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M
aintenance of acid-base homeostasis is critical 
to normal cellular function. Metabolic acidosis 
is a condition that involves too much acid accu-
mulation in the body. Acid is ordinarily gener-

ated in the body from dietary sources and daily metabolism 
and then non-volatile acid is excreted by the kidneys.  

In chronic kidney disease (CKD), however, the kidneys lose 
the ability to completely excrete the acid that is generated 
through digestion of protein and daily metabolism, result-
ing in accumulation of acid in the body, which is manifested 
by low serum bicarbonate levels. Once serum bicarbonate is 
below 22 mEq/L, the patient has metabolic acidosis.1

The number of functioning nephrons, the filtering units 
of the kidneys, declines with advancing kidney disease. The 
physiological response to acid retention results in increased 
acid excretion per remaining nephron, but, over time, this 
sustained adaptive response may result in inflammation 
and fibrosis, resulting in further damage to the kidney.2  

A decrease in serum bicarbonate is what characterizes 
metabolic acidosis. Studies have shown that an increase in 
serum bicarbonate level to between 22 to 29 mEq/L slows 
estimated glomerular filtration rate (eGFR) decline in pa-
tients with CKD stages 3-5. 

It is unknown the extent to which metabolic acidosis con-
tributes to mortality in patients with CKD, so researchers 
conducted a study to investigate the impact of metabolic ac-
idosis on mortality in a real-world population of patients 
with CKD who were not on dialysis. 

“The serum bicarbonate test is a commonly performed 

laboratory test, but doctors who are 
treating patients for advanced kidney 
disease are managing so many other 
aspects of the condition that concerns 
about chronic metabolic acidosis may 
not be high on their priority list, partic-
ularly if there are no appropriate treat-
ment options,” said Nancy Reaven, of 
Strategic Health Resources and a co-au-

thor of the study. “Our study was an opportunity to try to 
understand the extent to which this condition was impact-
ing outcomes in patients with CKD.”

Study design
Researchers used deidentified electronic health record (EHR) 
data from Optum® that included a cumulative population of 
81 million U.S. patients, including those with all insurance 
types and the uninsured. They identified 51,558 patients 
who had three or more eGFR values <60 mL/min/1.73 m2 
from 2007 to 2017. They included non-dialysis–dependent 
patients with stage 3-5 CKD at the index date who had two 
or more serum bicarbonate tests 28 to 365 days apart (first 
test was index date) and two or more years of follow-up data 
or those who died during the study interval. Patients without 
a qualifying pair of serum bicarbonate tests were excluded. 

Patients were classified as having metabolic acidosis 
(n=17,350; defined as serum bicarbonate of 12 to  
<22 mEq/L) or normal serum bicarbonate (n=34,208; de-
fined as 22 to 29 mEq/L). Researchers also assessed a 
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secondary population based on serum 
bicarbonate value cohorts: 12 to <22 
mEq/L, 22 to <30 mEq/L, and 30 to 
40 mEq/L. Patients with metabolic ac-
idosis at baseline were younger (mean 
age, 70.3 years vs. 74.3 years), had 
more advanced stages of kidney dis-
ease (mean eGFR, 37.2 vs. 43.2 mL/
min/1.73 m2), and had a higher Charl-
son Comorbid ity Index (CCI) score 
(mean, 3.5 vs. 1.7) compared with pa-
tients with CKD with normal serum 
bicarbonate. The study oversampled 
for patients with metabolic acidosis to 
ensure a large enough study cohort.

 Researchers assessed all-cause 
mortality assigned by Optum using 
Social Security data. Time to all-
cause mortality was assessed with a 
Cox proportional hazards model in 
all available post-index data (median 
four years, maximum 10 years). In 
the secondary population, two-year 
all-cause mortality was assessed at 1 
mEq/L increments of serum bicarbon-
ate (up to 40 mEq/L) by a restricted 
cubic spline model with knots at bi-
carbonate values of 20, 21, 24, 26, 
and 28 mEq/L.

Researchers assessed the impact 
of the covariates age, sex, race, base-
line eGFR, diabetes, hypertension, 
heart failure, CCI score, and log albu-
min-to-creatinine ratio (ACR) on the 
relationship between serum bicarbon-
ate and outcomes.

Mortality associated with 
metabolic acidosis 
In unadjusted analysis, two-year all-
cause mortality was significantly 
higher in the metabolic acidosis 
cohort compared with the normal 
serum bicarbonate cohort at all stages 
of CKD and in total. See FIGURE 1. In 
the adjusted model, serum bicarbonate 
was shown to be a significant 

independent predictor of all-cause 
mortality in patients with CKD.

