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Objective: To quantify the risk of hyperkalemia and acute kidney injury (AKI) when 

spironolactone use is added on to loop diuretic use among patients with heart failure, and to 

evaluate whether the risk is modified by level of kidney function.

Methods: We identified 17,110 patients with heart failure treated with loop diuretics between 

January 1, 2004, and December 31, 2016 within the Geisinger Health System. We estimated the 

incidence of hyperkalemia and AKI associated with spironolactone initiation, and used target trial 

emulation methods to minimize confounding by indication.

Results: During a mean follow-up of 134 mo, 3229 of 17,110 patients (18.9%) initiated 

spironolactone. Incidence rates of hyperkalemia and AKI in patients using spironolactone with a 

loop diuretic were 2.9 and 10.1 events per 1000 person-months, respectively. In propensity 

scoreematched analyses, spironolactone initiation was associated with higher hyperkalemia and 

AKI risk compared with loop alone (hazard ratio, 1.69; 95% CI, 1.35 to 2.10; P<.001, and hazard 

ratio, 1.12; 95% CI, 1.00 to 1.26; P=.04, respectively). There were no differences in the relative 

risk of either outcome associated with spironolactone by level of kidney function.

Conclusion: The addition of spironolactone to loop diuretics in patients with heart failure was 

associated with higher risk of hyperkalemia and AKI; these risks must be weighed against the 

potential benefits of spironolactone.

Spironolactone is an aldosterone antagonist indicated for the treatment of New York Heart 

Association functional class III-IV heart failure with reduced ejection (HFrEF).1 

Concomitant spironolactone and loop diuretic use decreased heart failure hospitalization and 

mortality among patients with HFrEF in the landmark Randomized Aldactone Evaluation 

Study (RALES) study.2 Evidence for spironolactone’s effectiveness among patients with 

heart failure with preserved ejection (HFpEF) is less established,3 but data from the 

Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist 

(TOPCAT) trial suggest a benefit for spironolactone in HFpEF, with a protective effect for 

heart failure hospitalization but not mortality.4 Nevertheless, any benefits associated with 

spironolactone must be weighed in the context of its known serious risks, specifically 

hyperkalemia and acute kidney injury (AKI).1,5–13

Most prior clinical trials of spironolactone focused on patient populations with relatively 

preserved kidney function. In both RALES and TOPCAT, patients with estimated glomerular 

filtration rate (eGFR) less than 30 mL/min per 1.73 m2, serum creatinine (SCr) greater than 

2.5 mg/dL, and serum potassium (K) greater than 5.0 mEq/L were excluded.2,4 In addition, 

patients’ SCr and K levels were regularly monitored, allowing for dose adjustments and 

discontinuation that may have mitigated the risk of hyperkalemia and AKI. The risks of 

spironolactone in less-controlled, real-world settings are not well understood, particularly 

among those with reduced kidney function who are already at higher risk for hyperkalemia 

and AKI.

Despite current clinical guidelines recommending aldosterone antagonists only at eGFR 

greater than 30 mL/min per 1.73 m2,14,15 patients are prescribed spironolactone across all 

levels of eGFR.16 Randomized controlled trials are ongoing to better understand whether 

aldosterone antagonists provide cardiovascular and renal benefit in patients with advanced 

chronic kidney disease (CKD).17 Given the existing use, and the potential for expanded use 
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in patients with HFpEF and lower kidney function, the real-world safety profile of 

spironolactone must be assured. Because spironolactone is commonly used in addition to 

loop diuretics and the latter may also modify the risks of hyperkalemia and AKI, we 

quantified the absolute and relative risks of hyperkalemia and AKI associated with 

spironolactone use among a population of patients with heart failure on loop diuretics and 

evaluated for differential risk by level of kidney function.

METHODS

Data Source and Population

We used integrated electronic health record (EHR) data from the Geisinger Health System 

(Geisinger) in Pennsylvania. These EHR data include inpatient and outpatient records for 

patients receiving their primary care at Geisinger, as well as medication orders, medication 

reconciliation, and laboratory results. We included patients age 18 years or older with a heart 

failure diagnosis code from inpatient or outpatient records, and a subsequent outpatient 

prescription for a loop diuretic from January 1, 2004, to December 31, 2016 (Supplemental 

Table 1, available online at http://www.mayoclinicproceedings.org). We excluded patients 

with end-stage renal disease, those with spironolactone use before the first loop diuretic 

order in the data, and patients without an antecedent SCr or K level. This study was 

approved by the Johns Hopkins University Institutional Review Board and the Geisinger 

Medical Center Institutional Review Board.

