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Key summary points
Aim  To examine what is the prevalence of hypokalemia in the older population.
Findings  The prevalence of hypokalemia was similar in older persons and younger ones. Hypokalemia is more often found 
in patients with arterial hypertension treated with diuretics. Oral supplementation of potassium in these patients did not 
prevent hypokalemia.
Message  In older persons, diuretic treatment is the most important cause of hypokalemia. Prevention of hypokalemia with 
the use of oral potassium supplementation is in this population insufficient.

Abstract
Purpose  Hypokalemia is one of the most common electrolyte disturbances in clinical practice. There are only a few epi-
demiological studies analyzing the occurrence of hypokalemia in older persons. The aim of the study was to determine the 
prevalence of hypokalemia in the Polish older population.
Methods  Serum potassium concentration was estimated in 4654 participants (2270 females and 2384 males, mean age 76.5 
[11.0] years), who participated in the PolSenior study. Hypokalemia was defined as serum potassium concentration below 
3.5 mmol/L. Hypokalemia was found in 39 participants (0.84%) and was significantly more frequent among females (28 
females = 1.23% and 11 males = 0.46%; p = 0.003). The prevalence of hypokalemia was not related to age. Among 3303 
participants suffering from arterial hypertension, 1093 were treated with potassium-losing diuretics.
Results  Hypokalemia was significantly more frequent among hypertensive than normotensive older participants (1.06 
vs. 0.30% respectively; p = 0.007) and among hypertensive participants treated with potassium losing diuretics than 
ones untreated with these drugs (1.96 vs. 0.46% respectively; p < 0.001). In hypertensive participants, the prevalence of 
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hypokalemia did not depend significantly on oral supplementation of potassium (1.92 and 0.98% respectively, NS). None of 
81 participants using laxative agents presented hypokalemia.
Conclusions  This study demonstrates that: older age seems not to appear to be a significant risk factor of hypokalemia. 
Hypokalemia is more often found in the older hypertensive patients treated with potassium losing diuretics, and prevention 
of diuretic-induced hypokalemia with oral supplementation of potassium seems to be insufficient.

Keywords  Diuretic therapy · Older persons · Hypertension · Hypokalemia · Prevalence

Introduction

Hypokalemia is one of the most common electrolyte distur-
bances seen in clinical practice [1]. Although thresholds for 
the definition of hypokalemia vary slightly, a widely quoted 
lower limit for a normal serum potassium concentration is 
3.5 mmol/L [1].

Hypokalemia can be a life-threatening condition, due to 
its association with cardiac arrhythmias [2], stroke risk, and 
sudden death [3, 4]. Patients diagnosed with coronary artery 
disease (CAD) are especially at high risk of hypokalemia-
induced arrhythmias. The risk related to hypokalemia in 
patients suffering from CAD is well documented [5, 6]. In 
one study [7], the mortality rate of hospitalized hypokalemic 
patients was tenfold higher than that of the general hospital-
ized population. It has also been shown that hypokalemia 
is more frequently associated with worsening outcomes in 
patients attending emergency departments even in an ini-
tially low-risk population [8]. Therefore, hypokalemia seems 
to be of particular importance in older persons due to the 
high prevalence of CAD.

In older persons due to multimorbidity polypharmacy 
is common, therefore the risk of electrolyte disturbances 
caused by drugs is greater than in the general population [9].

Correction of hypokalemia is simple and inexpensive, 
consisting of potassium supplementation or the initiation of 
potassium-sparing medications. There is a general agree-
ment that immediate potassium supplementation should be 
given at serum levels of less than 3.0 mmol/L, because of 
the increased risk of life-threatening arrhythmias below this 
level [10].

As the correction of hypokalemia is not difficult, a more 
important issue seems to be the identification of patients 
who are especially prone to hypokalemia development. Until 
now there are only a few population-based studies on the 
occurrence of hypokalemia in older persons [11, 12]. There-
fore the aim of the study was to analyze the frequency of 
hypokalemia in the Polish older persons recruited from the 
general population, participating in the PolSenior project.

Patients and methods

The precise study design of the PolSenior project was 
described by Bledowski et al. [13]. The study protocol was 
approved by the Bioethics Committee of the Medical Uni-
versity of Silesia in Katowice, Poland (KNW-6501-38/I/08). 
The approval concerned among others informed consent 
form. Briefly, the study group included 5695 respondents 
(2899 males and 2796 females) split into six equally sized 
age groups of older persons (65–69 years, 70–74 years, 
75–79 years, 80–84 years, 85–89 years and over 90 years 
old) and an internal reference group of participants aged 
55–59 years. Participants were recruited using three stages 
stratified, proportional sampling. The first stage identi-
fied local administrative units, including urban, rural and 
urban–rural municipalities. During the second stage, streets 
in urban municipalities, and villages in rural municipali-
ties were selected. The third stage enabled random recruit-
ment of individuals in bundles and was executed using the 
national PESEL database (Universal Electronic System for 
Registration of the Population).

