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ABSTRACT

Background. Trimethoprim-sulfamethoxazole (TMP-SMX)
can cause hyperkalemia by reducing renal potassium excretion.
We assessed the risk of hyperkalemia after initiating TMP-
SMX versus amoxicillin and determined if this risk is modified
by a patient’s baseline kidney function [estimated glomerular
filtration rate (eGFR)].
Methods. We conducted a population-based cohort study
in Ontario, Canada involving adults ≥66 years of age newly
treated with TMP-SMX (n = 58 999) matched 1:1 with those
newly treated with amoxicillin (2008–2020). The primary
outcome was a hospital encounter with hyperkalemia defined
by a laboratory serum potassium value ≥5.5 mmol/L within
14 days of antibiotic treatment. Secondary outcomes included
a hospital encounter with acute kidney injury (AKI) and all-
cause hospitalization. Risk ratios (RRs) were obtained using a
modified Poisson regression.
Results. A hospital encounter with hyperkalemia occurred
in 269/58 999 (0.46%) patients treated with TMP-SMX versus
80/58 999 (0.14%) in those treated with amoxicillin {RR 3.36
[95% confidence interval (CI) 2.62–4.31]}. The absolute risk
of hyperkalemia in patients treated with TMP-SMX versus
amoxicillin increased progressively with decreasing eGFR (risk
difference of 0.12% for an eGFR ≥60 ml/min/1.73 m2, 0.42%
for eGFR 45–59, 0.85% for eGFR 30–44 and 1.45% for
eGFR <30; additive interaction P < .001). TMP-SMX versus
amoxicillin was associated with a higher risk of a hospital
encounterwithAKI [RR3.15 (95%CI 2.82–3.51)] and all-cause
hospitalization [RR 1.43 (95% CI 1.34–1.53)].
Conclusions. The 14-day risk of a hospital encounter with
hyperkalemia was higher in patients newly treated with TMP-
SMX versus amoxicillin and the risk was highest in patients
with a low eGFR.

Keywords: acute kidney injury, chronic kidney disease, hyper-
kalemia, trimethoprim, trimethoprim-sulfamethoxazole

INTRODUCTION
Trimethoprim-sulfamethoxazole (TMP-SMX) is a common
antibiotic used to treat bacterial infections of the urinary tract,
skin and soft tissues [1–4]. TMP-SMX is primarily excreted by
the kidneys and can cause hyperkalemia through inhibition
of amiloride-sensitive channels in the renal collecting ducts,
reducing potassium excretion by the kidneys [5, 6].

Large observational studies report a higher risk of hyper-
kalemia in patients prescribed TMP-SMX versus other antibi-
otics. However, hyperkalemia in these studies was assessed
solely with administrative database diagnosis codes [7–9] or
with a combination of diagnosis codes and a primary care
record showing an elevated potassium level [10]. The sensi-
tivity of diagnosis codes to identify hyperkalemia is <15%,
raising concerns about accurate outcome ascertainment [11].
Prior studies also did not adequately examine the risk of TMP-
SMX–induced hyperkalemia in patients with chronic kidney
disease, a growing segment of the population at risk for adverse
drug events from renally excreted drugs.

We conducted a population-based cohort study of older
adults who received an outpatient prescription for TMP-
SMX versus amoxicillin. The primary outcome was a hos-
pital encounter (emergency department visit or a hospital
admission) with hyperkalemia assessed with laboratory mea-
surements of serum potassium. Secondary outcomes were a
hospital encounter with acute kidney injury (AKI) , all-cause
hospitalization and all-cause mortality. Prespecified subgroup
analyses were conducted by the baseline category of estimated
glomerular filtration rate (eGFR), sex, evidence of a urine

© The Author(s) 2022. Published by Oxford University Press on behalf of the ERA.
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

https://doi.org/10.1093/ndt/gfac282
https://orcid.org/0000-0002-0034-2292
mailto:yhwang19@jhmi.edu.
mailto:journals.permissions@oup.com


KEY LEARNING POINTS

What is already known about this subject?
• Trimethoprim-sulfamethoxazole (TMP-SMX) is an antibiotic that can cause hyperkalemia by reducing potassium
excretion by the kidneys.

• Previous observational studies reporting a higher risk of hyperkalemia in patients prescribed TMP-SMX versus other
antibiotics used administrative diagnosis codes to assess hyperkalemia.

• Administrative diagnosis codes for hyperkalemia are insensitive, raising concerns about accurate outcome ascertainment.
What this study adds?
• After controlling for potential confounders, new treatment with oral TMP-SMX versus amoxicillin was associated with a
3-fold higher risk of a hospital encounter with hyperkalemia.

