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The predictive role of serum calprotectin

on mortality in hemodialysis patients with
high phosphoremia

Tomoko Kanki1†, Takashige Kuwabara1*†, Jun Morinaga1,2*†, Hirotaka Fukami1, Shuro Umemoto1,
Daisuke Fujimoto1, Teruhiko Mizumoto1, Manabu Hayata1, Yutaka Kakizoe1, Yuichiro Izumi1, Saeko Tajiri3,
Tetsuya Tajiri3, Kenichiro Kitamura4 and Masashi Mukoyama1
Abstract

Background: The inflammatory mediator calprotectin (CPT, myeloid-related protein 8/14) is known as an
endogenous ligand contributing to pathophysiology in inflammatory diseases. Serum CPT reportedly became a
potential biomarker in these conditions, though there is no report predicting the prognosis in hemodialysis
patients. The aim of this study is to investigate the predictive role of serum CPT on mortality in hemodialysis
patients.

Methods: We conducted a multicenter, observational cohort study of 388 Japanese subjects undergoing
hemodialysis. Serum CPT were measured using an ELISA. The potential associations between serum CPT and clinical
variables were cross-sectionally examined. Multivariate Cox regression was used to estimate the association
between serum CPT, high-sensitivity C reactive protein (hs-CRP), white blood cell (WBC) count and mortality.
Median follow-up was 6.6 years.

Results: The median CPT level was 6108 ng/ml (median in healthy subjects, 2800) at baseline. Serum CPT positively
correlated with WBC count (ρ = 0.54, P < 0.001) and hs-CRP values (ρ = 0.35, P < 0.001). In multivariate analysis, hs-
CRP was an independent predictor of all-cause mortality after adjusting confounding factors (middle vs. low: hazard
ratio [HR] 2.09, 95% confidence interval [CI] 1.23–3.66; high vs. low: 2.47, 1.40–4.47). In the analysis by stratum of
phosphate levels, elevated CPT levels were significantly associated with all-cause mortality in the highest tertile
(18.1; 3.15–345.9) among the high-phosphate group, but not among the low-phosphate group.

Conclusions: Serum CPT would become a potential predictive marker on mortality in hemodialysis patients with
high-phosphate levels.

Keywords: Serum calprotectin, Chronic inflammation, Prognostic biomarker, Hemodialysis patients, Phosphate
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Background
Chronic inflammation has so far been known as an im-
portant comorbid condition contributing to the progno-
sis in hemodialysis (HD) patients [1, 2]. Such systemic
and chronic inflammation in patients with end-stage
renal disease (ESRD) could result in a malnutrition, in-
flammation and atherosclerosis (MIA) syndrome [3, 4].
In non-dialyzed patients with diabetes, obesity, cancer or
autoimmune disorders, chronic inflammation is caused
by interactions between pattern recognition receptors
such as toll-like receptors and their endogenous ligands,
collectively called damage-associated molecular patterns
(DAMPs) [5]. In HD patients, low-grade endotoxemia
could become an important factor to induce chronic in-
flammation in addition to DAMPs.
We and others recently revealed the pathogenic role of

toll-like receptor 4 (TLR4) in the development and progres-
sion of diabetic nephropathy [6–8] and crescentic glomer-
ulonephritis [9, 10]. With regard to DAMPs, myeloid-
related protein 8 (MRP8, also known as S100A8 or calgra-
nulin A) was originally identified as a cytoplasmic calcium-
binding protein in neutrophils and monocytes [11]. MRP8
usually forms a heterodimeric complex myeloid-related
protein 8/14 (MRP8/14), also named as calprotectin (CPT),
with a binding partner myeloid-related protein 14 (MRP14,
also known as S100A9 or calgranulin B) in the bloodstream
[12]. Several key reports have shown that the CPT could
act as a potent endogenous ligand for TLR4 in various dis-
eases including septic shock, vascular injury, and auto-
immune disorders [13–15]. In human pathologies, CPT
was reportedly involved in several renal diseases including
diabetic nephropathy, crescentic glomerulonephritis and
membranoproliferative glomerulonephritis [16–18]. Be-
sides, as a biomarker, urinary CPT might become useful in-
dicator to diagnose an acute kidney injury [19, 20]. In
Chinese patients with peritoneal dialysis, serum CPT level
was associated with lower survival and a trend of less car-
diovascular event-free period [21]. To our knowledge, how-
ever, there is no cohort study investigating the prognostic
role of serum CPT in HD patients.
In this cohort, we evaluated the predictive role of

serum CPT levels on all-cause mortality in HD patients.

