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Abstract

Purpose: Polypharmacy is common in the hemodialysis population and increases the likelihood 

that patients will be exposed to clinically significant drug-drug interactions. Concurrent use 

of proton pump inhibitors (PPIs) with citalopram or escitalopram may potentiate the QT-

prolonging effects of these selective serotonin reuptake inhibitors through pharmacodynamic 

and/or pharmacokinetic interactions.

Methods: We conducted a retrospective cohort study using data from the U.S. Renal Data 

System (2007–2017) and a new-user design to examine the differential risk of sudden cardiac 

death (SCD) associated with citalopram/escitalopram initiation vs. sertraline initiation in the 

presence and absence of PPI use among adults receiving hemodialysis. We studied 72,559 

patients: 14,983 (21%) citalopram/escitalopram initiators using a PPI; 26,503 (36%) citalopram/

escitalopram initiators not using a PPI; 10,779 (15%) sertraline initiators using a PPI; and 20,294 

(28%) sertraline initiators not using a PPI (referent). The outcome of interest was 1-year SCD. We 
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used inverse probability of treatment weighted survival models to estimate weighted hazard ratios 

(HRs) and 95% confidence intervals (CIs).

Results: Compared with sertraline initiators not using a PPI, citalopram/escitalopram initiators 

using a PPI had the numerically highest risk of SCD (HR [95% CI] = 1.31 [1.11–1.54]), followed 

by citalopram/escitalopram initiators not using a PPI (HR [95% CI] = 1.22 [1.06–1.41]). Sertraline 

initiators using a PPI had a similar risk of SCD compared with those not using a PPI (HR [95% 

CI] = 1.03 [0.85–1.26]).

Conclusions: Existing PPI use may elevate the risk of SCD associated with citalopram or 

escitalopram initiation among hemodialysis patients.
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INTRODUCTION

Polypharmacy among individuals with dialysis-dependent kidney failure is common. Many 

hemodialysis patients have medication regimens involving more than 10 drugs,1, 2 placing 

them at high risk for drug-drug interactions and associated adverse events. To-date, 

investigations of drug-drug interactions in the hemodialysis population have focused on 

describing the prevalence of potentially dangerous medication combinations3–5 and less 

attention has been paid to evaluating their clinical consequences.

Drug-drug interactions are either pharmacokinetic or pharmacodynamic. A pharmacokinetic 

interaction occurs when one drug impacts the absorption, distribution, metabolism, or 

excretion of another drug, whereas a pharmacodynamic interaction occurs when the 

pharmacologic effect(s) of one drug is altered by another drug. Approximately 30% 

of clinically meaningful interactions are due to pharmacokinetic drug-drug interactions, 

which are primarily caused by alterations in cytochrome P450 (CYP)-mediated hepatic 

metabolism.6 Numerous drugs prescribed to individuals receiving hemodialysis are 

hepatically metabolized and may be subject to CYP-mediated interactions,4 including 

certain selective serotonin reuptake inhibitors (SSRIs). Drug-drug interactions involving 

citalopram and escitalopram are particularly worrisome because the use of interacting 

medications could augment their known QT-prolonging effects.7–9

Proton pump inhibitors (PPIs), are prescribed to over 35% of U.S. hemodialysis patients10 

and have the potential to interact with citalopram and escitalopram pharmacokinetically and 

pharmacodynamically. PPIs are competitive inhibitors of CYP 2C19,11, 12 the isoenzyme 

primarily responsible for citalopram/escitalopram metabolism. In addition, PPIs can induce 

hypomagnesemia,13 an electrolyte abnormality known to cause QT-prolongation. Since both 

of these PPI-related effects can enhance the extent of citalopram/escitalopram-induced QT-

prolongation, we undertook this study to examine the effect of concurrent PPI use on the risk 

of sudden cardiac death (SCD) associates with the initiation of citalopram or escitalopram 

vs. sertraline, an SSRI with both lower QT-prolonging and interaction potential, among 

individuals treated with hemodialysis.
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METHODS

Data source

We used data from the U.S. Renal Data System (USRDS), a national surveillance system 

that collects, analyzes, and distributes information on individuals with end-stage kidney 

disease in the U.S.14 The USRDS database includes the Medical Evidence Report, the Death 

