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Abstract Few long-term follow-up studies have compared the changes in renal function according to the type of
statin used in Korea. We compared the long-term effects of statin intensity and type on the changes in the
glomerular filtration rate (GFR). We extracted data of patients who took statin for the first time. We analyzed
whether or not different statins affect the changes in GFR at 3 months after baseline and 4 years after. We included
3678 patients and analyzed the changes in GFR. The GFR decreased by 3.2% + 0.4% on average 4 years after the
first statin prescription, indicating statistically significant deterioration (from 83.5 & 0.4 mL/min/1.73 m? to
79.9 + 0.4 mL/min/1.73 m?, P < 0.001). When comparing the GFR among different statins, significant differences
were observed between atorvastatin and fluvastatin (—5.3% + 0.7% vs. 1.2% + 2.2%, P < 0.05) and between
atorvastatin and simvastatin (—5.3% =+ 0.7% vs. —0.7% =+ 0.8%, P < 0.05). In pitavastatin (odds ratio [OR]=0.64,
95% confidence interval [CI]=0.46-0.87, P < 0.005) and simvastatin (OR =0.69, 95% CI=0.53-0.91, P < 0.008),
the GFR rate that decreased by < 60 mL/min/1.73 m? was significantly lower than that of atorvastatin. Regarding
long-term statin intake, GFR changed with the type of statin. This work is the first in Korea to compare each statin
in terms of changes in the GFR after the statin prescription.
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Introduction

A 3-hydroxy-3-methylglutaryl coenzyme A reductase
inhibitor (HMG-CoA reductase inhibitor) or statin is the
first-line drug for a person with hyperlipidemia because
this substance continuously inhibits the biosynthesis of
cholesterol [1,2]. The 2011 European Society of Cardiol-
ogy and the European Atherosclerosis Society guidelines
[3] referred to cases of hyperlipidemia, which is common
in patients with chronic kidney disease (CKD) [4—6]. The
levels of total cholesterol (TC), triglyceride (TG), and low-
density lipoprotein cholesterol (LDL-C) commonly
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increase in many patients with nephrotic syndrome [7].
Therefore, patients with CKD should be prescribed
aggressive statins to decrease their LDL-C level [8].

Many studies reported that statins enhance the glomer-
ular filtration rate (GFR) and prevent reduction in renal
function [9—-12]. By contrast, some studies reported that
statins do not affect and cannot reduce renal function
[13,14]. Most studies on statins and renal function have a
short study period. Different in other countries, only a few
long-term follow-up studies comparing changes in renal
function according to the type of statin used have been
performed in Korea. One 6.5-year study reported that the
use of statins is associated with a high risk of loss of kidney
function [15]. Some studies insisted that a high-dose statin
negatively affects renal function compared with a low-dose
statin [16,17], and no examples of comparative studies are
available for each statin type or dose.

The main function of a statin is to decrease the LDL-C
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level and reduce the risk of cardiovascular disease (CVD).
According to the 2013 American College of Cardiology
(ACC)/American Heart Association (AHC) guideline [18],
statins are divided into three groups based on intensity. The
kind of statin prescribed is of minor importance as long as
it belongs to the same intensity group as specified in the
2013 ACC/AHC guideline [18]. However, if differences
are observed in the GFR between statins belonging to the
same intensity group, then the statin should be selected
carefully. In Korea, the safety of statins in terms of renal
function must be further studied. Therefore, our study
aimed to observe changes in GFR 4 years after statin was
prescribed according to data from electronic medical
records (EMR). In addition, we compared the changes in
the GFR according to the statin intensity and type among
statins in the same intensity group according to the 2013
ACC/AHC guideline [18].

Materials and methods
Study population

We included patients who visited the outpatient clinic of
Seoul St. Mary’s Hospital in Korea from January 2009 to
December 2011 and took a statin for the first time
(baseline). Three months after baseline and an average of
4 years after, we performed a retrospective cohort analysis.
Over the 4-year observation the exclusion were as follows:
the dose of the patient’s statin was changed, the patient’s
statin was changed to a different type of statin, the patient
was transferred to another hospital or follow-up with the
patient was impossible, and the patient was excluded from
the study.

