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Abstract

Purpose To investigate whether non-high-density lipoprotein cholesterol (Non-HDL-C), remnant cholesterol (RC), and the
ratios of lipid indexes are more closely associated with early progression of kidney dysfunction than traditional lipid indexes;
and to explore the association between changes in serum lipids during follow-up and annual decline rate in estimated
glomerular filtration rate (eGFR).

Methods In this prospective cohort study, 3909 participants with normal eGFR and age>40 years at baseline were followed
for 3.3 years. Progression of kidney dysfunction was assessed as annual decline rate in eGFR. Spearman correlation analysis,
linear correlation models, and multiple logistic regression were used to assess the associations between lipid indexes at
baseline/both baseline and follow-up and the annual decline rate in eGFR.

Results Compared with ALDL-C (ff = 0.412), other lipid indexes such as ALDL-C/HDL-C (# = 0.565), ATC/HDL-C ( =
0.448), and ANon-HDL-C/HDL-C (f = 0.448) were more closely associated with annual decline rate in eGFR. High TG/
HDL-C (OR = 1.699(1.177-2.454)) and TC/HDL-C (OR = 1.567(1.095-2.243)) at baseline, as well as high TC/HDL-C
(OR = 1.478 (1.003-2.177)) and TG/HDL-C (OR = 1.53(1.044-2.244)) at both baseline and follow-up were associated with
the annual decline rate in eGFR <0.5. High Non-HDL-C (OR = 1.633(1.025-2.602)) and LCI (OR = 1.631(1.010-2.416)) at
both baseline and follow-up resulted in a 63% increase in risk of annual decline rate in eGFR >1.

Conclusion High Non-HDL-C, RC and the ratios of lipid indexes were more closely associated with early progression of
kidney injury than the increase of traditional lipid indexes. These lipid indexes should be monitored, even in participants
with normal traditional serum lipid levels.

Keywords Estimated glomerular filtration rate * Serum lipids - Dyslipidemia - Lipid changes * Non-high-density lipoprotein
cholesterol - The ratios of lipid indexes
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ESRD end-stage renal disease

FPG fasting plasma glucose

HbAlc glycated hemoglobin Alc

HDL-C  high-density lipoprotein cholesterol

LCI lipid comprehensive index

LDL-C low-density lipoprotein cholesterol
OGTT oral glucose tolerance test

RC remnant cholesterol

SBP Systolic blood pressure

Scr serum creatinine

TC total cholesterol

TG triglycerides.

Introduction

Chronic kidney disease (CKD) is associated with high
mortality [1], although the process of tracking this slowly
progressing disease is difficult until kidney failure has
occurred. It is therefore reasonable and practical to assess
the early progression of kidney dysfunction via changes in
estimated glomerular filtration rate (¢GFR) over time [2, 3].
Dyslipidemia is associated with the pathogenesis of
kidney insufficiency and occurs commonly in CKD [4].
Studies suggested that patients with normal serum choles-
terol levels or those aggressively using statins to reduce
low-density lipoprotein cholesterol (LDL-C), can still pro-
gress to CKD or end-stage renal disease (ESRD) [5, 6].
When traditional lipid indexes including total cholesterol
(TC), triglycerides (TG), LDL-C, and high-density lipo-
protein cholesterol (HDL-C) are used as control targets,
high residual risk in kidney injury may go undetected.
Compared with traditional lipid indexes, non-high-density
lipoprotein cholesterol (Non-HDL-C) and remnant choles-
terol (RC) produce lipid-laden macrophages, known as
foam cells, at a faster rate, with ensuing plaque formation
that leads to atherosclerosis resulting in a more severe
atherosclerotic disease, and are likely to capture more
information on pro-atherogenic lipoproteins [7, 8]. Ratios of
lipid indexes such as TC/HDL-C, TG/HDL-C, Non-HDL-
C/HDL-C, and lipid comprehensive index (LCI) can better
predict the risks of atherosclerosis and related diseases
compared with the traditional lipid indexes. Therefore, this
study hypothesized that Non-HDL-C, RC, and ratios of
lipid indexes are more closely associated with progression
of kidney dysfunction than the traditional lipid indexes.
According to several previous studies [9, 10], serum lipid
stratification is associated with lower eGFR and higher pro-
teinuria, which can in part be attributed to lipid deposition that
possibly damages the arteriole mesangial cells and glomerular
basement membrane [11]. It, therefore, appears reasonable that
deterioration in serum lipid levels may be associated with
progression of kidney injury. However, there is a lack of

studies on the association between changes in serum lipids and
progression of kidney dysfunction in adults. In this study,
annual decline rate in eGFR was used as an indicator to
determine the association between lipid indexes and early
progression of kidney dysfunction in the middle-aged and
older populations with normal eGFR. This study also inves-
tigated whether changes in serum lipids during follow-up were
associated with the annual decline rate in eGFR.

