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Effect of pravastatin on erythrocyte membrane fatty
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Background: Statin treatment has decreased the risk of cardiovascular events in patients with chronic kidney disease (CKD). Erythro-
cyte membrane oleic acid level is higher in patients with acute coronary syndrome. This study aimed to evaluate the effect of pravas-
tatin on the erythrocyte membrane fatty acid (FA) contents in patients with CKD.

Methods: Sixty-two patients were enrolled from January 2017 to March 2019 (NCT02992548). Pravastatin was initially administered
at a dose of 20 mg for 24 weeks. The pravastatin dose was increased to 40 mg after 12 weeks if it was necessary to control dyslipid-
emia. The primary outcome was change in erythrocyte membrane FA, including oleic acid, after pravastatin treatment for 24 weeks.
Results: Forty-five patients finished this study, and there was no adverse effect related to pravastatin. Compared with baseline, total
cholesterol and low-density lipoprotein cholesterol levels were significantly decreased after pravastatin treatment. Compared with
baseline, saturated FA, oleic acid, and arachidonic acid levels were significantly increased and polyunsaturated FA and linoleic acid
(LA) levels were significantly decreased after pravastatin treatment. There was also a decrease in eicosapentaenoic acid after pravas-
tatin treatment in CKD patients with estimated glomerular filtration rate < 60 mL/min/1.73 mZ.

Conclusion: Administration of pravastatin in patients with CKD leads to a decrease in FA known to be protective against the risk of
CVD. Omega-3 FA or LA supplementation might be necessary to recover changes in erythrocyte membrane FA contents when pravas-
tatin is used for treating dyslipidemia in patients with CKD.
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Introduction jor cause of morbidity in patients with CKD. According to the

United States Renal Data System, patients with CKD experi-
The mortality rate in patients with chronic kidney disease  enced higher mortality rates of 111.2 per 1,000 patient-years
(CKD) increases with a decrement of kidney function and  than the general population, at 45.2 per 1,000 in 2014. In
presence of cardiovascular disease (CVD), and this is a ma-  particular, the mortality rate is higher in patients with CKD

Received: December 4, 2020; Revised: February 22, 2021; Accepted: March 21, 2021

Editor: Hyo Wook Gil, Soonchunhyang University, Cheonan, Republic of Korea

Correspondence: \Won Suk An

Department of Internal Medicine, Dong-A University Hospital, 26 Daesingongwon-ro, Seo-gu, Busan 49201, Republic of Korea.
E-mail: anws@dau.ackr

ORCID: https://orcid.org/0000-0003-4015-0284

Copyright © 2021 by The Korean Society of Nephrology

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial and No Derivatives License (http://
creativecommons.org/licenses/by-nc-nd/4.0/) which permits unrestricted non-commercial use, distribution of the material without any modifications,
and reproduction in any medium, provided the original works properly cited.



Lee, et al. Pravastatin and fatty acid

having diabetes mellitus (DM) than in those with DM alone
[1]. This is because there are nontraditional risk factors such as
insulin resistance, malnutrition, mineral bone disorders, and
traditional risk factors inducing cardiovascular complications
such as dyslipidemia, smoking, and obesity in CKD [2]. Some
patients with CKD die of CVD before need for dialysis [3].

Treatment with the statins class of drugs has decreased
the risk of CVD in patients with CKD. The Kidney Disease:
Improving Global Outcomes guideline recommend the use
of statin drugs in predialysis patients [4]. The effect of statins
is attributed to a decrease in low-density lipoprotein (LD-
L)-cholesterol, sometimes accompanied by an increase in
high-density lipoprotein (HDL)-cholesterol and a decrease
in triglycerides. Recent clinical trials have shown that drugs,
such as fibrate or nicotinic acid, that increase HDL-cho-
lesterol or reduce triglycerides are not recommended in
patients with CKD owing to safety or toxicity concerns [4,5].
In particular, if statins are used effectively, there are no ad-
ditional benefits of those drugs to the incidence of CVD or
mortality [6,7]. This suggests that treatment with statins is
sufficient to achieve the same effects as use of nicotinic acid
or fibrate.

