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Abstract

Aims Timely detection of subclinical left ventricular diastolic dysfunction (LVDDF) is of importance for precise risk stratifica-
tion of asymptomatic subjects. Here, we evaluated the prevalence of LVDDF and its prognostic significance in the general
population using two grading approaches: the 2016 ASE/EACVI recommendations and population-derived, age-specific
criteria.
Methods and results We randomly recruited 1407 community-dwelling participants (mean age, 51.2 years; 51.1% women;
53.5% with cardiovascular risk factors). We measured left heart dimensions, strain, tricuspid regurgitation, transmitral blood
flow, and mitral annular tissue velocities using conventional echocardiography and Doppler imaging. We utilized these
measurements to grade of LVDDF according to the 2016 recommendations and population-derived, age-specific approach.
According to the 2016 recommendations, 26 subjects (1.85%) were classified as having the advanced stage (Grade 2),
whereas in 109 participants (7.75%) diastolic function was indeterminate. When applying the population-derived criteria,
the prevalence of advanced LVDDF was 17.9% (n = 252). During the follow-up period (8.4 years), 100 participants
experienced adverse cardiac events. After full adjustment, we did not observe any significant differences in the risk of
events between subjects with indeterminate or any grade of LVDDF and subjects with normal diastolic function when
classified according to the 2016 recommendation (P ≥ 0.25). In contrast, the adjusted risks of adverse cardiac events
(HR = 1.28; P = 0.0045) were significantly elevated in participants with LVDDF when classified according to the
population-derived criteria.
Conclusions Our study underscored the importance of considering age- and population-derived thresholds in LVDDF grading
in subjects at high cardiovascular risk which led to a better risk stratification and outcome prediction.
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Introduction

Diastolic dysfunction is characterized by impaired left
ventricular (LV) relaxation and increased LV stiffness.1 LV
diastolic dysfunction (LVDDF) develops years to decades
before the onset of heart failure (HF) symptoms. Therefore,
timely detection of subclinical LVDDF is of great importance
for more precise risk stratification of asymptomatic subjects.2

Echocardiographic techniques such as pulsed-wave
Doppler and Tissue Doppler Imaging (TDI) are used to
measure intra-cardiac blood flows and myocardial velocities,

thereby providing valuable information about LV diastolic
function (LVDF) profiles.3 For instance, impaired LV relaxation
is characterized by decreased transmitral early (E) and
enhanced atrial (A) LV filling as well as less vigorous mitral
annulus motion during early diastole (e′). Moreover,
combining early transmitral flow velocity with mitral annular
velocity (E/e′ ratio) reflects in some degree increasing of LV
filling pressure, a major consequence of increased LV stiffness
related to diastolic dysfunction. It should be emphasized that
LVDF assessment requires the measurement and complex
interpretation of a panel of echocardiographic measures.4
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Over time, different recommendations and approaches
have been utilized to grade LVDF using echocardiographic
indexes in patients or populations.5 However, due to this
plethora of definitions for diastolic dysfunction used and
differences in clinical characteristics of the study popula-
tions, the reported prevalence of LV diastolic dysfunction
varies widely from 12% to 84%.5 To improve diagnostic
assessment and standardize interpretation of echocardio-
graphic data in patients with symptomatic HF in clinical prac-
tice, the American Society of Echocardiography (ASE) and the
European Association of Cardiovascular Imaging (EACVI) up-
dated their recommendations for the evaluation of LVDDF.6

Of note, when applying this updated ASE/EACVI algorithm
in a middle-to-old-aged asymptomatic cohort recruited from
the general population, advanced LVDDF (Grade 2) was
detected only in 1.4%.7 As such, the criteria included in the
updated ASE/EACVI approach seemed to detect only the
most advanced cases of LVDDF in symptomatic HF patients
with significantly elevated LV filling pressure and therefore
might be less useful for identification of asymptomatic
subjects who might have only mild increase in LV stiffness
but nevertheless are at higher risk for adverse cardiovascular
(CV) outcome. However, the actual prognostic value of
LVDDF grades according to the 2016 ASE/EACVI recommen-
dations has not yet been explored in asymptomatic subjects
at high risk from a community-based population sample.
Previously, we have focused on developing age-specific
criteria for LVDF based on thresholds derived from the
healthy reference cohort.8,9 We, therefore, compared the
prevalence of LVDDF and its prognostic significance in the
general population using two grading approaches: the 2016
ASE/EACVI recommendations and population-based age-spe-
cific criteria.

