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Abstract
Objective Chronic pre-dialysis hyponatremia is not rare in maintenance hemodialysis (MHD) patients. However, the asso-
ciation between chronic pre-dialysis hyponatremia and mortality is uncertain due to multiple potential confounders such as 
hyperglycemia, fluid overload, and malnutrition. This study aimed to more comprehensively evaluate the association between 
chronic pre-dialysis hyponatremia and clinical outcomes in MHD patients.
Methods We analyzed the data of 194 MHD patients with regular real-time measurements of pre-dialysis serum sodium 
from July 2015 to March 2021. Hyponatremia was defined as SNa ≤ 135 mmol/L and normonatremia as SNa > 135 mmol/L 
and < 145 mmol/L. We evaluated the association of baseline pre-dialysis serum sodium (SNa) and time-averaged SNa 
(TASNa) levels with all-cause mortality or new major adverse cardiovascular events (MACE) in MHD patients. Furthermore, 
the SNa levels were glucose, serum albumin, and fluid overload adjusted. The associations between SNa levels and all-cause 
mortality or new MACE were analyzed using time-varying Cox regression models.
Results Among the total of 194 patients, 24 patients died and 45 new MACE occurred during a mean 35.2-month follow-up 
period. The baseline pre-dialysis SNa level was 137.1 ± 2.8 mmol/L (127–144 mmol/L). Kaplan–Meier survival analysis 
showed that there were no significant differences in all-cause mortality or new MACE between hyponatremia and nor-
monatremia groups according to baseline pre-dialysis SNa or glucose-corrected SNa (gcSNa). The mean values of both 
TASNa and time-averaged glucose-corrected SNa (TAgcSNa) were 136.9 ± 2.4 mmol/L and 138.3 ± 2.0 mmol/L, respectively. 
Kaplan–Meier survival analysis showed that patients with pre-dialysis hyponatremia had higher all-cause mortality or new 
MACE compared with normonatremia patients whether grouped on TASNa or TAgcSNa. Cox models showed an increased 
risk of all‐cause mortality and new MACE in MHD patients with pre-dialysis hyponatremia based on TASNa or TAgcSNa. 
Even after full adjustment including time-dependent age and dialysis vintage, gender, diabetes, time-averaged weight gain 
(TAWG), and serum albumin, patients with pre-dialysis hyponatremia based on TASNa (HR 2.89; 95% CI 1.18–7.04; model 
3) or TAgcSNa (HR 5.03; 95% CI 1.87–13.57; model 3) had approximately twofold or fourfold greater risk of all-cause 
mortality, respectively, compared with those with normonatremia. The risk of new MACE was also significantly elevated in 
patients with pre-dialysis hyponatremia based on TASNa (HR 3.86; 95% CI 2.13–7.01; model 1) or TAgcSNa (HR 2.43; 95% 
CI 1.14–5.15; model 1). After adjustment for time-dependent age and dialysis vintage, gender, diabetes, TAWG, and serum 
albumin, patients with pre-dialysis hyponatremia based on TASNa (HR 2.33; 95% CI 1.16–4.68; model 3) had a higher risk 
of new MACE compared with those with normonatremia.
Conclusions Pre-dialysis time-averaged hyponatremia is independently associated with increased risks of all-cause mortality 
or new MACE in MHD patients. The baseline SNa level is not a predictor of clinical outcomes due to its variation over time. 
Hyperglycemia, fluid overload, and malnutrition do not have a significant impact on the risk association between chronic 
hyponatremia and all-cause mortality or new MACE in MHD patients.
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Introduction

Hyponatremia is one of the most prevalent electrolyte 
abnormalities in maintenance hemodialysis (MHD) 
patients, with a prevalence of 6–29%, much higher than the 
general population [1–7]. MHD patients experience unique 
pathophysiology involving fluctuations of fluid status, mal-
nutrition, and imbalance of sodium ingestion and excre-
tion, and are more susceptible to hyponatremia [6, 8]. In 
addition, hyperglycemia in diabetic hemodialysis patients 
can cause intracellular electrolyte-free water to metastases 
outside the cell and promote hyponatremia [9, 10]. Other 
than acute hyponatremia, it has been revealed that chronic 
hyponatremia may have several unfavorable impacts on 
dialysis patients. Some reports showed that hyponatremia 
was a predictor of cardiovascular mortality and morbidity 
in patients with heart failure, myocardial infarction, and 
stroke [11–13]. A study of 441 incident peritoneal dialy-
sis patients found that patients with lower serum sodium 
(SNa) had a higher risk of new fatal or non-fatal cardio-
vascular events [14]. Cognitive impairment has a high 
prevalence in dialysis patients and may be associated with 
chronic hyponatremia [15]. A recent study in peritoneal 
dialysis patients demonstrated that hyponatremia was inde-
pendently correlated to worse global cognitive function 
and executive function, which may partly be responsible 
for disequilibrium and gait abnormalities [16]. It has been 
shown that hyponatremia could stimulate inflammation by 
mucosal barrier breakdown through cellular edema and 

was an independent predictor of a higher risk of infection 
leading to hospitalization in MHD patients [6, 17].

Several previous studies have found that hyponatremia 
was associated with an increased death risk in MHD patients 
[1, 3, 5, 18]. However, the impact of low SNa on clinical 
outcomes is complex. Multiple confounding factors such as 
fluid overload, malnutrition, and hyperglycemia, can contrib-
ute to hyponatremia and is likewise independently related 
to mortality. Therefore, we attempted to more comprehen-
sively evaluate the association of pre-dialysis SNa including 
baseline SNa and TASNa levels with clinical outcomes of 
all-cause mortality and new major adverse cardiovascular 
events (MACE) with adjustment for confounding factors in 
MHD patients.

Materials and methods

Data sources

We conducted a single-center retrospective cohort study. 
A total of 639 patients undergoing MHD in Peking Uni-
versity International Hospital from July 2015 to March 
2021 were selected, and 194 were finally included in the 
study. Criteria for selecting the subjects were as follows: ① 
chronic renal failure with age > 18 years old; ② dialysis vin-
tage > 6 months; ③ undergoing thrice-weekly hemodialysis 
across the entire study duration; ④ measurements of labora-
tory data carried out regularly every 1–3 months. Exclu-
sion criteria were as follows: ① hemodialysis combined 
with peritoneal dialysis; ② cancer in an advanced stage. The 

Fig. 1  Flow diagram show-
ing the enrollment of patients. 
ESRD, end-stage renal disease



3223International Urology and Nephrology (2022) 54:3221–3232 

1 3

flow diagram of patients enrollment in the study is shown in 
Fig. 1. A dialysate sodium prescription of 138 mmol/L was 
used as a conventional practice in our center. All patients 
were treated with high-flux dialysis. The study was approved 
by the Ethics Committee of Peking University International 
Hospital [2021-055 (BMR)]. An exemption of informed 
consent was obtained because of the retrospective nature 
of the study.

Laboratory data

All blood samples were taken before the start of hemodialy-
sis sessions every 1–3 months. The time-averaged values 
were defined as the mean of measurements from the baseline 
to the end of follow-up.