Study design

The data of the following statins prescribed at Seoul St.
Mary’s Hospital were extracted: atorvastatin (10, 20, and
40 mg), fluvastatin (40 and 80 mg), pitavastatin (2 mg),
pravastatin (10, 20, and 40 mg), rosuvastatin (10 and 20
mg), simvastatin (20 and 40 mg) and simvastatin +
ezetimibe (10 mg). Patients who took an angiotensin II
receptor blocker plus a statin were excluded from this
study. According to the ACC/AHA guideline [18], statins
are divided into three groups according to the LDL-C
reduction rate: high intensity, moderate intensity, or low
intensity. However, moderate-intensity statins are divided
into two groups in Korea, namely, moderate high and
moderate low [19]. Therefore, in the present study, we
divided statins into the following four groups: high,
moderate high, moderate low, and low intensity.

Baseline demographic characteristics, such as age, sex,
and body mass index (BMI), were extracted from those
who took statin for the first time. The fasting blood
glucose, hemoglobin Alc, blood urea nitrogen (BUN),

creatinine, TC, TG, high-density lipoprotein cholesterol
(HDL-C), LDL-C, aspartate aminotransferase, alanine
aminotransaminase, alkaline phosphatase, sodium, potas-
sium, and creatine phosphokinase levels were extracted for
each statin at baseline and after an average of 3 months and
4 years. To measure GFR, this study used the modification
of diet in renal disease (MDRD)-GFR standard formula.
The MDRD-GFR was calculated using the following
standard formulas [20].

MDRD-GFR (mL/min/1.73m?) =
186 x Pcr (mg/dL) "'** x Age *?® x 0.742 (if female),

MDRD-GFR reduction rate (%) = mean percent change (%)
= 100 x (MDRD'GFRBasclinc - MDRD'GFR4 years latcr)/
MDRD'GFRBaseline‘

Depending on the degree of renal impairment and renal
function, we classified the degree of renal function as
follows [21]: normal GFR ( Z 90 mL/min), mild
decreased GFR (60—89 mL/min), moderately decreased
GFR (30-59 mL/min), severely decreased GFR (15-29
mL/min), and renal failure GFR ( < 15 mL/min). Those
with a GFR < 30 mL/min were excluded. Our study data
were divided and analyzed by GFRs < 60 mL/min, 60—89
mL/min, and = 90 mL/min.

Protection of privacy

All data extracted from the EMR was encrypted, and to
identify a patient was not possible because identifying
data, such as the patients’ phone number and name, were
removed. Therefore, our study did not access any private
patient information and could not cause any physical risk
to the patients. Given that the data were anonymous, the
need for informed consent was not required. This study
was approved by the institutional review board of the
Catholic University of Korea.

Statistical analysis

Descriptive statistics are presented as a mean and standard
deviation or a percentage of participants. To determine
whether a different statin and statin intensity affected the
MDRD-GFR rate change at 3 months and 4 years,
respectively, analysis of variance tests were conducted,
followed by post-hoc analysis by using the Bonferroni
correction. The association between a statin and a poor
MDRD-GFR outcome ( < 60 mL/min/1.73 m?) was
analyzed using logistic regression with confounders. All
analyses were performed using SAS software, version 9.4
(SAS Institute Inc., Cary, NC, USA), and a two-sided
P < 0.05 was considered statistically significant.

Results

The data of 13 268 patients prescribed a statin at a hospital
for the first time from January 2009 to December 2011
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were extracted (Fig. 1). Among these patients, those whose
baseline MDRD-GFR values (6484 patients) or MDRD-
GFR values at 3 months and 4 years (2256 patients) were
not available were excluded from the study. Additionally,
792 patients who changed to another type of statin over the
4-year follow-up period and 58 patients whose MDRD-
GFR values were < 30 mL/min/1.73 m* were excluded
from the study. Ultimately, 3678 patients were observed
and analyzed in this study.