Methods

The Ethics Committee of the University of Leuven approved
the Flemish Study on Environment, Genes and Health
Outcomes (FLEMENGHO) and the subjects gave informed
consent.

Study population

From August 1985 to December 2005, we randomly re-
cruited a family-based population sample from a geographi-
cally defined area in northern Belgium as described
before.8,9 Between 2005 and 2014, we re-invited 1851 sub-
jects for a technical examination including echocardiography.
We obtained written informed consent in 1447 subjects
(participation rate, 78.2%). We excluded 40 subjects from
statistical analysis because of the presence of atrial fibrilla-
tion (n = 10) or a cardiac pacemaker (n = 6) or because

echocardiographic parameters reflecting LVDF (Doppler
velocities of transmitral flow and mitral annulus) were miss-
ing or could not be reliably measured at baseline (n = 24). In
total, we thus included 1407 participants in present
analyses.

Echocardiography

A complete echocardiographic protocol is provided in the
Data Supplement. Briefly, two experienced observers did
the ultrasound examination using a Vivid7 Pro (GE Vingmed,
Horten, Norway) interfaced with a 2.5 to 3.5 MHz
phased-array probe in accordance to recommendations.10,11

All recordings included at least five cardiac cycles and were
digitally stored for off-line analysis.

One experienced observer (T. K.) analysed the
echocardiograms blinded to the participants’ characteristics
on a workstation running EchoPac software (GE Vingmed).
LV mass and LV and left atrial (LA) volumes were indexed to
body surface area. LV hypertrophy was defined as a LV mass
index exceeding 115 g/m2 (men) or 95 g/m2 (women).

Transmitral blood flow Doppler signals were used to
measure peak early (E) and late (A) diastolic velocities, their
ratio (E/A) and A flow duration. From the PV flow signal, we
measured the duration of PV reversal time during atrial
systole (AR). On tricuspid continuous Doppler recordings
(if detectable), we determined the peak velocity of the TR
jet at the modal frequency. From pulsed-wave TDI
recordings, we measured the early (e′) and late (a′) diastolic
peak velocities of the mitral annulus displacement at four
walls. We calculated the E/e′ ratio by dividing transmitral E
peak by e′ averaged from the septal and lateral acquisition
sites or four sites. The methodology of other echocardio-
graphic indexes is provided in the Supporting information.

We reported the intra-observer reproducibility of the LV
structural and diastolic indexes measured by the experienced
observer (T. K.) in more detail previously.12

Classification of left ventricular diastolic function
according to the 2016 recommendations

The 2016 ASE/EACVI grading Algorithm A6 utilizes four
criteria to evaluate LVDF in subjects with normal EF and
without myocardial disease: (i) Average E/e′ >14; (ii) Septal
e′ velocity <7 cm/s or lateral e′ velocity <10 cm/s; (iii) tricus-
pid valve regurgitation peak >2.8 m/s; and (iv) LA volume in-
dex (LAVi) >34 mL/m2. LVDF was considered normal if less
than two criteria were met and indeterminate if exactly half
(two criteria) of the key criteria were fulfilled. A subject was
labelled as having LVDDF if at least three out of four ASE/
EACVI criteria were fulfilled. Moreover, we applied the Algo-
rithm B for LVDDF grading6 in 362 participants with
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previous history of cardiac disease including ischaemic heart
disease, and/or structural abnormalities (including moderate
valvular abnormalities), and/or in patients with diabetes
mellitus, and/or LV hypertrophy.

