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Background: Trimethoprim therapy can cause hyperkalemia and is often coprescribed with angiotensinconverting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs). The objective of this study was
to characterize the risk of hyperkalemia-associated hospitalization in elderly patients who were being treated
with trimethoprim-sulfamethoxazole along with either
an ACEI or an ARB.
Methods: We conducted a population-based, nested casecontrol study of a cohort of elderly patients 66 years or
older who were residents of Ontario, Canada, and who were
receiving continuous therapy with either an ACEI or an
ARB. Case patients were those with a hyperkalemiaassociated hospitalization within 14 days of receiving a prescription for trimethoprim-sulfamethoxazole, amoxicillin, ciprofloxacin, norfloxacin, or nitrofurantoin. For each
case, we identified up to 4 control patients from the same
cohort matched for age, sex, and presence or absence of
chronic renal disease and diabetes. Odds ratios were de-

termined for the association between hyperkalemiaassociated hospitalization and previous antibiotic use.
Results: During the 14-year study period, we identified

4148 admissions involving hyperkalemia, 371 of which occurred within 14 days of antibiotic exposure. Compared
with amoxicillin, the use of trimethoprim-sulfamethoxazole was associated with a nearly 7-fold increased risk of
hyperkalemia-associated hospitalization (adjusted odds ratio, 6.7; 95% confidence interval, 4.5-10.0). No such risk
was found with the use of comparator antibiotics.
Conclusions: Among older patients treated with ACEIs
or ARBs, the use of trimethoprim-sulfamethoxazole is associated with a major increase in the risk of hyperkalemiaassociated hospitalization relative to other antibiotics. Alternate antibiotic therapy should be considered in these
patients when clinically appropriate.
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NGIOTENSIN-CONVERTING
enzyme inhibitors (ACEIs)
and angiotensin receptor
blockers (ARBs) are cornerstones of therapy for patients with congestive heart failure, chronic
renal disease, and hypertension.1-4 Although ACEIs and ARBs are generally well
tolerated, the potential for serious hyperkalemia is an important consideration in patients who are receiving these drugs, particularly when other risk factors for
hyperkalemia are present.5,6 In clinical practice, hyperkalemia develops in approximately 10% of outpatients within 1 year of
the initiation of ACEI therapy.5 Risk factors for ACEI- or ARB-induced hyperkalemia are well described and include renal insufficiency, diabetes mellitus, reduced left
ventricular function, and advanced age.6,7
Coadministration of drugs that impair
potassium excretion is another important
and potentially avoidable risk factor for hy-
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perkalemia in patients who are receiving
ACEIs or ARBs.6-10 It is well established that
the concomitant use of potassium-sparing
diuretics with ACEIs or ARBs increases the
risk of hyperkalemia, which can sometimes be life-threatening.8,9 Trimethoprim
exhibits structural and pharmacologic similarities to the potassium-sparing diuretic
amiloride and reduces urinary potassium
excretion by approximately 40%.11,12 In
combination with sulfamethoxazole, the
drug is commonly used for the treatment
of urinary tract infection.
Because trimethoprim-sulfamethoxazole, ACEIs, and ARBs are widely used
medications, the likelihood of coprescription of these drugs is high. However, to
our knowledge, the risk of hyperkalemia
with the use of these drug combinations
has not been studied. We sought to characterize the clinical significance of this drug
interaction by determining the risk of hyperkalemia after the prescription of tri-
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methoprim-sulfamethoxazole to older patients who are
being treated with either an ACEI or an ARB.
METHODS
We conducted a population-based, nested case-control study
of a cohort of elderly patients 66 years or older who were residents of Ontario, Canada, between April 1, 1994, and March
31, 2008, and who were receiving continuous therapy with either
an ACEI or an ARB. Patients who were receiving combination
ACEI-ARB therapy were excluded. Data regarding prescription drug use were obtained from the records of the Ontario
Drug Benefit Program, which captures prescriptions dispensed to all Ontario residents 65 years or older. Hospitalization data and demographic information were obtained from the
Canadian Institute for Health Information Discharge Database and the Registered Persons Database, respectively. The Canadian Institute for Health Information Discharge Database contains demographic and clinical information regarding all hospital
admissions, discharges, and same-day surgical procedures from
participating hospitals in Canada. Abstraction of patient charts
is undertaken by trained health information professionals using
standard diagnosis and procedure codes. The Ontario Health
Insurance Plan database provided information regarding claims
for all physician services, and the Ontario Diabetes Database
was examined for information regarding diabetes diagnoses.
These databases were linked in an anonymous fashion using
encrypted health card numbers and have previously been used
to study population-based health outcomes.8,9,13,14
The period of continuous use for each patient began with the
first prescription for either an ACEI or an ARB after the patient’s 66th birthday. The observation period ended with the first
occurrence of hyperkalemia-related hospitalization, death, or discontinuation of treatment with an ACEI or an ARB, whichever
occurred first. Patients were considered to have discontinued treatment if more than 100 days lapsed between prescriptions.
Within the cohort of continuous users of ACEIs or ARBs,
we identified all hospitalizations involving a diagnosis of hyperkalemia at the time of admission (International Classification of Diseases, 9th and 10th Revisions, codes 276.7 and E87.5,
respectively). We included only patients who had hyperkalemia coded as an admission diagnosis, as opposed to individuals in whom this problem emerged during the course of hospitalization. For the primary analysis, cases were defined as
patients with a hyperkalemia-associated hospitalization within
14 days of receiving a prescription for trimethoprim-sulfamethoxazole, ciprofloxacin, norfloxacin, nitrofurantoin, or
amoxicillin. We restricted our analyses to antibiotics that are
primarily used to treat urinary tract infections to avoid the potential confounding effects of other systemic infections. The date
of hospitalization served as the index date for all analyses, and
only the first instance of hospitalization with hyperkalemia was
considered for patients with more than 1 such admission during the study period. Patients were excluded if they received
prescriptions for any other antibiotic in the 30 days preceding
the index date.
From within the cohort of patients receiving an ACEI or an
ARB, we selected up to 4 controls for each case using incidence
density sampling.15 Control patients were required to not have
been hospitalized for hyperkalemia before the index date and also
to have received 1 of the study antibiotics within 14 days preceding the index date. Consequently, all cases and controls were
elderly patients who were receiving long-term therapy with either
an ARB or an ACEI and who had received treatment with 1 of
the study antibiotics. Controls and cases were matched for age
at the index date, sex, and presence or absence of renal disease
(based on review of physician claims, hospitalization records,

