
ORIGINAL RESEARCH

Prevalence of Metabolic Acidosis Among Patients
with Chronic Kidney Disease and Hyperkalemia

Erin E. Cook . Jill Davis . Rubeen Israni . Fan Mu . Keith A. Betts .

Deborah Anzalone . Lei Yin . Harold Szerlip . Gabriel I. Uwaifo .

Vivian Fonseca . Eric Q. Wu

Received: June 29, 2021 / Accepted: August 2, 2021 / Published online: September 1, 2021
� The Author(s) 2021

ABSTRACT

Introduction: Although hyperkalemia and
metabolic acidosis often co-occur in patients
with chronic kidney disease (CKD), the preva-
lence of metabolic acidosis among patients with
CKD and hyperkalemia is understudied. There-
fore, we used medical record data from the
Research Action for Health Network to estimate
this prevalence.
Methods: Adult patients with CKD stage
3–5, C 1 outpatient potassium value[5.0 mEq/l,
and C 1 outpatient bicarbonate value available

were identified. Patients with end stage kidney
disease (ESKD) in the prior year were excluded.
The prevalence of metabolic acidosis in each
calendar year from 2014 to 2017 among patients
with CKD and hyperkalemia was estimated using
two definitions of hyperkalemia (potas-
sium[5.0 mEq/l and[5.5 mEq/l) and meta-
bolic acidosis (bicarbonate\ 18 mEq/l and
\22 mEq/l).
Results: In the 2017 patient cohort and among
patients with CKD and hyperkalemia, patients
with metabolic acidosis were younger (69 versus
74 years), more likely to have advanced CKD
(35% versus 13%), and use oral sodium bicar-
bonate (21% versus 4%) than patients without
metabolic acidosis. The prevalence of metabolic
acidosis (\22 mEq/l) ranged from 25 to 29%
when hyperkalemia was defined by potas-
sium[5.0 mEq/l and ranged from 33 to 39%
when hyperkalemia was defined by potas-
sium[5.5 mEq/l.
Conclusion: Results demonstrated that preva-
lence estimates of metabolic acidosis varied
based on the definition of hyperkalemia and
metabolic acidosis utilized.

Keywords: Chronic kidney disease;
Hyperkalemia; Metabolic acidosis; Prevalence;
Electronic medical records

E. E. Cook (&) � F. Mu � E. Q. Wu
Analysis Group, Boston, MA, USA
e-mail: Erin.Cook@analysisgroup.com

J. Davis � R. Israni � D. Anzalone
AstraZeneca at the Time the Study was Conducted,
Wilmington, DE, USA

K. A. Betts � L. Yin
Analysis Group, Los Angeles, CA, USA

H. Szerlip
Baylor University Medical Center, Dallas, TX, USA

G. I. Uwaifo
Ochsner Medical Center, New Orleans, LA, USA

V. Fonseca
Tulane University Medical Center, New Orleans, LA,
USA

Adv Ther (2021) 38:5238–5252

https://doi.org/10.1007/s12325-021-01886-5

http://crossmark.crossref.org/dialog/?doi=10.1007/s12325-021-01886-5&amp;domain=pdf
https://doi.org/10.1007/s12325-021-01886-5


Key Summary Points

Why carry out this study?

Despite the co-occurrence of hyperkalemia
and metabolic acidosis among patients
with chronic kidney disease (CKD), the
prevalence of metabolic acidosis has not
been established among patients with
these conditions.

This study used electronic medical record
data from a large, real-world patient
population to estimate the prevalence of
metabolic acidosis among patients with
CKD and hyperkalemia in the US.

What was learned from the study?

The prevalence of metabolic acidosis (\22
mEq/l) among patients with CKD and
hyperkalemia was not uncommon and
ranged from 25 to 29% when
hyperkalemia was defined by potassium
[5.0 mEq/l and ranged from 33 to 39%
when hyperkalemia was defined by
potassium[5.5 mEq/l from 2014 to 2017.

Further research into the management of
metabolic acidosis and hyperkalemia with
novel treatments would help inform
providers and optimize treatment options
for these commonly co-occurring
conditions, especially among patients
with CKD.

INTRODUCTION

Metabolic acidosis is an acid-base disorder that
is a widely recognized complication associated
with kidney impairments, particularly CKD
[1, 2]. Due to the lack of overt symptoms during
the initial stages of the disorder, metabolic aci-
dosis is often identified based on laboratory
assessments of serum bicarbonate levels that are
persistently\22 mEq/l [3]. The accumulation
of excess acid in the body caused by metabolic

acidosis can result in the deterioration of bone,
loss of muscle, and progression of kidney dis-
ease [2, 4, 5]. The prevalence of metabolic aci-
dosis has been reported to range from 2 to 13%
in patients with stage 3 CKD and 19 to 37% in
patients with stage 4 CKD [2, 6]. The causes of
metabolic acidosis vary and include kidney
failure, bicarbonate loss, administration of
acids, and hyperkalemia [7]. Hyperkalemia,
defined as abnormally high serum potassium
levels ([ 5.0 mEq/l), is common in patients with
CKD, and its prevalence increases with CKD
severity (5% in stage 3 CKD; 43% in patients on
dialysis) [8, 9]. Severe forms of hyperkalemia
([6.0 mEq/l) can result in cardiac arrhythmias
or sudden death [10, 11].