Study Designs and Exposure Definitions

To determine the incidence of hyperkalemia and AKI during real-world use of 

spironolactone in heart failure, we performed an as-treated analysis, with patients’ time at 

risk (T0) starting at the first loop diuretic prescription after their initial heart failure 

diagnosis. We classified time at risk according to time-varying loop diuretic and 

spironolactone use (single-ingredient spironolactone or combination spironolactone with 

hydrochlorothiazide). In the continuous use periods, we allowed for a 30-day gap between 

the end of one prescription and the start of the next for the same medication, and included a 

15-day “washout” period at the end of a continuous use episode where outcomes could still 

be observed. Primary exposure groups in the time-varying, as-treated analysis were thus 

loop diuretic use without spironolactone (loop alone), spironolactone use without a loop 

diuretic (spironolactone alone), concomitant use of both a loop diuretic and spironolactone, 

and no use of either drug.

To strengthen evidence for a causal relationship between spironolactone and hyperkalemia 

and AKI we performed a target trial emulation with an intention-to-treat (ITT) design.18–21 

This method, particularly when combined with propensity score matching, helps to 

minimize confounding by indication, allowing for a direct assessment of the risks associated 

with spironolactone in comparable patients. We used the ITT principle (ie, treatment 

assignment/status at baseline is carried forward regardless of subsequent changes to 

treatment) to analyze a series of “trials” where each trial represents a fixed time window 

when a patient may or may not begin a specific treatment regimen. To mimic a hypothetical 

trial selection process, enrollment criteria in each trial (cohort years: [1] 2004e2006, [2] 
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2007e2009, [3] 2010e2012, and [4] 2013e2016) included heart failure diagnosis, loop 

diuretic prescription order, no prior spironolactone order, and K level less than 5.0 mEq/L. 

Within each trial, patients who received an initial spironolactone prescription were compared 

with eligible patients who did not. Time at risk (T0) began on the date of the first 

spironolactone prescription for spironolactone users (treatment), and a random loop 

prescription during that trial period for controls. Control patients were eligible to be 

treatment or control patients in subsequent trials, whereas treatment patients were no longer 

eligible due to their previous spironolactone use. In the final analysis, the trial cohorts were 

pooled to create a combined dataset.

Study Outcomes

In both the as-treated and ITT analyses, patients were followed until the outcomes of interest 

(hyperkalemia and AKI), death, last recorded health care encounter date (including 

inpatient, outpatient, laboratory, or medication order dates), or the end of the study period 

(December 31, 2016), whichever came first. We defined hyperkalemia by inpatient 

International Classification of Disease, Ninth Revision (ICD-9) or ICD-10 codes 276.7 or 

E87.5, respectively, and AKI by inpatient ICD-9 or ICD-10 codes 584.9 or N17.9, 

respectively.

Kidney Function, Potassium, and Other Covariates

We defined eGFR based on outpatient SCr and the Chronic Kidney Disease Epidemiology 

Collaboration equation.22 We classified eGFR using four primary categories (≥90 mL/min 

per 1.73 m2; 60 to 89 mL/min per 1.73 m2; 30 to 59 mL/min per 1.73 m2; and <30 mL/min 

per 1.73 m2), and as linear splines with a knot at 60 mL/min per 1.73 m2. We classified 

serum K levels using three categories (<3.5 mEq/L; 3.5 to 4.9 mEq/L; and >5.0 mEq/L), and 

as linear splines with knots at 3.5 mEq/L and 4.9 mEq/L; in the ITT analysis, only one knot 

was used (3.5 mEq/L). Baseline SCr and K were considered the closest measurements to T0 

within the window of 365 days before to 7 days after that date. If there was no available 

outpatient SCr or K, we used available inpatient SCr or K within the same window.

