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Abstract

Purpose Although dyslipidemia can cause kidney damage, whether it independently contributes to the progression of chronic
kidney disease (CKD) remains controversial. The research aims to evaluate the predictive value of serum lipids and their
ratios in the progression of CKD.

Methods The retrospective, case—control study included 380 adult subjects with CKD stage 3—4 (G3-4) at baseline. The
end point of follow-up was the progression of CKD, defined as a composite of renal function rapid decline [an annual
estimated glomerular filtration rate (¢GFR) decline > 5 mL/min/1.73 m?] or the new-onset end-stage renal disease (ESRD)
[eGFR < 15 mL/min/1.73 m?]. Logistic regression analysis was performed to examine the association between CKD progres-
sion and lipid parameters. Receiver operating characteristic (ROC) curve analysis was used to evaluate the predictive power
of lipid parameters in the progression of CKD.

Results Over a median follow-up of 3.0 years, 96 participants (25.3%) developed CKD progression. In multivariable logistic
regression analysis, logarithm-transformed urinary albumin-to-creatinine ratio (log ACR) [odds ratio (OR) 1.834;95% con-
fidence interval (CI) 1.253-2.685; P=0.002] and total cholesterol to high-density lipoprotein cholesterol ratio (TC/HDL-C)
[OR 1.345;95% CI 1.079-1.677; P=0.008] were independently associated with CKD progression. The ROC curve showed
the combined predictor of ACR and TC/HDL-C ratio was acceptable for CKD progression diagnosis (area under the ROC
curve [AUC]=0.716, sensitivity 50.0%, specificity 84.2%), and the cut-off value was — 0.98.

Conclusions The combination of TC/HDL-C ratio and ACR had predictive value in the progression of CKD, and may help
identify the high-risk population with CKD.

Keywords Dyslipidemia - Chronic kidney disease - Kidney disease progression - Case—control study

Introduction

Dyslipidemia is known to be an important risk factor for
cardiovascular disease [1]. Since glomerulosclerosis and
atherosclerosis have similar pathophysiological mecha-
nisms, dyslipidemia can undoubtedly damage the kid-
neys [2]. In 1982, Moorhead et al. [3] investigated the
association between hyperlipidemia and renal function
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impairment, and since then, various new evidences have
supported this hypothesis. Experimental evidence shows
that hyperlipidemia can damage podocytes [4], mesangial
cells and tubulointerstitial [5] through mechanisms such
as inflammation [6], oxidative stress [7], endothelial dys-
function [8], and culminate in glomerulosclerosis. In ani-
mal models, hyperlipidemic diets induce renal injury [9],
and lipid-lowering strategies ameliorate renal injury [10].
Interestingly, epidemiological studies on the relationship
between serum lipids and chronic kidney disease (CKD)
progression remain inconclusive. In a large prospective
cohort of 3939 CKD patients aged 21-74 years, total cho-
lesterol (TC), triglycerides (TG), triglyceride very-low-
density lipoprotein cholesterol (VLDL-C), low-density
lipoprotein cholesterol (LDL-C), high-density lipopro-
tein cholesterol (HDL-C), apolipoprotein A-I (apoA-I),
apolipoprotein B (apoB) and lipoprotein(a) [Lp(a)] were
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not independently associated with progression of kidney
disease. The kidney disease outcomes were composite end
point of end-stage renal disease (ESRD) or 50% decline in
estimated glomerular filtration rate (¢GFR) from baseline
[11]. Ki Heon Nam and colleagues reported a U-shaped
association was observed between serum HDL-C levels
and adverse renal outcomes in the Korean cohort study
of 2168 participants with CKD. Both low and high serum
HDL-C levels may be detrimental to patients with non-
dialysis CKD. The primary outcome was a composite of a
50% decline in eGFR from the baseline value or the onset
of ESRD during the follow-up period [12]. In a cohort of
1,943,682 male US veterans followed up for a median of
9 years, Benjamin Bowe et al. reported that a significant
association exists between low HDL-C levels and risks of
incident CKD and CKD progression (doubling of serum
creatinine, eGFR decline of 30% or more) [13].