Assessment of outcome

To study the incidence of cardiac mortality and morbidity in
relation to baseline LVDDF grades, we collected outcome
data on average 8.4 years after the echocardiographic
examination. We ascertained vital status of participants until
17 January 2018. We applied the International Classification
of Disease codes for the immediate and underlying cause of
mortality and morbidity.9 We collected information on the
incidence of non-fatal events via a follow-up visit or a
telephone interview and via the medical records of the
general practitioners and regional hospitals. In all partici-
pants, we adjudicated and ascertained the self-reported
disease information against the medical records of the
general practitioners and regional hospitals.9,13 Adverse car-
diac events included fatal and non-fatal coronary events
(myocardial infarction, ischaemic heart diseases including
angina and coronary revascularization), fatal and non-fatal
HF, new-onset atrial fibrillation, life-threatening arrhythmias,
and valvular heart disease including cardiac surgery. Only the
first event within every category was considered in the
outcome analysis.

We provided a detailed information on other measure-
ments and selection of the healthy reference group in the
Supporting information.

Statistical analysis

We used SAS software version 9.4 (SAS Institute, Cary, NC,
USA) for database management and statistical analysis. We
compared means and proportions using a large sample z test
and χ2 test, respectively. Statistical significance was a
two-sided P value below 0.05. In the healthy reference group,
we determined age-specific percentiles of the LV diastolic
indexes. We additionally calculated the 95% confidence
intervals of the 2.5% (E/A ratio and e′ peaks) or 97.5% (E/A,
E/e′, LA strain, and LAVi) thresholds from their bootstrap
distribution14 obtained from 1000 random samples from the
study population, using the PROC SURVEYSELECT procedure
implemented in SAS software. We used frailty Cox regression
models to calculate multivariable-adjusted hazard ratios
expressing the risk for cardiac events in each LVDDF category
with normal diastolic function as reference group. Baseline
characteristics considered as covariables in Cox regression
were age, sex, body mass index, systolic blood pressure, se-
rum cholesterol, smoking, diabetes mellitus, history of
cardiac disease, and LV mass index.

Results

Characteristics of participants at baseline

The 1407 participants (51.1% women) included 611 (43.4%)
hypertensive subjects of whom 347 (56.8%) were on
antihypertensive drug treatment. The mean age was
51.2 ± 15.7 years. Tables 1 and 2 list the clinical and
echocardiographic characteristics of participants in
the entire study population and in the healthy reference
group.

Incidence of events

In our community-based sample, the median follow-up
period was 8.4 years (5th to 95th percentile, 4.0 to 13.2).
During 11 884 person-years of follow-up, 100 subjects had
at least one cardiac event (8.4 events per 1000 person-years).
Table S1 lists the cause-specific fatal and non-fatal events of
the study cohort.

Table 1 Clinical characteristics of all participants and healthy
references

Characteristic
Entire population

(n = 1407)
Healthy reference

(n = 568)

Anthropometrics
Age, years 51.2 ± 15.7 41.7 ± 13.3
Female, n (%) 719 (51.1) 295 (51.8)
Body height, cm 169.4 ± 9.5 170.9 ± 9.2
Body weight, kg 76.1 ± 14.9 69.9 ± 11.4
Body mass index, kg/m2 26.5 ± 4.4 23.8 ± 2.7
Waist circumference, cm 90.7 ± 12.5 82.8 ± 9.1
Systolic BP, mmHg 130.4 ± 17.5 118.7 ± 9.7
Diastolic BP, mmHg 80.7 ± 9.7 76.0 ± 7.4
Pulse pressure, mmHg 49.7 ± 14.7 42.7 ± 8.4
MAP, mmHg 97.2 ± 10.8 90.3 ± 7.2
Heart rate, bpm 63.8 ± 9.3 63.1 ± 8.6

Questionnaire data
Current smoking, n (%) 585 (38.0) 142 (24.9)
Drinking alcohol, n (%) 560 (39.8) 259 (45.4)
Hypertensive, n (%) 611 (43.4) /
Treated for HT, n (%) 347 (24.4) /
History of DM 61 (4.3) /
History of cardiac disease 80 (5.7) /

Biochemical data
Total cholesterol, mmol/L 5.09 ± 0.96 4.96 ± 0.93
HDL cholesterol, mmol/L 1.46 ± 0.38 1.54 ± 0.39
Serum creatinine, μmol/L 79.7 ± 16.4 77.9 ± 13.8
Blood sugar, mmol/L 4.82 ± 0.73 4.66 ± 0.43
Insulin, μmol/L 5.13

(2.00 to 12.0)
4.07

(2.00 to 8.71)

