Yang et al. BMC Nephrology ~ (2023) 24:167 BMC Nephrology
https://doi.org/10.1186/512882-023-03199-x

o : ®
Effect of dialytic phosphate reduction rate ==

on mortality in maintenance hemodialysis
patients: a matched case-control study
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Abstract

Background Phosphates, similar to urea, are small molecular substances that can be cleared during dialysis. Dialytic
phosphate reduction rate (PRR) may, to some extent, be related to the relative amount of phosphates cleared during
dialysis. However, few studies have evaluated the associations between PRR and mortality in maintenance hemodialy-
sis (MHD) patients. In this study, we investigated the association between PRR and clinical outcomes in MHD patients.

Methods This was a retrospective, matched case—control study. Data were collected from the Beijing Hemodialysis

Quality Control and Improvement Center. Patients were divided into four groups according to PRR quartile. Age, sex,
and diabetes were matched between the groups. The primary outcome was all-cause death, and the secondary out-
come was cardiocerebrovascular death.

Results The study cohort comprised 4063 patients who were divided into four groups according to the PRR quartile:
group PRR; (<48.35%), group PRR, (48.35% — 54.14%), group PRR; (54.14% — 59.14%), and group PRR, (=59.14%).
We enrolled 2172 patients (543 in each study group) by case—control matching. The all-cause death rates were as fol-
lows: group PRR;: 22.5% (122/543), group PRR,: 20.1% (109/543), group PRR5: 19.3% (105/543), and group PRR,: 19.3%
(105/543). No significant differences in all-cause and cardiocerebrovascular death rates according to the Kaplan—Meier
survival curves were found between the groups (log-rank test, P> 0.05). Multivariable Cox regression analysis revealed
no significant differences in all-cause and cardiocerebrovascular death rates between the four groups (P=0.461;
adjusted hazard ratio, 0.99; 95% confidence interval, 0.97 — 1.02 versus P=0.068; adjusted hazard ratio, 0.99; 95% confi-
dence interval, 0.97 - 1.00, respectively).

Conclusions Dialytic PRR was not significantly associated with all-cause death and cardiocerebrovascular death in
MHD patients.
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approximately 20 times higher than in a general popula-
tion [4]. A poor prognosis and numerous risk factors are
associated with MHD, and abnormal phosphate metab-
olism remains an important risk factor for death [5, 6].
Studies in several countries have found that hyperphos-
phatemia increases the mortality and cardiocerebro-
vascular events rates in MHD patients [7]. Severely low
serum phosphate concentrations and rapid decreases can
cause rhabdomyolysis, respiratory failure, lethargy, and
consciousness disturbance. Hypophosphatemia during
renal replacement therapy may lead to myocardial dys-
function and prolonged respiratory failure [8, 9]. Changes
in serum phosphate concentrations >0.7 mg/dL (1 mg/
dl=0.323 mmol/L) in non-dialysis hospitalized patients
were positively associated with in-hospital mortality
[10]. Additionally, high phosphate variability resulted in
higher mortality and cardiocerebrovascular event rates in
MHD patients [11].

Serum phosphate concentrations are difficult to con-
trol in MHD patients, and hemodialysis (HD) is an
important therapy to remove serum phosphate. Because
intracellular phosphate is responsible for the phospho-
rylation of various proteins, changes between extracel-
lular and intracellular phosphate concentrations can
induce mitochondrial toxicity [12] and abnormal cellular
signaling, and thus lead to cell and tissue damage [13].
Moreover, elevated extracellular phosphate can enhance
mitochondrial membrane potentials by increasing the
permeability of the transition pores, leading to super-
oxide formation and inducing apoptosis [14]. The cal-
culation method for PRR is the same as urea reduction
rate (URR) and can be calculated using the following
formula: PRR=100% X (pre-dialysis Phosphate — post-
dialysis Phosphate)/pre-dialysis Phosphate. Although
some authors believe that PRR can be used to evalu-
ate the clearance of phosphorus during dialysis [15], it
is unknown whether PRR, like URR, is associated with
the clinical prognosis of MHD patients. In this study,
phosphate reduction ratio in dialysis was investigated to
explore its relationship with prognosis, evaluated as all-
cause and cardiocerebrovascular death, in MHD patients.

