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Short tweet:  
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Abstract  
Background 
Prolongation of the corrected QT (QTc) interval has been associated with increased long-term 
mortality; however, little is known about short-term mortality. This knowledge gap represents 
a clinical dilemma, because determining the disposition of patients with QTc prolongation is 
difficult.  
 
Objective 
To estimate the short-term (7-day and 30-day) all-cause mortality risk in patients with 
moderately and severely prolonged QTc. 
 
Methods 
The study-design was a Retrospective international multi-center observational cohort study, 
which took place in four emergency departments in Denmark and Sweden. Participants were 
all adult patients who received an ECG on arrival. QTc intervals were calculated with the 
Framingham formula. Associations between QTc duration and mortality were estimated with 
univariable and multivariable analyses, propensity score matching, and cubic splines 
analyses.  
 
Results 
Among 103,075 ECGs, we identified 6672 (6.5%) patients with moderate and 587 (0.6%) 
with severe QTc prolongation. The crude hazard ratios (HRs) for moderate QTc prolongation 
(450/460−499 ms (men/women) were 2.2 (1.8-2.6) for 7-day and 2.1 (1.9-2.4) for 30-day 
mortality; HRs for severe QTc prolongation (≥500 ms) were 3.7 (2.4-5.7) and 3.4 (2.5-4.7), 
respectively.  
Adjustments led to attenuated estimates, with fully adjusted HRs for moderate QTc 
prolongation of 1.7 (1.4-2.0) for 7-day and 1.6 (1.4-1.8) for 30-day mortality; fully adjusted 
HRs for severe QTc prolongation were 2.6 (1.9-4.3) and 2.6 (1.9-3.5), respectively. Only a 
minority of patients with moderate (8.7% in Denmark and 15.1% in Sweden) and severe QTc 
prolongation (20.0% in Denmark and 22.7% in Sweden) died of possible, but not confirmed, 
cardiac cause. 
 
Our limitations were that we used the first ECG measured and an automated QTc calculation. 
We could not adjust for treatments carried out during admission.  
 
Conclusions 
Moderate and severe QTc prolongation was strongly associated with short-term mortality. 
However, QTc prolongation is likely a proxy for underlying disease rather than a direct 
contributor to mortality.  
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Condensed Abstract 
 
Prolongation of the corrected QT (QTc) interval has been associated with increased long term 
mortality, however, little is known about short-term mortality. The present retrospective 
cohort study investigated associations between prolonged Qtc and short-term (7-day and 30-
day) all-cause mortality. Our results suggest that moderate and severe QTc prolongation was 
strongly associated with short-term mortality. However, QTc prolongation is likely a proxy 
for underlying disease rather than a direct contributor to mortality. 
 
 
 
Keywords 
QTc prolongation 
All-cause mortality 
Emergency department 
Risk stratification 
Death 
ECG 
  



4 
 

4 

Abbreviations 
 
 
ECG  electrocardiogram 
ED  emergency department 
NSAID non-steroidal anti-inflammatory drug 
PPI  proton pump inhibitor 
SSRI  selective serotonin receptor inhibitor 
HR  hazard ratio 
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Introduction 

Severe prolongation of the QT interval on an ECG has repeatedly been shown to be 

associated with long-term risk (i.e., >1 year) of malignant ventricular dysrhythmias, aborted 

sudden cardiac death, and mortality (1,2). This association applies to the general population 

in addition to patients with high-risk diseases (e.g., ischemic heart disease, diabetes, and 

rheumatoid arthritis) (2, 3, 4, 5). However, estimates of long-term risks are difficult to 

incorporate into the decisions made in everyday clinical practice. Specifically, the fact that 

patients are at increased risk from a 10-year perspective does not necessarily dictate an 

immediate hospital referral or admission. And likewise, at the door of the emergency 

department or the admission unit, both patients and physicians are much more interested in 

short-term events. Due to the lack of data, and erring on the side of safety, physicians often 

admit patients with QTc prolongation for telemetry (6). 

 

Very little is known about the relationship between short-term mortality and QT 

prolongation, primarily due to the relatively low event rate. Consequently, very large sample 

sizes are required to obtain valid estimates of excess risk. The present study aimed to describe 

the association between the corrected QT (QTc) interval and short-term mortality.  
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Methods  

This study was a retrospective international multi-center observational cohort study.  

 

Setting 

This study included ECGs recorded at two community-based and two academic EDs: (1) the 

ED at Helsingborg Hospital, Sweden; (2) the ED at the Hospital of South West Jutland, 

Esbjerg, Denmark; (3) the ED at Skåne University Hospital at Lund, Sweden; and (4) the ED 

at Odense University Hospital, Odense, Denmark. Patients with ECGs recorded at Lund and 

Helsingborg were enrolled from 1 January 2010 to 31 December 2014. Patients with ECGs 

recorded at Odense and Esbjerg were enrolled from 1 March 2013 to 30 April 2014. 

 

Helsingborg Hospital is a teaching hospital that serves a population of 260,000. Its average 

ED load is 80,000 visits per year. All patients, except those with gynecologic/obstetric 

complaints, are admitted to the ED. The hospital of South West Jutland is a regional teaching 

hospital with a contingency population of approximately 240,000. Its average ED load is 

51,000 visits per year. All adult patients (except women in labor), regardless of complaint, 

are initially admitted to the ED. Skåne University Hospital at Lund is a tertiary care teaching 

hospital, which serves as the primary hospital for a population of 300,000. Its average ED 

load is 65,000 visits per year, including patients with problems related to internal medicine, 

surgery, neurology, urology, and orthopedics. Odense University Hospital is a tertiary 

university hospital in southern Denmark. The local contingency population is approximately 

280,000. Its average ED load is 65,000 visits per year. The ED handles all patients that 

present with general medical, neurological, and surgical concerns; in contrast, patients with 

specialized cardiologic, hematologic, nephrologic, or oncologic complaints are referred 

elsewhere.  
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The patients included in the present study were derived from both rural and urban populations 

at all four EDs. The ECGs and blood tests included in the study were ordered by the attending 

physician, based on clinical indications, at all four EDs.  

 

Patients 

We included all adult (age ≥18 years) patients that, based on clinical indications, received 

ECGs within 4 h of arrival to the ED. We used only the first ECG performed after arrival, and 

we included only the first visit that required an ECG during the study period.  

 

Data collection 

All ECGs were digitally recorded and stored. Danish ECGs from Odense and Esbjerg and 

Swedish ECGs from Helsingborg were recorded and stored with the MUSE Cardiology 

Information System (GE Healthcare). These ECG recordings were processed with the latest 

version of the Marquette 12SL algorithm. This software has been thoroughly validated and is 

considered reliable (2, 7). ECGs from Lund were analyzed with the Megacare 

Electrocardiographic (ECG) Management System (Siemens-Elema, Stockholm, Sweden) (8).  

 

The analysis included only ECGs of good quality, which was assessed with the ECG 

software. Good quality ECGs were free of disturbances from muscle tremors (assessed by the 

technicians performing the ECG), AC power interference, electrode motion, and baseline 

shifts. We also excluded ECGs that displayed atrial fibrillation or flutter patterns, ECGs with 

pace rhythms, and ECGs with QRS intervals >120 ms (identified with 12SL and Megacare 

algorithm statements).  
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We collected data on any pharmaceutical treatments that patients received during 120 days 

prior to arrival at the ED (9, 10). We retrieved relevant blood test values from the hospital 

databases, including values from blood drawn on the day the ECG was performed (11, 12). 

We retrieved data from the national health registries on prior illnesses and contacts with 

health care systems within the last 10 years, for Danish patients, and within the last 5 years, 

for Swedish patients (12, 13). 

 

Outcomes 

Our primary endpoint was 7-day all-cause mortality. Our secondary outcome was 30-day all-

cause mortality. 

 

To contextualize the findings, the exact cause of death was established by reviewing the 

hospital medical records for all patients with QTc prolongation (both moderate and severe). 

Three reviewers in Denmark, including the first author and two experienced, trained research 

assistants (both emergency nurses), and two physicians in Sweden, reviewed all medical 

records to establish the cause of death, particularly whether death was found to be related to 

cardiac disease. The reviewers were only able to establish the cause of death when the patient 

died during a hospital stay or while in the care of a prehospital physician-manned ambulance. 

The reviewers used a predefined form to determine the cause of death, and disagreements 

were resolved by consensus. Before consensus was reached, the raters of the Danish patient 

records showed 87.7% agreement of determination whether a patient died due to a possible 

cardiac disease, with a kappa of 0.78 and the Swedish raters had a 92.8% agreement with a 

kappa of 0.77.  
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Analysis of potential confounding factors 

We performed three levels of adjustments (after the crude analysis) for the following potential 

confounders:  

(Level 1) Sex and age (as continuous variable)  

(Level 2) Level 1 plus: site, Charlson co-morbidity (as categorical variable), diagnosis 

(dysrhythmia, cardiac arrest, heart failure, ischemic heart disease, long QT syndrome, 

myocardial infarction, and pacemaker or ICD), and prior treatment (within 120 days before 

arrival) with NSAIDs, ACE-inhibitors, statins, beta blockers, PPIs, SSRIs, and any drugs 

with QT-prolonging potential (these drugs are registered at torsades.org, as known risk 

factors for Torsades des Pointes) 

(Level 3) Level 2 plus: heart rate (as continuous variable) and QRS duration (as continuous 

variable) 

Please refer to the online material for definitions and specific ICD-10 diagnoses used for 

coding. 

