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Abstract
Background: Increased dietary potassium intake has well-proven beneficial effects on cardiovascular health and mortality. 
However, the association between dietary potassium intake and chronic kidney disease (CKD) progression remains unclear 
with prior studies reporting conflicting results.
Objective: To study the association between 24-hour urinary potassium excretion (a surrogate for dietary potassium 
intake) and progression to kidney failure.
Design: Retrospective cohort study.
Setting: Ottawa, Canada
Patients: Patients with advanced CKD referred to the Ottawa Hospital Multi-Care Kidney Clinic from 2010 to 2020.
Measurements: Twenty-four-hour urinary potassium excretion measured upon referral to the Ottawa Hospital Multi-
Care Kidney Clinic as part of routine clinic protocol.
Methods: Multivariable Cox and Fine and Gray models provided hazard ratios (HRs) and 95% confidence intervals (CIs) 
to estimate the association between quartiles of 24-hour urinary potassium excretion and progression to kidney failure. A 
restricted cubic spline analysis examined the possible nonlinear relationship between 24-hour urinary potassium excretion 
(as a continuous variable) and progression to kidney failure.
Results: Overall, 432/695 (62%) patients progressed to kidney failure. Across all models, there was no significant difference 
in kidney failure risk by quartile of 24-hour urinary potassium excretion (all P values for trend ≥.05). Hazard ratios (95% 
CIs) from the multivariable-adjusted Cox model were as follows: quartile 1, referent; quartile 2, 0.95 (0.71-1.27); quartile 3, 
1.00 (0.76-1.33); and quartile 4 0.85 (0.63-1.14); P value for trend = .36. Restricted cubic spline analysis showed an overall 
linear and nonsignificant relationship between 24-hour urinary potassium excretion as a continuous variable and progression 
to kidney failure.
Limitations: Observational design, single center.
Conclusions: We found no association between 24-hour urinary potassium excretion and progression to kidney failure 
in patients with advanced CKD. Therefore, we identified no clear evidence that increasing or decreasing dietary potassium 
intake significantly associates with CKD progression in this population.
Trial Registration: Not registered.

Abrégé 
Contexte: De nombreux facteurs influent sur le recrutement et la rétention des patients en dialyse péritonéale (DP); un 
des principaux défis étant une impression d’« inaccessibilité » aux cliniciens traitants. La télésurveillance des patients (TSP) a 
été suggérée comme possible moyen d’améliorer le suivi et, par conséquent, l’adhésion des patients à la DP.
Objectif: Décrire les points de vue des patients et des cliniciens à l’égard de la TSP et de l’utilisation d’applications adaptées 
aux téléphones intelligents, aux tablettes ou aux ordinateurs pour aider à la prise en charge de la DP.
Type d’étude: Étude qualitative menée par le biais d’entretiens semi-structurés.
Cadre: Tous les patients suivant des traitements de DP à domicile sous la supervision de l’unité de DP d’un centre urbain 
de Sydney (Australie). Les entretiens avec les patients et les cliniciens ont été menés au sein de l’unité de DP.
Participants à l’étude: 14 participants, soit 5 cliniciens (2 néphrologues, 3 infirmières et infirmiers en DP) et 9 patients 
sous DP.
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Méthodologie: Des entretiens semi-structurés ont été menés à l’aide de guides d’entrevue adaptés aux cliniciens et aux 
patients participants. Les transcriptions ont été codées, puis une analyse thématique par un seul chercheur a été réalisée.
Résultats: Six thèmes ont été dégagés : 1) avantages perçus de la TSP (intervention pratique et efficace, patients rassurés par 
une surveillance accrue, données plus complètes et meilleur suivi de l’observance); 2) incertitude quant à la gouvernance des 
données (protection des données personnelles, fiabilité des données); 3) réduction de la participation des patients (transfert 
de responsabilité menant à la complaisance); 4) évolution de la relation patient-clinicien (réduction des échanges initiés par 
le patient, nécessité de maintenir l’indépendance du patient); 5) fardeau accru pour le patient et le clinicien (connaissances 
technologiques inadéquates, gestion excessive conduisant à de fréquents changements du traitement) et; 6) comportement 
du patient influencé par la préférence du clinicien.
Limites: Les entretiens ont été menés uniquement en anglais, auprès de participants provenant d’une seule unité de dialyse 
en centre urbain, ce qui pourrait limiter la généralisabilité des résultats.
Conclusion: Selon les patients et les cliniciens interrogés, la TSP en contexte de DP pourrait offrir plusieurs avantages : 
confiance et assurance accrues pour les patients, meilleure surveillance du traitement, saisie plus complète des données et 
suppression des entraves liées à la documentation des données. Une sélection rigoureuse des patients et une formation 
adéquate du patient et du clinicien pourraient contribuer à optimiser les avantages de la TSP, à maintenir l’indépendance du 
patient et à réduire les risques de désengagement. L’utilisation d’une application pourrait appuyer la TSP; des participants 
ont cependant exprimé des inquiétudes quant à une augmentation du fardeau pour certains patients moins familiers avec ce 
type de technologie.
Numéro d’approbation du Comité d’éthique pour la recherche sur l’être humain : CH62/6/2019 — 028.
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Introduction

