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Abstract

Background

The atherogenic index of plasma (AIP), which is the logarithmic ratio of triglyceride (TG) to
high-density lipoprotein cholesterol (HDL-C), had a linear relationship with clinical outcomes
in the general population. However, the association of each lipid profile, TG and HDL-C,
with survival was not straightforward in dialysis patients. This non-linear association led us
to further investigate the prognostic impact of the AIP in these patients.

Methods

From a nationwide prospective cohort, 1,174 incident dialysis patients were included.
Patients were categorized into quintiles according to the AIP. An independent association of
the AIP with all-cause and cardiovascular mortality was determined.

Results

During a mean follow-up duration of 33.2 months, 170 patients (14.5%) died, and cardiovas-
cular death was observed in 55 patients (4.7%). Multivariate Cox analyses revealed that the
lowest (quintile 1, hazard ratio [HR] = 1.76, 95% confidence interval [CI] = 1.02-3.03) and
the highest (quintile 5, HR =2.15, 95% CI = 1.26-3.65) AIP groups were significantly associ-
ated with higher all-cause mortality compared to patients in quintile 3 (reference group). In
terms of cardiovascular mortality, only the highest AIP group (quintile 5, HR = 2.59, 95% Cl
=1.06-6.34) was significantly associated with increased risk of mortality. Sensitivity analy-
ses showed that a U-shaped association between the AIP and all-cause mortality remained
significant in non-diabetic and underweight to normal body mass index patients.
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Conclusions

Both the highest and the lowest AIP groups were independently associated with all-cause
mortality, showing a U-shaped association. It suggested further studies are needed to iden-
tify targets and subgroups that can benefit from intervention of the AIP in incident dialysis
patients.

Introduction

Dyslipidemia is an established risk factor for cardiovascular disease in the general population
[1]. In particular, atherogenic dyslipidemia, which means a concurrence of high triglyceride
(TG) and low high-density lipoprotein cholesterol (HDL-C) levels, has been shown to be
closely associated with adverse clinical outcomes in the general population [2], as well as high
risk patients [3-6]. Gaziano et al. [2] first explored the combining effect of elevated TG and
low HDL-C and demonstrated that the TG to HDL-C ratio was a strong predictor of myocar-
dial infarction in the general population. Moreover, a greater TG/HDL-C ratio was implicated
with fatal or non-fatal cardiovascular disease [3-6] and all-cause mortality [3, 6] in women
with high cardiovascular risk [3], obese type 2 diabetes patients [4], patients with prior stroke
or transient ischemic attack receiving statin therapy [5], and essential hypertension patients
[6]. The atherogenic index of plasma (AIP), which is the logarithmic ratio of TG to HDL-C,
was also found to be correlated with cardiovascular risk [7]. The close association of the AIP
and cardiovascular risk has been mainly explained by lipoprotein particle size [7], insulin resis-
tance [8-10], and metabolic syndrome [11], all of which are important risk factors for cardio-
vascular disease. To date, two studies have investigated the association between the TG/
HDL-C ratio and clinical outcomes in end-stage renal disease (ESRD) patients treated by dial-
ysis therapy [12, 13]. These studies indicated that the highest quintile or quartile of the TG/
HDL-C ratio was associated with increased risk of cardiovascular and all-cause mortality com-
pared with the lowest part [12, 13]. However, several previous studies showed that the prog-
nostic impact of each lipid profile, TG and HDL-C, was not straightforward in dialysis patients
[14-17]. In hemodialysis (HD) patients, the association between TG and mortality showed a
U-shaped association [15], whereas a direct association of TG with mortality was observed in
peritoneal dialysis (PD) patients [14]. In terms of HDL-C, there have been discordant results
from no association [15, 17] to U-shaped relationship [16]. Furthermore, the retrospective
nature of previous studies [13] and limited data of a single center study [12, 13] led us to further
investigate the prognostic impact of the AIP in our cohort. Therefore, in the present study, the
association of the AIP with all-cause and cardiovascular mortality was evaluated in an incident
dialysis population from a nationwide prospective observational multicenter cohort.

Materials and methods
Study participants

All ESRD patients who started HD or PD between August 1, 2008 and December 31, 2014 at
31 centers of the Clinical Research Center for ESRD (CRC for ESRD) in the Republic of Korea
were initially screened for this study. This study is part of a nationwide multicenter prospective
cohort study of ESRD patients that aimed to improve clinical outcomes and to develop effi-
cient treatment guidelines in the Republic of Korea (clinicaltrial.gov NCT00931970). Patients
who refused to participate in the study, who did not maintain dialysis for the first 3 months,
who had missing with TG or HDL-C, or who did not have intact parathyroid hormone, high-
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sensitivity C-reactive protein (hs-CRP), residual kidney function or residual urine output data
were excluded from the initially screened 2,189 patients. In total, 1,174 incident dialysis pa-
tients were included in the final analyses (Fig 1). Meanwhile, there were no significant differ-
ences in baseline characteristics, all-cause mortality, and cardiovascular mortality between
1,174 included and 533 excluded patients, except for the cause of chronic kidney disease (S1
Table). Patients who were excluded had more kidney failure with unknown causes. This study
was carried out in accordance with the Declaration of Helsinki. The study protocol was ap-
proved by the Institutional Review Board of each participating center (S1 Text for full names),
and all patients provided their written informed consent to participate in the study.

Data collection

Demographic, clinical, and laboratory data were extracted from the CRC for ESRD electronic
database. Demographic and clinical data including age, sex, dialysis modality, primary renal dis-
ease, comorbidities, body mass index (BMI), and medications were collected at the study enroll-
ment. Laboratory data were measured from fasting blood samples at 3 months after dialysis
initiation. AIP was calculated from plasma TG and HDL-C (log [TG/HDL-C]). In HD patients,
blood was taken at the predialysis period and a single pooled Kt/V urea was obtained on the day
of the midweek dialysis session. In PD patients, blood was taken under usual overnight peritoneal
dialysate volume and glucose concentrations, and weekly peritoneal Kt/V urea was calculated
using PD Adequest™, version 2.0 for Windows software (Baxter Healthcare, Deerfield, IL, USA).
Residual kidney function and residual urine volume were determined by timed urine collection,
in a 44-hour interdialytic period in HD patients and 24-hour urine collection in PD patients.

