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This study aimed to assess PR interval and heart rate-corrected QT (QTC) interval
prolongation with cardiovascular events (CVEs) and mortality in Iranian adult
population. It is a nested case-control study within the Isfahan Cohort Study (ICS).
The ICS is an ongoing longitudinal population based study of 6504 adults aged 35 and
older and without history of CVEs. PR and QTC interval was assessed with baseline
electrocardiogram. CVEs and mortality defined as fatal and non-fatal acute myocardial
infarction and stroke, unstable angina and Sudden Cardiac Death (SCD). The odds ratio
was calculated by conditional logistic regression. Totally 432 subjects with CVEs and
394 participants free of CVEs in the control group were included in the analysis. There
was not association between prolonged PR interval and CVEs, SCD and cardiovascular
mortality in crude and all adjusted models. The same results were seen in prolonged QTC
interval and CVEs and SCD; but there was significant relationship between prolonged
QTC interval and cardiovascular mortality in crude model, 2.98 (95% CI: 1.16-7.66, P =
0.023). However, in adjusted models there was no significant difference. In conclusion,
prolonged PR and QTC intervals were not associated with an increased risk of CVEs and
mortality in Iranian adult.

Abbreviations: ECG: Electrocardiogram; CVEs: Cardiovascular Events; CVD:
Cardiovascular Diseases; SCD: Sudden Cardiac Death; ICS: Isfahan Cohort Study; IHD:
Ischemic Heart Diseases; AMI: Acute Myocardial Infarction; UA: Unstable Angina; AHA:
American Heart Association; ACC: American College of Cardiology; SPSS: Statistical
Program for Social Sciences Software; DM: Diabetes Mellitus; HTN: Hypertension; AF:
Atrial Fibrillation
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Introduction

As has been well established, the resting Electrocardiogram
(ECG) findings
information for the occurrence of Cardiovascular Events (CVEs),

provide valuable diagnostic and prognostic

independent of traditional risk factors. Abnormal QRS complex and
ST-T segment changes are the most common finding that predictive
Cardiovascular Diseases (CVD) and mortality [1-3]. However, the
predictive role of some finding like heart-rate corrected QT (QTC)
and especially PR interval are still not fully understood. Despite the
benign nature of prolonged PR interval and contrary to previous
studies; prolongation of the PR interval was also associated with
mortality [4,5]. As we know, prolonged QTC interval (genetically or
acquired) predisposes to malignant Ventricular Arrhythmias (VT)
and Sudden Cardiac Death (SCD) [6,7]; although different results
have been reported in various studies regarding its association with
CVD or mortality [8-10]. On the other hand, some studies reported
the differences by communities and race/ethnic in the prevalence
of numerous ECG findings [11,12]. To our knowledge there has not
been any records regarding the association of PR and QTC interval
and CVD in Iranian adults. Therefore, the purpose of this study is to
explore the association of PR and QTC interval prolongation with
CVEs and mortality in adults who participated in the Isfahan Cohort
Study (ICS).

Material and Methods
The Population and Data Collection

This was a nested case-control study within the ICS. The ICS is
an ongoing longitudinal population-based study of 6504 adults aged
35 and older at baseline, living in urban and rural (27.5 %) areas
from three counties in central Iran [13]. Participants were selected
through multistage random sampling from January 2 to September
28, 2001. Details of the sampling method are described in a
previous publication [13,14]. Ethical approval was obtained from
the Ethics Committee of Isfahan Cardiovascular Research Institute,
a WHO collaborating center. Written informed consents were
obtained from each subject. After the baseline assessment, follow-
up of the participants was carried out every 2 years by telephone
or in-person interview, physical and biochemical measurements.
The interview and attendance to clinical examination response
rate were 98% and 95% respectively [14]. Blood pressure, fasting
blood sugar, lipid profile tests and anthropometric parameters
were measured following standard protocols [14,15]. Among
anti-hypertension drugs used by some subjects, beta adrenergic
blocker (metoprolol, atenolol, propranolol, carvedilol and timolol),
calcium channel blocker (verapamil and diltiazem), digoxin, and
amiodarone were defined as heart rate-lowering drugs. The follow
up period for this survey was the first seven years of ICS. Ischemic
Heart Diseases (IHD) including Acute Myocardial Infarction (AMI)
and Unstable Angina (UA), and stroke were defined as CVEs. Thirty
minute or more typical chest pain with ST elevation more than 0.1

