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Abstract

Background: The number of patients =65years who require maintenance hemodialysis (MHD)

is increasing. Although reduced bone turnover in older patients receiving hemodialysis, as

reflected by lower serum intact parathyroid hormone (iPTH) and phosphate (P) levels, has

been reported, focus on the association between abnormal bone metabolism and the risk of

death in older patients receiving MHD has been limited.

Methods: We retrospectively examined data from the Beijing Hemodialysis Quality Control

and Improvement Center for 1410 older patients who underwent hemodialysis from 1 January

2012 to 31 December 2016. Baseline, time-dependent (TD) Cox proportional hazards models

and Kaplan-Meier analyses were used to evaluate the association between the markers of

mineral and bone disorder (MBD] [calcium (Ca), P, and iPTH] and survival. The Kidney Disease:
Improving Global Outcomes (KDIGO) target ranges were included as reference values.

Results: Serum P levels >2.49 mmol/l increased the risk of all-cause death [hazard ratio

(HR): 1.46; 95% confidence interval (Cl): 1.04-2.07; p=0.030] and cardiovascular death (HR:

2.01; 95%Cl: 1.21-3.34; p=0.007); iPTH levels >600pg/ml increased the risk of cardiovascular

death (HR: 1.95; 95%ClI: 1.20-3.15; p=0.007). Baseline results and TD Cox analyses were

similar. All three MBD parameters were within the respective target ranges at least once

during the follow-up period in 399 (28.3%) patients, and these patients had better survival

rates than those who achieved two of the three target ranges (715/1410 patients; 50.7%); those  correspondence to:
who achieved one or no target range (296/1410; 21.0%) had the lowest survival rate (all-cause ~ Wehuti
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serum levels of calcium (Ca), phosphate (P), and
intact parathyroid hormone (iPTH). These
abnormalities increase the risk of extraosseous
and vascular calcification, resulting in a higher
incidence of cardiovascular disease (CVD) and
mortality from CVD.2# The global population is
aging rapidly; therefore, most patients undergo-
ing MHD for end-stage renal disease (ESRD) will
be =65 years of age in the near future. Data from
the United States (US) Renal Data System indi-
cate that over 50% of patients receiving incident
hemodialysis are =65years old.> The number of
older dialysis patients is increasing in Beijing, and
the percentage of older individuals among all dial-
ysis patients increased from 28.2% to 30.9%
between 2007 and 2010.° Age is an independent
risk factor for death and affects the metabolism of
Ca and P. Previous studies reported that patients
=75years of age had lower and better-controlled
serum P and iPTH levels than younger patients
based on the Kidney Disease Outcome Quality
Initiative (K/DOQI) targets; however, the mortal-
ity rates of the older patients were higher.7-10
Thus, older patients undergoing MHD tend to
have better-controlled serum P and iPTH level as
well as higher mortality rates. Although this phe-
nomenon has attracted the attention of nephrolo-
gists, a smaller proportion of these studies have
addressed the association between survival rate
and management of serum Ca, P, and iPTH lev-
els in older patients undergoing MHD.

Therefore, this study aimed to evaluate the asso-
ciation between MBD parameters (serum Ca, P,
and iPTH levels) and long-term death in patients
=65years undergoing MHD in Beijing. The tar-
get ranges for the MBD parameters used in this
study were based on the 2017 international
Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines.

Materials and methods

Study design

This retrospective cohort study was approved by
the Institutional Review Board of Beijing
Friendship Hospital, Capital Medical University
(approval number: BJFH-EC/2016-P2-126-02)
and was performed in accordance with the princi-
ples of the Declaration of Helsinki. Ethical
approval, which exempted the study from the
need to obtain informed patient consent, was
obtained in accordance with Article 39 of China’s

regulation on “Ethics review process on human-
related biologic and medical research.” The study
was registered at [ClinicalTrials.gov identifier:
NCT03261154].

