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See the editorial comment for this article ‘Mitral regurgitation, the left atrium and atrial fibrillation: unlikely bedfellows or natural kindreds?’, 
by A. Coisne et al., https://doi.org/10.1093/ehjci/jeae036.

Aims Mitral regurgitation (MR) can be difficult to quantify. We sought to investigate whether the MR jet area to left atrial (LA) area 
ratio (MR/LA ratio) method for quantifying MRs can be used to predict incident atrial fibrillation (AF) in the general 
population.

Methods 
and results

The study included 4466 participants from the 5th Copenhagen City Heart Study, a prospective general population study, 
who underwent transthoracic echocardiography. MR jet area was measured and indexed to LA area. The endpoint was in
cident AF. MR was quantified in 4042 participants (mean age: 57 years, 43% men). Of these, 198 (4.9%) developed AF during 
a median follow-up period of 5.3 years (interquartile range: 4.4–6.1 years). MR was present in 1938 participants (48%) in
cluding 1593 (39%) trace/mild MRs (MR/LA ratio ≤ 20% and ≤4 cm2). In unadjusted analysis, MR/LA ratio was associated 
with incident AF [HR: 1.06 (1.00–1.13), P = 0.042 per 5% increase] but not after adjusting for CHARGE-AF score. 
However, the association was modified by age (P for interaction = 0.034), such that MR/LA ratio was associated with AF 
only in participants ≤ 73 years. In these participants, MR/LA ratio ‘was’ independently associated with AF after adjusting 
for CHARGE-AF score [HR: 1.14 (1.06–1.24), P = 0.001, per 5% increase]. This finding persisted when restricting the ana
lysis to participants without moderate or severe MR and normal LA size [HR: 1.35 (1.09–1.68), P = 0.005, per 5% increase].

Conclusion MR, including even trace regurgitations quantified by MR/LA ratio, is independently associated with incident AF in indivi
duals ≤ 73 years of age.
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Graphical Abstract
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Introduction
Mitral regurgitation (MR) is the most common valvular heart disease, 
with a prevalence in the adult population of 20% for mild to severe 
MR and 70% for trace MR.1 Severe MR is associated with significant ad
verse cardiovascular outcomes, including atrial fibrillation (AF), heart 
failure, and cardiovascular death,2 whereas trace MRs are generally con
sidered benign.3 Larger studies have previously been conducted retro
spectively in clinical patients and frequently used all-cause mortality as a 
primary endpoint, including showing an increased risk of death with 
mild MRs.3–5 However, differentiating trace from mild MRs remains dif
ficult. Accordingly, the association between the degree of MR, on a 
wider spectrum, and cardiovascular outcomes has not been fully eluci
dated. Therefore, there is a gap in the literature as to the clinical impli
cation of MR in the general population, in which trace and mild MRs 
predominate. Since even minor MRs may progress to cause LA remod
elling, they may pose an increased risk of AF, which is important to rec
ognize for the timely detection of AF and initiation of management.

Currently, guidelines recommend quantifying MRs by the vena con
tracta width and proximal isovelocity surface area (PISA) methods.6

However, trace and mild MRs are often not quantifiable by these meth
ods and the assessment of trace and mild MRs often relies on a quali
tative judgment. The jet area method derived from colour Doppler 
imaging (CDI) is, however, not constrained by these limitations, and 
thus remains a viable tool to quantitatively measure trace MRs across 
all severities.

Therefore, we sought to investigate (i) whether MR jet area is asso
ciated with incident AF in the general population; and (ii) whether even 
mild and trace MRs are associated with incident AF.

Methods
Study population
Participants were included as part of the 5th Copenhagen City Heart Study 
(CCHS5), a community-based prospective longitudinal cohort study on cardio
vascular disease and risk factors in the Danish general population. A total of 
4466 participants between the ages 20 and 99 were recruited in the 
Copenhagen area between 2011 and 2015. Participants underwent a system
atic health examination as detailed below in addition to an echocardiographic 
examination. Informed consent was obtained for all patients. CCHS5 was per
formed in accordance with the Second Helsinki Declaration with approval 
from the regional ethics committee.

Participants were excluded if they had no available echocardiographic images 
(n = 48), a history of AF (n = 204), or unavailable 2D CDI in the apical four- 
chamber view (n = 172), which left 4042 participants for final analysis.

