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ABSTRACT

Introduction. Transplant vasculopathy resembles atherosclerotic plaque formation and is a major contributor to late
graft failure in kidney transplant recipients (KTR). Remnant lipoproteins and associated triglycerides are causal risk
factors for atherosclerotic plaques and have been implicated in late kidney graft failure. However, whether remnants
derived from liver (containing apolipoprotein [apo] B100) or intestine (containing apoB48) are clinically more important
is unclear. The current study investigated the association between baseline fasting apoB48 levels and late kidney graft
failure.

Methods. 481 KTR with a functioning graft for at least 1 year were included in this retrospective, observational
longitudinal single center cohort study. The primary endpoint was death-censored late graft failure, defined as need for
initiation of dialysis or re-transplantation. ApoB48 was measured by enzyme-linked immunosorbent assay.

Results. During a median follow-up of 9.5 years, 61 KTR developed graft failure (12.7%). At baseline, KTR with higher
apoB48 levels had lower eGFR (P < .001), lower high-density lipoprotein (HDL) cholesterol (P < .001), increased
triglycerides (P < .001) and used cyclosporine more frequently (P = .003). Cox regression showed that higher baseline
apoB48 was associated with higher risk of late graft failure [hazard ratio (95% confidence interval), 1.59 (1.22, 2.07),

P < .001], independent of stepwise adjustment for potential confounders, including age and sex, immunosuppression
type and proteinuria, triglycerides, and waist circumference (fully adjusted HR, 1.78 (1.29, 2.47), P < .001].

Conclusion. ApoB48 is strongly associated with late graft failure, independent of potential confounders. Since
apoB48-containing lipoproteins originate from the intestine, this study provides a rationale for considering
pharmacological interventions targeting lipid absorption to improve graft outcome.

Keywords: Apolipoprotein B-48, dyslipidemia, kidney transplantation, late graft failure, prospective longitudinal cohort
study
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KEY LEARNING POINTS

What was known:

This study adds:

Potential impact:

e ApoB48 is a novel biomarker for late kidney graft failure.

levels in clinical practice.

e Transplant vasculopathy resembles atherosclerotic plaque formation in kidney transplant recipients (KTR).
e Transplant vasculopathy is a major contributor to late graft failure.
e Remnant lipoproteins originate either from intestine or liver and are atherogenic.

e Asjudged by circulating levels of apolipoprotein B-48 (apoB48) KTR have increased fasting intestine-derived remnants.
e Higher apoB48 concentrations are associated with a higher risk of death-censored late kidney graft failure.

e These results provide a rationale for considering pharmacological interventions aiming at reducing remnant lipoprotein

INTRODUCTION

The incidence and prevalence of chronic kidney disease (CKD)
are globally increasing [1]. CKD is a progressive condition predis-
posing a substantial fraction of affected patients to eventually
develop kidney failure, requiring kidney replacement therapy.
Kidney transplantation is the preferred treatment of patients
with kidney failure, improving both life expectancy and quality
of life [2]. Consequently, the population of kidney transplant re-
cipients (KTR) is continuously expanding [1]. Owing to improved
immediate post-surgical care and better immunosuppressive
medication regimens, the clinical importance of acute allo-
graft rejection is decreasing, shifting the focus to preventing
long-term adverse graft and patient outcomes [3]. Late graft
failure is such an adverse outcome, associated with significant
morbidity and mortality [4]. KTR with failed kidney allografts
require kidney replacement therapy, typically in the form of
dialysis or re-transplantation [4]. The management of patients
with a failed kidney allograft is challenging and can be further
complicated by a state of chronic inflammation referred to as
graft intolerance syndrome when the graft is left in situ while
stopping immunosuppressive medication [4]. Notably, KTR
typically perceive late graft failure followed by dialysis a worse
clinical outcome than death [5]. Yet, implementing personalized
medicine strategies to prevent late graft failure particularly
by identifying biomarkers amenable to therapy represents an
unmet clinical need. This is partly driven by the incomplete
understanding of the pathogenesis of late graft failure. Allo-
graft vasculopathy, a condition that resembles atherosclerotic
plaque formation, appears to be a major contributor [6]. This
is illustrated by the notion that the Framingham Risk Score is
a strong predictor of late graft failure [7]. Next to low-density
lipoprotein cholesterol (LDL-C), triglycerides and remnant
cholesterol are emerging factors contributing to atherosclerotic
plaque formation [8]. Remnants are incompletely lipolyzed,
thus triglyceride-rich, lipoproteins derived from either apoB100-
containing very low-density lipoproteins (VLDL) secreted by
the liver or apoB48-containing chylomicrons derived from the
intestine [9]. Previous work suggested that dyslipidemia in the
form of elevated triglycerides and low high-density lipoprotein
cholesterol (HDL-C) contributes significantly to late graft failure
[10]. However, the source of the remnant particles carrying
these triglycerides is unclear. Such knowledge has potential
therapeutic implications since it could inform the choice of
an efficient pharmacological intervention strategy [11, 12, 13].
Therefore, the current study examined the association between
baseline fasting apoB48 levels and late graft failure in KTR.

