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. The time-averaged serum potassium was more comprehensive to reflect the all-time changes of

. serum potassium levels during peritoneal dialysis (PD). However, the association of fluctuation of

: time-averaged serum potassium level with long-time survival of PD patients remains unknown. In

- this retrospective study, we included 357 incident PD patients in 2 centers from January 1, 2007 to

© October 31, 2012 with follow-up through October 31, 2014. Our data demonstrated that it was the
lower time-averaged serum potassium level rather than baseline of serum potassium level that was
associated with high risk of death. Patients with higher standard deviation (SD) had significantly
poorer all-cause (p =0.016) and cardiovascular mortality (p=0.041). Among the patients with time-
averaged serum potassium levels below 4.0 mEq/L, a lower mean value was more important than
its SD to predict death risk. In contrast, the patients with time-averaged serum potassium levels
above 4.0mEg/L, those with serum potassium SD < 0.54 mEg/L, exhibited a higher 3-year and
5-year survival rate for both all-cause and cardiovascular mortality compared to the control groups.
Our data clearly suggested both time-averaged serum potassium and its fluctuation contributed
disproportionately to the high death risk in PD patients.

Hypokalemia is the most common electrolyte disorder in patients on PD'. Single-center studies from
. Taiwan (n=140) and Hong Kong (n=266) have shown an association between hypokalemia in PD
. patients and Enterobacteriaceae peritonitis and all-cause mortality, respectively®. A large peritoneal dial-
- ysis cohort study showed that PD patients were more likely to have serum potassium <4.0mEq/L, with
. an adjusted odds ratio of 3.30 (95% confidence interval [CI], 3.05—3.56)*°. A U-shaped relationship
: between time-averaged serum potassium and all-cause and cardiovascular mortality of PD patients was
. demonstrated®’. A recent study found that patients with a relative stable serum potassium levels during
. the first year observation appeared to have a pronouncedly better survival, an excessive fluctuation of
serum potassium was associated with significantly increased mortality, which was independent of the
average serum potassium levels®. The time-averaged serum potassium was obtained for up to 20 calen-
dar quarters to calculate?, and was more comprehensive to reflect the overall changes of serum potas-
sium levels combined with its fluctuation. However, the association of SD of the time-averaged serum
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Female, n (%) 77 (46.9) 86 (44.6)

Age, years 49.5+16.3 50.9415.1

Etiology of ESRD
CGN, n (%) 76 (46.3) 93 (48.2)
DN, n (%) 27 (16.5) 27 (14.0)
HN, n (%) (%) 38 (23.2) 45 (23.3)
Others, n (%) 23 (14.0) 28 (14.5)
Diabetes, n (%) 30 (18.3) 32 (16.6)
e T Y
gﬁ;g{l’;"é 1("02)1’ 24 (14.6) 33 (17.1)
CCI, score 3.631+1.82 3.554+1.42

Table 1. Baseline characteristics of peritoneal dialysis patients in the 2 centers. Data expressed by
mean =+ SD, number (percent). ESRD, end stage renal disease; CGN, chronic glomerulonephritis; DN,
diabetic nephropathy; HN, hypertensive nephrosclerosis; ACEI, angiotensin-converting enzyme inhibitors;
ARB, angiotensin II receptor blockades; CCI, Charlson Comorbidity Index.

<3.0 31 (8.7) 12 (3.4) 11(355) | 5(417) | 7(22.6) | 3(25.0)
3.0 to <3.5 56 (15.7) 57 (16.0) | 11(19.6) | 20 (35.1) | 5(89) | 9(15.8)
<0 3.5 to <4.0 90 (25.2) 143 (40.1) | 24 (26.7) | 37 (25.9) | 14 (15.6) | 23 (16.1)
Total 177 (49.6) 212 (59.4) | 46 (26.0) | 62 (29.2) | 26 (14.7) | 35 (16.5)
40 to <4.5 102 (28.6) 102 (286) | 16 (157) | 14(13.7) | 10 (9.8) | 9 (8.8)
>4.0 >45 78 (21.8) 43 (12.0) | 22(282) | 8(186) | 13(167) | 5(11.6)
Total 180 (50.4) 145 (40.6) | 38 (21.1) | 22(15.2) | 23 (12.8) | 14 (9.7)

Table 2. Distribution of serum potassium levels and corresponding mortality rates. Data expressed by
number (percent). b-SP, Baseline serum potassium. t-SP, Time-averaged serum potassium.

potassium with the long time survival of PD patients remains unknown. Current study is designed to
evaluate the relations of time-averaged serum potassium level and its SD and the 5-year survival of PD
patients in 2 centers.

