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Abstract
The selective serotonin reuptake inhibitors (SSRIs) citalopram and escitalopram 
are associated with QT prolongation, which increases the risk of serious arrhyth-
mia. Consequently, regulatory agencies issued safety warnings in 2011. This study 
aimed to investigate the risk of serious arrhythmia following initiation of citalo-
pram or escitalopram compared to other SSRIs and the risk in the periods before 
and after the warnings were issued. We conducted a series of nationwide cohort 
studies emulating a target trial using Danish healthcare register data from January 
1, 2002, to December 31, 2016. We included patients (aged ≥65 years) who filled an 
SSRI prescription with a 1- year washout period before the index date. The outcome 
was an event of serious arrhythmia. Individuals were followed for a maximum of 
6 months using an intention- to- treat approach. Log- binomial regression analyses 
were performed, estimating risk ratios (RRs) and 95% confidence intervals (CIs) 
adjusting for age and sex, comorbidities, and comedications with propensity scores. 
Dose– response effects were not investigated because dosage instructions were not 
available. We included 167,366 (146,014 individuals), 40,113 (37,069 individuals), 
and 50,281 (44,754 individuals) person- trials of citalopram, escitalopram, and other 
SSRIs, respectively. In total, there were 228 events of serious arrhythmia. No dif-
ference in risk was observed in the entire study period for either citalopram (0.87 
[0.62– 1.22]) or escitalopram (0.85 [0.53– 1.40]). We identified lower point estimates 
after the safety warning, RR 0.54 (95% CI 0.31– 0.93) for citalopram and 0.58 (0.20– 
1.63) for escitalopram. Initiation of citalopram and escitalopram was not associated 
with an increased risk of serious arrhythmia. However, lower point estimates were 
observed after the safety warning.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
The selective serotonin reuptake inhibitors (SSRIs) citalopram and escitalo-
pram have been associated with an increased risk of QT prolongation, causing 
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INTRODUCTION

Citalopram and escitalopram belong to the drug class se-
lective serotonin reuptake inhibitors (SSRIs). They are 
most often used to treat depression, but they are also pre-
scribed for a range of anxiety disorders. Both drugs are well- 
tolerated, efficacious, and generally have a favorable safety 
profile compared to the tricyclic antidepressants that they 
have now largely replaced.1,2 Citalopram, escitalopram, 
and sertraline are the most frequently initiated SSRIs in 
Denmark.3 However, the use of citalopram and escitalo-
pram has been linked to prolongation of the QT interval.4– 7 
A prolonged QT interval is caused by irregularities in the 
heart’s electrical conduction, either congenital or acquired. 
Prolonged QT increases the risk of serious arrhythmia, in-
cluding Torsade des Pointes, ventricular tachycardia, and 
ventricular fibrillation. Acquired QT prolongation may 
develop due to drugs that block hERG potassium chan-
nels. This results in a slower potassium efflux and a longer 
repolarization period, which increases the risk of develop-
ing a serious arrhythmia.8,9 Therefore, there are suspicions 
that citalopram and escitalopram might be implicated in 
triggering serious arrhythmias. Based on an unpublished 
randomized trial showing dose- dependent QT prolonga-
tion and individual case safety reports, the US Food and 
Drug Administration (FDA) and the European Medicines 
Agency (EMA) updated the Prescription Information and 
Summary of Product Characteristics for citalopram in 
2011 and issued a drug safety communication to health-
care professionals. The warning regarded dose reduction 
recommendations, contraindications, precautions, and 
interactions.10,11 A similar warning was also issued by 
the EMA regarding escitalopram, the S- enantiomer of cit-
alopram.12 In contrast, the FDA did not issue a warning 

