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Current guidelines for the management of hypertension rec-
ommend 5 major drug classes, namely calcium channel 

blockers (CCB), ACE (angiotensin-converting enzyme) inhibi-
tors, ARBs (angiotensin receptor blockers), β-blockers, and 
thiazides/thiazide-like diuretics. In patients who do not have 
an optimal response on monotherapy, guidelines recommend 
sequentially adding other antihypertensive drugs until blood 
pressure target is achieved.1

Most of the drugs used for the treatment of hypertension, 
especially thiazide diuretics, ACE inhibitors, and ARBs, are 
known to influence potassium homeostasis through different 
mechanisms.2 In combination therapy, avoidance of potassium 
imbalances can be a challenge and prevention of potassium 
imbalances is important as they can elicit arrhythmias and 
sudden cardiac death.2–5 Moreover, a previous study showed 
that potassium levels outside the interval 4.1 to 4.7 mmol/L 
were associated with increased mortality risk in patients 

with hypertension.6 However, there is little knowledge on the 
occurrence of potassium imbalances in relation to different 
combination therapies.

Using the Danish nationwide administrative registries, 
we investigated the risk of developing hypokalemia within 
90 days depending on different antihypertensive combination 
therapies.

Method

Data Availability
Due to restrictions related to Danish law and protecting patient pri-
vacy, the combined set of data used in this study can only be made 
available through a trusted third party, Statistics Denmark. This state 
organization holds the data used for this study. University-based 
Danish scientific organizations can be authorized to work with data 
within Statistics Denmark and such organization can provide access 
to individual scientists inside and outside of Denmark. Data are 
available on request to authorized scientists by contacting Statistics 
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Denmark: http://www.dst.dk/en/OmDS/organisation/TelefonbogOrg.
aspx?kontor=13&tlfbogsort=sektion or the Danish Data Protection 
Agency: https://www.datatilsynet.dk/english/the-danish-data-pro-
tection-agency/contact/. More information regarding data access is 
available at https://www.dst.dk/en/TilSalg/Forskningsservice.

Databases
All residents in Denmark have a personal, unique, and permanent 
civil registration number that enables linkage of data between all na-
tionwide administrative registries.

We used The Danish Civil Registration System7 to collect data re-
garding age and gender. From The Danish National Patient Registry,8 
we obtained information about hospital admission dates, hospital dis-
charge dates, discharge diagnoses, dates of operation, and procedure 
codes. Diagnoses are classified as primary and secondary according 
to World Health Organization International Classification of Disease. 
From 1994 and onwards the International Classification of Disease, 
Tenth Revision was in use. The Danish National Patient Registry cov-
ers information from 1978 until present time.

From The Danish National Prescription Registry,9 information 
on each individual’s drug redemption was collected. This regis-
ter includes all dispensed prescriptions from all Danish pharmacies 
since 1995 based on the Anatomic Therapeutic Chemical system. 
The Danish healthcare system is state-financed and partly reimburses 
drug costs. For this reason, all Danish pharmacies are required by law 
to register all dispensed drug prescriptions, providing a complete o-
verview of all prescriptions. From 1995, registries of laboratory data 
contain blood test results from 3 of the 5 regions in Denmark, cover-
ing ≈ 4 058 000 inhabitants.

Study Population and Design
Hypertension was defined as the redemption of at least 2 antihyper-
tensive drugs in 2 consecutive quarters. Patients entered the study 
after the first occurrence of redeeming prescriptions for combina-
tion antihypertensive therapy in 2 subsequent quarters.10 This time 
was referred to as the index date. Anatomic Therapeutic Chemical 
codes of the drugs used to define patients as having hypertension 
were included in Table S1 in the online-only Data Supplement. We 
defined hypertension as redemption of at least 2 antihypertensive 
drugs in at least 2 consecutive quarters for different reasons. First, 
by using Danish registries, it was difficult to ascertain whether 
patients were treated for hypertension with monotherapy only. The 
majority of the drugs used to treat high blood pressure can be used 
for other cardiovascular diseases, such as atrial fibrillation, heart 
failure, or myocardial infarction. Second, by using diagnosis code 
approach to identify patients with hypertension, we would have 
lost a considerable sample of patients as in many cases treatment 
and monitoring takes place in a primary care setting. In a study by 
Olesen et al,10 this definition of hypertension was validated and 
the authors found that the positive predictive value of treatment 
with 2 classes of antihypertensive drugs was 80% and the speci-
ficity 94.7%.

The first potassium measurement within 90 days from index date 
was kept methods for blood potassium analysis have not been simi-
lar in all laboratories over the entire study period, having measured 
both serum and plasma potassium concentrations. As the normal 
ranges for the 2 methods of measuring blood potassium concentra-
tions do not differ substantially, we referred to all measurements as 
serum potassium.

