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Abstract Purpose: To investigate
the association between potassium
concentration at the initiation of crit-
ical care and all-cause mortality.
Methods: We performed a retro-
spective observational study on
39,705 patients, age C18 years, who
received critical care between 1997
and 2007 in two tertiary care hospitals
in Boston, Massachusetts. The expo-
sure of interest was the highest
potassium concentration on the day of
critical care initiation and categorized
a priori as 4.0–4.5, 4.5–5.0, 5.0–5.5,
5.5–6.0, 6.0–6.5, or C6.5 mEq/l.
Logistic regression examined death
by days 30, 90, and 365 post-critical
care initiation, and in-hospital mor-
tality. Adjusted odds ratios were
estimated by multivariable logistic
regression models. Results: The
potassium concentration was a strong
predictor of all-cause mortality
30 days following critical care initia-
tion with a significant risk gradient
across potassium groups following
multivariable adjustment:
K = 4.5–5.0 mEq/l OR 1.25 (95 %
CI, 1.16–1.35; P \ 0.0001);
K = 5.0–5.5 mEq/l OR 1.42 (95 %

CI, 1.29–1.56; P \ 0.0001);
K = 5.5–6.0 mEq/l OR 1.67 (95 %
CI, 1.47–1.89; P \ 0.0001);
K = 6.0–6.5 mEq/l OR 1.63 (95 %
CI, 1.36–1.95; P \ 0.0001);
K [ 6.5 mEq/l OR 1.72 (95 % CI,
1.49–1.99; P \ 0.0001); all relative
to patients with K = 4.0–4.5 mEq/l.
Similar significant associations post
multivariable adjustments are seen
with in-hospital mortality and death
by days 90 and 365 post-critical care
initiation. In patients whose hyper-
kalemia decreases C1 mEq/l in 48 h
post-critical care initiation, the asso-
ciation between high potassium levels
and mortality is no longer significant.
Conclusions: Our study demon-
strates that a patient’s potassium level
at critical care initiation is robustly
associated with the risk of death even
at moderate increases above normal.

Keywords Potassium �
Intensive care � Mortality

Introduction

An abnormal serum potassium level is commonly
encountered in the hospitalized patient [1–3]. Hyperka-
lemia in hospitalized populations is reported to occur in
1.3 % of patients when hyperkalemia is defined as

potassium concentration [6.0 mEq/l and up to 10 %
when hyperkalemia is defined as potassium concentration
[5.3 mEq/l [3–8]. In general, the etiology of hyperkale-
mia is related to increased potassium intake, intracellular
redistribution of potassium, decreased potassium excre-
tion, or a combination thereof.
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Hyperkalemia is thought to contribute to morbidity
and mortality in critically illness [2]. An increase in
extracellular potassium concentration reduces the resting
membrane potential and result in easier depolarization of
neural, cardiac, and muscle tissue [9]. With the observed
neural, cardiac, and muscle tissue effects, we hypothe-
sized that the degree of hyperkalemia in the critically ill
may be related to all-cause patient survival.

To explore the role of increased serum potassium
concentrations in the mortality of the critically ill, we
performed a two-center retrospective study of 39,705
critically ill patients hospitalized between 1997 and 2007.
The objectives of this study were: (1) to determine the
relationship between hyperkalemia at critical care initia-
tion and all-cause mortality; (2) to determine if the
relationship between hyperkalemia and mortality is altered
by a subsequent decrease in potassium concentration.

Materials and methods

Source population

We extracted administrative and laboratory data from
individuals admitted to two academic hospitals in Boston,
Massachusetts. Brigham and Women’s Hospital (BWH)
is a 777-bed teaching hospital with 100 ICU beds. Mas-
sachusetts General Hospital (MGH) is a 902-bed teaching
hospital with 109 ICU beds.

Data sources

Data on all patients admitted to BWH or MGH between 2
November 1997 and 31 December 2007 were obtained
through a central computerized clinical data registry
called the Research Patient Data Registry (RPDR) [10].
The RDPR has been used for other clinical research
studies [11–16]. Approval for the study was granted by
the Institutional Review Board of BWH.

During the study period there were 52,659 unique
patients, age C18 years, who were assigned the CPT code
99291 (critical care, first 30–74 min). The date of critical
care initiation was considered to be the first date of CPT
code 99291 assignment. Two hundred five patients
without Social Security Numbers were identified and
excluded. We also excluded 2,372 patients assigned CPT
code 99291 who received care only in the Emergency
Room were not admitted and were not assigned a DRG.
Excuded from the study cohort were 10,100 patients who
had serum potassium concentrations \4.0 mEq/l mea-
sured on the day of critical care initiation; 39,982 patients
had serum potassium concentration C4.0 mEq/l measured
in the 24 h surrounding the 1st hour of the first date of
critical care initiation. Five hundred thrity-five end-stage

renal disease patients were identified but not excluded. To
account for factors that may alter the potassium mea-
surement, we identified and excluded 188 patients with a
white blood cell count [70,000/cm3 [17], and 29 with
platelets [1,000,000/mm3 [18]. Sixty patients were
excluded for missing data; 39,705 patients with serum
potassium concentration C4.0 mEq/l measured on the
day of critical care initiation constituted the study cohort.

