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mortality in CKD patients. Blacks appear to better tolerate 

higher potassium than whites. Hypokalemia is associated 

with faster CKD progression independent of race. Hyperkale-

mia management may warrant race-specific consideration, 

and hypokalemia correction may slow CKD progression. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Individuals with chronic kidney disease (CKD) and 
especially those with end-stage renal disease (ESRD) ex-
perience abnormal potassium homeostasis by virtue of 
their lower kidney function and various therapeutic in-
terventions that can lead to hypo- or hyperkalemia  [1] . 
Abnormal potassium values have been associated with 
mortality in dialysis patients  [2, 3] , and more recently also 
in patients with various degrees of non-dialysis-depen-
dent CKD (NDD-CKD)  [4] . Besides the short-term ar-
rhythmogenic effects of hypo- and hyperkalemia, potas-
sium may also have an indirect impact on clinical out-
comes through inflammation, oxidative stress, renal 
interstitial fibrosis, vascular biology and blood pressure 
 [5–10] . The role of potassium is even more complicated in 
patients with NDD-CKD, in whom abnormal potassium 
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 Abstract 

  Background/Aims:  Abnormal serum potassium is associated 

with higher mortality in dialysis patients, but its impact on 

outcomes in predialysis chronic kidney disease (CKD) is less 

clear. Furthermore, blacks with normal kidney function have 

lower urinary potassium excretion, but it is unclear if such dif-

ferences have a bearing on race-associated outcomes in CKD. 

 Methods:  We studied predialysis mortality and slopes of esti-

mated glomerular filtration rate, eGFR) associated with serum 

potassium in 1,227 males with CKD. Mortality was examined 

in time-dependent Cox models, and slopes of eGFR in linear 

mixed effects models with adjustments for case mix and lab-

oratory values.  Results:  Both hypo- and hyperkalemia were 

associated with mortality overall and in 933 white patients, 

but in 294 blacks hypokalemia was a stronger death predic-

tor. Hypokalemia was associated with loss of kidney function 

independent of race: a 1 mEq/l lower potassium was associ-

ated with an adjusted difference in slopes of eGFR of –0.13 ml/

min/1.73 m 2 /year (95% CI: –0.20 to –0.07), p  !  0.001.  Conclu-
sion:  Hypo- and hyperkalemia are associated with higher 
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levels may unduly hinder the administration of medica-
tions with benefits on clinical outcomes such as angioten-
sin-converting enzyme inhibitors (ACEI) or angiotensin 
receptor blockers (ARBs).

  Racial differences in potassium intake and excretion 
have been implicated as a potential mechanism, whereby 
blacks experience more severe hypertension, cardiovas-
cular and renal disease in the general population  [11–17] . 
While black patients are overrepresented in ESRD rela-
tive to their proportions in the general population  [18, 
19] , mortality in blacks with ESRD and NDD-CKD is 
paradoxically lower compared to whites  [20, 21] . It is un-
clear how differences in potassium excretion or intake in 
black and white individuals with moderate and advanced 
NDD-CKD affect race-specific clinical outcomes in these 
patients.

  We examined overall and race-specific all-cause pre-
dialysis mortality and progression of CKD as a function 
of serum potassium levels in a historical cohort of male 
patients with moderate and advanced NDD-CKD.

  Materials and Methods 

 Study Population and Data Collection 
 We examined all 1,259 patients referred for evaluation and 

treatment of NDD-CKD to the Nephrology Department at Salem 
Veteran Affairs Medical Center (VAMC) between January 1, 1990, 
and June 30, 2007, and followed them until April 1, 2009. Nine fe-
males, 6 patients whose race was other than white or black, and 17 
patients with no serum potassium measurements were excluded, 
with the final study population consisting of 1,227 patients.

  Baseline characteristics recorded at the time of the patients’ ini-
tial evaluation in the Nephrology Clinic were extracted retrospec-
tively, including demographic and anthropometric characteristics, 
comorbid conditions including the Charlson comorbidity index 
(CCI), and laboratory results, as detailed elsewhere  [22, 23] . Follow-
up clinical and laboratory data were time updated during the entire 
follow-up period, and included all medication use data, body mass 
index (BMI), blood pressure and all the outpatient laboratory pa-
rameters including serum creatinine and potassium values.

