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Abstract 

Background 

Available information about prognostic implications of potassium levels alteration in the setting of acute heart 

failure (AHF) is scarce. 

Objectives  

We aim to describe the prevalence of dyskalemia (hypo or hyperkalemia), its dynamic changes during AHF-

hospitalization, and its long-term clinical impact after hospitalization. 

 



Methods 

We analyzed 1779 patients hospitalized with AHF who were included in the REDINSCOR II registry. Patients 

were classified in three groups, according to potassium levels both on admission and discharge: hypokalemia 

(potassium < 3.5 mEq/L), normokalemia (potassium = 3.5–5.0 mEq/L and, hyperkalemia (potassium > 5 mEq/L). 

Results  

The prevalence of hypokalemia and hyperkalemia on admission was 8.2 and 4.6%, respectively, and 6.4 and 

2.7% at discharge. Hyperkalemia on admission was associated with higher in-hospital mortality (OR = 2.32 [95% CI: 

1.04–5.21] p = 0.045). Among patients with hypokalemia on admission, 79% had normalized potassium levels at 

discharge. In the case of patients with hyperkalemia on admission, 89% normalized kalemia before discharge. In 

multivariate Cox regression, dyskalemia was associated with higher 12-month mortality, (HR = 1.48 [95% CI, 1.12–

1.96], p = 0.005). Among all patterns of dyskalemia persistent hypokalemia (HR = 3.17 [95% CI: 1.71–5.88]; 

p < 0.001), and transient hyperkalemia (HR = 1.75 [95% CI: 1.07–2.86]; p = 0.023) were related to reduced 12-month 

survival. 

Conclusions 

Potassium levels alterations are frequent and show a dynamic behavior during AHF admission. Hyperkalemia on 

admission is an independent predictor of higher in-hospital mortality. Furthermore, persistent hypokalemia and 

transient hyperkalemia on admission are independent predictors of 12-month mortality. 

Introduction 

Heart failure (HF) is the ultimate consequence of a variety of cardiac conditions, and its incidence and 

prevalence are continuously growing [1]. Its clinical behavior is characterized by a progressive 

deterioration of affected patients with an increased number of decompensations requiring hospitalization 

[2]. Despite the continuous development of new HF therapies, this syndrome remains related to a low 

long-term survival estimated as 50% in the fifth year after diagnosis [3]. 

 

Potassium plays a pivotal role in cellular homeostasis, and it is involved in numerous physiological 

processes. Serum potassium levels disturbances are frequent in the setting of acute heart failure (AHF), 

due to neurohormonal disorders, the presence of chronic comorbidities (i.e., chronic kidney disease, 

diabetes mellitus), and that induced by specific treatment such as diuretics and renin–angiotensin–

aldosterone system (RAAS) inhibitors [4]. The presence of dyskalemia may prevent physicians from the 

initiation or titration of proved beneficial treatments [5], and it also increases the risk of arrhythmic 

complications [4]. 

 

The presence of potassium level disturbances has shown to negatively influence the prognosis of 

chronic HF patients [6]. However, information about the prevalence of dyskalemia and dynamic changes 

of potassium levels in the setting of AHF is limited to selected populations, without available data of a 

real-life cohort. Besides, the short and long-term prognostic implications of these disturbances during 

AHF hospitalization are not well defined, with controversial results previously published [7,8,9]. 

 

This analysis aims to determine the prevalence of dyskalemia, the evolution of potassium levels 

during admission, and its implication in short and long-term survival in a contemporary cohort of patients 

admitted due to AHF. 

 



Methods 

Study population 

REDINSCOR registry (from Spanish “Red de investigación clínica y básica en insuficiencia 

cardiaca”) is a prospective and multicentric registry completed from October 2013 and December 2014 in 

20 university hospitals in Spain. A total of 1.831 patients were included. All patients were aged ≥ 18 years 

and had signs and symptoms of AHF requiring in-hospital management. Both patients with first 

admission and re-admissions were eligible for inclusion. The registry included patients with reduced left 

ventricular ejection fraction (LVEF) (< 40%), preserved LVEF (≥ 50%), and intermediate LVEF (40–

49%). Diagnosis and treatment of every patient were supervised by a cardiology specialist and was 

performed according to current clinical practice guidelines [3]. Patients with AHF in the setting of an ST-

segment elevation acute coronary syndrome, those with a vital prognosis shorter than 1 year, and those 

without the possibility of long-term outpatient follow-up were not included. 

 

For this substudy, only patients with serum potassium levels quantified on admission and immediately 

before discharge were included. 

 

The ethics committee approved the REDINSCOR II registry protocol from every participant center, 

and all patients signed informed consent before inclusion. 

