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Abstract

Emerging epidemiological evidence indicates that low serum high-density lipoprotein cholesterol (HDL-C) levels are associ-
ated with the risk of progression of chronic kidney disease (CKD). However, the differences in the influence of serum HDL-C
levels on CKD progression in different subcohorts have rarely been examined in detail in previous studies. The aim of this
study was to investigate the significance of low serum HDL-C levels as a predictor of disease progression in CKD patients
according to sub-analyses using a cross-classified subcohort. We reviewed data obtained from 120 CKD patients. Prognostic
factors for renal outcome were identified by the multivariate Cox proportional hazards method. Kaplan—Meier analysis was
performed to assess disease progression, which was defined as a>30% decline in the glomerular filtration rate (GFR), or
end-stage renal disease. The mean age of the included participants was 58.3 & 13.6 years. The subjects were divided into
two groups (low HDL-C vs. high HDL-C). The median follow-up period was 112.8 months. The kidney survival rate in
the low HDL-C group was significantly lower than that in the high HDL-C group (P <0.0001). However, the age-stratified
analysis showed no difference between the two groups in the cohort of patients > 70 years old. Multivariate Cox regression
analyses showed a significant association between low HDL-C [hazard ratio (HR) 4.80, P =0.009] and a>30% eGFR decline
or ESRD. This association was more evident in the cohort of patients <70 years old (HR 4.96, P=0.0165), especially the
female subcohort (HR 13.86, P =0.0033). Multivariate analysis showed a significant correlation between visceral fat area and
serum HDL-C levels among both male (P=0.0017) and female (P =0.0449) patients. In a propensity score-matched cohort
(patients < 70 years old), the kidney survival rate of CKD patients was significantly lower in the low HDL-C group than in
the high HDL-C group (P=0.0364). A low serum HDL-C level is a significant predictor of CKD progression, especially in
female patients with CKD under 70 years of age. This finding is of importance to clinicians when determining the expected
prognosis of CKD in patients.
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A recent study by Bowe et al. [11] investigated the asso-
ciations between HDL-C levels and various CKD end points
in a cohort of 1,943,682 male veterans from the USA with
normal kidney function [estimated glomerular filtration rate
(eGFR) > 60 mL/min/1.73 m?] at study initiation. Subjects
with HDL-C levels <30 mg/dL had a 10-20% higher risk
of CKD progression than did subjects with HDL-C lev-
els > 40 mg/dL during a median follow-up of 9 years. In
contrast, Rahman et al. [10] reported that none of the lipid
parameters—particularly, HDL-C levels—were indepen-
dently associated with the progression of kidney disease
defined as a composite end point of end-stage renal disease
(ESRD) or 50% decline in eGFR from baseline in a pro-
spective cohort of 3939 adults with CKD and an average
eGFR of 44.9 mL/min/1.73 m? followed up for a median
of 4.1 years.

The results of a systematic review and meta-analysis
of 18 trials supported the use of a statin in the treatment
of non-dialysis CKD patients on the basis of reductions in
mortality and cardiovascular events, but they provided no
evidence of a benefit with respect to CKD progression [12].
Mendelian randomization for strengthening causal inference
in observational studies has recently been used to assess the
causality of risk factors that have a genetic predisposition
on real outcomes [13]. Coassin et al. [9] reported that HDL
cholesterol did not causally influence eGFR and proposed a
pleiotropic effect using a Mendelian randomization analysis.
On the other hand, Lanktree et al. [14] recently applied a
Mendelian randomization analysis to show that a genetically
higher serum HDL-C level is causally associated with better
kidney function.

Meanwhile, subgroup analyses, such as stratification and
cross-classification analyses, although rarely reported, may
contribute to clarifying such controversial issues. Investiga-
tions utilizing the cross-classification approach can produce
results closely reflecting the “real clinical world” and may
facilitate patient-centered medicine in a medical setting
[15]. We, therefore, investigated the relationship between
low serum HDL-C levels and kidney disease progression
in CKD patients using stratification and cross-classification
analyses.

Materials and methods
Study population

Of the 2012 outpatients visiting the Kidney Center at Tokyo
Women’s Medical University between August 2006 and
August 2007, 201 with CKD who agreed to participate in
the study and underwent abdominal computed tomography
(CT) and carotid ultrasonography were recruited. CKD was
diagnosed according to previously described criteria [16].

Among them, the patients treated with antidyslipidemic
agents were excluded from participation. The remaining
120 patients were ultimately enrolled in the present study
(Fig. 1).

The patients were divided according to their serum
HDL-C level at baseline into a low HDL-C group, i.e., a
group comprising male patients whose serum HDL-C
value was <43 mg/dL and female patients whose serum
HDL-C value was <48 mg/dL, and a high HDL-C group,
i.e., a group comprising male patients whose serum HDL-C
value was > 43 mg/dL and female patients whose HDL-C
value >48 mg/dL.

The subjects’ human rights and protection of personal
information were well considered. All the relevant staff
responsible for the trial adhered to the Helsinki Declara-
tion (amended October 2013) and the Ethical Guidelines for
Clinical Studies (revised Feb 28, 2017, referred to hereafter
as the Clinical Studies Ethical Guidelines) in the execution
of this study. This cohort study was approved by the Medical
Ethics Committee of the Tokyo Women’s Medical Univer-
sity (#4599). All participants gave their informed consent
at the time of entry.

Measurement of covariates

During a regular outpatient clinic visit, each subject
underwent anthropometric and physical examinations that
included blood pressure (BP), body height, body weight, vis-
ceral fat area (VFA), subcutaneous fat area (SFA), and maxi-
mum carotid intima-media thickness (IMT) measurements.
BP was measured in triplicate with a mercury sphygmoma-
nometer, and the average value was used in the analysis.
VFA and SFA were measured by CT, and IMT was meas-
ured by carotid ultrasonography. Details of the measurement
techniques are described below. All biochemical analyses

[ Recruited (2006-2007) n=201 |

—>[ Patients treated with lipid-lowering agents (n = 81)]
v
[ Enrolied n=120 ]
—P[ Patients = 70 years of age (n = 30)]
v

Subgroup analyses:

@ Cross-classified cohort : Female patients < 70 years of age
untreated with lipid-lowering agents n =46

@ Propensity-matched cohort:Patients < 70 years of age
untreated with lipid-lowering agents n =26

Fig. 1 Flowchart of patient selection. From the 201 screened patients,
81 who did not meet the entry criteria were excluded, and the remain-
ing 120 were enrolled in this study. Subgroup analyses, based on age
under 70 years, were performed as shown
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were performed on samples obtained after an overnight fast.
Serum creatinine levels were measured enzymatically. The
eGFR was calculated using the previously described formula
for Japanese patients [17].

The impact of concomitant drug use and comorbidi-
ties at entry was also assessed [18]. The drugs being taken
concomitantly by the patients were antihypertensive drugs,
diuretics, and drugs for the treatment of hyperuricemia and
diabetes mellitus.