Potassium is an essential nutrient critical to maintaining 
physiological balance within the body.1 Potassium-rich foods 
include primarily fruits and vegetable. As up to 90% of all 
potassium consumed is excreted in the urine, 24-hour urinary 
potassium excretion serves as a surrogate for dietary potas-
sium intake.2 Increased dietary potassium intake, as reflected 
by 24-hour urinary potassium excretion, is associated with a 
number of beneficial health effects, including reductions in 
blood pressure, cardiovascular events, and mortality.3-5

However, the effect of dietary potassium intake on chronic 
kidney disease (CKD) progression is far less certain. The issue 
of dietary potassium intake on the CKD population is complex 
given that the increased cardiovascular risk inherent to CKD 
(where high dietary potassium intake may be beneficial) must 
be balanced against an increased risk for hyperkalemia (where 
high dietary potassium intake may be detrimental). Prior 
cohort studies examining the impact of dietary potassium 
intake on CKD progression have yielded highly discordant 
results.6-9 The conclusions from these studies have ranged 
widely from high dietary potassium intake slowing CKD 

progression7,8 to high dietary potassium intake accelerating 
CKD progression6 to dietary potassium intake having no 
impact on CKD progression.9 Given the uncertainty regarding 
the impact of dietary potassium intake on CKD progression, 
we evaluated the association between 24-hour urinary potas-
sium excretion and progression to kidney failure in a large 
population of patients with advanced CKD.

Method

Study Design

We performed a retrospective cohort study of adults (≥18 
years of age) with advanced CKD referred to the Ottawa 
Hospital Multi-Care Kidney Clinic.

Data Source and Study Cohort

This study was conducted at the Ottawa Hospital Multi- 
Care Kidney Clinic (Ottawa, Ontario, Canada). The Ottawa 
Hospital is a 1150-bed academic tertiary care center with a 
catchment area of approximately 1.3 million people. The 
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Ottawa Hospital Multi-Care Kidney Clinic is a specialty 
nephrology clinic designed to provide comprehensive, multi-
disciplinary care for patients with advanced CKD and is the 
sole such program within the catchment area. Timing of refer-
ral is at the discretion of the primary nephrologist, although 
referrals are suggested when the estimated glomerular filtra-
tion rate (eGFR) is <25 mL/min/1.73 m2 or the 2-year 4-vari-
able Kidney Failure Risk Equation10 score is >20%. Patients 
are seen in the clinic typically every 3 months although this 
interval can vary from as often as every 2 weeks to as long as 
every 6 months per the discretion of the nephrologist. At each 
visit, patients are seen by a nurse, dietician, and nephrologist, 
with pharmacist and social work support available as needed. 
Patients are educated about kidney failure treatment options, 
including hemodialysis, peritoneal dialysis, kidney transplan-
tation, and conservative management.