Results

Incidence of serum potassium abnormalities. Table 1 showed the baseline demographics of the
included patients in 2 centers. Distribution of serum potassium levels and corresponding mortality rates
were presented in Table 2. We found a 19.3% incidence of hypokalemia by time-averaged serum potas-
sium and a 24.4% incidence of hypokalemia by baseline serum potassium, which was similar to a pre-
vious reported 27.9% in China®. As shown in Table 3, the patients with time-averaged serum potassium
levels <4.0 mEq/L exhibited a significant higher adjusted HR for all-cause mortality compared to those
>4.0mEq/L. However, there was no significant difference of adjusted HR for cardiovascular mortality
(p=0.225, adjusted HR 1.501, 95% CI, 0.779—2.892) between the groups.

Time-averaged serum potassium levels rather than baseline serum potassium levels asso-
ciated with PD patient’s survival. Kaplan-Meier survival curves for mortality according to base-
line and time-averaged serum potassium were presented in Fig. 1. There were no significant differences
of cumulative survival between the patients with serum potassium <4.0mEq/L and those >4.0mEq/L
according to baseline serum potassium level (Fig. 1A,B). But the patients with time- averaged serum
potassium levels above 4.0mEq/L exhibited a higher cumulative survival for both all-cause mortality
(Fig. 1C) and cardiovascular mortality (Fig. 1D) compared to those below 4.0 mEq/L.
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95% CI 95% CI

4 4
t-SP HR | Lower ‘ Upper | value | SD (t-SP>4.0) | HR | Lower ‘ Upper | value

Crude all-cause mortality

>4.0 Ref Ref Ref <0.54 Ref Ref Ref

<4.0 2.173 1.334 3.539 | 0.002 >0.54 2934 | 1.146 7.510 | 0.025

2Adjusted all-cause mortality

>4.0 Ref Ref Ref <0.54 Ref Ref Ref

<4.0 1.743 1.046 2.906 | 0.033 >0.54 2.883 1.092 7.617 | 0.033

Crude cardiovascular mortality

>4.0 Ref Ref Ref <0.54 Ref Ref Ref

<4.0 1.977 1.061 3.682 | 0.032 >0.54 4.119 1.146 | 14.804 | 0.030

2Adjusted cardiovascular mortality

>4.0 Ref Ref Ref <0.54 Ref Ref Ref

<4.0 1.501 0.779 2.892 | 0.225 >0.54 3.783 1.038 | 13.390 | 0.044

Table 3. Hazard ratios for all-cause and cardiovascular mortality according to time-averaged serum

potassium levels and its fluctuation. *Adjustments included age at initiation of PD, gender, BMI, diabetes
status, CCI, hemoglobin, serum albumin and Hs-CRP. t-SP, time-averaged serum potassium (mEq/L). HR,
hazard ratio; SD, standard deviation. The median of SD in patients with t-SP > 4.0 mEq/L was 0.54 mEq/L.

Association of mortality and time-averaged serum potassium fluctuation. Patients were cat-
egorized into four groups according to the quartiles (Q) of SD of time-averaged serum potassium: Q1:
<0.39mEq/L; Q2: 0.39mEq/L to <0.52mEq/L; Q3: 0.52mEq/L to <0.69mEq/L; Q4: >0.69mEq/L.
Table 4 showed baseline characteristics of the 4 groups. There was no significantly difference of most
clinical characteristics between groups. Kaplan-Meier survival curves and adjusted HR were pre-
sented in Figs 2 and 3. Our data indicated that patients with higher SD exhibited significantly poorer
all-cause (p=0.016) and cardiovascular mortality (p = 0.041), compared to those with relatively low SD.
Interestingly, patients from Q3 group rather than Q4 group demonstrated the highest death risk. Patients
from Q2 group also exhibited a tendency of high death risk, although the difference was not significant,
all-cause (p=0.081, adjusted HR 1.914, 95%CI, 0.922—3.971) and cardiovascular mortality (p=0.134,
adjusted HR 2.172, 95% CI, 0.787—5.995). Table 5 displayed logistic regression analysis of risk factors
for increased serum potassium fluctuation (SD > 0.39 mEq/L) based on time-averaged serum potassium,
and these factors were used to adjust for all-cause and cardiovascular mortality in this study, which is
consistent with previous studies*®.