Variables 

All clinical, laboratory-derived, electrocardiographic, and echocardiographic parameters were 

recorded during admission. Depending on kalemia, patients were classified into 3 categories: 1) 

hyperkalemia (potassium > 5 mEq/L); normokalemia (potassium = 3.5–5 mEq/L); and hypokalemia 

(potassium < 3.5 mEq/L). Changes in serum potassium levels were established as the difference between 

discharge levels and admission levels (mEq/L). Changes between these kalemia-based categories from 

admission to discharge were also analyzed. 

 

Glomerular filtration rate (GFR) was estimated with the chronic kidney disease-Epidemiology 

Collaboration (CKD-EPI) formula. Chronic kidney disease was defined as a GFR < 60 mL/min/1.73 m
2
. 

Event definition 

The primary outcome was all-cause mortality during admission and at a 1-year follow-up. After 

discharge, every patient was enrolled in a follow-up protocol, which included clinical evaluation at 1, 3, 

6, and 12 months. 

Statistical analysis 

Clinical variables were summarized for every kalemia-based category with comparisons between 

them. 

 

Quantitative variables were expressed as mean (standard deviation) or median (Q1–Q2) when 

appropriate. Categorical variables are defined as frequency (%). Comparisons were made using the χ
2
 test 

or exact Fisher’s test for categorical variables and ANOVA, Kruskal–Wallis test, Student’s “t” test, or 

Mann–Whitney “U” test for continuous variables. A multivariate logistic regression analysis was 

performed to determine clinical predictors hyperkalemia or hypokalemia on admission. 

 

 

 

 

 

 



The association between potassium levels and in-hospital mortality was evaluated through a fractional 

polynomial analysis. A multivariate logistic regression analysis was performed to assess the association 

between the three categories of potassium on admission (hypokalemia, normal kalemia, and 

hyperkalemia) with in-hospital mortality. Variables with a univariate association with in-hospital 

mortality with a p value of < 0.1 were included in the initial model. Variables were removed from the 

initial model with the stepwise backward method with a cutoff point of p < 0.05. The discrimination 

capacity of the final model was calculated by analyzing the area under the curve, whereas calibration was 

assessed using the Hosmer–Lemeshow goodness of fit test. 

 

Kaplan–Meier method was used to evaluate the association between the different patterns of 

dyskalemia with 12-month mortality. Survival curves were compared using the log-rank test. A Cox 

regression analysis was performed to identify the predictors of mortality during the 12-month follow-up. 

Variables with univariate association with mortality with a p value < 0.1 were included in the initial 

model. Variables were removed from the model with the stepwise backward method with a cutoff point of 

p < 0.05. The proportional risk assumption was evaluated using the Schoenfeld residual test. The 

discriminatory capacity of the models was estimated using the Harrell “C” statistic and its calibration by 

the Groennesby and Borgan test. 

 

Missing values were imputed using the multivariate imputation package (“chained equations”) 

whenever necessary (n = 5) [10, 11]. A two-sided p value < 0.05 was considered for signification. 

 

Data were analyzed using the statistic software Stata 15 (StataCorp. 2017. Stata Statistical Software: 

Release 15. College Station, TX: StataCorp LLC). 

Results 

At the end of the enrolment period, 1831 patients were included in the REDINSCOR registry. In 52 

(2.8%), kalemia on admission was not recorded. Thus, 1779 (97.2%) patients were finally included in the 

in-hospital analysis. During hospitalization, 69 (3.8%) patients died, and 26 (1.45%) patients did not have 

potassium measure at discharge, so 1.684 (91.9%) patients were included in the 1-year analysis. At 1 year 

after admission, 401 (22,5%) had died (Fig. 1). 

Baseline characteristics 

The mean age at inclusion was 72 ± 12 years, with 889 (50%) of included patients being older than 75 

years. Men represented 59% of the patients. 

 

Reduced, intermediate, and preserved LVEF was present in 564 (31%), 284 (16%), and 931 (52%) 

patients, respectively. In 742 (41.7%) patients, the index event was the first AHF-related admission, and 

in 1037 patients (58.3%), it was a re-admission due to decompensated chronic heart failure. 

 

Mean and median potassium levels on admission were 4.32 ± 0.7 mEq/L and 4 (3–5) mEq/L, 

respectively. The majority of patients (1553 [87.3%]) presented normal potassium levels on admission. 

On the contrary, 145 (8.2%) patients had hypokalemia on admission, and hyperkalemia was present in 81 

(4.6%) (Fig. 2a). Baseline characteristics, according to serum potassium levels on admission, are detailed 

in Table 1. 