BP, blood pressure; bpm, beats per minutes; CV, cardiovascular;
DM, diabetes mellitus; HT, hypertension; MAP, mean arterial
pressure.
Values are mean (±SD), number of subjects (%) or geometric mean
(10–90% percentile interval).
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Left ventricular diastolic dysfunction by the 2016
American Society of Echocardiography/European
Association of Cardiovascular Imaging criteria

In the entire cohort, 499 (35.5%) had septal e′ peak <7 cm/s
and/or lateral e′ peak <10 m/s (2nd criterion) and 434
(30.9%) subjects had a LAVi >34 mL/m2 (4th criterion). In
contrast, only 21 (1.5%) and 13 (0.9%) subjects fulfilled the
1st (E/e′ ratio >14) and the 3rd (TR peak >2.8 m/s) criteria,
respectively (Figure S1). As a result of the 2016 ASE/EACVI
criteria prevalence, 26 subjects (1.85%) were classified as
having Grade 2 LVDDF (suggestive of significantly elevated
LV filling pressure as defined in the Algorithms A and B),
whereas in 109 participants (7.75%), LVDF was indetermi-
nate. Among 362 participants with normal EF and myocardial
disease in whom we used Algorithm B to define LVDF grade,
276 subjects were classified as having Grade 1 mainly based
on transmitral profile.

The age- and sex-standardized incidence rates for adverse
cardiac events increased across these groups: from 5.0/
1000 person-years in the subjects who defined as having nor-
mal LVDF (number of events, n = 33), 13.2/1000 person-years
(n = 20) in the indeterminate group, 14.4/1000 person-years
(n = 41) in subjects with Grade 1, and to 27.2/1000
person-years in subjects with Grade 2 LVDDF (n = 6).

Detection of left ventricular diastolic function
profiles by population-based age-specific Doppler
criteria

Figure 1 show the age-specific percentiles of the transmitral
E/A ratio, Tissue Doppler Imaging (TDI) e′ peaks, LA strain,
LA volume index (LAVi), and E/e′ ratios in reference partici-
pants free from any CV disease or risk factors selected from
the entire study population (n = 568). Table S2 shows the
2.5th and 97.5th age-group specific percentiles for the
transmitral E/A ratio, the 2.5th percentile for the e′ peaks
and the 97.5th percentiles for the E/e′ ratio, LA strain, and
LAVi in the reference subjects. Using the bootstrap approach,
we calculated the confidence intervals of the 2.5th or 97.5th
percentiles in the reference group by age categories. Next,
we rounded these age-specific percentiles to the closest inte-
ger value (Table S2).

Using these population-derived age-specific cut-offs, we
combined these echocardiographic parameters to identify
the profiles of LVDF in our cohort. Table 3 shows the preva-
lence of each LVDF profiles as well as crude and age- and
sex-standardized incidence rates of adverse cardiac events
in these groups. The first identified group (n = 127; 9.0%) in-
cluded subjects with normal E/e′ ratio (≤8.5) and an abnor-
mally low age-specific e′ velocity or transmitral E/A ratio (less
than 2.5th percentile of the reference subgroup). The event
rates in this group were comparable to subjects with normal
LVDF (low-risk group; Table 3). On the other hand, subjects
with normal E/e′ but with both low age-specific E/A and TDI
e′ velocity (n = 47; 3.3%) demonstrated higher incidence rates
of cardiac events as compared with the group with normal
LVDF (24.0/1000 person/years vs 4.8/1000 person/years;
Table 3).

Another identified profile included subjects with elevated
E/e′, which was defined as E/e′ ≥9.5 or as borderline E/e′
between 8.5 and 9.5 in combination with any of following
echocardiographic abnormalities: low LA strain (<23%), LA
enlargement (LAVi ≥45 mL/m2), tricuspid regurgitation (in-
tense flow with peak TR velocity >2.5 m/s), and prolonged
reverse atrial flow (i.e. mitral atrial flow ≤ reverse pulmo-
nary vein flow—10 ms). In this group, we identified sub-
jects who had both normal age-specific E/A and TDI e′
(n = 127; 9.0%) or those who had normal E/A but an ab-
normally low age-specific e′ velocity (n = 42; 3.0%) or had
both low age-specific E/A and e′ velocity (n = 36; 2.6%).
The standardized incidence rates per 1000 person-years in
these subgroups were 18.8, 9.0, and 41.1 for cardiac events
(Table 3).

