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Abstract

Background: Aciduria caused by urinary excretion of acidic metabolic wastes produced in daily life is known to be
augmented in patients with chronic kidney disease (CKD). To evaluate the reno-protective effect of oral alkalizing
agents for the improvement of metabolic acidosis and neutralization of intratubular pH in the patients with mild
stages of CKD. Also, to identify reno-protective surrogate markers in the serum and urine that can closely associate
the effect of urine alkalization.

Methods: In this single-centered, open-labeled, randomized cohort study, patients with CKD stages G2, G3a and
G3b, who visited and were treated at Tohoku University Hospital during the enrollment period were registered. We
administered sodium bicarbonate or sodium-potassium citrate as the oral alkalinizing agents. A total of 150 patients
with CKD will be randomly allocated into the following three groups: sodium bicarbonate, sodium-potassium citrate
and standard therapy group without any alkalinizing agents. The data of performance status, venous blood test,
spot urine test, venous blood-gas test, electrocardiogram, renal arterial ultrasonography and chest X-ray will be
collected at 0, 6, 12 and 24 weeks (short-term study) from starting the interventions. These data will be also
collected at 1 and 2 years (long-term study). The samples of plasma and serum and early-morning urine at every
visit will be acquired for the analysis of renal function and surrogate uremic biomarkers.
The recruitment for this cohort study terminated in March, 2018, and the follow-up period for all the enrolled
subjects will be terminated in December, 2020. The primary endpoint will be the development of originally-defined
significant renal dysfunction or the occurrence of any cerebrovascular disease in the short-term study. The
secondary endpoint will be the same endpoints as in the long-term study, or the patients with significant changes
in the suggested the surrogate biomarkers.
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Discussion: The findings of this study will address the importance of taking oral alkalizing agents in the patients
with early stages of CKD, furthermore they could address any new surrogate biomarkers that can be useful from
early stage CKD.

Trial registration: Registered Report Identifier: UMIN000010059 and jRCT021180043.
The trial registration number; 150.
Date of registration; 2013/02/26.

Keywords: Chronic kidney disease, Oral alkalizing agents, Bicarbonate, Citrate, Single-centered and randomized
cohort study

Background
Chronic kidney disease (CKD) is a chronic progressive dis-
ease related to eating habits and lifestyle [1–3]. These days,
the increment of end-stage kidney disease (ESKD) is one of
the biggest problems in the management of CKD patients
[4]. If the patients with CKD are not properly treated, the
disease may lead to cardiovascular events as well as ESKD
and renal death [5, 6]. The treatment to ameliorate tubulo-
interstitial dysfunction in the progression of CKD is import-
ant for preventing the final common pathway leading to
ESKD [7, 8], which is yet to be verified by clinical research.
Generally, renal dysfunction may lead to metabolic acidosis

and hyperkalemia, both derived from the accumulation of acidic
metabolic wastes produced in daily life [9–11]. The acidic meta-
bolic compounds, called uremic toxins (UTs), are the sub-
stances that primarily cause the aciduria [12, 13]. The
accumulation of UTs is more common in CKD patients than
in healthy individuals because of the disturbed urinary excretion
from the damaged kidneys [14]. Some types of UTs are known
to stimulate the ROS production, which may lead to further
renal tubule-interstitial dysfunction [15, 16]. Physiological acid-
ification in renal tubules is not harmful itself; however, we previ-
ously reported that a stronger acid condition in renal tubules
could result in an increased production of reactive oxidative
stress (ROS), which could be aggravated by albuminuria [17]. In
this previous study with a CKD animal model, an oral alkaliniz-
ing agent also improved aciduria by neutralizing renal intratub-
ular pH and alleviating the latent metabolic acidosis.
In several past reports, treatments with some alkaliniz-

ing agents (sodium bicarbonate and sodium citrate) ame-
liorated renal damage in CKD patients with eGFR < 60
ml/min/1.73m2 [18–20]. In addition, intake of fruits and
vegetables also ameliorated the renal dysfunction and high
blood pressure [21]. Oral alkalinizing agents are also sug-
gested to be useful for prolonging the initiation of
hemodialysis by some unknown mechanisms, but this
possible effect is still to be scientifically established.
In this protocol report, we planned a single-center

randomly-allocated cohort trial, entitled as “Estimating
the efficacy of the Oral ALkalinizing Agents in CKD; i.e.
CKOALA study (UMIN000010059)”, to verify the reno-
protective effects of the oral alkalinizing agents in

patients with mild stages of CKD, and also to seek renal
protective surrogate markers, affected by the reno-
tubular alkalization.