In all participants, the medical history (including the 
presence of hypertension, diabetes mellitus, CAD or heart 
failure) and data concerning medications (particularly treat-
ment with diuretics) were collected.

Venous blood samples were collected using a vacuum 
tube system. Blood samples were delivered within 2 h. to 
local laboratories, where serum samples were separated, 
frozen, and delivered to the Central Laboratory.

Serum potassium and creatinine concentrations were 
measured in 4654 participants (2270 females and 2384 
males); 625 participants aged 55–59, 683 participants aged 
65–69 years, 778 participants 70–74 years, 698 participants 
aged 75–79 years and 626 participants aged 80–84 years 
and 562 participants 90 or more years old. Serum potassium 
concentration was measured with the use of ion-selective 
electrode technique and serum creatinine concentration with 
the routine laboratory method. The estimated glomerular 
filtration rate (eGFR) was calculated according to the CKD-
EPI formula [14].
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Data analysis

Hypokalemia was defined as serum potassium concentra-
tion lower than 3.5 mmol/L, while severe hypokalemia was 
defined by values lower than 3.0 mmol/L.

Arterial hypertension was diagnosed when during each 
of two visits, the average (from two measurements) systolic 
blood pressure was at least 140 mmHg and/or average from 
two measurements of diastolic blood pressure was at least 
90 mmHg or the participant was receiving antihyperten-
sive medications. Obesity was defined as body mass index 
(BMI) ≥ 30 kg/m2. An epidemiological diagnosis of diabetes 
was established based on medical history and medications. 
Respondents were considered as having heart failure when 
plasma NT-proBNP level exceeded 2000 pg/mL, while val-
ues below 400 pg/mL were scored as no heart failure [15].

Statistical analysis

The distribution of quantitative variables was presented 
by arithmetic means and standard deviations (SD), and of 
qualitative variables by absolute and relative frequencies. 
Because of the abnormal distribution of kalemia (result of 
Shapiro–Wilk test) statistical significance of between-group 
differences was examined by means of the Kruskal–Wallis 
and Wilcoxon tests. Statistical significance of differences 
in the frequencies of hypokalemia was analyzed using chi-
square test, chi-square test for trend or Fisher test, if number 
of observations was small. Correlation analyses were per-
formed using the Spearman method. All statistical analyses 
were performed using SAS software version 9.1.3 (SAS 
Institute Inc., Cary, NC) and the statistical inference was 
based on the criterion p < 0.05.

Results

In the entire group of males, serum potassium concentra-
tion was significantly higher than in females (4.55 [0.49] vs. 
4.47 [0.48] mmol/L; p < 0.001). Hypokalemia was found in 
39 participants (0.84%) and was significantly more frequent 
among females (28 females—1.23% and 11 males—0.46%; 
p = 0.003). No case of severe hypokalemia was found. In 
the entire group of males eGFR was significantly higher 
than in females (72.5 [18.3] vs. 70.9 [18.6] mL/min/1.73m2 
respectively; p < 0.001). eGFR was similar in participants 
with or without hypokalemia (71.9 [17.9] vs. 71.7 [18.5] 
mL/min/1.73m2 respectively).

Serum potassium concentration, eGFR 
and hypokalemia in different age groups

As shown on Fig. 1 serum potassium concentration was 
increasing slightly, however significantly (p < 0.001) with 
age. It was significantly higher in participants 65 years or 
older than in participants aged 55–59 years (4.51 [0.50] 
vs. 4.46 [0.40] mmol/L respectively; p = 0.003). However, 
the frequency of hypokalemia was similar in the studied 
age groups (data not shown), and also in the entire group 
of 65 years old and from the group 55–59 years old (0.32 
vs. 0.92%). Among all studied participants, 1188 of them 
were characterized with eGFR below 60 mL/min/1.73m2 
(25.5% of entire study group). In the entire studied group a 
significant, negative correlation was found between serum 
potassium concentration and eGFR (r = − 0.207; p < 0.001). 
Moreover, serum potassium concentration was significantly 
higher in participants with eGFR < 60 mL/min/1.73 m2 than 
in participants with higher eGFR (4.64 [0.59] vs. 4.46 [0.44] 
mmol/L respectively; p < 0.001). However, the prevalence of 
hypokalemia was similar in both groups (0.76 and 0.89%, 
respectively).