Methods
Study design and subjects
This study was conducted with an observational, multi-
center retrospective cohort design using the data previ-
ously performed prospective study in our lab [22].
Briefly, a total of 412 patients treated for ESRD at the
Jinseikai clinic by regular dialysis treatment were en-
rolled in this study. All patients provided their written
informed consent in 2012, before participating in the
study. All subjects underwent 6 and a half year of pro-
spective follow-up except for those who died, received
kidney transplantation, or transferred to a dialysis unit
outside the Jinseikai clinic during follow-up period.
These collected data were retrospectively analyzed with
serum CPT measurement in 2018. After exclusion of 12
subjects due to missing serum samples, we measured
serum CPT levels in 400 subjects. Of those 400 subjects,
12 showed missing clinical information, including 6 sub-
jects lacking pre-dialysis blood pressure, 2 subjects lack-
ing cardiothoracic ratio, 1 subject lacking body mass
index (BMI), 3 subjects lacking smoking habits, leaving
388 subjects (Figure S1). This study was conducted in
keeping with Helsinki Declaration and with approval of
ethics committees for clinical research at Kumamoto
University (No.1255-R).

Data collection
Demographic characteristics of the subjects, comorbid
conditions, and laboratory data were obtained at study
entry. The primary outcome was mortality and the clin-
ical events were identified prospectively. The informa-
tion regarding death was classified into cardiovascular,
infection-related, or cancer death based on electronic
medical records confirmed by physicians responsible for
conducting the report. Cardiovascular mortality was de-
fined as death from ischemic heart disease, cerebrovas-
cular disease, congestive heart failure, arrhythmia, aortic
disease, or sudden death.

Clinical evaluation and laboratory testing
Serum samples that were obtained at the initiation of
the first outpatient HD session in the week and that
would otherwise have been discarded after routine clin-
ical testing were saved and stored at − 80 °C in 2012.
Smoking habits were defined as smoking status at

baseline. Obesity was defined as BMI ≥ 25 kg/m2. Hyper-
tension was defined as past history, systolic blood pres-
sure (SBP) ≥140 mmHg, or diastolic blood pressure
(DBP) ≥90 mmHg at baseline. Diabetes was defined as
past history of diabetes, or serum glucose ≥200mg/dl.
Dyslipidemia was defined as past history, or triglycerides
≥150 mg/dl, low density lipoprotein cholesterol (LDL-
Cho) ≥140 mg/dl, or high-density lipoprotein cholesterol
(HDL-Cho) < 40mg/dl. Coronary artery disease, stroke,
peripheral artery disease (PAD), rheumatoid arthritis
(RA) were defined as past history of disease and active
cancer was defined as onset of cancer within 5 years be-
fore the entry. Statin was defined as having been pre-
scribed statin. RAS inhibitor was defined as prescription
of an angiotensin-converting enzyme inhibitor or an
angiotensin II receptor blocker. Cardiovascular disease
(CVD) included acute myocardial infarction (MI), silent
MI, or coronary artery disease followed by coronary ar-
tery bypass surgery or angioplasty. Silent MI was defined
as myocardial scarring without any historical indication



Table 1 Baseline characteristics of the cohort
Total n = 388

Variable n (%), mean (±SD) or median (IQR)

Age, years 65.3 (±12.6)

Female gender, n (%) 143 (36.9)

Follow-up duration, years 6.62 (3.76–6.64)

Vintage, years 5.79 (2.93–12.12)

Systolic BP, mmHg 146.7 (±20.3)

Diastolic BP, mmHg 77.3 (±13.8)

BMI, kg/m2 21.7 (±3.5)

CTR, % 49.0 (±5.3)

Single-pool Kt/V 1.44 (±0.27)

