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Abstract

Background: Serum phosphorus (SP) level is closely associ-
ated with overall mortality and cardiovascular events, while
the role of SP controlled duration is not fully recognized.
Here, we conducted a retrospective cohort study in our de-
partment to identify the relationship of SP controlled dura-
tion with clinical outcomes in patients undergoing perito-
neal dialysis (PD). Methods: PD patients in our center from
January 1, 2009, to June 30, 2019, were followed up at
2-month (the first year) or 5-month (the next follow-up pe-
riod) intervals, and until death, until PD withdrawal, or until
June 30, 2019. Data at each follow-up point were collected
from their medical records. SP levels, changed degree of SP
over baseline, and SP controlled duration were analyzed
with overall mortality, PD withdrawal (including death,
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transferred to hemodialysis, and received renal transplanta-
tion), and combined endpoint (including death, acute heart
failure, cardiovascular event, and stroke). Results: A total of
530 patients entered the analysis. Of them, 456 (86.0%) had
hyperphosphatemia before dialysis, and the SP levels de-
creased soon after dialysis. The degree of SP change over
baseline was the maximum at the 3rd month after dialysis
(—=31.0%), and lower degree was associated with higher over-
all mortality (hazard ratio [HR], 1.012; 95% Cl, 1.004-1.020;
p = 0.003). The median SP controlled duration was 13 (5-28)
months, and longer duration was significantly associated
with lower overall mortality (HR, 0.968; 95% Cl, 0.956-0.981;
p < 0.001). After categorization, duration more than 12
months greatly improved overall mortality with a HR of 0.197
(0.082-0.458; p < 0.001 vs. SP never controlled group) and
0.329 (0.150-0.724; p = 0.006 vs. duration <12 months
group). Longer SP controlled duration also improved PD
withdrawal and combined endpoint. Conclusions: In sum-
mary, both degree and duration of SP control were tightly
associated with overall mortality. We should control SP lev-
els as early, as possible, and as long as we could.
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Introduction

Peritoneal dialysis (PD) is a high quality and cost-ef-
fective dialysis modality of renal replacement treatment.
About 7-40% ESRD patients receive PD in the world [1-
4]. The ratio is increasing in many countries, especially in
China and East Asia [1-4]. About 40-60% of death in PD
patients is associated with cardiovascular events [5-7].
Cardiovascular mortality is associated not only with con-
ventional risk factors, such as age, hypertension, and dia-
betes mellitus, but also with vascular calcification and
stiffness in ESRD patients [5-10].

Phosphorus metabolism disorder is a common com-
plication of ESRD, which plays an important role in
bone integrity, ectopic calcium deposition and calciphy-
laxis, vascular calcification, and myocardial hypertro-
phy [11-13]. Many studies had clarified the importance
of hyperphosphatemia in all-cause mortality and car-
diovascular events in patients with PD [14-17]. With
government medical insurance covering [18], dialysis
and phosphate binder use have been popularized recent-
ly, which greatly improved serum phosphorus (SP)
management in China. Even though numerous interna-
tional studies have declared that SP level is tightly asso-
ciated with overall mortality and cardiovascular events
[14-17], the role of SP controlled duration is not fully
recognized. In order to identify the role of SP controlled
duration in clinical outcomes, we conducted a retro-
spective cohort study involving 530 patients undergoing
PD in our department.

Subjects and Methods

Patients and Follow-Up

This was a retrospective, single-center, cohort study approved
by the Division of Nephrology, Nanfang Hospital, Southern Med-
ical University. All the participants enrolled in this study have pro-
vided written informed consent (ethics number NFEC-2019-107,
approved by the Research Ethics Committee of Nanfang Hospital).
All patients undergoing PD for more than 3 months and aged 18
years or older were eligible for this study from January 1, 2009, to
June 30, 2019. Patients who were not willing to join the study or
have not had regular follow-up (never followed up after PD cath-
eter implantation, or did not follow up once a year after dialysis)
were excluded. All patients were followed up at 2-month (for the
first year) or 5-month (for the next follow-up period) intervals, and
until death, until PD withdrawal, or until June 30, 2019.