Association of mortality and serum potassium fluctuation in the patients with different range
of time-averaged serum potassium levels. Kaplan-Meier survival curves for mortality according
to time-averaged serum potassium fluctuation in different range of time-averaged serum potassium levels
were shown in Fig. 4. Among the patients with time-averaged serum potassium levels below 4.0 mEq/L,
there was no significant difference for both all-cause mortality (Fig. 4A) and cardiovascular mortality
(Fig. 4B), between the groups of different fluctuation indicating that the time-averaged serum potassium
level is more important to predict the death risk than its fluctuation in this population. In contrast,
among the patients with time-averaged serum potassium levels above 4.0mEq/L, patients with a larger
fluctuation seemed to face a greater risk of all-cause and cardiovascular mortality (Fig. 4C,D and Table 3).

Survival rate by time-averaged serum potassium and its fluctuation. As shown in Table 6,
the patients with time-averaged serum potassium >4.0 mEq/L exhibited a higher 5-year survival rate
compared to those <4.0mEq/L for both all-cause and cardiovascular mortality. Further more, among
the groups of time-averaged serum potassium >4.0mEq/L, the patients with serum potassium SD
<0.54mEq/L exhibited a higher 3-year and a 5-year survival rate for both all-cause and cardiovascular
mortality, compared to the those >0.54 mEq/L.

Discussion

In the present study, our data clearly demonstrated that time-averaged serum potassium was reliable
and comprehensive to evaluate the poor outcome of hypokalemia in PD patients. We found that it was
a low time-averaged serum potassium level rather than a low baseline of serum potassium level that was
associated with death risk. Importantly, among the patients with time-averaged serum potassium levels
below 4.0 mEq/L, a lower mean value was more important than its SD to predict death risk. In contrast,
the patients with time-averaged serum potassium levels above 4.0mEq/L, those with serum potassium
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Figure 1. Kaplan-Meier survival curves for mortality according to baseline and time-averaged

serum potassium. All-cause mortality (A) and cardiovascular mortality (B) based on baseline serum
potassium(mEq/L); (C,D). All-cause mortality and cardiovascular mortality based on time-averaged serum
potassium(mEq/L).

SD below 0.54mEq/L, exhibited a higher 3-year and 5-year survival rate for both all-cause and cardio-
vascular mortality than others.