Health examination and baseline information
All participants underwent a physical examination. Data on blood pressure 
(BP), heart rate, weight, physical activity level, and smoking habits were col
lected during the initial health examination or by questionnaire. Data on co- 
morbidities including hypertension, ischaemic heart disease, and diabetes 
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were collected using self-administered questionnaire and ICD-10 codes 
through the National Health Registry.

BP was measured with the London School of Hygiene sphygmomanom
eter. Plasma cholesterol, triglycerides, creatinine, haemoglobin, and glucose 
were collected on non-fasting venous blood samples. Obesity was defined 
as body mass index (BMI) ≥ 30 kg/m2. Hypertension was defined as systolic 
blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, or use 
of antihypertensive medication. Diabetes was defined as non-fasting plasma 
glucose concentration ≥ 11.1 mmol/L, use of antidiabetic medication, or 
self-reported disease. Family history of ischaemic heart disease was defined 
as having a biological parent with a myocardial infarction at any age.

Transthoracic echocardiography
All echocardiographic examinations were performed by experienced sono
graphers and clinicians using Vivid 9 ultrasound systems (GE Healthcare, 
Horten, Norway). To ensure image reproducibility, all echocardiographic 
examinations followed a strict protocol using standardized profiles for pulse 
repetition frequency, colour gain, and Nyquist limits of 60 cm/s. 
Echocardiograms were analysed offline using commercially available post- 
processing software, EchoPAC version 203 (GE Healthcare) for analysis 
of MRs and previous versions for conventional echocardiography. 
Analysis of MRs was performed by a single investigator who was blinded 
to clinical data and outcomes.

Conventional echocardiography
Left ventricular ejection fraction was measured with the Simpson’s biplane 
method using semi-automated software in the apical four-chamber and 
two-chamber views. Interventricular septal thickness (IVSd), LV internal 
diameter (LVIDd), and LV posterior wall thickness (LVPWd) were mea
sured on B-mode images in parasternal long-axis view and used to calculate 
the LV mass indexed to body surface area. Left atrial (LA) volume was mea
sured with Simpson’s biplane method and indexed to the surface area to 
obtain the LA volume index (LAVi). Global longitudinal strain (GLS) analysis 
was obtained with LV speckle tracking as previously described.7 E-wave, 
A-wave, and E/A ratio were obtained with pulsed-wave Doppler. Early 

tissue wave velocity (eʹ) of the septal and lateral mitral annulus were ob
tained through pulsed-wave tissue Doppler and indexed to E-wave to ob
tain E/eʹ.

Two-dimensional colour Doppler
As the magnitude of the MR jet area varies between the apical and paraster
nal views,8 the presence of MR was only assessed in the apical four-chamber 
view, as recommended by current guidelines,9 to ensure to ensure compar
ability. MR was traced in the frame where it was most prominent. LA area 
was measured on the same frame that the MR jet area was measured in, and 
the MR jet area was indexed to LA area (MR/LA ratio) (Figure 1).

Mild MR was defined as MR jet area ≤ 4 cm2 and MR/LA ratio ≤ 20%, 
moderate MR as MR/LA ratio 20–40% or MR jet area ≥ 4 cm2, and severe 
MR as MR/LA ratio ≥ 40%. These thresholds have previously been pro
posed by international guidelines.10 Abnormal LAVi was defined in accord
ance with recent guidelines as LAVi > 34 mL/m2.11 Secondary MR was 
defined as MR with ischaemic heart disease, heart failure, or left ventricle 
dilation at baseline, while primary MR was defined as any MR not fulfilling 
the criteria for secondary MR.

Follow-up and outcome
The outcome was incident AF as diagnosed by physicians during hospital 
contact. Outcome data were retrieved using ICD-10 codes retrieved 
from the Danish National Patient Registry. The process of diagnosing AF 
in the CCHS has been described in detail previously.12 The positive predict
ive value in the diagnosis of AF in the Danish National Patient Registry is high 
[positive predictive value: 95%; 95% confidence interval (CI) 89–98%] and 
has previously been validated for research use.13 Follow-up was 100% com
plete. Participants were followed from time of examination until July 2018 
or time of event.