In patients with CKD, hyperkalemia and
metabolic acidosis often co-occur as hyper-
kalemia may cause and be caused by metabolic
acidosis [6, 12–15]. Hyperkalemia is thought to
cause metabolic acidosis through its impact on
kidney ammonia metabolism, such as decreas-
ing ammonia excretion, which can lead to
reduced acid excretion [12]. Metabolic acidosis
can lead to hyperkalemia through the intracel-
lular to extracellular movement of potassium in
exchange for excess hydrogen [13]. As a result,
the interrelationship of hyperkalemia and
metabolic acidosis is complex and may form a
vicious cycle.

Previous studies have reported that meta-
bolic acidosis is not only a known complication
of CKD, but also a contributing factor to addi-
tional kidney impairments and is associated
with rapidity of disease progression [2, 16].
Treatment of metabolic acidosis has been found
to reduce the extent of acidosis and delay CKD
progression [17–21]. The clinical management
of metabolic acidosis includes reducing acid via
dietary changes (e.g., reducing animal-sourced
proteins, increasing base-producing fruits and
vegetables), the use of loop diuretics, and/or
supplementation with sodium-based alkali
therapies (e.g., sodium bicarbonate, sodium
citrate) [18, 22]. However, untreated metabolic
acidosis is associated with a substantial increase
in morbidity and mortality, even if the extent of
acidosis is mild [22, 23].

Despite the known clinical burden associated
with untreated metabolic acidosis, and its co-
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occurrence with hyperkalemia among patients
with CKD, the prevalence of metabolic acidosis
among patients with both CKD and hyper-
kalemia has not been widely studied. To date,
studies have focused on patients with CKD only
[4, 16, 17, 23–25]. In light of the complications
associated with metabolic acidosis among
patients with CKD and hyperkalemia, there is a
need to better understand the prevalence of this
acid-base disorder among this patient popula-
tion. To help address this gap in knowledge, this
study assessed the prevalence of metabolic aci-
dosis among patients with both CKD and
hyperkalemia in the US. The primary objective
of the study was to estimate the prevalence of
metabolic acidosis among patients with CKD
and hyperkalemia using potassium laboratory
values to define hyperkalemia (i.e.,[5.0 mEq/l
or[5.5 mEq/l) and bicarbonate laboratory val-
ues to define metabolic acidosis (i.e.,\ 20 mEq/
l or\ 18 mEq/l). The secondary objectives of
the study were to (1) characterize the popula-
tion of patients with CKD and hyperkalemia
with and without metabolic acidosis and (2) to
assess how using International Classification of
Diseases (ICD) codes to estimate the prevalence
of metabolic acidosis among patients with CKD
and hyperkalemia affect the prevalence esti-
mates compared to using laboratory values.

METHODS

Data Source

This retrospective study used electronic medical
record (EMR) data from Tulane Medical Center
and Ochsner Health System in Louisiana. The
EMR data used in this study (2013–2017) were
part of the Research Action for Health Network
(REACHnet). REACHnet is one of nine clinical
research networks that comprise PCORnet�, the
National Patient-Centered Outcomes Research
Network. Data from REACHnet include patient
demographics, vital signs, laboratory test
results, prescriptions, procedures, and
diagnoses.

Compliance with Ethics Guidelines

This study was approved by the New England
Independent Review Board on June 25, 2018.
Additional IRB approval was obtained at par-
ticipating centers wherever needed. This study
was performed in accordance with the Helsinki
Declaration of 1964, and its later amendments.

Study Design and Sample Selection

We selected patient samples for each calendar
year from 2014 to 2017 to estimate annual
prevalence of metabolic acidosis of each calen-
dar year. We characterized the patient popula-
tion with and without metabolic acidosis
among patients with CKD and hyperkalemia
using the patient sample from the most recent
calendar year 2017 given the sample sizes and
patient characteristics were similar across cal-
endar years.

