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Biomarkers of chronic kidney disease-mineral and bone disorder (CKD-MBD) correlate with morbidity
and mortality in dialysis patients. However, the comparative roles of each CKD-MBD biomarker
remained undetermined on long-term peritoneal dialysis (PD) patients. This retrospective study,
employing a population-based database, aimed to evaluate the performance and provide the best
evidence of each biomarker of CKD-MBD as predictor of all-cause mortality. Throughout the 8-year
study period, total 12,116 PD patients were included in this study. Cox proportional regression
and Kaplan-Meier method were used for survival analysis. For Cox regression model, baseline
measurements and time-varying covariates were used for analysis. In Cox regression model using time-
dependent covariates, serum calcium level of 29.5 mg/dL was associated with increased mortality.
For phosphorus, serum levels of either 26.5mg/dL or <3.5mg/dL were associated with increased
mortality. For parathyroid hormone (PTH), higher serum levels were not associated increased mortality.

: For alkaline phosphatase (ALP), mortality increased at levels 2100 IU/L. Our findings suggested that

. the detrimental effect of ALP on survival was more consistent, while serum calcium, phosphorus and

- PTH may have a less prominent effect on mortality. This study provided additional information for
manipulating CKD-MBD biomarkers in PD patients.

In the last two decades, numerous studies have provided evidence that biochemical changes in chronic kid-

ney disease-mineral and bone disorder (CKD-MBD) are associated with survival outcomes in dialysis patients.

Observational studies have demonstrated that adverse cardiovascular outcomes and mortality in dialysis patients
. are associated with high levels of serum phosphorus'-® and calcium'>, parathyroid hormone (PTH) levels either
. higher®~” or lower® '° than the target range, and elevated alkaline phosphatase (ALP) levels''"'*. These findings
- have contributed significantly to the widely accepted Kidney Disease Improving Global Outcomes (KDIGO)
. clinical practice guidelines for CKD-MBD'* 1%,
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Kidney

Total Remained PD | Shifted to HD | Transplant pvalue
Number 12966 8514 3577 875 —
Age (year) 53+16 54+16 52+16 39+13 <0.0001
Male (%) 6022(46) 3880(46) 1679(47) 463(53) <0.0001
DM (%) 4743(37) 3156(37) 1494(42) 93(11) <0.0001
PD Vintage (year)" |3.8+2.6 3.8+2.6 54+23 33+£25 <0.0001
Time-averaged laboratory data
Albumin (g/dL) 3.7+£04 3.6+0.4 3.7+£04 39+0.3 <0.0001
Hb (g/dL) 10.14+1.2 102+1.2 10.0+1.1 10.0£1.2 <0.0001
Ca (mg/dL) 92+0.7 92£0.7 9.3+0.6 9.4+0.7 <0.0001
P (mg/dL) 52+1.1 51£1.0 52+1.0 56+1.1 <0.0001
PTH (pg/mL) 271.6£181.0 270.8+£184.7 266.2+168.9 302.0+£192.2 <0.0001
ALP (IU/L) 126.7 £98.1 126.1+100.7 130.74+93.5 115.7£90.3 0.0002
Kt/v* 2.1+0.32 2.1+£0.31 2.1+£0.32 2.1+£0.34 <0.0001
ﬁfiﬁ‘)‘l CCr (mL/ 50+17 49+18 53417 45+14 <0.0001

Table 1. Demographic characteristics and time-averaged laboratory data of the entire PD population in Taiwan
from 2005 to 2012. PD, peritoneal dialysis; HD, hemodialysis; DM, diabetes mellitus; Hb, Hemoglobin; Ca,
serum total calicium; P, serum phosphorus; PTH, parathyroid hormone; ALP, total alkaline phosphatase; Renal
CCr, renal creatinine clearance. PD vintage of each patient was calculated from the start of 2005 to termination
of PD or the end of 2012. *Weekly Kt/V, including renal CCr.

