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ABSTRACT

Increasing evidence suggests that lipid variability may be a predictor of
cardiovascular events. However, few studies have evaluated the association between
lipid variability and renal outcomes in patients with moderate-to-advanced chronic
kidney disease (CKD). Therefore, the aims of this study were to assess whether
lipid variability is associated with progression to dialysis in patients with CKD stage
3-5, and to evaluate the risk factors of lipid variability. This longitudinal study
enrolled 725 patients with CKD stage 3-5. Intra-individual lipid variability was
defined as the standard deviations (SDs) of lipid levels. The renal end-point was
defined as commencing dialysis. During a mean follow-up period of 3.2 years, 208
patients (28.7%) started dialysis. The patients with CKD stage 3 with high low-
density lipoprotein (LDL) cholesterol SD (per 1 mg/dL; hazard ratio, 1.035; 95%
confidence interval, 1.003 to 1.067; p = 0.003) were associated with an increased risk
of progression to dialysis, however this association was not seen in the patients with
CKD stage 4 or 5. Furthermore, in the patients with CKD stage 3, a high urine protein-
to-creatinine ratio (p < 0.001) and the use of statins (p < 0.001) were significantly
associated with an increased LDL-cholesterol SD. Greater LDL-cholesterol variability
was associated with an increased risk of progression to dialysis in patients with CKD
stage 3, but not in those with CKD stage 4 or 5. These findings support the potential
role of aggressive lipid control on clinical outcomes and highlight its importance in
patients with CKD stage 3.

INTRODUCTION [1]. Previous studies on lipid profiles have reported
hypertriglyceridemia, hypercholesterolemia, higher levels

Chronic kidney disease (CKD) severely impairs of low-density lipoprotein (LDL) cholesterol, and lower

key enzymes and metabolic pathways, ultimately levels of HDL-cholesterol in patients with CKD [2, 3].
leading to the dysregulation of high-density lipoprotein The progression of CKD can worsen these metabolic
(HDL) cholesterol and triglyceride-rich lipoproteins derangements, potentially leading to atherogenic diathesis
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and a further decline in renal function’. Experimental
studies have suggested that hyperlipidemia worsens renal
damage through tubulointerstitial disease and progressive
glomerulosclerosis [4, 5]. In addition, increasing evidence
suggests that abnormal lipid metabolism can promote the
progression of renal disease [6—8]. Clinical studies on the
association between the use of statins and progression of
renal disease in patients with mild-to-moderate kidney
failure have reported inconsistent findings, although some
have suggested that statin therapy can decrease the rate of
decline in renal function [9-11].

Several epidemiologic studies have reported that
dyslipidemia is associated with cardiovascular morbidity
and mortality in the general population [12, 13]. In recent
years, lipid variability has been reported to be a reliable
predictor of cardiovascular events [14—18]. Lipid variability
can cause instability of the vascular wall due to variability
in the lipid efflux mechanism. This can then increase
vulnerability to plaque rupture, and increase the risk of
cardiovascular events. With regards to renal outcomes,
Ceriello [19] and Chang [20] found that lipid variability can
predict the development of diabetic nephropathy in diabetic
patients with preserved renal function. However, published
data regarding the relationship between lipid variability and
renal outcomes in patients with moderate-to-advanced CKD
are limited. Therefore, the aims of this study were to assess
whether lipid variability is associated with progression to
dialysis in patients with CKD stage 35, and to evaluate the
risk factors of lipid variability.

RESULTS

A total of 725 patients with CKD stage 3-5 were
included. Their mean age was 64.4 + 12.1 years, and there
were 460 males and 265 females. All of the patients were
divided into two groups according to whether or not they
progressed to dialysis. The clinical characteristics are shown
in Table 1. Compared to patients who did not progress to
dialysis, those who did progress to dialysis were younger,
had a higher prevalence of coronary artery disease, higher
urine protein-to-creatinine ratio (U,.,), more advanced
CKD stage, lower levels of albumin, baseline estimated
glomerular filtration rate (eGFR), hemoglobin, and total
calcium, higher levels of phosphorous and uric acid, and
higher standard deviation (SD) levels of triglycerides,
total cholesterol, HDL-cholesterol and LDL-cholesterol.
In addition, the patients who progressed to dialysis used
more angiotensin converting enzyme inhibitors (ACEIs),
angiotensin II receptor blockers (ARBs), calcium channel
blockers and diuretics.

Risk factors for progression to dialysis among
different stages of CKD

The median follow-up period was 3.2 (1.2-6.3)
years. During the follow-up period, 208 patients developed

end-stage renal disease, of whom 197 started hemodialysis
and 11 started peritoneal dialysis.

In CKD stage 3 patients, compared to patients who
did not progress to dialysis, those who did progress to
dialysis were younger, lower albumin, lower baseline
eGFR, higher total calcium, higher phosphorous, higher
SD HDL-cholesterol and higher SD LDL-cholesterol.
Table 2 lists the hazard ratios (HRs) of the risk factors
for progression to dialysis using Cox proportional
hazards analysis among CKD stage 3 patients. After
adjustments for age, albumin, baseline eGFR, total
calcium, phosphorous, SD HDL-cholesterol and SD
LDL-cholesterol, the patents with CKD stage 3 with high
phosphorous (per 1 mg/dL; HR, 4.720; 95% confidence
interval [CI], 1.664 to 13.384; p = 0.004) and high LDL-
cholesterol SD (per 1 mg/dL; HR, 1.035; 95% CI, 1.003
to 1.067; p = 0.003) were associated with an increased
risk of progression to dialysis in the adjusted model. We
have further performed correlation matrix of regression
coefficients, and the correlation coefficients is -0.065
between phosphorous and SD LDL-cholesterol. Figure 1
illustrates the Kaplan-Meier curves for dialysis-free
survival (log-rank p = 0.035) for the patients with
CKD stage 3 subdivided according to the median LDL-
cholesterol SD. The patients with a LDL-cholesterol SD
less than the median value had a better renal-free survival
than those with a LDL-cholesterol SD equal to or higher
than the median value.