Method

Study design

This was a multicenter, retrospective, matched, matched
case—control study. We extracted and analyzed data from
4063 MHD patients from the Beijing Hemodialysis Qual-
ity Control and Improvement Center, which is a large
dialysis center in China. This study involving human
participants was reviewed and approved by the Bioeth-
ics Committee of Beijing Friendship Hospital, Capital
Medical University (IRB number: 2022-P2-301- 01). The
need for informed consent was waived by the Bioethics
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Committee of Beijing Friendship Hospital, Capital Medi-
cal University due to the minimal risk nature of the study.

Blood samples were collected for biochemical analysis
before and immediately after the dialysis session, which
were measured using an autoanalyzer.

Study cohort
Between January 2014 and December 2018, all HD
patients registered in the Beijing Hemodialysis Qual-
ity Control and Improvement Center were screened for
eligibility according to the following inclusion and exclu-
sion criteria.

Inclusion criteria: (1) first dialysis time from January
2014 to December 2018; (2) age: 18 — 80 years; (3) con-
sistent HD for > 6 months; and (4) serum phosphate con-
centration measured at least every 6 months before and
after dialysis, or at least once every 12 months with a fol-
low-up of more than 36 months, with the median phos-
phate concentration used if phosphate was measured
more frequently.

Exclusion criteria: (1) median serum albumin <30 g/L;
(2) median hemoglobin<90 g/L; and (3) patients with
incomplete clinical data.

The patients were divided into four groups according
to the PRR quartile during the study period: group PRR,
(<48.35%), group PRR, (48.35% — 54.14%), group PRR,
(54.14% — 59.14%), and group PRR, (>59.14%). Data
from eligible patients were collected until death, kidney
transplant, transfer to peritoneal dialysis, or December
2021.

Outcomes

After enrollment, the patients were followed retrospec-
tively until an endpoint occurred or until 31 December
2021. The primary outcome of this study was all-cause
death, and the secondary outcome was cardiocerebrovas-
cular death. Cardiocerebrovascular death comprised car-
diac arrest and death from heart failure, ischemic heart
disease, or cerebrovascular disease.

Case-control matching

We anticipated that the baseline characteristics of the
patients in the PRR;, PRR,, PRR,, and PRR, groups would
differ significantly. To avoid confounding as a result of
these differences, the following variables were matched
between the four study groups: sex, age (+2 years), and
diabetes.

Statistical analysis

The four groups were matched for sex, age (+2 years),
and diabetes, and the outcomes between the groups were
compared.
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Continuous variables are presented as mean + stand-
ard deviation or median and interquartile range. We
analyzed differences in the patients’ characteristics
using analysis of variance, the Kruskal-Wallis test, or
the Friedman test, as appropriate. Categorical variables
were expressed as frequencies and percentages and
were compared using the x” test or Fisher’s exact test.

Two models were used: (1) survival curves were esti-
mated by Kaplan—Meier analysis, and the curves were
compared by the log-rank test as a univariable model
with four groups divided by the quartile of the serum
phosphate reduction rate between pre- and post-dial-
ysis; and (2) multivariable Cox regression with adjust-
ment for categorical variables (sex, diabetes) and
continuous variables (age, PRR, pre-dialysis phosphate,
URR, hemoglobin, albumin, and intact parathyroid
hormone (iPTH) concentrations). P values <0.05 were
considered to denote statistical significance, and all sta-
tistical analyses were performed using IBM SPSS 25.0
(IBM Corp., Armonk, NY, USA).
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Results

Study cohort

Figure 1 is a flow chart of the study. Between January
2014 and December 2018, 9089 MHD patients were
registered with the Beijing Hemodialysis Quality Con-
trol and Improvement Center. Of these, 4063 patients
were enrolled in this study, namely 1015 in group PRR;
(<48.35%), 1015 in group PRR, (48.35% — 54.14%), 1015
in group PRR; (54.14% — 59.14%), and 1018 in group
PRR, ( >59.14%). Case—control matching resulted in 543
patients in each group.