The baseline parameters assessed in this study were age,
sex, systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), mean blood pressure (MBP), body mass index
(BMI), VFA, SFA, IMT, eGFR, hemoglobin concentration,
serum levels of albumin, uric acid (UA), total cholesterol
(TC), LDL-C, HDL-C, and TG values. Comorbidities were
recorded as positive on the basis of the criteria listed below.
The subjects were followed up until July 2016.

Abdominal CT examination

A multidetector-row CT examination was performed using
a GE LightSpeed (GE Healthcare, Milwaukee, Wisconsin,
USA). An index image was obtained before scanning, and
the umbilicus to L4-5 level was identified as described
previously [19, 20]. Horizontal images were obtained at
400 mA and 120 kVp, with a scan time of 1.0 s. The range
of CT values covered the optimal range for adipose tissue,
i.e., from — 150 to —40.14. Data were stored and analyzed
with GE advantage workstation Ver.4.0.

Carotid ultrasonography

An experienced examiner blinded to the patient data per-
formed high-resolution duplex carotid ultrasonography with
a 7.5-MHz duplex scanner (Aplio XG; Toshiba, Tokyo,
Japan) as described previously [21, 22]. The common and
internal carotid arteries were scanned cross-sectionally and
longitudinally to estimate the presence and distribution of
atherosclerotic plaques. The entire lengths of both com-
mon carotid arteries and both internal carotid arteries were
scanned up to approximately 20 mm distal to the tip of the
carotid bifurcation. IMT measurements were obtained to
identify the thickest region of the arterial wall according to
an international consensus report [23].

Definition of comorbidities and primary causes
of CKD

Hypertension was defined as SBP > 140 mmHg or
DBP >90 mmHg or taking an antihypertensive agent.
Hyperuricemia was defined as a serum UA level >7.0 mg/dL
or taking an antihyperuricemic agent. Diabetes mellitus was
defined as HbA1C > 6.5%, a history of diagnosis of diabetes

@ Springer

mellitus, or taking an antidiabetic agent. Hypertriglyceri-
demia was defined as a serum TG level > 150 mg/dL. Low
HDL-C was defined as a serum HDL-C level <43 mg/dL
among male patients and <48 mg/dL among female patients.
High LDL-C was defined as a serum LDL-C level > 140 mg/
dL. High TC was defined as a serum TC level > 220 mg/dL.

Diabetic nephropathy, chronic glomerulonephritis and
nephrosclerosis were defined by biopsies or by a clinical
diagnosis by the physician in charge.

Definition of subcohorts

Two conventional attributes of CKD, age (>70 vs. <70) [24]
and sex (male vs. female) [25], were used for stratification
analyses and cross-classification analyses. In this study, we
initially examined the prognostic factors of CKD in the total
cohort and subsequently divided the patients into two sub-
cohorts by age and sex. Finally, we made four subcohorts
by multiplying the two attributes for cross-classification. As
patients were categorized into four mutually exclusive pre-
specified subcohorts on the basis of cross-classification, we
were able to investigate the progression of CKD in a total
of four subcohorts.

Outcome evaluation (end point)

The outcome variable of interest was kidney disease pro-
gression, which was defined as a>30% decline in eGFR
[26] from baseline or the development of ESRD requiring
dialysis.

Statistical analysis

Continuous variables are reported as mean + standard devia-
tion or as medians (interquartile ranges). Categorical vari-
ables are reported as percentages, unless otherwise stated.
Group differences were evaluated using an unpaired 7 test,
the Mann—Whitney U test, the Chi-square test, or Fisher’s
exact test.

The correlations between serum HDL-C values and the
other variables were assessed using Pearson’s correlation
coefficients. The optimal cutoff serum HDL-C value for
discriminating a>30% eGFR decline or ESRD during fol-
low-up examinations was determined by receiver operating
characteristic (ROC) analysis. Prognostic variables for renal
outcome were assessed by univariate and multivariate Cox
proportional hazards methods. Univariate Cox regression
analyses were performed, and variables with P values <0.1,
age, sex, and eGFR were candidates for multivariate analy-
ses. Kidney disease progression, defined as a>30% eGFR
decline or development of ESRD, and interval estimates
between the low HDL-C and high HDL-C groups were
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estimated by the Kaplan—Meier method and evaluated by
the log-rank test.

To further assess whether associations were consistent
across clinically matched subgroups, we fit propensity score-
matched models that included several potential modifying
variables (age, sex, eGFR, MBP) and performed subgroup
analyses. The caliper-matching method was used with a
maximum tolerance level of 0.1. Standardized differences
were estimated to assess the appropriateness of matching,
and 95% confidence intervals (CIs) were calculated. P val-
ues < 0.05 were considered statistically significant. All statis-
tical analyses were performed using the JMP Pro ver.12.1.0
software program (SAS Institute, Cary, NC, USA).

Results
Patient characteristics

The 120 subjects consisted of 60 male patients and 60 female
patients, and their mean age at baseline was 58.6+ 13.6 years
(range 24-84 years). As shown in Table 1, the mean
SBP was 125.7+7.4 mmHg, DBP 76.4+ 6.4 mmHg,
MBP 92.8 + 6.5 mmHg, BMI 23.7 +3.6 kg/m?, VFA
119.6 £60.2 cm?, IMT 1.46 +0.82 mm, urinary protein
excretion 0.49 +0.79 g/day, and eGFR 57.9 +22.8 mL/
min/1.73 m?. The concomitant drug data showed that 80 sub-
jects were being treated with an antihypertensive agent, 41
with a urate-lowering agent, 15 with an antidiabetic agent,
14 with a corticosteroid, 3 with an immunosuppressive
agent, and 32 with a diuretic. The comorbidity data showed
that 80 patients had hypertension, 55 had hyperuricemia,
41 had high TC, 33 had high LDL-C, 40 had hypertriglyc-
eridemia, and 23 had diabetes mellitus. The median dura-
tion of follow-up was 112.8 months (interquartile range
64.6-115.6 months), during which 4 patients died, 17 were
lost to follow-up, and 33 reached the end point (>30% eGFR
decline or ESRD). The characteristics of the subcohorts at
baseline are shown in Tables 1b and S1.

Serum HDL-C cutoff value as a predictor of kidney
disease progression

We performed ROC analyses to identify the optimal serum
HDL-C cutoff value for discriminating a >30% eGFR
decline or ESRD during the follow-up examination. The
results revealed an optimal cutoff value of <43 mg/dL
for male patients (area under the curve =0.65, sensitiv-
ity =52.4%, specificity =63.0%, Fig. 2a) and <48 mg/dL
for female patients (area under the curve =0.60, sensitiv-
ity =41.7%, specificity =75.0%, Fig. 2b).

Comparison between clinical findings according
to serum HDL-C values in the total cohort

We compared the clinical characteristics of the two groups
established according to serum HDL-C values at base-
line (Table 1). The baseline serum HDL-C (39.6 5.6 vs.
62.3+12.8 mg/dL, P<0.0001), serum albumin (4.01 +0.33
vs. 4.26+0.31, P=0.0002), hemoglobin (12.6 +2.1 vs.
13.5+1.6, P=0.0081), eGFR (47.4+£25.6 vs. 61.4+21.8,
P=0.0043), and serum TC (191.7+37.0 vs. 210.9+33.5,
P=0.0101) values of the low HDL-C group were sig-
nificantly lower than those of the high HDL-C group.
Conversely, the VFA (143.3+65.9 vs. 111.7+58.2 cm?,
P=0.0143), TG (160.1 +78.4 vs. 127.7+60.9, P=0.0207),
and urinary protein excretion [0.48 (0.12-1.77) vs. 0.05
(0.00-0.39) g/day, P=0.0005] values of the low HDL-C
group were significantly higher than those of the high
HDL-C group.

