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ABSTRACT
Objectives  Emerging evidence supports that PR 
interval prolongation is associated with increased 
mortality. However, most previous studies have limited 
confounder control, and clinical impact in a population 
of acute ill patients is unknown. The aim of this study 
was to investigate whether 1-year all-cause mortality 
was increased in patients presenting with PR interval 
prolongation in the emergency department (ED).
Design and setting  We conducted a register-based 
cohort study in two Swedish and two Danish EDs. We 
included all adult patients with an ECG performed 
at arrival to the Danish EDs during March 2013 to 
May 2014 and Swedish EDs during January 2010 to 
January 2011. Using propensity score matching, we 
analysed HR for 1-year all-cause mortality comparing 
patients with PR interval prolongation (>200 ms) and 
normal PR interval (120–200 ms).
Participants and results  We included 106 124 
patients. PR interval prolongation occurred in 8.9% 
(95% CI 8.7% to 9.0%); these patients were older 
and had more comorbidity than those with a normal 
PR interval. The absolute 1-year risk of death was 
13% (95% CI 12.3% to 13.7%) for patients with PR 
interval prolongation and 7.9% (95% CI 7.7% to 8.0%) 
for those without. After confounder adjustments by 
propensity score matching, PR interval prolongation 
showed no association with 1-year mortality with a HR 
of 1.00 (95% CI 0.93% to 1.08%).
Conclusion  PR interval prolongation does not constitute 
an independent risk factor for 1-year mortality in ED 
patients.

INTRODUCTION
As a measure of conduction time from the 
onset of atrial depolarisation to the begin-
ning of ventricular depolarisation, the PR 
interval reflects the propagation of elec-
trical impulses from the sinus node to the 
ventricles. A delay in the propagation of 
electrical impulses resulting in PR interval 
prolongation (>200 ms) is clinically known 
as first-degree atrioventricular block or 

delay.1 PR interval prolongation has clin-
ically been considered a benign condi-
tion, but recent studies provide increasing 
evidence that PR interval prolongation 
in different populations is a predictor of 
future atrial fibrillation, implantation of a 
pacemaker or an implantable cardioverter-
defibrillator, major cardiac events and 
all-cause mortality.2 The most broadly 
accepted pathogenetic explanation of a 
possible association between PR interval 
prolongation and mortality is that age-
related myocardial fibrosis plays a role in 
delayed electric conduction and increased 
vulnerability to arrhythmia.3

The subject is still debated, and the clin-
ical consequence of a possible increased 
risk is unclear. Most prior studies have 
been performed in healthy populations 
with 5–35 years of follow-up.4–6 No previous 
studies have evaluated the prognostic 
significance of PR interval prolongation 
among acutely ill patients.

In this study, we hypothesised that PR 
interval prolongation is associated with an 
increased risk of 1-year all-cause mortality 
in patients presenting to the emergency 
department (ED).

Strengths and limitations of this study

►► Large multicentre transnational study population.
►► Cross-linkage of several databases.
►► Comprehensive statistical analysis including a pro-
pensity score matched cohort.

►► Due to the nature of the study design causality can-
not be assessed.

►► No stratification by cause of admission to the emer-
gency department.
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MATERIALS AND METHODS
Study design and setting
This was a register-based multicentre cohort study based 
on adult ED patients in the two Danish hospitals Odense 
University Hospital (OUH) and Hospital of South West 
Jutland (SVS) and the two Swedish hospitals Skåne 
University Hospital (SUS) at Lund and Helsingborg 
Hospital (HH). The study was based on Danish data from 
1 March 2013 to 1 May 2014 and Swedish data from 1 
January 2010 to 1 January 2011. OUH covers a popula-
tion of 270 000 people while SVS covers a population of 
220 000 people. SUS Lund covers 270 000 people while 
the regional hospital HH covers 250 000.

In Denmark and Sweden, the healthcare system is tax 
funded; hence, all residents have free access to health-
care, though with a small copayment in Sweden.