 

Data analyses 

QTc was defined according to Framingham’s formula and current guidelines (14). A QTc of 

450−499 ms for men and 460−499 ms for women were considered moderate prolongation. A 

QTc ≥500 ms was considered a severe prolongation for both sexes. Our cutoffs for QTc 

prolongation followed the guidelines, but we also assessed alternative cutoffs with the use of 

cubic splines to identify the range associated with the lowest crude HRs for 7-day and 30-day 

all-cause mortality.  

 

We performed Cox proportional hazard regressions to test the effects of moderate and severe 

QTc prolongation on 7-day and 30-day all-cause mortality. We performed both univariable 
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and multivariable analyses, which included the variables specified above (in section: Analysis 

of potential confounding factors).  

 

The independent effects of QTc prolongation on 7-day and 30-day all-cause mortality were 

evaluated using propensity score matching (15, 16). We calculated a propensity score for all 

included patients with a logistic regression that included a QTc ≥500 ms as the outcome. 

Additionally, patients with QTc of 450-499 ms for men and 460-499 ms for women were 

analyzed separately to avoid near-overlapping ranges and to ascertain the specific effect of 

moderately prolonged QTc intervals on mortality (our main analysis). Variables considered 

potential confounders were included in the score, according to the Level 2 variables as stated 

above. We performed a 1:4 parallel, balanced, nearest-neighbor matching, without 

replacement, and with a caliper of 0.01. 

 

Sensitivity analysis 

We used Framingham’s formula for calculating QTc (14). However, both Bazett’s and 

Fridericia’s formulae are commonly used in clinical practice (17, 18). To assess the effects of 

the choice of formula, we repeated all specified analyses in sensitivity analyses using Bazett’s 

and Fridericia’s formulae, respectively.  

 

Ethics 

In Denmark, this study did not require approval from Ethics Committees, according to 

Danish law. The study was approved by the Danish Data Protection Agency (file no. 2008-

58-0035, project ID 20-1248) and the Danish Health and Medicines authority (file no. 3-

3013-1031). In Sweden, the regional Ethics Review Board (file no. 2015/129) and the Region 
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Skåne (file no. KVB000256_2012-10, #024-15) approved the study. The study is presented in 

accordance with the STROBE guidelines (19). 

 

Role of the Funding source 

This study was funded by Odense University Hospital and The Swedish Heart-Lung 

Foundation. The funding source had no influence on the study design, on the collection, 

analysis, or interpretation of data, on writing the paper, or on the decision to publish.   
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Results 

We included 124,397 patients that received an ECG upon the first ED arrival during the study 

period; of these, 255 ECGs were performed on children. We excluded ECGs with 

unevaluable QTc (n=99), with QRS intervals >120 ms (n=9731), with atrial fibrillation or 

flutter patterns (n=10,644), and with pace rhythm (n=593). Thus, 103,075 (82.9%) ECGs 

were included in the final analysis (Supplement figure 1). The median age was 60 (43-73) 

years, and 48,942 patients (47.5%) were male. Of the patients included, 1,326 (1.3%) died 

within 7 days, and 2,691 (2.6%) died within 30 days.  

 

Of all patients, 95,816 (93.0%) had a normal QTc, according to Framingham’s formula; 6,672 

(6.5%) had moderately prolonged QTc, and 587 (0.6%) had severely prolonged QTc. Patients 

with QTc prolongation were older, had more co-morbidity, used more medication (including 

known QT-prolonging drugs), and had more known cardiovascular morbidity than patients 

with normal QTc intervals. There was little difference in blood electrolytes between the 

prolonged and normal QTc groups (Table 1).  

 

Association with mortality 

Patients with normal QTc had a 1.2% 7-day and a 2.4% 30-day all-cause mortality. Those 

with moderate QTc prolongation had a 2.4% 7-day and a 5.0% 30-day mortality. Those with 

severe QTc prolongation had a 4.3% 7-day and a 8.0% 30-day mortality (Table 1, Figure 1).  

 

Moderate QTc prolongation was associated with unadjusted HRs of 2.2 (95% CI: 1.8-2.6) for 

7-day mortality and 2.1 (95% CI: 1.9-2.4) for 30-day all-cause mortality. Severe QTc 

prolongation was associated with unadjusted HRs of 3.7 (95% CI: 2.4-5.7) for 7-day and 3.4 

(95% CI: 2.5-4.7) for 30-day mortality (Table 2). The three levels of adjustment reduced the 
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HRs for both moderate and severe QTc prolongation, but all remained significant after 

adjustments, except the HR for moderate QTC prolongation, which was insignificant after the 

full adjustment, without adjusting for the QRS duration (Table 2).  

 

When patients were matched by propensity scores, we arrived at almost an identical group of 

patients with moderately prolonged QTc. However, the small sample size resulted in an 

imperfect, but acceptable, matching for patients with severely prolonged QTc (Online Table 

7). The HRs for 7-day and 30-day mortality did not increase significantly for patients with 

moderately prolonged QTc (Table 3), but the HRs did increase significantly (2.1, 95% CI: 

1.2-3.5 and 1.7, 95% CI: 1.2-2.4, respectively) for patients with severely prolonged QTc 

(Table 3).  

 

The cubic splines analyses showed that the unadjusted HRs for 7-day and 30-day mortality 

rose above 2 for patients with QTc >469 and >484 ms, respectively (Figures 2, 3).  

 

We reviewed Danish medical records of patients that died while admitted, and we identified 

the cause of death in 92/114 (80.7%) patients with moderately prolonged QTc. Of these, 8 

(8.7%) died of a possible cardiac cause (3 of cardiac arrest, 4 of cardiogenic shock, and 1 of 

bradycardia); 28% died due to infection; and 25% died due to stroke (online table 8). We also 

identified the cause of death in 15/24 (66.7%) patients with severely prolonged QTc. Of 

these, 3 (20%) died of a possible cardiac cause (2 of cardiogenic shock, and 1 of cardiac 

arrest); 27% died due to infection; and 13% died due to stroke (online table 8).  

 

We also reviewed the Swedish medical records of patients that died while admitted (online 

table 9) and identified the cause of death in 199/235 (84.7%) patients with moderately 
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prolonged QTc. Of these, 32 (16.1%) died of a possible cardiac cause (7 of cardiac arrest, 2 

of cardiogenic shock, 16 of Acute Coronary Syndrome (ACS) and 7 of decompensated heart 

failure). Some 41 (20.6%) patients died due to infection; and 47 (23.6%) died due to stroke. 

We also identified the cause of death in 22/27 (81.5%) patients with severely prolonged QTc. 

Of these, 5 (22.7%) died of a possible cardiac cause (1 of cardiac arrest, 1 ventricular 

arrhythmia, 2 ACS and 1 of decompensated heart failure). The one death caused by 

ventricular arrhythmia was a patient who had previous undergone heart transplantation. Nine 

(40.9%) patients died due to infection and three (13.6%) died due to stroke (online table 9).  

 

Sensitivity analysis 

Calculating QTc according to Bazett’s formula increased the number of patients with 

moderate (n = 21,037) and severe (n = 2,584) QTc prolongation. Fridericia’s formula resulted 

in proportions similar to those observed with the Framingham formula (online tables 1, 4), 

with 7,736 patients with moderate and 726 with severe QTc prolongation. Estimates of both 

7-day and 30-day mortality rates were virtually unaffected as compared with those obtained 

with Fridericia’s formula. However, according to Bazett’s formula, patients with severe QTc 

prolongation had higher mortality rates than those estimated with the other two calculations 

(online tables 1, 2, 4, 5 and online figures 2-6).  

 

A less clear picture emerged when we assessed the different effects of these formulas with 

propensity score matching. Again, Fridericia’s formula had little impact (online tables 3, 6). 

However, Bazett’s formula resulted in higher risks of 7-day and 30-day mortality for patients 

with moderate QTc prolongation. For patients with severely prolonged QTc, the 7-day 

mortality was unaffected, but the 30-day mortality was lower compared to observations with 

the Framingham formula (online tables 3, 6). 
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Discussion  

In this large international multicenter study on ECGs recorded upon arrival to an ED for any 

reason, we found that 6.5% and 0.6% of patients had moderate and severe QTc prolongation, 

respectively. Moderate and severe QTc prolongation was associated with 2.4-8.0-fold 

elevations in the 7-day and 30-day mortality risks, both before and after adjusting for several 

co-variates. However, most patients with QTc prolongation died from non-cardiac causes. 

 

Traditionally, QTc prolongation was thought to increase the risk of a poor outcome. 

However, in previous studies, the increased risks associated with QTc prolongation was for 

long-term, not short-term, mortality. For instance, Haugaa et al. found 6-month mortality 

rates of 14% for admitted patients with isolated QTc ≥500 ms, compared to 3% for patients 

with QTc <500 ms (2). However, in the ED, 6-, 12-, or even 36-month mortality has limited 

relevance for decisions regarding patient disposition. When a patient is at acute risk, 

admission is warranted; otherwise, the patient is followed-up in an outpatient setting. We 

found that 7-day mortality increased from 1.2% with normal QTc to 4.3% with QTc >500 

ms; this finding indeed indicated that these patients might well be at increased risk. 