SNa and glucose‑corrected SNa (gcSNa)

SNa was measured using an indirect ion-selective elec-
trode method by the Beckman AU5811 analyzer (Beck-
man Coulter Inc., USA) in our hospital center laboratory. 
Hyponatremia was defined as SNa ≤ 135 mmol/L and nor-
monatremia as SNa > 135 mmol/L and < 145 mmol/L. When 
measured serum glucose was more than 5.5 mmol/ L, SNa 
value was corrected with the paired serum glucose value 
followed as the formula: gcSNa = SNa (mmol/ L) + 1.6 ✕ 
[18 ✕ serum glucose (mmol/ L) − 100]/100 [9].

Time‑averaged weight gain (TAWG)

Interdialytic weight gain (IDWG) has been much used to 
assess fluid overload in MHD patients, but it was signifi-
cantly different due to the length of dialysis interval. To 
more accurately reflect chronic exposure to fluid overload, 
the term TAWG was adopted in this study. TAWG was calcu-
lated by the area under the curve of IDWG over the follow-
up period [19].

Outcomes of patients

Comorbidities and outcomes of patients were obtained from 
the electronic medical record. The outcomes of patients 
included all-cause mortality and new MACE. MACE was 
defined as a composite end-point of non-fatal myocar-
dial infarction, heart failure, non-fatal stroke, or all-cause 
mortality.

Statistical analysis

Continuous variables were expressed as mean ± standard 
deviation or median with range (minimum and maximum), 
and differences between the two groups were tested with 
an independent sample t test. Categorical variables were 

expressed as n (%), and the Chi-square test was used for 
comparison between the two groups. Unadjusted analyses of 
the association between hyponatremia and individual covari-
ates were estimated by logistic regression models.

Based on SNa, gcSNa, TASNa, and TAgcSNa, the 
patients were divided into hyponatremia and normonatremia 
groups, respectively. Kaplan–Meier curves were generated to 
analyze patients' all-cause mortality and MACE in the two 
groups. Univariate survival analysis was carried out using 
the log-rank test.

Time-varying Cox proportional hazards models using the 
conditional stepwise forward procedure were applied to ana-
lyze the risk association between TASNa or TAgcSNa and 
clinical outcomes, and 3 different models were constructed. 
Model 1: unadjusted; Model 2: adjusted for diabetes; Model 
3: adjusted for diabetes plus time-dependent age and dialysis 
vintage, gender, TAWG, and serum albumin.

All statistical analyses were performed using IBM SPSS 
Statistics version 25. Statistical significance was considered 
at P < 0.05.

Results

Basic characteristics

The enrolled patients had a mean age of 59.4 ± 14.3 years, 
dialysis vintage of 5.6 ± 4.1 years, and follow-up time of 
35.2 ± 17.2  months. A total of 194 patients completed 
6,328 pre-dialysis laboratory tests. The median number of 
serum sodium tests available was 34 (4, 63) per patient. The 
baseline pre-dialysis SNa level was 137.1 ± 2.8 mmol/L 
(127–144  mmol/L). Among these patients, 51 (26.3%) 
had hyponatremia and 143 (73.7%) had normonatremia. 
No patients' pre-dialysis SNa levels were more than 
145 mmol/L. Demographical, clinical, and baseline labora-
tory data in hyponatremia and normonatremia groups based 
on SNa or gcSNa are shown in Table 1.

Of enrolled 194 dialysis patients, complete data were 
available for 173 patients (89.2%) and 21 patients (10.8%) 
had partially missing data because they were transferred to 
other dialysis centers. For these patients, we performed tel-
ephone follow-ups to acquire information about survival and 
new MACE. The missing number of laboratory tests was 
166 accounting for 2.6% of the total 6,328 laboratory tests.

Survival analyses based on baseline SNa or gcSNa

Among194 patients, 24 patients died and 45 new MACE 
occurred during a mean 35.2-month follow-up period. 
Kaplan–Meier survival analysis showed that there were 
no significant differences in survival rates between 
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hyponatremia and normonatremia groups according to 
baseline pre-dialysis SNa (Log-rank test, P = 0.107)or 
gcSNa (Log-rank test, P = 0.719). Meanwhile, there were 
no significant differences in new MACE between hypona-
tremia and normonatremia groups according to baseline 
SNa (Log-rank test, P = 0.082)or gcSNa (Log-rank test, 
P = 0.915).

Survival analyses based on TASNa or TAgcSNa

The mean values of both TASNa and TAgcSNa were 
136.9 ± 2.4 mmol/L and 138.3 ± 2.0 mmol/L, respectively. 
All values were less than 145 mmol/L. Demographical, clini-
cal, and laboratory data in hyponatremia and normonatremia 
groups based on TASNa or TAgcSNa are shown in Table 2. 

Table 1  Characteristics in patients as grouped based on the baseline of SNa or gcSNa

AVA arteriovenous access including arteriovenous fistula and arteriovenous graft, TAWG  time-averaged weight gain, SBP systolic blood pressure, 
DBP diastolic blood pressure, CVD cardiovascular disease, TASNa time-averaged serum sodium, TAgcSNa time-averaged glucose-corrected 
serum sodium, GLU glucose, ALB albumin, CRP C-reactive protein, CRE creatinine, UA uric acid, CA calcium, P phosphate, ALP alkaline 
phosphatase, PTH parathyroid hormone, K potassium, CL chloride, GOT glutamic oxaloacetic transaminase, CO2CP carbon dioxide combining 
power, HCY homocysteine, TG triglyceride, CH Cholesterol, β2-MG β2-microglobulin, HB hemoglobin

Overall SNa gcSNa

Hyponatremia Normonatremia P Hyponatremia Normonatremia P

N (%) 194 51 (26.3%) 143 (73.7%) – 30 (15.5%) 164 (84.5%) –
Age (years) 59.4 ± 14.3 61.5 ± 14.2 58.6 ± 14.3 0.221 61.1 ± 15.6 59.1 ± 14.2 0.466
Male 63.9% 64.7% 63.6% 1.000 63.3% 64% 1.000
Vintage (years) 5.6 ± 4.1 6.1 ± 3.8 5.4 ± 4.2 0.280 6.7 ± 4.3 5.4 ± 4.1 0.129
AVA 92.3% 92.2% 92.3% 1.000 90% 92.7% 0.708
Follow-up (months) 35.2 ± 17.2 40 ± 18.5 33.6 ± 16.5 0.022 40.7 ± 18.9 34.3 ± 16.8 0.061
TAWG (kg) 2.1 ± 1.0 2.3 ± 1.1 2.0 ± 1.0 0.056 2.5 ± 1.1 2.0 ± 1.0 0.030
SBP (mmHg) 142.9 ± 15.9 145.5 ± 14.7 142.0 ± 16.4 0.178 142.6 ± 13.7 142.9 ± 16.4 0.919
DBP (mmHg) 80.9 ± 11.4 78.2 ± 11.0 81.9 ± 11.4 0.046 78.3 ± 9.9 81.4 ± 11.6 0.172
Comorbidities
 Diabetes 38.7% 47.1% 35.7% 0.181 30% 40.2% 0.316
 CVD 17.0% 17.6% 16.8% 1.000 6.7% 18.9% 0.119