  Medication prescriptions relevant to serum potassium levels 
including that of ACEI/ARB, diuretics, potassium supplements, 
non-steroidal anti-inflammatory drugs (NSAIDs) and beta-
blockers were assessed from pharmacy records over the entire fol-
low-up period. Glomerular filtration rate (GFR) was estimated 
using the abbreviated equation developed for the Modification of 
Diet in Renal Disease Study  [24] . All the biochemical measure-
ments were performed in a single laboratory at the Salem VAMC. 
Serum creatinine was measured by an enzymatic method.

  Statistical Analyses 
 Data points that were missing throughout the follow-up peri-

od for CCI (1% missing), BMI (14%), serum albumin (0.8%), phos-
phorus (1.7%), blood cholesterol (2%), hemoglobin (0.3%), white 
blood cell count (WBC, 0.8%), percent lymphocytes in WBC 

(0.9%) and 24-hour urine protein (3.2%) were imputed using mul-
tivariable regression with all the other covariate serving as inde-
pendent variables. Active smoking (5%) and NSAID use (11%) 
were analyzed as categorical variables with the creation of a dum-
my category corresponding to missing status.

  The starting time for outcome analyses was the date of the first 
encounter in the Nephrology Clinic. Patients were considered lost 
to follow-up if no contact was documented with them for more 
than 6 months, and they were censored at the date of the last doc-
umented contact. Outcome measures were pre-dialysis all-cause 
mortality (ascertained from VA electronic records), and the slopes 
of estimated GFR (eGFR) vs. time.

  All analyses were performed in the overall sample and sepa-
rately in subgroups divided by race (whites and blacks). The as-
sociations of time-varying serum potassium levels with all-cause 
mortality were evaluated in time-dependent Cox models with ad-
justment for potential confounders. The change in eGFR from 
baseline until death, start of dialysis or loss of follow-up (which-
ever occurred first) was studied in 1,160 patients who had at least 
4 serum creatinine measurements (median: 18 measurements, 
range: 4–135). The association between serum potassium and the 
slopes of eGFR was examined in generalized linear mixed effects 
models by using a two-stage model formulation  [25] .

  Multivariable models were adjusted for covariates that were 
different at baseline between the groups with different serum po-
tassium level and also for covariates that could be expected to act 
as confounders based on theoretical considerations. All multi-
variable models were thus adjusted sequentially for age, race, CCI, 
diabetes mellitus (DM), cardiovascular disease, BMI, smoking 
status, eGFR, serum albumin, bicarbonate, calcium, phosphorus, 
blood hemoglobin, 24-hour urine protein, and the use of ACEI/
ARB, diuretics, potassium supplements, NSAIDs and beta-block-
ers. All independent covariates were treated as time-dependent 
variables (if appropriate). As blood pressure could be in the path 
of causality of the association between potassium and outcomes, 
this variable was only included in multivariable models in sensi-
tivity analyses. The expected non-linearity of the association be-
tween potassium and mortality was explored first by including 
polynomial terms for potassium. In models where a significant 
non-linear association was shown, the shape of the association 
was further explored by using a multivariable fractional polyno-
mial approach of model building transferred to regression splines, 
adjusting linearly for covariates  [26] . For descriptive analyses, se-
rum potassium was categorized according to its median serum 
level and the lower and upper limit of its normal range in the mea-
suring laboratory ( ! 3.6, 3.6–4.5, 4.51–5.3 and  1 5.3 mEq/l). In or-
der to gain practical information on serum potassium cutoffs rel-
evant to the studied outcomes, we also tested various other serum 
potassium levels to define hypo- and hyperkalemia as categories 
that are associated with increased risk for clinical outcomes.

