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Abstract
Background: Trimethoprim–sulfamethoxazole
increases the risk of hyperkalemia when used
with spironolactone. We examined whether
this drug combination is associated with an
increased risk of sudden death, a consequence
of severe hyperkalemia.
Methods: We conducted a population-based
nested case–control study involving Ontario residents aged 66 years or older who received spironolactone between Apr. 1, 1994, and Dec. 31,
2011. Within this group, we identified cases as patients who died of sudden death within 14 days
after receiving a prescription for trimethoprim–
sulfamethoxazole or one of the other study antibiotics (amoxicillin, ciprofloxacin, norfloxacin or
nitrofurantoin). For each case, we identified up to
4 controls matched by age and sex. We determined the odds ratio (OR) for the association between sudden death and exposure to each antibiotic relative to amoxicillin, adjusted for predictors
of sudden death using a disease risk index.

T

he use of spironolactone increased considerably following publication of the
Randomized Aldactone Evaluation Study,
which showed that the drug improved morbidity
and mortality in carefully selected patients with
severe systolic heart failure.1,2 Although spironolactone is generally well tolerated, hyperkalemia
is a potentially life-threatening adverse effect of
the drug in clinical practice.3–5 Strategies for mitigating the risk of serious hyperkalemia include
cautious dosing of spironolactone, close monitoring of electrolyte levels and avoidance of other
drugs that cause hyperkalemia.
The widely used antibiotic trimethoprim has
pharmacologic similarities to the potassium-sparing diuretic amiloride. It reduces urinary potassium excretion by about 40% and can increase
the risk of life-threatening hyperkalemia in susceptible individuals, including those taking spironolactone.6,7 In combination with sulfamethox-
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Results: Of the 11 968 patients who died of
sudden death while receiving spironolactone,
we identified 328 whose death occurred
within 14 days after antibiotic exposure.
Compared with amoxicillin, trimethoprim–
sulfamethoxazole was associated with a more
than twofold increase in the risk of sudden
death (adjusted OR 2.46, 95% confidence interval [CI] 1.55–3.90). Ciprofloxacin (adjusted
OR 1.55, 95% CI 1.02–2.38) and nitrofurantoin (adjusted OR 1.70, 95% CI 1.03–2.79)
were also associated with an increased risk
of sudden death, although the risk with nitrofurantoin was not apparent in a sensitivity
analysis.
Interpretation: The antibiotic trimethoprim–
sulfamethoxazole was associated with an
increased risk of sudden death among older
patients taking spironolactone. When clinically
appropriate, alternative antibiotics should be
considered in these patients.
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azole, trimethoprim is most often used for the
treatment of urinary tract infections. More than
20 million prescriptions are written for the combination each year in the United States.8
We have previously shown that the use of
trimethoprim–sulfamethoxazole in patients receiving spironolactone increased the risk of
hospital admission with hyperkalemia more
than 12-fold relative to amoxicillin.9 However,
we did not examine whether the drug interaction was associated with an increased risk of
sudden cardiac death, a predictable consequence of severe hyperkalemia.10,11 This is important because sudden death in patients taking
spironolactone may erroneously be attributed to
intrinsic heart disease.
Because treatment with trimethoprim–
sulfamethoxazole can precipitate life-threatening
hyperkalemia in patients receiving spironolactone, we conducted a study to determine whether
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this drug interaction would be associated with an
increased risk of sudden death.