for escitalopram, as the unpublished trial did not show a 
dose- dependent prolonged QT interval that was clinically 
significant for this drug.10 In addition, the FDA dose rec-
ommendation for escitalopram in older adults was already 
lower than the EMA recommendation.12,13 The association 
with arrhythmias has not been confirmed by clinical tri-
als due to the rare nature of this outcome. Conflicting evi-
dence has arisen from observational studies in which the 
majority have not identified increased risks.14– 19 However, 
three studies did.20– 22 The first study was published in 2011 
by Weeke et al. It was a nationwide Danish case- time- 
control study that examined the risk of cardiac arrest as-
sociated with episodes of use of each SSRI compared to 
episodes of no use.20 In a Canadian cohort study from 2016, 
Qirjazi et al. identified a small increased risk of ventricular 
arrhythmia among users of citalopram compared to users 
of paroxetine and sertraline.21 Recently, a Danish case– 
control study found higher rates of out- of- hospital cardiac 
arrest among high- dose citalopram users (>20 mg) and 
high- dose escitalopram users (>10 mg) compared to users 
of sertraline.22 To our knowledge, no study has identified 
an increased risk of serious arrhythmia following initia-
tion of escitalopram compared to other SSRIs. Moreover, 
no study has compared the risk in the periods before and 
after the safety warning. In addition, in a signal detection 
study investigating individual SSRIs and their risk of se-
rious medical events, we identified a potential safety sig-
nal of cardiac arrest among users of citalopram compared 
to users of other SSRIs.23 Therefore, in the current study, 
we investigate the potential safety signal for citalopram in 
more detail and also assess the risk of arrhythmia and car-
diac arrest in initiators of escitalopram. Finally, we com-
pare the risk of serious arrhythmia before and after the 
safety warnings were issued.

regulatory agencies to issue drug safety warnings. Conflicting evidence has arisen 
from observational studies regarding the association between citalopram and 
escitalopram use and QT prolongation- related arrhythmia and cardiac arrest.
WHAT QUESTION DID THE STUDY ADDRESS?
We aimed to estimate the relative risk of serious arrhythmia among citalopram 
and escitalopram initiators, compared to other SSRIs and to compare the risk 
before and after the warnings.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Using emulation of a target trial, we found no increased risk of serious arrhyth-
mia after initiation of citalopram or escitalopram. Lower risk estimates were 
identified after the safety warnings.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
The pro- arrhythmic effects related to the QT- prolonging potential of citalopram 
and escitalopram appear to be manageable in clinical practice. Future stud-
ies could shed light on whether the distribution of risk factors for arrhythmias 
change over time among SSRI users.
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METHODS

Data sources

We obtained data from the Danish national healthcare 
registries and used each person’s unique civil registra-
tion number (CPR) to link information from the in-
cluded registries. The National Prescription Registry 
was used to identify SSRI exposure and comedications 
based on anatomical therapeutic chemical (ATC) classi-
fication codes.24,25 We used the Danish National Patient 
Registry to identify exclusion criteria and events of se-
rious arrhythmia and comorbidities.26 Diagnosis codes 
were coded as International Statistical Classification 
of Diseases and Related Health Problems (ICD) 10th 
revision.27 Procedure codes were coded with Nordic 
Classification of Surgical Procedures (NCSP).28 The 
Danish Register of Causes of Death and the Danish Civil 
Registration System were used to identify deaths and mi-
grations, respectively.29,30

Study cohort

A nationwide registry- based cohort study was conducted, 
emulating a hypothetical randomized trial (Table S1). We 
included patients aged 65 years and above, who redeemed 
a prescription of an SSRI after a washout period of at least 
1 year between January 1, 2002, and December 31, 2016. 
The analysis was restricted to older adults (≥65 years) due 
to a low incidence of the outcome in younger adults. We 
excluded patients with <365 days of observation time be-
fore the index date, more than one SSRI on the index date 
(start of first SSRI prescription), and a previous diagno-
sis of serious arrhythmia 5 years before the index date. 
Moreover, patients with HIV, end- stage renal diseases, 
liver diseases, severe respiratory diseases, other end- stage 
diseases, organ transplants, congenital abnormalities, and 
substance misuse any time before the index date were ex-
cluded (Figure  1). A graphical depiction of the study de-
sign is illustrated in Figure S1. To increase the number of 
exposures and outcomes, we allowed individuals to enter 

F I G U R E  1  Flow chart from initiators of selective serotonin reuptake inhibitors (SSRIs) to the final cohort.