and receipt of inpatient or outpatient dialysis in the preceding
year) and diabetes based on a review of the Ontario Diabetes Database.16 When the number of available controls who could be
matched to patients was fewer than 4, we analyzed only those
controls and maintained the matching process.
We compared the baseline demographic and clinical characteristics between cases and controls by using conditional logistic regression models. We also computed the standardized
difference between the 2 groups for each variable, with differences of less than 0.1 taken to indicate good balance between
the cases and controls for a given covariate.17 The primary analysis examined the association between hyperkalemia-related
hospitalization and receipt of a prescription for trimethoprimsulfamethoxazole in the preceding 14 days using amoxicillintreated patients as the reference group. With rare exception, the
use of amoxicillin should not cause hyperkalemia.18 To contextualize our findings, we conducted similar analyses for norfloxacin, ciprofloxacin, and nitrofurantoin because these antibiotics
have similar indications as trimethoprim-sulfamethoxazole but
are not major risk factors for hyperkalemia. We conducted secondary analysis using prescription exposure windows of 7 and
21 days preceding the index admission for hyperkalemia.
For each analysis, conditional logistic regression was used to
estimate the odds ratio and the 95% confidence interval for the
association between hyperkalemia-related hospitalization and recent antibiotic use. Multivariable conditional logistic regression
analysis was performed to adjust for concomitant medical conditions and classes of prescription drugs that could potentially
be associated with an increased risk of ACEI- or ARB-associated
hyperkalemia (eAppendix; http://www.archinternmed.com).19 Individuals with missing data or a Charlson Comorbidity Index
designation of no hospitalization were given a separate classification variable for inclusion in the adjusted models. All analyses were performed using SAS version 9.2 (SAS Institute, Cary,
North Carolina).
RESULTS

Among 439 677 patients in the cohort, we identified 4148
admissions involving hyperkalemia over the 14-year study
period. Of these, 371 occurred within 14 days of the patient receiving an antibiotic of interest. Virtually all cases
(n=367; 98.9%) were matched to at least 1 control. Cases
and controls were well matched with respect to age, sex,
and history of renal disease and diabetes (Table 1). As
expected, the use of medications associated with an increased risk of hyperkalemia was more prevalent among
cases than among controls.
More than half of all patients who were hospitalized for
hyperkalemia within 14 days of receiving a urinary tract
antibiotic had received trimethoprim-sulfamethoxazole.
The median (interquartile range) length of hospitalization was 6 (3-13) days. In the primary analysis, cases were
almost 7 times more likely than controls to have received
a prescription for trimethoprim-sulfamethoxazole than for
amoxicillin in the 14 days preceding admission (adjusted
odds ratio, 6.7; 95% confidence interval, 4.5-10.0). No association was found between hyperkalemia-related hospitalization and the use of any other study antibiotic
(Table 2). Similar results were obtained when the index
hospitalization occurred within 7 and 21 days of the patient receiving a prescription for trimethoprim-sulfamethoxazole (Table 2). Again, no increased risk was seen
with the use of any of the comparator antibiotics.
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Table 1. Characteristics of Cases and Controls a

