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A B S T R A C T   

Background: Wall Motion Score Index (WMSI) is a simple method to quantify global and regional systolic function 
on echocardiography. We sought to investigate the prognostic importance of global and regional WMSI for the 
development of incident heart failure (HF) in the general population. 
Methods: We included adults without HF or ischemic heart disease from the 4th Copenhagen City Heart Study 
(2001–2003). At baseline, participants underwent an echocardiography and physical examination and completed 
a self-administered health questionnaire. WMSI was assessed by conventional echocardiography using a 16- 
segment model obtaining WMSI assessments for the anterior, lateral, inferior, septal, and posterior left ven-
tricular (LV) walls and calculating a global WMSI. The primary endpoint was incident HF. 
Results: Among 3415 participants (mean age 58 years, 42% male, 45% with hypertension), 83 (2.4%) had hypo-, 
a-, or dyskinesia of at least one LV wall segment at baseline. During a median follow-up of 15.4 years, 297 (8.7%) 
participants developed HF. After adjusting for important clinical variables, LV ejection fraction and E/A, hypo-, 
a- or dyskinesia of at least one segment in any of the LV regional walls was associated with a higher risk of 
incident HF (HR 3.63, 95% CI 2.15–6.12, p < 0.001). Similarly, global WMSI was independently associated with 
a higher risk of HF (HR 1.38 per 0.1 increase, 95%CI 1.22–1.56, p < 0.001). 
Conclusion: Wall motion abnormalities in any regional LV wall and global WMSI were associated with incident 
HF in this general population cohort independent of various baseline clinical data, LV ejection fraction and E/A.   

1. Introduction 

Early identification and accurate risk stratification of individuals at 
risk of developing heart failure (HF) is important in order to guide 
therapy and management. Echocardiography may provide an easily 
accessible and cost-effective way of personalizing risk stratification of 
individuals from the general population without known HFHF or 
ischemic heart disease (IHD). 

Several echocardiographic measures of systolic function have been 

demonstrated to accurately predict the development HF in community- 
based cohorts [1,2]. These measures include global longitudinal strain 
(GLS) by two-dimensional speckle tracking and the conventional left 
ventricular (LV) ejection fraction (LVEF) [1,2]. However, both measures 
are based on averages of regional values in one combined parameter. 
Thus, regional abnormalities of potential prognostic value may be lost 
by dilution in this process. Regional longitudinal strain values have been 
found to offer independent prognostic value to GLS in patients with HF 
[3]. Hence, it is possible that regional impairments in systolic function 

Abbreviations: WMSI, wall motion score index; HF, heart failure; IHD, ischemic heart disease; GLS, global longitudinal strain; LV, left ventricular; LVEF, left 
ventricular ejection fraction; DM, diabetes mellitus; LVIDd, left ventricular inner diameter in end diastole; LVMI, left ventricular mass index; WM, wall motion; eGFR, 
estimated glomerular filtration rate; DT, deceleration time. 
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may contribute with novel prognostic value with regards to HF devel-
opment independent of global systolic function. 

Wall motion score index (WMSI) is a simple method to quantify 
regional and global systolic function [4], has been shown to be an ac-
curate estimate of LVEF [5,6], and is an independent predictor of 
outcome following STEMI [7,8], and non-STEMI [9]. Also, WMSI 
scoring does not require a high frame-rate or a very high image quality, 
which is the case for strain imaging by two-dimensional speckle tracking 
[10]. As a result, it can be more readily applied in a busy clinical 
practice. Therefore, the aim of this study was to determine the prog-
nostic importance of both global and regional WMSI assessments for the 
development of incident HF in individuals from the general population. 