 

Before discharge, mean and median kalemia were 4.3 ± 0.71 mEq/L and 4 mEq/L (3–5 mEq/L), 

respectively. The number of patients with normal potassium levels at discharge was 1569 (90.9%). 

Among patients with dyskalemia, 111 (6.4%) presented hypokalemia, and 47 (2.7%) hyperkalemia. 

Baseline characteristics, according to kalemia before discharge, are summarized in Table 2. 



 
 

Fig. 1 Study flowchart 

 

Fig.2. a Frequency of normokalemia, hypokalemia, and hyperkalemia on admission; b frequency of normokalemia, hypokalemia, 

and hyperkalemia before discharge; c dynamic behavior of serum potassium levels 



Table 1. Baseline characteristics according to serum potassium levels on admission 

                         Total (N = 1779)  K+ <  3.5 mEq/L  K+ 3.5–5.0 mEq/L  K+> 5.0 mEq/L  p value 
                                      (n = 145)      (n = 1553)       (n = 81)   

Age (years)                   72 ± 12       72 ± 12       72 ± 12        74 ± 11      0.3 
Age ≥ 75 years                 890 (50%)     68 (47%)      778 (50%)      44 (54%)     0.6 

Male (%)                    1046 (59%)     83 (57%)      916 (59%)      47 (58%)     0.9 
Systolic pressure (mmHg)           134.5 ± 29      135.9 ± 30.9    134.6 ± 28.6     130.3 ± 34 .6   0.36 

Diastolic pressure (mmHg)          76 ± 18       75.7 ± 18.2     76.2 ± 17.6      71.9 ± 17.1    0.09 

Heart rate (bpm)                88.9 ± 26.1     88.2 ± 26.5     89.3 ± 26.2      82.8 ± 22.6    0.08 
CV risk factors 

 Hypertension (%)               1378 (78)      110 (77)       1196 (77)       72 (89)      0.06 

 Diabetes mellitus (%)             829 (47)       71 (49)       711 (46)        47 (59)      0.06 
 Smoking habit (%)              186 (10)       13 (9)        170 (11)        3 (4)        0.09 

Charlson index (score)             3 ± 3         4 ± 3         3 ± 3          5 ± 3               < 0.001 

Barthel index (score)              89 ± 21       87 ± 22       90 ± 21        86 ± 22      0.05 
LVEF (%)                   45 ± 18       44 ± 17       45 ± 18        47 ± 18      0.6 

LVEF < 40% (%)                564 (41)       51 (46)       484 (40)        29 (41)      0.4 

Ischemic heart disease (%)          605 (39)       44 (34)       527 (39)        34 (45)      0.3 

Atrial fibrillation (%)             682 (40)       62 (46)       593 (40)        27 (34)      0.2 

Laboratory parameters 

 Hemoglobin (g/dL)              123 ± 21       124 ± 18       123 ± 21        116 ± 24      0.05 
 Creatinin (mg/dL)               1.14 ± 0.62     1.09 ± 0.57     1.12 ± 0.60      1.63 ± 0.70       < 0.001 

 GFR (CKD-EPI) (mL/min/1.73 m2)     60 ± 25       62 ± 24       61 ± 25        38 ± 18            < 0.001 

 GFR (CKD-EPI) < 60 (mL/min/1.73 m2)  930 (52)       68 (47)       793 (51)        69 (85)            < 0.001 
 GFR (CKD-EPI) < 30 (mL/min/1.73 m2)  218 (12)       6 (4)         78 (5)         13 (16)            < 0.001 

 Sodium (mEq/L)                139 ± 5       139 ± 6       139 ± 4        136 ± 6            < 0.001 

 Potassium on admission (mEq/L)      4.3 ± 0.7       3.0 ± 0.1       4.3 ± 0.5        6.1 ± 0.5            < 0.001 
 Potassium at discharge (mEq/L)       4.3 ± 0.7       4.0 ± 0.7       4.3 ± 0.7        4.5 ± 0.6            < 0.001 

 NT-ProBNP on admission (pg/mL)     6706 ± 7716    7916 ± 8997    6486 ± 7502     8457 ± 8214   0.02 

 NT-ProBNP at discharge (pg/mL)      4920 ± 2408    4163 ± 5047    4921 ± 7759     6024 ± 6823   0.01 

Treatment             Admission Discharge  Admission  Discharge  Admission   Discharge  Admission  Discharge 

