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Abstract

Background
Patients with chronic kidney disease often experience metabolic acidosis. Whether oral sodium
bicarbonate can reduce mortality in patients with metabolic acidosis has been debated for years. Hence,
this study was conducted to evaluate the utility of sodium bicarbonate in patients who will undergo
dialysis therapy. In this study, we investigated the effect of oral sodium bicarbonate therapy on mortality
in patients with end-stage kidney disease (ESKD) initiated on dialysis therapy.

Methods
We conducted an observational study of patients when they started dialysis therapy. There were 17
centres participating in the Aichi Cohort Study of Prognosis in Patients Newly Initiated into Dialysis. Data
were available on patients’ sex, age, use of sodium bicarbonate, drug history, medical history, vital data,
and laboratory data. We investigated whether patients on oral sodium bicarbonate for more than three
months before dialysis initiation had a better prognosis than those without sodium bicarbonate therapy.
The primary outcome was de�ned as all-cause mortality.

Results
The study included 1524 patients with chronic kidney disease who initiated dialysis between October
2011 and September 2013. Among them, 1030 were men and 492 women, with a mean age of 67.5 ± 
13.1 years. Of these, 677 used sodium bicarbonate and 845 did not; 13.6% of the patients in the former
group and 21.2% of those in the latter group died by March 2015 (p < 0.001). Even after adjusting for
various factors, the use of sodium bicarbonate independently reduced mortality (p < 0.001).

Conclusions
The use of oral sodium bicarbonate at the time of dialysis initiation signi�cantly reduced all-cause
mortality in patients undergoing dialysis therapy.

Introduction
Chronic kidney disease (CKD) affects 8–16% of the population worldwide and is often under-recognised
by both patients and clinicians [1]. CKD is the 16th leading cause of years of life lost worldwide [1]. In
patients with CKD, the risk of death increases as kidney function worsens and such deaths are largely
attributable to cardiovascular disease, although cancer incidence and mortality are also increased in
these patients [2, 3]. Moreover, patients with CKD often experience metabolic acidosis resulting from a
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fundamental disturbance of acid-base balance. As serum bicarbonate (HCO3
−) is below the normal range

in patients with CKD, generally considered as 22–29 mEq/L, the risk of progression to end-stage kidney
disease (ESKD) or death is higher compared to those with CKD but without metabolic acidosis [4–10].
The treatment for metabolic acidosis in CKD is oral alkali supplementation, which has been shown to
slow CKD progression [11–13]. When the bicarbonate level is below 22 mmol/L, prescription of sodium
bicarbonate is recommended [14]. However, the available evidence only provides general guidance for
clinicians and has substantial variability in clinical practice [15].

Oral sodium bicarbonate has been used for decades to counteract metabolic acidosis [3]. Oral sodium
bicarbonate may have a residual renal function-preserving effect in peritoneal dialysis patients [16].
Moreover, bicarbonate supplementation modestly improved renal function and serum bicarbonate levels
compared to placebo or conventional CKD management in non-haemodialysis dependent CKD patients
[17]. In contrast, there are concerns that the sodium content might increase blood pressure or circulatory
overload, leading to the deterioration of heart failure [3]. Nonetheless, it is unknown how oral bicarbonate
supplementation can affect patients who start dialysis therapy both positively and negatively.

In the present study, we aimed to investigate the effect of oral sodium bicarbonate therapy on mortality in
patients with ESKD who were initiated on dialysis therapy. Our study is novel and signi�cant because we
focused on the e�cacy of oral sodium bicarbonate therapy in patients before dialysis therapy initiation.

Patients And Methods

Patient registration and data collection
Data from the Aichi Cohort Study of Prognosis in Patients Newly Initiated into Dialysis [18, 19] were used
in this prospective multicentre study. Participants were patients who commenced dialysis between
October 2011 and September 2013 at 17 Japanese institutions. This study was approved by the Ethics
Committee of the Institutional Review Board of Nagoya University Hospital (approval number: 1335), and
all patients provided written informed consent. First, we screened all the patients with ESKD who were
undergoing dialysis. Only patients whose condition became stable and were discharged or transferred
from the hospital were included in this study. Patients who were not discharged and died in the hospital
were excluded from the study (Fig. 1). Data regarding patients’ background, medical history,
comorbidities, medications, and laboratory data during the period of dialysis initiation were collected.
Each physician judged whether the patients with ESKD had heart failure symptoms at the initiation of
dialysis therapy based on the Framingham Heart Study [20]. The use of sodium bicarbonate was
assigned to those who were on oral sodium bicarbonate for more than 3 months before the dialysis
initiation. The dosage and total duration of the oral sodium bicarbonate were unknown. Serologic data
were obtained at the �rst dialysis session, just before patient initiation. Patients were followed for a
period of 18 months (till the end of March 2015).