Baseline characteristics

The patients’ baseline characteristics in the unadjusted
cohort are listed in Table 1. Significant differences
(P<0.05) were found between the four groups in age,
sex, primary nephropathy, diabetes, and blood laboratory
indices (pre-dialysis phosphate, post-dialysis phosphate,
PRR, calcium, with no significant differences for hemo-
globin, iPTH, albumin, and URR).

9089 Maintenance hemodialysis patients

.

v

4120 Missing data
755 Hemoglobin < 90 g/L
151 Albumin < 30 g/L.

4063 Patients included in the analysis

1015 Group PRR,
PRR < 48.35%

1015 Group PRR,
PRR 48.35% - 54.14%

y

Y

Grouped by quartile Phosphate reduction
ratio across the entire observation period

1015 Group PRR;
PRR 54.14% - 59.14%

1018 Group PRR,
PRR > 59.14%

Y Y

805 Completed study
210 All-cause death

113 Cardiocerebrovascular death

811 Completed study
204 All-cause death

105 Cardiocerebrovascular death

827 Completed study
188 All-cause death

90 Cardiocerebrovascular death

849 Completed study
169 All-cause death
88 Cardiocerebrovascular death

|

1:1 Case control matching

,

l

543 Group PRR,
PRR < 48.35%

:

l

543 Group PRR;
PRR 48.35% - 54.14%

'

1

543 Group PRR;
PRR 54.14% - 59.14%

|

543 Group PRR,
PRR > 59.14%

I

421 Completed study
122 All-cause death

62 Cardiocerebrovascular death

434 Completed study
109 All-cause death

56 Cardiocerebrovascular death

438 Completed study
105 All-cause death
54 Cardiocerebrovascular death

438 Completed study
105 All-cause death
§7 Cardiocerebrovascular death

Fig. 1 Flow chart of the study. PRR phosphate reduction rate
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Table 1 Baseline characteristics of the patients in the unadjusted cohorts
Characteristic Overall Group PRR, Group PRR, Group PRR; Group PRR, Pvalue
(n=4063) <48.35% 48.35% — 54.14% 54.14% — 59.14% >59.14%
(n=1015) (n=1015) (n=1015) (n=1018)

Median age (IQR),y ~ 58.0(49.0 - 66.0) 58.0(48.0 - 65.0) 58.1(49.0 - 64.1) 58.2(49.1- 66.0) 60.0(50.0 - 67.0) <0.05
Male sex-no. (%) 2529(62.2) 810 (79.8) 732(72.1) 625(61.6) 362(35.6) <0.001
Cause of ESRD-no. (%) <0.001

Diabetic nephropathy  542(13.3) 155(15.3) 153(15.1) 129(12.7) 105(10.3)

Glomerulonephritis  876(21.6) 179(16.2) 213(21.0) 233(23.0) 251(24.7)

Hypertensive 519(12.8) 133(13.1) 130(12.8) 123(12.1) 133(13.1)

nephropathy

Tubulointerstitial 166(4.1) 43(4.2) 29(2.9) 34(3.3) 60(5.9)

nephritis

Others 206(5.1) 38(3.7) 47(4.6) 54(5.3) 67(6.6)