ABI 1.10 (0.99–1.17)

Smoking habits, n (%) 64 (16.5)

RAS inhibitor, n (%) 207 (53.3)

Statin, n (%) 79 (20.4)

Chronic kidney disease etiology, n (%)

Diabetic nephropathy 136 (35.1)

Hypertensive disease 31 (8.0)

Glomerulonephritis 118 (30.4)

Polycystic kidney disease 10 (2.6)

Others 93 (24.0)

Comorbid conditions, n (%)

Coronary artery disease (CAD) 56 (14.4)

Stroke 64 (16.5)

Peripheral Arterial Disease 81 (20.9)

Active cancer 20 (5.2)

Rheumatoid arthritis (RA) 5 (1.3)

Diabetes mellitus (DM) 159 (41.0)

Hypertension 319 (82.2)

Dyslipidemia 198 (51.0)

Laboratory findings

WBC, /μl 5626 (±1666)

hs-CRP, mg/l 0.708 (0.295–1.828)

Hemoglobin, g/dl 10.7 (±1.1)

Plt, 104/μl 16.4 (±4.7)

Albumin, g/dl 3.8 (±0.33)

BUN, mg/dl 61.0 (±14.7)

Cr, mg/dl 10.9 (±2.6)

Whole-PTH, pg/ml 45 (24–92)

aCa, mg/dl 9.4 (±0.72)

IP, mg/dl 5.5 (±1.2)

LDL-cholesterol, mg/dl 79.3 (±23.6)

TG, mg/dl 84 (59–126)

CPT, ng/ml 6108 (4017–8906)

SD standard deviation, IQR inter quartile range, BP blood pressure, BMI body
mass index, CTR cardio-thoracic ratio, KT/V dialysis dose, ABI Ankle-Brachial-
Index, Hb hemoglobin, Plt platelets, BUN blood urea nitrogen, Cr Creatinine,
Whole-PTH whole parathyroid hormone, aCa adjusted calcium, IP inorganic
phosphorus, LDL-Cho low density lipoprotein cholesterol, TG triglyceride,
CPT calprotectin
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of clinical symptoms or abnormal cardiac enzyme
changes [23]. All laboratory data except for CPT levels
were gathered in 2012. In 2018, serum CPT protein
levels were measured, using samples collected in 2012
and stored at − 80 °C, at the Department of Nephrology,
Kumamoto University, using a human CPT sandwich
enzyme-linked immune-sorbent assay (ELISA) kit [Bio-
Legend, San Diego, CA, USA].

Statistical analyses
Wilcoxon rank sum test or Spearman’s correlation coef-
ficients were estimated to determine associations be-
tween serum CPT levels and clinical parameters for
categorical or continuous data, respectively. With regard
to baseline characteristics, continuous data with normal
distribution were summarized as means (standard devi-
ation [SD]), continuous variables with skewed data as
medians (inter-quartile range [IQR]), and categorical
data as proportions. We used the Kaplan–Meier method
to estimate the crude probability of all-cause mortality
associated with tertiles of CPT levels, and multivariate
Cox regression to examine the adjusted relationship be-
tween CPT levels and mortality. In accordance with clin-
ical implication and cross-sectional analysis, adjustment
was made for expanding sets of covariates: age, sex, dia-
betes, rheumatoid arthritis (RA), active cancer, history of
coronary artery disease, albumin, Cr and inflammatory
parameters including CPT, hs-CRP and WBC. Continu-
ous variables with skewed distribution were log-
transformed to attain normal distribution. Statistical
method for each result is summarized in supplemental
S1 Table. All statistical analysis was performed using
JMP Pro 12.0.0 software (SAS Institute, Cary, NC) and
EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), a graphical user interface for R 2.13.0 (R
Foundation for Statistical Computing, Vienna, Austria).
All p-values were two-tailed, and P < 0.05 was taken as
statistically significant.