Exclusion criterias were age below 18 years, no potassium meas-
urement up to 30 days before index date, hypokalemia, or hyper-
kalemia up to 30 days before index date, hyperkalemia at the first 
potassium measurement after combination therapy initiation and pre-
scription of loop diuretics. The population flow chart with inclusion 
and exclusion criteria was shown in Figure S1.

This study used a nested case-control design. Using incidence 
density matching, 2 patients without hypokalemia (K, >3.5 mmol/L; 
n=926) were matched to each patient with hypokalemia (K, <3.5 
mmol/L; n=463) on age, sex, renal function, and time between index 
date and date of potassium measurement.

Comorbidities, Procedures, and Concomitant 
Medication
The following discharge diagnoses present before index date were 
assessed to characterize the population: heart failure, ischemic heart 
disease, acute myocardial infarction, atrial fibrillation, atrial flutter, 
second- or third-degree atrioventricular block, ventricular tachy-
cardia or fibrillation, stroke, chronic obstructive pulmonary disease, 
chronic liver disease, inflammatory bowel disease, diabetes mellitus, 
hypothyroidism, cancer, and stroke. None of the patients had a his-
tory of diabetes insipidus, syndrome of inappropriate antidiuretic 
hormone secretion, primary hyperaldosteronism, or Addison disease.

The kidney function of each patient was assessed by calculating 
the estimated glomerular filtration rate (eGFR),11 and an eGFR <30 
mL/(min·1.73 m2) suggested renal insufficiency. This cutoff level 
was chosen, as we did not have information on whether patients had 
evidence of kidney damage (ie, albuminuria, hematuria, structural 
changes, or biopsy verification). Serum creatinine used to calculate 
eGFR was obtained within 7 days before potassium measurement, 
and patients with missing creatinine values were excluded.

From the Danish National Prescription Registry, we identified 
the following redeemed medication known to be associated with 
potassium disturbances: potassium supplements, antimicrobials, 
β2-agonists, mineralo- and glucocorticoids, laxatives, xanthines, 
and macrolides. Only potassium supplementation, antimicrobials, 
and β2-agonists were present in the nested case-control population. 
Potassium supplements were supplements as a single pill therapy 
combined with an antihypertensive (Anatomic Therapeutic Chemical 
C03) or as an individual pill (ATC A12B). Definitions of comorbidi-
ties and concomitant medication before index date were illustrated 
in Table S2.

Statistical Analyses
Categorical variables were reported as counts and percentages and 
continuous variables as medians with 25th to 75th percentiles. 
Differences between variables were compared using χ2 and Kruskal-
Wallis tests, as appropriate.

An incident episode of hypokalemia was defined as a blood potas-
sium level <3.5 mmol/L within 90 days from index date.

Cumulative incidence proportion curves for developing hypoka-
lemia in patients treated with combination antihypertensive therapy, 
who had available potassium measurements within 90 days from in-
dex date and no potassium imbalances up to 30 days before index 
date, were estimated.

The independent variable defining the different possible combina-
tions of antihypertensive treatment was coded as a dummy variable 
with the 10 most frequent possibilities identified in the population:

1.	 BB (β-blockers)+CCB
2.	 BB+RASi (renin-angiotensin system inhibitors)
3.	 BB+RASi+mineral receptor antagonist
4.	 BB+RASi+thiazides
5.	 BB+thiazides
6.	 CCB+RASi (reference)
7.	 CCB+RASi+thiazides
8.	 CCB+thiazides
9.	 RASi+thiazides

10.	 Other combinations.
Antihypertensive drug groups 1, 6, 7, and 8 referred to combinations 
of CCBs with other blood pressure drugs. However, these groups only 
contain one type of CCBs, namely dihydropyridine derivatives, such 
as amlodipine. Conditional logistic regression analysis was used to 
estimate the odds ratio and 95% CI between different combination 
therapies and developing hypokalemia with CCB+RASi as reference.

When investigating the association between hypokalemia and the 
10 antihypertensive drug groups the model was adjusted for initial se-
rum sodium, malignancy, inflammatory bowel disease, diabetes mel-
litus, and chronic liver disease.

As some of the antihypertensive drug combinations can also indi-
cate cardiovascular diagnoses other than hypertension, we performed 
a sensitivity analysis where we also matched the controls on history 
with ischemic heart disease/myocardial infarction and heart failure.
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A 2-Sided P Value <0.05 was considered statistically significant 
since not every patient with hypertension, treated with combination 
therapy, had a potassium measurement available within 90 days from 
treatment initiation, we also looked at the prevalence of different co-
morbidities between our population and the general population with 
no potassium concentrations within the predefined timeline.

Data management and analyses were performed using SAS, ver-
sion 9.4 (SAS Institute, Inc, Cary, NC) and R, version 3.5.1 (R Core 
Team [2018]). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, Austria; https://
www.R-project.org/.

Ethics
The Danish Data Protection Agency approved the use of data (ref-
erence: 2007-58-0015, internal reference: GEH-2014-015, I-Suite 
number: 02733). By Danish law, ethical approval is not required for 
retrospective registry-based studies.