Patient data from the database of the Beijing
Hemodialysis Quality Control and Improvement
Center (BJHDQCIC) between 1 January 2012
and 31 December 2016 were reviewed, including
information regarding patient demographics,
medical history, and laboratory parameters.
Baseline serum levels of Ca, P, iPTH, and albu-
min (Alb) for each patient included the mean lev-
els of the available data recorded in the database
between January and June 2012 (i.e., the first
6 months of the study period). Patient-level fol-
low-up data were the first available data recorded
in the database for each patient in the 12-month
period of 2013, 2014, 2015, and 2016.
Information regarding all-cause and cardiovascu-
lar deaths was collected throughout the study.
The data were analyzed to identify the potential
association between achieving target ranges of
Ca, P, and iPTH according to the KDIGO guide-
lines and all-cause and cardiovascular deaths. To
assess the effect of simultaneously achieving the
KDIGO target values on survival, patients were
classified into three groups based on the degree of
achievement of KDIGO MBD targets: patients
who achieved the target levels for all three MBD
parameters at one or more points during the study
period; patients who simultaneously achieved the
target levels of two MBD parameters at least once
during the study period; and patients who achieve
one or none of the target levels of MBD parame-
ters during the study period. A secondary sensi-
tivity analysis, to account for race and ethnicity,
was conducted with the patients classified into
three subgroups based on the following target
ranges: Ca, 2.10-2.55mmol/l; P, 1.13—
1.78 mmol/l; iPTH, 150-600 pg/ml.1°

Patient population

Patient data were obtained from the BIHDQCIC,
which was established by the Beijing Health
Bureau in 2003. A major function of the
BJHDQCIC is the registration and collection of
data on ESRD.%!! In 2007, the BJHDQCIC
began to collect patient-level data from 120
hemodialysis centers in Beijing, and published an
annual data report. The inclusion criteria of this
study were as follows: age =65 years, undergoing
dialysis for at least 6 months at a frequency of
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2,296 older MHD patients, who were aged 65
years or elder, with completed clinical history
and took hemodialysis 3 times a week.

Excluded 218 patients due to missing

\ 4

2,078 patients were enrolled

» data on pre-dialysis serum levels of
Ca, P, and iPTH

Excluded 405 patients

v

1,673 patients were enrolled

due to missing data on Kt/V

Excluded 263 patients for missing data on

A 4

1,410 patients were included

Figure 1. Patient flow chart.

pre-dialysis serum hemoglobin (Hb), Alb,
creatinine, or total cholesterol (TC)

Alb, albumen; Hb, hemoglobin; IPTH, intact parathyroid hormone; Kt/V, dialysis adequacy; MHD, maintenance hemodialysis;

TC, total cholesterol.

three 4-h sessions per week, and a dialysate Ca
concentration of 1.5 mmol/l and bicarbonate level
of 32-35mmol/l. In contrast, patients were
excluded due to missing demographic informa-
tion, clinical history, or laboratory values.
Ultimately, 1410 out of 2296 patients from the
database were included in this study (Figure 1).

CKD-MBD parameters

The following 2017 KDIGO target ranges for
each MBD parameter were used in this study:
serum Ca level of 2.11-2.52mmol/l, P level of
0.85-1.51 mmol/l (the normal limit according to
the Health Industry Standards of the People’s
Republic of China WS/T is 404.6-2015), and
iPTH level of 130-600pg/ml (an iPTH of 2-9
times the normal upper limit is recommended by
the KDIGO guidelines).812:13

Covariates of interest

Baseline data, including patient demographics
(age, sex, and hemodialysis vintage), medical his-
tory [primary cause of ESRD, CVD (defined as
peripheral vascular disease, congestive heart

failure, coronary artery disease, myocardial
infarction, or angina), diabetes, and cancer-
related comorbidities], and laboratory parame-
ters [including pre-dialysis serum Ca, P, iPTH,
Alb, total cholesterol (TC), hemoglobin (Hb),
creatinine, and dialysis adequacy (Kt/V)] were
recorded. Ca levels were calculated according to
the following formula:

Alb-corrected Ca (Alb corr. Ca)(mmol/l)
=total Ca (mmol/l) +0.02(40-Alb [g/1])

Patient-level follow-up data (serum Ca, P, iPTH,
and Alb levels) of each individual patient included
the first available data for that patient in each
12-month time period of 2013, 2014, 2015, and
2016 recorded in the database.