MATERIALS AND METHODS
Study design

Patients with a functioning allograft for at least one year were re-
cruited to participate in the current retrospective, observational
single center cohort study between August 2001 and July 2003 in
the University Medical Center Groningen [14]. Of 847 eligible pa-
tients, 606 KTR provided written informed consent. Clinical data
from donors and KTR were obtained from the Groningen Renal
Transplant Database. Patients diagnosed with systemic illnesses
such as congestive heart failure, endocrine disorders other than
diabetes, generalized infections, or cancer (not including cured
skin cancer) were excluded. Furthermore, patients with miss-
ing plasma samples (n = 120) or with missing follow-up (n = 6)
were excluded, leaving 481 eligible KTR for the final analysis
(Supplementary Figure 1). Plasma samples from 19 healthy vol-
unteers were from a previously published study [15] and assayed
along with the KTR samples for apoB48 levels. The study was car-
ried out in accordance with the Declaration of Helsinki and has
been approved by the Medical Ethical Institutional Review Board
of the University Medical Center Groningen (METc 01/039).

Study population

From all KTR included, 431 (89.6%) were transplanted once, 44
(9.1%) were transplanted twice, three (0.6%) were transplanted
three times, and three (0.6%) were transplanted four times. Prior
to undergoing transplantation, CKD was caused by: primary
glomerulonephritis in 130 (27.0%) KTR, glomerulonephritis due
to vasculitis or autoimmune disease in 32 (6.7%) KTR, tubuloint-
erstitial nephritis or pyelonephritis in 75 (15.6%) KTR, polycystic
kidney disease in 83 (17.3%) KTR, dysplasia or hypoplasia in 18
(3.7%) KTR, renovascular disease in 31 (6.4%) KTR, diabetes in 16
(3.3%) KTR, and genetic disease or unknown cause in 96 (20.0%)
KTR.

Standard laboratory measurements

Blood samples were drawn after an overnight fast. Fasting
glucose was measured using capillary glucose testing at all
routine follow-up visits (glucose-oxidase method, YSI 2300
Stat Plus; YSI Incorporated, Yellow Springs, OH, USA). The
Chronic Kidney Disease Epidemiology Collaboration equa-
tions were used to calculate estimated glomerular filtration
rate (eGFR) [16]. Furthermore, using routine clinical chemistry
methods, total cholesterol, high-density lipoprotein (HDL)-C,


https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae289#supplementary-data

triglycerides, and plasma insulin were measured. HbAlc
was measured by high-performance liquid chromatography
(VARIANT Hemoglobin Testing System; Bio-Rad Laboratories,
Hercules, CA, USA). HOMA of insulin resistance (HOMA-IR)
was calculated by the following formula: HOMA-IR = glucose
(mmol/l) x insulin (xU/ml)/22.5. The Friedewald equation was
used to calculate LDL-C. Apolipoprotein A-I (apoA-I) and to-
tal apoB were measured by immunoturbidimetry (COBAS INTE-
GRA System, Roche Diagnostics, Mannheim, Germany). A spe-
cific enzyme-linked immunosorbent assay (ELISA) was used to
determine plasma hs-CRP (C-reactive protein). Urinary protein
excretion was measured by the Biuret reaction (MEGA AU 510;
Merck).

Measurement of apo B-48

Fasting apoB48 concentrations were determined using ELISA
in EDTA plasma samples centrifuged immediately at 4°C and
stored at —80°C after collection following the protocol supplied
by the manufacturer (FUJIFILM Wako Shibayagi Corporation,
Osaka, Japan).

Baseline characteristics

Blood pressure was measured three times after >6 minutes of
restin a supine position using an automated device (OMRON M4;
OMRON Healthcare Europe B.V,, Hoofddorp, the Netherlands).
The average of the measurements was calculated. Waist circum-
ference was measured on bare skin between the iliac crest and
the tenth rib. BMI was calculated as weight (kilograms) divided
by height in meters squared.

