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University cholesterol synthesis—such as lathosterol—in dialysis patients. To test the associa-
tion between markers of cholesterol absorption such as campesterol—and markers
of cholesterol synthesis—such as lathosterol—against cardiovascular events in non-
dialysis CKD patients. Altogether 251 patients those not on lipid-lowering agents
were followed annually for the composite endpoint atherosclerotic cardiovascular
disease (ASCVD) and all-cause death. During follow-up of 5.2 + 2.1 years, 61 partici-
pants reached the primary endpoint atherosclerotic cardiovascular disease/all-cause
death [ASCVD/D], 47 participants suffered from ASCVD, and 46 participants died.
In univariate Cox regression analysis, campesterol/lathosterol ratio did not signifi-
cantly predict ASCVD/D (HR 0.643; 0.358-1.155; 3rd vs. 1st tertile), all-cause death
(HR 1.309; 0.604-2.838; 3rd vs. 1st tertile) nor ASCVD (HR 0.589; 0.311-1.118; 3rd

vs. 1st tertile). We did not observe a shift from cholesterol synthesis to cholesterol

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CKD, chronic kidney disease; LDL-C, LDL cholesterol.

Dieter Litjohann and Oliver Weingértner are contributed equally.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2021 The Authors. Pharmacology Research & Perspectives published by British Pharmacological Society and American Society for Pharmacology and
Experimental Therapeutics and John Wiley & Sons Ltd.

Pharmacol Res Perspect. 2021;9:e00801. wileyonlinelibrary.com/journal/prp2 10of8
https://doi.org/10.1002/prp2.801


www.wileyonlinelibrary.com/journal/prp2
mailto:﻿
https://orcid.org/0000-0002-0236-206X
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:oliver.weingaertner@med.uni-jena.de
mailto:oliver.weingaertner@med.uni-jena.de
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fprp2.801&domain=pdf&date_stamp=2021-06-14

EMRICH ET AL.

20f8
2010 | I CRSPET () it

absorption across the spectrum of non-dialysis CKD. Campesterol/lathosterol ratio
did not predict future ASCVD or all-cause death in non-dialysis CKD.

KEYWORDS

cardiovascular disease, cholesterol absorption, cholesterol synthesis, renal impairment

1 | INTRODUCTION

Despite improved treatments of chronic kidney disease (CKD), patients
are still affected by an inappropriately high cardiovascular morbidity
and mortality.! Dyslipidemias—especially hypercholesterinemia—is a
leading cardiovascular risk factor in all populations except heart fail-
ure? or advanced CKD.? In the latter, two randomized controlled trials
in patients on hemodialysis have shown,®* that LDL cholesterol (LDL-
C) lowering with statins did not reduce cardiovascular events while
LDL-C lowering with statins reduced major cardiovascular events in
non-dialysis patients.® In patients with advanced CKD, comprising
both non-dialysis CKD and hemodialysis patients, a reduction of car-
diovascular events was observed in SHARP® by combining statins with
ezetimibe, which additionally inhibits intestinal cholesterol absorption.

Both hepatic cholesterol synthesis and intestinal absorption con-
tribute to cholesterol homeostasis. In individuals without cholesterol
lowering treatment, about two thirds of plasma cholesterol is derived
from hepatic cholesterol synthesis. However, strong interindividual
variations exist, and inhibition of cholesterol synthesis by statin will
eventually induce a compensatory increase in cholesterol absorption.”

In hemodialysis patients, a shift from cholesterol synthesis to
cholesterol absorption occurs, which may render their cholesterol
levels more sensitive to ezetimibe but less responsive to statin treat-
ment.®? Interestingly, patients characterized as “high absorbers”
have worse clinical outcome than “high synthesizers.”” At which
stage across the spectrum of CKD such a shift toward increased
cholesterol absorption occurs first is not known. ldentification of
phenotypes of cholesterol hemostasis could provide guidance to
improve cholesterol lowering therapy possibly for CKD patients at
particular high risk.

We hypothesized that cholesterol absorption may contribute
more, and cholesterol synthesis may contribute less to plasma cho-
lesterol levels in patients across a wide spectrum of CKD. We inves-
tigated whether campesterol/lathosterol ratios predict outcome in
patients with non-dialysis CKD.