• Outcome of hyperkalemia was ascertained using laboratory serum potassium values, which is reflective of current clinical
practice.

• The risk of hyperkalemia associated with TMP-SMX was assessed across four estimated glomerular filtration rate (eGFR)
categories and the risk was highest in patients with a low eGFR.

What impact this may have on practice or policy?
• Given the growing number of adults with chronic kidney disease globally and their predispositions to electrolyte disorders
and adverse drug outcomes due to poor renal clearance, the study findings have the potential to inform antibiotic
prescribing.

culture before the dispense date and whether the TMP-SMX
dose was appropriate for the patient’s level of eGFR [4, 5].

MATERIALS AND METHODS
Study design and setting
We designed a matched new-user, active-comparator, ret-

rospective, population-based cohort study in Ontario, Canada
(2008–2020) using provincial linked administrative healthcare
databases housed at ICES (ices.on.ca). Ontario residents
have universal access to outpatient and inpatient healthcare
services. Residents ≥65 years of age additionally have uni-
versal coverage for prescription drugs [12]. Emigration from
the province would be the only reason for lost follow-up
and the rate is <0.5%/year [13]. The use of data in this
study was authorized under Section 45 of Ontario’s Personal
Health Information Protection Act, which does not require
review by a research ethics board. We have reported this
observational study following the Strengthening the Reporting
of Observational studies in Epidemiology and REporting of
studies Conducted using Observational Routinely collected
Data specific to pharmacoepidemiological research guidelines
(Supplementary Table 1) [14, 15].

Data sources
We ascertained study drug exposure, covariates and out-

comes using linked administrative healthcare databases. We
ascertained vital information from the Registered Persons
Database, which contains demographic information on all On-
tario residents. We obtained data on prescription records from
the Ontario Drug Benefit (ODB) database, which contains
highly accurate records on medication dispensing (the overall
error rate is <1%) [12]. Prescriber data were ascertained
from the ICES Physician Database and the ODB database.

Patient comorbidities were ascertained using the Canadian
Institute for Health Information Discharge Abstract Database
(CIHI-DAD) and the Ontario Health Insurance Plan (OHIP)
database. The CIHI-DAD contains information on diagnoses
and procedures during acute inpatient encounters. The OHIP
database contains claims information for all physician services.
Emergency department visits and hospitalization data were
ascertained from the National Ambulatory Care Reporting
System and CIHI-DAD, respectively. Laboratory measure-
ments for serum potassium and creatinine were obtained from
the Ontario Laboratories Information System, a provincial
electronic repository of laboratory results from hospitals and
community and public health laboratories [16]. These datasets
were linked using unique encoded identifiers and analyzed at
ICES.

Study cohort
The study cohort comprised adults ≥66 years of age with

a new outpatient prescription for TMP-SMX or amoxicillin
between 1 January 2008 and 17 December 2020. The pre-
scription dispense date served as the date of cohort entry
(i.e. the index date). We restricted the cohort to patients
with baseline measurements of both serum potassium and
creatinine taken in the 365- to 7-day period before the index
date. Serum creatininemeasurements were standardized using
isotope dilution mass spectrometry. We grouped patients by
four prespecified eGFR categories: ≥60, 45–59, 30–44 and
<30 ml/min/1.73 m2 [17]. We calculated eGFR with the
Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation using the patient’s most recent serum creatinine
measurement obtained in the 365- to 7-day period before the
index date [18]. To ensure we were studying new antibiotic
prescriptions, we excluded those who received TMP-SMX or
amoxicillin in the 180-day period before the index date and
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excluded patients who received other (nonstudy) antibiotics in
the 180 days leading up to and including the index date [19]. To
ensure study antibiotics were initiated in an outpatient setting,
we excluded those with a hospital discharge or an emergency
department visit in the 2 days before or on the index date.
We also excluded patients who received potassium binders or
had evidence of kidney failure (defined as receipt of chronic
dialysis or a kidney transplant) in the 180-day period before the
index date and excluded those with evidence of hyperkalemia
(defined as a laboratory serum potassium value≥5.5 mmol/L)
in the 365-day period before the index date.

Exposure and comparator groups
The exposure group comprised outpatients newly treated

with oral TMP-SMX. The comparator group comprised
outpatients newly treated with oral amoxicillin (amoxicillin
alone or in combination with clavulanic acid). Amoxicillin
was chosen as an active comparator because it is commonly
prescribed to treat similar infections as TMP-SMX but is not
associated with hyperkalemia [7, 10]. Patients in the exposed
and comparator groups were matched 1:1 on a priori selected
baseline characteristics as described in the Statistical analysis
section.