Data Collection and Calculation

Baseline data were collected on demographic characteristics
(age, gender, and BMI), reasons for ESRD, medical histories (hy-
pertension, diabetic mellitus, and hepatitis B virus infection), PD
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vintage, PD modality, and peritoneal equilibration test (PET) types
(1 month after PD). Data over time of systolic blood pressure; dia-
stolic blood pressure; left ventricular ejection fraction; dialysate
glucose concentration; 24-h PD ultrafiltrate volume; 24-h urine
volume; weekly total KT/V; serum levels of Cr, albumin, and cal-
cium; intact parathyroid hormone; and blood hemoglobin were
collected at baseline (before PD, 0 month) and at 6, 12, 24, 36, 48,
72,96, and 120 months after PD. In order to evaluate the detailed
information of SP, levels at 0 month and at 3, 6, 9, 12, 18, 24, 30,
36,48,72, 96, and 120 months after PD were collected and record-
ed. Phosphorus binder (PB) use was also recorded including the
beginning time. Information on patients’ medical history and
medications was obtained from their medical records. Serum Cr,
albumin, calcium, and phosphate were measured using an auto-
matic biochemical analyzer (AU480; Olympus, Tokyo, Japan) in
our hospital. Serum parathyroid hormone levels were measured by
chemiluminescence assay (D-68350; Roche Diagnostics, India-
napolis, IN, USA). Hemoglobin was tested by a routine blood test
analyzer (XN9000; Sysmex, Kobe, Japan).

Conventional weekly total KT/V, and PET types were mea-
sured by standard methods [19, 20]. We quantified some calcula-
tion formulas as follows:

Degree of SP change over baseline (%) = (SP level at the follow-
up point — baseline SP level) x 100/baseline SP level.

Duration of SP control (months) = PD vintage when patients
reached hyperphosphatemia (PH) — PD vintage when patients’ SP
decreased to <1.78 mmol/L after PD (PN). If patients’ SP never
reached <1.78 mmol/L, PH = 0 and SP controlled duration = 0,
while if patients never reached hyperphosphatemia after dialysis,
PH = actual PD vintage till the end of the follow-up. For example,
for a given patient, if SP at 1 month after PD was normal and was
abnormal at 9 months after PD, PN =1, PH =9, and SP controlled
duration of this patient was 8 (9-1) months.

Dialysate glucose concentration (%) = Z(glucose concentra-
tion x input volume)/total input volume. For example, if a patient
is treated by continuous ambulatory peritoneal dialysis with 1.5%
dialysate twice per day + 2.5% dialysate twice per day, the glucose
concentration = (1.5% x 2L X 2 + 2.5% x 2L x 2)/8L = 2.0%.

Mean arterial pressure (MAP, mmHg) = diastolic pressure +
(systolic pressure — diastolic pressure)/3.

Outcomes and Definitions

The primary outcome was overall mortality. The secondary
outcomes were PD withdrawal (including death, transfer to hemo-
dialysis, and renal transplantation) and combined endpoint (in-
cluding death, acute heart failure, cardiovascular diseases [CVDs],
and stroke). All these events were based on the physician diagnosis
from the medical records. Anuria was defined as 24 h urine volume
<100 mL.