Notification form, and Medicare standard analytic files, including enrollment information 

and final action Part A, B, and D claims.14

Study design and population

We conducted a retrospective cohort study using a new-user design15 to evaluate the 

comparative risk of SCD among patients receiving maintenance hemodialysis treated with 

an SSRI (citalopram, escitalopram, or sertraline) who were and were not concomitantly 

using a PPI at the time of SSRI initiation (Figure 1). We selected citalopram and 

escitalopram (the S-enantiomer of the citalopram racemate) as the SSRIs of interest 

because these related compounds have greater QT-prolonging potential than other SSRIs 

(i.e., can prolong the QT-interval at therapeutic doses)16 and are primarily metabolized 

by CYP 2C19.17, 18 We selected sertraline as the comparator SSRI because it has lower 

QT-prolonging potential than citalopram and escitalopram (i.e., can prolong the QT-interval 

in certain scenarios such as supratherapeutic doses),16 and despite being hepatically 

metabolized, sertraline is unlikely to be the subject of clinically significant CYP-mediated 

drug-drug interactions.19 We selected PPIs (dexlansoprazole, esomeprazole, lansoprazole, 

omeprazole, pantoprazole, and rabeprazole) as the interacting drugs of interest, because they 

are frequently prescribed to hemodialysis patients10 and are competitive inhibitors of CYP 

2C19.11, 12, 20

To construct the study cohort, we identified patients treated with in-center maintenance 

hemodialysis with continuous baseline Medicare Part A, B, and D coverage who newly 

initiated citalopram, escitalopram, or sertraline therapy from 1/1/2007 to 12/30/2017. The 

baseline period was the 180-days prior to SSRI initiation. We then applied the following 

exclusion criteria: 1) age <18 years at the beginning of baseline, 2) time on maintenance 

dialysis ≤90 days at the beginning of baseline, 3) receipt of hospice care during baseline, 4) 

presence of an implantable cardioverter defibrillator, and 5) missing demographic data.

Study exposure

We used Medicare Part D prescription drug claims to identify new-users of citalopram, 

escitalopram, or sertraline and defined the index date as the date of the first prescription 

for one of these medications after a 180-day washout period free of SSRI prescription 

fills. Next, we determined if citalopram, escitalopram, and sertraline new-users were or 

were not using a PPI at the time of SSRI initiation. To do so, we assessed if they had a 

prescription fill for a PPI that overlapped the SSRI index date. We then classified patients 

into four exposure groups: 1) citalopram/escitalopram initiators using a PPI, 2) citalopram/

escitalopram initiators not using a PPI, 3) sertraline initiators using a PPI, and 4) sertraline 

initiators not using a PPI (referent group). We selected sertraline initiators not using a PPI 
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as the referent because sertraline has lower QT-prolonging potential compared to citalopram/

escitalopram, and this group was not using PPIs, the interacting drug of interest.16

Study outcomes

We obtained dates and causes of death from the End Stage Renal Disease Death Notification 

form. The primary outcome was SCD within 1 year of the index date. We defined SCD 

using the established USRDS definition, death due to cardiac arrhythmia or cardiac arrest 

listed as the primary cause of death on the Death Notification form.21 We also considered 

two broader cardiac outcomes in secondary analyses: a composite of SCD or hospitalized 

ventricular arrhythmia and, separately, cardiovascular mortality (Table S1).

Study covariates

We identified baseline covariates in the 180-day baseline period using Medicare Part A, B, 

and D claims. Covariates included patient demographics, comorbid conditions, prescription 

medication use, and metrics of health care utilization (Tables S2 and S3).

Statistical analyses

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, 

NC). Baseline characteristics of each SSRI-PPI exposure group are displayed as count (%) 

for categorical variables and as mean ± standard deviation or median (interquartile range) for 

continuous variables. We compared baseline covariate distributions across the groups using 

absolute standardized mean differences. A standardized mean difference >0.10 represents an 

imbalance between exposure groups.22

We used an on-treatment analytic approach to evaluate the association between SSRI-PPI 

exposure group and the 1-year risk of SCD. We followed individuals from the index date 

to the first occurrence of an outcome, censoring, or competing event. Censoring events 

included: 1) change of dialysis modality, 2) kidney transplantation, 3) recovery of kidney 

function, 4) loss of Medicare Part A, B, or D coverage, 5) loss to follow-up, 6) index 

SSRI discontinuation (using a 7-day grace period), 7) switch to a non-index SSRI, 8) PPI 

discontinuation (using a 7-day grace period) among those using a PPI on the index date, 9) 

PPI initiation among those not using a PPI on the index date, 10) completion of one year of 

follow-up, and 11) study end (12/31/2017).