Outcomes
The primary outcome was a hospital encounter (an

emergency department visit or a hospital admission) with
hyperkalemia, defined by a laboratory serum potassium
value ≥5.5 mmol/L. Three prespecified secondary outcomes
were a hospital encounter with AKI, all-cause hospitalization
and all-cause mortality. AKI was defined as an increase in
serum creatinine concentration from the baseline value by
either ≥0.3 mg/dl (≥26.5 μmol/L) or ≥50% or receipt of
acute dialysis. As with serum potassium, the baseline serum
creatinine value was the most recent measurement obtained
in the 365- to 7-day period before the index date. Coding
definitions for all-cause hospitalization and all-cause mortality
are provided in Supplementary Table 2.

Patients were followed for 14 days after the index date
to assess all study outcomes. This time frame reflects the
typical antibiotic prescription duration and the period of acute
exposure [8–10]. Hyperkalemia, when it occurs, is typically
observed 5–10 days after TMP-SMX initiation [20, 21].

Baseline characteristics
Patient characteristics, including demographics, comor-

bidities, coprescriptions, healthcare use and laboratory mea-
surements, were obtained from our study databases as de-
scribed above. Coding definitions for these characteristics are
provided in Supplementary Table 3. We examined comorbidi-
ties in the 5-year period before the index date, coprescriptions
in the 180-day period before the index date and healthcare
visits and laboratory measurements in the 365-day period
before the index date; for laboratory measurements, the most
recent measurement before the index date was used. Data on

diagnostic tests such as urine cultures, chest X-rays, sputum
collections, wound swabs and blood smears were examined in
the 7-day period as well as 365-day period before the index
date.

Statistical analysis
We used both standard and propensity score matching to

address confounding in this study. We matched new users
of TMP-SMX and amoxicillin 1:1 on the following variables:
eGFR category (≥60, 45–59, 30–44 or <30 ml/min/1.73 m2),
sex, presence of a urine culture in the 7 days up to and
including the index date and the logit of the propensity score
for the predicted probability of newly receiving TMP-SMX
[within ±0.2 standard deviations (SD)]. We matched on sex
and receipt of a urine culture to increase the probability that
patients in the two groups received the study antibiotics for
similar reasons and to facilitate subgroup analyses by sex
and potential indication. The propensity score was derived
from a multivariable logistic regression model with 146
measured baseline characteristics chosen a priori, including
demographics, comorbidities, coprescriptions, healthcare use
and laboratory measurements (see Supplementary Table 4 for
a list of variables) [22]. Comorbidities and coprescriptions that
may affect a patient’s potassium level were carefully considered
and included in the logistic model [23–25].

We summarized continuous variables as means and SDs or
medians and interquartile ranges (IQRs; 25th–75th percentile)
as appropriate and categorical variables as number and
percentages. We used standardized differences to evaluate
between-group differences on baseline characteristics in both
the unmatched and matched cohorts [26]. Standardized
differences >10% were considered meaningful. We estimated
the risks of the primary and secondary outcomes in the
matched cohort in both relative and absolute terms using risk
ratios (RRs) and risk differences (RDs), respectively. Absolute
risk was additionally expressed as the number needed to harm
(1/RD). We estimated RRs and 95% confidence intervals (CIs)
for the outcomes using modified Poisson regression models,
using generalized estimating equations to account for the
correlation induced by matching.

We tested for additive and multiplicative interaction for
the primary outcome of hyperkalemia in the following four
prespecified subgroups: eGFR category (≥60, 45–59, 30–44
and <30 ml/min/1.73 m2, sex (female or male), presence of
a urine culture (absent or present) and appropriate TMP-
SMX dose reduction for the level of eGFR (no or yes). A
single-strength TMP-SMX tablet contains 80 mg TMP and
a double-strength TMP-SMX tablet contains 160 mg TMP
[5]. An appropriate daily dose for a patient’s level of kidney
function was defined as a TMP dose ≤320 mg for an eGFR
≥30 ml/min/1.73 m2, a TMP dose ≤160 mg for an eGFR of
15–29 ml/min/1.73 m2 and a TMP dose ≤80 mg for an eGFR
<15 ml/min/1.73 m2 [4, 5].