Laboratory tests
 SNa (mmol/L) 137.1 ± 2.8 133.4 ± 1.9 138.4 ± 1.8 < 0.001 – – –
 gcSNa (mmol/L) 138.2 ± 2.8 – – – 133.5 ± 1.7 139.1 ± 1.9 < 0.001
 GLU (mmol/L) 8.7 ± 4.0 10.4 ± 6.0 8.1 ± 2.8 0.011 7.4 ± 3.1 8.9 ± 4.1 0.048
 ALB (g/L) 37.6 ± 4.6 37.4 ± 4.4 37.6 ± 4.7 0.792 37.4 ± 4.8 37.6 ± 4.6 0.854
 CRP (mg/L) 9.0 ± 15.9 11.7 ± 21.9 8.1 ± 13.2 0.267 14.3 ± 25.6 8.0 ± 13.4 0.200
 CRE (µmol/L) 825.8 ± 311 804.9 ± 314.9 833.2 ± 310.4 0.579 828.5 ± 360.4 825.3 ± 302.4 0.958
 Urea (mmol/L) 24.0 ± 7.5 25.9 ± 9 23.2 ± 6.7 0.027 25.3 ± 9.91 23.7 ± 6.95 0.290
 UA (µmol/L) 434.9 ± 105.9 454.3 ± 135.7 428.1 ± 92.5 0.207 463.6 ± 162.7 429.7 ± 91.6 0.276
 CA (mmol/L) 2.17 ± 0.21 2.16 ± 0.23 2.17 ± 0.19 0.883 2.17 ± 0.25 2.17 ± 0.20 0.909
 P (mmol/L) 1.74 ± 0.61 1.76 ± 0.65 1.74 ± 0.59 0.850 1.74 ± 0.72 1.74 ± 0.59 0.956
 ALP (U/L) 92.4 ± 34.4 93.5 ± 30.3 91.9 ± 35.8 0.777 91.9 ± 32.0 92.4 ± 34.9 0.940
 PTH (ng/ml) 304.2 ± 271.6 252.8 ± 184.1 322.6 ± 295.2 0.053 259.6 ± 178.4 312.4 ± 285.1 0.329
 K (mmol/L) 4.89 ± 0.83 5.09 ± 1.01 4.81 ± 0.74 0.073 5.00 ± 0.98 4.86 ± 0.80 0.288
 CL (mmol/L) 101.0 ± 4.2 97.8 ± 2.9 102.2 ± 4.0 < 0.001 96.7 ± 2.6 101.8 ± 3.9 < 0.001
 GOT (U/L) 14.9 ± 11.9 15.6 ± 12.0 14.7 ± 11.8 0.658 17.3 ± 14.7 14.5 ± 11.2 0.328
  CO2CP (mmol/L) 23.4 ± 3.7 22.5 ± 3.1 23.7 ± 3.8 0.043 23.1 ± 3.1 23.4 ± 3.8 0.624
 HCY (µmol/L) 30.2 ± 25.4 32.9 ± 25.6 29.3 ± 25.3 0.384 34.4 ± 29.5 29.5 ± 24.6 0.327
 TG (mmol/L) 2.10 ± 1.47 2.32 ± 1.54 2.03 ± 1.43 0.219 2.48 ± 1.76 2.03 ± 1.40 0.121
 CH (mmol/L) 3.99 ± 0.87 4.1 ± 0.92 3.9 ± 0.85 0.465 4.17 ± 0.99 3.95 ± 0.85 0.205
 β2-MG (mg/L) 27.4 ± 11.6 25.9 ± 7.7 27.9 ± 12.6 0.189 27.1 ± 8.2 27.4 ± 12.1 0.885
 spKt/V 1.46 ± 0.3 1.45 ± 0.26 1.46 ± 0.31 0.795 1.4 ± 0.27 1.47 ± 0.31 0.248
 HB (g/L) 99.9 ± 19.5 104.9 ± 19.9 98.1 ± 19.1 0.03 101.4 ± 22.2 99.8 ± 19.1 0.634
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A logistic regression analysis revealed that the patients with 
hyponatremia based on TASNa more likely to be female 
[OR 3.25 (95% CI 1.25–8.46), P = 0.016], and to have higher 
serum glucose [OR 1.39 (95% CI 1.24–1.56), P < 0.001], 
higher SBP [OR 1.06 (95% CI 1.02–1.10), P = 0.001] and 
higher CRP [OR1.09 (95% CI 1.04–1.15), P < 0.001]. Unad-
justed Kaplan–Meier survival analysis showed that patients 
with hyponatremia had higher all-cause mortality com-
pared with patients with normonatremia whether grouped 
on TASNa (Fig. 2A) or TAgcSNa (Fig. 2B). Meanwhile, 
patients with hyponatremia had higher new MACE com-
pared with normonatremia patients whether grouped on 
TASNa (Fig. 3A) or TAgcSNa (Fig. 3B).

Time-varying Cox proportional hazard models showed 
worse outcomes in patients with hyponatremia based 
on TASNa or TAgcSNa (Table  3). Pearson correlation 
between partial residuals of variables and survival time 

were performed, age and dialysis vintage were considered 
as time-dependent variables in our study. After adjustment 
for time-dependent age and dialysis vintage, gender, diabe-
tes, TAWG, and serum albumin, patients with hyponatremia 
based on TASNa (HR 2.89; 95% CI 1.18–7.04; model 3) 
or TAgcSNa (HR 5.03; 95% CI 1.87–13.57; model 3) had 
approximately twofold or fourfold greater risk of all-cause 
mortality, respectively, compared with those with normo-
natremia. Entering serum sodium levels as continuous vari-
ables, lower serum sodium level was associated with higher 
all-cause mortality risk based on TASNa (HR 0.83, 95% 
CI 0.70–0.99) and TAgcSNa (HR 0.81, 95% CI 0.67–0.97), 
respectively. The risk of new MACE was also significantly 
elevated in patients with hyponatremia based on TASNa (HR 
3.86; 95% CI 2.13–7.01; model 1) or TAgcSNa (HR 2.43; 
95% CI 1.14–5.15; model 1). After adjustment for time-
dependent age and dialysis vintage, gender, diabetes, TAWG, 
and serum albumin, patients with hyponatremia based on 

Fig. 2  Unadjusted Kaplan–Meier curves for all-cause mortality in 
patients grouped on TASNa (A) and TAgcSNa (B), hyponatremia 
versus normonatremia; dashed lines represent hyponatremia

Fig. 3  Unadjusted Kaplan–Meier curves for new MACE in patients 
grouped on TASNa (A) and TAgcSNa (B), hyponatremia versus nor-
monatremia; dashed lines represent hyponatremia
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TASNa had a higher risk of new MACE (HR 2.33; 95% CI 
1.16–4.68; model 3) compared to those with normonatremia.

Serum sodium levels including both SNa and gcSNa 
changed dynamically during the follow-up period. 21.6% 
of hyponatremia at baseline had returned to normonatremia 
based on TASNa, however, 6.3% of normonatremia at base-
line had converted to hyponatremia based on TASNa. 50% of 
hyponatremia at baseline according to gcSNa had returned to 

normonatremia based on TAgcSNa, however, 3.7% of nor-
monatremia at baseline according to gcSNa had converted to 
hyponatremia based on TAgcSNa (Fig. 4). Preliminary anal-
ysis showed that among patients with normonatremia based 
on baseline SNa, who converted to hyponatremia were more 
with diabetes (100% vs 31.3%, P < 0.001) and higher time-
averaged glucose levels (13.0 ± 3.7 vs 8.6 ± 3.5 mmol/L, 
P < 0.001) compared with patients without conversion. 