Methods
Aims
To verify the renal protective effects of oral alkalinizing
agents by neutralizing the aciduria in the patients with
mild stages of CKD.

Objectives
Our objectives are as follows:

1. To confirm the protective effects of oral alkalinizing
agents on renal function in patients with mild and
moderate-stages of CKD.

2. To compare the reno-protective effects of two types
of oral alkalinizing agents, sodium/potassium citrate
and sodium bicarbonate in CKD patients. Their ef-
fects will also be compared with that in the stand-
ard therapy group without oral alkalinizing agents.

3. To seek for the new surrogate markers in the serum
and urine associated with early renal damage that
can be cancelled by oral alkalinizing agents.

Overview of study design
This study is a single-center, open-label, randomly-
allocated cohort study, with CKD patients in stages G2,
G3a and G3b. To reduce the risk of sampling error, the
enrolled patients will be randomly assigned based on the
stratified random sampling process by using the random
sequence generated by a computer software [22, 23].
The used variables for the stratification will be age (i.e.
≥65, < 65 years old), sex, presence of diabetes mellitus,
and eGFR (i.e. ≥46, < 46ml/min/1.73m2). With these
four variables, the enrolled patients will be divided into
16 subgroups, and then randomly allocated into the
below-described three cohort groups from each of the
subgroups.
The enrolled patients will be allocated into the follow-

ing three cohort groups: 1) sodium bicarbonate group,
2) sodium-potassium citrate group, and 3) standard
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therapy group without any alkalinizing agents. Then,
these three cohort groups will be measured for the tar-
geted biomarkers in the serum and urine in the “short-
term” study (i.e. at 0, 6, 12 and 24 weeks after starting
the intervention) and in the “long-term” study (i.e. at 1
and 2 years after starting the interventions) to assess the
effects of oral alkalinizing agents. As for the urine sam-
ples, both early-morning urine and spot urine will be
collected. The above-described overview of this cohort
study is shown in Fig. 1.

Collected variables
At the time of registration, written informed consent is ac-
quired from all the enrolled patients. At this time, the fol-
lowing information as to the patient’s background are also
collected: birthdate, sex, past medical history, complica-
tions, medication history, allergic history, smoking history,
amount of alcohol intake, body weight and height.
The routine physical examinations, medication usage, and

occurrence of adverse events are confirmed at every check-
up in both the short-term and the long-term assessments.
Other data concerning the quality of life (QOL), la-

boratory test, chest X-ray, and physiological studies are
confirmed at the set periods shown in Table 1. In detail,

cardiac-thoracic ratio and presence of congestion for chest
XRs, severe arrhythmia, angina pectoris and acute myo-
cardial infarction for ECG and intrarenal blood flow and
renal size for renal US. The QOL was assessed by using
the SF-8™ Health Survey (Standard, Japanese version) by
QualityMetric Incorporation and Shunichi Fukuhara
(iHope international) [24]. The details of each blood test
category and urine test category are listed in Table 2.

Eligibility criteria for participants
The patients, 20 to 80 years of age with CKD stages G2,
G3a and G3b who were treated at Tohoku University
Hospital between March, 2014 and March, 2018, will be
eligible for this study. As for the exclusion criteria, pa-
tients who were administered with any medications or
drinks that could have possible alkalinizing effects, or
patients with tolvaptan within 30 days prior to the regis-
tration will be excluded. In addition, patients with renal
hypouricemia, hyperkalemia, diabetes insipidus, hyperna-
tremia with unknown origins, morning urinary pH
higher than 6.8, or serious complications of heart disease
or liver disease will also be excluded. Patients with hy-
peruricemia, morning aciduria, or metabolic acidosis will
not be excluded.