Results

Demographics
Population characteristics of the cohort, from which cases and 
controls were identified and matched on different variables, 
were illustrated in Table S3. During 1995 to 2018, 11 896 
patients treated for hypertension with combination therapies 
had a potassium measurement within 90 days of index date. 
Among the patients, 3.9% had potassium concentrations 
below 3.5 mmol/L. Furthermore, we observed that 48.5% of 
the patients redeemed thiazides, of which 1.6% were thiazide-
like diuretics and 45% hydrochlorothiazides. Additionally, 
31.8% of the population was prescribed potassium supple-
ments, of which 86.7% represented potassium chloride as 
single pill combined with an antihypertensive.

After matching on age, sex, eGFR, renal insufficiency, 
and time from index date to potassium measurement, we 
ended up with 463 cases and 926 controls. Median time 
from index date to potassium measurement was 30 days 
(0, 90). Following proportions were observed in each of 
the 10 combination antihypertensive therapies: BB+CCB 
4.3%, BB+RASi 16.9%, BB+RASi+mineral receptor an-
tagonist 3.2%, BB+RASi+thiazides 4.0%, BB+thiazides 
4.4%, CCB+RASi 12.5%, CCB+RASi+thiazides 6.5%, 
CCB+thiazides 6.7%, RASi+thiazides 12.2%, and Other 
combinations 12.2% (Table).

We also observed higher prevalence of hypoka-
lemia in patients redeeming CCB+thiazides (12.1%) and 
RASi+thiazides (30.7%) than in patients treated with any of 
the other drug groups. Among the cases (with hypokalemia), 
45.8% redeemed potassium supplement.

Antihypertensive Combination Therapies and Risk 
of Hypokalemia
Figure S2 illustrated the cumulative incidence proportion of 
hypokalemia in patients treated with combination antihyper-
tensive therapy who had available potassium measurements 
within 90 days of the index date and no potassium imbalances 
up to 30 days before index date (n=11 896). After stratifying 
on the 10 combination therapies the cumulative incidence 
curves showed that the combination of CCB+thiazides had a 
significantly higher incidence of hypokalemia than the other 
groups (about 10%; Figure S3).

In the nested case-control population the adjusted con-
ditional logistic regression analysis with CCB+RASi as 
reference showed 5.82× increased odds for development 
of hypokalemia if administered CCB+thiazides (95% CI, 
3.06–11.08). Moreover, patients on BB+thiazides had an odds 
ratio of 3.34 for developing hypokalemia (95% CI, 1.67–
6.66). Other drug combinations significantly associated with 
increased hypokalemia risk were CCB+RASi+thiazides (odds 
ratio, 3.07 [95% CI, 1.72–5.46]) and BB+RASi+thiazides 
(odds ratio, 2.78 [95% CI, 1.41–5.47]; Figure). The univari-
able analysis showed similar results (Figure S4).

Sensitivity Analyses
We performed an additional conditional logistic regression 
analysis on a population matched on age, sex, eGFR, renal in-
sufficiency, time from index date to potassium measurement, 
heart failure, and ischemic heart disease/myocardial infarc-
tion. The results were similar to the main analyses, though 
with slightly lower effect sizes (Figure S5 and Figure S6).

We also looked at differences in comorbidity proportions 
in our nested case-control population versus general popula-
tion treated with combination antihypertensive therapy who 
did not have available serum potassium measurements within 
90 days from index date. We observed that nearly all comor-
bidities had higher rates in the nested case-control population 
than in the general population. See Table S4 and the Table for 
general population demographics.

Discussion
The main findings in this article were (1) hypokalemia among 
patients treated with combination antihypertensive thera-
pies was common, (2) the 3 antihypertensive drug combina-
tions with the highest odds of developing hypokalemia were 
CCB+thiazides, BB+thiazides, CCB+RASi+thiazides.

Current guidelines recommend combination antihyperten-
sive drug treatment strategies in patients not achieving targeted 
blood pressure.1 Pharmacologically, the great majority of the 
patients in this study were treated with combination therapies 
with opposite effects on potassium homeostasis. Despite this 
approach, the occurrence of hypokalemia remained high con-
sidering the short study period. A large scale Swedish study 
investigating determinants of hyperkalemia and hypokalemia 
showed that patients with hypertension had 1.80 and 1.05× 
higher odds of developing hypokalemia and hyperkalemia 
within 3 years, respectively.12 This is in line with our find-
ings where we observed increased odds of hypokalemia re-
lated to some specific antihypertensive combination therapies. 
Yet, the 2 studies are not utterly comparable as we both had 
different approaches for defining hypertension (International 
Classification of Disease codes versus 2 concomitant antihy-
pertensive drugs) and different aims.