mV in at least 2 adjacent ECG leads and increase in cardiac troponin

or creatine kinase were AMI definition criteria [16]. UA was defined
as typical crescendo and severe chest discomfort lasting more
than 20 minute preceding hospitalization with or with ECG change
[17]. Stroke was explored as a rapid-onset vascular origin focal
neurological defects in last 24 hour. Fatal Myocardial infarction and
stroke were categorized in cardiovascular mortality. Death within
one hour of onset, a witnessed cardiac arrest, or abrupt collapse not
preceded by more than one hour of symptoms were SCD criteria.
The reported events were re-checked and reviewed within Isfahan
cardiovascular research institute by known cardiologists and
neurologists monthly [14]. The control group were selected among
subjects without the aforementioned events but were matched
with the case group on follow-up time (density sampling) to make
time at risk similar between each pair. For each case, the controls
were chosen randomly from those members of the study who were
at risk at the failure time (event date). In other words, the resulting
case-control sample was matched with respect to the time scale
used for survival analysis.

PR and QTC Interval

PR and QTC interval was measured using baseline standard 12-
lead ECG (on average, 6 beats). PR interval were identified as the
interval from the onset of the P-wave to the end of the PR segment,
and measured from the bipolar limb leads (like lead D2) in which
the interval was longest and more accurate. PR interval > 200 msec
is considered as prolonged. The QTC interval is defined from the
start of the QRS complex to the end of the T-wave with adjustment
for heart rate by Bazett formula (QTC= QT / VRR). The American
Heart Association (AHA), the American College of Cardiology (ACC)
and other professional organization has suggested that the upper
limit for QTC be set at 460mesc for women 450msec for men [18].
Intervals were calculated by two cardiologists in two or three leads
(D2, V3 and/or V5) and their mean value was calculated for each
subject.

Statistical Analysis

Allnumerical data were presented as mean + standard deviation.
Categorical factors were reported as number (percentage). A Chi-
square test was designed to analyze categorical data and analysis
of variance (ANOVA) tests was used for differences between the
means. The logistic regression was used to estimate odds ratios,
which are unbiased estimates of incidence rate ratios in incidence
density sampling independent of any assumption [19]. Conditional
logistic regression was employed using incident cardiovascular
events and mortality as dependent variables and PR and QTC
intervals as independent variable. Analysis was adjusted for age,
age and sex, heart rate-lowering drugs and traditional CVD risk
factors (multiple) for each of the dependent variables. Statistical
procedure was done by Statistical Program for Social Sciences
Software (SPSS) version 23. All differences were considered as
statistically significant at P value less than 0.050.
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Results

We followed the 6054 subjects, aged = 35 years and without
history of CVEs from the ICS during median 6.8 years. Totally
427 CVEs occurred (229 in men), including 89 (20.8%) AMI, 193
(45.1%) UA, 91 (21.3%) stroke and 54 (12.6%) SCD. Forty deceased
participants with unknown diagnosis, classified in case group firstly
(n = 467). ECG records of 25 subjects were lost in case group and
the rhythm was non-sinus in 8 participants, that all of them were
excluded from the analysis. Density sampling randomly selected
the same number of subjects as control group. A total of 35 subjects
from the control group were duplicate and had lost ECG record.
Finally, 394 participants in the case group and 432 non-duplicate
participants in the control group were included in the bivariate

analysis.

