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Dyslipidemia  is more prevalent  among  chronic  kidney 
disease  (CKD)  patients  than  among  the  general  popula-
tion, with a specific serum lipid profile of a stronger ten-
dency toward high triglyceride (TG), high total cholesterol 
(T-CHO), low HDL cholesterol (HDL-C), and low or un-
changed LDL cholesterol (LDL-C) levels (1–3). However, 
the  prognostic  role  of  dyslipidemia  in  CKD  populations 
remains unclear (4). Impaired kidney function exhibits a 
temporal trend in both quantitative and qualitative pertur-
bation of  lipoprotein metabolism  across CKD  stages  and 
different  renal  replacement  therapies  (5,  6).  Quantita-
tively,  hypertriglyceridemia mainly  results  from  impaired 
TG  hydrolysis  because  of  reduced  expression  of  LPL, 
hepatic lipase, and receptors involved in the clearance of 
TG-rich lipoproteins (2, 6). Renal dysfunction is related to 
reduced hepatic LCAT gene expression and activity, which 
is  considered  the  major  cause  of  low  HDL-C  levels  (7). 
Qualitatively, for instance, the antioxidant and anti-inflam-
matory  functionalities of HDL-C are compromised  in pa-
tients  with  CKD  because  of  a  significant  reduction  in 
plasma  paraoxonase  and  glutathione  peroxidase  along 
with  a  decreased  concentration  of  LCAT  (8).  From  the 
temporality perspective, dyslipidemia starts early, even be-
fore  the  onset  of  CKD  stage  3,  and  worsens  during  the 
course of CKD (9, 10).
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Despite  advances  in  the mechanistic  understanding of 
lipid metabolism  in uremia,  conclusive  evidence has not 
been obtained because most investigations have been post 
hoc analyses and primarily limited to investigating the ef-
fect of a statin-induced reduction in serum LDL-C levels on 
cardiovascular outcomes (11, 12). A comprehensive asso-
ciation analysis concomitantly considering all components 
of the lipid profile and variable kidney outcomes is lacking. 
For instance, the recommendation of statin or statin/ezeti-
mibe for patients with CKD not undergoing renal replace-
ment therapy in the most recent Kidney Disease: Improving 
Global Outcomes (KDIGO) guideline was largely driven by 
the results of a single randomized trial: the Study of Heart 
and Renal Protection (SHARP) (12). Additionally, the dis-
connectedness between initiation of lipid-lowering therapy 
and measured LDL-C level appears to complicate the con-
sideration of routine baseline lipid profile screening (12).
In CKD care, information regarding the relationship be-

tween dyslipidemia and CKD progression remains elusive. 
Although studies on general healthy populations have con-
sistently demonstrated an inverse relationship between hy-
perlipidemia and CKD incidence (13–17), the association 
between dyslipidemia and CKD progression is not consis-
tent  among  studies  conducted  in  CKD  populations  (18, 
19). For instance, apoB, LDL-C, and T-CHO have been as-
sociated with CKD progression (20–22). Conversely, in the 
Modification of Diet in Renal Disease (MDRD) study com-
prising  855  patients  with  an  average  follow-up  period  of 
2.27 years, low HDL-C and apoA-1 levels were the only in-
dependent  lipid  risk  factors  for  the  rapid progression of 
renal disease; however, this observation was contradicted in 
a  case-control  study of 138 patients with CKD  in France, 
which showed no association of hypertriglyceridemia and 
low HDL-C level with end-stage renal disease (ESRD) pro-
gression (23). Moreover, in a recent study by the Chronic 
Renal Insufficiency Cohort Study research group compris-
ing 3,939 CKD patients with a mean age of 58.2 years, none 
of  the  tested  serum  lipids  and  lipoproteins,  including  
T-CHO, TG, LDL-C, HDL-C, VLDL, apoA-1, apoB, and li-
poprotein a, was associated with disease progression (18, 19). 
The inconsistency across previous studies can be attributed 
to low statistical power resulting from relatively moderate 
sample sizes and, more importantly, the use of only base-
line lipid profiles for outcome prediction. Even in studies 
with  long-term  follow-up,  the  longitudinal  trajectories  of 
lipid profiles, which  efficiently  reflect  the  treatment  effi-
cacy of and patients’ adherence to lipid-lowering therapy, 
have  rarely  been  considered.  To  address  this  knowledge 
gap,  we  prospectively  evaluated  the  association  between 
longitudinal lipid trajectories and the risk of progression to 
dialysis and mortality in a large registry-based CKD cohort.