 

A paramount question is whether QTc prolongation itself poses a risk or whether it is a proxy 

for severe illness. If QTc prolongation truly poses a risk, patients with long QTc must be 

admitted and placed in telemetry. However, if it is a proxy, the true underlying pathology 

must instead be identified and treated accordingly. Our data indicated that QTc prolongation 

was most likely a proxy for underlying disease. Only a minority of our patients died of 

identifiable cardiac disease; in particular, moderate QTc prolongation appeared to be an 

unstable risk factor for death, based on the reduction in HRs after adjusting the analyses. On 

the other hand, severe QTc prolongation was a more stable risk factor for both 7-day and 30-
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day mortality, even with fully adjusted estimates. However, for neither moderate nor severe 

QTc prolongation, the proportion of patients dying from cardiac disease were insufficient to 

account for the excess mortality observed.  

 

Another important question is whether anything can be done to reduce the mortality risk for 

patients with QTc prolongation. A Canadian study at a tertiary hospital performed a thorough 

investigation of 172 patients with the aim of identifying contributing factors to QTc 

prolongation >550 ms. The authors found that 98% of patients had a presumably reversible 

cause of QTc prolongation. The most common causes were QT-prolonging medications, 

coronary ischemia, electrolyte abnormalities, and acute intracranial processes (20). We also 

found that QTc prolongation was associated with current use of QTc-prolonging medications 

and prior ischemic heart disease, but we found no association with electrolyte levels. 

However, based on our data, we cannot draw any conclusions about cause and effect. In our 

adjusted analyses (including adjustments for the use of QTc-prolonging medications and 

underlying disease), the association between the QTc interval and mortality was reduced, but 

not eliminated.  

 

Only a very small proportion (0.6%) of our patients presented with severe QTc prolongation, 

and thus, could be immediately considered at increased risk. In a previous American ED 

cohort, 60 out of 1558 (3.9%) ECGs exhibited a QTc >500 ms. (21). While that cohort was 

not entirely comparable to ours, it clearly illustrated that QTc prolongation is a dynamic 

process (22). The abovementioned Canadian study showed that, among 172 patients with 

QTc prolongation at admission, 44 out of 54 (81.5%) patients with ECGs available at follow-

up had QTc <500 ms. (20). In a similar American study, 67% of patients with prolonged QTc 
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in the ED showed resolution within a median of 5 days, and only 25% showed stable QTc 

prolongation (23). 

 

Prior studies have shown a J-curve association between QTc and mortality in the general 

population. Thus, mortality was associated with both shortened and prolonged QTc intervals 

(24, 25). Our data confirmed this association, but only in the crude analysis. In adjusted 

analyses, the association between short QTc intervals and short-term mortality diminished.  

 

QTc can be calculated with several formulae (26). We chose the formula recommended in 

current guidelines (14). Had we chosen another formula, we would have come to a slightly 

different, but not incompatible, conclusion. The Fridericia formula led to almost identical 

results, and the Bazett formula led to a higher number of patients with QTc prolongation, but 

similar overall results. Likewise, our propensity score matching confirmed these findings.  

 

Our study had several strengths. We studied a representative cohort of consecutive patients 

that visited both academic and community EDs in Denmark and Sweden. Thus, our results 

are highly generalizable. All patients received ECGs based on clinical indications. Due to 

Nordic nationwide registries, we had access to complete follow-up data and reliable data on 

prescription drugs and co-morbidities. Additionally, we performed several different types of 

analyses to confirm our findings, including Cox regression, cubic splines, and propensity 

score matching. Finally, we performed a thorough review of the medical records to identify 

the cause of death.  

 

This study also had some limitations. Because we used the initial ECG recorded upon arrival 

to the ED, we could have missed patients that later developed QTc prolongation. We also 
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calculated QTc automatically, not manually. However, the software has been thoroughly 

validated (2, 7, 25). Also, we studied all-cause mortality, rather than specifically 

cardiovascular death. This limitation might have been relevant for the hypothesis that QTc 

prolongation could be associated with increased risk of cardiac death. However, our data 

suggested that QTc prolongation was a proxy for severe illness, rather than an isolated risk 

factor; therefore, all-cause mortality was relevant for this study. Another possibility was that 

some patients might have experienced severe dysrhythmias or even cardiac arrest, but were 

successfully treated and resuscitated. Consequently, some patients that arrived with QTc 

prolongation might have been placed on telemetry and monitored more closely than others. 

This treatment would reduce the risk of a fatal outcome, and thus, reduce the association we 

observed. Patients that arrived in cardiac arrest, but were successfully resuscitated, were not 

part of our cohort. This omission introduced the possibility that we might have overlooked 

potential patients with cardiac arrest due to QTc prolongation. Lastly, although we used 

nationwide and highly valid registries (9, 10, 12, 13), we cannot rule out some residual 

confounding.  
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Conclusion 

We found a strong association between both moderate and severe QTc prolongation and 

short-term (7-day and 30-day) all-cause mortality in patients that visited four Scandinavian 

emergency departments. However, most patients died from non-cardiac causes. Our findings 

suggested that QTc prolongation is a proxy for severe disease, rather than a direct contributor 

to mortality risk.  
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Clinical Perspectives 

What is known? Determining the disposition of patients with QTc prolongation is clinically 

difficult. Prolongation of the corrected QT (QTc) interval has been associated with increased 

long-term mortality; however, little is known about short-term mortality.  

 

What is new? Retrospective data provided new medical knowledge by finding a strong 

association between moderate and severe QTc prolongation and short-term mortality. 

However findings also suggested that QTc prolongation is a proxy for severe disease, rather 

than a direct contributor to mortality risk.  

 

What is next? 

Future studies should focus on QTc prolongation as markers of illness and general risk and 

whether this really requires admission for telemetry. 
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Figure 1 – Kaplan-Meier plot of 30-day mortality in patients with normal and prolonged QTc 

intervals, calculated with the Framingham formula 

 

 

Figure 2 – Cubic spline plot of QTc prolongation, calculated with the Framingham formula, 

and 7-day mortality. (A) crude HRs; (B) HRs after adjusting for age, sex, Charlson co-

morbidity score, diagnosis, medication use, heart rate, and QRS duration. Solid lines 

represent HRs, and dotted lines represent 95% confidence intervals. HR: hazard ratio 

 

 

Figure 3 – Cubic spline plot of QTc prolongation, calculated with the Framingham formula, 

and 30-day mortality. (A) crude HRs; (B) HRs adjusted for age, sex, Charlson co-morbidity 

score, diagnosis, medication use, heart rate, and QRS duration. Solid lines represent HRs and 

dotted lines represent 95% confidence intervals. HR: hazard ratio 

 

 

Central Illustration - 7 day and 30 day all-cause mortality in patients with moderate and 

severe QTc prolongation. Only a minority of patients with QTc prolongation died of possible 

cardiac cause. 
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Table 1 – Demographics of patients with different QTc durations, based on Framingham’s formula  
 

 All Dead QTc normal 
QTc normal, 
died ≤ 30 days QTc long 

QTc long,  
died ≤ 30 
days  QTc very long 

QTc very long, 
died ≤ 30 days 

All (n=103,075) (n=2,691) (n=95,816) (n=2,313) (n=6,672) (n=331) (n=587) (n=47) 

Male sex 48,942 (47.5%) 1,324 (49.2%) 45,128 (47.1%) 1,113 (48.1%) 3,570 (53.5%) 193 (58.3%) 244 (41.6%) 18 (38.3%) 

Age, median (IQR) 60 (43-73) 81 (70-88) 59 (42-72) 81 (70-88) 71 (60-81) 83 (72-89) 71 (59-82) 84 (68-89) 

  18-50 36,528 (35.4%) 81 (3.0%) 35,506 (37.1%) 69 (3.0%) 932 (14.0%) 10 (3.0%) 90 (15.3%) (n<5) 

  51-69 33,481 (32.5%) 561 (20.8%) 31,172 (32.5%) 495 (21.4%) 2,121 (31.8%) 56 (16.9%) 188 (32.0%) 10 (21.3%) 

  70+ 33,066 (32.1%) 2,049 (76.1%) 29,138 (30.4%) 1,749 (75.6%) 3,619 (54.2%) 265 (80.1%) 309 (52.6%) 35 (74.5%) 

ECG data         
  Heart rate 76 (66-90) 92 (76-108) 77 (66-90) 96 (79-110) 70 (62-80) 76 (66-87) 65 (57-81) 73 (58-93) 

Charlson         
  0 62,145 (60.3%) 577 (21.4%) 58,895 (61.5%) 504 (21.8%) 3,009 (45.1%) 60 (18.1%) 241 (41.1%) 13 (27.7%) 

  1 23,654 (22.9%) 802 (29.8%) 21,625 (22.6%) 681 (29.4%) 1,850 (27.7%) 108 (32.6%) 179 (30.5%) 13 (27.7%) 

  2+ 17,276 (16.8%) 1,312 (48.8%) 15,296 (16.0%) 1,128 (48.8%) 1,813 (27.2%) 163 (49.2%) 167 (28.4%) 21 (44.7%) 

Use of medication         
  QT-prolong drugs* 29,019 (28.2%) 1,455 (54.1%) 26,126 (27.3%) 1,254 (54.2%) 2,615 (39.2%) 174 (52.6%) 278 (47.4%) 27 (57.4%) 