Results
Baseline characteristics and causes of death in this cohort
The baseline characteristics of the participants are sum-
marized in Table 1. The mean age was 65.3 ± 12.6 years
and the median duration of dialysis before study entry
was 5.79 (2.93–12.12) years. The two major cause of
ESRD in this cohort were diabetic nephropathy (35%)
and glomerulonephritis (30%). Serum CPT level in our
patients undergoing HD was 6108 (4017–8906) ng/ml,
which showed higher than that of healthy subjects (me-
dian 2800 ng/ml, reported in other previous study [17]).
No patients exhibited active inflammation (hs-CRP ≥ 1.0
mg/dl and WBC ≥ 10,000 /μl).
During the median follow-up of 6.6 years, 118 (30.4%)

deaths occurred. Infectious disease (33.9%) was the most



Table 3 Association between continuous parameters and CPT
level at baseline

Kanki et al. BMC Nephrology          (2020) 21:158 Page 4 of 10
common cause of death, followed by cardiovascular dis-
ease (22.9%) (S2 Table).
continuous variables Spearman‘s correlation coefficient (ρ) p-values

Age (years) −0.0815 0.109

Vintage (years) −0.1684 < 0.001

BMI (kg/m2) 0.1846 < 0.001

systolic BP (mmHg) −0.0145 0.7761

diastolic BP (mmHg) 0.0796 0.1173

CTR (%) − 0.1715 < 0.001

Kt/V −0.1622 0.0013

ABI −0.0594 0.2453

WBC (/μl) 0.5404 < 0.001

hs-CRP (mg/l) 0.3478 < 0.001

Hb (g/dl) 0.1433 0.0047

Plt (104/μl) 0.3131 < 0.001

Albumin (g/dl) 0.0889 0.0802
Cross-sectional analysis at baseline
In Tables 2 and 3, the association between serum CPT
and the other clinical parameters were cross-sectionally
analyzed at baseline. In categorical variables, serum CPT
was significantly higher in male or subjects with RA
(Table 2). In continuous parameters, serum CPT was
positively correlated with white blood cells (ρ = 0.54, P <
0.001), hs-CRP values (ρ = 0.35, P < 0.001) and also
weakly with platelet count (ρ = 0.31, P < 0.001) (Table 3).
The distributions between serum CPT and these inflam-
matory parameters were indicated in Fig. 1. There were
also significant association with BMI, serum inorganic
phosphorus and triglyceride (P < 0.001), but all of these
correlation coefficients were below 0.3, suggesting not
very meaningful (Tables 3 and Figure S2).
Cr (mg/dl) 0.1340 0.0082

Whole-PTH (pg/ml) 0.0332 0.5148

aCa (mg/dl) −0.0506 0.3200

IP (mg/dl) 0.2165 < 0.001

LDL-cholesterol (mg/dl) −0.0042 0.9340

TG (mg/dl) 0.2599 < 0.001

CPT calprotectin, BMI body mass index, BP blood pressure, CTR cardio-thoracic
ratio, KT/V dialysis dose, ABI Ankle-Brachial-Index, WBC white blood cell, hs-CRP
high sensitivity C-reactive protein, Hb hemoglobin, Plt platelets, Cr Creatinine,
Whole-PTH whole parathyroid hormone, aCa adjusted calcium, IP inorganic
phosphorus, LDL-Cho low density lipoprotein cholesterol, TG triglyceride
Association of individual inflammatory markers with all-
cause mortality: Kaplan–Meier method and cox
proportional hazard models
We classified each inflammatory parameter including hs-
CRP, WBC and CPT into tertile and performed Kaplan-
Meier survival analysis (tertiles of CPT, < 4635.04,
4635.04–7915.68, > 7915.68 ng/ml; hs-CRP, < 0.427,
0.427–1.173, > 1.173mg/l; WBC, < 4756.67, 4756.67–
6156.67, > 6156.67 /μl). The hazard ratios (HRs) for all-
cause mortality in comparison with each group of the low-
est tertile were estimated by multivariate Cox proportional
Table 2 Association between categorical variables and CPT level at baseline

categorical variables n median CPT (IQR) p-values

Gender male 245 6316 (4289–9501) 0.0100

female 143 5631 (3539–8132)

Active cancer – 368 6193 (4080–8913) 0.2658

+ 20 5134 (3009–8845)