Low HDL-C as a prognostic indicator in CKD patients

We performed a Kaplan—Meier analysis to assess kidney
survival, using a>30% eGFR decline or ESRD as the end
point. The analysis showed that the kidney survival rate
in the low HDL-C group was significantly lower than that
in the high HDL-C group (Fig. 3a). At the 100-month fol-
low-up examination, a decrease in eGFR value of at least
a 30% was observed in 45.8% of the low HDL-C group.
However, the results showed a marked difference in the
age-stratified analyses. Although the analysis in the cohort
of patients <70 years old showed a significantly lower
kidney survival rate in the low HDL-C group than in the
high HDL-C group, the results of analysis in the cohort
of patients > 70 years old showed no differences between
the groups (Fig. 3b, c). The Kaplan—Meier analyses also
showed that in the male, female, male <70 years, and
female < 70 years subcohort, the kidney survival rate of the
CKD patients in the low HDL-C group was significantly
lower than of those in the high HDL-C group (Fig. 4).

To determine whether a low HDL-C value was an inde-
pendent predictor of a decline in renal function, we per-
formed univariate and multivariate regression analyses on
the basis of the Cox hazard model for associations between
the clinical findings and a>30% eGFR decline or ESRD
during the follow-up period (Table 2; Appendix, Table S2).
The multivariate Cox regression analyses showed significant
associations between eGFR (10 mL/min/1.73 m? increase)
[hazard ratio (HR) 0.64, 95% CI (0.46-0.86), P =0.0045],
low HDL-C [HR 4.80, 95% CI (1.44-15.46), P=0.0090],
male sex [HR 3.14, 95% CI (1.15-8.83), P=0.0265],
and serum albumin (1 g/dL increase) [HR 0.19, 95% CI
(0.04-0.92), p=0.0403] and a >30% eGFR decline or ESRD
(Table 2a).
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Table 1 Patient characteristics according to baseline serum HDL cholesterol levels. (a) Total cohort, n=120. (b) Cohort of patients <70 years
old, n=90

Variables Total Low HDL-C group High HDL-C group P value Standardized
n=120 n=30 n=90 differences

(a) Total cohort, n=120
Clinical findings

Age (years) 58.6+13.6 62.6+11.2 57.3+14.1 0.0622 0.416
Sex (Male; %) 50.0 56.7 47.8 0.3991 0.179
SBP (mmHg) 125.7+7.4 127.7+5.0 125.0+8.0 0.0875 0.405
DBP (mmHg) 76.4+6.4 75.8+6.4 76.6+6.4 0.5315 0.125
MBP (mmHg) 92.8+6.5 93.1+5.6 92.8+6.8 0.8121 0.048
BMI (kg/m?) 23.7+3.6 242435 23.6+3.6 0.3790 0.169
Visceral fat area (cm?) 119.6+61.5 143.3+65.9 111.7+58.2 0.0143 0.508
Subcutaneous fat area (cm?) 174.9+82.9 184.3+92.5 171.8+79.8 0.4755 0.145
IMT (mm) 1.46+0.82 1.52+0.79 1.44+0.83 0.6498 0.099
Laboratory findings

Serum albumin (g/dL) 4.19+0.33 4.01+0.33 4.26+0.31 0.0002 0.781
Hemoglobin (g/dL) 13.3+1.7 12.6+2.1 13.5+1.6 0.0081 0.482
Serum creatinine (mg/dL) 1.20+0.90 1.66+1.34 1.04+0.64 0.0010 0.590
eGFR (mL/min/1.73 m?) 57.9+235 4744256 61.4+21.8 0.0043 0.589
Uric acid (mg/dL) 5.67+1.50 6.05+1.43 5.55+1.50 0.1142 0.341
Triglyceride (mg/dL) 135.8+66.8 160.1+78.4 127.7+60.9 0.0207 0.462
Total cholesterol (mg/dL) 206.2+35.2 191.7+37.0 210.9+33.5 0.0101 0.544
LDL cholesterol (mg/dL) 122.4+32.1 119.6 +£31.8 12324323 0.6013 0.112
HDL cholesterol (mg/dL) 56.7+15.1 39.6+5.6 62.3+12.8 <0.0001 2.298
L/H ratio 2.27+0.80 2.92+0.84 2.05+0.66 <0.0001 1.152
TC/HDL-C ratio 3.83+0.98 4.89+0.86 3.49+0.75 <0.0001 1.735
TG/HDL-C ratio 2.70+£1.82 4.24+2.41 2.19+1.21 <0.0001 1.075
RLP cholesterol (mg/dL) 6.01+3.45 7.67+4.80 5.53+2.81 0.0084 0.544
Hemoglobin Alc (NGSP) (%) 6.08 +1.02 6.36+1.26 5.98+0.93 0.1442 0.343
Hs-CRP (ng/mL) 1032.4+2537.1 965.5+1172.6 1054.7 +2856.0 0.8683 0.041
U-Prot (g/day) 0.13 (0.00-0.58) 0.48 (0.12-1.77) 0.05 (0.00-0.39) 0.0005 0.702
Primary cause of CKD

Diabetic nephropathy (%) 10.8 16.7 8.9 0.3072 0.235
CGN (%) 50.8 36.7 55.6 0.0731 0.386
Nephrosclerosis (%) 15.8 233 13.3 0.2475 0.261
Others (%) 22.5 23.3 222 0.8996 0.026
Concomitant drugs

Antihypertensive agents (%) 66.7 63.3 67.8 0.6547 0.095
ARB and or ACEI 51.7 56.7 50.0 0.5269 0.135
Ca blockade 31.7 40.0 28.9 0.2663 0.235
Antihyperuricemic agents (%) 342 333 34.4 0.9115 0.023
Antidiabetic agents (%) 12.5 23.3 8.9 0.0383 0.400
Corticosteroids (%) 11.7 0.0 15.6 0.0215 0.608
Immunosuppressants (%) 2.5 0.0 33 0.5722 0.261
Diuretics (%) 26.7 30.0 25.6 0.6336 0.098
Comorbidities