Fig. 1 Overview of the CKOALA cohort study. Abbreviations: Cre, creatinine; eGFR, estimated glomerular filtration rate; gCr, gram adjusted by the
urine creatinine level
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Drug intervention
Administration of each oral alkalizing agent, sodium/
potassium citrate or sodium bicarbonate, is started
at 1.5 g per day. When early-morning urine pH is
under pH 6.5, the drug will be increased to 3.0 g per
day. When early-morning urine pH is over pH 7.2,
the drug will be decreased or ceased up to less than
pH 6.8.

Censoring criteria
The censoring criteria as following; 1. hypernatremia,
lower leg edema or early morning urine pH 7.2 or higher
for 2 months even after taking a drug holiday, 2. Serum
potassium level keeps over 5.5 mEq/L or under 3.5 mEq/
L, 3. Adverse events such as exacerbation of symptoms
on heart, liver or kidney, 4. subjects found to be ineli-
gible after starting protocol treatment, 5. subject who
want to stop or withdrawal the consent, 6. Subjects who
do not visit because of moving etc. Data of censored
subjects will be excluded.

Endpoints
The primary endpoints will be 1) the development of
significant renal dysfunction, 2) the occurrence of any
kind of cerebrovascular disease between 0 and 24 weeks
(short-term study) from starting the interventions. The
significant renal dysfunction will be defined as the con-
ditions that fulfill at least one of the following four cri-
teria; 1. serum Cre level ≥ 1.5 times higher than that at 0
week, 2. eGFR decrease ≥20ml/min/1.73m2 from that at
0 week, 3. proteinuria ≥3.5 g/gCr, 4. new development of
urinary stones. The secondary endpoints will be the
above-described criteria at 1 and 2 years (long-term
study) from starting the interventions, and finding any
kind of reno-protective marker associated with alkaliniz-
ing agents in both periods of study (Table 3).

Sample size calculation
A sample size was decided based on a previous study
evaluating the reno-protective effect of the sodium bicar-
bonate [20], in which the incidence of ESKD under
treatment with and without bicarbonate were 6.5 and
33%, respectively. Based on this knowledge, we pre-
sumed the estimated incidence rate of ESKD in the so-
dium bicarbonate group and the sodium-potassium
citrate group to be around 5 and 30%, respectively. To
achieve the significant level (i.e. type-I error rate) of 5%
(α = 0.05) and the statistical power of 80% (β = 0.2) with
the equally allocated three groups, we estimated the
ideal sample size in each group to be 50.

Analysis
The measured variables in the three groups will be com-
pared by the analysis of variance (ANOVA), followed by
the Bonferroni’s post-hoc comparisons. If the variables
show apparent non-normal distributions, Kruskal-Wallis
test will be applied as a non-parametric test. Because of
the simultaneous multiple comparisons, p-value < 0.01
will be regarded as statistically significant. The chrono-
logical change of each variable in each group will be also
evaluated. Values in each pair will be compared by the
paired Student’s t-test. If the variables show apparent
non-normal distributions, Wilcoxon’s rank sum test will

Table 1 Items and timing of laboratory and physiological
examinations for short-term and long-term assessments

Short-term Long-term

0 wk 6 wks 12 wks 24 wks 1 year 2 year

QOL (SF-8™) ○ – – ○ – –

Blood test

Category I ○ ○ ○ ○ ○ ○

Category II ○ – – ○ △ △

Urine test

Category I ○ ○ ○ ○ ○ ○

Category II ○ ○ ○ ○ △ △

ECG ○ – – ○ ○ ○

CAVI, ABI ○ – – ○ ○ ○

Renal US ○ – – ○ ○ ○

Chest X-ray ○ – – ○ ○ ○

Details of the categories I and II of both blood and urine tests are listed in the
following Table 2. The circles show that the examinations will be performed at
each time without exceptions. The triangles show that the examinations will
be performed if the measured values in the short-term period showed
abnormality and their follow-up is suggested to be desirable