Statistical analysis
STATA statistics/data analysis ME 17.0 (StataCorp, College Station, TX, 
USA) was used for all statistical analyses. Groupwise comparisons were 

Figure 1 Two-dimensional colour Doppler analysis of the left atrium from the apical-four-chamber view. The frame where the holosystolic central 
mitral regurgitation is most prominent is found. The trace of the mitral regurgitation is represented by blue lines marked with a “1”, while the trace of 
the left atrium is represented by the green lines marked with a “2”.
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made according to severity of MR (no MR, mild, moderate, or severe) and 
according to age strata (age cut-off: 73 years).

Continuous variables showing Gaussian distribution are shown as mean 
values ± standard deviation (SD) and compared with Student’s t-test. 
Continuous variables showing non-Gaussian distribution are shown as me
dian and interquartile range (IQR) and compared using the Wilcoxon rank- 
sum test. Categorical variables were compared using Pearson’s χ2 test and 
are reported as number and percentages. Variables divided into more than 
two groups are compared with a trend-test using linear regression. The as
sociation between MR/LA ratio and incident AF was assessed with univariable 
Cox proportional hazard regression. A multivariable Cox proportional haz
ard model, adjusting for the CHARGE-AF risk score, was applied to control 
for confounding variables. The CHARGE-AF risk score14 includes the follow
ing known predictors of incident AF in the general population:15–18 age, 
height, weight, systolic blood pressure, diastolic blood pressure, current smo
ker, antihypertensive medication, diabetes, congestive heart failure, and myo
cardial infarction. Additionally, a sensitivity analysis was performed where 
participants with moderate and severe MRs were excluded.

Potential effect modification was tested for age, sex, GLS, and LAVi.
Due to significant effect modification from age, the population was strati

fied according to age strata of 1-year intervals, with the most prominent age 
cut-off for effect modification found to be ≤73 years of age. Similarly, due to 
effect modification from LAVi, a sensitivity analysis was performed exclud
ing participants with abnormal LA size.

The continuous association between MR/LA ratio and incident AF was 
visually depicted using restricted cubic spline curves constructed with 
Poisson regression. The number of knots that provided the lowest 
Akaike information criterion was chosen. Reproducibility was assessed by 
blinded investigators in 20 randomly selected participants. The results are 
reported as absolute mean differences with 95% limits of agreement and 
visually displayed with Bland–Altman plots.

Results
Patient characteristics
A total of 4042 participants were included in this study. Mean age was 
57 ± 17 years and 43% were male. At baseline, MR was present in 1938 
(48%) participants, including 1593 (39%) with trace/mild MR. Median 
mitral jet area was 0.0 (IQR 0.0–1.1) cm2 in the total population and 
1.2 (IQR 0.7–2.0) cm2 among participants with MR. Median MR/LA 
ratio was 0.0% (IQR 0.0–9.4%) in the total population and 9.4% (IQR 
5.7–15.9%) among participants with MR. A total of 1733 (42.9%) parti
cipants had primary MR while 205 (5.1%) had secondary MR.

Demographical, clinical, and echocardiographic characteristics are 
shown in Table 1 stratified by the presence of MR and MR severity. 
Differences in age, systolic and diastolic blood pressure, total choles
terol level, and LDL cholesterol level were observed with increasing 
MR severity. Of note, among echocardiographic parameters, only a dif
ference in E/A ratio was observed.

When stratified by age, differences in nearly all clinical characteristics 
and echocardiographic measures were observed (see Supplementary 
data online, Table S1). When stratified by the presence of AF at follow- 
up in participants ≤ 73 years of age, differences in age, BMI, hyperten
sion, family history of heart disease, hypercholesterolaemia as well as 
all echocardiographic parameters were observed (see Supplementary 
data online, Table S2). Baseline characteristics of participants excluded 
due to AF at baseline are shown in the Supplement (see Supplementary 
data online, Table S3).