Time-averaged serum potassium was obtained from all-time changes of serum potassium levels, and
was more comprehensive to reflect serum potassium level compared to the baseline serum potassium. It
has been reported that the incidence of hypokalemia is 10% to 60% in patients on PD when hypokalemia
is defined as serum potassium level of less than 3.5mEq/L or requirement of potassium supplement®*6-1°.
In the current study, we reported that 19.3% of Chinese PD patients presented time-averaged serum
potassium <3.5mEq/L and 24.4% patients presented baseline serum potassium <3.5mEq/L. Although
the incidence of hypokalemia were almost same, we reported a 59.4% incidence of time-averaged serum
potassium <4.0mEq/L, which is consistent with the previous large cohort study that PD patients were
significantly more likely to have time-averaged serum potassium <4.0mEq/L*. Patients with hypo-
kalemia exposed not only to the dialysate potassium loss but also the presence of other factors such as
inadequate dietary intakes and/or transcellular shifts and drug taking'!~"3. A high frequency monitoring
is helpful to find hypokalemia and give a potassium-supplement immediately, thus reduces the time to
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Variables Q1 (n=88) Q2 (n=95) Q3 (n=88) Q4 (n=86) p value
Eglqe/i"eraged serum potassium, 3.90+0.52 3.83+0.48 3.87+0.47 3.94+0.49 0.49
Female, n (%) 39 (44.3) 42 (44.2) 40 (45.4) 42 (48.8) 0.92
Age, years 4724137 483+15.7 51.9+15.1 533+15.0 0.02
BMI, kg/m? 22.6+3.0 225431 21.6+2.6 21.8+27 0.04
Etiology of ESRD
CGN, n (%) 46 (52.3) 38 (40.0) 36 (40.9) 39 (45.3)
DN, n (%) 10 (11.3) 18 (19.0) 17 (19.3) 9 (10.5)
HN, n (%) 19 (21.6) 23 (24.2) 20 (22.8) 21 (24.4) 067
Others, n (%) 13 (14.8) 16 (16.8) 15 (17.0) 17 (19.8)
Diabetes, n (%) 11 (12.5) 20 (21.1) 19 (21.6) 12 (14.0) 0.30
}flslflaf’tf &?EI@F at study 41 (46.6) 40 (42.1) 38 (43.2) 12 (48.8) 0.85
History of loop diuretic, n (%) 16 (18.2) 17 (17.9) 12 (13.6) 12 (14.6) 0.75
CCI, score 327+ 1.34 339+ 1.50 4.03+1.76 3.95+ 1.61 0.001
SBP, mmHg 139.819.3 14434157 14454159 141.1+12.7 0.14
DBP, mmHg 81.9+10.9 8124143 83.6+124 82.7+10.1 0.64
Hemoglobin, g/dL 104+14 102413 101+1.5 102+ 14 0.72
Albumin, g/L 37.6+4.7 35.6+4.9 35.1+4.9 357448 0.01
Hs-CRP, mg/L 1.76 (0.58-3.25) 1.89 (0.68-3.48) 239 (1.05-3.88) 2.28 (1.01-3.54) 033
rGFR, ml/min/1.73 m? 2.55 (0.96-4.52) 2.18 (0.93-4.16) 2.68 (1.12-4.62) 2.45(0.98-4.28) 0.39
FBG, mg/dL 95.8+41.0 101.9+ 40.0 102.1 4+ 44.9 101.5+42.8 0.59
Total Kt/V,,, score 2.27+0.56 2204053 2.10+0.62 2214051 0.77
WCCr, L/w/1.73m? 69.4+28.0 73.1+29.1 65.1+27.6 66.6+21.9 0.34
Net UE, ml/day 380 (150-580) 400 (200-610) 460 (200-650) 530 (220-700) 022
Urine output, ml/day 655 (355-910) 580 (360-830) 620 (390-870) 560 (330-780) 0.32
D/P Cr 0.72+0.12 0.72+0.13 0.71+0.13 0.68+0.12 021
PDV/BSA, L/m?/day 4.73+0.64 4.90+0.71 476+0.78 4.86+0.77 041

Table 4. Patient baseline data by quartiles of standard deviation. Data expressed by mean + standard
deviation, number (percent), or median (interquartile range) and p value. Q1: < 0.39mEq/L; Q2: 0.39mEq/L
to <0.52mEq/L; Q3: 0.52mEq/L to <0.69mEq/L; Q4: >0.69 mEq/L. Conversion factors for units: albumin
and hemoglobin in g/dL to g/L x 10. FBG in mg/dL to mol/L x 0.05551. No conversion necessary for serum
potassium in mEq/L and mmol/L. ESRD, end stage renal disease; CGN, chronic glomerulonephritis; DN,
diabetic nephropathy; HN, hypertensive nephrosclerosis; ACEI, angiotensin-converting enzyme inhibitors;
ARB, angiotensin II receptor blockades; CCI, Charlson Comorbidity Index; BMI, body mass index; SBP,
systolic blood pressure; DBP, diastolic blood pressure; Hs-CRP, high-sensitivity C-reactive protein; FBG, fast
blood glucose; rGFR, residual glomerular filtration rate; WCCr, total weekly creatinine clearance; Net UF,
net ultrafiltration; D/P Cr, dialysate-to-plasma ratio of creatinine; PDV/BSA, peritoneal dialysis volume per
unit of body surface area.

expose to such a condition. In the current study, we found that time-averaged serum potassium levels,
rather than baseline serum potassium levels, associated with PD patient’s survival.