Hypertension (%) 66.7 63.3 67.8 0.6547 0.095
Hyperuricemia (%) 45.8 60.0 41.1 0.0721 0.385
Hypertriglyceridemia (%) 333 46.7 28.9 0.0736 0.373
High total cholesterol (%) 34.2 23.3 37.8 0.1486 0.319
High LDL cholesterol (%) 27.5 23.3 28.9 0.5551 0.128
Diabetes mellitus (%) 19.2 333 14.4 0.0228 0.455
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Table 1 (continued)
Variables Total Male Female P value
n=90 n=44 n=46
(b) Cohort of patients < 70 years old, n = 90
Clinical findings
Age (years) 53.1+10.9 533+11.0 53.0+11.0 0.9220
SBP (mmHg) 125.5+8.2 127.2+8.2 123.8+7.9 0.0485
DBP (mmHg) 76.5+6.8 77.8+7.1 753+6.2 0.0793
MBP (mmHg) 92.8+7.1 943+7.3 91.5+6.6 0.0605
BMI (kg/m?) 23.8+3.7 245+3.5 23.1+3.8 0.0772
Visceral fat area (cm?) 112.5+58.2 138.2+60.1 88.0+48.2 <0.0001
Subcutaneous fat area (cm?) 178.4+85.2 153.0+63.9 202.8+95.6 0.0048
IMT (mm) 1.33+0.70 1.66+0.84 1.02+0.35 <0.0001
Laboratory findings
Serum albumin (g/dL) 4.25+0.30 4.21+0.39 4.28+0.24 0.2829
Hemoglobin (g/dL) 13.6+1.7 14.1+2.0 13.1+1.2 0.0047
Serum creatinine (mg/dL) 1.16+0.82 1.39+0.99 0.95+0.76 0.0188
¢GFR (mL/min/1.73 m?) 61.0+22.3 57.8+23.8 64.0+23.1 0.2100
Uric acid (mg/dL) 5.61+1.45 6.40+1.11 485+141 <0.0001
Triglyceride (mg/dL) 135.7+65.0 150.0+£67.8 121.9+62.6 0.0437
Total cholesterol (mg/dL) 209.5+34.1 202.6+30.4 216.0+36.8 0.0621
LDL cholesterol (mg/dL) 124.0+32.3 121.7+30.1 126.3+34.1 0.4988
HDL cholesterol (mg/dL) 583+12.1 509+11.4 65.3+152 <0.0001
L/H ratio 2.27+0.69 2.51+0.81 2.04+0.76 0.0062
TC/HDL-C ratio 3.80+0.80 4.15+1.00 3.46+0.89 0.0007
TG/HDL-C ratio 2.60+1.48 321+1.92 2.02+1.21 0.0007
RLP cholesterol (mg/dL) 5.97+3.54 6.48+3.82 5.49+3.40 0.2220
Hemoglobin Alc (NGSP) (%) 6.01+0.93 6.15+1.09 5.83+0.73 0.1809
Hs-CRP (ng/mL) 670+973.0 825.3+1195.8 521.4+685.0 0.1405
U-Prot (g/day) 0.22 (0.01-0.63) 0.27 (0.01-0.82) 0.14 (0.00-0.50) 0.1204
Primary cause of CKD
Diabetic nephropathy (%) 11.1 26.3 7.0 0.0316
CGN (%) 53.3 36.8 57.8 0.1255
Nephrosclerosis (%) 14.4 21.1 12.7 0.4613
Others (%) 21.1 15.8 22.5 0.7531
Concomitant drugs
Antihypertensive agents (%) 63.3 70.5 56.5 0.1703
ARB and or ACEI 52.2 57.9 50.7 0.6147
Ca blockade 26.7 31.6 254 0.5723
Antihyperuricemic agents (%) 36.7 54.6 19.6 0.0006
Antidiabetic agents (%) 8.9 6.5 11.4 0.4198
Corticosteroids (%) 12.2 11.4 13.0 0.8078
Immunosuppressants (%) 22 2.3 22 1.0000
Diuretics (%) 27.8 31.8 23.9 0.4026
Comorbidities
Hypertension (%) 63.3 70.5 56.5 0.1703
Hyperuricemia (%) 46.7 70.5 239 <0.0001
Hypertriglyceridemia (%) 31.1 38.6 239 0.1315
High total cholesterol (%) 37.8 27.3 47.8 0.0444
High LDL cholesterol (%) 28.9 22.7 34.8 0.2072
Low HDL cholesterol (%) 21.1 27.3 15.2 0.2072
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Table 1 (continued)

Variables Total Male Female P value
n=90 n=44 n=46
Diabetes mellitus (%) 16.7 20.5 13.0 0.1613

n number, SBP systolic blood pressure, DBP diastolic blood pressure, MBP mean blood pressure, BMI body mass index, /IMT maximum carotid
intima-media thickness, eGFR estimated glomerular filtration rate, L/H ratio LDL cholesterol-to-HDL cholesterol ratio, 7C total cholesterol,
HDL-C high-density lipoprotein cholesterol, TG triglyceride, RLP remnant lipoprotein, Hs-CRP high-sensitivity C-reactive protein, U-Prot Uri-
nary protein excretion, CGN chronic glomerulonephritis

Continuous variables are expressed as mean +standard deviation or median (interquartile range). Categorical variables are expressed as percent-

ages

Fig.2 Receiver operating char- A Male
acteristic analysis to identify the 1.0
optimal serum HDL-C cutoff
value for predicting an eGFR
decline by >30% from baseline 0.8
or ESRD during the follow-up
examination period. (a male; 3’ 0.6
b female). ESRD end-stage g '
renal disease, eGFR estimated B
glomerular filtration rate, vs. 5 0.4
versus, HDL-C high-density n
lipoprotein cholesterol
0.2
0.0

0.0 0.2 04

1-Specificity

Cut-off value of HDL-C = 43.0 mg/dL
(Sensitivity: 52.4%, Specificity: 63.0%)

The results of the age-stratified analyses in the cohort
of patients < 70 years old showed significant associations
between eGFR (10 mL/min/1.73 m? increase) [HR 0.71,
95% CI (0.50-0.98), P=0.0396] and low HDL-C (vs. no)
[HR 4.96, 95% CI (1.34-19.41), P=0.0165] and a>30%
eGFR decline or ESRD (Table 2b). The analysis in the
cohort of patients > 70 years old showed an association
between male sex [HR 16.83, 95% CI (2.70-189.99),
P=0.0015] and a>30% eGFR decline or ESRD (Appen-
dix, Table S2A). The other subgroup analyses using a
multivariate Cox regression model showed that the serum
HDL-C value was a prognostic indicator for CKD pro-
gression in the female [HR 4.19, 95% CI (1.05-16.42),
P =0.0423] (Table 2c) and female < 70-year-old sub-
cohorts [HR 13.86, 95% CI (2.43-114.41), P=0.0033]
(Table 2d) but not the male subcohort (Table 2e).

Correlations between serum HDL-C levels and other
parameters

As the serum HDL-C levels may have been affected by
confounders, the baseline serum HDL-C levels were
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tested for correlations with the clinical and laboratory
parameters at baseline. As shown in Table 3, the serum
HDL-C levels were significantly correlated with the SBP
(r=-0.34, P=0.0002), MBP (r=-0.21, p=0.0192),
VFA (r=-0.43, P<0.0001, Fig. 5¢), IMT (r=0.32,
P=0.0003, Fig. 5d), serum albumin (r=0.29, P=0.0012),
serum creatinine (r=—0.32, P=0.0003), eGFR (r=0.26,
P=0.0037, Fig. 5a), serum UA (r=-0.35, P <0.0001),
serum TG (r=-0.36, P<0.0001), serum TC (r=0.34,
P=0.0002), serum remnant lipoprotein cholesterol (RLP)
(r=-20.29, P=0.0034), and urinary protein excretion
(r=-0.33, P=0.0003). There was no correlation between
serum HDL-C and age.