While the majority of studies focusing on CKD-MBD in dialysis patients involved haemodialysis (HD)
patients, relatively few studies involving peritoneal dialysis (PD) patients have been published'® !”. Recently, sev-
eral studies have revealed that an association between ALP level and mortality also exists in PD patients!$-%.
These studies form the basis for the current management of CKD-MBD in PD patients. Nonetheless, the amount
of evidence supporting the management of CKD-MBD in PD patients remains relatively small compared to that
for HD patients. Thus, a comprehensive, large-scaled study focusing on CKD-MBD in PD patients would be help
to improve our understanding in this field.

In practice, adherence to every recommendation for CKD-MBD in a single dialysis patient is not always fea-
sible. For example, the use of calcitriol to suppress the PTH level may result in an adverse elevation of serum cal-
cium and phosphorus levels. In addition, use of a calcium-based phosphate binder may inappropriately increase
calcium load and serum calcium level. As such, providing optimal treatment for each dialysis patient is difficult,
particularly as the relative role of each CKD-MBD biomarker has not yet been determined.

Therefore, the aims of the present study were to evaluate the effect of each CKD-MBD biomarker, namely,
serum calcium, phosphorus, PTH and ALP, on all-cause mortality, and to compare the performance of these
biomarkers in predicting mortality in a Taiwanese PD population. To that end, we conducted a nationwide,
population-based analysis using a database established by the Taiwan Renal Registry Data System (TWRDS).

Subjects and Methods
This study was approved by the ethics committee of Taipei Medical University-Institutional Review Board
(Number: 20141017) and was carried out in accordance with the Declaration of Helsinki of 1975, as revised in
2000. The requirement for written informed consent was waived by the Review Board.

The TWRDS was established in 1987 for the purpose of the accreditation and quality-monitoring of dialy-
sis units. All dialysis units in Taiwan are obligated to provide the TWRDS with appropriate information on a
quarterly basis to obtain reimbursement from the National Health Insurance. In 1996, data collection was com-
puterized, and in 1997, additional information, including comorbidities, rehabilitation status, indices of dialysis
adequacy and mineral and bone metabolism, and serologic markers of viral hepatitis were included. The data
maintained by the TWRDS provide not only a robust foundation for comprehensive monitoring of the dialysis
quality at a national level, but are also an important resource for population-based epidemiologic research?!-4,

Study population. The investigated population consisted of 12,966 patients on PD from all 117 PD units
across Taiwan, who were registered in the TWRDS between 2005 and 2012. Among the total 12,966 patients in
the registry data, 8,514 patients remained on PD, while 3,577 patients shifted to HD and 875 patients received kid-
ney transplantation by the end of 2012. Of these three groups, patients who remained on PD were older; patients
who shifted to HD included more diabetics, and had longer PD vintage, higher serum ALP concentration, and
renal creatinine clearance; and patients who received a kidney transplant included more men and had higher
serum albumin, calcium, phosphorus, and PTH concentrations (Table 1). Among the entire PD population in
the registry data, patients with missing PTH values were excluded from analysis as logical imputation was not
feasible (n =850). Finally, 12,116 patients were included in the current statistical analysis. Patients who remained
on PD were followed until mortality or the end of the study, while those who switched to HD or received kidney
transplantation were censored.
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Study outcome and predictors. The main outcome was all-cause mortality, which was defined as loss
from registration in the TWRDS. This definition was based on the complete, nationwide coverage of renal
replacement treatment expenditure provided by the National Health Insurance policy.

Serum concentrations for calcium, phosphorus, PTH, and ALP were analysed as potential predictors of mor-
tality. The measuring and monitoring of these laboratory data were specified strictly by the TWRDS. Serum
calcium and phosphorus levels were measured monthly and reported to the TWRDS every 3 months. Serum
total calcium was corrected using the following formula: corrected calcium = (0.8 x [normal albumin level -
exact albumin level]) + measured serum calcium. PTH was measured and reported to the TWRDS every 3
months. The majority of PTH tests across hospitals in Taiwan (97.9%) were performed by the Union Clinical
Laboratory, where the second-generation PTH Chemiluminescence assay ADVIA Centaur (Siemens Healthcare
Diagnostics, Tarrytown, NY) has been employed since 2007 (reference range, 14-72 pg/mL). Compared with the
second-generation intact PTH Allegro Nichols IRMA suggested by the KDIGO guidelines in 2009, this commer-
cial assay exhibited variation of 60-152%?. Total ALP was reported every 3 months as specified by the TWRDS,
which was tested using the modified International Federation of Clinical Chemistry ADVIA 1800 (Siemens
Healthcare Diagnostics, Tarrytown, NY).