Omega-3 fatty acid (FA) is known to reduce the incidence
of CVD, especially myocardial infarction or arrhythmia, in
such drug-naive patients [8,9]. This FA is associated with
anti-inflammatory, anti-thrombotic, and antioxidant effects.
As statins also have anti-inflammatory and antioxidant ef-
fects [10,11], it is postulated that the cardioprotective effects
of omega-3 FA can be achieved by statin treatment alone.
However, there are no reports on the effect of statins on
erythrocyte membrane FA contents in patients with CKD.
Erythrocyte membrane FA contents is not affected by tem-
porary dietary changes and reflect the dietary FA contents
within 3 months [12]. The omega-3 index, which represents
the sum of eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA) contents in the erythrocyte membrane,
is a risk factor of death from CVD [13]. This study aimed to
evaluate the effect of pravastatin on erythrocyte membrane
FA contents in patients with CKD.

Methods
Study design and patients

We performed a single-arm prospective clinical trial at

two centers between January 2017 and March 2019 (NCT
02992548). Sixty-two patients who were treated for CKD not
requiring dialysis were included. The exclusion criteria were
history of statins, fish oil, or omega-FA supplementation
within 3 months; history of fish, gelatin, and/or omega-3
FA allergies; history of hospital admission caused by CVD,
infection, or acute kidney injury within 3 months; dyslipid-
emia caused by nephrotic syndrome; use of contrast within
2 weeks; albumin level < 3.0 g/dL; and malignancy and/or
liver cirrhosis. After exclusion of patients, 45 patients com-
pleted this study.

Pravastatin was prescribed for patients with LDL-cho-
lesterol of >100 mg/dL and with coronary artery disease or
equivalent risk factors (peripheral artery disease, abdomi-
nal aneurysm, carotid artery disease, or DM); patients with
LDL-cholesterol of >130 mg/dL and with two or more car-
diovascular risk factors; and patients with LDL-cholesterol of
>160 mg/dL. Pravastatin was administered initially at dose of
20 mg for 24 weeks. The pravastatin dose was increased to 40
mg after 12 weeks if it was necessary to control dyslipidemia.
Subjects were divided into 260 or <60 estimated glomerular
filtration rate (eGFR, mL/min/1.73 m®).

The primary outcome of this study was change in eryth-
rocyte membrane FA, including oleic acid, after pravastatin
treatment for 24 weeks. We measured total cholesterol, tri-
glycerides, LDL-cholesterol, HDL-cholesterol, and adiponec-
tin levels as secondary outcomes at baseline and at 24 weeks.

Informed consent was obtained from all enrolled patients.
The study was approved by the Dong-A University and Inje
University Hospital Institutional Review Boards (No. 15-
038). This study was conducted according to the Helsinki
Declaration.

Biochemical and hematologic evaluation

Blood samples were obtained, processed, refrigerated, and
stored at —70°C until analysis. Serum hemoglobin, glucose,
blood urea nitrogen, creatinine (sCr), albumin, cystatin C,
C-reactive protein (CRP), total cholesterol, triglycerides,
LDL-cholesterol, and HDL-cholesterol levels were analyzed.
Adiponectin level was measured using enzyme-linked
immunoassay (BioVendor Laboratory Medicine, Modrice,
Czech Republic).

Gas chromatography
Erythrocyte membrane FA contents were measured us-
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ing gas chromatography at baseline and at 24 weeks using
methods reported previously [14,15]. The omega-3 index
is a measure of EPA and DHA in erythrocyte membranes
[13]. Erythrocyte membrane FA contents are expressed as a
weight percentage of total FA.

Statistics

We calculated that a sample size of 31 patients per group
was needed to achieve at least 80% power to detect an ef-
fective mean difference in erythrocyte membrane oleic acid
content of 2.5 + 2.0 weight % at a two-sided significance level
of 0.05 and assuming a dropout rate of 20% [14]. Sixty-two
participants were divided into two groups of 31 participants
based on eGFR and analyzed.

The data are presented as means + standard deviations
or frequencies. The characteristics were analyzed using the
Mann-Whitney U test or Wilcoxon exact rank sum test for
nonparametric data and the chi-square test for categorical
variables. All analyses were performed using PASW Statistics
version 18.0 (IBM Corp., Armonk, NY, USA). A p-value of
<0.05 was considered statistically significant.