Methods
Study participants

This study was part of the baseline and follow-up survey
based on the cancer risk assessment of Chinese diabetic
patients (REACTION) study [12]. The baseline survey was
conducted between 2011 and 2012, and recruited 10,216
adults aged > 40 years from the Pingguoyuan community in
Beijing, China, a single center of the REACTION study. A
follow-up was conducted 3 years later between April and
October, 2015. The exclusion criteria were as follows: (1)
previous kidney disease or eGFR <90 mL/min/1.73 m? or
hyperfiltration; (2) use of lipid-lowering drugs; (3) missing
data on lipid indexes, other important covariates, or recor-
ded outliers; and (4) loss to follow-up. Ultimately, 3909
participants were included as shown in Fig. 1

The study was approved by the Medical Ethics Com-
mittee of Ruijin Hospital of Shanghai Jiaotong University.
Written informed consent was provided at baseline in
accordance with the Declaration of Helsinki.

Outcomes

Progression of kidney dysfunction is expressed as annual
decline rate in eGFR in units of mL/min/1.73 m* per year.
eGFR shows a downward trend with age and generally
changes with an early compensatory increase followed by a
decline. Controlling the annual decline rate in eGFR
between 0.5 and 1 over 2-3 years can gain more benefit to
delay the progression of early kidney injury. Annual decline
rate in eGFR > 1 indicates a decline in kidney function,
while <0.5 indicates an increase in eGFR [2, 13].

In this prospective cohort study with median follow-up
period of 3.3 years, the participants with normal baseline
eGFR experienced early changes in kidney function.
Therefore, they were divided into three groups according to
annual decline rate in eGFR <0.5, 0.5-1, or >1.

Data collection

Standard questionnaires were used to collect baseline
information on all participants, such as behavioral
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Fig. 1 Study flow diagram.
eGFR, estimated glomerular
filtration rate

Participants enrolled from December 2011
to August 2012(n=10,216)

Patients reported kidney diseases and eGFR
less than 90 ml/min per 1.73m* and
hyperfiltration(n=3,204)

Patients reported the use of lipid-lowering
drugs(n=1,461) and with outliers of
biochemical indicators (n=518)

Participants include in this study at
baseline(n=5,033)

Participants did not attend to follow-up
physical examination(n=225)

Participants without complete information
on lipid indexes or other important
covariates(n=899)

Participants completed the [ollow-up to April and

October 0f 2015 and included in final
analysis(n=3,909)

|

l

¢GFR annual dccline
rate<0.5(n=1,642)

¢GFR annual decline
rate>1 (n=2,028)

¢GFR annual decline
rate0.5~1(n=239)

information, medications prescribed, and medical history.
After a 5-min rest, blood pressure (BP) was measured three
times using mercury sphygmomanometer in accordance
with standard protocols. The mean value of the three
readings was recorded as systolic blood pressure (SBP) and
diastolic blood pressure (DBP).

Blood samples (10 mL) were obtained from all partici-
pants following a fast of minimum 10h to assess fasting
plasma glucose (FPG), serum lipids, and serum creatinine
(Scr) at baseline and follow-up. Serum lipids and Scr were
measured using enzymatic methods with an autoanalyzer
(c16000 system, ARCHITECT cil6200 analyzer; Abbott
Laboratories, Chicago, IL, USA).

Definitions

Dysglycemia was defined according to the American Dia-
betes Association guidelines or based on diagnosis of dia-
betes mellitus (DM) or taking antidiabetic drugs.
Hypertension was diagnosed according to antihypertensive
medication use and/or SBP > 140 and/or DBP > 90 mm Hg,
or based on a previous diagnosis. Dyslipidemia was defined

@ Springer

as TC26.22 and/or TG 22.26 and/or LDL-C > 4.14 and/or
HDL-C < 1.04 (mmol/L). Moreover, TC (<5.18, 5.18-6.19,
6.22<), TG (<1.70, 1.70-2.25, 2.26<) and LDL-C (<3.37,
3.37-4.12, 4.14<) were divided into three categories (nor-
mal, marginally increased and increased, respectively) in
mmol/L; HDL-C was divided into normal (1.04<) and
decreased (<1.04) in mmol/L [14]. Non-HDL-C, RC, and
ratios of lipid indexes were classified according to tertiles,
and the third quantile was considered to be an increase.
Hyperfiltration was defined according to the 90th percentile
of age (10-year intervals) and sex categories [15, 16] at
baseline. Current smokers were those who regularly smoked
cigarettes (one per day or seven per week) and current
drinkers were defined as regularly drinking (once per week)
over the past 6 months.

During follow-up, poor control of plasma glucose, lipids,
BP, or body mass index (BMI) was defined as lack of
dysglycemia, dyslipidemia, hypertension, or overweight/
obesity, respectively at baseline, but the corresponding
condition was diagnosed at follow-up. According to the
World Health Organization, overweight and obesity were
defined as BMI of 25.0-29.9 and 30.0< kg/m?, respectively.
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Calculation

(1) eGFR was calculated according to the Modification of
Diet in Renal Disease (MDRD) study equation:

eGFR=175 x (Scr' ' x (age) "% [0.79 if the
patient is femalelJand CKD Epidemiology Collaboration
(CKD-EPI) equation:

In female: with Scr<0.7mg/dL: eGFR =
(Scr/0.7)7%3%% x (0.993)%°;

with Scr>0.7 mg/dL: eGFR = 144 x (Scr/0.7)~ 2% x
(0.993)%¢,

In male: with Scr<0.9 mg/dL:
(Scr/0.9)7 411 % (0.993)%¢;

with Scr>0.9 mg/dL: eGFR = 141 x (Scr/0.9)"12% x
(0.993)%¢,

2) Annual decline rate in eGFR =

(1 — {/%) x 100%. t was the number of years

of follow-up.