Relationship between MR/LA ratio and 
incident AF
During a median follow-up period of 5.3 years (IQR 4.4–6.1 years), 198 
participants (5%) developed AF. In univariable analysis, MR/LA ratio was 

significantly associated with incident AF in the overall population [haz
ard ratio (HR) 1.06, 95% CI 1.00–1.13, P = 0.042, per 5% increase). 
However, in multivariable analysis, after adjusting for CHARGE-AF 
score, the association between MR/LA ratio and AF was no longer sig
nificant (HR 1.06 95% CI 1.00–1.12, P = 0.071, per 5% increase). 
However, age was found to significantly modify the association be
tween MR/LA ratio and incident AF (P for interaction = 0.034), such 
that MR/LA ratio was associated with AF in younger participants, but 
not in older. Of 3318 participants included in the group of partici
pants ≤ 73 years of age, 97 (2.9%) developed AF during follow-up. In 
participants ≤ 73 years, MR/LA ratio was significantly associated with 
incident AF after adjusting for CHARGE-AF score (HR 1.14 95% CI 
1.06–1.24, P = 0.001, per 5% increase), but not in participants older 
than 73 years (HR 0.97 95% CI 0.82–1.16, P = 0.77, per 5% increase) 
(Table 2). Figure 2 shows the incidence rate of AF by MR/LA ratio in par
ticipants ≤ 73 years and >73 years of age. Effect modification was also 
tested and found significant for LAVi (P for interaction = 0.027) but not 
for gender (P for interaction = 0.11), GLS (P for interaction = 0.89), 
thyroid disease (P for interaction = 0.80), family history of ischaemic 
heart disease (P for interaction = 0.58), or MR mechanism (P for inter
action = 0.56).

A sensitivity analysis restricting the analysis to participants without 
moderate or severe MR and with normal LAVi showed that MR/LA ra
tio was significantly associated with AF after adjusting for CHARGE-AF 
risk score in participants ≤ 73 years of age (HR 1.39 95% CI 1.09–1.68, 
P = 0.005, per 5% increase) but not in participants > 73 years of age 
(HR 0.92 95% CI 0.71–1.20, P = 0.55, per 5% increase).

Mitral jet area and incident AF
The unindexed MR jet area was also associated with incident AF in par
ticipants ≤ 73 years after adjusting for CHARGE-AF score (HR 1.14 
95% CI 1.03–1.27, P = 0.012, per 1 cm2 increase), and this finding per
sisted in the sensitivity analysis when restricting the population to only 
include participants without moderate or severe MR and normal LAVi 
(HR 1.39 95% CI 1.02–1.89, P = 0.035, per 1 cm2 increase) but not in 
participants > 73 years of age (HR 1.06 95% CI 0.77–1.47, P = 0.71, 
per 1 cm2 increase).

Reproducibility
Intraobserver variability for MR jet area was −0.025 ± 0.34 cm2, and in
terobserver variability was −0.68 ± 0.75 cm2. For MR/LA ratio, in
traobserver variability was −0.59 ± 2.76% and interobserver 
variability was −6.8 ± 7.8%. Supplementary data online, Figure S1 in sup
plement shows Bland–Altman plot for inter- and intraobserver 
variability.

Discussion
In this prospective study of a large general population sample who 
underwent a full echocardiographic examination and long-term follow- 
up for clinical outcomes, we demonstrated the following: (i) presence 
of MR, as assessed by the MR/LA ratio and MR jet area, is independently 
associated with incident AF in young participants, but not in older par
ticipants, and (ii) this relationship in the young group persisted even in 
participants without significant MR.

Moderate and severe MRs have previously been linked to an in
creased risk of cardiovascular mortality,2 and clinical guidelines recom
mend monitoring MRs continuously due to risk of progression and 
timely need for surgery.19

Pathophysiology of MR and AF
Several mechanisms linking MR to AF have been proposed. The current 
understanding for the mechanism of AF development is a complex 
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interaction between triggering and maintaining arrhythmic substrate.20

MR is hypothesized to be a contributing factor of both.21,22 MR induced 
volume overload during sinus rhythm has been hypothesized to in
crease rapid firing from the pulmonary veins mediated by stretch sen
sitive ion channels triggering AF.21 Likewise, MR induced volume 
overload causes LA dilation and remodelling, which through a complex 
series of transduction pathways results in abnormal increases in react
ive oxygen species, catecholamines and inflammatory cytokines that 
cause adverse cardiomyocyte apoptosis, collagen loss and fibrosis 
that serves to maintain and promote AF.22–25 Interestingly, in the pre
sent study, we did not find an increase in MR severity to be associated 
with an increase in LAVi. LA dilation is a function of both MR severity 
and chronicity of MR induced volume overload. While we do not 
have data on MR chronicity, a low MR chronicity could explain the ab
sence of LA dilation among these participants.