2. Methods 

2.1. Study population 

Adult participants from the 4th Copenhagen City Heart Study span-
ning from 2001 to 2003 who had undergone conventional echocardi-
ography were included in this study. The Copenhagen City Heart Study 
is a prospective, longitudinal cohort study designed to assess risk factors 
for cardiovascular disease among participants from the greater Copen-
hagen area. The cohort has been described in detail elsewhere 
[1,11–13]. Participants with HF or IHD at baseline were excluded from 
this analysis. The flow diagram of the study population is depicted in the 
Supplemental Material, Fig. 1. At baseline, participants also underwent a 
general health examination and completed a self-administered ques-
tionnaire. The echocardiographic examination was performed irre-
spective of the participants' health status or other risk factors. All 
participants provided written informed consent prior to participation. 
The study was conducted in accordance with the Declaration of Helsinki 
and approved by the regional ethics committees. 

2.2. Health examination 

All participants underwent a general physical examination and filled 
out a self-administered questionnaire regarding their health status. 
During the physical examination, blood pressure was measured once, 
and non-fasting venous blood samples were collected. The blood glucose 
levels as well as the plasma cholesterol levels were measured from the 
non-fasting venous blood samples. The definitions of hypertension and 
diabetes mellitus (DM) have previously been described elsewhere [11]. 
The clinical and demographic variables were obtained from the physical 

examination and the self-administered questionnaires. 

2.3. Echocardiography 

Three experienced sonographers performed the echocardiographic 
examinations using Vivid 5 ultrasound machines (GE Healthcare, 
Horten, Norway) with a 2.5 MHz transducer. The echocardiograms were 
analyzed offline by two investigators (TBS and RM) with commercially 
available software (EchoPac version 7.0.0; GE Healthcare, Horten, 
Norway). 

2.4. Conventional two-dimensional echocardiography 

LV inner diameter in end-diastole (LVIDd) and inter-ventricular 
septal wall thickness in end-diastole were measured using M-mode 
still frames perpendicular to the long-axis of the LV in the parasternal 
long axis view. The M-mode cursor was placed between the mitral leaflet 
tips and the tips of the papillary muscles to measure myocardial thick-
ness and cavity dimensions. If it was not possible to place the M-mode 
cursor perpendicular to the long-axis of the LV, two-dimensional images 
in parasternal long-axis view were used to obtain myocardial thickness 
and cavity dimensions instead. The left ventricular mass was calculated 
from the LV linear measurements using the linear method and indexed 
to body surface area to obtain the left ventricular mass index (LVMI). 
Using Pulse-waved Doppler, the mitral inflow velocities were measured 
in the apical position at the mitral valve leaflet tips. Peak velocity of 
early (E) and atrial (A) diastolic filling were measured along with the 
deceleration time of the E-wave, and the E/A ratio was calculated. LVEF 
was calculated using the Teicholz formula [14]. 

2.5. WMSI measurements 

The regional and global WMSI assessments were obtained with 
conventional two-dimensional echocardiography in the apical 2-cham-
ber, 4-chamber, and parasternal long axis view using a 16-segment 
model. By evaluating the motion of the particular segment, each 
segment was given a score. A score of 1 corresponds to a normokinetic 
segment, a score of 2 to a hypokinetic segment, a score of 3 to an akinetic 
segment and a score of 4 to a dyskinetic segment [4]. A score of 0 was 
given if the segment was deemed uninterpretable. Subsequently, we 
grouped the 16 segments into five regional LV wall segments: an ante-
rior, lateral, inferior, septal and posterior LV wall segment. The anterior 
LV wall consists of the basal anterior, mid anterior and apical anterior 
segments. The lateral LV wall consists of the basal lateral, mid lateral 
and apical lateral segments. The inferior LV wall consists of the basal 
inferior, mid inferior and the apical inferior segments. The septal LV 
wall consists of the basal anterior septum, basal septum, mid-anterior 
septum, mid septum and apical septum segments. Lastly, the posterior 
LV wall consists of the basal posterior and mid posterior segments. 