ACEI/ARB             1075 (60)   1195 (67)   88 (61)    94 (65)    923 (59)    1050 (67)   64 (79)    51 (63)    0.001 

β-Blockers             966 (54)   1234 (71)   89 (61)    101 (74)   825 (53)    1079 (71)   52 (64)    54 (73)    0.03 
MRA                  426 (24)   773 (45)   35 (24)    67 (50)    355 (23)    678 (45)   36 (44)    28 (38)   < 0.001 

Digoxin              195 (11)   298 (18)   24 (17)    31 (23)    157 (10)    250 (17)   14 (17)    17 (23)    0.01 

Ivabradin              86 (5)     129 (8)    9 (6)     10 (7)     73 (5)      110 (7)    4 (5)     9 (12)     0.8 

Loop diuretics           1052 (59)   1472 (85)   108 (74)   119 (87)   887 (57)    1290 (85)   57 (71)    63 (85)   < 0.001 

Thiazides              199 (11)   125 (7)    24 (17)    14 (10)    166 (11)    104 (7)    9 (11)     7 (10)     0.1 

Loop diuretics + thiazides  88 (5)     100 (6)    13 (9)     11 (8)     71 (5)      82 (5)     4 (5)     7 (9)     0.07 

 
ACE angiotensin–angiotensin-converting enzyme inhibitors, ARB angiotensin receptor blockers, CKD-EPI Chronic kidney disease  

Epidemiology collaboration, GFR glomerular filtration rate, LVEF left ventricular ejection fraction, MRA mineralocorticoids  

receptors antagonists 

Predictors for dyskalemia 

The results of multivariate logistic regression to determine factors associated with the presence of 

dyskalemia on admission are detailed in Table 3. 

 

A higher comorbidity burden (assessed by Charlson comorbidity index), diabetes mellitus, worse renal 

function, lower hemoglobin values, higher natremia, and the use of RAAS inhibitors and diuretics were 

independently associated with the presence of hyperkalemia on admission. 

 

On the contrary, the previous history of HF-related hospitalization and higher intensity of diuretic 

treatment were independently related to the presence of hypokalemia on admission. 

 

Regarding potassium levels before discharge, hyperkalemia was related to a higher Charlson index 

and low sodium levels, while hypokalemia was associated with the use of loop diuretics and thiazides. 
 

 

 

 

 

 

 

 

 

 

 



Table 2. Baseline characteristics according to serum potassium levels before discharge 

                      Total     K < 3.5 mEq/L  K = 3.5–5.0 mEq/L   K > 5.0 mEq/L   p value 
                      (N = 1727)  (N = 111)     (N = 1569)       (N = 47) 

Age (years)                72 ± 12    72 ± 12      74 ± 11         71 ± 9        0.45 
Age ≥ 75 years              869 (50)    64 (58)      789 (50)         19 (49)       0.1 

Male (%)                 1008 (58)   55 (50)      925 (59)         28 (60)       0.2 
Systolic pressure (mmHg)        119 ± 18    119 ± 19      119 ± 18         115.1 ± 16.6    0.34 

Diastolic pressure (mmHg)       66 ± 11    67 ± 12      66 ± 11         63 ± 11       0.24 

Heart rate (bpm)             73 ± 14    76 ± 15      73 ± 14         75 ± 18       0.021 
CV risk factors  

 Hypertension (%)            1338 (78)   87 (79)      1214 (78)        37 (79)       0.9 

 Diabetes mellitus (%)          807 (47)    54 (49)      726 (46)         27 (57)       0.3 
 Smoking habit (%)           182 (11)    8 (7)        169 (11)         5 (11)        0.5 

Charlson index (score)          3 ± 3      3.5 ± 3       3.4 ± 3          4.3 ± 3        0.06 

Barthel index (score)           89 ± 21    85 ± 25      90 ± 21         88 ± 22       0.06 
LVEF, % admission           47 ± 18    45 ± 18      44 ± 17         45 ± 18       0.6 

LVEF < 40% (%)             237 (38)    34 (30)      494 (32)         19 (40)       0.4 

Ischemic heart disease (%)       585 (39)    41 (42)      525 (38)         19 (45)       0.5 

Atrial fibrillation (%)          665 (39)    48 (43)      600 (38)         17 (36)       0.51 

Laboratory parameters 

 Hemoglobin (g/dL)           122 ± 21    120 ± 18      122 ± 22         118 ± 23       0.2 
 Creatinin (mg/dL)            1.16 ± 63   1.13 ± 74     1.15 ± 61        1.40 ± 92      0.006 

 GFR (CKD-EPI), mL/min/1.73 m2)  59 ± 25    62 ± 26      59 ± 25         51 ± 24       0.05 