Statistical Analyses

Stata 15 software was used for the statistical analyses. The  test,
Kruskal-Wallis test, or x* test was used to compare continuous or
categorical variables for baseline characteristics by with or without
anuria. For an overall comparison of SP changes over time between
groups, random-effects model analyses were performed with par-
ticular focus on the interaction between group and time. Unad-
justed and adjusted (with age, sex, diabetic kidney disease [DKD]
to ESRD, and the mean values of MAP, dialysate glucose concen-
tration, urine volume, KT/V, serum albumin, and HGB during the
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first 12 months after dialysis) Cox regression analyses were per-
formed to determine the relationships of SP level, degree of SP
change over baseline, and duration of SP control with overall mor-
tality. We categorized the duration of SP control into 5 groups and
then performed Kaplan-Meier and Cox regression analyses on the
created variables. Kaplan-Meier and Cox regression analyses were
also performed to identify the relationships of SP controlled dura-
tion with PD withdrawal and combined endpoint, and the rela-
tionships of PB prescription with overall mortality, PD withdraw-
al, and combined endpoint.

Continuous data were expressed as mean + SD or median (in-
terquartile range [IQR]), categorical data were expressed as num-
ber (proportion), and HR data were expressed as HR (95% CI). A
value of p < 0.05 was considered to be statistically significant.

Results

Cohort Description

There were 682 ESRD patients undergoing PD from
January 1, 2009, to June 30, 2019, in our department. Af-
ter exclusion, 530 patients finally entered the analysis
(Fig. 1). Of these patients, the mean age was 45.4 + 15.0
years, 303 (57.2%) patients were male, 84 (15.9%) pa-
tients’ ESRD cause was DKD, and the median PD vintage
was 32 (15-54) months (Table 1). During the follow-up
period, 78 (14.7%) patients died and 221 (41.7%) patients
developed anuria. Anuric patients had higher baseline
MAP, higher baseline serum phosphate and parathyroid
hormone levels, higher initial dialysate glucose concen-
tration and ultrafiltrate volume, longer PD vintage, lower
initial urine volume, and lower baseline weekly total
KT/V score. These patients also had higher overall mor-
tality and a higher incidence of combined endpoint (Ta-
ble 1).

Changes in SP Levels over Time

About 456 patients (86.0%) had hyperphosphatemia
before peritoneal dialysis. Of them, 69 (15.1%) patients’
SP levels never controlled to <1.78 mmol/L during the
follow-up period, and the remaining 387 (84.9%) pa-
tients’ SP levels decreased to <1.78 mmol/L 1 (1-1) month
after dialysis. In all, 256 patients’ phosphorus levels re-
turned to hyperphosphatemia 9 (3-23) months after PD
(Fig. 2a). The SP levels returned to hyperphosphatemia in
125 (48.8%), 67 (26.2%), 40 (15.6%), and 24 (9.4%) pa-
tients at the first, second, third, and more than 4 years
after dialysis, respectively (Fig. 2b). We also calculated the
change in degree of SP level over baseline. Interestingly,
the degree of SP changes over baseline was the maximum
at the 3rd month after dialysis (—=31.0% [-43.8 to —14.7%])
and decreased later (degrees of SP change more than 36
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Exclusion:
Never followed up (n = 71)

Not regullarly followed up (n = 38)
Received RTP in 3 months after PD (n = 12)

Fig. 1. Flowchart of patient selection into the study cohort. PD,
peritoneal dialysis; RTP, renal transplantation.

months over baseline are not shown; see online suppl.
Fig. la; for all online suppl. material, see www.
karger.com/doi/10.1159/000507785). Details of changes
in degrees in patients at the first, second, third, and more
than 4 years after dialysis are shown in online suppl. Fig.
1b.

Relationship between Overall Mortality and SP

Situation

Because the SP level is tightly associated with overall
mortality [14-17], we next analyzed the relationships of
overall mortality with SP levels and changes in degrees of
SP level over baseline at each follow-up point (those more
than 36 months are not shown). As shown in online sup-
pl. Table 1, baseline SP level was not associated with over-
all mortality (HR, 0.764; 95% CI, 0.521-1.119; p = 0.166),
while SP level at the 3rd month after dialysis (HR, 1.666;
95% CI, 1.007-2.758; p = 0.047) was significantly associ-
ated with overall mortality after adjusted for demograph-
ics (age and sex), DKD to ESRD, and the mean values of
MAP, dialysate glucose concentration, urine volume,
weekly total KT/V, serum albumin, and HGB during the
first 12 months after dialysis. SP levels at the other follow-
up points did not show any significance with overall mor-
tality. Interestingly, lower changed degree of the 3rd
month’s SP over baseline was independently associated
with higher overall mortality (HR, 1.012; 95% CI, 1.004-
1.020; p = 0.003). Degrees of SP change over baseline at
the other follow-up points were not associated with over-
all mortality after adjusted Cox regression analysis.
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Table 1. Clinical characteristics of the study cohort