If at least one of the segments within the regional LV wall was hypo-, 
a- or dyskinetic corresponding to a score of ≥2 on the WMSI scale, the 
wall motion (WM) of the regional LV wall was considered to be 
abnormal. If all segments in the regional wall had a WMSI of 0, we listed 
the observation as a missing for that particular regional wall. If one or 
more of the segments within either regional LV wall (eg. anterior, 
lateral, inferior, septal or posterior LV wall) was given score ≥ 2 on the 
WMSI scale, we considered the participant to have WM abnormalities in 
at least one LV wall, regardless of which regional wall was affected. We 
also calculated a global WMSI by adding the scores of each segment 
(excluding segments with a WMSI of 0) and dividing by the total number 
of segments, in this case 16. 

According to the study protocol, no action was taken based on the 
echocardiographic findings, i.e., they were not referred for further 
check-ups or given new medication if subjects had silent regional wall 
motion abnormalities. 

Fig. 1. Cumulative incidence plot of HF during follow-up according to the 
presence of wall motion abnormalities in any segment in the LV wall combined. 
. 
HF: heart failure, LV: left ventricular. 
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2.6. Outcomes 

Participants were enrolled in the study from 2001 to 2003 and fol-
lowed from the time of examination until time of event, death or April 
2018, whichever occurred first. The primary endpoint of interest was 
incident heart failure (HF). All information on outcome and events from 
the Copenhagen City Heart Study was obtained using International 
Classification of Diseases, Tenth revision (ICD-10 codes), from the 
Danish National Board of Health's National Patient Registry. This has 
been described in detail previously [1,12]. Follow-up was 100%. 

2.7. Statistical analysis 

Baseline demographic and clinical characteristics, echocardio-
graphic findings and WMSI findings were summarized and compared in 
patients who developed HF during follow-up and those who did not 
(Table 1). Continuous variables were summarized with mean and stan-
dard deviation or median and interquartile range for normally and non- 
normally distributed variables, respectively, and compared with Stu-
dent's t-test or Wilcoxon rank sum test as appropriate. Categorical var-
iables were summarized in numbers and percentages and compared 
using Chi-square test or Fisher's exact test as appropriate. The same 
approach was used for comparing the clinical, demographic and echo-
cardiographic findings in patients with and without WM abnormalities 
in any LV wall (Table 2). The prognostic importance of regional and 
global WMSI assessments for the development of incident HF was 
analyzed using Cox regression analyses in univariable and multivariable 
models. Model 1 was adjusted for age, sex, cholesterol, diabetes, 
smoking and systolic blood pressure. Model 2 was adjusted for the same 
variables as Model 1 with the addition of body mass index (BMI), esti-
mated glomerular filtration rate (eGFR), atrial fibrillation, E/A-ratio and 
LVEF. Cumulative incidence plots were created to depict the association 
between WM abnormalities and incident HF (Fig. 1 and Supplemental 
Material, Fig. 3). All statistical analyses were performed using STATA 
14.1 for Mac OS. A two-sided P-value of <0.05 was considered statisti-
cally significant. 

3. Results 

Of the 3415 individuals included in this study, 297 (8.7%) partici-
pants developed HF during a median follow-up of 15.4 years (inter-
quartile range (IQR) 11.9, 16.0). Mean age of the participants at baseline 
was 58 years (±17), and 42% were male. 

3.1. Baseline characteristics of participants stratified according to the 
development of HF 

Participants who developed HF during follow-up were older, more 
likely to be male, have hypertension, DM and atrial fibrillation at 
baseline. Moreover, participants who developed HF had a significantly 
higher BMI, heart rate and systolic blood pressure at baseline. In addi-
tion, plasma proBNP levels were higher and eGFR was lower at baseline 
in participants who developed HF during follow-up. on On echocardi-
ography, patients who developed HF during follow-up had lower LVEF, 
lower E/A-ratio, higher LVMI and higher deceleration time (DT). In 
terms of the WMSI assessments at baseline, the proportion of partici-
pants with WM abnormalities in the anterior, lateral, septal, inferior or 
posterior wall was significantly higher in participants with an event 
compared to those without. The global WMSI at baseline was also 
significantly higher in participants who developed HF during follow-up. 