Statistical analysis. Descriptive statistics are expressed as mean =+ standard deviation (SD) or as frequen-
cies (percentages). Time-averaged values of biochemical and hematologic parameters were used for descriptive
statistics. The time-averaged values were defined as the average values across the entire registry. Significance was
evaluated using one-way analyses of variance (ANOVA) or chi-square tests, as appropriate.

A Cox proportional regression model and Kaplan-Meier method were performed with mortality as the out-
come, censoring patients who shifted to HD or received a kidney transplant. For the Kaplan-Meier analyses,
baseline data were used and the significance of survival differences was evaluated using the log-rank test. Multiple
comparisons of Kaplan-Meier curves were conducted with Sidak correction. The baseline values were defined
as the average value in the first year in the registry. To build the multivariate Cox regression model, all poten-
tial predictor variables were evaluated for association to mortality using the univariate Cox regression method.
The serum concentrations of calcium, phosphorus, PTH, and ALP were considered as potential predictors. The
pre-defined criteria for inclusion in the multivariate Cox regression model consisted of a univariate p-value < 0.2.
In addition, all continuous variables were evaluated for collinearity by calculating the Pearson correlation coef-
ficient. To reveal a potential non-linear association of predictors with mortality, a multivariate Cox regression
model with the potential predictors represented as categorical variables was performed. Considering the U-shape
association between PTH and mortality recently reported by Rhee et al.?* and the reference range provided in the
KDIGO guidelines'*, PTH values were categorized into 5 groups (<50, 50-150, 150-300, 300-600, and 2600 pg/
mL). Similarly, calcium values were categorized into 4 groups (<8.5, 8.5-9.5, 9.5-10.5, and 210.5 mg/dL) and
phosphorus values were categorized into 6 groups (<3.5, 3.5-5.5, 5.5-6.5, 6.5-7.5, 7.5-8.5, and 28.5 mg/dL).
In a large-scale study conducted in patients on PD by Rhee et al.?, the risk of mortality increased at an ALP
level 2150 TU/L. Therefore, ALP values were classified into 4 groups (<50, 50-100, 100-150, and 2150 IU/L). As
described previously, patients with missing PTH values were excluded from the study population. For missing
values in descriptive statistics, the available data were used.

For survival analysis, patients with missing values for variables used in the regression model were excluded
from the respective analysis. In addition to the Cox regression model using baseline data, time-dependent
analyses were performed. In time-dependent analyses, calcium, phosphorus, PTH, and ALP were used as
time-dependent covariates. Each time-dependent covariate was updated every 3 months. Missing values for
time-dependent covariates were imputed by the last value carried forward method. However, patients with miss-
ing baseline values were excluded from time-dependent analyses as logical imputation was not feasible.

All statistical analyses were performed using SPSS, version 17.0. (SPSS Inc., Chicago, IL, USA) and SAS, ver-
sion 9.1 (SAS Institute, Cary, NC, USA).

Results

Cohort description. For the 12,116 included patients, the mean age was 52 & 16 years and the mean PD
vintage was 3.9 & 2.5 years. At the end of the 8-year study period, 3,036 (25%) patients were deceased. Among
the included patients, higher PTH concentration was associated with younger age, and fewer male and diabetic
patients. Mortality and PD vintage were significantly different among PTH groups. The PTH < 150 pg/mL group
showed the highest mortality while the PTH 300-600 pg/mL group showed the longest PD vintage. The PTH
2600 pg/mL group was associated with lower haemoglobin, higher phosphorus, higher ALP, and higher Kt/V.
According to the KDIGO practice guidelines®, the haemoglobin level of patients in the PTH 2600 pg/mL group
was lower than normal, while the serum phosphorus level in all groups was higher than normal (>5.0 mg/dL)".
All groups had weekly Kt/V values that met the recommended dose (>1.7 per week) (Table 2).