In primary analyses, we assessed the SSRI-PPI exposure group—SCD associations using 

Fine and Gray proportional subdistribution hazards models,23 treating death due to a cause 

other than SCD (i.e., non-SCD) as a competing event. These models estimate hazard 

ratios (HRs) and 95% confidence intervals (CIs). We used inverse probability of treatment 

(IPT) weighting for confounding control. Because we considered four different exposure 

groups, we estimated propensity scores and generated IPT weights using standard methods 

for multicategory exposures.15, 24 Briefly, we calculated the predicted probability (i.e., 

propensity score) of receiving the treatment actually received as a function of baseline 

covariates, Pr (actual SSRI-PPI exposure category | baseline covariates), using multinomial 

logistic regression. We calculated stabilized inverse probability of treatment weights as the 
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reciprocal of the propensity score multiplied by the marginal probability of treatment, and 

estimated weighted HRs by applying stabilized IPT weights in our regression models.

We used an analogous analytic approach to conduct secondary analyses considering 

alternative outcomes and exposure variations. We evaluated the association between SSRI-

PPI exposure groups and two broader cardiac outcomes, specified above. In analyses 

evaluating cardiovascular mortality, we treated non-cardiovascular death as a competing 

event. We also evaluated if SCD associations were consistent for both citalopram and 

escitalopram by comparing each of these SSRIs, separately, to sertraline.

We conducted sensitivity analyses to evaluate the robustness of our primary findings, 

including: 1) using a more stringent 0-day grace period to define SSRI and PPI 

discontinuation, 2) excluding patients using another non-PPI CYP 2C19 inhibitor on the 

index date, 3) restricting the study cohort to patients with the Medicare Part D low income 

subsidy (i.e., individuals more likely to use prescription PPIs), and 4) conducting stratified 

analyses based on the duration of PPI use (>30 and ≤30 days) at the time of SSRI initiation 

to assess the potential influence of PPI-related prevalent user bias. In addition, we evaluated 

the associations among SSRI-PPI exposure groups and death due to a cause other than 

SCD (i.e., non-SCD), a negative control outcome. In these analyses, we treated SCD as a 

competing event.

RESULTS

Study cohort characteristics

Figure 2 displays study cohort selection. Overall, 72,559 patients receiving maintenance 

hemodialysis were included: 14,983 (21%) citalopram/escitalopram initiators using a PPI, 

26,503 (36%) citalopram/escitalopram initiators not using a PPI, 10,779 (15%) sertraline 

initiators using a PPI, and 20,294 (28%) sertraline initiators not using a PPI. The average 

patient age was 60 ± 15 years, 53% were women, 36% were Black, and 17% were Hispanic. 

Of the 25,762 patients using a PPI at the time of SSRI initiation, the median (interquartile 

range) time on PPI therapy was 49 (6–145) days, and the most frequently used PPIs 

were omeprazole (45%), pantoprazole (30%), and esomeprazole (17%). Propensity score 

distributions are displayed in Figure S1, and baseline characteristics of the study cohort 

stratified by SSRI-PPI exposure group are presented in Table 1, Table S4, and Table S5.

Primary analyses

The primary study cohort was followed for a total of 15,489 person-years (3,064 person-

years for citalopram/escitalopram initiators using a PPI; 5,703 person-years for citalopram/

escitalopram initiators not using a PPI; 2,269 person-years for sertraline initiators using a 

PPI; and 4,454 person-years for sertraline initiators not using a PPI). A total of 1,197 SCDs 

occurred during the 1-year follow-up period at a rate of 77.3/1,000 person-years (292 events 

at a rate of 95.3/1,000 person-years among citalopram/escitalopram initiators using a PPI; 

448 events at a rate of 78.6/1,000 person-years among citalopram/escitalopram initiators not 

using a PPI; 177 events at a rate of 78.0/1,000 person-years among sertraline initiators using 
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a PPI; and 280 events at a rate of 62.9/1,000 person-years among sertraline initiators not 

using a PPI).