Table 2  Characteristics in patients as grouped based on TASNa or TAgcSNa

AVA arteriovenous access including arteriovenous fistula and arteriovenous graft, TAWG  time-averaged weight gain, SBP systolic blood pressure, 
DBP diastolic blood pressure, CVD cardiovascular disease, TASNa time-averaged serum sodium, TAgcSNa time-averaged glucose-corrected 
serum sodium, GLU glucose, ALB albumin, CRP C-reactive protein, CRE creatinine, UA uric acid, CA calcium, P phosphate, ALP alkaline 
phosphatase, PTH parathyroid hormone, K potassium, CL chloride, GOT glutamic oxaloacetic transaminase, CO2CP carbon dioxide combining 
power, HCY homocysteine, TG triglyceride, CH Cholesterol, β2-MG β2-microglobulin, HB hemoglobin

Overall TASNa TAgcSNa

Hyponatremia Normonatremia P Hyponatremia Normonatremia P

N (%) 194 46 (23.7%) 148 (76.3%) – 16 (82.5%) 178 (17.5%) –
Age (years) 59.4 ± 14.3 64.3 ± 12.8 57.8 ± 14.4 0.006 63.8 ± 14.4 58.9 ± 14.2 0.197
Male 63.9% 60.9% 64.9% 0.622 62.5% 64.0% 0.902
Vintage (years) 5.6 ± 4.1 5.5 ± 3.6 5.6 ± 4.2 0.921 6.9 ± 4.8 5.4 ± 4.0 0.158
AVA 92.3% 87.0% 93.9% 0.201 75.0% 93.8% 0.024
Follow-up (months) 35.2 ± 17.2 32.1 ± 18.1 36.2 ± 16.9 0.161 30.4 ± 22.0 35.7 ± 16.7 0.246
TAWG (kg) 2.4 ± 0.9 2.6 ± 1.2 2.3 ± 0.9 0.081 3.2 ± 1.8 2.3 ± 0.8 0.001
SBP (mmHg) 140.5 ± 15.0 147.7 ± 12.3 138.2 ± 15.1 < 0.001 147.2 ± 14.8 139.9 ± 14.9 0.062
DBP (mmHg) 78.1 ± 10.8 77.0 ± 10.2 78.4 ± 11.0 0.429 75.6 ± 10.7 78.3 ± 10.8 0.352
Comorbidities
 Diabetes 38.7% 78.3% 26.4% < 0.001 56.3% 37.1% 0.180
 CVD 17.0% 32.6% 12.2% 0.002 31.3% 15.7% 0.156

Laboratory tests
 TASNa (mmol/L) 136.9 ± 2.4 133.5 ± 1.4 137.9 ± 1.5  < 0.001 – – –
 TAgcSNa (mmol/L) 138.3 ± 2.0 – – – 133.7 ± 0.9 138.6 ± 1.5 < 0.001
 GLU (mmol/L) 9.4 ± 4.2 13.2 ± 4.9 8.2 ± 3.1  < 0.001 8.8 ± 2.3 9.4 ± 4.3 0.37
 ALB (g/L) 38.8 ± 2.9 37.7 ± 2.8 39.1 ± 2.9  < 0.001 37.3 ± 3.3 38.9 ± 2.9 0.046
 CRP (mg/L) 7.6 ± 8.4 10.2 ± 11.9 6.8 ± 6.7 0.072 17.1 ± 16.1 6.7 ± 6.7 0.022
 CRE (µmol/L) 869.8 ± 232.8 745.9 ± 189.2 908.3 ± 232.1  < 0.001 764.8 ± 171.1 879.2 ± 235.6 0.06
 Urea (mmol/L) 25.0 ± 3.9 24.3 ± 4.1 25.2 ± 3.8 0.188 25.73 ± 3.6 24.98 ± 3.97 0.463
 UA (µmol/L) 448.2 ± 75.0 424.7 ± 79.7 455.4 ± 72.3 0.015 447.3 ± 109.3 448.2 ± 71.6 0.962
 CA (mmol/L) 2.16 ± 0.15 2.16 ± 0.16 2.16 ± 0.15 0.940 2.25 ± 0.16 2.15 ± 0.14 0.010
 P (mmol/L) 1.75 ± 0.37 1.65 ± 0.30 1.77 ± 0.39 0.048 1.67 ± 0.39 1.75 ± 0.37 0.447
 ALP (U/L) 106.1 ± 44.8 117.4 ± 68.9 102.6 ± 33.6 0.049 133.7 ± 109.6 103.6 ± 33.1 0.291
 PTH (ng/ml) 313.0 ± 182.9 280.1 ± 163.2 323.4 ± 187.8 0.161 331.4 ± 223.4 311.5 ± 179.4 0.678
 K (mmol/L) 4.79 ± 0.52 4.94 ± 0.65 4.76 ± 0.46 0.072 5.36 ± 0.69 4.75 ± 0.47 0.003
 CL (mmol/L) 99.3 ± 2.9 96.5 ± 2.1 100.1 ± 2.6  < 0.001 95.4 ± 1.9 99.6 ± 2.8 < 0.001
 GOT (U/L) 15.3 ± 7.5 15.7 ± 5.6 15.2 ± 7.9 0.751 14.9 ± 7.2 15.4 ± 7.5 0.792
  CO2CP (mmol/L) 23.4 ± 1.7 23.1 ± 1.4 23.4 ± 1.7 0.376 23.2 ± 1.4 23.3 ± 1.7 0.756
 HCY (µmol/L) 32.5 ± 15.9 32.4 ± 17.4 32.5 ± 15.4 0.967 32.0 ± 16.7 32.5 ± 15.8 0.911
 TG (mmol/L) 2.29 ± 1.25 2.38 ± 1.16 2.26 ± 1.28 0.584 2.13 ± 0.99 2.31 ± 1.27 0.593
 CH (mmol/L) 3.94 ± 0.75 4.02 ± 0.92 3.91 ± 0.69 0.475 4.19 ± 0.87 3.92 ± 0.74 0.16
 β2-MG (mg/L) 30.6 ± 8.3 30.2 ± 7.8 30.7 ± 8.4 0.733 30.9 ± 6.2 30.6 ± 8.4 0.859
 spKt/V 1.55 ± 0.24 1.54 ± 0.22 1.56 ± 0.24 0.67 1.52 ± 0.21 1.56 ± 0.24 0.509
 HB (g/L) 111.2 ± 10.6 110.9 ± 12.1 111.2 ± 10.1 0.908 107.5 ± 13.2 111.4 ± 10.2 0.151
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Meanwhile, among patients with hyponatremia based on 
baseline SNa, who converted to normonatremia were less 
with diabetes (18.2% vs 55.0%, P = 0.042), lower time-
averaged glucose levels (8.2 ± 3.2 vs 11.7 ± 5.4 mmol/L, 
P = 0.011), and higher time-averaged serum albumin lev-
els (39.9 ± 1.8 vs 37.9 ± 2.9 g/L, P = 0.029) compared with 
patients without conversion.