Additional analyses
The primary outcome of hyperkalemia was further assessed

using more severe definitions: a serum potassium level
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856 966 Ontario residents 66 years or older dispensed
trimethoprim-sulfamethoxazole (TMP-SMX) or amoxicillin

from January 1, 2008 to December 17, 2020

328 475 excluded:
• 207 934 without baseline serum potassium and creatinine measurements
  365 to 7 days before the index date
• 30 014 dispensed other (non-study) antibiotics in the 180 days leading
  up to and including the index date
• 8004 dispensed TMP-SMX or amoxicillin in the 180 days leading up
  to and including the index date
• 58 736 with a hospital discharge or emergency department visit in the
  two days prior to or on the index date
• 1430 received potassium binders in the 180 days prior to the index date
• 3516 with end-stage kidney disease defined as chronic dialysis or kidney
  transplant prior to the index date
• 18 841 with history of hyperkalemia defined as a laboratory serum
  potassium value of 5.5 mmol/L or more in the 365 days prior to the index date

63 051 new TMP-SMX users and
465 440 new amoxicillin users

1:1 matching

58 999 matched pairs of new TMP-SMX users
and new amoxicillin users

Figure 1: Cohort derivation.

≥6.0 mmol/L and ≥6.5 mmol/L. We calculated the E-value
to evaluate the potential impact of unmeasured confounding
on the risk estimate [27]. Briefly, an E-value indicates the
strength of association that an unmeasured confounder needs
to have with both the exposure and outcome to entirely explain
the observed association between the two variables [28]. For
example, an E-value of 6 would suggest that an observed
association could be explained away by an unmeasured
confounder that was associated with both the exposure and
the outcome by an RR of 6-fold each. The higher the E-value
the less likely the chance the observed association is due to
unmeasured confounding.Weperformed all analyseswith SAS
version 9.4 (SAS Institute, Cary, NC, USA). In all outcome
analyses we interpreted two-tailed P-values<.05 as statistically
significant.

RESULTS
Study cohort
Cohort selection is presented in Fig. 1. We identified

63 051 new TMP-SMX users and 465 440 new amoxicillin
users between 2008 and 2020. Before matching, TMP-SMX
users were on average older;, more likely to be female; more
likely to have a history of dementia, urinary tract infection,
pneumonia and urinary retention; and were more likely to
have coprescriptions for loop diuretics and angiotensin II

receptor blockers (Table 1 and Supplementary Table 4). TMP-
SMX users had a lower mean eGFR than amoxicillin users, a
higher Charlson comorbidity score and a greater number of
coprescriptions. The full set of 146 characteristics is shown
in Supplementary Table 4. A total of 58 999 TMP-SMX users
were successfully matched 1:1 with 58 999 amoxicillin users
(93.6% of TMP-SMX users). After matching, all characteristics
were well balanced between the two groups (all standardized
differences <10%; Table 1 and Supplementary Table 4).

Themedian prescription duration for TMP-SMXwas 7 days
(IQR 5–7) and for amoxicillin it was 7 days (IQR 7–10). When
examined by eGFR category, the median daily dose of TMP-
SMXwas 320mg (IQR320–320) in patients in the three highest
eGFR categories (≥60, 45–59 and 30–44 ml/min/1.73 m2)
and it was 320 mg (IQR 160–320) in patients with an eGFR
<30 ml/min/1.73 m2 (Table 2).

Primary outcome: a hospital encounter with
hyperkalemia
The primary outcome results are presented in relative and

absolute terms in Table 3. The risk of a hospital encounter with
hyperkalemia was higher in patients treated with TMP-SMX
[269/58 999 (0.46%)] versus amoxicillin [80/58 999 (0.14%)];
the RR was 3.36 (95% CI 2.62–4.31) and the RDwas 0.32% (CI
0.26–0.38).
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Table 1: Baseline characteristics of new TMP-SMX users and amoxicillin users before and after matching (2008–2020).

Before matching After matching

Characteristics
TMP-SMX
(n = 63 051)

Amoxicillin
(n = 465 440)

Standardized
differ-
encea,
%

TMP-SMX
(n = 58 999)

Amoxicillin
(n = 58 999)

Standardized
differ-
encea,
%

Age (years), mean (SD) 78.33 (8.6) 75.07 (7.6) 40 78.29 (8.6) 78.49 (8.8) 2
Female, n (%) 43 169 (68.5) 250 699 (53.9) 30 40 103 (68.0) 40 103 (68.0) 0
Year of cohort entryb, n (%)

2008–2011 828 (1.2) 3243 (0.7) 5 768 (1.2) 517 (0.9) 3
2012–2014 8048 (12.8) 53 326 (11.5) 4 7548 (12.8) 6895 (11.7) 3
2015–2017 27 123 (43.0) 210 009 (45.1) 4 25 302 (42.9) 26 634 (45.2) 5
2018–2020 27 052 (42.9) 198 862 (42.7) 0 25 381 (43.0) 24 953 (42.3) 1

Rural residence, n (%) 10 051 (15.9) 48 131 (10.3) 17 9148 (15.5) 9152 (15.5) 0
Neighborhood income quintilec, n (%)