Adult patients were eligible for inclusion in
this study if they met two criteria. The first cri-
terion was a documented diagnosis of CKD
stage 3–5 in the previous year, defined as C 2
estimated glomerular filtration rate (eGFR) val-
ues\ 60 ml/min/1.73 m2 occurring at least
90 days apart or C 1 diagnosis code indicating
CKD stage 3–5. Patients were excluded if they
had end-stage kidney disease (ESKD) in the
previous year, which was defined as having
both CKD stage 5 and dialysis, since patients
who were already on dialysis may have bicar-
bonate values that no longer reflect their true
blood level; however, patients were included if
they developed ESKD in the current calendar
year. The second criterion was evidence of C 1
outpatient potassium laboratory
value[5.0 mEq/l and C 1 outpatient serum
bicarbonate laboratory value available on the
same day.

The prevalence of metabolic acidosis among
patients with CKD and hyperkalemia was
determined based on combinations of the fol-
lowing definitions of hyperkalemia and meta-
bolic acidosis among patients with CKD: (1)
serum potassium[5.0 mEq/l and serum bicar-
bonate\22 mEq/l; (2) serum potas-
sium[5.0 mEq/l and serum
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bicarbonate\18 mEq/l; (3) serum potas-
sium[5.5 mEq/l and serum bicarbon-
ate\ 22 mEq/l; (4) serum potassium[5.5 mEq/
l and serum bicarbonate\ 18 mEq/l. As a sen-
sitivity analysis, the prevalence of metabolic
acidosis, where metabolic acidosis was identi-
fied by ICD diagnosis codes (ICD-9-CM 276.2,
ICD-10-CM E87.2), was also assessed among the
population of patients with CKD and hyper-
kalemia in 2017. The ICD code for metabolic
acidosis had to be recorded within ± 1 month
of the date of the outpatient serum potassium
and bicarbonate laboratories as specified in the
inclusion criteria. The buffer of ± 1 month was
chosen since the diagnosis code for metabolic
acidosis may not always be recorded on the
same day as the laboratory value in the EMR.

Statistical Analyses

Patient characteristics, comorbidities, hyper-
kalemia treatments, and laboratory values were
described and compared for the sample of
patients with CKD and hyperkalemia (potas-
sium[5.0 mEq/l) by metabolic acidosis status
(bicarbonate\ 22 mEq/l vs. bicarbon-
ate C 22 mEq/l) in 2017. The potassium and
bicarbonate laboratory values were character-
ized using the first pair of potassium and
bicarbonate laboratory values on the same day
where the potassium laboratory value indicated
hyperkalemia ([5.0 mEq/l). Continuous vari-
ables were described using means and standard
deviations (SDs) and were compared between
patients with and without metabolic acidosis
using Wilcoxon rank-sum tests; categorical
variables were described using counts and pro-
portions and were compared between patients
with and without metabolic acidosis using chi-
square tests.

The yearly period prevalence of metabolic
acidosis among patients with CKD and hyper-
kalemia was assessed each year from 2014 to
2017. The prevalence of metabolic acidosis was
age and sex standardized to the US population
of adults from the US Census Bureau estimated
to have CKD and hyperkalemia. The prevalence
of hyperkalemia among patients with CKD was
derived from the analysis by Betts et al. using

data from the IBM MarketScan Commercial,
Medical Supplemental, and Lab Databases [8].
Linear regression models were fit to prevalence
data from 2014 to 2017 to estimate the p-value
for the trend in prevalence. p values\ 0.05 were
considered statistically significant. The rate of
metabolic acidosis was also calculated as the
number of metabolic acidosis events per
patient-year among patients with CKD and
hyperkalemia.

For the sensitivity analysis, the prevalence of
metabolic acidosis defined by ICD codes was
estimated for 2017 among patients with CKD
and hyperkalemia. The concordance of meta-
bolic acidosis ICD codes with metabolic acidosis
defined by bicarbonate laboratory values was
assessed using sensitivity, specificity, and con-
cordance, where the bicarbonate laboratory
result was considered to be the true value. As a
result, the sensitivity was the probability of
having an ICD code for metabolic acidosis
among people without metabolic acidosis
defined by the serum bicarbonate laboratory
value; the specificity was the probability of not
having an ICD code for metabolic acidosis
among people without metabolic acidosis
defined by the serum bicarbonate laboratory
value. The concordance was measured as the
percentage of bicarbonate laboratory results and
ICD codes in agreement.

RESULTS

Prevalence and Rate of Metabolic Acidosis
from 2014 to 2017

Patients with CKD and hyperkalemia that had
C 1 bicarbonate laboratory results available on
the same day as the potassium laboratory values
were identified each year from 2014 to 2017
(Fig. 1). When using serum potassium
was[ 5.0 mEq/l to define hyperkalemia, a total
of 2534–4506 patients were included in the
analysis from 2014 to 2017; when using serum
potassium[ 5.5 mEq/l to define hyperkalemia,
a total of 698–1195 patients were included in
the analysis from 2014 to 2017. The prevalence
of metabolic acidosis from 2014 to 2017
observed in this study, among patients with
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CKD and potassium levels[5.0 mEq/l, ranged
from 24.5 to 29.4% when metabolic acidosis
was defined as bicarbonate levels\ 22 mEq/l
and ranged from 5.5 to 6.9% when metabolic
acidosis was defined as bicarbonate
levels\ 18 mEq/l (Table 1). The rate of meta-
bolic acidosis among patients with CKD and
potassium levels[ 5.0 mEq/l ranged from 0.42
per patient-year to 0.52 per patient-year for
bicarbonate levels\ 22 mEq/l and ranged from
0.08 per patient-year to 0.11 per patient-year for
bicarbonate levels\ 18 mEq/l (Table 1).