Association between MR and AF
Several previous studies have investigated the association between MR 
and clinical outcomes. Antoine et al.3 retrospectively studied clinical re
ports of 3914 patients with degenerative MR from a single laboratory 
over 10 years and found an increased mortality risk for moderate 
and severe MRs, but not mild MR. Samad et al.4 retrospectively re
viewed 93 007 clinical reports of echocardiograms from a single labora
tory, and after a median follow-up of 5.4 years (IQR 2.6–9.2 years) 
found an increased risk of all-cause mortality regardless of severity in
cluding mild MR. Notably, both studies included trace MR in the 
same category as no MR. Gammie et al.26 have previously described sig
nificant heterogeneity in MR severity categorization in the published lit
erature, including trace MR often being placed in the same category as 
no MR or together with mild MR. Accordingly, the clinical implications 
of trace MRs remain unclarified. Our study, which included predomin
antly mild MR, found that increasing MR severity posed a linear 

increased risk of AF. Consequently, increasing MR size throughout 
the entire spectrum of MR severity seems to be of clinical importance, 
but few other studies have looked at trace MR or graded MR on a con
tinuous scale using MR jet area and associated this with outcome. 
Notably, Matsushita et al.27 examined 2106 echocardiograms from a 
single community of black participants in a prospective cohort study, 
and after a median follow-up time of 22.5 years (IQR 15.6–23.5 years) 
found trace MR to not increase mortality compared with no MR, 
whereas mild MR increased mortality.

Previous studies have investigated the association between MR and AF. 
In the previously mentioned study, Matsushita et al.27 found mild MR to in
crease the risk of AF compared with no/trivial MR. Likewise, Padfield et al.5

in a registry-based study of 755 Canadian participants with paroxysmal AF 
found moderate and severe MRs to be a risk factor for progression to per
sistent AF. Notably, outcomes for mild or trace MR were not included. 
Our study is the first to find MR, regardless of severity, to increase risk 
of AF, including for trace/mild MR. This may possibly be due to our larger 
sample size, or MR being treated as a continuous variable as compared with 
a categorical variable in all previous studies.

We found age to modify the risk of AF in the general population, with 
MR only being significantly associated with AF in participants younger 
than ≤73 years of age. This is possibly due to the MR having longer 
time to progress in severity and induce adverse remodelling in the at
rium, while a small MR in elderly patients has likely been present for 
an extended period without being likely to progress in severity to a 
point that increased the risk of adverse outcomes.

Clinical application
For technical reasons, the MR/LA ratio and MR jet area methods are cur
rently not recommended for MR severity grading, but our study demon
strates that MR/LA ratio and MR jet area provide prognostic value in 
terms of diagnosis of incident AF in non-elderly adults, with any degree 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Univariable and multivariable analyses evaluating the prognostic value of MR jet area and MR/LA ratio in 
predicting AF stratified by age

Univariable analysis Multivariable analysis Only in participants 
without moderate or 

severe MR and normal LA 
size

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

All participants (198 events)

MR jet area, per 1 cm2 increase 1.08 (0.99–1.17) 0.08 1.09 (0.99–0.19) 0.08 1.22 (0.98–1.51) 0.08

MR/LA ratio per 5% increase 1.06 (1.00–1.13) 0.042 1.06 (1.00–1.12) 0.07 1.14 (0.97–1.34) 0.11

CHARGE-AF score, per 1 point increase 2.40 (2.13–2.71) <0.001

Participants ≤ 73 years (97 events)

MR jet area, per 1 cm2 increase 1.13 (1.03–1.25) 0.012 1.14 (1.03–1.27) 0.012 1.39 (1.02–1.89) 0.035

MR/LA ratio per 5% increase 1.12 (1.05–1.20) 0.001 1.14 (1.06–1.24) 0.001 1.35 (1.09–1.68) 0.005

CHARGE-AF score, per 1 point increase 2.72 (3.20–3.37) <0.001

Participants > 73 years (101 events)

MR jet area, per 1 cm2 increase 1.02 (0.87–1.18) 0.83 0.97 (0.82–1.16) 0.77 1.06 (0.77–1.47) 0.71

MR/LA ratio per 5% increase 0.98 (0.88–1.10) 0.77 0.96 (0.86–1.07) 0.48 0.92 (0.71–1.20) 0.55