The study cohort was derived from a database of all 
patients referred to the Multi-Care Kidney Clinic since 
January 1, 2010, with follow-up data available through July 1, 
2020. The database undergoes random data audits every 6 to 
12 months where the data are compared with the electronic 
medical record to ensure accuracy. As part of routine clinic 
protocol, 24-hour urinary potassium excretion (along with 
24-hour creatinine excretion) is measured upon initial clinic 
referral. Patients were included in the study if they had a 
24-hour urinary collection for potassium and creatinine (N = 
1469). Patients were excluded if the 24-hour urinary sample 
collection was deemed inadequate due to undercollection (n 
= 692) or overcollection (n = 82) as defined by a 24-hour 
urinary creatinine excretion outside of the ranges of 10 to 20 
mg/kg for females and 15 to 25 mg/kg for males.11 Ultimately, 
695 patients were included in the data analysis. Patients were 
subclassified by quartiles based on their 24-hour urinary 
potassium excretion measurements. All baseline data were 
captured at the time of the initial referral visit to the Multi-
Care Kidney Clinic. All protocols were approved by the 
Ottawa Health Science Network Research Ethics Board 
(Protocol ID 20210228-01H). Informed consent requirements 
were waived due to the retrospective nature of the data.

Outcome

The outcome of interest was progression of CKD to kidney 
failure, defined as dialysis or kidney transplantation.

Predictor

The predictor used in this study was the first 24-hour urinary 
potassium excretion measured upon referral to the Ottawa 
Hospital Multi-Care Kidney Clinic.

Statistical Analysis

For baseline data, continuous variables were expressed as 
mean (standard deviation [SD]) if normally distributed and 

as median (25th-75th percentile interquartile range [IQR]) if 
non-normally distributed, whereas categorical variables 
were expressed as numbers (%). To explore the association 
between quartiles of 24-hour urinary potassium excretion 
and progression to kidney failure, we used Cox proportional 
hazard models (with death prior to kidney failure treated as a 
censoring event) as well as Fine and Gray subdistribution 
hazard models (with death prior to kidney failure treated as a 
competing event). We used 4 models adjusting for different 
variables. Model 1 was unadjusted. Model 2 was adjusted for 
age, sex, race, systolic blood pressure, body mass index, dia-
betes mellitus, and a history of cardiovascular disease. Model 
3 was adjusted for eGFR and 24-hour urinary protein excre-
tion, in addition to the variables included in model 2. Model 
4 was adjusted for medication use (angiotensin-converting 
enzyme [ACE] inhibitors/angiotensin II receptor blockers 
[ARBs] and diuretics), in addition to the variables included 
in model 3. The results were reported as hazard ratios (HRs) 
along with 95% confidence intervals (CIs). P values for trend 
were reported with each model and were calculated by treat-
ing quartiles of 24-hour urinary potassium excretion as a 
continuous variable. Patients who were lost to follow-up 
were censored at the date of the last clinic visit. Next, we 
examined the possible nonlinear relation between 24-hour 
urinary potassium excretion (now as a continuous variable) 
and progression to kidney failure nonparametrically with 
restricted cubic splines.12 Tests for nonlinearity used the like-
lihood ratio test, comparing the model with only the linear 
term to the model with the linear and the cubic spline terms. 
The spline model used a Cox proportional hazards model 
adjusted for age, sex, race, systolic blood pressure, body 
mass index, diabetes mellitus, history of cardiovascular dis-
ease, eGFR, 24-hour urinary protein excretion, ACE inhibi-
tor/ARB use, and diuretic use (ie, model 4 as described 
above). All statistical analyses were performed using SAS 
version 9.4. All P values are 2-sided with values <.05 con-
sidered significant. The data underlying this article will be 
shared upon reasonable request to the corresponding author.

Results

The quartiles of 24-hour urinary potassium excretion for the 
study population (N = 695) were as follows: <37, 37–49, 
50–63, and ≥64 mmol/day. The baseline characteristics of 
the study population both overall and by quartile of 24-hour 
urinary potassium excretion are displayed in Table 1. The 
mean (SD) age of the total population was 69 (16) years. The 
majority of the population was female (59%) and of white 
race (78%). The mean (SD) eGFR was 15 (6) mL/min/1.73 
m2. These characteristics were similar across quartiles of 
24-hour urinary potassium excretion.