For CKD stage 4, compared to patients who did not
progress to dialysis, those who did progress to dialysis
were younger, male predominant, diabetes, lower albumin,
lower hemoglobin, lower baseline eGFR, lower total
calcium, higher phosphorous, higher SD LDL-cholesterol,
higher UPCR, and higher percentage of calcium channel
blockers and diuretics use. In Table 3, After adjustments
for age, gender, diabetes mellitus, albumin, baseline
eGFR, hemoglobin, total calcium, phosphorous, SD
LDL-cholesterol, U, ., calcium channel blocker use and
diuretic use, CKD stage 4 patients who were younger (per
1 year; HR, 0.953; 95% CI, 0.932 to 0.975; p < 0.001),
with a history of diabetes (HR, 4.698; 95% CI, 2.237 to
9.865; p < 0.001), low albumin (per 1 g/dL; HR, 0.281;
95% CI, 0.148 to 0.533; p < 0.001), low baseline eGFR
(per 1 mL/min/1.73 m?, HR, 0.891; 95% CI, 0.839 to
0.947; p < 0.001), low total calcium (per 1 mg/dL; HR,
0.581; 95% CI, 0.371 to 0.909; p = 0.017), used calcium
channel blockers (HR, 2.283; 95% CI, 1.334 to 3.909;
p =0.003) and used diuretics (HR, 1.960; 95% CI, 1.008
to 3.813; p = 0.047) were associated with an increased
risk of dialysis in the adjusted model. We have further
performed correlation matrix of regression coefficients,
and the correlation coefficients are all <0.7.

In addition, for CKD stage 5, compared to
patients who did not progress to dialysis, those who did
progress to dialysis were younger, lower baseline eGFR,
lower total calcium, higher phosphorous and higher
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Table 1: Comparison of clinical characteristics according to patients without or with progression to dialysis in all study
patients

Without progression With progression to

Characteristics to dialysis (1 = 517) dialysis (n = 208) 4 All (n =725)
Age (year) 659+ 11.7 60.7 + 12.1 <0.001 64.4+ 12.1
Male gender (%) 65.5 58.7 0.083 63.5
Smoking history (%) 315 26.9 0.216 30.2
Diabetes mellitus (%) 60.5 67.1 0.097 62.4
Hypertension (%) 87.4 89.9 0.357 88.1
Coronary artery disease (%) 11.1 18.4 0.009 13.2
Cerebrovascular disease (%) 12.4 8.2 0.106 11.2
CKD stage
Stage 3 (%) 48.5 9.1 <0.001 37.2
Stage 4 (%) 36.9 31.7 354
Stage 5 (%) 14.5 59.1 273
CKD etiology 0.001
Glomerulonephritis (%) 21.5 23.1 21.9
Diabetic nephropathy (%) 56.9 65.4 59.3
Obstructive nephropathy (%) 43 1.4 34
Gouty nephropathy (%) 7.4 1.0 5.5
Polycystic kidney disease (%) 1.5 43 23
Malignant hypertension (%) 6.6 3.8 5.8
Others (%) 1.9 1.0 1.7
Laboratory parameters
Albumin (g/dL) 4.1+04 3.8+0.5 <0.001 4.0+04
Fasting glucose (mg/dL) 128.4+53.9 126.4 + 60.6 0.678 127.8 £55.8
Hemoglobin (g/dL) 11.9+22 10.1+£1.8 <0.001 11.4+22
Baseline eGFR (mL/min/1.73 m?) 29.7+12.4 15.6+9.6 <0.001 25.6+13.3
Total calcium (mg/dL) 9.4+0.7 89+1.1 <0.001 9.3+0.8
Phosphorous (mg/dL) 3.8+0.7 50+1.5 <0.001 41+12
Uric acid (mg/dL) 8.1+2.1 8.8+£2.0 <0.001 83+2.1
Mean triglyceride (mg/dL) 1692 +119.4 171.7+90.6 0.759 169.9 +£110.9
SD triglyceride (mg/dL) 59.0+£59.5 71.7+64.4 0.011 62.6£61.2
Mean total cholesterol (mg/dL) 188.7+32.0 190.0 + 35.8 0.629 189.1 £33.1
SD total cholesterol (mg/dL) 31.2+16.8 37.1+21.0 <0.001 329+18.3
Mean HDL-cholesterol (mg/dL) 43.8+11.1 43.8+16.7 0.987 43.8+12.9
SD HDL-cholesterol (mg/dL) 6.0+3.8 73+3.6 <0.001 6.4+3.8
Mean LDL-cholesterol (mg/dL) 107.4 £55.1 102.5+23.9 0.221 106.0 £48.3
SD LDL-cholesterol (mg/dL) 24.4+13.0 28.0+16.4 0.005 254+ 14.1

U, (mg/g) 1681.5+2385.8 4075.7 £3631.1 <0.001 2441.4 £3047.2
Medications

ACEI and/or ARB use (%) 65.0 48.6 <0.001 60.3
B-blocker use (%) 19.1 24.0 0.141 20.6
Calcium channel blocker use (%) 35.2 55.2 <0.001 41.0
Diuretics use (%) 10.4 22.1 <0.001 13.8
Statin use (%) 32.1 293 0.465 31.3