CHARGE-AF score, per 1 point increase 2.36 (1.82–3.06) <0.001

Multivariable model adjusted for CHARGE-AF score that includes the following parameters: age, height, weight, systolic blood pressure, diastolic blood pressure, current smoker, 
antihypertensive medication, diabetes, congestive heart failure, and myocardial infarction. Sensitivity analysis: multivariable analysis restricted to participants with MR/LA ratio ≤ 20%, 
MI jet area ≤ 4 cm2, and left atrial volume index ≤ 34 cm2/m2. 
MR, mitral regurgitation; LA, left atrium; HR, hazard ratio; CI, confidence interval.
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of MR. Diagnosis of AF remains costly and time consuming.28 Our results 
show that MR/LA ratio and MR jet area may be useful for risk stratifica
tion of non-elderly adults in the general population. As the images re
quired for quantifying MR by this method are already integrated within 
the routine echocardiographic examination, their use for risk stratifica
tion would be easy to implement and could potentially aid in identifying 
patients in need of rhythm monitoring for AF detection.

Limitations
This study had several limitations. We did not have data on some rele
vant confounding factors such as obstructive sleep apnoea,29 thus some 
residual confounding may remain. Since AF was not screened for sys
tematically but instead was obtained through the national registries 
using ICD-10 codes, participants with asymptomatic or subclinical AF 
may have been missed and categorized as having no AF. In addition, pa
tients diagnosed with AF in private practice who did not have any hos
pital contacts would not be identified. The MR jet area method is 
affected by loading conditions. However, we sought to account for 
this by including BP in our multivariable analysis. In addition, the method 
may overestimate in the setting of the hypertensive patients and eccen
tric MR as the jet may be directed out of the imaging plane. We did not 
have colour Doppler images in the apical two-chamber and three- 
chamber views for all patients. While standardized profiles were used 
for all echocardiographic exams, the authors cannot exclude that set
tings for some exams could have been changed by accident. 
Unfortunately, images to calculate PISA were not obtained in the pre
sent study, which made it impossible to assess true MR severity, but gi
ven that PISA is primarily used to distinguish between moderate and 
severe MRs, and our study containing primarily trace/mild MR, it is un
likely that addition of PISA measurements would have changed the re
sults of our study.

Conclusion
In the general population, presence and increasing severity of MR as as
sessed by MR/LA ratio and MR jet area provide independent prognostic 

information regarding the risk of AF in younger participants, but not in 
elderly. Importantly, the association between MR and AF was continu
ous, indicating that even MRs of mild severity confer an increased risk of 
AF.
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Supplementary data are available at European Heart Journal - 
Cardiovascular Imaging online.

Conflict of interest: M.Y.: none. F.J.O.: none. A.S.: none. K.G.S.: advisory 
board: Sanofi Pasteur. M.C.H.L.: none. N.D.J.: none. M.T.J.: none. G.B.J.: 
none. P.S.: none. R.M.: none. T.B.-S.: Steering Committee member of 
the Amgen financed GALACTIC-HF trial. Chief investigator of the 
Sanofi Pasteur financed ‘NUDGE-FLU’ trial. Chief investigator of the 
Sanofi Pasteur financed ‘DANFLU-1’ trial. Chief investigator of the Sanofi 
Pasteur financed ‘DANFLU-2’ trial. Steering Committee member of 
‘LUX-Dx TRENDS Evaluates Diagnostics Sensors in Heart Failure 
Patients Receiving Boston Scientific’s Investigational ICM System’ trial. 
Advisory board: Sanofi Pasteur, Amgen, and GSK. Speaker honorarium: 
Bayer, Novartis, Sanofi Pasteur, and GSK. Research grants: GE 
Healthcare, Sanofi Pasteur, Novo Nordisk, and AstraZeneca.

Funding
The Copenhagen City Heart Study was funded by the Danish Heart 
Foundation and the Capital Region of Denmark.

Data availability
Due to the confidential nature of the data, it is not possible to share, publicly 
as per Danish regulations. All requests to access the data should be directed 
at the Danish Data Protection Agency (Videnscenter for Dataanmeldelser).

References
1. Singh JP, Evans JC, Levy D, Larson MG, Freed LA, Fuller DL et al. Prevalence and clinical 

determinants of mitral, tricuspid, and aortic regurgitation (the Framingham Heart 
Study). Am J Cardiol 1999;83:897–902.