We also conducted sex- and age-stratified correlation
analyses (Table 3; Appendix, Table S3). The sex-stratified
univariate correlation analyses showed that serum HDL-C
levels were negatively correlated with SBP and MBP in
female patients and with urine protein excretion in male
patients. VFA was also negatively correlated with the serum
HDL-C levels in both male patients and female patients,
and SFA was correlated with the serum HDL-C levels only
in female patients (Table 3). The multivariate correlation
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A Total cohort, n =120
1.0
= 0.8
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(7]
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k= Low HDL-C group
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log rank P <0.0001
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Number at risk
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C .
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Fig.3 Kidney survival rate of the low HDL-C group and the high
HDL-C group in the total cohort (a), the cohort of patients > 70 years
old (b), the cohort of patients <70 years old (c¢), and the propensity

analyses showed that there were significant correlations
between VFA and the serum HDL-C levels in both male
patients and female patients (Table 4). In the age-stratified
univariate analyses based on the cutoff age of 70 years,
the correlation coefficients of patients under 70 years old
were almost the same as those of the total cohort (Appen-
dix, Table S3). In contrast, because of the small number of
patients (number =30), there were few significant correla-
tions in the cohort older than 70 years (Appendix, Table S3).
The multivariate correlation analyses in the under 70-year-
old cohort showed that male sex, VFA, and serum albumin
levels were significantly correlated with the serum HDL-C
levels (Appendix, Table S4).

Comparisons between clinical and laboratory
findings according to HDL-C levels in the propensity
score-matched cohorts

To assess whether the associations between serum HDL-C
levels and eGFR decline were consistent across the clinically

B Cohort of patients 2 70 years old, n =30
1.0
E 0.8 Low HDL-C group
E 0.6
n
E,‘ 0.4 High HDL-C group
2
X 0.2
log rank P=0.6551
0.0
0 20 40 60 80 100 120
Number at risk
HighHDL-C 19 19 16 12 8 7 (Months)
LowHDL-C 11 1 9 9 8 7
D Propensity score matched cohort
(patients < 70 years old), n =26
1.0
E 0.8 High HDL-C group
g 0.6
»
2 0.4 Low HDL-C group
3
X 0.2
log rank P=0.0364
0.0
0 20 40 60 80 100 120
Number at risk
HighHDL-C 13 13 12 12 " 10 (Months)
LowHDL-C 13 13 12 10 8 7

score-matched cohort (patients < 70 years old) (d). HDL-C high-den-
sity lipoprotein cholesterol

matched subgroups, we created propensity score-matched
models that included potential modifying variables (age, sex,
eGFR, MBP) and performed subgroup analyses. We cre-
ated a propensity score-matched cohort of the low HDL-C
and high HDL-C groups, and the comparisons between the
clinical and laboratory findings in the two groups at baseline
are summarized in Table 5. In the propensity score-matched
cohort (patients < 70 years old), the kidney survival rate of
the CKD patients in the low HDL-C group was significantly
lower than of those in the high HDL-C group (Fig. 3d).

Discussion

A recent Mendelian randomization study suggested a robust
causal association between HDL cholesterol concentration
and GFR but not LDL cholesterol concentration [27]. In
our study, low HDL cholesterol was an independent risk
factor for CKD progression on multivariate Cox analysis,
and there was no association between eGFR decline and
LDL-C or TG. Of interest, our data indicated that low serum
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Fig.4 Kidney survival rate of the low HDL-C group and the high HDL-C group in the male cohort (a), the cohort of male patients <70 years
old (b), the female cohort (¢), and the cohort of female patients < 70 years old (d). HDL-C high-density lipoprotein cholesterol

HDL cholesterol had the strongest association with decline
in eGFR among lipid factors, such as hypertriglyceridemia,
high TC, high LDL-C, LDL cholesterol-to-HDL cholesterol
ratio (L/H ratio), TC/HDL-C ratio, TG/HDL-C ratio, and
RLP cholesterol (Table 2A). The TG/HDL-C ratio is thought
to be an indicator of insulin resistance, and an association
between TG/HDL-C and albuminuria has been reported
[28]. In 2015, Tsuruya et al. [29] reported that higher quar-
tile TG/HDL-C ratios were significantly associated with a
decline in eGFR and an increase in urinary protein excre-
tion over a 2-year study period. In their study, serum HDL
cholesterol level, which was correlated with the TG/HDL-C
ratio, was also an independent risk factor for a decline in
eGFR. Our longer follow-up study (median duration was
112.8 months) showed that low serum HDL cholesterol had
a stronger association with a decline in eGFR than with the
TG/HDL-C ratio. The reasons for these differences are not
clear; however, we believe that the antioxidant and anti-
inflammatory properties of HDL cholesterol themselves play
crucial roles in the progression of CKD [30].
Dyslipidemia in CKD is characterized by a diminished
plasma HDL concentration; impaired HDL antioxidant
and anti-inflammatory activities; and elevated plasma
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triglyceride, very low-density lipoprotein, intermediate den-
sity lipoprotein, chylomicron remnant, and oxidized lipid
and lipoprotein levels [31]. It is considered that a vicious
cycle is formed between the progression of renal dysfunction
and dyslipidemia [32], and an atherogenic profile may exist
behind this cycle [1].

Hwang et al. [33] recently reported that baseline VFA
was an independent predictor of the future development of
atherogenic dyslipidemia. Visceral fat is a key regulator of
numerous adipokines and cytokines and has been found to
be associated with insulin resistance, metabolic syndrome,
and diabetes [34]. Increased visceral fat causes a decrease
in adiponectin and promotes arteriosclerosis owing to
increased secretion of adipocytokines, such as tumor necro-
sis factor-a, resistin, and plasminogen activator inhibitor-1.
In addition, visceral fat promotes insulin resistance and con-
tributes to dyslipidemia, including low HDL-C; has higher
metabolic activity than subcutaneous fat; accelerates fat
synthesis and decomposition; and releases metabolite free
fatty acids (FFAs) to the portal vein. FFAs flow into the
liver through the portal vein, promote TG and cholesterol
syntheses, suppress insulin catabolism, and cause hyperin-
sulinemia. In visceral fat obesity, production of sex hormone
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Table 2 Univariate and

multivariate analysis of risk
factors associated with a>30%
eGFR decline or ESRD. (a)
Total cohort, n=120. (b)
Cohort of patients <70 years

old, n=90. (c) Female,

n=060. (d) Female cohort of
patients < 70 years old, n=46.