Although hypokalemia is usually defined as serum potassium level of less than 3.5mEq/L, serum
potassium levels of 3.5 to <4.0mEq/L was associated with a higher death risk compared with serum
potassium levels of 4.0 to <4.5mEq/L. A U-shaped relationship between time-averaged serum potas-
sium and all-cause and cardiovascular mortality in PD-treated patients had been demonstrated, further
more, the population-attributable risk for deaths with serum potassium <4.0 mEq/L was almost two-fold
higher than seen with levels >5.5mEq/L in PD patients*. Therefore, we evaluated the death risk of
time-averaged serum potassium based on the cut-point of 4.0mEq/L in present study.

Serum potassium abnormalities most prominently affect the cardiovascular system and have been
implicated in many aspects of cardiovascular disease including atrial fibrillation, stroke, heart attack,
hypertension, sudden cardiac death'* as well as other risk factors'>"'8, and many studies focused on the
death risk of serum potassium levels rather than its fluctuation. Our study displayed that a lower mean
value was more important than its SD to predict death risk in the patients with time-averaged serum
potassium levels below 4.0 mEq/L. However, among the patients with time-averaged serum potassium
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Figure 2. Kaplan-Meier survival curves for mortality according to time- averaged serum potassium
fluctuation All-cause mortality (A); Cardiovascular mortality (B). Patients were categorized into

four groups according to quartiles (Q) of standard deviation of time-averaged serum potassium: Q1:
<0.39mEq/L; Q2: 0.39mEq/L to <0.52mEq/L; Q3: 0.52mEq/L to <0.69mEq/L; Q4: >0.69 mEq/L. There
was no difference of the levels of time-averaged serum potassium among the 4 SD groups (p = 0.49, Table 4).

95% CI P
All-cause mortality
Q1 ® 1.0(Reference)
Q2 Te— 1.914(0.922,3.971) 0.081
Q3 — 2.567(1.261,5.226) 0.009
Q4 —&— 2.050(1.010,4.159) 0.047
Cardiovascular mortality
A ® 1.0(Reference)
Q2 T——— 2.172(0.787, 5.995) 0.134
Q3 ® 3.248(1.224,8.620) 0.018
Q4 — 2.647(1.006,6.964) 0.049

T
01 2 4 6 8 10
Hazard ratio

Figure 3. Hazard ratios for all-cause and cardiovascular mortality according to time-averaged serum
potassium fluctuation. Q1: <0.39mEq/L; Q2: 0.39mEq/L to <0.52mEq/L; Q3: 0.52mEq/L to <0.69 mEq/L;
Q4: >0.69mEq/L.

levels above 4.0 mEq/L, the patients with serum potassium SD <0.54 mEq/L exhibited a higher 3-year and
a 5-year survival rate for both all-cause and cardiovascular mortality, compared to those >0.54mEq/L.
Consistently, patients with a relative stable time-averaged serum potassium level appeared to have a
pronouncedly better survival, an excessive fluctuation in time-averaged serum potassium was associated
with significantly increased all-cause (p=0.016) and cardiovascular mortality (p=0.041), which was
independent of the time-averaged serum potassium levels. A recently single-center study of Chinese
patients demonstrated a higher risk for all-cause mortality and cardiovascular mortality in PD patients
with fluctuation of serum potassium®, but, only the first year’s fluctuation was analyzed. Thus, our find-
ings build up on and extend those from the previous report. In our study, it was the moderate increased
SD that was associated with the highest death risk, indicating that a dangerous range of SD based on
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Univariate Multivariate

Risk factors OR 95% CI p value OR 95% CI p value
Male 0.931 (0.574-1.510) 0.771

Age 1.017 (1.001-1.033) 0.041 0.909 (0.844-0.979) 0.012
BMI 0.906 (0.843-0.974) 0.007

Diabetes status 1.694 (0.818-3.510) 0.156

CCI 1.245 (1.053-1.472) 0.010 1.223 (1.025-1.460) 0.026
Albumin 0.924 (0.876-0.974) 0.003