Outcome definitions

Graft failure was defined as the clinical need to initiate kid-
ney replacement therapy such as dialysis or re-transplantation.
Patients were censored at death. Cardiovascular morbidity and
time to cardiovascular events was recorded during the study pe-
riod. Data regarding cardiovascular events were obtained from
the medical records of patients and were defined as the first oc-
currence of a cardiovascular event or cardiovascular death. Is-
chemic events were defined as myocardial infarction, cerebral
infarction, transient ischemic attacks, coronary artery bypass
grafting, and percutaneous transluminal coronary angioplasty.
Mortality was recorded until the end of the study, which was 1
April 2012.

Statistical analysis

P values <.05 were considered statistically significant. R studio
(RStudio, PBC, Boston, MA, USA) and R (version 4.1.2) were used
to conduct all statistical analyses. To increase reproducibility
and transparency, the paper has been written in R markdown
and all code used for statistical analysis has been made publicly
available from github.com/tamas875/research-source-codes.
Normal distribution was checked for all variables utilizing
Q-Q plots. Median [interquartile range] and mean [standard
deviation] were used to present data with skewed distributions
and normal distributions, respectively. Categorical variables are
presented as absolute numbers. To evaluate the prospective
association between apoB48 and death-censored late graft
failure, Cox proportional hazards regression analysis was done.
First, to adjust for potential confounders, several models were
constructed in a stepwise manner. Hazard ratios are presented
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per doubling of fasting apoB48. Model 1 represents the crude
analysis, model 2 was adjusted for age and sex, model 3
represents model 2 + proteinuria and immunosupressive
medication use, model 4 represents model 3 + triglyceride
concentrations, model 5 represents model 4 + waist circumfer-
ence, model 6 represents model 5 + CRP, pre-transplant kidney
disease diagnosis, statin use and prednisolone dose, and model
7 represents model 6 + daily fruit and vegetable intake (please
note that dietary information was only available in 66% of the
study participants). Schoenfeld residuals showed that the pro-
portional hazards assumption was not violated. Subsequently,
interaction tests were performed. The P value for interaction
effect was estimated by a likelihood ratio test. The continu-
ous association between baseline apoB48 concentrations and
adjusted (age and sex) hazard ratios for death-censored graft
failure was visualized by using cubic splines with four knots.
The ideal number of knots was determined by obtaining the
Akaike information criterion for models with 3-7 knots and
the model with the best fit was chosen. A ratio was calculated
between apoB48 and triglycerides followed by Cox proportional
hazards regression analysis with a fully adjusted model. Next,
the association between the apoB48/triglycerides ratio and
graft failure was visualized using cubic splines. Last, mediation
analysis was carried out to investigate whether kidney function
as measured by eGFR is a (full) mediator between apoB48 and
death-censored graft failure. To investigate the prospective
association between apoB48 and cardiovascular events crude
Cox proportional hazards regression was performed. Last,
binominal logistic regression was conducted to quantify the
association between apoB48 and overall mortality.

RESULTS

In this prospective longitudinal cohort study 481 stable KTR
were included. Median [IQR] apoB48 levels were 10.5 [6.9 to
18.0] pg/ml. This was substantially higher than the median [IQR]
apoB48 levels of 19 healthy volunteers [4.7 (3.5 to 5.0) pg/ml], a
range very consistent with the normal values provided as orien-
tation by Fuji, the manufacturer of the ELISA kit (Figure 1). KTR
who developed graft failure had increased baseline apoB48 con-
centrations compared to KTR who did not [13.6 (8.7 to 27.2) pg/ml
vs. 10.2 (6.6 to 16.9) pg/ml].

Baseline demographic characteristics

Baseline characteristics analysis (Table 1) revealed that the per-
centage of female participants was lower with increasing tertiles
of apoB48 indicating that males had significantly higher apoB48
levels compared to females (P < .001). Fasting apoB48 was in-
versely associated with eGFR (P < .001), apoA-I (P = .001), and
HDL cholesterol (P < .001) while positive associations were ob-
served with waist circumference (P = .001), HbAlc (P = .007),
triglycerides (P < .001), total cholesterol (P < .001), and apoB
(P < .001). Of note, BMI (P = .120), glucose (P = .197) or HOMA-
IR (P = .783) were not associated with apoB48. Interestingly,
both calcineurin inhibitor (P = .003) and proliferation inhibitor
(P = .016) use correlated significantly with apoB48 levels, while
statin use was not (P = .098); 479 (99.6%) of participants used
prednisolone and seven KTR (1.5%) used mTOR inhibitors at
baseline, whereas five (1.0%) KTR received a combination ther-
apy of mTOR inhibitors and cyclosporine. Information related to
induction therapy is shown in Supplementary Table 1.
Additional baseline characteristics analysis per statin use re-
vealed that KTR who were on statins had significantly higher
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Figure 1: Fasting plasma apoB48 levels in healthy individuals, KTR who developed death-censored late graft failure and KTR who did not, as indicated.