Exposure of interest and comorbidities

The exposure of interest was the highest serum potassium
concentration on the day of critical care initiation and
categorized a priori as 4.0–4.5, 4.5–5.0, 5.0–5.5, 5.5–6.0,
6.0–6.5, or C6.5 mEq/l. When multiple potassium
records were associated with the day of critical care ini-
tiation, the highest potassium value was used in the
analysis and the date and time recorded [19]. Potassium
measurements noted to be hemolyzed were excluded.

Laboratory values were obtained on the date of critical
care initiation, closest to or at the time of the potassium
measurement. Potassium was also obtained over the 48 h
following critical care initiation. Due to space constraints,
all other covariates under study are defined in detail in the
electronic repository of the journal.

Assessment of mortality

Information on vital status for the study cohort was
obtained from the US Social Security Administration
Death Master File. Utilization of the Death Master File
allows for long-term follow-up of patients following
hospital discharge. Mortality capture post discharge with
the Social Security Administration Death Master File has
been validated in the administrative database used in this
study [11]. The censoring date was 27 July 2009.

End points

The primary end point was 30-day mortality following
critical care initiation. Other pre-specified end points
included 90-day, 365-day, and in-hospital mortality.

Statistical analysis

Categorical covariates were described by frequency dis-
tribution, and compared across potassium groups using
contingency tables and chi-square testing. Continuous
covariates were examined graphically (e.g., histogram,
box plot) and in terms of summary statistics (mean, SD,
median, inter-quartile range), and compared across expo-
sure groups using one-way ANOVA. Survival analyses
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considered death by days 30, 90, and 365 post-critical care
initiation as well as in-hospital mortality. In each instance,
subjects were excluded if they were censored for incom-
plete data. The 365-day follow-up was present for all
39,705 patients in the cohort.

Unadjusted associations between potassium groups
and outcomes were estimated by contingency tables, chi-
square testing, and bivariable logistic regression analysis.
Specification of continuous variables (as linear versus
categorical) were based on empiric association with pri-
mary outcome. Adjusted odds ratios were estimated by
multivariable logistic regression models with inclusion of
covariate terms thought to plausibly interact with both
potassium and mortality. For the primary model (30-day
mortality), specification of each continuous covariate (as
a linear versus categorical term) was adjudicated by the
empiric association with the primary outcome using
Akaike’s information criterion; overall model fit was
assessed using the Hosmer-Lemeshow test. The ESRD
variable was not included in the model because of overlap
with the renal replacement therapy (RRT) variable.

Models for secondary analyses (90-day, 365-day, and
in-hospital mortality) were specified identically to the
primary model in order to bear greatest analogy. We
assessed possible effect modification of transfusion, AKI,
HbA1c, potassium supplementation, and subsequent
serum potassium on the risk of mortality. We tested the
significance of the interaction using the likelihood-ratio
test. For the time to mortality, we estimated the survival
curves according to group with the use of the Kaplan-
Meier method [20] and compared the results by means of
the log-rank test. All P values presented are two-tailed;
values below 0.05 were considered nominally significant.
All analyses are performed using STATA 10.0MP
(College Station, TX).

Results

Table 1 lists the main relevant characteristics of the
39,705 subject study cohort (patients with K C 4.0 mEq/l).
Of the cohort patients studied, 40.2 % were women and
80.6 % were white. The mean age at critical care initia-
tion was 62.5 years (SD 17.5). Gross unadjusted 30-day
mortality was 14.1 %. Gross unadjusted 30-day mortality
for K [ 5.5 mEq/l was 25.1 %, K [ 6.0 mEq/l was
25.6 %, and K [ 6.5 mEq/l was 26.0 %. Of the patients,
46.1 % were assigned a Medical DRG at discharge.

Patient characteristics of the study cohort were strati-
fied according to maximum potassium levels on critical
care initiation date (Table 2). Factors that significantly
differed between stratified groups included age, gender,
race, patient type (medical vs. surgical) [21], Deyo-
Charlson Index [22], creatinine, blood urea nitrogen,
white blood cell count, HCO3, hematocrit, transfusion, K

Table 1 Patient characteristics of the study population

N 39,705
Age years mean (SD) 62.54 (17.53)
Gender no. (%)
Male 23,728 (59.76)
Female 15,977 (40.24)

Race no. (%)
White 32,018 (80.64)
Non-white 7,687 (19.36)

Patient type no. (%)
Medical 18,292 (46.07)
Surgical 21,413 (53.93)

Deyo-Charlson Index no. (%)
0 3,425 (8.63)
1 5,702 (14.36)
2 7,802 (19.65)
3 7,403 (18.65)
4 6,089 (15.34)
5 4,050 (10.20)
6 2,416 (6.08)
C7 2,818 (7.10)

Mortality no. (%)
30 days 5,604 (14.11)
90 days 7,403 (18.65)
365 days 10,486 (26.41)
In-hospital 5,112 (12.87)