Other medications were captured as prescriptions that overlapped T0 and were modeled as 

time-fixed variables; the exception was angiotensin-converting enzyme inhibitor (ACEi) or 

angiotensin II receptor blocker (ARB) use, which was modeled as a time-varying variable in 

the as-treated analysis. We defined comorbidities using ICD-9/10 diagnosis codes in the 

EHR (Supplemental Table 1). We also calculated patients’ Charlson comorbidity index 

(CCI) score.23,24

Statistical Analysis

We calculated frequencies, means, and proportions of the primary analytic cohorts’ 

characteristics at T0, including demographics, comorbidities, and prior medication use. We 

also stratified cohort characteristics by ever/never spironolactone initiators (in as-treated 

analyses), and cohort “trial” years (in ITT analyses), and we assessed for trends using 

logistic and linear regression for binary and continuous variables, respectively. We 

calculated incidence rates for hyperkalemia and AKI (per 1000 PMs) by as-treated exposure 

groups, both overall and stratified by time-varying eGFR category. We also calculated and 
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plotted cumulative incidence of hyperkalemia and AKI over 3 years after T0 in the ITT 

analyses, incorporating the competing event of death, and stratifying by eGFR.

We used time-to-event Fine and Gray regression models to estimate subdistribution hazards 

ratios (sHR) accounting for the competing risk of death.25 Comparing exposure groups in 

as-treated analyses, we used unadjusted and fully adjusted models with time-fixed 

covariates, as well as adjusted models where eGFR, K, and ACEi/ARB use were included as 

time-varying covariates. In as-treated analyses, we tested for an interaction between time-

varying eGFR (linear spline) and exposure group. In ITT analyses comparing treatment with 

control groups, we used unadjusted and fully adjusted models, as well as adjusted models 

weighted by the inverse probability of treatment weighting (IPTW), and 1:1, “nearest-

neighbor” propensity score (PS) matched analyses using calipers of 0.014 (0.2 times the 

standard deviation of log-transformed PS); after matching, all standardized mean differences 

were less than 0.10. In the ITT analyses, we also tested for an interaction between T0 eGFR 

(linear spline) and treatment. We used robust variance estimators to account for within-

person correlation. To assess for heterogeneity of effect among cohort trial years in the ITT 

analyses, we tested for an interaction between trial and treatment status, and found no 

statistically significant interaction.

We adjusted final models for age, sex, race (non-white), eGFR (linear splines), K (linear 

splines), time with heart failure, year of first loop order, CCI, history of hyperkalemia, 

history of AKI, cardiovascular disease (CVD), peripheral artery disease (PAD), diabetes 

mellitus, cancer, cirrhosis, ascites, atrial fibrillation, proteinuria, and prior use of 

anticoagulants, ACEi, ARB, other antihypertensives (combined: beta-blocker, calcium 

channel blockers, vasodilators), antiarrhythmics, cardiac glycosides, statins, thiazide 

diuretics, and potassium-sparing diuretics (excluding spironolactone). ITT analyses were 

additionally adjusted by time between the first loop order and T0. We used the same 

covariates to calculate the propensity scores, and we calculated stabilized weights for IPTW 

analyses.

All analyses were conducted using Stata 15.1 (StataCorp; College Station, TX) and SAS 9.4 

(SAS Institute Inc; Cary, NC).

RESULTS

Study Population

There were 17,110 patients with heart failure who used loop diuretics during the study 

period; 50.5% were female (n=8635), 2.4% were non-White (n=414), and the mean ± SD 

age was 73.2 ± 13.0 years (Table 1). Diabetes (46.6%; n=7977) and CVD (66.3%; 

n=11,347) were common, as was the use of ACEi/ARB (80.2%; n=13,726), statins (66.2%; 

n=11,331), anticoagulants (59.8%; n=10,233), and other antihypertensives (89.5%; 

n=15,308). Roughly 19% (n=3229) went on to initiate spironolactone over a mean follow-up 

of 134 months; these patients were younger and had higher mean eGFRs at baseline 

compared with never initiators (P<.001 for both).
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Real-World Incidence of Hyperkalemia and AKI

There were 995 hyperkalemia events (7287 deaths) in 681,944 PMs of observation time. 