Results
Baseline characteristics

Forty-five patients completed this study. As shown in Table 1,
the average age of the patients was 59.2 + 12.4 years, 42.2%
were male patients, and 48.9% had DM. The mean systolic
and diastolic blood pressure readings were 132.6 + 24.7 and
72.6 £ 13.1 mmHg, respectively. Baseline sCr was 1.5 + 0.7
mg/dL, and eGFR was 54.2 + 27.3 mL/min/1.73 m’. All pa-
tients were treated with an initial dose of 20 mg pravastatin
for 24 weeks. The pravastatin dose was increased to 40 mg
after 12 weeks in five patients.

Changes in biochemical data

Compared with baseline, total cholesterol, LDL-cholesterol,
and CRP levels were significantly decreased after pravastatin
treatment (Table 1). There were no significant changes in tri-
glycerides, HDL-cholesterol, sCr, amount of proteinuria, and
adiponectin levels.
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Changes in erythrocyte membrane fatty acid content

As shown in Table 2 and Fig. 1, the erythrocyte membrane
contents of saturated FA (SFA), stearic acid, lignoceric acid,
oleic acid, and arachidonic acid (AA) were significantly
increased after pravastatin treatment compared with base-
line (p = 0.04, p = 0.006, p = 0.02, p = 0.006, and p < 0.001,
respectively). The erythrocyte membrane contents of poly-
unsaturated FA (PUFA) and linoleic acid (LA) were signifi-
cantly decreased after pravastatin treatment compared with
baseline (p = 0.001, p = 0.001, respectively). The erythrocyte
membrane contents of EPA and the omega-3 index tend-
ed to decrease after pravastatin treatment, although these
changes were not statistically significant (p = 0.07, p = 0.09,
respectively).

Changes in biochemical and erythrocyte membrane fatty
acid contents according to kidney function

Participants were divided into two groups of =60 and <60
mL/min/1.73 m* eGFR level. The total cholesterol and
LDL-cholesterol levels decreased after pravastatin use re-
gardless of kidney function. The erythrocyte membrane
FA contents at baseline showed no significant difference
between the two groups (Table 3). In patients with eGFR of
<60 mL/min/1.73 m? the erythrocyte membrane contents of
SFA, monounsaturated FA, and oleic acid were significantly
increased after 24 weeks compared with baseline (p = 0.04,
p = 0.04, and p = 0.006, respectively, Table 3). Compared
with baseline, the erythrocyte membrane contents of PUFA,
LA, and EPA were significantly decreased after pravastatin
treatment in patients with eGFR of <60 mL/min/1.73 m’ (p
< 0.001, p = 0.008, and p = 0.04, respectively, Fig. 2). Eryth-
rocyte membrane content of AA was significantly increased
after pravastatin treatment in both groups (p = 0.009 in
patients with eGFR of >60 mL/min/1.73 m*and p = 0.01 in
those with eGFR of <60 mL/min/1.73 m®). The erythrocyte
membrane omega-3 index was decreased in both groups
after 24 weeks compared with baseline, although this was
not statistically significant (p = 0.72 in patients with eGFR of
>60 mL/min/1.73 m” and p = 0.07 in those with eGFR of <60
mL/min/1.73 m®).

Adverse effects and dropout

There were no adverse effects related to pravastatin treat-
ment. Six patients refused final sampling, three patients
dropped out, and blood samples of four patients were lost.
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Table 1. Clinical blood biochemical analyses of the subjects

Characteristic Baselin At 24 weeks p-value

No. of patients 45 45

Age (yr) 59.2+124

Male sex 19 (42.2)

Diabetes mellitus 22 (48.9)

Systolic BP (mmHg) 132.6 + 24.7 1244 +21.3 0.04*

Diastolic BP (mmHg)  72.6 + 13.1 68.2+14.1 0.11

Calcium (mg/dL) 9.3+0.5 9.1+05 0.05

Phosphorus (mg/dL) 3.8+0.5 3.8+0.6 0.83

Glucose (mg/dL) 123.8+33.2 120.3+29.6 0.63

BUN (mg/dL) 242+ 125 245 + 13.8 0.78

Creatinine (mg/L) 1.5+0.7 1.6+0.9 0.20

GFR 54.2 +27.3 54.1+30.2 0.38
(mL/min/1.73 m?)