  Sensitivity analyses were performed by analyzing associations 
of serum potassium with overall (pre- and post-dialysis) mortal-
ity, by adjusting for systolic and diastolic blood pressure, by in-
cluding medications in an intent-to-treat fashion, by using only 
non-imputed values of independent variables and by restricting 
analyses to a more contemporary cohort of patients enrolled after 
January 1, 2001. To explore the possibility that discrepant out-
comes associated with hyperkalemia in white and black patients 
may have been an artifact due to the low number of blacks with 
hyperkalemia, we also examined the association of hyperkalemia 
with mortality in a matched cohort of white patients who were 
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paired with black patients based on their serum potassium levels. 
In order to address the possibility that early deaths in cohort par-
ticipants with abnormal serum potassium levels may have ob-
scured progressive loss of kidney function and thus may have bi-
ased the slope estimates, we have also performed sensitivity anal-
yses by examining slopes of eGFR in a subgroup of 259 patients 
who reached ESRD. p values of less than 0.05 were considered sig-
nificant. Statistical analyses were performed using Stata statis-
tical software v11 (StataCorp, College Station, Tex., USA). The 
study protocol was approved by the Research and Development 
Committee at the Salem VAMC.

  Results 

 The mean ( 8 SD) age of the cohort at baseline was 68  8  
11 years, 24% of patients were black, and the mean ( 8 SD) 
eGFR was 37  8  17 ml/min/1.73 m 2 . Most patients had 

CKD stages 3 (55%) and 4 (31%), with few patients catego-
rized as CKD stage 1 (1%), 2 (8%) and 5 (5%). The mean 
( 8 SD) baseline serum potassium was 4.5  8  0.6 mEq/l. 
Throughout the follow-up period, there were 230 patients 
(19%) who experienced at least one serum potassium  ! 3.6 
mEq/l [169 (18%) whites and 61 (21%) blacks], and 515 
(42%) who experienced at least one serum potassium  1 5.3 
mEq/l [397 (43%) whites and 118 (40%) blacks]. Patients 
had a median of 20 follow-up assessments (interquartile 
range: 12–33). Seven hundred and fifty-two patients (61%) 
were enrolled in the study after January 1, 2001. A total of 
486 patients died before the initiation of dialysis (mortal-
ity rate: 118/1,000 patient-years, 95% confidence interval, 
CI: 108–129) during a median follow-up of 2.7 years. Thir-
ty-eight patients (3%) were lost to follow-up, and their char-
acteristics were not significantly different (data not shown).

Table 1.  Baseline characteristics of 1,227 CKD patients overall and divided into categories of baseline serum potassium levels

All patients
(n = 1,227)

S erum potassium (mEq/l) p for
trend

<3.6 (n = 39) 3.6–4.5 (n = 557) 4.51–5.3 (n = 536) >5.3 (n = 95)

Age, years 68811 65.6810.5 68.1811.2 69.0810.4 68.2811.0 0.13
African-Americans 294 (24) 12 (31) 151 (27) 107 (20) 24 (25) 0.04
eGFR, ml/s/1.73 m2 0.6280.23 0.7080.35 0.6780.30 0.6080.27 0.4880.18 <0.001
Comorbid states

DM 672 (55) 17 (44) 293 (53) 305 (57) 57 (60) 0.03
ASCVD 696 (57) 25 (64) 306 (55) 302 (56) 63 (66) 0.3
CCI 2.581.7 2.581.8 2.381.7 2.581.7 2.981.7 0.008

Smoking 297 (25) 12 (32) 131 (25) 124 (24) 30 (33) 0.6
Medications

ACEI/ARB use 722 (59) 24 (62) 331 (59) 306 (57) 61 (64) 0.9
Diuretics 799 (65) 33 (85) 360 (65) 338 (63) 68 (72) 0.79
Potassium supplements 192 (16) 20 (51) 105 (19) 57 (11) 10 (11) <0.001
NSAIDs 275 (26) 10 (29) 125 (26) 120 (26) 20 (24) 0.76
Beta-blockers 562 (46) 24 (62) 254 (46) 244 (46) 40 (42) 0.2

BMI 29.385.9 29.785.4 29.685.9 29.385.8 27.686.5 0.02
sBP, mm Hg 150826 153828 150826 148826 150826 0.3
dBP, mm Hg 74815 78817 76815 73815 71814 <0.001
Serum potassium, mEq/l 4.580.6 3.280.3 4.180.2 4.880.2 5.780.3