Follow-up and outcomes

Study participants were followed until September 30, 2015. All death events and the cause of
death were retrieved from the CRC for ESRD database and collated with the medical records
at each participating center. Death events were also confirmed by the Korea National Statistics
database. Cardiovascular death was defined as death from myocardial infarction, unstable

Assessed for eligibility (n=2,189)
: ESRD patients who started HD or PD
betweenAug 1, 2008 and Dec 31, 2014
at 36 centers of the CRC for ESRD in Korea

Excluded (n=154)
Declined to participate (n=154)

N

Enrollment (n=2,035)

Excluded (n=328)
Events in the first 90 days
- Lost to follow-up (n=224)
- Death (n=63)
- Transplantation (n=32)
- Recovery of kidney function (n=9)

Follow-up until Sep 30, 2015

Excluded (n=533)
Missing with TG or HDL-C (n=261)
Insufficient baseline data (n=272)

N

Analyzed
(n=1,174)

Fig 1. Flow diagram of patients. Among 2,189 incident dialysis patients, 1,015 patients were excluded. A
total of 1,174 patients were finally analyzed. Abbreviations: CRC, clinical research center; ESRD, end-stage
renal disease; HD, hemodialysis; HDL-C, high-density lipoprotein cholesterol; PD, peritoneal dialysis; TG,
triglyceride.

https://doi.org/10.1371/journal.pone.0177499.9001
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angina, new onset, or worsening of congestive heart failure, stroke, or arterial revasculariza-
tion. Loss to follow-up, kidney transplantation, or recovery of renal function was censored at
the end of dialysis treatment.

Statistical analysis

Statistical analyses were performed using SPSS for Windows version 20.0 (IBM Corp.,
Armonk, NY, USA) and R (R Foundation for Statistical Computing, Vienna, Austria; www.r-
project.org). Continuous variables were expressed as the mean + standard deviation or the
median (interquartile range [IQR]) and categorical variables were expressed as a number (per-
centage). Patients were categorized into five groups according to the AIP quintiles (Q1 to Q5).
Baseline characteristics were compared among the groups using ANOVA with the Bonferroni
post-hoc test or the Kruskal-Wallis test for continuous variables, and the chi-square test for
categorical variables. The association between the AIP and baseline characteristics was exam-
ined by uni- and multivariate linear regression analyses. The prognostic value of the AIP was
ascertained by Cox proportional hazard regression analyses. Multivariate Cox models were
constructed including age, sex, presence of diabetes mellitus, prior history of cardiovascular
disease, dialysis modality, BMI, serum albumin levels, hs-CRP levels, and residual urine vol-
ume, which were significant risk factors for mortality in the univariate Cox analyses or inde-
pendent variables associated with the AIP in the linear regression analyses. Sensitivity analyses
were done only for all-cause mortality due to the limited number of cardiovascular death
events. Because there was interaction between the AIP and BMI for all-cause mortality (P for
interaction = 0.03), subgroup analyses were performed. Patients were divided into under-
weight to normal BMI (BMI <22.9 kg/mz) and overweight to obese (BMI >23.0 kg/mz)
groups using the World Health Organization recommendations for Asian populations [18].
Although there was no interaction between the AIP and diabetes mellitus (P for interac-

tion = 0.12) or dialysis modality (P for interaction = 0.62), stratified analyses were performed
due to clinical relevance. P <0.05 was considered statistically significant.

Results
Baseline characteristics according to the AIP categories

Baseline demographics, clinical characteristics, and laboratory data according to the AIP cate-
gories are shown in Table 1 and Table 2. The mean age was 55.4+14.2 years, and 721 patients
(61.4%) were men. In total, 740 HD and 434 PD patients were included in this study. The
median value of the AIP was 0.47 (IQR, 0.26-0.66) for all patients, and the median value of the
AIP for each quintile was 0.06, 0.31, 0.47, 0.62, and 0.84, respectively. In the patients, there was
a significant increase of diabetes, BMI, serum glucose, total cholesterol, and low-density lipo-
protein cholesterol (LDL-C) concentrations as the AIP increased.

Association between AIP and baseline characteristics

In univariate linear regression analyses, the BMI and log hs-CRP levels were positively associ-
ated with the AIP. The AIP was significantly higher in PD patients and diabetic patients. Mul-
tivariate linear regression analyses indicated that a higher AIP was independently associated
with PD, diabetes mellitus, a higher BMI, and log hs-CRP concentrations (Table 3).

Independent prognostic value of AIP for mortality

During a mean follow-up duration of 33.2+18.2 months, 170 patients (14.5%) died, and car-
diovascular death was observed in 55 patients (4.7%) (Table 4). Incidence rates of all-cause
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Table 1. Baseline demographics and clinical characteristics of subjects according to the AIP categories.

All Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
(min, max) (-0.57, 0.20) (0.21, 0.39) (0.40, 0.54) (0.55, 0.70) (0.71,1.58)
(n=1,174) (n=234) (n =236) (n=235) (n=235) (n=234) P

AIP 0.47 (0.26-0.66) | 0.06 (-0.58-0.14) | 0.31 (0.26—0.36) | 0.47 (0.42-0.51) | 0.62 (0.58—0.66) | 0.84 (0.77-0.95) | <0.001
Age, years 55.4+14.2 55.1+15.0 57.0+£14.0 54.5+14.6 55.8+13.3 54.4+14.0 0.24
Men, n (%) 721 (61.4%) 151 (64.5%) 142 (60.2%) 133 (56.6%) 144 (61.3%) 151 (64.5%) 0.36
Hemodialysis, n (%) 740 (63.0%) 158 (67.5%) 153 (64.8%) 147 (62.6%) 140 (58.6%) 142 (60.7%) 0.39
Primary renal disease, n (%) 0.33

Diabetic nephropathy 599 (51.0%) 108 (46.2%) 109 (46.2%) 117 (49.8%) 128 (54.5%) 137 (58.5%)

Hypertensive nephrosclerosis 209 (17.8%) 47 (20.1%) 49 (20.8%) 43 (18.3%) 35 (14.9%) 35 (15.0%)

Glomerulonephritis 168 (14.3%) 38 (16.2%) 30 (12.7%) 39 (16.6%) 34 (14.5%) 27 (11.5%)

Polycystic kidney disease 23 (2.0%) 7 (3.0%) 6 (2.5%) 5(2.1%) 3(1.3%) 2(0.9%)

@Others 38 (3.2%) 4 (1.7%) 10 (4.2%) 9 (3.8%) 6 (2.6%) 9 (3.8%)

Unknown 137 (11.7%) 30 (12.8%) 32 (13.6%) 22 (9.4%) 29 (12.3%) 24 (10.3%)
Comorbid disease, n (%)

Diabetes mellitus 661 (55.3%) 116 (49.6%) 127 (53.8%) 127 (54.0%) 141 (60.0%) 150 (64.1%) 0.01

