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ABSTRACT
Objective To investigate the prognostic significance 
of first- degree atrioventricular block (AVB) in Asian 
populations.
Design and setting Participants (N=9634) from the 
Northeast China Rural Cardiovascular Health Study were 
included. The first- degree AVB was defined as PR (from 
the beginning of the P wave to the beginning of the QRS 
complex on an electrocardiogram) interval >200 ms, and 
primary composite outcome (all events) included new 
onset cardiovascular disease (CVD) and mortality. Cox 
regression and restricted cubic spline were used to identify 
the associations of PR interval or first- degree AVB with end 
points. Furthermore, the relationship between new- onset 
CVD and mortality and first- degree AVB was separately 
evaluated. The value of first- degree AVB for predicting 
adverse events was evaluated by reclassification and 
discrimination analyses.
Results During a median of 4.65 years follow- up, 524 
participants developed CVD and 371 died. Compared with 
participants with PR ≤200 ms, those with first- degree AVB 
had an increased risk of all events (HR: 1.84; 95% CI 1.18 
to 2.88). Furthermore, first- degree AVB was predictive 
of incident CVD (1.96, 1.18 to 3.23) and stroke (2.22, 
1.27 to 3.90) after adjusting for conventional risk. These 
statistically significant associations remained unchanged 
after further stratification by potential confounding factors. 
Discrimination and reclassification analyses suggested that 
first- degree AVB addition could improve the conventional 
model for predicting adverse outcomes within 4 years.
Conclusions Our results indicated that first- degree 
AVB was an independent risk factor for adverse 
events, suggesting that it should not be considered as 
inconsequential factor in general population. These results 
have potential clinical value for identifying individuals at 
high risk for adverse outcomes.

INTRODUCTION
The PR interval is measured from the begin-
ning of the P wave to the beginning of the 
QRS complex on an ECG, which reflects the 
total conduction time from atrial to ventric-
ular depolarisation. In general, first- degree 
atrioventricular block (AVB) is defined as 
PR interval prolongation >200 ms, which 
is frequently encountered in clinical prac-
tice.1 2 Previous studies, which overwhelm-
ingly focused on young and healthy men, 

indicate that first- degree AVB appears to be 
a benign condition.3–5 In view of this, the 
current authoritative guidelines suggest that 
specific treatment is not required, unless 
there are symptoms and/or the PR interval 
is >300 ms.1 6

Currently, the prognostic significance of 
first- degree AVB is controversial. Results from 
the Framingham study indicated that PR 
interval prolongation in the general popu-
lation was significantly associated with atrial 
fibrillation (AF), pacemaker implantation 
and mortality.2 In individuals with hyperten-
sion,7 8 or coronary heart disease (CHD)9 10 
and in elderly individuals,11 12 the PR interval 
prolongation was associated with in more 
severe adverse outcomes, although the defi-
nition of this ECG pattern was largely varied 
across studies. In contrast, the third National 
Health and Nutrition Examination Survey 
and the Finnish Social Insurance Institu-
tion’s CHD Study indicated that PR interval 
prolongation was associated with a benign 
prognosis in general population.13 14 Thus, 
previous studies in Western general popula-
tions have indicated conflicting associations 
between first- degree AVB and cardiovas-
cular outcomes. Considering racial differ-
ences, black people were more likely to have 
PR interval prolongation compared with 
white people,15 the prognostic impact of PR 
interval prolongation in Asian populations 
is largely unexplored.7 16 17 Moreover, almost 

Strengths and limitations of this study

 ► This study was a large prospective study for the 
general population, and sufficient confounding fac-
tors were collected.

 ► The Marquette Universal System for 
Electrocardiography, not manual ECG measure-
ments, was used to accurately measure the PR 
intervals.

 ► The number of events was limited because of the 
short follow- up time.
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all previous studies used manual ECG measurements to 
determine PR intervals, which can lead to measurement 
bias.

This study was based on follow- up data from 9634 
participants from the Northeast China Rural Cardiovas-
cular Health Study (NCRCHS), who were followed- up for 
a median of 4.65 years. The Marquette Universal System 
for Electrocardiography was used to accurately measure 
the PR intervals to identify the prognostic significance of 
first- degree AVB. This was the largest study conducted to 
investigate the relationship between first- degree AVB and 
adverse outcomes in an Asian general population. To our 
knowledge, this study was also the first to elucidate the 
prognostic significance of PR interval prolongation in 
Chinese population.

METHODS
Participants
The NCRCHS is a community- based prospective 
cohort study carried out in rural areas of Northeast 
China.18 19 11 956 participants aged ≥35 years were 
prospectively recruited from Liaoning province in 2013. 
In 2015 and 2017, participants were invited to attend 
follow- up visits, and 10 700 consented and were eligible 
for the follow- up study. A total of 10 349 participants 
(96.7%) completed at least one follow- up visit. In current 
analyses, we further excluded participants (n=715) for 
the following reasons: missing or unreadable electrocar-
diograms (n=221), history of AF or current AF at base-
line or inadequate electrocardiograms for measurement 
of PR interval (n=133), use of antiarrhythmic agents or 
cardiac glycosides (n=5), QRS interval ≥120 ms (n=193) 
and missing covariate data (n=163) (figure 1). Eventually, 
data from 9634 (93.1%) participants were available for 
analysis.