Albumin, g/l 3685 3784 3685 3685 3585 0.3
Cholesterol, mmol/l 4.9181.45 4.6581.09 4.9181.47 4.9981.47 4.8181.27 0.6
Bicarbonate, mmol/l 25.783.4 27.883.3 26.283.3 25.383.3 24.084.0 <0.001
Calcium, mmol/l 2.3080.15 2.3080.12 2.3080.15 2.3080.15 2.2580.17 0.4
Phosphorus, mmol/l 1.2380.26 1.1680.19 1.1980.23 1.2680.26 1.3680.29 <0.001

Blood Hgb, g/l 127819 130819 129819 125818 119819 <0.001
WBC, 1,000/mm3 7.682.3 7.882.0 7.582.3 7.682.2 7.982.8 0.3
Lymphocytes, % WBC 23.288.5 23.488.4 23.188.5 23.788.6 21.788.0 0.7

Proteinuria, mg/24 h 741 (680–808) 616 (358–1,059) 752 (660–856) 710 (624–809) 945 (695–1,286) 0.4

Da ta are presented as means 8 SD, number (% of total) or geometric means (95% CI). ASCVD = Atherosclerotic cardiovascular 
disease; sBP = systolic blood pressure; dBP = diastolic blood pressure; Hgb = hemoglobin; WBC = white blood cell count. Comparisons 
were made by �2 test for linear trend between the categories of patients with different potassium levels.
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  Baseline characteristics in patients divided by catego-
ries of serum potassium are shown in  table  1 . Patients 
with higher baseline serum potassium were more likely 
to be white and diabetic and less likely to receive potas-
sium supplements, and had lower BMI, diastolic blood 
pressure, eGFR, serum bicarbonate and blood hemoglo-
bin, and higher CCI and serum phosphorus.

  Baseline characteristics of patients divided by their 
race are shown in  table 2 . Black patients were younger, 
more likely to be active smokers and less likely to have 
cardiovascular disease, had lower eGFR, serum albumin, 
bicarbonate and blood hemoglobin and WBC levels, and 
higher blood pressure, percent lymphocytes in WBC and 
24-hour urine protein. Serum potassium was significant-
ly higher in white patients: 4.5  8  0.6 vs. 4.4  8  0.6 mEq/l 
in blacks (p  !  0.01).

   Table 3  shows unadjusted and multivariable adjusted 
correlation coefficients of baseline serum potassium lev-
els with other relevant variables. Lower serum potassium 
was significantly associated with black race, administra-
tion of potassium supplements, higher DBP, eGFR, serum 
bicarbonate and hemoglobin levels, and higher serum 
potassium was associated with higher phosphorus and 
the presence of DM.

  The association of serum potassium with all-cause 
mortality in the overall patient population was significant 
and non-linear (p  !  0.001 for the quadratic term), with re-
gression splines showing an increase in mortality in asso-
ciation with both high and low serum potassium levels 
( fig.  1 ). The association between serum potassium and 
mortality varied according to the patients’ race ( fig. 2 ). In-
creased mortality was seen in association with abnormal-
ly low serum potassium levels in both white and black pa-

Table 2.  Baseline characteristics of 1,227 CKD outpatients strati-
fied by race

Whites
(n = 933)

African-
Americans
(n = 294)

p
value

Age, years 69.5810.2 65.0812.2 <0.0001
DM 510 (55) 162 (55) 0.9
ASCVD 569 (61) 127 (43) <0.001
Smoking 207 (23) 90 (33) 0.002
CCI 2.581.7 2.581.8 0.8
ACEI/ARB use 705 (76) 227 (77) 0.6
Diuretics 723 (77) 225 (77) 0.7
Potassium supplements 363 (39) 119 (40) 0.6
NSAIDs 354 (38) 122 (41) 0.27
Beta-blockers 644 (69) 188 (64) 0.1
BMI 29.485.8 29.286.1 0.3
sBP, mm Hg 148826 155825 0.0001
dBP, mm Hg 72815 82815 <0.0001
Serum potassium, mEq/l 4.580.6 4.480.6 0.005
eGFR, ml/s/1.73 m2 0.6380.28 0.5880.28 0.007
Serum albumin, g/l 3685 3585 0.02
Serum cholesterol, mmol/l 4.8981.42 5.0481.53 0.17
Serum bicarbonate, mmol/l 25.883.4 25.183.4 0.004
Serum calcium, mmol/l 2.2780.12 2.3080.15 0.4
Serum phosphorus, mmol/l 1.2380.26 1.2380.26 0.9
Blood Hgb, g/l 128819 123819 <0.0001
Blood WBC, 1,000/mm3 7.882.2 7.182.4 <0.0001
Blood lymphocytes, %WBC 22.387.9 26.289.6 <0.0001
Proteinuria, mg/24 h 702