Table 2 displays the number of kidney failure events 
(defined as dialysis or kidney transplantation) and event rates 
per 1000 person-years, whereas Table 3 displays the HRs and 
95% CIs from Cox as well as Fine and Gray models. Overall, 
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432/695 (62%) patients progressed to kidney failure. Across 
all models, there was no significant difference in the risk of 
kidney failure by quartile of 24-hour urinary potassium excre-
tion (all P values for trend ≥.05). For instance, in the fully 
adjusted Cox model (model 4), the HRs (95% CIs) were as 
follows: quartile 1, referent; quartile 2, 0.95 (0.71-1.27); 
quartile 3, 1.00 (0.76-1.33); and quartile 4 0.85 (0.63-1.14); P 
value for trend = .36. Fine and Gray models, where death 
prior to kidney failure was treated as a competing rather than 
censoring event, yielded similar results (Table 3).

Restricted cubic spline analysis showed an overall linear 
and nonsignificant relationship between 24-hour urinary 
potassium excretion as a continuous variable and progres-
sion to kidney failure (Figure 1). Therefore, even when 
24-hour urinary potassium excretion was treated as a con-
tinuous variable, there appeared to be no significant associa-
tion with progression from advanced CKD to kidney 
failure.

Discussion

In this large retrospective cohort study of patients with 
advanced CKD, we found no significant association between 

24-hour urinary potassium excretion (a surrogate for dietary 
potassium intake) and progression to kidney failure.

To date, the evidence behind the effect of dietary potas-
sium intake on CKD progression has been conflicting. He 
et al studied the association between 24-hour urinary potas-
sium excretion and CKD progression, defined as kidney fail-
ure or halving of eGFR, among 3939 CKD patients (mean 
eGFR = 40-50 mL/min/1.73 m2) as part of the Chronic 
Renal Insufficiency Cohort (CRIC) Study.6 The authors 
found that high urinary potassium excretion was associated 
with a significantly heightened risk for CKD progression. In 
fact, the highest quartile of urinary potassium excretion asso-
ciated with a 59% higher risk for CKD progression compared 
with the lowest quartile.6

In contrast, other studies have reported completely con-
tradictory results; that is, that low urinary potassium excre-
tion was associated with a heightened risk for CKD 
progression. For instance, Kieneker et al studied the associa-
tion between 24-hour urinary potassium excretion and devel-
opment of incident CKD, defined as an eGFR <60 mL/
min/1.73 m2 or albuminuria >30 mg/24 h, among 5315 non-
CKD individuals as part of the Prevention of Renal and 
Vascular End-Stage Disease (PREVEND) Study.7 The 

Table 1. Baseline Characteristics of the Study Cohort.

Baseline characteristics

 