Mortality
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Results

Baseline characteristics
The patients’ baseline characteristics are shown in Table 1. The initial population included 1524
participants. Two patients who were untraceable were excluded. Among them, 1032 were men and 492
were women, with a mean age of 67.5 ± 13.1 years. Of the remaining 1522 patients, 677 used sodium
bicarbonate and 845 did not. There was a signi�cant difference between patients with and without
sodium bicarbonate with regard to medical history or drug administration. Prevalence of past history,
such as diabetes mellitus, heart failure, and stroke, was signi�cantly lower in those who received sodium
bicarbonate than in their counterparts (diabetes mellitus: 44.5% versus 56.3%, p < 0.001; admission of
heart failure: 16.5% versus 23.7%, p = 0.001; stroke: 6.5% versus 11.0%, p = 0.003). The use of direct renin
inhibitors, calcium channel blockers, angiotensin II receptor blockers or angiotensin-converting enzyme
inhibitors, and vitamin D receptor agonist was signi�cantly higher in patients on sodium bicarbonate than
in their counterparts (direct renin inhibitor: 4.9% versus 2.5%, p = 0.018; calcium channel blocker: 84.0%
versus 74.7%, p < 0.001; angiotensin II receptor blocker or angiotensin-converting enzyme inhibitors:
64.5% versus 57.1%, p = 0.004; vitamin-D receptor activator: 34.0% versus 21.5%, p < 0.001). Both serum
pH and serum bicarbonate were signi�cantly higher in those on sodium bicarbonate than in those without

The patients were divided into 2 groups: those with and without the use of oral sodium bicarbonate. The
primary endpoint was all-cause mortality. Causes of death were recorded to the maximum extent
possible. The occurrence of death was investigated via survey slips sent to the dialysis facilities at the
end of March 2015, until we could �nally get the replies.

We compared the outcomes and hazard ratios (HRs) between the two groups.

Statistics
Baseline characteristics were presented descriptively and tested using the Student’s t-test or χ2 test.
Survival was represented graphically using the Kaplan–Meier method and analysed using univariate and
multivariate Cox regression. Hazard ratios (HRs) were represented graphically using forest plots. To
match the baseline characteristics, we used propensity score matching. The propensity score was
calculated by age, sex, presence of diabetes, medication (use of angiotensin-converting enzyme inhibitor,
angiotensin receptor blocker, and erythropoiesis-stimulating agent), and laboratory data (haemoglobin,
platelet, and estimated glomerular �ltration rate (eGFR)) [21]. After propensity score matching, we used
univariate and multivariate marginal structural Cox models for survival. The association between the use
of sodium bicarbonate and heart failure symptoms at the initiation of dialysis therapy was assessed by
univariate and multivariate logistic regression.

P-values of < 0.05 were considered signi�cant. We used R (version 4.0.0, R Foundation for Statistical
Computing, Vienna, Austria, URL http://www.R-project.org/) for all statistical analyses. For propensity
score matching, the R package MatchIt (1:1 matching with the nearest neighbour with calliper matching,
calliper = 0.1) was used for the calculation [22].
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(pH: 7.35 ± 0.07 versus 7.33 ± 0.09, p < 0.001; bicarbonate: 20.24 ± 4.35 mEq/L versus 19.01 ± 5.33
mEq/L, p < 0.001). This may be because sodium bicarbonate reduces metabolic acidosis. eGFR was
signi�cantly lower in patients on sodium bicarbonate than in their counterparts (eGFR: 5.14 ± 1.85
mL/min/1.7m2 vs. 5.69 ± 2.45 mL/min/1.7m2, p < 0.001). Prevalence of all-cause mortality was
signi�cantly lower in patients on sodium bicarbonate than in their counterparts (13.6% versus 21.2%, p < 
0.001).
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Table 1
Baseline and clinical characteristics and outcomes of patients starting dialysis (n = 1522).