Data collection (including electrocardiograms)
At baseline, detailed information on demographic charac-
teristics, lifestyle, medical history and medication history 

in the past 2 weeks was obtained using a standardised 
questionnaire. Self- reported history of stroke and CHD 
was confirmed based on medical records. Participants 
who self- reported a certain disease such as stroke, CHD 
and diabetes were asked whether they had taken prescrip-
tion medication for this disease in the past 2 weeks. Body 
mass index was calculated by dividing weight in kilograms 
by height in metres squared. Blood pressure was assessed 
three times using a standardised automatic electronic 
sphygmomanometer, with participants seated after at least 
5 min of rest. Hypertension was defined as systolic blood 
pressure (SBP) ≥140 mm Hg and/or diastolic blood pres-
sure (DBP) ≥90 mm Hg and/or use of antihypertensive 
medications in the past 2 weeks.20 Dietary patterns have 
been described and diet score was calculated (range 
0–6) in previous study.21 Blood samples were collected in 
the morning after at least 12 hours of overnight fasting. 
Current drinking was defined more than one drink a day 
for women and more than two drinks a day for the man in 
the past year.22 Biochemical parameters, including fasting 
blood glucose (FBG), triglyceride, total cholesterol (TC), 
high- density lipoprotein cholesterol (HDL- C), low- density 
lipoprotein cholesterol and serum creatinine, were 
analysed enzymatically. Diabetes mellitus was defined 
as FBG ≥7 mmol/L and/or self- reported diagnosis that 
was previously determined by a physician.23 Estimated 
glomerular filtration rate (eGFR) was calculated using 
the Chronic Kidney Disease Epidemiology Collabora-
tion equation.24 Echocardiograms were obtained using 
Doppler echocardiography with a 3.0- MHz transducer. 
Echocardiogram analyses were performed by at least two 
independent doctors specialised in echocardiography. 
Left ventricular ejection fraction (LVEF) was calculated 
as follows: (end diastolic volume—end systolic volume)/
end diastolic volume. The E/A ratio was defined as the 
mitral early to late diastolic flow velocity ratio.

After a rest for at least half an hour, twelve- lead electro-
cardiograms (resting, 10 s) were recorded at the time of 
enrolment for each participant using an MAC 5500 (GE 
Healthcare). The electrocardiograms were automatically 
analysed by the MUSE Cardiology Information System 
V.7.0.0 (GE Healthcare). Electrocardiogram- based diag-
noses (including AF) were confirmed by at least two 
independent cardiologists. The third cardiologist was 
required to make final judgement if the two cardiologists 
disagreed. AF was diagnosed based on ECG findings and/
or previous diagnosis by a physician.

The judgement and definition of clinical outcomes
For all participants, all available clinical information 
or mortality was collected and all materials were inde-
pendently reviewed and adjudicated by an end point 
assessment committee. Stroke was defined as rapidly 
developing signs of focal or global cerebral function 
disturbance lasting >24 hour (unless interrupted by 
surgery or death) with no apparent non- vascular cause.25 
Haemorrhagic stroke was defined as stroke with subarach-
noid or intracerebral haemorrhage, and ischaemic stroke 

Figure 1 Study flowchart. NCRCHS, Northeast China Rural 
Cardiovascular Health Study.
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was defined as stroke with thrombosis or embolism. 
Transient ischaemic attack and chronic cerebral vascular 
disease were excluded. CHD was defined as a diagnosis 
of angina requiring hospitalisation, myocardial infarc-
tion requiring hospitalisation, CHD- related mortality 
or any revascularisation procedure.26 Deaths were diag-
nosed through direct contact with family members and 
hospital records. Cardiovascular disease (CVD)- related 
mortality was diagnosed based on death certificates, 
autopsy reports, medical record abstractions or informa-
tion obtained from family members.

CVD during the follow- up period was defined as new- 
onset stroke or CHD. Primary composite outcome 
designated ‘all events’ was defined as CVD and all- cause 
mortality during the follow- up period.

Statistical analysis
Continuous variables were reported as means and SD, 
or medians and quartiles. Categorical variables were 
reported as frequencies and percentages. Differences 
between categories were evaluated using the t test, Mann- 
Whitney U test or the χ2 test, as appropriate. Kaplan- 
Meier curves were used to evaluate the cumulative 
incidence for adverse events, and log- rank test was used to 
compare differences. Cox proportional hazards models 
were sequentially conducted to identify the associations 
of PR interval with adverse outcomes (reported as HRs 
and 95% CIs). According to the clinical definition of first- 
degree AVB (PR interval >200 ms),1 PR interval was anal-
ysed as a binary variable. We constructed the following 
models: model 1, adjusted for age, sex, body mass index, 
heart rate, current smoking, current drinking, SBP, beta- 
blocker treatment, calcium blocker treatment, diabetes, 
history of CVD, TC, HDL- C, triglyceride and eGFR; 
model 2, further adjusted for left ventricular systolic and 
diastolic function (LVEF and E/A ratio) after excluding 
participants without ECG date.