144 x

eGFR = 141 x

(3) Weight and height were measured according to the
standard protocols. BMI = weight/height squared (k/m?).

(4) Non-HDL-C =TC — HDL-C; RC=TC — (HDL-C
+ LDL-C); LCI=TC x TG x LDL-C/HDL-C.

(5) ACharacteristics = follow-up characteristics — base-
line characteristics.

Statistical analysis

The variables were subjected to the Kolmogorov—Smirnov
test. Normal and non-normal variables are presented as
mean (+standard deviation) and median (inter-quartile
range), respectively. Categorical variables are presented as
percentages. Differences between different annual decline
rates in eGFR groups were analyzed using the
Kruskal-Wallis test (skewed variables) or y* test (catego-
rical variables). Pairwise comparisons were performed
using the post-test of ANOVA. The Bonferroni test was
used when groups had homogeneity of variance; The
Tambhane test was used when groups had no homogeneity of
variance, and P<0.017 (0.05/3 =0.017) was considered
statistically significant according to the number of com-
parisons of the three groups.

Spearman correlation analysis and linear correlation
models were used to explore the association between each
Alipid index and annual decline rate in eGFR. Scatter plots
and standardized residual plots were used to test linear
assumptions, and the covariates were then adjusted in lin-
ear correlation models. Next, baseline lipid indexes and
annual decline rate in eGFR were treated as categorical
variables, and the associations were analyzed using multi-
ple logistic regression. Finally, the participants were

divided into BOHO, B1HO, BOH1, and BI1HI1 groups
according to each lipid index (e.g., BO/B1: baseline normal
TC/baseline high TC, FO/F1: follow-up normal TC/follow-
up high TC), and the associations between these different
groups and annual decline rate in eGFR groups were
explored in multiple logistic regression models. In the
sensitivity analysis, CKD Epidemiology Collaboration
(CKD-EPI) was used to calculate eGFR. P <0.05 was set
as statistically significant. All analyses were two-sided and
performed using SPSS software V.23.0 for Windows
(SPSS, Chicago, IL, USA).

Results
Participants’ characteristics

Table 1 shows baseline characteristics and changes during
follow-up of participants in the three groups. The group
with annual decline rate in eGFR between 0.5 and 1 had
lower levels of TG, TG/HDL-C, and LCI, and higher
HDL-C at baseline, and minimal changes in the levels of
LDL-C, TC/HDL-C, and Non-HDL-C/HDL-C during
follow-up, and with low percentage of current drinkers.
TG, LDL-C, and TG/HDL-C levels increased the most in
the group with annual decline rate in eGFR >1. This group
also had higher levels of TC, LDL-C, and Non-HDL-C at
follow-up.

Spearman correlation analysis of Acharacteristics
and annual decline rate in eGFR

As shown in Table 2, in addition to RC and HDL-C,
increases in lipid indexes were associated with increase in
annual decline rate in eGFR. Among them, r (correlation
coefficient) of ALDL-C/HDL-C (0.095), ATC/HDL-C
(0.085), ANon-HDL-C/HDL-C (0.085), ANon-HDL-C
(0.082), ALDL-C (0.081), and ALCI (0.069) were higher
than ASBP (0.068). These results suggested that con-
trolling the increases in serum lipids can slow the decline
of eGFR.

Linear correlation analysis of Alipid indexes and
annual decline rate in eGFR

Further adjusted the covariates and corresponding base-
line lipid indexes in linear correlation analysis to explore
which changes in lipid indexes were most closely asso-
ciated with the annual decline rate in eGFR, as shown in
Fig. 2 ALDL-C/HDL-C (= 0.565), ATC/HDL-C (=
0.448), ANon-HDL-C/HDL-C (p =0.448) and ALDL-C
(#=0.412) were associated with the annual decline rate
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Table 1 Characteristics of participants in different eGFR annual decline rate groups

eGFR annual decline

eGFR annual decline

eGFR annual decline

Characteristics rate <0.5 (N=1642) rate 0.5~1 (N =239) rate > 1 (N =2028) P value
Baseline

Age (years) 55 (50,58) 55 (51,59) 55 (50,59) 0.50
Male, No. (%) 512 (44%) 84 (7%) 572 (49%) 0.027
Current smokers, No. (%) 276 (45%) 43 (7%) 291 (48%) 0.055
Current drinkers, No. (%) 170 (46%) 28 (8%)* 176 (47%)* 0.015
eGFR (ml/min/1.73 m? 105.64 (97.63,115.26)*# 108.18 (99.53,119.08)* 110.27 (100.91,120.19)# <0.001
per year)

eGFR annual decline rate —1.34 (—2.87,—0.37)* 0.73 (0.62,0.88)* 3.04 (1.97,4.56)* <0.001
(ml/min/1.73 m?* per year)