Figure 2 Mitral regurgitation to left atrial area ratio (MR/LA ratio) and long-term risk of atrial fibrillation. The figure displays the unadjusted asso
ciation between MR/LA ratio and the incidence rate of incident atrial fibrillation per 1000 person-years in the general population among participants ≤  
73 and >73 years (with 95% confidence intervals).

Mitral regurgitation predicts atrial fibrillation                                                                                                                                                   585
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjcim
aging/article/25/5/579/7469080 by guest on 28 January 2025

http://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jead337#supplementary-data


2. Enriquez-Sarano M, Avierinos J-F, Messika-Zeitoun D, Detaint D, Capps M, Nkomo V 
et al. Quantitative determinants of the outcome of asymptomatic mitral regurgitation. N 
Engl J Med. 2005 2005; 352:875–83.

3. Antoine C, Benfari G, Michelena HI, Maalouf JF, Nkomo VT, Thapa P et al. Clinical out
come of degenerative mitral regurgitation. Circulation 2018;138:1317–26.

4. Samad Z, Shaw LK, Phelan M, Glower DD, Ersboll M, Toptine JH et al. Long-term out
comes of mitral regurgitation by type and severity. Am Heart J 2018;203:39–48.

5. Padfield GJ, Steinberg C, Swampillai J, Qian H, Connolly SJ, Dorian P et al. Progression of 
paroxysmal to persistent atrial fibrillation: 10-year follow-up in the Canadian Registry of 
Atrial Fibrillation. Heart Rhythm 2017;14:801–7.

6. Mitchell C, Rahko PS, Blauwet LA, Canaday B, Finstuen JA, Foster MC et al. Guidelines 
for performing a comprehensive transthoracic echocardiographic examination in adults: 
recommendations from the American Society of Echocardiography. J Am Soc 
Echocardiogr 2019;32:1–64.

7. Skaarup KG, Lassen MCH, Marott JL, Biering-Sørensen SR, Jørgensen PG, Appleyard M 
et al. The impact of cardiovascular risk factors on global longitudinal strain over a decade 
in the general population: the Copenhagen City Heart Study. Int J Cardiovasc Imaging 
2020;36:1907–16.

8. Grayburn PA, Pryor SL, Levine BD, Klein MN, Taylor AL. Day to day variability of 
Doppler color flow jets in mitral regurgitation. J Am Coll Cardiol 1989;14:936–40.

9. Zoghbi WA, Adams D, Bonow RO, Enriquez-Sarano M, Foster E, Grayburn PA et al. 
Recommendations for noninvasive evaluation of native valvular regurgitation: a report 
from the American Society of Echocardiography developed in collaboration with the 
Society for Cardiovascular Magnetic Resonance. J Am Soc Echocardiogr 2017;30:303–71.

10. Zoghbi WA, Enriquez-Sarano M, Foster E, Grayburn PA, Kraft CD, Levine RA et al. 
Recommendations for evaluation of the severity of native valvular regurgitation with 
two-dimensional and Doppler echocardiography. J Am Soc Echocardiogr 2003;16: 
777–802.

11. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L et al. 
Recommendations for cardiac chamber quantification by echocardiography in adults: 
an update from the American Society of Echocardiography and the European 
Association of Cardiovascular Imaging. J Am Soc Echocardiogr 2015;28:1–39.e14.

12. Mukamal KJ, Tolstrup JS, Friberg J, Jensen G, Grønbæk M. Alcohol consumption and risk 
of atrial fibrillation in men and women. Circulation 2005;112:1736–42.

13. Sundbøll J, Adelborg K, Munch T, Frøslev T, Sørensen HT, Bøtker HE et al. Positive pre
dictive value of cardiovascular diagnoses in the Danish National Patient Registry: a val
idation study. BMJ Open 2016;6:e012832.

14. Alonso A, Krijthe BP, Aspelund T, Stepas KA, Pencina MJ, Moser CB et al. Simple risk 
model predicts incidence of atrial fibrillation in a racially and geographically diverse 
population: the CHARGE-AF consortium. J Am Heart Assoc 2013;2:e000102.

15. Hulme OL, Khurshid S, Weng LC, Anderson CD, Wang EY, Ashburner JM et al. 
Development and validation of a prediction model for atrial fibrillation using electronic 
health records. JACC Clin Electrophysiol 2019;5:1331–41.