In the sensitivity analysis, Cox proportional hazards 
models were used based on the variables adjusted in 
model 2. As beta- blockers and calcium channel blockers 
can affect cardiac conduction times, participants who 
took these drugs at baseline would be excluded (n=376). 
Further sensitivity analyses were conducted according to 
baseline CVD status (history of CHD or stroke), that is, 
the regression analyses were independently conducted 
before and after the exclusion of baseline CVD history 
(n=708). Additionally, the interaction between first- 
degree AVB and sex was evaluated for each endpoint. The 
dose–response curves were drawn using a restricted cubic 
spline approach based on Cox proportional hazards 
models, in which PR interval served as a continuous 
variable.

To evaluate the improvement in risk prediction for 
adverse outcomes by adding first- degree AVB to the 
conventional model (including age, sex, body mass index, 
heart rate, current smoking, current drinking, SBP, beta- 
blocker treatment, calcium blocker treatment, diabetes, 
history of CVD, TC, HDL- C, triglyceride, eGFR, LVEF 

and E/A ratio), the integrated discrimination improve-
ment (IDI) and net reclassification improvement (NRI) 
for adverse outcome prediction models were calculated, 
respectively.

The dose–response curves for relationships between PR 
interval and the risks of adverse outcomes were plotted 
using EmpowerStats software (http://www.empowerstats. 
com, X&Y Solutions, Boston, MA), and the reclassifica-
tion and discrimination analyses were calculated using 
statistical software packages R (http://www.R-project.org, 
The R Foundation). The other statistical analyses were 
performed using SPSS V.22.0 software package and p 
values <0.05 were considered to be statistically significant.

Patient and public involvement statement
The patients were not actively involved during the design 
and conduct of this study. The patients and the general 
public will be informed of the study results through peer- 
reviewed journals.

RESULTS
Characteristics of study population
Data from 9634 (93.1%) participants were available for 
analysis (table 1). Of the 9634 NCRCHS participants 
included in the analysis (mean age: 53.53±10.39; men: 
45.2%), 126 (1.3%) had first- degree AVB. Baseline clin-
ical characteristics by first- degree AVB status are shown 
in table 1. Compared with the participants without first- 
degree AVB, those with first- degree AVB were more likely 
to be elder, men, drinkers and hypertension; have higher 
body mass index, SBP, DBP and TC and have lower eGFR 
and E/A ratio (all p<0.05).

The associations between first-degree AVB and adverse 
outcomes
During follow- up, a median of 4.65 years (quartile: 4.36–
4.92), 710 participants developed primary composite 
outcome (CVD or all- cause mortality) and 524 partici-
pants of them developed CVD (new- onset stroke or CHD). 
Furthermore, 371 participants died, 182 of whom died due 
to CVD- related causes (49.1% of all- cause mortality). The 
cumulative incidences of primary composite outcome, 
CVD and stroke were significantly higher in participants 
with first- degree AVB than in participants without first- 
degree AVB. However, there was no significant statistical 
difference in mortality and CHD (figure 2).

We further explored the associations between first- 
degree AVB and adverse outcomes, as indicated by the 
unadjusted and adjusted regression models. As shown 
in table 2, after adjusting for age, sex, body mass index, 
heart rate, current smoking, current drinking, TC, 
HDL- C, triglyceride, eGFR, SBP, beta- blocker treatment, 
calcium blocker treatment, diabetes and history of CVD, 
first- degree AVB was an independent risk factor for all 
events (HR: 1.80, 95% CI 1.16 to 2.79), CVD (HR: 1.84, 
95% CI 1.11 to 3.03) and stroke (HR: 2.10, 95% CI 1.20 
to 3.67). The conclusions remain consistent after further 
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adjustment for left ventricular systolic and diastolic func-
tion (all events: HR: 1.84, 95% CI 1.18 to 2.88; CVD: HR: 
1.96, 95% CI 1.18 to 3.23 and stroke: HR: 2.22, 95% CI 
1.27 to 3.90). However, our results failed to show any 
significant associations between first- degree AVB and risk 
of mortality or CHD.

Associations between PR interval and adverse outcomes
Our finding remained unchanged after the conduction 
of sensitivity analysis. First, after the exclusion of partic-
ipants taking beta- blockers or calcium- channel blockers, 
participants with first- degree AVB still had a higher risk of 
adverse outcomes as compared with those without first- 
degree AVB (all events: HR: 1.88, 95% CI 1.16 to 3.035; 
CVD: HR: 2.21, 95% CI 1.32 to 3.72 and stroke: HR: 2.47, 
95% CI 1.38 to 4.44). Second, stratified analysis by base-
line CVD status shows that even if participants with CVD 
at baseline had been excluded, the relationships between 
first- degree AVB and adverse outcomes remained statis-
tically significant. Third, we analysed the interaction 

between first- degree AVB and sex for each end point. 
Interestingly, although the prevalence of first- degree AVB 
in males was higher than women, there were no signifi-
cant interactions (p>0.05) (online supplemental file 1). 
Furthermore, using PR interval as a continuous variable 
(per SD increase) in the Cox proportional hazards models, 
there were no significant independent associations 
between PR interval and all events, CVD or stroke. The 
dose–response relationships assessed using a restricted 
cubic spline approach suggested that the relationships 
between PR interval and risks of adverse outcomes were 
non- linear; risks of adverse outcomes began to increase 
considerably from a PR interval of approximately 150 ms 
(figure 3).