BMI (kg/m?) 25.26 (23.19,27.23) 25.08 (22.98,26.91) 25.31 (23.32,27.37) 0.28
FPG (mmol/L) 5.41 (5.06,5.94) 5.41(5.1,5.99) 5.4 (5.08,5.85) 0.57
SBP (mm Hg) 126.33 (117.67,136.33) 126 (117,136.67) 127.33 (118,137.33) 0.20
TC (mmol/L) 5.23 (4.65,5.82) 5.19 (4.67,5.8) 5.22 (4.65,5.86) 0.71
TG (mmol/L) 1.33 (0.98,1.82) 1.22 (0.93,1.67) 1.285 (0.95,1.75) 0.006
LDL-C (mmol/L) 3.25 (2.77,3.71) 3.22 (2.75,3.67) 3.24 (2.76,3.77) 0.72
HDL-C (mmol/L) 1.39 (1.17,1.62) 1.42 (1.26,1.67) 1.4 (1.22,1.63) 0.017
Non-HDL-C (mmol/L) 3.8 (3.275,4.35) 3.76 (3.2,4.31) 3.8 (3.21,4.39) 0.62
Remnant cholesterol 0.54 (0.39,0.71) 0.49 (0.37,0.66) 0.53 (0.39,0.68) 0.19
(mmol/L)

TC/HDL-C 3.75 (3.19,4.38) 3.65 (3.08,4.22) 3.72 (3.15,4.37) 0.059
TG/HDL-C 0.96 (0.65,1.48)* 0.88 (0.60,1.23)* 0.90 (0.60,1.37) 0.002
LDL-C/HDL-C 2.35 (1.90,2.83) 2.29 (1.79,2.74) 2.347 (1.87,2.83) 0.13
Non-HDL-C/ HDL-C 2.75 (2.19,3.38) 2.65 (2.08,3.22) 2.72 (2.15,3.37) 0.059
LCI 16.32 (9.68,26.54) 14.17 (8.82,23.95) 15.44 (9.10,25.74) 0.04
Changes during follow-up

ABMI (kg/m?) —0.18 (—0.96,0.59) —0.11 (—1.02,0.84) —0.19 (—1.016,0.58) 0.47
AFPG (mmol/L) —0.17 (—0.46,0.16) —0.19 (—0.45,0.12) —0.16 (—0.4475,0.12) 0.89
ASBP (mm Hg) —0.33 (—8.67,7.33)* —0.67 (—8,7.67) —1.67 (—10,6.67)* 0.006
ATC (mmol/L) —0.27 (—-0.69,0.11)* —0.28 (—0.76,0.19) —0.21 (—0.65,0.22)* 0.004
ATG (mmol/L) 0.04 (—0.31,0.35) 0.06 (—0.3,0.42) 0.08 (—0.25,0.39) 0.033
ALDL-C (mmol/L) —0.04 (—0.39,0.31)* 0.02 (—0.35,0.39) 0.06 (—0.35,0.39)* <0.001
AHDL-C (mmol/L) 0.01 (—0.13,0.13) —0.02 (—0.18,0.11) —0.01 (—0.14,0.12) 0.017
ANon-HDL-C (mmol/L) —0.27 (—0.67,0.1)* —0.19 (—0.66,0.2) —0.17 (—0.63,0.22)* <0.001
ARemnant cholesterol —0.25 (—0.39,-0.1) —0.24 (—0.39,—0.1) —0.24 (-0.37,—-0.10) 0.34
(mmol/L)

ATC/HDL-C —0.21 (—0.62,0.14)* —0.10 (—0.50,0.31) —0.11 (—0.53,0.26)* <0.001
ATG/HDL-C 0.01 (—0.28,0.3) 0.02 (—0.21,0.35) 0.05 (—0.21,0.32) 0.011
ALDL-C/HDL-C —0.03 (—0.36,0.25)* 0.07 (—0.22,0.34) 0.04 (—0.26,0.34)* <0.001
ANon-HDL-C/HDL-C —0.21 (—0.62,0.14)* —0.1 (—0.5,0.31) —0.11 (—0.53,0.26)* <0.001
ALCI —0.56 (—6.93,4.25)* 0.74 (—6.41,6.43) 0.52 (—5.75,5.78)* <0.001
Poor plasma glucose 97 (46) 13 (6) 101 (48) 0.47
control, No. (%)

Poor BP control, No. (%) 225 (44) 28 (6) 260 (51) 0.59
Poor lipids control, 148 (38) 26 (7) 217 (56) 0.21
No. (%)