Survival analysis. Univariate Cox proportional regression analyses showed that age, sex, diabetic status,
weekly Kt/V, renal creatinine clearance, albumin, and haemoglobin, along with our presumed predictors (cal-
cium, phosphorus, PTH, and ALP), were significantly associated with mortality (p < 0.2, Supplementary Table 1).
All continuous variables were found to be weakly correlated (0.2 < |r| £0.5) or uncorrelated (|r| £0.2) with each
other and were included in the multivariate Cox regression model (Supplementary Table 2).

In the multivariate Cox regression model, increased age was associated with increased mortality while higher
weekly Kt/V and albumin level were associated reduced mortality. Diabetes status and haemoglobin concentra-
tion were not associated with the hazard ratio of mortality. In contrast to the general expectation, higher renal
creatinine clearance was associated with increased mortality. Of note, renal creatinine clearance was not included
in the time-dependent analysis due to a large number of missing baseline values (n=1,879).

SCIENTIFICREPORTS |7:33 | DOI:10.1038/s41598-017-00080-4 3


http://1
http://2

www.nature.com/scientificreports/

PTH (pg/mL)

Total <150 150-300 300-600 2600 pvalue
Number 12,116 3653 3829 3978 656 —
Age (year) 52%16 57£16 53%15 48+ 15 45+15 <0.0001
Male (%) 5632(46) 1752(48) 1850(48) 1765(44) 265(40) <0.0001
DM (%) 4435(37) 1785(49) 1487(39) 1025(26) 138(21) <0.0001
PD vintage (year) | 3.9£2.5 34424 3.8+2.4 44+26 3.5+2.7 <0.0001
Mortality (%) 3036(25) 1225(34) 942(25) 721(18) 148(23) <0.0001
Time-averaged laboratory data
Albumin (g/dL) 3.7+£04 3.7+£04 37+£04 3.8+04 3.84+0.4 <0.0001
Hb (g/dL) 10.1+1.2 10.2+1.2 102+1.2 10.1+1.1 9.94+1.20 <0.0001
Ca (mg/dL) 9.3£0.7 9.3£0.6 9.2+0.6 9.3+0.7 9.3+0.8 <0.0001
P (mg/dL) 52%1.0 52+1.0 51+1.0 54+1.0 58%1.1 <0.0001
ALP (IU/L) 125.34+94.1 | 125.3+94.1 | 120.0£89.6 | 132.5+£94.6 | 166.2+120.0 | <0.0001
Kt/V 2.074+0.31 |2.044+033 |2.06+£0.31 |209+£0.31 |210£0.31 <0.0001
Renal CCr 50+1.7 50+1.7 50+1.7 47+1.5 47+15 <0.0001

Table 2. Demographic characteristics and time-averaged laboratory data of the Included PD patients. PD,
peritoneal dialysis; DM, diabetes mellitus; Hb, Hemoglobin; Ca, serum total calicium; P, serum phosphorus;
PTH, parathyroid hormone; ALP, total alkaline phosphatase; Renal CCr, renal creatinine clearance. PD vintage
of each patient was calculated from the start of 2005 to termination of PD or the end of 2012. *Weekl Kt/V,
including renal CCr.

The majority of the findings were consistent whether using baseline data or time-dependent covariates; how-
ever, male sex was associated with increased mortality only in the time-dependent analysis (Table 3). Additionally,
in the time-dependent analysis, serum calcium levels 29.5 mg/dL exhibited higher mortality. In contrast, in
the analysis using baseline data, calcium levels either higher or lower than the normal range (8.5-10.5 mg/dL)
were not consistently associated with increased mortality (Fig. 1a). Furthermore, in the time-dependent analy-
sis, higher serum phosphorus was found to be positively associated with mortality at 27.5 mg/dL, while higher
serum phosphorus levels were not associated with increased mortality in the analysis using baseline data. In
contrast, serum phosphorus levels <3.5 mg/dL were consistently associated higher mortality in both baseline and
time-dependent analyses (Fig. 1b).

