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Incremental changes in QRS
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for cardiovascular disease:

a 21-year follow-up of a randomly
selected general population
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The QRS complex has been shown to be a prognostic marker in coronary artery disease. However, the
changes in QRS duration over time, and its predictive value for cardiovascular disease in the general
population is poorly studied. So we aimed to explore if increased QRS duration from the age of 50-60
is associated with increased risk of major cardiovascular events during a further follow-up to age 71.
A random population sample of 798 men born in 1943 were examined in 1993 at 50 years of age,

and re-examined in 2003 at age 60 and 2014 at age 71. Participants who developed cardiovascular
disease before the re-examination in 2003 (n =86) or missing value of QRS duration in 2003 (n=127)
were excluded. AQRS was defined as increase in QRS duration from age 50 to 60. Participants were
divided into three groups: group 1: AQRS <4 ms, group 2: 4 ms s AQRS <8 ms, group 3: AQRS 28 ms.
Endpoints were major cardiovascular events. And we found compared with men in group 1

(AQRS < 4 ms), men with AQRS =8 ms had a 56% increased risk of MACE during follow-up to 71 years
of age after adjusted for BMI, systolic blood pressure, smoking, hyperlipidemia, diabetes and heart
rate in a multivariable Cox regression analysis (HR 1.56, 95% Cl:1.07-2.27, P =0.022). In conclusion,
in this longitudinal follow-up over a decade QRS duration increased in almost two out of three men
between age 50 and 60 and the increased QRS duration in middle age is an independent predictor of
major cardiovascular events.

The QRS complex on the standard, resting 12-lead electrocardiogram (ECG) is an imaging of the electrical
impulse propagation through the conduction system and the ventricular myocardium. Previous studies have
demonstrated that a normal 12-lead ECG is a relatively sensitive and specific marker of normal conduction and
left ventricular function. QRS duration on 12-lead ECG at rest is related to all-cause mortality, cardiovascular
disease (CVD) mortality and heart failure in the general population'~ as well as in patients with myocardial
infarction or heart failure®~”. Prolonged QRS duration (> 120 ms) has also been linked to left ventricular systolic
dysfunction®, increased LV end-systolic volume’, and LV hypertrophy®'°, each of which are associated with
CVD. However, the dynamics in QRS duration over time and its impact on long-term cardiovascular events in
the general population remains to be studied. Since QRS duration on 12-lead ECG is an easily available clinical
measurement, knowledge of the importance of changes in QRS duration might be helpful to identify high-risk
subjects. We hypothesized that increasing QRS duration would be independently associated with incident CVD
in a general population sample.

IDepartment of Cardiology, West China Hospital, Sichuan University, Chengdu, Sichuan, China. 2Department
of Molecular and Clinical Medicine, Institute of Medicine, Sahlgrenska Academy, University of Gothenburg,
Gothenburg, Sweden. 3Department of Medicine, Geriatrics and Emergency Medicine, Sahlgrenska University
Hospital, Gothenburg, Region Véastra Gotaland, Sweden. “Department of Clinical Physiology, Sahlgrenska
University Hospital, Gothenburg, Region Vastra Goétaland, Sweden. °Department of Molecular Medicine
and Surgery, Karolinska Institutet, Karolinska Universtity Hospital, Stockholm, Sweden. “email:
chenxiaojing_058@163.com

Scientific Reports |

(2021) 11:13652 | https://doi.org/10.1038/s41598-021-93024-y natureportfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-93024-y&domain=pdf

www.nature.com/scientificreports/

Methods

Study population. “The study of Men Born in 1943” is a longitudinal, prospective, population-based study
of men born in 1943 and living in the city of Gothenburg in western Sweden'!. In 1993, the local tax authority
generated a random sample of 50% of all men who were born in 1943 and were resident in the city of Gothen-
burg. These1463 men were invited to participate in an examination, and 798 men (54.5%) agreed to participate.
Informed consent was obtained from all participants. The study complied with the Declaration of Helsinki, and
the study protocol was approved by the Ethics Committee of Gothenburg (DNR 157-93, 0067-03 and 649-13).