Comparison of our findings with other studies was difficult, 
as the great majority of previous articles focused on outcomes 
like stroke and cardiovascular events1 instead of dyskalemias. 
We found that CCB+thiazides, CCB+RASi+thiazides, and 
BB+thiazides were highly associated with increased risk of 
hypokalemia when compared with CCB+RASi. In the follow-
ing paragraphs, each of the drug combinations and their asso-
ciation to hypokalemia will be discussed.
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CCB+Thiazides
A meta-analysis based on the results of 4 randomized trials 
investigated the efficacy and safety of CCBs and thiazide 
(-like) diuretics. The authors observed that the most frequent 
adverse event related to CCB+diuretic combination was 

hypokalemia.13 Because of the insufficient knowledge about 
dyskalemias caused by CCB+thiazides, we searched liter-
ature treating the 2 drugs individually. There is little recent 
knowledge on the effect of CCB on potassium homeostasis 
either in large or small-scale studies. On one hand, numerous 

Table.  Demographics of the Matched Population

Controls (n=926) Cases (n=463) Total (n=1389) P Value

Sex

 ��� Female 484 (52.3)* 242 (52.3)* 726 (52.3)* 1.0*

Age, median (range) 65.0 (21.0–95.0)* 66.0 (23.0–95.0)* 65.0 (21.0–95.0)* 0.55*

Days from hypertension to potassium 
measurement, median (range)

30.0 (0.0–90.0)* 31.0 (0.0–90.0)* 30.0 (0.0–90.0)* 0.68*

Serum sodium, median (range) 140.0 (113.0–146.0)* 140.0 (118.0–148.0)* 140.0 (113.0–148.0)* 0.15*

Renal insufficiency 10 (1.1)* 5 (1.1)* 15 (1.1)* 1.0*

eGFR, median (range) 77.0 (10.0–214.0) 79.0 (7.0–222.0) 78.0 (7.0–222.0) 0.32

Treatment combinations

 ��� BB+CCB 41 (4.4) 19 (4.1) 60 (4.3)  

 ��� BB+RASi 195 (21.1) 40 (8.6) 235 (16.9)  

 ��� BB+RASi+MRA 40 (4.3) 4 (0.9) 44 (3.2)  

 ��� BB+RASi+thiazides 33 (3.6) 23 (5.0) 56 (4.0)  

 ��� BB+thiazides 32 (3.5) 29 (6.3) 61 (4.4)  

 ��� CCB+RASi 134 (14.5) 40 (8.6) 174 (12.5)  

 ��� CCB+RASi+thiazides 49 (5.3) 42 (9.1) 91 (6.6)  

 ��� CCB+thiazides 37 (4.0) 56 (12.1) 93 (6.7)  

 ��� RASi+thiazides 264 (28.5) 142 (30.7) 406 (29.2)  

 ��� Other combinations 101 (10.9) 68 (14.7) 169 (12.2) < 0.0001

Heart failure 153 (16.5) 30 (6.5) 183 (13.2) < 0.0001

IHD/MI 224 (24.2) 68 (14.7) 292 (21.0) < 0.0001

COPD 56 (6.0) 30 (6.5) 86 (6.2) 0.84

Diabetes mellitus 121 (13.1) 41 (8.9) 162 (11.7) 0.03

Chronic liver disease 24 (2.6) 9 (1.9) 33 (2.4) 0.57

Hemodialysis ≤3 ≤3 ≤6 …

Malignancy 115 (12.4) 73 (15.8) 188 (13.5) 0.10

Stroke 83 (9.0) 55 (11.9) 138 (9.9) 0.11

Atrial flutter/fibrillation 120 (13.0) 41 (8.9) 161 (11.6) 0.03

Atrioventricular block 13 (1.4) ≤3 ≤16 …

VT/VF 36 (3.9) 13 (2.8) 49 (3.5) 0.38

Inflammatory bowel disease 16 (1.7) 11 (2.4) 27 (1.9) 0.54

Hypothyroidism 18 (1.9) 9 (1.9) 27 (1.9) 1.0

Potassium supplement 312 (33.7) 212 (45.8) 524 (37.7) < 0.0001

Antimicrobials ≤3 ≤3 ≤6 …

β-2 agonists ≤3 ≤3 ≤6 …

Potassium supplement addressed supplementation as a single pill therapy with an antihypertensive and as an individual pill. We attribute 
<=3 to variables with values between 1 and 3 to secure anonymity and protection of personal data. BB indicates β-blockers; CCB, calcium 
channel blockers; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; ICD, implantable cardioverter-
defibrillator; IHD/MI, ischemic heart disease/myocardial infarction; MRA, mineral receptor antagonist; RASi, renin-angiotensin system 
inhibitors; and VT/VF, ventricular tachycardia/ventricular fibrillation.