Unknown 1754(43.2) 467(46.0) 443(43.6) 442(43.5) 402(39.5)
Diabetes 1788(44.0) 498(49.1) 484(47.7) 441(43.4) 365(35.9) <0.001
Pre-dialysis 1.80+041 163040 1.77£0.38 1.86+0.39 1.92+0.39 <0.001
phosphate(mmol/L)?
Post-dialysis phos- 0.83+0.21 094+0.23 0.86+0.19 0.81+0.17 0.71+0.15 <0.001

phate (mmol/L)®

phosphate reduction  54.14 (4835 -59.14)  44.00 (40.06 - 46.41) 5143 (50.00-52.85) 56.57 (5537 -57.80) 62.63 (60.67 -65.00) <0.001
rate(PRR %)

Calcium (mmol/L)? 221+0.14 2.19+0.14 220+0.13 221+0.14 2.23+0.13 <0.001
iPTH (pg/mL) 213.55 206.50 216.65 215.80 214.45 0.156

(139.80-307.73 (135.70 — 294.60) (14046 - 312.85) (142.05-311.93 (142.08 - 308.32)

Hemoglobin (g/L)? 112.88+7.20 113.01 +£8.06 11295+7.47 112.86+6.85 112.70+7.20 0.759
Albumin (g/L)? 39.51+296 39.66+3.19 39.44+3.20 39.52+2.75 39.43+268 0.291
Urea reduction rate 66.86+5.82 66.60+5.93 66.83+06.21 67.06+5.85 66.97 +5.82 0.330

(URR %)*

Normally-distributed data are presented as means + SDs, and non-normally distributed data as medians

PRR phosphate reduction rate between pre- and post-dialysis, URR urea reduction rate, ESRD end-stage renal disease, iPTH intact parathyroid hormone, IQR

interquartile range, SD standard deviation

2 Presented as means + SDs

Case—control matching was performed for all four
groups. The matched factors were sex, age (+2 years),
and diabetes history. After matching, the patients’ base-
line characteristics, including age, sex, and diabetes,
were comparable between the groups; 2172 cases were
matched successfully in the four groups, and each group
comprised 543 patients. The baseline characteristics of
the patients in the matched cohorts are listed in Table 2.
We found significant differences (P<0.001) between
the four groups for pre-dialysis phosphate, post-dialysis
phosphate, and PRR.

Primary outcome

In the unmatched cohort, the all-cause death rates were
as follows: group PRR;: 20.7% (210/1015), group PRR,:
20.1% (204/1015), group PRRg: 18.5% (188/1015), and
group PRR,: 16.6% (169/1018). Kaplan—Meier survival
curves according to study group are shown in Fig. 2A.
Significant differences (log-rank test; P=0.002) in the

all-cause death rates were found between the four groups.
Multivariable Cox regression analysis revealed no signifi-
cant difference in the all-cause death rates between the
four groups (P=0.060; hazard radio (HR), 0.98; 95% con-
fidence interval (CI), 0.96 — 1.00).

In the matched cohort, the all-cause death rates
were as follows: group PRR;: 22.5% (122/543), group
PRR,: 20.1% (109/543), group PRR;: 19.3% (105/543),
and group PRR,: 19.3% (105/543). The cumulative
all-cause death rates are shown in Fig. 2B. As shown
in the Kaplan—-Meier survival curves (log-rank test;
P=0.052) and the results of the multivariable Cox
regression analysis (P=0.461; adjusted HR, 0.99; 95%
CI, 0.97 — 1.02), there was no significant difference in
the all-cause death rates between the four groups. Mul-
tivariate Cox analysis showed that in addition to PRR,
hemoglobin, serum calcium, and albumin were also
significantly associated with all-cause mortality rate of
matched patients. There was no significant correlation
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Table 2 Patients'baseline characteristics in the matched cohorts
Characteristic Overall Group PRR, Group PRR, Group PRR; Group PRR, Pvalue
(n=2172) <48.35% 48.35% — 54.14% 54.14% — 59.14% >59.14%
(n=543) (n=543) (n=543) (n=543)