Figure 3 and Table S6 display the associations among SSRI-PPI exposure groups and SCD. 

Compared with sertraline initiators not using a PPI, citalopram/escitalopram initiators using 

a PPI had the numerically highest risk of SCD (weighted HR [95% CI] = 1.31 [1.11–1.54]), 

followed by citalopram/escitalopram initiators not using a PPI (weighted HR [95% CI] = 

1.22 [1.06–1.41]. Sertraline initiators using vs. not using a PPI had similar risks of SCD, 

weighted HR [95% CI] = 1.03 [0.85–1.26].

Secondary analyses

Secondary analyses evaluating alterative cardiac outcomes produced consistent results 

(Table 2). Relative to sertraline initiation without PPI use, citalopram/escitalopram initiation 

with concurrent PPI use was associated with the numerically highest risk of the composite 

outcome, SCD or hospitalized ventricular arrhythmia (weighted HR [95% CI] = 1.29 [1.10–

1.51]), followed by citalopram/escitalopram initiation without PPI use (weighted HR [95% 

CI] = 1.20 [1.04–1.37]). Initiation of sertraline with vs. without concurrent PPI use was 

not associated with the composite outcome, weighted HR [95% CI] = 0.98 [0.81–1.19]. 

Analogous patterns were seen for cardiovascular mortality. In addition, analyses evaluating 

citalopram and escitalopram separately generated similar results (Figure 4 and Table S7).

Sensitivity analyses

Sensitivity analyses using a shorter grace period to define SSRI and PPI discontinuation, 

excluding patients using another non-PPI CYP 2C19 inhibitor, restricting the study cohort 

to individuals with the Medicare Part D low-income subsidy, and stratifying by duration of 

PPI use produced results that were consistent with our primary analyses (Table S8). Negative 

control outcome analyses evaluating the association between SSRI-PPI exposure group and 

death due to a cause other than SCD (i.e., non-SCD) produced null results (Table S9).

DISCUSSION

We evaluated the association of drug-drug interactions involving citalopram/escitalopram 

and PPIs with outcomes in the hemodialysis population. Relative to sertraline initiation 

without PPI use, citalopram/escitalopram initiation with concurrent PPI use was associated 

with the numerically highest risk of SCD, followed by citalopram/escitalopram initiation 

without PPI use. Relative to sertraline initiation without PPI use, sertraline initiation with 

concurrent PPI use was not associated with SCD. Results were consistent when we: assessed 

broader cardiac outcomes, evaluated citalopram and escitalopram separately, and performed 

several sensitivity analyses.

Observational studies have linked citalopram and escitalopram, SSRIs with the greatest 

QT-prolonging potential, to higher risks of adverse cardiac events in both the general25 

and hemodialysis populations.26 However, few prior studies have considered if concurrent 

exposure to interacting medications has the potential to enhance the pro-arrhythmic risk 

associated with citalopram and escitalopram treatment. A nationwide cohort study in 

Taiwan showed that concomitantly using citalopram and omeprazole was associated with 
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a higher risk of ventricular arrhythmias, cardiac arrest, and sudden death compared with 

using citalopram alone.27 Evidence in dialysis-dependent kidney failure is scant, and to our 

knowledge is limited to a case report of torsades de pointes in a peritoneal dialysis patient 

treated with escitalopram and omeprazole.28

Our finding that concurrent PPI use (vs. non-use) may enhance the risk of citalopram/

escitalopram-associated SCD suggests the occurrence of a drug-drug interaction, which 

could be pharmacokinetic and/or pharmacodynamic. Citalopram and escitalopram are 

hepatically metabolized, primary by CYP 2C19.12, 29 Inhibition of this isoenzyme by 

other drugs, such as PPIs, will diminish citalopram/escitalopram clearance. Pharmacokinetic 

studies have demonstrated that PPI co-administration increases serum citalopram/

escitalopram concentrations by 50 to 120%.30, 31 Such extensive accumulation can 

result in more profound citalopram/escitalopram-induced QT-prolongation. Moreover, PPIs 

themselves can prolong the QT-interval via induction of hypomagnesemia,13 and thus, have 

the potential to also interact with citalopram/escitalopram pharmacodynamically (i.e., the 

individual QT-prolonging effects citalopram/escitalopram and PPIs may be additive). Both 

of these interaction mechanisms could contribute to the development of clinically significant 