Total  
population
N = 695

Quartile 1
<37 mmol/d

n = 172

Quartile 2
37-49 mmol/d

n = 165

Quartile 3
50-63 mmol/d

n = 182

Quartile 4
≥64 mmol/d

n = 176

Demographics
 Age, years, mean (SD) 69 (16) 67 (16) 72 (14) 70 (16) 67 (17)
 Female, n (%) 413 (59) 106 (62) 106 (64) 108 (59) 93 (53)
Race, n (%)
 White 539 (78) 139 (81) 124 (75) 139 (76) 137 (78)
 Black 32 (5) 7 (4) 6 (4) 8 (4) 11 (6)
 Asian 39 (6) 8 (5) 10 (6) 11 (6) 10 (6)
 Other/unknown 85 (12) 18 (10) 25 (15) 24 (13) 18 (10)
Baseline kidney parameters
 Serum creatinine, µmol/L, mean (SD) 330 (106) 326 (106) 344 (124) 333 (97) 319 (97)
 eGFR, mL/min/1.73 m2, mean (SD) 15 (6) 15 (6) 14 (6) 15 (6) 16 (6)
 24-hour urinary protein excretion, g, median (IQR) 1.82 (0.71-3.54) 1.16 (0.45-2.75) 1.70 (0.72-3.55) 2.00 (0.83-3.57) 2.30 (0.98-4.18)
Other laboratory data
 Serum potassium, mmol/L, mean (SD) 4.6 (0.5) 4.5 (0.6) 4.5 (0.5) 4.6 (0.5) 4.6 (0.6)
 Serum calcium, mmol/L, mean (SD) 2.24 (0.14) 2.24 (0.17) 2.23 (0.14) 2.24 (0.14) 2.27 (0.12)
 Serum phosphate, mmol/L, mean (SD) 1.35 (0.30) 1.32 (0.32) 1.39 (0.35) 1.34 (0.27) 1.34 (0.27)
 Serum bicarbonate, mmol/L, mean (SD) 24 (3) 23 (3) 23 (3) 24 (3) 25 (3)
 Serum albumin, g/L, mean (SD) 37 (5) 36 (5) 37 (6) 37 (5) 38 (5)
Blood pressure data
 Systolic blood pressure, mmHg, mean (SD) 136 (19) 133 (19) 138 (21) 137 (19) 136 (18)
 Diastolic blood pressure, mmHg, mean (SD) 73 (12) 73 (12) 74 (12) 72 (12) 74 (12)
 ACE inhibitor/ARB use, n (%) 360 (52) 88 (51) 77 (47) 95 (52) 100 (57)
 Diuretic, n (%) 385 (55) 79 (46) 83 (50) 103 (57) 120 (68)
Body mass index, kg/m2, mean (SD) 28.6 (6.3) 25.9 (4.9) 27.4 (5.1) 29.4 (6.5) 31.5 (7.1)
Diabetes mellitus, n (%) 415 (60) 95 (55) 105 (64) 112 (62) 103 (59)
Cardiovascular disease, n (%) 314 (45) 76 (44) 77 (47) 85 (47) 76 (43)

Note. mmol = millimole; d = day; N = number; year = year; mL = milliliter; eGFR = estimated glomerular filtration rate; g = gram; min = minute; IQR = interquartile range; 
mmHg = millimeters of mercury; ACE = angiotensin-converting enzyme; ARB = angiotensin II receptor blocker; kg = kilogram.
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authors found that each decrease in 24-hour urinary potas-
sium excretion by 21 mmol was associated with a 16% 
higher risk of developing CKD.7 Similarly, Kim et al found 
that 3 different measures of low urinary potassium excretion 

(↓ 24-hour urinary potassium excretion, ↓ spot urinary 
potassium concentration, and ↓ spot urinary potassium-to-
creatinine ratio) were all associated with an increased risk for 
CKD progression (defined as kidney failure or halving of 

Table 2. Kidney Failure Event Rates by Quartile of 24-Hour Urinary Potassium Excretion.

Outcome

24-hour urinary potassium excretion

Quartile 1
<37 mmol/d

Quartile 2
37-49 mmol/d

Quartile 3
50-63 mmol/d

Quartile 4
≥64 mmol/d

No. of participants 172 165 182 176
Person-years 366 321 393 384
Kidney failure
 Events 108 102 116 106
 Events per 1000py 295 318 295 276

Note. mmol = millimole; d = day; py = person-year.

Table 3. Associations of 24-Hour Urinary Potassium Excretion With Progression from Advanced CKD to Kidney Failure.

Outcome

24-hour urinary potassium excretion

Quartile 1
<37 mmol/d

Quartile 2
37-49 mmol/d

Quartile 3
50-63 mmol/d

Quartile 4
≥64 mmol/d

Cox Models
 Model 1
  HR (95% CI) Reference 1.03 (0.78-1.35) 0.97 (0.74-1.26) 0.90 (0.69-1.18)
  P value for trend .39 -  
 Model 2
  HR (95% CI) Reference 0.99 (0.75-1.30) 1.03 (0.78-1.35) 0.94 (0.71-1.26)
  P value for trend .78  
 Model 3
  HR (95% CI) Reference 0.92 (0.69-1.23) 0.98 (0.75-1.30) 0.81 (0.60-1.09)
  P value for trend .24  
 Model 4
  HR (95% CI) Reference 0.95 (0.71-1.27) 1.00 (0.76-1.33) 0.85 (0.63-1.14)
  P value for trend .36  
Fine and Gray Models
 Model 1
  HR (95% CI) Reference 1.01 (0.76-1.33) 0.97 (0.75-1.26) 0.92 (0.71-1.20)
  P value for trend .51  
 Model 2
  HR (95% CI) Reference 0.98 (0.73-1.30) 0.99 (0.76-1.30) 0.96 (0.73-1.27)
  P value for trend .83  
 Model 3
  HR (95% CI) Reference 0.87 (0.62-1.20) 0.96 (0.71-1.29) 0.83 (0.59-1.16)
  P value for trend .42  
 Model 4
  HR (95% CI) Reference 0.88 (0.63-1.22) 0.99 (0.74-1.33) 0.87 (0.62-1.21)
  P value for trend .60  