*Variables represent the variables we matched on.
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in vitro, in vivo and case report publications reported hyper-
kalemia following initiation of CCB.14–19 On the contrary, case 
studies and studies on rats showed hypokalemia in relation 
to administration of CCB.20–25 As for thiazide diuretics, nu-
merous studies showed that monotherapy is associated with 
development of hypokalemia.26–28 The mechanisms through 
which the 2 drug types lead to hypokalemia seemed to be very 
different: thiazides enhance renal potassium disposal, while 
CCBs augment extrarenal loss of potassium.21,29–31 However, 
the mechanisms through which CCB can cause both hypo- 
and hyperkalemia are poorly elucidated.

CCB+RASi+Thiazides
No study directly compared the risk of hypokalemia related 
to this combination therapy in relation to other combination 
therapies. Most studies compare the risk of hypokalemia in 
patients treated with thiazides alone versus different combina-
tions of antihypertensive drugs with complementary effect on 
potassium homeostasis.32

BB+Thiazides
The combination of BB and thiazides is no longer first-line 
treatment of arterial hypertension but certainly an effective 
combination in prevention of adverse cardiovascular events.1 
To our knowledge, no study reported increased hypokalemia 
risk in patients prescribed BB+thiazides. Although we do 
know that use of thiazides diuretics can lead to hypokalemia,33 
while use of some BB is associated with increased hyperka-
lemia risk especially in patients with renal dysfunction and 
insulin insufficiency.33

Our results suggested that high odds of hypokalemia 
were strongly related to the use of thiazides as they were pre-
sent in each of the combination therapy groups with signif-
icant increased odds of low potassium concentrations. This 
adverse effect was also observed in patients administered po-
tassium supplements.

Should we be concerned about hypokalemia? Both hypo-
kalemia and hyperkalemia have previously been shown to be 
associated with increased risk of all-cause mortality6,34,35 and 
cardiovascular disease36 in different populations with heart di-
sease. Regarding patients with hypertension, current studies 
have discrepant results. In a previous study, we found that po-
tassium concentrations outside the interval 4.1 to 4.7 mmol/L 
were associated with increased mortality risk.6 Contrarily, 

Franse et al37 found no significant difference in the relative risk 
of all-cause mortality for participants who received low-dose 
chlorthalidone and who experienced hypokalemia compared 
with placebo group. Additionally, Alderman et al38 observed a 
higher all-cause mortality (hazard ratio, 1.21) in patients with 
hypokalemia than in normokalemics. However, the authors 
also found heterogeneity in hazard ratios across the 3 treatment 
arms (chlorthalidone, amlodipine, and lisinopril). Comparison 
of the 3 studies is difficult as the only common features were 
that patients were treated for hypertension and had their blood 
potassium measured. Yet, there are 2 very essential differences 
in these studies that could explain the discrepancy in results, 
namely the burden of disease. First, in our large epidemiolog-
ical study, we included patients who redeemed at least 2 con-
comitant antihypertensive drugs,6 while the randomized trials 
either compare monotherapy with placebo or monotherpies 
within themselves. Undoubtely, patients included in the epi-
demiological study had more advanced hypertension that the 
patients in the randomized trials.

Second, the time when mortality was assessed could be 
a strong influencer of the results. The randomized trials used 
year-1 potassium measurement to investigate long-term mor-
tality (y), while we examined the effect of different potassium 
concentrations measured within 90 days from combination 
antihypertensive therapy on 90 days all-cause mortality.6,37,38 
Ultimately, we believe that hypokalemia is an important risk 
factor or risk marker of cardiovascular disease and mortality. 
Yet, further studies are needed to explain which patients are at 
high risk of adverse effects after an episode of hypokalemia.

Limitations
Most of the limitation were related to the observational nature 
of the study design meaning that unmeasured confounding 
such as vomiting, diarrhea, and diet may affect our findings. 
Information on the clinical indication for blood tests or symp-
toms of dyskalemias and electrocardiographic changes were 
not available. However, according to guidelines patients with 
hypertension need to have their blood pressure monitored 
and standard blood test performed within 3 to 6 months of 
treatment initiation. Therefore, we believe that cases where 
clinicians specifically test for potassium imbalances in our 
population are negligible.

Furthermore, due to the short follow-up time, it was diffi-
cult to calculate dosage of redeemed antihypertensive drugs. 

Figure.  Forestplot of multivariable conditional 
logistic regression analysis for the development 
of hypokalemia. Population matched on age, 
sex, renal insufficiency, and time index date 
initiation to serum potassium measurement. 
The model was adjusted for serum sodium, 
renal insufficiency, malignancy,  inflammatory 
bowel disease, diabetes mellitus, alcoholism, 
and chronic liver disease. The combination 
of calcium channel blockers with renin-
angiotensin system inhibitors was used as 
reference. BB indicates β-blockers; CCB, 
calcium channel blockers; MRA, mineral 
receptor antagonist; and RASi, renin-
angiotensin system inhibitors.
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Therefore, compliance issues or overdose could not be identi-
fied for any of the drug groups, which can lead to nondifferen-
tial misclassification.