Poor BMI control, 73 (39) 11 (6) 102 (55) 0.71
No. (%)
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Table 1 (continued)

eGFR annual decline eGFR annual decline eGFR annual decline
Characteristics rate <0.5 (N = 1642) rate 0.5~1 (N=239) rate > 1 (N = 2028) P value
Follow-up
¢GFR (mL/min/1.73 m? 112.23 (103.45,122.59)* 105.33 (97.27,116.53)* 97.82 (89.77,107.58)* <0.001
per year)
BMI (kg/m?) 24.97 (23,27.02) 24.91 (22.80,26.70) 25.06 (22.99,27.22) 0.25
FPG (mmol/L) 5.22 (4.88,5.78) 5.26 (4.87,5.78) 5.2 (4.89,5.7) 0.617
SBP (mm Hg) 125.67 (116,137) 125.67 (115.67,136.33) 125.67 (115.67,136.67) 0.544
TC (mmol/L) 4.92 (4.3,5.49)* 4.89 (4.28,5.54) 4.98 (4.4,5.58)* 0.008
TG (mmol/L) 1.35 (1.03,1.80) 1.35 (0.98,1.73) 1.35 (1.05,1.79) 0.529
LDL-C (mmol/L) 3.19 (2.66,3.67)* 3.21 (2.6,3.73) 3.24 (2.77,3.76)* 0.004
HDL-C (mmol/L) 1.4 (1.19,1.6) 1.39 (1.19,1.64) 1.4 (1.21,1.62) 0.802
Non-HDL-C (mmol/L) 3.48 (2.92,4.02)* 3.48 (2.91,3.98) 3.54 (3.03,4.11)* 0.007
Remnant cholesterol 0.28 (0.16,0.43) 0.26 (0.15,0.42) 0.28 (0.17,0.43) 0.362
(mmol/L)
TC/HDL-C 3.48 (2.97,4.08) 3.42 (3.03,4.06) 3.53 (3.02,4.14) 0.111
TG/HDL-C 0.95 (0.68,1.43) 0.95 (0.65,1.39) 0.94 (0.67,1.42) 0.634
LDL-C/HDL-C 2.27 (1.84,2.75) 2.20 (1.85,2.78) 2.33 (1.87,2.82) 0.055
Non-HDL-C/ HDL-C 2.48 (1.97,3.08) 2.42 (2.03,3.06) 2.53 (2.02,3.14) 0.111
LCI 14.91 (9.10,24.26) 14.04 (9.03,22.29) 15.25 (9.72,24.70) 0.106

*Data were expressed as median (IQR 25-75%) for continuous variables, number (percentage) for categorical variables. P from Kruskal-Wallis test
or chi-square, P <0.05 indicated that there was a statistical difference between the three groups, the symbol * or # indicated that the two/three
groups had statistical difference after the pairwise comparison of ANOVA analysis: Bonferroni test was used when groups had homogeneity of
variance; Tamhane test was used when groups had no homogeneity of variance, and P <0.017(0.05/3 =0.017) was considered statistically
significant according to the number of comparisonsof the three groups.

®BMI body mass index; SBP systolic blood pressure; FPG fasting plasma glucose; eGFR estimated glomerular filtration rate; TC total cholesterol;
TG triglyceride; HDL-C high-density lipoprotein cholesterol; LDL-C low-density lipoprotein cholesterol; Non-HDL-C non-high-density lipoprotein

cholesterol; LCI lipid comprehensive index; BP blood pressure

°ACharacteristics = follow-up Characteristics minus baseline Characteristics

in eGFR, with all P values < 0.001. Compared with tra-
ditional lipid indexes, the increase of ratios of lipid
indexes were found to be more closely associated with
annual decline rate in eGFR.

Multiple logistic regression between baseline lipid
indexes stratification and the different groups of
annual decline rate in eGFR

As shown in Fig. 3 (Online Resource Table 1), in the fully
adjusted models, the third quantile of TG/HDL-C (OR =
1.699(1.177-2.454)), TC/HDL-C (OR = 1.567(1.095-2.243)),
Non-HDL-C/HDL-C (OR =1.478 (1.033-2.115)), and LCI
(OR = 1.459(1.026-2.073)) were associated with an annual
decline rate in eGFR <0.5, P for trend were all <0.05. These
results suggested that participants with higher ratios of lipid
indexes at baseline may have a higher risk of entering the early
compensatory period of kidney injury during follow-up, which
manifested as an increase in eGFR.

Multiple logistic regression between lipid changes
and the different groups of annual decline rate in
eGFR

The participants were divided into BOHO, B1HO, BOH1, and
B1HI1 groups according to each lipid index. After adjusting
for covariates as shown in Fig. 4 (Online Resource Table 2),
compared with the BOHO group, TC/HDL-C (OR = 1.478
(1.003-2.177)) and TG/HDL-C (OR = 1.53(1.044-2.244))
of the B1H1 group were associated with annual decline rate
in eGFR <0.5, resulting in a 50% increase in risk. Non-
HDL-C (OR = 1.633(1.025-2.602)) and LCI (OR =1.631
(1.010-2.416)) of B1H1 group were associated with annual
decline rate in eGFR >1. High Non-HDL-C and ratios of
lipid indexes at both baseline and follow-up increased the
risk of increased annual decline rate in eGFR by 63%. P of
trend of TG, TG/HDL/C and LCI for annual decline rate in
eGFR <0.5 and LCI for annual decline rate in eGFR >1 were
less than 0.05.
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Table 2 Spearman correlation analysis between Acharacteristics and
eGFR annual decline rate