In the time-dependent analysis, PTH levels 2600 pg/mL were associated with lower mortality compared to
reference range (150-600 pg/mL), while PTH levels lower than reference range (<150 pg/mL) showed an insignif-
icant trend of increasing mortality. In the analysis using baseline data, PTH levels either lower or higher than the
reference range were not associated with higher mortality (Fig. 1c). In the time-dependent analysis, serum ALP
levels 2100 IU/L were associated with increased mortality. In the analysis using baseline data, higher ALP levels
was associated higher mortality at 2150IU/L. In both analyses, lower ALP levels (<50IU/L) were not associated
with mortality (Fig. 1d).

In the Kaplan-Meier analyses, serum calcium levels of 8.5-10.5 mg/dL showed superior survival probability
compared to that for either higher or lower levels. The survival probabilities of the three groups stratified by
serum calcium levels were significantly different by a Log-rank test (p < 0.0001, Fig. 2a). The survival probabilities
among calcium levels significantly differed from each other (Table 4). Phosphorus levels 25.5mg/dL showed a
significantly higher survival probability compared to that for levels <5.5 mg/dL, contrary to our findings in the
Cox regression model (p < 0.0001, Fig. 2b). PTH levels 2600 pg/mL showed the highest survival and PTH levels
<150 pg/mL showed the lowest survival. The survival was significantly different among PTH groups (p < 0.0001,
Fig. 2c). The survival for PTH levels <150 pg/mL was significantly lower compared to that for all other PTH lev-
els, while the survival for PTH levels 2600 pg/mL was not significantly higher compared to that for PTH levels
150-300 or 300-600 pg/mL. The survival for PTH levels 300-600 pg/mL was significantly higher compared to
that for PTH levels 150-300 pg/mL (Table 4). ALP levels <150 U/L showed a significantly higher survival proba-
bility compared to that for levels 2150 U/L (p < 0.0001, Fig. 2d).

Discussion

In the present study, the Kaplan-Meier curves and Cox proportional models using baseline data and
time-dependent covariates demonstrated inconsistent effects of serum calcium and phosphorus on mortality
in PD patients. However, since models using time-varying explanatory variables are in general more robust,
several trends can be summarized from our findings as follows: 1) A higher serum calcium level was associated
with increased mortality. 2) Serum phosphorus level 26.5 mg/dL or <3.5 mg/dL were associated with increased
mortality. 3) A higher serum PTH level was not associated with increased mortality. 4) A higher serum ALP level
was associated with increased mortality with a cut-oft value of 100-150TU/L.

In the present study, the association between CKD-MBD biomarkers and all-cause mortality was inconsistent
between statistical models using baseline measurements or time-varying covariates. This suggests that in a cohort
study with a long follow-up period, the use of baseline measurements as predictors in statistical models overlooks
important fluctuations in the predictor variables across the study period. Accordingly, in a registration-based
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ﬁliie(geernig)”ear 121 | 1.08~1.34 0.0007 113 | 1.10~1.16 <0.0001
Male 105 | 0.77~1.43 0.7498 L1l | 1.02~120 0.0153
DM 1.06 | 0.78~1.45 0.6964 1.02 | 0.94~1.11 0.6073
Kt/V (per 1 increment) | 0.52 | 0.33~0.83 0.0061 068 | 0.61~0.75 <0.0001
fr\lll’r‘::l‘er; g)er g/dl 056 | 0.39~0.82 0.0028 031 | 0.29~0.34 <0.0001
ﬁ?r(eﬁzl%c”“ 0.89 | 0.78~1.01 0.0809 1 0.98~1.03 0.8929
Ca (mg/dL)