Selection of patients
All adult patients (≥18 years), who had a 12-lead ECG 
recorded within 4 hours of arrival to the ED, were eligible 
for the study. In case of multiple recordings, the first ECG 
taken within this period was used. Patients with multiple 
contacts within the study period were included only at 
their first contact. Contacts with invalid Civil Personal 
Registration (CPR) number and patients aged <18 years 
were excluded. Patients with loss to follow-up due to 
emigration were censored. Furthermore, patients with 
a pacemaker, atrial fibrillation or flutter and missing PR 
intervals were excluded (figure 1).

Data sources
A unique CPR number is given to every resident in 
Denmark and Sweden and used in all hospital contacts, 
which allows individual cross-linkage between databases. 
ECGs were extracted from electronic central databases at 
the Region of Southern Denmark and Region of Skåne. 

Logistic information was extracted from the logistic 
systems at the EDs of the Region of Skåne and Region 
of Southern Denmark.7 Patient comorbidities were 
retrieved from the Danish National Patient Registry8 and 
the Skåne Healthcare Databases, data regarding prescrip-
tions from the Danish National Prescription Registry9 
and the Swedish Pharmacy Registry,10 and data regarding 
birth, emigration and vital status were obtained from 
the Danish Civil Registration System11 and the Swedish 
Population Register.12 Online supplemental appendix A 
provides further details regarding data sources.

Definitions and ECG measurements
A normal PR interval was defined as 120–200 ms.1 PR 
interval prolongation was defined as PR interval >200 ms.1 
The PR interval was automatically calculated as a median 
value by the GE Marquette 12SL ECG Analysis Program 
or Philips DXL and stored in the MUSE Cardiology Infor-
mation System or the Megacare Electrocardiographic 
(ECG) Management System (Simens-Elema, Stockholm, 
Sweden), respectively. The ability of the Marquette 12SL 
algorithm to determine PR interval has been evaluated 
by GE Healthcare13 and by Nielsen et al14 who found a 
mean difference of −0.21 ms (95% CI −1.17 to 0.76 ms) 
compared with manual measurement. Online supple-
mental appendix B provides further information on ECG 
measurements and validation.

Comorbidity status was defined by the Charlson Comor-
bidity Index (CCI),15 16 with exclusion of myocardial 
infarction (MI) and congestive heart failure (CHF) which 
were used as separate covariates in the propensity score 
matching. Online supplemental appendix C.1 provides 
further information on CCI and online supplemental 
appendix C.2 on MI and CHF. Usage of PR interval 
prolonging drugs was defined as redeemed prescriptions 
of these drugs within the last 90 days (online supple-
mental appendix C.3).

Statistics and primary analysis
Continuous data are presented as medians with IQR and 
categorical data as proportions with 95% CIs based on a 
binomial distribution. The mortality of patients with PR 
interval prolongation was compared with patients having 
a normal PR interval.

Patients were followed from ED visit until death or 365 
days, whichever came first. Survival was represented by 
a Kaplan-Meier survival curve. Furthermore, the crude 
relationship between PR interval and 1-year all-cause 
mortality was illustrated using restricted cubic splines.17 
Unadjusted 1-year all-cause mortality was presented as 
absolute risk and assessed using univariate Cox regres-
sion comparing patients with PR interval prolongation 
(>200 ms) and normal PR interval (120–200 ms). Propen-
sity scores were estimated for each individual by use of 
logistic regression with a PR interval of >200 ms as a binary 
outcome. The following covariates were included in the 
logistic regression model: sex, age, CCI, MI, CHF, study 
centre and PR interval prolonging drugs. We also present 

Figure 1  Flow chart of the study population. *Arrhythmias 
not compatible with PR interval measurement.
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a model including only age and sex as covariates. We 
generated a propensity matched cohort by a 1:3 parallel, 
balanced, nearest neighbour matching with a calliper of 
0.02, and estimated HRs for 1-year mortality using Cox 
regression. Heart rate was adjusted for after propensity 
score matching by multivariate regression.

All statistical tests were 2-sided with p<0.05 considered 
statistically significant. Stata V.16 (StataCorp) was used 
for analyses.