Figure 2 illustrates the flowchart for identification of sub-
clinical LVDDF profile based on the population-derived age-
specific cut-off values of echocardiographic parameters
reflecting diastolic function. The clinical and echocardio-
graphic characteristics of subjects by group of LVDF (normal,
low, and high risk) appear in Table S3.

Table 2 Echocardiographic characteristics of all participants and
healthy references

Characteristic

Entire
population
(n = 1407)

Healthy
reference
(n = 568)

Left ventricular
Internal diameter, cm 5.03 ± 0.47 4.97 ± 0.43
Septal wall thickness, cm 0.97 ± 0.16 0.89 ± 0.13
Posterior wall thickness, cm 0.90 ± 0.13 0.83 ± 0.12
Mass index, g/m2 90.9 ± 21.3 82.8 ± 17.0
Ejection fraction, % 60.9 ± 6.0 61.5 ± 5.6
Strain, % 19.3 ± 2.3 19.6 ± 2.0

Left atrium
Volume index, ml/m2 31.0 ± 9.2 28.2 ± 7.0
Strain, % 31.8 ± 9.5 37.2 ± 8.4

Transmitral Doppler data
E peak, cm/s 73.1 ± 16.4 78.6 ± 14.9
A peak, cm/s 61.5 ± 17.2 52.3 ± 13.2
E/A ratio 1.30 ± 0.51 1.60 ± 0.52

Tissue Doppler data
e′ septal, cm/s 9.19 ± 2.93 11.1 ± 2.63
e′ lateral, cm/s 12.4 ± 4.19 15.2 ± 3.68
4-site e′ average, cm/s 11.1 ± 3.64 13.6 ± 3.12
Septal-lateral E/e′ ratio 7.23 ± 2.32 6.14 ± 1.26
4-site E/e′ ratio 7.13 ± 2.37 5.95 ± 1.26

LV diastolic function by ASE/EACVI guidelines
Normal 996 (70.8) 521 (91.4)
Indeterminate 109 (7.75) 10 (1.75)

Diastolic dysfunction
Grade 1 276 (19.6) 37 (6.5)
Grade 2 26 (1.85) 2 (0.35)

LV, left ventricular.
Values are mean (±SD) or number of subjects (%).
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Risk associated with left ventricular diastolic
dysfunction

Figure 3 demonstrates the Kaplan–Meier cumulative inci-
dence of adverse cardiac events per LVDF group as defined
by the 2016 ASE/EACVI recommendations and population-de-
rived age-specific criteria. Table 4 shows the
multivariable-adjusted hazard ratios (HRs) expressing the risk

for future cardiac events per LVDDF profile as compared with
normal LVDF. After full adjustments, subjects with an indeter-
minate LVDF (HR:1.07; P = 0.41) or with LVDDF Grade 1
(HR:1.17; P = 0.25) or Grade 2 (HR:1.20; P = 0.28) by the
2016 algorithm did not exhibit significantly higher risk for
events as compared with subjects who defined as having
normal LVDF (Table 4). The risks of adverse cardiac events
(HR = 1.28; P = 0.0045) were significantly elevated in

Figure 1 Age-specific percentiles of E/A ratio, e′ peaks, left atrial (LA) strain and volume index and E/e′ ratio for the healthy reference sample
(n = 568). Shaded area represents 95% confidence intervals of the 2.5% or 97.5% thresholds (red line) as derived from their bootstrap distributions.