Study outcomes

The primary outcome was all-cause death.
Cardiovascular death, including deaths attributed
to acute myocardial infarction, acute heart fail-
ure, cardiac arrhythmia, or cardiac arrest (causes
unknown), was the secondary outcome.
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Statistical analysis

Normally distributed continuous variables are
presented as means and standard deviations
(SD), while non-normally distributed variables
are presented as medians and interquartile ranges
(IQR). Categorical variables are presented as fre-
quencies (percentages).

Baseline and time-dependent (TD) Cox propor-
tional hazards models were used to analyze the
associations between MBD markers and clinical
outcomes. In these two models, MBD markers
(Alb-corr. Ca, P, and iPTH) were defined as pre-
dicting variables, and the outcome variable was
death; the adjusted covariates were age, sex, hemo-
dialysis vintage, medical history (diabetes, CVD, or
cancer), pre-dialysis serum Alb, Hb, TC, and cre-
atinine levels, and dialysis adequacy (Kt/V). In the
TD Cox analyses, serum Alb-corr. Ca, P, and
iPTH were used as TD Cox covariates and were
updated every 12months. Missing data in the TD
Cox models were handled using the last observa-
tion carried forward (LOCF) method. The analysis
of individual patients ended at their final follow-up
date if they were transferred to peritoneal dialysis
and/or lost to follow up, and patients lost to follow
up were assumed to be still alive at the end of the
study period. The Kaplan—-Meier (KM) method
was used to estimate the cumulative probability of
all-cause death and cardiovascular death in older
patients. Similarly, KM survival estimates were
obtained to assess the effect of achieving none/sin-
gle or multiple KDIGO MBD target values on all-
cause death and cardiovascular death.

Statistical analyses were performed using SAS ver-
sion 9.4 statistical software (SAS Institute Inc.,
Cary, NC, USA). Statistical significance was set at
p<<0.05, and all statistical tests were two-sided.

Results

Baseline clinical features

Of the 1410 patients included in this study, 796
(56.5%) were females. The mean patient age
was 74.14+5.62years (range 65-94years).
Nine patients (0.6%) were transferred to perito-
neal dialysis, and 23 (1.6%) were lost to follow
up. The median (IQR) follow-up period was 60
(27-60) months. In total, 646 (45.8%) patients
died during the study period. The primary
causes of death were cardiovascular death
(n=238, 36.8%), infection (=159, 24.6%),

Table 1. Patients’ baseline characteristics.

Patient characteristics
(N=1410)

Age (years), mean (SD)
Gender

Male, n (%)

Female, n (%)

Hemodialysis vintage
(years), median (IQR)

Primary cause of ESRD
Glomerulonephritis, n (%)

Diabetic nephropathy, n
(%)

Hypertension, n (%)
Unknown, n (%)
Comorbidity

CVD, n (%)
Diabetes, n (%)
Cancer, n (%)

Serum Hb (g/l}, mean (SD)

Serum Alb (g/l), mean
(SD)

Serum Cr (umol/l), mean
(SD)

Serum TC (mmol/l), mean
(SD)

Serum Alb-corr. Ca
(mmol/l), mean (SD)

Serum P (mmol/l), mean
(SD)

Serum iPTH (pg/ml),
median (IQR)

Kt/V for urea, mean (SD)

74.14£5.62

614 (43.5)
796 (56.5)
3.56 (1.76-6.25)

318 (22.6)
391 (27.7)

299 (21.2)
109 (7.7)

1164 (82.6)
496 (35.2)
40(2.8)

110.93 +15.45

38.12£3.61

760.81+216.32

4.37+1.00

2.25*0.22

1.69=0.48

198.70 (107.60-354.65)

1.48+0.29

Alb, albumin; Alb-corr. Ca, Alb-corrected. calcium; Cr,
creatinine; CVD, cardiovascular disease; ESRD, end-stage
renal disease; Hb, hemoglobin; iPTH, intact parathyroid
hormone; IQR, interquartile range; Kt/V, dialysis adequacy;
P, phosphate; SD, standard deviation; TC, total cholesterol.

and cancer/dyscrasia (=96, 14.9%). Patient
demographic and baseline parameters are shown

in Table 1.
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Figure 2. The association between albumin-adjusted serum calcium values and the relative risk of death in
1410 older patients undergoing maintenance hemodialysis (MHD) over a 5-year period using adjusted Cox
modeling. (a) Baseline values and all-cause mortality HRs. (b] Baseline values and cardiovascular death HRs.
Panels (a) and (b] similarly include a background bar diagram to reflect the patient population frequency in
each group. (c] TD Cox model and all-cause death HRs. (d) TD Cox model and cardiovascular death HRs.