Methods
Setting
We conducted a population-based, nested case–
control study involving patients aged 66 years or
older living in the province of Ontario who received spironolactone between Apr. 1, 1994, and
Dec. 31, 2011. These individuals have universal
access to physician services and hospital care
and have provincial prescription drug coverage.
Data sources
We identified prescription drug records using the
Ontario Drug Benefit Database, which contains
comprehensive records of prescription drugs dispensed to residents in the province aged 65 years
or older. We obtained hospital admission data
from the Canadian Institute for Health Information’s Discharge Abstract Database, which contains detailed clinical information on all hospital
admissions in Ontario. We used the Ontario
Health Insurance Plan database to identify claims
for physician services, and we used validated disease registries to define the presence of diabetes
mellitus, hypertension, HIV infection and congestive heart failure.12–15 We obtained basic demographic data from the Registered Persons Database, a registry of all residents of the province
who are eligible for health insurance. We determined emergency department visits using the National Ambulatory Care Reporting System. We
ascertained sudden deaths from the Ontario Office
of the Registrar General’s database, which contains the cause of death reported on individual
death certificates. These datasets were linked with
the use of unique, encoded identifiers and an
alyzed at the Institute for Clinical Evaluative Sciences, and are routinely used to study the consequences of drug interactions.9,16–18
Study population
We used the Ontario Drug Benefit Database to
identify patients who were prescribed spironolactone between Apr. 1, 1994, and Dec. 31, 2011.
For each patient, we defined a period of continuous spironolactone use beginning with the first
prescription following their 66th birthday. We
excluded the first year of eligibility for prescription drug coverage (age 65) to avoid incomplete
medication records. Observation ended with the
first occurrence of death, the end of the study period or the cessation of spironolactone treatment,
which was defined as a lapse of more than 100
days between successive prescriptions. In the event
of such a lapse, we extended the observation
2
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period 100 days from the date of the last prescription to identify outcomes that might have
precipitated cessation of therapy. We used prescription intervals of 100 days to define continuous use of spironolactone, because this is the
maximum prescription interval allowed by the
provincial drug benefit program.
Within the cohort of continuous users of
spironolactone, we defined cases as patients
who died of sudden death within 14 days after
receiving a prescription for one of trimethoprim–
sulfamethoxazole, ciprofloxacin, norfloxacin,
nitrofurantoin or amoxicillin (excluding amoxicillin–clavulinic acid). The date of death served as
the index date for all analyses. We excluded patients who received prescriptions for more than
one of the antibiotics of interest, or any other antibiotic in the 30 days before the index date. We also
excluded patients admitted to hospital within
30 days before the index date, individuals with a
history of HIV infection or organ transplantation,
and individuals who filled prescriptions for oral
corticosteroids or immunomodulating drugs in the
100 days before the index date, to avoid the confounding effects of recent serious illness and immune compromise. We identified sudden death using a previously validated case definition, which
has a positive predictive value of 86.8%.19
From within the cohort of patients receiving
spironolactone, we selected up to 4 controls for
each case matched by age at the index date
(within 1 yr) and sex. Controls were required to
be alive at the index date, and to have received
one of the study antibiotics within 14 days before the index date. We excluded controls who
received prescriptions for any other antibiotic in
the 30 days before the index date. Consequently,
all cases and controls were older patients receiving spironolactone who did not receive any antibiotic in the 30 days before the index date other
than one of the study antibiotics. When fewer
than 4 controls were available for each case, we
included only those controls and maintained the
matching process. We excluded cases that could
not be matched to at least 1 control.
Statistical analysis
We used standardized differences to compare
baseline demographic and clinical characteristics
of cases and controls. Standardized differences
of less than 0.1 indicate good balance between
the cases and controls for a given covariate.20
We used conditional logistic regression to estimate the odds ratio (OR) and 95% confidence
intervals (CIs) for the association between sudden
death and receipt of a prescription for trimethoprim–sulfamethoxazole, with patients receiving
amoxicillin as the reference group. We selected
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amoxicillin as the reference antibiotic because it
does not interact with spironolactone and is not
associated with sudden death.
To contextualize our findings, we conducted
similar analyses for norfloxacin, nitrofurantoin and
ciprofloxacin, because these drugs are commonly
used for the treatment of urinary tract infections.21
We anticipated no association between sudden
death and norfloxacin, because it has no direct cardiac effects and does not interact with spironolactone. In contrast, we anticipated an association with
ciprofloxacin and with nitrofurantoin, because the
former tends to be used for more serious infections
and can independently cause prolongation of the
QT interval,22,23 and the latter was associated with
an increased risk of hyperkalemia in patients
receiving spironolactone in our earlier study.9
To prevent model overfitting, we adjusted our
analysis for an extensive array of covariates
associated with sudden death using a disease risk
index.24 We derived the disease risk index for
each patient using the β coefficients obtained
from a nonparsimonious multivariable logistic
regression model that included sudden cardiac
death as the dependent variable and an extensive
list of medical conditions and classes of prescription drugs related to the risk of this outcome
(Appendix 1, available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.140816/-/DC1). The
disease risk index was then introduced as a single term in the conditional logistic regression
model along with indicators for each antibiotic
and duration of spironolactone use. To test the
robustness of our findings, we repeated the an
alysis by matching cases and controls by age,
sex and disease risk index (within 0.2 standard
deviations). Because the disease risk index was
developed specifically for the purposes of this
study, it has not been previously validated.
To provide an approximation of the absolute
risk of sudden death associated with antibiotic
use, we determined the number of sudden deaths
occurring within 14 days after receiving each
antibiotic relative to the total number of prescriptions for each drug in the same subset of patients.
We performed all analyses using SAS version
9.3 (SAS Institute).
Ethics approval
The study design was approved by the Research
Ethics Board of the Sunnybrook Health Sciences
Centre, Toronto.