Data collection.  All 798 men who were examined in 1993 were invited to a re-examination in 2003 all at age
60 years, where 655 out of 773 who were still alive (84.7%) were re-examined, and in 2014, at the age of 71 years
536 out of 688 men still alive (77.9%) were re-examined. The follow-up procedure is previously described in
detail >,

At each examination, clinical examination and laboratory analysis were performed. Data on smoking habits,
leisure time physical activity, previous disease and pharmacological treatment were collected by questionnaire.
Leisure time physical activity was assessed by the Saltin-Grimby questionnaire'”, and coded as: 1 =sedentary
(physically inactive), 2 = some light physical activity such as walking, riding a bicycle, or light gardening for at
least 4 h per week, 3 =regular, moderate physical activity for a minimum of 3 h per week; and 4 =regular, vigorous
physical training. Men who were current smoker or had quit smoking <1 month before the examination were
categorized as smokers. Former smokers were defined as those who had quit smoking 21 month previously and
never-smoker as those who had never used cigarettes, cigars, or a pipe on the regular basis.

Clinical examination. Height and weight (in light indoor clothing) were measured and body mass index
(weight in kg/ height in m?) was calculated. A standard cuff and a mercury manometer were used to measure
blood pressure. Hypertension was diagnosed based on either medical history with current antihypertensive
therapy or current blood pressure 2140 (systolic), 290 mmHg (diastolic), or both. Fasting venous blood samples
were drawn in the morning for analysis of blood glucose, serum cholesterol, and triglyceride measurements
were analysed at the local accredited laboratory. Hyperlipidemia was defined as total cholesterol >6.2 mmol/L
or using lipid-lowering medication. Diabetes mellitus was defined as fasting blood glucose >7 mmol/L or using
oral medication and/or insulin.

ECG recordings and measurement of QRS duration. Heart rate was measured by 12-lead ECG in
the supine position in 1993, 2003 and 2014. Paper speed was 50 mm/s and the calibration was 1 mV:10 mm. All
ECGs were evaluated by a physician, who was blinded to all clinical data. The QRS- duration was automatically
measured by the ECG.

Participants who had developed CVD before 2003 were excluded from the study, however, we did not exclude
individuals with bundle branch blocks. The change of QRS (AQRS) was defined as QRS duration in 2003 minus
QRS duration in 1993. AQRS <0 ms, 0- <4 ms, 4-8 ms and > 8 ms represented the approximate quartiles for QRS
change in our database. Since long AQRS was considered as most clinically important, the lower two AQRS
quartiles were combined to one group: thus group 1 had AQRS <4 ms, group 2 had 4 ms<AQRS <8 ms, and
group 3: AQRS>8 ms.

Follow-up procedures and end-point. All men in the study were followed from the baseline examina-
tion, 1993, until August 31, 2014. Data on hospital admissions were obtained for the complete study population
from the National Hospital Discharge Register, covering all hospital admissions in the country, for all partici-
pants from 1993 to 2014 and by collecting and reviewing medical charts. Mortality data were obtained from the
Cause of Death Register.

As endpoint we used any major adverse cardiovascular event (MACE) defined as the occurrence of myocardial
infarction, heart failure, death resulting from coronary heart disease, stroke, intermittent claudication, revascu-
larization procedure, death resulting from coronary heart disease, or other cardiovascular death.

Statistical analysis. For the baseline characteristics of participants, continuous variables were described by
mean and standard deviation (SD), while categorical variables were reported as frequencies (%). Differences in
the distribution of baseline characteristics in different QRS categories were examined using Kruskal-Wallis test
(continuous variables) and chi-square tests (categorical variables).

Crude incidence rates were expressed as event rates, calculated as the number of events divided by the sum
of follow-up years per 1000 person-years. Univariable and multivariable-adjusted Cox proportional hazard
models were used to examine the associations of different QRS duration change with outcomes, using group 1
(AQRS <4 ms) as reference group, unadjusted and multivariate-adjusted hazard ratios (HR) and 95% confidence
intervals (95%CI) were estimated for each QRS group. The multivariable model was adjusted for body mass index,
systolic blood pressure, smoking, hyperlipidemia, diabetes and heart rate.