3.2. Baseline characteristics of participants stratified according to WMSI 

At baseline 83 participants (2%) had at least one hypo, dys- or aki-
netic segment (WMSI ≥ 2) in one of the LV regional walls, referred to 
here as “WM abnormalities in any LV wall” (Table 2). The distribution of 

Table 1 
Baseline characteristics of participants stratified according to the development 
of HF during follow-up.  

Demographics N All 
participants 

No HF HF P-value 

N 3415 3415 3118 
(91.3%) 

297 
(8.7%)  

Age (years) 3415 58 ± 17 57 ± 17 70 ± 11 <0.001 
Male, n (%) 3415 1439 

(42.1%) 
1287 
(41.3%) 

152 
(51.2%) 

<0.001 

Medical history and 
clinical 
characteristics      
Hypertension 3414 1539 

(45.1%) 
1331 
(42.7%) 

208 
(70.0%) 

<0.001 

Diabetes mellitus 3415 64 (1.9%) 50 
(1.6%) 

14 
(4.7%) 

<0.001 

Atrial fibrillation 3415 48 (1.4%) 32 
(1.0%) 

16 
(5.4%) 

<0.001 

COPD 3415 54 (1.6%) 49 
(1.6%) 

5 (1.7%) 0.81 

Chronic kidney 
disease 

3415 6 (0.2%) 5 (0.2%) 1 (0.3%) 0.42 

Smoking 3348    0.42 
Current  1112 

(33.2%) 
1010 
(33.0%) 

102 
(35.2%)  

Former  1103 
(33.0%) 

1003 
(32.8%) 

100 
(34.5%)  

Never  1133 
(33.8%) 

1045 
(34.2%) 

88 
(30.3%)  

Physical exam and 
laboratory findings      
BMI (kg/m2) 3414 26 ± 4 26 ± 4 27 ± 5 <0.001 
Heart rate (bpm) 3395 68 ± 12 67 ± 12 71 ± 14 <0.001 
Systolic blood 
pressure (mmHg) 

3406 136 ± 23 135 ±
22 

149 ±
21 

<0.001 

eGFR (ml/min/ 
1.73m2) 

3415 66 ± 17 67 ± 17 61 ± 17 <0.001 

Total Cholesterol 
(mmol/L) 

3351 5.5 ± 1.2 5.5 ±
1.1 

5.6 ±
1.2 

0.10 

Plasma proBNP 
(pmol/L) 

3371 17 [8, 30] 17 [8, 
29] 

28 [14, 
51] 

<0.001 

Echocardiographic 
findings      
LVEF (%) 2746 63 ± 12 63 ± 11 61 ± 15 0.023 
LVIDd (cm) 2961 4.8 ± 0.6 4.8 ±

0.5 
4.9 ±
0.7 

<0.001 

LVMI (g/m2) 2922 85.4 ± 21.9 83.9 ±
20.5 

103.0 ±
29.6 

<0.001 

IVSd (cm) 2970 1.0 ± 0.2 1.0 ±
0.2 

1.1 ±
0.2 

<0.001 

E wave (m/s) 3227 0.73 ± 0.17 0.73 ±
0.17 

0.71 ±
0.19 

0.010 

A wave (m/s) 3218 0.69 ± 0.19 0.69 ±
0.18 

0.77 ±
0.21 

<0.001 

E/A ratio 3202 1.04 [0.82, 
1.36] 

1.06 
[0.83, 
1.37] 

0.87 
[0.71, 
1.11] 

<0.001 

DT (s) 3224 0.17 ± 0.04 0.17 ±
0.04 

0.18 ±
0.05 

<0.001 

WMSI findings      
WMSI (score 1–4) 3329 1.01 ± 0.05 1.00 ±

0.03 
1.03 ±
0.13 

<0.001 

Anterior WM 
abnormalities 

3371 27 (0.8%) 14 
(0.5%) 

13 
(4.4%) 

<0.001 

Lateral WM 
abnormalities 

3411 39 (1.1%) 25 
(0.8%) 

14 
(4.7%) 

<0.001 

Inferior WM 
abnormalities 

3411 42 (1.2%) 23 
(0.7%) 

19 
(6.4%) 