Sepsis no. (%) 5,736 (14.45)
CABG no. (%) 2,693 (6.78)
AMI no. (%) 6,561 (16.52)
Diabetes no. (%) 11,135 (28.0)
RRT no. (%) 1,484 (3.74)
AKI no. (%) 6,534 (16.46)
TPN no. (%) 233 (0.59)
Transfusion no. (%) 6,950 (17.50)
Creatinine mean (SD) 1.43(1.44)
Hematocrit no. (%)
B30 9,389 (23.65)
30–33 5,707 (14.37)
33–36 5,843 (14.72)
36–39 6,089 (15.34)
39–42 5,564 (14.01)
[42 7,113 (17.91)
White blood count no. (%)
B4 9 103/mm3 1,304 (3.28)
4–10 9 103/mm3 16,026 (40.36)
[10 9 103/mm3 22,375 (56.35)
Blood urea nitrogen no. (%)
B20 mg/dl 22,003 (55.42)
20–40 mg/dl 11,972 (30.15)
[40 mg/dl 5,730 (14.43)
Glucose no. (%)
B100 mg/dl 5,614 (14.17)
100–200 mg/dl 27,226 (68.71)
200–500 mg/dl 6,367 (16.07)
[500 mg/dl 417 (1.05)
HgbA1c no. (%)
\7 % 7,163 (70.16)
C7 % 3,046 (29.84)

HCO3 no. (%)
B22 mEq/l 11,012 (27.7)
22–25 mEq/l 11,453 (28.9)
25–28 mEq/l 10,517 (26.5)
[28 mEq/l 6,723 (16.9)

Creatinine values are in mg/dl

CABG coronary artery bypass graft, AMI acute myocardial infarction, RRT
renal replacement therapy, AKI acute kidney injury, TPN total parenteral
nutrition, HbA1c hemoglobin A1c
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Table 2 Bivariable associations between exposure and covariates

Maximum potassium (mEq/l) on critical care P

4.0–4.5 4.5–5.0 5.0–5.5 5.5–6.0 6.0–6.5 [6.5

No. 20,307 10,503 4,503 2,063 887 1,442
Age (year; mean ± SD) 60.9 ± 18.1 64.4 ± 16.8 64.9 ± 16.5 64.0 ± 16.5 63.3 ± 16.9 62.2 ± 17.5 \0.0001*
Female gender-no. (%) 8,413 (41.4) 4,082 (38.9) 1,731 (38.4) 834 (40.4) 352 (39.7) 565 (39.2) \0.0001
Race-no. (%) \0.0001
White 16,230 (79.9) 8,771 (83.5) 3,639 (80.8) 1,627 (78.9) 676 (76.2) 1,075 (74.6)
Non-white 4,077 (20.1) 1,732 (16.5) 864 (19.2) 436 (21.1) 211 (23.8) 367 (25.5)

Patient type-no. (%) \0.0001
Medical 10,270 (50.6) 4,071 (38.8) 1,700 (37.8) 919 (44.6) 443 (49.9) 889 (61.7)
Surgical 10,037 (49.4) 6,432 (61.2) 2,803 (62.3) 1,144 (55.5) 444 (50.1) 553 (38.4)

Deyo-Charlson Index no. (%) \0.0001
0 2,328 (11.5) 686 (6.5) 227 (5.0) 81 (3.9) 41 (4.6) 62 (4.3)
1 3,515 (17.3) 1,303 (12.4) 445 (9.9) 193 (9.4) 88 (9.9) 158 (11.0)
2 4,242 (20.9) 2,138 (20.4) 727 (16.1) 347 (16.8) 132 (14.9) 216 (15.0)
3 3,671 (18.1) 2,055 (19.6) 876 (19.5) 377 (18.3) 148 (16.7) 276 (19.1)
4 2,816 (13.9) 1,703 (16.2) 818 (18.2) 346 (16.8) 162 (18.3) 244 (16.9)
5 1,744 (8.6) 1,149 (10.9) 578 (12.8) 273 (13.2) 112 (12.6) 194 (13.5)
6 932 (4.6) 704 (6.7) 375 (8.3) 204 (9.9) 83 (9.4) 118 (8.2)
C7 1,059 (5.21) 765 (7.3) 457 (10.2) 242 (11.7) 121 (13.6) 174 (12.1)

Creatinine-mean (SD) 1.16 (0.90) 1.39 (1.20) 1.75 (1.60) 2.18 (2.19) 2.58 (2.68) 2.81 (3.24) \0.0001*
Glucose no. (%) \0.0001
B100 mg/dl 3,233 (16.0) 1,207 (11.5) 515 (11.5) 261 (12.7) 129 (14.5) 269 (18.7)
100–200 mg/dl 14,368 (71.0) 7,382 (70.4) 2,975 (66.2) 1,264 (61.3) 481 (54.2) 756 (52.2)
200–500 mg/dl 2,596 (12.8) 1,813 (17.3) 934 (21.0) 467 (22.7) 236 (22.6) 321 (22.3)
[500 mg/dl 55 (0.3) 85 (0.8) 73 (1.6) 70 (3.4) 41 (4.6) 93 (6.5)
HgbA1c-no. (%) \0.0001
\7 % 3,152 (71.7) 2,059 (70.0) 1,060 (71.1) 460 (67.2) 180 (64.5) 252 (60.4)
C7 % 1,243 (28.3) 884 (30.0) 430 (28.9) 25 (32.9) 99 (35.5) 165 (39.6)