(634–777)
881

(750–1,034)
0.03

D ata are presented as means 8 SD, number (% of total) or 
geometric means (95% CI). Comparisons were made by t test or 
�2 test.

Table 3.  Unadjusted and multivariable adjusted correlation coef-
ficients of baseline potassium levels with other relevant baseline 
variables

Unadjusted Adjusted

Age 0.06* –0.01
African-American race –0.08** –0.08*
Comorbid states

DM 0.09** 0.10**
ASCVD 0.02 0.01
CCI 0.09** –0.01

History of smoking –0.01 –0.01
BMI –0.10** –0.06
sBP –0.06* –0.03
dBP –0.14*** –0.07*
Medications:

ACEI/ARB 0.01 –0.01
Diuretics –0.02 0.04
Potassium supplements –0.20*** –0.20***
NSAIDs –0.04 0.02
Beta-blockers –0.04 –0.06

eGFR –0.20*** –0.08*
Serum albumin –0.03 –0.01

Bicarbonate –0.25*** –0.15***
Calcium –0.01 0.07*
Phosphorus 0.20*** 0.13**

Blood hemoglobin –0.18*** –0.08*
Proteinuria 0.01 –0.03

M ultivariable adjustments were performed for all the listed 
covariates.

* p < 0.05, ** p < 0.01, *** p < 0.001 (r values ≥0.10 are in bold).
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tients, and with abnormally high serum potassium levels 
in white patients, but no significant association between 
higher serum potassium and mortality was present in 
black patients. Categorical analyses indicated significantly 
increased mortality associated with serum potassium  ! 3.8 
mEq/l in whites and  ! 3.7 mEq/l in blacks ( fig. 3 ) and with 
serum potassium  1 5.5 mEq/l in white patients, but not 
black patients ( fig. 4 ). The discrepant risk of mortality as-
sociated with a serum potassium  1 5.5 mEq/l in whites and 
blacks persisted when including only 258 white patients 

(81 of whom had a serum potassium  1 5.5 mEq/l) matched 
to black patients by potassium levels: multivariable adjust-
ed hazard ratio (95% CI) in whites with potassium  1 5.5 vs. 
3.8–5.5 mEq/l: 2.01 (0.98–4.13), p = 0.057.

  The association between time-varying serum potassi-
um level and slopes of eGFR in the overall study popula-
tion was linear: a 1 mEq/l lower serum potassium was as-
sociated with a multivariable adjusted difference in slopes 
of eGFR of –0.13 ml/min/1.73 m 2 /year (95% CI: –0.20 to 
–0.07), p  !  0.001. These associations were similar in sub-
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  Fig. 1.  Multivariable adjusted log hazards (solid line) and 95% CI 
(dashed lines) of all-cause predialysis mortality associated with 
serum potassium levels in the entire study population (n = 1,227). 
Associations were examined in time-varying Cox models adjust-
ed for age, race, smoking status, CCI, DM, cardiovascular disease, 
BMI, the use of ACEI, ARBs, diuretics, potassium supplements, 
NSAIDs, beta-blockers, eGFR, serum albumin, bicarbonate, cal-
cium, phosphorus, blood hemoglobin, and 24-hour urine protein.  