Overall, incidence rates (IRs) per 1000 PMs were highest for those on spironolactone 

without a loop diuretic (IR, 3.3), followed by concomitant loop and spironolactone (IR, 2.9), 

loop without spironolactone (IR, 1.4), and no use of either (IR, 1.3) (Table 2). In adjusted 

models with time-varying eGFR, K, and ACEi/ARB use, both concomitant loop and 

spironolactone, and spironolactone alone, were associated with a more than two-fold 

increase in the risk of hyperkalemia (sHR, 2.06; 95% CI, 1.70 to 2.49; P<.001 and sHR, 

2.28; 95% CI, 1.40 to 3.69; P<.001, respectively) compared with loop use without 

spironolactone (Table 3).

There were 4212 AKI events (5387 deaths) in 620,094 PMs of observation time. In contrast 

with trends in hyperkalemia, IRs per 1000 PMs for AKI were highest for those on 

concomitant loop and spironolactone (IR, 10.1), followed by loop without spironolactone 

(IR, 7.4), spironolactone without a loop (IR, 5.3), and no use of either (IR, 4.6). In adjusted 

models with time-varying covariates, concomitant loop and spironolactone was associated 

with a 37% increase in the risk of AKI (sHR, 1.37; 95% CI, 1.23 to 1.53; P<.001) compared 

with loop use without spironolactone, but there was no statistically significant difference in 

risk with spironolactone alone without the use of a loop diuretic (sHR, 0.77; 95% CI, 0.52 to 

1.13; P=.18).

The absolute risks of hyperkalemia and AKI were higher in lower eGFR categories, but 

there were no consistent differences in the relative risks associated with spironolactone/loop 

diuretic therapy versus loop therapy alone by eGFR level in the as-treated analysis 

(hyperkalemia: P for interaction P=.63, and P=.61 for eGFR levels below and above 60 

mL/min per 1.73 m2, respectively; AKI: P for interaction P=.33, and P=.92 for eGFR levels 

below and above 60 mL/min per 1.73 m2, respectively).

Target Trial Emulation Assessing Add-on Spironolactone Therapy

In the pooled target trial emulation, there were 24,127 patients (treatment group 

[concomitant loop and spironolactone] = 2,000; control group [loop without spironolactone] 

= 22,127). More than half (51.8%, n=12,499) were female, and mean ± SD age was 73.8 ± 

12.7 y (Supplemental Table 2, available online at http://www.mayoclinicproceedings.org).

There were 1197 hyperkalemia events (163 in the treatment group) (Table 4), with a 1-year 

cumulative incidence of 1.7% and 4.0% in the control and treatment groups, respectively. 

Cumulative incidence of hyperkalemia at 1 year was lowest for patients with T0 eGFR 

greater than or equal to 60 mL/min per 1.73m2 in the control group (1.2%), followed by 

those with eGFR greater than or equal to 60 mL/min per 1.73m2 in the treatment group and 

those with eGFR less than 60 mL/min per 1.73m2 in the control group (both 2.1%); those 

with eGFR less than 60 mL/min per 1.73 m2 in the treatment group had the highest 

cumulative incidence (6.3%) (Figure 1). In the fully adjusted model (Figure 2), treatment 

was associated with an increase in the risk of hyperkalemia compared with control (sHR, 

1.75; 95% CI, 1.46 to 2.09; P<.001), and this was similar when using IPTW (sHR, 1.58; 
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95% CI, 1.28 to 1.94; P<.001) and 1:1 PS-matching (n=1976 in each group; sHR, 1.69; 95% 

CI, 1.35 to 2.10; P<.001).

There were 5582 AKI events (560 in the treatment group), with a 1-year cumulative 

incidence of 9.5% and 14.9% in the control and treatment groups, respectively. Similar to 

hyperkalemia, cumulative incidence of AKI at 1 year was lowest for patients with T0 eGFR 

greater than or equal to 60 mL/min per 1.73 m2 in the control group (5.8%), followed by 

those with eGFR greater than or equal to 60 mL/min per 1.73 m2 in the treatment group 

(10.8%), and those with eGFR less than 60 mL/min per 1.73 m2 in the control group 

(13.1%); those with eGFR less than 60 mL/min per 1.73 m2 in the treatment group had the 

highest cumulative incidence (20.2%). In the fully adjusted model, treatment was associated 

with an increased risk of AKI compared with control (sHR, 1.18; 95% CI, 1.08 to 1.30; 

P<.001) and this was similar when using 1:1 PS-matching (n=1976 in each group; sHR, 

1.12; 95% CI, 1.00 to 1.26; P=.04), and IPTW (sHR, 1.21; 95% CI, 1.08 to 1.36; P=.001).