CAD 160 (13.6%) 29 (12.4%) 26 (11.0%) 34 (14.5%) 37 (15.7%) 34 (14.5%) 0.58

PAD 97 (8.3%) 23(9.8%) 16 (6.8%) 19 (8.1%) 19 (8.1%) 20 (8.5%) 0.83

CVA 94 (8.0%) 18 (7.7%) 21(8.9%) 16 (6.8%) 21 (8.9%) 18 (7.7%) 0.9

CHF 160 (13.6%) 25(10.7%) 34 (14.4%) 33 (14.0%) 35 (14.9%) 33 (14.1%) 0.69

PCVD 373 (31.8%) 74 (31.6%) 68 (28.8%) 77 (32.8%) 81 (34.5%) 73 (31.2%) 0.76
Smoker, n (%) 544 (46.3%) 104 (44.4%) 113 (47.9%) 97 (41.3%) 107 (45.5%) 123 (52.6%) 0.15
SBP, mmHg 141.8+22.5 142.9+23.0 143.3+22.9 141.1+22.2 140.3+21.3 141.2+22.8 0.54
DBP, mmHg 78.2+13.7 78.7+14.6 78.1+13.8 77.8+12.9 77.8+13.7 78.6+13.7 0.9
BMI, kg/m? 22.9+3.3 21.6+2.9 22.4+3.0 22.9+3.0 23.4+3.6 241+3.5 <0.001
Medications, n (%)

RAS blockers 712 (60.6%) 143 (61.1%) 149 (63.1%) 145 (61.7%) 137 (568.3%) | 138 (59.0%) 0.82

Beta-blockers 615 (52.4%) 117 (50.0%) 124 (52.5%) 115 (48.9%) 133 (56.6%) | 126 (53.8%) 0.47

Calcium channel blockers 746 (63.5%) 146 (62.4%) 158 (66.9%) 154 (65.5%) 135 (57.4%) | 153 (65.4%) 0.21

Diuretics 681 (58.0%) 136 (58.1%) 140 (59.3%) 128 (54.5%) 141 (60.0%) | 136 (50.4%) 0.78

Note: Data are expressed as the mean + standard deviation, median (interquartile range), or number of patients (percent).

80thers: Interstitial nephritis, obstructive uropathy, and post status of nephrectomy

PCVD: A composite of CAD, PAD, CVA, and CHF

Abbreviations: AIP, atherogenic index of plasma; BMI, body mass index; CAD, coronary artery disease; CHF, congestive heart failure; CVD, cardiovascular
disease; CVA, cerebrovascular accidents; DBP, diastolic blood pressure; PAD, peripheral artery disease; RAS, renin-angiotensin system; SBP, systolic
blood pressure.

https://doi.org/10.1371/journal.pone.0177499.t001

death and cardiovascular death were the lowest (21 patients, 8.9%; 7 patients, 3.0%, respec-
tively) in patients in the AIP quintile 3 and the highest (40 patients, 17.1%; 16 patients, 6.8%,
respectively) in patients in the AIP quintile 5 group.

To determine the independent prognostic value of the AIP for all-cause and cardiovascular
mortality, Cox’s regression analyses were performed (Fig 2). Multivariate Cox analyses demon-
strated that the lowest (Q1) and the highest (Q5) AIP groups were independently associated
with higher all-cause mortality compared with patients of quintile 3 (reference group). The
hazard ratios (HRs) of each AIP group for all-cause mortality were 1.76 (Q1, 95% confidence
interval [95% CI] = 1.02-3.03), 1.67 (Q2, 95% CI = 0.97-2.86), 1.68 (Q4, 95% CI = 0.98-2.89),
and 2.15 (Q5, 95% CI = 1.26-3.65), respectively. In terms of cardiovascular mortality, only the
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Table 2. Laboratory data at 3 months after dialysis initiation according to the AIP categories.

All Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5

(min, max) (-0.57, 0.20) (0.21, 0.39) (0.40, 0.54) (0.55, 0.70) (0.71, 1.58)

(n=1,174) (n=234) (n =236) (n =235) (n =235) (n=234) P
AIP 0.47 (0.26-0.66) | 0.06 (-0.58-0.14) | 0.31 (0.26-0.36) | 0.47 (0.42-0.51) | 0.62 (0.58-0.66) K 0.84 (0.77—0.95) | <0.001
Hemoglobin, g/L 88+ 16 88+ 16 88+ 17 88+18 88+ 16 89+ 16 0.85
BUN, mmol/L 29.8+13.4 30.6£13.1 29.3+14.0 30.1£13.5 29.3+12.1 29.6 £ 14.1 0.80
Creatinine, pumol/L 769 + 362 769 + 362 743 £ 309 796 + 371 778 £ 371 778 £ 380 0.49
Albumin, g/L 33+6 33+6 33+6 34+6 33%6 36+6 0.62
Glucose, mmol/L 7.7+4A1 7.3+£3.6 7.3+3.8 74+38 8.314.6 8.2145 0.01
TG, mmol/L 3.3+2.1 15205 2.3+0.6 3.0+£0.8 3.7+0.9 59+2.8 <0.001
Total cholesterol, mmol/L 41+1.3 3.8+£1.0 4.0+1.1 40+1.1 42+1.3 46+1.7 <0.001
LDL-C, mmol/L 23+1.0 2.0+£0.7 2.3+0.9 2.3+0.9 25+1.0 25+1.3 <0.001
HDL-C, mmol/L 1.0+04 1.4+04 1.2+0.3 1.0+0.3 0.9+0.2 0.7+0.2 <0.001
Calcium, mmol/L 2.0+0.3 1.9+0.3 1.9+0.3 1.9+0.3 2.0+0.3 2.0+0.3 0.79
Phosphorus, mmol/L 1.8+0.6 1.8+0.7 1.8+0.6 1.8+0.6 1.8+0.7 1.8+0.6 0.77
iPTH, ng/L 215 (123-353) 227 (124-367) 205 (122-354) 210 (124-320) 196 (127-320) 200 (117-325) 0.43
hs-CRP, mg/L 2.6 (0.7-10.3) 2.6 (0.6-9.4) 2.6 (0.6-12.7) 2.5(0.6-9.5) 2.9(0.8-9.2) 3.1(0.9-12.5) 0.20
?Dialysis Kt/V urea (HD) 1.4+04 1.4+£04 1.4+0.3 1.4+£0.3 1.4+04 1.4+£05 0.42
hWeekly Kt/V urea (PD) 1405 1405 1405 1405 1.4+£05 1.4+0.6 0.75
RKF, mL/min/1 .73m? 55+37 5747 56+3.3 5.1+3.1 54129 55+4.3 0.49
Urine volume, L/day 1.1+£0.7 1.0+£0.6 1.1+£0.7 1.0+£0.6 1.0+£0.6 1.2+0.8 0.11

Note: Data are expressed as mean + standard deviation or median (interquartile range).