Previous studies have shown that although the lipid
ratio is a more accurate predictor of the risk of atheroscle-
rosis and cardiovascular disease than each lipid component
alone [14, 15], conclusions on the association between
lipid ratio and the progression of CKD are divergent and
conflicting. In the kidney sub-study of the Chinese Stroke
Primary Prevention Trial (CSPPT), a total of 12,549
hypertensive patients with eGFR > 60 mL/min/1.73 m?
were included in the analysis. The results showed that a
higher ratio of TG and TG/HDL-C ratio was an independ-
ent risk factor for the rapid decline of renal function in
hypertensive adults with normal renal function [16]. A
prospective cohort study among 4483 initially healthy men
participating in the Physicians’ Health Study showed a
high ratio of TC/HDL-C ratio was significantly associated
with an increased risk of developing renal dysfunction in
men with an initial creatinine < 1.5 mg/dL [17]. Another
study of 1891 Chinese adults with normal or near-normal
kidney function at baseline also found that Non-HDL-C/
HDL-C ratio was an independent risk factor for the devel-
opment of CKD [18]. However, a population-based, cross-
sectional survey conducted in a city located in Southern
China showed that serum TG was the only suitable predic-
tor for CKD in men, and none of serum lipids and lipid
ratio could be used as a predictor for CKD in women [19].

CKD is a major public health problem that threatens
human health [20]. China has the largest number of CKD
patients worldwide (approximately 119.5 million) [21], and
the prevalence of dyslipidemia is currently greater than
41.9% [22]. However, the degree, if any, of the causative role
of dyslipidemia and the possible mechanism remain unclear
in the Chinese CKD population. Therefore, we investigated
the data of 380 patients with CKD stage 3—4 (G3-4) from
a tertiary university-based hospital in Wuhan to evaluate
the value of serum lipids and their ratio in predicting CKD
progression.
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Materials and methods
Participants

From January 1, 2012 to July 15, 2018, patients aged
18 years or older with CKD stage 3—4 (G3-4) who were reg-
ularly followed for more than 12 months in Wuhan Fourth
Hospital, Tongji Medical College, Huazhong University of
Science and Technology were included in the study and were
followed up until July 15, 2019.

Of the 621 potential participants, we excluded the follow-
ing participants: (1) 187 participants treated with drugs such
as hypolipidemics, corticosteroids and immunosuppressants
(systemic diseases); (2) 34 participants with missing data;
(3) 14 participants with liver and thyroid gland diseases;
and (4) 6 participants undergoing renal replacement therapy,
resulting in a final sample size of 380. The flow of the par-
ticipants is presented in Fig. 1.

Ethical considerations

This study was performed in accordance with the ethical
principles of the Declaration of Helsinki and was approved
by the ethics Committee of Wuhan Fourth Hospital, Tongji
Medical College, Huazhong University of Science and Tech-
nology, Wuhan, China (KY2021-0021-01).

Data sources

The demographic characteristics, medication history and
laboratory data were extracted from electronic medical
record system. Laboratory data consisted of complete blood
count, blood biochemistry and serum lipid. The data were
reviewed by a trained team of physicians.

Definitions

The diagnosis of CKD is based on the criteria of the 2012
kidney disease: Improving Global Outcomes, that is, a single
measurement showing eGFR < 60 mL/min/1.73 m? and/or
proteinuria [albumin-to-creatinine ratio (ACR) >30 mg/g]
for more than 3 months [23]. ACR was calculated as uri-
nary albumin divided by urinary creatinine. TC/HDL-C
ratio was calculated as TC level (mmol/L) divided by
HDL-C level (mmol/L), and the rest by the same amount.
Non-HDL-C was calculated as TC minus HDL-C. The end
point of follow-up was the progression of CKD, defined
as a composite of renal function rapid decline (an annual
eGFR decline > 5 mL/min/1.73 mz) [24] or the new-onset
ESRD (eGFR < 15 mL/min/1.73 m?). Participants were
divided into two groups—progressors and non-progressors
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Fig. 1 Flow chart of the partici-

pants in the study Enrolled patients (n=621)