Abbreviations. CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; SD, standard deviation; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; ACEI angiotensin converting enzyme inhibitor; ARB, angiotensin Il receptor blocker.

www.impactjournals.com/oncotarget 3244 Oncotarget



Table 2: Risk factors for progression to dialysis using multivariate forward cox proportional hazards model among

CKD stage 3
Multivariate (forward)
Parameters
Hazard ratios (95% CI) D
Phosphorous (per 1 mg/dL) 4.720 (1.664—-13.384) 0.004
SD LDL-cholesterol (per 1 mg/dL) 1.035 (1.003-1.067) 0.003

Values expressed as Hazard Ratios and 95% confidence interval (CI). Abbreviations are same as Table 1.
Adjusted for age, albumin, baseline eGFR, total calcium, phosphorous, SD HDL-cholesterol and SD LDL-cholesterol.

U, After adjustments for age, baseline eGFR, total
calcium, phosphorous and U,., (Table 4), CKD stage
5 patients with low baseline eGFR (per 1 mL/min/1.73
m? HR, 0.904; 95% CI, 0.839 to 0.974; p = 0.008), high
phosphorous (per 1 mg/dL; HR, 1.483; 95% CI, 1.280 to
1.719; p < 0.001) and high U, (per 1 mg/g; HR, 5.489;
95% CI, 3.090 to 9.752; p < 0.001) were associated with
an increased risk of dialysis in the adjusted model. We
have further performed correlation matrix of regression
coefficients, and the correlation coefficients are all <0.7.

LDL-cholesterol change and the correlation
between LDL- and HDL-cholesterol over the
follow-up period

Figure 2A illustrates LDL-cholesterol (solid line)
and SD LDL-cholesterol (dashed line) change through
follow-up period, and Figure 2B shows the values of SD3
(SD of 1st to 3rd LDL-cholesterol) to SD10 (SD of 1st
to 10th LDL-cholesterol). Besides, Figure 3 demonstrates

the relation between LDL- and HDL-cholesterol using
Pearson’s r.

Determinants of LDL-cholesterol variability in
the patients with CKD stage 3

Comparisons of the clinical characteristics between
the patients with CKD stage 3 with LDL-cholesterol SD
< the median value and > the median value are shown in
Table 5. Compared to the patients with LDL-cholesterol
SD < the median value, those with LDL-cholesterol SD
> the median value had a higher prevalence of diabetes
mellitus (DM), higher fasting glucose level, higher U
and higher percentage of statin use.

Table 6 shows the determinants of LDL-cholesterol
SD in the patients CKD with stage 3. In the univariate
analysis, LDL-cholesterol SD was significantly positively
correlated with DM, hypertension, fasting glucose,
phosphorous, U, ., and the use of statins, and negatively
correlated with albumin. In the multivariate stepwise
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Figure 1: Kaplan—-Meier analysis of dialysis-free survival according to median of LDL-cholesterol SD (log-rank
P =0.005) in CKD stage 3 patients. Patients with LDL-cholesterol SD < median had a better renal-free survival than those with LDL-

cholesterol SD > median.
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Table 3: Risk factors for progression to dialysis using multivariate forward cox proportional hazards model among

CKD stage 4

Multivariate (forward)

Parameters

Hazard ratios (95% CI) p

Age (per 1 year)
Diabetes mellitus
Albumin (per 1 g/dL)
Baseline eGFR (per 1 mL/min/1.73 m?)
Total calcium (per 1 mg/dL)
Calcium channel blocker use

Diuretics use

0.953 (0.932-0.975)
4.698 (2.237-9.865)
0.281 (0.148-0.533)
0.891 (0.839-0.947)
0.581 (0.371-0.909)
2.283 (1.334-3.909)
1.960 (1.008-3.813)

<0.001
<0.001
<0.001
<0.001
0.017
0.003
0.047

Values expressed as Hazard Ratios and 95% confidence interval (CI). Abbreviations are same as Table 1.
Adjusted for age, gender, diabetes mellitus, albumin, baseline eGFR, hemoglobin, total calcium, phosphorous, SD LDL-

cholesterol, U, .,

calcium channel blocker use and diuretic use.

Table 4: Risk factors for progression to dialysis using multivariate forward cox proportional hazards model among

CKD stage 5

Multivariate (forward)

Parameters

Hazard ratios (95% CI) P

Baseline eGFR (per 1 mL/min/1.73 m?)
Phosphorous (per 1 mg/dL)

U, (per 1 mg/g)

0.904 (0.839-0.974)
1.483 (1.280-1.719)
5.489 (3.090-9.752)

0.008
<0.001
<0.001

Values expressed as Hazard Ratios and 95% confidence interval (CI). Abbreviations are same as Table 1.
Adjusted for age, baseline eGFR, total calcium, phosphorous and U ...

analysis, high U, . (unstandardized coefficient f3, 0.003;
95% CI, 0.002 to 0.004; p < 0.001) and the use of statins
(unstandardized coefficient 8, 12.199; 95% CI, 9.173 to
15.224; p < 0.001) were significantly associated with an
increased LDL-cholesterol SD.

LDL-cholesterol values in different CKD
etiologies

We have further performed Table 7 to show the
values of mean and SD LDL-cholesterol among groups
of different CKD etiologies, and find patient with
DM had higher values of SD LDL-cholesterol than
glomerulonephritis, gouty nephropathy, polycystic kidney
disease and malignant hypertension.