  without sodium bicarbonate (n 
= 845)

with sodium
bicarbonate

(n = 677)

p
value

Female (%) 278 (32.9) 214 (31.6) 0.632

Age (mean (SD)) 67.74 (13.51) 67.20 (12.47) 0.420

Cause of CKD (%)     0.003

Diabetes Mellitus 396 (46.9) 262 (38.7)  

Nephrosclerosis 209 (24.7) 176 (26.0)  

Others, unknown 240 (28.4) 239 (35.3)  

Past history      

Diabetes Mellitus (%) 476 (56.3) 301 (44.5) < 
0.001

CAD (%) 152 (18.1) 104 (15.4) 0.186

PAD (%) 45 (5.3) 26 (3.8) 0.214

Atrial �brillation (%) 61 (7.3) 33 (4.9) 0.073

Admission of HF (%) 200 (23.7) 112 (16.5) 0.001

Aortic Dissection (%) 50 (5.9) 34 (5.0) 0.514

Malignancy (%) 86 (10.2) 76 (11.2) 0.565

Stroke (%) 93 (11.0) 44 (6.5) 0.003

X-ray      

CTR (mean (SD)) 55.58 (7.01) 54.68 (7.30) 0.015

Cardiac ultrasonography    

EF (mean (SD)) 60.12 (12.74) 61.32 (11.73) 0.088

Administration      

ARBACEI; angiotensin receptor blocker or angiotensin-converting enzyme inhibitor. Adjusted Ca;
adjusted calcium. Alb; albumin. BB; beta blocker. BUN; blood urea nitrogen. β2MG; beta-2
microglobulin. CAD; coronary artery disease. CCB; calcium channel blocker. CKD; chronic kidney
disease. Cr; creatinine. CRP; C-reactive protein. CTR; cardiothoracic ratio. CVD; cardiovascular disease.
DRI; direct renin inhibitor. EF; ejection fraction. eGFR; estimated glomerular �ltration rate. ESA;
erythropoietin stimulating agent. Hb; hemoglobin. HCO3

−; bicarbonate. HF; heart failure. IQR;
interquartile range. K; potassium. LDL-C; low-density lipoprotein cholesterol. Mg; magnesium. Na;
sodium. P; phosphate. PAD; peripheral arterial disease. Plt; platelet. SD; standard deviation. TSAT;
transferrin saturation. UA; uric acid. VDRA; vitamin D receptor agonist. WBC; white blood cells.
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  without sodium bicarbonate (n 
= 845)

with sodium
bicarbonate

(n = 677)

p
value

Spironolactone (%) 42 (5.0) 34 (5.0) 1.000

DRI (%) 21 (2.5) 33 (4.9) 0.018

CCB (%) 631 (74.7) 569 (84.0) < 
0.001

Loop (%) 549 (65.0) 451 (66.6) 0.536

Thiazide (%) 208 (24.6) 140 (20.7) 0.079

ARBACEI (%) 481 (57.1) 437 (64.5) 0.004

BB (%) 302 (35.7) 226 (33.4) 0.365

Statin (%) 330 (39.1) 279 (41.2) 0.423

VDRA (%) 182 (21.5) 230 (34.0) < 
0.001

Anti Platelet (%) 274 (32.4) 186 (27.5) 0.042

ESA (%) 662 (78.6) 643 (95.0) < 
0.001

Laboratory data      

WBC (/uL) (mean (SD)) 7113 (3493) 6302 (2604) < 
0.001

Hb (g/dL) (mean (SD)) 9.26 (1.65) 9.52 (1.39) 0.001

Plt (10 000/uL) (mean (SD)) 18.76 (8.33) 17.58 (6.65) 0.003

Alb (g/dL) (mean (SD)) 3.15 (0.59) 3.27 (0.60) < 
0.001

BUN (mg/dL) (mean (SD)) 94.00 (32.84) 88.99 (26.94) 0.001

Cr (mg/dL) (mean (SD)) 8.75 (3.39) 9.25 (2.96) 0.002

ARBACEI; angiotensin receptor blocker or angiotensin-converting enzyme inhibitor. Adjusted Ca;
adjusted calcium. Alb; albumin. BB; beta blocker. BUN; blood urea nitrogen. β2MG; beta-2
microglobulin. CAD; coronary artery disease. CCB; calcium channel blocker. CKD; chronic kidney
disease. Cr; creatinine. CRP; C-reactive protein. CTR; cardiothoracic ratio. CVD; cardiovascular disease.
DRI; direct renin inhibitor. EF; ejection fraction. eGFR; estimated glomerular �ltration rate. ESA;
erythropoietin stimulating agent. Hb; hemoglobin. HCO3

