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ABSTRACT
Objective: Mitral annular plane systolic excursion (MAPSE) is a simple way to assess left ventricle (LV) function. MAPSE is also correlated to 
parameters, illustrating the close relation between systolic and diastolic function of LV. In this study, we evaluated whether MAPSE could help 
us in the determination the LV diastolic dysfunction (DD) in obese adults.
Methods: Our study was a prospective cross-sectional study. Obese patients who were referred from the endocrinology clinic were enrolled 
into this study. The participants included 40 obese patients with early-stage DD (grade I and II) and 40 obese patients with normal diastolic 
function, with an equal number of males and females. The patients with DD were further divided into Obese DD+I, who had grade I DD, and 
Obese DD+II, who had grade II DD. Student t-test, Mann-Whitney U test, one-way analysis of variance, ROC curve analysis, and pairwise com-
parisons of the ROC curves were used for statistical analysis.
Results: MAPSE was different in all groups, with the lowest value in the Obese DD+II group (p<0.001). E/Em ratio was also different among all 
groups and was highest in the Obese DD+II group (p<0.001). Furthermore, MAPSE was negatively correlated with E/Em ratio (r=-0.368, p=0.020). 
The optimal threshold point of MAPSE in the diagnosis of left ventricle diastolic dysfunction (LVDD) was ≤1.45 cm, with 92.5% sensitivity (95% 
CI 79.6-98.4) and 77.5% specificity (95% CI 61.5-89.2) in the ROC curve analysis. There was no difference in the pairwise comparisons of the ROC 
curves of MAPSE and E/Em ratio in the diagnosis of DD [area under the ROC curve 0.902 (0.033) vs. 0.927 (0.027); p=0.54].
Conclusion: Consequently, we found significantly a close relationship between MAPSE with conventional echocardiographic parameters, 
especially with E/Em, in the detection of left ventricle diastolic dysfunction (LVDD) in obese adults with normal LV ejection fraction. We think 
that MAPSE is a simple, easily acquired and less time consuming measurement and may help us in the stratification of LVDD in obese adults. 
(Anatol J Cardiol 2015; 15: 558-64)
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Mitral annular plane systolic excursion in the assessment of left 
ventricular diastolic dysfunction in obese adults

Introduction

Obesity is a chronic disease resulting from the accumulation 
of body fat. It is one of the most important health problems in the 
world and is associated with a large spectrum of cardiovascular 
changes resulting from altered hemodynamics and inflammation 
(1, 2). Among these changes, left atrial (LA) enlargement and 
subclinical impairment of left ventricular (LV) function are pre-
cursors to more serious forms of cardiac dysfunction and heart 
failure (3). Moreover, the impact of obesity on LV structure 
results in systolic and diastolic dysfunction (DD) (4).

Tissue Doppler imaging (TDI) can be used to assess seg-
mental and global ventricular function (5). Systolic excursion 

of the mitral annulus, which has a complex shape and motion, 
has been correlated with LV longitudinal function. Mitral 
annular plane systolic excursion (MAPSE) was recently 
reported to be correlated with diastolic parameters, which 
provides information about the relationship between systolic 
and diastolic functions (6). Clinical studies have reported 
impaired LV longitudinal contraction and relaxation in coro-
nary artery disease, myocardial infarction, and hypertrophic 
cardiomyopathy (7).

However, to our knowledge, the usefulness of MAPSE in 
the assessment of the diastolic functions in obese adults has 
not been evaluated. In this study, we evaluated whether 
MAPSE could help us in the determination the left ventricular 
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diastolic functions in obese adults with normal ejection frac-
tion (EF).

Methods

Study design
This study was designed as a prospective cross-sectional 

study, which was performed in Adıyaman University Training and 
Research Hospital.