905,580 excluded due to
• No residence in Denmark on index date (N = 5291)
• Observable less than one year before the index date 

(N = 12,784)
• Age on index date < 65 years (N = 887,189)
• More than one SSRI dispensed on index date (N = 316)

64,285 excluded due to specific risk factors for serious 
arrhythmia (Diagnoses and procedure codes ever before 
the index date)
• Human immunodeficiency virus (N = 79)
• End-stage renal disease (N = 399)
• Liver disease (N = 3243)
• Severe respiratory disease (N = 9222)
• Congenital abnormalities (N =  2148)
• Other end-stage illness (N = 14,471)
• Dementia (N = 31,661)
• Substance misuse (N = 3013)
• Organ transplant (N = 49)

Initiators of SSRIs, 2002-2016 
N = 1,229,855

Initiators of SSRIs, Danish residents
Age >= 65 years and observable >= 1 year 

N = 324,275

Initiators of SSRIs with no specific risk factors for 
serious arrhythmia

N = 259,990

Final cohort
N = 257,760

2230 excluded due to serious arrhythmia diagnoses five 
years before the index date
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the study more than once when fulfilling the eligibility, 
exposure washout, and exclusion criteria.31,32 Hence, indi-
viduals could be included in multiple person- trials, as illus-
trated in Figure 2. Here, three examples of individuals are 
illustrated: individual one, who enters two person- trials, 
as the eligibility, exposure washout, and exclusion criteria 
are fulfilled two times. Individual two also enters twice, but 
at the second entry, the individual experiences the event 
of interest. Within the follow- up period of the first entry, 
the individual fills a prescription which is not included 
because the 1- year exposure washout is not fulfilled. After 
the second inclusion, the individual fills another prescrip-
tion, which is not included because an exclusion criterion is 
not fulfilled (5- year outcome washout). Finally, individual 
three enters three times. In this scenario, the individual 
fills three prescriptions that fulfill the eligibility, exposure 
washout, and exclusion criteria. In addition, three prescrip-
tions are redeemed, which are not included because the 
exposure washout is not fulfilled. Definitions of exposures, 
outcomes, exclusion criteria,  comorbidities, and comedica-
tions are provided in Table S2.

Exposures

We had two sets of exposures. These were initiators 
of citalopram (ATC code: N06AB04 and escitalopram 
N06AB10). The comparator group consisted of initiators 
of other SSRIs, being sertraline (N06AB06), paroxetine 
(N06AB05), fluvoxamine (N06AB08), and fluoxetine 
(N06AB03). Patients were followed from the prescription 
fill (index date) until the occurrence of serious arrhythmia 
or censoring (emigration, death, end of follow- up period, 
or end of study period), whichever came first.

Outcome

The study outcome was an inpatient admission with a 
main diagnosis of serious arrhythmia with a washout 

period 5 years before the index date. We defined serious 
arrhythmia by the following ICD- 10 codes: I47.2 (ventric-
ular tachycardia), I49.0 (ventricular fibrillation and flut-
ter), I49.3 (ventricular premature depolarization), and I46 
(cardiac arrest).33

Covariates

The selection of covariates to adjust for potential con-
founding was based on recent reviews on arrhythmia and 
a previous study investigating the same outcome.17,33– 36 
The covariates consisted of age, sex, comorbidities, and 
comedications. The comorbidities were defined as in and 
outpatient diagnoses of acute coronary syndrome, ar-
rhythmia, arterial disease, cardiac surgery, valve disor-
ders, venous thromboembolism, cerebrovascular disease, 
heart failure/cardiomyopathy, other ischemic heart dis-
ease, cancer, obesity, renal diseases, respiratory diseases, 
and psychiatric and neurologic diseases occurring 5 years 
before the index date. Moreover, thyroid disturbances, al-
cohol misuse, smoking, arrhythmia, and obesity included 
diagnoses and drug proxies based on prescriptions filled 6 
months before the index date. Comedications were a fill of 
a prescription of antihypertensives, corticosteroids, anti- 
dementia drugs, antidepressants, antipsychotics, digoxin, 
antiepileptics, hormone replacement treatment, antidia-
betics, lipid- lowering drugs, nitrates, nonsteroidal anti- 
inflammatory drugs (NSAIDs), opioids, anticoagulants, 
anxiolytics, and antiplatelet drugs that occurred 6 months 
before the index date. More information is provided in 
Table S2.