Relation of SD LDL-cholesterol with double
creatinine or dialysis among different stages of
CKD

The median follow-up period was 2.8 (1.0-5.7)
years. During the follow-up period, 312 patients (43.0%)
developed double creatinine or dialysis. In CKD stage

3 patients, high LDL-cholesterol SD (per 1 mg/dL; HR,
1.037; 95% CI, 1.015 to 1.060; p = 0.001) were associated
with an increased risk for double creatinine or dialysis
in univariate analysis, but not achieving significance
(p = 0.059) in the multivariate analysis. Similarly, in CKD
stage 4 patients, high LDL-cholesterol SD (per 1 mg/
dL; HR, 1.011; 95% CI, 1.001 to 1.020; p = 0.036) was
associated with double creatinine or dialysis in univariate
analysis, but not achieving significance (p = 0.065) in the
multivariate analysis. However, in CKD stage 5 patients,
LDL-cholesterol SD (per 1 mg/dL; HR, 1.003; 95% CI,
0.992 to 1.004; p = 0.557) was not associated with double
creatinine or dialysis in univariate analysis.

DISCUSSION

The present study evaluated the association between
lipid variability and renal outcomes in patients with CKD
stage 35 over a follow-up period of 3.2 years. The results
showed that the patients with CKD stage 3 with increased
LDL-cholesterol SD had an increased risk of progression
to dialysis. However, this relationship was not significant
for those with CKD stage 4 or 5. Furthermore, a high U, .,
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and the use of statins were associated with an increased
LDL-cholesterol SD in the patients with CKD stage 3.
The most important finding of the present study is
that greater LDL-cholesterol variability was associated
with a higher risk of progression to dialysis in the patients
with CKD stage 3, which suggests that a more stable and
less variable LDL-cholesterol level is important. It seems
that maintaining certain biological parameters within
a very narrow range is crucial. For example, glycemia
should always be maintained in healthy people between
3.89 and 7.78 mmol/L [21]. Strictly maintaining glucose
values within this range has been strongly associated with
increased survival in non-diabetic, critically ill adults [22].

Similarly, blood pressure variability has been identified as
a cardiovascular risk factor in people without diabetes [23].
Ceriello [19] evaluated the effect of lipid variability on
renal outcomes in patients with type 2 DM with preserved
renal function, and found that higher a HDL-cholesterol
level resulted in a higher risk of developing albuminuria,
and that HDL- and LDL-cholesterol variability predicted
a decline in eGFR of <60 mL/min/1.73 m? The
pathophysiological link between dyslipidemia and CKD
has been reported to be due to worsening atherosclerosis in
the renal microcirculation and accumulation of lipoprotein
in glomerular structures. This then stimulates the release
of cytokines and growth factors, subsequently leading to
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Figure 2: (A) LDL-cholesterol (solid line) and SD LDL-cholesterol (dashed line) change through follow-up period. (B) Values of SD3
(SD of 1st to 3rd LDL-cholesterol) to SD10 (SD of 1st to 10th LDL-cholesterol).

www.impactjournals.com/oncotarget

3247

Oncotarget



inflammation and fibrogenesis [24, 25]. Animal studies
have shown that higher levels of total cholesterol can
increase the rate of progression of kidney disease, and that
a diet high in cholesterol can cause macrophage infiltration
and the formation of foam cells [24, 26]. In the present
study, the impact of LDL-cholesterol variability on the risk
of progression to dialysis in the patients with CKD stage
3 remained significant after adjustments for mean LDL-
cholesterol. This suggests that LDL-cholesterol variability
may provide additional valuable information as a potential
predictor of adverse renal outcomes.

The second important finding of this study is that
the significant association between lipid variability and
progression to dialysis was not observed in the patients
with CKD stage 4 or 5. This implies that the predictive
power of lipid variability on the risk of adverse renal
outcomes among patients with CKD stage 4 or 5 may be
relatively low. The prognostic role of lipid variability in
such patients is unclear, but it may be due to a paradoxical
relationship of a high prevalence of malnutrition
and inflammation [27, 28]. The concept of reverse
epidemiology has recently been proposed, which questions
the applicability of traditional cardiovascular risk factors
and the necessity of pharmaceutical management in
patients with renal failure [24, 25]. Rather, the concept
of reverse epidemiology proposes that malnutrition and
inflammation are more important than traditional factors.
Thus, although aggressive lipid control may be beneficial
in slowing the progression of renal disease in patients with
mild-to-moderate kidney failure [9-11], further studies
are needed to investigate whether tight lipid control can
improve the renal outcomes of patients with advanced
stages of CKD.
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Another important finding of this study is that
proteinuria was associated with LDL-cholesterol
variability in the patients with CKD stage 3. Proteinuria
is a common finding in patients with CKD, irrespective
of the cause, and almost all patients with CKD present
with varying degrees of proteinuria [29]. Proteinuria
is therefore important as a marker of renal disease, and
it is also associated with catabolic processes, protein-
energy wasting, hypoalbuminemia, and inflammation
[30, 31]. Furthermore, in patients with CKD, proteinuria
may contribute to dysregulated lipoprotein catabolism
and increased oxidative stress [32]. Proteinuria has
been associated with increased transcapillary escape
rates of albumin in patients with diabetes and essential
hypertension [33], and it has also been suggested that
this could reflect a generalized vasculopathy secondary to
endothelial damage [34]. This could result in disordered
hemostasis and progressive atherosclerosis if endothelial
fibrinolytic activity is compromised and if the loss of
endothelial integrity also leads to enhanced transvascular
escape of atherogenic macromolecules such as modified
LDL-cholesterol. Taken together, our findings suggest
that proteinuria level is a main factor influencing lipid
variability in patients with moderate CKD.