Baseline characteristics

Regarding the baseline characteristics of patients pre-
scribed a statin for the first time (Table 1), 26.3% were
prescribed atorvastatin (966/3678 patients), 21.7% rosu-
vastatin (797/3678), 19.4% simvastatin (713/3678), and
13.6% pitavastatin (500/3678). Patients’ average age was
65.7 £ 11.3 years, and 2086 patients were aged = 65
years old (56.7%). The average BUN level was 16.0 + 5.3
mg/dL, and the average creatinine level was 0.9 & 0.2
mg/dL. The average MDRD-GFR level was 83.5 £+ 22.2
mL/min/1.73 m? with 33.8% of patients (1245/3678
patients) with an MDRD-GFR level = 90 mL/min/1.73
m?, 54.5% (2005/3678) with an MDRD-GFR level of 60—
90 mL/min/1.73 m? and 11.6% (428/3678) with an
MDRD-GFR level 30-60 mL/min/1.73 m?.

13 268 patients
who took statin for the first time

4528 patients

3736 patients

Total
3678 patients

Changes in the MDR-GFR according to the statin
intensity

When comparing the changes in the MDRD-GFR
after classifying statins based on their LDL-C-lowering
potencies (Table 2), the MDRD-GFR increased by
3.2% + 0.2% on average 3 months after the first statin
prescription, indicating statistically significant improve-
ment (from 83.5 & 0.4 mL/min/1.73 m? to 85.4 & 0.4
mL/min/1.73 m?, P < 0.001). However, after 4 years of
follow-up after the first statin prescription, the MDRD-
GFR decreased by 3.2% =+ 0.4%, indicating statistically
significant deterioration (from 83.5 4+ 0.4 mL/min/1.73 m?
to 79.9 + 0.4 mL/min/1.73 m*, P < 0.001). Regarding
the difference between baseline MDRD-GFR values and
those 3 months after, significant differences were observed
between the moderate to high intensity statin groups (from
82.3 + 0.7 mL/min/1.73 m?to 85.1 £+ 0.9 mL/min/1.73 m?,
P < 0.001) and moderate to low-intensity statin groups
(from 83.7 + 0.5 mL/min/1.73 m? to 85.6 + 0.6 mL/min/
1.73 m?>, P < 0.001). A comparison of baseline
MDRD-GFR values and those 4 years after showed that
the MDRD-GFR values decreased significantly in all groups.
However, no significant differences were observed among
the four groups in terms of changes in MDRD-GFR values
after 3 months (P < 0.204) and 4 years (P < 0.441).

6484 absence of baseline MDRD-GFR value
2256 absence of follow-up MDRD-GFR value

792 changed to another type of statin

over the 4-year follow-up period

58 MDRD-GFR values were <30 mL/min/1.73 m?

Fig. 1 Study flow diagram. GFR, glomerular filtration rate. MDRD, modification of diet in renal disease.
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Table 2 Comparison of changes in the MDRD-GFR rate at 3 months and 4 years after a statin was prescribed

n Baseline 3 months later % (SE) P value 4 years later % (SE) P value
High intensity statin 89 83.8+£2.7 86.3+4.3 2.6£2.2 78.6+3.3 —6.5+£2.5%
Moderate to high intensity statin 940 82.3+0.7 85.1+0.9 3.940.4** 0.204 79.5£0.7 —2.610.7** 0.441
Moderate to low intensity statin 2154 83.7+0.5 85.6+0.6 3.14£0.3*%* 79.9+£0.5 —3.240.5%*
Low intensity statin 254 83.3+1.2 86.6+1.8 2.1£0.8* 80.0+1.4 —3.13£1.3*

Data are expressed as mean+SE. GFR, glomerular filtration rate; MDRD, modification of diet in renal disease. *P <0.05 versus baseline. **P <0.001 versus

baseline.