Note. Model 1 = unadjusted; model 2 = adjusted for age, sex, race, systolic blood pressure, body mass index, diabetes mellitus, and cardiovascular 
disease; model 3 = model 2 + adjustments for eGFR and 24-hour urinary protein excretion; model 4 = model 3 + adjustments for angiotensin-
converting-enzyme inhibitors/angiotensin II receptor blockers use and diuretic use. Cox models treat death prior to kidney failure as a censoring event, 
whereas Fine and Gray models treat death prior to kidney failure as a competing event. P values for trend were calculated by treating quartiles of 24-hour 
urinary potassium excretion as a continuous variable in each model. CKD = chronic kidney disease; mmol = millimole; d = day; HR = hazard ratio; CI 
= confidence interval.
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eGFR) among a study population of 1821 CKD patients with 
a median eGFR of 47 mL/min/1.73 m2 from the Korean 
Cohort Study for Outcome in Patients with CKD (KNOW-
CKD) Study.8 Among the 855 patients who had a 24-hour 
urinary potassium excretion measurement, the lowest quar-
tile of 24-hour urinary potassium excretion was associated 
with a greater than 3-fold higher risk of CKD progression 
compared with the highest quartile.8

Meanwhile, the results from our study land somewhere in 
the middle and suggest no significant association between 
24-hour urinary potassium excretion and CKD progression. 
These results correspond with a post hoc analysis of the 
Modification of Diet in Renal Disease (MDRD) Study by 
Leonberg-Yoo et al which included 812 CKD patients (mean 
eGFR = 32.6 mL/min/1.73 m2) where the authors found no 
association between 24-hour urinary potassium excretion 
and progression to kidney failure.9

What might we attribute the widely discrepant findings in 
the literature on the association between 24-hour urinary 
potassium excretion and CKD progression to? In general, the 
above studies6-9 and our present study used similar analytic 
techniques adjusting for similar variables among similarly 
aged populations. However, there are a number of factors 
within the individual study populations that may help to pro-
vide an explanation. First, the severity of CKD varied from 
the extremes of baseline CKD being an exclusion criterion7 
to the present study where only patients with advanced CKD 

were included. The presence and severity of baseline CKD 
associate with more common use of medications such as 
ACE inhibitors, ARBs, and diuretics that may impact potas-
sium homeostasis.13,14 Also, as the severity of CKD increases, 
so too does the proportion of potassium that is rectally 
excreted.15 Therefore, urinary potassium excretion may not 
fully reflect dietary potassium intake in these cases. Second, 
the makeup of the CKD populations between studies also 
varied widely. For instance, the MDRD study excluded 
patients with insulin-dependent diabetes (type 1 or type 2); 
therefore, a relatively small proportion of patients in the 
Leonberg-Yoo et al study likely had diabetic nephropathy as 
the etiology of their CKD.9 This is reflected in the lower rates 
of ACE inhibitor use that may have affected the association 
between 24-hour urinary potassium excretion and CKD pro-
gression in this study. Third, racial differences between the 
study populations cannot be ignored as this is known to 
affect urinary potassium handling. In particular, black indi-
viduals have been shown to have lower rates of urinary 
potassium excretion compared with white individuals, inde-
pendent of dietary potassium intake.16-18 With the exception 
of the CRIC-based study by He et al6 where >40% of the 
study population was black, the racial diversity of the remain-
ing studies was relatively low. Ultimately, there does not 
appear to be a “one size fits all” answer to the question of 
how does dietary potassium intake (and it surrogate of uri-
nary potassium excretion) associate with CKD progression. 
The answer may very well depend on a variety of intrinsic 
factors related to the population you are asking this question 
of, including the presence and severity of CKD, the etiology 
of CKD, and the racial makeup.