The present study shows that patients with DM had
greater LDL-cholesterol variability than patients with
other etiologies of CKD. Many lipoprotein abnormalities
are seen in the untreated, hyperglycemic diabetic patient
due to overproduction of TG-rich lipoproteins in the liver.
Diabetic patients may have mild hypertriglyceridemia,
increased intermediate-density lipoprotein levels, small
dense LDL with increased apoprotein B, and decreased
HDL-cholesterol levels. The central, abdominal
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Figure 3: The association between LDL- and HDL-cholesterol was expressed using Pearson’s r expression.
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Table 5: Comparison of clinical characteristics according to LDL-cholesterol SD < median or > median in CKD stage

3 patients
Characteristics I;Dnll‘;flli‘;’;e:;imll;;)) ;Dlﬁ;flli‘;’llle:;e:’; 3851; All (1 = 270)
Age (year) 65.6 +11.8 62.8+11.7 0.051 642 +11.8
Male gender (%) 76.3 76.3 1.000 76.3
Smoking history (%) 343 36.3 0.736 353
Diabetes mellitus (%) 48.9 68.1 0.001 58.5
Hypertension (%) 88.1 88.1 0.982 88.1
Coronary artery disease (%) 8.2 7.5 0.834 7.9
Cerebrovascular disease (%) 9.6 34 0.256 7.8
Laboratory parameters
Albumin (g/dL) 42+0.2 41+04 0.112 42+0.3
Fasting glucose (mg/dL) 116.8 +37.1 140.7 = 65.8 <0.001 128.8 +54.7
Hemoglobin (g/dL) 129+19 13.0+1.9 0.718 13.0+1.9
Baseline eGFR (mL/min/1.73 m?) 40.1+7.0 399+7.0 0.764 40.0+£6.9
Total calcium (mg/dL) 9.6+0.5 9.5+0.6 0.678 9.6+£0.6
Phosphorous (mg/dL) 35+05 3.6£0.5 0.769 3.6+0.5
Uric acid (mg/dL) 7.7+£1.9 79+2.0 0.413 7.8+1.9
U, (mg/g) 748.6 = 1079.2 1535.9 £2398.4 0.004 1144.3 £1899.5
Medications
ACEI and/or ARB use (%) 71.9 72.6 0.892 72.2
B-blocker use (%) 17.0 14.8 0.618 15.9
Calcium channel blocker use (%) 35.6 28.1 0.191 31.9
Diuretics use (%) 52 7.4 0.452 6.3
Statin use (%) 48.9 14.8 <0.001 31.9

Abbreviations are same as Table 1.

distribution of adipose tissue is associated with insulin
resistance, hypertension, and the above lipoprotein
abnormalities [35]. In our study, compared to non-diabetic
patients, diabetic patients had higher prevalence of statins
use (39.4% vs. 18.0%, p < 0.001), which may explain the
high LDL-cholesterol SD in diabetic patients in our study.
Biologically, chronic statin therapy may have modified
LDL-cholesterol receptors, reduced LDL-cholesterol
variability and led to better clinical outcomes. However,
previous study demonstrated that LDL-cholesterol
variability was associated with compliance of statin [36].
Therefore, improving adherence plays an important role
to lower the variability and to stabilize LDL-cholesterol.
Moreover, greater LDL- and HDL-cholesterol variability
is associated with decline in eGFR and progression
to albuminuria, respectively, in diabetic patients [19],
suggesting that more consistent and less variable values
are desirable.

There are several limitations to this study. First,
as an observational study, the number and frequency of
lipid measurements varied between individual patients.
To minimize this effect on the results, patients with fewer

than three lipid measurements during the follow-up
period and those with a follow-up period shorter than 6
months were excluded. However, the lack of uniformity
of such measurements remains an important limitation of
the analysis. Moreover, information on the use of statins
was collected at the beginning of the study, however
data about the duration, dosage and adherence to the
medications were lacking. Therefore, we were unable to
evaluate the influence of statins on lipid variability and/or
renal outcomes. Further studies are needed to determine
whether lipid-lowering agents are helpful in improving
lipid variability. Lastly, the effect of anti-hypertensive
medications on renal outcomes was not evaluated because
this study was not a clinical trial aimed at investigating
the effects of medications. We also lacked sufficient
data on cumulative exposure duration and defined daily
dose, and the positive correlation between the use of anti-
hypertensive medications and renal outcomes may be due
to selection bias.

In conclusion, greater LDL-cholesterol variability was
associated with an increased risk of progression to dialysis
among patients with CKD stage 3, but not in patients with
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Table 6: Determinants of LDL-cholesterol SD in CKD stage 3 patients using linear regression analysis

Univariate Multivariate (stepwise)
Parameter Unstandardized Unstandardized
coefficient B (95% CI) P coefficient B (95% CI) p
Age (per 1 year) —0.103 (-0.227, 0.022) 0.105 - -
Male (vs. female) 0.708 (-2.767, 4.184) 0.689 - -
Smoking history 0.468 (-2.632, 3.569) 0.766 - -
Diabetes mellitus 4.899 (1.957, 7.841) 0.001 - —
Hypertension 2.963 (-1.592,7.518) 0.201 - —
Coronary artery disease —1.814 (-7.345,3.717) 0.519 - -
Cerebrovascular disease —2.351 (-7.864, 3.162) 0.402 - -
Laboratory parameters
Albumin (per 1 g/dL) —8.394 (—12.575,-4.213)  <0.001 - -
Fasting glucose (per 1 mg/dL) 0.048 (0.021, 0.075) 0.001 - -
Hemoglobin (per 1 g/dL) —0.047 (-0.838, 0.743) 0.906 - -
Baseline eGFR (per 1 mL/min/1.73 m?) —0.102 (-0.315, 0.111) 0.346 - -
Total calcium (per 1 mg/dL) —1.214 (-3.774, 1.346) 0.351 - —
Phosphorous (per 1 mg/dL) 1.570 (—1.408, 4.549) 0.300 - -
Uric acid (per 1 mg/dL) 0.160 (-0.609, 0.929) 0.682 - -
U, (per 1 mg/g) 0.003 (0.002, 0.003) <0.001 0.003 (0.002, 0.004) <0.001
Medications
ACEI and/or ARB use 0.803 (-2.497, 4.102) 0.632 - -
B-blocker use 0.042 (-3.998, 4.082) 0.984 - -
Calcium channel blocker use —0.702 (-3.874, 2.470) 0.663 - -
Diuretics use 4.460 (-1.603, 10.523) 0.149 - -
Statin use 11.008 (8.124, 13.892) <0.001 12.199 (9.173, 15.224)  <0.001