Blood urea nitrogen no. (%) \0.0001
B20 mg/dl 13,267 (65.3) 5,451 (51.9) 1,820 (40.4) 664 (32.2) 299 (33.7) 502 (34.8)
20–40 mg/dl 5,523 (27.2) 3,483 (33.2) 1,594 (35.4) 721 (35.0) 255 (28.8) 396 (27.5)
[40 mg/dl 1,517 (7.5) 1,569 (14.9) 1,089 (24.2) 678 (32.9) 333 (37.5) 544 (37.7)
White blood cell count no. (%) \0.0001
B4 9 103/mm3 655 (3.2) 340 (3.2) 151 (3.4) 87 (4.2) 28 (3.2) 43 (3.0)
4–10 9 103/mm3 8,880 (43.7) 4,080 (38.9) 1,586 (35.2) 672 (32.6) 306 (34.5) 502 (34.8)
[10 9 103/mm3 10,772 (53.1) 6,083 (57.9) 2,766 (61.4) 1,304 (63.2) 553 (62.3) 897 (62.2)
Hematocrit no. (%) \0.0001
B30 % 3,735 (18.4) 3,042 (29.0) 1,429 (31.7) 660 (32.0) 245 (27.6) 278 (19.3)
30–33 % 2,484 (12.2) 1,795 (17.1) 792 (17.6) 298 (14.4) 134 (15.1) 204 (14.2)
33–36 % 2,929 (14.4) 1,548 (14.7) 714 (15.9) 319 (15.5) 142 (16.0) 191 (13.3)
36–39 % 3,439 (16.9) 1,472 (14.02) 562 (12.5) 292 (14.2) 116 (13.1) 208 (14.4)
39–42 % 3,468 (17.1) 1,200 (11.4) 433 (9.6) 194 (9.4) 81 (9.1) 188 (13.0)
[42 % 4,252 (20.9) 1,446 (13.8) 573 (12.7) 300 (14.5) 169 (19.1) 373 (25.9)
HCO3 no. (%) \0.0001
B22 mEq/l 4,216 (20.8) 3,112 (30.0) 1,747 (38.8) 907 (44.0) 402 (45.3) 628 (43.6)
22–25 mEq/l 6,047 (29.8) 3,102 (29.5) 1,259 (28.0) 510 (24.7) 200 (22.6) 335 (23.2)
25–28 mEq/l 6,222 (30.6) 2,618 (24.9) 901 (20.0) 361 (17.5) 150 (16.9) 265 (18.4)
[28 mEq/l 3,822 (18.8) 1,671 (15.9) 596 (13.2) 285 (13.8) 135 (15.2) 214 (14.8)
K supplement no. (%) 5,542 (27.3) 3,844 (36.6) 1,641 (36.4) 586 (28.4) 185 (20.9) 245 (17.0) \0.0001
Beta blocker-no. (%) 5,668 (27.9) 4,033 (38.4) 1,628 (36.2) 652 (31.6) 238 (26.8) 311 (21.6) \0.0001
ACEi/ARB no. (%) 1,454 (7.2) 949 (9.0) 368 (8.1) 169 (8.2) 50 (5.6) 66 (4.6) \0.0001
NSAIDS-no.(%) 966 (4.8) 1,027 (9.8) 512 (11.4) 158 (7.7) 50 (5.6) 48 (3.3) \0.0001
K agent no. (%) 8,705 (42.9) 5,673 (54.0) 2,380 (52.9) 948 (46.0) 341 (38.4) 458 (31.8) \0.0001
Sepsis no. (%) 2,277 (11.2) 1,660 (15.8) 837 (18.6) 437 (21.2) 205 (23.1) 320 (22.2) \0.0001
CABG no. (%) 610 (3.0) 1,060 (10.1) 660 (14.7) 244 (11.8) 77 (8.7) 42 (2.9) \0.0001
AMI no. (%) 3,301(16.3) 1,696 (16.2) 809 (18.0) 360 (17.5) 161 (18.2) 234 (16.2) 0.04
Diabetes no. (%) 4,491 (22.1) 3,234 (30.8) 1,748 (38.8) 805 (39.0) 340 (38.3) 527 (36.5) \0.0001
ESRD no.(%) 122 (0.6) 162 (1.5) 121 (2.7) 94 (4.6) 71 (8.0) 69 (4.8) \0.0001
RRT no. (%) 287 (1.4) 341 (3.3) 296 (6.6) 243 (11.8) 118 (13.3) 199 (13.8) \0.0001
AKI no. (%) 1,983 (9.8) 1,751 (16.7) 1,164 (25.9) 707 (34.3) 347 (39.1) 582 (40.4) \0.0001
TPN no. (%) 115 (0.6) 64 (0.6) 26 (0.6) 12 (0.6) 6 (0.7) 10 (0.7) 0.9
Transfusion no. (%) 2,404 (11.8) 2,468 (23.5) 1,213 (26.9) 513 (24.9) 166 (18.7) 186 (12.9) \0.0001