16. Shulman E, Kargoli F, Aagaard P, Hoch E, Di Biase L, Fisher J et al. Validation of the 
Framingham Heart Study and CHARGE-AF risk scores for atrial fibrillation in 
Hispanics, African-Americans, and non-Hispanic Whites. Am J Cardiol 2016;117:76–83.

17. Christophersen IE, Yin X, Larson MG, Lubitz SA, Magnani JW, McManus DD et al. A 
comparison of the CHARGE-AF and the CHA2DS2-VASc risk scores for prediction 
of atrial fibrillation in the Framingham Heart Study. Am Heart J 2016;178:45–54.

18. Khurshid S, Kartoun U, Ashburner JM, Trinquart L, Philippakis A, Khera AV et al. 
Performance of atrial fibrillation risk prediction models in over 4 million individuals. 
Circ Arrhythm Electrophysiol 2021;14:e008997.

19. Enriquez-Sarano M, Basmadjian A-J, Rossi A, Bailey KR, Seward JB, Tajik AJ. Progression 
of mitral regurgitation: a prospective Doppler echocardiographic study. J Am Coll Cardiol 
1999;34:1137–44.

20. Iwasaki Y-K, Nishida K, Kato T, Nattel S. Atrial fibrillation pathophysiology. Circulation 
2011;124:2264–74.

21. Kalifa J, Jalife J, Zaitsev AV, Bagwe S, Warren M, Moreno J et al. Intra-atrial pressure in
creases rate and organization of waves emanating from the superior pulmonary veins 
during atrial fibrillation. Circulation 2003;108:668–71.

22. McCutcheon K, Manga P. Left ventricular remodelling in chronic primary mitral regur
gitation: implications for medical therapy. Cardiovasc J Afr 2018;29:51–65.

23. Grigioni F, Avierinos J-F, Ling LH, Scott CG, Bailey KR, Tajik AJ et al. Atrial fibrillation 
complicating the course of degenerative mitral regurgitation: determinants and long- 
term outcome. J Am Coll Cardiol 2002;40:84–92.

24. Corradi D, Callegari S, Benussi S, Maestri R, Pastori P, Nascimbene S et al. Myocyte 
changes and their left atrial distribution in patients with chronic atrial fibrillation related 
to mitral valve disease. Hum Pathol 2005;36:1080–9.

25. Corradi D, Callegari S, Maestri R, Benussi S, Bosio S, De Palma G et al. Heme 
oxygenase-1 expression in the left atrial myocardium of patients with chronic atrial fib
rillation related to mitral valve disease: its regional relationship with structural remod
eling. Hum Pathol 2008;39:1162–71.

26. Gammie JS, Grayburn PA, Quinn RW, Hung J, Holmes SD. Quantitating mitral regurgi
tation in clinical trials: the need for a uniform approach. Ann Thorac Surg 2022;114: 
573–58.

27. Matsushita K, Gao Y, Rubin J, Kirtane AJ, Kodali S, Selvin E et al. Association of mild valvu
lar lesions with long-term cardiovascular outcomes among black adults. JAMA Netw 
Open 2022;5:e2211946.

28. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L et al. 
Recommendations for cardiac chamber quantification by echocardiography in adults: 
an update from the American Society of Echocardiography and the European 
Association of Cardiovascular Imaging. J Am Soc Echocardiogr 2015;28:1–39.e14.

29. Gami AS, Pressman G, Caples SM, Kanagala R, Gard JJ, Davison DE et al. Association of 
atrial fibrillation and obstructive sleep apnea. Circulation 2004;110:364–7.

586                                                                                                                                                                                          M. Yafasov et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjcim
aging/article/25/5/579/7469080 by guest on 28 January 2025


	Even mild mitral regurgitation is associated with incident atrial fibrillation in the general population
	Introduction
	Methods
	Study population
	Health examination and baseline information
	Transthoracic echocardiography
	Conventional echocardiography
	Two-dimensional colour Doppler
	Follow-up and outcome
	Statistical analysis

	Results
	Patient characteristics
	Relationship between MR/LA ratio and incident AF
	Mitral jet area and incident AF
	Reproducibility

	Discussion
	Pathophysiology of MR and AF
	Association between MR and AF
	Clinical application
	Limitations

	Conclusion
	Supplementary data
	Funding
	Data availability
	References