  Fig. 2.  Multivariable adjusted log hazards (solid lines) and 95% CI 
(dashed lines) of all-cause predialysis mortality associated with 
serum potassium levels in white (n = 933;  a ) and black (n = 294; 
 b ) patients. Associations were examined in separate time-varying 
Cox models adjusted for age, race, smoking status, CCI, DM, car-

diovascular disease, BMI, the use of ACEI, ARBs, diuretics, potas-
sium supplements, NSAIDs, beta-blockers, eGFR, serum albu-
min, bicarbonate, calcium, phosphorus, blood hemoglobin, and 
24-hour urine protein. 
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groups of white patients [–0.11 ml/min/1.73 m 2 /year (–0.19 
to –0.03)], p = 0.005, and black patients [–0.17 ml/min/1.73 
m 2 /year (–0.30 to –0.05)], p = 0.007. Categorical analyses 
indicated significantly steeper slopes of eGFR in patients 
with potassium  ! 3.6 mEq/l [–0.23 ml/min/1.73 m 2 /year 
(95% CI: –0.37 to –0.09), p = 0.002 compared to potassium 
3.6–5.5], and no significant difference in patients with po-
tassium  1 5.5 mEq/l [0.03 ml/min/1.73 m 2 /year (95% CI: 
–0.16 to 0.21), p = 0.8 compared to potassium 3.6–5.5].

  The results remained consistent in sensitivity analyses 
when deaths occurring after the initiation of dialysis were 
included in analyses, when the models were adjusted for 
systolic and diastolic blood pressure, when analyses were 
repeated using only unimputed values for the indepen-

dent variables, when medication exposure was included 
in multivariable analyses in non-time-dependent fash-
ion, when the associations were examined in the sub-
group of 259 patients who reached ESRD (for slopes only), 
or in a more contemporary cohort enrolled after January 
1, 2001 (data not shown).

  Discussion 

 We describe overall and race-specific characteristics 
of serum potassium, and their associations with relevant 
clinical characteristics, therapeutic interventions and 
clinical outcomes in patients with moderate and ad-
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Hazard ratio (             95% CI)

  Fig. 3.  Hazard ratios (95% CI) of all-cause mortality associated 
with hypokalemia in time-dependent Cox models, overall and in 
white and black patients. Hypokalemia was defined as a serum 
potassium  ! 3.8 mEq/l in the overall group and in whites, and as 
a serum potassium  ! 3.7 mEq/l in blacks. The group with serum 
potassium 3.8–5.5 mEq/l served as referent in the overall group 
and in whites, and the group with serum potassium of 3.7–5.5 
mEq/l served as referent in blacks. Models represent unadjusted 
associations (model 1) and associations adjusted sequentially for 
age, race, smoking status, CCI, DM, cardiovascular disease and 
BMI (model 2), plus the use of ACEI, ARBs, diuretics, potassium 
supplements, NSAIDs, beta-blockers (model 3), plus eGFR, serum 
albumin, bicarbonate, calcium, phosphorus, blood hemoglobin, 
and 24-hour urine protein (model 4). N values represent the num-
ber of patients with hypokalemia in the respective groups.     
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  Fig. 4.  Hazard ratios (95% CI) of all-cause mortality associated 
with hyperkalemia in time-dependent Cox models, overall and in 
white and black patients. Hyperkalemia was defined as a serum 
potassium  1 5.5 mEq/l in all three groups. The group with serum 
potassium 3.8–5.5 mEq/l served as referent in the overall group 
and in whites, and the group with serum potassium of 3.7–5.5 
mEq/l served as referent in blacks. Models represent unadjusted 
associations (model 1) and associations adjusted sequentially for 
age, race, smoking status, CCI, DM, cardiovascular disease and 
BMI (model 2), plus the use of ACEI, ARBs, diuretics, potassium 
supplements, NSAIDs, beta-blockers (model 3), plus eGFR, serum 
albumin, bicarbonate, calcium, phosphorus, blood hemoglobin, 
and 24-hour urine protein (model 4). N values represent the num-
ber of patients with hyperkalemia in the respective groups.       
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vanced NDD-CKD. Overall mortality was significantly 
associated with both higher and lower serum potassium 
levels even after adjustments for relevant confounders. 
These associations were however different in the studied 
racial subgroups, as serum potassium  1 5.5 mEq/l was 
significantly associated with mortality only in white pa-
tients, whereas potassium levels of  ! 3.8 and  ! 3.7 mEq/l 
were associated with significantly higher mortality in 
white and black patients, respectively. Serum potassium 
 ! 3.6 mEq/l was associated with more pronounced pro-
gression of CKD in both races.

