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Introduction: There are discrepant findings regarding the effect of dyslipidemia on disease progression in
adult patients with chronic kidney disease (CKD).

Methods: In a prospective cohort study of children with stage 3 to 5 (predialysis) CKD, triglycerides (TGs),
total cholesterol (CHOL), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C) were measured semiannually. We investigated whether CKD progression is associ-
ated with serum lipid levels at baseline and with lipid trajectories during follow-up. CKD progression was
defined as the time to a composite event of 50% reduction in estimated glomerular filtration rate (eGFR),
eGFR < 10 ml/min per 1.73 m?, or start of kidney replacement therapy. By semiparametric group-based
trajectory modeling (GBTM), 2 trajectories were defined for each lipid, termed “high” and “low.”

Results: A total of 681 patients aged 12.2 + 3.3 years with a mean eGFR of 26.9 + 11.6 ml/min per 1.73 m?
were included. Kidney diagnosis was classified as congenital anomalies of the kidneys and urinary tracts
(CAKUT) in 69%, glomerulopathy in 8.4%, and other disorders in 22.6% of patients. During a median of 5.1
years of follow-up, 59% of patients reached the composite end point. Kidney survival was significantly
different for HDL-C (P = 0.0128), but not for other lipid trajectories in the Kaplan-Meier analysis. There was
no significant association of any of the lipid trajectories with CKD progression in Cox proportional hazard
models. Variables consistently associated with CKD progression in models for each lipid at baseline and
for lipid trajectories included age, a diagnosis other than CAKUT, eGFR at baseline, albuminuria, the serum
albumin level, and diastolic blood pressure (BP).

Conclusions: These data do not support an important role for lipids in the progression of CKD in children.
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See Commentary on Page 1324

KD is accompanied with profound changes in the
C composition of lipoproteins and their levels in
serum. The typical pattern of “uremic dyslipidemia” is
characterized by increased levels of TGs and a decrease
in HDL-C, whereas levels of CHOL and LDL-C are var-
iable.' Patients with nephrotic syndrome or nephrotic
range proteinuria have highly elevated levels of
CHOL and LDL-C.”’ Apart from proteinuria, a variety
of factors have modifying effects on the lipid profile,
such as primary kidney disease, CKD stage, medications,
diet, the presence of malnutrition or obesity, and sex-
specific effects.””

In the adult general population, dyslipidemia is not
only a traditional risk factor for atherosclerosis and
cardiovascular disease, but also, most often in the
form of high TGs and/or low HDL-C, for the incidence
of new-onset CKD.°'° In line with these observations,
dietary lipids cause kidney injury in several animal
models,’’ which can be ameliorated by cholesterol-
lowering medications.'” Although these population
studies and experimental data in animal models of
CKD suggest an impact of dyslipidemia on the onset
and progression of CKD,"’ large prospective cohort
studies (CRIC study, MDRD study) could not
demonstrate an independent effect on disease pro-
gression in patients with established CKD.'*'"” Some
systematic reviews of randomized controlled clinical
trials of adult patients with CKD suggested that lipid
reduction with different agents has a beneficial effect
on the decline of GFR,'”'® whereas others confined to
statins showed that such an effect was limited to
“high-intensity preparations”'” or absent,'® as clearly
shown in the SHARP trial.'” Taken together, con-
flicting findings exist regarding the effect of dyslipi-
demia and lipid-lowering therapy, respectively, on
CKD progression in adult patients.

One reason for these discrepant findings could
be the use of exclusively baseline lipid levels for
outcome associations in many studies, thus
neglecting the impact of CKD progression on lipid
levels and the intraindividual variability of lipid
levels over time. To address this shortcoming,
various trajectory modelling techniques have been
developed.”’