Statistical analysis

Incidence rates (IRs) with 95% confidence intervals 
(CIs) were calculated using the gamma inverse cumu-
lative distribution function. We used log- binomial re-
gression models to estimate risk ratios (RRs) and 95% 

F I G U R E  2  Repeated inclusions.  Prescription included as a person- trial (eligibility, exposure washout, and exclusion criteria fulfilled); 
 Prescription not included (criteria not fulfilled); ● Outcome within 6 months after the index date; ○ Censoring (death, emigration, end of 

follow- up, or end of study);  1- year washout for the exposure.

Study start End of study

Individual 1

Individual 2

Individual 3
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CIs. Because individuals were allowed to enter the study 
more than once, we applied the generalized estimat-
ing equation method with an independent correlation 
structure to account for the correlation within individu-
als.37,38 We estimated RRs adjusted for age and sex, and 
propensity score quintiles. Logistic regression models 
were used to estimate the propensity scores by index 
year with the exposure as the dependent variable and 
the risk factors as independent variables.39 A supple-
mentary analysis was conducted with propensity score 
matching. It was performed using one- to- one propensity 
score greedy nearest neighbor matching. The matching 
was done exactly on the index year. No replacement was 
applied but we applied a maximum caliper distance of 
0.2 of the logit of the propensity score. Standardized 
mean differences were calculated for post- matching as-
sessment, where values below 25% were considered well 
balanced.40

The risk before and after the safety warnings was 
further investigated. For citalopram, the period before 
the warning was defined from the start of the study on 
January 1, 2002, to October 27, 2011, the date of the EMA 
Pharmacovigilance Working Party plenary meeting dis-
cussing citalopram.11 The period after the warning was 
from October 28, 2011, to the end of study on December 
31, 2016. For escitalopram, the period before was defined 
from January 1, 2002, until November 24, 2011.12 The 
period after was defined from November 25, 2011, until 
December 31, 2016.

Sensitivity analyses

To allow the safety warning to have an effect, we es-
timated the risk in the after periods in two sensitivity 
analyses. These had a 1- month and 6- month gap from the 
EMA meeting to the beginning of the after period. Hence, 
in the 1- month gap analysis, the after period started 
on November 27, 2011, and December 25, 2011. In the  
6- month gap analysis, the after period started on April 27, 
2012, and May 25, 2012, for citalopram and escitalopram, 
respectively. Moreover, a sensitivity analysis including 
only ventricular tachycardia and ventricular fibrillation 
and flutter in the definition of the outcome was conducted 
to compare results to a previous study.21

Ethics statement

The study was approved by the Danish Data Protection 
Agency through the University of Copenhagen 
(0421- 0022/18- 7000). Ethical approval is not required for 
register- based research in Denmark.41

RESULTS

Cohort characteristics

In total, there were 167,366 (146,014 individuals), 40,113 
(37,069 individuals), and 50,281 (44,754 individuals) 
person- trials of citalopram, escitalopram, and other SSRIs 
included in the study. In total, 17.0% of individuals were 
eligible for the study more than once. The age distribu-
tion was similar among the groups. However, initiators 
of the comparator SSRIs were slightly older than initia-
tors of citalopram and escitalopram. There were more 
initiators in the age groups 65– 74 years and 75– 84 years 
than 85 years and above across all exposure and compara-
tor groups, and the majority were women (63.5– 65.4%).  
More information about cohort characteristics is pro-
vided in Table 1. In the matched analysis, 49,823 (47,454 
and 44,338 individuals) and 27,231 (25,737 and 25,019 
individuals) matched pairs of citalopram and escitalo-
pram initiators and their comparators were included. The 
age and sex distributions in these cohorts were similar 
to the unmatched cohorts. The standardized mean dif-
ferences ranged from 0.28% to 20.58%. Before and after 
the warnings were issued, there were 126,546 and 40,820 
 person- trials of citalopram and 34,351 and 5762 person- 
trials of escitalopram, respectively. The annual number 
of SSRI initiators dropped during the study period, most 
pronounced for citalopram and escitalopram in the pe-
riod from 2011 and onward (Figure S3).

