PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Tsai P-H, Chung C-H, Chien W-C, Chu P
(2020) Effects of calcium-containing phosphate
binders on cardiovascular events and mortality in
predialysis CKD stage 5 patients. PLoS ONE
15(10): e0241435. https://doi.org/10.1371/journal.
pone.0241435

Editor: Frank T. Spradley, University of Mississippi
Medical Center, UNITED STATES

Received: February 15, 2020
Accepted: October 15, 2020
Published: October 30, 2020

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0241435

Copyright: © 2020 Tsai et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
Information files.

RESEARCH ARTICLE

Effects of calcium-containing phosphate
binders on cardiovascular events and
mortality in predialysis CKD stage 5 patients

Ping-Huang Tsai', Chi-Hsiang Chung?3, Wu-Chien Chien®?*°, Pauling Chu®'*

1 Division of Nephrology, Department of Internal Medicine, Tri-Service General Hospital, National Defense
Medical Center, Taipei, Taiwan, 2 School of Public Health, National Defense Medical Center, Taipei, Taiwan,
3 Taiwanese Injury Prevention and Safety Promotion Association, Taipei, Taiwan, 4 Graduate Institute of
Life Sciences, National Defense Medical Center, Taipei, Taiwan, 5 Department of Medical Research, Tri-
Service General Hospital, Taipei, Taiwan

* pauling.chu@gmail.com

Abstract

Background

Hyperphosphatemia and calcium load were associated with vascular calcification. The role
of calcium-containing phosphate binders (CCPBs) use as important determinants of death
and cardiovascular events in predialysis hyperphosphatemic chronic kidney disease (CKD)
patients remain unclear due to the absence of evidence for reduced mortality with CCPB
use compared with placebo. We aimed to investigate the effect of using CCPBs or nonuse
in all-cause mortality rates and cardiovascular events in CKD stage 5 patients between
2000 and 2005 in the Taiwanese National Health Insurance Research Database.

Methods

Patients with known coronary heart disease and those who had undergone dialysis or renal
transplantation were excluded. The CCPB users were matched with nonusers by the pro-
pensity score model. Multivariable Cox proportional hazards model was used to estimate
hazard ratios (HRs) of all-cause mortality and cardiovascular events.

Results

During a mean follow-up of 4.58 years, 879 CCPB users were matched with 3516 nonusers.
CCPB use was an independent risk factor for cardiovascular events [adjusted hazard ratio
(HR) 1.583, 95% confidence interval (Cl) 1.393—1.799]. The increased cardiovascular risk
was dose-dependent and consistent across all subgroup analyses. Compared with no use,
CCPB use was associated with no significant all-cause mortality risk (1.74 vs. 1.75 events
per 100 person-years, adjusted HR 0.964, 95% CI 0.692—1.310).

Conclusions

CCPB use in CKD stage 5 patients was associated with a significantly increased cardiovas-
cular event risk compared with the nonusers, whereas the all-cause mortality risk was
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similar between the two groups. Whether these relationships are causal require further ran-
domized controlled trials.

Introduction

Chronic kidney disease (CKD) is a worldwide public health issue that caused premature mor-
tality or 20 million disability-adjusted life years in 2010 [1]. Accelerated and progressive vascu-
lar calcification might play major roles in the development of cardiovascular disease, the
leading cause of death in CKD [2]. During the evolution of CKD, adaptive responses fail to
maintain the calcium-phosphate homeostasis. Hyperphosphatemia develops gradually, with
the prevalence increasing up to 40% in those with estimated glomerular filtration < 20 ml/
min/1.73m [3, 4], which is associated with the progression of secondary hyperparathyroidism
and renal bone disease. Observational studies showed a significant association between hyper-
phosphatemia and high mortality among patients on hemodialysis [2]. Furthermore, high
serum phosphorus levels were shown to be associated with increased cardiovascular mortality
and hospitalization risks among patients on hemodialysis [3]. As an inevitable clinical result of
stage 5 CKD, controlling elevated serum phosphate levels by dietary restriction and intestinal
phosphate binders is an important issue in clinical practice. Phosphate binders are suggested
by the Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice guidelines to
treat hyperphosphatemia in patients with stage 3-5 nondialysis CKD [5].