Similar to the as-treated analysis, there were no differences in the relative risks of 

hyperkalemia or AKI associated with spironolactone/loop diuretic therapy versus loop 

therapy alone by eGFR in the ITT analysis (hyperkalemia: P for interaction P=.31 and P=.43 

for eGFR levels below and above 60 mL/min per 1.73 m2, respectively; AKI: P for 

interaction P=.93 and P=.46 for eGFR levels below and above 60 mL/min per 1.73 m2, 

respectively).

DISCUSSION

In this large, real-world cohort of patients with heart failure prescribed loop diuretics, 

approximately one in five were prescribed spironolactone. The cohort was at high risk for 

hyperkalemia and AKI, with the highest rates among patients with eGFR less than 60 

mL/min per 1.73 m2, and those prescribed spironolactone. In a propensity-matched, target 

trial emulation, we observed a 69% increased risk of hyperkalemia with the addition of 

spironolactone compared with using loop diuretics alone, and a 12% increased risk of AKI. 

The relative risks of hyperkalemia and AKI were not modified by renal function in either 

analysis. These findings are important because relatively little is known about the real-world 

safety of spironolactone, particularly among a broader heart failure population (HFrEF and 

HFpEF) across the spectrum of kidney function.

A more complete understanding of spironolactone-associated hyperkalemia and AKI is 

critical for utilization to expand to higher risk patients excluded from the clinical trials. In 

RALES, the pivotal study that established spironolactone’s effectiveness in HFrEF, the 

cumulative incidence of hyperkalemia was very modest (~2% in the spironolactone group vs 

~1% in placebo among randomized patients over the study period),2 likely due to the 

selection of a lower-risk study population by excluding patients based on their SCr and K, 

and regular monitoring thereafter. Lee et al (2013)26 found similar crude rates of both 

hyperkalemia and AKI when restricting their real-world systolic heart failure study cohort to 

align with the RALES inclusion. Similar inclusion criteria and monitoring were applied in 

the TOPCAT trial among patients with HFpEF, but cumulative incidence of hyperkalemia 

was higher (~19% in the spironolactone group vs ~9% in placebo among randomized 
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patients over the study period) than what was reported in RALES, and drug discontinuation 

due to “abnormal renal function” was higher for spironolactone patients versus placebo 

patients (3.9% vs 2.3%, respectively; P=.006).4 Our study results were more consistent with 

the TOPCAT trial and other studies that included various heart failure sub-populations such 

as older women and after an acute myocardial infarction showing more pronounced risks 

with spironolactone use as compared with RALES, except that AKI was more common in 

our cohort overall.10,27,28

As expected, the absolute risk of both hyperkalemia and AKI with spironolactone use 

increased with lower eGFR; however, we observed no difference in relative risk for 

hyperkalemia or AKI associated with spironolactone by level of kidney function 

(interactions not significant in as-treated or ITT). While differences in risk by kidney 

function could not be explored in RALES and TOPCAT because those with higher SCr were 

excluded, other studies have observed relatively infrequent and mild spironolactone-

associated increases in SCr and K among those with reduced kidney function.9,29–34 Similar 

to ACEi and ARB medications, studies have shown an early reduction in eGFR with 

spironolactone in the setting of CKD and diabetic nephropathy, but this appears to be 

transient, with little evidence of a persistent reduction in the context of longer-term use.
9,10,26,35–37 Also, among those with heart failure potentially indicated for spironolactone, 

there are many other common risk factors which can all contribute to hyperkalemia risk 

independent of one’s kidney function such as older age, diabetes mellitus, volume-depleting 

illness, and use of ACEi, ARB, and other medications, making spironolactone’s safety 

challenging to study, particularly in observational study settings.5–7,38,39 Of note, several 

ongoing clinical trials are evaluating spironolactone’s safety and efficacy in patients with 

CKD, including those with end-stage renal disease.