The prevalence and rate were slightly higher
among patients with CKD and potassium
levels[ 5.5 mEq/l. The prevalence of metabolic
acidosis among patients with CKD and potas-
sium[5.5 mEq/l ranged from 33.1 to 39.1%

when metabolic acidosis was defined as bicar-
bonate levels\22 mEq/l and ranged from 9.1
to 10.8% when metabolic acidosis was defined
as bicarbonate levels\ 18 mEq/l (Table 1). The
rate of metabolic acidosis among patients with
CKD and potassium levels[5.5 mEq/l ranged
from 0.46 per patient-year to 0.57 per patient-
year for bicarbonate levels\22 mEq/l and ran-
ged from 0.12 per patient-year to 0.15 per
patient-year for bicarbonate levels\ 18 mEq/l
(Table 1).

The observed prevalence of metabolic aci-
dosis in this study was similar to the age and
gender standardized prevalence of metabolic
acidosis (Fig. 2). The age and gender standard-
ized prevalence of metabolic acidosis among
patients with CKD and potassium

Fig. 1 Yearly samples of patients with CKD and hyperkalemia. CKD chronic kidney disease, N number
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levels[ 5.0 mEq/l ranged from 24.3 to 29.3%
when metabolic acidosis was defined as bicar-
bonate levels\22 mEq/l and ranged from 5.4
to 6.7% when metabolic acidosis was defined as
bicarbonate levels\18 mEq/l. The age and
gender standardized prevalence among patients
with CKD and potassium levels[5.5 mEq/l
ranged from 33.9 to 39.3% for bicarbonate
levels\ 22 mEq/l and ranged from 9.0 to 10.8%
for bicarbonate levels\18 mEq/l. There did not
appear to be any strong year-over-year trends in
the prevalence of metabolic acidosis among
patients with CKD and hyperkalemia.

Prevalence of Metabolic Acidosis Defined
by Diagnosis Codes and Concordance
with Bicarbonate Laboratory Values

The prevalence of metabolic acidosis among
patients with CKD and potassium[5.0 mEq/l
was 8.2% using diagnosis codes for metabolic
acidosis, compared to 24.5% using bicarbonate
laboratory values\ 22 mEq/l and 5.5% using

bicarbonate laboratory values\ 18 mEq/l
(Table 2). For metabolic acidosis defined as
bicarbonate\22 mEq/l and among patients
with CKD and potassium[5.0 mEq/l, the con-
cordance was high (80.0%). Additionally, the
specificity was high (96.2%), indicating that few
people had an ICD code for metabolic acidosis
when their bicarbonate value was C 22 mEq/l.
However, the sensitivity was low (21.7%), indi-
cating that patients with bicarbon-
ate\ 22 mEq/l were not very likely to have an
ICD code for metabolic acidosis. For metabolic
acidosis defined as bicarbonate\18 mEq/l and
among patients with CKD and potas-
sium[5.0 mEq/l, the sensitivity was slightly
higher but still low (40.7%) and the specificity
(93.7%) and concordance (90.8%) remained
high.

The prevalence of metabolic acidosis among
patients with CKD and potassium[5.5 mEq/l
was 13.3% using diagnosis codes for metabolic
acidosis compared to 33.1% using bicarbonate
laboratory values\ 22 mEq/l and 10.1% using

Table 1 Prevalence and rate of metabolic acidosis among patients with CKD and hyperkalemia

Hyperkalemia
(Potassium > 5.0 mEq/l)

Hyperkalemia
(Potassium > 5.5 mEq/l)

N with metabolic
acidosis

Prevalence
(%)

Rate1 N with metabolic
acidosis

Prevalence
(%)