Table 1 shows the basic characteristics of participants. CVD
risk factors including age, Diabetes Mellitus (DM), Hypertension
(HTN), dyslipidemia (except HDL level), high waist circumstance,
overweight and obesity, and metabolic syndrome were more
prevalentin case group significantly (P <0.050). Heartrate-lowering
drugs consumption was also more in case group (P < 0.001), that it
was reasonable with respect to number of HTN cases. There was no
significant difference between case and control group regarding to
PR and QTC intervals (P > 0.050). The mean of PR interval in men
and women was 160.17 + 30.31 and 151.75 # 31.39 respectively,
that was statistically significant (P < 0.001). About QTC interval,

it was also longer in men group significantly (386.06 + 36.66 Vs.
375.18 + 35.96, P < 0.001). In subjects with HTN, the QTC interval
was 384.08 + 40.68 that in comparison to normal blood pressure
participants (378.60 + 33.77) was significantly higher (P = 0.036).
The same pattern was seen for smoking and QTC interval (387.06
+ 35.35 Vs. 378.97 + 37.21, P = 0.044). It was notable that obese
participants had shorter QTC interval. Our data indicates that mean
of QTC interval in high waist circumstance (= 94 cm for men and
> 80 cm for women) subjects was 378.94 * 35.95 versus 385.16 +
38.20 (P = 0.027). This result was also significant for higher body
mass index (BMI) (more than 25 kg/m2) and QTC interval (374.60
+ 33.91 Vs. 382.44 + 37.28, P = 0.012). No statistically significant
association was found between other CVD risk factors and PR and
QTC intervals. Of 394 eligible participants, prolonged PR interval
(PR > 200 msec) was present in only 9 (2.3 %) subjects. Of these
patients, 3 AMI (fatal: 2, non-fatal:1), 1 stroke (fatal: 1, non-fatal:
0), 1 SCD and 4 UA was occurred. Totally 16 (4.0 %) cases had
prolonged QTC interval within CVEs patients. The distribution was 3
AMI (fatal: 1, non-fatal: 2), 7 stroke (fatal: 2, non-fatal: 5), 3 SCD and
3 UA. There was not association between prolonged PR interval and
CVEs, SCD and cardiovascular mortality in crude and all adjusted
models (Table 2). The same results were seen in prolonged QTC
interval and CVEs and SCD; but there was significant relationship
between QTC and cardiovascular mortality in crude model, 2.98
(95% CI: 1.16-7.66, P = 0.023). However, in adjusted models there

was no significant difference (Table 2).

Table 1: Basic characteristic of participants. Numerical values are presented as Mean + SD.

Variables Con;r(o;:zr]oup Caj‘;:;:;l P P-Value
PR interval (msec) 156.36+30.33 155.72+31.98 0.767
QT interval (msec) 378.70+35.39 383.00+38.01 0.093
Age (year) 51.14+12.15 57.84+11.43 <0.001
Male gender n (%) 215 (49.7) 208 (52.8) 0.367
DM n (%) 50 (11.5) 83 (21.1) <0.001
FBS (mg/dl) 90.16+36.76 98.54+45.38 0.003
HTN n (%) 111 (25.6) 214 (54.3) <0.001
SBP (mmHg) 120.82+20.99 135.70+24.90 <0.001
DBP (mmHg) 78.23+11.17 84.26+13.74 <0.001
Dyslipidemia n (%) 363 (84.0) 364 (92.3) <0.001
Total cholesterol (mg/dl) 210.74+51.13 232.17+55.25 <0.001
Triglyceride (mg/dl) 186.69+103.23 221.95+115.80 <0.001
HDL-C (mg/dl) 47.09+10.60 46.49+10.39 0.413
LDL-C (mg/dl) 126.31+41.19 141.29+4591 <0.001
Waist circumstance (cm) 93.60+12.87 97.59+12.77 <0.001
BMI (kg/m2) 26.07+4.18 27.59+4.79
<0.001
Normal (19-24.9 kg/m2) 185 (42.8) 121 (30.7)
Overweight (25-29.9 kg/m2) 170 (39.3) 171 (43.4)
Obese (= 30 kg/m2) 77 (17.8) 102 (25.9) <000
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Smoking
73 (16.9) 70 (17.8)
Current smoker n (%)
23 (5.3) 32(8.1) 0.231
Former smoker n (%)
336 (77.8) 292 (74.0)
Never smoker n (%)
Metabolic syndrome n (%) 134 (30.9) 219 (55.6) <0.001
Heart rate-lowering drugs n (%) 24 (5.5) 80 (20.3) <0.001