Finally, the fact that potassium concentrations were meas-
ured in both serum and plasma within the different laborato-
ries over the years is an inevitable limitation, due to cases with 
misclassification of the patients. Reference ranges for normal 
serum potassium and plasma potassium concentrations do not 
differ substantially. The Nordic Reference Interval Project 
recommends that an interval of 3.6 to 4.6 mmol/L is consid-
ered to be normal for serum potassium, whereas an interval 
of 3.5 to 4.4 mmol/L is suggested to be normal for plasma 
potassium.39 False-positive hyperkalemia was presumably 
uncommon as all laboratories left out reporting of potassium 
values in presence of hemolysis.

Conclusions
Combinations of thiazide diuretics with CCB, RASi, or BB 
were strongly associated with increased hypokalemia risk 
within 90 days of treatment initiation, regardless of potassium 
supplementation.

Perspectives
Focus on optimal management of hypertension in clinical 
practice is emphasized in the current practice due to the 
numerous studies showing benefits both related to the risk 
of death but also to cardiovascular comorbidity and health-
related quality of life.40,41 Hypo- and hyperkalemia are com-
mon side effects of the drugs used to treat hypertension. 
Awareness of the risk factors associated with potassium 
disturbances is important to identify patients at risk. For 
example, our study strongly suggested that patients treated 
with CCB+thiazides had an increased probability of devel-
oping hypokalemia within 90 days from index date, despite 
potassium supplementation. Therefore, it would be prudent 
to recommend identifying and closely monitoring patients 
at high risk of potassium imbalances as important goals in 
everyday clinical settings.

Sources of Funding
This study was funded using departmental funding sources only.

Disclosures
None.

References
	 1.	 Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, 

Burnier M, Clement DL, Coca A, de Simone G, Dominiczak A, et al; 
ESC Scientific Document Group. 2018 ESC/ESH guidelines for the man-
agement of arterial hypertension. Eur Heart J. 2018;39:3021–3104. doi: 
10.1093/eurheartj/ehy339

	 2.	 Sica DA. Antihypertensive therapy and its effects on potassium homeo-
stasis. J Clin Hypertens (Greenwich). 2006;8:67–73. doi: 10.1111/j.1524- 
6175.2006.05139.x

	 3.	 Kjeldsen K. Hypokalemia and sudden cardiac death. Exp Clin Cardiol. 
2010;15:e96–e99.

	 4.	 Ravens U, Cerbai E. Role of potassium currents in cardiac arrhythmias. 
Europace. 2008;10:1133–1137. doi: 10.1093/europace/eun193

	 5.	 Bowling CB, Pitt B, Ahmed MI, Aban IB, Sanders PW, Mujib M, 
Campbell RC, Love TE, Aronow WS, Allman RM, et al. Hypokalemia 
and outcomes in patients with chronic heart failure and chronic kidney 
disease: findings from propensity-matched studies. Circ Heart Fail. 
2010;3:253–260. doi: 10.1161/CIRCHEARTFAILURE.109.899526

	 6.	 Krogager ML, Torp-Pedersen C, Mortensen RN, Køber L, Gislason G, 
Søgaard P, Aasbjerg K. Short-term mortality risk of serum potassium lev-
els in hypertension: a retrospective analysis of nationwide registry data. 
Eur Heart J. 2017;38:104–112. doi: 10.1093/eurheartj/ehw129

	 7.	 Pedersen CB. The danish civil registration system. Scand J Public Health. 
2011;39(7 suppl):22–25. doi: 10.1177/1403494810387965

	 8.	 Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen L, 
Sørensen HT. The danish national patient registry: a review of content, 
data quality, and research potential. Clin Epidemiol. 2015;7:449–490. doi: 
10.2147/CLEP.S91125

	 9.	 Kildemoes HW, Sørensen HT, Hallas J. The danish national prescrip-
tion registry. Scand J Public Health. 2011;39(7 suppl):38–41. doi: 
10.1177/1403494810394717

	10.	 Olesen JB, Lip GY, Hansen ML, Hansen PR, Tolstrup JS, Lindhardsen J, 
Selmer C, Ahlehoff O, Olsen AM, Gislason GH, et al. Validation of risk strat-
ification schemes for predicting stroke and thromboembolism in patients 
with atrial fibrillation: nationwide cohort study. BMJ. 2011;342:d124. doi: 
10.1136/bmj.d124

	11.	 Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, 
Kusek JW, Eggers P, Van Lente F, Greene T, et al; CKD-EPI (Chronic 
Kidney Disease Epidemiology Collaboration). A new equation to esti-
mate glomerular filtration rate. Ann Intern Med. 2009;150:604–612. doi: 
10.7326/0003-4819-150-9-200905050-00006

	12.	 Nilsson E, Gasparini A, Ärnlöv J, Xu H, Henriksson KM, Coresh J, 
Grams ME, Carrero JJ. Incidence and determinants of hyperkalemia and 
hypokalemia in a large healthcare system. Int J Cardiol. 2017;245:277–
284. doi: 10.1016/j.ijcard.2017.07.035