ACharacteristics r P
ABMI 0.012 0.45
ASBP 0.068 <0.001
AFPG 0.001 0.98
ATC 0.066 <0.001
ATG 0.038 0.018
AHDL-C —0.026 0.101
ALDL-C 0.081 <0.001
ATC/HDL-C 0.085 <0.001
ATG/HDL-C 0.044 0.006
ALDL-C/HDL-C 0.095 <0.001
ANon-HDL-C 0.082 <0.001
ANon-HDL-C/HDL-C  0.085 <0.001
ARemnant cholesterol ~ 0.028 0.083
ALCI 0.069 <0.001

iBMIbody mass index; SBP systolic blood pressure; FPG fasting
plasma glucose; TC total cholesterol; 7G triglyceride; HDL-C high-
density lipoprotein cholesterol; LDL-C low-density lipoprotein cho-
lesterol; Non-HDL-C non-high-density lipoprotein cholesterol; LCI
lipid comprehensive index

bACharacteristics:follow—up Characteristics  minus  baseline

Characteristics

Sensitivity analysis

The CKD-EPI equation was used to calculate eGFR. As
shown in Online Resource Table 3, ALDL-C/HDL-C (r=
0.082), ATC/HDL-C (r =0.073), ANon-HDL-C/HDL-C (r
=0.073), ANon-HDL-C (r=0.07), ALDL-C (r=0.069),
and ALCI (r=0.063) were correlated with eGFR annual
decline rate. In Online Resource Fig. 1, ARemnant cho-
lesterol (=0.339), ALDL-C/HDL-C (f=0.236), ATC/
HDL-C (#=0.196), ANon-HDL-C/HDL-C ($=0.196),
ANon-HDL-C (#=0.144) and ALDL-C (f=0.14) were
associated with the annual decline rate in eGFR. Compared
with traditional lipid indexes, the increase of ratios of lipid
indexes were more closely associated with annual decline
rate in eGFR.

As shown in Online Resource Table 4, the third quantile
of LDL-C was associated with annual decline rate in eGFR
<0.5 (OR=1.52(1.084,2.13)) or >1 (OR=1.812
(1.328,2.473)). The ratios of lipid indexes increased
approximately 40% risk of annual decline rate in eGFR
<0.5, and Remnant cholesterol increased 26% risk of annual
decline rate in eGFR >1, P for trend were all <0.05. As
shown in Online Resource Table 5, compared with the
BOHO group, HDL-C (OR = 1.92(1.04,3.545)), Non-HDL-
C (OR=1.397(1.016,1.922)) and LCI (OR=1.31
(1.009,1.7)) of the BIH1 group were associated with annual
decline rate in eGFR <0.5, resulting in 30-90% increase in

@ Springer

0.6 0.565

0.448 0.448

B-coefticient

-0.24 -0.167
T T T T T T T T T 1
* 0 X Q ¥ 0\ * O * & \‘*
&8 AP a1 IS VIR
> Y “2”0\:29\) \@r}@\z@yo\z@\»@\» XY
Y V& S TL T
§°¢$‘\ § vg\; Y
o,\(‘ V\) QQ
& &
v S

Fig. 2 p-coefficient of Alipid indexes for eGFR annual decline rate
from linear correlation analysis. Adjusted sex, baseline age, smoking
and drinking status, ABMI, AFPG, ASBP, corresponding baseline
lipid index and plasma glucose, BP, lipid, BMI control when analyzed
each Alipid index. Abbreviations : TC total cholesterol; TG trigly-
ceride; HDL-C high-density lipoprotein cholesterol; LDL-C low-den-
sity lipoprotein cholesterol; Non-HDL-C non-high-density lipoprotein
cholesterol; LCI, lipid comprehensive index. “P<0.001

risk; TC, LDL-C. Non-HDL-C and LCI of the B1H1
group increased the risk of annual decline rate in eGFR >1
by 40-117%.

Discussion

In participants with normal baseline eGFR, the increase of
the ratios of lipid indexes was more closely associated with
annual decline rate in eéGFR than the increase of traditional
lipid indexes. High ratios of lipid indexes at baseline or at
both baseline and follow-up resulted in 50%—70% or 50%
increases, respectively, in the risk of annual decline rate in
eGFR <0.5 over 3 years. Compared with participants with
normal lipids at baseline and follow-up, high Non-HDL-C
and LCI at baseline and follow-up caused a 63% increase in
risk of annual decline rate in eGFR > 1.