Mortality over the two-year period 
increased steadily by CKD stage in 
the normal serum bicarbonate cohort 
from approximately 8% in stage 3 
CKD to approximately 20% in stage 5 
CKD. However, mortality in the met-
abolic acidosis cohort remained rela-
tively consistent across CKD stages at 
a mean of approximately 30% to 31%. 
“Interestingly, the percentage of pa-
tients who died increased as kidney 
function declined, as we would expect, 
among patients with normal serum bi-
carbonate, but the rates of death were 
quite high irrespective of baseline 
CKD stage among patients with meta-
bolic acidosis,” said Ms. Reaven. “This 

suggested to us that metabolic acido-
sis itself is contributing to mortality, 
potentially independently of patients’ 
actual kidney disease status.”

“That was surprising because it’s 
generally thought that it is the state of 
the kidney that is most closely asso-
ciated with the probability of mortal-
ity in these patients,” she continued. 
“Or it is the state of the kidney in 
combination with various comorbidi-
ties, like heart failure, that is primar-
ily associated with mortality in these 
populations, so it was illuminating 
to understand that metabolic acido-
sis was actually an independent risk 
factor for mortality.”

In adjusted analyses, serum bicar-
bonate was a significant predictor of 
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BACKGROUND
• The consequences of metabolic acidosis are wide-ranging, consistent with the fact 

that many critical cell functions require physiologic pH1

• The extent to which metabolic acidosis contributes to mortality in patients with  
chronic kidney disease (CKD) is unknown2–6

OBJECTIVE
• To investigate the impact of metabolic acidosis on mortality in a large (>50,000)  

real-world, non-dialysis CKD population

METHODS
Figure 1. Patient Population

Optum® de-identified electronic health records dataset from 2007–2017*
with ≥3 eGFR values <60 mL/min/1.73 m2

•   ≥2 serum bicarbonate tests 28–365 days apart; the first test establishes study index date
•   ≥2 years of follow-up data or who died during this interval

Non-dialysis–dependent patients with CKD stages 3–5 at index

Cohorts
Patients with two consecutive serum bicarbonate values

28–365 days apart, both in the same range

Metabolic acidosis cohort 
(12 to <22 mEq/L)

Normal serum 
bicarbonate cohort 

(22–29 mEq/L)

Secondary population 
(12 to <22 mEq/L,

22 to <30 mEq/L, or 
30–40 mEq/L)

*The Optum dataset contained HIPAA-compliant, de-identified data from a cumulative population of 81 million United States patients, 
including those with all insurance types and those who were uninsured. 
eGFR, estimated glomerular filtration rate; HIPAA, Health Insurance Portability and Accountability Act.

• Patients with metabolic acidosis were over-sampled by preferential selection to 
ensure adequate sample size

• Patients without a qualifying pair of serum bicarbonate tests were excluded  

• All-cause mortality was identified by linkage with Social Security data and compared 
by chi-square test between cohorts within CKD stage and in total for the 2-year  
post-index outcome period  

• Time to all-cause mortality was assessed with a Cox proportional hazards model in all 
available post-index data (median 4 years, maximum 10 years), controlling for covariates

• Two-year all-cause mortality was assessed in the secondary population at 1 mEq/L 
increments of serum bicarbonate (up to 40 mEq/L) by a restricted cubic spline model 
with knots at 20, 21, 24, 26, and 28 mEq/L (selected by percentile), controlling  
for covariates

• Serum bicarbonate was the primary exposure variable. Statistical models used 
the following covariates: age, sex, race, baseline estimated glomerular filtration 
rate (eGFR), serum bicarbonate, diabetes, hypertension, heart failure, Charlson 
Comorbidity Index (CCI) score (an index of comorbidity burden), and log  
albumin-to-creatinine ratio (ACR)
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RESULTS
• 51,558 patients qualified for this longitudinal observational study (17,350 in the 

metabolic acidosis cohort [12 to <22 mEq/L] and 34,208 in the normal serum 
bicarbonate cohort [22–29 mEq/L]). Patients with metabolic acidosis at baseline  
were younger, had more advanced kidney disease, and a higher comorbidity  
burden (Table 1) 

• A total of 57,224 patients met the criteria for the secondary population, with baseline 
serum bicarbonate values extending to 40 mEq/L (used for cubic spline analysis)