Citalopram and escitalopram and risk of 
serious arrhythmia

There were 225 events of serious arrhythmia observed in 
the study population. Of these, 147 occurred in citalopram 
initiators, 32 in escitalopram initiators, and 46 in the com-
parator group. The IRs among initiators of citalopram, 
escitalopram, and comparators were 19.2 (16.3– 22.6), 
17.5 (12.0– 24.7), and 19.9 (14.6– 26.6) per 10,000 person- 
years, respectively. The RRs of serious arrhythmia among 
initiators of citalopram or escitalopram compared to other 
SSRIs are provided in Table 2. In general, we observed no 
significantly increased risks during the study period for 
either citalopram (RR 0.87 [0.62– 1.22]) or escitalopram 
(RR 0.86 [0.53– 1.40]). In the sensitivity analysis, including 
only ventricular tachycardia and ventricular fibrillation 
and flutter in the definition of the outcome, the point esti-
mates were higher than the main analysis. Although, due 
to fewer events, CIs were also wider (Table S3).

We observed a significantly reduced risk of serious 
arrhythmia among initiators of citalopram after the 
warning (RR 0.54 [0.31– 0.93]). The crude, age and sex 
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T A B L E  1  Baseline characteristics of SSRI initiators

Citalopram Escitalopram Other SSRIs

N (%) N = 167,366 N = 40,113 N = 50,281

Unique individualsa 146,014 37,069 44,754

Trials per unique individual, N

1 117,171 27,228 31,730

2 36,078 9231 12,463

3 10,396 2697 4118

4 2836 716 1372

5 682 173 410

6 146 38 146

7– 8 57 30 42

Sex, female 106,222 (63.47) 25,535 (63.66) 32,859 (65.35)

Age, years, 65– 74 65,030 (38.85) 16,960 (42.28) 25,796 (51.30)

Age, years, 75– 84 66,587 (39.79) 15,321 (38.19) 17,726 (35.25)

Age, years, 85 and above 35,749 (21.36) 7832 (19.52) 6759 (13.44)

Comorbidities

Acute coronary syndrome 3348 (2.00) 867 (2.16) 863 (1.72)

Arterial disease 6135 (3.67) 1478 (3.68) 1595 (3.17)

Cancer 21,053 (12.58) 5458 (13.61) 5459 (10.86)

Cardiac surgery/invasive cardiac procedure 6514 (3.89) 1603 (4.00) 1786 (3.55)

Cerebrovascular disease 15,356 (9.18) 3405 (8.49) 2886 (5.74)

Heart failure/cardiomyopathy 11,346 (6.78) 2707 (6.75) 2354 (4.68)

Serious neurologic disease 961 (0.57) 213 (0.53) 200 (0.40)

Other ischemic heart disease 21,117 (12.62) 5108 (12.73) 5354 (10.65)

Renal disease 4037 (2.41) 964 (2.40) 819 (1.63)

Respiratory disease 20,781 (12.42) 4890 (12.19) 5675 (11.29)

Valve disorders 5590 (3.34) 1386 (3.46) 1499 (2.98)

Venous thromboembolism 3878 (2.32) 986 (2.46) 1013 (2.01)

Comedications

ACE inhibitors and angiotensin receptor blockers 56,074 (33.50) 13,513 (33.69) 16,919 (33.65)

Anticoagulants 12,178 (7.28) 2792 (6.96) 2896 (5.76)

Anxiolytics 78,435 (46.86) 20,778 (51.80) 24,578 (48.88)

Beta- blocker 40,002 (23.90) 9248 (23.05) 11,341 (22.56)

Calcium channel blockers 37,220 (22.24) 8459 (21.09) 10,821 (21.52)

Corticosteroids, inhalants 9768 (5.84) 2453 (6.12) 3216 (6.40)

Antidepressants 19,535 (11.67) 7039 (17.55) 8675 (17.25)

Digoxin 12,211 (7.30) 2823 (7.04) 2326 (4.63)