All statistical tests were 2-tailed with 95% confidence levels and p values of <0.05 were considered significant.
IBM SPSS Statistics for Windows, Version 22 was used for data analyses.

Results

Of the 798 men, 86 had developed cardiovascular disease before the re-examination in 2003 while another 127
did not participate in the re-examination and consequently had missing value of QRS duration in 2003. These
213 men were excluded, leaving 585 men in the final study. Of those, 379 (64.7%) men had an increase in QRS

Scientific Reports |

(2021) 11:13652 | https://doi.org/10.1038/s41598-021-93024-y nature portfolio



www.nature.com/scientificreports/

120

80
Cgroupl

Cgroup2

QRS duration

Cgroup3
40

—e—average QRS

1993 2003 2014

Figure 1. Baseline, final and AQRS width in participants reporting in different QRS change groups (group 1:
AQRS <4 ms, group 2: 4 ms< AQRS <8 ms, group 3: AQRS =8 ms).

QRS change in 2003 and 1993
Group 24 ms<AQRS<8 ms

Group 1 AQRS<4 ms (n=288) | (n=150) Group 3 AQRS 28 ms (n=147) | P value
QRS width in1993, ms 95.7+12.2 91.4+7.9 91.9+12.2 <0.001
QRS width in 2003, ms 93.3+10.1 96.2+7.9 105.8+15.4 <0.001
QRS width in 2014, ms 98.5+15.7 101.8+16.9 106.7 £20.7 <0.001
Clinical characteristic
Smoking (%)
Never smoking 108 (37.5) 46 (30.7) 51 (34.7)
Previous smoking 110 (38.1) 62(41.3) 52 (35.4) 0.487
Current smoking 70 (24.2) 42(28.0) 44 (29.9)
Sedentary lifestyle 35(12.1) 24(16.0) 16 (10.9) 0.371
Mental stress 37 (12.8) 19(12.8) 22 (14.9) 0.803
BMLI, kg/m? 25.8+3.3 26.2+3.5 26.3+3.0 0.186
Waist circumference, cm 93.7+£8.7 95.4+9.5 94.8+8.4 0.150
Systolic B>, mmHg 128.2+17.1 127.4+16.8 127.7+15.7 0.870
Diastolic B>, mmHg 83.6+10.5 83.1+9.6 84.0+10.1 0.729
Heart rate, bpm 653+11.8 65.4+11.5 66.5+11.9 0.569
Medical history (%)
Hypertension 26 (9.0) 17 (11.4) 16 (11.0) 0.675
Hyperlipidemia 21(7.3) 15 (10.1) 15 (10.3) 0.461
Diabetes 7(2.4) 3(2.0) 2(1.4) 0.760
Laboratory characteristic
Cholesterol, mmol/L 5.8+1.0 5.9+0.9 59+1.0 0.300
Triglycerides, mmol/L 1.5+0.8 1.6+0.9 1.8+1.5 0.024
eGFR 100.0+16.1 103.3+18.6 102.8+17.7 0.097

Table 1. Baseline characteristics (1993) according to different QRS change group.

duration. Changes in QRS duration over the 21-year follow-up are shown in Fig. 1. The mean QRS duration in
1993, 2003 and 2014 were 93.8+12.1 ms, 97.2+12.3 ms and 101.6+ 18.3 ms, respectively. Mean QRS duration
increased from 93.8 ms at baseline to 101.6 ms at the examination 21 years later (Fig. 1).

Baseline characteristics. Baseline characteristics were similar among the three groups, and participants in
group 3 only differed by having slightly higher triglycerides compared to men in group 1 and 2 (Table 1).
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Figure 2. Adjusted risk for MACE according to different QRS duration change group.