Rheumatoid arthritis (RA) – 383 6052 (3996–8818) 0.0169

+ 5 10,241 (7948–15,360)

Diabetes mellitus (DM) – 229 5807 (3851–9379) 0.2955

+ 159 6392 (4318–8643)

History of coronary artery disease – 332 6058 (4080–8819) 0.6530

+ 56 6654 (3866–9403)

Smoking habits – 324 6287 (3996–8917) 0.8567

+ 64 5879 (4288–8701)

Stroke – 324 6108 (4017–8819) 0.8486

+ 64 6130 (4019–9212)

Peripheral Arterial Disease – 307 6173 (3970–8920) 0.6954

+ 81 6064 (4186–8836)

CPT calprotectin, IQR inter quartile range



Fig. 1 2D-scatter plot between clinical parameters and CPT at baseline. Correlation between CPT and WBC (a), hs-CRP (b) and Plt (c). CPT,
calprotectin; WBC, white blood cells; hs-CRP, high sensitivity C-reactive protein; Plt, platelets

Fig. 2 Survival curve and mortality risk according to CPT, hs-CRP and WBC tertiles for total cohort. Kaplan–Meier survival probability and
multivariate adjusted hazard ratios in all-cause mortality are calculated according to CPT, hs-CRP and WBC tertiles for the total cohort. p-values
report the test for trend. a CPT; b hs-CRP; c WBC. In multivariate analysis, the model was adjusted for relevant covariates: age, sex, diabetes,
rheumatoid arthritis, active cancer, history of coronary artery disease, albumin, Cr and inflammatory parameters. CPT, calprotectin; hs-CRP, high
sensitivity C-reactive protein; WBC, white blood cells; Cr, Creatinine; HR, hazard ratio; 95% CI, 95% confidence interval. Tertiles of CPT, < 4635.04,
4635.04–7915.68, > 7915.68 ng/ml; hs-CRP, < 0.427, 0.427–1.173 and > 1.173 mg/l; WBC, < 4756.67, 4756.67–6156.67, > 6156.67 /μl
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hazard models with adjusting confounding factors. In
Fig. 2b, hs-CRP was an independent predictor of all-cause
mortality after adjusting confounding factors (middle vs.
low: HR 2.090, 95% confidence interval [CI] 1.226–3.663;
high vs. low: HR 2.469, 95%CI 1.399–4.472). There was no
significant difference in the tertiles of CPT and WBC
(Fig. 2a and c). Because serum CPT levels reportedly
depends on bone-marrow function [11] or nutritional
status [24], we examined the possible modifications
by such comorbid conditions upon HRs in all-cause
mortality according to CPT, hs-CRP and WBC tertiles
(Supplemental S3 Table). These analyses revealed that
increasing serum CPT levels resulted in increasing
mortality in the stratum of serum phosphate level >
6.0 mg/dl (Fig. 4a) rather than in total cohort (Fig.
2a). Stratification by serum phosphate level employed
the cut-off value in accordance with guidelines edited
by Japanese Society of Dialysis Therapy [25]. Kaplan–
Meier survival curve and the HRs stratified by serum
Fig. 3 Survival curve and mortality risk according to CPT, hs-CRP and WBC
and multivariate adjusted hazard ratios in all-cause mortality are calculated
mg/dl. p-values report the test for trend. a CPT; b hs-CRP; c WBC. In multiv
diabetes, rheumatoid arthritis, active cancer, history of coronary artery disea
CRP, high sensitivity C-reactive protein; WBC, white blood cells; IP, inorgani
interval. Tertiles of CPT, < 4635.04, 4635.04–7915.68, > 7915.68 ng/ml; hs-CR
> 6156.67 /μl
phosphate levels are shown in Figs. 3 and 4. In the stratum
with low-phosphate levels, similarly to the crude analyses,
none of the CPT level groups had any significant associ-
ation with all-cause mortality (Fig. 3a). In contrast, in the
stratum with high-phosphate levels, high-CPT groups
were significantly associated with all-cause mortality by
multivariate analysis [high vs. low: HR 18.14; 95%CI
3.151–345.9; significant interaction between serum phos-
phate levels and CPT levels (P = 0.029 based on the likeli-
hood ratio test)] (Fig. 4a). Note, in the analysis of serum
CPT as a continuous parameter, the increase of log-
transformed serum CPT by 1 resulted in significant risk
increase of prognosis (HR 8.406; 95%CI 2.383–29.65).
This predictive significance was also confirmed by un-
adjusted- or age, sex adjusted-analyses in high-phosphate
stratum. In the same analyses for hs-CRP and WBC, HRs
did not become evident in the stratum with high-
phosphate levels after adjustment for relevant covariates
(Fig. 4b and c).
tertiles in stratum of IP < 6.0 mg/dl. Kaplan–Meier survival probability
according to CPT, hs-CRP and WBC tertiles for the stratum of IP < 6.0
ariate analysis, the model was adjusted for relevant covariates: age, sex,
se, albumin, Cr and inflammatory parameters. CPT, calprotectin; hs-
c phosphorus; Cr, Creatinine; HR, hazard ratio; 95% CI, 95% confidence
P, < 0.427, 0.427–1.173, > 1.173 mg/l; WBC, < 4756.67, 4756.67–6156.67,