Median age (IQR), y 59.0(51.0 - 66.0) 59.0(50.0 - 66.0) 59.0(51.0 - 66.0) 59.0(51.0 - 66.0) 59.0(51.0 - 66.0) 0.934
Male sex-no. (%) 1380(63.5) 345(63.5) 345(63.5) 345(63.5) 345(63.5) 1.000
Cause of ESRD-no. (%) 0479

Diabetic nephropathy  315(14.5) 82(15.1) 76(14.0) 80(14.7) 77(14.2)

Glomerulonephritis  430(19.8) 102(18.8) 106(19.5) 107(19.7) 115(21.2)

Hypertensive 282(13.0) 70(12.9) 74(13.6) 74(13.6) 64(11.8)

nephropathy

Tubulointerstitial 76(3.5) 28(5.2) 16(2.9) 112.0) 21(3.9)

nephritis

Others 92(4.2) 16(2.9) 25(4.6) 22(4.1) 29(5.3)

Unknown 977(45.0) 245(45.1) 246(45.3) 249(45.9) 237(43.6)
Diabetes 1020(47.0) 255(47.0) 255(47.0) 255(47.0) 255(47.0) 1.000
Pre-dialysis phos- 1.79+041 1.61+0.39 1.74+0.38 1.86+0.39 1.94+041 <0.001
phate (mmol/L)®
Post-dialysis phos- 0.82+0.20 0.92+0.23 0.84+0.18 081+0.17 0.72+0.16 <0.001

phate (mmol/L)®

phosphate reduction  54.13 (4832 -59.14)  44.09 (40.23 -4643) 5146 (49.88-5290) 5647 (55.24-57.75) 62.16 (60.40 — 64.45) <0.001
rate(%)

Calcium (mmol/L)? 221+0.14 221+0.14 220+0.13 221+0.14 2.22+0.13 0.550
iPTH (pg/mL) 209.18 201.00 213.50 216.50 207.90 0.255

(137.87-306.59) (132.56-296.60) (140.65-306.43) (139.0-323.15) (135.30-303.25)

Hemoglobin (g/L)? 11268 +7.11 11227 +793 112.71+6.97 112.81+6.98 11293 +649 0450
Albumin (g/L)° 39.41+3.10 3947+327 39.25+3.44 39.40+2.85 39.50+2.80 0.562
Urea reduction rate 66.77 591 66.60+5.99 66.794+6.29 66.85+5.66 66.82+5.67 0.889

(%)°

Normally distributed data are presented as means + SDs and non-normally distributed data as medians

PRR phosphate reduction rate between pre- and post-dialysis, URR urea reduction rate, ESRD end-stage renal disease, iPTH intact parathyroid hormone, IQR

interquartile range, SD standard deviation

2 Presented as means + SDs

between pre-dialysis phosphorus, URR, iPTH and all-
cause mortality rate.

Secondary outcome

In the unmatched cohort, the cardiocerebrovascu-
lar death rates were as follows: group PRR;: 11.1%
(113/1015), group RRP,: 10.3% (105/1015), group
PRRg: 8.9% (90/1015), and group PRR,: 8.6% (88/1018).
Kaplan—Meier survival curves according to study group
are shown in Fig. 2C. Significant differences (log-rank
test; P=0.012) in the cardiocerebrovascular death rates
were found between the four groups; the death rate in
group PRR; was highest. Multivariable Cox regression
analysis showed significant differences between the four
groups (P=0.001; HR, 0.98; 95% CI, 0.97 — 0.99).

