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Abstract

Objective—Most HF patients are older adults, yet the associations of low serum potassium and
outcomes in these patients are unknown. We studied the effect of low serum potassium in a
propensity-matched population of elderly HF patients.

Methods—Of the 7788 patients in the Digitalis Investigation Group trial, 4036 were >65 years. Of
these, 3598 had data on baseline serum potassium and 324 with potassium >5mEq/L were excluded.
Remaining patients we categorized into low (<4 mEg/L; n=590) and normal (4-4.9 mEq/L; n=2684)
potassium groups. Propensity scores for low-potassium, calculated for each patient, were used to
match 561 low-potassium and 1670 normal-potassium patients. Association of low potassium and
outcomes were assessed using matched Cox regression analyses.

Results—~Patients had a mean (£SD) age of 72 (£6) years, 29% were women and 12% were non-
whites. Of the 561 low-potassium patients, 500 had low-normal (3.5-3.9 mEg/L) potassium. All-
cause mortality occurred in 37% (rate, 1338/10,000 person-years) normal-potassium and 43% (rate,
1594/10,000 person-years) low-potassium patients (hazard ratio {HR} for low-potassium, 1.22; 95%
confidence interval {Cl}, 1.04-1.44; p=0.014). Low-normal (3.5-3.9 mEg/L) potassium levels had
a similar association with mortality (HR, 1.19, 95% CI, 1.00-1.41, p=0.049). Low (HR, 1.10; 95%
Cl, 0.96-1.25; p=0.175) or low-normal (HR =1.09, 95% CI =0.95-1.25, p=0.229) serum potassium
levels were not associated with all-cause hospitalization.

Conclusions—In a propensity-matched population of elderly ambulatory chronic HF patients,
well-balanced in all measured baseline covariates, low and low-normal serum potassium were
associated with increased mortality but had no association with hospitalization.
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Hypokalemia is common in heart failure (HF) and is associated with increased mortality [1—
3]. A recent study of propensity-matched population of ambulatory chronic HF suggested that
serum potassium <4 mEg/L may be associated with increased mortality without any effect on
hospitalization. Most HF patients are older adults and yet the effect of low serum potassium
in older adults with HF has not been well-studied. A subgroup analysis of the above study
found no difference in the effect of low serum potassium on mortality between patients <65
years and those >65 years [2]. However, patients in that subgroup analysis were not propensity-
matched, and that subgroup analysis did not provide data on other outcomes.

Older adults are often excluded from clinical trials and studies and evidence for these patients
is often extrapolated from subgroup analyses. However, because propensity-matched studies
can be conduced in a cost-efficient manner, these studies can be used to derive evidence for
elderly patients [2,4,5]. Thus, the objective of this study was to determine the long-term effects
of low serum potassium on mortality and hospitalization in a cohort of propensity score
matched chronic systolic and diastolic HF patients 65 years of age or older.

Study design

We conducted a non-randomized propensity-matched study of the Digoxin Investigation
Group (DIG) trial, which was a randomized clinical trial of digoxin in HF conducted in 302
centers (186 in the United States and 116 in Canada) over 32 months during 1991-1993.[6]
Detailed descriptions of the rationale, design, implementation, and results of the DIG trial have
been reported elsewhere [6].

Study patients

All of the 7788 DIG participants were ambulatory chronic systolic and diastolic HF patients
in normal sinus rhythm. Of these, 6800 had left ventricular ejection fraction <45%. Most DIG
participants were receiving angiotensin-converting enzyme (ACE) inhibitors and diuretics.
Beta-blockers were not approved for HF during the DIG trial and data on beta-blocker use were
not collected. Of the 7788 patients, 4036 (52%) patients were aged >65 years of age, and of
them 3598 (89%) had valid data on baseline serum potassium levels. We excluded patients
with a serum potassium level of >5mEg/L from our analysis based on a preliminary analysis
that suggested an increased risk of death associated with serum potassium at these levels. Thus
we restricted our analysis to a subset of 590 low-potassium patients (<4 mEg/L) and 2684
normal-potassium (4—4.9 mEqg/L) patients, of whom a matched cohort of 2231 patients were
used for main analyses.

Low serum potassium

Serum potassium values below 4 mEg/L have been suggested as low in HF [7], and these
patients may be at increased risk of death [2]. Therefore, we defined low serum potassium as
<4 mEg/L. Of the 3274 patients in our analysis, 590 (18%) had serum potassium <4 mEg/L,
of whom 561 (95%) were included in the matched analysis. Of the 561 patients with serum
potassium <4 mEg/L, 61 patients had serum potassium <3.5 mEg/L, and of these only 12
patients had serum potassium <3 mEg/L.