Table 2 Details of categories I and II of both blood and urine
tests

Category I (blood test)

Complete blood cell count, hemogram, hemoglobin, hematocrit,
reticulocyte, Cre, eGFR, uric acid, Na+, K+, Cl−, IgG, HCO3−, total
cholesterol, LDL-cholesterol, HDL-cholesterol, triglyceride, glucose,
HbA1c, CRP, BUN, Ca2+, phosphate ion, magnesium ion, Fe, TIBC, UIBC,
total protein, albumin, AST, ALT, LDH, ALP, transferrin, α1-
microglobulin

Category II (blood test)

Ferritin, whole PTH, plasma renin concentration, plasma aldosterone
concentration, BNP, erythropoietin, bone specific alkaline phosphatase
(BAP), insulin, cortisol, ACTH, leptin, adiponectin, endothelin-1 (ET-1)

Category I (urine test)

Creatinine, protein, albumin, pH, Na, K, Cl, urobilinogen, bilirubin,
ketone body, occult blood, urinary sediments

Category II (urine test)

IgG, transferrin, retino-binding protein (RBP), α1-microglobulin, α2-
microglobulin, NAG, Neutrophil Gelatinase-Associated Lipocalin
(NGAL), KIM-1, L-FABP, 8-isoprastan, 8-OHdG, type IV collagen, ET-1,
angiotensinogen, MCP-1, thioredoxin, IL-1β, IL-6, TNF-α, aldosterone,
HCO3−, lactate, pH
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be adopted. Comparisons of outcome with dichotomous
data (i.e. frequency) between the groups will be per-
formed by either of chi-squared test or Fisher’s exact
test, based on the achieved frequency in each cell. Lastly,
to clarify the correlations between urine pH, both for
the early-morning urine and spot urine, and serum cre-
atinine levels, Spearman’s correlation coefficient for each
pair will be calculated, followed by the test of no
correlation.

Discussion
Recruitment to this cohort study terminated in March,
2018, and the follow-up period for all the enrolled sub-
jects will be terminated in December, 2020.
We will seek for new therapeutic strategies using oral

alkalinizing agents for the early stage CKD patients in
this CKOALA study. Based on the previous study that
showed the reno-protective effects of the oral sodium bi-
carbonate in the animal CKD model [17], we hypothe-
sized that administration of oral alkalinizing agents for
the patients with mild and moderate stages of CKD
would delay the development of ESKD. This cohort
study will confirm the reported benefits of oral alkaliniz-
ing agents for suppressing CKD progression in actual
human cases.
In addition to the expectation that this study will con-

firm the therapeutic effects of oral alkalinizing agents for
CKD patients, it would also clarify the relationship be-
tween the urine pH and the chronic renal damage. Be-
cause the oral alkalinizing agents have been suggested to
only alkalize the urine without changing serum pH, if
the reno-protective effects of oral alkalinizing agents are
confirmed, it will strongly suggest that aciduria is a def-
inite risk factor to promote the renal damage in CKD
patients.
One of the strengths of this study is that it will be con-

ducted in a single center, which will enable us to exclude
the risks of biases based on the differences between facil-
ities and examiners. Meanwhile, there are some limita-
tions. First, the number of enrolled subjects may remain

low. If the results become negative due to inadequate
sample size, we may extend the study period or plan
additional randomized multi-center cohort study to
achieve an adequate sample size. Another limitation is
that this study will be an open-label trial. However, be-
cause the endpoints of this study are comprised of ob-
jectively measured serum and urine biomarkers that
could not be affected by the preconceptions, biases
based on the open-label style of this study to the given
endpoints are not likely. Lastly, as for the patients’ com-
pliance to the medications, we will interview the intake
habit at all the occasions of their hospital visits.
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