  Beta-blockers 13,396 (13.0%) 634 (23.6%) 11,749 (12.3%) 530 (22.9%) 1,506 (22.6%) 89 (26.9%) 141 (24.0%) 15 (31.9%) 

  ACE inhibitors 8,544 (8.3%) 346 (12.9%) 7,703 (8.0%) 304 (13.1%) 760 (11.4%) 35 (10.6%) 81 (13.8%) 7 (14.9%) 

  NSAID 9,465 (9.2%) 200 (7.4%) 8,875 (9.3%) 176 (7.6%) 539 (8.1%) 19 (5.7%) 51 (8.7%) 5 (10.6%) 

  PPI 14,714 (14.3%) 784 (29.1%) 13,448 (14.0%) 695 (30.0%) 1,147 (17.2%) 75 (22.7%) 119 (20.3%) 14 (29.8%) 

  SSRI 8,261 (8.0%) 393 (14.6%) 7,255 (7.6%) 319 (13.8%) 908 (13.6%) 65 (19.6%) 98 (16.7%) 9 (19.1%) 

  Statins 14,182 (13.8%) 522 (19.4%) 12,665 (13.2%) 449 (19.4%) 1,386 (20.8%) 61 (18.4%) 131 (22.3%) 12 (25.5%) 

Other diagnoses         
  Arrythmia 10,550 (10.2%) 492 (18.3%) 9,397 (9.8%) 414 (17.9%) 1,036 (15.5%) 64 (19.3%) 117 (19.9%) 14 (29.8%) 

  Cardiac arrest 300 (0.3%) 130 (4.8%) 254 (0.3%) 108 (4.7%) 42 (0.6%) 20 (6.0%) (n<5) (n<5) 

  Congestive heart failure 5,604 (5.4%) 536 (19.9%) 4,664 (4.9%) 454 (19.6%) 857 (12.8%) 72 (21.8%) 83 (14.1%) 10 (21.3%) 

  Heart failure 5,604 (5.4%) 536 (19.9%) 4,664 (4.9%) 454 (19.6%) 857 (12.8%) 72 (21.8%) 83 (14.1%) 10 (21.3%) 

  IHD 10,903 (10.6%) 577 (21.4%) 9,424 (9.8%) 482 (20.8%) 1,372 (20.6%) 83 (25.1%) 107 (18.2%) 12 (25.5%) 
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Stroke 7,851 (7.6%) 596 (22.1%) 6,809 (7.1%) 482 (20.8%) 966 (14.5%) 104 (31.4%) 76 (12.9%) 10 (21.3%) 

  Long QT syndrom 7 (0.0%) - (n<5) - 5 (0.1%) - (n<5) - 

  MI 7,529 (7.3%) 405 (15.1%) 6,549 (6.8%) 343 (14.8%) 904 (13.5%) 53 (16.0%) 76 (12.9%) 9 (19.1%) 

  Pacemaker or ICD 716 (0.7%) 46 (1.7%) 621 (0.6%) 38 (1.6%) 82 (1.2%) (n<5) 13 (2.2%) (n<5) 

Center         
  Odense 13,257 (12.9%) 552 (20.5%) 12,302 (12.8%) 475 (20.5%) 851 (12.8%) 66 (19.9%) 104 (17.7%) 11 (23.4%) 

  South West Jutland 9,671 (9.4%) 325 (12.1%) 8,952 (9.3%) 286 (12.4%) 644 (9.7%) 30 (9.1%) 75 (12.8%) 9 (19.1%) 

  Skåne 42,273 (41.0%) 892 (33.1%) 38,743 (40.4%) 756 (32.7%) 3,318 (49.7%) 130 (39.3%) 212 (36.1%) 6 (12.8%) 

  Helsingborg 37,874 (36.7%) 922 (34.3%) 35,819 (37.4%) 796 (34.4%) 1,859 (27.9%) 105 (31.7%) 196 (33.4%) 21 (44.7%) 

Other         
  7-day mortality 1,326 (1.3%) 1,326 (49.3%) 1,138 (1.2%) 1,138 (49.2%) 163 (2.4%) 163 (49.2%) 25 (4.3%) 25 (53.2%) 

  30-day mortality 2,691 (2.6%) 2,691 (100.0%) 2,313 (2.4%) 2,313 (100.0%) 331 (5.0%) 331 (100.0%) 47 (8.0%) 47 (100.0%) 

Laboratory results         

  Sodium 140 (138-142) 138 (135-142) 140 (138-142) 138 (134-142) 140 (138-142) 
139 (136-
142) 140 (137-142) 138 (134-142) 

  Potassium 3.9 (3.6-4.1) 4.0 (3.7-4.5) 3.9 (3.6-4.1) 4.1 (3.7-4.5) 3.8 (3.5-4.1) 3.9 (3.4-4.3) 3.7 (3.3-4.0) 3.8 (3.3-4.4) 

Syncope 7,856 (7.6%) 177 (6.6%) 7,154 (7.5%) 146 (6.3%) 636 (9.5%) 28 (8.5%) 66 (11.2%) (n<5) 

Other information         
  QRS         

    Median (IQR) 85.2 (77.3-94.0) 85.7 (76.8-96.0) 84.2 (77.0-94.0) 
84.0 (76.0-
94.0) 

90.0 (81.5-
100.0) 

92.0 (82.3-
102.0) 

89.7 (81.5-
100.0) 

91.5 (84.0-
106.0) 

    Mean (SD) 83.9 (191.1) 71.2 (463.0) 84.0 (159.4) 84.4 (58.6) 80.5 (446.1) 
-23.7 
(1,308.8) 90.5 (13.7) 92.1 (19.4) 

30-day mortality by center         
  Odense 552 (0.5%) 552 (20.5%) 475 (0.5%) 475 (20.5%) 66 (1.0%) 66 (19.9%) 11 (1.9%) 11 (23.4%) 

  South West Jutland 325 (0.3%) 325 (12.1%) 286 (0.3%) 286 (12.4%) 30 (0.4%) 30 (9.1%) 9 (1.5%) 9 (19.1%) 

  Skåne 892 (0.9%) 892 (33.1%) 756 (0.8%) 756 (32.7%) 130 (1.9%) 130 (39.3%) 6 (1.0%) 6 (12.8%) 

  Helsingborg 922 (0.9%) 922 (34.3%) 796 (0.8%) 796 (34.4%) 105 (1.6%) 105 (31.7%) 21 (3.6%) 21 (44.7%) 
Data represent the number (%) or median (interquartile range, IQR). QTc: corrected QT interval; QTc moderate: QTc interval of 450-499 ms for 

men and 460-499 ms for women; 
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QTc severe: QTc ≥500 ms for all; ECG – electrocardiogram; *ACE – angiotensin converting inhibitors:  NSAID – non-steroidal anti-

inflammatory drugs:  PPI – proton pump inhibitors; SSRI – selective serotonin reuptake inhibitors; IHD – ischemic heart disease; MI – 

myocardial infarction; ICD – intracardial defibrillator 
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Table 2 – Associations between QTc durations, calculated with Framingham’s formula, and 7-

day and 30-day mortality rates 

 Patients Events HR, crude 
HR, Level 1 
adjusted 

HR, Level 2 
adjusted 

HR, Level 3 
adjusted 

7-day mortality       
QTc normal 95,816 1,138 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
QTc moderate 6,672 163 2.2 (1.8-2.6) 1.2 (1.0-1.5) 1.1 (1.0-1.4) 1.7 (1.4-2.0) 
QTc severe 587 25 3.7 (2.4-5.7) 2.2 (1.4-3.3) 1.9 (1.2-2.9) 2.8 (1.8-4.3) 

       
30-day mortality       
QTc normal 95,816 2,313 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
QTc moderate 6,672 331 2.1 (1.9-2.4) 1.2 (1.1-1.3) 1.1 (1.0-1.3) 1.6 (1.4-1.8) 
QTc severe 587 47 3.4 (2.5-4.7) 2.0 (1.5-2.7) 1.7 (1.3-2.3) 2.6 (1.9-3.5) 

 
HR, crude: unadjusted; HR, Level 1 adjusted: adjusted for age and sex; HR, Level 2 adjusted: 

adjusted for age, sex, Charlson co-morbidity score, diagnosis, medication use, and site; HR, 

Level 3 adjusted: adjusted for age, sex, Charlson co-morbidity score, diagnosis, medication 

use, site, heart rate, and the QRS duration. QTc: corrected QT interval; HR: Hazard ratio; 

interval of 450-499 ms for men and 460-499 ms for women; QTc severe: QTc ≥500 ms for all 
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Table 3 – Associations between QTc durations, calculated with Framingham’s formula, and 

(A) 7-day mortality and (B) 30-day mortality, after propensity score matching 

 

A: 7-day mortality  

QTc duration Patients Events HR 

QTc moderate 6,312 143 1.1 (0.9-1.3) 

QTc severe 585 25 2.1 (1.2-3.5) 

 

B: 30-day mortality 

QTc duration Patients Events HR 

QTc moderate 6,312 283 1.1 (0.9-1.2) 

QTc severe 585 47 1.7 (1.2-2.4) 

 

QTc moderate: QTc interval of 450-499 ms for men and 460-499 ms for women; QTc severe: 

QTc ≥500 ms for all 
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Specific ICD-10 diagnosis codes used for coding confounders: 
Heart failure: I099 I110 I130 I132 I255 I420 I425 I426 I427 I428 I429 I43 I50 P290 
Syncope: R55 
Long QT-syndrome: I472E I472F 
Ischemic heart disease: I251 I252 I255 I256 I258 I259 I248 I249 I21 I22 I23 
Dysrhythmias: R00 
Pacemaker or implantable cardioverter defibrillator: Z950 
Cardiac arrest: DI46 
 
Diagnoses: 
Diagnoses were included when they were recorded within ten years prior to the ECG, for 
Danish patients, and within five years prior to the ECG, for Swedish patients. 
 