Calcium-containing phosphate binders (CCPBs) reduce serum phosphorus levels in
advanced CKD. However, the positive calcium balance observed in several studies suggested
soft-tissue deposition after calcium exposure, implicating the potentially harmful effects of
generous calcium supplementation in patients with stage 3-4 CKD and normal phosphate lev-
els [6, 7]. CCPBs is an important cause of hypercalcemia in CKD population, raising the risk
of vascular calcification and leading to cardiovascular disease [8]. The prevalence of hypercal-
cemia in CKD stage 4 and 5 patients was 13.4%, which was lower than dialysis patients. The
cause of higher rate of hypercalcemia in dialysis patients might be due to greater usage of vita-
min D analogues and high-dose CCPBs [9]. In hyperphosphatemic patients with predialysis
CKD, CCPBs were reported to be associated with worse adverse effects on vascular calcifica-
tion and significantly higher all-cause mortality compared with calcium-free binders [10, 11].
These results were reinforced by several systematic reviews [12-15], altogether suggesting that
calcium-free phosphate binders might be either beneficial or otherwise not harmful compared
with CCPBs in treating hyperphosphatemia in CKD. Based on the cumulative outcomes sug-
gesting potential damage with CCPBs, the KDIGO CKD mineral bone disorder (MBD) guide-
lines recommend restricting the CCPB dose in predialysis patients with CKD [16].

It remains uncertain whether preventing the development of hyperphosphatemia with
CCPBs might prevent or enhance the development of vascular calcification, cardiovascular
risks and mortality and in patients with stage 5 CKD. Although CCPBs are used widely in
patients with high cardiovascular risk, there are no adequately powered, well-designed, and
long-term randomized controlled trials to evaluate whether regular CCPB use in stage 5 CKD
affects serious outcomes such as mortality or cardiovascular events compared with placebo or
no treatment. However, there is inadequate motivation for the pharmaceutical industry to sup-
port clinical trials for medications that are already considered necessary by practicing physi-
cians and have attained high utility in the CKD population. We, therefore, conducted a
nationwide population-based retrospective observational cohort study using the National
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Health Insurance (NHI) Research Database (NHIRD) in Taiwan, which provided an excep-
tional opportunity to evaluate the effects of CCPBs on mortality and coronary heart disease
risks in stage 5 CKD.

Materials and methods
Data source

This nationwide population-based cohort study uses Taiwan’s NHIRD, comprising the stan-
dard health care data submitted by medical institutions seeking reimbursement through the
NHI, which covers the medical needs of 99.19% of the 23 million individuals in the population
of Taiwan. The identified information derived from the NHIRD included birth date, sex, resi-
dence area, drug prescriptions, medical procedures, and diagnostic codes according to the
International Classification of Diseases 9th Revision-Clinical Modification (ICD-9-CM). The
study was approved by the Institutional Review Board of Tri-Service General Hospital (TSGH
IRB No. 2-105-05-082.).

Study design and participants

This study included patients with a primary diagnosis of CKD who received erythropoiesis-
stimulating agents (ESAs) between January 1, 2000, and June 30, 2005, and were followed up
until December 31, 2005, as potential study subjects who were identified in the NHIRD.

The NHI reimbursement regulations in Taiwan [17] state that the ESA treatment can be
initiated in predialysis patients with CKD accompanied with a serum creatinine
concentration > 530 pmol/L (approximately equivalent to stage 5 CKD) and a hematocrit
level < 28% to maintain a packed-cell volume of no more than 36%. The selected cohort,
which was validated previously, was a representative of the predialysis patients with stage 5
CKD in Taiwan [18, 19]. The current study included patients with a primary diagnosis of CKD
(ICD-9 codes, including 016.0, 042, 095.4, 189, 223, 236.9, 250.4, 271.4, 274.1, 440.1, 442.1,
446.21,447.3, 572.4, 580-589, 590-591, 593, 642.1, 646.2, 753, and 984) and those who were
receiving ESAs covered by the NHI (identified by a serum creatinine
concentration > 530 pmol/L). Patients younger than 18 years, those with coronary heart dis-
ease diagnosed before the study period and those who had undergone dialysis or renal trans-
plantation before the ESA treatment, were excluded. The prescription information of the 90
days after the first ESA treatment was used to ascertain CCPB use, and the 91* day after the
first ESA prescription was defined as the index date for study entry. The patients who com-
menced renal replacement therapy or died and those who were prescribed a CCPB between
the first ESA treatment and the index date were also excluded.