Subgroup analysis

We divided patients into non-diabetic (n = 119) and diabetic 
(n = 75) groups. Characteristics of the two groups are shown 
in Table 4. Cox regression revealed that higher all-cause 

mortality was associated with lower serum sodium levels 
based on TASNa in non-diabetic patients (HR 0.66, 95% 
CI 0.52–0.84) but not in diabetic patients (HR 0.80, 95% 
CI 0.63–1.02). Furthermore, TAgcSNa was used instead of 
TASNa in Cox regression and similar results were observed 
(Table 5).

Discussion

In this retrospective cohort study with large numbers of 
regular real-time measurements for laboratory values, we 
have investigated the association of pre-dialysis SNa with 

Table 3  Clinical outcomes risk associated with pre-dialysis TASNa and TAgcSNa

Model 1 unadjusted
Model 2 adjusted for diabetes
Model 3 adjusted for diabetes plus time-dependent age and dialysis vintage, gender, TAWG, and serum albumin
TASNa time-averaged serum sodium, TAgcSNa time-averaged glucose-corrected serum sodium, MACE major adverse cardiovascular events

Unadjusted Adjusted

Model 1 Model 2 Model 3

HR 95% CI P HR 95% CI P HR 95% CI P

All-cause mortality
 TASNa
  Continuous model: 

per 1 mmol/L 
higher TASNa

0.75 0.65–0.88 < 0.001 0.72 0.60–0.86 < 0.001 0.83 0.70–0.99 0.044

  Categorical model
   ≤ 135 mmol/L 4.32 1.94–9.65 < 0.001 5.48 2.07–14.51 0.001 2.89 1.18–7.04 0.019
   > 135 mmol/L 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

 TAgcSNa
  Continuous model: 

per 1 mmol/L 
higher TAgcSNa

0.73 0.62–0.86 < 0.001 0.74 0.62–0.87 < 0.001 0.81 0.67–0.97 0.021

  Categorical model:
   ≤ 135 mmol/L 7.03 2.99–16.54 < 0.001 6.73 2.78–16.30 < 0.001 5.03 1.87–13.57 0.001
   > 135 mmol/L 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

MACE
 TASNa
  Continuous model: 

per 1 mmol/L 
higher TASNa

0.78 0.70–0.87 < 0.001 0.86 0.76–0.98 0.027 0.87 0.75–0.99 0.044

  Categorical model
   ≤ 135 mmol/L 3.86 2.13–7.01 < 0.001 2.11 1.05–4.24 0.035 2.33 1.16–4.68 0.017
   > 135 mmol/L 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

 TAgcSNa
  Continuous model: 

per 1 mmol/L 
higher TAgcSNa

0.88 0.77–0.99 0.042 0.93 0.83–1.06 0.284 0.91 0.80–1.03 0.144

  Categorical model:
   ≤ 135 mmol/L 2.43 1.14–5.15 0.021 1.36 0.61–3.03 0.458 1.95 0.83–4.61 0.126
   > 135 mmol/L 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
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all-cause mortality or new MACE in MHD patients. Consid-
ering the effect of hyperglycemia on SNa concentration, we 
introduced the term gcSNa (SNa corrected with the paired 
serum glucose) to analyze the association between hypona-
tremia and survival in MHD patients. We also assessed 
detailed confounding factors such as fluid overload and 
serum albumin, which have been identified as independent 
predictors of mortality in dialysis patients [20–22].

The current study indicated an association between 
TASNa ≤ 135 mmol/L and an increased risk for all-cause 
mortality or new MACE in MHD patients. This find-
ing broadly supports the work of previous studies [3–5, 
18]. However, we could not observe a similar associa-
tion between baseline pre-dialysis SNa and survival using 
Kaplan–Meier survival analysis. Otherwise, pre-dialysis 
SNa concentration varies over time in MHD patients. Our 
study revealed the mutual conversion between hyponatremia 
and normonatremia during the following period (Fig. 4). We 
speculate that this conversion may be related to diabetes, 
glucose, and serum albumin levels. Recent data suggested 
that baseline serum sodium level was not an independent 
predictor of 2-year mortality in peritoneal dialysis patients, 
partly due to the effects of several confounders including 
age, and nutritional status [23]. Accordingly, TASNa calcu-
lated by largely regular real-time measured SNa values may 
provide more substantial information about chronic hypona-
tremia exposure and may be more relevant to investigate the 
association between SNa and outcomes. Our results showed 
that TASNa but not baseline SNa was independently asso-
ciated with increased risks of all-cause mortality or new 
MACE in MHD patients.

In recent years, the end-stage renal disease caused by 
diabetes is increasing rapidly in China [24]. Moreover, 
hyperglycemia may influence SNa levels by fluid shifting 
from the intracellular to the extracellular compartment. 
Cox proportional hazard models revealed that adjustment 
for diabetes (model 2) the risk of either all-cause mortal-
ity or new MACE was still associated with hyponatremia 
according to TASNa. This finding is in agreement with the 
study of 11,555 hemodialysis patients from the DOPPS I and 
III cohorts which indicated diabetes did not influence the 
association between lower serum sodium levels and mortal-
ity in patients with serum glucose levels < 7.8 mmol/L [5]. 
However, the DOPPS study was unable to demonstrate the 
association between hyponatremia and mortality in patients 
with a serum glucose level ≥ 7.8 mmol/L. In the present 
study, pre-dialysis SNa was corrected by paired serum glu-
cose in patients with serum glucose > 5.5 mmol/L to under-
stand the role of hyperglycemia on the association between 
hyponatremia and mortality. Our survival analysis results 
revealed that hyponatremia based on TAgcSNa also had an 
increased risk for MACE and all-cause mortality (model 1) 
in MHD patients. Further analyses of subgroups revealed 
that the risk association between serum sodium and all-cause 
mortality was significant in the non-diabetic population but 
not in diabetic patients (Table 5). Although a study of 697 
hemodialysis patients indicated that low serum sodium con-
centration was associated with mortality only in those with 
diabetes, only a single serum sodium measurement might not 
provide accurate results to identify the patients with chronic 
hyponatremia [2]. As noted above, a large number of regular 
real-time measurements about SNa used in our study may 
provide more detailed longitudinal data than that of a single 
measurement.

Pre-dialysis SNa level may be influenced by the fluid over-
load that has been demonstrated to be independently associ-
ated with mortality among dialysis patients [21]. A recent 
large nationally representative study of incident hemodialy-
sis patients revealed an inverse sodium-mortality association 
in moderate and high IDWG groups when the SNa level 
ranged from 136 to 139 mmol/L [18]. However, SNa levels 
were collected in the study over successive 91-day periods 
from the date of first dialysis when included patients had a 
high baseline comorbidity burden, which may limit the gen-
eralizability. In our study, we measured SNa before the start 
of hemodialysis sessions regularly every 1–3 months during 
the follow-up period. Using TASNa levels might reduce the 
effect of measured confounding variables on patients’ out-
comes. Additionally, the term TAWG, which might provide 
a better estimate of chronic exposure to fluid overload than 
IDWG, was used to evaluate fluid overload in MHD patients. 
In the Cox proportional hazards regression, we did not find 
that fluid overload had a substantial effect on the relationship 

Fig. 4   Variation of serum sodium levels during the follow-up period. 
The solid line represents the serum sodium quartile, and the dashed 
line represents the serum sodium median
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between hyponatremia (based on TASNa) and mortality, and 
new MACE in model 3.