We have previously described the prevalence and
pattern of dyslipidemia, as well as associated risk fac-
tors, in a large cohort of children enrolled in the Car-
diovascular Comorbidity in Children with Chronic
Kidney Disease (4C).”' Here, we have expanded this
analysis to evaluate the impact of both, baseline lipid
levels and longitudinal lipid trajectories, on the pro-
gression of CKD.
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METHODS

Study Setting and Design

The Cardiovascular Comorbidity in Children with
Chronic Kidney Disease Study (ClinicalTrials.gov
NCT01046448) prospectively observed 704 children
aged 6 to 17 years with CKD stage 3 to 5 (nondialysis,
no previous transplantation) and a baseline eGFR of 10
to 60 ml/min per 1.73 m?, who were enrolled between
2010 and 2012 at 55 pediatric nephrology units in 12
European countries and followed-up with until the end
of 2018. The study was approved by the Ethics Com-
mittee of the University of Heidelberg (S-032/2009) and
the institutional review boards of each participating
center. Written informed consent was obtained from all
parents and participants, where appropriate. Patients
underwent standardized biannual clinical evaluations,
including the collection of blood and urine samples,
recording of fasting status, and an annual cardiovas-
cular examination. A detailed study protocol and an
analysis of the cardiovascular phenotype of this cohort
has been previously published.”*’

Definitions

Abnormal lipid levels were defined according to pre-
viously published cutoff levels for normal serum lipids
in children (Supplementary Table S1).**

Primary kidney diseases were classified as CAKUT,
glomerular diseases, and others.

CKD progression (expressed as kidney survival) was
defined as the time to a composite event of 50%
reduction in eGFR, eGFR < 10 ml/min per 1.73 mz, or
start of kidney replacement therapy, whichever
occurred first. If 50% reduction in eGFR occurred be-
tween 2 study visits, interpolation was used to deter-
mine the time point of the event.

Body mass index, height, and office BP were
normalized by using the calculation of SD scores (SDS)
based on reference values for healthy children.”””’
eGFR was calculated using the bedside approximation
(0.413 X (height [cm] /serum creatinine [mg/dl]) of the
updated Schwartz equation.”®

The albumin-to-creatinine ratio in spot urine was
used to quantify proteinuria as recommended by Kid-
ney Disease: Improving Global Outcomes guidelines.”’
There is currently no standard definition for
nephrotic range albuminuria in children.” A urinary
protein excretion > 1 g/m°/d and > 3.5 g/d is the
accepted cutoff for nephrotic range proteinuria in
children and adults, respectively. As previously
described,”’ a urinary albumin-to-creatinine ratio of
1.1 g/g was derived from these thresholds and used as
the cutoff to define nephrotic range albuminuria in
children.

Kidney International Reports (2025) 10, 1393-1403
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Laboratory Methods

All blood and urine samples were measured by fully
automated methods at a central laboratory (Synlab,
Heidelberg) using stored serum samples collected at
each 6-monthly visit. Urinary albumin and creatinine
were measured in spot urine samples. All lipids were
measured directly by enzymatic test on a Advia 2400
analyzer (Siemens, Munich, Germany).

Statistical Analysis

Clinical and laboratory characteristics of the study
population are described using mean (SD), median
(interquartile range) or frequencies for continuous and
categorical variables, respectively. By means of semi-
parametric GBTM, the evolution of the different lipid
levels over time was analyzed with the aim of identi-
fying clusters of individuals with similar trajectories.
The PROC TRAJ macro in SAS (SAS Institute, Cary,
NC) was used to fit a semiparametric mixture model to
longitudinal data using maximum likelihood estima-
tion. All patients, irrespective of the number of visits
with observed lipid levels or intermittent missing
values were included. The classification into 2 trajec-
tory groups was pursued for all lipid trajectories to
achieve a meaningful interpretation, for example, high
versus normal. The shape of the trajectories was not
prespecified but explored in the model by starting with
a 2-group cubic trajectory model (third order of
parameter estimates) and using in the final model for
each trajectory group, the highest order which was
significant.

For each lipid, a plot was created showing averaged
estimated and observed trajectories. In addition,
descriptive patient characteristics and baseline lipid
levels were provided, stratified by the identified tra-
jectory groups. Cox regression models were applied to
analyze the association of trajectory groups with renal
survival. Results of adjusted models for known con-
founders (age, sex, diagnosis, baseline eGFR, urinary
albumin-to-creatinine ratio, body mass index SDS,
serum albumin, diastolic BP SDS) were given with
hazard ratio and 95% confidence interval for the effect
on trajectory group-defined progression of CKD. A P-
value < 0.05 was set as a threshold for statistical sig-
nificance. All models were based on the same complete
data set, patients with missing values in one of the
confounders were not considered. Models with a
slightly different confounder set (e.g., systolic vs.
diastolic BP SDS) were compared by using the Akaike
Information Criterion and the model with the lower
Akaike Information Criterion (better fit) was defined as
the final model. Furthermore, Kaplan-Meier plots
comparing kidney survival according to lipid trajec-
tory groups were presented. P-values of the log-rank
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test were given. All statistical analyses were per-
formed in SAS (version 9.4).