2 | MATERIALS AND METHODS

2.1 | Study participants

The present study utilizes the database of the CARE FOR HOMe
(Cardiovascular and Renal Outcome in CKD 2-4 Patients—The

Fourth Homburg evaluation) study. From 2008 to 2017, the study
recruited 599 patients with CKD KDIGO GFR categories G2-G4

(estimated GFR between 15 and 89 ml/min/1.73 m? according to
the MDRD equation, patients with CKD stage 2 had to show one
or more markers of kidney damage, including albuminuria and/or
plasma creatinine/cystatin C above reference values). The study was
approved by the local ethics committee (April 2004) and was con-
ducted in concordance with the Helsinki Declaration; all participants
provided their written informed consent.

Exclusion criteria were intake of systemic immune suppressive
medication, HIV infection, acute infectious disease (C-reactive pro-
tein levels >50 mg/L and/or need for requiring systemic antibiotic
therapy), active cancer disease, renal replacement therapy, acute
kidney injury (increase of plasma creatinine >50% within 4 weeks),
pregnancy, and age <18 years old.

About 555 participants had baseline samples available for anal-
yses of lathosterol and campesterol. We excluded all participants
treated with statin and/or other lipid lowering drugs at baseline,
leaving 251 participants for this analysis.

All participants were invited annually for follow-up visits.
Participants not able or not willing to attend these follow-up visits were
contacted for a telephone interview. All reported events were verified
by medical records from the treating physicians. Two physicians blinded
to non-cholesterol sterol levels judged all events. In case of disagree-

ment, a third investigator was involved to make a final decision.

2.2 | Outcome

The primary endpoint was the composite of major atherosclerotic
cardiovascular events [ASCVD] defined as non-fatal acute myocar-
dial infarction, non-fatal ischemic stroke, cerebrovascular/peripheral
arterial or coronary revascularization, major amputation above the
ankle and all-cause death [ASCVD/D]. Secondary endpoints were
ASCVD and all-cause death. Moreover, we investigated whether a
shift toward cholesterol absorption occurs in non-dialysis chronic
kidney disease (CKD), and whether the campesterol/lathosterol

ratio predicts outcomes in non-dialysis CKD patients.

2.3 | Laboratory analysis

At baseline, fasting blood samples were drawn under standard-
ized conditions after 5 min rest. Cholesterol and non-cholesterol
sterols were quantified in serum samples. After alkaline hydrolysis,
the free sterols were extracted with chloroform/methanol (2:1; v/v)
and the trimethyl silylated (TMSi) sterol ethers were separated by

95UB017 SUOWIWOD BA11e81D 3 qeot dde auy Aq peusenob afe sajole YO 8S JO S8|nJ 10} ARIq1T8UIUO A8]IA UO (SUOTPUOO-PUR-SLUIB)/W0Y A8 | 1M Afe.d 1 jBu JUO//:Sdy) SUOTPUOD Pue Swie | 8u) 89S *[£202/50/2Z] Uo ARiqiauliuo A8|IM ‘sspueiees soq 1eyseAluN Aq T08'2d d/z00T 0T/1op/wioo 8| im Azl ijpuluo sgndsdy/sdny wolj pepeojumod ‘v ‘1202 ‘20212502



EMRICH ET AL.

gas chromatography (GC). Cholesterol-TMSi ethers were detected
by less sensitive but specific flame-ionization detection (FID)
(5a-cholestane, internal standard, ISTD) and the non-cholesterol
sterol-TMSi ethers (epicoprostanol-TMSi ether, ISTD) by highly
specific and highly sensitive mass spectrometry in the selected ion
monitoring mode (MS-SIM) as described in detail previously.*®*!
Additionally, analysis of total cholesterol and lipoprotein profile was
performed by routine methods in our central laboratory. All other

laboratory parameters were measured using standard methods.'?