Table 1. Patient Characteristics of Study Population Were Balanced Across  
Key Characteristics7

Total Study 
 Population 
(N=51,558)

Metabolic  
Acidosis Cohort

(n=17,350)

Normal Serum 
Bicarbonate 

Cohort
(n=34,208) P Valuea

Age (y), mean (SD) 72.9 (11.5) 70.3 (13.3) 74.3 (10.3) <0.0001

Sex (F) (%) 53 52 53 0.0468

Race (%)

African American 10 15 7 <0.0001

Asian 2 2 2 <0.0001

Caucasian 82 74 85 <0.0001

Other/unknown 7 9 5 <0.0001

Comorbidities/conditions (%)

Hypertension (HTN) 62 74 55 <0.0001

Diabetes (DM) 31 43 26 <0.0001

Coronary artery disease 28 36 24 <0.0001

Edema 25 40 18 <0.0001

Peripheral vascular disease 19 29 15 <0.0001

Heart failure (HF) 19 30 14 <0.0001

CCI weighted, mean (SD) 2.3 (2.7) 3.5 (3.1) 1.7 (2.3) <0.0001

ACE inhibitor or ARB prescription (%) 23 29 20 <0.0001

Alkali treatment (%) 2 3 1 <0.0001

Serum bicarbonate (mEq/L), mean (SD) 24.0 (3.6) 19.7 (1.1) 26.1 (2.0) <0.0001

eGFR (mL/min/1.73 m2), mean (SD) 41.2 (12.1) 37.2 (13.3) 43.2 (10.9) <0.0001

Hemoglobin (g/dL), mean (SD) 12.2 (2) 11.3 (2.1) 12.6 (1.8) <0.0001

Serum albumin (g/dL), mean (SD) 3.7 (0.6) 3.5 (0.7) 3.9 (0.5) <0.0001

Urinary ACR (mg/g), mean (SD) 190 (554) 277 (692) 127 (414) <0.0001

aP values are for the comparison of the metabolic acidosis cohort with the normal serum bicarbonate cohort.
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker.

Figure 2. Two-Year Mortality by Index CKD Stage and in Total, Metabolic Acidosis 
Cohort vs Normal Serum Bicarbonate Cohort, Unadjusted 
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• Two-year mortality was significantly higher in the metabolic acidosis cohort compared 
with the normal serum bicarbonate cohort at all stages of CKD and in total (Figure 2)

• Mortality over 2 years in the normal serum bicarbonate cohort increased steadily 
by CKD stage, from 8% to 20%, while mortality in the metabolic acidosis cohort 
remained relatively consistent across CKD stages at a mean of 31% 

• Serum bicarbonate was a significant predictor of time to all-cause mortality, evaluated 
over a median of 4 years (maximum 10 years), hazard ratio (HR) 0.91 (95% confidence 
interval [CI] 0.90–0.91), P<0.0001 (Table 2) 

 ─ For every 1mEq/L improvement in serum bicarbonate there is a 9% decrease  
in mortality

Table 2. Cox Proportional Hazards Ratio for Time to All-Cause Mortality in 
Patients with CKD 3–5 Evaluated Over a Median of 4 Years (Max 10 Yrs)

Cox HR (95% CI) P value

Continuous variables

Age, per 1 year increase 1.04 (1.04‒1.04) <0.0001a

Log ACR, per 1 mg/g increase 1.07 (1.06‒1.09) <0.0001a

Serum bicarbonate, per 1 mEq/L increase 0.91 (0.90‒0.91) <0.0001a

eGFR, per 1 mL/min/1.73 m2 increase 0.99 (0.99‒1.00) <0.0001a

Categorical variables

Male vs female 1.13 (1.09‒1.16) <0.0001a

Race: African American vs Caucasian 1.16 (1.10‒1.23) <0.0001a

Race: Asian vs Caucasian 0.54 (0.46‒0.62) <0.0001a

Race: Other/unknown vs Caucasian 0.96 (0.89‒1.02) 0.2035

Diabetes 0.94 (0.90‒0.98) 0.0027a

Heart failure 1.81 (1.74‒1.89) <0.0001a

Hypertension 0.87 (0.83‒0.91) <0.0001a

CCI score 1 vs 0 1.12 (1.05‒1.20) 0.0004a

CCI score 2 vs 0 1.15 (1.08‒1.22) <0.0001a

CCI score ≥3 vs 0 1.47 (1.39‒1.56) <0.0001a

aP<0.05.