RESULTS

Patient Characteristics

A total of 689 patients had at least 1 lipid profile measured
at enrollment; 8 patients taking lipid-lowering medica-
tion were excluded. Thus, 681 patients (90% Caucasian,
n = 611; 65.8% boys, n = 448), aged 12.2 & 3.3 years
meeting the eligibility criteria, with a baseline median
eGFR of 26.9 + 11.6 ml/min per 1.73 m’, were included in
the analysis (Supplementary Figure S1). Primary kidney
diagnosis was CAKUT in 69% (n = 470), glomerular
disease in 8.4% (n = 57) and other in 22.6% (n = 154) of
patients. Mean body mass index was 18.4 + 3.9 kg/m’
and 6.2% patients (n = 42) were obese, and 290 patients
(42.6%) were treated with renin-angiotensin system in-
hibitors. During the time of observation (median: 5.1
[interquartile range: 5.0-6.1] years), the composite end
point of CKD progression (kidney survival) was met by
399 patients (59%); kidney replacement therapy was
started in 165, 159 patients had 50% loss of eGFR and 75
reached a eGFR < 10 ml/min per 1.73 m”,

First, we analyzed the association of CKD progres-
sion with lipid values at baseline, which have been
published previously.”' As expected, there was no as-
sociation of CKD progression with serum levels of any
lipid when analyzed as a continuous variable (data not
shown). Dyslipidemia, a binary variable defined ac-
cording to published age-dependent cutoffs,” was
frequent in the cohort: CHOL in 27%, HDL-C in 32%,
LDL-C in 15%, and TGs in 55% of patients, with no
difference between stages of CKD.”' Dyslipidemia for
each lipid was associated with disease progression
when unadjusted (data not shown); however, when
adjusted for known covariates in a Cox proportional
hazard model, only increased TG levels were of
borderline statistical significance (P = 0.0732; Table 1).
Variables consistently associated with CKD progression
in models for each lipid included age, a diagnosis other
than CAKUT, eGFR at baseline, albuminuria (expressed
as urinary albumin-to-creatinine ratio), the serum al-
bumin level, and diastolic BP SDS.

Data were further analyzed in the subgroups of pa-
tients with (n = 183, 26.8%) or without (n = 491,
72.2%) nephrotic range proteinuria at baseline. Pa-
tients with nephrotic range proteinuria had higher
baseline levels of CHOL (199 =+ 62 vs. 172 & 37 mg/dl),
TG (170 & 101 vs. 138 & 78 mg/dl), and LDL-C (113 +
51 vs. 92 & 30 mg/dl), whereas HDL-C levels (49 &+ 16
vs. 48 + 14 mg/dl) were similar.”’ Kaplan-Meier sur-
vival analysis showed that patients with nephrotic
range proteinuria had a much faster progression of CKD
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Table 1. Cox proportional hazard model for progression of CKD including dyslipidemia and covariates at baseline

CHOL LDL-C HDL-C 16
Variable HR [95% CI] P HR [95% CI] P HR [95% CI] P HR [95% CI] P

Lipid abnormality 1.04 [0.82, 1.32] 07732  1.06 [0.78, 1.43] 07297 1.1 [0.90, 1.39] 0.3294  1.22[0.98, 1.53] 0.0732
Age, yrs 1.05 [1.02, 1.08] 0.0017  1.05[1.02, 1.08] 0.0017  1.05[1.02, 1.08] 0.0022  1.06 [1.03, 1.09] 0.0004
Sex (ref. male) 0.82 [0.66, 1.02] 0.0776  0.82 [0.66, 1.03] 0.0820  0.83 [0.67, 1.04] 0.1000  0.84 [0.67, 1.04] 0.1143
Other diagnosis (ref. CAKUT) 2.08[1.63,2.66] < 0.0001 2.08[1.63 2.66] <00001 2.12[166, 270] <0.0001 2.11[1.65 2.70] < 0.0001
Glomerular disease (ref. CAKUT)  1.29 [0.86, 1.92] 02151  1.28[0.86, 1.91] 0.2275  1.36 [0.93, 1.99] 0.1179  1.28 [0.87, 1.88] 0.2062
eGFR (ml/min per 1.73 m?) 0.92 [0.91,093] < 0.0001 0.92[091,093] <00001 092[091,093] <0.0001 0.92[0.91,093] < 00001
Log UACR 1.30[1.20, 1.41] <0.0001 1.30[1.20, 1.41] <0.0001 1.31[1.211.42] <0.0001 1.30[1.20, 1.41] < 0.0001
BMI SDS 0.99 [0.91, 1.07] 0.7601  0.99 [0.91, 1.07] 0.7496  0.99 [0.91, 1.07] 0.7281  0.99 [0.91, 1.07] 0.7791
Serum albumin, g/l 0.93 [0.91,0.95] < 0.0001 0.93 [0.91, 0.95] 0.0001  0.94 [0.91,0.96] < 0.0001 0.93[0.91,0.95] < 0.0001
Diastolic BP - SDS 1.16 [1.07, 1.27] 0.0007  1.16 [1.07, 1.27] 0.0006  1.16 [1.07, 1.27] 0.0006  1.15[1.06, 1.25] 0.0019