Results
During the 17-year study period, we identified
206 319 patients who received treatment with
spironolactone. Of these, 11 968 experienced

sudden death, including 349 who died within
14 days after receiving one of the study antibiotics. Of the 349 patients, 328 (94.0%) were
matched to at least 1 control. Most of the patients
were aged 85 years or older, and as expected,
Table 1: Characteristics of patients taking spironolactone who experienced
sudden death within 14 days after receiving co-prescription of trimethoprim–
sulfamethoxazole or another study antibiotic* (cases) and matched controls
No. (%) of patients†
Cases
n = 328

Controls
n = 1171

Standardized
difference‡

Age, yr, median (IQR)
Age group, yr
66–74
75–84
≥ 85

86 (81–90)

86 (81–90)

0.07

34 (10.4)
84 (25.6)
210 (64.0)

123 (10.5)
332 (28.4)
716 (61.1)

0.01
0.06
0.07

Female sex

217 (66.2)

807 (68.9)

0.06

1 (1–2)

3 (1–5)

0.66

56 (17.1)
20 (6.1)
55 (16.8)
197 (60.1)

389 (33.2)
128 (10.9)
201 (17.2)
453 (38.7)

0.36
0.16
0.01
0.44

258 (78.7)
7 (2.1)
14 (4.3)
135 (41.2)
9 (2.7)
113 (34.5)
249 (75.9)
201 (61.3)

681 (58.2)
30 (2.6)
33 (2.8)
370 (31.6)
30 (2.6)
359 (30.7)
892 (76.2)
445 (38.0)

0.43
0.03
0.08
0.20
0.01
0.08
0.01
0.48

18 (14–22)

15 (12–19)

0.37

284 (86.6)
≤5
114 (34.8)
11 (3.4)
42 (12.8)
176 (53.7)

833 (71.1)
≤5
400 (34.2)
37 (3.2)
155 (13.2)
524 (44.7)

0.36
0.00
0.01
0.01
0.01
0.18

83 (25.3)
71 (21.6)

284 (24.3)
239 (20.4)

0.02
0.03

56 (17.1)
56 (17.1)
58 (17.7)

238 (20.3)
227 (19.4)
177 (15.1)

0.08
0.06
0.07

Variable

Duration of spironolactone use,
yr, median (IQR)
Charlson Comorbidity Index
No hospital admission
0
1
≥2
Comorbid condition
Congestive heart failure
Angina§
Acute myocardial infarction§
Dysrhythmia§
Chronic kidney disease§
Diabetes mellitus
Hypertension
Residence in long-term care
facility
No. of prescription drugs in
previous year, median (IQR)
Medication use in preceding 90 d
Non–potassium-sparing diuretic
Potassium-sparing diuretic¶
β-Adrenergic receptor antagonist
Potassium supplement
NSAID
Renin–angiotensin–aldosterone
inhibitor
Income quintile
1 (lowest)
2
3
4
5 (highest)