circulating apoB48 levels, possibly due to prescription bias [9.7
(6.0 to 16.4) pg/ml in non-statin users vs. 11.6 (7.3 to 18.7) pg/ml
in all statin users combined, P = .017, Supplementary Table 2].

ApoB48 and incident death-censored graft failure

During the median [IQR] follow-up of 9.5 [6.5-10.2], years, 61
(12.7%) KTR developed death-censored graft failure. The lon-
gitudinal association between apoB48 concentrations and late
kidney allograft failure was assessed using multivariate Cox
proportional hazard analyses. First, several models were con-
structed in a stepwise manner to adjust for potential con-
founders (Figure 2). Crude analysis showed that a higher plasma
apoB48 was significantly associated with an increased risk of
death-censored graft failure [model 1, hazard ratio (HR) 1.59
(1.22, 2.07), P < .001]. This association persisted on adjusting
for age and sex [model 2, HR 1.59 (1.21, 2.10), P = .001], pro-
teinuria and immunosuppressive medication use [model 3, HR
1.64 (1.23,2.18), P < .001], triglycerides [model 4; 1.79 (1.29, 2.48),
P < .001], waist circumference [model 5, HR 1.59 (1.22, 2.07),
P < .001], CRP, pre-transplant kidney disease diagnosis, statin
use, prednisolone dose [model 6, HR 1.89 (1.35, 2.63), P < .001],
and daily fruit and vegetable intake [model 7, HR 2.12 (1.41, 3.20),
P < .001]. To visualize the prospective association between the
apoB48/triglycerides ratio and late graft failure, splines analysis
was done (Supplementary Figure 2). The ratio was prospectively
associated with late graft failure independent of potential con-
founders [fully adjusted model, HR, 2.0 (1.35, 2.95), P < 0.001].
Next, interaction tests were performed (Figure 3). There were
no significant interactions for the association between apoB48
and late graft failure by sex (P = .610), eGFR (P = .050), pro-
teinuria (P = .268), years since transplantation (P = .077), waist
circumference (P = .122), smoking (P = .976), HbAlc (P = .510),
total cholesterol (P = .066), HDL cholesterol (P = .141), triglyc-
erides (P = .283), apoA-I (P = .102), or apoB (P = .416). To visu-
alize the relation between continuous apoB48 and incident late
graft failure, cubic splines were plotted revealing that adjusted
hazard ratios increase with increasing apoB48 concentrations

(Figure 4). Analysis with splines provides insight into how in-
creasing apoB48 levels impact the hazard ratio of graft failure,
possibly uncovering non-linear associations. Mediation analysis
revealed that kidney function measured by eGFR was a full medi-
ator between apoB48 and death-censored graft failure (Figure 5).
Last, total apoB plasma levels were not significantly associated
with incident late graft failure [crude model, HR, 2.49 (0.84, 7.34),
P =.100].

ApoB48 and incident cardiovascular events and overall
mortality

Cardiovascular events and overall mortality were recorded dur-
ing follow-up. During a median follow-up of 5.2 [4.5-5.7] years, 74
(15.5%) KTR experienced cardiovascular events. The rate of all-
cause mortality during the study period was 143 (29.7%). How-
ever, neither incident cardiovascular events [crude model, HR,
1.05 (0.85, 1.31), P = .644], nor overall mortality [crude model,
odds ratio, 1.13 (0.93, 1.36), P = .211] were significantly associ-
ated with baseline apoB48 levels.

DISCUSSION

The results of this study demonstrate that baseline fasting
apoB48 levels are associated with death-censored late graft fail-
ure after kidney transplantation independent of several poten-
tial confounders.