Malnutrition has been described as a significant predictor 
of mortality and a potent predictor of hyponatremia in MHD 
patients [3, 6, 25]. This study revealed that time-averaged 
serum albumin and creatinine levels in the hyponatremia 
group were lower than in patients with normonatremia. 
Serum albumin and creatinine have been thought to be indi-
ces of nutrition in dialysis patients [25]. However, we did 
not find that serum albumin and creatinine were associated 

with hyponatremia in logistic regression analysis. Further 
Cox regression also could not reveal that serum albumin had 
a significant effect on the risk association between hypona-
tremia and all-cause mortality or new MACE in model 3.

This study has several strengths including large numbers 
of regular real-time measurements of pre-dialysis sodium 
and other variables in a single laboratory, utilization of 
TASNa and TAgcSNa, calculation of TAWG by the area 
under the curve of IDWG, and long duration of follow-up. 
However, several limitations need to be noted regarding the 

Table 4  Characteristics in 
patients as grouped based on 
diabetes

AVA arteriovenous access, TAWG  time-averaged weight gain, SBP systolic blood pressure, DBP diastolic 
blood pressure, CVD cardiovascular disease, TASNa time-averaged serum sodium, TAgcSNa time-averaged 
glucose-corrected serum sodium, GLU glucose, ALB albumin, CRP C-reactive protein, CRE creatinine, UA 
uric acid, CA calcium, P phosphate, ALP alkaline phosphatase, PTH parathyroid hormone, K potassium, 
CL chloride, GOT glutamic oxaloacetic transaminase, CO2CP carbon dioxide combining power, HCY 
homocysteine, TG triglyceride, CH Cholesterol, β2-MG β2-microglobulin, HB hemoglobin

Variables Overall Non-diabetic group Diabetic group P

N (%) 194 119 (61.3%) 75 (38.7%) –
Age (years) 59.4 ± 14.3 57.4 ± 15.9 62.4 ± 10.8 0.009
Male 63.9% 56.3% 76.0% 0.006
Vintage (years) 5.6 ± 4.1 6.0 ± 4.7 4.9 ± 2.9 0.048
AVA 92.3% 91.6% 93.3% 0.786
Follow-up (months) 35.2 ± 17.2 35.2 ± 17.1 35.3 ± 17.5 0.993
TAWG (kg) 2.4 ± 0.9 2.27 ± 1.08 2.60 ± 0.73 0.013
SBP (mmHg) 140.5 ± 15 136.8 ± 15.8 146.5 ± 11.5 < 0.001
DBP (mmHg) 78.1 ± 10.8 79.1 ± 11.5 76.5 ± 9.6 0.105
Comorbidities
 CVD 17.0% 4.2% 37.3% < 0.001

Laboratory tests
 TASNa (mmol/L) 136.9 ± 2.4 137.8 ± 2.0 135.4 ± 2.2 < 0.001
 TAgcSNa (mmol/L) 138.3 ± 2.0 138.3 ± 1.9 138.2 ± 2.1 0.725
 GLU (mmol/L) 9.4 ± 4.2 6.9 ± 1.3 13.3 ± 4.2 < 0.001
 ALB (g/L) 38.8 ± 2.9 38.8 ± 3.2 38.7 ± 2.6 0.905
 CRP (mg/L) 7.6 ± 8.4 7.5 ± 8.6 7.8 ± 8.0 0.859
 CRE (µmol/L) 869.8 ± 232.8 914.5 ± 236.3 798.9 ± 209.9 0.001
 Urea (mmol/L) 25.0 ± 3.9 25.6 ± 4.2 24.2 ± 3.4 0.009
 UA (µmol/L) 448.2 ± 75 459.8 ± 80.4 429.6 ± 61.7 0.004
 CA (mmol/L) 2.16 ± 0.15 2.19 ± 0.15 2.13 ± 0.15 0.011
 P (mmol/L) 1.75 ± 0.37 1.77 ± 0.41 1.71 ± 0.31 0.280
 ALP (U/L) 106.1 ± 44.8 105.7 ± 50.0 106.7 ± 35.4 0.877
 PTH (ng/ml) 313 ± 182.9 331.5 ± 194.5 284.1 ± 159.5 0.078
 K (mmol/L) 4.79 ± 0.52 4.72 ± 0.50 4.92 ± 0.52 0.011
 CL (mmol/L) 99.3 ± 2.9 99.7 ± 2.8 98.6 ± 3.1 0.017
 GOT (U/L) 15.3 ± 7.5 16.2 ± 8.8 13.9 ± 4.4 0.017
  CO2CP (mmol/L) 23.4 ± 1.7 23.5 ± 1.7 23.1 ± 1.8 0.090
 HCY (µmol/L) 32.5 ± 15.9 32.4 ± 15.0 32.6 ± 17.2 0.952
 TG (mmol/L) 2.29 ± 1.25 2.21 ± 1.23 2.43 ± 1.29 0.228
 CH (mmol/L) 3.94 ± 0.75 4.04 ± 0.70 3.78 ± 0.80 0.019
 β2-MG (mg/L) 30.6 ± 8.3 32.0 ± 8.4 28.3 ± 7.6 0.002
 spKt/V 1.55 ± 0.24 1.59 ± 0.24 1.48 ± 0.22 0.001
 HB (g/L) 111.2 ± 10.6 110.3 ± 11.0 112.6 ± 9.7 0.140
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present study. First, a single-center study without hyper-
natremia patients and causality could not be established 
because of this retrospective study design. Second, we can-
not exclude the possible confounding effect of residual renal 
function which has been recognized as a significant predic-
tor of mortality in dialysis patients [26]. Third, there were 
no data on drug intake, especially diuretics. Finally, utiliz-
ing serum albumin, other than a comprehensive nutritional 
assessment, may not accurately evaluate the nutrition status 
[25, 27].

In conclusion, chronic pre-dialysis hyponatremia based 
on TASNa is independently associated with increased all-
cause mortality or new MACE in MHD patients. The base-
line SNa level is not a predictor of mortality due to its varia-
tion over time. This study demonstrates that hyperglycemia, 
fluid overload, and malnutrition do not have a significant 
impact on the association between hyponatremia with all-
cause mortality, and new MACE in MHD patients. Further 
studies are required to increase sample size and examine 
the impact of residual renal function, dietary pattern, and 
medication, especially for diuretics. Also, nutritional evalu-
ation by comprehensive nutritional assessment may be more 
appropriate in MHD patients.

Author contributions MW and ZCZ: designed the study. ZCZ, YJP, 
and LRZ: collected the data. ZCZ: analyzed the data and drafted the 
manuscript. MW revised the manuscript. All authors reviewed the 
manuscript and approved the final version.