2.4 | Statistical analysis

Data management and statistical analysis were performed with IBM
SPSS statistics software (IBM, SPSS Statistics 25). Categorical variables
are presented as percentage of participants and were compared by
Fishers exact test or chi-squared test, as appropriate. Continuous data
are expressed as mean = SD and were compared using one-way ANOVA
test. In case of skewed distribution, variables are presented as median
(interquartile range) and were compared using Kruskal-Wallis test.
Correlations were analyzed by Spearman's rank correlation coefficient.

As primary hypothesis, we tested whether the plasma campes-
terol/lathosterol ratio is an independent predictor of ASCVD/D, as
defined above, after pre-defined adjustment for confounders. If this
hypothesis was confirmed, we would test the following secondary
hypotheses in prespecified hierarchy: (1) the campesterol/choles-
terol ratio is an independent predictor of ASCVD after pre-defined
adjustment for confounders; (2) the lathosterol/cholesterol ratio is
independent predictor of all-cause death after pre-defined adjust-
ment for confounders.

Secondary end-points were only analyzed exploratorily.

To test those hypotheses, we stratified participants into tertiles
by their plasma campesterol/lathosterol ratio, their plasma latho-
sterol/cholesterol levels and their plasma campesterol/cholesterol
levels, respectively. We performed Kaplan-Meier analysis with
subsequent log-rank testing for event-free survival and univari-
ate (model 1) and multivariate (model 2 - model 4) Cox regression
analyses. The models were defined as follows: Model 2: adjustment
for age and gender, Model 3: further adjustment for eGFR and log-
transformed albuminuria, and Model 4: further adjustment for
prevalent cardiovascular disease, current smoking, diabetes mel-
litus, systolic blood pressure, and body mass index. Campesterol/
lathosterol ratio, as well as campesterol/cholesterol ratio and latho-
sterol/cholesterol ratio were considered in Cox regression models
as continuous linear variables and then categorized into tertiles. A

two-sided p value <.05 was considered as statistically significant.

3 | RESULTS

As we excluded all participants treated with statins or other lipid
lowering drugs, 251 patients’ data were available for the follow-
ing analysis. Mean age was 63.0 = 14.0 years and mean eGFR
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47.5 + 16.9 ml/min/1.73 m? 42.6% were women, 12% smoker,
32.7% suffered from diabetes mellitus, and 14.7% had preva-

lent cardiovascular disease. Mean campesterol/cholesterol lev-

els were 1.68 pg/mg [1.11; 2.34], mean lathosterol/cholesterol
levels were 0.30 pg/mg [0.22; 0.40], and mean campesterol/
lathosterol ratio was 1.07 pug/mg [0.63; 1.89]. Participants with
the lowest campesterol/lathosterol ratio (1st tertile) were older
[66.6 +12.4 years.; p = 0.004], had a higher BMI [31.1 + 5.9 kg/m?;
p < .001], a higher diastolic blood pressure value [84 + 11 mmHg;
p = .016], and lower HDL levels [45 mg/dl [38; 58]; p = .015]
compared with those participants with the highest campesterol/
lathosterol ratio (3rd tertile). Further baseline characteristics are
presented in Table 1.

Across eGFR categories, the campesterol/lathosterol ratio did
not change significantly (p = .438); (Figure 1).

Similarly, neither campesterol/cholesterol nor lathosterol/
cholesterol correlated significantly with eGFR (Table Sla/b).
Campesterol/cholesterol and the campesterol/lathosterol ratio
correlated negatively with BMI (r = -.268, p < .001 and r = -.179;
p =.004), and lathosterol/cholesterol correlated weakly with BMI
(r = .240; p < .001). Campesterol/cholesterol and campesterol/
lathosterol ratio were negatively associated with age (r = -.256;
p < .001 and r = -.166; p = .008, respectively). Correlations be-
tween cholesterol measured by the routinely used enzymatic
method and cholesterol measured by FID were high (r = .965;
r <.001); (Table S1a/b).

During the follow-up of 5.2 + 2.1 years, 61 participants reached
the primary endpoint [ASCVD/D]: 46 participants died and 47 par-
ticipants suffered from ASCVD.