Antiepileptic drugs 8641 (5.16) 2398 (5.98) 2889 (5.75)

Hormone replacement therapy 16,750 (10.01) 4486 (11.18) 6137 (12.21)

Insulin 5104 (3.05) 1184 (2.95) 1398 (2.78)

Lipid- lowering drugs 43,985 (26.28) 10,419 (25.97) 14,001 (27.85)

Loop diuretics 32,785 (19.59) 7448 (18.57) 7180 (14.28)

Nitrates 13,039 (7.79) 2938 (7.32) 3053 (6.07)

NSAIDs 39,161 (23.40) 9564 (23.84) 10,895 (21.67)

Opioids 44,614 (26.66) 10,977 (27.37) 11,887 (23.64)
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adjusted, and propensity score matched analyses showed 
similar estimates (Table S3). The point estimates for es-
citalopram were similar but with wider and insignificant 
CIs (Table 2). In the sensitivity analyses introducing gaps 
of 1 month and 6 months in the after period, both citalo-
pram and escitalopram initiation showed similar patterns 
as the analysis of the after period in the main analysis 
(Table S3).

DISCUSSION

In this large nationwide cohort study of older adults that 
emulated a target trial, no overall increased risk of serious 

arrhythmia was observed among initiators of citalopram 
or escitalopram compared to other SSRIs. Higher point 
estimates of RRs were observed in the period before the 
safety warnings were issued. Given the upper confidence 
limits, we cannot rule out an increased RR below 22% 
and 40% among citalopram and escitalopram initiators, 
respectively.

Previous studies have also investigated the risk of QT 
prolongation- related arrhythmias (out- of- hospital cardiac 
arrest, sudden cardiac death, and ventricular arrhyth-
mias) following SSRI initiation. A study by Leonard et al. 
using Medicaid claims data from 1999 to 2003, comparing 
citalopram to paroxetine, found no significant increased 
risk of sudden cardiac death or ventricular arrhythmia.16 

Citalopram Escitalopram Other SSRIs

Oral corticosteroids 16,871 (10.08) 4148 (10.34) 4383 (8.72)

Oral antidiabetics 12,858 (7.68) 2880 (7.18) 3947 (7.85)

Other diuretics 46,096 (27.54) 10,457 (26.07) 11,403 (22.68)

Anti- Parkinson’s drug 4109 (2.46) 1100 (2.74) 1055 (2.10)

Platelet inhibitors 66,061 (39.47) 14,873 (37.08) 15,700 (31.22)

Xantines 1337 (0.80) 281 (0.70) 292 (0.58)

Alcohol related diseases and drugs for alcohol 
misuse

3798 (2.27) 1028 (2.56) 1336 (2.66)

Arrhythmia and antiarrhythmic drugs 22,874 (13.67) 5371 (13.39) 5438 (10.82)

Obesity and drugs to treat obesity 3267 (1.95) 777 (1.94) 1314 (2.61)

Psychiatric disorders and antipsychotics 22,598 (13.50) 8082 (20.15) 7868 (15.65)

Smoking- related disorders and drugs to treat 
smoking dependence

27,022 (16.15) 6321 (15.76) 7929 (15.77)

Thyroid disturbances 14,639 (8.75) 3645 (9.09) 4575 (9.10)

Abbreviations: ACE, angiotensin- converting enzyme; NSAIDs, non- steroid anti- inflammatory drugs; SSRIs, selective serotonin reuptake inhibitors.
aExcept for the number of unique individuals, all counts and percentages refer to the number of person- trials.