QRS change from 1993 to 2003
Group 2 (n=150) Group 3(n=147)
Groupl (n=288) AQRS<4ms | 4 ms<AQRS<8 ms AQRS =8 ms
Outcome | Model Ref HR (95% CI) P value | HR (95% CI) P value
No events (%) | 65 (22.6) 41 (27.3) 49 (33.3)
MACE Unadjusted 1.00 (ref) 1.27 (0.86-1.88) | 0.232 1.59 (1.10-2.31) | 0.014
Adjusted 1.00 (ref) 1.26 (0.85-1.86) | 0.249 1.56 (1.07-2.27) | 0.021

Table 2. Outcome data according to different AQRS group. Adjusted for: body mass index, systolic blood
pressure, hyperlipidemia, diabetes and heart rate.

The relationship between QRS duration change and outcome. The QRS change observed between
1993 and 2003 was not related to the 2014 data of systolic, diastolic or mean blood pressure levels (data not
shown), but to increasing echocardiographically calculated LV mass (91.1+£22.4, 94+23.9 and 99.3+24.5 g, in
the three AQRS groups, p=0.01). Of the 585 participants included in the analysis, 155 (26.4%) experienced
MACE, during a follow-up of 11 years from 60 to 71 years of age. The occurrence of MACE was not related to the
absolute QRS duration in 2003. Figure 2 shows time to MACE for the three groups of change in QRS duration.
In univariate analysis, men in group 2 (QRS change 4 ms < AQRS <8 ms) had an HR of 1.27 (95% CI: 0.86-1.88)
and men in group 3 (increase in QRS duration>8 ms ) an HR of 1.59 (95% CI: (1.10-2.31) for MACE compared
to group 1 (with AQRS <4 ms), Table 2. The HRs were not much changed by adjustments in multivariate Cox
proportional hazard model including 2003 data on BMI, systolic blood pressure, smoking, hyperlipidemia, dia-
betes and heart rate, yielding for group 2 an HR of 1.26 (95% CI: 0.85-1.86) and group 3 an HR of 1.56 (95% CI
1.07-2.27), Table 2.

Discussion

This longitudinal follow-up of a general population sample showed a prolongation of the QRS duration in most
men without cardiovascular disease at baseline between the age 50 and 71. Individuals with increased AQRS
between1993 and 2003 were at increased risk for developing cardiovascular disease in the next eleven years the
risk of MACE were highest for participants with the highest increase in AQRS.

The QRS duration represents the time taken for the electrical wave of myocardial depolarization to move
from the His-Purkinje system through the ventricular myocardium and physiological or pathological changes
in the myocardial conduction velocity could explain some of the variation in QRS duration. The QRS duration
has been found to be dependent on both LV mass and LV volume in a large group of subjects at high CV risk®.
In our study, we found a relation between increasing QRS duration during a 10-year period, and the LV mass
another 11 years later.

It is well known that among patients with established heart disease, a prolonged QRS duration on ECG is
an independent predictor of adverse outcome*®. In most patients with systolic left ventricular dysfunction,
increased QRS duration is associated with a worse prognosis'®!’. Among patients with coronary artery disease,
QRS prolongation has been associated with a 50% increased risk of both arrhythmic and total mortality’®. In a
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study of 1227 patients with suspected coronary artery disease referred for noninvasive evaluation of myocardial
ischemia, QRS duration was found to be an independent predictor of cardiac death and nonfatal infarction'®.

When referred to the general population, prolonged QRS duration usually indicates myocardial changes
in response to underlying CVD and has been associated with decreased LV systolic and diastolic function,
arrhythmia, ischemic cardiac disease, and LV hypertrophy®. However, few studies have examined change in QRS
duration and its prognostic value in a general population sample, and results from previous studies are deverg-
ing. In a large Veteran’s Administration study of more than 45 000 patients with an average age of 56 + 15 years
(90% were male), investigators found that every 10-ms prolongation of the QRS duration was associated with
an 18% increase in risk for cardiovascular death'. The LIFE study reported that QRS duration predicts mortal-
ity and, importantly, sudden cardiac death in hypertensive patients on intensive medical therapy®. The Strong
Heart Study found that QRS duration was independently associated with incident MACE, CAD, and myocardial
infarction in American Indian women, but not in men?'. Conversely, one prior study , on participants in the
Framingham Heart Study with ages ranging from 44 to 78 years, reported no association between age-adjusted
incidence of myocardial infarction, angina pectoris, and coronary death and baseline QRS prolongation in men
and women??.The DIAMOND-HF study investigated the importance of incremental change in QRS duration
over time on several echocardiographic outcomes and found that increment in QRS duration over time was
significantly associated with deterioration of ventricular function and increase in filling pressures, and that QRS
duration over time was superior to baseline QRS only in predicting a worse outcome®. Change in QRS duration
over time was strongly associated with mortality®*. In our study, we found that individuals with increased AQRS
over ten years, from age 50 to 60, were at increased risk for developing cardiovascular disease during the next
eleven years, but the absolute QRS duration in 2003 had no relationship with the CV outcome within another
11 years (until 2014). Thus, the present study suggests that monitoring the change in QRS duration over time
can add independent prognostic information.