Obese patients who were referred from the endocrinology 
clinic at Adıyaman University Training and Research Hospital 
who provided informed consent were prospectively enrolled 
into this study. The participants included 40 obese patients 
[mean age 32.2±5.6 years; mean body mass index (BMI) 38.3±3.7 
kg/m2] with early-stage left ventricle diastolic dysfunction (LVDD) 
and 40 obese patients with normal diastolic function (Obese 
DD-) (mean age 31.5±3.8 years; mean BMI 37.8±3.6 kg/m2), with 
an equal number of males and females. To detect an effect size 
of 0.10 at an alpha error of 0.05 and statistical power of 0.80, 34 
participants was required for our study.

Patients and controls with a history or clinical evidence of LV 
wall motion abnormality, LVEF <55%, previous myocardial infarc-
tion, cardiomyopathy, diabetes mellitus, hypertension, valvular 
heart disease, myocarditis, thyroid dysfunction, anemia, chronic 
kidney disease, chronic obstructive pulmonary disease, sys-
temic inflammatory disease, and usage of medications known to 
affect echocardiographic parameters (angiotensin-converting 
enzyme inhibitors, angiotensin receptor blockers, β-blockers, 
calcium channel blockers, etc.) were excluded from this study. 
Thirteen patients were excluded from the study for having a bad 
acoustic window.

The study protocol was carried out according to the princi-
ples of the Declaration of Helsinki and approved by the İnönü 
University Faculty of Medicine Ethics Committee. Informed con-
sent was obtained from all the participants.

Study protocol
Patients with LVDD were further divided into a grade I LVDD 

group as Obese DD+I and a grade 2 LVDD group as Obese DD+II. 
LVDD was defined as the presence of septal Em <8 cm/s, lateral 
Em <10 cm/s, and LA volume ≥34 mL/m2, according to the guide-
lines of the European Association of Echocardiography/
American Society of Echocardiography for the evaluation of left 
ventricular diastolic function by echocardiography (8). Then, 
patients with the characteristics above were divided into two 
groups in this way: Grade I DD was defined as dT >200 ms, E/A 
ratio <0.8, and E/Em ratio ≤8, while grade II DD was defined as 
dT 160-200 ms, E/A ratio=0.8-1.5, and E/Em ratio 9-12. 

Using standard laboratory methods, blood samples were 
taken after an overnight 12-hour fast to determine levels of blood 
glucose, blood urea nitrogen, creatinine, total cholesterol, high-
density lipoprotein cholesterol, low-density lipoprotein choles-
terol, and triglyceride.

For all participants, echocardiographic examinations (HD 
11 XE, Philips Medical Systems, Bothell, WA) were performed 
by two experienced cardiologists who were blind to the clini-
cal details and results of other investigations of each group. 
During conventional Doppler echocardiography, images were 
obtained in standard tomographic views of the LV (parasternal 
long- and short-axis and apical four-chamber, two-chamber 
views). LV end-diastolic and -systolic diameters, interventricu-
lar and posterior wall thicknesses, and LA diameter were 
measured from 2-dimensional targeted M-mode echocardio-
graphic tracings in the parasternal long-axis, according to the 
criteria of the American Society of Echocardiography. LVEF 
was computed using a modified Simpson’s biplane method. 
Using pulsed-wave Doppler, mitral inflow velocities, such as 
peak early diastolic velocity (E), peak late diastolic velocity (A), 
and deceleration time (dT), were measured. LV myocardial 
velocities, such as systolic (Sm), early diastolic (Em), and late 
diastolic (Am) velocities; isovolumetric relaxation (IVRT) time; 
and isovolumetric contraction time (IVCT) were acquired from 
the septal and the lateral corners of the mitral annulus by TDI 
and then averaged. Three consecutive cycles were averaged 
for every parameter. 

MAPSE was measured using the apical four-chamber view 
focused on the LV. An M-mode vector was placed through the 
mitral annulus close to the lateral, septal, anterior, and inferior 
walls, respectively. The vector was adjusted to be as parallel to 
the walls as possible using anatomical M-mode where neces-
sary. MAPSE was measured in centimeters as previously 
described, shown in Figure 1 (9, 10). Values of the four walls 
were averaged. Resultant myocardial velocities were recorded, 
and at least five satisfactory cardiac cycles were obtained. The 
intraobserver variability of MAPSE was 3.7%, and the interob-
server variability was 4.2%.