From a pathophysiological perspective, dyslipidemia
leads to kidney injury by damaging glomerular epithelial
cells and mesangial cells and causing renal athero-
sclerosis [11, 17]. In contrast, CKD can further aggravate
dyslipidemia, usually at the stages of severe CKD and
ESRD [18]. In this prospective cohort study, participants
had normal baseline eGFR and experienced only early
kidney impairment over a mean period of 3.3 years.
Therefore, the present results were interpreted within the
context of the effect of lipids on the progression of
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Fig. 3 Forest plot of multiple logistic regression between baseline lipid
indexes and different eGFR annual decline rate groups. The OR (odds
ratio) and 95%CI (confidence interval) of increased or the third
quantile of each lipid index and eGFR annual decline rate groups were
shown in the figure. Regarded the eGFR annual decline rate0.5~1 in
the normal or first quantile of each lipid index as reference. Adjusted
sex, baseline age, smoking and drinking status, BMI, FPG, SBP, and

kidney dysfunction. Dyslipidemia caused by kidney
injury should be further investigated in follow-up CKD
patients.

Some cohort studies [19-21] showed that Non-HDL-C,
RC, and ratios of lipid indexes were associated with kidney
injury as reflected by CKD and eGFR decline. However,
these studies were restricted to specific populations such as
all men [19] or CKD patients [20, 21], and did not examine
multiple lipid indexes. Other cohort studies [22, 23] sug-
gested that among the lipid indexes, logTG/HDL or TC/
HDL-C is most significantly associated with CKD. How-
ever, these studies did not include measurements of LDL-C,
RC, or LCI, and also did not adjust for control of plasma
glucose, BP, lipids, and BMI during follow-up, which can
influence the incidence of CKD [24, 25]. This prospective
cohort study included multiple lipid indexes and adjusted
for control of plasma glucose, BP, lipids, and BMI during
follow-up, suggesting that the third quantile of TC/HDL-C,
TG/HDL-C, Non-HDL-C/HDL-C, and LCI at baseline were
associated with annual decline rate in eGFR <0.5 over the 3
years, P for trend were <0.05. Higher serum lipid stratifi-
cation was related to higher risk of early kidney injury.
These participants experienced increases in eGFR within 3
years, which may be an adaptive mechanism of early kidney
injury (that is, glomerular hyperfiltration), and can cause
subsequent decline in kidney function [26]. Therefore, even
in middle-aged and older individuals with normal eGFR,
elevation in the levels of serum lipids should be controlled
to reduce early kidney injury.

T T T T T
0.5 1.5 2 25 3

—

plasma glucose, BP, lipid, BMI control when analyzed each lipid
index. Abbreviations: TC total cholesterol; TG triglyceride; HDL-C
high-density lipoprotein cholesterol; LDL-C low-density lipoprotein
cholesterol; Non-HDL-C non-high-density lipoprotein cholesterol;
LCI lipid comprehensive index. “P of OR and trend of the lipid index
for eGFR annual decline rate <0.5 were less than 0.05

Studies on the association between changes in serum
lipids and decreased kidney function are limited in adults.
The SHARRP trial [27] included participants with moderate-
to-severe kidney disease, and found that although CKD
progressed, LDL-C in the placebo group was almost
unchanged over 4 years. Another study conducted in new-
onset type 2 DM patients [28] found that increased TG was
a risk factor for decreased eGFR, although it only included
participants with decreased eGFR, and kidney function was
assessed according to the absolute difference between
baseline and follow-up eGFR. In this study, participants
with normal eGFR at baseline were followed up and pro-
gressed to increased eGFR, decreased eGFR, or change
within an appropriate range. Results in this study suggested
that increases in Non-HDL-C, RC, and ratios of lipid
indexes were associated with increase in annual decline rate
in eGFR. Increased serum lipids can cause lipid deposition,
which can lead to kidney injury [11]. This study also found
that high Non-HDL-C, RC, and ratios of lipid indexes at
both baseline and follow-up were risk factors for kidney
injury. High levels of TC/HDL-C and TG/HDL-C or high
Non-HDL-C and LCI at both baseline and follow-up
resulted in a 50% and 63% increase in risk of annual
decline rate in eGFR <0.5 and >1, respectively. Among the
serum lipids that were statistically significant for annual
decline rate in eGFR <0.5, P for trend of TG, TG/HDL-C
and LCI were <0.05. For annual decline rate in eGFR >1, P
for trend of LCI were <0.05. This indicated that compared
with participants with normal serum lipid levels at both
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Fig. 4 Forest plot of multiple logistic regression between lipid changes
and different eGFR annual decline rate groups. From top to bottom
corresponds to the OR (odds ratio) and 95%CI (confidence interval) of
the BIHO, BOH1, and B1H1 groups of each blood lipid index. Groups
were divided by each lipid index, respectively. e.g., BO/B1: baseline
normal TC/baseline high TC, FO/F1: follow-up normal TC/follow-up
high TC. Regarded the eGFR annual decline rate0.5~1 in the BOHO of
each lipid index as reference. Adjusted sex, baseline age, smoking and
drinking status, ABMI, AFPG, ASBP, and plasma glucose, BP, BMI

baseline and follow-up, baseline high lipid levels, follow-up
high lipid levels, baseline and follow-up high lipid level had
the trend of increased risk of kidney injury. Thus, the
deterioration of serum lipid levels can lead to early pro-
gression of kidney dysfunction. Therefore, sustained control
of serum lipids should be performed to reduce kidney
function damage.