In univariate Kaplan-Meier analyses, campesterol/lathosterol
ratio was not significantly associated with the primary endpoint
[MACE/D] (p = .145) (Figure 2). According to our study protocol, the
findings for MACE (Figure S1) and all-cause death (Figure S2) were
not tested for statistical significance.

In univariate Cox regression analysis, the campesterol/latho-
sterol ratio (considered either as continuous or as categorized
variable) was neither significantly associated with the primary
endpoint [ASCVD/D], nor with all-cause death, nor with ASCVD
(Table 2, Tables S2 and S3). Full adjustment for confounders did
not change these results (Table 2, Tables S2 and S3).

After rejecting our primary hypothesis, we analyzed campes-
terol/cholesterol ratio and lathosterol/cholesterol ratio explorato-
rily, following our study protocol, and did not test for statistical
significance (Table 2, Tables S2 and S3). Interestingly, high ratios of
campesterol/cholesterol and lathosterol/cholesterol both tended to
indicate low ASCVD risk.

4 | DISCUSSION

The present study does not confirm a significant relationship be-
tween markers of cholesterol metabolism, in particular, campes-

terol/lathosterol ratio and cardiovascular outcomes and all-cause
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Campesterol / Lathosterol ratio

1+

G4 cib csa G2
KDIGO GFR category

FIGURE 1 Box plots of campesterol/lathosterol ratio in CKD
KDIGO GFR categories G4 (eGFR 15-30 ml/min/1.73 m?), G3b
(€GFR 30-45 ml/min/1.72 m?), G3a (eGFR 45-60 ml/min/1.73 m?),
and G2 (eGFR 60-90 ml/min/1.73 m?). Mean campesterol/
lathosterol ratio did not change significantly between the different
categories of CKD

Campesterol
/ Lathosterol
ratio

=15t tertile
=1 2nd tertile
3rd tertile

064

0,44

event-free survival

0,24
p=0.145

00 T T T
0 2 4 6

time (years)

FIGURE 2 Kaplan-Meier analysis with subsequent log rank test
(primary endpoint ASCVD + all-cause death): Event-free survival in
patients with CKD stratified by tertiles of campesterol/lathosterol
ratio. Campesterol/lathosterol ratio was not significantly associated
with the primary endpoint

mortality in non-dialysis CKD (KDIGO GFR categories G2-G4).
Moreover, markers of cholesterol metabolism did not correlate with
eGFR. This is neither the case for campesterol/lathosterol ratio, nor
for campesterol/cholesterol and lathosterol/cholesterol. Moreover,
markers of cholesterol metabolism were not associated with ASCVD.
Taken together, in patients with different degrees of CKD—but not
on dialysis—cardiovascular events are not associated with markers
of cholesterol metabolism.

The current 2019 ESC/EAS guidelines for the management of
dyslipidemias categorize patients with moderately reduced CKD

50f8
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(eGFR 30-59 mL/min/1.73 m? as “high risk.” Moreover, patients
with severely impaired CKD defined as eGFR <30 mL/min/1.73 m?

are classified in the highest risk category. Therefore, the association

of cholesterol metabolism and lipid-lowering therapy with cardiovas-
cular risk in these patient populations is of particular importance.!®
A large number of randomized trials prove that targeting LDL-C
reduces cardiovascular events both in primary and secondary pre-
vention.'* However, these findings cannot be transferred to pa-
tients with advanced CKD on dialysis. The international KDIGO
guidelines recommend to refrain from initiating lipid-lowering
therapy in patients on dialysis and to keep incident dialysis patients
on their preexisting lipid lowering regimen.'®> These recommenda-
tions are based on two large prospective: placebo-controlled statin
trails which investigated atorvastatin 20 mg (4 D)* and rosuvas-
tatin 10 mg (AURORA)® in patients on dialysis. Both trials failed
to reduce cardiovascular outcomes, even though LDL-C reduction
in AURORA and in 4 D was 41% and 42%, respectively. According
to the cholesterol treatment trialists’ (CTT) analysis LDL-C lower-
ing by more than 40% should have yielded a dramatic reduction
of cardiovascular events in this high-risk patient population. It has
been argued that the lack of benefit of statin therapy in these two
trials might be due to differences in the pathophysiology of un-
derlying cardiovascular diseases.® However, previous findings have
suggested alternative explanations®: In a pilot study of 113 patients
on dialysis and 229 healthy controls with normal kidney function,
we observed that hemodialysis patients were characterized by
significantly higher cholesterol absorption and lower cholesterol
synthesis compared with controls. These findings were confirmed
in two Japanese cross-sectional studies in patients with impaired