  Both hypo-  [2]  and hyperkalemia  [2, 3]  have been as-
sociated with an increase in mortality in patients on 
maintenance dialysis. Most recently, a large study that 
included patients with NDD-CKD also associated higher 
serum potassium levels with short-term mortality  [4] . 
Such short-term effects on mortality could be explained 
by the electrophysiological role of potassium, and the in-
creased arrhythmogenicity caused by both higher and 
lower serum potassium levels  [27–29] . Another potential 
explanation is the confounding role of nutrition, as hypo-
kalemia could be associated with malnutrition and hy-
perkalemia with harmful effects of high protein intake 
or hyperphosphatemia, even though the associations re-
mained significant after adjustment for various nutri-
tional markers in multivariable analyses.

  To the best of our knowledge, ours is the first study to 
examine race-specific clinical outcomes associated with 
serum potassium levels. Studies in individuals with nor-
mal kidney function have examined race-specific potas-
sium homeostasis in an attempt to find physiological ex-
planations for the discrepant health outcomes seen in 
black vs. white patients. Black patients have been consis-
tently found to have significantly lower urinary potassi-
um excretion  [14, 30–35] . One potential reason for this 
observation is the consumption by blacks of a diet that 
contains less potassium leading to a chronic potassium-
depleted state  [15, 30, 36] , but the lower urinary excretion 
of potassium in blacks seemed to persist in studies that 
corrected for dietary differences by administering potas-
sium supplements  [14, 16, 36]  or when black and white 
participants were administered identical diets under con-
trolled circumstances  [15] . Further contradicting the no-
tion that potassium depletion is solely responsible for the 
low urinary potassium excretion of blacks was a study 
showing that total body potassium is in fact higher in 
blacks on a free-living diet  [37] . Other possible explana-
tions invoke differences of potassium physiology in 
blacks, and include increased activity of the Na-K-2Cl co-
transporter in the thick ascending limb of the loop of 

Henle  [38] , increased fecal excretion of potassium  [33]  
and possibly differences in cellular potassium disposal 
 [35] . It remains unclear how the aforementioned findings 
apply to patients with CKD, as similar comparative stud-
ies of potassium homeostasis have not been performed in 
this group. The potential presence of biological differenc-
es in potassium homeostasis in blacks vs. whites raises the 
possibility that the lack of association between hyperka-
lemia and mortality in blacks in our study may be related 
to more effective bodily defense mechanisms against 
higher serum potassium levels and/or its electrophysio-
logical effects in these patients. A potential race-specific 
differential impact of hyperkalemia on clinical outcomes 
in NDD-CKD could be important, as better tolerance of 
elevated serum potassium levels could allow for more lib-
eral application of treatments that elevate serum potas-
sium levels (such as ACEI/ARB, aldosterone antagonists, 
or potassium-sparing diuretics) in black patients.