Note: Diabetes Mellitus (DM) : Fasting Blood Sugar (FBS) = 126 mg/dl or 2-hour post prandial glucose > 200 mg/dl or receiving
anti-diabetic agents; Hypertension (HTN) : systolic blood pressure > 140 mmHg, diastolic blood pressure = 90 mmHg or current
treatment for hypertension; Dyslipidemia categorized as one of the following: Total Cholesterol (TC) > 200 mg/dl or triglyceride (TG)
> 150 mg/dl or High Density Lipoprotein Cholesterols (HDL-C) < 40 mg/dl for men and < 50 mg/dl for women and low density
lipoprotein cholesterol > 130 mg/dl; According to the updated Adult Treatment Panel III guideline of the National Cholesterol
Education Program definition, metabolic syndrome defriend as the presence of 3 or more of the following components: 1) serum
Triglycerides (TG) 2150 mg/ dl; 2) High-Density Lipoprotein-Cholesterol (HDL-C) <40 mg/dl for men and <50 mg/ dl for women; 3)
glucose 2100 mg/ dl fasting or on treatment; 4) Blood Pressure (BP) 2130/85 mmHg or antihypertensive medication use, and 5) waist
circumference 2102 cm in men and 288 cm in women.

Table 2: Unadjusted and adjusted odds ratios for cardiovascular events and mortality associated with prolonged PR and QT interval.

Crude OR (95% CI)
Age adjusted OR (95% CI)
Age and sex adjusted OR (95% CI)
Heart rate-lowering drug adjusted OR (95% CI)
Multivariate adjusted OR (95% CI)#

0.82 (0.34-1.96)
0.56 (0.22-1.41)
0.55 (0.22-1.38)
0.62 (0.24-1.58)
0.41 (0.14-1.15)

. tProlonged PR Interval fProlonged QT Interval
Variable n (21) n (26)
Mean + SD 231.00+18.52 485.18+15.28
Cardiovascular events n (%) 9 (42.8) 16 (61.5)

1.79 (0.80-3.99)
1.21 (0.52-2.79)
1.19 (0.51-2.76)
1.21 (0.51-2.85)
1.23 (0.48-3.12)

Sudden Cardiac Death n (%)
Crude OR (95% CI)
Age adjusted OR (95% CI)
Age and sex adjusted OR (95% CI)
Heart rate-lowering drug adjusted OR (95% CI)
Multivariate adjusted OR (95% CI)

1(4.8)
0.79 (0.10-6.00)
0.52 (0.06-4.10)
0.46 (0.05-3.63)
0.69 (0.09-5.37)
0.38 (0.04-3.17)

3 (11.5)
2.13 (0.61-7.37)
1.35 (0.38-4.83)
1.28 (0.35-4.61)
1.77 (0.49-6.32)
1.26 (0.33-4.78)

Cardiovascular Mortality n (%)
Crude OR (95% CI)
Age adjusted OR (95% CI)
Age and sex adjusted OR (95% CI)
Heart rate-lowering drug adjusted OR (95% CI)
Multivariate adjusted OR (95% CI)

4 (19.0)
2.26 (0.74-6.88)
1.51 (0.47-4.83)
1.40 (0.43-4.52)
1.77 (0.55-5.65)
0.99 (0.27-3.59)

6 (23.0)
2.98 (1.16-7.66)*
1.87 (0.70-5.00)
1.81 (0.67-4.87)
1.94 (0.72-5.27)
1.43 (0.49-4.18)

Note: T Prolonged PR: > 200 msec.