List of drugs associated with QT prolongation and risk of TdP* 

Drug category ATC-codes** 

Alimentary tract and 
metabolism 

Domperidone (A03FA03), Granisetron (A04AA02), 
Metoclopramide (A03FA01), Ondansetron (A04AA01), 
Pantoprazole (A02BC02) 

Cardiovascular system Amiodarone (C01BD01), Dronedarone (C01BD07), Flecainide 
(C01BC04), Furosemide (C03CA01, C03EB01), Hydrochlorothiazide 
(C03EA01, C09DA01, C09DA06, C09DA04, C09BA02), Indapamide 
(C03BA11), Isradipine (C08CA03), Ivabradine (C01EB17), Sotalol 
(C07AA07) 

Genito urinary system and 
sex hormones 

Alfuzosin (G04CA01), Mifepristone (G03XB01), Mirabegron 
(G04BD12), Solifenacin (G04BD08, G04CA53), Tolterodine 
(G04BD07), Vardenafil (G04BE09) 

Systemic hormonal 
preparations, excl. sex 
hormones and insulins 

Oxytocin (H01BB02), Pasireotide (H01CB05) 

Anti-infectives for systemic 
use 

Atazanavir (J05AR15), Azithromycin (J01FA10), Bedaquiline 
(J04AK05), Ciprofloxacin (J01MA02), Clarithromycin (J01FA09), 
Erythromycin (J01FA01), Fluconazole (J02AC01), Foscarnet 
(J05AD), Itraconazole (J02AC02), Ketoconazole (J02AB02), 
Metronidazole (J01XD01), Moxifloxacin (J01MA14), Posaconazole 
(J02AC04), Rilpivirine (J05AG05), Ritonavir (J05AE03), 
Roxithromycin (J01FA06), Saquinavir (J05AE01), Voriconazole 
(J02AC03) 

Antineoplastic and 
immunomodulatory agents 

Anagrelide (L01XX35), Bortezomib (L01XX32), Bosutinib 
(L01XE14), Ceritinib (L01XE28), Crizotinib (L01XE16), Dabrafenib 
(L01XE23), Dasatinib (L01XE06), Degarelix (L02BX02), Eribulin 
mesylate (L01XX41), Fingolimod (L04AA27), Lapatinib (L01XE07), 
Leuprolide (L02AE02), Nilotinib (L01XE08), Oxaliplatin (L01XA03), 
Panobinostat (L01XX42), Pazopanib (L01XE11), Sorafenib 
(L01XE05), Sunitinib (L01XE04), Tacrolimus (L04AD02), Tamoxifen 
(L02BA01), Vandetanib (L01XE12), Vemurafenib (L01XE15) 

Musculo-skeletal system Tizanidine (M03BX02) 
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Nervous system Amantadine (N04BB01), Amisulpride (N05AL05), Amitriptyline 
(N06AA09), Apomorphine (N04BC07), Aripiprazole (N05AX12), 
Asenapine (N05AH05), Atomoxetine (N06BA09), Citalopram 
(N06AB04), Clomipramine (N06AA04), Clozapine (N05AH02), 
Dexmedetomidin (N05CM18), Doxepin (N06AA12), Droperidol 
(N05AD08), Escitalopram (N06AB10), Fluoxetine (N06AB03), 
Galantamine (N06DA04), Haloperidol (N05AD01), Hydroxyzine 
(N05BB01), Imipramine (N06AA02), Levomepromazine 
(N05AA02), Lithium (N05AN01), Methadone (N07BC02), 
Mirtazapine (N06AX11), Nortriptyline (N06AA10), Olanzapine 
(N05AH03), Paliperidone (N05AX13), Paroxetine (N06AB05), 
Pimozide (N05AG02), Pipamperone (N05AD05), Propofol 
(N01AX10), Quetiapine (N05H04), Risperidone (N05AX08), 
Sertindole (N05AE03), Sertraline (N06AB06), Sevoflurane 
(N01AB08), Sulpiride (N05AL01), Tetrabenazine (N07XX06), 
Venlafaxine (N06AX16), Ziprasidone (N05AE04) 

Antiparasitic products, 
insecticides and repellents 

Chloroquine (P01BC02), Hydroxychloroquine (P01BA02), 
Metronidazole (P01AB01), Pentamidine (P01CX01), Quinine 
sulfate (P01BC01) 

Respiratory system Diphenhydramine (R06AA02), Promethazine (R06AD02) 

Various Perflutren lipid microspheres (V08DA01) 

*From QTDrug list, https://crediblemeds.org/, version December 17, 2015. Only drugs 
available in Denmark are included in this list. The list includes drugs with a known 
association with the risk of TdP, a possible association with the risk of TdP, and a conditional 
association with the risk of TdP. TdP: Torsades des Pointes; **ATC = Anatomical Therapeutic 
Chemical 
 
Coding for prior treatment with selected drugs: 
Drugs were included when they were recorded within 120 days prior to the ECG. 
 
Beta blockers: C07 
Proton Pump Inhibitors: A02BC 
Selective Serotonin Receptor Inhibitors: N06AB 
Non-Steroidal Anti-Inflammatory Drugs: M01A, except M01AX 
ACE-inhibitors: C09A 
Statins: C10AA 
 
  

https://crediblemeds.org/
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Online figure 1 – Flow chart of patients included in the study. 
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Online figure 2 – Kaplan-Meier plot of 30-day mortality in patients with normal  
and prolonged QTc intervals, calculated with the Bazett formula 
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Online figure 3 – Cubic spline plot of QTc prolongation, calculated with the Bazett formula, 
and 7-day mortality. (A) crude HRs; (B)  HRs adjusted for age, sex, Charlson co-morbidity 
score, diagnosis, medication use, heart rate, and QRS duration. Solid lines represent HRs and 
dotted lines represent 95% confidence intervals. HR: hazard ratio 
 
 
A: Crude  

 
 
B: Fully adjusted  
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Online figure 4 – Cubic spline plot of QTc prolongation, calculated with the Bazett formula, 
and 30-day mortality. (A) crude HRs; (B)  HRs adjusted for age, sex, Charlson co-morbidity 
score, diagnosis, medication use, heart rate, and QRS duration. Solid lines represent HRs and 
dotted lines represent 95% confidence intervals. HR: hazard ratio 
 
A: Crude 

 
 
B: Fully adjusted 
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Online figure 5 – Kaplan-Meier plot of 30-day mortality in patients with normal  
and prolonged QTc intervals, calculated with the Fredericia formula 
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Online figure 6 –Cubic spline plot of QTc prolongation, calculated with the Fridericia formula, 
and 7- day mortality. (A) crude HRs; (B)  HRs adjusted for age, sex, Charlson co-morbidity 
score, diagnosis, medication use, heart rate, and QRS duration. Solid lines represent HRs and 
dotted lines represent 95% confidence intervals. HR: hazard ratio 
 
A: Crude 

  
 
B: Fully adjusted 
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Online figure 7 – Cubic spline plot of QTc prolongation, calculated with the Fridericia 
formula, and 30-day mortality. (A) crude HRs; (B)  HRs adjusted for age, sex, Charlson co-
morbidity score, diagnosis, medication use, heart rate, and QRS duration. Solid lines 
represent HRs and dotted lines represent 95% confidence intervals. HR: hazard ratio 
 
A: Crude 

  
 
B: Fully adjusted 

 



 
 

10 
 

Online table 1 – Demographics of patients with different QTc durations, based on Bazett’s formula  

 All Dead QTc normal 

QTc normal, dead 

 30 days QTc long 
QTc long, dead  
30 days QTc very long 

QTc very long, dead 

 30 days 

All (n=103,075) (n=2,691) (n=79,454) (n=1,507) (n=21,037) (n=925) (n=2,584) (n=259) 

Male sex 48,942 (47.5%) 1,324 (49.2%) 36,928 (46.5%) 670 (44.5%) 10,944 (52.0%) 535 (57.8%) 1,070 (41.4%) 119 (45.9%) 

Age, median (IQR) 60 (43-73) 81 (70-88) 57 (40-71) 81 (70-88) 68 (54-79) 81 (71-88) 71 (58-82) 81 (68-88) 

  18-50 36,528 (35.4%) 81 (3.0%) 31,661 (39.8%) 42 (2.8%) 4,432 (21.1%) 31 (3.4%) 435 (16.8%) 8 (3.1%) 

  51-69 33,481 (32.5%) 561 (20.8%) 25,586 (32.2%) 320 (21.2%) 7,104 (33.8%) 182 (19.7%) 791 (30.6%) 59 (22.8%) 

  70+ 33,066 (32.1%) 2,049 (76.1%) 22,207 (27.9%) 1,145 (76.0%) 9,501 (45.2%) 712 (77.0%) 1,358 (52.6%) 192 (74.1%) 

ECG data         

  Heart rate 76 (66-90) 92 (76-108) 74 (64-86) 91 (74-109) 85 (73-97) 94 (79-106) 89 (75-103) 97 (80-112) 