 Sodium (mEq/L)             138 ± 4    139 ± 4      138 ± 4         136 ± 7       0.001 
 Potassium at discharge (mEq/L)    4.30 ± .71   3.02 ± 0.09    4.34 ± 0.47       6.23 ± 1.94     < 0.001 

 NT-ProBNP at discharge (pg/mL)   4119 ± 6036 5044 ± 7524   4020 ± 5893      6422 ± 8097    0.04 

Treatment           Admission Discharge  Admission Discharge  Admission Discharge  Admission Discharge  p value 

ACEI/ARB          1045 (61)  1169 (68)  68 (61)   54 (49)   948 (60)   1087 (69)  29 (62)   28 (59)   0.98 

ß-Blockers          945 (55)   1208 (71)  66 (60)   75 (68)   849 (54)   1103 (72)  30 (64)   30 (68)   0.3 

MRA             411 (24)   756 (45)   28 (25)   46 (42)   362 (23)   691 (46)   21 (46)   19 (43)   0.003 
Digoxin            187 (11)   297 (18)   10 (9)    12 (11)   174 (11)   280 (18)   3 (6)     5 (11)    0.5 

Ivabradin           82 (5)    129 (8)   5 (5)     6 (6)     73 (5)    117 (8)   4 (9)     6 (14)    0.5 

Loop diuretics        1025 (60)  1449 (85)  63 (57)   99 (89)   928 (59)   1318 (86)  34 (72)   32 (73)   0.2 
Thiazides           197 (11)   127 (8)   27 (25)   14 (13)   165 (11)   111 (7)   5 (11)    2 (5)     < 0.001 

Loop diuretics + thiazides  87 (5)    103 (6)   12 (10.8)  13 (12)   70 (4.5)   89 (6)    4 (8.5)    1 (2)     0.008 

 

ACE angiotensin–angiotensin-converting enzyme inhibitors, ARB angiotensin receptor blockers, CKD-EPI chronic kidney disease 
epidemiology collaboration, GFR glomerular filtration rate, LVEF left ventricular ejection fraction, MRA mineralocorticoids receptors 

antagonists 

Table 3. Univariate and multivariate analysis of predictors dyskalemia on admission 
 

                     Hyperkalemia on admission           Hypokalemia on admission 

                     Univariate        Multivariate      Univariate        Multivariate 

                     β       p value  β       p value  β       p value  β      p value 

Age                   0.015    0.131                 − 0.0046  0.510     

Sex                   − 0.033   0.885                  − 0.0695  0.691     
Diabetes mellitus            0.2400    0.016                  0.1012    0.324     

Previous HF admission        0.0813    0.215                  0.1185    0.014   0.1099   0.024 

Charlson comorbidity index      0.993     < 0.001                 0.993     < 0.001     

Systolic arterial pressure       − 0.015   0.032                  − 0.001   0.833     

                              − 0.005                 − 0.0026  0.526     

GFR (CKD-EPI), mL/min/1.73 m2  − 0.046    < 0.001  − 0.0482   < 0.001  0.0041    0.240     
Serum sodium             − 0.1028   < 0.001  − 0.0913  0.000   0.0098    0.614     

ACEI/ARB               0.9305    0.001   1.018     < 0.001  0.0219    0.902     

MRA                  0.3666    0.001   0.3284    0.015   0.0422    0.728     
Loop diuretics             0.1923    0.041                  0.1448    0.086     

Loop diuretics + thiazides       − .0018   0.997                  0.7164    0.022   0.6701   0.034 

 

ACE/ARB angiotensin angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, CKD-EPI chronic kidney disease 
epidemiology collaboration, GFR glomerular filtration rate, HF heart failure, MRA mineralocorticoids receptors antagonists. 

 

 
 

 

 
 

 



Association of serum potassium levels with in-hospital mortality 

In-hospital mortality was 3.9% (69 patients). Among patients with hyperkalemia, the mortality rate 

was 12.3% (10 patients) and for patients with hypokalemia, 6.2% (9 patients). The mortality rate for 

patients with normal serum potassium levels was 3.2% (50 patients). 

 

Correlation of serum potassium levels with in-hospital mortality draws a “J”-shaped curve with a 

higher mortality risk for those values that deviate from the central values (Fig. 3). Among patients with 

hyperkalemia, mortality risk increases parallel to potassium levels (p value = 0.002). Thus, for a serum 

potassium increase from 4 to 5 mEq/L the OR for in-hospital mortality is 1.4 (95% CI: 1.10–1.87; 

p = 0.002) whereas for an increase from 5 to 6 mEq/L the OR is 2.27 (95% CI: 1.49–3.45; p = 0.002). 