QT-prolongation. Notably, general population electrocardiogram studies have demonstrated 

that concurrent use of citalopram/escitalopram and a PPI can prolong the QT-interval by as 

much as 30 msec.32

While the interaction potential of medications is optimally studied experimentally via in 

vitro and/or clinical drug interaction studies,33, 34 epidemiologic investigations, such as ours 

can highlight adverse events associated with the concomitant use of drugs that have the 

potential to interact with one another. We hypothesize that the PPI-mediated competitive 

inhibition of CYP 2C19 might be driving the observed associations for two reasons. First, 

PPI-induced hypomagnesemia occurs in the setting of long-term PPI use. The majority 

of severe hypomagnesemia cases reported to the U.S. Food and Drug Administration 

(FDA) occurred among people on PPI therapy for longer than a year.35 In our study, 

the median length of PPI use at the time of SSRI initiation was 49 days, a duration 

likely too short to induce hypomagnesemia. In addition, because hypomagnesemia can 

cause QT-prolongation and is associated with fatal arrhythmias, we would expect that 

PPI-induced hypomagnesemia would elevate the risk of SCD even among patients using 

sertraline. In our study, the risk of SCD did not differ among sertraline initiators using 

and not using a PPI. Second, citalopram and escitalopram are primarily metabolized by 

CYP 2C19,17, 18 but sertraline is not.19 Relative to sertraline initiators not using a PPI, 

the risk of SCD was incremental across the exposure groups comprised of citalopram/

escitalopram initiators. Citalopram/escitalopram initiators using a PPI had the numerically 

highest risk of SCD followed by citalopram/escitalopram initiators not using a PPI. SCD risk 

did not differ among sertraline initiators using and not using a PPI. Taken together these 

findings suggest that a pharmacokinetic CYP 2C19-mediated drug-drug interaction between 

citalopram/escitalopram and PPIs may explain our findings.

Irrespective of the exact mechanism(s) at play, our data suggest that clinicians should be 

cautious about prescribing citalopram/escitalopram in the setting of concurrent PPI therapy. 

This is consistent with guidance from the FDA and other pharmaceutical regulatory bodies 

Assimon et al. Page 7

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2023 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



warning of potential drug-drug interactions between citalopram/escitalopram and CYP 2C19 

inhibitors such as omeprazole.36, 37 Clinicians may consider stopping PPI therapy before 

citalopram/escitalopram initiation, or, if possible, use sertraline instead. Regardless of PPI 

use, in cases where citalopram/escitalopram cannot be avoided, we suggest conducting 

a baseline electrocardiogram to measure the QT-interval prior to SSRI initiation and 

monitoring electrocardiograms every 3 to 6 months in accordance with American Heart 

Association recommendations.38

To-date, drug-drug interactions in the hemodialysis population, have been understudied, 

and it is plausible that related harm may be underappreciated. Hemodialysis patients 

may be particularly susceptible to the fatal consequences of drug interaction-induced 

QT-prolongation due to several pharmacokinetic-, cardiac-, and dialysis treatment-related 

factors. For example, the uremic milieu is known to suppress CYP isoenzyme expression 

and activity,39 diminishing associated hepatic drug clearance and potentially increasing the 

impact of drug-drug interactions mediated by CYP inhibition.40 In addition, underlying 

structural heart abnormalities from conditions such as ischemic heart disease, left ventricular 

hypertrophy, and heart failure are highly prevalent in the hemodialysis population.41 

Associated cardiac ion channel abnormalities may make hemodialysis patients particularly 

susceptible to fatal arrhythmias from QT-prolonging medications and associated drug-drug 

interactions.42, 43 Finally, hemodialysis patients are routinely exposed to non-drug pro-

arrhythmic triggers, such as electrolyte abnormalities and hemodialysis treatment-related 

electrolyte and fluid shifts, increasing their vulnerability to fatal arrhythmias from QT-

prolonging medications and drug-drug interactions involving these medications.42, 44 

Concerted efforts to educate clinicians about known drug-related risks are needed.