Variable
Age at index date, median (interquartile range), y
Male
Charlson Comorbidity Index
No hospitalization
0
1
ⱖ2
History of congestive heart failure, 3 y
History of hyperkalemia, 3 y
History of renal disease, 3 y
Diabetes
Residence in a long-term care facility
No. of prescription drugs in previous year, median (interquartile range)
Drug therapy
Nonsteroidal anti-inflammatory drugs
␤-Adrenergic receptor antagonists
Potassium-sparing diuretics
Nonpotassium-sparing diuretics
Potassium supplements
Income quintile
1 (lowest)
2
3
4
5
Missing
a Values are expressed as number (percentage) unless otherwise indicated.
b Based on global Wald statistic for test of association between variable and
c Difference between cases and controls divided by standard deviation.

Cases
(n = 367)

Controls
(n = 1417)

82 (75-87)
145 (39.5)

81 (75-87)
551 (38.9)

86 (23.4)
65 (17.7)
69 (18.8)
147 (40.1)
78 (21.3)
ⱕ5 (1.1)
53 (14.4)
188 (51.2)
54 (14.7)
11 (7-16)

388 (27.4)
339 (23.9)
260 (18.3)
430 (30.3)
203 (14.3)
8 (0.6)
166 (11.7)
733 (51.7)
231 (16.3)
9 (6-14)

138 (37.6)
123 (33.5)
86 (24.3)
256 (69.8)
14 (3.8)

461 (32.5)
345 (24.3)
97 (6.8)
745 (52.6)
23 (1.6)

100 (27.2)
86 (23.4)
72 (19.6)
60 (16.3)
46 (12.5)
ⱕ5 (0.8)

338 (23.9)
327 (23.1)
296 (20.9)
216 (15.2)
236 (16.7)
ⱕ5 (0.3)

P Value b
.07
Matched
.002

.001
.49
Matched
Matched
.44
⬍.001
.05
⬍.001
⬍.001
.02
.26

Standardized
Difference c
0.022
0.013
0.089
0.149
0.012
0.208
0.191
0.064
0.083
0.010
0.043
0.268
0.107
0.209
0.560
0.348
0.154
0.079
0.008
0.031
0.031
0.113
0.086

case-control status using conditional logistic regression.

Table 2. Association Between Hospital Admission Involving Hyperkalemia and Recent Antibiotic Use
No. (%)
Cases

Controls

Crude OR
(95% CI)

Adjusted OR
(95% CI) b

367
204 (55.6)
20 (5.4)
76 (20.7)
18 (4.9)
49 (13.4)

1417
323 (22.8)
163 (11.5)
413 (29.1)
129 (9.1)
389 (27.5)

6.2 (4.3-9.1)
0.8 (0.5-1.5)
1.5 (1.0-2.3)
1.2 (0.6-2.1)
1 [Reference]

6.7 (4.5-10.0)
0.8 (0.4-1.5)
1.4 (0.9-2.2)
1.1 (0.6-2.0)
1 [Reference]

213
112 (52.6)
8 (3.8)
52 (24.4)
10 (4.7)
31 (14.6)

809
143 (17.7)
96 (11.9)
222 (27.4)
90 (11.1)
258 (31.9)

6.2 (3.9-9.9)
0.7 (0.3-1.7)
1.9 (1.1-3.1)
1.0 (0.5-2.1)
1 [Reference]

6.8 (4.1-11.3)
0.7 (0.3-1.8)
1.5 (0.9-2.6)
0.9 (0.4-2.1)
1 [Reference]

368
204 (55.4)
21 (5.7)
76 (20.6)
18 (4.9)
49 (13.3)

1193
236 (19.8)
154 (12.9)
346 (29.0)
110 (9.2)
347 (29.1)

6.1 (4.2-8.9)
0.8 (0.5-1.5)
1.5 (1.0-2.3)
1.2 (0.6-2.2)
1 [Reference]

6.5 (4.3-9.9)
0.8 (0.4-1.5)
1.5 (1.0-2.4)
1.2 (0.6-2.2)
1 [Reference]