1 (lowest income) 14 593 (23.1) 92 240 (19.8) 2 13 666 (23.2) 13 782 (23.4) 0
2 13 232 (21.0) 95 111 (20.4) 8 12 408 (21.0) 12 480 (21.2) 0
3 12 237 (19.4) 92 687 (19.9) 1 11 616 (19.7) 11 535 (19.6) 0
4 11 454 (18.2) 88 510 (19.0) 1 10 710 (18.2) 10 654 (18.1) 0
5 (highest income) 11 324 (18.0) 95 836 (20.6) 2 10 599 (18.0) 10 548 (17.9) 0

Long-term care residence, n (%) 11 497 (18.2) 22 417 (4.8) 43 10 398 (17.6) 10 289 (17.4) 1
Prescriber specialtyd, n (%)

General/family medicine 49 919 (79.2) 247 076 (53.1) 57 47 073 (79.8) 47 379 (80.3) 1
Nurse practitioner 3665 (5.8) 10 743 (2.3) 18 3277 (5.6) 3247 (5.5) 0
Urology 2829 (4.5) 2090 (0.4) 27 2235 (3.8) 1987 (3.4) 2
Internal medicine 429 (0.7) 2447 (0.5) 3 414 (0.7) 445 (0.8) 1
Nephrology 179 (0.3) 428 (0.1) 4 174 (0.3) 169 (0.3) 0
Dental 10 (0.0) 33 416 (7.2) 39 10 (0.0) 11 (0.0) 4
Other 3997 (6.3) 15 782 (3.4) 14 3795 (6.4) 4287 (7.3) 4

Comorbidities in prior 5 yearse, n (%)
Skin and soft tissue infection 27 516 (43.6) 181 789 (39.1) 9 25 676 (43.5) 25 796 (43.7) 0
Diabetes mellitus 17 797 (28.2) 132 318 (28.4) 0 16 772 (28.4) 16 977 (28.8) 1
Cancer 10 756 (17.1) 69 191 (14.9) 6 10 007 (17.0) 10 172 (17.2) 1
Urinary tract infection 10 680 (16.9) 26 789 (5.8) 36 9624 (16.3) 9291 (15.7) 2
Congestive heart failure 9369 (14.9) 51 309 (11.0) 12 8879 (15.0) 9132 (15.5) 1
Joint infection (septic arthritis) 9289 (14.7) 65 841 (14.1) 2 8680 (14.7) 8716 (14.8) 0
Pneumonia 4802 (7.6) 19 402 (4.2) 14 4464 (7.6) 4554 (7.7) 0
Chronic liver disease 2804 (4.4) 23 311 (5.0) 3 2657 (4.5) 2743 (4.6) 0
Other infection 23 013 (36.5) 172 556 (37.1) 1 21 733 (36.8) 22 167 (37.6) 2
Charlson Comorbidity Index, mean (SD)f 0.9 (1.5) 0.5 (1.2) 23 0.8 (1.5) 0.9 (1.5) 1

Coprescriptions in prior 180 daysg, n (%)
Glucocorticoid 17 243 (27.3) 120 428 (25.9) 3 16 186 (27.4) 16 443 (27.9) 1
Beta blockers 16 452 (26.1) 113 776 (24.4) 4 15 538 (26.3) 15 709 (26.6) 1
Calcium channel blocker 16 404 (26.0) 121 195 (26.0) 0 15 513 (26.3) 15 891 (26.9) 1
Angiotensin-converting enzyme
inhibitor

12 243 (19.4) 99 717 (21.4) 5 11 607 (19.7) 11 958 (20.3) 2

Angiotensin II receptor blocker 9134 (14.5) 87 499 (18.8) 12 8762 (14.9) 9140 (15.5) 2
Loop diuretics 9068 (14.4) 40 814 (8.8) 18 8511 (14.4) 8695 (14.7) 1
Thiazide diuretics 7774 (12.3) 55 730 (12.0) 1 7283 (12.3) 7237 (12.3) 0
Nonsteroidal anti-inflammatory drug
(excluding aspirin)

5958 (9.4) 45 955 (9.9) 2 5540 (9.4) 5418 (9.2) 1

Prednisone 3237 (5.1) 17 974 (3.9) 6 3030 (5.1) 3162 (5.4) 1
Antiarrhythmic agent 2167 (3.4) 12 656 (2.7) 4 2071 (3.5) 2211 (3.7) 1
Chemotherapeutic drugs 1416 (2.2) 8130 (1.7) 4 1332 (2.3) 1300 (2.2) 1
Tacrolimus 163 (0.3) 1237 (0.3) 0 151 (0.3) 161 (0.3) 0
Antiretroviral therapy 63 (0.1) 632 (0.1) 0 62 (0.1) 63 (0.1) 0
Cyclosporine 27 (0.0) 166 (0.0) 6 26 (0.0) 33 (0.1) 4