Our findings must be considered in the context of study limitations. First, the four SSRI-

PPI exposure groups were relatively small in size, limiting statistical power and making 

it difficult to draw definitive conclusions when comparing the exposure groups to one 

another. While our findings suggest that PPIs may enhance the risk of SCD associated 

with citalopram/escitalopram initiation, confirmation in future well-powered studies is 

needed. Second, because this study was observational, residual confounding may remain. 

Reassuringly, negative control outcome analysis yielded null results. In addition, the lack 

of an association between sertraline initiation and SCD among patients using vs. not 

using a PPI provides further evidence that PPI-related confounding by indication was 

minimal in our study. Third, because the SSRI-PPI exposure groups were constructed 

based upon SSRI new-use and the presence or absence of PPI use on the SSRI index 

date, PPI-related prevalent user bias may have impacted study results. Reassuringly, a 

sensitivity analysis considering the duration of PPI use at the time of SSRI initiation (>30 

and ≤30 days) generated results consistent with primary analyses, indicating that prevalent 

user bias was minimal. Fourth, various PPIs were available over-the-counter in the U.S. 

during the study period, and it is possible that exposure misclassification related to PPI 

use status may have occurred. However, a sensitivity analysis restricting to individuals 

with the Medicare Part D low income subsidy, patients likely to obtain PPIs using their 

Part D benefit, produced consistent results. Fifth, while individual PPIs have different 

affinities for CYP 2C19,11, 12, 20 we were unable consider dexlansoprazole, esomeprazole, 

lansoprazole, omeprazole, pantoprazole, and rabeprazole separately in our analyses because 
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of the relatively small number of patients using each PPI. Sixth, although we defined 

SCD using the established USRDS definition, it is possible that outcome misclassification 

may have occurred. Reassuringly, analyses considering broader cardiac outcomes yielded 

consistent results. Finally, our results may not generalize to excluded populations such as 

patients receiving peritoneal dialysis or to other combinations of QT-prolonging medications 

and potentially interacting drugs.

In conclusion, existing PPI use may further enhance the risk of SCD associated with 

citalopram/escitalopram initiation among individuals receiving maintenance hemodialysis. 

These findings suggest that drug-drug interactions may heighten the risk of serious 

medication-related adverse events in the hemodialysis population, emphasizing the need 

for future research in this area.
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KEY POINTS

• Concurrent use of proton pump inhibitors with citalopram or escitalopram 

may potentiate the QT-prolonging effects of these selective serotonin reuptake 

inhibitors through pharmacodynamic and/or pharmacokinetic interactions.

• Existing PPI use may elevate the risk of SCD associated with citalopram or 

escitalopram initiation among hemodialysis patients.

• Drug-drug interactions have the potential to heighten the risk of 

serious medication-related adverse events in the hemodialysis population, 

underscoring the importance of conducting comprehensive medication 

reviews prior to prescribing new medications.
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PLAIN LANGUAGE SUMMARY

Polypharmacy is common in the hemodialysis population and increases the likelihood 

that patients will be exposed to clinically significant drug-drug interactions. Concomitant 

use of proton pump inhibitors (PPIs) with citalopram or escitalopram may potentiate the 

QT-prolonging effects of these selective serotonin reuptake inhibitors. This retrospective 

cohort study of hemodialysis patients examined the differential risks of sudden cardiac 

death (SCD) associated with newly initiating citalopram or escitalopram vs. newly 

initiating sertraline in the presence and absence of existing PPI use. Compared with 

sertraline initiators not using a PPI, citalopram/escitalopram initiators using a PPI had the 

numerically highest risk of SCD, followed by citalopram/escitalopram initiators not using 

a PPI. Sertraline initiators using vs, not using a PPI had a similar risk of SCD. Existing 

PPI use may enhance the risk of SCD among hemodialysis patients newly initiating 

citalopram or escitalopram. These findings underscore the importance of conducting 

comprehensive medication reviews prior to prescribing new medications.
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Figure 1. Study design
We determined if citalopram, escitalopram, and sertraline new-users were or were not using 

a PPI at the time of SSRI initiation by determining if they filled a prescription for a PPI that 

overlapped the index date.