@Dialysis Kt/V urea were meausred in 740 HD patients.

bWeekly peritoneal Kt/V urea were measured in 434 PD patients.

Abbreviations: AIP, atherogenic index of plasma; BUN, blood urea nitrogen; HD, hemodialysis; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-
sensitivity C-reactive protein; iPTH, intact parathyroid hormone; LDL-C, low density lipoprotein cholesterol; PD, peritoneal dialysis; RKF, residual kidney
function; TG, triglyceride.

https://doi.org/10.1371/journal.pone.0177499.t002

highest AIP group (Q5, HR = 2.59, 95% CI = 1.06-6.34) was significantly associated with
increased risk of cardiovascular mortality. The other groups did not show a significant rela-
tionship with cardiovascular mortality (Q1, HR = 1.63, 95% CI = 0.63-4.26; Q2, HR = 1.15,
95% CI = 0.43-3.12; Q4, HR = 1.75, 95% CI = 0.69-4.47; Q3 as reference group). Furthermore,
additional adjustment of serum calcium and phosphorus did not change the main results. The

Table 3. Uni- and multivariate linear regression analysis of clinical and biochemical variables for higher AIP.

Univariate Multivariate
B (95% Cl) P B (95% Cl) P
Age (per year) 0.001 (-0.002, 0.001) 0.47 -0.001 (-0.002, 0.001) 0.14
Women (vs. men) 0.001 (-0.036, 0.036) 0.9 0.015 (-0.020, 0.050) 0.40
PD (vs. HD) 0.046 (0.010, 0.082) 0.01 0.057 (0.022, 0.093) 0.002
DM (vs. no) 0.053 (0.017, 0.088) 0.003 0.044 (0.008, 0.0794) 0.02
BMI (per kg/m?) 0.024 (0.019, 0.029) <0.001 0.024 (0.018, 0.029) <0.001
log hs-CRP (per mg/L) 0.022 (0.001, 0.043) 0.04 0.026 (0.004, 0.047) 0.02

@Adjusted for age, sex, dialysis modality, DM, BMI, and log hs-CRP levels
Abbreviations: AIP, atherogenic index of plasma; BMI, body mass index; Cl, confidence interval; DM, diabetes mellitus; HD, hemodialysis; hs-CRP, high-
sensitivity C-reactive protein; PD, peritoneal dialysis.

https://doi.org/10.1371/journal.pone.0177499.t003
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Table 4. All-cause and cardiovascular death events according to the AIP categories.

All Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5

(n=1,174) (n=234) (n =236) (n =235) (n =235) (n=234)
Follow-up duration (month) 33.2+18.2 345+17.4 32.8+17.9 31.6+18.9 35.3+18.2 31.9+18.6
All-cause death, n (%) 170 (14.5%) 36 (15.4%) 37 (15.7%) 21 (8.9%) 36 (15.3%) 40 (17.1%)
Cardiovascular death, n (%) 55 (4.7%) 11 (4.7%) 9 (3.8%) 7 (3.0%) 12 (5.1%) 16 (6.8%)

Abbreviations: AIP, atherogenic index of plasma.

https://doi.org/10.1371/journal.pone.0177499.1004

lowest (Q1, HR = 1.79, 95% CI = 1.03-3.11) and the highest (Q5, HR = 2.00, 95% CI = 1.17-
3.43) AIP groups were significantly associated with greater risk of all-cause mortality com-
pared with the reference group (Q3). The highest AIP group (Q5, HR = 2.55, 95% CI = 1.03-
6.30) showed a higher risk of cardiovascular mortality (S2 Table).

For sensitivity analyses, the independent prognostic value of the AIP for all-cause mortality
was tested in several subgroups (Fig 3). The prognostic value of the highest quintile of the AIP
(Q5) for all-cause mortality was significant in both diabetic (HR = 2.90, 95% CI = 1.01-8.32)
and non-diabetic (HR = 2.01, 95% CI = 1.07-3.75) patients. However, an increased mortality
risk of the lowest AIP groups was significant only in non-diabetic patients (HR = 2.29, 95%

CI = 1.21-4.32). Similarly, the highest AIP group was independently associated with increased
risk of all-cause mortality in both the underweight to normal BMI (HR = 2.08, 95% CI = 1.01-
4.30) and overweight to obese (HR = 2.97, 95% CI = 1.31-6.76) groups. However, a U-shaped
association was significant in only the underweight to normal BMI patients (AIP Q1, HR =
2.07,95% CI = 1.04-4.11). With regard to dialysis modality, a U-shaped association remained
significant in both HD and PD patients. The lowest (Q1, HR = 1.97, 95% CI = 1.05-3.70 in
HD and HR = 1.88, 95% CI = 1.01-3.50 in PD) and the highest (Q5, HR = 2.47, 95% CI =
1.34-4.56 in HD and HR = 2.35,95% CI = 1.28-4.30 in PD) AIP groups were significantly
associated with greater all-cause mortality compared with patients in quintile 3.

Discussion

In the present study, we investigated the prognostic value of the AIP on all-cause and cardio-
vascular mortality in incident dialysis patients from a nationwide prospective cohort of ESRD
patients. Both the lowest (<0.20) and the highest (>0.71) AIP groups were independently
associated with all-cause mortality risk, showing a U-shaped association. In terms of cardiovas-
cular mortality, only the highest AIP group (>0.71) showed a significant risk factor. A U-
shaped association between the AIP and all-cause mortality was significant in non-diabetic
and underweight to normal BMI patients. These findings suggested that the prognostic impact
of the AIP was not straightforward.

The AIP has been shown to be a good marker of atherogenicity [7, 19] and implicated with
adverse clinical outcomes in the general population [2] and various populations with high car-
diovascular risk [3-6, 12, 13]. The prognostic impact of concurrence of elevated TG and low
HDL-C was first investigated in the general population [2]. Patients in the highest quintile of
the TG/HDL-C ratio had a 16-fold increased risk of myocardial infarction compared with the
lowest quintile [2]. Furthermore, a higher TG/HDL-C ratio was also a strong independent pre-
dictor of all-cause and cardiovascular mortality in female patients referred for clinically indi-
cated coronary angiography [3]. In patients with prior history of stroke or transient ischemic
attacks receiving statin therapy, major cardiovascular events were higher in subjects with ath-
erogenic dyslipidemia, defined as high TG (> 150 mg/dL) and low HDL-C (< 40 mg/dL), sug-
gesting a significant relationship of atherogenic dyslipidemia with residual cardiovascular risk
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[5]. To date, in ESRD patients, there have been two single-center studies evaluating the prog-
nostic impact of the TG/HDL-C ratio [12, 13]. Wu et al. [13] investigated the effect of the TG/
HDL-C ratio on all-cause and cardiovascular mortality in a retrospective cohort of 1,170 PD
patients. In their study, the highest quintile of the TG/HDL-C ratio (>4.19) showed a signifi-
cant risk factor for cardiovascular and all-cause mortality. Another study also showed that
patients with higher TG/HDL-C ratios (>6.6) had a higher incidence of cardiovascular events,
cardiovascular death, and all-cause death in 602 dialysis patients [12]. In the present study, we
demonstrated that the highest quintile of the AIP (>0.71), which is 5.12 for TG/HDL-C ratio,
was significantly associated with a 2.15-fold increase in all-cause mortality and 2.59-fold
increase in cardiovascular mortality, even after the adjustment of confounding variables.