General characteristic Overall Without anuria With anuria p value?
(n=530) (n=309) (n=221)
Age, years 45.4+15.0 44.6+14.2 46.6+16.0 0.139
Male, 1 (%) 303 (57.2) 188 (60.8) 115 (52.0) 0.043
MAP, mmHg 107.8+13.8 106.7+12.8 109.4+15.1 0.020
DKD to ESRD 84 (15.9) 46 (14.9) 38(17.2) 0.539
Baseline lab examinations
Serum Cr, umol/L 991.5+316.8 965.9+354.3 1,027.3£371.7 0.055
Serum ALB, g/L 34.4+5.8 35.0+5.3 33.6+6.3 0.006
Blood HGB, g/L 87.9+22.3 87.4+20.9 88.8+24.2 0.470
Serum calcium, mmol/L 2.04+0.29 2.05+0.29 2.03+0.29 0.412
Serum phosphate, mmol/L 2.35+0.64 2.27+0.61 2.46+0.68 0.001
Serum PTH, pg/mL 360.4+294.6 332.7£211.3 402.5+385.2 0.009
Baseline PD characteristics
CAPD, n (%) 480 (90.6) 290 (93.9) 190 (86.0) 0.002
Dialysate GLUC, % 1.57+0.19 1.53+£0.14 1.61+0.25 <0.001
UF volume, mL/24 h 250 (50-450) 200 (50-400) 310 (150-550) <0.001
Urine volume, mL/24 h 800 (500-1,100) 900 (600-1,200) 650 (350—1,000)b <0.001
KT/V score 2.32+0.63 2.40+0.71 2.20+0.60 0.001
PET type 0.167
Low, 1 (%) 24 (4.5) 15 (4.9) 9 (4.1) -
Low average, n (%) 236 (44.5) 145 (46.9) 91 (41.2) -
High average, n (%) 233 (44.0) 128 (41.4) 105 (47.5) -
High, n (%) 37 (7.0) 21(6.8) 16 (7.2) -
PD vintage, months 32 (15-54) 21 (11-38) 49 (32-70) <0.001
SP controlled duration, months 13 (5-28) 11 (6-23) 17 (4-32) 0.202
Outcomes
Death, 1 (%) 78 (14.7) 35(11.4) 43 (19.5) 0.010
PD withdrawal, 1 (%) 226 (42.7) 137 (44.5) 89 (40.3) 0.335
Combined endpoint, n (%) 196 (37.1) 76 (24.7) 120 (54.3) <0.001

Continuous variables are expressed as mean+SD or median (25th percentile-75th percentile). Categorical variables are expressed as
n(%). MAP, KT/V, and PET were calculated by formulas mentioned before. MAP, mean arterial pressure; DKD, diabetic kidney disease;
PTH, parathyroid hormone; PD, peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis; GLUC, glucose concentration;
UF, ultrafiltrate; HD, hemodialysis; PET, peritoneal equilibration test; SP, serum phosphorus. ® p value for comparisons between with
and without RRF groups by  test, Kruskal-Wallis test, or x? test for continuous and categorical variables, respectively.  Because without
RRF was defined as anuria (urine volume <100 mL/24 h) during the whole follow-up period, patients were not anuric at baseline.