Our study has several notable strengths. A unique feature 
to our study was that our population had more advanced 
CKD at baseline compared with prior studies examining the 
relationship between urinary potassium excretion and CKD 
progression.6-9 This allowed us to incorporate the hard clini-
cal end point of kidney failure (which occurred in 62% of our 
cohort) rather than reliance on surrogate outcomes such as 
eGFR decline or incident albuminuria as prior studies have 
done.6-8 Moreover, we used a more strict definition of what 
entailed an adequate 24-hour urinary collection based on 
24-hour urinary creatinine excretion (10-20 mg/kg for 
females; 15-25 mg/kg for males)11 compared with prior stud-
ies.6-9 This helped to avoid the risk of bias that can result 
from inclusion of 24-hour urinary samples that were either 
undercollected or overcollected.

We acknowledge several limitations. First, this study was 
observational; therefore, we were able to examine association 
but not causation. Second, this was a single-center study, 
which may limit the generalizability of the findings to other 
clinical settings. Third, as our study population had advanced 
CKD at baseline, we must interpret the results within the 
advanced CKD context. For instance, medications such as 
ACE inhibitors, ARBs, and diuretics may affect potassium 
homeostasis13,14 and are commonly used in patients with CKD 
although this limitation is shared with most prior studies6,8,9 on 

Figure 1. The relationship between 24-hour urinary potassium 
excretion and progression to kidney failure.
Note. Restricted cubic spline analysis demonstrated no significant 
association between 24-hour urinary potassium excretion and progression 
to kidney failure. All curves represent multivariable-adjusted hazard 
ratios. Hazard ratios were adjusted for age, sex, race, systolic blood 
pressure, body mass index, diabetes mellitus, cardiovascular disease, 
eGFR, 24-hour urinary protein excretion, angiotensin-converting-enzyme 
inhibitors/angiotensin II receptor blockers use, and diuretic use. The 
dashed curve represents the estimated hazard ratio across the spectrum 
of 24-hour urinary potassium excretion, with the gray curves representing 
the 95% confidence interval. The histograms represent the frequency 
distribution of 24-hour urinary potassium excretion. The mean 24-hour 
urinary potassium excretion was set as the reference. eGFR = estimated 
glomerular filtration rate.
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this topic and were adjusted for within our analyses. Fourth, 
urinary potassium excretion was based on a single index mea-
surement rather than on repeated measures, which limited our 
ability to capture the dynamic nature of this variable.

Conclusion

In conclusion, we found no association between 24-hour uri-
nary potassium excretion and progression to kidney failure 
in patients with advanced CKD. Therefore, we can find no 
clear evidence that increasing or decreasing dietary potas-
sium intake significantly affects CKD progression in this 
population.

Ethics Approval and Consent to Participate

The study was approved by the Ottawa Health Science Network 
Research Ethics Board (Protocol ID 20210228-01H). Informed 
consent requirements were waived due to the retrospective nature 
of the data.

Consent for Publication

Consent for publication was provided by all authors.

Availability of Data and Materials

Not available.

Acknowledgments

We thank Suzanne Jackson and Melanie Bujold who assisted with 
data management at the Ottawa Hospital.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest 
with respect to the research, authorship, and/or publication of this 
article: M.M.S. has received speaker fees from AstraZeneca. All 
other authors declare that there is no conflict of interest.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
G.L.H. is supported by the Canadian Institutes of Health Research 
Institute of Nutrition, Metabolism and Diabetes (Reference no PJT-
175027), the Kidney Foundation of Canada (Reference no 851937-
21KHRG), the Kidney Research Scientist Core Education and 
National Training (KRESCENT) Program New Investigator Award 
(Reference no 2019KP-NIA626990), and the Lorna Jocelyn Wood 
Chair for Kidney Research.

ORCID iD

Gregory L. Hundemer  https://orcid.org/0000-0003-3559-3531

References

 1. National Academies of Sciences, Engineering, and Medicine. 
Dietary Reference Intakes for Sodium and Potassium. 
Washington, DC: The National Academies Press;  2019.