METHODS

Study population
Taiwan’s National Health  Insurance  launched  the Project of 

Integrated Care of CKD in 2002, initially targeting patients with an 
estimated glomerular filtration rate (eGFR) below 60 ml/min/1.73 m2 

or proteinuria [urine protein-to-creatinine ratio (UPCR) >1 g/g 
creatinine].  In  2007,  the  program  used  a multidisciplinary  ap-
proach to focus on CKD stages 3b to 5 (24, 25). China Medical 
University Hospital (CMUH), a tertiary medical center in central 
Taiwan,  joined the program in 2003 and prospectively enrolled 
consecutive  patients  with  CKD  who  were  willing  to  participate  
(25, 26). CKD diagnosis was based on the criteria of the National 
Kidney  Foundation Kidney Disease Outcomes Quality  Initiative 
Clinical Practice Guidelines for CKD (25, 27). The patients in the 
program  were  regularly  followed-up  in  the  outpatient  depart-
ment. Biochemical markers of renal injury, including serum cre-
atinine, blood urea nitrogen, and spot UPCR, were measured on 
at least one occasion every 3 months. In addition, T-CHO and TG 
were measured at least annually under the care quality-based Na-
tional Health Insurance reimbursement policy, whereas the fre-
quency  of  LDL-C  and HDL-C measurements  was  based  on  the 
clinician’s  discretion  given  an  individual’s  underlying  risk  for 
CVD.  Since  2003,  CMUH has  employed  electronic medical  re-
cords (EMRs) for care management; therefore, we integrated the 
data of the CMUH pre-ESRD program with the CMUH EMRs con-
taining laboratory tests, medications, special procedures, and ad-
mission records (25). All enrolled patients were followed-up until 
initiation of long-term renal replacement therapy (hemodialysis, 
peritoneal dialysis, or transplantation), loss to follow-up, death, or 
until December 31, 2015, whichever occurred first.
In the present study, we included only those participants of the 

pre-ESRD program who were aged 20–89 years, had no history of 
dialysis, and for whom there were at  least two measurements of 
serum T-CHO and TG over the follow-up period. A total of 36,451 
records of T-CHO and 40,445 records of TG were included. We 
then excluded participants  for whom the time interval between 
baseline and the last T-CHO and TG measurements was less than 
6 months.  Further, we excluded patients under dialysis or with 
only a single measurement of T-CHO or TG; ultimately, a total of 
4,647  participants  were  included  in  the  analysis  (supplemental 
Fig. S1). From the primary study population, we further identified 
patients who had at least two measurements of serum LDL-C or 
HDL-C  levels  to  form  our  secondary  populations  comprising 
2,846 and 2,118 participants, respectively. The study was approved 
by the Big Data Center of CMUH and the Research Ethical Com-
mittee/Institutional  Review  Board  of  China Medical  University 
(CMUH105-REC3-068).

Determination of serum lipid levels and kidney function
Fasting  plasma  lipid  and  lipoprotein  cholesterol  levels  were 