1617 an only recently published study on patients

renal function,
on dialysis in Taiwan,'® and later in a post hoc analysis of the 4
D study, whose participants were characterized by higher markers
of cholesterol absorption than those reported in general popula-
tion cohort studies and interventions trials.” Findings in our study
revealed that high cholesterol absorption was associated with a
two-fold increase in all-cause mortality.® These findings are in line
with those of Silbernagel and colleagues who reported in their post
hoc analysis of the German 4 D study that only patients with low
cholesterol absorption (and consecutively high cholesterol syn-
thesis) benefit from statins in terms of reductions of cardiovascu-
lar events.” In contrast to the two large statin only trials, SHARP
compared a combined lipid-lowering therapy with simvastatin and
ezetimibe versus placebo and reduced cardiovascular event rates,
even though LDL-C reduction was less pronounced than in the pre-
viously published statin trails.

These findings are in agreement with the concept of “individual-
ized lipid-lowering therapy,” proposed earlier with the determination
of markers of cholesterol metabolism prior to starting lipid-lowering

therapy.>?° This concept is based on findings in “sitosterolemia,”?*

on genetic association studies in the general population,zz'23

24,25

epide-
miological observation studies and, most importantly, results
from prospective randomized trials.?*?’ Findings in “4S" revealed that

patients who were characterized by high cholesterol absorption did
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not benefit from statin treatment.?® On the other hand, HIJ-PROPER
demonstrated that only patients with high markers of cholesterol ab-
sorption benefit from ezetimibe treatment.?’ Only recently our group
found in patients undergoing coronary angiography that increased
plasma levels of 7-a-hydroxy-campesterol (a marker for cholesterol
absorption) at baseline were associated with cardiovascular events.?®

On the basis of these findings, we hypothesized that in patients with
impaired renal function (CKD KDIGO GFR categories G2-G4)—but not
on dialysis, in particular, increased cholesterol absorption might contrib-
ute to cardiovascular risk. Surprisingly, in this study we did not observe
a significant association of markers of cholesterol metabolism and renal
impairment. However, we found a strong impact of age category on cho-
lesterol metabolism. As depicted in Table 1 patients in the lowest tertile of
cholesterol absorption were significantly older than patients in the high-
est tertile. Even though we adjusted our results to age, we cannot exclude
that these tremendous effects of changes in cholesterol metabolism be-
tween the age groups of 59 and 66 years affected our results. Moreover,
these results are not in line with recently published trials. Bach et al.?’ as
well as Ouchi et al.%® reported in patients over 75 years that ezetimibe
treatment resulted in cardiovascular risk reduction, which could not be
explained by mere LDL-C reductions. This is of particular interest, since
Strandberg et al. reported in patients over 75 years increased cholesterol
absorption rates and suggested in this age group combined lipid-lowering
with a statin and cholesterol absorption inhibition.>32

One of the limitations of this analysis is the exclusion of statin-
treated patients leaving only those patients for analysis that were
not considered at high cardiovascular risk and consequently not on
lipid-lowering therapy. Moreover, the average LDL-C of 124 mg/dl in
patients without lipid lowering therapy is comparatively low and, es-
pecially older patients with higher cardiovascular risk and increased
cholesterol synthesis in tertile 1 could have benefited rather from a
statin than from a cholesterol absorption inhibitor.

Taken together, in patients with renal impairment (CKD KDIGO
GFR categories G2-G4), we did not find an association of eGFR and
markers of cholesterol metabolism. Moreover, in this patient popu-
lation we could not reveal the expected association of an increased
risk for cardiovascular event rates with higher levels of markers of
cholesterol absorption. Further research is required to elucidate the
association of markers of cholesterol metabolism and cardiovascular
risk in this subset of CKD patients not on dialysis.
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