Strength and limitation

Strengths of the present study include the prospective design, the random sample of men from the general
population of uniform age, and the long follow-up time of 21 years. However, there are also limitations: first, we
only included men of same age and similar ethnicity, and the conclusion cannot be generalized to other popula-
tions; second, we did not exclude individuals with bundle branch blocks as our intention of this paper was not
QRS morphology and duration at baseline, but to evaluate importance of incremental changes of QRS duration
during a 10-year period (1993-2003). Moreover, QRS prolongation occurs in many settings including bundle
branch block, non-specific intraventricular conduction delay, preexcitation, myocardial hypertrophy or storage
diseases etc., with divergent mechanisms. Avoiding exclusions should make it easier to generalize our findings.

Conclusion

In conclusion, our study shows that in a general male population without known cardiovascular disease at base-
line, increased AQRS during a 10-year period is a predictor of MACE during a successive 11-year follow-up.
Our findings indicate the potential prognostic benefit of monitoring the AQRS over time as a means of selecting
individuals who might benefit from preventive measures.

Received: 18 February 2021; Accepted: 27 April 2021
Published online: 01 July 2021

References
1. Aro, A. L. et al. Intraventricular conduction delay in a standard 12-lead electrocardiogram as a predictor of mortality in the general
population. Circ. Arrhythm. Electrophysiol. 4, 704-710 (2011).
2. Badheka, A. O. et al. QRS duration on electrocardiography and cardiovascular mortality (from the National Health and Nutrition
Examination Survey-III). Am. J. Cardiol. 112, 671-677 (2013).
3. Laukkanen, J. A. et al. T-wave inversion, QRS duration, and QRS/T angle as electrocardiographic predictors of the risk for sudden
cardiac death. Am. J. Cardiol. 113, 1178-1183 (2014).
4. Bilchick, K. C. et al. Prognostic value of heart rate variability in chronic congestive heart failure (Veterans Affairs’ Survival Trial
of Antiarrhythmic Therapy in Congestive Heart Failure). Am. J. Cardiol. 90, 24-28 (2002).
5. Brilakis, E. S. et al. Usefulness of QRS duration in the absence of bundle branch block as an early predictor of survival in non-ST
elevation acute myocardial infarction. Am. J. Cardiol. 89, 1013-1018 (2002).
6. Silvet, H. et al. Prognostic implications of increased QRS duration in patients with moderate and severe left ventricular systolic
dysfunction. Am. J. Cardiol. 88, 182-185 (2001).
7. Iuliano, S. et al. QRS duration and mortality in patients with congestive heart failure. Am. Heart J. 143, 1085-1091 (2002).
8. Murkofsky, R. L. et al. A prolonged QRS duration on surface electrocardiogram is a specific indicator of left ventricular dysfunction
[see comment]. J. Am. Coll. Cardiol. 32, 476-482 (1998).
9. Stewart, R. A. et al. Relationship between QRS duration and left ventricular mass and volume in patients at high cardiovascular
risk. Heart 97, 1766-1770 (2011).
10. Levy, D. et al. Prognostic implications of echocardiographically determined left ventricular mass in the Framingham Heart Study.
N. Engl. ]. Med. 322, 1561-1566 (1990).
11. Fu, M. et al. Although coronary mortality has decreased, rates of cardiovascular disease remain high: 21 years of follow-up com-
paring cohorts of men born in 1913 with men born in 1943. . Am. Heart Assoc. 7(9), €008769 (2018).
12. Kontogeorgos, S. et al. Prevalence and risk factors of aortic stenosis and aortic sclerosis: a 21-year follow-up of middle-aged men.
Scand. Cardiovasc. J. 54, 115-123 (2019).
13. Chen, X. et al. High prevalence of cardiac dysfunction or overt heart failure in 71-year-old men: a 21-year follow-up of “The Study
of men born in 1943”. Eur. J. Prev. Cardiol. 27(7), 717-725 (2019).
14. Mandalenakis, Z. et al. The incidence of atrial fibrillation and the added value of thumb ECG for detecting new cases. Scand.
Cardiovasc. J. 52, 256-261 (2018).