measured using specific diagnostic kits by following the manufac-
turers’ instructions. Serum levels of T-CHO, HDL-C, LDL-C, and 
TG  were measured  using  an  LX-20  system  (Beckman Coulter) 
prior to 2007 and then using the UniCel® DxC 800 system (Beck-
man Coulter). All lipid components were determined using enzy-
matic  timed-endpoint methods with  commercially  available  kits 
(SYNCHRON®  system  reagents;  Beckman  Coulter).  T-CHO  is 
hydrolyzed by cholesterol esterase to free cholesterol. After deac-
ylation,  the oxidation of  free  cholesterol  is  catalyzed by  choles-
terol oxidase, yielding hydrogen peroxide (H2O2), which couples 
with 4-aminoantipyrin to form a colored quinoneimine. Similarly, 
TG is hydrolyzed to glycerol and free fatty acids by LPL. Glycerol 
is  then oxidized by glycerophosphate oxidase  into H2O2, which 
further  forms  a  red  quinoneimine  dye  through  oxidative  cou-
pling with 4-aminoantipyrin by peroxidase. LDL-C level is directly 
measured using  two selective detergents  to eventually  solubilize 
LDL-C, which allows conventional coupling of LDL-C with a chro-
mogenic dye for color formation. HDL-C is also measured on the 
basis of selective detergent methodology. The LDL-C levels calcu-
lated using the Friedewald formula (LDL-C = T-CHO  HDL-C  
TG/5) were also considered (28). The baseline serum level of a 
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given  lipid  component  was  defined  as  the  average  of  the mea-
sured values up  to 12 months before pre-ESRD enrollment. Bi-
nary variables (high vs. normal) for each baseline lipid component 
were defined by the cutoff values suggested by the National Cho-
lesterol  Education  Program-Adult  Treatment  Panel  III  (NCEP 
ATP  III)  criteria  (29). The  cutoff  values  for  each  lipid were  as 
follows: T-CHO, 200 mg/dl; TG, 200 mg/dl; LDL-C, 130 mg/dl; 
and HDL-C, 40 mg/dl. The eGFR was estimated using the abbrevi-
ated MDRD equation [eGFR = 186 × creatinine1.154 × age0.203 × 
1.212 (if black) × 0.742 (if female)] (30). The serum creatinine 
level at enrollment was used to define the baseline eGFR and the 
corresponding CKD stages by using the following cutoff values: >90, 
60–89.9, 30–59.9, 15–29.9, and <15 ml/min/1.73 m2. All lipid 
measurements of the enrolled participants were considered until 
the study endpoints. For instance, the quarterly average T-CHO 
level was  calculated  if  the patient had  received more  than one  
T-CHO measurement in a 3 month period, and the individu-
al’s T-CHO trajectory was modeled based on quarterly average  
T-CHO measures. The same approach was applied to model the 
trajectories of HDL-C, TG, LDL-C, and eGFR. Random spot urine 
dipstick and UPCR measurements were used to quantify protein-
uria.  Proteinuria  was  defined  as  urine  proteinuria  >0.5  g/day 
from random spot urine in at least two of three consecutive urine 
examinations.

Other variables
Sociodemographic  variables  collected during  the enrollment 

interview  included age,  race/ethnicity,  sex, education, cigarette 
smoking,  and  alcohol  consumption.  Smoking  and  alcohol  con-
sumption were categorized as current, former, or never. BMI was 
calculated  as  weight  in  kilograms  divided  by  height  in  meters 
squared. Diabetes mellitus  and hypertension were  defined by 
physicians’ clinical diagnosis based on patients’ International 
Classification of Diseases (ICD-9) codes and/or the use of blood 
pressure- and glucose-lowering agents. A history of CVD was de-
fined as documented coronary artery disease (CAD), myocardial 
infarction, stroke, or heart failure based on ICD-9 codes in EMRs 
1 year before the pre-ESRD program enrollment.

Statistical analyses
Continuous  variables  were  compared  using  Wilcoxon  rank 

sum test and are expressed as a median and interquartile range 
(IQR),  whereas  categorical  variables  were  compared using  the 
chi-square  test  and are expressed as a  frequency (percentage). 
All statistical analyses were performed in SAS (version 9.4; SAS 
Institute  Inc.,  Cary,  NC).  The  two-sided  statistical  significance 
level was set at  = 0.05. Associations among baseline lipid levels, 
risk of ESRD, and all-cause mortality were estimated using multi-
variable  Cox  regression  analysis.  The  baseline  lipid  level  was 
modeled as a continuous as well as binary exposure variable. The 
dose-response  relationship was  characterized using  a  restricted 
cubic spline model, with three knots located at the tenth, fiftieth, 
and ninetieth percentiles of the overall distribution of each lipid 
component.
We  used  semiparametric  group-based  trajectory  modeling 

(GBTM)  to  characterize  the  follow-up-period  trajectories  of  all 
lipid profiles of the patients enrolled in the CMUH pre-ESRD Pro-
gram. Briefly,  the PROC TRAJ macro developed using  the SAS 
software fits a semiparametric mixture model to longitudinal data 
by  using  the  maximum  likelihood  method  (31–33).  This  ap-
proach is useful when the number of subgroups and other infor-
mation  such  as  the  trajectory  shapes  of  each  subgroup  are 
unknown. We focused on two-group solutions (e.g., high vs. nor-
mal for T-CHO) for all lipid trajectories considering the sample 
size and the facilitation of meaningful statistical interpretation.