Healthcare visits in prior year, median (IQR)
General/family medicine visits 9 (5–15) 7 (4–12) – 9 (5–15) 9 (5–15) –
Hospitalizations 0 (0–1) 0 (0–1) – 0 (0–1) 0 (0–1) –
Emergency department visits 0 (0–2) 0 (0–1) – 0 (0–2) 0 (0–2) –

Diagnostic tests in prior 7 days, n (%)
Urine culture 32 463 (51.5) 38 160 (8.2) 107 29 183 (49.5) 29 183 (49.5) 0
Wound swab 2788 (4.4) 5521 (1.2) 19 2435 (4.1) 2664 (4.5) 2
Chest X-ray 1907 (3.0) 21 721 (4.7) 9 1879 (3.2) 2041 (3.5) 2
Sputum collection 79 (0.1) 318 (0.1) 0 76 (0.1) 87 (0.1) 0
Blood smear 29 (0.0) 108 (0.0) 19 29 (0.0) 26 (0.0) 2

TMP-SMX and the risk of hyperkalemia 1463



Table 1: (Continued.)

Before matching After matching

Characteristics
TMP-SMX
(n = 63 051)

Amoxicillin
(n = 465 440)

Standardized
differ-
encea,
%

TMP-SMX
(n = 58 999)

Amoxicillin
(n = 58 999)

Standardized
differ-
encea,
%

Laboratory measurementsh
eGFR (ml/min/1.73 m2), mean (SD)i 66 (19) 70 (18) 19 66 (19) 66 (19) 0
eGFR categories (ml/min/1.73 m2), n (%)

≥60 40 393 (64.1) 335 855 (72.2) 17 37 048 (62.8) 37 048 (62.8) 0
45–59 13 251 (21.0) 83 466 (17.9) 8 12 734 (21.6) 12 734 (21.6) 0
30–44 7171 (11.4) 35 508 (7.6) 13 7011 (11.9) 7011 (11.9) 0
<30 2236 (3.5) 10 611 (2.3) 7 2206 (3.7) 2206 (3.7) 0

Serum potassium (mmol/L), mean (SD) 4.4 (0.4) 4.4 (0.4) 10 4.4 (0.4) 4.4 (0.4) 0

aThe difference between the groups divided by the pooled SD; a value >10% is interpreted as a meaningful difference.
bThe prescription dispense date was the date of cohort entry (i.e. the index date).
cIncome was categorized into fifths of average neighborhood income on the index date.
dInformation on prescriber specialty was available for 61 028 (96.8%) TMP-SMX users and 311 982 (67.0%) amoxicillin users before matching and 56 978 (96.6%) TMP-SMX users and
57 525 (97.6%) amoxicillin users after matching.
eComorbidities were assessed in the 5-year period before the index date. Information on hyperaldosteronism is not presented due to the limited number of patients with this comorbidity.
fCharlson Comorbidity Index was calculated based on hospitalization data during the 5 years preceding the index date. For each patient, the index considers hospitalizations with the
comorbidities of interest (acute myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic lung disease, rheumatic disease,
peptic ulcer disease, mild and moderate/severe liver disease, diabetes mellitus with and without complications, hemiplegia/paraplegia, renal disease, cancer and metastatic solid tumor
and acquired immunodeficiency syndrome/human immunodeficiency virus). It assigns a point score (1, 2, 3 or 6) for each comorbidity and sums them to generate an overall score of
disease burden. The final risk scores range between 0 and 13, with higher values associated with higher mortality. Patients without a history of hospitalization received a score of 0.
gCoprescriptions were examined in the 180-day period before the index date.
hLaboratory measurements were examined in the 365-day period prior to the index date; the most recent value before the index date was used.
ieGFRwas calculated based on an individual’smost recent serumcreatininemeasurement found in the 365 to 7 days prior to the index date, using theCKD-EPI equation: 141×min([serum
creatinine concentration inμmol/L/88.4]/ĸ, 1)α ×max([serum creatinine concentration inμmol/L/88.4]/ĸ, 1)−1.209 × 0.993Age × 1.018 (if female)× 1.159 (if African American); ĸ= 0.7
if female and 0.9 ifmale;α = −0.329 if female and−0.411 ifmale;min= theminimumof serum creatinine concentration/ĸ or 1;max= themaximumof serum creatinine concentration/ĸ
or 1. Information on race was not available in our data sources and all patients were assumed not to be of African Canadian race/ethnicity; African Canadians comprised <5% of the
population of Ontario in 2006.