Study outcomes

The primary outcomes were all-cause mortality and all-cause hospitalization. We also studied
mortality and hospitalizations due to cardiovascular causes and HF. All study outcomes were
ascertained by blinded study investigators. DIG participants were followed for a median of 38
months and vital status data were complete for 99% of the patients.
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Statistical analysis

Results

There were significant imbalances in baseline patient characteristics between patients with low
(<4 mEg/L) and normal (4-4.9 mEq/L) serum potassium levels (Table 1, pre-match data). We
used propensity scores to balance baseline covariates between patients with low (<4 mEg/L)
and normal (4-4.9 mEg/L) serum potassium. The propensity score for hypokalemia of a patient
may be defined as the conditional probability of that patient’s developing hypokalemia given
his/her baseline covariates. We estimated propensity scores for low serum potassium for each
of the 3274 patients using a non-parsimonious multivariable logistic regression model [3,8,
9]. In the model, low serum potassium was used as the dependent variable, and 32 measured
baseline patient characteristics (Figure 1, except for chronic kidney disease, which was a
derived variable) were included as covariates. Clinically plausible interaction terms were tested
but were not included in the final model due to lack of significant interactions [10]. We then
used the propensity scores to match 561 (95% of 590) patients with low serum potassium with
1670 (62% of 2684) patients with normal serum potassium levels.

Pre-match imbalances in baseline covariates between groups and post-match balance achieved
were assessed by estimating pre- and post-match absolute standardized differences of
covariates between the two groups [2,11-13]. Standardized differences directly quantify biases
in the means (or proportions) of covariates across the groups, and are expressed as percentages
of the pooled standard deviations. An absolute standardized difference of 0% on a covariate
indicates no residual bias for that covariate, and an absolute standardized difference below
10% suggests inconsequential residual bias [12]. We then compared baseline characteristics
of matched patients using McNemar and paired sample t tests.

We used Kaplan-Meier plots and matched Cox regression analysis to estimate associations of
low potassium with various outcomes. We confirmed the assumption of proportional hazards
by a visual examination of the log (minus log) curves. We then repeated our analyses using

serum potassium as a continuous variable. To determine whether the loss of sample size in the
matching process affected our results, we estimated the effect of low potassium on outcomes
in the full pre-match cohort of 3274 patients using three different approaches: (1) unadjusted,
(2) adjusted for raw propensity scores, and (3) adjusted for all covariates used in the propensity
score model. We also repeated these analyses using serum potassium as a continuous variable.

We conducted subgroup analyses to determine the homogeneity of the associations of low
potassium with all-cause mortality. We first calculated absolute risk differences, and then
estimated the effect of low potassium on mortality in each subgroup using Cox regression
model, in each case adjusting for propensity score for low potassium. Finally, we formally
tested for first-order interactions using Cox proportional hazards models, entering interaction
terms and adjusting for propensity scores, separately for each subgroup. All statistical tests
were evaluated using two-tailed 95% confidence levels, and data analyses were performed
using SPSS for Windows version 14 [14].

Patient characteristics

The mean (£SD) age of the 2231 matched patients was 72 (£6) years, 748 (29%) were women
and 272 (12%) were non-whites. Before matching, low-potassium patients were more likely
to be women, non-white, and have hypertension, elevated jugular venous pressure and leg
edema, cardiomegaly, and be receiving diuretics and potassium supplements. They were less
likely to have diabetes or a prior myocardial infarction (Table 1). After matching, normal- and
low-potassium patients were more similar in regards to all measured baseline covariates (Table
1 and Figure 1). Our propensity score matching reduced standardized differences for all
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observed covariates below 5% in absolute value, demonstrating substantial improvement in
covariate balance across the treatment groups (Figure 1).

Low potassium and mortality

All-cause mortality occurred in 37% of normal-potassium (rate, 1338/10000 person-years) and
43% of low potassium (rate, 1594/10,000 person-years) patients (hazard ratio {HR} when low-
potassium group was compared with normal-potassium group, 1.22, 95% confidence interval
{Cl}, 1.04-1.44, P=0.014; Table 2 and Figure 2a). When we repeated our analysis after
excluding patients with very low (<3.5 mEg/L) serum potassium, compared with normal (>4
mEqg/L) potassium, low-normal (3.5-3.9 mEqg/L) serum potassium was associated with
increased mortality (HR, 1.19, 95% ClI, 1.00-1.41, P=0.049).

In the full pre-match cohort (n =3274 patients), 43% of patients with low potassium and 37%
of patients with normal-potassium died (unadjusted HR, 1.21, 95% ClI, 1.06-1.39; P=0.007).
The association remained essentially unchanged when adjusted for raw propensity scores (HR
=1.19, 95% CI =1.03-1.37, P=0.016) or all baseline covariates (HR, 1.22, 95% CI, 1.06-1.40,
P=0.006).