Charlson         

  0 62,145 (60.3%) 577 (21.4%) 50,727 (63.8%) 335 (22.2%) 10,360 (49.2%) 185 (20.0%) 1,058 (40.9%) 57 (22.0%) 

  1 23,654 (22.9%) 802 (29.8%) 17,315 (21.8%) 449 (29.8%) 5,577 (26.5%) 275 (29.7%) 762 (29.5%) 78 (30.1%) 

  2+ 17,276 (16.8%) 1,312 (48.8%) 11,412 (14.4%) 723 (48.0%) 5,100 (24.2%) 465 (50.3%) 764 (29.6%) 124 (47.9%) 

Use of medication         

  QT-prolong drugs* 29,019 (28.2%) 1,455 (54.1%) 20,343 (25.6%) 819 (54.3%) 7,535 (35.8%) 497 (53.7%) 1,141 (44.2%) 139 (53.7%) 

  Beta-blockers 13,396 (13.0%) 634 (23.6%) 9,408 (11.8%) 353 (23.4%) 3,497 (16.6%) 232 (25.1%) 491 (19.0%) 49 (18.9%) 

  ACE inhibitors 8,544 (8.3%) 346 (12.9%) 6,026 (7.6%) 213 (14.1%) 2,235 (10.6%) 107 (11.6%) 283 (11.0%) 26 (10.0%) 

  NSAID 9,465 (9.2%) 200 (7.4%) 7,422 (9.3%) 126 (8.4%) 1,845 (8.8%) 59 (6.4%) 198 (7.7%) 15 (5.8%) 

  PPI 14,714 (14.3%) 784 (29.1%) 10,736 (13.5%) 476 (31.6%) 3,506 (16.7%) 250 (27.0%) 472 (18.3%) 58 (22.4%) 

  SSRI 8,261 (8.0%) 393 (14.6%) 5,584 (7.0%) 196 (13.0%) 2,275 (10.8%) 142 (15.4%) 402 (15.6%) 55 (21.2%) 

  Statins 14,182 (13.8%) 522 (19.4%) 9,917 (12.5%) 280 (18.6%) 3,800 (18.1%) 189 (20.4%) 465 (18.0%) 53 (20.5%) 

Other diagnoses         

  Arrythmia 10,550 (10.2%) 492 (18.3%) 7,305 (9.2%) 273 (18.1%) 2,797 (13.3%) 169 (18.3%) 448 (17.3%) 50 (19.3%) 

  Cardiac arrest 300 (0.3%) 130 (4.8%) 166 (0.2%) 65 (4.3%) 102 (0.5%) 42 (4.5%) 32 (1.2%) 23 (8.9%) 

  Congestive heart failure 5,604 (5.4%) 536 (19.9%) 3,148 (4.0%) 278 (18.4%) 2,071 (9.8%) 197 (21.3%) 385 (14.9%) 61 (23.6%) 

  Heart failure 5,604 (5.4%) 536 (19.9%) 3,148 (4.0%) 278 (18.4%) 2,071 (9.8%) 197 (21.3%) 385 (14.9%) 61 (23.6%) 

  IHD 10,903 (10.6%) 577 (21.4%) 7,257 (9.1%) 306 (20.3%) 3,174 (15.1%) 207 (22.4%) 472 (18.3%) 64 (24.7%) 

Stroke 7,851 (7.6%) 596 (22.1%) 5,163 (6.5%) 307 (20.4%) 2,359 (11.2%) 234 (25.3%) 329 (12.7%) 55 (21.2%) 
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  Long QT syndrom 7 (0.0%) - (n<5) - (n<5) - (n<5) - 

  MI 7,529 (7.3%) 405 (15.1%) 5,002 (6.3%) 215 (14.3%) 2,181 (10.4%) 143 (15.5%) 346 (13.4%) 47 (18.1%) 

  Pacemaker or ICD 716 (0.7%) 46 (1.7%) 485 (0.6%) 29 (1.9%) 196 (0.9%) 10 (1.1%) 35 (1.4%) 7 (2.7%) 

Center         

  Odense 13,257 (12.9%) 552 (20.5%) 10,001 (12.6%) 308 (20.4%) 2,886 (13.7%) 192 (20.8%) 370 (14.3%) 52 (20.1%) 

  South West Jutland 9,671 (9.4%) 325 (12.1%) 7,194 (9.1%) 192 (12.7%) 2,221 (10.6%) 105 (11.4%) 256 (9.9%) 28 (10.8%) 

  Skåne 42,273 (41.0%) 892 (33.1%) 32,536 (40.9%) 489 (32.4%) 8,568 (40.7%) 310 (33.5%) 1,169 (45.2%) 93 (35.9%) 

  Helsingborg 37,874 (36.7%) 922 (34.3%) 29,723 (37.4%) 518 (34.4%) 7,362 (35.0%) 318 (34.4%) 789 (30.5%) 86 (33.2%) 

Other         

  7-day mortality 1,326 (1.3%) 1,326 (49.3%) 742 (0.9%) 742 (49.2%) 429 (2.0%) 429 (46.4%) 155 (6.0%) 155 (59.8%) 

  30-day mortality 2,691 (2.6%) 2,691 (100.0%) 1,507 (1.9%) 1,507 (100.0%) 925 (4.4%) 925 (100.0%) 259 (10.0%) 259 (100.0%) 

Laboratory results         

  Sodium 140 (138-142) 138 (135-142) 140 (138-142) 138 (134-141) 140 (138-142) 139 (135-142) 140 (137-142) 139 (135-142) 

  Postassium 3.9 (3.6-4.1) 4.0 (3.7-4.5) 3.9 (3.6-4.1) 4.1 (3.8-4.6) 3.8 (3.5-4.1) 4.0 (3.6-4.3) 3.7 (3.3-4.0) 3.8 (3.3-4.3) 

Syncope 7,856 (7.6%) 177 (6.6%) 5,928 (7.5%) 95 (6.3%) 1,716 (8.2%) 66 (7.1%) 212 (8.2%) 16 (6.2%) 

Other information         

  QRS         

    Median (IQR) 85.2 (77.3-94.0) 85.7 (76.8-96.0) 84.0 (76.3-92.7) 82.2 (75.8-92.0) 88.0 (80.0-98.0) 88.0 (80.0-100.0) 88.6 (80.0-100.0) 90.0 (80.0-102.0) 

    Mean (SD) 83.9 (191.1) 71.2 (463.0) 83.9 (122.8) 82.2 (71.7) 83.7 (342.6) 62.7 (726.2) 82.4 (193.8) 37.7 (560.3) 

 
Data represent the number (%) or median (interquartile range, IQR). QTc: corrected QT interval; QTc moderate: QTc interval of 450-499 ms for 
men and 460-499 ms for women; 
QTc severe: QTc ≥500 ms for all; ECG – electrocardiogram; *ACE – angiotensin converting inhibitors:  NSAID – non-steroidal anti-inflammatory 
drugs:  PPI – proton pump inhibitors; SSRI – selective serotonin reuptake inhibitors; IHD – ischemic heart disease; MI – myocardial infarction; 
ICD – intracardial defibrillator 
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Online table 2 – Associations between QTc durations, calculated with Bazett’s formula, and 
7-day and 30-day mortality rates. 
 

 Patients Events HR, crude HR, Level 1 HR, Level 2 HR, Level 3 
7-day mortality       
QTc normal 79,454 742 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
QTc moderate 21,037 429 2.3 (2.0-2.6) 1.4 (1.3-1.6) 1.3 (1.1-1.5) 1.1 (0.9-1.2) 
QTc severe 2,584 155 6.9 (5.7-8.4) 3.7 (3.0-4.4) 3.0 (2.5-3.7) 2.3 (1.9-2.7) 

       
30-day 
mortality       
QTc normal 79,454 1,507 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
QTc moderate 21,037 925 2.4 (2.2-2.6) 1.5 (1.4-1.6) 1.4 (1.3-1.5) 1.2 (1.1-1.3) 
QTc severe 2,584 259 5.6 (4.9-6.4) 3.0 (2.6-3.4) 2.6 (2.2-3.0) 1.9 (1.7-2.2) 

 
HR, crude: unadjusted; HR, Level 1 adjusted: adjusted for age and sex; HR, Level 2 adjusted: 
adjusted for age, sex, Charlson co-morbidity score, diagnosis, medication use, and site; HR, 
Level 3 adjusted: adjusted for age, sex, Charlson co-morbidity score, diagnosis, medication 
use, site, heart rate, and the QRS duration. QTc: corrected QT interval; HR: Hazard ratio; 
interval of 450-499 ms for men and 460-499 ms for women; QTc severe: QTc ≥500 ms for all 
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Online table 3 – Associations between QTc durations, calculated with Bazett’s formula, and 
(A) 7-day mortality and (B) 30-day mortality, after propensity score matching 
 
A: 7-day mortality  
QTc duration Patients Events HR 
QTc moderate 8,528 45 2.0 (1.4-3.0) 
QTc severe 2,529 144 2.6 (2.0-3.2) 

 
B: 30-day mortality 
QTc duration Patients Events HR 
QTc moderate 8,528 81 1.7 (1.3-2.3) 
QTc severe 2,529 246 2.3 (1.9-2.7) 