Changes in the MDR-GFR according to each type of
statin

Regarding changes in the MDRD-GFR for each statin
(Table 3), the MDRD-GFR was improved statistically
significant with all statins, except pravastatin, for the first 3
months. Especially for rosuvastatin and fluvastatin,
MDRD-GFR values increased by 4.3% + 0.5% (from
82.6 &+ 0.7 mL/min/1.73 m? to 86.0 + 0.8 mL/min/1.73
m?, P < 0.001) and 4.0% + 1.2% (from 79.3 4+ 1.7 mL/
min/1.73 m? to 82.3 & 1.9 mL/min/1.73 m?, P < 0.001),
respectively. A comparison of baseline MDRD-GFR
values and those after 4 years showed that the MDRD-
GFR values decreased significantly for all statins, except
fluvastatin and simvastatin. When comparing MDRD-GFR
values between each statin, significant differences were
observed between atorvastatin and fluvastatin (—5.3% +

0.7% vs. 1.2% + 2.2%, P < 0.05) and between atorvas-
tatin and simvastatin (—5.3% + 0.7% vs. —0.7% +

0.8%, P < 0.05). No statistically significant differences
were observed between the MDRD-GFR reduction rates of
the other pairs of statins.

The results of the logistic regression analysis of the
proportion of MDRD-GFR values that decreased < 60
mL/min/1.73 m? compared with the differences between
changes in MDRD-GFR values between each statin are
shown in Table 4. After adjusting for sex and age, the rate
of MDRD-GFR values that decreased < 60 mL/min/1.73
m? was significantly low only in pitavastatin (odds ratio
[OR]=0.64, 95% confidence interval [CI]=0.46-0.87,

P < 0.005) and simvastatin (OR =0.69, 95% CI=0.53—
0.91, P < 0.008) compared with atorvastatin.

Changes in the MDRD-GFR according to each statin
within the same intensity group

According to the 2013 ACC/AHC guidelines, we classified
statins based on intensity and compared the changes in
MDRD-GFR values between each statin (Table 5). In
atorvastatin (40 mg), MDRD-GFR values significantly
decreased after 4 years in the high-intensity group (from
81.3 + 3.6 mL/min/1.73 m* to 72.1 + 3.7 mL/min/1.73
m?, P < 0.001), and no significant change was observed
in rosuvastatin (20 mg) (from 85.3 + 3.7 mL/min/1.73 m?
to 82.4 + 4.7 mL/min/1.73 m?, P =0.308). The rate of
change in MDRD-GFR values after 4 years was smaller for
rosuvastatin (20 mg) than that for atorvastatin (40 mg).
However, no statistically significant difference was found
between the two statins (—11.4% + 3.1% vs. —3.53% +

3.4%, P =0.094). In the moderate to high-intensity groups,
no statistically meaningful differences were also noted
among atorvastatin (20 mg), rosuvastatin (10 mg), and
simvastatin (40 mg) (—3.5% =+ 2.0% vs. —2.7% + 0.8%
vs. 3.5% + 3.2%, respectively; P =0.234). In the
moderate to low-intensity groups, for all statins, except
fluvastatin (80 mg) and simvastatin (20 mg), the MDRD-
GFR values decreased meaningfully after 4 years. When
comparing MDRD-GFR values after 4 years between each
statin, only a significant difference was observed between
atorvastatin (10 mg) and simvastatin (20 mg) (—5.5% =+

Table 3 Comparison of changes in the MDRD-GFR rate at four years after a statin was prescribed