Although the exact mechanism by which a higher AIP affects increased risk of all-cause and
cardiovascular mortality remains unclear, the association of AIP with LDL-C particle size [7],
insulin resistance [8-10], and metabolic syndrome [11] can be possible explanations. In a
study of 1,433 subjects from 35 cohorts with various risks of atherosclerosis such as hyperten-
sion, type 2 diabetes, and dylipidemia, and patients with positive or negative angiography find-
ings, there was a strong positive correlation between AIP and cholesterol esterification rates
in apoB-lipoprotein-depleted plasma, an indirect measure of LDL-C particle size [7]. This
finding suggested that the AIP directly correlated with the risk of atherosclerosis and that the
AIP could be used as a marker of plasma atherogenecity. Another possible explantation for
increased cardiovascular risk of a higher AIP could be the association with insulin resistance
and metabolic syndrome. The ratio of plasma TG/HDL-C was the best predictor of insulin
resistance, which was determined by the steady-state plasma glucose concentration during the
insulin suppression test [8]. Insulin resistance increased the concentrations of TG and HDL-C,
and in turn, the AIP might affect insulin secretion, B-cell dysfunction, and cause poor glycemic
control in type 2 diabetes patients [9, 10]. Moreover, a high AIP was associated with obesity
and predicted the incidence of type 2 diabetes, hypertension, and metabolic syndrome [11].
Unfortunately, LDL-C particle size and insulin resistance were not measured in our study,
making it difficult to clarify the underlying mechanism for increased cardiovascular risk of a
high AIP in ESRD patients on dialysis. However, a cross-sectional evaluation of the AIP and
surrogates of cardiovascular disease in dialysis patients supported our findings [19, 20]. In a
study of 31 HD patients and 31 healthy volunteers, the AIP and carotid intima medial thick-
ness were higher in HD patients compared with controls [19]. There was a significant positive
correlation between the AIP and carotid intima medial thickness in HD patients. Another
study also showed that the AIP was significantly associated with increased epicardial adipose
tissue, the true visceral fat deposit of the heart in ESRD patients [20]. We did not perform
carotid artery ultrasonography or cardiac computed tomography in the current study, but a
further study with these cardiovascular surrogates may be helpful to verify a significant associ-
ation between the AIP and cardiovascular disease in ESRD patients.

Another main finding of this study was a U-shaped association between the AIP and all-
cause mortality in incident dialysis patients. Patients in the quintile 3 group of the AIP showed
the lowest incidence rate of death events, and the lowest and the highest quintiles of the AIP
were significantly associated with higher all-cause mortality risk, compared with patients in
the quintile 3 group. Although the reason for higher all-cause mortality risk in the lowest
AIP group was not clear, it can be speculated from the deleterious effects of low TG and high
HDL-C in dialysis patients. In a large cohort of HD patients, the best survival was observed
with moderately high levels (200-249 mg/dL) of TG, suggesting a higher mortality risk with
lower levels of TG [15]. This paradoxical higher mortality risk in the low TG group was ex-
plained by the effect of malnutrition and inflammation, which are important risk factors for
mortality in ESRD patients. In our study, the HRs of the quintile 1 and quintile 2 groups were
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attenuated after adjustment of serum albumin and hs-CRP concentrations, suggesting a possi-
ble association of low TG with malnutrition and inflammation and with mortality. Moreover,
emerging evidence indicating that HDL-C may not only be dysfunctional but may also have a
harmful effect by promoting inflammation in ESRD patients could be another explanation

[16, 21-25]. In a study of 12 stable HD patients and age-matched controls, monocyte anti-che-
motactic activity was significantly lower in ESRD patients than in controls, suggesting that
HDL-C has a deficient anti-inflammatory property in ESRD patients [21. Yamamoto et al. [24]
demonstrated that HDL-C from ESRD patients had reduced anti-chemotactic activity. Fur-
thermore, in vitro activated macrophages exposed to HDL-C of ESRD patients showed an
increased cytokine response (tumor necrosis factor-o, interleukin-6, and interleukin-18) [24].
To investigate this pro-inflammatory property of HDL-C in ESRD patients, Weichhart et al.
[23] performed shotgun proteomics analyses and identified 49 HDL-associated proteins in a
uremia-specific pattern from HDL-C of HD patients. Of note, serum amyloid A mimicked
HDL-C of ESRD patients by promoting inflammatory cytokines, suggesting the role of specific
changes in molecular composition on pro-inflammatory property of HDL-C in ESRD patients
[23]. Moreover, the combination of high oxidized HDL-C and plasma interleukin-6 was signif-
icantly associated with increased carotid intima medial thickness and cardiovascular mortality
in prevalent HD patients [22]. Based on these results, we proposed that the deleterious effect of
HDL-C could explain the higher risk of mortality in the lowest AIP group. Unfortunately,
measurements of chemotactic activity, pro-inflammatory cytokine release from macrophage,
or oxidized isoform of HDL-C were not available in our study, so we were unable to confirm
our proposal.

Our sensitivity analyses demonstrated that higher all-cause mortality risk in the lowest
quintile of the AIP remained significant in non-diabetic patients and underweight to normal
BMI patients. Underweight patients had higher risk of mortality compared with overweight-
to-obese patients due to the adverse effects of nontraditional risk factors such as malnutrition
and inflammation. Therefore, we surmised that the combined risk of low AIP and under-
weight-to-normal BMI via malnutrition and inflammation might lead to an amplification of
the mortality risk for the lowest AIP groups of patients. By contrast, the protective effect of
high BMI in overweight-to-obese patients might mitigate the harmful effect of the lowest AIP
group, resulting in no significant association with increased mortality risk in these popula-
tions. In terms of diabetes, the higher proportion of underweight-to-normal BMI patients in
the non-diabetic group could be a possible explanation for the increased mortality risk of the
lowest AIP group. In fact, the proportion of underweight-to-normal BMI was significantly
higher in non-diabetic patients than in diabetic patients (318 patients [62.0%] vs. 335 patients
[50.7%], P<0.001). In addition, a study by Postorino et al. [26] demonstrated that abdominal
obesity showed a modifying effect on the association between TG and mortality in HD pa-
tients. In patients without abdominal obesity, a fixed (50 mg/dL) excess of TG was associated
with a progressively lower risk of mortality, but was associated with a higher risk of mortality
in patients with abdominal obesity. Although we did not examine abdominal obesity in this
study, we hypothesize that a modifying effect of obesity could be another possible explanation
for sensitivity analysis.