Note: IQR = interquartile range, NSAID = nonsteroidal anti-inflammatory drug.
*Amoxicillin, ciprofloxacin, norfloxacin or nitrofurantoin.
†Unless stated otherwise.
‡Difference between cases and controls divided by standard deviation.
§In past 3 years.
¶Other than spironolactone; prevalence not reported because of small cell size.
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comorbidities and medications associated with
sudden death were more prevalent among the
cases than among the controls (Table 1). The
majority of spironolactone prescriptions dispensed to cases (95%) and controls (94%) were
for the 25-mg formulation of the drug.
In the main analysis, sudden death during spironolactone treatment was more than twice as
likely following a prescription for trimethoprim–
sulfamethoxazole than for amoxicillin (adjusted
OR 2.46, 95% CI 1.55–3.90) (Table 2). Treatment with ciprofloxacin (adjusted OR 1.55, 95%
CI 1.02–2.38) and nitrofurantoin (adjusted OR
1.70, 95% CI 1.03–2.79) were also associated
with an increased risk of sudden death during
spironolactone therapy. In contrast, we found no
such risk with norfloxacin (adjusted OR 0.86,
95% CI 0.47–1.58).
In the sensitivity analysis, we matched 148
cases to 231 controls, achieving adequate balance of nearly all covariates evaluated (Appendix 3, available at www.cmaj.ca/lookup/suppl
/doi:10.1503/cmaj.140816/-/DC1). Estimates for
the association between sudden death and tri
methoprim–sulfamethoxazole (adjusted OR
1.94, 95% CI 0.93–4.04) and ciprofloxacin
(adjusted OR 1.40, 95% CI 0.73–2.67) were
attenuated, but they were consistent with a
heightened risk of sudden death (Appendix 4,
available at www.cmaj.ca/lookup/suppl/doi
:10.1503/cmaj.140816/-/DC1). In contrast, an
association with nitrofurantoin was not found in
the sensitivity analysis (adjusted OR 0.90, 95%
CI 0.43–1.90).
Overall, 29 141 courses of trimethoprim–
sulfamethoxazole in patients receiving spironolactone were associated with 215 deaths within
14 days after exposure, for a rate of 0.74%. The
respective rates of death for amoxicillin, ciprofloxacin, norfloxacin and nitrofurantoin were
0.35%, 0.54%, 0.31% and 0.39%.

Interpretation
In this population-based study involving older
patients receiving spironolactone treatment, we
found that trimethoprim–sulfamethoxazole use
was associated with a higher risk of sudden
death relative to other antibiotics with similar indications. As expected, treatment with ciprofloxacin was also associated with an increased risk
of sudden death among these patients, whereas
no such risk was observed with norfloxacin. Our
findings were consistent in a sensitivity analysis
in which cases and controls were matched by
their disease risk index; however, as expected,
the results were less precise because of the
marked reduction in sample size associated with
the matching process for the sensitivity analysis.
Although we observed an association between
sudden death and nitrofurantoin in the main analysis, this finding was no longer apparent in the
sensitivity analysis. The reasons for this difference are unclear; however, a pharmacodynamic
interaction between nitrofurantoin and spironolactone is biologically plausible, because the former may suppress aldosterone levels.25
Our study has important clinical implications.
Trimethoprim–sulfamethoxazole and spironolactone are commonly prescribed medications, and
the likelihood of co-prescription is high. Moreover, fatal hyperkalemia resulting from a drug
interaction with trimethoprim–sulfamethoxazole
is not likely to be implicated as the cause of
death, particularly among older patients taking
spironolactone, most of whom have intrinsic
heart disease. The risks of this drug interaction
can be minimized or avoided through the use of
alternate antibiotics, careful patient selection and
monitoring, and limited duration of antibiotic
treatment, when clinically appropriate.
We speculate that the heightened risk of
sudden death associated with trimethoprim–

Table 2: Association between sudden death and recent antibiotic use*
No. (%) of patients

OR (95% CI)

Antibiotic

Cases
n = 328

Controls
n = 1171

Unadjusted

Adjusted†

TMP/SMX

86 (26.2)

189 (16.1)

2.45 (1.67–3.61)

2.46 (1.55–3.90)

Nitrofurantoin

49 (14.9)

202 (17.3)

1.32 (0.86–2.02)

1.70 (1.03–2.79)

Norfloxacin

27

162 (13.8)

0.84 (0.51–0.39)

0.86 (0.47–1.58)

Ciprofloxacin
Amoxicillin

(8.2)

105 (32.0)

289 (24.7)