Values expressed as unstandardized coefficient f and 95% confidence interval (CI). Abbreviations are same as Table 1.

Table 7: Values of mean and SD LDL-cholesterol among groups of different CKD etiologies

.. Diabetic Obstructive Gouty Polycystic Malignant

Glomerulonephritis . . . Others

Parameters (n = 159) nephropathy nephropathy nephropathy Kkidney disease hypertension (n=12) )4
(n=430) (n=25) (n=40) (n=117) (n=42)

Mean LDL- 111.0+
cholesterol (mg/dL) 108.1 £26.3 106.5 +58.6 103.2+354 1009 +£25.8 91.4+293 104.0 £21.8 274 0.854
SD LDL-cholesterol 223+126 281148 240133 195106 17321000  195:1L5  203% o001
(mg/dL) 8.5

Values expressed as mean + SD.
“p < 0.05 compared to diabetic nephropathy.

CKD stage 4 or 5. These findings support the potential role
of aggressive lipid control to improve clinical outcomes, and
highlight its importance in patients with CKD stage 3.

MATERIALS AND METHODS

Patients and study design

This study was performed at a hospital in southern
Taiwan, and included patients with CKD stages 3 to 5

defined as an eGFR (mL/min/1.73 m?) of 30 to 59, 15
to 29, and <15, respectively, for 3 months or longer [37]
from January 2007 to September 2015. All of the included
patients were regularly followed-up at our outpatient
clinics. The exclusion criteria were patients with fewer
than three lipid measurements during the follow-up
period, and those who died or started dialysis therapy
within 6 months after enrollment to avoid incomplete
observations of changes in renal function. In total, 725
patients (mean age 64.4 + 12.1 years, 460 males) were
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included in this study. The study protocol was approved by
the Institutional Review Board of our hospital, and all of
the enrolled patients provided written, informed consent.

Collection of demographic, medical, and
laboratory data

Demographic and medical data including age,
gender and details of any comorbidities were recorded
from the patients’ medical charts or in interviews.
Laboratory tests were performed on fasting blood
samples using a COBAS Integra 400 autoanalyzer (Roche
Diagnostics GmbH, Mannheim, Germany), including
levels of serum creatinine which were assessed using the
compensated Jaffé method [38]. eGFR was calculated
according to the method proposed in the Modification of
Diet in Renal Disease study [39]. Blood samples were
obtained within 1 month of enrollment. In addition, data
regarding the use of ACEIs, ARBs, B-blockers, calcium
channel blockers, diuretics, and statins during the study
period were obtained from the patients’ medical records.

Serial lipid measurements

Lipid measurements including triglycerides, total
cholesterol, HDL-cholesterol and LDL-cholesterol were
recorded for all patients from the date of enrollment until
the development of the renal end-point or April 2016,
whichever occurred first. Intrapersonal means and SDs of
lipid levels were calculated for each patient, and the SD
was considered to be an index of lipid variability.

Definition of renal endpoint

The renal endpoint was defined as initiating dialysis.
In Taiwan, dialysis is started according to the National
Health Insurance program regulations, which are based
on laboratory data, nutritional status and uremia. Data on
renal function were censored in the patients who reached
the renal endpoint, while the remaining patients were
followed until April 2016.

Another renal endpoint was defined as double
creatinine level or dialysis (which came first) since the
enrollment of the patients. For patients who were reaching
double creatinine or dialysis, the renal function data were
censored. The patients who did not reach renal endpoints
were followed up until April 2016.

Statistical analysis

Statistical analysis was performed using SPSS
version 19.0 for Windows (SPSS Inc. Chicago, USA). Data
are expressed as percentages or means + SDs. Differences
between groups were analyzed using the chi-square test
for categorical variables and the independent #-test for
continuous variables. The time to the renal endpoint
and covariates of risk factors were modeled using a Cox

proportional hazards model. Survival curves for the renal
endpoint were obtained using the Kaplan-Meier method.
Multiple linear regression analysis was used to identify
the factors associated with lipid variability. Significant
variables in the univariate analysis were selected as
covariates for the multivariate analysis. Relationships
between LDL- and HDL-cholesterol were assessed using
bivariate correlations (Pearson’s correlation). Multiple
comparisons among the study groups were performed
with a one-way analysis of variance (ANOVA) followed
by a post hoc test adjusted with a Boneferroni correction.
A p value of less than 0.05 was considered to indicate a
statistically significant difference.

Abbreviations

CKD: chronic kidney disease; HDL: high-density
lipoprotein; LDL: low-density lipoprotein; U, ,: urine
protein-to-creatinine ratio; eGFR: estimated glomerular
filtration rate; ACEIs: angiotensin converting enzyme
inhibitors; ARBs: angiotensin II receptor blockers; SD:

standard deviation; DM: diabetes mellitus.