HR, hazard ratio; MHD, maintenance hemodialysis; TD, time-dependent.

Serum Alb-corr. Ca, P, and iPTH levels and the
risk of death

The associations between serum Alb-corr. Ca, P,
and iPTH levels and 5-year survival are shown in
Figures 2-4 and Supplemental Table S1. The
relative risks of all-cause and cardiovascular death
based on adjusted Cox models with baseline data
only and TD Cox models using the LOCF
method are shown.

The adjusted baseline and TD analyses showed
that Alb-corr. Ca levels greater than the target
range had no effect on the risk of all-cause or car-
diovascular death (Figure 2, Supplemental Table
S1). In the baseline Cox analysis, patients with

high serum P (>2.49 mmol/l) levels had a higher
risk of all-cause death than those with serum lev-
els within the target range (0.85-1.51 mmol/l)
[hazard ratio (HR): 1.46; 95% confidence inter-
val (CI): 1.04-2.07; p=0.030]. Similar results
were observed in the TD Cox model (HR: 1.40;
95%CI: 1.00-1.97; p=0.050) (Figure 3a, c). A
high serum P (>2.49 mmol/l) level was correlated
with a high risk of cardiovascular death at both
baseline (HR:2.01;95% CI: 1.21-3.34; p=0.007)
and in TD Cox models (HR: 2.04; 95%CI: 1.24—
3.35; p=0.005) (Figure 3b, d).

The risk of all-cause death was not higher in
patients with serum iPTH levels above or below
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Figure 3. Association between serum phosphate values and relative risk of death in 1410 older patients
undergoing MHD over a 5-year period using adjusted Cox modeling. (a) Baseline values and all-cause death
HRs. (b) Baseline values and cardiovascular death HRs. Panels (a) and (b) similarly include a background bar
diagram to reflect the patient population frequency in each group. (c) TD Cox models and all-cause death HRs.

(d) TD Cox models and cardiovascular death HRs.

HR, hazard ratio; MHD, maintenance hemodialysis; TD, time-dependent.

the KDIGO target range (Figure 4a, c). Patients
with a serum iPTH level of 600.01-1000 pg/ml
showed an increased risk of cardiovascular death
(HR: 1.95; 95% CI: 1.20-3.15; p=0.007), as did
patients with a serum iPTH >1000pg/ml (HR:
1.99; 95%CI: 1.17-3.40; p=0.012). Similar
results were observed in the adjusted TD Cox
analysis for patients with a serum iPTH level of
600.01-1000pg/ml (HR: 1.85; 95% CI: 1.14-
2.99; p=0.012) and those with a serum iPTH
>1000pg/ml (HR: 2.07; 95% CI: 1.21-3.53;
p=0.008) (Figure 4b, d).

Achievement of KDIGO target values

Patients with serum Alb-corr. Ca, P, and iPTH
levels within the target ranges and those with any
two of the three parameters within the target

ranges had higher survival rate than those with
one or no parameters within the target ranges (all-
cause death: log-rank chi square=383.96,
$»<0.001 and cardiovascular death: log-rank chi
square =47.06, p<<0.001) (Figure 5). As shown
in Figure 5, the event curves of patients with two
or more parameters within the target ranges
diverged from those of patients with no parame-
ters within the target range at the 12-month time
point and continued to diverge throughout the
duration of the study.

Age, diabetes mellitus, serum albumin, and the
risk of death

Each 1-year increase in patient age resulted in a
5% increase in the risk of all-cause and cardiovas-
cular deaths. The presence of diabetes was
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Figure 4. Association between serum iPTH values and relative risk of death in 1410 older patients undergoing
MHD over a 5-year period using adjusted Cox modeling. (a) Baseline values and all-cause death HRs. (b)
Baseline values and cardiovascular death HRs. Panels (a) and (b) similarly include a background bar diagram
to reflect the patient population frequency in each group. (c]) TD Cox models and all-cause death HRs. (d) TD

Cox models and cardiovascular death HRs.