Scientific Reports |

(2021) 11:13652 | https://doi.org/10.1038/s41598-021-93024-y nature portfolio



www.nature.com/scientificreports/

15. Saltin, B. & Grimby, G. Physiological analysis of middle-aged and old former athletes: comparison with still active athletes of the
same ages. Circulation 38, 1104-1115 (1968).

16. Kashani, A. & Barold, S. S. Significance of QRS complex duration in patients with heart failure. J. Am. Coll. Cardiol. 46,2183-2192
(2005).

17. Wang, N. C. et al. Clinical implications of QRS duration in patients hospitalized with worsening heart failure and reduced left
ventricular ejection fraction. JAMA, J. Am. Med. Assoc. 299, 2656-2666 (2008).

18. Zimetbaum, P. J. et al. Electrocardiographic predictors of arrhythmic death and total mortality in the multicenter unsustained
tachycardia trial. Circulation 110, 766-769 (2004).

19. Schinkel, A. F et al. Prognostic significance of QRS duration in patients with suspected coronary artery disease referred for non-
invasive evaluation of myocardial ischemia. Am. J. Cardiol. 104, 1490-1493 (2009).

20. Morin, D. P. et al. QRS duration predicts sudden cardiac death in hypertensive patients undergoing intensive medical therapy: the
LIFE study. Eur. Heart J. 30, 2908-2914 (2009).

21. Deen, J. E. et al. Comparison of QRS duration and associated cardiovascular events in American Indian men versus women (the
strong heart study). Am. J. Cardiol. 119, 1757-1762 (2017).

22. Kreger, B. E., Anderson, K. M. & Levy, D. QRS interval fails to predict coronary disease incidence: the Framingham Study. Archiv.
Intern. Med. 151, 1365-1368 (1991).

23. Fosbol, E. L. et al. Prognostic importance of change in QRS duration over time associated with left ventricular dysfunction in
patients with congestive heart failure: the DIAMOND study. J. Cardiac Fail. 14, 850-855 (2008).

Acknowledgements
The authors are grateful to the staff for their being supportive of the studies over the years and to all participat-
ing men.

Author contributions

P.-O.H., M.F. and X.C. contributed to the conception or design of the work, X.C. analysis the data and draft the
article, E.T., Z.M. and K.C. revised it critically for important intellectual content, and all authors reviewed the
manuscript.

Fundin

This worl? was supported by the Swedish Heart Lung Foundation, the Swedish state under the agreement
between the Swedish government and the County Councils, the ALF agreement (ALFGBG-72900, 73400,
726481, 824851), and the Regional Development Fund, Véstra Gotaland County, Sweden (VGFOUREG-931060;
VGFOUREG-849081).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to X.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:13652 | https://doi.org/10.1038/s41598-021-93024-y nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Incremental changes in QRS duration as predictor for cardiovascular disease: a 21-year follow-up of a randomly selected general population
	Methods
	Study population. 
	Data collection. 
	Clinical examination. 
	ECG recordings and measurement of QRS duration. 
	Follow-up procedures and end-point. 
	Statistical analysis. 

	Results
	Baseline characteristics. 
	The relationship between QRS duration change and outcome. 

	Discussion
	Strength and limitation
	Conclusion
	References
	Acknowledgements