Rate1

2014

Bicarbonate\ 22 mEq/l 745 29.40 0.52 256 36.68 0.57

Bicarbonate\ 18 mEq/l 154 6.08 0.10 67 9.60 0.13

2015

Bicarbonate\ 22 mEq/l 989 28.44 0.51 366 39.10 0.57

Bicarbonate\ 18 mEq/l 241 6.93 0.11 101 10.79 0.15

2016

Bicarbonate\ 22 mEq/l 1143 26.88 0.47 396 35.71 0.50

Bcarbonate\ 18 mEq/l 235 5.53 0.08 121 9.11 0.12

2017

Bicarbonate\ 22 mEq/l 1104 24.50 0.42 395 33.05 0.46

Bicarbonate\ 18 mEq/l 248 5.50 0.08 121 10.13 0.13

CKD chronic kidney disease, N number
1 Rates were calculated as the number of metabolic acidosis events per patient-year
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bicarbonate laboratory values\ 18 mEq/l
(Table 2). Similar to when hyperkalemia was
defined as potassium[5.0 mEq/l, the sensitiv-
ity was low (25.6%) and specificity (92.8%) and
concordance (70.5%) were high for metabolic
acidosis defined as bicarbonate\22 mEq/l. For
metabolic acidosis defined as bicarbon-
ate\ 18 mEq/l and among patients with CKD
and potassium[ 5.5 mEq/l, the sensitivity was
slightly higher but still low (38.8%) and the
specificity (89.6%) and concordance (84.4%)
remained high.

Characteristics of Patients
with and Without Metabolic Acidosis
(Bicarbonate < 22 mEq/l)

In 2017, among patients with CKD and hyper-
kalemia (potassium[5.0 mEq/l), patients with
metabolic acidosis (bicarbonate\22 mEq/l)

were younger than patients without metabolic
acidosis (68.7 years vs. 74.0 years, respectively,
p\0.001; Table 3). In both cohorts, most
patients were White, although patients with
metabolic acidosis were more likely to be Black
compared to patients without metabolic acido-
sis (41.9% vs. 25.4%, respectively, p\0.001).

Among patients with CKD and hyperkalemia
(potassium[5.0 mEq/l), patients with meta-
bolic acidosis (bicarbonate\22 mEq/l) were
more likely to have advanced CKD (stage 5 or
ESKD: 34.8% vs. 13.4%; Table 3). The most
common comorbidities in patients with CKD
and hyperkalemia with and without metabolic
acidosis were hypertension (96.0% vs. 93.6%,
respectively, p = 0.003), type II diabetes (62.6%
vs. 56.3%, p\ 0.001), acute kidney injury
(45.1% vs. 23.4%, p\0.001), and heart failure
(35.0% vs. 31.2%, p = 0.020). The mean Charl-
son Comorbidity Index (± SD) was higher
among patients with metabolic acidosis

Fig. 2 Age and gender standardized prevalence of metabolic acidosis among patients with CKD and hyperkalemia. CKD
chronic kidney disease
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compared to patients without metabolic acido-
sis (3.8 ± 2.3 vs. 3.2 ± 2.1, respectively,
p\0.001). Over half of all patients in both
cohorts used any renin-angiotensin-aldosterone
system inhibitors (RAASis), although the per-
centage of patients with metabolic acidosis
using RAASis was slightly lower than the per-
centage of patients without metabolic acidosis
(54.3% vs. 59.8%, respectively, p = 0.001).

Treatments for hyperkalemia were more
commonly used among patients with metabolic
acidosis compared to patients without meta-
bolic acidosis, including a higher proportion
using potassium binders (31.1% vs. 10.5%,
respectively, p\0.001), diuretics (61.2% vs.
52.0%, p\ 0.001), and temporizing agents such
as albuterol (21.3% vs. 16.1%, p\ 0.001).

Medications that can be used to treat
hyperkalemia and metabolic acidosis, such as
sodium bicarbonate and sodium citrate, were
not widely used (Table 3). Sodium bicarbonate
was used more commonly in patients with
metabolic acidosis than in patients without
metabolic acidosis (28.0% vs. 8.1%, respec-
tively, p\ 0.001). Among patients with

metabolic acidosis, oral sodium bicarbonate was
more commonly used (20.9%) than intravenous
sodium bicarbonate (9.9%). Sodium citrate was
infrequently used (patients with metabolic aci-
dosis: 0.7% vs. patients without metabolic aci-
dosis: 0.2%, p = 0.035).

When the first pair of potassium and bicar-
bonate laboratory results on the same day was
examined, the mean (± SD) potassium labora-
tory value was slightly higher for patients with
metabolic acidosis compared to patients with-
out metabolic acidosis (5.4 ± 0.4 vs. 5.3 ± 0.3,
p\0.001). Mean (± SD) serum bicarbonate
laboratory value was lower among patients with
metabolic acidosis compared to patients with-
out metabolic acidosis (20.4 ± 3.0 vs.
26.1 ± 2.6, p\0.001, Table 3). Patients with
metabolic acidosis also had a lower mean
(± SD) eGFR (measured closest to the afore-
mentioned pair of potassium and bicarbonate
laboratory results) compared with patients
without metabolic acidosis (29.4 ± 15.9 vs.
39.6 ± 15.7, respectively, p\ 0.001).