Figure 1. An illustration of the measurement of mitral annular plane 
systolic excursion from a mitral lateral annulus
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Statistical analysis
Statistical analyses were performed using the SPSS pack-

age program, version 17.0 (SPSS Inc, Chicago, IL, USA). All con-
tinuous variables were expressed as mean±SD, and categorical 
variables were expressed as numbers and percentages. 
Kolmogorov-Smirnov test was used to determine the distribution 
of data. Continuous variables were compared between the two 
groups using student’s t-test or Mann-Whitney U test. One-way 
analysis of variance (ANOVA) or Kruskal-Wallis test, followed by 
Bonferroni posttest, was used to compare the three groups. 
Correlations were examined using Pearson correlation analysis. 
In order to predict the cut-off value of MAPSE for the diagnosis, 
LVDD in obese adults was analyzed using the receiver operating 
characteristics (ROC) curve analysis with Medcalc software 
(version 12.7.8, Mariakerke, Belgium). The ROC curve was also 
used to demonstrate the sensitivity and specificity of MAPSE 
and its cut-off value for predicting the DD. The area under curve 
(AUC) comparison of these scoring systems was performed 
using the Delong method (11). To compare the diagnostic perfor-
mance of the MAPSE and E/Em ratio for LVDD in obese patients, 
pairwise comparisons of the ROC curves were performed. A p 
value less than 0.05 was considered to be significant.

 Obese DD - Obese DD + 
 (n=40) (n=40) P*

Age, years 31.5±3.8 32.2±5.6 0.502

BMI, kg/m2 37.8±3.6 38.3±3.7 0.578

BSA, m2 1.84±0.22 1.82±0.25 0.443|

SBP, mm Hg 117.2±7.1 115.1±8.6 0.233

DBP, mm Hg 75.5±4.6 73.8±7.2 0.231

Heart rate, beat/min 71.2±5.7 69.6±3.3 0.125

Fasting glucose, mg/dL 87.8±7.3 85.7±7.9 0.237

BUN, mg/dL 21.3±3.2 22.5±7.4 0.338

Creatinine, mg/dL 0.73±0.10 0.69±0.11 0.197

Total cholesterol, mg/dL 177.9±29.6 178.2±22.3 0.970

HDL, mg/dL 33.8±8.0 34.9±9.9 0.603

LDL, mg/dL 112.4±25.3 120.7±23.2 0.129

Triglyceride, mg/dL 124.8±28.1 132.4±29.9 0.244
BMI - body mass index; BSA - body surface area; BUN - blood urea nitrogen; DBP - 
diastolic blood pressure; HDL - high-density lipoprotein; LDL - low-density lipoprotein; 
NS - not significant; SBP - systolic blood pressure 
Values in mean±standard error. *Student’s t-test, Mann-Whitney U test