Table 2: Daily dose of TMP across eGFR categories.

eGFR category
(ml/min/1.73 m2) n Mean (SD) Median (IQR)

Patients receiving a higher
than appropriate daily
TMP dosea, n (%)

≥60 37 048 313.80 (111.49) 320 (320–320) 515 (1.4)
45–59 12 734 304.46 (80.59) 320 (320–320) 165 (1.3)
30–44 7011 284.53 (101.37) 320 (300–320) 97 (1.4)
<30 2206 252.08 (86.64) 320 (160–320) 1379 (62.5)

aA TMP-SMX tablet contains 80 mg TMP and a TMP-SMX double-strength tablet contains 160 mg TMP. An appropriate dose for a patient’s eGFR was defined as a daily TMP dose
≤320 mg/day for eGFR ≥30 ml/min/1.73 m2, ≤160 mg/day for eGFR 15–29 and ≤80 mg/day for eGFR <15.

Secondary outcomes
The secondary outcome results are presented in relative

and absolute terms in Table 3. The risk of a hospital
encounter with AKI was higher in patients treated with TMP-
SMX [1328/58 999 (2.25%)] versus amoxicillin [422/58 999
(0.72%)]; the RRwas 3.15 (CI 2.82–3.51) and theRDwas 1.54%
(CI 1.40–1.67). The risk of all-cause hospitalization was higher
in patients treated with TMP-SMX [2264/58 999 (3.84%)]
versus amoxicillin [1581/58 999 (2.68%)]; the RR was 1.43 (CI
1.34–1.53) and the RDwas 1.16% (CI 0.96–1.36). There was no
significant difference in the risk of all-cause mortality between
patients treated with TMP-SMX versus amoxicillin [RR 1.09
(CI 0.96–1.25)].

Subgroup analyses
The results of the subgroup analyses are presented in

Table 4. The absolute risk of hyperkalemia in patients treated

with TMP-SMX versus amoxicillin increased progressively
with decreasing eGFR [at an eGFR ≥60 ml/min/1.73 m2,
the RD was 0.12% (CI 0.06–0.18); at an eGFR of 45–
59, the RD was 0.42% (CI 0.27–0.56); at an eGFR of 30–
44, the RD was 0.85% (CI 0.58–1.11); and at an eGFR
<30, the RD was 1.45% (CI 0.80–2.12); additive inter-
action P < .0001]. The relative risk of hyperkalemia in
patients treated with TMP-SMX versus amoxicillin was not
significantly modified by the eGFR category (multiplicative
interaction P = .13).

The absolute risk of hyperkalemia in patients treated
with TMP-SMX versus amoxicillin was higher in males
than females (additive interaction P = .0013); however,
the relative risk was not significantly modified by sex
(multiplicative interaction P = .24). Neither the absolute risk
nor the relative risk of hyperkalemia in patients treated with
TMP-SMX versus amoxicillin was modified in patients with
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Table 3: Risk of a hospital encounter with hyperkalemia and other outcomes within 14 days of initiating TMP-SMX versus amoxicillin.

Event, n (%)

Outcome
TMP-SMX
(n = 58 999)

Amoxicillin
(n = 58 999)

Risk difference, %
(95% CI)c

Number needed to
harm

(95% CI)
RR

(95% CI)c

Primary outcome
Hyperkalemiaa 269 (0.46) 80 (0.14) 0.32 (0.26–0.38) 313 (263–385) 3.36 (2.62–4.31)

Secondary outcomes
AKIb 1328 (2.25) 422 (0.72) 1.54 (1.40–1.67) 65 (60–71) 3.15 (2.82–3.51)
All-cause hospitalization 2264 (3.84) 1581 (2.68) 1.16 (0.96–1.36) 86 (74–104) 1.43 (1.34–1.53)
All-cause mortality 467 (0.79) 427 (0.72) 0.07 (−0.03–0.17) Not significant 1.09 (0.96–1.25)

aHyperkalemia was defined as a serum potassium level ≥5.5 mmol/L.
bAKI was defined as an increase in serum creatinine concentration from the baseline value of≥0.3 mg/dl (≥26.5μmol/L) or an increase of≥50%, or receipt of acute dialysis. The baseline
serum creatinine was the most recent value 365 to 7 days prior to the index date.
cRisk differences and RRs were estimated within the matched cohort.

evidence of a urine culture (additive and multiplicative
interaction P > .05). The absolute risk of hyperkalemia in
patients treated with TMP-SMX versus amoxicillin was higher
in those prescribed a higher-than-recommended TMP-SMX
dose for their eGFR than those prescribed an appropriate dose
(additive interaction P = .0052); however, the relative risk was
not significantly modified (multiplicative interaction P = .90).