Table 2 The 2017 prevalence of metabolic acidosis defined by ICD codes and agreement with metabolic acidosis defined by
laboratory values

Prevalence of
metabolic acidosis
(bicarbonate labs) (%)1

Prevalence of
metabolic acidosis
(ICD codes) (%)2

Sensitivity
(%)3

Specificity
(%)4

Concordance
(%)5

CKD and hyperkalemia > 5.0 mEq/l

Bicarbonate\ 22 mEq/l 24.50 8.17 21.74 96.24 77.99

Bicarbonate\ 18 mEq/l 5.50 8.17 40.73 93.73 90.81

CKD and hyperkalemia > 5.5 mEq/l

Bicarbonate\ 22 mEq/l 33.05 13.31 25.57 92.75 70.54

Bicarbonate\ 18 mEq/l 10.13 13.31 38.84 89.57 84.44

CKD chronic kidney disease, ICD International Classification of Disease
1 All analyses represent the prevalence in 2017
2 ICD codes to identify metabolic acidosis included ICD-9-CM 276.2 and ICD-10-CM E87.2
3 Sensitivity is the probability of having an ICD code for metabolic acidosis among patients with metabolic acidosis defined
by the serum bicarbonate laboratory value
4 Specificity is the probability of not having an ICD code for metabolic acidosis among patients without metabolic acidosis
defined by the serum bicarbonate laboratory value
5 Concordance is the probability of having an ICD code for metabolic acidosis and a serum bicarbonate laboratory value in
agreement
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Table 3 Characteristics of patients with CKD and hyperkalemia (potassium[ 5.0 mEq/l) by metabolic acidosis status
(bicarbonate\ 22 mEq/l) in 2017

CKD patients with hyperkalemia and
metabolic acidosis1

CKD patients with hyperkalemia and
without metabolic acidosis1

p Value

n = 1104 n = 3402

Demographics

Age (years),

mean ± SD

68.7 ± 14.9 74.0 ± 13.0 \ 0.001

Female, n (%) 519 (47.0%) 1638 (48.1%) 0.511

Race, n (%)

White 623 (56.4%) 2486 (73.1%) \ 0.001

Black 463 (41.9%) 864 (25.4%) \ 0.001

Other or missing 18 (1.6%) 52 (1.5%) 0.812

Comorbidities

CKD stage, n (%)2

Stage 3 353 (32.0%) 2,083 (61.2%) \ 0.001

Stage 4 340 (30.8%) 666 (19.6%) \ 0.001

Stage 5 without

dialysis

101 (9.1%) 84 (2.5%) \ 0.001

ESKD 283 (25.6%) 371 (10.9%) \ 0.001

Missing or not stage

3–5

27 (2.4%) 198 (5.8%) \ 0.001

Acute kidney injury,

n (%)

498 (45.1%) 797 (23.4%) \ 0.001

Type II diabetes,

n (%)

691 (62.6%) 1917 (56.3%) \ 0.001

Heart failure, n (%) 386 (35.0%) 1061 (31.2%) 0.020

Hypertension, n (%) 1060 (96.0%) 3184 (93.6%) 0.003

CCI, mean ± SD 3.8 ± 2.3 3.2 ± 2.1 \ 0.001

RAASi utilization, n (%)

Any RAASi 600 (54.3%) 2,036 (59.8%) 0.001

Hyperkalemia treatments, n (%)

Any potassium-

binding treatment3
343 (31.1%) 358 (10.5%) \ 0.001

Any diuretics 676 (61.2%) 1,769 (52.0%) \ 0.001

Temporizing agents

Albuterol 235 (21.3%) 547 (16.1%) \ 0.001
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DISCUSSION

This real-world retrospective study used a large
EMR database to determine the prevalence of
metabolic acidosis among patients with CKD
and hyperkalemia in the US. In particular, this
study evaluated different cutoffs to define
hyperkalemia (serum potassium
levels[ 5.0 mEq/l vs.[ 5.5 mEq/l) and

metabolic acidosis (bicarbonate
levels\ 18 mEq/l vs.\22 mEq/l). Overall, the
results of this study found that metabolic aci-
dosis was common among patients with both
CKD and hyperkalemia and that the prevalence
of metabolic acidosis is sensitive to the defini-
tion of hyperkalemia and metabolic acidosis
used.