Reclassification and discrimination statistics for adverse 
outcomes within 4 years by first-degree AVB
Finally, we evaluated whether adding first- degree AVB 
to the conventional model could improve prediction 
performance. Fortunately, the IDI value and NRI value 

Table 1 Baseline characteristics of the study sample

Variable Without first- degree AVB (N=9508) With first- degree AVB (N=126) P value

PR interval (ms) 151.17±18.26 213.78±13.40 <0.001

Age (years) 53.49±10.38 56.16±10.96 0.004

Male (n (%)) 4272 (44.9) 85 (67.5) <0.001

Current smoking (n (%)) 3340 (35.1) 48 (38.1) 0.488

Current drinking (n (%)) 2112 (22.2) 40 (31.7) 0.011

body mass index (kg/m2) 24.82±3.69 25.74±3.71 0.006

SBP (mm Hg) 141.81±23.38 147.54±23.56 0.006

DBP (mm Hg) 82.05±11.67 84.90±12.73 0.006

FBG (mmol/L) 5.54 [5.15–6.02) 5.51 [5.21–6.17) 0.517

TC (mmol/L) 5.23±1.08 5.42±1.48 0.049

LDL- C (mmol/L) 2.94±0.83 3.09±0.86 0.058

HDL- C (mmol/L) 1.42±0.39 1.36±0.38 0.099

Triglyceride (mmol/L) 1.22 [0.86–1.86) 1.31 [1.00–2.24) 0.072

eGFR (mL/min per 1.73 m2) 93.82±15.22 89.51±16.80 0.005

Heart rate (bpm) 71.91±12.22 70.10±13.59 0.139

LVEF (%) 62.82±3.88 62.12±4.68 0.106

E/A ratio 0.89 [0.72–1.28) 0.80 [0.66–1.16) 0.001

Hypertension (n (%)) 4774 (50.2) 79 (62.7) 0.005

Diabetes (n (%)) 951 (10.0) 17 (13.5) 0.195

History of CVD (n (%)) 700 (7.4) 8 (6.3) 0.665

Hypertension drugs use (n (%)) 1366 (14.4) 36 (28.6) <0.001

Beta- blocker (n (%)) 52 (0.5) 0 (0) 1.0

Dihydropyridine calcium blocker (n (%)) 329 (3.5) 9 (7.1) 0.047

Diabetes drugs use (n (%)) 335 (3.5) 8 (6.3) 0.089

Exercise regularly (n (%)) 1954 (20.6) 31 (24.6) 0.264

Diet score (<3 vs≥3) (n (%)) 4793 (50.4) 56 (44.4) 0.183

Data are presented as mean±SD, median (upper and lower quartiles), or n (%), as appropriate.
AVB, atrioventricular block; CVD, cardiovascular disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FBG, fasting 
blood glucose; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; E/A 
ratio, the mitral early to late diastolic flow velocity ratio; SBP, systolic blood pressure; TC, total cholesterol.
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suggested that the model after addition of first- degree 
AVB led to a significant improvement in predicting 
primary composite outcome, CVD and stroke within 
4 years. Adding first- degree AVB to model improved 
NRI (0.0213, 95% CI 0.0099 to 0.0340; p<0.05) 
and IDI (0.0015, p=0.0259) for primary composite 
outcome. Meanwhile, the value of NRI suggested 
that first- degree AVB could significantly improve the 
prediction of CVD (0.0241, 95% CI 0.0095 to 0.0417; 
p<0.05), although IDI was borderline significant 
(0.0011, p=0.0733) (table 3).

DISCUSSION
Our study provides strong clinical evidence on the 
adverse prognostic significance of first- degree AVB, 

and the results confirm that this previously reported 
conclusion applies to the general population in 
China. This study demonstrated that first- degree 
AVB was positively associated with risk of primary 
composite outcome, especially CVD and stroke, and 
the association was independent from conventional 
risk factors even left ventricular systolic and diastolic 
function. Sensitivity analysis showed that when 
stratified by potential confounding factors (beta- 
blocker/calcium- channel blocker use and baseline 
CVD status), the statistical associations remained 
unchanged. Furthermore, adding first- degree AVB 
to conventional model could improve the capacity 
of risk prediction for adverse outcomes. Our results 
have potential applications in risk stratification and 

Figure 2 Unadjusted Kaplan- Meier curves for incident adverse events stratified by PR interval. CHD, coronary heart disease; 
CVD, cardiovascular disease.

Table 2 Associations between first- degree AVB and risks of adverse outcomes

Outcome Unadjusted HR (95% CI) P value
Model 1
HR (95% CI) P value

Model 2
HR (95% CI) P value

All events 2.39 (1.55 to 3.69) <0.001 1.80 (1.16 to 2.79) 0.008 1.84 (1.18 to 2.88) 0.008

Mortality

  All- cause mortality 1.88 (0.97 to 3.65) 0.061 1.38 (0.71 to 2.69) 0.340 1.36 (0.67 to 2.75) 0.398

  CVD- related 
mortality

1.71 (0.63 to 4.59) 0.291 1.15 (0.42 to 3.12) 0.785 1.26 (0.46 to 3.43) 0.657

CVD

  Total 2.48 (1.51 to 4.08) <0.001 1.84 (1.11 to 3.03) 0.017 1.96 (1.18 to 3.23) 0.009