The patients who were using a CCPB within the 90 days after the first ESA prescription
were defined as CCPB users and the remaining patients were designated as nonusers. The
ICD-9-CM codes were used to identify comorbidities that were diagnosed within the three
years before the index date and included the following diagnoses (ICD-9-CM codes) that are
considered to increase the mortality risk: diabetes mellitus (250), hypertensive cardiovascular
disease (401-405), heart failure (428), cerebrovascular disease (430-438), cirrhosis (571),
peripheral arterial occlusive disease (440.0, 440.2, 440.3, 440.8, 440.9, 443, 444.0, 444.22, 444.8,
447.8, and 447.9), cancer (140-208), and dyslipidemia (272). The Charlson comorbidity index
was used to quantify the comorbidity profiles. To balance the two groups based on known con-
founding factors, the propensity score for the likelihood of receiving CCPBs was calculated
using the baseline covariates listed in Table 1. The CCPB users were matched to the nonusers
using a ratio of 1:4 based on age, sex, and the propensity score.
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Table 1. Baseline characteristics of the study patients by calcium-containing phosphate binder use before and after propensity score matching.

Before propensity score matching After propensity score matching
User (n = 879) Nonuser (n = 7245) P value User (n = 879) Nonuser (n = 3516) P value*
Age (years) 64.80 £ 13.72 60.75 £ 14.96 <0.001 64.80 £ 13.72 64.63 £ 14.39 0.751
Age group (years) 0.025 0.999
18-44 87 (9.90) 806 (11.12) 87 (9.90) 348 (9.90)
45-64 308 (35.04) 2,801 (38.66) 308 (35.04) 1,232 (35.04)
>65 484 (55.06) 3,638 (50.21) 484 (55.06) 1,936 (55.06)
Sex 0.150 0.999
Male 446 (50.74) 3,862 (53.31) 446 (50.74) 1,784 (50.74)
Female 433 (49.26) 3,383 (46.69) 433 (49.26) 1,732 (49.26)
Comorbidities
Diabetes mellitus 322 (36.63) 2,624 (36.22) 0.809 322 (36.63) 1,295 (36.83) 0.913
Hypertensive cardiovascular disease 326 (37.09) 1,949 (26.90) <0.001 326 (37.09) 1,277 (36.32) 0.672
Dyslipidemia 24 (2.73) 297 (4.10) 0.049 24 (2.73) 89 (2.53) 0.739
Cirrhosis 29 (3.30) 582 (8.03) <0.001 29 (3.30) 125 (3.56) 0.712
Cancer 53 (6.03) 487 (6.72) 0.436 53 (6.03) 215 (6.11) 0.925
Cerebrovascular disease 53 (6.03) 377 (5.20) 0.302 53 (6.03) 217 (6.17) 0.875
Heart failure 100 (11.38) 894 (12.34) 0.441 100 (11.38) 397 (11.29) 0.943
Charlson comorbidity index score 0.18 + 0.50 0.28 + 0.63 <0.001 0.18 £ 0.50 0.21+0.55 0.123

* The chi-square or Fisher’s exact test was used to evaluate categorical variables, and Student’s t-test was used for continuous variables.

https://doi.org/10.1371/journal.pone.0241435.t001

Study outcomes and follow-up

The primary outcome was all-cause mortality. The primary diagnosis of in-hospital death or
the first-listed discharge diagnosis at the last hospitalization within the three months before
death for out-of-hospital deaths was defined as the cause of death, as indicated previously [20].
To identify the association between CCPBs and coronary artery calcification in patients with
CKD, the number of admissions for coronary heart disease (ICD-9 codes 410-414, excluding
412 and 414.1) was also determined.

Statistical analysis

The clinical characteristics of the CCPB users and nonusers were described using percentages
and means + standard deviation for categorical and continuous variables, respectively. Differ-
ences between the CCPB users and nonusers were compared by independent Student’s ¢-test
or the 2 test, where appropriate. The cumulative incidences of all-cause mortality and coro-
nary heart disease over time were compared between the CCPB users and nonusers using the
Kaplan-Meier method.

The multivariable Cox proportional hazards model was used before and after propensity
score matching to estimate hazard ratios (HRs) of outcomes after controlling for age, sex, dia-
betes mellitus, hypertensive cardiovascular disease, heart failure, cerebrovascular disease, cir-
rhosis, cancer, dyslipidemia, and Charlson comorbidity index score. Subgroup analyses were
also performed to determine the HRs of the outcomes in the CCPB users and nonusers.