Table 3 continued

CKD patients with hyperkalemia and
metabolic acidosis1

CKD patients with hyperkalemia and
without metabolic acidosis1

p Value

n = 1104 n = 3402

Calcium 197 (17.8%) 203 (6.0%) \ 0.001

Insulin with glucose 212 (19.2%) 234 (6.9%) \ 0.001

Treatments for hyperkalemia and metabolic acidosis, n (%)

Sodium bicarbonate 309 (28.0%) 276 (8.1%) \ 0.001

IV 109 (9.9%) 160 (4.7%) \ 0.001

Oral 231 (20.9%) 135 (4.0%) \ 0.001

Unknown 18 (1.6%) 9 (0.3%) \ 0.001

Sodium citrate 8 (0.7%) 8 (0.2%) 0.035

Laboratory values closest to the first bicarbonate and potassium laboratory values > 5.0 mEq/l available,4

mean – SD

Potassium (mEq/l) 5.4 ± 0.4 5.3 ± 0.3 \ 0.001

Serum bicarbonate

(mEq/l)

20.4 ± 3.0 26.1 ± 2.6 \ 0.001

E GFR (ml/min/

1.73m2)5
29.4 ± 15.9 39.6 ± 15.7 \ 0.001

CCI Charlson Comorbidity Index, CKD chronic kidney disease, eGFR estimated glomerular filtration rate, ESKD end-stage
kidney disease, IV intravenous, N number, RAASi renin-angiotensin-aldosterone system inhibitor, SD standard deviation
1 Patient characteristics in 2017 are included in the table
2 CKD stage in 2017 is reported in the table. The most severe CKD stage observed in 2017 was included as the stage of
CKD (C 1 eGFR or C 1 diagnosis code). Missing CKD stage indicates that no data on stage were available in 2017 or that
CKD was stages 1 or 2. CKD stage 3 was defined as a diagnosis code for CKD stage 3 or eGFR 30–59 ml/min/1.73 m2.
CKD stage 4 was defined as a diagnosis code for CKD stage 4 or eGFR 15–29 ml/min/1.73 m2. CKD stage 5 was defined as
a diagnosis code for CKD stage 5 or eGFR\ 15 ml/min/1.73 m2 and no dialysis. ESKD was defined as a diagnosis code for
CKD stage 5 or eGFR\ 15 ml/min/1.73 m2 and dialysis
3 Potassium-binding treatments include sodium polystyrene sulfonate and patiromer
4 The potassium and bicarbonate laboratory values were characterized using the first pair of potassium and bicarbonate
laboratory values on the same day in 2017 where the potassium laboratory value indicated hyperkalemia ([ 5.0 mEq/l)
5 eGFR was available for 1102 patients with metabolic acidosis and 3398 patients without metabolic acidosis. The eGFR
value closest to the first pair of bicarbonate and potassium laboratory results available in 2017 is included
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The Kidney Disease Improving Global Out-
comes guidelines recommend treatment to keep
serum bicarbonate [ 22 mEq/l, which the Kid-
ney Disease Outcomes Quality Initiative guide-
lines agree with; however, in practice physicians
may not follow those guidelines closely and
choose to treat patients at a lower bicarbonate
level and will also often consider variables such
as blood pH level [3, 26, 27]. The prevalence of
metabolic acidosis in this study defined by
serum bicarbonate levels\ 22 mEq/l was much
higher than the prevalence defined by ICD
codes for patients with CKD and hyperkalemia.
However, this finding is expected as only more
severe patients may have a diagnosis code for
metabolic acidosis in clinical practice. In fact,
this study reveals that the prevalence of meta-
bolic acidosis among patients with CKD and
hyperkalemia defined by ICD codes was much
closer to the prevalence defined by bicarbon-
ate\ 18 mEq/l. The difference in prevalence
defined by bicarbonate\ 22 mEq/l compared to
ICD codes may also arise because providers may
be less likely to record a diagnosis of metabolic
acidosis in the outpatient setting, and this study
only included outpatient bicarbonate labora-
tory values in the assessment of metabolic aci-
dosis. As a result, we anticipate that the true
prevalence of metabolic acidosis is closer to the
prevalence estimated by the bicarbonate labo-
ratory values rather than the ICD codes alone.
Given ICD codes may not capture metabolic
acidosis until the bicarbonate level is much
lower than 22 mEq/l, better monitoring and
clinical attention using bicarbonate laboratory
values could potentially result in better patient
management and outcomes.

To the best of our knowledge, the current
study is the first to determine the prevalence of
metabolic acidosis among adult patients with
CKD and hyperkalemia. Although the clinical
burden of metabolic acidosis has been widely
reported, the most commonly studied patient
population has been those with varying stages
of CKD [4, 16, 17, 23–25]. Among patients with
CKD, 15% have been reported to have meta-
bolic acidosis with an increase in the prevalence
with advancing CKD [1, 28–30]. Results from a
2009 study that assessed the onset of CKD-re-
lated metabolic complications in[1000 adults

with CKD stages 2–5 found that as eGFR
declined, the prevalence of metabolic acidosis
increased from 2 to 39% and hyperkalemia
increased from 2 to 42% [31]. As metabolic
acidosis is a known complication of CKD that
both causes and is caused by hyperkalemia,
another known complication of CKD
[2, 6, 29, 32, 33], it is unsurprising that the
prevalence of metabolic acidosis reported in this
study is higher than the 15% that has been
reported previously [1] among patients with
CKD without hyperkalemia.