This study has several limitations. First, the AIP was not serially determined and we used
only baseline values of AIP. We suggest that the prognostic effects of changes in the AIP would
be worth investigating. Second, this study was not intended to evaluate the effect of lipid-low-
ering medications on mortality, and the data concerning lipid-lowering therapy were not avail-
able. Although the potential confounding effects of lipid-lowering medications on mortality
cannot be excluded, considering the results of recent clinical trials regarding lipid-lowering
therapy [27-29], we suggest that these data may not significantly alter the main findings of our
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study. Third, although there was no significant difference in the baseline characteristics, all-
cause mortality, and cardiovascular mortality between included and excluded patients, 1,174
patients may not be representative of the initially enrolled population, resulting in potential
selection bias. In this study, 261 patients who had missing with TG or HDL-C were excluded
from the final analysis. This study was conducted as an exploratory study to identify risk fac-
tors for adverse clinical outcomes; therefore, AIP was not a pre-specified variable. Patients
who did not have intact parathyroid hormone, hs-CRP, residual kidney function, or residual
urine output data were also excluded. Although many previous studies using nationwide data
did not include information regarding hs-CRP or residual kidney function, we excluded
patients who lacked measurements of these variables due to their significant effects on clinical
outcomes of dialysis patients. These factors can explain the reasons for the large number of
missing laboratory values. Meanwhile, the mean age of patients was relatively young and pro-
portion of patients treated with PD was high in the present study. According to a report of the
Korean Society of Nephrology [30], the mean age of all dialysis patients, including prevalent
and incident patients, was 56.7 years in 2008. The mean age steadily increased to 60.3 years in
2014. In 2014, the mean age of HD patients was 61.1 years, whereas the mean age of PD
patients was 55.4 years. Even though we did not select or focus on a young age group, we sur-
mise that the study period (from 2008 to 2012), participants (only incident dialysis patients),
and high proportion of PD contributed to the relatively young age of the study subjects. In our
study, patients were more likely to be treated with PD as an initial dialysis modality. Because
the majority of study participating centers were university hospitals, we postulate that struc-
tured pre-dialysis education program, experienced nephrologists familiar with PD, and ade-
quate medical resources for PD may contribute to higher selection for PD. In addition, HD
patients were more likely to be transferred to private dialysis units; therefore, the proportion of
excluded patients due to follow-up loss within the first 90 days was lower in PD patients than
in HD patients (among 224 patients, 204 patients [91.1%] in HD vs. 20 patients [8.9%] in PD,
P<0.001). Although subgroup analysis according to dialysis modality did not change the main
results, the high proportion of PD patients could lead to potential selection bias. Fourth, by the
virtue of the observational study design, this study did not include any information regarding
intervention to reduce mortality. Fifth, because only Korean incident dialysis patients were
included, the association between AIP and mortality may not be generalized to other ethnic
groups or races. Lastly, we did not fully investigate the association between the AIP and cardio-
vascular mortality via sensitivity analyses due to the small number of cardiovascular deaths. A
future study is needed to clarify this issue. Notwithstanding these limitations, our study was
the first investigation to determine the independent prognostic value of the AIP in a nation-
wide prospective dialysis cohort.

Conclusions

The current study demonstrated that both the highest and the lowest AIP groups were signifi-
cantly associated with increased risk of all-cause mortality, showing a U-shaped association in
incident dialysis patients. Furthermore, a U-shaped association between the AIP and all-cause
mortality was significant in non-diabetic and underweight to normal BMI patients. These
findings suggest that further studies are needed to identify targets and subgroups that can ben-
efit from interventions of the AIP in ESRD patients.

Supporting information

S1 Text. Thirty-one centers participating in clinical research center for end stage renal disease.
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0177499 May 26, 2017 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177499.s001
https://doi.org/10.1371/journal.pone.0177499

@° PLOS | ONE

Atherogenic index of plasma and mortality in ESRD

S1 Table. Comparison of baseline characteristics and outcomes between finally analyzed
patients (n = 1,174) and excluded patients (n = 533).
(PDF)

$2 Table. Multivariate Cox regression analysis of AIP categories for all-cause and cardio-
vascular mortality including adjustment of serum calcium and phosphorus concentra-
tions.

(PDEF)

Acknowledgments

The authors would like to extend sincere appreciation to all participants and investigators of
the cohort study (CRC for ESRD) in Korea.

Author Contributions
Conceptualization: MJL HJK THY.
Formal analysis: MJL JTP SHH.
Investigation: YLK YSK CWY NHK SWK.
Supervision: YLK YSK CWY NHK SWK.
Writing - original draft: MJL HJK THY.

References

1. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al. Effect of potentially modifiable risk
factors associated with myocardial infarction in 52 countries (the INTERHEART study): case-control
study. Lancet. 2004; 364(9438):937-52. https://doi.org/10.1016/S0140-6736(04)17018-9 PMID:
15364185

2. Gaziano JM, Hennekens CH, O’'Donnell CJ, Breslow JL, Buring JE. Fasting triglycerides, high-density
lipoprotein, and risk of myocardial infarction. Circulation. 1997; 96(8):2520-5. PMID: 9355888

3. Bittner V, Johnson BD, Zineh I, Rogers WJ, Vido D, Marroquin OC, et al. The triglyceride/high-density
lipoprotein cholesterol ratio predicts all-cause mortality in women with suspected myocardial ischemia:
a report from the Women’s Ischemia Syndrome Evaluation (WISE). Am Heart J. 2009; 157(3):548-55.
PubMed Central PMCID: PMC2677623. https://doi.org/10.1016/j.ah}.2008.11.014 PMID: 19249427

4. Eeg-Olofsson K, Gudbjornsdottir S, Eliasson B, Zethelius B, Cederholm J, Ndr. The triglycerides-to-
HDL-cholesterol ratio and cardiovascular disease risk in obese patients with type 2 diabetes: an obser-
vational study from the Swedish National Diabetes Register (NDR). Diabet Res Clin Pract. 2014; 106
(1):136—44.