We evaluated the prospective associations of lipid trajectories 
with risk of dialysis initiation and mortality by using Cox propor-
tional hazards models with follow-up time as the time scale and 
baseline age as covariate. The models were adjusted progressively 
(see the footnotes of Tables 2 and 3). Because the inherent renal 
function  status  itself may  introduce confounding  regarding  the 
effect of lipids on dialysis risk and mortality, we adjusted multiple 
domains of renal function, including baseline eGFR, longitudinal 
eGFR  trajectories,  and  primary  etiologies  of  CKD,  in  the  final 
model to avoid residual confounding. To further characterize the 
risk of dialysis associated with lipid trajectories, we performed a 
competing  risk  analysis  according  to  the  protocol  of  Fine  and 
Gray (34) to minimize the potential bias introduced by a compet-
ing risk of death. Due to missing data on some explanatory vari-
ables (e.g., UPCR up to 34.9%), we further performed multiple 
imputations with a fully conditional method in SAS, an iterative 
Markov chain Monte Carlo procedure, to replace the missing val-
ues  for  protein-to-creatinine  ratio  (PCR),  comorbidities,  and 
medications with imputed values. We specified the number of im-
putations as 20 and iterations as 100. We also conducted a sensitiv-
ity  analysis  by  using  a  dyslipidemia  trajectory  based  on  the 
probability of blood lipid level being defined as dyslipidemia on 
the basis of the NCEP ATP III criteria (supplemental Fig. S2) at 
each follow-up measurement.
Exploratory subgroup analyses were performed to evaluate po-

tential effect modification  in the adjusted models. We stratified 
patients on the basis of age greater or less than 65 years, sex, BMI 
category  (<24,  24–47,  >27  kg/m2),  smoking  status,  CKD  stage  
(3 vs. 4 and 5), UPCR greater or less than 200 mg/g creatinine, 
serum uric acid (SUA) greater or less than 7 mg/dl, diabetes,  
hypertension,  and  CVD.  Due  to  the  comprehensiveness  of  the 
present study, a conceptual framework is provided to help readers 
understand a total of four exposure matrices for each lipid profile 
(supplemental Fig. S3).

RESULTS

Characteristics of high versus low baseline lipid values 
and longitudinal trajectories
Among the 4,647 participants, the median age at enroll-

ment was 67.0 years (IQR: 56.8–75.6), with a median fol-
low-up time of 33.3 months. The median number of lipid 
profile  measurements  recorded  was  5  (IQR:  3–9).  Over 
15,685.6 person-years of follow-up, 797 ESRD events, and 
404 deaths occurred. Incident ESRD and all-cause mortal-
ity were 50.8 and 25.7 per 1,000 person-years, respectively. 
Supplemental  Fig.  S4  presents  the  Pearson’s  correlation 
coefficients among lipid profiles. T-CHO and LDL-C had 
the  highest  correlation  coefficient  (  =  0.72),  whereas 
LDL-C exhibited near-zero correlation with TG ( = 0.02) 
and HDL-C  (  =  0.14). A  significant  inverse  relationship 
was noted between TG and HDL-C ( = 0.21). At base-
line, 33% and 7.6% of the study population were exposed 
to  statin and fibric acid derivative  treatment,  respectively 
(supplemental Table S1).
Two distinct trajectories were identified using the GBTM 

for each lipid component (Fig. 1). For T-CHO and TG, the 
two  trajectories  were  exactly  separated  using  the  NCEP 
ATP  III  cutoffs  for  hypercholesterolemia  (T-CHO  >200 
mg/dl)  and  hypertriglyceridemia  (TG  >200 mg/dl)  and 
labeled as “high” and “normal,” respectively (Fig. 1). For 
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LDL-C,  both  trajectories  were  below  the  NCEP  ATP  III 
LDL-C  cutoff  of  130  mg/dl  (borderline-high)  and  were 
designated normal and “normal-low”. By contrast, the two 
distinct HDL-C trajectories were above 40 mg/dl and were 
labeled as “normal-high” and normal (Fig. 1). The reference 
trajectory group of each lipid component in the association 
analysis was colored green consistently in Fig. 1. The base-
line demographics and clinical characteristics according to 
serum lipid trajectories defined by GBTM and complemen-
tal  data  were  summarized  in Table 1  and  supplemental 
Table  S1.  Corresponding  information  by  baseline  lipid 
profile stratified by cutoff values of NCEP ATP III criteria 
was  provided  in  supplemental  Table  S2.  Patients  with  
a  high  baseline  or  trajectory  of  T-CHO were  younger  at  
enrollment, more likely to be female, more likely to have 
diabetes and CVD, and had higher baseline hemoglobin, 
serum albumin, phosphate, TG, LDL-C, HDL-C, TG/HDL-C 