 2. Stone MS, Martyn L, Weaver CM. Potassium intake, bioavail-
ability, hypertension, and glucose control. Nutrients. 2016;8. 
doi:10.3390/nu8070444.

 3. Mente A, O’Donnell MJ, Rangarajan S, et al. Association of 
urinary sodium and potassium excretion with blood pressure. N 
Engl J Med. 2014;371:601-611. doi:10.1056/NEJMoa1311989.

 4. O’Donnell M, Mente A, Rangarajan S, et al. Urinary sodium 
and potassium excretion, mortality, and cardiovascular 
events. N Engl J Med. 2014;371:612-623. doi:10.1056/
NEJMoa1311889.

 5. O’Donnell MJ, Yusuf S, Mente A, et al. Urinary sodium and 
potassium excretion and risk of cardiovascular events. JAMA. 
2011;306:2229-2238. doi:10.1001/jama.2011.1729.

 6. He J, Mills KT, Appel LJ, et al. Urinary sodium and potas-
sium excretion and CKD progression. J Am Soc Nephrol. 
2016;27(4):1202-1212. doi:10.1681/ASN.2015010022.

 7. Kieneker LM, Bakker SJ, de Boer RA, et al. Low potassium 
excretion but not high sodium excretion is associated with 
increased risk of developing chronic kidney disease. Kidney 
Int. 2016;90:888-896. doi:10.1016/j.kint.2016.07.012.

 8. Kim HW, Park JT, Yoo TH, et al. Urinary potassium excretion 
and progression of CKD. Clin J Am Soc Nephrol. 2019;14:330-
340. doi:10.2215/CJN.07820618.

 9. Leonberg-Yoo AK, Tighiouart H, Levey AS, Beck GJ, Sarnak 
MJ. Urine potassium excretion, kidney failure, and mortality 
in CKD. Am J Kidney Dis. 2017;69(3):341-349. doi:10.1053/j.
ajkd.2016.03.431.

 10. Tangri N, Stevens LA, Griffith J, et al. A predictive model for 
progression of chronic kidney disease to kidney failure. JAMA. 
2011;305:1553-1559. doi:10.1001/jama.2011.451.

 11. John KA, Cogswell ME, Campbell NR, et al. Accuracy and 
usefulness of select methods for assessing complete collec-
tion of 24-hour urine: a systematic review. J Clin Hypertens 
(Greenwich). 2016;18(5):456-467. doi:10.1111/jch.12763.

 12. Durrleman S, Simon R. Flexible regression models with 
cubic splines. Stat Med. 1989;8(5):551-561. doi:10.1002/
sim.4780080504.

 13. Hundemer GL, Sood MM. Hyperkalemia with RAAS inhi-
bition: mechanism, clinical significance, and management. 
Pharmacol Res. 2021;172:105835. doi:10.1016/j.phrs.2021. 
105835.

 14. Sriperumbuduri S, McArthur E, Hundemer GL, et al. Initial 
and recurrent hyperkalemia events in patients with CKD in 
older adults: a population-based cohort study. Can J Kidney 
Health Dis. 2021;8. doi:10.1177/20543581211017408.

 15. Sandle GI, Gaiger E, Tapster S, Goodship TH. Enhanced rectal 
potassium secretion in chronic renal insufficiency: evidence for 
large intestinal potassium adaptation in man. Clin Sci (Lond). 
1986;71(4):393-401. doi:10.1042/cs0710393.

 16. Turban S, Miller ER III, Ange B, et al. Racial differences in 
urinary potassium excretion. J Am Soc Nephrol. 2008;19:1396-
1402. doi:10.1681/ASN.2007101142.

 17. Palacios C, Wigertz K, Martin BR, et al. Racial differ-
ences in potassium homeostasis in response to differences in 
dietary sodium in girls. Am J Clin Nutr. 2010;91(3):597-603. 
doi:10.3945/ajcn.2009.28400.

 18. Aviv A, Hollenberg NK, Weder A. Urinary potassium excretion 
and sodium sensitivity in blacks. Hypertension. 2004;43(4):707-
713. doi:10.1161/01.HYP.0000120155.48024.6f.

https://orcid.org/0000-0003-3559-3531