(e) Male, n=60

1449

Variables Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
(a) Total cohort, n=120
Age (1-year increase) 1.03 (1.01-1.07) 0.02 1.00 (0.96-1.03) 0.8740
Male (vs. female) 2.44 (1.22-5.13) 0.01 3.14 (1.15-8.83) 0.0265
BMI (kg/m?) 0.99 (0.90-1.09) 0.9 - -
eGFR (10 mL/min/1.73 m? increase) 0.56 (0.46-0.67) <0.0001 0.64 (0.46-0.86) 0.0045
Hemoglobin (1 g/dL increase) 0.58 (0.47-0.71) <0.0001 0.91 (0.65-1.29) 0.6098
Serum albumin (1 g/dL increase) 0.04 (0.01-0.17) <0.0001 0.19 (0.04-0.92) 0.0403
Hypertriglyceridemia (vs. no) 1.18 (0.60-2.38) 0.6 - -
High total cholesterol (vs. no) 0.73 (0.33-1.49) 0.4 - -
High LDL cholesterol (vs. no) 1.09 (0.49-2.22) 0.8 - -
Low HDL cholesterol (vs. no) 3.63 (1.81-7.23) 0.0004 4.80 (1.44-15.46) 0.0090
L/H ratio 1.54 (1.01-2.32) 0.05 0.04 (0.00-4.81) 0.1331
TC/HDL-C ratio 1.48 (1.06-2.03) 0.02 22.84 (0.18-1385.59) 0.1551
TG/HDL-C ratio 1.16 (0.98-1.32) 0.08 0.41 (0.17-1.11) 0.0521
RLP cholesterol (mg/dL) 0.73 (0.19-12.46) 0.2 - -
Hypertension (vs. no) 1.86 (0.87-4.40) 0.2 - -
Diabetes mellitus (vs. no) 3.04 (1.45-6.11) 0.004  2.07 (0.69-6.06) 0.1815
Hyperuricemia (vs. no) 5.00 (2.40-11.40) <0.0001 1.75(0.63-5.11) 0.2868
(b) Cohort of patients <70 years old, n = 90
Age (1-year increase) 1.05 (1.00-1.10) 0.0548 1.01 (0.95-1.07) 0.7926
Male (vs. female) 2.51 (1.07-6.30) 0.0334 1.53(0.51-4.72) 0.4491
BMI (kg/m?) 0.98 (0.87-1.11) 0.7547 - -
eGFR (10 mL/min/1.73 m? increase) 0.53 (0.41-0.65) <0.0001 0.71 (0.50-0.98) 0.0396
Hemoglobin (1 g/dL increase) 0.55 (0.42-0.71) <0.0001 0.96 (0.65-1.42) 0.0856
Serum albumin (1 g/dL increase) 0.04 (0.01-0.13) <0.0001 0.48 (0.07-3.33) 0.4531
Low HDL cholesterol (vs. no) 6.52 (2.79-15.58) <0.0001 4.96 (1.34-19.41) 0.0165
Hypertension (vs. no) 3.04 (1.13-10.53) 0.0256 2.80 (0.71-14.53) 0.1489
Diabetes mellitus (vs. no) 3.67 (1.34-7.88) 0.0113 1.24 (0.31-4.30) 0.7528
Hyperuricemia (vs. no) 11.85 (4.01-50.57) <0.0001 3.69 (0.87-20.05) 0.0773
(c) Female, n = 60
Age (1-year increase) 1.04 (0.99-1.10) 0.0900 1.00 (0.95-1.06) 0.9713
BMI (kg/m?) 1.01 (0.87-1.18) 0.8559 - -
eGFR (10 mL/min/1.73 m? increase) 0.58 (0.41-0.77) 0.0001 0.67 (0.44-0.99) 0.0444
Hemoglobin (1 g/dL increase) 0.59 (0.40-0.89) 0.0115 0.84 (0.53-1.34) 0.4533
Serum albumin (1 g/dL increase) 0.42 (0.05-3.60) 0.4255 - -
Low HDL cholesterol (vs. no) 3.05 (0.90-9.57) 0.0707 4.19 (1.05-16.42) 0.0423
Hypertension (vs. no) 1.04 (0.33-3.52) 0.9448 — -
Diabetes mellitus (vs. no) 2.73 (0.60-9.20) 0.1701 - -
Hyperuricemia (vs. no) 5.83 (1.85-19.72) 0.0030 2.66 (0.51-12.57) 0.2360
(d) Female cohort of patients <70 years old
Age (1-year increase) 1.07 (0.99-1.20) 0.0966 1.03 (0.94-1.15) 0.5290
BMI (kg/m?) 0.98 (0.81-1.17) 0.8281 — -
¢GFR (10 mL/min/1.73 m? increase) 0.53 (0.35-0.75) 0.0002 0.51 (0.27-0.85) 0.0084
Hemoglobin (1 g/dL increase) 0.65 (0.36-1.16) 0.1458 — -
Serum albumin (1 g/dL increase) 2.08 (0.12-56.20) 0.6263 — -
Low HDL cholesterol (vs. no) 7.48 (1.76-31.74) 0.0082 13.86(2.43-114.41)  0.0033
Hypertension (vs. no) 2.33(0.54-15.89) 0.2729 - -
Diabetes mellitus (vs. no) 2.18 (0.32-9.50) 0.3734 - -
Hyperuricemia (vs. no) 12.51 (2.87-85.57) 0.0007  2.76 (0.44-23.57) 0.2844
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Table2 (continued) Variables Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

(e) Male, n=60

Age (I-year increase) 1.03 (0.99-1.07) 0.1483 0.98 (0.94-1.03) 05214
BMI (kg/m?) 0.93 (0.80-1.07) 0.3079 - -

eGFR (10 mL/min/1.73 m? increase) 0.55 (0.42-0.69) <0.0001 0.68 (0.44-1.01) 0.0579
Hemoglobin (1 g/dL increase) 0.52 (0.40-0.65) <0.0001 0.97 (0.57-1.55) 0.9054
Serum albumin (1 g/dL increase) 0.02 (0.01-0.08) <0.0001 0.07 (0.01-0.44) 0.0050
Low HDL cholesterol (vs. no) 3.65 (1.53-8.82) 0.0032 1.57 (0.43-5.59) 0.4892
Hypertension (vs. no) 2.50 (0.85-10.79) 0.0994 1.59 (0.39-8.33) 0.5352
Diabetes mellitus (vs. no) 2.64 (1.07-6.25) 0.0353 0.89 (0.20-3.34) 0.8643
Hyperuricemia (vs. no) 3.31 (1.22-11.53) 0.0169 1.22 (0.34-5.00) 0.7618

ESRD end-stage renal disease, n number, CI confidence interval, BMI body mass index, eGFR estimated
glomerular filtration rate, vs. versus, L/H ratio LDL cholesterol-to-HDL cholesterol ratio, 7C total choles-
terol, HDL-C high-density lipoprotein cholesterol, TG triglyceride, RLP remnant lipoprotein

Variables with P values<0.1 in the univariate model, such as age, sex, and eGFR were included in the
multivariate model