ratio, eGFR, and UPCR than those with the normal baseline 
or T-CHO trajectory (Table 1; supplemental Tables S1, S2). 
The high T-CHO trajectory was additionally associated with 
a lower level of baseline serum creatinine, potassium, and 
urine  creatinine.  Compared with  patients  with  a  normal 
baseline or  trajectory of TG,  those with a high TG status 
were younger and tended to be diabetic and hypertensive. 
High  TG  status  was  also  associated  with  higher  levels  of 
SUA,  calcium,  and  urine  creatinine,  which  was  different 
from what was observed for the T-CHO trajectory (Table 1; 
supplemental Tables S1, S2). For LDL-C, the demographic 
and  baseline  biochemical  characteristics  were  similar  to 
those for T-CHO; however, the high LDL-C trajectory was 
not  associated  with  a  lower  TG/HDL  ratio  and  the  pre-
scription of  lipid-lowering agents (Table 1;  supplemental 
Tables S1, S2). Regarding HDL-C, both baseline and longi-
tudinal status were not associated with age or serum albumin 

Fig. 1.  Serum  lipid  trajectories as defined  through GBTM by using  serial quarterly average  levels of each  lipid component,  including  
T-CHO, TG, LDL-C, and HDL-C, over the course of CKD. The solid lines represent the averaged estimated trajectory, whereas the points 
represent the averaged observed trajectories. Green represents the reference group in the association analyses, red indicates that the level of 
lipid in the trajectory group is stably higher than the cutoff value (black dashed lines) according to the NCEP ATP III criteria, and blue in-
dicates that the lipid level in the trajectory group was stably lower than or close to the NCEP ATP III cutoff value.
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and hemoglobin levels, but they were inversely associated 
with BMI, SUA level, and TG/HDL ratio. Patients with a 
high baseline and trajectory HDL-C status were also less 
likely to have diabetes, hypertension, and CVD (Table 1; 
supplemental Tables S1, S2).

Associations of dialysis risk and all-cause mortality with 
baseline lipid values
At  baseline,  we  found  that  each  20 mg/dl  increase  in  

T-CHO  and  LDL-C  was  associated  with  a  6%  (95%  CI, 
3–10; P < 0.001) and 5% (95% CI, 2–8; P = 0.001) increase, 
respectively, in the risk of ESRD (Table 2). When we strati-
fied baseline levels of each lipid component into abnormal 
versus normal status according to the NCEP ATP III recom-
mendations (Fig. 1), the patients with baseline hypercho-
lesterolemia and hyper-LDL cholesterolemia experienced 
36% (95% CI, 15–61; P < 0.001) and 33% (95% CI, 2–74;  
P = 0.035) higher risk of ESRD, respectively (supplemental 
Table S3). For all-cause mortality, the fully adjusted hazard 
ratios  (HRs)  for  each  10 mg/dl  increase  in  the  level  of 
HDL-C and the status of having an HDL-C level below 40 
mg/dl were 1.20 (95% CI, 1.06–1.36; P = 0.005) and 0.58 
(95% CI, 0.41–0.82; P = 0.002) (Table 3, supplemental Ta-
ble S4). Regarding the dose-response relationship between 
baseline lipid levels and the risk of progression to dialysis, 
a positive  linear relationship was  significant above 200  
and 150 mg/dl for T-CHO and LDL-C, respectively (Fig. 2). 
 Regarding mortality, HDL-C had  a  linear dose-response 
relationship above the level of 60 mg/dl, whereas no dose-
response relationship was observed for T-CHO, TG, or 
LDL-C (Fig. 2).

Association of dialysis risk and all-cause mortality with 
longitudinal lipid trajectories
The crude Kaplan-Meier survival curves in supplemen-

tal Fig. S5 show that participants with a high T-CHO trajec-
tory  during  the  follow-up had  significantly  lower  overall 
survival (log-rank test, P < 0.001), but equivalent dialysis-
free survival compared with  those with a normal T-CHO 
trajectory.
However, in the fully adjusted multivariable Cox regres-

sion model, CKD patients with a high T-CHO trajectory did 
not have higher  risk of  all-cause mortality  (adjusted HR, 
0.85; 95% CI, 0.66–1.10; P = 0.212) compared with those 
with  a  normal  T-CHO  trajectory  (Table  3, Model  5).  In 
contrast, compared with those with a normal T-CHO trajec-
tory, the fully adjusted HRs (95% CI) of CKD patients with 
a  high  T-CHO  trajectory  for  the  risk  of  progression  to 
ESRD were 1.21 (95% CI, 1.03–1.42; P = 0.019) (Table 2, 
Model 5). For LDL-C trajectories, similar results were ob-
tained  in  the Kaplan-Meier curve analysis  for dialysis-free 
and overall survival (supplemental Fig. S6). No difference 
in dialysis-free  and overall  survival was observed between 
TG trajectories (supplemental Fig. S7); whereas, a normal-
high  HDL-C  trajectory  had  better  dialysis-free  survival 
shown on Kaplan-Meier curve (supplemental Fig. S8). Re-
garding the trajectories of TG, LDL-C, and HDL-C, no sig-
nificant difference in risk of ESRD and death was observed 
between patients with abnormal and reference trajectories 