<0.001 

Septal WM 
abnormalities 

3414 43 (1.3%) 26 
(0.8%) 

17 
(5.7%) 

<0.001 

Posterior WM 
abnormalities 

3408 28 (0.8%) 16 
(0.5%) 

12 
(4.1%) 

<0.001 

WM abnormalities 
in any LV wall 

3415 83 (2.4%) 56 
(1.8%) 

27 
(9.1%) 

<0.001 

COPD, Chronic obstructive pulmonary disease; BMI, Body mass index; eGFR; 
estimated glomerular filtration rate; LVEF, left ventricular ejection fraction 
calculated using Teicholz formula; LVMI, left ventricular mass index; LVIDd, left 
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WM abnormalities across segments are depicted in a Bull's eye plot in the 
Supplemental Material, Fig. 2. The median WMSI was 1.25 (IQR 1.12, 
1.31) in participants with WM abnormalities. Participants with WM 
abnormalities were older and more likely to have DM compared to those 
without WM abnormalities. On physical examination, participants with 
WM abnormalities had a higher BMI, heart rate and systolic blood 
pressure at baseline. In addition, eGFR was lower and plasma proBNP 
levels were higher in participants with WM abnormalities at baseline 
compared to those without. On echocardiography, WM abnormalities 
were associated with a lower LVEF and E/A ratio. Moreover, partici-
pants with WM abnormalities had higher LVMI, LVIDd and interven-
tricular wall thickness compared to those with unaffected LV wall 
segments at baseline. 

3.3. Prognostic importance of regional and global WMSI assessments 

The presence of WM abnormalities (WMSI≥2) in the anterior, lateral, 

septal, inferior or posterior regional LV wall at baseline was associated 
with an increased risk of developing HF during follow-up in univariable 
Cox regression analyses (Table 3). Likewise, increasing values of the 
global WMSI at baseline were associated with an increased risk of HF 
during follow-up in univariable analysis. Cumulative incidence plots of 
incident HF and the regional LV WM abnormalities are depicted in Fig. 3 
in the Supplemental Material. In multivariable analyses, the presence of 
WM abnormalities in the anterior, lateral, septal, inferior or posterior 
regional LV wall at baseline remained associated with an increased risk 
of HF during follow-up when adjusting for various baseline clinical 
variables, LVEF and E/A in Models 1 and 2. The presence of WM ab-
normalities in at least one segment in any LV regional wall (1 ≥ affected 
LV wall) was also associated with an increased risk of developing HF 
during follow-up in all three models. The association between WM ab-
normalities in any LV wall segment and incident HF is depicted in a 
cumulative incidence plot in Fig. 1. When adjusting for LVIDd or LVMI, 
instead of LVEF, in Model 2, regional WM abnormalities, WM abnor-
malities in any LV wall and global WMSI remained associated with an 
increased risk of developing HF during follow-up (Supplemental Mate-
rial, Table 1). Lastly, we investigated the association between global 
WMSI and the presence of WM abnormalities in at least one segment in 
any LV regional wall combined in participants with a normal LVEF 
(LVEF≥55%) (n = 2160) in Model 2. Both global WMSI and the presence 
of WM abnormalities in at least one segment in any LV regional wall 
remained significantly associated with an increased risk of developing 
HF during follow-up (HR 1.48 per 0.1 increase, 95%CI 1.00–2.18, p =
0.047 (n = 1934), and HR 2.74, 95%CI 1.10–6.82, p = 0.031 (n = 1980), 
respectively). WM abnormalities in any LV regional wall combined 
demonstrated a sensitivity of 9.5%, a specificity of 98.0%, a positive 
predictive value (PPV) of 21.7%, a negative predictive value (NPV) of 
94.8%, and an accuracy of 93.1% for the development of HF after 10 
years. 

ventricular inner diameter at end-diastole; IVSd, interventricular septal thick-
ness at end-diastole; DT, deceleration time; WMSI, wall motion score index; WM, 
wall motion. 