In patients with CKD, untreated metabolic
acidosis can result in muscle wasting, bone
disease, additional kidney impairments and
CKD progression, and untreated severe hyper-
kalemia can result in cardiac arrhythmias or
sudden death [2, 10, 11, 16, 29]. As a result,
methods to detect metabolic acidosis and
appropriately treat patients with metabolic aci-
dosis and hyperkalemia, both common among
CKD patients, are important for healthcare
stakeholders. Hyperkalemia, which can cause or
result from metabolic acidosis, is a challenging
disorder to successfully manage in the long
term, particularly moderate to severe forms of
the disorder [34]. In addition, due to the role of
metabolic acidosis as a causative factor in CKD
progression and hyperkalemia, it is important
for clinicians to consider all three conditions
collectively when managing patients with these
conditions.

Sodium bicarbonate treatment is a known
treatment for metabolic acidosis and hyper-
kalemia. Among patients with CKD, treating
metabolic acidosis with sodium bicarbonate has
been shown to improve acidosis and may
potentially decrease the rate of CKD progression
[20, 29, 35]. However, sodium bicarbonate
treatment is associated with some adverse
events, such as the production of carbon diox-
ide in the gastrointestinal tract resulting in
belching and gastric distension [22]. For acute
hyperkalemia, sodium bicarbonate is typically
not used as a first line treatment due to con-
cerns around its efficacy and safety compared to
other treatment options for hyperkalemia
[1, 11, 36]. In the present study, 28% of patients
with metabolic acidosis received sodium bicar-
bonate compared with 8% of patients without
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evidence of metabolic acidosis. However, we are
unable to confirm if sodium bicarbonate was
specifically prescribed to treat hyperkalemia,
metabolic acidosis, or both in this study as such
reasons are not available in the EMR data. Novel
treatments for hyperkalemia have been shown
to impact bicarbonate levels. In a phase III
study, sodium zirconium cyclosilicate has been
shown to improve potassium and bicarbonate
levels among patients with hyperkalemia [37].
During the 1-year trial period, the proportion of
patients with bicarbonate\ 22 mEq/l decreased
from 28% at baseline to 17% after 1 year [37].
Further research into treatment options’ impact
on treating both metabolic acidosis and hyper-
kalemia would help inform providers on opti-
mal treatment options for these commonly co-
occurring conditions, especially among patients
with CKD.

An important strength of the present study is
the robust sample size captured in the EMR
database. An additional strength is that the data
evaluated spanned multiple recent years of
patient information and laboratory data across
multiple settings. Nevertheless, as with all ret-
rospective analyses, the findings of this study
should be considered within the context of
certain limitations. First, the definition of
metabolic acidosis used may not capture the
true prevalence. For example, data pertaining to
pH and the concentration of carbon dioxide in
the blood, which are necessary to distinguish
metabolic acidosis from respiratory alkalosis,
were unavailable. While low bicarbonate values
were much more likely to indicate metabolic
acidosis than respiratory alkalosis among
patients with CKD, respiratory alkalosis could
not be ruled out in this study, which may result
in an overestimation of the prevalence of
metabolic acidosis. Additionally, accuracy of
serum bicarbonate laboratory values depends
on blood collection techniques. When a sample
is exposed to air, it can result in carbon dioxide
loss and reduced bicarbonate; the presence of
fibrin clots in a sample of inadequate sample
volume can lead to falsely low bicarbonate val-
ues. Second, it is possible that this study cap-
tured type IV renal tubular acidosis, which can
occur in patients with diabetes and contribute
to the progression of hyperkalemia. Inclusion of

type IV renal tubular acidosis would also result
in an overestimation of the prevalence reported
in this study. However, since type IV renal
tubular acidosis is relatively uncommon, we
anticipate that the impact on including this
would be minimal. Third, while the robust
number of patients analyzed may adequately
represent patients in Louisiana, it may not be
generalizable to the entire population across all
census regions in the US. To overcome this
limitation, we age and gender standardized the
prevalence to the US population of patients
with CKD and hyperkalemia and found similar
results. Lastly, similar to any EMR database, the
EMR databases used in this study (i.e., Tulane
Medical Center and Ochsner Health System) do
not capture out-of-network healthcare encoun-
ters; however, Tulane Medical Center and
Ochsner Health System are among the largest
health systems in Louisiana and the coverage of
the patient encounters is considered to be
robust.

CONCLUSION

Metabolic acidosis was common among
patients with CKD stage 3–5 and hyperkalemia,
as the kidney’s ability to maintain electrolyte
and acid-balance is compromised. However, the
prevalence of metabolic acidosis in this patient
population varied based on the criteria used to
define metabolic acidosis and hyperkalemia.
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