  CHD 1.23 (0.39 to 3.84) 0.725 0.98 (0.31 to 3.13) 0.984 1.03 (0.32 to 3.29) 0.964

  Stroke 2.96 (1.69 to 5.18) <0.001 2.10 (1.20 to 3.67) 0.010 2.22 (1.27 to 3.90) 0.005

Model 1: Adjusted for age, sex, body mass index, heart rate, current smoking, current drinking, TC, HDL- C, triglyceride, eGFR, SBP, beta- 
blocker and calcium blocker treatment, diabetes, and history of CVD. Model 2: model 1+adjusted for left ventricular systolic and diastolic 
function (LVEF and E/A ratio).
AVB, atrioventricular block; CHD, coronary heart disease ; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HDL- C, 
high- density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; E/A ratio, the mitral early to late diastolic flow velocity ratio; SBP, 
systolic blood pressure; TC, total cholesterol.
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for identifying individuals at high risk for adverse 
outcomes.

The adverse prognostic significance of first- degree AVB 
might be explained by the following mechanisms. First, 
previous studies show that a prolonged PR interval could 
be a marker of other cardiovascular changes, resulting 
from ageing and elevated blood pressure values that are 
associated with adverse outcomes.2 27 First- degree AVB in 
young individuals is mainly caused by prolonged conduc-
tion in the AV node due to enhanced vagal activity, which in 
light of the results from the previous study, may be related 
to significantly improved survival (decreased overall 
mortality).28 However, in the elderly, electrical and struc-
tural remodelling, such as atrial fibrosis as well as calcifi-
cation and fibrosis of the conduction system, may have 

an important impact on the development of prolonged 
PR interval.29 Additionally, electrophysiological studies 
have suggested that the refractory and conduction times 
of atrium will increase with ageing.30 31 Hypertension 
may promote increase in intracardiac pressures, causing 
structural remodelling and changes in atrial electrical 
function.7 11 This explanation seems to be supported by 
the results of our study because we observed that partici-
pants with first- degree AVB were older and more likely to 
have hypertension compared with the normal PR interval 
group. Second, the PR interval prolongation may be a 
sign of the increased likelihood of arrhythmia. Although 
atrioventricular node delay is the most common cause 
of first- degree AVB, AVB sometimes occurs because of 
intra- atrial conduction defects. Both interatrial block 
and first- degree AVB have been identified as significant 
independent risk factors for AF.32 33 A recent long- term 
follow- up study in patients with Brugada syndrome also 
suggested that first- degree AVB was an independent 
predictor of malignant arrhythmia.34

To our knowledge, the associations between first- 
degree AVB and adverse outcomes have rarely been 
reported in the general population. An early US study 
conducted in the 1960s indicated that there was no excess 
incidence of CVD or mortality among participants with 
PR interval >220 ms.5 Subsequently, the results from the 
Finnish Social Insurance Institution’s CHD Study of 10 957 
participants aged 30–59 years confirmed the benign prog-
nosis of the ECG pattern, as PR interval >200 ms was not 
associated with all- cause mortality, CVD- related mortality 
or additional hospitalisations for heart failure, CHD, 
AF or stroke.14 Additionally, in the Japanese National 
Integrated Project for Prospective Observation of Non- 
communicable Disease And its Trends in the Aged, PR 
interval prolongation (≥220 ms) was not associated with 

Figure 3 Associations between PR interval and adverse 
outcomes based on a restricted cubic spline approach. (A: all 
events, B: CVD, C: stroke). CVD, cardiovascular disease.

Table 3 Reclassification and discrimination statistics for adverse outcomes within 4 years by first- degree AVB

Outcome Model NRI (95% CI)

IDI

Estimate P

All events

  Conventional Reference Reference

  Conventional + first- degree AVB 0.0213 (0.0099 to 0.0340)* 0.0015 0.0259

Cardiovascular disease

  Conventional Reference Reference

  Conventional + first- degree AVB 0.0241 (0.0095 to 0.0417)* 0.0011 0.0733

Stroke

  Conventional Reference Reference

  Conventional + first- degree AVB 0.0276 (0.0104 to 0.0486)* 0.0018 0.0484

Conventional model: including age, sex, body mass index, heart rate, current smoking, current drinking, TC, HDL- C, triglyceride, eGFR, SBP, 
beta- blocker and calcium blocker treatment, diabetes, and history of CVD, left ventricular systolic and diastolic function (LVEF and E/A ratio).
*P<0.05.
AVB, atrioventricular block; CVD, cardiovascular disease; E/A ratio, the mitral early to late diastolic flow velocity ratio; eGFR, estimated 
glomerular filtration rate ; eGFR, estimated glomerular filtration rate; HDL- C, high density lipoprotein cholesterol; HDL- C, high- density 
lipoprotein cholesterol; IDI, integrated discrimination index; LVEF, left ventricular ejection fraction; NRI, net reclassification index; SBP, systolic 
blood pressure; TC, total cholesterol.
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CVD- related or all- cause mortality.16 In contrast, Cheng et 
al found that first- degree AVB (PR interval >200 ms) was 
significantly associated with adverse outcomes (AF, pace-
maker implantation and all- cause mortality) in the Fram-
ingham study, which was only positive finding in general 
population so far.2 Although data on heart failure, AF and 
pacemaker implantation were not systematically collected 
in our study, our results also supported this previous 
findings obtained in Framingham study, regarding the 
adverse prognostic significance of first- degree AVB in 
the general population. Besides, several previous studies 
assessed the relationship between this ECG pattern and 
adverse outcomes, but none evaluated reclassification. 
Our results furtherly confirmed that adding first- degree 
AVB to conventional model could improve the capacity 
of risk prediction for adverse outcomes within 4 years in 
general population.