Fig. 1   Serum potassium concentration in different age groups

Fig. 2   Frequency of hypokalemia in subjects with and without hyper-
tension
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Serum potassium concentration and hypokalemia 
in hypertensive participants

From the entire study group, 3303 participants had arterial 
hypertension (71%). Serum potassium concentration was 
slightly, however significantly lower in hypertensive partici-
pants compared to normotensive ones (4.49 [0.46] vs. 4.56 
[0.51] mmol/L respectively; p < 0.001)). Hypokalemia was 
significantly more frequently diagnosed among hyperten-
sive than among normotensive participants (1.06 vs. 0.30% 
respectively; p = 0.007) (Fig. 2).

Serum potassium concentration and hypokalemia 
in obese participants

Obesity was found in 1429 participants (30.7% of the entire 
study group with serum potassium measurements). Both 
serum potassium concentration and frequency of hypokalemia 
were similar in obese and non-obese participants (4.50 [0.48] 
vs. 4.52 [0.49] mmol/L and 0.91 and 0.75%, respectively).

Serum potassium concentration and hypokalemia 
in participants with diabetes mellitus

In the study group, 1011 participants were diagnosed for 
diabetes (21.7% of an entire study group with serum potas-
sium measurements). Serum potassium concentration was 
slightly, not significantly higher in diabetic participants 
(4.54 [0.47] vs. 4.50 [0.56] mmol/L respectively; p = 0.07). 
In contrast, hypokalemia was significantly more frequent 
among diabetic than nondiabetic participants (1.38 vs. 0.69% 
respectively; p = 0.04).

Serum potassium concentration and hypokalemia 
in participants with CAD

CAD was diagnosed in 613 participants (13.2% of entire 
study group with serum potassium measurements). Serum 
potassium concentration was slightly, however significantly 
higher in participants with than in those without CAD (4.57 
[0.60] vs. 4.50 [0.47] mmol/L respectively; p < 0.01). The 
frequency of hypokalemia was similar in both groups (0.65 
and 0.87%, respectively).

Serum potassium concentration and hypokalemia 
in participants with heart failure

Diagnosis of heart failure was established in 454 participants 
(9.8% of entire study group with serum potassium meas-
urements). Serum potassium concentration was slightly, 
however significantly higher in participants than in those 
without heart failure (4.61 [0.67] vs. 4.50 [0.46] mmol/L 

respectively, p = 0.004). The frequency of hypokalemia were 
similar in both groups (1.10 and 0.82%, respectively).

Serum potassium concentration and hypokalemia 
in participants using laxative agents

Among the studied participants, 81 used chronically laxative 
agents (1.7% of entire study group). Both serum potassium 
concentration and frequency of hypokalemia were similar in 
participants using and not using laxative agents (4.45 [0.49] 
vs. 4.51 [0.49] mmol/L and 0 and 0.86%, respectively).

Serum potassium concentration and hypokalemia 
in hypertensive participants treated with potassium 
losing diuretics

In the subgroup of 3303 hypertensive participants (1619 
males and 1684 females; mean age 75.9 [10.3] years), 1093 
were treated with potassium losing diuretics (91 with thi-
azide diuretics, 611 with thiazide-like diuretics, 295 loop 
diuretics and 96 with a combination of amiloride and 
hydrochlorothiazide). Hypertensive patients treated with 
thiazide-like diuretics were characterized by significantly 
lower serum potassium concentration than not treated 
with these agents (Table  1). Hypertensive participants 
treated with potassium losing diuretics were characterized 
by a significantly higher frequency of hypokalemia than 
untreated hypertensive individuals (1.96 vs. 0.46% respec-
tively; p < 0.001). The frequency of hypokalemia was sig-
nificantly higher among hypertensive patients treated with 

Table 1   Serum potassium concentration, number of cases, and fre-
quency of hypokalemia in hypertensive patients treated and not 
treated with thiazide, thiazide-like, loop diuretics and combination of 
amiloride and hydrochlorothiazide

ns statistically not significant

Class of diuretics Patients Serum potas-
sium concen-
tration

Cases of 
hypokalemia

n mmol/L n %

Thiazide Treated 91 4.53 (0.74) 3 3.30
Untreated 3212 4.49 (0.47) 32 1.01
p ns ns

Thiazide-like Treated 611 4.29 (0.46) 16 2.62
Untreated 2652 4.53 (0.47) 19 0.72
p < 0.0001 < 0.0001

Loop Treated 295 4.67 (0.59) 4 1.36
Untreated 3008 4.47(0.46) 31 1.04
p < 0.0001 ns

Amiloride 
and hydro-
chloro-
thiazide

Treated 96 4.46 (0.57) 4 4.17
Untreated 3207 4.49 (0.47) 31 0.98
p ns 0.01
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thiazide-like diuretics and with a combination of amiloride 
and hydrochlorothiazide than among those not treated with 
these agents (Table 1, Fig. 3). 