Table 3 Incidence rates (95% CI) of adverse cardiac events per diastolic function profile as defined by age-specific reference limits for E/A,
e′ peak and normal/grey-zone/high E/e′

Profile N
CV risk

factors (%)

N of
cardiac
events

Cardiac events per 1000 person-years

Crude Standardized

No LV diastolic dysfunction
Normal E/A, e′, and E/e′ 1028 (73.1%) 433 (42.1%) 36 4.1 4.8 (3.3 to 6.4)

Low risk LV diastolic dysfunction
Normal E/A + low e′ + normal E/e′ 49 (3.5%) 37 (75.5%) 0 — —

Low E/A + normal e′ + normal E/e′ 78 (5.5%) 53 (68.0%) 8 12.0 7.3 (2.2 to 12.3)
All 127 (9.0%) 90 (70.9%) 8 7.7 6.8 (2.1 to 11.5)
High risk LV diastolic dysfunction

Low E/A + low e′ + normal E/e′ 47 (3.3%) 43 (91.5%) 8 24.0 21.0 (5.2 to 36.8)
Normal E/A + normal e′ + high E/e′a 127 (9.0%) 113 (89.0%) 32 30.2 18.8 (11.9 to 25.7)
Normal E/A + low e′ + high E/e′a 42 (3.0%) 40 (95.2%) 4 13.4 9.0 (1.9 to 17.9)
Low E/A + low e′ + high E/e′a 36 (2.6%) 33 (91.7%) 12 46.7 41.1 (14.4 to 67.8)

All 252 (17.9%) 229 (90.9%) 56 28.7 21.7 (15.3 to 28.1)

Incidence rates were calculated as number of events per 1000 subject-years. Standardized event rates accounted for sex and age (age
groups: <50 years; ≥50 years). The cardiovascular (CV) risk factors included hypertension, obesity, renal failure, a history of diabetes
mellitus, and/or a history of cardiac disease.
aHigh E/e′ was defined as E/e′ ≥9.5 or as E/e′ between 8.5 and 9.5 in combination with any of following echocardiographic abnormalities:
low left atrial (LA) strain (<23%), LA enlargement (LAVi ≥45 mL/m2), tricuspid regurgitation (intense flowwith peak TR velocity>2.5 m/s),
and prolonged reverse atrial flow (i.e. mitral atrial flow ≤ reverse pulmonary vein flow—10 ms).

Diastolic dysfunction in the general population 1779

ESC Heart Failure 2022; 9: 1775–1783
DOI: 10.1002/ehf2.13863



participants with advanced stages of LVDDF as compared
with subjects with normal LVDF when classified according
to the population-derived criteria (Table 4). Similar results
were eventually observed for incident HF and atrial fibrilla-
tion (Table 4).

Discussion

In this study, we explored prognostic significance of LVDDF in
the general population defining by two grading approaches:
the 2016 ASE/EACVI recommendations and population-
derived, age-specific criteria. When applying the 2016 ASE/

EACVI recommendations, the advanced grade of LVDDF
(Grade 2) was identified in 1.85% of the general population
cohort. Following the Algorithm B of the 2016 recommenda-
tion, the Grade 1 (19.6%) can be classified mainly in
preselected participants with myocardial disease including
LV hypertrophy based on transmitral inflow (E/A ratio). Of
note, the participants with any grade of LVDDF and even with
indeterminate LVDF according to the 2016 recommendations
(7.75%) demonstrated higher incidence rate for cardiac
events compared with those who was defined as having nor-
mal LVDF. However, after adjustment for important CV risk
factors and LV mass index, this association lost statistical sig-
nificance. When applying the population-based age-specific
echocardiographic criteria, the prevalence of any of abnormal

Figure 2 Flowchart for identification of early left ventricular diastolic dysfunction (LVDDF) in the general population. Echocardiographic abnormalities
include: low LA strain (<23%), LA enlargement (LAVi ≥45 mL/m2), tricuspid regurgitation (intense flow with peak TR velocity >2.5 m/s) and prolonged
reverse atrial flow (i.e. mitral atrial flow ≤ reverse pulmonary vein flow—10 ms). LA, left atrium; LV, left ventricle.

Figure 3 Cumulative incidence estimates (1-Kaplan–Meier survival estimates) for fatal and non-fatal cardiac events per left ventricular (LV) diastolic
(dys)function group as defined by the 2016 ASE/EACVI recommendations (A) and age-specific criteria (B). P values are for the differences between
groups by the log-rank test. LVD(D)F, LV diastolic (dys)function. (A) ASE/EACVI guidelines; (B) age-specific criteria.
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diastolic profiles was 26.5%. In these participants, we identi-
fied LVDDF profiles at lower and higher risk for adverse
cardiac events. Even after full adjustment, the risk for future
events was significantly elevated in participants with ad-
vanced grade of LVDDF than in subjects with normal function
as defined by population-based criteria.