Sensitivity analyses
Thirty days mortality was calculated based on the propen-
sity score matched cohort. As a sensitivity analysis, a 
second propensity score matched cohort was created 
after exclusion of patients with PR intervals between 180 
and 199.

Patient and public involvement
This was a study without direct patient contact.

RESULTS
We identified 124 336 ED contacts within the study 
period. A total of 106 124 patients were included in the 
study. Reasons for exclusion are presented in figure  1. 

Among patients included in the study, PR interval prolon-
gation (>200 ms) occurred in 9397 (9%) patients. Among 
those with PR interval prolongation, the average age was 
75 years and 59% were men. Patients with PR interval 
prolongation were generally older, more likely to be men, 
had more comorbidities, and took more medications 
than those with a normal PR interval (table 1).

In the propensity score matched cohort, 32 952 patients 
were included. A total of 8238 patients with PR interval 
prolongation were matched with 24 714 patients with a 
normal PR interval (table 1).

Prognosis
With 8830 deaths in the cohort, 1-year all-cause mortality 
was 8.3% (95% CI 8.2% to 8.5%). The cubic spline 
showed a U-shaped association between PR interval and 
mortality (figure 2).

Among 9397 patients with PR interval prolongation, 
1219 died, representing a 13% (95% CI 12.3% to 13.7%) 
absolute 1-year risk of death. Among 96 727 patients with 
normal PR interval, 7611 died representing an 7.9% 
(95% CI 7.7% to 8.0%) absolute risk of death. The unad-
justed relative risk of death given PR interval prolonga-
tion was 1.65 (95% CI 1.56 to 1.75; figure 3).

Table 1  Baseline characteristics

Study cohort Matched cohort

All

Prolonged PR Normal PR Short PR Prolonged PR Normal PR

>200 ms 120–200 ms <120 ms >200 ms 120–200 ms

All (n=1 06 124) (n=9397) (n=92 565) (n=4162) (n=8238) (n=24 714)

Male sex 51 156 (48.2%) 5558 (59.1%) 44 029 (47.6%) 1569 (37.7%) 4569 (55.5%) 13 710 (55.5%)

Age, median (IQR) 61 (43–74) 75 (63–84) 59 (43–73) 52 (34–69) 72 (61–81) 72 (60–81)

 � 18–50 36 748 (34.6%) 1157 (12.3%) 33 592 (36.3%) 1999 (48.0%) 1157 (14.0%) 3494 (14.1%)

 � 51–69 34 165 (32.2%) 2373 (25.3%) 30 621 (33.1%) 1171 (28.1%) 2371 (28.8%) 7250 (29.3%)

 � 70+ 35 211 (33.2%) 5867 (62.4%) 28 352 (30.6%) 992 (23.8%) 4710 (57.2%) 13 970 (56.5%)

Charlson

 � 0 74 396 (70.1%) 5785 (61.6%) 65 693 (71.0%) 2918 (70.1%) 5186 (63.0%) 15 667 (63.4%)

 � 1 13 750 (13.0%) 1309 (13.9%) 11 866 (12.8%) 575 (13.8%) 1154 (14.0%) 3415 (13.8%)

 � 2 11 239 (10.6%) 1494 (15.9%) 9366 (10.1%) 379 (9.1%) 1196 (14.5%) 3591 (14.5%)

 � 3+ 6739 (6.4%) 809 (8.6%) 5640 (6.1%) 290 (7.0%) 702 (8.5%) 2041 (8.3%)

Other diagnoses

 � Heart failure 4473 (4.2%) 950 (10.1%) 3356 (3.6%) 167 (4.0%) 509 (6.2%) 1640 (6.6%)

 � MI 4933 (4.6%) 913 (9.7%) 3881 (4.2%) 139 (3.3%) 590 (7.2%) 1870 (7.6%)

Use of medication

 � QT-prolong drugs 18 560 (17.5%) 2886 (30.7%) 15 191 (16.4%) 483 (11.6%) 2195 (26.6%) 6750 (27.3%)

Centre

 � Odense 13 572 (12.8%) 1146 (12.2%) 11 884 (12.8%) 542 (13.0%) 980 (11.9%) 2940 (11.9%)