In humans, apoB48 is exclusively expressed in enterocytes
where RNA editing of the apoB100 transcript takes place. Thus,
fasting apoB48 in plasma is derived from incompletely lipolyzed
triglyceride-rich chylomicrons formed in the absorptive state
[9]. Chylomicrons transport dietary fats, cholesterol, fat-soluble
nutrients and vitamins [17]. Although data comparing apoB48-
only with apoB100-only mice suggested that apoB48 might be
less atherogenic in experimental setting where no remnants are
formed [18], this was not the case on the apoE knockout back-
ground: an experimental model of remnant lipoproteins [19]. Ad-
ditional results from animal and human studies confirmed that
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Table 1: Baseline characteristics per tertiles of apoB48.
Medium tertile
Low tertile (N = 163) (N =159) High tertile (N = 159)
0.6-7.9 pg/ml 8.0-15.0 pg/ml 15.1-46.2 pg/ml P value

Age (years) 52.8 [43.3-60.7] 55.1 [42.5-62.3] 52.2 [44.4-58.1] 332
Sex, N (%) (Female) 102 (62.6) 70 (44.0) 46 (28.9) <.001
Time since transplantation (years) 4.6 [1.3-11.0] 4.6 [1.7-9.7] 6.5 [2.5-10.9] 155
Creatinine (pmol/l) 120.0 [103.0-142.0] 136.0 [111.0-164.0] 152.0 [128.0-183.5] <.001
Protein excretion (g/24 h) 0.2 [0.0-0.4] 0.2 [0.0-0.5] 0.3 [0.1-0.6] .002
eGFR (ml/min/1.73 m?) 51.8 [42.8-61.1] 48.0 [36.1-56.7] 41.0 [32.1-53.9] <.001
Time on dialysis (months) 30.0 [14.0-48.0] 29.0 [16.0-50.0] 24.0 [11.5-46.5] 294
Total number of HLA mismatches 2.0 [0.0-2.5] 2.0 [1.0-3.0] 2.0 [1.0-2.5] .600
BMI (kg/m?) 24.9 [22.5-27.8] 25.5 [23.6-29.0] 26.0 [23.7-28.0] 120
Waist circumference (cm) 93.7 £13.8 97.6 +£13.8 99.1 £13.1 .001
Smoking (yes) 74 (46.0) 49 (31.0) 70 (44.0) 013
Dietary fruit intake (cups per day) 1.0 [1.0 to 2.0] 1.0 [1.0 to 2.0] 1.0 [1.0 to 2.0] .796
Dietary vegetable intake (cups per day) 3.0 [2.0 to 3.0] 2.0 [2.0 to 3.0] 2.0 [2.0 to 3.0] .821
Systolic blood pressure (mmHg) 148.0 [131.0-165.0] 151.0 [139.5-164.5] 151.0 [136.0-167.0] 183
Diastolic blood pressure (mmHg) 88.2 +10.4 90.3 +£9.7 90.4 +9.7 .081
hs-CRP (mg/dl) 1.9 [0.8-4.3] 2.1[1.1-4.8] 1.9 [0.7-4.1] 326
Diabetes N (%) (yes) 51 (31.3) 42 (26.4) 54 (34.0) 334
Myocardial infarction history N (%) 13 (8.1) 12 (7.6) 16 (10.1) .695
Cerebrovascular accident or transient 13 (8.1) 4(2.5) 8(5.1) .084
ischemic attack history N (%)
Insulin (pmol/l) 11.2 [8.3-16.6] 11.0 [7.8-14.8] 10.6 [7.7-14.7] 559
HbA1c (%) 6.1[5.7-6.7] 6.4 [5.8-6.9] 6.4 [6.0-7.2] .007
HOMA-IR 2.3 [1.6-3.5] 2.2 [1.5-3.3] 2.2 [1.6-3.1] 783
Statin use N (%) (ves) 75 (46.0) 76 (47.8) 91 (57.2) .098
Glucose (mmol/]) 4.4 [4.0-5.0] 4.5 [4.1-5.0] 4.6 [4.1-5.0] 197
Total cholesterol (mmol/l) 54+0.9 57 +1.0 59+1.2 <.001
HDL cholesterol (mmol/) 1.2 [1.0-1.4] 1.1 [0.9-1.3] 1.0 [0.8-1.1] <.001
Triglycerides (mmol/l) 1.4 [1.1-1.9] 1.9 [1.4-2.4] 2.5[1.8-3.2] <.001
Apo A-I (g/dl) 1.6 [1.4-1.8] 1.5 [1.3-1.7] 1.5 [1.3-1.7] .001
Apo B (g/dl) 1.0 +0.2 1.1+0.2 1.1+0.2 <.001
Prednisolone dose (mg/day) 10.0 [8.1-10.0] 10.0 [7.5-10.0] 10.0 [7.5-10.0] 779
Calcineurine inhibitor use N (%) .003