Antibiotic
Primary analysis
14-Day exposure window
Total
Trimethoprim-sulfamethoxazole
Norfloxacin
Ciprofloxacin
Nitrofurantoin
Amoxicillin a
Secondary analysis
7-Day exposure window
Total
Trimethoprim-sulfamethoxazole
Norfloxacin
Ciprofloxacin
Nitrofurantoin
Amoxicillin a
21-Day exposure window
Total
Trimethoprim-sulfamethoxazole
Norfloxacin
Ciprofloxacin
Nitrofurantoin
Amoxicillin a

Abbreviations: CI, confidence interval; OR, odds ratio.
a Reference group.
b Adjusted for congestive heart failure, hospitalization for hyperkalemia in previous 3 years, Charlson Comorbidity Index, income quintile, living in long-term
care facility, number of prescription drugs in previous year, and medications (␤-adrenergic receptor blockers, potassium-sparing diuretics, nonpotassium-sparing
diuretics, nonsteroidal anti-inflammatory drugs, and potassium supplements).
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COMMENT

In this population-based study spanning 14 years, we found
that the use of trimethoprim-sulfamethoxazole was strongly
associated with hyperkalemia-related hospitalization among
elderly patients who were treated with either an ACEI or
an ARB. The similarity between the adjusted and crude
odds ratios suggests that there was very little confounding of the observed association between trimethoprimsulfamethoxazole exposure and hospitalization for hyperkalemia. In contrast, no such risk was seen for commonly
used antibiotics with similar indications. These findings
support the notion of a potentially life-threatening drug
interaction between trimethoprim and inhibitors of the renin-angiotensin aldosterone system.20-23
Although the use of trimethoprim-sulfamethoxazole has
decreased over time in Ontario, the drug remains commonly used, with more than 107 000 prescriptions dispensed to individuals older than 65 years in 2007. Among
our cohort of patients, exposure to trimethoprim-sulfamethoxazole was appreciable, with 11.6% of continuous
ACEI or ARB users receiving at least 1 prescription for the
drug during the study period. Given the widespread use
of trimethoprim-sulfamethoxazole, ACEIs, and ARBs in
the general population, and more specifically among elderly patients with multiple risk factors for hyperkalemia, the clinical implications of our findings are considerable. Serious hyperkalemia can cause sudden death and
is one of the most dangerous complications of therapy with
ACEIs or ARBs. Consequently, strategies aimed at minimizing the risk of hyperkalemia are necessary corequisites of treatment. When possible, minimizing the use of
drugs that further impair potassium excretion is essential. Our findings suggest that for patients receiving an ACEI
or an ARB and for whom therapy with antibiotics is required, avoidance of trimethoprim-sulfamethoxazole
therapy may be prudent when other options exist. The
mechanism by which the use of trimethoprim can precipitate hyperkalemia in users of ACEIs or ARBs is related to an amiloridelike inhibition of sodium channels
in the luminal membrane of the distal tube.11,12 Consequently, sodium reabsorption and potassium secretion are
impaired, resulting in an antikaliuretic effect that may
predispose susceptible individuals to clinically important hyperkalemia.
Some limitations of our work merit emphasis. We used
administrative data and had no access to serum potassium levels or indices of renal function or medication adherence and no record of nonprescription medications
that may have influenced the risk of hyperkalemia. However, these limitations apply equally to all antibiotics. We
cannot identify outpatient hyperkalemia and hyperkalemia-related mortality in the prehospital setting, and our
study therefore underestimates the clinical consequences of this drug interaction. Some clinicians may be
aware of the potential risk of hyperkalemia with the use
of trimethoprim-sulfamethoxazole, but differential outcome ascertainment among patients treated with trimethoprim-sulfamethoxazole is unlikely to affect our findings because electrolyte levels are routinely measured in
older patients who present to the hospital. Also, our find-

ings may not apply to younger patients with fewer risk
factors for hyperkalemia. Finally, the accuracy of hospital discharge coding for hyperkalemia has not been validated, although the same limitation applies to previous
research on the clinical consequences of drug interactions leading to hyperkalemia.8,9
In conclusion, we found that prescription of trimethoprim-sulfamethoxazole to elderly patients receiving
therapy with either an ACEI or an ARB was associated
with a major increase in the risk of hyperkalemia. Other
antibiotics commonly used for treating urinary tract infection impart no such risk. Increased awareness of this
drug interaction among pharmacists and physicians is necessary to ensure that the potential for life-threatening hyperkalemia with the use of this drug combination is minimized either by selection of alternative antibiotics when
appropriate or by close monitoring of patients who are
being treated with these medications.
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