We then calculated the SP controlled duration of every
patient and analyzed the relationship with overall mortal-
ity. The median SP controlled duration was 13 (5-28)
months (Table 1). As presented in Table 2, the SP con-
trolled duration was significantly associated with inci-
dent of overall mortality (HR, 0.971; 95% CI, 0.959-0.984;
p<0.001). After adjustment with clinical variables, longer
duration still correlated to overall mortality (HR, 0.968;
95% CI, 0.956-0.981; p < 0.001). Converting the duration
unit from months to years, the HR was 0.619 (0.512-
0.748).

Serum Phosphorus Controlled Duration
Associated with Mortality

We next categorized the duration into 5 groups, in-
cluding SP never controlled group, SP controlled <12
months group, 12-23 months group, 24-35 months
group, and >35 months group. As shown in Figure 3, pa-
tients whose SP never controlled had the maximum over-
all mortality (24.6%), and the mortality decreased with
longer SP controlled duration (p = 0.046 for trend). Pa-
tients with <12 months of SP controlled duration had
similar overall mortality to the SP never controlled group
(HR, 0.598; 95% CI, 0.321-1.158; p = 0.120). When the
duration prolonged to more than 12 months, the overall

Kidney Dis 2020;6:434-443 437
DOI: 10.1159/000507785



Fig. 2. Changes in SP levels over time in PD
patients. a Overall changes in SP levels over
time. b Changes in SP levels over time in
categorized SP controlled duration groups.
SP controlled duration was categorized
into SP never controlled group, SP con-
trolled <12 months group, 12-23 months
group, 24-35 months group, and >35
months group. Patients’ SP levels decreased
soon after dialysis and returned to hyper-
phosphatemia later (a). SP levels returned
to hyperphosphatemia in 125 (48.8%), 67
(26.2%),40 (15.6%), and 24 (9.4%) patients
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mortality greatly improved with HRs of 0.197 (0.082-
0.458; p < 0.001 vs. SP never controlled group) and 0.329
(0.150-0.724; p = 0.006 vs. SP controlled <12 months
group) (Fig. 4; Table 3, and online suppl. Table 2). Even
though the group presented no more benefits than the
12- to 23-month group, longer duration of more than 24
months still showed significant improvement for overall
mortality (Fig. 4; Table 3, and online suppl. Table 2).

In order to confirm the relationship between SP con-
trolled duration and overall mortality, we analyzed those pa-
tients who entered PD treatment from January 1, 2009, to
June 30, 2017. For the 416 patients, we obtained similar re-
sults with lower censored data (online suppl. Table 3; Fig. 2).
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Relationship between Secondary Outcomes and SP

Controlled Duration

We also analyzed PD withdrawal and combined end-
point as secondary outcomes. During the follow-up pe-
riod, 226 (42.7%) patients had PD withdrawal (78 pa-
tients had died, 55 patients had transferred to hemodialy-
sis, and 93 patients had received renal transplantation),
and 196 (37.1%) patients had reached combined end-
point (78 patients had died, 144 patients had acute heart
failure, and 68 patients had CVD or stroke). As shown in
Table 4, patients with longer SP controlled duration had
lower incidence of PD withdrawal (HR, 0.964; 95% CI,
0.954-0.973; p < 0.001) and combined endpoint (HR,

Gong/Xiao/Zhang/Zhong/He/Yi/Tang/
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Table 2. Cox regression analysis for overall mortality