Table 2 
Baseline characteristics according to presence of WM abnormalities in at least 
one left ventricular wall segment at baseline. "WM abnormalities in any LV wall" 
refers to at least one hypo-, a- or dyskinetic segment in any LV wall.  

Demographics No WM 
abnormalities in any 
LV wall 

WM abnormalities 
in any LV wall 

P-value 

N 3332 (98%) 83 (2%)  
Age (years) 58 ± 17 66 ± 13 <0.001 
Male, n (%) 1400 (42.0%) 39 (47.0%) 0.36 
Medical history and 

clinical characteristics    
Hypertension 1494 (44.9%) 45 (54.2%) 0.09 
Diabetes mellitus 57 (1.7%) 7 (8.4%) 0.001 
Atrial fibrillation 47 (1.4%) 1 (1.2%) 1.00 
COPD 52 (1.6%) 2 (2.4%) 0.38 
Chronic kidney disease 6 (0.2%) 0 (0.0%) 1.00 
Smoking   0.45 

Current 1080 (33.1%) 32 (39.5%)  
Former 1080 (33.1%) 23 (28.4%)  
Never 1107 (33.9%) 26 (32.1%)  

Physical exam and 
laboratory findings    
BMI (kg/m2) 26 ± 4 27 ± 6 0.003 
Heart rate (bpm) 68 ± 12 70 ± 15 0.13 
Systolic blood pressure 
(mmHg) 

136 ± 23 142 ± 25 0.012 

eGFR (ml/min/ 
1.73m2) 

66 ± 17 62 ± 18 0.012 

Total cholesterol 
(mmol/L) 

5.5 ± 1.1 5.7 ± 1.2 0.07 

Plasma proBNP (pmol/ 
L) 

17 [8, 30] 24 [12, 41] <0.001 

Echocardiographic 
findings    
LVEF (%) 64 ± 0.11 49 ± 18 <0.001 
LVIDd (cm) 4.8 ± 0.5 5.2 ± 0.9 <0.001 
LVMI (g/m2) 84.8 ± 20.9 109.3 ± 41.9 <0.001 
IVSd (cm) 1.0 ± 0.2 1.1 ± 0.3 0.009 
E wave (m/s) 0.73 ± 0.17 0.70 ± 0.21 0.07 
A wave (m/s) 0.69 ± 0.19 0.76 ± 0.20 <0.001 
E/A ratio 1.04 [0.83, 1.36] 0.83 [0.70, 1.23] <0.001 
DT (s) 0.17 ± 0.04 0.17 ± 0.06 0.27 
WMSI 1.00 [1.00, 1.00] 1.25 [1.12, 1.31] <0.001 

WM, wall motion; COPD, Chronic obstructive pulmonary disease; BMI, Body 
mass index; eGFR; estimated glomerular filtration rate; LVEF, Left ventricular 
ejection fraction calculated using Teicholz formula; LVMI, left ventricular mass 
index; LVIDd, left ventricular inner diameter at end-diastole; IVSd, interven-
tricular septal thickness at end-diastole; DT, deceleration time; WMSI, wall 
motion score index. 

Table 3 
Univariable and multivariable Cox regression analyses to assess the prognostic 
value of global and regional WMSI in predicting incident HF.   

HF P-value 

Hazard ratio, 95% CI 

Unadjusted   
WMSI (per 0.1-unit increase) (n = 3329) HR 1.64, 1.50–1.80 <0.001 
Anterior WM abnormalities (3371) HR 7.81, 4.48–13.63 <0.001 
Septal WM abnormalities (n = 3414) HR 6.63, 4.06–10.82 <0.001 
Lateral WM abnormalities (n = 3411) HR 5.92, 3.46–10.12 <0.001 
Inferior WM abnormalities (n = 3411) HR 9.29, 5.82–14.80 <0.001 
Posterior WM abnormalities (n = 3408) HR 8.19, 4.59–14.61 <0.001 
WM abnormalities in any LV wall (n = 3415) HR 5.36, 3.61–7.96 <0.001 