Hemoglobin 0.998 (0.987-1.010) 0.785 0.940 (0.891-0.993) 0.026
Hs-CRP 0.702 (0.397-1.242) 0.224

Table 5. Logistic regression analysis of risk factors for increased serum potassium fluctuation (standard
deviation >0.39mEq/L). Data expressed by OR, 95% CI and p value. OR, odds ratio; CI, confidence
interval; BMI, body mass index; CCI, Charlson comorbidity index; Hs-CRP, high-sensitivity C-reactive
protein.

time-averaged serum potassium were associated with significant death risk, and both time-averaged
serum potassium and its fluctuation contributed disproportionately to the high death risk in PD patients.

Previous studies reported that hypokalemia was outward manifestation of hypoalbuminemia and mal-
nutrition?-**'°, which are the key important factors for the long-term patient survival>?*-22, Time-averaged
serum potassium level is a more meaningful parameter to evaluate the nutritional status from this stand-
point. Our study showed nutritive indexes including BMI and albumin among different SD groups had
significant difference (p=0.04, p=0.01 respectively), and multivariate logistic regression showed that
both BMI and albumin were independent factors associated with serum potassium fluctuation. So our
findings emphasized the importance of time-averaged serum potassium associated with its fluctuation
as a nutritional marker as well as potential predictor of outcome. Importantly, hypokalemia is also a sur-
rogate marker of severe comorbid illness®, which is associated with high risk of death in PD patients®.
Consistent with this opinions, we found that there were significant differences of CCI between different
SD groups (p=0.001), and CCI was an independent factor associated with serum potassium fluctuation.

The benefit of potassium supplementation in hypokalemic patients has not been established. Our data
suggested that it seemed prudent for nephrologists to monitor serum potassium level frequently and keep
potassium homeostasis stable to reduce the fluctuation of serum potassium in patients on peritoneal
dialysis. Monitoring serum potassium every month is effective to find the patients with serum potassium
abnormalities timely during the course of PD modality.

Nonetheless, our study has several limitations. First, this retrospective study included only two PD
centers from one district in China, and the sample size is small. Thus, the selection bias would be inev-
itable, and when we evaluated the association between serum potassium fluctuation and mortality, only
4.0% of patients had time-averaged serum potassium >5.0mEq/L, which is lower than previous report*.
Second, although we are certain that a low time-averaged serum potassium level and an excessive fluc-
tuation was the indicator of poor prognosis, it may be a surrogate marker of an underlying cause of
excess mortality, as we previous discussed. Third, factors affecting serum potassium levels, such as dietary
intake, loss via dialysate and urine, were not examined in the present study.

In conclusion, our study demonstrates for the first time that both time-averaged serum potassium
and its excessive fluctuation contributed disproportionately to the high death risk in PD patients. Our
findings emphasize the importance of time-averaged serum potassium which was obtained with high fre-
quent monitoring and was crucial to keep potassium homeostasis stable during all time of PD-treatment.

Methods

Patients and study design. A total of 475 incident CAPD patients with 18 years or older
(18-81 years) and being treated with PD at Guangdong General Hospital, the Peritoneal Dialysis Quality
Control Center of Guangdong Province, and Zhujiang Hospital of Southern Medical University from
January 1, 2007 to October 31, 2012 with follow-up through October 2014 were studied. All patients were
treated with Dianeal solution which does not contain potassium (Baxter China Ltd., Guangzhou, China).
Patients were categorized according to baseline serum potassium levels (<4.0mEq/L, >4.0mEq/L) and
time-averaged serum potassium levels (<4.0mEq/L, >4.0mEq/L) to examine the association between
serum potassium and all-cause and cardiovascular mortality. For each patient the baseline data was
defined as the average of all repeated measures done during the first 3 months®. Patients surviving more
than 6 months with at least 3 check-ups for serum potassium were selected to investigate the relation
of serum potassium variability and mortality, similar to the previous reports®. The maximum number
of repeated measurement of serum potassium was 24, with an average follow-up time of 36.9+17.6
months. The time-averaged serum potassium was obtained for up to 24 calendar quarters to calculate the
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Figure 4. Kaplan-Meier survival curves for mortality according to standard deviation in different
range of time-averaged serum potassium levels. All-cause mortality (A) and cardiovascular mortality (B)
based on potassium fluctuation in patients with time-averaged serum <4.0mEq/L. The median of SD was
0.50mEq/L, and there was no difference of the levels of time-averaged serum potassium between the 2 SD
groups (p = 0.88); All-cause mortality (C) and cardiovascular mortality (D) based on potassium fluctuation
in patients with time-averaged serum >4.0mEq/L. The median of SD was 0.54mEq/L, and there was no

difference of the levels of time-averaged serum potassium between the 2 SD groups (p = 0.66).

