37,085.4 0.51 0.49-0.53 <.001 0.51 0.49-0.53 <.001 

Hypertension 

  Yes 8,759/19,700 (44.5%) 2,559.5 14,328/22,318 (64.2%) 1,373.2 0.54 0.53-0.56 <.001 0.54 0.52-0.55 <.001 

  No 295/487 (60.6%) 62,238.9 1,386/1,675 (82.7%) 79,714.4 0.50 0.44-0.57 <.001 0.50 0.44-0.56 <.001 

Diabetes  

  Yes 6,744/15,016 (44.9%) 19,911.2 10,664/16,237 (65.7%) 20,437.9 0.53 0.52-0.55 <.001 0.53 0.51-0.54 <.001 

  No 2,310/5,171 (44.7%) 44,887.2 5,050/7,756 (65.1%) 60,649.7 0.51 0.48-0.53 <.001 0.51 0.48-0.53 <.001 

CHD 

  Yes 5,246/10,977 (47.8%) 42,864.4 5,264/7,899 (66.6%) 36,746.5 0.56 0.54-0.58 <.001 0.55 0.53-0.58 <.001 

  No 3,808/9,210 (41.3%) 21,934.0 10,450/16,094 (64.9%) 44,341.1 0.51 0.49-0.53 <.001 0.51 0.49-0.53 <.001 

Ezetimibe combination 

  Yes 1,139/3,261 (34.9%) 63,525.9 385/603 (63.8%) 67,726.5 0.32 0.28-0.36 <.001 0.32 0.28-0.36 <.001 

  No 7,915/16,926 (46.8%) 12,72.4 15,329/23,390 (65.5%) 13,361.1 0.55 0.53-0.56 <.001 0.54 0.53-0.56 <.001 

CCI 

<3 3,542/9,138 (38.8%) 33,304.9 6,688/11,289 (59.2%) 38,758.5 0.52 0.50-0.54 <.001    

  3 5,512/11,049 (49.9%) 31,493.4 9,026/12,704 (71.0%) 42,329.1 0.52 0.50-0.54 <.001    

*Adjusted for age and sex; †adjusted for age, sex, and CCI. 

HR, hazard ratio; CI, confidence interval; CHD, coronary heart disease; CCI, Charlson Comorbidity Index. 

 



Table S13. All-cause mortality with lipophilic statins versus hydrophilic statins, based on various parameters in patients undergoing 

maintenance hemodialysis. 

Parameters 

Hydrophilic statin users  

(Reference) 

Lipophilic statin users Adjusted HRs* Adjusted HRs† 

All-Cause mortality 
Person-

Years 
All-Cause mortality 

Person-

Years 
HRs 95% CIs 

P 

Values 
HRs 95% CIs 

P 

values 

Total 1,644/2,832 (58.1%) 9,452.8 13,141/23,680 (55.4%) 80,405.3 0.93 0.88-0.97 0.004 0.92 0.88-0.97 0.002 

Age Groups           

>75 years 249/271 (91.9%) 442.4 1,961/2,230 (87.9%) 4,337.8 0.84 0.74-0.96 0.001 0.86 0.76-0.97 0.01 

40 ~ 75 years 1,359/2,340 (58.1%) 7,994.8 10,818/19,774 (54.7%) 68,494.6 0.93 0.88-0.99 0.017 0.93 0.88-0.98 0.01 

< 40 years 36/221 (16.3%) 1,015.6 362/1,676 (21.6%) 7,572.9 1.34 0.95-1.89 0.09 1.25 0.88-1.77 0.20 

Sex           

  Men 1,014/1,749 ( 58.0%) 5,922.2 7,567/13,651 (55.4%) 46,336.3 0.95 0.89-1.01 0.11 0.94 0.88-1.00 0.06 

  Women 630/1,083 (58.2%) 3,530.7 5,574/10,029 (55.6%) 34,069.0 0.87 0.80-0.95 0.01 0.87 0.80-0.94 0.001 

Hypertension           

  Yes 1,559/2,724 (57.2%) 195.3 12,711/23,083 (55.0%) 1,316.2 0.93 0.88-0.98 0.01 0.93 0.88-0.98 0.004 

  No 85/108 (78.7%) 9,257.5 430/597 (72.1%) 79,089.1 0.81 0.64-1.03 0.004 0.80 0.63-1.02 0.07 

Diabetes           

  Yes 1,264/2,183 (57.9%) 2,056.2 10,732/19,305 (55.6%) 14,145.7 0.94 0.89-1.00 0.04 0.93 0.88-0.99 0.02 

  No 380/649 (58.6%) 7,396.6 2,409/4,375 (55.1%) 66,259.6 0.86 0.77-0.96 0.006 0.87 0.78-0.97 0.009 

CHD           

  Yes 889/1,453 (61.1%) 4,713.7 6,693/11,690 (57.3%) 39,828.5 0.87 0.81-0.93 <.001 0.86 0.80-0.93 <.001 

  No 755/1,379 (54.7%) 4,739.1 6,448/11,990 (53.8%) 40,576.8 0.98 0.91-1.05 0.54 0.97 0.90-1.05 0.43 

Ezetimibe 

combination 
          

  Yes 5/37 (13.5%) 169.4 1,304/2,854 (45.7%) 10,206 3.55 1.47-8.54 0.005 3.39 1.41-8.15 0.007 

  No 1,639/2,795 (58.6%) 9,283.4 11,837/20,826 (56.8%) 70,199.2 0.93 0.88-0.98 0.006 0.75 0.75-0.80 <.001 

CCI           

<3 548/1,115 (49.1%) 3,923.4 4,148/8,470 (49.0%) 30,658.7 0.92 0.84-1.01 0.067 - - - 

  3 1,096/1,717 (63.8%) 5,529.4 8,993/15,210 (59.1%) 49,746.6 0.91 0.86-0.97 0.004 - - - 

*Adjusted for age and sex; †adjusted for age, sex, and CCI. 

HR, hazard ratio; CI, confidence interval; CHD, coronary heart disease; CCI, Charlson Comorbidity Index.  



Figure S1. Kaplan-Meier curves for crude all-cause mortality related to statin 

therapy use according to various conditions in adult patients undergoing 

maintenance hemodialysis.  

 

A, Statin ever-users versus non-users. B, Statin use before and after entry (initiation 

of hemodialysis). C, The intensity of statin therapy. D, Prescription maintenance of 

statin therapy, as determined by the proportion of days covered. Note that the plot 

lines for the two PDC groups (25 to <50% and 50 to <75%) overlap completely. 

ESRD, end-stage renal disease. 
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