−; bicarbonate. HF; heart failure. IQR;
interquartile range. K; potassium. LDL-C; low-density lipoprotein cholesterol. Mg; magnesium. Na;
sodium. P; phosphate. PAD; peripheral arterial disease. Plt; platelet. SD; standard deviation. TSAT;
transferrin saturation. UA; uric acid. VDRA; vitamin D receptor agonist. WBC; white blood cells.
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  without sodium bicarbonate (n 
= 845)

with sodium
bicarbonate

(n = 677)

p
value

eGFR (mL/min/1.73m2) (mean
(SD))

5.69 (2.45) 5.14 (1.85) < 
0.001

Na (mEq/L) (mean (SD)) 137.7 (4.4) 138.1 (4.3) 0.078

K (mEq/L) (mean (SD)) 4.57 (0.88) 4.53 (0.78) 0.388

Adjusted Ca (mg/dL) (mean
(SD))

8.69 (1.06) 8.52 (1.05) 0.002

P (mg/dL) (mean (SD)) 6.43 (2.00) 6.29 (1.71) 0.145

Mg (mg/dL) (mean (SD)) 2.17 (0.50) 2.13 (0.46) 0.206

UA (mg/dL) (mean (SD)) 9.00 (2.57) 8.53 (2.23) < 
0.001

LDL-C (mg/dL) (mean (SD)) 90 (35) 90 (34) 0.952

CRP (mg/dL) (mean (SD)) 1.97 (4.09) 1.69 (4.25) 0.217

β2MG (ug/dL) (mean (SD)) 19.29 (5.66) 19.15 (5.87) 0.730

TSAT (%) (mean (SD)) 27.93 (17.55) 26.10 (15.54) 0.057

Ferritin (ng/dL) (median [IQR]) 136.00 [71.00, 248.00] 112.70 [57.00,
202.25]

< 
0.001

pH (mean (SD)) 7.33 (0.09) 7.35 (0.07) < 
0.001

HCO3
− (mEq/L) (mean (SD)) 19.01 (5.33) 20.24 (4.35) < 

0.001

Other      

HF symptoms at admission (%) 291 (34.6) 176 (26.0) < 
0.001

Outcome      

CVD-related death (%) 67 (8.0) 35 (5.2) 0.041

ARBACEI; angiotensin receptor blocker or angiotensin-converting enzyme inhibitor. Adjusted Ca;
adjusted calcium. Alb; albumin. BB; beta blocker. BUN; blood urea nitrogen. β2MG; beta-2
microglobulin. CAD; coronary artery disease. CCB; calcium channel blocker. CKD; chronic kidney
disease. Cr; creatinine. CRP; C-reactive protein. CTR; cardiothoracic ratio. CVD; cardiovascular disease.
DRI; direct renin inhibitor. EF; ejection fraction. eGFR; estimated glomerular �ltration rate. ESA;
erythropoietin stimulating agent. Hb; hemoglobin. HCO3

−; bicarbonate. HF; heart failure. IQR;
interquartile range. K; potassium. LDL-C; low-density lipoprotein cholesterol. Mg; magnesium. Na;
sodium. P; phosphate. PAD; peripheral arterial disease. Plt; platelet. SD; standard deviation. TSAT;
transferrin saturation. UA; uric acid. VDRA; vitamin D receptor agonist. WBC; white blood cells.
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  without sodium bicarbonate (n 
= 845)

with sodium
bicarbonate

(n = 677)

p
value

Infection-related death (%) 36 (4.3) 20 (3.0) 0.227

All-cause death (%) 179 (21.2) 92 (13.6) < 
0.001

ARBACEI; angiotensin receptor blocker or angiotensin-converting enzyme inhibitor. Adjusted Ca;
adjusted calcium. Alb; albumin. BB; beta blocker. BUN; blood urea nitrogen. β2MG; beta-2
microglobulin. CAD; coronary artery disease. CCB; calcium channel blocker. CKD; chronic kidney
disease. Cr; creatinine. CRP; C-reactive protein. CTR; cardiothoracic ratio. CVD; cardiovascular disease.
DRI; direct renin inhibitor. EF; ejection fraction. eGFR; estimated glomerular �ltration rate. ESA;
erythropoietin stimulating agent. Hb; hemoglobin. HCO3