193 participants treated with drugs such as hypolipidemics,

v

corticosteroids and immunosuppressants (systemic diseases)

Assessed for eligibility (n=428)

\4

v

34 participants with missing data

Included patients (n=394)

> 14 participants with liver and thyroid gland diseases

Followed up until July 15, 2019 (n=380)

according to whether CKD was progressing. Annual change
in eGFR, estimated as (eGFR at baseline—eGFR at exit)/z,
where f was the time length in years from baseline to the
exit visit. The eGFR was calculated using the equation from
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) [25]. For women with Scr (in mg/dL) <0.7, eGF
R =144 % (Scr/0.7)"°%%? % 0.993%¢¢, and for women with
Ser>0.7, eGFR =144 x (Scr/0.7)™2% % 0.993"¢. For men
with Scr<0.9, eGFR = 141 X (Scr/0.9)~ 4! x 0.9934¢¢, and
for men with Scr>0.9, eGFR = 141 X (Scr/0.9) ™2 x 0.99
342 The Youden index was calculated as sensitivity plus
specificity minus 1. The variable value corresponding to the
maximum Youden index was the cut-off value.

Statistical analyses

Continuous data were tested for normal distribution with the
Kolmogorov—Smirnov test and presented as means + stand-
ard deviation or median (interquartile range, IQR), as appro-
priate, and analyzed using the t-test or the Mann—Whitney
U test. Categorical data were presented as frequencies or
percentages and analyzed using the chi-square test. Logis-
tic regression models were used to calculate the odds ratio
(OR) and 95% confidence interval (CI) for the associations
of serum lipids and their ratios with the progression of CKD.
CKD progression (yes or no) was the dependent variable.
The variables with P <0.05 in univariate logistic regression
were included as covariates into multiple logistic regression
for further analysis. The receiver operating characteristic
(ROC) curve was used to assess the ability of variables with
P <0.05 in multiple logistic regression and their combined
predictors to distinguish CKD progression cases. Two-sided

P value <0.05 was considered statistically significant. All
statistical analyses were performed using SPSS 23.0 (SPSS
Inc., Chicago, IL) and MedCalc 19.0.4 (http://www.medca
lc.org).

Results
Baseline characteristics of participants

Among 380 subjects, the mean age was 68.72 years, 242
(63.7%) subjects were men. The median duration of follow-
up was 3.0 years (interquartile range 1.92—4.65 years), dur-
ing which 96 patients (25.26%) developed CKD progres-
sion. Table 1 compared the demographic and biochemical
characteristics of participants by the non-progression group
and progression group.

Association of lipid parameters and CKD
progression

In univariable logistic regression analysis, hemoglobin
(HGB), albumin (ALB), serum uric acid (UA), logarithm-
transformed urinary ACR (log ACR) were significantly
associated with the progression of CKD. After adjustment
for HGB, ALB, UA and log ACR in multivariate logistic
regression analysis, log ACR [odds ratio (OR) 1.834;95%
confidence interval (CI) 1.253-2.685; P=0.002] and TC/
HDL-C ratio (OR 1.345; 95% CI 1.079-1.677; P=0.008)
were independently associated with the progression of CKD
(Table 2).
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Table 1 Characteristics of participants with and without CKD progression

Variables All Patients (n=380) Non-progressors (n=284) Progressors (n=96) P value