Figure 3. Predicted Probability of Two-Year All-Cause Mortality (95% CI) at  
1 mEq/L Increments of Serum Bicarbonate by a Restricted Cubic Spline Model*
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*Fit computed at age, 72.82; sex, 0.465; eGFR, 41.15; log ACR, 3.528; CCI, 2.653; DM, 0.374; HF, 0.224; HTN, 0.659. 
†Results for Caucasian and Other/unknown race overlap.

• In patients with CKD (N=57,224), spline analysis adjusted for covariates shows 
declining mortality as serum bicarbonate rises from 12 to 21 mEq/L, and a j-shaped 
curve from 21 to 40 mEq/L with a nadir at approximately 26 mEq/L (Figure 3)

• Mortality segmented by race is lower at all levels for Asians but similar among other 
racial groups

CONCLUSIONS
• In this large community-based population, metabolic acidosis was a 

significant independent predictor of all-cause mortality in patients with CKD 

• This finding was independent of age, sex, race, pre-existing comorbidities, 
and baseline eGFR and ACR

• Survival differences in subgroups included in the model were unexpected 
and warrant further examination
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FIGURE 1 Two-Year Mortality by Index CKD Stage and in Total, Metabolic 
Acidosis Cohort vs Normal Serum Bicarbonate Cohort, Unadjusted

“Chronic kidney disease is a public health 
problem of enormous proportion. Its 
prevalence is increasing, and the costs 
associated with it are soaring.”
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time to all-cause mortality (hazard 
ratio, 0.91; 95% confidence interval, 
0.90-0.91; P<0.0001). For every  
1 mEq/L increase in serum bicar-
bonate, there was a 9% decrease 
in all-cause mortality, as shown in 
TABLE 1. “What surprised me was the 
strength of that association,” said 
Ms. Reaven. “As serum bicarbonate 
increases, the risk of mortality de-
creases until you get to the point of 
alkalosis, which is a different condi-
tion. That’s typically where serum 
bicarbonate is greater than about 30 
mEq/L. Then you start to see mortal-
ity increase again, so there is a sweet 
spot for serum bicarbonate that is 
representing normal and healthy pH 
balance in the body, which is gener-
ally thought to be between about 22 
and 29 mEq/L.”

The spline analysis, also adjusted 
for covariates, showed declining mor-
tality as serum bicarbonate rises from 
12 to 21 mEq/L, and a j-shaped curve 
from 21 to 40 mEq/L, with a nadir at 
approximately 26 mEq/L. This means 

that a serum bicarbonate value of 
26 mEq/L was associated with the 
lowest mortality.

Metabolic acidosis as a significant 
predictor of all-cause mortality in 
this CKD patient population was in-
dependent of age, sex, race, preexist-
ing comorbidities, and baseline eGFR 
and ACR. “We controlled for a host of 
other variables that are known or hy-
pothesized to be risk factors for death 
in patients with advanced CKD,” said 
Ms. Reaven. Based on the findings 
that each 1 mEq/L increase in serum 
bicarbonate decreased mortality, “this 
indicated that there is a significant 
independent relationship between 
serum bicarbonate in the metabolic 
acidosis range and the risk of death. 
This tells us that metabolic acidosis 
has an impact on mortality that is in-
dependent from baseline CKD stage, 
and it’s actually worth paying atten-
tion to,” she said.

Ms. Reaven noted that a strength 
of the study design was its large, di-
verse patient population that was 

distributed across the United States 
in community-based settings. “These 
are patients who were represented 
by EHRs and that were not attached 
to a single insurer. In fact, this repre-
sented patients who were covered by 
Medicare, private insurance, Medic-
aid, and even individuals who were 
uninsured,” she said.

The study is limited by its obser-
vational, retrospective design, “so 
it cannot prove causality,” she said. 
Ms. Reaven said the study also could 
not anticipate all variables and fac-
tors that might alter the relationships 
being studied. 

Considerations for the 
healthcare system 
“CKD is a public health problem of 
enormous proportion,” said Mrs. 
Reaven. “Its prevalence is increasing, 
and the costs associated with it are 
soaring. These patients progress to 
end-stage renal disease and end up on 
dialysis, which is not only debilitating 
but also enormously expensive. I think 
understanding that metabolic acidosis 
contributes independently to the 
poor outcomes for these patients and 
is a modifiable risk factor for these 
patients is an important takeaway 
because effective treatment could 
potentially delay progression and 
lower the risk of death.”