5. Sirimarco G, Labreuche J, Bruckert E, Goldstein LB, Fox KM, Rothwell PM, et al. Atherogenic dyslipide-
mia and residual cardiovascular risk in statin-treated patients. Stroke. 2014; 45(5):1429-36. https://doi.
org/10.1161/STROKEAHA.113.004229 PMID: 24736236

6. Turak O, Afsar B, Ozcan F, Oksuz F, Mendi MA, Yayla C, et al. The Role of Plasma Triglyceride/High-
Density Lipoprotein Cholesterol Ratio to Predict New Cardiovascular Events in Essential Hypertensive
Patients. J Clin Hypertens. 2016; 18(8):772—7.

7. Dobiasova M, Frohlich J. The plasma parameter log (TG/HDL-C) as an atherogenic index: correlation
with lipoprotein particle size and esterification rate in apoB-lipoprotein-depleted plasma (FER(HDL)).
Clin Biochem. 2001; 34(7):583-8. PMID: 11738396

8. MclLaughlin T, Reaven G, Abbasi F, Lamendola C, Saad M, Waters D, et al. Is there a simple way to
identify insulin-resistant individuals at increased risk of cardiovascular disease? Am J Cardiol. 2005; 96
(3):399-404. https://doi.org/10.1016/j.amjcard.2005.03.085 PMID: 16054467

9. Hermans MP, Ahn SA, Rousseau MF. log(TG)/HDL-C is related to both residual cardiometabolic risk
and beta-cell function loss in type 2 diabetes males. Cardiovasc Diabetol. 2010; 9:88. PubMed Central
PMCID: PMC3020173. https://doi.org/10.1186/1475-2840-9-88 PMID: 21156040

PLOS ONE | https://doi.org/10.1371/journal.pone.0177499 May 26, 2017 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177499.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177499.s003
https://doi.org/10.1016/S0140-6736(04)17018-9
http://www.ncbi.nlm.nih.gov/pubmed/15364185
http://www.ncbi.nlm.nih.gov/pubmed/9355888
https://doi.org/10.1016/j.ahj.2008.11.014
http://www.ncbi.nlm.nih.gov/pubmed/19249427
https://doi.org/10.1161/STROKEAHA.113.004229
https://doi.org/10.1161/STROKEAHA.113.004229
http://www.ncbi.nlm.nih.gov/pubmed/24736236
http://www.ncbi.nlm.nih.gov/pubmed/11738396
https://doi.org/10.1016/j.amjcard.2005.03.085
http://www.ncbi.nlm.nih.gov/pubmed/16054467
https://doi.org/10.1186/1475-2840-9-88
http://www.ncbi.nlm.nih.gov/pubmed/21156040
https://doi.org/10.1371/journal.pone.0177499

@° PLOS | ONE

Atherogenic index of plasma and mortality in ESRD

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Hermans MP, Ahn SA, Rousseau MF. The atherogenic dyslipidemia ratio [log(TG)/HDL-C] is associ-
ated with residual vascular risk, beta-cell function loss and microangiopathy in type 2 diabetes females.
Lipids Health Dis. 2012; 11:132. PubMed Central PMCID: PMC3539971. https://doi.org/10.1186/1476-
511X-11-132 PMID: 23046637

Onat A, Can G, Kaya H, Hergenc G. "Atherogenic index of plasma" (log10 triglyceride/high-density lipo-
protein-cholesterol) predicts high blood pressure, diabetes, and vascular events. J Clin Lipidol. 2010; 4
(2):89-98. https://doi.org/10.1016/j.jacl.2010.02.005 PMID: 21122635

Chen HY, Tsai WC, Chiu YL, Hsu SP, Pai MF, Yang JY, et al. Triglyceride to high-density lipoprotein
cholesterol ratio predicts cardiovascular outcomes in prevalent dialysis patients. Medicine. 2015; 94
(10):619. PubMed Central PMCID: PMC4602469. https://doi.org/10.1097/MD.0000000000000619
PMID: 25761189

Wu H, Xiong L, Xu Q, Wu J, Huang R, Guo Q, et al. Higher serum triglyceride to high-density lipoprotein
cholesterol ratio was associated with increased cardiovascular mortality in female patients on peritoneal
dialysis. Nut Metab Cardiovasc Dis. 2015; 25(8):749-55.

Habib AN, Baird BC, Leypoldt JK, Cheung AK, Goldfarb-Rumyantzev AS. The association of lipid levels
with mortality in patients on chronic peritoneal dialysis. Nephrol Dial Transplant. 2006; 21(10):2881-92.
https://doi.org/10.1093/ndt/gfl272 PMID: 16735386

Kilpatrick RD, McAllister CJ, Kovesdy CP, Derose SF, Kopple JD, Kalantar-Zadeh K. Association
between serum lipids and survival in hemodialysis patients and impact of race. J Am Soc Nephrol.
2007; 18(1):293-303. https://doi.org/10.1681/ASN.2006070795 PMID: 17167113

Moradi H, Streja E, Kashyap ML, Vaziri ND, Fonarow GC, Kalantar-Zadeh K. Elevated high-density lipo-
protein cholesterol and cardiovascular mortality in maintenance hemodialysis patients. Nephrol Dial
Transplant. 2014; 29(8):1554—62. PubMed Central PMCID: PMC4106641. https://doi.org/10.1093/ndt/
gfu022 PMID: 24574544

Silbernagel G, Genser B, Drechsler C, Scharnagl H, Grammer TB, Stojakovic T, et al. HDL cholesterol,
apolipoproteins, and cardiovascular risk in hemodialysis patients. J Am Soc Nephrol. 2015; 26(2):484—
92. PubMed Central PMCID: PMC4310646. https://doi.org/10.1681/ASN.2013080816 PMID:
25012163

Consultation WHOE. Appropriate body-mass index for Asian populations and its implications for policy
and intervention strategies. Lancet. 2004; 363(9403):157—-63. https://doi.org/10.1016/S0140-6736(03)
15268-3 PMID: 14726171

Yildiz G, Duman A, Aydin H, Yilmaz A, Hur E, Magden K, et al. Evaluation of association between ath-
erogenic index of plasma and intima-media thickness of the carotid artery for subclinic atherosclerosis
in patients on maintenance hemodialysis. Hem Int. 2013; 17(3):397—405.