Model 1   
WMSI (per 0.1-unit increase) (n = 3192) HR 1.47 1.33–1.61 <0.001 
Anterior WM abnormalities (n = 3234) HR 7.15, 3.98–12.85 <0.001 
Septal WM abnormalities (n = 3277) HR 4.33, 2.56–7.32 <0.001 
Lateral WM abnormalities (n = 3274) HR 4.31, 2.40–7.75 <0.001 
Inferior WM abnormalities (n = 3274) HR 5.08, 3.09–8.37 <0.001 
Posterior WM abnormalities (n = 3271) HR 4.90, 2.66–9.04 <0.001 
WM abnormalities in any LV wall (n = 3278) HR 3.95, 2.61–5.97 <0.001 

Model 2   
WMSI (per 0.1-unit increase) (n = 2458) HR 1.38, 1.22–1.56 <0.001 
Anterior WM abnormalities (n = 2489) HR 5.02, 2.26–11.14 <0.001 
Septal WM abnormalities (n = 2518) HR 3.76, 1.98–7.15 <0.001 
Lateral WM abnormalities (n = 2515) HR 2.75, 1.24–6.08 0.013 
Inferior WM abnormalities (2514) HR 4.37, 2.36–8.08 <0.001 
Posterior WM abnormalities (n = 2512) HR 3.65, 1.66–7.99 0.001 
WM abnormalities in any LV wall (n = 2518) HR 3.63, 2.15–6.12 <0.001 

WMSI, wall motion score index; WM, wall motion. 
Model 1 is adjusted for age, sex, cholesterol, diabetes, smoking and systolic 
blood pressure. Model 2 is adjusted for the same variables as Model 1 with the 
addition of BMI, eGFR, atrial fibrillation, E/A ratio and LVEF at baseline. 
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4. Discussion 

Among participants from the general population in Denmark, base-
line regional and global WM abnormalities were more common in par-
ticipants who developed HF during follow-up compared to those 
without an event. The presence of WM abnormalities in any LV wall was 
associated with various risk factors for cardiovascular disease in this 
cohort, including older age, DM, higher BMI and lower LVEF. Moreover, 
participants with WM abnormalities in any regional LV wall at baseline 
were at higher risk of developing HF during follow-up independent of 
various baseline clinical data, E/A and LVEF. Similarly, increasing 
values of the global WMSI at baseline were associated with a higher risk 
of developing HF. 

In a population, such as the present, without previous ischemic heart 
disease, regions with WM abnormalities may represent areas with cur-
rent or previous clinically silent myocardial infarctions, hibernating 
myocardium or areas with chronic ischemia [15]. Prior studies have 
found that unrecognized infarctions are common [16–19] and associ-
ated with adverse outcomes including death [16,17] and HF [16]. 
However, the WM abnormalities could also be a result of sequelae from 
previous myocarditis or hidden cardiomyopathies as the WM abnor-
malities in this population were distributed across coronary territories 
(Supplemental Material, Fig. 2). The association between WM abnor-
malities in any LV wall and incident HF found in our study could 
therefore be a result of both previous myocarditis, hidden cardiomy-
opathies or unrecognized infarctions leading to decreased regional LV 
function and ultimately HF. 

In this analysis, we dichotomized the WMSI assessments and sub-
divided them in regional wall segments to evaluate the regional effect of 
hypo-, a-, or dyskinetic LV WM abnormalities on long-term HF devel-
opment. Interestingly, however, WM abnormalities in any of the 
regional walls (anterior, lateral, septal, inferior and posterior) were 
associated with incident HF in the multivariable models. Moreover, WM 
abnormalities in any LV wall combined and global WMSI were also 
associated with HF in the multivariable models, thereby highlighting the 
prognostic importance of WM abnormalities over the entire LV wall for 
the development of HF and not just one specific regional wall. WM ab-
normalities in any LV wall combined resulted in a high specificity (98%) 
and low sensitivity (9%) for the development of HF after 10 years. The 
proportion of participants with WM abnormalities in any LV wall at 
baseline that developed HF after 10 years was 22% (PPV) and the pro-
portion of participants without WM abnormalities in any LV wall that 
did not develop HF after 10 years was 95% (NPV). As the difference in 
event rates in patients with and without regional WM abnormalities 
developed early after enrollment, early intervention and referral for 
further check-up would be recommended in patients with asymptomatic 
WM abnormalities to reduce its adverse effects including the develop-
ment of HF. 