n Baseline 3 months later % (SE) P value 4 years later % (SE) P value
Atorvastatin 966 83.2+0.7 84.1+£0.7 2.240.4%* 77.7+0.8 —5.3+0.7**
Fluvastatin 120 79.3+1.7 82.3+1.9 4.0+£1.2%* 79.5+2.0 1.242.2
Pitavastatin 500 85.1£1.0 87.4£1.0 3.540.6** 82.0£1.0 —2.940.8%*
Pravastatin 341 84.0+1.1 84.3+1.1 0.9£0.7 <0.001 79.1£1.2 —4.7£1.2**  <0.001
Rosuvastatin 797 82.610.7 86.01+0.8 4.3+0.5%* 79.8+0.8 —2.8+£0.8%*
Simvastatin 713 83.5+1.0 85.5+0.9 0.240.5%* 81.24+0.8 -0.7£0.8
Simvastatin + Ezetimibe 241 86.7+1.4 88.2+1.4 2.64+0.9* 81.6%1.5 —4.6+1.4%*
Total 3678 83.5+0.4 85.4+0.4 3.2+0.2 <0.001 79.9+0.4 -3.24+0.4 <0.001

Data are expressed as mean+SE. GFR, glomerular filtration rate; MDRD, modification of diet in renal disease. *P <0.05 versus baseline. **P <0.001 versus

baseline.
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Table 4 Association between a specific statin and change in the MDRD-GFR

Univariable Multivariable*

OR (95% CI) P value OR (95% CI) P value
Age 1.08 (1.07—-1.09) <0.001 1.08 (1.07-1.09) <0.001
Sex (male) 1.06 (0.89—-1.26) 0.536 1.29 (1.07—-1.55) 0.008
Statin 0.018 0.045
Atorvastatin Reference Reference
Fluvastatin 0.85 (0.52—1.40) 0.520 1.01 (0.61-1.70) 0.959
Pitavastatin 0.61 (0.45-0.83) 0.001 0.64 (0.46—0.87) 0.005
Pravastatin 0.70 (0.50-0.99) 0.041 0.79 (0.56—1.13) 0.195
Rosuvastatin 0.81 (0.63-1.03) 0.089 0.89 (0.69—-1.14) 0.353
Simvastatin 0.74 (0.57-0.95) 0.021 0.69 (0.53-0.91) 0.008
Simvastatin 4+ Ezetimibe 0.61 (0.41-0.92) 0.018 0.75 (0.49-1.14) 0.173

*Adjusted for age and sex. GFR, glomerular filtration rate; MDRD, modification of diet in renal disease; OR, odds ratio; CI, confidence interval.

Table 5 Comparison of changes in the MDRD-GFR rate at 4 years after a statin was prescribed among the subgroups

MDRD-GFR MDRD-GFR reduction P value
N Baseline Visit 2 (4 years) % (SE)
High intensity statin
Atorvastatin (40 mg) 33 81.3+3.6 72.1+3.7 —11.443.1%* 0,094
Rosuvastatin (20 mg) 56 85.3+3.7 82.44+4.7 -35+34
Moderate to high intensity statin
Atorvastatin (20 mg) 166 82.2+1.7 77.8+1.8 —3.542.0
Rosuvastatin (10 mg) 741 82.440.7 79.7+0.8 —2.740.8%* 0.234
Simvastatin (40 mg) 33 81.7+2.5 83.94+3.2 3.5+3.2
Moderate to low intensity statin
Atorvastatin (10 mg) 767 83.410.8 77.9+0.9 —5.54+0.8%*
Fluvastatin (80 mg) 78 77.0£2.0 76.2+2.3 0.4+3.1
Pitavastatin (2 mg) 500 85.1+1.0 82.0+1.0 —2.940.8%* <.001
Pravastatin (40 mg) 129 85.2+1.8 79.4+1.8 —5.2+£1.9%*
Simvastatin (20 mg) 680 83.6+1.0 81.04+0.8 -0.9+0.8
Low intensity statin
Fluvastatin (40 mg) 42 83.6+3.0 85.643.6 2.8+2.7
Pravastatin (20 mg) 127 86.1+1.7 82.242.1 —4.0+1.9* 0.117
Pravastatin (10 mg) 85 79.1£2.1 73.9+2.2 —4.84+2.2%
Others
Simvastatin (20mg) + Ezetimibe (20 mg) 96 88.6+£2.0 85.1+2.1 22423 0.135
Simvastatin (20mg) + Ezetimibe (10 mg) 145 85.5+1.9 79.3£1.9 —6.3£1.7%*

Data are expressed as mean+SE. GFR, glomerular filtration rate; MDRD, modification of diet in renal disease. *P <0.05 versus baseline, **P <0.01 versus

baseline.