Variable Unadjusted Adjusted®

HR (95% CI) p value HR (95% CI) p value
SP controlled duration, months 0.971 (0.959-0.984) <0.001 0.968 (0.956-0.981) <0.001
SP controlled duration, years 0.640 (0.533-0.770) <0.001 0.619 (0.512-0.748) <0.001
Age, years 1.033 (1.018-1.049) <0.001 1.017 (1.000-1.035) 0.055
Male 1.338 (0.852-2.101) 0.207 1.409 (0.821-2.420) 0.214
DKD to ESRD 2.286 (1.404-3.730) 0.001 2.166 (1.241-3.780) 0.007
Mean MAP, mmHg 0.963 (0.943-0.984) 0.001 0.963 (0.942-0.986) 0.001
Mean dialysate GLUC, % 4.702 (1.702-9.747) 0.002 1.632 (0.577-4.617) 0.356
Mean urine volume, L 0.495 (0.280-0.874) 0.015 0.712 (0.345-1.468) 0.357
Mean serum ALB, g/L 0.905 (0.874-0.936) <0.001 0.906 (0.869-0.945) <0.001
Mean HGB, g/L 0.986 (0.973-0.999) 0.033 0.996 (0.984-1.008) 0.520
Mean KT/V 0.483 (0.299-0.781) 0.003 0.983 (0.622-1.555) 0.943

MAP and KT/V were calculated by formulas mentioned before. Mean MAP, dialysate GLUC, urine volume,
serum ALB, HGB, and KT/V were the average values during the first 12 months after dialysis. HR, hazard ratio;
CI, confidence interval; SP, serum phosphorus; DKD, diabetic kidney disease; ALB, albumin; HGB, hemoglobin;
MAP, mean arterial pressure. * Adjusted for demographics (age and sex), DKD to ESRD, and the mean values of
MAP, dialysate GLUC, urine volume, serum ALB, HGB, and KT/V during the first 12 months after dialysis.

0.982;95% CI, 0.976-0.989; p < 0.001). Patients whose SP
controlled duration was more than 12 months had sig-
nificant lower incidence of PD withdrawal than the SP
never controlled group (HR 0.342; 95% CI, 0.214-0.546;
p <0.001; online suppl. Fig. 3; Table 4) and SP controlled
<12 months group (HR 0.491; 95% CI, 0.333-0.723; p <
0.001) (data not shown). Patients whose SP controlled
duration was more than 35 months had lower incidence
of combined endpoint (online suppl. Fig. 3; Table 5).

PB Use

Finally, we analyzed PB use in these patients. As pre-
sented in online suppl. Table 6, 255 (48.6%) patients had
received PB treatment during the follow-up period, 97
(18.3%) patients had received PB treatment before dialy-
sis, the median beginning time was 5 (0-24) months after
dialysis, and 200 (78.4%) patients had received non-cal-
cium PB. In the recent 4 years, more patients have re-
ceived PB treatment (54.0 vs. 41.3%, p = 0.004) during the
follow-up period, more patients have received PB treat-
ment before dialysis (24.1 vs. 10.3%, p < 0.001), and even
more patients have received earlier (1 vs. 22.5 months af-
ter dialysis, p < 0.001) PB treatment. PB use was signifi-
cantly associated with overall mortality (HR, 0.555; 95%
CL, 0.332-0.927; p = 0.025) and PD withdrawal (HR,
0.523; 95% CI, 0.391-0.698; p < 0.001; online suppl.
Fig. 4; Table 7).

Serum Phosphorus Controlled Duration
Associated with Mortality
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Fig. 3. Overall mortality in categorized SP controlled duration
groups. SP controlled duration was categorized into SP never con-
trolled group, SP controlled <12 months group, 12-23 months
group, 24-35 months group, and >35 months group. The overall
mortality was the maximum in patients whose SP never controlled
and decreased with longer SP controlled duration. p = 0.046 for
trend. PD, peritoneal dialysis; SP, serum phosphorus.
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phorus.

Discussion

In this retrospective cohort study, we identified that SP
controlled duration was closely associated with overall
mortality in patients undergoing PD. SP levels decreased
to less than 1.78 mmol/L soon after PD, and returned to
hyperphosphatemia 9 months later. Longer duration of SP
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control was independently associated with lower overall
mortality, with a 3.2% decrease of risk for every one more
month of SP control and a 38.1% decrease of risk for every
one more year of SP control. Longer duration of SP control
was also independently associated with lower PD with-
drawal and combined endpoint. These data suggest that SP
controlled duration is very important in PD patients.
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Table 3. Cox regression analysis for overall mortality with categorized SP controlled duration