More data are needed to better understand whether spironolactone’s risks outweigh 

prospective benefits in patients who are currently exposed. Spironolactone is used among 

patients with various comorbidities, at many levels of SCr and K, and with exposure to 

various concomitant medications that can all make hyperkalemia or AKI more likely. In 

general, aldosterone antagonists are not recommended in heart failure patients with eGFR 

less than 30 mL/min per 1.73 m2 by the American Heart Association,14,15 yet these patients 

have limited therapeutic options and may derive benefit from its pleiotropic pharmacologic 

properties. Outside of its cardiovascular benefit,31–34,40–42 some data suggest spironolactone 

may also slow the progression of CKD.29,36,37,39,41,43–47 We observed a marked increase in 

the incidence of primary safety outcomes in patients with spironolactone use at lower 

eGFRs, but routine monitoring of SCr and K is warranted at all levels of kidney function. 

With a better understanding of spironolactone’s safety profile in heart failure, ideal 

candidates for spironolactone can be chosen with the risks for hyperkalemia and AKI 

balanced accordingly. Additionally, while K binding therapies are available for the treatment 

of chronic hyperkalemia, there is still a need for novel therapeutics for the treatment of AKI 

given its prevalence and complex pathophysiology.
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Strengths and Limitations

Our study has several notable strengths. We used a large, integrated EHR system with access 

to all primary care patient records across the health system, including laboratory, inpatient, 

and outpatient data. The Geisinger primary care system generally has little attrition, with 

many years of detailed records. Mortality data were also available. Our study also had some 

limitations. Patients were relatively homogeneous with respect to race and ethnicity. We 

used ICD-9/10 diagnosis codes for comorbidities and outcomes; particularly for 

hyperkalemia and AKI, these codes are likely to select for the most severe cases.48,49 

Because most heart failure diagnosis codes are for unspecified heart failure, we could not 

differentiate between reduced or preserved ejection fraction heart failure.

CONCLUSION

Spironolactone use was relatively uncommon among patients on loop diuretics with heart 

failure. Concomitant use of spironolactone and a loop diuretic was associated with an 

increased risk of hyperkalemia and, to a lesser extent, AKI compared with loop diuretic use 

without spironolactone, with no evidence of risk modification across the spectrum of eGFR. 

Spironolactone has known benefits and risks in narrower patient populations, and this study 

offers insight into its safety profile under real-world conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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eGFR estimated glomerular filtration rate

EHR electronic health record

HFpEF heart failure with preserved ejection

HFrEF heart failure with reduced ejection

ITT intention-to-treat

K potassium

PAD peripheral artery disease

PS propensity score

RALES Randomized Aldactone Evaluation Study

SCr serum creatinine

sHR subdistribution hazard ratios

TOPCAT Treatment of Preserved Cardiac Function Heart Failure with an 

Aldosterone Antagonist
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FIGURE 1. 
Estimated glomerular filtration rate (eGFR). Cumulative incidence estimates account for the 

competing risk of death. Loop alone refers to the control group. Loop and spironolactone 

(Loop + S) refers to the treatment group. eGFR units are mL/min per 1.73 m2. T0 for 

treatment group = initiation of spironolactone; T0 for treatment group = random loop order 

date in relevant cohort “trial” years. For hyperkalemia, 1-year cumulative incidence was 

1.7% and 4.0% in control and treatment group, respectively. For AKI, 1-year cumulative 

incidence was 9.5% and 14.9% in control and treatment group, respectively.
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FIGURE 2. 
Inverse probability of treatment weights (IPTW); propensity score (PS); subdistributional 

hazard ratio (sHR); figure plotted on log scale; models were adjusted by age, sex, race, 

estimated glomerular filtration rate, potassium, time with heart failure relative to first loop 

prescription order, year of first loop order, time since first loop order, Charlson comorbidity 

index, history of hyperkalemia, acute kidney injury, cardiovascular disease, peripheral artery 

disease, diabetes mellitus, cancer, cirrhosis, ascites, atrial fibrillation, proteinuria, and prior 

use of anticoagulants, angiotensin-converting enzyme inhibitor, angiotensin II receptor 

blockers, other antihypertensives, antiarrhythmics, cardiac glycosides, statins, thiazide 

diuretics, and potassium-sparing diuretics.
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