Cystatin C (mg/dL) 1.8+ 0.7 1.8+0.8 0.52

Uric acid (mg/dL) 6.7+ 1.8 6.6+1.7 0.38

Total cholesterol 223.1+50.8 168.4 £ 32.5 <0.001*
(mg/dL)

Albumin (g/dL) 42+0.3 43+0.3 0.11

AST (U/L) 275+ 11.0 25.7 +8.7 0.33

ALT (U/L) 28.4 £ 40.0 225+12.0 0.65

Triglycerides (mg/dL) 185.7 + 111.8 159.2 +85.5 0.40

HDL-cholesterol 50.0 £+ 18.2 46.8+15.4 0.26
(mg/dL)

LDL-cholesterol 149.1 + 35.3 100.1 + 25.4 <0.001*
(mg/dL)

CRP (mg/dL) 04+04 0.2+0.2 0.04*

Urine protein (g/g) 1.3+20 1.6+35 0.39

HbA1c (%) 6.5+1.0 6.7+1.2 0.24

Adiponectin (ug/mL) 8.8+4.3 89+49 0.57

Data are expressed as number only, mean + standard deviation, or
number (%).

ALT, alanine aminotransaminase; AST, aspartate aminotransferase;
BP, blood pressure; BUN, blood urea nitrogen; CRP, C-reactive protein;
DM, diabetes mellitus; GFR, glomerular filtrate rate; HbAlc, glycosylated
hemoglobin; HDL-cholesterol, high-density lipoprotein cholesterol; LDL-
cholesterol, low-density lipoprotein cholesterol.

The nonparametric Wilcoxon exact rank sum test was used to compare
baseline data with 24-weeks data; *p < 0.05 (mean values are significantly
different from baseline).

Four patients were withdrawn from analysis because of
acute kidney injury not related to pravastatin. No hepatic
dysfunction was found during the course of the study.

Discussion

In this single-arm prospective study, 24 weeks-administra-
tion of pravastatin reduced total cholesterol and LDL-cho-
lesterol in patients with CKD. In contrast, erythrocyte

Table 2. Changes of erythrocyte membrane fatty acid contents
after pravastatin treatment

Variable ?r?iezg? At(%4=v2e5e)ks p-value
Saturated 404 +14 40.6+ 1.2 0.04*
Myristic 0.3+0.1 0.3+0.1 0.12
Palmitic 232+14 23.0+13 0.52
Stearic 16.4+£0.9 16.8+1.0 0.006*
Lignoceric 0.5+0.2 0.4+0.1 0.02*
Monounsaturated 158+11 16.2+1.2 0.08
Palmitoleic 0.6+0.3 0.5+£0.3 0.22
Trans-oleic 0.3+0.1 0.4+0.1 0.35
Oleic 14.7+1.0 152+ 1.0 0.006*
Polyunsaturated 428+ 1.8 423 +1.6 0.001*
Omega-6 29.0+3.0 288+2.7 0.46
Linoleic 11.7+24 10.7£2.2 0.001*
AA 131+£2.0 13.6+ 19 <0.001*
Omega-3 13.8+2.9 13.5+2.7 0.20
Alpha-linolenic 0.3+0.2 0.3+0.2 0.19
EPA 20+11 19+10 0.07
DHA 88+ 17 86+15 0.15
Omega-3 index 109+ 25 105+23 0.09
AA/EPA 9.7+9.5 10.5+8.5 0.12
Omega-6/omega-3 22+0.7 23+0.7 0.60

Data are expressed as mean * standard deviation; erythrocyte membrane
fatty acid content is expressed as a weight percentage of total fatty acid.
AA, arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic
acid.