	13.	 Rimoldi SF, Messerli FH, Chavez P, Stefanini GG, Scherrer U. Efficacy 
and safety of calcium channel blocker/diuretics combination therapy in 
hypertensive patients: a meta-analysis. J Clin Hypertens (Greenwich). 
2015;17:193–199. doi: 10.1111/jch.12462

	14.	 Fakunding JL, Catt KJ. Dependence of aldosterone stimulation in adrenal 
glomerulosa cells on calcium uptake: effects of lanthanum nd verapamil. 
Endocrinology. 1980;107:1345–1353. doi: 10.1210/endo-107-5-1345

	15.	 Foster R, Lobo MV, Rasmussen H, Marusic ET. Calcium: its role in 
the mechanism of action of angiotensin II and potassium in aldosterone 
production. Endocrinology. 1981;109:2196–2201. doi: 10.1210/endo- 
109-6-2196

	16.	 Schiffrin EL, Lis M, Gutkowska J, Genest J. Role of Ca2+ in response of 
adrenal glomerulosa cells to angiotensin II, ACTH, K+, and ouabain. Am 
J Physiol. 1981;241:e42-e46. doi: 10.1152/ajpendo.1981.241.1.E42

	17.	 Blanchouin-Emeric N, Zenatti M, Defaye G, Aupetit B. Verapamil di-
rectly inhibits aldosterone synthesis by adrenal mitochondria in vitro. J 
Steroid Biochem. 1988;30:453–456. doi: 10.1016/0022-4731(88)90141-0

	18.	 Imamura T, Matsuura Y, Nagoshi T, Ishikawa T, Date H, Kita  
T, Matsuyama A, Matsuo T, Eto T. Hyperkalemia induced by the cal-
cium channel blocker, benidipine. Intern Med. 2003;42:503–506. doi: 
10.2169/internalmedicine.42.503

	19.	 BenSalem C, Badreddine A, Fathallah N, Slim R, Hmouda H.  
Drug-induced hyperkalemia. Drug Saf. 2014;37:677–692. doi: 
10.1007/s40264-014-0196-1

	20.	 Sugarman A, Kahn T. Calcium channel blockers enhance extrarenal potas-
sium disposal in the rat. Am J Physiol. 1986;250(4 pt 2):F695–F701. doi: 
10.1152/ajprenal.1986.250.4.F695

	21.	 Minella RA, Schulman DS. Fatal verapamil toxicity and hypokalemia. Am 
Heart J. 1991;121(6 pt 1):1810–1812. doi: 10.1016/0002-8703(91)90033-e

	22.	 Freed MI, Rastegar A, Bia MJ. Effects of calcium channel blockers on 
potassium homeostasis. Yale J Biol Med. 1991;64:177–186.

	23.	 Popiliev I, Angelova I, Kundurdzhiev A. [Hypokalemia caused by nifedi-
pine]. Vutr Boles. 1990;29:126–129.

	24.	 Tishler M, Armon S. Nifedipine-induced hypokalemia. Drug Intell Clin 
Pharm. 1986;20:370–371. doi: 10.1177/106002808602000507

	25.	 Soliman AR, Akmal M, Massry SG. Parathyroid hormone interferes with 
extrarenal disposition of potassium in chronic renal failure. Nephron. 
1989;52:262–267. doi: 10.1159/000185654

	26.	 Zillich AJ, Garg J, Basu S, Bakris GL, Carter BL. Thiazide diuretics, potas-
sium, and the development of diabetes: a quantitative review. Hypertension. 
2006;48:219–224. doi: 10.1161/01.HYP.0000231552.10054.aa

	27.	 Rodenburg EM, Visser LE, Hoorn EJ, Ruiter R, Lous JJ, Hofman A, 
Uitterlinden AG, Stricker BH. Thiazides and the risk of hypokalemia 
in the general population. J Hypertens. 2014;32:2092–2097; discussion 
2097. doi: 10.1097/HJH.0000000000000299

	28.	 Sica DA, Carter B, Cushman W, Hamm L. Thiazide and loop diuret-
ics. J Clin Hypertens (Greenwich). 2011;13:639–643. doi: 10.1111/j. 
1751-7176.2011.00512.x

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 6, 2024



972    Hypertension    April 2020

	29.	 Bettinelli A, Bianchetti MG, Girardin E, Caringella A, Cecconi M, 
Appiani AC, Pavanello L, Gastaldi R, Isimbaldi C, Lama G. Use of cal-
cium excretion values to distinguish two forms of primary renal tubular 
hypokalemic alkalosis: bartter and gitelman syndromes. J Pediatr. 
1992;120:38–43. doi: 10.1016/s0022-3476(05)80594-3

	30.	 Okusa MD, Velázquez H, Ellison DH, Wright FS. Luminal calcium 
regulates potassium transport by the renal distal tubule. Am J Physiol. 
1990;258(2 pt 2):F423–F428. doi: 10.1152/ajprenal.1990.258.2.F423