SP controlled duration Unadjusted Adjusted®
HR (95% CI) p value HR (95% CI) p value
0 month 1 (refer) - 1 (refer) -
1-11 months 0.592 (0.324-1.080) 0.087 0.598 (0.321-1.158) 0.120
12-23 months 0.228 (0.103-0.501) <0.001 0.197 (0.082-0.458) <0.001
24-35 months 0.231 (0.099-0.540) 0.001 0.279 (0.114-0.683) 0.005
>35 months 0.193 (0.092-0.403) <0.001 0.143 (0.064-0.331) <0.001

MAP and KT/V were calculated by formulas mentioned before. SP, serum phosphorus; HR, hazard ratio; CI,
confidence interval; DKD, diabetic kidney disease; MAP, mean arterial pressure; GLUC, glucose concentration;
ALB, albumin; HGB, hemoglobin. * Adjusted for demographics (age and sex), DKD to ESRD, and the mean values
of MAP, dialysate GLUC, urine volume, serum ALB, HGB, and KT/V during the first 12 months after dialysis.

Table 4. Cox regression analysis for PD withdrawal and combined endpoint with SP controlled duration

Variable PD withdrawal Combined endpoint

HR (95% CI) p value? HR (95% CI) p value®
SP controlled duration, months 0.964 (0.954-0.973) <0.001 0.982 (0.976-0.989) <0.001
SP controlled duration, years 0.571 (0.499-0.652) <0.001 0.758 (0.678-0.847) <0.001

KT/V was calculated by formulas mentioned before. SP, serum phosphorus; HR, hazard ratio; CI, confidence
interval; GLUC, glucose concentration; ALB, albumin; DKD, diabetic kidney disease. * Adjusted for demographics
(age and sex) and the mean values of dialysate GLUC, urine volume, serum Cr, HGB, and KT/V during the first
12 months after dialysis. ® Adjusted for demographics (age and sex), DKD to ESRD, and the mean values of
dialysate GLUC, urine volume, serum ALB, HGB, and KT/V during the first 12 months after dialysis.

Large international studies have shown that elevated
SP levels (hyperphosphatemia) are linked with a number
of serious clinical complications, including vascular cal-
cification [11, 12] and left ventricular hypertrophy [13],
as well as increased all-cause mortality and PD withdraw-
al in patients undergoing dialysis [5-10, 14-17]. In the
Dialysis Outcomes and Practice Patterns Study (DOPPS),
SP levels decreased over time in all countries, and higher
SP levels were associated with greater all-cause mortality
risk in both baseline and time-dependent models [14, 15].
In our center, most patients (86.0%) had hyperphospha-
temia at baseline, while few patients (<1%) had hypo-
phosphatemia (<0.65 mmol/L), which is not that similar
to previous reports. Furthermore, baseline SP levels were
not associated with overall mortality. In China, general
medical examination has not been popularized till now,
and most CKD patients could not be diagnosed or receive
proper treatment including SP management until the last
stage, which might be the reason why so many patients
had hyperphosphatemia at baseline. And because of the

Serum Phosphorus Controlled Duration
Associated with Mortality

very high incidence of hyperphosphatemia before dialy-
sis, baseline SP levels did not correlate to overall mortal-
ity in ESRD patients. Earlier detection and management
of hyperphosphatemia in CKD patients is an elephant in
the room in China.

With the application of “3D” treatment (diet control,
dialysis, and drug use) [21-24], about 87.0% patients’ SP
levels decreased to <1.78 mmol/L soon after dialysis, with
a degree of —31% over baseline, and increased again later,
which is similar to previous reports [14-17]. Only 13%
patients’ SP levels never controlled to normal. Of note,
the mean SP level of the 3rd month was the lowest during
the follow-up period, and the degree of SP change at this
point over baseline was the highest. Interestingly, only the
3rd month’s SP level and the changed degree kept the sig-
nificance with overall mortality after adjusted analysis,
while those in other follow-up points did not show any
significance. These data suggested that early SP level and
changed degree after treatment might present more rela-
tionships with overall mortality in patients undergoing
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PD. Early and effective management of SP could practi-
cably improve the survival rates of PD patients.