 
QTc moderate: QTc interval of 450-499 ms for men and 460-499 ms for women; QTc severe: 
QTc ≥500 ms for all 
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Online table 4 – Demographics of patients with different QTc durations, based on Fridericia’s formula 
 

 All Dead  30 days QTc normal 

QTc normal, dead 

 30 days  QTc long 
QTc long, dead  
30 days QTc very long 

QTc very long, dead 

 30 days  

All (n=103,075) (n=2,691) (n=94,613) (n=2,228) (n=7,736) (n=399) (n=726) (n=64) 

Male sex 48,942 (47.5%) 1,324 (49.2%) 44,523 (47.1%) 1,066 (47.8%) 4,119 (53.2%) 233 (58.4%) 300 (41.3%) 25 (39.1%) 

Age, median (IQR) 60 (43-73) 81 (70-88) 59 (42-72) 81 (70-88) 71 (60-81) 82 (71-88) 71 (59-82) 84 (73-89) 

  18-50 36,528 (35.4%) 81 (3.0%) 35,301 (37.3%) 68 (3.1%) 1,108 (14.3%) 11 (2.8%) 119 (16.4%) (n<5) 

  51-69 33,481 (32.5%) 561 (20.8%) 30,745 (32.5%) 474 (21.3%) 2,515 (32.5%) 74 (18.5%) 221 (30.4%) 13 (20.3%) 

  70+ 33,066 (32.1%) 2,049 (76.1%) 28,567 (30.2%) 1,686 (75.7%) 4,113 (53.2%) 314 (78.7%) 386 (53.2%) 49 (76.6%) 

ECG data         

  Heart rate 76 (66-90) 92 (76-108) 77 (66-90) 95 (79-111) 72 (63-83) 80 (69-94) 68 (59-88) 75 (61-95) 

Charlson         

  0 62,145 (60.3%) 577 (21.4%) 58,340 (61.7%) 485 (21.8%) 3,498 (45.2%) 76 (19.0%) 307 (42.3%) 16 (25.0%) 

  1 23,654 (22.9%) 802 (29.8%) 21,314 (22.5%) 652 (29.3%) 2,127 (27.5%) 130 (32.6%) 213 (29.3%) 20 (31.3%) 

  2+ 17,276 (16.8%) 1,312 (48.8%) 14,959 (15.8%) 1,091 (49.0%) 2,111 (27.3%) 193 (48.4%) 206 (28.4%) 28 (43.8%) 

Use of medication         

  QT-prolong drugs* 29,019 (28.2%) 1,455 (54.1%) 25,668 (27.1%) 1,208 (54.2%) 3,009 (38.9%) 209 (52.4%) 342 (47.1%) 38 (59.4%) 

  Beta-blockers 13,396 (13.0%) 634 (23.6%) 11,554 (12.2%) 511 (22.9%) 1,676 (21.7%) 107 (26.8%) 166 (22.9%) 16 (25.0%) 

  ACE inhibitors 8,544 (8.3%) 346 (12.9%) 7,575 (8.0%) 296 (13.3%) 872 (11.3%) 42 (10.5%) 97 (13.4%) 8 (12.5%) 

  NSAID 9,465 (9.2%) 200 (7.4%) 8,783 (9.3%) 170 (7.6%) 622 (8.0%) 24 (6.0%) 60 (8.3%) 6 (9.4%) 

  PPI 14,714 (14.3%) 784 (29.1%) 13,234 (14.0%) 671 (30.1%) 1,331 (17.2%) 94 (23.6%) 149 (20.5%) 19 (29.7%) 

  SSRI 8,261 (8.0%) 393 (14.6%) 7,102 (7.5%) 304 (13.6%) 1,046 (13.5%) 78 (19.5%) 113 (15.6%) 11 (17.2%) 

  Statins 14,182 (13.8%) 522 (19.4%) 12,462 (13.2%) 430 (19.3%) 1,562 (20.2%) 78 (19.5%) 158 (21.8%) 14 (21.9%) 

Other diagnoses         

  Arrythmia 10,550 (10.2%) 492 (18.3%) 9,223 (9.7%) 399 (17.9%) 1,178 (15.2%) 73 (18.3%) 149 (20.5%) 20 (31.3%) 

  Cardiac arrest 300 (0.3%) 130 (4.8%) 241 (0.3%) 102 (4.6%) 55 (0.7%) 26 (6.5%) (n<5) (n<5) 

  Congestive heart failure 5,604 (5.4%) 536 (19.9%) 4,512 (4.8%) 430 (19.3%) 985 (12.7%) 91 (22.8%) 107 (14.7%) 15 (23.4%) 

  Heart failure 5,604 (5.4%) 536 (19.9%) 4,512 (4.8%) 430 (19.3%) 985 (12.7%) 91 (22.8%) 107 (14.7%) 15 (23.4%) 

  IHD 10,903 (10.6%) 577 (21.4%) 9,218 (9.7%) 460 (20.6%) 1,547 (20.0%) 103 (25.8%) 138 (19.0%) 14 (21.9%) 
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Stroke 7,851 (7.6%) 596 (22.1%) 6,672 (7.1%) 466 (20.9%) 1,087 (14.1%) 116 (29.1%) 92 (12.7%) 14 (21.9%) 

  Long QT syndrom 7 (0.0%) - (n<5) - 5 (0.1%) - (n<5) - 

  MI 7,529 (7.3%) 405 (15.1%) 6,394 (6.8%) 327 (14.7%) 1,034 (13.4%) 68 (17.0%) 101 (13.9%) 10 (15.6%) 

  Pacemaker or ICD 716 (0.7%) 46 (1.7%) 603 (0.6%) 38 (1.7%) 97 (1.3%) (n<5) 16 (2.2%) 5 (7.8%) 

Center         

  Odense 13,257 (12.9%) 552 (20.5%) 12,167 (12.9%) 456 (20.5%) 953 (12.3%) 80 (20.1%) 137 (18.9%) 16 (25.0%) 

  South West Jutland 9,671 (9.4%) 325 (12.1%) 8,861 (9.4%) 282 (12.7%) 715 (9.2%) 32 (8.0%) 95 (13.1%) 11 (17.2%) 

  Skåne 42,273 (41.0%) 892 (33.1%) 38,156 (40.3%) 717 (32.2%) 3,867 (50.0%) 167 (41.9%) 250 (34.4%) 8 (12.5%) 

  Helsingborg 37,874 (36.7%) 922 (34.3%) 35,429 (37.4%) 773 (34.7%) 2,201 (28.5%) 120 (30.1%) 244 (33.6%) 29 (45.3%) 

Other         

  7-day mortality 1,326 (1.3%) 1,326 (49.3%) 1,085 (1.1%) 1,085 (48.7%) 207 (2.7%) 207 (51.9%) 34 (4.7%) 34 (53.1%) 

  30-day mortality 2,691 (2.6%) 2,691 (100.0%) 2,228 (2.4%) 2,228 (100.0%) 399 (5.2%) 399 (100.0%) 64 (8.8%) 64 (100.0%) 

Laboratory data         

  Sodium 140 (138-142) 138 (135-142) 140 (138-142) 138 (134-141) 140 (138-142) 139 (136-142) 140 (136-142) 137 (134-142) 

  Postassium 3.9 (3.6-4.1) 4.0 (3.7-4.5) 3.9 (3.6-4.1) 4.1 (3.7-4.5) 3.8 (3.5-4.1) 3.9 (3.5-4.3) 3.7 (3.3-4.0) 3.8 (3.4-4.4) 

Syncope 7,856 (7.6%) 177 (6.6%) 7,040 (7.4%) 139 (6.2%) 737 (9.5%) 32 (8.0%) 79 (10.9%) 6 (9.4%) 

Other information         

  QRS         

    Median (IQR) 85.2 (77.3-94.0) 85.7 (76.8-96.0) 84.0 (76.8-94.0) 84.0 (76.0-94.0) 90.0 (81.0-100.0) 92.0 (82.0-102.0) 90.0 (80.5-100.0) 90.0 (82.8-103.0) 

    Mean (SD) 83.9 (191.1) 71.2 (463.0) 84.0 (159.9) 84.1 (59.6) 80.9 (416.7) -3.7 (1,192.6) 90.4 (14.0) 90.4 (21.2) 

 
Data represent the number (%) or median (interquartile range, IQR). QTc: corrected QT interval; QTc moderate: QTc interval of 450-499 ms for 
men and 460-499 ms for women; 
QTc severe: QTc ≥500 ms for all; ECG – electrocardiogram*ACE – angiotensin converting inhibitors:  NSAID – non-steroidal anti-inflammatory 
drugs:  PPI – proton pump inhibitors; SSRI – selective serotonin reuptake inhibitors; IHD – ischemic heart disease; MI – myocardial infarction; 
ICD – intracardial defibrillator 
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Online table 5 -  Associations between QTc durations, calculated with Fridericia’s formula, 
and 7-day and 30-day mortality rates.  
 