Table 3 Coefficients of the

. Variables Total, n=120 Male, n=60 Female, n=60

correlation between serum

HDL cholesterol levels and r P value r P value r P value

continuous variables (cohort of

total, male, and female) Clinical findings
Age (years) -0.14 0.1189 —0.08 0.5388 -0.18 0.1576
SBP (mmHg) —-0.34 0.0002 -0.12 0.3500 —-0.40 0.0017
DBP (mmHg) -0.13 0.1589 0.09 0.4876 -0.24 0.0643
MBP (mmHg) -0.21 0.0192 0.02 0.8919 -0.31 0.0164
BMI (kg/m?) -0.25 0.0061 —0.08 0.5588 -0.28 0.0002
Visceral fat area (cm?) -0.43 < 0.0001 -0.33 0.0094 -0.32 0.0137
Subcutaneous fat area (cm?) -0.06 0.5191 -0.06 0.6708 -0.30 0.0215
IMT (mm) —-0.32 0.0003 -0.22 0.0888 -0.12 0.3663
Laboratory findings
Serum albumin (g/dL) 0.29 0.0012 0.37 0.0033 0.27 0.0345
Hemoglobin (g/dL) 0.03 0.7730 0.25 0.0527 0.10 0.4653
Serum creatinine (mg/dL) -0.32 0.0003 -0.31 0.0168 -0.18 0.1729
eGFR (mL/min/1.73 m?) 0.26 0.0037 0.23 0.0709 0.24 0.0685
Uric acid (mg/dL) -0.35 < 0.0001 —0.30 0.0216 -0.14 0.3004
Triglyceride (mg/dL) -0.36 < 0.0001 —-0.38 0.0031 -0.29 0.0272
Total cholesterol (mg/dL) 0.34 0.0002 0.23 0.0722 0.29 0.0251
LDL cholesterol (mg/dL) 0.06 0.5333 0.04 0.7522 0.03 0.8466
L/H ratio —-0.61 < 0.0001 —0.62 < 0.0001 -0.55 < 0.0001
TC/HDL-C ratio -0.75 < 0.0001 -0.75 < 0.0001 -0.73 < 0.0001
TG/HDL-C ratio —0.63 < 0.0001 —0.64 < 0.0001 -0.59 < 0.0001
RLP cholesterol (mg/dL) -0.29 0.0034 -0.46 0.0008 -0.17 0.4092
Hemoglobin Alc (NGSP) (%) -0.17 0.1150 -0.28 0.0668 -0.10 0.5262
Hs-CRP (ng/mL) -0.04 0.6989 —0.05 0.7008 —0.01 0.9223
U-Prot (g/day) -0.33 0.0003 -0.33 0.0096 -0.19 0.1501

n number, SBP systolic blood pressure, DBP diastolic blood pressure, MBP mean blood pressure, BMI
body mass index, /IMT maximum carotid intima-media thickness, eGFR estimated glomerular filtration
rate, L/H ratio LDL cholesterol-to-HDL cholesterol ratio, 7C total cholesterol, HDL-C high-density lipo-
protein cholesterol, 7G triglyceride, RLP remnant lipoprotein, Hs-CRP high-sensitivity C-reactive protein,
U-Prot urinary protein excretion
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Fig.5 Relationship between serum HDL-C levels and eGFR (a), triglyceride (b), visceral fat area (c¢), and maximum carotid intima-media thick-
ness (d). eGFR estimated glomerular filtration rate, HDL-C high-density lipoprotein cholesterol

Table 4 Correlations between

Variables Total, n=120 Male, n=60 Female, n=60
serum HDL cholesterol
and continuous variables: p P value p P value p P value
multivariate regression analysis
(cohort of total, male, and Male (vs. female) —-0.26 0.0040 - - - -
female) Age (years) 0.03 0.6853 0.04 0.7811 0.02 0.8787
Visceral fat area (cm?) -0.29 0.0013 -0.32 0.0129 -0.29 0.0369
Serum albumin (g/dL) 0.21 0.0164 0.25 0.0819 0.22 0.1067
eGFR (mL/min/1.73 m?) 0.09 0.3490 0.13 0.4076 0.11 0.4234
Uric acid (mg/dL) —0.11 0.2473 —-0.20 0.1304 - -

n number, eGFR estimated glomerular filtration rate

Variables with P values <0.1 in the univariate model were included in the multivariate model. Factors
related to blood pressure, lipid-related factors, urine protein excretion, and maximum carotid intima-media
thickness were not included in consideration of causality

binding globulin (SHBG) in the liver is decreased, which
causes an increase in free testosterone and estradiol in the
blood and affects lipid metabolism. Low serum HDL-C lev-
els have been identified as a risk factor for metabolic syn-
drome [14]. The present study showed that serum HDL-C
was significantly correlated with VFA and IMT (Fig. 5c, d).
This may suggest that increasing VFA leads to low serum
HDL-C levels, which are a risk factor for CKD progression

through an atherogenic mechanism. The adipokines secreted
by adipose tissue have proinflammatory, atherogenic, and
oxidative effects [35]. Overweightness and obesity induce
glomerular hypertrophy and focal segmental glomeruloscle-
rosis, which accelerate the progression of kidney disease
[36, 37]. It has been reported that focal segmental glomeru-
losclerosis is associated with more severe proteinuria [38].
It has also been shown that low levels of serum HDL-C are
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Table 5 Patient characteristics according to baseline serum HDL cholesterol levels (propensity score-matched cohort of patients <70 years old,

n=26)