Funding This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Declarations 

Conflict of interest We confirm that all co-authors have no conflicts of 
interest to declare. We declare that the results presented in this paper 
have not been published previously in whole or part.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Nigwekar SU, Wenger J, Thadhani R, Bhan I (2013) Hypona-
tremia, mineral metabolism, and mortality in incident 

Ta
bl

e 
5 

 A
ll-

ca
us

e 
m

or
ta

lit
y 

ris
k 

as
so

ci
at

ed
 w

ith
 p

re
-d

ia
ly

si
s T

A
SN

a 
or

 T
A

gc
SN

a 
in

 d
ia

be
tic

 a
nd

 n
on

-d
ia

be
tic

 p
at

ie
nt

s

TA
SN

a 
tim

e-
av

er
ag

ed
 se

ru
m

 so
di

um
, T

Ag
cS

N
a 

tim
e-

av
er

ag
ed

 g
lu

co
se

-c
or

re
ct

ed
 se

ru
m

 so
di

um

C
on

tin
uo

us
 m

od
el

: p
er

 1
 m

m
ol

/L
 h

ig
he

r T
A

SN
a 

or
 T

A
gc

SN
a

N
on

-d
ia

be
tic

 g
ro

up
 (N

 =
 11

9)
D

ia
be

tic
 g

ro
up

 (N
 =

 75
)

TA
SN

a
TA

gc
SN

a
TA

SN
a

H
R

95
%

 C
I

P
H

R
95

%
 C

I
P

H
R

95
%

 C
I

P
H

R
95

%
 C

I
P

A
ll-

ca
us

e 
m

or
ta

lit
y

0.
66

0.
52

–0
.8

4
0.

00
1

0.
68

0.
53

–0
.8

7
0.

00
2

0.
80

0.
63

–1
.0

2
0.

07
5

0.
80

0.
64

–1
.0

1
0.

05
8

http://creativecommons.org/licenses/by/4.0/


3231International Urology and Nephrology (2022) 54:3221–3232 

1 3

maintenance hemodialysis patients: a cohort study. Am J Kidney 
Dis 62(4):755–762. https:// doi. org/ 10. 1053/j. ajkd. 2013. 02. 367

 2. Sahin OZ, Asci G, Kircelli F, Yilmaz M, Duman S, Ozkahya M, 
Dogan C, Odabas AR, Cirit M, Ok E (2012) The impact of low 
serum sodium level on mortality depends on glycemic control. 
Eur J Clin Investig 42(5):534–540. https:// doi. org/ 10. 1111/j. 1365- 
2362. 2011. 02613.x

 3. Waikar SS, Curhan GC, Brunelli SM (2011) Mortality associated 
with low serum sodium concentration in maintenance hemodialy-
sis. Am J Med 124(1):77–84. https:// doi. org/ 10. 1016/j. amjmed. 
2010. 07. 029

 4. Fujisaki K, Joki N, Tanaka S, Kanda E, Hamano T, Masakane I, 
Tsuruya K (2021) Pre-dialysis hyponatremia and change in serum 
sodium concentration during a dialysis session are significant pre-
dictors of mortality in patients undergoing hemodialysis. Kidney 
Int Rep 6(2):342–350. https:// doi. org/ 10. 1016/j. ekir. 2020. 11. 009

 5. Hecking M, Karaboyas A, Saran R, Sen A, Horl WH, Pisoni RL, 
Robinson BM, Sunder-Plassmann G, Port FK (2012) Predialysis 
serum sodium level, dialysate sodium, and mortality in mainte-
nance hemodialysis patients: the dialysis outcomes and practice 
patterns study (DOPPS). Am J Kidney Dis 59(2):238–248. https:// 
doi. org/ 10. 1053/j. ajkd. 2011. 07. 013

 6. Dekker MJ, Marcelli D, Canaud B, Konings CJ, Leunissen KM, 
Levin NW, Carioni P, Maheshwari V, Raimann JG, van der Sande 
FM, Usvyat LA, Kotanko P, Kooman JP (2016) Unraveling the 
relationship between mortality, hyponatremia, inflammation and 
malnutrition in hemodialysis patients: results from the interna-
tional MONDO initiative. Eur J Clin Nutr 70(7):779–784. https:// 
doi. org/ 10. 1038/ ejcn. 2016. 49

 7. Liamis G, Rodenburg EM, Hofman A, Zietse R, Stricker BH, 
Hoorn EJ (2013) Electrolyte disorders in community subjects: 
prevalence and risk factors. Am J Med 126(3):256–263. https:// 
doi. org/ 10. 1016/j. amjmed. 2012. 06. 037

 8. Rhee CM, Ayus JC, Kalantar-Zadeh K (2019) Hyponatremia in 
the dialysis population. Kidney Int Rep 4(6):769–780. https:// doi. 
org/ 10. 1016/j. ekir. 2019. 02. 012

 9. Katz MA (1973) Hyperglycemia-induced hyponatremia–cal-
culation of expected serum sodium depression. N Engl J Med 
289(16):843–844. https:// doi. org/ 10. 1056/ NEJM1 97310 18289 
1607

 10. Cherney DZ, Zevallos G, Oreopoulos D, Halperin ML (2001) 
A physiological analysis of hyponatremia: implications for 
patients on peritoneal dialysis. Perit Dial Int J Int Soc Perit Dial 
21(1):7–13

 11. Bettari L, Fiuzat M, Felker GM, O’Connor CM (2012) Signifi-
cance of hyponatremia in heart failure. Heart Fail Rev 17(1):17–
26. https:// doi. org/ 10. 1007/ s10741- 010- 9193-3

 12. Goldberg A, Hammerman H, Petcherski S, Nassar M, Zdorovyak 
A, Yalonetsky S, Kapeliovich M, Agmon Y, Beyar R, Markiewicz 
W, Aronson D (2006) Hyponatremia and long-term mortality in 
survivors of acute ST-elevation myocardial infarction. Arch Intern 
Med 166(7):781–786. https:// doi. org/ 10. 1001/ archi nte. 166.7. 781

 13. Wannamethee G, Whincup PH, Shaper AG, Lever AF (1994) 
Serum sodium concentration and risk of stroke in middle-aged 
males. J Hypertens 12(8):971–979

 14. Kim HW, Ryu GW, Park CH, Kang EW, Park JT, Han SH, Yoo 
TH, Shin SK, Kang SW, Choi KH, Han DS, Chang TI (2015) 
Hyponatremia predicts new-onset cardiovascular events in peri-
toneal dialysis patients. PLoS ONE 10(6):e0129480. https:// doi. 
org/ 10. 1371/ journ al. pone. 01294 80

 15. Viggiano D, Wagner CA, Blankestijn PJ, Bruchfeld A, Fliser D, 
Fouque D, Frische S, Gesualdo L, Gutierrez E, Goumenos D, 
Hoorn EJ, Eckardt KU, Knauss S, Konig M, Malyszko J, Massy 
Z, Nitsch D, Pesce F, Rychlik I, Soler MJ, Spasovski G, Stevens 
KI, Trepiccione F, Wanner C, Wiecek A, Zoccali C, Unwin R, 

Capasso G (2020) Mild cognitive impairment and kidney dis-
ease: clinical aspects. Nephrol Dial Transplant Off Publ Eur Dial 
Transpl Assoc Eur Renal Assoc 35(1):10–17. https:// doi. org/ 10. 
1093/ ndt/ gfz051

 16. Xu R, Pi HC, Xiong ZY, Liao JL, Hao L, Liu GL, Ren YP, Wang 
Q, Zheng ZX, Duan LP, Dong J (2015) Hyponatremia and cogni-
tive impairment in patients treated with peritoneal dialysis. Clin 
J Am Soc Nephrol CJASN 10(10):1806–1813. https:// doi. org/ 10. 
2215/ CJN. 02240 215