(Tables 2, 3). However, when using GBTM to classify the 
probability trajectory of being hypo-HDL cholesterolemic 
(HDL-C  <40 mg/dl  at  each measurement  occasion),  pa-
tients with relatively persistent hypo-HDL cholesterolemia 
had a 53% (95% CI, 9–115; P = 0.014) higher risk of mor-
tality  compared  with  those  with  less  frequent  hypo-HDL 
cholesterolemia (supplemental Table S4).

Subgroup analysis
Results  of  the  exploratory  subgroup  analysis  revealed 

that  the effect of a high T-CHO trajectory on  the risk of 
progression to dialysis was modified by diabetic and hyper-
uricemic  status,  with more  pronounced  risk  estimates  in 
patients with diabetes  (HR,  1.52;  95% CI,  1.21–1.90; P  < 
0.001) or hyperuricemia (HR, 1.28; 95% CI, 1.08–1.50; P = 
0.003)  (Fig. 3A).  Regarding  all-cause  mortality,  patients 
with a high TG trajectory exhibited a higher risk of death 
among patients without diabetes compared with those with 
a normal TG trajectory (HR,1.49; 95% CI, 0.93–2.39; P for 
interaction  =  0.012)  (Fig.  3B).  Furthermore,  the  associa-
tion between HDL-C trajectory and death was significantly 
modified by sex (P = 0.005). The risk of death was substan-
tially  lower  in  men  with  a  normal  longitudinal  HDL-C  
trajectory (nearly 40 mg/dl) compared with those with a 
normal-high HDL-C  trajectory  (HR,  0.54;  95% CI,  0.33–
0.90; P = 0.018).

DISCUSSION

To the best of our knowledge,  this  is  the first  study  to 
describe  lipid  trajectories by using a GBTM to evaluate 
the  associations  between  both  baseline  and  longitudinal 
change in lipid profile and the risk of progression to ESRD 
and death. Our results suggested that higher baseline lev-
els  of  T-CHO  and  LDL-C  and  a  high  T-CHO  trajectory 
were associated with a higher risk of  incident ESRD in  
patients with CKD. The prognostic  role of  longitudinal  
T-CHO trajectory in the development of ESRD was especially 
prominent among CKD patients with concomitant diabe-
tes or hyperuricemia. Hyperlipidemic status, including hy-
percholesterolemia and hyper-LDL cholesterolemia, both 
at the time of enrollment and over the course of the pre-
ESRD program was a risk factor for progression to ESRD, 
but not for all-cause mortality. Contrary to common belief, 
our data showed that baseline HDL-C levels were positively 
associated  with  all-cause mortality.  However,  the  associa-
tion was in a different direction using longitudinal HDL-C 
trajectory data. When using GBTM to classify the probabil-
ity trajectory of being hypo-HDL cholesterolemic (HDL-C 
<40 mg/dl at each measurement occasion), we found that 
the persistent status of hypo-HDL was significantly associ-
ated with all-cause mortality (supplemental Table S4).  In 
CKD patients without diabetes, a high TG trajectory is also 
a significant mortality risk factor. Discrepant statistical in-
ference derived from baseline value and longitudinal tra-
jectory  indicates  that  further  studies  are  required  to 
determine an optimal goal of HDL-C, which may decrease 
mortality  risk  in  the CKD population. More  importantly, 
our research suggests that a systematic approach to analyze 
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both baseline and longitudinal lipid data is mandatory in 
future studies.
We discovered  that baseline T-CHO and LDL-C values 