None 46 (28.2) 32 (20.1) 27 (17.0)

Cyclosporine 91 (55.8) 105 (66.0) 121 (76.1)

Tacrolimus 26 (16.0) 22 (13.8) 11 (6.9)
Proliferation inhibitor use N (%) .016

No 28 (17.2) 45 (28.3) 52 (32.7)

Azathioprine 64 (39.3) 47 (29.6) 52 (32.7)

Mycophenolic acid 71 (43.6) 67 (42.1) 55 (34.6)

Normally distributed variables are given as mean + standard deviation, skewed variables as median [interquartile range] and categorical variables as N (%). Significance
was tested using one-way analysis of variance for normally distributed variables, Kruskall-Wallis test for skewed variables and x? test for categorical variables.
eGFR, estimated glomerular filtration rate; HbAlc, glycated hemoglobin; HOMA-IR, HOMA of insulin resistance; Apo A, apolipoprotein A-I; ApoB, apolipoprotein B.

apoB48-containing lipoproteins contribute to atherosclerotic
plaque formation. In rabbits infused with LDL and chylomicron
remnants, cholesterol uptake into the plaque mainly occurred
from apoB48-containing chylomicron remnants [20]. Further,
ApoB48 has actually been detected in human atherosclerotic
plaques [21, 22]. Allograft vasculopathy resembles atheroscle-
rotic plaque formation [6], lending biological plausibility to the
results of the current study. Similarly to apoB48, the ratio be-
tween apoB48 and triglycerides was also strongly associated to
graft failure during follow-up. Although not specific for apoB48-
containing lipoproteins, since triglycerides are also transported
in other, apoB100-containing lipoproteins, this finding could
indicate that preferentially smaller chylomicron remnants are
associated with late graft failure. However, more experimenta-
tion with differential isolation of apoB-containing lipoprotein
subclasses followed by sizing, e.g. using nuclear magnetic

resonance spectroscopy will be needed to confirm such a
hypothesis. Such studies are technically challenging and con-
ceivably require considerable amounts of plasma samples and
are thus beyond the scope of the current work. Of note, no sta-
tistically significant association was observed between incident
cardiovascular events or all-cause mortality and apoB48 during
the study period.

Another interesting result was the strong cross-sectional
association of fasting apoB48 levels with kidney function. It
was previously demonstrated that individuals with lower eGFR
or higher proteinuria had increased fasting circulating apoB48
concentrations [23]. Additional studies showed that the pres-
ence of CKD increased the lipemic response to a meal with a
significantly higher area under the curve for triglycerides and
apoB48, compared with controls [24]. Mechanistically, these find-
ings were related, at least partly, to an increase in circulating
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Model Variables in model
Model 1 Crude analysis
Model 2 Model 1 + age and sex
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immunosuppressive medication use
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e 180122207 <00
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Figure 2: ApoB48 is prospectively associated with incident death-censored late graft failure independent of potential confounders, Model 1: crude analysis, Model 2:
adjusted for age and sex, Model 3: model 2 + proteinuria and calcineurin and proliferation inhibitor use, Model 4: model 3 + triglycerides, Model 5: model 4 + waist
circumference, Model 6: model 5 + CRP, pre-transplant kidney disease diagnosis, statin use, daily prednisolone dose, Model 7: model 6 + daily fruit intake and daily

vegetable intake.

levels of apoC-III, an endogenous major inhibitor of LPL [24, 25].
Decreased lipolysis of apoB48-containing lipoproteins likely de-
lays their catabolic rate either directly or via competition for
cellular uptake with apoB100-containing lipoproteins, whose
catabolism was also significantly slowed in participants with
decreased kidney function [25]. Combined, these data hint to-
ward communication between the kidney and either the liver
or the intestine, which is as of yet still only beginning to
be explored.