The process of impairment of LV relaxation and LV
stiffening characterizing LVDDF begins years to decades
before symptoms of HF or ischaemic heart disease are
present. Therefore, timely identification of early LVDDF even
in asymptomatic subjects at high risk of atherosclerotic
events and HF might be of importance for a better risk
stratification.2 Within this context, Doppler velocities of
transmitral blood flow and mitral annulus are widely used
to evaluate LVDF profiles as a non-invasive alternative to an
invasive LV pressure–volume measurements.15,16 Previous
studies in general population already demonstrated the
independent prognostic value of different TDI indexes in
particularly TDI e′ for CV mortality and morbidity.9

Over the years, numerous approaches of echocardio-
graphic indexes combination used to grade LVDDF in clinical
and community-based studies.5 In attempt to standardize
and simplify LVDF assessment and thus increase its clinical
utility, the ASE and EACVI updated their recommendations
for the evaluation of LVDF.6 The recommendations were
mainly designed to detect clinically significant increase in LV
filling pressure in symptomatic HF patients.17,18,19,20 This al-
gorithm has been tested in clinical studies that used invasive
filling pressure as reference method in HF patients.17,18,19

However, usefulness of this algorithm in detection of early
stages of LVDDF (when LV stiffness only mildly elevated) in
asymptomatic patients at high CV risk such as patients with
hypertension or diabetes should be further investigated. In-
deed, in 1000 EPIPorto subjects (≥45 years) recruited from
the general population, the prevalence of LVDDF dropped
from 38.1% to 1.4% when shifting from the 2009 to the
2016 ASE/EACVI criteria.7 Similarly, only 20 of 1485
STANISLAS participants (1.3%) had LVDDF according to the

2016 ASE/EACVI criteria, whereas prevalence of diastolic
dysfunction ranged from 5.7% to 8.8% when using previous
expert recommendations.21 However, these studies did not
utilize the Algorithm B in subjects with myocardial disease
for instance with LV hypertrophy21 or defined LVDDF accord-
ing to the Algorithm A only.7

In our community-based sample including 1407 subjects be-
tween 18 and 90 years old, prevalence of the advanced stage
of LVDDF (Grade 2) was 1.85% when applying the 2016 ASE/
EACVI approach utilizing both algorithms. The Grade 1 was
assigned to the most of pre-selected subjects with myocardial
disease (i.e. at high CV risk) based entirely on transmitral in-
flow profile without applying any age-specific cut-offs.

Thus, in line with previous general population studies,7,21

our findings suggest that by applying the 2016 ASE/EACVI al-
gorithm, we might underestimate the prevalence of early
stages of diastolic dysfunction in the asymptomatic partici-
pants at risk. The low sensitivity of the 2016 ASE/EACVI algo-
rithm to detect high-risk profile of LVDDF when applied in
the community might be explained by the implementation
of age-unspecific threshold values, inclusion of the TR peak ve-
locity and high threshold for the E/e′ ratio. First, although age
is an important determinant of transmitral and myocardial
Doppler velocities even in healthy reference subjects8,22,23

and this fact was appreciated in the expert
recommendations, LVDF cut-off values have not been
standardized for age.3,6,17 Second, as a measure of pulmonary
hypertension in patients with symptomatic HF,24 assessment
of TR peak velocity was included in the newest ASE/EACVI rec-
ommendations. However, in line with Almeida et al.,7 we ob-
served a TR velocity >2.8 m/s only in 13 subjects (0.9%) of
the general population. A TR velocity of more than 2.8 m/s
might rather indicate clinically relevant pulmonary hyperten-
sion in advanced HF patients24 than be an indicator of early di-
astolic dysfunction in asymptomatic subjects at high CV risk.