Regarding hypokalemia, there is also a higher risk associated with a decrease from 3 to 2 mEq/L 

(OR = 1.99, [95% CI: 1.00–3.96]; p = 0.050). 

 

On multivariate Cox regression, hyperkalemia on admission showed to be an independent predictor 

for in-hospital mortality (OR = 2.32 [95% CI: 1.04–5.21], p = 0.041) while hypokalemia did not show a 

statistically significant effect on acute mortality (OR = 2.06 [95% CI: 0.93–4.53], p = 0.075) (Fig. 4). 

Multivariate model showed adequate discrimination (area under ROC curve was 0.76 [95% confidence 

interval: 0.70–0.92]) and calibration (Hosmer–Lemeshow statistic test-p = 0.99). 

 

Considering the “J-shaped” relation of serum potassium levels with in-hospital mortality, we also 

analyzed the prognostic impact of hypokalemia, defined as serum potassium < 4 mEq/L. With this 

threshold, the association of hypokalemia with in-hospital mortality reached statistical signification (OR: 

2.14 [95% CI: 1.04–4.40]; p = 0.038). 

 
 

 
Fig. 3. Graphical representation of the association between serum potassium levels on admission and the odds ratio of in-hospital 

mortality. Asterisk represents a fractional polynomial model with four degrees of freedom (−2 to 1) and 95% CI indicates 95% 

confidence interval 
 

 

 
 

 

 
 

 



Association of serum potassium kinetics with 12-month mortality 

A total of 356 (19.5%) patients had potassium level disturbances either on admission or before 

discharge: 122 (6.7%) suffered hyperkalemia and 234 (12.8%) hypokalemia. Serum potassium at 

discharge was 4.3 ± 0.71 mEq/L, which does not constitute a significant change when compared to 

admission values (−0.009 mEq/L [95% CI: −0.035 to 0.053]; p = 0.696). 

 

Regarding the changes in potassium levels during hospitalization, patients with hypokalemia and 

hyperkalemia on admission often had normalized potassium levels before discharge. Of a total of 139 

patients with hypokalemia on admission in whom serum potassium levels were evaluated before 

discharge, 110 (79.2%) had normalized serum potassium levels before discharge. Regarding the 72 

patients presenting hyperkalemia on admission and in whom kalemia was recorded before discharge, 66 

(89.2%) showed normal serum potassium levels at discharge. Thus, only 27 patients (19.5%) presented 

persistent hypokalemia at discharge and 6 patients (8.1%) persistent hyperkalemia at discharge (Fig. 5). 

 

 
 

 

Fig. 4. Univariate and multivariate analysis of in-hospital mortality according to serum potassium levels on admission. OR: Odds 
ratio, 95% CI: 95% confidence interval. Asterisk represents the covariates included in the model were age, presence of previous 

admissions for HF, peripheral arterial disease, blood pressure, hemoglobin, natremia, GFR, NT-ProBNP levels, baseline functional 

class (NYHA), and Charlson and Barthel indices 

 
 
 

Fig. 5.  Graphical representation of changes in serum potassium during hospitalization for patients with normokalemia, 

hypokalemia, and hyperkalemia on admission 

 

 

 
 



Figure 6 shows Kaplan–Meier 12-month mortality curves for the three predefined kalemia groups. In 

multivariate Cox regression analysis, the development of any dyskalemic pattern during admission was 

associated with a higher mortality risk at 12-month when compared to those patients who maintained 

normal serum potassium levels throughout the hospitalization period (hazard ratio = 1.48 [95% CI: 1.12–

1.96]; p = 0.005). Dyskalemic patterns with the stronger association with mortality were persistent 

hypokalemia (hazard ratio = 3.17 [95% CI: 1.71–5.88; p < 0.001) and transient hyperkalemia (hazard 

ration = 1.75 [95% CI: 1.07–2.86]; p = 0.023) (Table 4). 

 

The multivariate mortality model showed adequate discrimination (Harrel’s C statistic = 0.75) and 

calibration (Gronnesby Borgan goodness-of-fit test p > 0.1). 

 
 
 

Fig. 6. Kaplan–Meier survival analysis for 12-month all-cause mortality depending on different dyskalemic patterns. a Persistent 

normokalemia versus any dyskalemic patter during hospitalization. b Persistent normokalemia versus hypokalemia versus 
hyperkalemia. c Persistent normokalemia versus persistent hypokalemia during hospitalization. d Persistent normokalemia versus 

transient hyperkalemia +The covariates evaluated were age, diabetes mellitus, previous diagnosis of HF, presence of prior 

admissions for HF, Charlson and Barthel comorbidity indices, blood pressure, hemoglobin, natremia, GFR, LVEF, signs of 
congestion at discharge, NYHA functional class at discharge, and treatment with RAAS inhibitors, loop diuretics, and thiazides at 

discharge. 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 



Table 4. Univariate and multivariate analysis of 12 months mortality according to dynamic changes of serum potassium levels 

during hospitalization. 