P values determined by chi-square unless designated by asterisk, then P value
determined by Kruskal-Wallis. Creatinine values are in mg/dl. Cohort patients
were considered to have received medications if prescribed up to 7 days prior to
potassium measurement

K supplement potassium IV or PO supplementation, beta blocker b1 selective
blockade via metoprolol, atenolol, or esmolol, ACEi/ARB ACE inhibitor/

angiotensin receptor blocker via captopril, enalapril, lisinopril, losartan, irbe-
sartan, valsartan, candesartan, or olmesartan, NSAIDS ketorolac, ketoprofin,
ibuprofen or naproxen. K agent is inclusive of patients who received any of the
following: K supplement, ACEi/ARB, beta blocker, NSAIDS, and/or spirono-
lactone, amiloride or triamterine, trimethoprim, ketoconazole, cyclosporine A or
tacrolimus
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supplement, b1 blocker, ACE inhibitor/angiotensin
receptor blocker (ACEi/ARB), K agent (K supplement,
ACEi/ARB, b1 blocker, NSAIDS, and/or K sparing
diuretic), CABG, AMI [23], sepsis [24], ESRD [25],
RRT, and AKI [26] (Table 2). In the study cohort, age,
race, patient type, white blood cell count, creatinine,
blood urea nitrogen, Deyo-Charlson Index, sepsis, AKI,
HCO3, renal replacement therapy, and glucose are all
significantly associated with 30-day mortality (Table 3).

The potassium concentration was a particularly strong
predictor of all-cause mortality with a significant risk
gradient across potassium groups (Table 4). The risk of
mortality 30 days following critical care initiation was
2.8- and 3.0-fold higher in patients with potassium values
in the K = 6.0–6.5 mEq/l and K [ 6.5 mEq/l groups,
respectively, compared with those in the K = 4.0–4.5
mEq/l group. Potassium concentration in the cohort
remains a significant predictor of risk of mortality fol-
lowing adjustment for age, race, gender, WBC, HCO3,
BUN, creatinine, Deyo-Charlson Index, transfusions,
patient type (medical versus surgical), sepsis, RRT, AKI,
diabetes mellitus, and glucose. The adjusted risk of
mortality was 1.6- and 1.7-fold higher in patients in the
K = 6.0–6.5 mEq/l and K [ 6.5 mEq/l groups, respec-
tively, compared with those in K = 4.0–4.5 mEq/l group
(Table 4, Model 1). Similar significant robust associations
pre- and post-multivariable adjustments are seen with
death by days 90 and 365 post-critical care initiation as
well as in-hospital mortality (Table 4 Model 1). Addition
of the number of failed organs variable [12, 24, 27] to the
multivariable analysis did not materially change the
K-mortality association (Table 4, model 2). Figure 1
shows the unadjusted Kaplan-Meier estimates for the time
to death where the difference between the potassium
groups was significant (P = 0.001 by the log-rank test).
This difference appears strongest prior to 45 days
(Fig. 2).

Effect modification and subanalyses

There is no effect modification of the potassium-mortality
association on the basis of ICD-9 defined AKI (30-day
mortality: interaction P = 0.10). Formally, in patients
with HbA1c measured (n = 10,224), there is no signifi-
cant effect modification of the potassium-mortality
association on the basis of HbA1c (30-day mortality:
interaction = 0.9). There is significant effect modification
of the potassium-mortality association on the basis of
transfusion (30-day mortality: interaction P = 0.005). In
patients treated with NSAIDS prior to potassium mea-
surement (7.0 % of the cohort), the potassium-mortality
association is present for those with potassium [5.5 mEq/l
but absent for those with potassium 4.5–5.5 mEq/l.

Individually running the adjusted model with and
without terms for potassium supplementation, ACEi/

ARB, b1 selective blockade, NSAIDS, or a term for any
potassium promoting agent, the 30-day mortality esti-
mates in each case are similar. This indicates that the
potassium-mortality relationship is not materially con-
founded by potassium supplementation, ACEi/ARB, b1
selective blockade, NSAIDS, or for potassium promoting
agents in general.

Table 3 Adjusted odds ratios for 30-day mortality

OR 95 % CI P

Potassium
4.0–4.5 mEq/l 1.0 1.0–1.0
4.5–5.0 mEq/l 1.25 1.16–1.35 \0.0001
5.0–5.5 mEq/l 1.42 1.29–1.56 \0.0001
5.5–6.0 mEq/l 1.67 1.47–1.89 \0.0001
6.0–6.5 mEq/l 1.63 1.36–1.95 \0.0001
[6.5 mEq/l 1.72 1.49–1.99 \0.0001
Age per 1 year 1.01 1.01–1.01 \0.0001
Gender
Female 0.01 0.95–1.08 0.7
Male 1.0 1.0–1.0