Table 1. Baseline characteristics of the patients and control group

 Obese DD - Obese DD+I Obese DD+II 
 (n=40) (n=20) (n=20) P 1 P 2 P 3

LV EF, %  62.4±2.9 61.6±2.3 62.6±3.4 0.987 0.998 0.827

LVEDD, mm  44.4±2.7 45.9±3.0 44.8±3.0 0.214 0.995 0.214

LVESD, mm  31.4±2.3 32.4±2.6 31.7±3.2 0.594 0.991 0.990

IVST, mm  10.8±0.8 11.2±0.8 10.9±1.2 0.337 0.966 0.952

PWT, mm  10.7±0.9 10.5±0.9 10.4±1.1 0.955 0.945 0.978

LAD, mm  32.4±3.1 35.9±3.0 36.6±2.2 <0.001 <0.001 0.955

LA volume, mm3 27.5±3.2 40.1±3.8 42.2±3.2 <0.001 <0.001 0.157

E, cm/s  73.3±12.5 55.5±4.4 74.1±7.2 <0.001 0.922 <0.001

A, cm/s  51.1±8.5 82.3±7.1 67.6±10.9 <0.001 <0.001 <0.001

dT, ms  182.3±15.1 219.8±12.9 178.8±8.0 <0.001 0.978 <0.001

Em, cm/s  12.2±1.2 7.3±0.3 7.1±0.4 <0.001 <0.001 0.912

Am, cm/s  8.6±2.2 8.9±1.9 8.8±1.4 0.922 0.857 0.869

Sm, cm/s  8.4±2.1 7.2±1.2 6.4±1.1 0.040 <0.001 0.410

IVRT, ms  107.2±5.0 88.3±5.9 81.7±3.4 <0.001 <0.001 <0.001

IVCT, ms  42.7±8.0 40.5±7.9 44.3±9.5 0.992 0.914 0.469

E/A 1.44±0.19 0.68±0.08 1.12±0.35 <0.001 <0.001 <0.001

E/Em 6.08±1.28 7.64±0.60 10.39±0.85 <0.001 <0.001 <0.001

MAPSE, cm 1.58±0.16 1.38±0.11 1.18±0.16 <0.001 <0.001 <0.001
A - mitral late diastolic velocity; Am - LV myocardial late diastolic velocity; dT - mitral E-wave deceleration time; E - mitral early diastolic velocity; Em - LV myocardial early diastolic 
velocity; IVCT - isovolumetric contraction time; IVRT - isovolumetric relaxation time; LV - left ventricular; LVEDD - LV end-diastolic dimension; LVESD - LV end-systolic dimension; 
PW - posterior wall; Sm - LV systolic myocardial velocity 
Values in mean±standard error. * One-way analysis of variance test 
P value 1: Obese DD (–) vs. Obese DD (+I), 
P value 2: Obese DD (–) vs. Obese DD (+II), 
P value 3: Obese DD (+I) vs. Obese DD (+II).

Table 2. Echocardiographic and diastolic parameters of the study population
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Results

Baseline characteristics of the patient and control groups 
are presented in Table 1.

The echocardiographic and diastolic parameters of the study 
population are presented in Table 2. LV ejection fraction, LV end-
diastolic and end-systolic diameters, interventricular septum, 
and LV posterior thickness were similar among all groups. LA 

volume and diameters were significantly higher in the Obese 
DD+ groups than in the Obese DD- group (p<0.001 for both) but 
were similar in the Obese DD+I and Obese DD+II groups. 

Mitral E velocity was significantly lower in the Obese DD+I 
group than in the others (p<0.001). Mitral A velocity was signifi-
cantly lower in the Obese DD- group than in the others (p<0.001). 
dT was higher in the Obese DD+I group than in the others 
(p<0.001) but was similar in the Obese DD- and Obese DD+II 
groups (p=0.586). 

Em velocity was higher in the Obese DD- group (p<0.001) 
but was similar in the Obese DD+I and DD+II groups (p=0.897). 
Sm velocity was significantly different among all groups 
(p<0.001) and was lowest in the Obese DD+II group. IVRT was 
lower in the Obese DD+ group than in the Obese DD- group 
(p<0.001). Am velocity and IVCT were similar among all groups. 
The E/A ratio was different in all groups, with the lowest value 
in the Obese DD+I group (p<0.001). The E/Em ratio was also 
different among all groups and was highest in the Obese DD+II 
group (p<0.001). 

MAPSE was different in all groups, with the lowest value in 
the Obese DD+II group (p<0.001). Furthermore, MAPSE was 
positively correlated with IVRT, A, dT, and Em and Sm velocity 
and negatively correlated with LA dimension, LA volume, E 
velocity, and E/A and E/Em ratios in the Obese DD+ group 
(Table 3).