 � South West Jutland 9905 (9.3%) 932 (9.9%) 8683 (9.4%) 290 (7.0%) 815 (9.9%) 2445 (9.9%)

 � Skåne 43 616 (41.1%) 3960 (42.1%) 37 757 (40.8%) 1899 (45.6%) 3376 (41.0%) 10 128 (41.0%)

 � Helsingborg 39 031 (36.8%) 3359 (35.7%) 34 241 (37.0%) 1431 (34.4%) 3067 (37.2%) 9201 (37.2%)

ECG HR, median (IQR) 76 (66–89) 71 (62–83) 76 (66–90) 85 (70–103) 71 (62–83) 77 (66–90)

Baseline characteristics of the study cohort and the propensity score matched cohort.
PR, PR interval.
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In the heart rate adjusted propensity score matched 
cohort, PR interval prolongation had a HR of 1.00 (95% 
CI 0.93 to 1.08) for 1-year mortality (table 2) and a HR of 
1.11 (95% CI 0.97 to 1.28) for 30-day all-cause mortality. 
When adjusting only for sex and age PR interval prolon-
gation had a HR of 0.96 (95% CI 0.89 to 1.03) (online 
supplemental appendix D.1).

Sensitivity analyses
After exclusion of PR intervals ranging from 180 to 199 
ms, patients with PR interval prolongation had a HR of 
0.90 (95% CI 0.82 to 0.99) for 1-year mortality (table 2). 
Online supplemental appendix D.2 provides supplemen-
tary baseline characteristics.

Post hoc analysis
To investigate the association between PR interval 
prolongation and adverse cardiovascular events, we 
have conducted the same analysis with MI and CHF as 

outcomes. This showed that PR interval prolongation is 
associated with an increased risk of MI and CHF with a 
HR of 1.26 (95% CI 1.07 to 1.49) and 1.16 (95% CI 1.01 
to 1.34), respectivly. Online supplemental appendix E 
provides further information.

DISCUSSION
With a focus on 1-year all-cause mortality, the present 
study was designed to investigate the transferability of 
results from prior studies onto acutely ill patients. We 
found that PR interval prolongation did not constitute 
an independent risk factor for 1-year all-cause mortality 
among unselected ED patients. This result corresponds 
to the clinical practice where no interventions are needed 
with regards to asymptomatic patients with first-degree 
atrioventricular block.1

Our result differs from previous studies in healthy 
populations which suggest a possible association between 
prolonged PR interval and significant increases in atrial 
fibrillation and mortality.2 The diverging results may be 
due to important differences in study design and popu-
lation. Most previous studies of prolonged PR interval 
provide information of 5–35 years mortality,2 4 18 whereas 
this is the first study of PR interval prolongation and 
prognosis in an ED setting. The unique civil registration 
number allowed cross-linkage between different data-
bases which resulted in very little loss to follow-up. HRs 
were calculated on the heart rate adjusted propensity 
score matched cohort, and this represents a thorough 
confounder control which contributes to the robust-
ness of the statistical analysis. Few prior studies18 19 have 
included this level of confounder control. One could 
hypothesise that underlying cardiovascular diseases is 
linked with PR interval prolongation and matching our 
cohort for underlying cardiovascular diseases would 
contribute to a lack of association. Online supplemental 
appendix D.1 provides an analysis only adjusted for age 

Figure 2  Restricted cubic spline analysis. Estimated 
probability of 1-year all-cause mortality presented as a 
function of PR interval duration ranging from 120ms to 
250ms. 95% CI limits illustrated by the shaded area.

Figure 3  Kaplan-Meier survival curve displaying the survival 
of patients with a normal PR interval of 120–200 ms (blue) and 
patients with a prolonged PR interval of >200 ms (orange).