Author contributions

Conceived and designed the experiments: Y.H.L.,
JCH., PWY, S.CC., Y.WC., JM.C. and H.C.C.
Performed the experiments: Y.H.L., J.C.H., PW.Y. and
S.C.C. Analyzed the data: Y.H.L., J.C.H., S.C.C. Prepare
Tables and Figure: Y.H.L. and S.C.C. Wrote the paper:
Y.H.L. and S.C.C. All authors reviewed the manuscript.

ACKNOWLEDGMENTS

The authors thank the help from the Statistical
Analysis Laboratory, Department of Medical Research,
Kaohsiung Medical University Hospital and Kaohsiung
Municipal Hsiao-Kang Hospital, Kaohsiung Medical
University.

CONFLICTS OF INTEREST

We have no financial interest in the information
contained in the manuscript.

REFERENCES

1. Vaziri ND, Norris K. Lipid disorders and their relevance
to outcomes in chronic kidney disease. Blood Purif. 2011;
31:189-96.

2. Vaziri ND. Dyslipidemia of chronic renal failure: The
nature, mechanisms, and potential consequences. Am J
Physiol Renal Physiol. 2006; 290:F262-72.

3. Bermudez-Lopez M, Arroyo D, Betriu A, Masana L,
Fernandez E, Valdivielso JM. New perspectives on

www.impactjournals.com/oncotarget

3251

Oncotarget



10.

11.

12.

13.

15.

ckd-induced dyslipidemia. Expert Opin Ther Targets. 2017;
21:967-76.

Phukan RR, Goswami RK. Unusual dyslipidemia in patients
with chronic kidney diseases. J Clin Diagn Res. 2017;
11:BC01-BC04.

Vashishtha D, McClelland RL, Ix JH, Rifkin DE, Jenny
N, Allison M. Relation between calcified atherosclerosis
in the renal arteries and kidney function (from the multi-
ethnic study of atherosclerosis). Am J Cardiol. 2017;
120:1434-1439.

Hovind P, Rossing P, Tarnow L, Smidt UM, Parving HH.
Remission and regression in the nephropathy of type 1
diabetes when blood pressure is controlled aggressively.
Kidney Int. 2001; 60:277-83.

Schaeffner ES, Kurth T, Curhan GC, Glynn RJ, Rexrode
KM, Baigent C, Buring JE, Gaziano JM. Cholesterol and
the risk of renal dysfunction in apparently healthy men. J
Am Soc Nephrol. 2003; 14:2084-91.

Chen SC, Hung CC, Kuo MC, Lee JJ, Chiu YW, Chang
JM, Hwang SJ, Chen HC. Association of dyslipidemia with
renal outcomes in chronic kidney disease. PLoS One. 2013;
8:e55643.

Fried LF, Orchard TJ, Kasiske BL. Effect of lipid reduction
on the progression of renal disease: A meta-analysis. Kidney
Int. 2001; 59:260-69.

Nakamura T, Ushiyama C, Hirokawa K, Osada S, Shimada
N, Koide H. Effect of cerivastatin on urinary albumin
excretion and plasma endothelin-1 concentrations in type 2
diabetes patients with microalbuminuria and dyslipidemia.
Am J Nephrol. 2001; 21:449-54.

Sandhu S, Wiebe N, Fried LF, Tonelli M. Statins for
improving renal outcomes: A meta-analysis. ] Am Soc
Nephrol. 2006; 17:2006—16.

National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III).
Third report of the national cholesterol education program
(ncep) expert panel on detection, evaluation, and treatment
of high blood cholesterol in adults (adult treatment panel iii)
final report. Circulation. 2002; 106:3143-421.

Lewington S, Whitlock G, Clarke R, Sherliker P,
Emberson J, Halsey J, Qizilbash N, Peto R, Collins R.
Blood cholesterol and vascular mortality by age, sex, and
blood pressure: A meta-analysis of individual data from 61
prospective studies with 55,000 vascular deaths. Lancet.
2007; 370:1829-39.

Bangalore S, Breazna A, DeMicco DA, Wun CC, Messerli
FH. Visit-to-visit low-density lipoprotein cholesterol
variability and risk of cardiovascular outcomes: Insights
from the tnt trial. ] Am Coll Cardiol. 2015; 65:1539-48.

Boey E, Gay GM, Poh KK, Yeo TC, Tan HC, Lee CH. Visit-
to-visit variability in 1dl- and hdl-cholesterol is associated

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

with adverse events after st-segment elevation myocardial
infarction: A 5-year follow-up study. Atherosclerosis. 2016;
244:86-92.

Bangalore S, Fayyad R, Messerli FH, Laskey R, DeMicco
DA, Kastelein JJ, Waters DD. Relation of variability of low-
density lipoprotein cholesterol and blood pressure to events
in patients with previous myocardial infarction from the
ideal trial. Am J Cardiol. 2017; 119:379-87.

Ng G, Boey E, Frampton C, Richards AM, Yeo TC, Lee
CH. Obstructive sleep apnea is associated with visit-to-visit
variability in low-density lipoprotein-cholesterol in patients
with coronary artery disease. Sleep Breath. 2017; 21:271-8.

Smit RA, Trompet S, Sabayan B, le Cessie S, van der Grond
J, van Buchem MA, de Craen AJ, Jukema JW. Higher visit-
to-visit low-density lipoprotein cholesterol variability is
associated with lower cognitive performance, lower cerebral
blood flow, and greater white matter hyperintensity load in
older subjects. Circulation. 2016; 134:212-21.