Abbreviations: PPI, proton pump inhibitor; SSRI, selective serotonin reuptake inhibitor; Rx, 

prescription.
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Figure 2. Flow diagram depicting study cohort assembly
a To be included in the study, patients had to receive in-center hemodialysis during the 180-

days prior to study medication initiation (i.e., the baseline period) and also have continuous 

Medicare Part A, B, and D coverage during this period.

Abbreviations: PPI, proton pump inhibitor.
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Figure 3. Association between SSRI–PPI exposure status and the 1-year risk of sudden cardiac 
death
An on-treatment analytic approach was used in all analyses. Fine and Gray proportional 

subdistribution hazards models were used to estimate hazard ratios, and inverse probability 

of treatment weighting was used for confounding control.

Abbreviations: CI, confidence interval; cital/escital, citalopram or escitalopram; HR hazard 

ratio; PPI, proton pump inhibitor; ref., referent; sert, sertraline.
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Figure 4. Association between SSRI–PPI exposure status and the 1-year risk of sudden cardiac 
death considering citalopram and escitalopram separately
An on-treatment analytic approach was used in all analyses. Fine and Gray proportional 

subdistribution hazards models were used to estimate hazard ratios, and inverse probability 

of treatment weighting was used for confounding control.

Abbreviations: CI, confidence interval; cital, citalopram; escital, escitalopram; HR hazard 

ratio; PPI, proton pump inhibitor; ref., referent; sert, sertraline.
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Table 1.

Select baseline characteristics of the SSRI–PPI exposure groups after inverse probability of treatment 

weighting

Citalopram/escitalopram Sertraline

Characteristic PPI n = 14,860
a

No PPI n = 26,581
a

PPI n = 10,726
a

No PPI n = 20,341
a

Age (years) 61 ±15 61 ± 15 61 ± 15 61 ± 15

Female 7,872 (53%) 13,989 (53%) 5,646 (53%) 10,709 (53%)

Race

 Black 5,303 (36%) 9,528 (36%) 3,872 (36%) 7,304 (36%)

 White 8,884 (60%) 15,867 (60%) 6,375 (59%) 12,119 (60%)

 Other 673 (5%) 1,185 (4%) 479 (4%) 917 (5%)

Hispanic 2,609 (18%) 4,648 (17%) 1,861 (17%) 3,537 (17%)

Medicare Part D low income subsidy 10,659 (72%) 19,025 (72%) 7,693 (72%) 14,556 (72%)

Cause of dialysis-dependent kidney failure

 Diabetes 7,530 (51%) 13,453 (51%) 5,457 (51%) 10,296 (51%)

 Hypertension 3,809 (26%) 6,794 (26%) 2,713 (25%) 5,204 (26%)

 Glomerular disease 1,523 (10%) 2,721 (10%) 1,097 (10%) 2,089 (10%)

 Other 1,998 (13%) 3,613 (14%) 1,458 (14%) 2,752 (14%)

Time on maintenance dialysis

 < 1.0 year 2,461 (17%) 4,405 (17%) 1,788 (17%) 3,374 (17%)

 1.0 – 1.9 years 2,769 (19%) 4,974 (19%) 1,976 (18%) 3,796 (19%)

 2.0 – 2.9 years 2,193 (15%) 3,965 (15%) 1,603 (15%) 3,005 (15%)

 ≥ 3.0 years 7,437 (50%) 13,237 (50%) 5,358 (50%) 10,165 (50%)

Anxiety 3,359 (23%) 6,003 (23%) 2,411 (22%) 4,547 (22%)

Depression 5,310 (36%) 9,484 (36%) 3,818 (36%) 7,237 (36%)

GERD 4,797 (32%) 8,413 (32%) 3,400 (32%) 6,488 (32%)

Arrhythmia 4,799 (32%) 8,509 (32%) 3,492 (33%) 6,538 (32%)

Conduction disorder 1,456 (10%) 2,580 (10%) 1,038 (10%) 1,979 (10%)

Heart failure 7,278 (49%) 12,968 (49%) 5,314 (50%) 9,930 (49%)

Ischemic heart disease 7,422 (50%) 13,249 (50%) 5,392 (50%) 10,151 (50%)

ECG during the last 30 days of baseline 4,450 (30%) 7,984 (30%) 3,258 (30%) 6,096 (30%)