“Studies like this raise the aware-
ness that as an independent risk factor 
for poor outcomes for these patients, 
serum bicarbonate should be much 
more closely monitored and interven-
tions considered early in order to try 
to modify the clinical trajectories for 
these patients. Also, if research of this 
kind can be helpful in stimulating ap-
proaches to treatment, that could go a 
long way to mitigating the impact of 
metabolic acidosis,” she concluded.
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• The consequences of metabolic acidosis are wide-ranging, consistent with the fact 

that many critical cell functions require physiologic pH1

• The extent to which metabolic acidosis contributes to mortality in patients with  
chronic kidney disease (CKD) is unknown2–6

OBJECTIVE
• To investigate the impact of metabolic acidosis on mortality in a large (>50,000)  

real-world, non-dialysis CKD population

METHODS
Figure 1. Patient Population

Optum® de-identified electronic health records dataset from 2007–2017*
with ≥3 eGFR values <60 mL/min/1.73 m2

•   ≥2 serum bicarbonate tests 28–365 days apart; the first test establishes study index date
•   ≥2 years of follow-up data or who died during this interval

Non-dialysis–dependent patients with CKD stages 3–5 at index
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Patients with two consecutive serum bicarbonate values

28–365 days apart, both in the same range

Metabolic acidosis cohort 
(12 to <22 mEq/L)

Normal serum 
bicarbonate cohort 

(22–29 mEq/L)
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(12 to <22 mEq/L,

22 to <30 mEq/L, or 
30–40 mEq/L)

*The Optum dataset contained HIPAA-compliant, de-identified data from a cumulative population of 81 million United States patients, 
including those with all insurance types and those who were uninsured. 
eGFR, estimated glomerular filtration rate; HIPAA, Health Insurance Portability and Accountability Act.

• Patients with metabolic acidosis were over-sampled by preferential selection to 
ensure adequate sample size

• Patients without a qualifying pair of serum bicarbonate tests were excluded  

• All-cause mortality was identified by linkage with Social Security data and compared 
by chi-square test between cohorts within CKD stage and in total for the 2-year  
post-index outcome period  

• Time to all-cause mortality was assessed with a Cox proportional hazards model in all 
available post-index data (median 4 years, maximum 10 years), controlling for covariates

• Two-year all-cause mortality was assessed in the secondary population at 1 mEq/L 
increments of serum bicarbonate (up to 40 mEq/L) by a restricted cubic spline model 
with knots at 20, 21, 24, 26, and 28 mEq/L (selected by percentile), controlling  
for covariates

• Serum bicarbonate was the primary exposure variable. Statistical models used 
the following covariates: age, sex, race, baseline estimated glomerular filtration 
rate (eGFR), serum bicarbonate, diabetes, hypertension, heart failure, Charlson 
Comorbidity Index (CCI) score (an index of comorbidity burden), and log  
albumin-to-creatinine ratio (ACR)
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RESULTS
• 51,558 patients qualified for this longitudinal observational study (17,350 in the 

metabolic acidosis cohort [12 to <22 mEq/L] and 34,208 in the normal serum 
bicarbonate cohort [22–29 mEq/L]). Patients with metabolic acidosis at baseline  
were younger, had more advanced kidney disease, and a higher comorbidity  
burden (Table 1) 

• A total of 57,224 patients met the criteria for the secondary population, with baseline 
serum bicarbonate values extending to 40 mEq/L (used for cubic spline analysis)

Table 1. Patient Characteristics of Study Population Were Balanced Across  
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Total Study 
 Population 
(N=51,558)

Metabolic  
Acidosis Cohort

(n=17,350)

Normal Serum 
Bicarbonate 

Cohort
(n=34,208) P Valuea

Age (y), mean (SD) 72.9 (11.5) 70.3 (13.3) 74.3 (10.3) <0.0001

Sex (F) (%) 53 52 53 0.0468

Race (%)

African American 10 15 7 <0.0001

Asian 2 2 2 <0.0001

Caucasian 82 74 85 <0.0001

Other/unknown 7 9 5 <0.0001

Comorbidities/conditions (%)