When we repeated our analysis using serum potassium as a continuous variable, the unadjusted,
propensity-adjusted, and multivariable adjusted HR for all-cause mortality for every mEg/L
increase in serum potassium were respectively 0.88 (95% ClI, 0.77-1.00, P=0.050); 0.89 (95%
Cl =0.78-1.02, P=0.096) and 0.84 (95% Cl, 0.74-0.96, P= 0.012).

Death due to cardiovascular causes occurred in 29% (rate, 1021/10,000 person-years) normal-
potassium and 33% (rate, 1219/10,000 total person-years) low-potassium patients (HR, 1.19,
95% Cl, 0.99-1.43, P=0.058; Table 2). Death from progressive HF occurred in 13% (rate,
467/10,000 person-years) and 17% (rate, 626/10,000 person-years) of respectively normal-
and low-potassium group (HR, 1.31, 95% CI, 1.01-1.69, P=0.045 (Table 2).

Low potassium and hospitalization

All-cause hospitalization occurred in 70% (rate, 4482/10,000 person-years) normal-potassium
and 70% (rate, 4752/10,000 person-years) low-potassium patients (HR, 1.10, 95% CI, 0.96—
1.25, P=0.175; (Table 3, Figure 2b). A similar lack of association was observed when were
compared low-normal (3.5-3.9 mEg/L) potassium with normal-potassium group (HR, 1.09,
95% Cl, 0.95-1.25, P=0.229). There was no difference in the rates of hospitalization for
cardiovascular causes or worsening HF between the normal and low-potassium cohorts (Table
3).

Subgroup analyses

The associations of low potassium and all-cause mortality were observed in a wide spectrum
of HF patients (Figure 3). There were no significant interactions between low potassium and
any of the subgroups, except for in chronic kidney disease (p for interaction 0.002). Of interest,
low potassium had similar effect on mortality regardless of the use of digoxin (43% and 42%
deaths respectively among patients receiving and not receiving digoxin; Figure 3). The effects
of low potassium on cardiovascular and HF mortality were also similar in patients receiving

and not receiving digoxin (data not shown).

Discussion

The findings from the current analysis demonstrate that in a propensity-matched population of
ambulatory older adults with chronic HF, serum potassium level <4 mEg/L was associated
with increased mortality, but had no effect on hospitalization. Low serum potassium was also
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associated with increased mortality from progressive HF but had no effect on hospitalization
due to worsening HF. These apparent dissociations between mortality and hospitalization
suggest that most deaths related to low serum potassium may have been caused by potentially
preventable fatal ventricular arrhythmias that may have precluded hospital admissions. These
findings are important as most patients in the low-potassium groups had serum potassium
between 3.5 and 4 mEg/L, suggesting that serum potassium levels considered normal to low-
normal by most laboratory standards may be potentially harmful in chronic HF.

Possible mechanistic explanations

Increased mortality associated with low serum potassium may be due to increased sudden
cardiac death in that group. Even though we had no data on sudden cardiac death, there is
evidence that low serum potassium may enhance membrane excitability leading to increased
cardiac automaticity and ventricular repolarization delays leading to potential fatal arrhythmias
[15,16]. This notion is supported by our observation that low potassium was associated with
increased mortality, but not with increased hospitalization, indicating fatal arrhythmias and
sudden cardiac death as possible mechanistic explanations.

Hypokalemia may also be a marker of disease progression. Data from animal and human
models also suggest low potassium may cause diastolic dysfunction, endothelial dysfunction,
and increased rates of thrombosis and platelet aggregation [17-21]. Angiotensin I,
aldosterone, and noradernaline activation is associated with hypokalemia [22-25]. Alternately,
inhibitors of these neurohormones may raise serum potassium levels [26-30]. Thus,
hypokalemia may be a marker of increased disease progression and/or lack of neurohormonal
inhibition. Over 90% of our matched patients were receiving ACE inhibitors. However, we
had no data on the use of other neurohormonal antagonists including beta-blockers.

Hypokalemia can also be a surrogate marker for symptomatic HF. More symptomatic HF
patients are likely to receive diuretic in higher dosages and thus at greater risk of developing
hypokalemia. Although we had no data on diuretic dosages, our matched patients were well-
balanced in all measured baseline covariates including symptom burden and use of diuretics.
We do not know why hypokalemia would be more harmful in HF patients with chronic kidney
disease (Figure 3). HF patients with chronic kidney disease often require high-dose diuretics
and yet clinicians may be less aggressive with hypokalemia in these patients for fear of causing
hypokalemia.