The nonparametric Wilcoxon exact rank sum test was used to compare
baseline data with 24-weeks data; *p < 0.05 (mean values are significantly
different from baseline).

membrane level of oleic acid was increased by pravastatin
treatment. Erythrocyte membrane level of oleic acid is sig-
nificantly higher in patients with acute coronary syndrome
and undergoing dialysis than in control subjects [16,17].
Therefore, increased oleic acid level after pravastatin use re-
flects harmful cardiovascular outcome. Statins are approved
as a standard therapy for patients with dyslipidemia because
of their potent effects of controlling lipid levels and pre-
venting cardiovascular events. In this study, the percentage
reduction in average LDL-cholesterol level was 32.9%, and
it is expected that lowered LDL-cholesterol level resulted in
fewer cardiovascular complications. However, there were
unexpected changes in oleic acid level in patients with CKD
using pravastatin. In addition, it might be necessary to inves-
tigate the clinical outcomes and mechanisms responsible for
the change in oleic acid level.

The important pleiotropic effect of statins is anti-inflamma-
tory. Pravastatin therapy produced an anti-inflammatory effect
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Figure 1. Changes of erythrocyte membrane fatty acid after pravastatin treatment. (A) Polyunsaturated fatty acid, (B) oleic acid, (C)

linoleic acid, and (D) arachidonic acid in erythrocyte membrane.
*p < 0.05 (mean values are significantly different from baseline).

by decreasing CRP in patients with CKD in this study. However,
erythrocyte membrane level of AA was increased by pravasta-
tin treatment, which can induce inflammatory mediators and
is associated with inflammation. For erythrocyte membrane
FA contents, anti-inflammatory strategies are necessary for
augmenting the anti-inflammatory effect of pravastatin. The
distribution degree of omega-3 FA, such as EPA and DHA,
and the omega-3 index are well-known major risk factors of
CVD [13,18]. Omega-3 FA supplementation, which produces
an anti-inflammatory effect, can lower the risk of inflamma-
tion caused by increased AA.

Decreased erythrocyte membrane LA level is related to
DM prevalence [19]. Previous studies have reported a re-
lationship between use of statins and increased risk of DM
[20,21]. Therefore, supplementation of LA is important to
reduce possible risk of DM, especially in patients with CKD.
In a previous study, erythrocyte membrane EPA and DHA
levels were significantly increased in patients with diabetic
nephropathy after omega-3 FA use [22]. A study reporting
a decrease in erythrocyte membrane oleic acid level after
omega-3 FA suggests that the cardioprotective effect of ome-
ga-3 FA in dialysis patients is related to modulation of eryth-
rocyte membrane FA contents [14]. These studies suggest
that additional supplementation with PUFA can be helpful
to correct changes that occur in erythrocyte membrane
FA contents, including oleic acid and LA, after pravastatin
use. Our study provides additional information to attend to
erythrocyte membrane FA during statin use in patients with
CKD. Additional studies are necessary to support the possi-
ble risks of using statins in patients with CKD.

Some studies suggest that combination therapy with
statins and omega-3 FA did not show an additional decrease
in cardiovascular events compared with therapy with statins
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alone [6,7,23]. Whether administration of omega-3 FA in
addition to statins is effective in preventing CVD remains
controversial; however, triglyceride lowering treatment is
effective in preventing CVD [9]. Additional administration of
omega-3 FA might help patients with hypertriglyceridemia
because of its potent effect on triglyceride levels [24]. In
addition, the beneficial effects of statins on the lipid profile
and their effects on the erythrocyte membrane FA contents
are not known. This is the first study assessing changes in
erythrocyte membrane FA contents after statin treatment in
patients with CKD. Based on our data, there was a decrease
in EPA level and an increase in oleic acid level after pravas-
tatin treatment, especially in patients with eGFR of <60 mL/
min/1.73 m®. Therefore, we recommend that the changes
in erythrocyte membrane FA contents after pravastatin
treatment can be recovered by co-supplementation with
omega-3 FA, especially in patients with eGFR of <60 mL/
min/1.73 m’. There was no significant decrease in EPA level
or increase in oleic acid level after pravastatin treatment in
patients with eGFR of >60 mL/min/1.73 m’. We assume that
these nonsignificant changes in patients with eGFR of > 60
mlL/min/1.73 m® are related with high dropout rate and rel-
atively higher EPA level compared to patients with eGFR of
<60 mL/min/1.73 m”.