−; bicarbonate. HF; heart failure. IQR;
interquartile range. K; potassium. LDL-C; low-density lipoprotein cholesterol. Mg; magnesium. Na;
sodium. P; phosphate. PAD; peripheral arterial disease. Plt; platelet. SD; standard deviation. TSAT;
transferrin saturation. UA; uric acid. VDRA; vitamin D receptor agonist. WBC; white blood cells.

Mortality
The median follow-up period was 814.5 days. During the follow-up period, 271 patients died from various
causes, such as cardiovascular events (102 patients, 37.6%), infectious diseases (56 patients, 20.7%),
cancer (45 patients, 16.6%), and other causes (68 patients, 25.1%). Figure 2(a) shows the Kaplan–Meier
plot for all-cause mortality in patients with and without sodium bicarbonate therapy: the former group
had a signi�cantly lower mortality rate than the latter group (13.6% [92 patients] versus 21.2% [179
patients], p < 0.001) (Table 1). Figure 2(b) shows the Kaplan–Meier plot for cardiovascular disease (CVD)
related mortality in patients with and without sodium bicarbonate. The former group had a signi�cantly
better prognosis than the latter group (p = 0.012). Figure 2(c) shows the Kaplan–Meier plot for infection-
related mortality in patients with and without sodium bicarbonate. There was no signi�cant difference
between the two groups (p = 0.14). Figure 3 shows the forest plot for HRs of sodium bicarbonate for all-
cause death with adjustment for various factors. Adjustment for various cofactors revealed that the use
of sodium bicarbonate was independently related to better prognosis (HR, 0.76; 95% con�dence interval,
0.58–0.98; p = 0.038).

Associations between the use of sodium bicarbonate and
heart failure symptoms.
Table 2 shows the associations between the use of sodium bicarbonate and heart failure symptoms at
the initiation of dialysis therapy by univariate and multivariate logistic regression. Even after adjustment,
the use of sodium bicarbonate at dialysis initiation was not positively associated with heart failure
symptoms at the initiation of dialysis therapy (adjusted odds ratio = 0.79, 95% con�dence interval (CI) = 
0.63–0.99, p < 0.05).
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Table 2
Associations between use of sodium bicarbonate and heart failure symptoms at initiation of dialysis

therapy.

  Crude OR (95% CI) Adjusted OR (95% CI) p value

Without Sodium Bicarbonate Reference Reference Reference

With Sodium Bicarbonate 0.66 (0.53–0.83) 0.79 (0.63–0.99) < 0.05

OR, odds ratio; CI, con�dence interval; other factors included diabetes mellitus, estimated glomerular
�ltration rate, calcium channel blocker, angiotensin-converting enzyme inhibitor and angiotensin
receptor blocker.

Propensity score-matched comparison between patients
with and without sodium bicarbonate therapy
The baseline and clinical characteristics in Table 1 showed signi�cant differences between patients in the
two groups, suggesting a possibility of bias. Table 3 shows the baseline characteristics of propensity
score-matched patients with and without sodium bicarbonate. Regarding the patients’ background, there
were still signi�cant differences in atrial �brillation, stroke, blood urea nitrogen, uric acid, ferritin, pH,
bicarbonate, and the use of vitamin D receptor agonists. Figure 2(d) shows the Kaplan–Meier plot for all-
cause death in matched patients with and without sodium bicarbonate (p = 0.023). Patients with sodium
bicarbonate showed a signi�cantly better prognosis than those without. There was no signi�cant
difference between matched patients with and without sodium bicarbonate in either CVD-related or
infection-related death individually (Supplementary Fig. 1 and Supplementary Fig. 2). Figure 4 shows the
forest plot for HRs of matched patients with sodium bicarbonate for all-cause mortality with adjustment
for various factors. Adjustment for various cofactors revealed that the use of sodium bicarbonate could
independently reduce mortality (HR, 0.61; 95% CI, 0.46–0.83; p = 0.001).
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Table 3
Baseline and clinical characteristics and outcomes of propensity-score matched patients starting dialysis