To assess cumulative dose-related effects, the risks of mortality and coronary heart disease
were evaluated according to the defined daily dose (DDD) during the 90-day exposure period
(<15, 16-40, and >40 DDD) and the prescribed daily dose (<500, 501-1000, and >1000 mg)
relative to no CCPB use. DDD represents as a technical unit of measurement which defines
the assumed usual maintenance dose per day for a drug used for its main indication in adults.
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Though only give an estimate of consumption and not an exact picture of actual use, DDD is
useful in assessing trends in drug consumption and performing comparisons between popula-
tion groups. A two-tailed P value < 0.05 was considered statistically significant. All statistical
analyses were performed using SAS (version 9.3; SAS Institute) and Stata SE (version 11.0;
StataCorp).

Results
Patient characteristics

A total of 8124 patients diagnosed with stage 5 CKD between January 1, 2000, and June 30,
2005, including 879 CCPB users and 7245 nonusers, comprised the study cohort, as depicted
in Fig 1. Table 1 shows the baseline characteristics of the two groups categorized by CCPB use
before and after propensity score matching. Before matching, the users were older and more
likely to have hypertensive cardiovascular disease. The rates of those with cirrhosis and higher
Charlson comorbidity index scores were greater among the nonusers compared with the
CCPB users. After matching with a 1:4 ratio according to the propensity score, 879 CCPB
users and 3516 nonusers were included in the primary outcome; the baseline characteristics of
the two groups after matching were comparable.

The association of CCPB use with treatment outcomes

During the follow-up period, coronary heart disease was diagnosed in 462/879 (52.55%) CCPB
users and 1367/3516 (38.87%) nonusers. The incidence of coronary heart disease was higher

979,141 Outpatient and inpatient of Longitudinal Health Insurance
Database between January 1, 2000 and June 30, 2005.

Inclusion criteria

CKD patients with ESA

Exclusion criteria®

1.Received renal replacement
therapy before January 1, 2000
2.Coronary heart disease before
tracking

3.Died or began dialysis within 90
days of the index date
4.Without tracking

5.Age <18 years

6.Sex unknown

I 8124 patients in overall cohort |

I
v v

879 CCPB users included in 7245 CCPB nonusers included in
sensitivity analyses sensitivity analyses

Matching by propensity score

at a 1:4 ratio
A 4 A 4
879 CCPB users® 3516 CCPB nonusers
analyzed for primary analyzed for primary
outcome outcome

Fig 1. Study profile. “Numbers for exclusions may not sum because of patients fulfilling more than one criterion.
PPatients in the treated cohort (received CCPB for > 90 days) were matched at a ratio of 1:4 with those in the untreated
cohort (never received CCPB) by means of propensity scores. Abbreviations: CKD, chronic kidney disease; ESA,
erythropoiesis-stimulating agent; CCPB, calcium-containing phosphate binder.

https://doi.org/10.1371/journal.pone.0241435.9001
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among the CCPB users compared with the nonusers (11.99 vs. 8.27 per 100 person-years,
crude HR 1.607, 95% confidence interval [CI] 1.442-1.891). After adjustment for age, sex,
baseline comorbidities, and Charlson comorbidity index score, the risk for coronary heart dis-
ease remained higher in the CCPB users (adjusted HR 1.583, 95% CI 1.393-1.799) (Table 2).
However, the risk for all-cause mortality was not significantly different between the CCPB
users and the nonusers. In the matched cohort, 111/879 (12.6%) CCPB users and 333/3516
(9.47%) nonusers died during the follow-up period (incidence, 1.74 and 1.75 events per 100
person-years for the CCPB users and the nonusers, respectively; crude HR 0.896, 95% CI
0.521-1.112) (Table 2). The association did not change after adjusting for the baseline covari-
ates (adjusted HR 0.964, 95% CI 0.692-1.310).

The apparent adverse effects of CCPBs increased substantially with increasing doses. Com-
pared with the nonusers, those using CCPBs had an increased risk of coronary heart disease,
and those who were using CCPBs at more than 1000 mg/day had the greatest risk (adjusted
HR 1.73, 95%CI 1.518-1.962; P = 0.038 for trend). An increased risk of coronary heart disease
was noted with the cumulative CCPB doses greater than 40 DDD (adjusted HR 1.649, 95% CI
1.444-1.878; P = 0.064 for trend). However, this dose-response relationship was not noted for
all-cause mortality (Table 2).