Ceriello A, De Cosmo S, Rossi MC, Lucisano G, Genovese
S, Pontremoli R, Fioretto P, Giorda C, Pacilli A, Viazzi
F, Russo G, Nicolucci A. Variability in hbalc, blood
pressure, lipid parameters and serum uric acid, and risk of
development of chronic kidney disease in type 2 diabetes.
Diabetes, obesity & metabolism. 2017.

Chang YH, Chang DM, Lin KC, Hsieh CH, Lee YJ. High-
density lipoprotein cholesterol and the risk of nephropathy
in type 2 diabetic patients. Nutr Metab Cardiovasc Dis.
2013; 23:751-7.

Mazze RS, Strock E, Wesley D, Borgman S, Morgan B,
Bergenstal R, Cuddihy R. Characterizing glucose exposure
for individuals with normal glucose tolerance using
continuous glucose monitoring and ambulatory glucose
profile analysis. Diabetes Technol Ther. 2008; 10:149-59.

Krinsley JS, Preiser JC. Time in blood glucose range 70
to 140 mg/dl >80% is strongly associated with increased
survival in non-diabetic critically ill adults. Crit Care. 2015;
19:179.

Rothwell PM. Limitations of the usual blood-pressure
hypothesis and importance of variability, instability, and
episodic hypertension. Lancet. 2010; 375:938—48.

Rovin BH, Tan LC. Ldl stimulates mesangial fibronectin
production and chemoattractant expression. Kidney Int.
1993; 43:218-25.

Abrass CK. Cellular lipid metabolism and the role of lipids
in progressive renal disease. Am J Nephrol. 2004; 24:46-53.
Hattori M, Nikolic-Paterson DJ, Miyazaki K, Isbel NM,
Lan HY, Atkins RC, Kawaguchi H, Ito K. Mechanisms of
glomerular macrophage infiltration in lipid-induced renal
injury. Kidney Int Suppl. 1999; 71:S47-50.

Contreras G, Hu B, Astor BC, Greene T, Erlinger
T, Kusek JW, Lipkowitz M, Lewis JA, Randall OS,
Hebert L, Wright JT Jr, Kendrick CA, Gassman J, et al.

WWw

.impactjournals.com/oncotarget

3252

Oncotarget



28.

29.

30.

31.

32.

33.

Malnutrition-inflammation modifies the relationship of
cholesterol with cardiovascular disease. ] Am Soc Nephrol.
2010; 21:2131-42.

Liu Y, Coresh J, Eustace JA, Longenecker JC, Jaar B, Fink
NE, Tracy RP, Powe NR, Klag MJ. Association between
cholesterol level and mortality in dialysis patients: Role of
inflammation and malnutrition. JAMA. 2004; 291:451-9.

Agrawal V, Marinescu V, Agarwal M, McCullough PA.
Cardiovascular implications of proteinuria: An indicator of
chronic kidney disease. Nat Rev Cardiol. 2009; 6:301-11.
Fouque D, Kalantar-Zadeh K, Kopple J, Cano N,
Chauveau P, Cuppari L, Franch H, Guarnieri G, Ikizler
TA, Kaysen G, Lindholm B, Massy Z, Mitch W, et al. A
proposed nomenclature and diagnostic criteria for protein-
energy wasting in acute and chronic kidney disease. Kidney
Int. 2008; 73:391-8.

Stenvinkel P, Carrero JJ, Axelsson J, Lindholm B,
Heimburger O, Massy Z. Emerging biomarkers for
evaluating cardiovascular risk in the chronic kidney disease
patient: How do new pieces fit into the uremic puzzle? Clin
J Am Soc Nephrol. 2008; 3:505-21.

Newman JW, Kaysen GA, Hammock BD, Shearer GC.
Proteinuria increases oxylipid concentrations in vldl
and hdl but not 1dl particles in the rat. J Lipid Res. 2007;
48:1792-800.

Feldt-Rasmussen B. Increased transcapillary escape rate of
albumin in type 1 (insulin-dependent) diabetic patients with
microalbuminuria. Diabetologia. 1986; 29:282—6.

34.

35.

36.

37.

38.

39.

Deckert T, Feldt-Rasmussen B, Borch-Johnsen K, Jensen T,
Kofoed-Enevoldsen A. Albuminuria reflects widespread
vascular damage. The steno hypothesis. Diabetologia. 1989;
32:219-26.

Abbate SL, Brunzell JD. Pathophysiology of hyperlipidemia
in diabetes mellitus. J Cardiovasc Pharmacol. 1990; 16:S1-7.

Mann DM, Glazer NL, Winter M, Paasche-Orlow MK,
Muntner P, Shimbo D, Adams WG, Kressin NR, Zhang Y,
Choi H, Cabral H. A pilot study identifying statin
nonadherence with visit-to-visit variability of low-density
lipoprotein cholesterol. Am J Cardiol. 2013; 111:1437-42.
National Kidney Foundation. K/DOQI clinical practice
guidelines for chronic kidney disease: evaluation,
classification, and stratification. Am J Kidney Dis. 2002;
39:S1-266.

Vickery S, Stevens PE, Dalton RN, van Lente F, Lamb EJ.
Does the id-ms traceable mdrd equation work and is it
suitable for use with compensated jaffe and enzymatic
creatinine assays? Nephrol Dial Transplant. 2006;
21:2439-45.

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D.
A more accurate method to estimate glomerular filtration
rate from serum creatinine: A new prediction equation.
Modification of diet in renal disease study group. Ann
Intern Med. 1999; 130:461-70.

www.impactjournals.com/oncotarget

3253

Oncotarget