BMI, body mass index; BP, blood pressure; CAKUT, congenital anomalies of the kidneys and urinary tracts; CHOL, total cholesterol; Cl, confidence interval, HDL-C, high-density li-
poprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; SDS, SD scores; ref., reference category; TG, triglycerides; UACR, urinary albumin-creatinine ratio.

Variables consistently associated with progression shaded in grey.

(Supplementary Figure S2), with a median kidney
survival time of 1.29 (CI: 1.07-1.50) years compared
with 4.76 (CI: 4.28-5.25) years for patients without
nephrotic range proteinuria. To estimate whether
dyslipidemia had an association with disease progres-
sion independent of nephrotic range proteinuria, a Cox
proportional hazard model, including the binary vari-
able dyslipidemia and covariates was constructed in
these subgroups (Supplementary Tables S2 and S3).
Hypertriglyceridemia was associated with disease pro-
gression only in patients without nephrotic range
proteinuria (P = 0.0180). All other forms of dyslipi-
demia had no impact on the disease progression models
for both subgroups of patients.

Next, 2 lipid trajectories spanning an observation
period of up to 8 years were created for each measured
lipid based on GBTM (Figure 1). The 2 trajectories,
termed “high” and low” for each lipid separated the
respective lipid levels in 2 distinct groups without
overlap. The high trajectory of CHOL, HDL-C, and to a
lesser extent LDL-C, decreased over time. The obser-
vations contributing to the TG trajectory showed more
variability, resulting in a decrease followed by an in-
crease in the average. The low trajectories of all lipids
remained rather stable.

The values contributing to the high trajectory for
CHOL were clearly distributed above age-related cutoff
for high CHOL (200 mg/dl), with a tendency to decrease
during follow-up. The high TG trajectory values were
far above the cutoff for high TG (100 or 130 mg/dl
depending on age) with a U-shaped configuration of the
high trajectory. The high LDL-C trajectory extended
close to the age-related cutoff (130 mg/dl), whereas the
low HDL-C trajectory showed most observations in an
acceptable range; that is, above the age-related cutoff for
low levels (40 mg/dl). Thus, most observations included
in the high LDL-C trajectory correspond to age-related
high values, whereas the HDL trajectories can be
considered low- and high-normal age-related values.
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The characteristics of all patient subgroups defined
by trajectories are summarized in Table 2. Clinical and
biochemical characteristics (other than lipids) were not
different between trajectories; however, patients with
glomerular diseases were more likely to be included in
the high trajectory for CHOL, LDL-C and TG.

Kaplan-Meier plots showed a difference of kidney
survival for the HDL trajectory (P = 0.0128), but not
for the TGs (P = 0.0503), CHOL (P = 0.1756), and LDL-
C (P = 0.3912) trajectories (Figure 2). However, tra-
jectory grouping for all lipids had no impact on disease
progression when analyzed in a Cox proportional haz-
ard analysis including covariates (Table 3). Similar to
the analysis of baseline data of the study cohort
(Table 1), the variables age, a diagnosis other than
CAKUT, eGEFR at baseline, albuminuria, serum albumin,
and diastolic BP SDS were consistently associated with
disease progression in the models for each lipid. Sys-
tolic and diastolic BP SDS showed the same associations
in these models, but the model fit was better for the
diastolic variable. Treatment with renin-angiotensin
system inhibitors was more frequent in patients with
a high TG trajectory (P < 0.001), but not in the other
trajectory groups (Table 2) and was not associated with
disease progression if included in the Cox proportional
hazard models for all lipid trajectories (Table 3),
resulting in a worse model fit (data not shown).