 17. Mandai S, Kuwahara M, Kasagi Y, Kusaka K, Tanaka T, Shikuma 
S, Akita W, Sasaki S (2013) Lower serum sodium level predicts 
higher risk of infection-related hospitalization in maintenance 
hemodialysis patients: an observational cohort study. BMC Neph-
rol 14:276. https:// doi. org/ 10. 1186/ 1471- 2369- 14- 276

 18. Rhee CM, Ravel VA, Ayus JC, Sim JJ, Streja E, Mehrotra R, Amin 
AN, Nguyen DV, Brunelli SM, Kovesdy CP, Kalantar-Zadeh K 
(2016) Pre-dialysis serum sodium and mortality in a national inci-
dent hemodialysis cohort. Nephrol Dial Transplant Off Publ Eur 
Dial Transpl Assoc Eur Renal Assoc 31(6):992–1001. https:// doi. 
org/ 10. 1093/ ndt/ gfv341

 19. Matthews JN, Altman DG, Campbell MJ, Royston P (1990) 
Analysis of serial measurements in medical research. BMJ 
300(6719):230–235. https:// doi. org/ 10. 1136/ bmj. 300. 6719. 230

 20. Wizemann V, Wabel P, Chamney P, Zaluska W, Moissl U, Rode 
C, Malecka-Masalska T, Marcelli D (2009) The mortality risk of 
overhydration in haemodialysis patients. Nephrol Dial Transplant 
Off Publ Eur Dial Transpl Assoc Eur Renal Assoc 24(5):1574–
1579. https:// doi. org/ 10. 1093/ ndt/ gfn707

 21. Zoccali C, Moissl U, Chazot C, Mallamaci F, Tripepi G, Arkossy 
O, Wabel P, Stuard S (2017) Chronic fluid overload and mortality 
in ESRD. J Am Soc Nephrol 28(8):2491–2497. https:// doi. org/ 10. 
1681/ ASN. 20161 21341

 22. Chertow GM, Ackert K, Lew NL, Lazarus JM, Lowrie EG (2000) 
Prealbumin is as important as albumin in the nutritional assess-
ment of hemodialysis patients. Kidney Int 58(6):2512–2517. 
https:// doi. org/ 10. 1046/j. 1523- 1755. 2000. 00435.x

 23. Chen KH, Chen CY, Lee CC, Weng CM, Hung CC (2014) Base-
line hyponatremia does not predict two-year mortality in patients 
with chronic peritoneal dialysis. Ren Fail 36(9):1371–1375. 
https:// doi. org/ 10. 3109/ 08860 22X. 2014. 945182

 24. Zuo L, Wang M, for Beijing Blood Purification Quality Control 
and Improvement Center (2013) Current status of maintenance 
hemodialysis in Beijing. China Kidney Int Suppl (2011) 3(2):167–
169. https:// doi. org/ 10. 1038/ kisup. 2013.6

 25. Ikizler TA, Burrowes JD, Byham-Gray LD, Campbell KL, Car-
rero JJ, Chan W, Fouque D, Friedman AN, Ghaddar S, Goldstein-
Fuchs DJ, Kaysen GA, Kopple JD, Teta D, Yee-Moon Wang A, 
Cuppari L (2020) KDOQI clinical practice guideline for nutrition 
in CKD: 2020 update. Am J Kidney Dis 76(3 Suppl 1):S1–S107. 
https:// doi. org/ 10. 1053/j. ajkd. 2020. 05. 006

 26. Jansen MA, Hart AA, Korevaar JC, Dekker FW, Boeschoten EW, 
Krediet RT, Group NS (2002) Predictors of the rate of decline of 
residual renal function in incident dialysis patients. Kidney Int 
62(3):1046–1053. https:// doi. org/ 10. 1046/j. 1523- 1755. 2002. 00505.x

 27. Chertow GM, Goldstein-Fuchs DJ, Lazarus JM, Kaysen GA 
(2005) Prealbumin, mortality, and cause-specific hospitalization 
in hemodialysis patients. Kidney Int 68(6):2794–2800. https:// doi. 
org/ 10. 1111/j. 1523- 1755. 2005. 00751.x

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1053/j.ajkd.2013.02.367
https://doi.org/10.1111/j.1365-2362.2011.02613.x
https://doi.org/10.1111/j.1365-2362.2011.02613.x
https://doi.org/10.1016/j.amjmed.2010.07.029
https://doi.org/10.1016/j.amjmed.2010.07.029
https://doi.org/10.1016/j.ekir.2020.11.009
https://doi.org/10.1053/j.ajkd.2011.07.013
https://doi.org/10.1053/j.ajkd.2011.07.013
https://doi.org/10.1038/ejcn.2016.49
https://doi.org/10.1038/ejcn.2016.49
https://doi.org/10.1016/j.amjmed.2012.06.037
https://doi.org/10.1016/j.amjmed.2012.06.037
https://doi.org/10.1016/j.ekir.2019.02.012
https://doi.org/10.1016/j.ekir.2019.02.012
https://doi.org/10.1056/NEJM197310182891607
https://doi.org/10.1056/NEJM197310182891607
https://doi.org/10.1007/s10741-010-9193-3
https://doi.org/10.1001/archinte.166.7.781
https://doi.org/10.1371/journal.pone.0129480
https://doi.org/10.1371/journal.pone.0129480
https://doi.org/10.1093/ndt/gfz051
https://doi.org/10.1093/ndt/gfz051
https://doi.org/10.2215/CJN.02240215
https://doi.org/10.2215/CJN.02240215
https://doi.org/10.1186/1471-2369-14-276
https://doi.org/10.1093/ndt/gfv341
https://doi.org/10.1093/ndt/gfv341
https://doi.org/10.1136/bmj.300.6719.230
https://doi.org/10.1093/ndt/gfn707
https://doi.org/10.1681/ASN.2016121341
https://doi.org/10.1681/ASN.2016121341
https://doi.org/10.1046/j.1523-1755.2000.00435.x
https://doi.org/10.3109/0886022X.2014.945182
https://doi.org/10.1038/kisup.2013.6
https://doi.org/10.1053/j.ajkd.2020.05.006
https://doi.org/10.1046/j.1523-1755.2002.00505.x
https://doi.org/10.1111/j.1523-1755.2005.00751.x
https://doi.org/10.1111/j.1523-1755.2005.00751.x


3232 International Urology and Nephrology (2022) 54:3221–3232

1 3

Authors and Affiliations

Zhoucang Zhang1 · Liren Zheng1 · Yujing Pan1 · Mei Wang2

1 Department of Nephrology, Peking University International 
Hospital, Beijing 102206, China

2 Department of Nephrology, Peking University People’s 
Hospital, 11 Xizhimennan Street, Xicheng District, 
Beijing 100044, China


	The impact of chronic pre-dialysis hyponatremia on clinical outcomes in maintenance hemodialysis patients
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Data sources
	Laboratory data
	SNa and glucose-corrected SNa (gcSNa)
	Time-averaged weight gain (TAWG)

	Outcomes of patients
	Statistical analysis

	Results
	Basic characteristics
	Survival analyses based on baseline SNa or gcSNa
	Survival analyses based on TASNa or TAgcSNa
	Subgroup analysis

	Discussion
	References