At present study, the significant, independent associa-
tion between first- degree AVB and all- cause mortality were 
not found, which was inconsistent with the results of Fram-
ingham study. The effect of racial differences can be an 
important reason underlying the differences in mortality 
results observed between our study and the Framingham 
study. Meanwhile, we noticed that the number of end 
point events of mortality was scarce due to the limited 
follow- up period. These may have affected the accuracy 
of our results. In further exploration, we found that the 
association between first- degree AVB and CVD was incon-
sistent in our study (only increasing risk for stroke but 
not CHD). Our conclusions are in line with the findings 
of a study of a Japanese urban population.17 The Japa-
nese study included 5425 participants aged 30–83 years, 
and first- degree AVB (PR ≥220 ms) was not associated 
with CHD. As mentioned, the strong association between 
first- degree AVB and AF has been reported,33 and AF is a 
known risk factor for stroke. Therefore, there are ample 
reasons to infer that the association between first- degree 
AVB and CVD is largely attributable to AF. Additionally, we 
found that the independent relationships (involving all 
events and CVD) were not maintained when PR interval 
was used as a continuous variable, which is different from 
the results of the Framingham study.2 35 The reason is not 
clear but, according to the restricted cubic spline results, 
the effect of the PR interval on each endpoint was non- 
linear. This provides a good explanation for the differ-
ence between the results for when PR interval was used 
as a binary or continuous variable. Simultaneously, it also 
validated previous findings that shorter PR interval was a 
predictor of adverse outcomes.36 37

The strengths of our study involve the fact that it is a 
large prospective study that used a general population 
cohort, accurate PR interval measurements were taken, 
and there was adequate adjustment for confounding 
factors. However, there are several limitations in our study. 
First, when a restrictive definition was used to define first- 
degree AVB (PR >220 ms), the number of participants with 
this ECG pattern was only 30, which would have limited 
our subsequent multivariate analysis. Second, we grouped 

stroke and CHD into one category (CVD) and grouped 
CVD and mortality into primary composite outcome due 
to the limited number of events because of the short 
follow- up time. However, the actual results might vary 
according to each outcome. Third, although we hypoth-
esised that the relationships between first- degree AVB 
and end point events were partly attributable to AF, the 
study was not designed to examine AF risk factors, and 
data on the incidence of AF were not collected during 
follow- up. Lastly, although a previous study suggested 
that some participants with a prolonged PR interval can 
recover,14 we did not perform ECG examination during 
the follow- up period. Meanwhile, as foresaid, detailed 
information on heart failure, cardiac rhythm, and pace-
maker implantation, CHA2DS2- VASC score, other situa-
tions that could increase PR interval such as number of 
athletes and presence of collagen vascular disease were 
not systematically collected in our study. Further large- 
sample prospective studies are needed to further confirm 
the results.

CONCLUSIONS
Our results indicated that first- degree AVB is an indepen-
dent risk factor for adverse outcomes. Adding first- degree 
AVB to conventional risk factors significantly improved 
risk prediction for adverse outcome in general popu-
lation, suggesting that first- degree AVB should not be 
considered as inconsequential factor in general popula-
tion. These findings have potential clinical value for iden-
tifying individuals at high risk for adverse outcomes.

Contributors ML and ZD were responsible for the concept and design of the study. 
ML contributed to the drafting of the article. ZD and YS collected and analysed the 
data. All authors read and approved the final manuscript. ML is responsible for the 
overall content as guarantor.

Funding This work was supported by the National Key R&D Program of China 
(Grant number 2017YFC1307600).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Consent obtained directly from patient(s)

Ethics approval This study involves human participants and was approved by the 
Ethics Committee of China Medical University (AF- SDP- 07- 1, 0- 01). Participants 
gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 

 on A
ugust 1, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-062005 on 4 A

pril 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


8 Liu M, et al. BMJ Open 2022;12:e062005. doi:10.1136/bmjopen-2022-062005

Open access 

properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Moujie Liu http://orcid.org/0000-0001-6211-663X

REFERENCES
 1 Epstein AE, DiMarco JP, Ellenbogen KA, et al. ACC/AHA/HRS 2008 

guidelines for device- based therapy of cardiac rhythm abnormalities: 
a report of the American College of Cardiology/American heart 
association Task force on practice guidelines (writing Committee to 
revise the ACC/AHA/NASPE 2002 guideline update for implantation 
of cardiac pacemakers and Antiarrhythmia devices): developed in 
collaboration with the American association for thoracic surgery and 
society of thoracic surgeons. Circulation 2008;117:e350–408.

 2 Cheng S, Keyes MJ, Larson MG, et al. Long- term outcomes in 
individuals with prolonged PR interval or first- degree atrioventricular 
block. JAMA 2009;301:2571–7.