1.99 (1.38–2.87)

1.55 (1.02–2.38)

61 (18.6)

329 (28.1)

1.00 (ref)

1.00 (ref)

Note: CI = confidence interval, OR = odds ratio, ref = reference group, TMP/SMX = trimethoprim–sulfamethoxazole.
*Antibiotic use in preceding 14 d.
†Adjusted for disease risk index (covariates in Appendix 2, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.140816/-/
DC1) and duration of spironolactone use.
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sulfamethoxazole reflects terminal hyperkalemia
resulting from its established drug interaction
with spironolactone. This reasoning is supported
by case reports, clinical trials and our previous
research that showed a 12-fold increased risk of
hospital admission with hyperkalemia associated
with the same drug combination.9,26–29 A similar
interaction likely accounts for the increased risk
of hyperkalemia and sudden death associated
with trimethoprim–sulfamethoxazole among
patients receiving renin–angiotensin inhibitors.18,30
The mechanism by which trimethoprim can precipitate hyperkalemia in patients receiving spironolactone relates to an amiloride-like inhibition
of sodium channels in the luminal membrane of
the distal tubule, which results in impaired potassium secretion and sodium reabsorption.31
Similarly, the heightened risk of sudden
death with nitrofurantoin observed in our main
analysis is consistent with our earlier findings of
a more than twofold increased risk of hyperkalemia when the drug is combined with spironolactone.9 This finding may reflect a selection bias,
whereby patients at high risk of sudden death
are preferentially prescribed nitrofurantoin rather
than trimethoprim–sulfamethoxazole. Alternatively, some data suggest that nitrofurantoin dramatically reduces aldosterone from the adrenal
cortex,25 which implies a mechanistically different interaction between spironolactone and nitrofurantoin that predisposes susceptible patients to hyperkalemia and sudden death.
However, as noted earlier, the association between nitrofurantoin and sudden death should
be interpreted in light of the discrepant findings
of our sensitivity analysis. In the absence of research confirming the safety of nitrofurantoin in
patients receiving spironolactone, selection of
an alternative antibiotic should be considered
for these patients. Although ciprofloxacin has no
known drug interaction with spironolactone, we
postulate that the risk of sudden death associated with this drug may be explained by its proarrhythmic properties, variation in treatment indication or its use in patients with particularly
severe urinary tract infections.
Limitations
Some limitations of our work merit emphasis.
We used administrative data and thus had no
access to the patients’ serum potassium levels,
indices of renal function, whether antibiotic
doses were adjusted for renal function or medication adherence. Although we used a validated
algorithm to define sudden death, misclassification
is possible. However, these limitations apply
equally to all antibiotics. Importantly, we had no
information regarding the indications for antibiotic

use. Although nitrofurantoin and norfloxacin are
limited to the treatment of uncomplicated urinary
tract infections, amoxicillin, trimethop rim–
sulfamethoxazole and ciprofloxacin may be used
for other infections. In addition, our findings
may not apply to younger patients, who generally have fewer risks for severe hyperkalemia
and sudden death. Case patients had a greater
comorbidity burden relative to controls. However, this is expected among patients who experience sudden death, and we adjusted for differences between the groups with a disease risk
index derived using an extensive array of disease- and drug-related determinants of sudden
cardiac death. Furthermore, as with all observational studies, confounding due to unmeasured
variables is a potential source of bias. Finally,
confounding by illness severity is a potential
source of bias, because patients receiving trimethoprim–sulfamethoxazole may be systematically less well than those receiving amoxicillin.
However, this is an unlikely explanation for our
findings, because the risk of sudden death with
ciprofloxacin was lower than that with trimethoprim–sulfamethoxazole, yet ciprofloxacin is
generally used to treat more severe or more complicated urinary tract infections.
Conclusion
We found that trimethoprim–sulfamethoxazole
was associated with a marked increase in the risk
of sudden death among older patients receiving
spironolactone, a finding that we speculate reflects
trimethoprim-induced hyperkalemia. We also
found a less pronounced but clinically important
association with ciprofloxacin, and possibly nitrofurantoin. When clinically appropriate, clinicians
should consider alternative antibiotics for patients
receiving spironolactone.
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