Gender (male) 242 (63.7%) 182 (64.1%) 60 (62.5%) 0.876
Age (year) 68.72+10.77 68.92+10.99 68.14+10.13 0.537
ALB (g/L) 40.18+6.48 40.89+6.51 37.92+5.86 <0.001
ACR (mg/g) 172.30 (28.45-715.80) 94.70 (20.50-519.80) 563.60 (85.30-1509.40) <0.001
HGB (g/L) 122.77+22.02 124.53 +21.59 117.46 +22.60 0.011
eGFR (mL/min/1.73 m?) 43.43+13.14 42.92+10.83 44.95+18.35 0.307
BUN (mmol/L) 8.21 (6.59-10.29) 8.15 (6.55-9.87) 8.70 (6.62-11.33) 0.138
Scr (pmol/L) 131.90 (113.08-159.83) 132.50 (117.30-156.78) 129.35 (105.75-170.45) 0.633
UA (pmol/L) 447.16 £132.35 458.97 +132.86 412.24 +125.09 0.003
AST (U/L) 22.00 (17.00-29.00) 22.00 (18.00-30.50) 20.00 (17.00-27.00) 0.092
ALT (U/L) 18.00 (12.00-27.00) 18.00 (12.00-27.00) 17.00 (13.00-27.25) 0.623
TG (mmol/L) 1.48 (1.05-2.23) 1.43 (1.04-2.21) 1.67 (1.09-2.32) 0.305
TC (mmol/L) 4.60+1.29 4.54+1.20 4.76+1.52 0.214
LDL-C (mmol/L) 2.74+0.93 2.71+0.89 2.83+1.05 0.306
HDL-C (mmol/L) 1.04 (0.87-1.23) 1.06 (0.87-1.23) 1.00 (0.85-1.21) 0.377
TG/HDL-C 1.48 (0.92-2.42) 1.38 (0.90-2.42) 1.64 (0.96-2.59) 0.235
TC/HDL-C 4.52+1.54 4.43+1.42 4.78+1.84 0.093
LDL-C/HDL-C 2.68+1.07 2.63+1.00 2.84+1.25 0.097
Non-HDL-C/HDL-C 3.52+1.54 3.43+1.42 3.7826+1.84 0.093
Follow-up duration (year) 3.00 (1.92-4.65) 3.50 (2.08-5.00) 2.29 (1.42-3.50) <0.001
Annual change in eGFR - 1.39+8.01 1.84+5.12 —10.96+7.37 <0.001

ALB albumin; ACR albuminuria-to-creatinine ratio; HGB hemoglobin; eGFR estimated glomerular filtration rate; BUN blood urea nitrogen; Scr
serum creatinine; UA uric acid; AST aspartate amino transferase; ALT alanine aminotransferase; 7G triglycerides; TC total cholesterol; LDL-C
low-density lipoprotein cholesterol; HDL-C high-density lipoprotein cholesterol; a two-sided P value <0.05 was considered statistically signifi-

cant

Evaluate the predictors of CKD progression

The ROC curve in Fig. 2 compared the ability of three vari-
ables (ACR, TC/HDL-C ratio and combined predictor of
ACR and TC/HDL-C ratio) to predict the progression of
CKD in the study population. The area under the ROC curve
(AUC), 95% CI, optimal threshold, sensitivity, specificity
and Youden index of each variable are shown in Table 3.

Discussion

Dyslipidemia is a common complication of progressive kid-
ney disease. Patients with kidney disease are a very hetero-
geneous population with a wide range of aetiologies of renal
damage, levels of renal function and proteinuria, comor-
bidities (especially concurrent diabetes), renal replacement
modalities and treatments. All these factors can affect the
levels, composition and quality of circulating lipids, result-
ing in specific dyslipidemia, which in favor of a more athero-
genic profile [26, 27]. Patients with advanced CKD usually
have worse lipid metabolism [28]. In addition, in order to
avoid the influence of dialysis on serum lipid, we finally
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chose patients with non-dialysis-dependent CKD stage 3—4
as the research object.

Patients with non-dialysis-dependent CKD stage 3 or
higher tend to show high TG and low HDL-C levels, nor-
mal or reduced LDL-C and TC levels [26, 29]. It is basi-
cally in line with the characteristics of blood lipid changes
in patients with CKD progression in our study. Progressors
had higher TG and TC, slightly higher LDL-C and lower
HDL-C compared with non-progressors, but there was
no statistical difference. Multivariable logistic regression
analysis showed that both TC/HDL-C ratio and ACR were
independently associated with the progression of CKD.
Although our findings are similar to those of the Physi-
cians’ Health Study (PHS) by Tobias Kurth et al. [17], there
are still many differences. The main outcome measures
in PHS were elevated creatinine, defined as > 1.5 mg/dL
(133 pmol/L), and reduced estimated creatinine clearance,
defined as <55 ml/min. The outcome of our study was the
progression of CKD, defined as a composite of renal func-
tion rapid decline (an annual eGFR decline > 5 mL/min/1.73
m?) or the new-onset ESRD (eGFR < 15 mL/min/1.73 m?),
which was much stricter than their standard. The PHS was
composed of apparently healthy, mostly white men with
mild or no renal insufficiency (creatinine < 1.5 mg/dL) at
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Table 2 Univariable and multivariable logistic regression analysis of
risk factors associated with CKD progression