 3 Mymin D, Mathewson FA, Tate RB, et al. The natural history of 
primary first- degree atrioventricular heart block. N Engl J Med 
1986;315:1183–7.

 4 Packard JM, Graettinger JS, Graybiel A. Analysis of the 
electrocardiograms obtained from 1000 young healthy aviators; ten 
year follow- up. Circulation 1954;10:384–400.

 5 Perlman LV, Ostrander LD, Keller JB, et al. An epidemiologic study 
of first degree atrioventricular block in Tecumseh, Michigan. Chest 
1971;59:40–6.

 6 Brignole M, Auricchio A, Baron- Esquivias G, et al. ESC guidelines 
on cardiac pacing and cardiac resynchronization therapy: the 
task force on cardiac pacing and resynchronization therapy of the 
European Society of cardiology (ESC). developed in collaboration 
with the European heart rhythm association (ehra). Eur Heart J 
2013;2013:2281–329.

 7 Uhm J- S, Shim J, Wi J, et al. First- degree atrioventricular block is 
associated with advanced atrioventricular block, atrial fibrillation and 
left ventricular dysfunction in patients with hypertension. J Hypertens 
2014;32:1115–20.

 8 Lehtonen AO, Langén VL, Porthan K, et al. Electrocardiographic 
predictors of atrial fibrillation in nonhypertensive and hypertensive 
individuals. J Hypertens 2018;36:1874–81.

 9 Crisel RK, Farzaneh- Far R, Na B, et al. First- degree atrioventricular 
block is associated with heart failure and death in persons with 
stable coronary artery disease: data from the heart and soul study. 
Eur Heart J 2011;32:1875–80.

 10 Chan Y- H, Hai JJ, Lau K- K, et al. Pr interval prolongation in coronary 
patients or risk equivalent: excess risk of ischemic stroke and 
vascular pathophysiological insights. BMC Cardiovasc Disord 
2017;17:233.

 11 Magnani JW, Wang N, Nelson KP, et al. Electrocardiographic PR 
interval and adverse outcomes in older adults: the health, aging, and 
body composition study. Circ Arrhythm Electrophysiol 2013;6:84–90.

 12 Perez MV, Dewey FE, Marcus R, et al. Electrocardiographic 
predictors of atrial fibrillation. Am Heart J 2009;158:622–8.

 13 Magnani JW, Gorodeski EZ, Johnson VM, et al. P wave duration is 
associated with cardiovascular and all- cause mortality outcomes: 
the National health and nutrition examination survey. Heart Rhythm 
2011;8:93–100.

 14 Aro AL, Anttonen O, Kerola T, et al. Prognostic significance of 
prolonged PR interval in the general population. Eur Heart J 
2014;35:123–9.

 15 Soliman EZ, Prineas RJ, Case LD, et al. Ethnic distribution of ECG 
predictors of atrial fibrillation and its impact on understanding the 
ethnic distribution of ischemic stroke in the atherosclerosis risk in 
communities (ARIC) study. Stroke 2009;40:1204–11.

 16 Hisamatsu T, Miura K, Fujiyoshi A, et al. Long- term outcomes 
associated with prolonged PR interval in the general Japanese 
population. Int J Cardiol 2015;184:291–3.

 17 Kobayashi TWM, Kokubo Y, et al. Prolonged PR interval is 
significantly associated with increased risk of cardiovascular 
diseases and stroke in a population- based cohort study. Circulation 
2014;130:A13451.

 18 Li Z, Guo X, Zheng L, et al. Grim status of hypertension in rural 
China: results from Northeast China rural cardiovascular health study 
2013. J Am Soc Hypertens 2015;9:358–64.

 19 Du Z, Xing L, Ye N, et al. Complementary value of ECG and 
echocardiographic left ventricular hypertrophy for prediction 
of adverse outcomes in the general population. J Hypertens 
2021;39:548–55.

 20 Chobanian AV, Bakris GL, Black HR, et al. The seventh report of 
the joint National Committee on prevention, detection, evaluation, 
and treatment of high blood pressure: the jnc 7 report. JAMA 
2003;289:2560–72.

 21 Yu S, Guo X, Yang H, et al. An update on the prevalence of metabolic 
syndrome and its associated factors in rural northeast China. BMC 
Public Health 2014;14:877.

 22 Li Z, Bai Y, Guo X, et al. Alcohol consumption and cardiovascular 
diseases in rural China. Int J Cardiol 2016;215:257–62.

 23 Chamberlain JJ, Rhinehart AS, Shaefer CF, et al. Diagnosis and 
management of diabetes: synopsis of the 2016 American diabetes 
association standards of medical care in diabetes. Ann Intern Med 
2016;164:542–52.

 24 Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate 
glomerular filtration rate. Ann Intern Med 2009;150:604–12.

 25 Zhao D, Liu J, Wang W, et al. Epidemiological transition of stroke in 
China: twenty- one- year observational study from the Sino- MONICA- 
Beijing project. Stroke 2008;39:1668–74.

 26 Gaye B, Canonico M, Perier M- C, et al. Ideal cardiovascular health, 
mortality, and vascular events in elderly subjects: The three- city 
study. J Am Coll Cardiol 2017;69:3015–26.

 27 Kwok CS, Rashid M, Beynon R, et al. Prolonged PR interval, 
first- degree heart block and adverse cardiovascular outcomes: a 
systematic review and meta- analysis. Heart 2016;102:672–80.