<85 125 | 0.88~1.79 0.2148 106 | 0.95~1.18 0.2962
8.5~9.5 Ref — — Ref — —
9.5~10.5 152 | 1.02~227 0.0276 111 | 1.01~1.22 0.0353
2105 138 | 0.43~4.44 0.8687 136 | 1.18~1.56 <0.0001
P (mg/dL)

<35 174 | 1.09~2.27 0.0198 121 | 1.09~1.35 0.0005
3.5~5.5 Ref. — — Ref — —
5.5~6.5 083 |053~1.31 04333 098 | 0.87~1.09 0.6490
6.5~7.5 1.08 | 0.53~222 0.8261 119 | 1.04~137 0.0127
7.5~8.5 149 | 0.53~420 0.4461 147 | 1.22~177 <0.0001
285 285 | 0.67~12.09 0.1551 143 | 1.10~1.86 0.0079
PTH (pg/mL)

<50 096 |0.55~1.66 0.8834 L1l |0.98~1.24 0.0985
50~150 110 | 0.75~1.63 0.6225 104 |093~1.16 04726
150~300 Ref. | — — Ref | — —
300~600 0.87 |0.58~1.31 05130 0.90 | 0.80~1.01 0.0806
>600 101 | 0.54~1.89 0.9832 0.86 | 0.74~0.99 0.0377
ALP (IU/L)

<50 1.04 | 0.52~2.09 0.9216 087 |0.73~1.03 0.1072
50~100 Ref — — Ref — —
100~150 126 | 0.87~1.83 02185 128 | 1.15~1.41 <0.0001
2150 161 | 1.12~231 0.0100 157 | 1.43~1.72 <0.0001
Efl‘;“llnfrce;(f;t‘)?““/ 113 | 1.06~1.19 <0.0001 | — — —

Table 3. Multivariate Cox proportional hazard ratio of mortality in which PTH, ALP, calcium and phosphorus
were considered as categorical variables. PTH, parathyroid hormone; ALP, total alkaline phosphatase; HR,
hazard ratio; CI, confidence interval; DM, diabetes mellitus; Kt/V, weekly Kt/V; Hb, hemoglobin, Ca, total
calcium; P, phosphorus; renal CCr, renal creatinine clearance. "Renal creatinine clearance was not included in
the time-dependent analysis due to large number of missing baseline values (n = 1879).

study with repeated measurements, time-dependent analyses theoretically provide a more appropriate evaluation
of the association between the time-varying covariates and outcomes.

The majority of observational studies conducted in HD patients have shown that serum phosphorus and cal-
cium levels either higher or lower than the normal limits are associated with a higher risk of mortality, depicting
U-shaped relationships?’~*!. Noordij et al."’, in a prospective cohort study involving 586 PD patients, demon-
strated that serum phosphorus levels higher than the normal upper limit, but not abnormal calcium or PTH
levels, were associated with increased mortality. Similarly, in another prospective cohort study involving 515
dialysis patients (including 158 PD patients) conducted by Stevens et al.!®, only serum phosphorus (not calcium
or PTH) showed significant association with mortality. In the present study, conducted exclusively in PD patients,
time-dependent analyses showed that serum calcium levels 29.5 mg/dL, but not hypocalcemia, was significantly
associated with increased mortality. This suggests a deleterious effect of higher serum calcium levels on the sur-
vival of patients on PD. In addition, the results of the present study showed that the effect of serum phosphorus on
mortality depicted a U-shaped relationship. While the time-dependent analysis showed increased mortality with
serum phosphorus levels 26.5 mg/dL, phosphorus levels <3.5 mg/dL were consistently associated with increased
mortality in statistical models using either baseline or time-varying variables. This may suggest that malnutrition
has a strong detrimental effect in patients on PD, regardless of its duration.