For coronary heart disease and all-cause mortality, Kaplan-Meier method was used. Events
during the first 3 months were excluded. The cumulative incidence for coronary heart disease
was significantly higher among the CCPB users compared with the nonusers (Fig 2A); how-
ever, a similar difference was not observed for all-cause mortality (Fig 2B).

Subgroup and sensitivity analyses

The subgroup and sensitivity analyses were consistent with the analyses of the two main
groups, with a comparison of the treated (received CCPB for > 90 days) and untreated (never
received CCPB) cohorts. Among patients with advanced CKD, CCPB use was found to be
associated with increased risk of coronary heart disease across all clinically relevant subgroups
(stratified by age, sex, diabetes mellitus, hypertensive disease, dyslipidemia, liver cirrhosis,

Table 2. Risks of all-cause mortality and coronary heart disease in predialysis patients with chronic kidney disease after propensity score matching (n = 4395).

Matched cohort
Nonusers
Users

Defined daily dose
<15 DDD
16-40 DDD

>41 DDD
P for trend

Prescribed daily dose
<500 mg/day
501-1000 mg/day
>1000 mg/day
P for trend

All-cause mortality

Coronary heart disease

Events | Incidence Crude HR Adjusted HR Events Incidence Crude HR Adjusted HR

(n/N) (per 100 PYs) | (95% CI) (95% CI) (n/N) (per 100 PYs) |(95% CI) (95% CI)

333/3516 | 1.75 1 1 1367/3516 | 8.27 1 1

111/879 | 1.74 0.896 (0.521-1.112) | 0.964 (0.692-1.310) | 462/879 11.99 1.607 (1.442-1.891) | 1.583 (1.393-1.799)

33/276 1.82 0.938 (0.542-1.163) | 1.006 (0.721-1.368) | 121/276 11.31 1.516 (1.358-1.790) | 1.492 (1.311-1.699)

39/291 1.79 0.924 (0.531-1.145) | 0.995 (0.709-1.352) | 153/291 11.98 1.608 (1.440-1.892) | 1.585 (1.390-1.801)

39/312 1.64 0.845 (0.488-1.049) | 0.903 (0.648-1.234) | 188/312 12.47 1.673 (1.498-1.964) | 1.649 (1.444-1.878)
0.279 0.064

19/183 1.96 1.009 (0.583-1.251) | 1.084 (0.777-1.483) | 89/183 10.24 1.372 (1.231-1.631) | 1.352 (1.184-1.538)

34/279 1.83 0.937 (0.542-1.167) | 1.011 (0.718-1.386) | 124/279 11.45 1.531 (1.376-1.813) | 1.511 (1.326-1.724)

58/417 1.64 0.848 (0.489-1.052) | 0.91 (0.651-1.240) | 249/417 13.09 1.759 (1.574-2.084) | 1.73(1.518-1.962)

0.156

Abbreviations: CI, confidence interval; DDD, defined daily dose; HR, hazard ratio; PYs, person-years.

https://doi.org/10.1371/journal.pone.0241435.t002

0.038
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(A) Coronary heart disease (B) All-cause mortality
100 100
_rCCPB User _—CCPB User
Log-rank P < 0.001 -~ 1CCPB nonuser Log-rank P=0.120 -7 'CCPB nonuser
o 807 80— -
L X
3 60 S 60
E 40 E 40
= g
5 :
&) Q
20— 20
0 o
T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Years of follow-up Years of follow-up
Number at risk Number at risk
CCPB User 879 717 637 542 476 417 CCPB User 879 863 844 825 796 768
CCPB nonuser 3516 2878 2,585 2396 2274 2,149 CCPB nonuser 3516 3,358 3,308 3255 3227 3183

Fig 2. Kaplan-Meier Curves for the Cumulative Incidence of (A) Coronary Heart Disease and (B) All-cause Mortality with Calcium-containing Phosphate Binder Use.
Comparison of the cumulative incidence of coronary heart disease and all-cause mortality were shown. P values<0.05 were considered statistically significant.

https://doi.org/10.1371/journal.pone.0241435.9002

cancer, cerebrovascular disease and heart failure) (Fig 3A), whereas the all-cause mortality risk
was not significant in any of the subgroup analyses (Fig 3B).