time-averaged serum potassium. We excluded 37 patients who commenced PD for less than 6 months,
because one third of all PD fajlures and 40% of all technique failures may occur within the first 6
months*. We also excluded another 81 patients due to following reasons: transferring to hemodialysis
(HD) (n=133), renal transplantation (n=28), and less than three times measurement of serum potas-
sium levels (n=20). The reason for participants censored at the time of transferring to HD modal-
ity or renal transplantation is because that the risk with low time-averaged serum potassium levels
decreased to nonsignificant level, whereas the risk with higher serum potassium levels persisted?. 357
of 475 patients were included in this analysis, including 193 patients in Zhujiang Hospital of Southern
Medical University. Serum potassium fluctuation was expressed as the SD of time-averaged serum

SCIENTIFIC REPORTS | 5:15743 | DOI: 10.1038/srep15743

8



www.nature.com/scientificreports/

t-SP>4.0
t-SP<4.0 (n=212) | tSP>4.0(n=145) | pvalue | SD<0.54 (n=73) ‘ SD>0.54 (n=72) | p value

Overall survival rate

1 year 0.947 (0.916-0.978) 0.972 (0.945-0.999) 0.262 0.986 (0.959-1.000) 0.958 (0.911-1.000) 0.306

3 years 0.743 (0.678-0.808) 0.880 (0.825-0.935) 0.010 0.942 (0.887-0.997) 0.819 (0.725-0.913) 0.034

5 years 0.516 (0.404-0.628) | 0.776 (0.682 — 0.870) | 0.001 0.863 (0.745-0.981) 0.701 (0.566-0.836) 0.018
Cardiovascular survival rate

1 year 0.980 (0.960-1.000) 0.979 (0.955-1.000) 0.915 0.986 (0.959-1.000) 0.971 (0.932-1.000 ) 0.549

3 years 0.849 (0.792-0.906) 0.923 (0.876-0.970) 0.122 0.972 (0.933-1.000) 0.873 (0.789-0.957) 0.047

5 years 0.656 (0.536-0.776) 0.844 (0.756-0.932) 0.028 0.923 (0.823-1.000) 0.771 (0.640-0.902) 0.019

Table 6. Survival rate for peritoneal dialysis patients by time-averaged serum potassium and its
fluctuation. Data expressed by rate (95% CI) and p value. t-SP, time-averaged serum potassium (mEq/L);
SD, standard deviation (mEq/L).

potassium. Patients were categorized to four groups according to quartiles (Q) of standard deviation:
QI: <0.39mEq/L; Q2: 0.39mEq/L to <0.52mEq/L; Q3: 0.52mEq/L to <0.69mEq/L; Q4: >0.69 mEq/L.
This study was approved as exempt from informed consent by Medical Ethics Committee of Zhujiang
Hospital of Southern Medical University and Guangdong General Hospital, Guangdong Academy of
Medical Science respectively. The methods in this study were in accordance with the guidelines of
Medical Ethics Committee of the 2 institutions.