Fig. 4 Survival curve and mortality risk according to CPT, hs-CRP and WBC tertiles in stratum of IP≥ 6.0 mg/dl. Kaplan–Meier survival probability
and multivariate adjusted hazard ratios in all-cause mortality are calculated according to CPT, hs-CRP and WBC tertiles for the stratum of IP ≥ 6.0
mg/dl. p-values report the test for trend. a CPT; b hs-CRP; c WBC. In multivariate analysis, the model was adjusted for relevant covariates: age, sex,
diabetes, rheumatoid arthritis, active cancer, history of coronary artery disease, albumin, Cr and inflammatory parameters. CPT, calprotectin; hs-
CRP, high sensitivity C-reactive protein; WBC, white blood cells; IP, inorganic phosphorus; Cr, Creatinine; HR, hazard ratio; 95% CI, 95% confidence
interval. Tertiles of CPT, < 4635.04, 4635.04–7915.68, > 7915.68 ng/ml; hs-CRP, < 0.427, 0.427–1.173, > 1.173 mg/l; WBC, < 4756.67, 4756.67–6156.67,
> 6156.67 /μl
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Discussion
We investigated the predictive role of serum CPT levels
on all-cause mortality in HD patients. Our multicenter
cohort revealed that serum CPT was positively corre-
lated with the inflammatory parameters also in HD pa-
tients as previous reports in non-dialysis patients with
several inflammatory diseases, such as rheumatoid arth-
ritis [26, 27], inflammatory bowel disease [28, 29], psor-
iasis [30] or chronic bronchitis [31]. It is noteworthy
that the mortality or survival rate in HD patients with
high-phosphate levels was well predicted by serum CPT
levels. To our knowledge, this is the first report describ-
ing the role of serum CPT to predict prognosis in HD
patients.
Chronic inflammation is one of the pivotal conditions

contributing to the pathogenesis in HD patients. There
are numerous factors inducing systemic chronic inflam-
mation in HD patients, such as oxidative stress [32],
uremic toxin, carbamylation for protein [33] or
leukocyte activation by some dialyzers [34]. Highly-
sensitive biomarker for inflammation, hs-CRP, could
predict all-cause and cardiovascular death in HD pa-
tients [35] as well as in non-HD patients [36]. In our co-
hort, hs-CRP has also possessed the independent
predictive power for all-cause mortality by multivariate
Cox regression analysis (Fig. 2b). CPT is also inflamma-
tory protein positively correlated to hs-CRP, WBC or
platelet counts (Table 3 and Fig. 1). However, in crude
analysis, serum CPT did not predict all-cause mortality
rather than hs-CRP (Fig. 2a). In this study, stratified ana-
lyses disclosed the unknown aspects of serum CPT on
mortality in the high-phosphate condition (Fig. 4a).
There is no direct evidence describing the association