The relationship between PTH and mortality in dialysis patients has also been inconsistent across multi-
ple studies. While some studies have shown that higher PTH is associated with decreased risk of mortality®>"°,
others have conversely suggested an increased risk of mortality'®32. In addition, several studies have shown a
U-shaped relationship>2’~2*3! or no significant association’>% 3 between PTH and mortality. In a prospective

SCIENTIFICREPORTS |7:33 | DOI:10.1038/s41598-017-00080-4 5



www.nature.com/scientificreports/

a b
6 -
25 4
5
*
204
4
*k g
2 154 ®
© o 4
° * g 3
<] N *
& I ‘:|_L T
L 10 1 5 o .
* * { {
054 14 i T.T e
00 - o- <35 35~55 5565 6575 7585 285
<85 85~05 9.5~105 2105 - 5~5. . 57 5~8. >8.

Serum calcium level (mg/dL) Serum phosphorus level (mg/dL)

254

/I TR S

0.8

0.6 -

04 4

02 05

Hazard ratio
B
_—'
E
=
Hazard ratio
5 b

0.0 -

<50 50~150 150~300  300~600 2600 00
Serum PTH level (pg/mL) ’ <50 50~100 100~150 2150
Serum ALP level (IU/L)

N Baseline
[ Time-dependent

Figure 1. Cox proportional model showing the hazard ratios of CKD-MBD biomarkers to all-cause mortality
in patients on peritoneal dialysis in Taiwan. Cox proportional regression model was adjusted for age, gender,
diabetes mellitus, Kt/V, albumin, haemoglobin and renal creatinine clearance. Renal creatinine clearance was
not included in the time-dependent analysis due to large number of missing baseline values (n =1879). (a)
Grouped by serum calcium levels (b) Grouped by serum phosphorus levels (¢) Grouped by serum PTH levels
(d) Grouped by serum total ALP levels. CKD-MBD, chronic kidney disease-mineral bone disorder; PTH,
parathyroid hormone; ALP, total alkaline phosphatase. **p < 0.0001; *p < 0.05.

study, which included 277 PD patients, Avram et al.>* demonstrated that lower PTH is associated with increased
mortality. However, they considered PTH as a continuous variable; thus, a non-linear association may have been
overlooked. More recently, Rhee et al.** conducted a retrospective cohort study enrolling 9,244 patients on PD
which evaluated the impact of PTH and ALP on mortality. In their study, PTH had a U-shaped association with
mortality, with a concentration of 200-700 pg/mL exhibiting the lowest mortality and a concentration <100 pg/
mL exhibiting the highest mortality. Partly in line with these results, the present study showed that a higher PTH
level was not associated with increased mortality in PD patients. However, a U-shaped association of PTH to
mortality in patients on PD was not demonstrated in the present study.

Recently, evidence that the serum ALP levels are associated with adverse outcomes for dialysis patients,
including cardiac failure! !?, renal osteodystrophy®*-*¢, and mortality has been accumulating?® -3, These find-
ings suggest that ALP might be a valuable parameter in the treatment of CKD-MBD in dialysis patients. In Rhee
et al.?®, higher ALP in patients on PD was associated with increased mortality in a binary fashion, with a cut-off
value of 2150 IU/L. The results of the present study showed a similar trend, supporting the role of ALP as a pre-
dictor of mortality in patients on PD.

Considering the results for PTH and ALP, our study revealed similar findings to the work of Rhee et a
which was another large-scaled, retrospective cohort study in patients on PD. However, the race and ethnicity of
the subjects in this previous study consisted mainly of white, black, and Hispanic. In contrast, the present study
is comprised of exclusively Asian people, and therefore, the present study extends the generalisation of these
findings to a wider racial spectrum.

The multivariate Cox regression model paradoxically demonstrated that renal creatinine clearance was associ-
ated with increased mortality. One explanation to this phenomenon is that this study started with a cross-sectional
cohort; thus, the status and duration of dialysis before the onset of the registry was not available. Possibly, the
patients with lower renal creatinine clearance represented those who had longer dialysis vintage and who were
more stable patients. This may have led to a bias. Another explanation is that, as reported recently, urinary cre-
atinine clearance is prone to falsely overestimate glomerular filtration rate in patients with renal impairment and
is less reliable in patients with end-stage kidney disease®. In addition, since renal creatinine clearance was calcu-
lated as the filtered creatinine per minute divided by serum creatinine concentration, patients with malnutrition

1.20,
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Figure 2. Kaplan-Meier curves showing the survival of peritoneal dialysis patients in Taiwan categorized by
CKD-MBD biomarkers. Significance was tested by log-rank test. (a) Grouped by serum calcium (b) Grouped
by serum phosphorus (c) Grouped by serum PTH (d) Grouped by serum total ALP. CKD-MBD, chronic kidney
disease-mineral bone disorder; PTH, parathyroid hormone; ALP, alkaline phosphatase. Multiple comparison
was performed by Sidak correction. **p < 0.0001; *p < 0.05.