Race
Non-white 1.10 1.01–1.19 0.02
White 1.0 1.0–1.0

Patient type
Medical 1.0 1.0–1.0
Surgical 0.51 0.48–0.55 \0.0001

White blood cell count
B4 9 103/mm3 2.18 1.89–2.53 \0.0001
4–10 9 103/mm3 1.0 1.0–1.0
[10 9 103/mm3 1.53 1.43–1.64 \0.0001
Creatinine per 1 mg/dl 0.81 0.79–0.84 \0.0001
Blood urea nitrogen
B20 mg/dl 1.0 1.0–1.0
20–40 mg/dl 1.40 1.29–1.50 \0.0001
[40 mg/dl 2.13 1.92–2.37 \0.0001
Deyo-Charlson Index
0 1.0 1.0–1.0
1 1.52 1.25–1.84 \0.0001
2 2.14 1.78–2.57 \0.0001
3 2.53 2.11–3.04 \0.0001
4 2.99 2.48–3.61 \0.0001
5 3.22 2.65–3.91 \0.0001
6 2.92 2.37–3.60 \0.0001
C7 3.18 2.58–3.91 \0.0001

Sepsis 2.03 1.88–2.19 \0.0001
Diabetes 0.48 0.44–0.52 \0.0001
RRT 3.30 2.85–3.83 \0.0001
AKI 1.72 1.59–1.87 \0.0001
Transfusion 0.91 0.84–0.99 0.03
Glucose
B100 mg/dl 1.0 1.0–1.0
100–200 mg/dl 1.06 0.97–1.16 0.1
200–500 mg/dl 1.71 1.53–1.91 \0.0001
[500 mg/dl 1.16 0.87–1.57 0.6
HCO3

B22 mEq/l 1.58 1.45–1.71 \0.0001
22–25 mEq/l 1.0 1.0–1.0
25–28 mEq/l 0.90 0.83–0.99 0.03
[28 mEq/l 1.15 1.04–1.26 0.005

Each odds ratio is taken from the primary multivariable model, and
so is adjusted for all the covariates in that model (including
potassium)
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Table 4 Unadjusted and adjusted associations between potassium and outcomes

Unadjusted Model 1 adjusted Model 2 adjusted

OR 95 % CI P OR 95 % CI P OR 95 % CI P

30-day mortality
K = 4.0–4.5 mEq/l 1.0 1.0–1.0 1.0 1.0–1.0 1.0 1.0–1.0
K = 4.5–5.0 mEq/l 1.49 1.38–1.59 \0.0001 1.25 1.16–1.35 \0.0001 1.18 1.09–1.27 \0.0001
K = 5.0–5.5 mEq/l 1.98 1.82–2.16 \0.0001 1.42 1.29–1.56 \0.0001 1.27 1.15–1.40 \0.0001
K = 5.5–6.0 mEq/l 2.75 2.46–3.08 \0.0001 1.67 1.47–1.89 \0.0001 1.50 1.32–1.70 \0.0001
K = 6.0–6.5 mEq/l 2.83 2.42–3.32 \0.0001 1.63 1.36–1.95 \0.0001 1.46 1.21–1.74 \0.0001
K [ 6.5 mEq/l 2.99 2.63–3.39 \0.0001 1.72 1.49–1.99 \0.0001 1.57 1.35–1.82 \0.0001

90-day mortality
K = 4.0–4.5 mEq/l 1.0 1.0–1.0 1.0 1.0–1.0 1.0 1.0–1.0
K = 4.5–5.0 mEq/l 1.44 1.36–1.54 \0.0001 1.19 1.11–1.28 \0.0001 1.13 1.05–1.21 0.001
K = 5.0–5.5 mEq/l 1.87 1.73–2.02 \0.0001 1.31 1.20–1.44 \0.0001 1.18 1.08–1.29 \0.0001
K = 5.5–6.0 mEq/l 2.62 2.36–2.90 \0.0001 1.60 1.42–1.80 \0.0001 1.44 1.2–1.62 \0.0001
K = 6.0–6.5 mEq/l 2.72 2.34–3.15 \0.0001 1.59 1.35–1.88 \0.0001 1.43 1.20–1.69 \0.0001
K [ 6.5 mEq/l 2.66 2.37–3.00 \0.0001 1.57 1.37–1.80 \0.0001 1.43 1.24–1.64 \0.0001

365-day mortality
K = 4.0–4.5 mEq/l 1.0 1.0–1.0 1.0 1.0–1.0 1.0 1.0–1.0
K = 4.5–5.0 mEq/l 1.42 1.34–1.50 \0.0001 1.16 1.09–1.23 \0.0001 1.10 1.04–1.17 0.002
K = 5.0–5.5 mEq/l 0.83 1.70–1.96 \0.0001 1.29 1.19–1.40 \0.0001 1.17 1.08–1.27 \0.0001
K = 5.5–6.0 mEq/l 0.38 2.17–2.62 \0.0001 1.48 1.33–1.65 \0.0001 1.35 1.21–1.50 \0.0001
K = 6.0–6.5 mEq/l 2.33 2.03–2.68 \0.0001 1.40 1.19–1.64 \0.0001 1.27 1.08–1.49 0.004
K [ 6.5 mEq/l 2.28 2.04–2.54 \0.0001 1.39 1.22–1.58 \0.0001 1.28 1.12–1.46 \0.0001