 28 Kramarz E, Makowski K. Clinical significance of second degree 
wenckebach type sinoatrial block identified during holter monitoring 
in patients with symptoms suggestive of arrhythmia. Europace 
2015;17:123–30.

 29 Aro AL. First- degree atrioventricular block: risk marker or innocent 
finding? Heart 2016;102:655–6.

 30 Kistler PM, Sanders P, Fynn SP, et al. Electrophysiologic and 
electroanatomic changes in the human atrium associated with age. J 
Am Coll Cardiol 2004;44:109–16.

 31 Kojodjojo P, Kanagaratnam P, Markides V, et al. Age- related changes 
in human left and right atrial conduction. J Cardiovasc Electrophysiol 
2006;17:120–7.

 32 Tse G, Wong CW, Gong M, et al. Predictive value of inter- atrial block 
for new onset or recurrent atrial fibrillation: a systematic review and 
meta- analysis. Int J Cardiol 2018;250:152–6.

 33 Cheng M, Lu X, Huang J, et al. Electrocardiographic PR prolongation 
and atrial fibrillation risk: a meta- analysis of prospective cohort 
studies. J Cardiovasc Electrophysiol 2015;26:36–41.

 34 Migliore F, Testolina M, Zorzi A, et al. First- degree atrioventricular 
block on basal electrocardiogram predicts future arrhythmic 
events in patients with Brugada syndrome: a long- term follow- 
up study from the Veneto region of northeastern Italy. Europace 
2019;21:322–31.

 35 Schnabel RB, Sullivan LM, Levy D, et al. Development of a risk score 
for atrial fibrillation (Framingham heart study): a community- based 
cohort study. Lancet 2009;373:739–45.

 36 Nielsen JB, Pietersen A, Graff C, et al. Risk of atrial fibrillation as 
a function of the electrocardiographic PR interval: results from the 
copenhagen ECG study. Heart Rhythm 2013;10:1249–56.

 37 Holmqvist F, Thomas KL, Broderick S, et al. Clinical outcome as 
a function of the PR- interval- there is virtue in moderation: data 
from the Duke Databank for cardiovascular disease. Europace 
2015;17:978–85.

 on A
ugust 1, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-062005 on 4 A

pril 2022. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-6211-663X
http://dx.doi.org/10.1161/CIRCUALTIONAHA.108.189742
http://dx.doi.org/10.1001/jama.2009.888
http://dx.doi.org/10.1056/NEJM198611063151902
http://dx.doi.org/10.1161/01.CIR.10.3.384
http://dx.doi.org/10.1378/chest.59.1.40
http://dx.doi.org/10.1097/HJH.0000000000000141
http://dx.doi.org/10.1097/HJH.0000000000001760
http://dx.doi.org/10.1093/eurheartj/ehr139
http://dx.doi.org/10.1186/s12872-017-0667-2
http://dx.doi.org/10.1161/CIRCEP.112.975342
http://dx.doi.org/10.1016/j.ahj.2009.08.002
http://dx.doi.org/10.1016/j.hrthm.2010.09.020
http://dx.doi.org/10.1093/eurheartj/eht176
http://dx.doi.org/10.1161/STROKEAHA.108.534735
http://dx.doi.org/10.1016/j.ijcard.2015.02.028
http://dx.doi.org/10.1016/j.jash.2015.02.014
http://dx.doi.org/10.1097/HJH.0000000000002652
http://dx.doi.org/10.1001/jama.289.19.2560
http://dx.doi.org/10.1186/1471-2458-14-877
http://dx.doi.org/10.1186/1471-2458-14-877
http://dx.doi.org/10.1016/j.ijcard.2016.04.095
http://dx.doi.org/10.7326/M15-3016
http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006
http://dx.doi.org/10.1161/STROKEAHA.107.502807
http://dx.doi.org/10.1016/j.jacc.2017.05.011
http://dx.doi.org/10.1136/heartjnl-2015-308956
http://dx.doi.org/10.1093/europace/euu158
http://dx.doi.org/10.1136/heartjnl-2015-309256
http://dx.doi.org/10.1016/j.jacc.2004.03.044
http://dx.doi.org/10.1016/j.jacc.2004.03.044
http://dx.doi.org/10.1111/j.1540-8167.2005.00293.x
http://dx.doi.org/10.1016/j.ijcard.2017.09.176
http://dx.doi.org/10.1111/jce.12539
http://dx.doi.org/10.1093/europace/euy144
http://dx.doi.org/10.1016/S0140-6736(09)60443-8
http://dx.doi.org/10.1016/j.hrthm.2013.04.012
http://dx.doi.org/10.1093/europace/euu211
http://bmjopen.bmj.com/

	Prognostic significance of first-degree atrioventricular block in a large Asian population: a prospective cohort study
	Abstract
	Introduction
	Methods
	Participants
	Data collection (including electrocardiograms)
	The judgement and definition of clinical outcomes
	Statistical analysis
	Patient and public involvement statement

	Results
	Characteristics of study population
	The associations between first-degree AVB and adverse outcomes
	Associations between PR interval and adverse outcomes
	Reclassification and discrimination statistics for adverse outcomes within 4 years by first-degree AVB

	Discussion
	Conclusions
	References