Additional analyses
The risk of hyperkalemia associated with TMP-SMX versus

amoxicillin was similar using more severe definitions of
hyperkalemia at a serum potassium level ≥6.0 mmol/L and
≥6.5mmol/L (Supplementary Table 5). The calculated E-value
for the RR and lower CI for the association between TMP-SMX
and the primary outcome of hyperkalemia was 6.18 and 4.68
(Supplementary Fig. 1).

DISCUSSION
In this real-world cohort study of older adults, we found
that new treatment with TMP-SMX versus amoxicillin was
associated with a higher risk of a hospital encounter with
hyperkalemia within 14 days. The difference in the risk
of hyperkalemia in patients treated with TMP-SMX versus
amoxicillin increased progressively across lower eGFR cat-
egories, from 0.12% (1/834) among patients with an eGFR
≥60 ml/min/1.73 m2 to 1.45% (1/69) among those with an
eGFR<30 ml/min/1.73 m2. TMP-SMX versus amoxicillin use
was also associated with a higher risk of a hospital encounter
with AKI and all-cause hospitalization within 14 days. The
difference in the risk of hyperkalemia with TMP-SMX versus
amoxicillin use was higher in males than females and in those
who received a higher-than-recommend daily dose of TMP for
their level of eGFR [4, 5].

Our matched cohort of 117 998 older adults newly treated
with TMP-SMX or amoxicillin provides robust estimates for
the risk of a hospital encounter with hyperkalemia. The
observed risk is supported by the known putative mechanism
of reduced renal potassium excretion with TMP-SMX [6].
Our findings confirm the results of large cohort studies that
examined the risk of hyperkalemia associated with TMP-

SMX [7–9]. Whereas other studies primarily used database
diagnosis codes to define hyperkalemic events (which have
low sensitivity), we defined hyperkalemia using elevated serum
potassium concentrations from laboratorymeasurements [11].
This is a more accurate way to define hyperkalemia and likely
explains the 2-fold greater 14-day incidence of hyperkalemia
in TMP-SMX users in our study compared with prior studies
[10]. Similarly, our study used increasing concentrations of
serum creatinine to define AKI rather than database codes,
which likely explains the 5-fold higher 14-day incidence of
AKI in the TMP-SMX users in our study compared with other
studies [10, 29].

As with all renally cleared drugs, clinicians can con-
sider alternate, non-renally cleared antibiotics guided by
local microbiologic data when treating patients with chronic
kidney disease. When TMP-SMX is prescribed to patients
with diminished kidney function, strategies to mitigate renal
dosing errors, such as featuring the information from this
study within computerized order-entry systems with dosing
prompts, should also be considered [30, 31].

Our study has several strengths. We conducted a
population-based cohort study in the most populous province
of Canada, a region with universal health insurance coverage.
We included all older adults with valid study antibiotic
prescriptions. We had an appropriately short duration of
follow-up of 14 days to best capture outcome events relevant
to the acute antibiotic exposure [20, 21]. Using laboratory
measurements, we overcame the limitation of relying on
diagnosis codes to ascertain study outcomes, which may
substantively underestimate the true event rate. Our previous
validation of International Classification of Diseases, Tenth
Revision codes for hyperkalemia and AKI showed these codes
have poor sensitivity when measured against laboratory-based
definitions [11, 29].

Our study also has limitations. As with any observational
study, our findings remain subject to residual confounding,
including confounding by indication. To minimize these con-
founding effects, we employed a new-user, active-comparator
design and used propensity scorematching to balance compar-
ison groups on baseline health, including onmicrobiology and
radiologic investigations [32]. Moreover, the observed E-value
of 6.18 for the estimated RR and 4.68 for the lower CI suggest
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that substantial unmeasured confounding would be needed to
nullify the observed association or its 95% CI [28].

Our study only included adults ≥66 years of age and thus
the generalizability of the study results to younger patients
is uncertain. Older adults are of a population of interest for
investigating adverse drug events, as they are predisposed to
such outcomes [33]. Also, the follow-up serum potassium
measurements in this study were done in routine care rather
than as part of a research protocol where all participants would
have a measurement at a fixed time point in follow-up.

In conclusion, treatment with TMP-SMX associates with a
3-fold higher risk of a hospital encounter with hyperkalemia in
older adults. This risk is greater among patients with a lower
eGFR and those who received a higher-than-recommended
daily dose of TMP-SMX. Our findings have the potential to
inform prescribing practice in clinical settings that warrant
consideration of TMP-SMX use, especially among patients
with diminished kidney function.

SUPPLEMENTARY DATA
Supplementary data are available at ndt online.
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