0.8% vs. —09% = 0.8%, P < 0.001). Not much
difference was found between the remaining statins.

Discussion

With the rise of the aging population, the number of
patients with chronic diseases, such as CVD, is also
increasing [22,23]. An increased risk of renal disease is

found in patients with CVDs, and dyslipidemia is common
in patients with CKD [24,25]. Therefore, the kidney
function should be carefully considered before prescribing
statins. The 2011 EAS/ESC guidelines [3] emphasized that
CKD is the sole risk factor of coronary artery disease, and
worsening of GFR in patients with CKD is directly related
to the worsening of LDL-C, TC, and TG levels.
Accordingly, to prescribe statins to patients with hyperli-
pidemia in CKD is necessary. This work is the first study
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conducted in Korea that analyzed changes in the GFR for
statins within the same intensity groups, as specified by the
2013 ACC/AHC guidelines [18].

In studies that observed changes in MDRD-GFR values
for < 1 year after the first statin prescription, the MDRD-
GFR values showed no change or increase, which contrasts
with our study’s finding. In one study [26], the GFR
increased by 11.3% (from 42.3 + 11.1 mL/min/1.73 m? to
47.1 £+ 18.5 mL/min/1.73 m?, P < 0.05) 20 weeks after
the first rosuvastatin (10 mg) prescription. A significant
difference was observed in patients who were not
prescribed any statin. In another study [27], the creatinine
clearance also increased after 48 weeks of taking
fluvastatin (20 mg). An increase in GFR caused by statin
use in the early stage seems to indicate a distinct anti-
inflammatory effect of statins. In a study performed on rats
[28], the ischemia—reperfusion injuries and GFR improved
after 3 days of injecting statins. In a study conducted on
mice [29], the ischemia—reperfusion injuries of the kidney
improved with statin administration. The results of the
study indicated that statins have a pleiotropic effect, such
as enhancing endothelial cell dysfunction and activating
endothelial nitric oxide synthase, and an anti-inflammatory
effect. One study reported that stress kinase was activated
and cell apoptosis was reduced with statins [30].

In a 6-year follow-up observation, the GFR value for
atorvastatin (10 mg) increased significantly by 3.5-5.2
mL/min/1.73 m? [31]. In pravastatin prescribed for 5 years,
the estimated GFR (eGFR) value increased significantly by
6.3% (P < 0.03) [32]. Among the patients with renal
disease or CVD treated with percutaneous coronary
intervention, those prescribed a statin had a higher eGFR
than those who were not prescribed a statin (47.3 £ 12.6
mL/min/1.73 m? vs. 42.0 + 17.7 mL/min/1.73 m?, P=
0.001) [33]. Regarding treating to new targets-CKD [33]
and GREACE-CKD [9], statins had positive effects on
renal functions, such as improvement of the eGFR and
proteinuria reduction. Research showed a reduction in the
eGFR after 4 years of prescribing statins. This finding is
difficult to clarify because of no controls. However, our
study does not claim that statins improve or aggravate
kidney function. We aimed to determine whether or not a
difference exists between each statin. (Possibly, the eGFR
has been decreased because of aging.)

Many contradictory results are observed regarding an
increase or decrease in the GFR after patients have taken
statins in the long-term. However, regardless of whether
the GFR decreases, taking a statin is strongly encouraged
before renal function severely worsens [34]. The reason is
that statin does not work well in severe chronic renal
failure. However, the purpose of statin in patients with
CKD is to reduce the risks of a cardiovascular disorder
rather than to prevent the worsening of renal functions. A
statin prescription should be carefully considered because
the effect of statin is decreased in end-stage renal failure