Diabetes 10,509 (71%) 18,815 (71%) 7,626 (71%) 14,361 (71%)

≥ 1 CYP 3A4 inhibitor 1,068 (7%) 1,919 (7%) 786 (7%) 1,487 (7%)

≥ 1 other CYP 2C19 inhibitor 1,846 (12%) 3,279 (12%) 1,319 (12%) 2,505 (12%)

≥ 1 med with any TdP risk c 5,417 (36%) 9,620 (36%) 3,916 (37%) 7,345 (36%)

≥ 1 med with known TdP risk c 1,513 (10%) 2,694 (10%) 1,095 (10%) 2,048 (10%)

≥ 1 med with possible TdP risk 
b 1,495 (10%) 2,671 (10%) 1,081 (10%) 2,016 (10%)

≥ 1 med with conditional TdP risk 
b 3,664 (25%) 6,452 (24%) 2,630 (25%) 4,970 (24%)

Hospitalized in the last 30 days of baseline 4,565 (31%) 8,102 (30%) 3,287 (31%) 6,167 (30%)

ED visit in the last 30 days of baseline 5,131 (35%) 9,143 (34%) 3,711 (35%) 7,004 (34%)

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2023 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Assimon et al. Page 19

Values are given as % for categorical variables and as mean ± standard deviation for continuous variables. All covariates were measured during the 
180-day baseline period. Tables S4 and S5 display the full list of baseline covariates considered in our analyses stratified by SSRI-PPI exposure 
group for both the unweighted and inverse probability of treatment weighted cohorts.

a
Effective sample size after inverse probability of treatment weighting. Absolute standardized mean differences comparing covariate distributions 

across all exposure group pairs were ≤ 0.10 after inverse probability of treatment weighting.

b
The CredibleMeds website (https://crediblemeds.org) is a reliable online clinical resource with up-to-date information about medications that can 

cause QT-prolongation and/or torsade de pointes. CredibleMeds classifies QT-prolonging medications as having a known, possible, or conditional 
TdP risk. Lists of medications falling into each category are provided in Table S3. Medications classified as having any level of TdP risk are those 
falling into any of the three CredibleMeds categories.

Abbreviations: CYP, cytochrome P450; ECG, electrocardiogram; ED, emergency department; GERD, gastroesophageal reflux disease; med, 
medication; PPI, proton pump inhibitor; SSRI, selective serotonin reuptake inhibitor; TdP, Torsades de Pointes
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Table 2.

Association between SSRI–PPI exposure group and the 1-year risk of other cardiac outcomes

Sudden cardiac death or hospitalized ventricular arrhythmia – secondary outcome

Exposure group n No. of events Rate per 1,000 p-y Crude HR (95% CI) Weighted HR (95% CI)

Sert + no PPI 20,294 303 68.1 1.00 (ref.) 1.00 (ref.)

Sert + PPI 10,779 182 80.2 1.18 (0.98–1.42) 0.98 (0.81–1.19)

Cital/escit + no PPI 26,503 474 83.2 1.22 (1.06–1.41) 1.20 (1.04–1.37)

Cital/escit + PPI 14,983 309 100.9 1.47 (1.25–1.72) 1.29 (1.10–1.51)

Cardiovascular death – secondary outcome

Exposure group n No. of events Rate per 1,000 p-y Crude HR (95% CI) Weighted HR (95% CI)

Sert + no PPI 20,294 416 93.4 1.00 (ref.) 1.00 (ref.)

Sert + PPI 10,779 256 112.9 1.21 (1.04–1.42) 1.06 (0.91–1.25)

Cital/escit + no PPI 26,503 641 112.4 1.20 (1.06–1.36) 1.16 (1.03–1.31)

Cital/escit + PPI 14,983 417 136.1 1.45 (1.26–1.66) 1.26 (1.10–1.45)

An on-treatment analytic approach was used in all analyses. Fine and Gray proportional subdistribution hazards models were used to estimate 
hazard ratios and inverse probability of treatment weighting was used for confounding control.

Abbreviations: CI, confidence interval; cital/escital, citalopram or escitalopram; HR hazard ratio; No., number PPI, proton pump inhibitor; p-y, 
person-years; ref., referent; sert, sertraline.
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