Non-HDL-C, RC, and ratios of lipid indexes may be
better markers for risk assessment than traditional lipid
indexes. A prior study suggested that TG/HDL-C correlates
well with highly atherogenic particles and can comprehen-
sively reflect the balance between atherogenic and anti-
atherosclerotic factors [29]. Non-HDL-C/HDL-C can better
reflect interactions between factors involved in lipoprotein
metabolism. It can therefore better predict atherosclerosis
compared with any single lipid index [30]. RC represents
the amount of TC transported in intermediate-density lipo-
proteins (IDL), very low-density lipoprotein (VLDL), and
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control when analyzed each lipid index. Abbreviations : TC total
cholesterol; TG triglyceride; HDL-C high-density lipoprotein choles-
terol; LDL-C low-density lipoprotein cholesterol; Non-HDL-C non-
high-density lipoprotein cholesterol; LCI, lipid comprehensive index.
P of trend of TG TG/HDL/C and LCI for eGFR annual decline rate <
0.5 and LCI for eGFR annual decline rate > 0.5 were less than 0.05.
P <0.05 of the OR for eGFR annual decline rate < 0.5. *P <0.05 of
the OR for eGFR annual decline rate > 1

chylomicron residues [31]. LCI amplifies various subtle
abnormalities of atherosclerosis and anti-atherosclerotic
lipoproteins [32]. Previous studies showed that even in
participants with good control of LDL-C, BP and blood
glucose, high TG and low HDL-C were independent risk
factors for CKD [33, 34]; and because dyslipidemia is
generally of mixed types [35], it may be more compre-
hensive to simultaneously assess multiple lipid indexes to
accurately determine the risk of kidney injury. The present
study also suggested that these indexes are more closely
associated with annual decline rate in eGFR than traditional
lipid indexes. Therefore, in addition to LDL-C, additional
measurements of Non-HDL-C, RC, and the ratios of lipid
indexes should be used to identify kidney injury and benefit
the population at high residual risk of kidney disease.

The novelty of this study was that the trend of compensatory
increase followed by decline in eGFR, rather than only eGFR
decline, was considered when analyzing early kidney injury.
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This should serve as a reminder to help prevent the early
progression of kidney dysfunction caused by neglect of ade-
quate clinical managements of serum lipid even in a relatively
short periods of time. This study investigated multiple serum
lipid indexes, and emphasized that control of both baseline and
long-term elevation of serum lipids should be sustained to
reduce early kidney injury in individuals with normal eGFR.

Study strength and limitations

The major strength of this cohort study was that it was
performed prospectively to demonstrate early kidney injury
in participants with normal eGFR at baseline within a
relatively short period of time. The study investigated the
association between lipid indexes/lipid changes and the
annual decline rate in eGFR and emphasized the role of
Non-HDL-C, RC, and ratios of lipid indexes in the pre-
vention of early kidney injury. Moreover, using an analytic
model, the study adjusted for new-onset DM, hypertension,
dyslipidemia, and overweight/obesity during follow-up,
which enhanced the reliability of these results.

This study also had several limitations. First, data on
proteinuria and HbA,. at follow-up were not available.
Therefore, this study could not accurately define the pro-
gression of early kidney injury due to the lack of information
on proteinuria nor could it analyze AHbA|. as a covariate.
Howeyver, the annual decline rate in eGFR is a more effective
surrogate for kidney injury than changes in proteinuria [2] and
also genuinely reflects the progression of kidney dysfunction.
FPG and AFPG were used as a covariate to adjust the effect
of plasma glucose in this study. Second, there was some
selection bias. This study only included participants 240 years
old with normal eGFR at baseline, which highlighted the
significance of prevention before occurrence of kidney injury.
The number of men, current smokers, and drinkers was low in
the group with annual decline rate in eGFR between 0.5-1.
Although these factors were adjusted as covariates, they may
have still caused selection bias. Third, this study only exclu-
ded users of lipid-lowering drugs and did not consider other
drugs that may have affected serum lipids.

Conclusion

In this prospective cohort study, we found that increased
serum lipids during follow-up increased the risk of decline
in eGFR. High Non-HDL-C, RC and the ratios of lipid
indexes at baseline or at both baseline and follow-up were
associated with early progression of kidney injury. These
observations suggested that the levels of multiple lipid
indexes should be therapeutically controlled to prevent
and slow the early progression of kidney dysfunction in
participants with normal eGFR. Even in individuals with

normal serum lipid levels, relatively high TC, TG, or
LDL-C and relatively low HDL-C may lead to relatively
high Non-HDL-C and ratios of lipid indexes. It is
straightforward to calculate Non-HDL-C, RC, and ratios
of lipid indexes following routine blood examination.
Therefore, individuals with abnormal serum lipid combi-
nations should be monitored to prevent early kidney
injury. The results of this study may prompt participants
to pay increased attention to protection of kidney function
and provide public health recommendations for the pre-
vention of CKD.
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