T A B L E  1  (Continued)

RR (95% CIs) Crude
Age and sex 
adjusted

Propensity score 
adjusted

Whole study period

Citalopram 0.96 (0.69– 1.34) 0.90 (0.64– 1.26) 0.87 (0.62– 1.22)

Escitalopram 0.87 (0.56– 1.37) 0.81 (0.51– 1.28) 0.86 (0.53– 1.40)

Period before

Citalopram 1.34 (0.84– 2.15) 1.26 (0.77– 2.03) 1.18 (0.72– 1.96)

Escitalopram 1.19 (0.67– 2.11) 1.06 (0.59– 1.90) 0.94 (0.51– 1.72)

Period after

Citalopram 0.59 (0.35– 1.00) 0.55 (0.32– 0.94) 0.54 (0.31– 0.93)

Escitalopram 0.57 (0.20– 1.62) 0.55 (0.19– 1.59) 0.58 (0.20– 1.63)

Note: Estimates provided both as crude, age and sex adjusted, and propensity score adjusted in the whole 
study period (January 1, 2002, to December 31, 2016), before and after the European Medicines Agency’s 
warning was issued.
Abbreviations: CIs, confidence intervals; RR, risk ratio; SSRIs, selective serotonin reuptake inhibitors.

T A B L E  2  Risk ratios of serious 
arrhythmia with citalopram and 
escitalopram compared to other SSRIs
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Another study conducted with Medicaid data from 1998 
to 2011 by Ray et al., found no evidence of a significantly 
increased risk of sudden unexpected death, sudden car-
diac death, or mortality with high doses of citalopram or 
escitalopram versus equivalent doses of fluoxetine, par-
oxetine, and sertraline.17 Moreover, a cohort study con-
ducted in Taiwan by Lin et al. on data from 2000 to 2011 
found that citalopram and escitalopram exposure was not 
associated with a higher risk of arrhythmia compared 
to other SSRIs.18 Studies with different designs (no use 
instead of active comparators) have also investigated the 
risk of serious arrhythmia. A UK study by Coupland et al. 
examined the risk of arrhythmia in adults (20– 64 years) 
from 2000 to 2011 and found no significant increased 
risk of arrhythmia for patients treated with citalopram, 
even at high doses (>40 mg) compared to episodes of no 
use.14 A cohort study from the United States, published in 
2013 by Zivin et al., was neither able to identify increased 
risk in higher doses of citalopram nor that the risk dif-
fered from equivalent doses of sertraline. In contrast, 
they found lower risks among patients treated with me-
dium doses (21– 40 mg) compared to high doses (>40 mg). 
However, the authors state that this finding may be due 
to residual confounding because patients with multiple 
comorbidities were less likely to receive high doses.15 
Nevertheless, three previous studies have found an in-
creased risk for citalopram but not for escitalopram. 
Weeke et al.20 conducted a study on Danish registry data, 
which examined the risk of out- of- hospital cardiac arrest 
among citalopram and escitalopram users between 2001 
and 2007. Qirjazi et al.21 conducted a cohort study from 
2002 to 2012 examining the risk of arrhythmia among 
older adults (≥65) newly prescribed citalopram and escit-
alopram, compared to sertraline and paroxetine. A recent 
nested case– control study from Denmark using data from 
the Danish Cardiac Arrest Registry found higher rates of 
out- of- hospital cardiac arrest among users of high- dose 
citalopram (>20 mg) and escitalopram (>10  mg) com-
pared to users of sertraline.22

Our study differs from the existing studies by emu-
lating a target trial in which individuals can be eligible 
for inclusion multiple times. Moreover, two of the pre-
vious studies did not include older adults in their co-
horts,14,16 whereas three included both younger and older 
adults.15,17,18 Hence, our results should be cautiously 
compared to studies including young adults. We lim-
ited our analysis to adults aged 65 years and above due 
to a very low number of events in younger age groups. 
Weeke et al. examined the risk in older adults comparing 
episodes of use to no use. However, they defined their 
outcome as patients who had an out- of- hospital cardiac 
arrest and used the Danish Cardiac Arrest Registry as 
their data source, as opposed to our study, which used 

in- hospital diagnosis codes. The study by Qirjazi et al. 
also consisted entirely of older adults. However, the defi-
nition of the outcome differed. Our study used two more 
diagnostic codes to define the outcome: premature ven-
tricular depolarization and cardiac arrest. The sensitivity 
analysis excluding these diagnosis codes showed higher 
point estimates. However, the propensity score adjusted 
analysis was not possible among initiators of escitalo-
pram because of too few events.