Among 1093 hypertensive participants treated with potas-
sium losing diuretics, 313 (28.6%) received oral potassium 
supplementation (20.9% treated with thiazide diuretics, 
14.1% with thiazide-like diuretics, 32.2% with loop diuretics 
and 16.7% with a combination of amiloride and hydrochlo-
rothiazide). Serum potassium concentration and frequency 
of hypokalemia were similar in hypertensive participants 
treated with potassium losing diuretics receiving and not 
receiving potassium oral supplementation (4.47 [0.51] vs. 
4.49 [0.48] mmol/L and 1.92 and 0.98%, respectively). 
Moreover, serum potassium concentration and frequency 
of hypokalemia were similar in hypertensive patients 
treated with different classes of diuretics and receiving or 
not receiving potassium oral supplementation. Precisely, 
5.26% (1 of 19) patients treated with thiazide diuretics and 
receiving oral potassium supplementation had hypokalemia 
in comparison to 2.78% (2 of 72) of patients without potas-
sium supplementation. Comparing the frequency of hypoka-
lemia in patients treated with thiazide-like and receiving oral 
potassium with ones without supplementation was 4.65% (4 
of 86) and 2.25% (12 of 525) respectively. None of hyper-
tensive patients receiving oral potassium supplementation 
and loop diuretics had hypokalemia and 2% (4 of 200) not 
receiving ones. In a group of patients treated with amiloride 
and hydrochlorothiazide combined with oral potassium 
supplementation 6.25% (1 of 16) suffers from hypokalemia, 
while the prevalence of hypokalemia in patients not receiv-
ing supplementation was 3.75% (3 of 80).

Serum potassium concentration and hypokalemia 
in hypertensive participants treated 
with spironolactone

Among 3303 hypertensive participants 277 were treated 
with a potassium-sparing diuretic—spironolactone (8.4% 
of entire hypertensive studied participants). Hypertensive 
patients treated with spironolactone were characterized by 
significantly higher serum potassium concentration than 
those not treated with this potassium-sparing diuretic (4.76 
[0.50] vs. 4.46 [0.47] mmol/L respectively; p < 0.001). There 
was no case of hypokalemia in hypertensive participants 
treated with spironolactone.

Discussion

The main finding of our analysis is the fact, that the occur-
rence of hypokalemia in the older persons is similar to the 
figures obtained in the middle-age group. Therefore the 
aging per se seems not to be a risk factor of hypokalemia. In 
our study, we did not confirm the results of smaller studies 
which showed an increased frequency of hypokalemia in 
the older persons [11, 12]. In the present study, mean serum 
potassium concentration increased slightly, however signifi-
cantly with age. A significant, negative correlation between 
serum potassium concentration and eGFR may suggest that 
increase in serum potassium could be due to an age-related 
decline of kidney function.

In this large-scale, population-based study, hypertensive 
persons were identified as the group with the increased risk 
of hypokalemia. The increased risk of hypokalemia in these 
patients was related to the treatment with diuretics (espe-
cially thiazide-like diuretics and a combination of amiloride 
and hydrochlorothiazide).

In the PolSenior study, the frequency of hypokalemia 
in hypertensive individuals treated with potassium-losing 
diuretics was 1.96%. The prevalence of diuretic-induced 
hypokalemia varies from one study to another. Earlier stud-
ies have found a higher frequency of hypokalemia in gen-
eral and in older persons treated with diuretics [16–20]. One 
report showed that diuretic-induced hypokalemia was the 
most prevalent adverse drug reaction in the older hospital-
ized population both during hospitalization and at the time 
of admission [16]. In another study, 33% of older patients 
taking furosemide were hypokalemic [17]. Another obser-
vational study found hypokalemia in 8.5% of patients treated 
with low doses of thiazide diuretic [18]. In the SHEP study, 
7.5% of patients receiving chlorthalidone developed hypoka-
lemia after one year of the treatment [19]. The differences in 
frequency of diuretic-induced hypokalemia may be due to 
the heterogeneity of diuretic doses among these studies i.e. 