                        Univariate               Multivariate 

                        HR (95% CI)      p value   HR (95% CI)      p value 

K > 4                     1.60 (1.28–2.00)     < 0.001   1.26 (0.98–1.64)    0.070 
Dyskalemia                  1.83 (1.43–2.36)     < 0.001   1.48 (1,12–1.96)    0.005 

Persistent hypokalemia           2.85 (1.55–5.23)    0.001    3.17 (1.71–5.88)     < 0.001 

Transient on-admission hyperkalemia   2.41 (1.54–3.78)     < 0.001   2.27 (1.07–2.86)    0.023 
New onset hyperkalemia          1.85 (0.95–3.62)    0.069    1.58 (0.92–2.69)    0.909 

New onset hypokalemia           1.41 (0.86–2.31)    0.171    1.39 (0.82–2.37)    0.091 

Hyperkalemia at any point         1.75 (0.93–3.29)    0.081    1.03 (0.51–2.07)    0.933 

Hypokalemia at any point          1.74 (1.29–2.34)     < 0.001   1.63 (1.17–2.26)    0.003 

 

The covariates evaluated were age, diabetes mellitus, previous diagnosis of HF, presence of previous admissions for HF, Charlson 

and Barthel comorbidity indices, blood pressure, hemoglobin, natremia, GFR, LVEF, signs of congestion at discharge, NYHA 
functional class at discharge, and treatment with RAAS inhibitors, loop diuretics and thiazides at discharge 

dyskalemia any potassium disturbance (hypo–hyperkalemia) on admission or at discharge, persistent hypokalemia hypokalemia on 

admission and at discharge, transient on-admission hyperkalemia hyperkalemia on admission and normokalemia at discharge, new 

onset hyperkalemia normokalemia on admission and hyperkalemia at discharge, new onset hypokalemia normokalemia on 

admission and hypokalemia at discharge, hyperkalemia at any point hyperkalemia on or at discharge, hypokalemia at any point 

hypokalemia on admission or at discharge 

Discussion 

Principal findings 

In our cohort of AHF patients, 19.5% of patients presented dyskalemia at any point during the 

hospitalization period. The presence of hyperkalemia or hypokalemia, either on admission or before 

discharge, is related to a lower in-hospital and 12-month survival. On-admission hyperkalemia, but not 

hypokalemia, was independently associated with a higher risk of in-hospital mortality. Correlation 

between serum potassium levels and in-hospital mortality draws a “J-shaped” curve with a lower risk for 

those patients with normal kalemia. 

 

Interestingly, we observed dynamic changes in kalemia throughout hospitalization, determining the 

appearance of specific evolutionary patterns. Potassium disorders present on admission are often 

transient. On the other hand, the disorders observed at discharge usually develop during hospitalization 

but are not present on admission. Thus, close monitoring of kalemia during hospitalization is paramount, 

since a normal value on admission does not exclude the appearance of new alterations. We also identified 

different evolutionary patterns of dyskalemia that are related to a worse prognosis during follow-up, such 

as persistent hypokalemia and hyperkalemia on admission normalized before discharge. 

Dyskalemia in acute heart failure 

The harmful effect of serum potassium levels disturbances in the setting of chronic heart failure is 

well-known [6, 12,13,14]. However, little is known about the prognostic impact of these alterations in the 

setting of AHF, either during the hospitalization period or in the long-term follow-up. Furthermore, 

available information was obtained from the sub-analysis of clinical trials with strict inclusion and 

exclusion criteria [7, 8, 15] evaluating, therefore, a very selected population [9]. 

 

Formiga et al. [9] found an association between hyperkalemia on admission and the combined event 

of mortality and rehospitalization at 1-year, in a restricted population of patients older than 74 years. 

Tromp et al. [15] carried out a sub-analysis of the PROTECT trial, showing a linear association between 

serum potassium levels and mortality in patients with AHF. However, this was not confirmed in the 

multivariate analysis, and patients with hypokalemia were excluded. Nuñez et al. [6] found an association 

between potassium levels and mortality after a follow-up longer than 2 years in patients with a recent 

episode of AHF. However, in this study, patients were included just before discharge without evaluating 

the effect of these dyskalemic patterns and potassium dynamics throughout the hospitalization period. 