Demographic and clinical data. All data were obtained at the time of PD initiation, including
demographic details, etiology of end-stage renal disease (ESRD), presence of diabetes, and comorbidity
score. Comorbidity was measured using the modified CCI?. Baseline biochemical data, a standard peri-
toneal equilibration test (PET) and Kt/V was evaluated in the first 3 months of PD therapy, as previous
described®. Urine and ultrafiltration volumes during Kt/V test?, peritoneal transport status (D/PCr),
and adequacy of dialysis [total Kt/V,,., and total weekly creatinine clearance (WCCr)] were measured
using PD Adequest software (Baxter Healthcare Corporation, Chicago, 1L, USA). Residual glomerular
filtration rate (rGFR) was calculated as the average of 24-hour urinary urea and creatinine clearance”.
Daily exchange volume of peritoneal dialysate was defined as peritoneal dialysis volume per unit of body
surface area (PDV/BSA)® during the first 3 months of PD treatment. All biochemical and hematological
tests were measured in the biochemical laboratory of Zhujiang Hospital of Southern Medical University
and Guangdong General Hospital, Guangdong Academy of Medical science. Clinical Test Center of
Ministry of Health, China and Clinical Test Center of Guangdong Province are responsible for quality
control (External Quality Assessment, EQA) including test of serum potassium in the two centers, three
times a year (March, June and September), two times a year (April and August) respectively.

Detection and management of hypokalemia and hyperkalemia. All patients were follow-up
every 3 months with serum potassium measured at each visit, and additional measurement would be
determined according to patients’ condition (including vomiting, diarrhea, peritonitis or hospitaliza-
tion). Serum potassium was measured using an ion-sensitive electrode. Hypokalemia (serum potassium
<3.5mEq/L) or hyperkalemia was informed to the clinics urgently for immediate recheck or treatment.
The target of serum potassium level was 3.5 to 5.5mEq/L. Patients were instructed to have a renal diet
low in phosphorus. Patients with normal level of serum potassium did not receive potassium supple-
ment. Patients with hypokalemia were given oral, intravenous, or intraperitoneal potassium supplement
according to the serum potassium levels. Patients with serum potassium levels of 3.0 to 3.5mEq/L, 2.5
to 3.0mEq/L, and less than 2.5mEq/L were given oral potassium chloride extended release formula-
tion, oral potassium chloride combined with intraperitoneal potassium supplement via dialysate, and
intravenous potassium supplement, respectively. For patients with a potassium level >5.5mEq/L, high
potassium diet and hyperkalemia generating drugs (angiotensin converting enzyme inhibitors, angio-
tension receptor antagonists, and potassium-sparing diuretics) would be stopped immediately, conven-
tional potassium reduction method (including furosemide, 50% glucose plus insulin, sodium bicarbonate
or intravenous calcium supplement) was given. Intermittent peritoneal dialysis (IPD) or HD (only 1
patient) was used to remove extra potassium if necessary. Serum potassium levels were then monitored
closely and maintained in the normal range (serum potassium concentration of 3.5 to <5.5mEq/L).
Intervention of serum potassium was within a short time by medical routine (about 1—7 days). And
serum potassium level was the clinical manifestation of the actual condition of each visit.

Outcomes. Primary outcomes were all-cause mortality and cardiovascular mortality. Cardiovascular
mortality was defined as death from acute heart failure, myocardial infarction, fatal arrhythmia, stroke,
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peripheral artery disease?®?, or sudden death. Survival was defined as the time from enrollment to death

or administrative censoring (i.e. transfer to other dialysis centers, loss to follow-up, or end of the study
period) at October 31, 2014.

Statistical Analyses. Results are expressed as mean =+ SD unless otherwise specified. Comparisons
between parameters were performed using ANOVA, Kruskal-Wallis H test, or Chi-Square test, as appro-
priate. Survival analyses were performed to assess associations of baseline, time-averaged serum potas-
sium levels and standard deviation levels with all-cause mortality and cardiovascular mortality, with the
category of lowest death risk group as the reference. The Cox models were constructed by adjusted for
age, gender, BMI, diabetic status, CCI, hemoglobin, serum albumin level, and high-sensitivity reactive
protein (Hs-CRP), because these parameters were related to serum potassium levels and/or significantly
associated with mortality in univariate Cox proportional hazard regression analyses in previous studies*®,
or with risk of increased serum potassium fluctuation in univariate or multivariate logistic regression
analyses in this study. The prognostic significance of time-averaged serum potassium and its fluctua-
tion was determined by means of Kaplan-Meier survival curve and Cox proportional hazards regression
model. All statistical analyses were performed using the SPSS version 16.0 (SPSS Inc., Chicago, IL, USA).
A p-value < 0.05 was considered statistically significant.
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