Table 2  Risk assessment in the study population

n Events HR (95% CI)

Propensity score matched cohort*

 � 1-year all-cause mortality

  �  Normal PR 120–200 ms 24 753 3129 1.0 (ref)

  �  Prolonged PR >200 ms 8251 895 1.00 (0.93 to 1.08)

 � 30 days all-cause mortality

  �  Normal PR 120–200 ms 24 753 1042 1.0 (ref)

  �  Prolonged PR >200 ms 8251 308 1.11 (0.97 to 1.28)

Sensitivity analysis†  �   �   �

 � 1-year all-cause mortality

  �  Normal PR 120–180 ms 21 063 2367 1.0 (ref)

  �  Prolonged PR >200 ms 7021 606 0.90 (0.82 to 0.99)

Risk assessment in the study population.
*Heart rate adjusted propensity score matched cohort.
†Sensitivity analysis on heart rate adjusted propensity score matched cohort excluding 
PR intervals between 180 and 199 ms (online supplemental appendix D)
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and sex and shows no association between PR interval 
prolongation and death. This proves that the increased 
unadjusted absolute risk of death is driven by sex and age 
and not by underlying cardiovascular diseases.

We also conducted a sensitivity analysis using a ‘twilight’ 
which excluded individuals with a PR interval of 180–199 
ms and supported our main analysis. Our results thus indi-
cate that the increased unadjusted relative risk is due to 
confounders and not PR interval prolongation. Inclusion 
of patients from four centres, two tertiary referral centres 
(OUH and SUS) and two regional hospitals (SVS and 
HH), strengthen the external validity. Further, a relatively 
large study population compared with prior studies4 6 18 20 
improves the precision of the results.

In our study, we found an increased absolute risk 
of 1-year mortality in patients with very short as well as 
prolonged PR interval (figure  2). On an individual 
patient level, the unadjusted absolute risk of 1-year death 
was increased by 65% given a PR interval prolongation. 
The correlation between a higher heart rate and shorter 
PR interval may explain the increased probability of 
death among patients with short PR interval. Further-
more, diseases with ventricular pre-excitation cause short-
ening of the PR interval and might also contribute, but 
pre-excitatory syndromes like Wolff-Parkinson-White are 
very rare, and are unlikely to contribute to the present 
observation.21 In the main analysis heart rate was adjusted 
for after propensity score matching, and thereby did not 
influence the results.

The present study has some limitations. An observa-
tional study cannot investigate causality but only test and 
generate hypotheses. Though propensity score matching 
has some strengths, it does not balance unmeasured 
confounders. Of note, body mass index, smoking status, 
blood pressure, ethnicity and socioeconomic status were 
not possible to extract from the database.

Further, an ECG performed in the ED is just a snapshot, 
as the PR interval could have been different just hours 
earlier and it is therefore unknown whether PR interval 
prolongation regress, persists or develops into more 
severe cardiac disease. Also, the PR interval varies with 
circadian rhythm.22 Although this variation could result 
in misclassification, it is expected to distribute evenly 
between patients with prolonged and normal PR interval.

We did not analyse the hazards in different patient 
subgroups, for example, based on chief problem at the 
ED or comorbidities. In this context, it is reasonable to 
believe that PR interval prolongation may be a better 
predictor for adverse events in individuals presenting 
with syncope, presyncope, palpitations and so on.23 It is 
unclear whether these patients would benefit from closer 
monitoring, for example, with an ECG every 2–5 years, as 
previously suggested.2

However, in a post hoc analysis, we investigated the 
association between prolonged PR interval and the 1-year 
risk of MI and CHF. This showed a small but significant 
increased risk of these cardiovascular events in patients 
presenting with PR interval prolongation (online 

supplemental appendix E). This result strengthens the 
theory that first degree heart block is linked with adverse 
cardiovascular events. Though it is a major limitation to 
the post hoc analysis that the cohort does not include 
important risk factors such as smoking status, familiar 
dispositions and cholesterol-levels.

The population in Denmark and Sweden have a 
universal access to the healthcare system. Generalisation 
of our results outside of Western Europe is therefore 
uncertain. Another limitation is that most of the patients 
in the present study are Caucasians. PR interval has been 
shown to be a more sensitive predictor of atrial fibrilla-
tion among African Americans.24

In conclusion, PR interval prolongation did not consti-
tute an independent risk factor for 1-year all-cause 
mortality among unselected ED patients.
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