and hyperlipidemia  (hypercholesterolemia or hyper-LDL 
cholesterolemia) were  linearly associated with  the  risk of 
progression to ESRD when holding eGFR trajectories con-
stant, but not with all-cause mortality. The null associations 
of T-CHO, TG,  and LDL-C with mortality were main-
tained  longitudinally.  In  the general population, T-CHO 
and LDL-C are conventionally recognized as important risk 
factors for CVD and CVD-related mortality despite a recent 
debate  (35).  However,  the  positive  association  between  
T-CHO and all-cause mortality in the general population has 
been consistently disproved in various countries, challeng-
ing the “the lower the better” concept in lipid management 
(36).  Nonetheless,  the  latest  KDIGO  guideline  suggests 
wider use of statin or statin/ezetimibe for all patients older 
than 50 years and with CKD stages 1–2 or 3–5, respectively, 
due to the significant cardiovascular risk reduction that was 
shown  in  the SHARP trial (12, 37), but not  for  the CKD 
progression, despite the finding by a recent meta-analysis 
that  statin might  reduce  the decline  in eGFR  in patients 
with CKD (38). Our findings support the role of baseline 
T-CHO  and  LDL-C  at  enrollment  in  the  pre-ESRD  pro-
gram for predicting rapid progression to ESRD. However, 
because of  the observational nature of  the present study, 
we could not determine whether use of statins retarded the 
decline in kidney function with target levels of T-CHO and 
LDL-C similar to those in the NCEP ATP III criteria in CKD 

populations  (29).  Furthermore,  the  null  associations 
among  T-CHO,  LDL-C,  and  all-cause  mortality  in  CKD 
populations are consistent with the ongoing debate on the 
inverse relationship between statin use and all-cause mor-
tality, particularly in general older populations (35, 39, 40). 
Because CKD is also part of an aging process, the observa-
tion  of  a  potential  null  relationship  between  cholesterol 
and risk of mortality in patients with advanced CKD is un-
surprising (41, 42). Based on our findings, it may be ratio-
nal  to  embrace  the  “the  earlier  the  better”  concept  by 
initiating  statin  therapy  in patients with early  stage CKD, 
because the risk of progression to ESRD conferred by base-
line  hyperlipidemia  (e.g.,  T-CHO)  outweighs  that  con-
ferred by  the  longitudinal  trajectories over  the course of 
CKD (supplemental Table S5, Model 6). Baseline lipid pro-
file may represent an individual’s overall status of endothelial 
dysfunction and chronic inflammation (43). For instance, 
the  correlation  coefficient  (  =  0.279)  between  baseline 
UPCR and T-CHO was high, which  implied  that T-CHO 
may  serve as a  surrogate marker  for endothelial dysfunc-
tion or glomerular injury (44). Future research should fo-
cus  on  the  therapy  intensity,  statin  type,  and  role  of 
alternative lipid-lowering agents other than statins, such as 
fish oil, during the early stages of CKD.
In CKD populations, the relationship between TG level 

and risk of death remains uncertain, as does the relation-
ship between TG and risk of progression to ESRD (45, 46). 
In the present study, the TG level at baseline and its longi-
tudinal  change  pattern  were  not  associated  with  a  rapid 

Fig. 2.  Adjusted HRs for ESRD requiring dialysis and all-cause mortality according to the baseline serum level of each lipid component. 
Solid lines represent adjusted HRs based on restricted cubic splines for baseline lipids. The shaded areas represent upper and lower 95% CIs. 
Reference was set at the tenth percentile of baseline lipid levels. Fully adjusted HRs (Tables 2 and 3, Model 5) comparing dyslipidemia-prone 
trajectory to reference trajectory of each lipid component are also plotted. Upper panels: Risk of ESRD requiring dialysis (blue). Lower 
panels: All-cause mortality (red). Variables adjusted are the same as those shown in Model 5 in Tables 2 and 3.
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Fig. 3.  A: HRs for the risk of CKD progression to dialysis comparing the dyslipidemia-prone versus reference lipid trajectories for each lipid 
component (T-CHO, TG, LDL-C, and HDL-C). HRs were adjusted for the variables in Model 5 in Table 2, except for the stratifying variables. 
Estimated two-sided P < 0.05 for the interaction between lipid trajectories and participants’ characteristics are indicated by unfilled squares. 
B: HRs for the risk of all-cause mortality comparing the dyslipidemia-prone versus reference lipid trajectories for each lipid component (T-
CHO, TG, LDL-C, and HDL-C). HRs were adjusted for the variables in Model 5 in Table 3, except for stratifying variables. Estimated two-
sided P < 0.05 for the interaction between lipid trajectories and participants’ characteristics are indicated by unfilled squares.