Clinical implications

Low serum potassium, well tolerated in healthy adults, is believed to increase risks of mortality
in patients with cardiovascular disease, especially the elderly [7,31]. However, the effect of
low potassium on outcomes in elderly HF patients is not well-studied. Our findings suggest
that maintaining serum potassium of 4-4.9 mEg/L may improve survival in chronic HF.
Spironolactone (or eplerenone for those who are unable to tolerate spironolactone) may be
preferable to potassium supplement as in addition to correcting hypokalemia, it may also
correct other electrolyte imbalances such as hypomagnesemia, associated with aldosterone
activation in HF [26,27]. For those patients unable to tolerate an aldosterone receptor
antagonist, potassium supplementation should be used to avoid hypokalemia and maintain
normokalemia [32]. Serum potassium levels should be monitored in elderly HF patients
receiving aldosterone antagonists or potassium supplement to maintain normokalemia,
especially in those with renal insufficiency and/or receiving ACE inhibitors, angiotensin-
receptor blockers, or beta-blockers.

Int J Cardiol. Author manuscript; available in PMC 2010 September 11.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Alper et al.

Limitations

Page 6

Patients in our study were predominantly white male patients in normal sinus rhythm with few
receiving beta-blockers and aldosterone antagonists. We also had no data on dose of diuretics,
magnesium levels, and sudden cardiac deaths. Finally, most patients in the low-potassium
group had low-normal (3.5-3.9 mEq/L) serum potassium. However, the association observed
in our study may be stronger in those with very low (<3.5 mEg/L) serum potassium.

Conclusions

Low-normal to low serum potassium levels were associated with increased mortality without
any association with hospitalization in a wide spectrum of well-balanced propensity-matched
ambulatory older adults with chronic HF. Serum potassium levels in elderly HF patients should
be maintained between 4 and 4.9 mEg/L. An aldosterone antagonist may be preferable over
potassium supplements to correct hypokalemia and maintain normokalemia.
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Figure 1.
Absolute standardized differences before and after propensity score matching comparing
covariate values for patients with potassium levels 4-4.9 and <4
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Figure 2a

Figure 2b

Figure 2.
Kaplan-Meier plots for (a) all-cause mortality, and (b) all-cause hospitalization
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Race / ethnicity , P=0.588
White (n=2932); 36.8 v 43.1 = 1.20 (1.04-1.40): P=0.016
Nonwhite (n=342); 36.1v 39.2  p——tifp——i 1.08 (0.72-1.63): P=0.712
Ejection fraction : P=0.574
>45% (n=511); 26.8 v 23.1 — ey 0.83 (0.53-1.31): P=0.422
<45% ((n=2763); 38.6 v 46.7 N o 1.25 (1.07-1.45): P=0.004
Ischemic heart disease , P=0.098
No (n=893); 36.4 v 36.7  ——o 0.99 (0.76-1.29): P=0.922
Yes ((n=2381); 36.8 v 45.4 | —p— 1.28 (1.09-1.52): P=0.003
Diabetes mellitus ' P=0.09
No (n=2354); 34.7 v 38.4 "_'_0_| 1.12 (0.94-133): P=0.200
Yes (n=920); 41.7 v 54.2  —ip——i 1.36 (1.06—1.74): P=0.014
Chronic kidney disease + P=0.194
No (n=1329); 32.7 v 30.0 > 0.87 (0.67-1.13): P=0.300
Yes (n=1945); 39.5 v 50.7 . —ip— 1.41 (1.19-1.67): P<0.001
ACE inhibitor use ' P=0.002
No (n=254); 29.1v 32.7 } ' i 1.14 (0.66—1.98): P=0.645
Yes (n=3020); 37.3 v.43.6 i 1.19 (1.03-1.38): P=0.018
Digoxin use + P=0.873
No (n=1648); 37.1 v 42.1 : 1.18 (0.97-1.44): P=0.107
Yes (n=1625); 36.3 v 43.0 1.20 (0.98-1.47): P=0.073
Diuretic use . P=0.697
No (n=626); 24.3 v 27.7  p— 1.14 (0.73-1.80): P=0.570
Yes (n=2648); 39.8 v 45.0 4 1.20 (1.03-1.39): P=0.018
P =0.936

Potassium-sparing diuretic use '
No (n=3043); 36.6 v 42.5 :I—‘C)—I 1.19 (1.03-1.38): P
T 4 P

Yes (n=231); 38.3v43.1 & | 1.14 (0.70-1.84):

Potassium supplement use
No (n=2209); 35.1 v 40.1

(P g — 6 (0.96—1.40): P=0.120
Yes (n=1065); 40.4 v 46.1 —— ( )

1
.23 (0.99-1.53): P=0.058

Percent dead: I i I T HR (95% Cl);
K 4-4.9 versus <4 06 10 14 18 P value

HR (95% Cl)

—_

Figure 3.

Association of serum potassium <4 mEg/L and all-cause mortality in subgroups of propensity
score matched heart failure patients (p values or interactions are in the middle of the figure)
(ACE=angiotensin-converting enzyme; Cl= confidence interval; HR=hazard ratio)
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