(n = 1184)

  without sodium bicarbonate
(n = 592)

with sodium bicarbonate
(n = 592)

p
value

Female (%) 185 (31.2) 193 (32.6) 0.663

Age (mean (SD)) 67.93 (13.54) 67.53 (12.25) 0.592

Cause of CKD (%)     0.149

Diabetes Mellitus 275 (46.5) 256 (43.2)  

Nephrosclerosis 150 (25.3) 138 (23.3)  

Others, unknown 167 (28.2) 198 (33.4)  

Past history      

Diabetes Mellitus (%) 309 (52.2) 291 (49.2) 0.323

CAD (%) 102 (17.3) 93 (15.7) 0.506

PAD (%) 35 (5.9) 24 (4.1) 0.182

Atrial �brillation (%) 46 (7.8) 26 (4.4) 0.020

Admission of HF (%) 125 (21.1) 103 (17.4) 0.122

Aortic Dissection (%) 35 (5.9) 29 (4.9) 0.516

Malignancy (%) 64 (10.8) 71 (12.0) 0.583

Stroke (%) 70 (11.8) 41 (6.9) 0.005

X-ray      

CTR (mean (SD)) 55.14 (7.02) 54.95 (7.31) 0.648

Cardiac ultrasonography      

EF (mean (SD)) 61.18 (11.75) 61.44 (11.79) 0.734

Administration      

Spironolactone (%) 24 (4.1) 33 (5.6) 0.277

ARBACEI; angiotensin receptor blocker or angiotensin-converting enzyme inhibitor. Adjusted Ca;
adjusted calcium. Alb; albumin. BB; beta blocker. BUN; blood urea nitrogen. β2MG; beta-2
microglobulin. CAD; coronary artery disease. CCB; calcium channel blocker. CKD; chronic kidney
disease. Cr; creatinine. CRP; C-reactive protein. CTR; cardiothoracic ratio. CVD; cardiovascular disease.
DRI; direct renin inhibitor. EF; ejection fraction. eGFR; estimated glomerular �ltration rate. ESA;
erythropoietin stimulating agent. Hb; hemoglobin. HCO3−; bicarbonate. HF; heart failure. IQR;
interquartile range. K; potassium. LDL-C; low-density lipoprotein cholesterol. Mg; magnesium. Na;
sodium. P; phosphate. PAD; peripheral arterial disease. Plt; platelet. SD; standard deviation. TSAT;
transferrin saturation. UA; uric acid. VDRA; vitamin D receptor agonist. WBC; white blood cells.
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  without sodium bicarbonate
(n = 592)

with sodium bicarbonate
(n = 592)

p
value

DRI (%) 20 (3.4) 31 (5.2) 0.152

CCB (%) 472 (79.7) 498 (84.1) 0.059

Loop (%) 417 (70.4) 396 (66.9) 0.210

Thiazide (%) 151 (25.5) 122 (20.6) 0.053

ARBACEI (%) 366 (61.8) 370 (62.5) 0.857

BB (%) 220 (37.2) 199 (33.6) 0.224

Statin (%) 238 (40.2) 250 (42.2) 0.516

VDRA (%) 143 (24.2) 204 (34.5) < 
0.001

Anti Platelet (%) 197 (33.3) 168 (28.4) 0.078

ESA (%) 557 (94.1) 558 (94.3) 1.000

Laboratory data      

WBC (/uL) (mean (SD)) 6555 (2711) 6344 (2607) 0.173

Hb (g/dL) (mean (SD)) 9.42 (1.52) 9.46 (1.41) 0.638

Plt (10 000/uL) (mean (SD)) 18.00 (7.29) 17.84 (6.70) 0.706

Alb (g/dL) (mean (SD)) 3.20 (0.58) 3.24 (0.60) 0.203

BUN (mg/dL) (mean (SD)) 94.56 (29.33) 88.00 (27.03) < 
0.001

Cr (mg/dL) (mean (SD)) 8.92 (2.93) 9.08 (2.89) 0.346

eGFR (mL/min/1.73m2)
(mean (SD))