It is well known that SP level plays a very important
role in ESRD patients [5-10, 25, 26], while the role of du-
ration of SP control is still not fully recognized. After cal-
culating the SP controlled duration for every patient, we
found that longer duration did correlate to lower overall
mortality, with a 3.2 or 38.1% decrease of risk for every
one more month or year of SP control. After categoriza-
tion, patients with <12 months’ duration had a similar
overall mortality to those whose SP never controlled.
When the duration prolonged to more than 12 months,
the overall mortality greatly improved. Even though this
presented no more benefits than the 12-23 months group,
a longer duration of more than 24 months still showed
significant improvement of overall mortality. Patients
with longer SP controlled duration also had lower inci-
dence of PD withdrawal and combined endpoint, includ-
ing death, acute heart failure, CVD, and stroke. These
data strongly suggested that longer duration of SP control
might be even more important for PD patients, and we
should pay adequate attention on prolonging the SP con-
trolled duration.

Since a lower SP level of <0.65 mmol/L was also associ-
ated with poorer outcomes in ESRD patients [14-16], we
also analyzed patients whose SP level was <0.65 mmol/L.
Unfortunately, we could not really identify the relationship
between lower SP level and mortality because only 3 (0.6%)
patients’ SP level reached <0.65 mmol/L during the whole
follow-up period. This might be because of the very high
baseline hyperphosphatemia incidence or sample size.

With the government medical insurance covering, in
recent years, more and more ESRD patients have received
dialysis and phosphate binder treatment recently, im-
proving SP management and prolonging the controlled
duration. In the recent 4 years, more patients have re-
ceived PD (307 vs. 223) and PB (54.0 vs. 41.3%), more
patients have received PB at baseline (24.1 vs. 10.3%), and
patients had received PB earlier. This is an advantage of
the medical insurance covering in recent years. Of note,
PB use was significantly associated with overall mortality
and PD withdrawal, which is similar to the previous re-
port [27-29]. Because water and sodium retention might
be a major reason for acute heart failure in PD patients,
PB use seemed to not correlate with combined endpoints
including acute heart failure. When combining only
death, CVD, and CBD, PB use showed significant asso-
ciation (data not shown).

Besides hyperphosphatemia, hypertension and ane-
mia are proved to be important risk factors for poor out-
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comes in PD patients. Most patients had anemia (84%)
and hypertension (72%) at baseline, which might be the
reason why baseline blood pressure or HGB did not cor-
relate to overall mortality in this cohort. Baseline serum
albumin showed some relationship with overall mortality
(HR, 1.565; 95% CI, 0.984-2.487; p = 0.058, data were not
shown). Interestingly, the mean values of blood pressure,
blood HGB, and serum albumin did correlate to overall
mortality and PD withdrawal incidence. We should pay
attention to management of blood pressure, blood HGB,
and nutrition because the mean values did correlate to
overall mortality and combined endpoint.

This study had several limitations. First, this is a retro-
spective cohort study, and all the data were obtained from
their medical records and the laboratory examination
system of Nanfang Hospital. A prospective study should
be conducted to confirm the relationship between SP
controlled duration and clinical outcomes. Second, the
relationship between lower SP level and outcomes has not
been analyzed because fewer patients had SP level <0.65
mmol/L during the follow-up period in this population.
A larger sample size is needed to ensure the relationship.

In conclusion, this study provides a unique description
of SP changes during several years in our center and iden-
tifies the relationships with overall mortality. For serum
phosphorus, both the controlled degree over baseline and
controlled duration are tightly associated with overall
mortality. We should control SP levels as early as we
could, as possible as we could, and as long as we could.
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