Last, Legrand et al. [16] studied the prognosis value of potassium on admission in a multicenter registry 

of AHD patients. In this study, hyperkalemia (defined as potassium > 4.5 mmol/L) was associated with a 

higher risk of mortality at 90 days with no prognostic impact of hypokalemia. 



The significant heterogeneity of the above-described studies makes them difficult to compare, and 

consequently represent weak results. Conversely, our study describes the prevalence of potassium levels 

disorders during hospitalization for AHF, as well as its prognostic impact, in a prospective, multicenter, 

and contemporary cohort reflecting the real-life daily clinical practice. 

Prognostic impact of hyperkalemia 

In our cohort, the prevalence of hyperkalemia was 4.6% on admission and 2.7% at discharge, similar 

to that described in the literature [6, 9, 15]. Hyperkalemia on admission was associated with higher 

mortality at a 12-month follow-up in the multivariate analysis. 

 

Different circumstances may explain the observed correlation between hyperkalemia on admission 

and higher mortality. First, hyperkalemia identifies a subgroup of high-risk patients, determined by older 

age, the highest comorbidity burden, and by the presence of high-risk markers such as a higher NT-

proBNP and lower hemoglobin levels. On the other hand, hyperkalemia is per se a cause of morbidity due 

to the rhythm disturbances, which may precipitate the appearance of potentially malignant arrhythmias. 

 

However, the presence of hyperkalemia at discharge did not suppose a lower prescription of RAAS 

inhibitors. This fact highlights that the presence of hyperkalemia in a controlled environment does not 

prevent the use of drugs, and it may even be the consequence of its use. 

Prognostic impact of hypokalemia 

Hypokalemia is also a common complication in HF [7, 9, 15, 17]. In our cohort, hypokalemia on 

admission did not show to be related to higher in-hospital mortality when defined as serum 

potassium < 3.5 mEq/L. 

 

However, as potassium is a continuous variable with a “J”-shaped relation with adverse events, we 

analyzed the association of serum potassium levels < 4 mEq/L with in-hospital and long-term mortality 

[18]. With the 4 mEql/L threshold, this association reaches statistical signification for in-hospital 

mortality but loses it for long-term mortality. This may reflect a higher sensitivity of this threshold to 

identify those patients at a higher risk of events leading to in-hospital mortality. However, the ability to 

identify patients with poorer long-term prognosis is hampered with the use of the 4 mEq/L threshold. We 

hypothesize that although serum potassium levels < 4 mEq/L are associated with poorer outcomes, a 

kalemia < 3.5 mEq/L is more specific in the identification patients with a high-risk profile in the follow-

up. 

 

Last, persistent hypokalemia from admission to discharge was associated with higher 12-month 

mortality, which can be explained by a more severe HF episode, with a greater need for diuretics and a 

higher degree of hyperaldosteronism with the consequent more significant loss of potassium in the urine 

[19]. 

Prognostic impact related to serum potassium dynamic changes 

An increased risk of mortality at 180 days in patients with a serum potassium decrease more 

significant than 5% or 0.3 mEq/L during hospitalization has been previously described [8]. However, our 

study is the first to describe different evolutionary patterns during hospitalization, identifying persistent 

hypokalemia and transient hyperkalemia on admission corrected before discharge, as those dyskalemia 

patterns related to a worse prognosis during the 12-month follow-up. 

 

Our findings emphasize the importance of close monitoring of potassium levels. Whether the worst 

prognosis associated with dyskalemia is directly related to abnormal serum potassium levels or secondary 

to the worse clinical profile of these patients is unknown. Currently, ongoing clinical trials with novel 

potassium chelating drugs will help to solve this question (NCT03888066). 

 



Study limitations 

REDINSCOR II registry is a prospective observational registry, with the limitations inherent to this 

kind of epidemiological study. Thus, the described findings should not be interpreted as causal or 

confirmatory but as hypothesis generators. The statistical analysis has been conducted adjusting for the 

main confounding variables based on a concise literature review. We do not know the influence of 

possible factors that have not been taken into account. Potassium levels and changes in treatment during 

hospitalization were not available, so the impact of these parameters is unknown. 

Conclusions 

Serum potassium levels disturbances are a common complication during AHF hospitalization. The 

presence of hyperkalemia on admission was an independent factor of in-hospital mortality. The levels of 

serum potassium do not remain stable throughout the hospitalization period presenting dynamic variations 

in the majority of patients. Persistent hypokalemia and transient hyperkalemia were associated with 

higher 12-month mortality. 

 

These findings highlight the importance of monitoring potassium levels and paying particular 

attention to patients who develop certain disorders during hospitalization due to the increased risk of fatal 

clinical events that they may present in the short and long term. 
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