Finally, a Cox proportional hazard model including
the binary variable lipid trajectory and covariates was
constructed for each lipid in the subgroups of patients
with or without mnephrotic range proteinuria
(Supplementary Tables S4 and S5). None of these
models showed an association of the lipid trajectory
group with disease progression.

DISCUSSION

We have investigated the association of serum lipids
with CKD progression in a large long-term prospective

Kidney International Reports (2025) 10, 1393-1403
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Figure 1. Averaged estimated (solid line) and observed (points) trajectories for each lipid. Trajectories were defined by GBTM. Classification
into 2 trajectory groups with consistently high (red) versus low (blue) serum lipid levels during follow-up. Straight grey lines indicate age-related
cutoffs for high and low serum levels for cholesterol and LDL-cholesterol, low levels of HDL-cholesterol and high levels of triglycerides,
respectively. GBTM, group-based trajectory modeling, HDL, high-density lipoprotein; LDL, low-density lipoprotein.

cohort study of young patients without diabetes, age-
or lifestyle-related comorbidities, or lipid-lowering
medication, which is of special interest in view of the
conflicting evidence derived from similar studies in
adult patients. Almost 60% of patients reached the
composite end point of disease progression, which was
driven by well-known risk factors, including age, a
diagnosis other than CAKUT, eGFR at baseline, albu-
minuria, BP, and serum albumin levels. However,
though unadjusted serum lipid levels were associated
with CKD progression, altogether, we found no impact
of serum lipid levels on CKD progression, if adjusted in
Cox proportional hazard models.

We first analyzed dyslipidemia at baseline and found
that abnormal CHOL, LDL-C, or HDL-C were not
associated with progression of CKD. However, high TG
levels in patients without (but not with) nephrotic
range proteinuria were associated with CKD progres-
sion (P = 0.02). These data suggest that the hazard
“signal” is lost in patients with heavy proteinuria,
caused by the dominant effect of proteinuria driving
the rapid progression of CKD observed in this group,
thus overriding a contribution of TGs to disease pro-
gression in these patients. Nephrotic range proteinuria,

Kidney International Reports (2025) 10, 1393-1403

most commonly but not exclusively found in patients
with glomerular disease,?’>! has been found in other
pediatric cohort studies to greatly accelerate progres-
sion of CKD in children.’"””

If one assumes a linear nephrotoxic effect of lipids,
the higher levels of TG, CHOL, and LDL-C in patients
with nephrotic range proteinuria should contribute to
their much faster CKD progression; however, the sta-
tistical models including important covariates do not
permit such a conclusion. In fact, Cox proportional
hazard models for this subgroup showed no association
with abnormal lipid levels whereas the association of
the variables, age, eGFR, serum albumin, and diastolic
BP with disease progression was consistent. There were
only minor differences compared with patients without
nephrotic range proteinuria regarding the impact of
covariates; female sex, a diagnosis other than CAKUT,
eGFR, albuminuria, and serum albumin (but not age
and diastolic BP SDS as in the entire cohort) were
consistently included in the model. Taken together, the
analysis of baseline data could not detect an indepen-
dent impact of dyslipidemia on the progression of CKD
in children, except for high TG levels in patients
without nephrotic range proteinuria.
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Table 2. Patient characteristics stratified by trajectory groups
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Variable CHOL low CHOL high LDL low
n 409 272 433
Age [yrs] 12.4 (3.2) 11.8 (3.5) 12.4 (3.3)
% male 67.7 62.9 65.8
% Caucasian ethnicity 90.0 89.3 89.8
% glomerular disease 5.1 13.2 55
% pubertal 48.9 38.9 48.1
Time since CKD stage 2 [yrs] 6.1 (4.7) 6.0 (4.4) 6.1 (4.6)
Physical activity
% none 24.7 22.6 242
% 1-4 h/ wk 30.4 39.8 31.3
% >4 h/ wk 44.9 37.6 44.5
Height SDS —1.39 (1.31) —1.28 (1.43) —1.40 (1.30)
BMI SDS —0.03 (1.24) 0.29 (1.31) —0.01 (1.28)
% obese 4.9 8.1 5.5
Systolic BP [mmHg] 111.9 (14.2) 113.1 (15.8) 112.4 (15.0)
[SDS] 0.72 (1.34) 0.93 (1.36) 0.78 (1.38)
Diastolic BP [mmHg] 69.0 (12.0) 69.1 (13.0) 69.2 (12.3)
[SDS] 0.67 (1.07) 0.70 (1.10) 0.69 (1.09)
eGFR [ml/min per 1.73 m?] 27.0 (11.7) 26.7 (11.3) 26.8 (11.6)
UACR [g/9] 0.74 (1.05) 1.47 (2.35) 0.75 (1.17)
Hemoglobin [g/dl] 11.7Q0.7) 11.7 (1.6) 11.7Q.7)
Bicarbonate [mmol/l) 21.1 (3.6) 215 3.7) 21.1 (3.6)
CRP [mg/dI] 4.7 (15.6) 2.58 (5.42) 431 (14.92)
Serum albumin [g/1] 39.5 (4.5) 38.2 (6.8) 39.5 (4.5)
Total cholesterol (mg/dl) 154 (27) 219 (47) 157 (29)
HDL-cholesterol (mg/dl) 46 (13) 51 (16) 47 (15)
LDL-cholesterol (mg/dl) 78 (21) 128 (40) 78 (20)
Triglycerides (mg/dI) 130 (70) 172 (101) 134 (76)
RAS Inhibitor treatment (%) 40.1 46.3 40.6