[35]. Using a statin can decrease the worsening of GFR.
This aspect seems essential. The contradictory results in
terms of an increase or decrease in the GFR seem to be
affected by different types of statins rather than by all
statins in general. In the present study, for all statins, except
fluvastatin and simvastatin, the MDRD-GFR values
decreased significantly. For pitavastatin (OR =0.64) and
simvastatin (OR =0.69), the relative rate of MDRD-GFR
values < 60 mL/min/1.73 m* was significantly lower than
that for atorvastatin. For elderly men, the MDRD-GFR
value decreased significantly. In a study on different sex
groups, among those with chronic renal disorder diseases,
men’s GFR values (3.3%, P < 0.001) decreased more
than that of women’s (0.3%, P =0.46) [32].

According to the 2011 FDA adverse event reporting
system [36], the frequency of renal failure associated with
atorvastatin is lower than that associated with any other
type of statin. In the Planet trial [37], atorvastatin had a
greater renoprotective effect than rosuvastatin. According
to the Justification for the Use of Statins in Primary
Prevention: An Intervention Trial Evaluating Rosuvastatin
(JUPITER) trial [38], high statin doses have several
negative effects on the kidneys because of the increased
incidence rates of proteinuria and hematuria. Whether or
not the negative effects on the kidneys differ according to
the type or potency of statin used remain controversial. In
this study, we did not observe changes in GFR according to
different statin doses. The reason was that a low dose of
statins or a less potent statin is sufficient to meet LDL-C
targets as Koreans have a lower BMI than the people from
Western countries [39]. Prescribing a large dose of statins
or potent statins is not of great concern because high-
intensity statin prescription is rare in Korea [39,40]. Thus,
comparing statins belonging to the same intensity group
seemed important. However, in the present study, no
statistically significant differences were observed between
statins in the same intensity group except for the moderate-
to-low intensity group. In this particular group, significant
differences were found only between atorvastatin (10 mg)
and simvastatin (20 mg).

Given that this study was a retrospective cohort study of
EMR data [41,42], several limitations exist. First, this
study did not include a control group that was not
prescribed statins. This work can neither be concluded
nor generalized categorically because of the absence of the
control group. In other words, we do not suggest that
statins themselves exacerbate eGFR. Second, this study
only assessed simple changes in the MDRD-GFR after the
statin prescription. For a statin prescription to have the
ultimate effect on patients with CKD, to compare the
incidence rates of CVDs and acute renal failure is
necessary. Therefore, a large-scale study should be
conducted in the future based on the study results. Lastly,
we could not consider other CVD risk factors. Identifica-
tion of other CVD risk factors is not possible in an EMR-
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based clinical research. A standardized study design is
recommended to minimize any unknown factor because it
is one of the limitations of an EMR-based retrospective
cohort study.

Conclusions

No clinical research has been conducted on the stability of
the kidneys in those taking statin in Korea. The most
import part for authors was first in selecting statin, “how
much LDL-C should be lowered to reach the goal.” Thus,
the choice of statins is most critical, and the intensity group
(high-, moderate- or low-intensity group) should be
selected in accordance with LDL-C lowering effect based
on the 2013 ACC/AHC guideline [18]. Moreover, statin
should be selected and prescribed within the same intensity
group, which is entirely up to the clinician. No guidelines
are also available for it. Therefore, comparing based on the
type and dose of statin to offer a minimal help with the
selection is our aim.

When prescribing statins to hyperlipidemic patients with
CKD, physicians should consider if their purpose is merely
to decrease the LDL-C level or to reduce the risks of
diverse side effects on renal functions. Depending on the
purpose of treatment, different types of statins should be
used. For example, if the purpose is to decrease the LDL-C
level, physicians can classify statins into groups based on
their intensity. Then, physicians should also select a proper
statin from the same group while considering its diverse
side effects, such as renal function degradation and an
increase in the blood glucose level. Indiscreetly general-
izing the results is difficult because this study is an EMR-
based, retrospective cohort study. However, our findings
may indicate the focus of a future randomized controlled
trial. We hope that a detailed large-scale study will be
conducted on statins and changes in the GFR.
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