HR, hazard ratio; IPTH, intact parathyroid hormone; MHD, maintenance hemodialysis; TD, time-dependent.

significantly associated with a higher risk of death
(Supplemental Table S1). Furthermore, the
serum Alb level was significantly associated with a
decreased risk of death (Supplemental Table S1).

Sensitivity analysis

When patients were classified into subgroups based
on different target ranges of Ca, P, and iPTH lev-
els, the results aligned with the results obtained
using the KDIGO target ranges (all-cause death:
log rank chi-square=160.94, »p<<0.001; cardiovas-
cular death: log rank chi-square =47.82, p<0.001)
(Supplemental Figure S1).

Discussion
This cohort study with a large sample size was
designed to evaluate the association between the

international KDIGO target ranges for CKD-
MBD parameters and death in patients =65 years
of age undergoing MHD in Beijing. We observed
that a high serum P level (>2.49 mmol/l) leads to
an increased risk of all-cause death and cardiovas-
cular death, while a high iPTH level (>600pg/
ml) lead to an increased risk of cardiovascular
death. Similarly, we assessed the interdependency
of Ca, P, and iPTH levels for all-cause death and
cardiovascular death. The survival rate of patients
who achieved the target ranges for all three
parameters was higher than that of patients who
achieved the target ranges for two parameters.
Patients who achieve one or none of the target
ranges for the MBD parameter had the lowest
survival rate.

In recent years, many studies have specifically
assessed imbalance in the metabolism of Ca, P,
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Figure 5. Kaplan-Meier curve indicating the survival rate of older patients undergoing MHD over the study
period. (a) Survival estimates (all-cause death) for older MHD patients. (b) Survival estimates (cardiovascular
death) for older MHD patients. Tri-target: patients who achieved all three MBD targets (Alb-corr. Ca,
phosphorus, and iPTH) based on the 2017 KDIGO guidelines; two of three targets: patients who achieved any
two of the three MBD target parameters; off-target: patients who achieved one or no MBD targets.

Alb-corr. Ca, Alb-corrected serum calcium; iPTH, intact parathyroid hormone; KDIGO, Kidney Disease: Improving Global

Outcomes; MHD, maintenance hemodialysis.

and iPTH and their relationships with the out-
come in patients undergoing hemodialysis.
Although numerous studies have shown a
U-shaped relationship between different levels of
serum Ca, P, and iPTH and the risk of death, the
thresholds of Ca, P, and iPTH that lead to
increased risk of death are different. We observed
that high serum P levels (>2.49 mmol/l) increased
the risk of all-cause death and cardiovascular
death in older patients undergoing MHD and
that Ca and iPTH levels outside the target ranges
were not associated with all-cause death; how-
ever, an iPTH level >600 pg/ml increased the risk
of cardiovascular death. These results may be
attributable to several factors. First, vascular cal-
cification is commonly observed in patients
undergoing dialysis and contributes to CVD and
increased mortality rates among patients with
CKD. The major risk factors for vascular calcifi-
cation in patients with CKD include age, dialysis

vintage, hyperphosphatemia, and positive net Ca
and P balances. The serum P plays a key role in
vascular calcification.# Cardiovascular or all-
cause outcomes are less frequently correlated
with the serum Ca level than with the serum P
level in patients with CKD.!* Serum iPTH activ-
ity, as a defense mechanism, can prevent increases
in serum P levels. Therefore, the effect of serum
iPTH on vascular calcification or all-cause death
is not as direct as that of serum P. Second, our
study differs from previous studies in that we
examined older patients undergoing MHD. The
causes of ESRD, comorbidity, and risk factors for
mortality differ between older and younger
patients.!> Older patients exhibited lower serum
P, iPTH, and albumin levels and reduced pro-
tein intake compared with younger patients
undergoing hemodialysis.%15 Results from previ-
ous studies supported the significant association
between the markers of MBD and risks of both
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cardiovascular and all-cause death; however, car-
diovascular deaths accounted for approximately
50% of the total deaths in the study.?!% Our study
showed that cardiovascular death accounts for
approximately one-third (36.8%) of total deaths
in older patients undergoing MHD. In addition,
factors less strongly associated with iPTH, includ-
ing infection, cancer, and dyscrasia,!” are more
frequent causes of death in older patients (40%).
The difference in the studied population may
cause the difference between our study and other
related studies. Moreover, serum phosphate lev-
els, besides being correlated with vascular calcifi-
cation, are positively associated with nutritional
biomarkers.!® Lower serum P levels may be due
to a lower daily P intake and are consistent with
the lower rate of bone turnover in older patients
undergoing hemodialysis.® The serum albumin
level has been shown to predict all-cause, cardio-
vascular, and infection-related mortality rates in
dialysis patients.!® Consistent with these findings,
the serum Alb level was a risk factor for all-cause
and cardiovascular death in older patients under-
going MHD (Supplemental Table S1). Results
from adjusted Cox analysis did not indicate that
hypophosphatemia increases the risk of death,
and this may have been because only a few older
patients in this study had serum P level <0.85 mol/l
(Figure 3).