1 Prolonged QTC : > 450 msec in men, > 460 msec in women.

# Multivariate adjusted: adjusted for age, sex, heart rate lowering drugs, DM, HTN, dyslipidemia, smoking, central obesity (waist

circumstance) and metabolic syndrome.

*P-values less than 0.05.

Discussion

Finding of this case-nested control study in Iranian adults,

PR interval. In this regard, a large cohort study (10785 cases and

thirty years follow up) was conducted by Aro et al. in Finland. They

indicate that prolongation of PR and QTC intervals are not

indicated that there was no association between prolonged PR and

increase in cardiovascular and all-cause mortality, coronary artery

associated with CVEs, SCD and cardiovascular mortality. Our

disease related hospitalization, heart failure, Atrial Fibrillation

discussion can be divided into two parts. The first part is about
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(AF), or stroke in crude and multivariate adjustment analysis [20].
Cheng et al. in a community based cohort study in Framingham
Heart Study reported that there was no relation between baseline
PR and incidence of coronary heart disease events. However, they
reported that PR prolongation is associated with increase in all-
cause mortality, AF and pacemaker implantation [4]. In another
large study between 1989 to 2010 at Duke University Medical
Center, Holmqvist et al. evaluated the association between the PR
interval and the cardiovascular outcomes in 9637 patients. They
indicated PR prolongation had not significant correlation with poor
outcomesin coronary artery disease patient [21]. Our findings were
in line with these studies regarding to CVEs and cardiovascular
mortality. In contrast to these results, some studies have provided
somewhat contradictory findings [22,23]. Chan et al. showed
that PR prolongation strongly predicts new-onset M, stroke and
cardiovascular mortalities as well as cardiovascular endpoints
such as ischemic cardiomyopathies [24]. A greater incidence
of total death or all-cause mortality in subjects with prolonged
PR can be attributed to older age and their comorbidity [4]. Like
previous studies, our study also showed that mean PR interval was
significantly longer in men than in women [20]. Overall, based on
previous studies and our study, PR prolongation has no independent
and strong association with CVEs and mortality and more prone to
induce supraventricular arrhythmias especially AF [4,25].

The second part of this paper is related to QTC interval and its
predictive status on CVEs and mortality. Straus et al. in a prospective
population based cohort study indicated that prolonged QTC
interval was associated with a more than two-fold increased risk of
sudden cardiac death as an independent risk factor [26]. In another
population-based cohort study by Dekker et al. reported that
healthy black and white men and women with QTC prolongation
are at increased risk of coronary heart disease and mortality
independently [10]. Meta-analysis by Zhang et al. also revealed the
associations between prolonged QTC interval and increased risk
of total cardiovascular mortality and SCD [9]. On the whole, most
studies announced prolonged QTC interval is predictive to coronary
artery disease and CVD mortality [7-10,26].

The mechanism linking prolongation of QTC interval and
higher risk of CVD and mortality has been proposed to be the
effect of inflammation, ventricular electrical instability, dispersion
of repolarization and higher prevalence of traditional metabolic
risk factors [26,27]. In contrast to these findings, in our paper
and some other studies prolonged QTC was not associated with
coronary artery disease, cardiovascular mortality and SCD [11].
The reason for this difference is difficult to explain; but perhaps the
variety in races and populations can be explaining the differences
in the incidence of CVD risk factors and CVEs [11-12]. On the other
hands, low number of CVEs during the follow up period in keeping
with little ECG changes especially QTC interval prolongation can

describe these differences between our results and other studies.

These mentioned as major limitations of this study.

Conclusion

In conclusion, our findings indicate that prolonged PR and QTC
intervals are not associated with an increased risk of CVEs and

cardiovascular mortality in Iranian adult population.
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