Discussion

This national population-based observational cohort study showed that CCPB use was associ-
ated with a 58% increased risk of coronary heart disease among patients with CKD stage 5
after the propensity score matching. A higher risk was noted in those on higher CCPB doses;
this result was supported by the observed positive dose-response relationship. Furthermore,
these findings were confirmed with sensitivity and subgroup analyses. Although the outcomes
of observational studies should be interpreted carefully, the observed dose-dependent associa-
tion provides strong support for a true relationship between CCPBs and coronary heart disease
in advanced CKD. Another major study finding was the lack of an association between CCPBs
and higher all-cause mortality risk in predialysis patients with CKD.

Hyperphosphatemia is associated with a higher risk of vascular calcification and worse car-
diovascular outcomes [21-25]. CCPBs are widely used to control serum phosphate levels; how-
ever, concerns remain regarding their effect on the calcium balance. The risk of hypercalcemia
was higher in the CCPB users compared with nonusers [14, 26]. In the CKD population, the
harmful effects of calcium are consistent with the role of calcium in the pathophysiology of
vascular calcification [27, 28], which may contribute to the initiation or progression of vascular
stiffness [29] and coronary artery calcification [30]. In the current study, we found an increase
in coronary heart disease in the patients on CCPBs compared with the nonusers, which lends
further evidence for the contribution of the positive calcium balance to vascular calcification.
Similarly, we found an increased coronary heart disease risk with higher cumulative CCPB
doses. The progression of coronary artery calcification was demonstrated to be a reliable
method to predict mortality [31, 32], which support the theoretical risk of inducing a positive
calcium balance in patients with CKD, in whom an abnormal mineral metabolism might result
in dystrophic calcification and higher mortality. To date, two observational studies have exam-
ined the association of phosphate binders with a survival benefit in predialysis CKD patients
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(A) Coronary heart disease
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Cancer With 13 41 2.777 (1.672-4.821)
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(B) All-cause Mortality
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= 65 72 173 1.064 (0.807-1.402) ——
Diabetes mellitus With 27 102 0.967 (0.744-1.43) '—“—'
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Without 80 286 0.818 (0.637-1.05) —e—
Dyslipidemia With 0 0 : §
Without 111 333 0.964 (0.692—-1.31) '—“—‘
Liver cirrhosis With 5 36 1.024 (0.739-1.515) ——
Without 106 297 0.622 (0.218-1.267) '—‘—‘—‘
Cancer With 14 85 0.997 (0.787-1.314) '—’—'
Without 97 248 0.743 (0.42-1.262) '—°—'—'
Cerebrovascular disease With 14 36 1.491 (0.789-2.816) — -
Without 97 297 0.851 (0.676-1.071) '—’—"'
Heart failure With 11 32 1.038 (0.719-1.689) '—°—'
Without 100 301 0.902 (0.416-1.133) e
Overall 111 333 0.964 (0.692—-1.31) '—‘P—'
0.000 1.000 2.000 3.000

Abbreviation: CI, confidence interval

Fig 3. Multivariable Stratified Analyses of the Association Between Calcium-containing Phosphate Binder Use and (A) Coronary Heart Disease Development and (B)
All-cause Mortality. Hazard ratios from the subgroup analysis for coronary heart disease and all-cause mortality between CCPBs user and nonuser were shown.

https://doi.org/10.1371/journal.pone.0241435.9003
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[33, 34], with different results of phosphate binder use. In addition to selection bias, sex, and
different CKD stages, the heterogeneity of the phosphate binders use might have also contrib-
uted to the conflicting results regarding the survival benefit. In the current study, we focused
on the effect of CCPBs on vascular events and mortality and therefore enrolled patients during
a period of time when phosphate binders were generally restricted to CCPBs in Taiwan, with
consideration of confounding factors such as marketing efforts in promoting non-CCPBs [35].
However, we were unable to demonstrate whether the increase in coronary heart disease in
CCPB users was due to an increase in the positive calcium balance or phosphate toxicity
because the relevant laboratory values, including baseline calcium, phosphorus, and intact
parathyroid hormone concentrations, were not available for adjustments or comparisons.
Therefore, well-designed placebo-controlled trials are warranted to determine whether CCPB
use in predialysis CKD patients obtain more benefits from lowering phosphate levels or harm
in increasing calcium levels.