In the matched cohort, the cardiocerebrovascular
death rates were as follows: group PRR;: 11.4% (62/543),
group PRRy: 10.3% (56/543), group PRR,: 9.9% (54/543),
and group PRR,: 10.5% (57/543). Kaplan—Meier survival

curves for each group are shown in Fig. 2D. No signifi-
cant differences were found between the four groups in
Kaplan—Meier survival analysis (log-rank test; P=0.421),
although the PRR1 group still had the highest mortality.
The results of the multivariable Cox regression analysis
were consistent with this finding (P=0.068; adjusted HR,
0.99; 95% CI, 0.97 — 1.00). The result of multivariate Cox
analysis revealed that in addition to PRR, hemoglobin,
serum calcium, and albumin were also significantly asso-
ciated with cardiocerebrovascular death rate of matched
patients. There was no significant correlation between
pre-dialysis phosphorus, URR, iPTH and cardiocerebro-
vascular death rate.

Discussion

In this study, we matched for age, sex, and diabetes
at baseline between four PRR groups to eliminate the
cofounding bias effects of these known variables. The
results showed that PRR was not significantly correlated
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Fig. 2 Cumulative event rates. Cumulative event rates for all-cause death associated with PRR among MHD patients in the unmatched (A) and
case—control matched cohorts (B). Cumulative event rates for cardiocerebrovascular death associated with PRR among MHD patients in the
unmatched (C) and case—control matched cohorts (D). P values are derived from the univariable analysis. Hazard ratios are based on multivariable
Cox regression analyses. PRR phosphate reduction rate between the pre- and post-dialysis, C/ confidence interval, MHD maintenance hemodialysis

with all-cause death and cardiocerebrovascular death in
MHD patients.

Hyperphosphatemia may lead to a variety of adverse
complications in MHD patients, and most previous stud-
ies have shown that hyperphosphatemia increases the
risk of death. The current Kidney Disease: Improving

Global Outcomes (KDIGO) guidelines recommend that
the control of serum phosphate be based mainly on the
"3D principle", that is, limiting dietary phosphate intake,
taking phosphate binders, and ensuring adequate dialysis
[16]. Conventional 4-h HD removes only approximately
800 — 1000 mg of phosphate during each dialysis session.
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Eighty-five percent of the phosphate in the body exists in
bone and teeth in the form of hydroxyapatite, and only
1% exists in extracellular fluid, such as serum.

The dialysis outcomes and practice patterns study
(DOPPS) showed that pre-dialysis hyperphosphatemia
was positively associated with all-cause and cardiocer-
ebrovascular death in MHD patients [17]. However, some
studies have provided different opinions. In a retrospec-
tive study using a Cox proportional hazards regression
model, Fang et al. found that neither baseline nor time-
dependent pre-dialysis phosphate concentrations were
significantly associated with all-cause and cardiovascular
death [18]. A multicenter prospective registry study in
Japan [13] found that the mortality rate was unaffected
by serum phosphate concentrations after adjustment for
confounding factors. Some factors were traditionally-
recognized risk factors, such as age, sex, and diabetes.
The present study showed that pre-dialysis phosphate
concentrations differed significantly between our four
groups before matching and that pre-dialysis phosphate
concentration was significantly associated with all-cause
and cardiocerebrovascular death. After case—control
matching, the influence of age, sex, diabetes and pre-dial-
ysis phosphate on mortality rates in the four groups was
eliminated. These results suggest that age, sex, diabetes,
and other factors have a greater impact on the mortality
rate of MHD patients compared with pre-dialysis serum
phosphate concentrations, given the confounding effects
of the variables.

Although some authors believed that PRR can be simi-
lar to URR in evaluating phosphate clearance during
dialysis [15], unlike URR, PRR does not closely reflect
changes in whole body phosphate mass, as most of the
phosphate is retained in the central compartment (intra-
cellular fluid of bone cells) and inaccessible to the inter-
mittent dialysis processes. In addition, phosphates are
actively transported from these central compartments
to the plasma during and after dialysis, counteracting
changes in phosphate concentrations caused by dialysis
and leading to significant post-dialysis rebound. There-
fore, some studies suggested that adequate conventional
hemodialysis (4 h/3 times per week), even in conjunction
with dietary phosphorus restriction, may be ineffective
in managing hyperphosphatemia [19]. Our research data
validates this point: while there are significant differences
in PRR among the four patient groups, there is no statis-
tically significant difference in URR values between the
groups.