The first treatment in patients with dyslipidemia is life-
style modification, including dietary education. Dietary
guidelines, including the American College of Cardiology/
American Heart Association Cholesterol Guideline [25] and
the Dietary Reference Intake for Koreans [26], emphasize
the quality and quantity of dietary fat. The guidelines rec-
ommend restricting SFA intake to <7% and trans-FA intake
to <1% of total energy intake. The importance of dietary fat
is emphasized in patients with CKD. In patients with DM,
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Table 3. Clinical blood biochemical analyses of the subjects according to kidney function

eGFR (mL/min/1.73 m?)

Variable 260 (n=17) <60 (n = 28)
Baseline At 24 weeks Baseline At 24 weeks
Biochemical data

Age (yr) 56.0+ 125 61.1+12.2

Male sex 9 (52.9) 10 (35.7)

Diabetes mellitus 7 (41.2) 15 (53.6)

Systolic BP (mmHg) 125.5 +20.8 1204 +9.1 136.9+26.1 126.7 £ 22.5

Diastolic BP (mmHg) 71.0+£9.7 71.9+135 73.6+14.9 66.1 + 14.3**

Calcium (mg/dL) 9.3+0.5 9.2+0.5 9.3+0.5 9.1+05

Phosphorus (mg/dL) 3.7+0.6 3.7+05 39105 3.8+0.6

Glucose (mg/dL) 1229+ 34.9 113.3+ 173 124.4 + 32.8 124.4 + 34.4

BUN (mg/dL) 14.8+35 15.3+5.6 29.9 + 12.5*° 298+ 14.4

Creatinine (mg/dL) 0.9+0.2 0.9+0.2 1.9+0.7*" 2.0+0.9

eGFR (mL/min/1.73 m?) 82.9+ 183 84.5+229 36.8+13.5*" 35.7 + 15.6

Cystatin C (mg/dL) 1.3+0.5 1.0+0.2 2.0+0.7*" 21+0.7

Uric acid (mg/dL) 6.0+13 6.4+1.7 7.0+2.0 6.7+18

Total cholesterol (mg/dL) 226.2+8.4 182.8 £+ 34.3 221.3+38.8 161.6 + 29.9%*

Albumin (g/dL) 42+04 43+0.3 42+0.3 43+04

AST (U/L) 30.3+10.5 30.1+10.2 258+11.1 229+6.4

ALT (U/L) 289+0.3 289+ 13.6 28.1+48.6 185+9.1

Triglycerides (mg/dL) 192.1 +139.4 149.4 £ 89.9 181.7 +93.1 165.8 + 83.8

HDL-cholesterol (mg/dL) 54.8+19.9 534 +12.1 47.0+ 16.8 423 +19.1

LDL-cholesterol (mg/dL) 154.4 + 45.8 110.9 + 29.0*° 145.8 + 27.2 92.8 + 20.3*?

CRP (mg/dL) 0.4+0.6 0.1+01 0.3+0.3 0.2+0.2

Urine protein (g/g) 0.8+1.7 1.3+4.3 16+21 1.7+3.1

HbA1c (%) 6.2+1.0 6.3+1.0 6.7+1.0 71+13

Adiponectin (ug/mL) 82+49 81+5.0 9.1+39 94+49

Erythrocyte membrane fatty acid (%)

Saturated 40.7 £2.0 408+ 1.6 40.3+0.8 40.5+1.0*°
Myristic 0.4+0.1 0.3+0.1 0.3+0.1 0.3+0.1
Palmitic 234+18 231+14 23.0+1.1 229+1.2
Stearic 164 +1.1 169+ 14 16.4 +0.8 16.8 + 0.8*°
Lignoceric 0.5+0.2 04+01 0.5+£0.2 0.4 +0.4*°

Monounsaturated 158+ 1.2 158+ 1.1 159+1.1 16.4 + 1.2*°

Palmitoleic 0.6+0.3 0.5+0.2 0.6+0.3 05+£0.3
Trans-oleic 0.3+0.1 0.3+0.1 0.3+0.2 0.4+0.1
Oleic 147+11 148+ 1.0 14.8+0.9 15.4 + 1.0**°