5.34 (1.74) 5.22 (1.90) 0.289

Na (mEq/L) (mean (SD)) 137.9 (4.2) 138.1 (4.4) 0.546

K (mEq/L) (mean (SD)) 4.51 (0.83) 4.53 (0.80) 0.784

ARBACEI; angiotensin receptor blocker or angiotensin-converting enzyme inhibitor. Adjusted Ca;
adjusted calcium. Alb; albumin. BB; beta blocker. BUN; blood urea nitrogen. β2MG; beta-2
microglobulin. CAD; coronary artery disease. CCB; calcium channel blocker. CKD; chronic kidney
disease. Cr; creatinine. CRP; C-reactive protein. CTR; cardiothoracic ratio. CVD; cardiovascular disease.
DRI; direct renin inhibitor. EF; ejection fraction. eGFR; estimated glomerular �ltration rate. ESA;
erythropoietin stimulating agent. Hb; hemoglobin. HCO3−; bicarbonate. HF; heart failure. IQR;
interquartile range. K; potassium. LDL-C; low-density lipoprotein cholesterol. Mg; magnesium. Na;
sodium. P; phosphate. PAD; peripheral arterial disease. Plt; platelet. SD; standard deviation. TSAT;
transferrin saturation. UA; uric acid. VDRA; vitamin D receptor agonist. WBC; white blood cells.
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  without sodium bicarbonate
(n = 592)

with sodium bicarbonate
(n = 592)

p
value

Adjusted Ca (mg/dL) (mean
(SD))

8.67 (1.02) 8.56 (1.04) 0.064

P (mg/dL) (mean (SD)) 6.38 (1.89) 6.24 (1.70) 0.174

Mg (mg/dL) (mean (SD)) 2.18 (0.48) 2.14 (0.46) 0.177

UA (mg/dL) (mean (SD)) 9.05 (2.39) 8.50 (2.19) < 
0.001

LDL-C (mg/dL) (mean (SD)) 88 (32) 90 (35) 0.241

CRP (mg/dL) (mean (SD)) 1.54 (3.67) 1.75 (4.41) 0.397

β2MG (ug/dL) (mean (SD)) 19.37 (5.58) 19.15 (5.84) 0.623

TSAT (%) (mean (SD)) 27.73 (16.77) 26.15 (15.72) 0.136

Ferritin (ng/dL) (median
[IQR])

129.00 [68.00, 227.25] 112.00 [56.15, 197.50] 0.006

pH (mean (SD)) 7.34 (0.08) 7.35 (0.07) 0.012

HCO3
− (mEql/L) (mean (SD)) 19.46 (5.07) 20.37 (4.36) 0.003

Other      

HF symptoms at admission
(%)

168 (28.6) 165 (27.9) 0.840

Outcome      

CVD-related death (%) 35 (6.0) 31 (5.3) 0.714

infection-related death (%) 25 (4.2) 17 (2.9) 0.271

All-cause death (%) 112 (18.9) 83 (14.0) 0.028

ARBACEI; angiotensin receptor blocker or angiotensin-converting enzyme inhibitor. Adjusted Ca;
adjusted calcium. Alb; albumin. BB; beta blocker. BUN; blood urea nitrogen. β2MG; beta-2
microglobulin. CAD; coronary artery disease. CCB; calcium channel blocker. CKD; chronic kidney
disease. Cr; creatinine. CRP; C-reactive protein. CTR; cardiothoracic ratio. CVD; cardiovascular disease.
DRI; direct renin inhibitor. EF; ejection fraction. eGFR; estimated glomerular �ltration rate. ESA;
erythropoietin stimulating agent. Hb; hemoglobin. HCO3−; bicarbonate. HF; heart failure. IQR;
interquartile range. K; potassium. LDL-C; low-density lipoprotein cholesterol. Mg; magnesium. Na;
sodium. P; phosphate. PAD; peripheral arterial disease. Plt; platelet. SD; standard deviation. TSAT;
transferrin saturation. UA; uric acid. VDRA; vitamin D receptor agonist. WBC; white blood cells.

Discussion
The results of the present study showed that patients who received sodium bicarbonate had a
signi�cantly better prognosis than those who did not. After propensity score matching, the trend remained
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similar. Moreover, we observed that the use of sodium bicarbonate did not increase the prevalence of
heart failure symptoms at dialysis initiation.