LDL high HDL low HDL high 16 low 16 high
248 479 202 599 82
11.7 (3.5) 125 (3.3) 11.4 (3.4) 12.2 (3.3) 11.9 3.3)
65.7 71.0 53.5 64.3 76.8
89.5 89.6 90.1 90.7 82.9
13.3 8.6 7.9% 6.7% 20.7
39.2 49.9 33.0 45.0 439
6.1 (4.4) 5.9 (4.7) 6.5 (4.2) 6.1 (4.6) 5.7 (4.3)
23.1 25.1 20.9 22.9 30.9
39.3 32.7 37.8 34.1 34.6
37.6 423 N3 43.0 34.6
126 (145) —134(1.37) -1.37(1.34) —137(1.36) —1.18(1.33)
0.28 (1.25) 0.16 (1.27)  —0.06 (1.29) 0.01 (1.27) 0.74 (1.17)
7.3 6.9 45 4.9 15.9
1122 146) 1134 (154) 1098 (133) 111.9(144) 1159 (17.5)
0.85 (1.30) 0.83 (1.40) 0.75 (1.22) 0.76 (1.31) 1.12 (1.58)
68.8 (12.5) 69.6 (12.6) 67.7 (11.8) 68.8 (12.0) 71.0 (14.7)
0.68 (1.07) 0.71 (1.12) 0.62 (1.00) 0.66 (1.05) 0.87 (1.27)
27.1 (11.5) 26.2 (11.5) 28.5 (11.5) 27.1 (11.6) 25.3 (11.0)
1.52 (2.34) 1.02 (1.70) 1.06 (1.79) 0.91 (1.43) 1.91 (3.01)
11.7 (1.6) 1.7 (1.7) 11.8 (1.4) 1.7 (1.6) 1.4 (1.7)
21.6 (3.8) 21.2 (3.6) 21.6 3.7) 212 3.7) 21.8 (3.2)
3.01 (6.79) 4.05 (12.6) 3.35 (12.7) 3.99 (13.3) 2.76 (5.82)
38.0 (6.9) 38.8 (5.8) 39.3 (5.0) 39.4 (5.0) 36.1 (8.1)
220 (48) 175 (49) 191 (43) 174 (42) 220 (66)
49 (14) 41 9 63 (13) 49 (14) 381N
133 (39) 97 (40) 101 (38) 96 (35) 117 (57)
170 (98) 161 (93) 114 (57) 127 (57) 296 (114)
46.0 428 42.1 40.2 59.8

BMI, body mass index; BP, blood pressure; CHOL, cholesterol; CKD, chronic kidney disease; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HDL, high-density li-
poprotein; LDL, low-density lipoprotein; RAS, renin-angiotensin system; SDS, SD scores; TG, triglycerides; UACR, urinary albumin-to-creatinine ratio.