Polyunsaturated 42.7+2.7 426+19 429+ 1.0 421 +1.4**

Omega-6 283128 28.3+29 29.4+3.1 29.0+2.6
Linoleic 12.0+2.6 11.0+2.2 11.6+24 10.6 £+ 2.2*°
AA 12.6+2.1 13.4 +1.9*° 13.3+2.0 13.7 +1.9*°

Omega-3 14.3+29 142 +2.7 13.5+2.9 131+ 2.6
Alpha-linolenic 0.3+0.3 0.2+0.1*° 0.3+0.2 0.3+0.2
EPA 24+11 2.3+1.0 1.8+1.0 1.6 +0.9%°
DHA 89+16 88+13 88+18 85+1.7

Omega-3 index 11.3+24 111 +£2.2 10.6£2.6 10.1+2.3

(Continued to the next page)
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Table 3. Continued

eGFR (mL/min/1.73 m?)

Variable 260 (n=17) <60 (n = 28)
Baseline At 24 weeks Baseline At 24 weeks
AA/EPA 6.7+4.0 75+5.2 11.6+11.3 12.3+9.7
Omega-6/omega-3 21+0.6 2.1+0.6 2.3+0.8 23+0.7

Data are expressed as number only, or number (%); erythrocyte membrane fatty acid content is expressed as a weight percentage of total fatty acid.

AA, arachidonic acid; ALT, alanine aminotransaminase; AST, aspartate aminotransferase; BP, blood pressure; BUN, blood urea nitrogen; CRP, C-reactive
protein; DHA, docosahexaenoic acid; DM, diabetes mellitus; EPA, eicosapentaenoic acid; eGFR : estimated glomerular filtration rate; HbA1c, glycosylated
hemoglobin; HDL-cholesterol, high-density lipoprotein cholesterol; LDL-cholesterol, low-density lipoprotein cholesterol.

*p < 0.05; mean values are significantly different from baseline; "mean values are significantly different from those of the GFR 260 mL/min/1.73 m?

group.
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Figure 2. Changes of erythrocyte membrane fatty acid after
pravastatin treatment according to kidney function. Bar graph
shows the mean and standard deviation of fatty acid contents.(A)
Polyunsaturated fatty acid, (B) linoleic acid, and (C) eicosapentaenoic
acid in erythrocyte membrane. eGFR, estimated glomerular filtrate
rate.

*p < 0.05 (mean values are significantly different from baseline).

intake of greater SFA and lesser PUFA including LA is associ-
ated with progression of nephropathy [27,28]. A Mediterra-
nean diet rich in foods containing omega-3 FA has reduced
the incidence of CKD [29,30]. Changes in erythrocyte mem-
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brane FA, an indicator of FA status in the previous 3 months,
have been linked to CKD. Changes in the contents of eryth-
rocyte membrane FA are related to the poor prognosis of
CKD or CVD. The mechanism of statin-induced erythrocyte
membrane FA modulation is unknown. The erythrocyte
membrane contains cholesterol, and changes in trans-
membrane cationic transport systems with statin use have
resulted in alterations in erythrocyte membrane cholesterol
content [31,32]. Coenzyme Q10 acts in the transmembrane
electron transport system in the mitochondria and prevents
lipid peroxidation during oxidative damage [33]. FA could
increase bioavailability by increasing coenzyme Q10 absorp-
tion, and lack of FA could damage the enzyme activity in mi-
tochondria [34]. Statins inhibit the production of coenzyme
Q10 and could affect the structure of FA [35]. Negative pleio-
tropic effects of statins should be corrected by modification
of erythrocyte membrane FA contents.

The current study has some limitations. First, clinical
outcomes such as CVD development or mortality rate were
not evaluated because of the short study period. Second,
there was a relatively small sample size, high dropout rate in
patients with eGFR of >60 mL/min/1.73 m’, and no control
group. To overcome these limitations, additional clinical
studies with large sample sizes are required.

In conclusion, supplementations for PUFA, such as ome-
ga-3 FA or LA, might be necessary to recover erythrocyte
membrane FA changes when pravastatin is used to treat dys-
lipidemia in patients with CKD. Further studies on reducing
cardiovascular events using combined PUFA and pravastatin
treatment are necessary.
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