decline in eGFR and risk of mortality, which is concordant 
with the current KDIGO guideline that downplays the indi-
cation of fibric acid derivatives  in CKD populations (12). 
However,  in  the  subgroup  analysis,  we  discovered  that  a 
longitudinal  trajectory of TG  that was  stably higher  than 
200 mg/dl was associated with risk of death among CKD 
patients without diabetes. This finding is novel and has not 
been carefully evaluated in the current literature (47, 48). 
A large-scale trial must be conducted to determine whether 
TG control should be focused on CKD patients without dia-
betes. However,  the  lack of harmful effects of a high TG 
trajectory  on  all-cause mortality  in  diabetic  patients  with 
CKD challenges the latest American Diabetes Association 
practice guideline for targeting a TG level below 150 mg/dl 
(49). More experimental  research  is  required  to explore 
the  underlying pathogenesis  and determine whether ne-
phrologists should target this level in diabetic patients with 
CKD or simply adopt the “one-size-fits-all” approach of the 
KDIGO guideline.
Our  findings  on HDL-C  were  partially  consistent  with 

those of some previous studies. The MDRD study demon-
strated a protective effect of high baseline HDL-C on a de-
clining  eGFR  among  patients  with  CKD,  but  our  study 
showed no renal protective effect of baseline HDL-C at the 
enrollment of  the pre-ESRD program (19). Nonetheless, 
we did find that a trajectory of frequent hypo-HDL-C cho-
lesterolemia over the disease course was linked to higher 
all-cause mortality in patients with CKD. Concordant to our 

findings derived from baseline HDL-C, a recent prospec-
tive  study  by  Zewinger  et  al.  (50)  showed no  association 
between  baseline  HDL-C  and  all-cause  mortality.  In  pa-
tients with CAD or  at high  risk of CAD,  two multicenter 
clinical trials failed to prove the beneficial effects of phar-
macologically  increased HDL-C  levels on coronary artery 
event protection (51, 52). In a recent large cohort study of 
116,508  individuals,  extremely  high  HDL-C  levels  were 
found to be associated with high mortality risk (53). Other 
large cohort studies conducted in Canada (Cardiovascular 
Health in Ambulatory Care Research Team) and by the US 
Department of Veterans Affairs revealed similar uncertain 
findings on the cardioprotective effect of HDL-C (54, 55). 
The level and functional heterogeneity of HDL-C may be 
genetically and environmentally (e.g., uremic status) influ-
enced in CKD populations (56). Therefore, serial changes 
of HDL-C level over the CKD course may better reflect the 
functionality  of  the  kidney  to  catabolize  HDL-C,  which 
could be a potential biomarker for disease progression in 
CKD. The components of HDL-C are dynamic, and differ-
ent  subpopulations  of HDL-C  can  be  classified  by  size, 
density,  electrophoretic mobility,  and  apo  composition. 
Although the effect of  the size of HDL-C shifting  toward 
atherogenic small particles  in patients with CKD remains 
controversial,  this  provides  a  possible  explanation of  the 
lack of protective effects of high HDL-C at baseline in this 
population (57, 58). For instance, increasing evidence sug-
gests the pathogenic importance of dysfunctional HDL-C 
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registry-based  EMRs.  Information,  such  as  genetic  varia-
tions, dietary patterns, and environmental factors such as 
air pollution and heavy metal exposure, was unavailable for 
analysis. Third, this study was performed at a single ter-
tiary medical center, which might limit the generalizabil-
ity of our findings. For instance, racial difference in the 
regulation  of  lipid metabolism may  be  significant,  and 
how lipid metabolism responds to changing kidney func-
tion and lipid-lowering agents may also be different be-
tween races.
In conclusion, T-CHO and LDL-C levels were related to 

accelerated CKD progression to ESRD; therefore, applying 
lipid-lowering agents at an earlier stage of CKD may retard 
the progression of CKD. Strict control of TG may also have 
some benefit for overall  survival  in CKD patients without 
diabetes. Our findings inform clinical practice to consider 
the “the earlier the better” approach in patients with CKD. 
The  inconsistent  relationships  of  baseline  HDL-C  levels 
and longitudinal HDL-C trajectories with all-cause mortal-
ity  in  the  Taiwanese  CKD  population  warrant  further 
investigation  to  define  the  optimal  range  of HDL-C.  Al-
though our study provides new insight into the old contro-
versy  concerning  the  prognostic  role  of  lipid  profile  in 
CKD  populations,  large  experimental  trials  are  vital  for 
clarifying why, when, and how to optimize dyslipidemia in 
CKD, which is an increasing burden on health care systems 
worldwide.
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