 Patients Events HR, Crude HR, Level 1 HR, Level 2 HR, Level 3 
7-day 
mortality       
QTc normal 94,613 1,085 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
QTc moderate 7,736 207 2.4 (2.1-2.9) 1.4 (1.2-1.7) 1.3 (1.1-1.5) 1.7 (1.5-2.0) 
QTc severe 726 34 4.3 (3.0-6.2) 2.4 (1.7-3.5) 2.1 (1.5-3.1) 2.7 (1.8-3.9) 

       
30-day mortality       
QTc normal 94,613 2,228 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
QTc moderate 7,736 399 2.3 (2.0-2.5) 1.3 (1.1-1.4) 1.2 (1.1-1.3) 1.6 (1.4-1.8) 
QTc severe 726 64 3.9 (3.0-5.1) 2.2 (1.7-2.9) 1.9 (1.5-2.5) 2.4 (1.9-3.2) 

 
HR, crude: unadjusted; HR, Level 1 adjusted: adjusted for age and sex; HR, Level 2 adjusted: 
adjusted for age, sex, Charlson co-morbidity score, diagnosis, medication use, and site; HR, 
Level 3 adjusted: adjusted for age, sex, Charlson co-morbidity score, diagnosis, medication 
use, site, heart rate, and the QRS duration. QTc: corrected QT interval; HR: Hazard ratio; 
interval of 450-499 ms for men and 460-499 ms for women; QTc severe: QTc ≥500 ms for all 
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Online table 6 – Associations between QTc durations, calculated with Fridericia’s formula, 
and (A) 7-day mortality and (B) 30-day mortality, after propensity score matching 
 
A: 7-day mortality  
QTc duration Patients Events HR 
QTc moderate 6,947 153 1.2 (1.0-1.5) 
QTc severe 724 34 2.3 (1.5-3.6) 

 
B: 30-day mortality 
QTc duration Patients Events HR 
QTc moderate 6,947 292 1.1 (1.0-1.3) 
QTc severe 724 64 1.8 (1.3-2.4) 

 
QTc moderate: QTc interval of 450-499 ms for men and 460-499 ms for women; QTc severe: 
QTc ≥500 ms for all 
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Online table 7 – Properties of propensity score matching with the Framingham formula 
 

 Non-moderate QTc Moderate QTc Non-severe QTc Severe QTc 

 (n=25,248) (n=6,312) (n=2,340) (n=585) 

Male sex 12,919 (51.2%) 3,308 (52.4%) 963 (41.2%) 244 (41.7%) 

Age, median (IQR) 71 (59-81) 70 (59-80) 71 (60-82) 71 (60-82) 

  18-50 3,706 (14.7%) 932 (14.8%) 318 (13.6%) 89 (15.2%) 

  51-69 8,043 (31.9%) 2,109 (33.4%) 738 (31.5%) 188 (32.1%) 

  70+ 13,499 (53.5%) 3,271 (51.8%) 1,284 (54.9%) 308 (52.6%) 

ECG data     

  Heart rate 78 (67-92) 70 (62-80) 78 (67-93) 65 (57-81) 

Charlson     

  0 11,834 (46.9%) 2,962 (46.9%) 944 (40.3%) 240 (41.0%) 

  1 6,983 (27.7%) 1,759 (27.9%) 744 (31.8%) 178 (30.4%) 

  2+ 6,431 (25.5%) 1,591 (25.2%) 652 (27.9%) 167 (28.5%) 

Use of medication     

  QT-prolong drugs* 9,343 (37.0%) 2,344 (37.1%) 1,082 (46.2%) 277 (47.4%) 

  Beta-blockers 5,178 (20.5%) 1,297 (20.5%) 575 (24.6%) 140 (23.9%) 

  ACE inhibitors 2,826 (11.2%) 694 (11.0%) 317 (13.5%) 81 (13.8%) 

  NSAID 2,255 (8.9%) 526 (8.3%) 203 (8.7%) 51 (8.7%) 

  PPI 4,312 (17.1%) 1,067 (16.9%) 484 (20.7%) 119 (20.3%) 

  SSRI 2,990 (11.8%) 733 (11.6%) 381 (16.3%) 97 (16.6%) 

  Statins 4,985 (19.7%) 1,237 (19.6%) 514 (22.0%) 131 (22.4%) 

Other diagnoses     

  Arrythmia 3,682 (14.6%) 918 (14.5%) 434 (18.5%) 116 (19.8%) 

  Cardiac arrest 122 (0.5%) 34 (0.5%) 15 (0.6%) (n<5) 

  Congestive heart failure 2,533 (10.0%) 658 (10.4%) 283 (12.1%) 82 (14.0%) 

  Heart failure 2,533 (10.0%) 658 (10.4%) 283 (12.1%) 82 (14.0%) 

  IHD 4,537 (18.0%) 1,145 (18.1%) 424 (18.1%) 107 (18.3%) 

Stroke 3,309 (13.1%) 834 (13.2%) 319 (13.6%) 76 (13.0%) 

  Long QT syndrom - 5 (0.1%) - (n<5) 

  MI 3,016 (11.9%) 790 (12.5%) 301 (12.9%) 76 (13.0%) 

  Pacemaker or ICD 278 (1.1%) 74 (1.2%) 40 (1.7%) 13 (2.2%) 

Center     

  Odense 3,480 (13.8%) 825 (13.1%) 453 (19.4%) 103 (17.6%) 

  South West Jutland 2,487 (9.9%) 621 (9.8%) 282 (12.1%) 75 (12.8%) 

  Skåne 11,769 (46.6%) 3,034 (48.1%) 860 (36.8%) 211 (36.1%) 

  Helsingborg 7,512 (29.8%) 1,832 (29.0%) 745 (31.8%) 196 (33.5%) 

Other     

  7-day mortality 561 (2.2%) 143 (2.3%) 56 (2.4%) 25 (4.3%) 

  30-day mortality 1,115 (4.4%) 283 (4.5%) 118 (5.0%) 47 (8.0%) 

Laboratory data     

  Sodium 140 (138-142) 140 (138-142) 140 (137-142) 140 (137-142) 

  Postassium 3.9 (3.7-4.2) 3.8 (3.5-4.1) 3.9 (3.6-4.2) 3.7 (3.3-4.0) 

 
Data represent the number (%) or median (interquartile range, IQR). QTc: corrected QT 
interval; QTc moderate: QTc interval of 450-499 ms for men and 460-499 ms for women; 
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QTc severe: QTc ≥500 ms for all; ECG – electrocardiogram; *ACE – angiotensin converting 
inhibitors:  NSAID – non-steroidal anti-inflammatory drugs:  PPI – proton pump inhibitors; 
SSRI – selective serotonin reuptake inhibitors; IHD – ischemic heart disease; MI – myocardial 
infarction; ICD – intracardial defibrillator 
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Online table 8 – Cause of death in Danish patients with prolonged QTc, identified by 
reviewing the medical records  
 

Moderate QTc prolongation, n = 92 Severe QTc prolongation, n = 15 

Stroke (23 (25.0%)) Stroke (2 (13.3%)) 

Sepsis (15 (16.3%)) Cardiogenic shock (2 (13.3%)) 

Pneumonia (11 (12.0%)) Pneumonia (2 (13.3%)) 

Trauma (7 (7.6%)) Sepsis (2 (13.3%)) 

Multiorgan failure (6 (6.5%)) Trauma (2 (13.3%)) 

Aortic disease (4 (4.4%)) Aortic disease (1 (6.7%)) 

Cancer (4 (4.4%)) Liver cirrhosis (1 (6.7%)) 

Cardiogenic shock (4 (4.4%)) Cardiac arrest (1 (6.7%)) 

Respiratory distress (4 (4.4%)) Hyperkalemia (1 (6.7%)) 

Cardiac arrest (3 (3.3%)) Peripheral vascular disease (1 (6.7%)) 

Ileus (3 (3.3%))  

Subarachnoid bleeding (3 (3.3%))  

Bradycardia (1 (1.1%))  

Dehydration (1 (1.1%))  

Gastrointestinal bleeding (1 (1.1%))  

Peripheral vascular disease (1 (1.1%))  

Kidney failure (1 (1.1%))  

Data represent the (number (%)). 
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Online table 9 – Cause of death in Swedish patients with prolonged QTc, identified by 
reviewing the medical records  
 

  
Moderate QTc prolongation, 
n = 199 

Severe QTc prolongation, 
n = 22 

Acute Coronary Syndrome 16 (8.1%) 2 (9.1%) 

Cardiac arrest  7 (3.5%) 1 (4.5%) 

Cardiogenic shock 2 (1.0%) 0 

Decompensated heart 
failure 7 (3.5%) 1 (4.5%) 

Ventricular dysrhythmia 0 1 (4.5%) 

Bradycardia 0 0 

Infection (other than 
pneumonia and sepsis) 4 (2.0%) 2 (9.1%) 

Pneumonia 22 (11.1%) 5 (22.7%) 

Sepsis 15 (7.5%) 2 (9.1%) 

Stroke 47 (23.6%) 3 (13.6%) 

Pulmonary embolism 6 (3.0%) 0 

Aortic disease 12 (6.0%) 0 

Cancer 19 (9.5%) 0 

Respiratory distress 8 (4.0%) 2 (9.1%) 

Trauma 3 (1.5%) 0 

Multiorgan failure 8 (4.0%) 0 

Ileus 0 0 

Sub-arachnoid hemorrhage 3 (1.5%) 0 

Dehydration 2 (1.0%) 0 

Gastrointestinal bleeding 2 (1.0%) 1 (4.5%) 

Peripheral vascular disease 0 0 

Kidney failure 6 (3.0%) 0 

Liver failure 8 (4.0%) 1 (4.5%) 

Pancreatitis 1 (0.5%) 1 (4.5%) 

Wernicke Korsakoff disease 1 (0.5%) 0 
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