Of note, after full adjustment, we did not observe any
significant differences in the risk of cardiac events or incident
HF and atrial fibrillation between subjects with any grades of

Table 4 Adjusted hazard ratios for adverse cardiac events associated with LVDDF groups as defined by the 2016 ASE/EACVI
recommendations or population-derived age-specific criteria

Fatal and non-fatal cardiac events Fatal and non-fatal HF and AF events

Algorithm Total N N of events HR (95% Cl) P value N of events HR (95% Cl) P value

ASE/EACVI 2016
Normal LV diastolic function 996 33 Reference / 10 Reference /
Indeterminate 109 20 1.07 (0.91 to 1.25) 0.41 10 1.16 (0.91 to 1.48) 0.23
Grade 1 LVDDF 276 41 1.17 (0.89 to 1.54) 0.25 23 1.48 (0.96 to 2.28) 0.075
Grade 2 LVDDF 26 6 1.20 (0.86 to 1.66) 0.28 4 1.35 (0.86 to 2.13) 0.19

Population age-specific criteria
Normal LV diastolic function 1028 36 Reference / 13 Reference /
Low risk LVDDF 127 8 1.13 (0.76 to 1.68) 0.53 4 1.18 (0.66 to 2.10) 0.58
High risk LVDDF 252 56 1.28 (1.08 to 1.51) 0.0045 30 1.50 (1.00 to 1.69) 0.047

CI, confidence interval; LV, left ventricular; LVDDF, LV diastolic dysfunction.
Hazard ratios (HRs) express the adjusted risk in each group of LVDDF at baseline compared with the risk in the subjects with normal LVDF.
All HRs were adjusted for sex, age, body mass index, systolic blood pressure, serum cholesterol, smoking, diabetes mellitus, history of car-
diac disease, and left ventricular mass index.
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LVDDF or indeterminate diastolic function, and subjects with
normal LVDF when classified by the ASE/EACVI recommenda-
tions. On the other hand, the risks of all cardiac events were
significantly elevated in participants with advanced LVDDF
(i.e. with abnormally high E/e′ and other indexes) as com-
pared with subjects with normal LVDF when classified
according to population-based age-specific criteria after more
than 8 years of follow-up. This finding remains similar to what
we reported on predictive value of LVDDF for a 5 year follow-
up period.9 It should be noted that 57 out of 100 cardiac
events were related to coronary heart disease (myocardial in-
farction, unstable angina and revascularization). Indeed, myo-
cardial ischaemia even in its asymptomatic early stage slows
ventricular relaxation, impairs ventricular distensibility, and
in consequence, can trigger diastolic dysfunction.25 Using
the population-derived criteria of LVDDF, we might improve
risk stratification in the subjects at risk for clinically overt cor-
onary heart disease and therefore modify the management
and treatment strategy in these patients.

We previously demonstrated that in addition to diastolic
dysfunction, subclinical systolic dysfunction (low LV
longitudinal strain) along with LV hypertrophy are important
prognostic markers in the community.13 Therefore, the com-
prehensive assessment of cardiac function and structure in
which LV diastolic dysfunction plays a major role would be
important for risk stratification.

Study limitations

Our findings must be interpreted in the context of the limita-
tions and strengths of our study. First, the assessment of
echocardiographic indexes is prone to measurements errors.
In the present study, however, only two experienced ob-
servers recorded all images using a highly standardized proto-
col. Moreover, all digitally stored images were centrally
post-processed by a single observer with good reproducibil-
ity. Second, we included in our analysis 80 (5.7%) participants
with a previous history of cardiac diseases from whom 28 ex-
perienced a recurrent event during follow-up. However, we
applied adjustment for previous cardiac disease. Third, the
gold standard for assessing diastolic function remains the
pressure–volume relationship, but this requires an invasive
approach, which is difficult and impractical to implement in
subjects at CV risk recruited from the general population.

On the other hand, Doppler techniques along with strain
assessment open up the possibility of evaluating
non-invasively cardiac function. These techniques have been
previously validated in numerous invasive studies. Finally, in-
formation on biomarkers such as NT-proBNP might further
improve identification of subjects with early subclinical stages
of HF. However, in this study, we mainly focus on the
prognostic role of echocardiographic criteria reflecting LVDF
for CV risk stratification in asymptomatic subjects.

Conclusion

In the general population, application of the population-
based age-specific criteria for diastolic function grading
improved risk stratification in asymptomatic subjects. Our
study underscored importance of considering age- and popu-
lation-derived thresholds in the grading approaches of early
LVDDF especially in patients at CV risk.
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