Late graft failure is a severe long-term complication of
kidney transplantation [26]. It is strongly associated with in-
creased morbidity and mortality, as well as a drastic reduction
in quality of life [5, 26]. The cost of each failed allograft in the
USA approximates to $78079 and on average results in the
loss of 1.66 quality-adjusted life years [27]. Therefore, early
personalized strategies for prevention but also therapeutic
intervention are needed. Our data establish the prospective
association between apoB48 and death-censored graft failure
and thereby lend clinical meaning to this parameter. Further
we show that a very large proportion of KTR already have
substantially increased circulating fasting apoB48 levels when
compared to healthy individuals, namely according to our
estimation >85% of the participants of our study. Why this
is the case is currently unclear. Conceivably, the underlying
mechanisms involve certain specifics of these patients with
contributions from both reduced kidney graft function as dis-
cussed above and immunosuppressive medication. However,
these data clearly indicate a need to evaluate potential thera-
peutic intervention options. Lifestyle changes such as avoiding
sugar-sweetened beverages or a high glucose intake in general
have a clear pathophysiological rationale, since oral glucose

mobilizes triglyceride stores from the intestine [28]. Regarding
pharmacotherapy statins are recommended in KTR [29]. A po-
tential effect of statins on chylomicron secretion will at best be
minor, although a certain impact on clearance by the liver and
thereby an absolute lowering effect is conceivable. In support
of this reasoning, after 4 weeks of cerivastatin a significant
decrease in postprandial plasma apoB48 levels was noted in
T2DM patients [30]. Further, simvastatin significantly lowered
fasting very large triglyceride-containing lipoprotein levels in a
small study, where apoB48 levels were not determined [11], and
atorvastatin reduced plasma apoB48 in healthy men [31]. In KTR
no such data have been generated, to the best of our knowledge.
However, our results also do not support a major impact of
statin therapy on apoB48 levels. Alternatively, high levels of
apoB48 containing lipoproteins could e.g. effectively be treated
by oral administration of omega 3 fatty acids or established
medications such as ezetimibe or fibrates [11, 12, 13]. Omega 3
fatty acids decrease chylomicron-associated triglyceride levels
by lowering the production rate of apoB-containing lipoproteins
through stimulating post-translational apoB degradation [32]
as well as by increasing the catabolic rate of triglyceride-rich
lipoproteins via an increase in LPL activity [12]. Ezetimibe blocks
the intestinal Niemann-Pick C1-like 1 protein transporter,
thereby reducing intestinal cholesterol absorption with a sub-
sequent decrease in circulating fasting as well as postprandial
triglyceride-rich [33] or specifically fasting remnant lipoproteins
[11]. Fibrates, pemafibrate in particular, have been shown to
lower circulating apoB48 levels by ~55%, which could be due to
direct transcriptional effects on enterocytes [34] or a decrease in
plasma apoC-III [35]. However, next to fibrates being suspected
to have at least some nephrotoxic potential, they have no
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N (N event) HR [95% CI] P value for interaction
Sex .610
Female 218 (24) 1.47[0.97, 2.21] ]
Male 263 (37) 1.68 [1.15, 2.44] ]
eGFR .050
<473 241 (48) 1.67 [1.2,2.31] =
>47.3 240 (13) 0.91[0.54, 1.55] "
Proteinuria .268
No 148 (7) 11[0.49, 2.06] -
Yes 331 (54) 1.58[1.19, 2.11] n
Years since TX .077
<5.1 241 (28) 1.22[0.84, 1.78] [}
>5.1 240 (33) 1.98 [1.35, 2.89] ]
Waist circumference 122
<97 245 (37) 1.45[1.05, 1.99] -
>97 235 (24) 2.26 [1.37, 3.75] ]
Smoking 976
No 285 (31) 1.57 [1.05, 2.35] [}
Yes 193 (30) 1.55[1.1,2.17] L
HbA1c .510
<6.3 246 (28) 1.44[0.99, 2.09] L]
<6.3 246 (28) 1.4410.99, 2.09] L]
Total cholesterol .066
<56 241 (29) 2.04[1.37, 3.02] [}
>5.6 240 (32) 1.24[0.85, 1.81] (]
HDL cholesterol A4
<11 243 (41) 1.71[1.21, 2.42] =
>1.1 238 (20) 1.13[0.72, 1.77) [}
Triglycerides .283
<19 241 (31) 1.48[1.04,2.12) =
>1.9 240 (30) 2.05[1.28, 3.28] L
Apo A-l 102
<15 241 (39) 1.86 [1.29, 2.66] =
>1.5 240 (22) 1.17[0.77, 1.79] L]
Apo B 416
<11 247 (25) 1.75[1.16, 2.63] ]
>1.1 234 (36) 1.39[0.96, 2.01] L]