<8.5 8.5~10.5 <0.0001
<8.5 To 210.5 0.0134
8.5~10.5 210.5 <0.0001
Serum PTH concentrations (pg/mL)

<150 150~300 <0.0001
<150 300~600 <0.0001
<150 2600 <0.0001
150~300 To 300~600 0.0021
150~300 2600 0.1231
300~600 2600 0.1223

Table 4. Multiple comparisons of Kaplan-Meier curves conducted by Sidak correction. PTH, parathyroid
hormone.

and lower muscle mass may have exhibited lower serum creatinine levels and therefore, higher renal creatinine
clearance. This may also be an explanation for the unexpected finding in the present study.

There were a number of limitations in the present study. One limitation is that the study started with a
cross-sectional cohort; therefore, patients who switched from HD to PD before the beginning of the registry
were also included, which may have affected the results. The outcome of the current study, all-cause mortal-
ity, was defined as loss from registration in TWRDS. However, this definition was not cross-referenced with
national vital statistics and might over-estimate the actual mortality. Other limitations include that only total
ALP, not bone-specific ALP was available, and that the PTH assay used was a second generation assay with high
cross-reactivity to inactive PTH fragments. In addition, the actual medical records of each individual were not
available; therefore, information about cardiovascular diseases and other comorbidities, medication, dialysate
calcium concentration, and the cause of mortality were absent from our data. However, the main strengths of this
study include the use of a large, population-based database with nationwide coverage of PD patients in Taiwan
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with laboratory data that was strictly specified and measured, and the use of time-dependent variables in the
statistical analyses.

It has been argued that features of CKD-MBD differ between patients undergoing PD and HD in that a
dynamic bone disease was more frequent, and bone microarchitecture was less affected, in patients on PD*" 41
nevertheless, studies comparing the effects of CKD-MBD biomarkers to mortality in patients on PD and
HD remain limited. Currently, the KDIGO does not recommend specific guidelines on the management of
CKD-MBD for patients on PD or HD. A recent nationwide, registry-based study conducted with patients on HD
in Taiwan found the following: 1) higher ALP level was associated with increased mortality in a binary fashion,
with a cut-off value of 2100IU/L; 2) a PTH level <100 pg/mL was associated increased mortality, while higher
PTH levels not being associated with increased mortality; and 3) both serum calcium and phosphorus were
associated with mortality in a U-shaped fashion, with the nadir located at 9.5-10.5mg/dL and 5.5-6.5 mg/dL,
respectively*. The U-shaped associations for serum calcium and phosphorus with regard to mortality reported
in the work by Lin et al., are in line with most observational studies conducted with patients on HD*-*!, While
an association between serum phosphorus and mortality has been inconsistently reported across multiple studies
conducted with patients on PD, several studies have reported no effects of serum calcium and PTH on mortal-
ity'® 7. In another large-scaled retrospective cohort study conducted with HD patients in the U.S.A., higher ALP
level was associated with increased mortality in a binary fashion with a cut-off at 2120 IU/L*. Comparing these
HD-related findings to the present study; it is possible that in the PD population, serum calcium and phosphorus
may have a less prominent effect on mortality, while ALP has a more consistent effect on mortality. In addition,
several recent studies have shown that in both patients on HD and PD, higher PTH levels did not increase mortal-
ity. However, the evidence to date remains insufficient to provide recommendations specifically for PD patients.
We expect that further research on CKD-MBD in PD patients could contribute to a practice guideline being
developed specifically for this population in the future.
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