Variables Coefficient OR 95% CI P value

Univariable logistic regression analysis
HGB (g/L) -0.014 0.986 0.975-0.997 0.013
ALB (g/L) —0.065 0.937 0.902-0.973 0.001
UA (umol/L) —0.003 0.997 0.995-0.999 0.003
Log ACR (mg/g)  0.750 2.117 1.474-3.039 <0.001
TG (mmol/L) 0.064 1.066 0.933-1.219 0.345
TC (mmol/L) 0.126 1.134  0.951-1.353 0.162
LDL (mmol/L) 0.140 1.150  0.900-1.470 0.264
HDL-C (mmol/L) —0.316 0.729  0.373-1.426 0.356
TG/HDL-C 0.060 1.061 0.944-1.193 0.318
TC/HDL-C 0.141 1.152  0.995-1.334 0.059
LDL-C/HDL-C 0.177 1.194  0.967-1.473 0.099

Multivariable logistic regression analysis
HGB (g/L) - 0.007 0.993 0.972-1.014 0.489
ALB (g/L) —0.068 0.934 0.872-1.001 0.054
UA (pmol/L) —0.002 0.998 0.995-1.001 0.292
Log ACR (mg/g)  0.607 1.834 1.253-2.685 0.002
TC/HDL-C 0.297 1.345 1.079-1.677 0.008

ALB albumin; ACR albuminuria-to-creatinine ratio, HGB hemo-
globin; eGFR estimated glomerular filtration rate; BUN blood urea
nitrogen; Scr serum creatinine; UA uric acid; AST aspartate amino
transferase; ALT alanine aminotransferase; TG triglycerides; TC total
cholesterol; LDL-C low-density lipoprotein cholesterol; HDL-C high-
density lipoprotein cholesterol; HR hazard rate; CI confidence inter-
val; a two-sided P value < 0.05 was considered statistically significant

baseline. Participants in our study all had moderate renal
insufficiency. Unlike the general population, the circulat-
ing lipid composition and quality of CKD patients undergo
profound changes characterized by accumulation of residual
particles, increased proportion of small and dense LDL par-
ticles, impaired HDL maturation, and defective HDL anti-
oxidant, anti-inflammatory and reverse cholesterol transport
(RCT) capacities [28, 30—32]. These changes may mask the
effect of lipid quantity on the progression of CKD. In addi-
tion, data on proteinuria at baseline that would have pro-
vided information regarding possible glomerular damage
was not analyzed in PHS.

The ROC curve showed that only ACR higher than
146.15 mg/g rather than TC/HDL-C ratio could differenti-
ate patients with disease progression because the AUC was
statistically significant. However, relatively low sensitivities
(73.85%) or specificities (56.73%) do not warrant its clinical
use as a marker of CKD progression. In order to improve the
predictive ability of ACR, a combined predictor was intro-
duced. We found that the combined predictor of ACR and
TC/HDL-C ratio was acceptable for CKD progression diag-
nosis (AUC =0.716, sensitivity 50.0%, specificity 84.18%),
and the optimal cut-off was — 0.98. Regretfully, the com-
bined predictor had an only slightly higher predictive ability
for CKD progression than ACR (P=0.1751). These results
suggest that lipid parameters alone cannot differentiate the
progression of CKD, but if combined with other biomark-
ers that have an important effect on CKD, such as ACR,
the predictive power of lipid parameters can be significantly

Fig.2 Receiver operating
characteristics (ROC) curve of
ACR, TC/HDL-C and com-
bined predictor in differentiation
of CKD progression