of CPT with high phosphate, but with inflammation.
Extracellular phosphate exerts its cytotoxicity if it forms
insoluble nanoparticles with calcium and fetuin-A,
named as calciprotein particles (CPPs) [37]. In patients
with chronic kidney disease (CKD), serum CPP levels
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are associated with serum phosphate concentration [38]
and also with CKD stages [39]. CPP can lead to cellular
damage through TLR4-dependent inflammatory cyto-
kine secretion [40, 41]. We and others have reported
that CPT exert its pathophysiological role due to ampli-
fying the TLR4/nuclear factor-kappa B (NF-κB) signaling
[13–16, 42]. Furthermore, CPT induced endothelial in-
jury and atherothrombosis via platelet activation [43].
Hence, we hypothesize the direct and indirect mecha-
nisms of CPT-related risk in the high-phosphate condi-
tion. As a direct effect, CPT possibly promotes the
TLR4-dependent cytotoxicity induced by CPP. Perhaps,
vascular lesion by FGF23-Klotho imbalance might be in-
directly exacerbated in association with CPT-induced
endotheliosis or platelet activation. Based on these hy-
potheses, we have also examined the role of Ankle-
Brachial-Index (ABI) in this study. However, no signifi-
cant results of ABI were observed in the cross-sectional
analyses (Figure S3). As previously suggested, it should
be noted that ABI is easily affected by its measurement
condition such as pre−/post-dialysis or body-weight gain
[44]. Otherwise, the calcification score evaluated by CT
scan might be useful [25]. To elucidate the detailed roles
of CPT affecting pathophysiology in the high-phosphate
condition, the additional studies with the calcification
score or CPP measurement will be warranted.
Seeing from another perspective, the low CPT level is

obviously associated with a good survival rate in a group
with sufficient nutritional status indicated by high BMI
(S3 Table) as well as high phosphate levels (Fig. 4a). In
this regard, low serum CPT could be a good predictor
for survival in the high-phosphate group compared to
hs-CRP or WBC (Fig. 4). Besides, the interaction term
(phosphate and CPT) using the likelihood ratio test with
Cox regression was significant (P = 0.029), suggesting
that the stratification by phosphate level is meaningful.
These results suggested that HD patients with well-
nourished status might become “real” healthy if they
have low CPT levels.
In a previous study, another inflammatory parameter,

IL-6, was considered as a stronger predictor of total and
cardiovascular mortality when compared to hs-CRP in
HD patients [45]. Since IL-6 production is induced by
CPT via TLR4 signaling that involves MAPK and NF-κB
[46], analyzing the association between CPT and IL-6 is
warranted to reveal a further role of CPT in mortality.
There are several limitations in our cohort. We could

not determine the cause of death associated with high
CPT, because the number of death endpoint was small.
Besides, predictive role of CPT was analyzed by the
measurement at single point of entry. In previous report,
HD vintage was positively correlated with high serum
CPT level [47], which should be considered as a crucial
factor affecting the interpretation of prognostic
biomarkers in HD patients. However, our results did not
reproduce such correlation, partly due to the difference
of population between studies. Subjects with acute in-
flammation were included in their previous study, but
excluded in our study. Besides, our study showed that
serum CPT predicted mortality in high-phosphate group
but not in total cohort. It appears to be different from
the other previous study of PD patients [21] for several
reasons. First, since CRP level was higher than that in
our cohort (3.43 vs. 0.708 mg/l), subjects affected by
clinical and/or subclinical inflammation such as
catheter-related exit-site or tunnel infection was possibly
included. Second, dialysis method was different (periton-
eal dialysis vs. hemodialysis). Third, the younger subjects
were recruited in PD study (mean age in PD study and
our study, 57.3 vs 65.3 years). Even though there was no
data about serum phosphate levels in PD study, their
younger population would match our high-phosphate
group which mean age was more than 4 years younger
than that in low-phosphate group (62.3 ± 13.6 vs 66.5 ±
11.9 years). Note, the information of phosphate binders
and/or calcimimetics are missing in this study. We need
the further analysis employing more population with
multiple measurement during the follow-up period in
future prospective cohort.

Conclusions
Serum CPT would become a potential prognostic
marker in HD patients with high-phosphate levels. This
characteristic differs from that of a conventional inflam-
matory marker, hs-CRP.
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