  We also found that lower serum potassium levels were 
significantly associated with faster loss of kidney func-
tion over time, even after adjusting for other known risk 
factors such as blood pressure, proteinuria and comorbid 
conditions. A vacuolization of the proximal convoluted 
tubule accompanying chronic hypokalemia has indeed 
been described half a century ago  [39] . This ‘kaliopenic 
nephropathy’ was thought to cause primarily impairment 
in concentrating ability, renal cyst formation and mild tu-
bulointerstitial fibrosis  [40–43] . Several case reports have 
also linked chronic potassium depletion to acute kidney 
injury, possibly because of coexisting volume depletion or 
rhabdomyolysis  [44, 45] , although direct adverse effects of 
hypokalemia on proximal tubular cells have also been im-
plicated  [42, 46] . To our knowledge, prior to our study low 
potassium has not been described as a risk factor for pro-
gressive CKD. The proposed mechanism underlying the 
deleterious effects of lower potassium on kidney function 
includes direct tubulointerstitial injury via modulation of 
renal inflammation  [6] , local activation of the renin-an-
giotensin system  [47] , increased expression of angiotensin 
II receptors  [48]  or indirect effects through worsening hy-
pertension. Another possible mechanism of action entails 
generation of excess ammonia in the proximal convoluted 
tubule in response to hypokalemia  [49] . Acid-base imbal-
ances can independently affect both serum potassium lev-
el and kidney function, and as such satisfy criteria for be-
ing a confounder  [50]  for the association between potas-
sium level and kidney function. We adjusted for serum 
bicarbonate levels in our multivariate analyses to address 
this, and found that the association remained significant, 
indicating the possible role of other mechanisms of action. 
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Animal studies have shown that potassium supplemen-
tation can mitigate renal injury  [8, 51, 52] , suggesting a 
causal role for low potassium in progressive CKD. The low 
cost and the ease with which potassium depletion can be 
corrected should prompt efforts to delineate the role of 
hypokalemia correction as part of multipronged efforts to 
slow the progression of CKD.

  Our study has several limitations. The retrospective 
and observational nature of our analyses allows for the 
detection of associations, but does not prove causality. We 
examined male patients at a single medical center; thus, 
our results may not apply to the CKD population at large, 
especially females. Relatively few patients experienced ab-
normally high or low serum potassium levels; hence, it is 
possible that the lack of significant association with mor-
tality in blacks with hyperkalemia was due to a lower sta-
tistical power. Differences between blacks and whites per-
sisted, however, after limiting analyses to an equally low 
number of white patients matched to blacks by potassium 
levels, suggesting that such differences may not have been 
solely due to the low number of participants involved. We 
examined patients enrolled over an extended period of 
time; thus, temporal changes in clinical practice could 
have biased our results. To address this shortcoming, we 
examined separately patients enrolled more recently and 
found consistent results. We were able to account for the 
potential effect of a multitude of confounding variables, 
but residual confounding may still be present. One such 
important factor is the exclusion of serum potassium val-
ues that were measured during inpatient hospitalizations, 
which limits our ability to extend our findings to patients 
who develop abnormal serum potassium levels while hos-
pitalized. However, a recent study examining the associa-
tions between serum potassium and 1-day mortality 
found similar associations between higher serum potas-
sium and outcomes in inpatients vs. outpatients  [4] . We 
adjusted for the confounding effect of medications, but 
some of these medications might have been changed as a 
result of changes in serum potassium levels. To account 
for this, we performed analyses where we considered the 
use of medications such as ACEI/ARB in a non-time-
varying fashion, which did not change our results. We did 
not record the use of potassium-sparing diuretics, which 
could have affected both serum potassium levels and mor-
tality outcomes especially in patients with coexisting con-
gestive heart failure. However, we do not expect that a 
significant number of patients would have received such 
diuretics, given the nature of this population (moderate 
and advanced CKD under the care of nephrologists). We 
did not have information about the presence/absence of 

congestive heart failure, or about the doses of the diuretics 
administered, which could also have confounded the re-
ported associations. We hypothesized that cardiovascular 
events could have been the reason for the observed asso-
ciation between serum potassium and all-cause mortality, 
but we did not have causes of deaths available for analysis 
in order to test this hypothesis.

  Conclusions 

 Both high and low serum potassium are associated 
with increased mortality in male patients with NDD-
CKD, but this association varies by race, with only white 
patients showing a consistent association between hyper-
kalemia and increased mortality. Low potassium is asso-
ciated with higher mortality and with significantly more 
severe progression of CKD both in white and in black pa-
tients. If confirmed by prospective studies, these results 
suggest that interventions aimed at the maintenance of 
ideal serum potassium levels (through proactive screen-
ing to detect abnormal levels and through various inter-
ventions aimed at correcting such levels) could be benefi-
cial in lowering mortality and in slowing progression of 
CKD in this patient population. Further studies are need-
ed to clarify the reasons behind potential race-specific 
differences in potassium’s association with mortality and 
to determine what interventions directed at normalizing 
serum potassium could offer the most benefit.
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