To our knowledge, this study is the only one that has 
examined the risk before and after the safety warnings 
were issued. We observed a drop in the overall number of 
initiators of SSRIs, particularly citalopram and escitalo-
pram, which may be explained by the safety warnings in 
2011 leading to initiation of other SSRIs, such as sertraline 
rather than citalopram and escitalopram. Our findings 
showed higher point estimates of serious arrhythmia be-
fore the warning and lower point estimates in the period 
after the warning for both drugs. This finding may be due 
to prescribers being more aware of patients at cardiovas-
cular risk after the warning. In our previous signal detec-
tion study with annual sequential cohorts, we detected a 
potential safety signal of cardiac arrest among new users 
of citalopram compared to other SSRIs.23 The current 
study examined the potential association in more detail 
with confounder adjustment tailored to serious arrhyth-
mia and an emulated target trial design. The signal was 
not present at the end of our study, which is consistent 
with the current analysis showing a declining RR after the 
warning.

Our study has several strengths. Most importantly, 
we allowed patients to be included in multiple person- 
trials, which increased the power of our study. Moreover, 
we used nationwide registry data that covered all new 
SSRI users from January 1, 2002, to December 31, 2016, 
thus avoiding selection bias. The outcome serious ar-
rhythmia is known to have high validity. Sundbøll et al. 
conducted a population- based validation study, which 
examined the positive predictive values (PPVs) for car-
diovascular diagnoses in the Danish National Patient 
Registry. They found a PPV of 79% (67– 88%) for ventric-
ular tachycardia and ventricular fibrillation and flutter 
given as a primary diagnosis. For cardiac arrest, they 
found a PPV of 99% (92– 100%).42 Unfortunately, the 
study did not examine premature depolarization. To re-
duce confounding by indication, we utilized a new user 
active comparator design by comparing the risk among 
initiators of citalopram and escitalopram to the risk 
among initiators of other SSRIs. We excluded patients 
with risk factors for serious arrhythmia. In addition, we 
adjusted for a large set of potential confounders cover-
ing comedications and comorbidities through propen-
sity score methods. Potential confounders were selected 
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based on recent literature reviews and a previous study 
investigating the same outcome.33– 36,43 The robustness 
of our findings was checked in the analyses investi-
gating the risk in the period after the warning. We did 
this by allowing a 1 month and 6 month gap from when 
the warnings were issued to the beginning of the after 
period.

The study also has some limitations. We used redeemed 
prescriptions rather than actual SSRI intake to define our 
exposure and comedications. We believe this exposure 
misclassification is similar among initiators of our expo-
sure and comparator drugs. Moreover, we used in- hospital 
diagnoses from admissions to define the outcome and co-
morbidities. We believe, however, that those who survive 
cardiac arrest outside a hospital will eventually be admit-
ted to a hospital and that any potential outcome misclassi-
fication is nondifferential, as serious arrhythmias leading 
to hospital admission presumably occurs equally frequent 
in users of citalopram than users of other SSRIs. Even 
though we could adjust for several potential confounders, 
some residual confounding cannot be excluded. We used 
proxies for lifestyle factors that cannot be measured in our 
data directly. These covered smoking, body mass index, 
and alcohol use and were included as ICD- 10 and ATC 
codes for smoking- related disorders, obesity, and alcohol 
misuse. Last, we could not study dose– response effects 
because dosage instructions are not recorded in the data. 
A recent Swedish study indicate that low doses are gen-
erally being prescribed in older adults (≥65 years) treated 
with citalopram and escitalopram. The mean (SD) pre-
scribed daily doses in these patients were 17.6 mg (±6.0) 
for citalopram and 9.9 mg (±3.9) for escitalopram.44 This 
means that the risk associated with higher doses of SSRIs 
may be diluted substantially. The change that we saw in 
the risk before and after the warnings may indicate that 
lower doses were used after the warnings or that clinicians 
became aware of risk factors, which we were not able to 
adjust for in our study.

CONCLUSION

In this large, population- based cohort study, we observed 
no increased risk of serious arrhythmia among initiators 
of citalopram or escitalopram compared to initiators of 
other SSRIs. However, point estimates of serious arrhyth-
mia risk were lower in the period after the regulatory 
agencies issued a safety warning.
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