In our study, 2.4% of participants demonstrated hypo-, a-, or 
dyskinetic WM abnormalities in at least one regional LV wall at baseline. 
A prior population-based study, the second Strong Heart Study (SHS) 
[20], in 2864 adults found that 5% had segmental WM abnormalities at 
baseline, whereas in the Cardiovascular Health Study (CHS) [21] 1.9% 
of participants without clinical heart disease or hypertension had hypo- 
or akinetic wall segments. Overall, baseline segmental WM abnormal-
ities in our study were associated with various risk factors for cardio-
vascular disease, including the presence of diabetes, older age, higher 
BMI, higher systolic blood pressure and lower eGFR. In addition, 
segmental WM abnormalities were associated with lower LVEF and 
higher LVMI. The associations between WM abnormalities and the 
presence of diabetes, higher LVMI and higher age in our study were in 
accordance with the results of the SHS [20] (diabetes, LVMI) and CHS 
[21] (age). However, while the SHS [20] and CHS [21] also demon-
strated that WM abnormalities were more common in men and hyper-
tensive participants, we could not demonstrate these associations, 
although the proportion of male and hypertensive participants in the 

group with WM abnormalities was numerically higher. Despite the 
strong association between WM abnormalities and several clinical and 
echocardiographic risk factors for cardiovascular disease, WM abnor-
malities were still associated with incident HF during follow-up inde-
pendent of these baseline clinical variables, E/A ratio and LVEF. 

Our study only examined the association between WM abnormalities 
and the development of HF, whereas the SHS investigated the associa-
tion between segmental WM abnormalities and several cardiovascular 
events including myocardial infarction, stroke, coronary heart disease, 
cardiovascular death and HF [20]. In accordance with our findings, the 
SHS demonstrated that segmental WM abnormalities were associated 
with an increased risk of cardiovascular events (including HF) inde-
pendent of LVEF in a general population sample without clinically 
recognized cardiovascular disease [20]. In comparison to the SHS with 
8 years of follow-up [20], our study included a longer follow-up period 
(median of 15 years), thus showing a longer-term association between 
WM abnormalities and HF. As opposed to LVEF, a global measure of 
systolic function, WMSI assessments allow for regional evaluation and 
grading of LV systolic function. WMSI may thus reveal early changes in 
regional systolic function prior to changes in LVEF. Moreover, when 
only including participants with a normal LVEF (LVEF≥55%) in this 
cohort, global WMSI and WM abnormalities in any regional LV wall 
combined remained associated with incident HF during follow-up in-
dependent of baseline clinical data, E/A and LVEF. In daily clinical 
practice, LVEF is often determined by subjective visual inspection of LV 
systolic motion. Therefore, this inspection may naturally be extended to 
include WM scoring to obtain both regional and global WMSI 
assessments. 

4.1. Limitations 

The results of our study should be interpreted considering the limi-
tations. First, LVEF was not analyzed with the Simpson Bi-plane method, 
but instead calculated offline using the Teicholz formula. Second, our 
study population was predominantly Caucasian which may affect the 
generalizability of the results. Furthermore, only a small proportion of 
the participants had WM abnormalities at baseline (2.4%), potentially 
attenuating the associations between regional WM abnormalities and 
incident HF in this population. 

5. Conclusion 

Among participants from the general population in Denmark, 
regional and global WM abnormalities at baseline were more common in 
participants who developed HF during follow-up compared to partici-
pants without an event. Moreover, WM abnormalities in any regional LV 
wall and global WMSI were associated with a higher risk of developing 
HF during follow-up in this cohort independent of baseline clinical data, 
E/A and LVEF. 
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