In-hospital mortality
K = 4.0–4.5 mEq/l 1.0 1.0–1.0 1.0 1.0–1.0 1.0 1.0–1.0
K = 4.5–5.0 mEq/l 1.55 1.44–1.67 \0.0001 1.24 1.14–1.34 \0.0001 1.17 1.07–1.26 \0.0001
K = 5.0–5.5 mEq/l 2.12 1.94–2.33 \.0001 1.42 1.28–1.57 \0.0001 1.25 1.13–1.39 \0.0001
K = 5.5–6.0 mEq/l 2.93 2.61–3.28 \0.0001 1.64 1.44–1.86 \0.0001 1.45 1.27–1.65 \0.0001
K = 6.0–6.5 mEq/l 3.23 2.76–3.80 \0.0001 1.75 1.46–2.09 \0.0001 1.53 1.27–1.84 \0.0001
K [ 6.5 mEq/l 3.23 2.84–3.67 \0.0001 1.77 1.52–2.05 \0.0001 1.59 1.37–1.85 \0.0001

Referent in each case is potassium 4.0–4.5 mEq/l. Model 1 esti-
mates adjusted for age, race, gender, WBC, BUN, creatinine,
HCO3, Deyo-Charlson Index, transfusions, patient type (medical
vs. surgical), sepsis, renal replacement therapy, acute kidney injury,
diabetes mellitus, and glucose. Model 2 estimates adjusted for age,

race, gender, WBC, BUN, creatinine, HCO3, Deyo-Charlson Index,
transfusions, patient type (medical vs. surgical), sepsis, renal
replacement therapy, acute kidney injury, diabetes mellitus, glu-
cose, and number of failed organs

Fig. 1 Time-to-event curves for the primary end point. Unadjusted
event rates were calculated with the use of the Kaplan-Meier
methods and compared with the use of the log-rank test. Catego-
rization of potassium is per the primary analyses. The global
comparison log rank P value is \0.001

Fig. 2 Truncated time-to-event curves for the primary end point.
Unadjusted event rates were calculated with the use of the Kaplan-
Meier methods. Observations are truncated at 1 year. Categoriza-
tion of potassium is per the primary analyses
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There is significant effect modification of the potassium-
mortality association on the basis of potassium supplemen-
tation (30-day mortality: interaction P = 0.008). In patients
treated with potassium supplementation, the potassium-
mortality association is present for those with potas-
sium [5.5 mEq/l but absent for those with potassium
4.5–5.5 mEq/l. In the study, potassium supplementation is
not a confounder but is an effect modifier of the potassium-
mortality association. There is no effect modification of the
potassium-mortality association on the basis of ACEI/ARB
(30-day mortality: interaction P = 0.9), or NSAIDS (30-day
mortality: interaction P = 0.08), or b1 selective blockade
(30-day mortality: interaction P = 0.2). Evaluating the
presence of any potassium promoting agent, there is no effect
modification of the potassium-mortality association (30-day
mortality: interaction P = 0.1).

In a subset of 38,575 patients who survived at least
48 h, the effect modification of the potassium-mortality
association relative to a decline of potassium of \1
or C1 mEq/l was determined. There is highly significant
effect modification of the potassium-mortality association
on the basis of decline of potassium in the 48 h following
critical care initiation (30-day mortality: interaction
P \ 0.001). In patients whose potassium declined C1
mEq/l in the 48 h following critical care initiation, there
was no relationship between mortality and potassium
level. This observation was seen in the in-hospital mor-
tality as well as the 90- and 365-day mortality endpoints.
These data indicate that if potassium declines by 1 mEq/l
or greater within 48 h following the maximal potassium at
critical care initiation, a potassium-mortality association is
not present.

Discussion

The present study aimed to determine whether potassium
concentration was associated with mortality following
critical care initiation. This large two-center retrospective
study illustrates a graded independent relationship
between potassium at critical care initiation and all-cause
mortality. Potassium is a significant predictor of 30-, 90-,
and 365-day mortality following critical care initiation,
and also in-hospital mortality. Potassium concentra-
tion remains a significant predictor of mortality following
multivariable adjustments. The potassium-mortality
association is independent of AKI, b1 selective blockade,
or ACEi/ARB usage. In patients with K \ 5.5 mEq/l who
received transfusion and potassium supplementation prior to
potassium draw, the potassium-mortality association is
absent. The potassium-mortality association is not modified
on the basis of the presence of a K-promoting medication as a
whole. Decrease of potassium by C1 mEq/l within 48 h of
critical care initiation eliminates the potassium-mortality
association.

The mechanism for a potassium-mortality association
is not known. The most prominent consequence of
hyperkalemia is decreasing the resting membrane
potential of the myocardium, resulting in decreased
myocardial cell conduction velocity and increased rate of
repolarization [28]. In general, the degree of hyperkale-
mia is not associated with the risk of life-threatening
arrhythmias [2]. However, the progression from benign
to lethal arrhythmias in hyperkalemia is unpredictable
[29]. Severe acute untreated hyperkalemia can result in
fatal cardiac arrhythmias [30, 31], which are reported
with rapid increases in potassium [32]. Related to the
importance of normokalemia for normal membrane
potential function, significant neuromuscular effects of
hyperkalemia are observed ranging from mild motor
paralysis to quadriplegia.