	31.	 Sands JM, Naruse M, Baum M, Jo I, Hebert SC, Brown EM, 
Harris HW. Apical extracellular calcium/polyvalent cation-sensing re-
ceptor regulates vasopressin-elicited water permeability in rat kidney 
inner medullary collecting duct. J Clin Invest. 1997;99:1399–1405. doi: 
10.1172/JCI119299

	32.	 Calhoun DA, Lacourcière Y, Chiang YT, Glazer RD. Triple antihy-
pertensive therapy with amlodipine, valsartan, and hydrochlorothia-
zide: a randomized clinical trial. Hypertension. 2009;54:32–39. doi: 
10.1161/HYPERTENSIONAHA.109.131300

	33.	 Kotchen TA. Antihypertensive therapy-associated hypokalemia and 
hyperkalemia: clinical implications. Hypertension. 2012;59:906–907. 
doi: 10.1161/HYPERTENSIONAHA.112.192526

	34.	 Krogager ML, Eggers-Kaas L, Aasbjerg K, Mortensen RN, Køber L, 
Gislason G, Torp-Pedersen C, Søgaard P. Short-term mortality risk of 
serum potassium levels in acute heart failure following myocardial in-
farction. Eur Heart J Cardiovasc Pharmacother. 2015;1:245–251. doi: 
10.1093/ehjcvp/pvv026

	35.	 Aldahl M, Jensen AC, Davidsen L, Eriksen MA, Møller Hansen S, Nielsen BJ, 
Krogager ML, Køber L, Torp-Pedersen C, Søgaard P. Associations of serum 

potassium levels with mortality in chronic heart failure patients. Eur Heart J. 
2017;38:2890–2896. doi: 10.1093/eurheartj/ehx460

	36.	 Toto RD. Serum potassium and cardiovascular outcomes: the 
highs and the lows. Clin J Am Soc Nephrol. 2017;12:220–221. doi: 
10.2215/CJN.00030117

	37.	 Franse LV, Pahor M, Di Bari M, Somes GW, Cushman WC, Applegate WB. 
Hypokalemia associated with diuretic use and cardiovascular events 
in the systolic hypertension in the elderly program. Hypertension. 
2000;35:1025–1030. doi: 10.1161/01.hyp.35.5.1025

	38.	 Alderman MH, Piller LB, Ford CE, Probstfield JL, Oparil S, Cushman WC, 
Einhorn PT, Franklin SS, Papademetriou V, Ong ST, et al; Antihypertensive 
and Lipid-Lowering Treatment to Prevent Heart Attack Trial Collaborative 
Research Group. Clinical significance of incident hypokalemia and 
hyperkalemia in treated hypertensive patients in the antihypertensive 
and lipid-lowering treatment to prevent heart attack trial. Hypertension. 
2012;59:926–933. doi: 10.1161/HYPERTENSIONAHA.111.180554

	39.	 Rustad P, Felding P, Franzson L, Kairisto V, Lahti A, Mårtensson A, 
Hyltoft Petersen P, Simonsson P, Steensland H, Uldall A. The nordic refer-
ence interval project 2000: recommended reference intervals for 25 com-
mon biochemical properties. Scand J Clin Lab Invest. 2004;64:271–284. 
doi: 10.1080/00365510410006324

	40.	 Arima H, Barzi F, Chalmers J. Mortality patterns in hypertension. J Hypertens. 
2011;29(suppl 1):S3–S7. doi: 10.1097/01.hjh.0000410246.59221.b1

	41.	 Soni RK, Porter AC, Lash JP, Unruh ML. Health-related quality of life in 
hypertension, chronic kidney disease, and coexistent chronic health con-
ditions. Adv Chronic Kidney Dis. 2010;17:e17–e26. doi: 10.1053/j.ackd. 
2010.04.002

What Is New?
•	Patients treated with thiazide diuretics in combination with calcium 

antagonists, β-blockers, or renin-angiotensin system inhibitors had an 
increased hypokalemia risk within 90 days from combination therapy 
initiation.

•	 Increased hypokalemia risk was observed also in patients administered 
potassium supplements.

What Is Relevant?
•	 Increased hypokalemia risk was present despite all patients being treat-

ed with combination of antihypertensive drugs with opposite effect on 
potassium homeostasis and despite supplementation with potassium in 
some of the cases.

•	 Low potassium concentrations have previously been associated with 
arrhythmogenesis and increased mortality risk in patients with hyper-
tension.

Summary

In this register study comprising 463 patients with hypokalemia 
and 926 patients with normal potassium concentrations, we ob-
served that combination of thiazides with β-blockers, calcium 
channel blockers, and renin-angiotensin system inhibitors had 
increased hypokalemia risk compared with the combination of cal-
cium antagonists with renin-angiotensin system inhibitors.

Novelty and significance
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