Erdur MF, Tonbul HZ, Ozbiner H, Ozcicek A, Ozcicek F, Akbas EM, et al. The relationship between ath-
erogenic index of plasma and epicardial adipose tissue in hemodialysis and peritoneal dialysis patients.
Ren Fail. 2013; 35(9):1193-8. https://doi.org/10.3109/0886022X.2013.823826 PMID: 23924265

Vaziri ND, Moradi H, Pahl MV, Fogelman AM, Navab M. In vitro stimulation of HDL anti-inflammatory
activity and inhibition of LDL pro-inflammatory activity in the plasma of patients with end-stage renal dis-
ease by an apoA-1 mimetic peptide. Kidney Int. 2009; 76(4):437-44. PubMed Central PMCID:
PMC3280585. https://doi.org/10.1038/ki.2009.177 PMID: 19471321

Honda H, Ueda M, Kojima S, Mashiba S, Michihata T, Takahashi K, et al. Oxidized high-density lipopro-
tein as a risk factor for cardiovascular events in prevalent hemodialysis patients. Atherosclerosis. 2012;
220(2):493-501. https://doi.org/10.1016/j.atherosclerosis.2011.10.038 PMID: 22119537

Weichhart T, Kopecky C, Kubicek M, Haidinger M, Doller D, Katholnig K, et al. Serum amyloid A in ure-
mic HDL promotes inflammation. J Am Soc Nephrol. 2012; 23(5):934—47. ubMed Central PMCID:
PMC3338291. https://doi.org/10.1681/ASN.2011070668 PMID: 22282592

Yamamoto S, Yancey PG, lkizler TA, Jerome WG, Kaseda R, Cox B, et al. Dysfunctional high-density
lipoprotein in patients on chronic hemodialysis. J Am Coll Cardiol. 2012; 60(23):2372-9. https://doi.org/
10.1016/j.jacc.2012.09.013 PMID: 23141484

Moradi H, Vaziri ND, Kashyap ML, Said HM, Kalantar-Zadeh K. Role of HDL dysfunction in end-stage
renal disease: a double-edged sword. J Renal Nutr. 2013; 23(3):203—6. PubMed Central PMCID:
PMC3664234.

Postorino M, Marino C, Tripepi G, Zoccali C, Group CW. Abdominal obesity modifies the risk of hypertri-
glyceridemia for all-cause and cardiovascular mortality in hemodialysis patients. Kidney Int. 2011; 79
(7):765-72. https://doi.org/10.1038/ki.2010.493 PMID: 21178980

Wanner C, Krane V, Marz W, Olschewski M, Mann JF, Ruf G, et al. Atorvastatin in patients with type 2
diabetes mellitus undergoing hemodialysis. New Engl J Med. 2005; 353(3):238—48. https://doi.org/10.
1056/NEJMoa043545 PMID: 16034009

PLOS ONE | https://doi.org/10.1371/journal.pone.0177499 May 26, 2017 14/15


https://doi.org/10.1186/1476-511X-11-132
https://doi.org/10.1186/1476-511X-11-132
http://www.ncbi.nlm.nih.gov/pubmed/23046637
https://doi.org/10.1016/j.jacl.2010.02.005
http://www.ncbi.nlm.nih.gov/pubmed/21122635
https://doi.org/10.1097/MD.0000000000000619
http://www.ncbi.nlm.nih.gov/pubmed/25761189
https://doi.org/10.1093/ndt/gfl272
http://www.ncbi.nlm.nih.gov/pubmed/16735386
https://doi.org/10.1681/ASN.2006070795
http://www.ncbi.nlm.nih.gov/pubmed/17167113
https://doi.org/10.1093/ndt/gfu022
https://doi.org/10.1093/ndt/gfu022
http://www.ncbi.nlm.nih.gov/pubmed/24574544
https://doi.org/10.1681/ASN.2013080816
http://www.ncbi.nlm.nih.gov/pubmed/25012163
https://doi.org/10.1016/S0140-6736(03)15268-3
https://doi.org/10.1016/S0140-6736(03)15268-3
http://www.ncbi.nlm.nih.gov/pubmed/14726171
https://doi.org/10.3109/0886022X.2013.823826
http://www.ncbi.nlm.nih.gov/pubmed/23924265
https://doi.org/10.1038/ki.2009.177
http://www.ncbi.nlm.nih.gov/pubmed/19471321
https://doi.org/10.1016/j.atherosclerosis.2011.10.038
http://www.ncbi.nlm.nih.gov/pubmed/22119537
https://doi.org/10.1681/ASN.2011070668
http://www.ncbi.nlm.nih.gov/pubmed/22282592
https://doi.org/10.1016/j.jacc.2012.09.013
https://doi.org/10.1016/j.jacc.2012.09.013
http://www.ncbi.nlm.nih.gov/pubmed/23141484
https://doi.org/10.1038/ki.2010.493
http://www.ncbi.nlm.nih.gov/pubmed/21178980
https://doi.org/10.1056/NEJMoa043545
https://doi.org/10.1056/NEJMoa043545
http://www.ncbi.nlm.nih.gov/pubmed/16034009
https://doi.org/10.1371/journal.pone.0177499

o @
@ : PLOS | ONE Atherogenic index of plasma and mortality in ESRD

28. Fellstrom BC, Jardine AG, Schmieder RE, Holdaas H, Bannister K, Beutler J, et al. Rosuvastatin and
cardiovascular events in patients undergoing hemodialysis. New Engl J Med. 2009; 360(14):1395-407.
https://doi.org/10.1056/NEJMo0a0810177 PMID: 19332456

29. Baigent C, Landray MJ, Reith C, Emberson J, Wheeler DC, Tomson C, et al. The effects of lowering
LDL cholesterol with simvastatin plus ezetimibe in patients with chronic kidney disease (Study of Heart
and Renal Protection): a randomised placebo-controlled trial. Lancet. 2011; 377(9784):2181-92.
PubMed Central PMCID: PMC3145073. https://doi.org/10.1016/S0140-6736(11)60739-3 PMID:
21663949

30. JinDC, Yun SR, Lee SW, Han SW, Kim W, Park J, et al. Lessons from 30 years’ data of Korean end-
stage renal disease registry, 1985-2015. Kidney Res Clin Pract. 2015; 34(3):132-9. PubMed Central
PMCID: PMC4608874. https://doi.org/10.1016/j.krcp.2015.08.004 PMID: 26484037

PLOS ONE | https://doi.org/10.1371/journal.pone.0177499 May 26, 2017 15/15


https://doi.org/10.1056/NEJMoa0810177
http://www.ncbi.nlm.nih.gov/pubmed/19332456
https://doi.org/10.1016/S0140-6736(11)60739-3
http://www.ncbi.nlm.nih.gov/pubmed/21663949
https://doi.org/10.1016/j.krcp.2015.08.004
http://www.ncbi.nlm.nih.gov/pubmed/26484037
https://doi.org/10.1371/journal.pone.0177499