Data expressed as mean (SD) or %

In the general population, plasma lipid levels show
considerable intraindividual variability if analyzed
repeatedly, averaging 6.1% for CHOL, 7.4% for HDL-
C, 9.5% for LDL-C, and 22.6% for TGs, respectively.”’
Intraindividual variation reflects predominantly bio-
logical rather than analytical variability in the general
population .”>**
sample in each patient may not account for intra-
individual variability, especially of TGs, and may not

Thus, examining only 1 baseline lipid

reflect the impact of the complete trajectory over many
years. We therefore analyzed all available lipid mea-
surements by using GBTM, which has been increas-
ingly used to improve risk prediction in acute and
chronic diseases, including CKD.>>° Conceptually,
trajectory modeling diminishes the effect of variation of
lipid measurements and is designed to detect differ-
ences in progression in patients belonging to the thus-
defined groups.”’

Grouping of our patient population by GBTM
resulted in 2 sets of patients with either a high or a
low trajectory at baseline and during the entire
follow-up for the respective lipid. We found that all
observed trajectories showed variability of lipid

1398

levels, especially of TG. Although these fluctuations
may in part be due to changes in group size, they
most likely reflect the intraindividual variations in
lipid levels and the impact of decreasing kidney
function. Trajectories were designed irrespective of
fasting state, which may have contributed to the
variability of observed TG levels; however, we could
previously demonstrate that fasting was not associ-
ated with any form of dyslipidemia at baseline in this
cohort (including hypertriglyceridemia).”’

The calculated trajectories indicate a decrease in
CHOL and LDL-C levels during CKD progression, which
has been similarly reported in adult patients’ and
attributed to inflammation, stress,
protein-energy wasting in more advanced CKD stages.””
The increase in TG levels suggests a progressively
impaired catabolism of TG-rich lipoproteins and this is
supported by several studies showing a negative cor-
relation of eGFR with TG levels in adult patients with
CKD “*** and with postprandial lipolysis in children,*
respectively. These trajectories show remarkable simi-
larities to those published by Tsai et al., who were the
first to analyze longitudinal lipid trends and adverse

oxidative and
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Figure 2. Kaplan-Maier plots of kidney survival for longitudinal serum lipid trajectories. Kidney survival was defined as the time to a composite
event of 50% reduction in eGFR, eGFR <10 ml/min per 1.73 m? or start of kidney replacement therapy (KRT), whichever occurred first. eGFR,
estimated glomerular filtration rate.

outcomes in adult patients with CKD using GBTM. They In this regard, our results are in marked contrast to
found that only CHOL, both at baseline and longitudi- the findings of Tsai et al., most likely because of the
nally, had an impact on CKD progression in a large advanced age (mean: 69 years at baseline) and multiple
observational cohort with a follow-up over 13 years." comorbidities of their patient cohort.*

Table 3. Cox proportional hazard model for progression of CKD including lipid trajectories and covariates
CHOL LDL-C HDL-C 16
Variable HR [95% CI] P HR [95% CI] P HR [95% ClI] P HR [95% CI] P

Lipid Trajectory group (ref.low for CHOL, ~ 1.01 [0.82, 1.25] 0.9216 0.98 [0.79, 1.22] 0.8514 1.15[0.92, 1.45] 0.2155 1.03 [0.75, 1.41] 0.8596
LDL-C and TG, ref. high for HDL-C)

Age, yrs 1.05[1.02,1.08] 00016 105[1.02,1.08] 00019 105[1.02 1.08] 00020 105[1.02, 1.08]  0.0016
Sex (ref male) 0.83[0.66,1.03] 00822 082[0.66 1.03] 00835 084[0.68 1.05] 0.1354 0.83[0.66, 1.03]  0.0867
Glom. disease (ref. CAKUT) 1.32[0.90,1.94] 01592 1.33[091,1.95] 0.1448 134[092 1.96] 0.1292 1.32[0.89, 1.94]  0.1642
Other diagnosis (ref. CAKUT) 2.09 [1.64, 267] <0.0001 2.09 [1.64, 2.67] <0.0001 2.09 [1.64, 2.67] <0.0001 2.09 [1.64, 2.67] <0.0001
eGFR (ml/min per 1.73 m?) 0.92[0.91,093] <0.0001 0092 [091,093] <0.0001 092[091,0.94] <0.0001 092 [091,0.93] <0.0001
Log UACR 131 [1.21 1.41]  <0.0001 1.31[1.21,1.42] <0.0001 1.31[1.22, 1.42] <0.0001 1.31[1.21, 1.42] <0.0001
BMI-SDS 0.99[0.91,1.07] 07730 0099[091,1.08] 08195 099[091,1.07] 08042 099[091,1.07]  0.7585
Serum Albumin 0.93 [0.91,0.95] <0.0001 0.93 [0.91,0.95] <0.0001 0.93 [0.91, 0.95] <0.0001 0.93 [0.91, 0.95] <0.0001
Diastolic BP -SDS 1.16 [1.07,01.27] 00007 1.16[1.07,1.27]  0.0007 1.16[1.06, 1.26]  0.0008 1.16 [1.07, 1.27]  0.0007