Our data illustrate the importance of tight regulation of
potassium by showing that potassium 4.5–5.5 mEq/l is
associated with an increase in the risk of mortality, a
range not previously considered to be harmful. Small
elevations in potassium 4.5–5.0 and 5.0–5.5 mEq/l show
a 25 and 42 % respective increase in the adjusted risk of
mortality at 30 days. It is possible that even small
increases of potassium beyond the ‘‘normal’’ range is
either reflective of the risk of mortality or contributes to
mortality. With the common use of potassium supple-
mentation protocols at hospitals, our results may be taken
to illuminate the potential danger of increasing potassium
concentrations beyond the normal range in the critically
ill.

The interpretation of our data in the setting of potas-
sium supplementation is complex. The potassium-
mortality association in those who received potas-
sium supplementation was only present for those with
potassium [5.5 mEq/l. Thus, in the setting of potassium
supplementation, patients with moderate increases of
potassium (4.5–5.5 mEq/l) do not have significantly dif-
ferent mortality risk as compared to patients with
potassium of 4.0–4.5 mEq/l. This suggests that in patients
with potassium of 4.5–5.5 mEq/l, the potassium concen-
tration is a marker of the severity of illness or is related to
an unmeasured patient factor rather than related to the
mechanism of mortality. If the potassium concentration is
causally related to mortality, one should expect that
moderate hyperkalemia would be related to increased
mortality irrespective of potassium supplementation.

The potassium-mortality association is eliminated
when potassium is decreased C1 mEq/l within the first
2 days following critical care initiation. Improvement in
potassium concentration may simply represent overall
patient improvement during critical care, which may be
responsible for eliminating the potassium-mortality
association. Alternatively, it is possible at high levels the
potassium concentration may not just reflect the severity
disease but may be related to the cause of mortality. We
hypothesize that different levels of potassium may have
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different contributions to mortality, more of a reflection of
severity of illness at moderate levels and potentially
causal at high levels. Importantly, our data cannot answer
the important question if aggressive potassium removal
strategies are required in patients with elevated potassium
concentration at critical care initiation.

The limitations of our study stem from its retrospective
observational design with its inherent biases. Other vari-
ables that were not measurable may influence mortality
independently of potassium concentration, which may have
biased estimates. Residual confounding may exist despite
adjusting for potential confounders. Although we based our
determinants of sepsis, DM, and AKI on ICD-9CM codes
utilized by others [24, 26, 33, 34], adjusting for covariates
determined by ICD-9CM coding is a limitation.

Our finding that potassium at critical care initiation is
a significant predictor of mortality does not include
physiological data. Scoring systems including physio-
logical data, including APACHE, are strong predictors of
mortality in ICU patients [35]. For the prediction of ICU
mortality, APACHE II is superior to the Deyo-Charlson
Index [36]. The Deyo-Charlson Index, despite its limita-
tions, is considered a valid alternative method of risk
adjustment when physiological data are absent [36]. Our
utilization of the Deyo-Charlson Index may underestimate
the severity of illness in our patient population. The
absence of scoring systems such as APACHE II including
physiological data is a limitation as such scores predict
mortality in critically ill patients [35]. Addition of the
APACHE II, SOFA or SAPS scores may materially alter
the potassium-mortality association. Addition of an acute
organ dysfunction score (number of failed organs variable
[12, 27]) to the risk adjustment did not materially change
the association between potassium and 30-day mortality.

The present study has several strengths. In our study
design we attempted to control for all potassium sources.
Our primary outcome in this study was 30-day mortality,
which is objective, easily measured, and unbiased.

Utilization of the Death Master File allowed for long-term
follow-up of the entire cohort following hospital dis-
charge. We have previously validated the accuracy of
CPT code 99291 assignment for ICU admission, and the
accuracy of the Social Security Administration Death
Master File for in-hospital and out of hospital mortality in
our administrative database [11]. Our study has sufficient
numbers of patients to ensure the adequate reliability of
our mortality estimates (n = 39,705, in-hospital mortality
rate = 12.9 %). The very high power of our study high-
lights the potential limitations of any statistical test of
nonzero effects [37]. A small effect size can be statisti-
cally significant with a sufficiently large sample [38]. In
our study data, we show significant p values in addition to
a robust effect size.

In aggregate, the data demonstrate that potassium at
critical care initiation is very strongly associated with the
risk of death and that this risk is independent of other
risk factors. In the absence of transfusion or potassium
supplementation, there is a significant risk of mortality
even at modest elevations of potassium. Our data shows
that in patients whose hyperkalemia improves, the
association between high potassium and mortality is
eliminated. Despite our observations, it is unknown
whether active correction of hyperkalemia can improve
mortality in the critically ill as our data cannot address
causation. As such, we cannot advocate a more aggres-
sive approach to potassium removal in the setting of
moderate hyperkalemia.
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