Since the KDIGO guidelines have been used in
clinical practice in China since 2012, the KDIGO
target ranges for Ca, P, and iPTH were used in
this study. We performed a sensitivity analysis
using the target ranges adopted by practitioners
in the US and Europe to account for differences
in race and ethnicity.!? The results of the sensitiv-
ity analysis were consistent with those of our pri-
mary study. The survival rate of patients in whom
all three parameters were within the target ranges
was 18% higher at 12months and 32% higher at
48 months than that of patients in whom one or
no parameter was within the target ranges (Figure
5). Similar results were obtained for cardiovascu-
lar death rates (Figure 5). Our results are consist-
ent with those of previous studies.!3:20:21 We
believe that the effects of bone metabolism disor-
ders on the risk of death progress over time and
that achieving the KDIGO target ranges for two
or three parameters improves long-term survival
in older patients undergoing MHD. Previous
studies support our hypothesis.1322 One study
with a 3-year follow-up period concluded that
continuous control of bone metabolism based on

the K/DOQI targets was a strong predictor of sur-
vival in patients undergoing hemodialysis.!?> In
contrast, a 2-year study did not recommend the
use of K/DOQI bone mineral target ranges as
quality indicators of dialysis care.22 The conflict-
ing results of these two studies may be due to the
differences in the length of the study periods. A
recent study reported that patients with two MBD
parameters above the target range had an
increased risk of mortality than patients with all
MBD parameters within the target ranges; mean-
while, patients =65 years of age with two MBD
parameters above the target range had a higher
risk of mortality than those aged <65 years.!? The
mortality risk associated with each parameter may
be due to statistical over-adjustment, which can
obscure both biologic inter-relationships and
therapeutic treatment effects. Furthermore, since
the MBD parameters are interrelated, there may
be bias in the observed effect estimates.?%-23
Although serum iPTH and P levels are typically
lower in older patients,®!> a higher mortality risk
has been reported for older patients.0

Although MBD medications were not analyzed in
this study due to the unavailability of such infor-
mation in the database, we hope that our findings
will result in further studies focusing on older
patients undergoing MHD to improve the long-
term survival rate of older patients. Older patients
undergoing hemodialysis may similarly experi-
ence undiagnosed osteoporosis and may benefit
more from individualized CKD-MBD manage-
ment than younger patients.2* The therapeutic
decisions of CKD-MBD are based on trends
rather than on a single laboratory value, consider-
ing all available CKD-MBD assessments. 2

This study has some limitations. First, its retro-
spective and observational nature may have intro-
duced bias. Second, complete hemodialysis
components, such as vascular access, high-effi-
ciency dialyzer, and high-flux and low-flux dialyz-
ers, were not examined in this study and should
be incorporated in future research. Third, the
effects of medications, such as vitamin D supple-
ments and calcium-containing phosphorus bind-
ers, could not be assessed since data regarding
supplements were not recorded. Other drugs,
such as lanthanum carbonate sevelamer and cina-
calcet, were not included in the Beijing Medical
Insurance List before 2016; hence, they were not
widely used during the study period; therefore,
the effects of those drugs were not assessed.
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Conclusion

Older patients who achieved the KDIGO target
ranges for two or three MBD parameters showed
better 5-year survival rates than patients who
achieve one or none of the KDIGO target ranges
for MBD parameters. Since this is a retrospective
and observational study, additional research is
required to further validate our results. The pre-
sent findings may help us refine future recom-
mendations for the treatment of older patients
undergoing MDH.
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