Figure 3: Hazard ratios for incident death-censored late graft failure per doubling of fasting apoB48 concentrations stratified by relevant baseline characteristics, Hazard
ratios were determined by multivariate Cox proportional hazards regression analysis adjusted for age and sex. The p value for the interaction was calculated by the
log rank test. eGFR, estimated glomerular filtration rate; TX, transplantation; HbA1lc, glycated hemoglobin; Apo A-I, apolipoprotein A-I; Apo B, apolipoprotein B.

effect on incident cardiovascular events, a notion that has re-
sulted in diminished clinical interest in this class of drugs [35].
Further, novel therapeutic intervention strategies such as
antisense oligonucleotides targeting hepatic apoC-III or
ANGTL3, another endogenous LPL inhibitor, expression specif-
ically and directly might also have a future role for treating
severe cases of remnant-associated hypertriglyceridemia in
KTR [36]. Additionally, apoB48 levels may also be considered
when evaluating maintenance immunosuppressive drugs and
their differential metabolic impact.

The TransplantLines Nutritional Biobank and Cohort study
represents a large, well-characterized KTR cohort. However, it is
from a single center and most KTR are from a northern/western
European background. Therefore, the presented results should
ideally be replicated in more ethnically diverse populations
as well. Since data collection was carried out between August
2001 and July 2003, the main calcineurin inhibitor used was cy-
closporine. This does not fully reflect the current standard of
care, which is the predominant prescription of tacrolimus. Com-
pared with cyclosporine tacrolimus is believed to have a more
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Figure 4: The prospective association between continuous fasting plasma apoB48 levels and death-censored late graft failure given as adjusted hazard ratios (aHR).

eGFR

_020 *kk

_1 24 *hKk

Death censored graft

ApoB48

0.41 *** (0.26)

failure

Figure 5: Kidney function measured by eGFR is a full mediator between apoB48 and death-censored late graft failure, The odds ratio (OR) between apoB48 and death-
censored graft failure was determined by logistic regression (OR, 0.41, P < .001). Adding eGFR to this model resulted in a considerably lower OR and a not significant
P value (OR, 0.26, P = .066). The regression coefficient between apoB48 and eGFR was determined by linear regression (standardized g, —0.20, P < .001). Last, the OR
between eGFR and death-censored late graft failure was obtained (OR, —1.24, P < .001)., ***P < .001.

favorable metabolic profile [37]. Corticosteroid doses were also
relatively high in our medical center, which might affect lipid
metabolism [38]. Additionally, it would be desirable to have a
means to specifically infer also apoB100 levels from the con-
ducted measurements, e.g. by subtracting apoB48 concentra-
tions from total apoB levels. However, this is unfortunately in
the present work not possible due to the use of two different
assay systems. International switching units and cumulative
prednisolone doses were not recorded in the current study. Fur-
ther studies investigating longitudinal apoB48 concentrations
and their association to immunosuppressive units (ISU) and dif-
ferent types of immunosuppressive medication are therefore

desirable. In vitro models including but not limited to intesti-
nal organoid cultures could help to establish molecular mech-
anisms and dose-response relationships between different im-
munosuppressive medications and apoB48 expression. Due to
the observational design of the study, residual confounding can-
not be ruled out and mechanistic conclusions regarding the
prospective association between apoB48 and graft failure can-
not be drawn. Therefore, future experimental research should
be focused on establishing such a mechanistic link, which ide-
ally should also consider the metabolic effect of immunosup-
pressive medication use on apoB48 concentrations. Further,
experimental models would offer the chance to explore the



extent to which a decline in kidney function or an acutely absent
renal function impact gene expression of apoB48 in the small
intestine and subsequently the secretion of chylomicrons. In
addition, the association between longitudinal changes in
apoB48 levels and long-term transplant outcomes such as graft
failure would be interesting to investigate in KTR. Overall, ex-
ploring alternative maintenance immunosuppression strategies
and safe long-term co-medications with the aim to limit car-
diometabolic side effects, including apoB48, remains a long-
term goal in transplantation medicine that future research
needs to focus on.

In conclusion, baseline fasting apoB48 levels predict death-
censored kidney graft failure after kidney transplantation in-
dependent of several potential confounders. These results un-
derline the importance of considering intestinal lipoprotein
metabolism in KTR. As a potential clinical implication our data
provide a rationale for determining apoB48 levels in KTR and for
considering pharmacological interventions aimed at decreasing
intestinal lipid absorption and circulating levels of intestine-
derived remnant lipoproteins to improve long-term outcomes of
kidney transplantation.
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