Sensitivity

i P value:
P (ACR VS.TC/HDL-C)=0.1945
P (ACR VS.Combined predictor)=0.1751
P (TC/HDL-C VS.Combined predictor)=0.0279

— ACR
— TC/HDL-C
—— Combined predictor

40 60 80 100
100-Specificity
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Table 3 The AUC, cut-off value, sensitivity, specificity and Youden index of each related variable

Variables AUC 95% CI P value Cut-off value Sensitivity Specificity Youden index
(%) (%)

ACR 0.687 0.624-0.746 <0.0001 1459 73.85% 56.73% 0.3057

TC/HDL-C 0.553 0.502-0.604 0.1314 5.75 27.08% 85.56% 0.1265

Combined predictor 0.716 0.650-0.776 <0.0001 - 0.98 50.00% 84.18% 0.3418

TC total cholesterol; HDL-C high-density lipoprotein cholesterol; ACR albuminuria-to-creatinine ratio; a two-sided P value <0.05 was consid-

ered statistically significant

improved. In addition, urine protein rather than conventional
lipid parameters, namely lipid levels and lipid ratio, remains
a major risk factor for the progression of CKD. Thus, we
strongly advise health care providers to increase their efforts
to prevent and/or reverse albuminuria in their patients.
Limitations of our present study should be considered
when interpreting these results. First, selection bias is an
important limitation to this study and may affect the exter-
nal validity of our results. Most of patients who attend
Wuhan Fourth Hospital are local residents, which may
not represent the entire Chinese population in terms of
income, educational level, lifestyle, and health profile.
Second, it is important to consider some confounding
variables, such as information on past medical history
(e.g., blood pressure [33] or diabetes), tobacco or alcohol
use, diet, education, physical activity and other possible
unmeasured confounders (e.g., body-mass index, waist
circumference [23, 33] and apolipoprotein) have not been
collected in this study, which may affect the assessment
of clinical risk. Thirdly, measurements of proteinuria and
eGFR show a high degree of intraindividual variability,
requiring multiple measurements to obtain more accu-
rate and reliable data. In this study, only the data at the
time of enrollment and the end of follow-up were used.
Fourthly, the important features of renal dyslipidemia, pro-
found changes in lipid composition and quality, were not
included in this study. Given the previous evidence that
changes in lipid composition and quality might be associ-
ated with CKD progression [28, 30-32], they should be
considered in future studies. Finally, due to the retrospec-
tive case—control design of the present study, we should be
cautious regarding the interpretation of whether dyslipi-
demia is a causal or a consequence of CKD. Strengths of
this study include the requirement of sustained impaired
eGFR (an annual eGFR decline > 5 mL/min/1.73 m?) when
defining outcomes helped improve the specificity, because
a decrease in eGFR may represent transient changes in kid-
ney perfusion or function that are not necessarily related
to the casual pathway that is driving the development of
CKD. Furthermore, the equation for estimating the GFR
in this study was designed by the Chronic Kidney Disease
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Epidemiology Collaboration (CKD-EPI). Studies showed
that compared with the measured GFR using urinary or
plasma clearance of exogenous filtration markers, the bias
was significantly reduced in almost all subjects with differ-
ent eGFR levels by using the CKD-EPI equation than the
Modification of Diet in Renal Disease (MDRD) [25, 34].
Finally, we adjusted for many potential covariates, includ-
ing age, ACR, HGB, eGFR, blood urea nitrogen (BUN),
serum creatinine (Scr), UA, aspartate transaminase (AST),
alanine transaminase (ALT) and follow-up duration, which
thus made our results more reliable.

In summary, both TC/HDL-C ratio and ACR are inde-
pendent risk factors for CKD progression. The combina-
tion of TC/HDL-C ratio and ACR may be superior to ACR
in predicting the progression of CKD. Further prospective
studies are required to support our results. Focusing on
lipidomics research may help to further reveal the rela-
tionship between dyslipidemia and CKD progression, and
provide new therapeutic targets for future interventions in
this population.
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