Previously, the effect of oral alkali has been discussed [3, 11–13]. We observed signi�cant differences in
pH and bicarbonate levels with and without administration of sodium bicarbonate. This could re�ect that
oral sodium bicarbonate improved acid-base balance in patients with CKD before dialysis initiation.
Moreover, we showed that the use of sodium bicarbonate even before dialysis therapy was signi�cantly
associated with a better prognosis in patients being initiated on dialysis therapy. There have been few
reports regarding sodium bicarbonate and mortality in patients with ESKD [16]. As dialysis therapy can
correct acid-base balance, it is important for clinicians to know how much impact the use of sodium
bicarbonate before dialysis initiation has on the prognosis after dialysis initiation. We showed that the
use of sodium bicarbonate before dialysis initiation could improve the prognosis of patients on dialysis
therapy.

Our results show that oral sodium bicarbonate signi�cantly reduced all-cause mortality, which is similar
to a previous meta-analysis [13]. Although infection-related mortality was not independently associated
with the use of oral sodium bicarbonate, CVD-related death was signi�cantly associated with the use of
sodium bicarbonate in the Kaplan–Meier plot before propensity score matching. It has been reported that
acidosis contributes to bone demineralization [23]. Although there is controversy about the association
between metabolic acidosis and ectopic calci�cation, we might observe a potential negative impact on
ectopic vascular calci�cation due to metabolic acidosis. In contrast, after propensity score matching,
there was no association between CVD-related death and sodium bicarbonate. Because we matched
patients by age, diabetes mellitus, use of angiotensin-converting enzyme or angiotensin receptor blocker,
the impact of vascular damage could be reduced in the matched model. We analysed associations
between the use of sodium bicarbonate and heart failure symptoms at the initiation of dialysis therapy.
The use of oral sodium bicarbonate was negatively associated with heart failure symptoms. Previously, it
was hypothesised that sodium bicarbonate could worsen heart failure [3]. Our results contradict this
hypothesis, probably because physicians prescribed sodium bicarbonate to those who were less likely to
have heart failure. Our results are novel because the use of oral sodium bicarbonate before dialysis
initiation did not increase the symptoms of heart failure at the time of dialysis initiation.

Our study has some strengths. First, our study included a well-de�ned population. Furthermore, our study
had an extremely high follow-up rate. Second, we focused solely on the relationships between the use of
oral sodium bicarbonate and mortality after dialysis initiation. Our study has some limitations. First, as
this was an observational study, there is an inevitable selection bias regarding administration of sodium
bicarbonate. Second, the dosage and total period of sodium bicarbonate administration in patients
before dialysis initiation are unknown.

Because our study showed the importance of oral sodium bicarbonate in patients with CKD before
dialysis initiation, a prospective randomized control study of oral sodium bicarbonate before dialysis
initiation is required in the future. Furthermore, in our study, it was unclear how long period patients used
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oral sodium bicarbonate before dialysis initiation. Therefore, it is necessary to study when to begin using
oral sodium bicarbonate and the appropriate control of pH.

Conclusion
Patients on oral sodium bicarbonate at the time of dialysis initiation showed a better prognosis than
those who did not receive sodium bicarbonate. Therefore, the use of sodium bicarbonate can be useful in
patients with CKD who have acidosis.
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Figure 1

Flow chart showing the process of patient registration. Only patients who became stable and were
discharged or transferred from the hospital with consent were included. Patients who were not
discharged and died in the hospital were excluded.
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Figure 2

(a): Kaplan–Meier plot for all-cause death with and without the use of oral sodium bicarbonate before
dialysis initiation. (b): Kaplan–Meier plot for CVD-related death with and without the use of oral sodium
bicarbonate before dialysis initiation. (c): Kaplan–Meier plot for infection-related death with and without
the use of oral sodium bicarbonate before dialysis initiation. (d): Kaplan–Meier plot for all-cause death in
propensity score-matched patients with and without the use of oral sodium bicarbonate before dialysis
initiation. CVD; cardiovascular disease.
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Figure 3

HRs of using oral sodium bicarbonate for all-cause death. HR; hazard ratio. CI; con�dence interval. DM;
diabetes mellitus. eGFR; estimated glomerular �ltration rate. HF; heart failure. UA; uric acid.



Page 22/22

Figure 4

HRs by marginal structural Cox hazard model of using oral sodium bicarbonate for all-cause death in
matched patients. HR; hazard ratio. BUN; blood urea nitrogen. UA; uric acid. VDRA; vitamin D receptor
activator.
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