The KDIGO guidelines suggested increasing dialytic
phosphate removal in the treatment of persistent hyper-
phosphatemia in patients with stage 5 CKD [16]. How-
ever, some previous studies found that rapid phosphate
reduction may have an impact on cell structure and
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function, and may even increase mortality rates. Lemoine
et al. [12] found in an animal study of phosphate kinet-
ics that the decrease in extracellular phosphate stabilized
after 3 h of HD, and then intracellular phosphate began
to rise approximately 30 min before the end of dialysis.
Phosphate is essential for cell signaling activity; However,
high concentrations can induce mitochondrial oxidative
stress and apoptosis [14]. An imbalance in intracellular
and extracellular phosphate concentrations may disrupt
the maintenance of signaling activity, even leading to
cell and tissue damage [20]. Fang et al. [18] showed that
patients with high phosphate clearance during dialysis
had high pre-dialysis phosphate concentrations, and the
mortality rate was higher in these patients accordingly,
especially in patients with normal or low pre-dialysis
phosphate concentrations. In other words, the mortal-
ity rate of MHD patients was positively correlated with
dialytic phosphate removal, but not significantly related
to the pre-dialysis serum phosphate concentration. Simi-
larly, our study also found that after matching for sex,
age, and diabetes, patients with high PRR during dialy-
sis also had high pre-dialysis phosphate concentrations.
However, there were no significant differences in mortal-
ity rates between the groups with different dialytic PRR.
Our study showed that conventional dialytic PRR were
not associated with all-cause mortality or cardiocerebro-
vascular mortality in MHD patients.

When the KDIGO CKD-mineral and bone disorder
guidelines recommended the treatment of hyperphos-
phatemia by increasing dialytic phosphate clearance,
the reference literature showed that frequent nocturnal
dialysis could effectively reduce serum pre-dialysis phos-
phate concentrations. However, there is no evidence that
increasing dialytic phosphate removal improves the clini-
cal outcomes of dialysis patients. A previous study also
found that frequent nocturnal dialysis reduced serum
phosphate concentrations and hypertension during a
12-month observation period; however, no comprehen-
sive benefit was observed owing to vascular access com-
plications and other factors [21]. In principle, higher
dialysis frequency or longer dialysis time can remove
more phosphate than that with conventional dialysis;
however, dialytic phosphate removal accounts for only a
small part of the total phosphate in the body and has little
effect on the total phosphate content in vivo. Addition-
ally, the abnormal pathophysiological mechanism affect-
ing the exchange of serum phosphate and bone phosphate
remains in the uremic state; therefore, the serum phos-
phate concentration rebounds rapidly after dialysis.
However, higher dialysis frequency or longer dialysis
time can maintain low or normal serum phosphate con-
centrations over a relatively long period of dialysis. Addi-
tionally, the duration of persistent hyperphosphatemia
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(dialysis interval) is significantly shorter with these meth-
ods compared with conventional dialysis. Further studies
are needed to demonstrate whether increasing the fre-
quency of dialysis or prolonging the duration of dialysis
can improve the outcomes of MHD patients by maintain-
ing lower serum phosphate concentrations long-term.
This study had the following limitations: First, this was
a retrospective cohort study with numerous uncontrolla-
ble confounders. Second, some important data, such as
dry weight, dialysis mode, dialysis membrane area, and
calcium concentration, were not available. Additionally,
our findings need to be validated in prospective interven-
tional studies or basic experimental animal models.

Conclusion

Our study shows that the level of PRR is not related to
the mortality rate of patients on routine dialysis three
times a week. Whether improving PRR by changing fil-
ters or increasing blood flow can improve the prognosis
of patients needs further RCT research to verify.
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