Fig. 3   Frequency of hypokalemia in hypertensive patients treated 
with different potassium losing diuretics
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higher in earlier studies and lower (due to current recom-
mendations) in more recent ones.

In PolSenior study, hypokalemia tended to be more fre-
quent in patients treated with thiazide-like diuretics and a 
combination of amiloride and hydrochlorothiazide than in 
the patients treated with the loop diuretics. Therefore the 
presented results are in line with a view that loop diuretics 
seem to produce less average fall of potassium concentration 
compared with thiazides [21].

Diuretic-induced hypokalemia may lead to glucose intol-
erance [22]. It has been also implicated as a cause of new-
onset diabetes mellitus. The exact mechanism by which 
hypokalemia may cause glucose intolerance is still unclear. 
It seems to be related to the inhibition of insulin secretion 
by the beta cells of the pancreas or decreasing plasma adi-
ponectin concentration [22, 23]. Lai et al. showed that not 
only hypokalemia but low-normal serum potassium is asso-
ciated with a significantly higher risk of cardiovascular and 
all-cause mortality in elderly outpatient care [24].

We have found that the frequency of hypokalemia was 
similar in hypertensive participants treated with potassium 
losing diuretics receiving and not receiving potassium oral 
supplementation. Such a finding suggests that the prevention 
of diuretic-induced hypokalemia with the application of potas-
sium oral supplementation is ineffective. However, we did not 
have access to data concerning individual doses of supple-
mented potassium and a more specific discussion of that issue 
is not possible. Moreover, it is well known that oral potassium 
supplementation is not well tolerated in some of the patients.

There was no hypokalemia in hypertensive participants 
treated with spironolactone. That finding seems to confirm that 
the use of spironolactone, in contrast to oral potassium supple-
mentation, is an effective method of prevention of hypokalemia.

It is well known that laxative abuse may cause excessive 
potassium loss in the stool and lead to hypokalemia [25, 
26] and in all cases of hypokalemia, laxative abuse must be 
addressed while taking the patient history. In the presented 
study, both serum potassium concentration and frequency 
of hypokalemia was similar in participants using and not 
using laxative agents. Therefore, the risk of laxative-induced 
hypokalemia in the general older population is low and 
should not be overestimated.

In the PolSenior study, hypokalemia was significantly 
more frequent in females (1.23%) than in males (0.46%) 
and that gender-related gradient was found by other authors 
[27, 28]. The increased risk of hypokalemia in women might 
be related to their lower muscle mass and a smaller pool of 
exchangeable potassium [1, 29].

It cannot be forgotten that hypokalemia in older population, 
might be caused by redistribution of potassium from the intravas-
cular to the extravascular compartment induced by drugs (mostly 
by insulin in diabetic patients). Hypokalemia may be also one of 
the side effects of, so common in older persons, polypharmacy.

Although it has been shown that the systemic renin–angi-
otensin system (RAS) is suppressed with age [30], activation 
of tissue RAS may play an important role in the pathogen-
esis of hypokalemia in older patients.

The strength of the PolSenior study is a design ensuring 
that the studied population is representative for the general 
Polish older population. Serum potassium concentration was 
also measured centrally in the accredited laboratory thus 
excluding between-observer variability.

The major limitation of our study stems from its cross-
sectional design. Such a protocol hampers more specific 
insight into biological mechanisms involved in determinants 
of hypokalemia in older persons. Moreover, a number of 
data were derived from the questionnaire. Both factors might 
have affected the results. However, the principal goal of the 
PolSenior study was observational and the findings showed 
some associations that are biologically plausible.

Another potential limitation is the fact that the serum 
potassium concentration was not measured immediately after 
blood collection (which was infeasible in such, large-scale, 
population-based study). Blood samples were collected at 
the participant’s residence and then delivered within 2 h. 
to local laboratories, where serum samples were separated, 
frozen and subsequently transferred to the central labora-
tory. However, the samples with visible hemolysis were 
excluded from further investigations. However, we are not 
able to prove that in some samples slight hemolysis did not 
occur during preanalytical preparations. This could increase 
the results of serum potassium concentration, reducing the 
frequency of diagnosed hypokalemia.

In summary, we have found in our large scale, population-
based study PolSenior that serum potassium concentration 
is slightly increasing with age in the apparently healthy 
older persons and aging seems not to be a significant risk 
factor of hypokalemia. Hypokalemia is more often found 
in older hypertensive patients, particularly in those treated 
with a potassium-losing diuretic. The prevention of diuretic-
induced hypokalemia with the use of potassium oral sup-
plementation seems to be ineffective. The risk of laxative-
induced hypokalemia in the general older population is low 
and should not be overestimated.
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