Winkelmayer et al. evaluated whether CCPBs were associated with increased mortality risk
in dialysis-dependent patients with CKD and found no association between CCPB use and
1-year all-cause mortality in dialysis patients (adjusted HR for all-cause mortality in users vs.
nonusers 0.85, 95% CI 0.72-1.10) [36]. Although no significant reduction in mortality was
observed in the study by Winkelmayer et al. and our study, several differences between these
two studies merit discussion. While Winkelmayer et al. enrolled patients on dialysis, we
included only predialysis patients. To determine whether lowering serum phosphate with
CCPBs achieves net benefits or risks, an association of lower serum phosphate levels with
reduced mortality and cardiovascular event rates should be demonstrated. However, dialysis
removes phosphorus more efficiently than CCPBs. Thus, we could not distinguish whether the
benefit of lowering phosphate was attributable to the phosphate binders or phosphorus
removal via dialysis. In the current study, we limited the entire cohort to patients with
advanced CKD not on dialysis to remove the confounding effect of dialysis on phosphate lev-
els. Furthermore, we investigated the effect of CCPBs on cardiovascular events, which was not
included in the study by Winkelmayer et al. Another difference between the studies is the
observation time, which was longer in the current study.

Several important strengths of our study merit discussion. Although clinical trials are the
gold standard for evaluating the comparative efficacy of therapeutic interventions, observa-
tional studies are useful to evaluate the benefits and adverse effects of CCPBs in the absence of
well-designed randomized controlled trials evaluating CCPB versus placebo in predialysis
patients with CKD. The study cohort was a large national representation of CCPB use to assess
its effect on the development of coronary heart events in predialysis patients with CKD, which
is a clinically significant issue that, to our knowledge, has not yet been addressed. Furthermore,
the current study examined the effect of CCPB use on all-cause mortality in these patients.
Our findings were robust across sensitivity and subgroup analyses, indicating that these find-
ings are generalizable to the predialysis CKD populations with multiple concomitant comor-
bidities. However, several limitations of the current study should also be acknowledged. First,
use and nonuse of CCPB were determined within 90 days after the index date; however, the
drug status was not ascertained during the follow-up period and misclassification of drug
exposure of interest is possible, which could have resulted in the observed null association
between CCPB use and all-cause mortality. And the use of DDD did not permit a more mean-
ingful comparison of calcium exposure as compared to the accurate computation of daily ele-
mental calcium received from phosphate binders. Second, the unmatched CCPB nonusers
were generally younger and the rate of hypertension, a known cardiovascular risk factor, was
lower, compared with the CCPB users matched by the propensity score. Although the analyses
were adjusted for demographic and patient-level clinical variables, this was an observational
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study with potential unmeasured confounders, such as alcohol or tobacco use, other medi-
cation use including lanthanum, sevalamer, warfarin or active vitamin D treatment, and
echocardiographic abnormalities. Besides, the laboratory data were not included, and whether
baseline phosphorus, calcium, CRP, and parathyroid hormone levels were comparable
between the two groups remains uncertain. Furthermore, data on baseline creatinine levels
and estimated glomerular filtration rates were not available. The intrinsic limitation of the
NHIRD did not allow us to explore a larger CKD cohort of patients with creatinine
concentrations < 530 umol/L who could be identified due to the NHI regulations on ESA pre-
scriptions. Third, based on the different phosphorus content of each meal, a distinctive
approach to CCPB use allows for patient authorization with self-adjustment of phosphate
binders. Moreover, adherence to phosphate binders confounds the relationship between the
medication prescription and the clinical outcomes. Fourth, for most patients, coronary artery
calcification is not clinically apparent for at least ten years of dialysis treatment [37]. The dura-
tion of the current cohort study might be relatively short to provide solid evidence on the
effects of CCPB treatments on vascular calcification or cardiovascular events. Finally, the cur-
rent study included Taiwanese patients with advanced CKD not on dialysis, and the conclu-
sions may not be extrapolated to other ethnicities or populations.

Conclusions

In summary, compared with the nonusers matched by propensity score, CCPB users had a sig-
nificantly higher coronary heart disease risk in the current national registry study of patients
with stage 5 CKD. The increased coronary heart disease risk was dose-dependent and consis-
tent across all subgroups of interest. However, CCPB use was not associated with higher all-
cause mortality risk. Although insufficient in providing a useful cost-effectiveness model, the
current study findings have important therapeutic implications, supporting the current
KDIGO CKD-MBD recommendations and providing evidence that liberal CCPB use should
be restricted in predialysis patients with CKD.
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