Hypertension (HTN) 62 74 55 <0.0001

Diabetes (DM) 31 43 26 <0.0001

Coronary artery disease 28 36 24 <0.0001

Edema 25 40 18 <0.0001

Peripheral vascular disease 19 29 15 <0.0001

Heart failure (HF) 19 30 14 <0.0001

CCI weighted, mean (SD) 2.3 (2.7) 3.5 (3.1) 1.7 (2.3) <0.0001

ACE inhibitor or ARB prescription (%) 23 29 20 <0.0001

Alkali treatment (%) 2 3 1 <0.0001

Serum bicarbonate (mEq/L), mean (SD) 24.0 (3.6) 19.7 (1.1) 26.1 (2.0) <0.0001

eGFR (mL/min/1.73 m2), mean (SD) 41.2 (12.1) 37.2 (13.3) 43.2 (10.9) <0.0001

Hemoglobin (g/dL), mean (SD) 12.2 (2) 11.3 (2.1) 12.6 (1.8) <0.0001

Serum albumin (g/dL), mean (SD) 3.7 (0.6) 3.5 (0.7) 3.9 (0.5) <0.0001

Urinary ACR (mg/g), mean (SD) 190 (554) 277 (692) 127 (414) <0.0001

aP values are for the comparison of the metabolic acidosis cohort with the normal serum bicarbonate cohort.
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker.

Figure 2. Two-Year Mortality by Index CKD Stage and in Total, Metabolic Acidosis 
Cohort vs Normal Serum Bicarbonate Cohort, Unadjusted 
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• Two-year mortality was significantly higher in the metabolic acidosis cohort compared 
with the normal serum bicarbonate cohort at all stages of CKD and in total (Figure 2)

• Mortality over 2 years in the normal serum bicarbonate cohort increased steadily 
by CKD stage, from 8% to 20%, while mortality in the metabolic acidosis cohort 
remained relatively consistent across CKD stages at a mean of 31% 

• Serum bicarbonate was a significant predictor of time to all-cause mortality, evaluated 
over a median of 4 years (maximum 10 years), hazard ratio (HR) 0.91 (95% confidence 
interval [CI] 0.90–0.91), P<0.0001 (Table 2) 

 ─ For every 1mEq/L improvement in serum bicarbonate there is a 9% decrease  
in mortality

Table 2. Cox Proportional Hazards Ratio for Time to All-Cause Mortality in 
Patients with CKD 3–5 Evaluated Over a Median of 4 Years (Max 10 Yrs)

Cox HR (95% CI) P value

Continuous variables

Age, per 1 year increase 1.04 (1.04‒1.04) <0.0001a

Log ACR, per 1 mg/g increase 1.07 (1.06‒1.09) <0.0001a

Serum bicarbonate, per 1 mEq/L increase 0.91 (0.90‒0.91) <0.0001a

eGFR, per 1 mL/min/1.73 m2 increase 0.99 (0.99‒1.00) <0.0001a

Categorical variables

Male vs female 1.13 (1.09‒1.16) <0.0001a

Race: African American vs Caucasian 1.16 (1.10‒1.23) <0.0001a

Race: Asian vs Caucasian 0.54 (0.46‒0.62) <0.0001a

Race: Other/unknown vs Caucasian 0.96 (0.89‒1.02) 0.2035

Diabetes 0.94 (0.90‒0.98) 0.0027a

Heart failure 1.81 (1.74‒1.89) <0.0001a

Hypertension 0.87 (0.83‒0.91) <0.0001a

CCI score 1 vs 0 1.12 (1.05‒1.20) 0.0004a

CCI score 2 vs 0 1.15 (1.08‒1.22) <0.0001a

CCI score ≥3 vs 0 1.47 (1.39‒1.56) <0.0001a

aP<0.05.

Figure 3. Predicted Probability of Two-Year All-Cause Mortality (95% CI) at  
1 mEq/L Increments of Serum Bicarbonate by a Restricted Cubic Spline Model*
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*Fit computed at age, 72.82; sex, 0.465; eGFR, 41.15; log ACR, 3.528; CCI, 2.653; DM, 0.374; HF, 0.224; HTN, 0.659. 
†Results for Caucasian and Other/unknown race overlap.

• In patients with CKD (N=57,224), spline analysis adjusted for covariates shows 
declining mortality as serum bicarbonate rises from 12 to 21 mEq/L, and a j-shaped 
curve from 21 to 40 mEq/L with a nadir at approximately 26 mEq/L (Figure 3)

• Mortality segmented by race is lower at all levels for Asians but similar among other 
racial groups

CONCLUSIONS
• In this large community-based population, metabolic acidosis was a 

significant independent predictor of all-cause mortality in patients with CKD 

• This finding was independent of age, sex, race, pre-existing comorbidities, 
and baseline eGFR and ACR

• Survival differences in subgroups included in the model were unexpected 
and warrant further examination
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