BMI, body mass index; BP, blood pressure; CAKUT, congenital anomalies of the kidneys and urinary tracts; CHOL, cholesterol; Cl, confidence interval, CKD, chronic kidney disease;
eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SDS, SD scores; TG, triglycerides; UACR, urinary
albumin-to-creatinine ratio.
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The analysis of our baseline data indicated an asso-
ciation between high TG levels and disease progression
in patients without (but not with) nephrotic range
proteinuria, which resembles data from the CKiD
study, which used the variable dyslipidemia (which
included all abnormal lipid measurements).”” These
data suggest that proteinuria is a modulator of this
association in multivariate models. However, we could
not confirm this finding when examining the lipid
trajectories in subgroups of patients with or without
nephrotic range proteinuria.

There are only a few previous studies examining the
role of lipids in CKD progression in children. Disease
progression was found associated with the worsening
of dyslipidemia in the CKiD cohort study of American
children; within-person changes of serum lipids from
baseline were associated with GFR, proteinuria, and the
body mass index.”® A prospective pediatric CKD cohort
study from Korea, which did not utilize GBTM
modeling, monitored CHOL levels (but not other lipids)
during 8 years of follow-up. It was found that only
very high (> 240 mg/dl) levels were associated with
CKD progression.”” Although many patient character-
istics are similar in these pediatric cohorts, the mean
eGFR at baseline in the CKiD cohort (53 ml/min per
1.73 m?) and in the Korean cohort (55.7 ml/min per 1.73
mz] was considerably higher than in our study, which
enrolled patients with more advanced CKD stages.
Thus, it could be argued that the rapid progression of
CKD observed in our study prevented the detection of
relatively weak risk factors for CKD progression such
as dyslipidemia. Although metabolic disturbances are
more severe and hypertriclyceridemia more pro-
nounced in advanced CKD stages, we cannot rule out
that inclusion of patients with stage 1 to 2 CKD would
lead to different conclusions regarding a contribution
of lipids to the progression of CKD, which is a limita-
tion of the study.

Whether trajectories of individual lipids are associ-
ated with CKD progression in children has not been
previously investigated. Of note, several pediatric
studies have shown that lipids are associated with
surrogate parameters of cardiovascular disease and
their progression . It thus appears that progression
of cardiovascular disease could be more strongly
affected by dyslipidemia than CKD progression in
children; nevertheless, additional studies of CKD pro-
gression with a more detailed analysis of lipoprotein
components are needed to answer this question, which
seems important to address the indication for treatment
with lipid-lowering agents.

Lipoprotein composition is profoundly disturbed in
CKD”’ and strongly affected by the impact of
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inflammation and oxidative stress in adult™ and pedi-
atric”’ patients, which could have nephrotoxic ef-
fects,”® but may not be adequately reflected by the
measurement of the lipid component of these macro-
molecular complexes. It is a limitation of our study that
more detailed analytics of lipoprotein composition,
subclasses (such as very low-density lipoprotein rem-
nants), or oxidative modifications, etc., could not be
performed. Most of our pediatric study population was
Caucasian, limiting the relevance of our findings for
other age ranges and ethnic groups.

In conclusion, we could not find an association of
serum lipid trajectories during up to 8 years of follow-up
in the whole cohort and in subgroups with or without
nephrotic range proteinuria. These data do not provide
evidence for an important role for lipids in the progres-
sion of CKD in children, but we cannot rule out neph-
rotoxic effects of subfraction of lipoprotein classes or of
lipoprotein components not measured in this study.
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