Variables Total Low HDL-C group High HDL-C group P value Standardized
n=26 n=13 n=13 differences
Clinical findings
Age (years) 54.5+10.5 55.2+10.5 53.7+10.6 0.7133 0.142
Sex (male; %) 50.0 539 46.2 1.0000 0.154
SBP (mmHg) 127.0+5.7 128.4+5.4 125.6+6.0 0.2342 0.491
DBP (mmHg) 77.3+4.1 78.0+4.4 76.6+3.7 0.3977 0.344
MBP (mmHg) 93.9+4.5 94.8+4.6 93.0+4.3 0.3053 0.404
BMI (kg/m?) 24.6+3.8 253+3.2 23.8+4.3 0.3218 0.475
Visceral fat area (cm?) 132.2+£57.3 152.4+£59.3 112.0+£55.4 0.0850 0.704
Subcutaneous fat area (cm?) 199.3+£82.8 218.9+91.6 179.7+£73.0 0.2387 0.473
IMT (mm) 1.27+0.71 1.15+0.44 1.38+0.90 0.4283 0.325
Laboratory findings
Serum albumin (g/dL) 421+0.28 4.12+0.32 429+0.24 0.1395 0.601
Hemoglobin (g/dL) 13.9+1.6 13.7+1.7 142+1.5 0.4521 0.312
Serum creatinine (mg/dL) 1.13+0.80 1.23+1.07 1.03+0.38 0.5465 0.249
¢GFR (mL/min/1.73 m?) 58.2+21.5 59.0+23.5 57.3+19.3 0.8412 0.079
Uric acid (mg/dL) 590+1.41 6.18+1.62 5.62+1.16 0.3258 0.397
Triglyceride (mg/dL) 151.7+72.7 152.8+65.8 150.7+79.1 0.9426 0.029
Total cholesterol (mg/dL) 217.8+32.2 212.6+29.8 222.9+34.5 0.4230 0.320
LDL cholesterol (mg/dL) 134.1+29.2 139.0+27.0 129.2+31.1 0.4013 0.337
HDL cholesterol (mg/dL) 52.6+12.3 41.6+3.6 63.6+17.0 0.0001 1.790
L/H ratio 2.76+0.72 3.35+0.65 2.16+0.78 0.0003 1.658
TC/HDL-C ratio 4.41+0.85 5.15+0.81 3.67+0.88 0.0002 1.750
TG/HDL-C ratio 3.13+1.58 3.73+1.79 2.53+1.33 0.0639 0.761
RLP cholesterol (mg/dL) 7.11+3.91 7.06+4.07 7.16+3.76 0.9481 0.026
Hemoglobin Alc (NGSP) (%) 6.00+1.03 6.31+1.46 577+1.52 0.2458 0.362
Hs-CRP (ng/mL) 756.8 +895.8 734.0+535.3 779.7+1148.3 0.8976 0.051
U-Prot (g/day) 0.26 (0.00-0.72) 0.56 (0.21-1.13) 0.05 (0.00-0.45) 0.0198 0.574
Primary cause of CKD
Diabetic nephropathy (%) 7.7 15.4 0 0.4800 0.603
Chronic glomerulonephritis (%) 539 46.2 61.5 0.4314 0.311
Nephrosclerosis (%) 23.1 23.1 23.1 1.0000 0.000
Others (%) 154 154 154 1.0000 0.000
Concomitant drugs
Antihypertensive agents (%) 53.9 38.5 69.2 0.2377 0.647
ARB and or ACEI 522 57.9 50.7 0.6147 0.145
Ca blockade 26.7 31.6 25.4 0.5723 0.138
Antihyperuricemic agents (%) 23.1 7.7 38.5 0.1602 0.785
Antidiabetic agents (%) 7.7 154 0.0 0.4800 0.603
Corticosteroids (%) 7.7 0.0 154 0.4800 0.603
Immunosuppressants (%) 39 0.0 7.7 1.0000 0.408
Diuretics (%) 26.9 15.4 38.5 0.3783 0.539
Comorbidities
Hypertension (%) 539 38.5 69.2 0.2377 0.647
Hyperuricemia (%) 50.0 539 46.2 1.0000 0.154
Hypertriglyceridemia (%) 34.6 30.8 38.5 1.0000 0.162
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Table 5 (continued)

Variables Total Low HDL-C group High HDL-C group P value Standardized
n=26 n=13 n=13 differences

High total cholesterol (%) 50.0 46.2 53.9 1.0000 0.154

High LDL cholesterol (%) 34.6 38.5 30.8 1.0000 0.162

Diabetes mellitus (%) 15.4 23.1 7.7 0.5930 0.437

n number, SBP, systolic blood pressure, DBP diastolic blood pressure, MBP mean blood pressure, BMI body mass index, /IMT maximum carotid
intima-media thickness, eGFR estimated glomerular filtration rate, L/H ratio LDL cholesterol-to-HDL cholesterol ratio, 7C total cholesterol,
HDL-C high-density lipoprotein cholesterol, 7G triglyceride, RLP remnant lipoprotein, Hs-CRP high-sensitivity C-reactive protein, U-Prot uri-

nary protein excretion

Continuous variables are expressed as mean +standard deviation or median (interquartile range). Categorical variables are expressed as percent-

ages

associated with microalbuminuria in patients with type 2
diabetes mellitus [39, 40]. Furthermore, low HDL-C levels
have been shown to be an independent risk factor for the
development of microalbuminuria and macroalbuminuria
[5]. Although antioxidant and anti-inflammatory actions of
HDL cholesterol have been reported [41], they are impaired
in type 2 diabetes [42] and obesity [43]. The low HDL cho-
lesterol group in the present study had higher proteinuria,
which might indicate the severity of the inflammatory and
oxidative stress described above and might have contributed
to the eGFR decline.

While the serum HDL-C levels of male patients do not
greatly fluctuate with age, those in female patients tend to
decrease owing to a decrease in estrogen activity [44]. As
the serum SHBG levels gradually decrease in the postmeno-
pausal period [45], it becomes a free testosterone =dominant
hormonal environment, and the prevalence of self-contained
obesity increases irrespective of age. Thus, it is now recog-
nized that the relationship between serum HDL-C levels and
atherosclerosis is complex [46].

The complexity of HDL biology demands a different
approach, such as the cross-classification approach. In
general, patients have many attributes; however, previ-
ous reports had used a stratified-classification approach
involving a single variable (e.g., male vs. female, old vs.
young) [15]. One-variable-at-a-time comparisons funda-
mentally result in subcohorts being more similar to the
total cohort because patients have multiple characteristics
simultaneously [47]. Cross-classification enables effective
classification according to two attributes at the same time.
Subgroup analysis by cross-classification facilitates deter-
mination of positive findings that can identify which sub-
cohort will benefit from a treatment intervention as well as
negative findings that can identify which sub-cohort does
not require treatment. In this study, the positive findings
were that a low serum HDL-C level was a risk factor for
CKD progression in female patients under 70 years old,
whereas the negative finding was that a low serum HDL-C
level was not a risk factor for CKD progression in female

patients over 70 years old. Furthermore, the analysis in
the propensity score-matched cohort of patients < 70 years
old showed a significantly lower kidney survival rate in
the low HDL-C group than in the high HDL-C group,
and the analysis in the cohort of patients > 70 years old
showed no differences in the kidney survival rate between
the low HDL-C group and high HDL-C group. There are
sex differences (male > female) in the incidence and preva-
lence of chronic renal failure, the transition to ESRD in
CKD patients [48], the risk of cardiovascular disease [49],
and the mortality risk is lower for female patients than for
male patients [48]. Although there are few renal prognos-
tic factors strongly related to female patients compared
with male patients, our results suggest that a low serum
HDL-C level is a useful renal prognostic factor in female
patients under 70 years old. The significant association
between low serum HDL-C level and renal dysfunction in
CKD patients under 70 years old suggests that the associa-
tion between serum HDL-C levels and renal function may
vary with age. As Fassett has noted in his review, there
are no specific evidence-based guidelines available for
the treatment of CKD in elderly individuals, particularly
those over 70 years of age, and the guidelines are based
on evidence obtained from younger populations [24]. Con-
sidering that there is a lack of evidence on how to treat
elderly individuals with CKD because clinical trials usu-
ally have an exclusion criterion of > 70 years and elderly
individuals require special consideration because of their
frequent comorbidities, it is reasonable to use the cross-
classification approach in a clinical setting.

This study has several limitations. First, as all subjects
were Japanese CKD patients, the association between
serum HDL-C levels and kidney survival may not be gen-
eralizable to other populations. Second, because only the
baseline laboratory data were used in the analysis and the
impact of the changes in HDL-C on the patients’ outcomes
was difficult to demonstrate. Third, there may have been
selection bias because only CKD patients who had agreed
to undergo abdominal CT and carotid ultrasonography
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were enrolled in this study. Another limitation of this
study was that the serum HDL-C and creatinine levels
were analyzed using single measurements and may have
been affected by comorbidities at the time.

In conclusion, the findings of this study indicate that
low serum HDL-C levels are significantly associated with
CKD progression, especially in female patients with CKD
younger than 70 years.
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