The ROC curve analysis to identify the optimal threshold 
point of MAPSE to detect LVDD in obese adults is shown in 
Figure 2. The cut-off value of MAPSE to detect LVDD was 1.45 
cm, with a sensitivity of 92.5% and a specificity of 77.5% (AUC: 
0.902, 95% CI: 0.814-0.957, p<0.001). We compared the differ-
ences in AUC of the MAPSE and E/Em ratio using the Delong 
method (11). The AUC comparisons of these values were per-
formed based on the diagnosis of LVDD. Accordingly, there was 

Parameters r P*

LA diameter -0.149 0.360

LA volume -0.294 0.066

E -0.322 0.043

A 0.646 <0.001

dT 0.442 0.004

Em 0.156 0.336

S 0.658 <0.001

IVRT 0.482 0.002

E/A -0.621 <0.001

E/Em -0.368 0.020
A - mitral late diastolic velocity; dT - mitral E-wave deceleration time; E - mitral early 
diastolic velocity; Em - LV myocardial early diastolic velocity; IVRT - isovolumetric 
relaxation time; LA - left atrium; Sm - LV systolic myocardial velocity 
*Pearson correlation test

Table 3. Correlation of MAPSE with left ventricle echocardiographic 
parameters in obese patients with diastolic dysfunction

Figure 2. ROC curve analysis used to identify the optimal threshold 
point of MAPSE in the detection of LVDD in obese patients. The area 
under the ROC curve was 0.902, and the standard error was 0.033. The 
optimal threshold point of mitral annular motion was ≤1.45 cm, with 
92.5% sensitivity (95% CI 79.6-98.4) and 77.5% specificity (95% CI 61.5-
89.2)
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Figure 3. The pairwise comparisons of the ROC curves of MAPSE and 
the E/Em ratio in the diagnosis of DD [AUC 0.902 (0.033) vs. 0.927 (0.027); 
P=0.54]
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no significant difference in the pairwise comparisons of the ROC 
curves of the MAPSE and E/Em ratio in the diagnosis of LVDD 
[area under the ROC curve 0.902 (0.033) vs. 0.927 (0.027); p=0.54] 
(Fig. 3).

Discussion

Our study is the first prospective study indicating that the 
MAPSE may be an easy and reliable parameter in the definition 
of LVDD in obese adults. In the current study, MAPSE was found 
to be different in all groups, with the lowest value in the Obese 
DD+II group. MAPSE was also positively correlated with IVRT, A, 
dT, and Em and Sm velocity and negatively correlated with LA 
dimension, LA volume, E velocity, and E/A and E/Em ratios in the 
Obese DD+group. Moreover, there was no significant difference 
in the pairwise comparisons of the ROC curves of the MAPSE 
and E/Em ratio in the diagnosis of the LVDD.

Cardiac disorders impair both longitudinal and radial con-
tractile functions. However, it has been suggested that long-
axis myocardial function is impaired first in some pathologic 
situations (12, 13). MAPSE, which reduces, even when LVEF 
remains normal, is a simple way to assess LV longitudinal 
function. Therefore, analysis of longitudinal myocardial func-
tion could help in the diagnosis of subclinical LV systolic dys-
function. MAPSE can also be used to assess both LV systolic 
and diastolic functions and to indicate left atrial function (14, 
15). Matos et al. (10) reported that the average systolic excur-
sion of the mitral annulus correlated excellently with LVEF. 
Previous studies also stated that chronic heart failure patients 
showed a significant reduction of MAPSE, and there was a 
good correlation between MAPSE and EF (16). Moreover, 
MAPSE significantly correlated with Doppler variables of LV 
diastolic filling, indicating that a reduction in MAPSE may be 
a result of impaired LV filling and/or systolic dysfunction (17). 
Brienza et al. (18) suggested that although global systolic 
function was comparable between obese children and con-
trols, global longitudinal function was significantly reduced in 
obese subjects. In our study, we also found lower Sm values 
in obese DD+ adults, and MAPSE was positively correlated 
with Sm velocity. Although MAPSE may be a useful tool for 
assessing LV longitudinal functions of obese patients, our 
data can not support this statement by showing only a corre-
lation in the MAPSE and Sm velocity. To clarify this issue, 
further studies using strain imaging or 3-dimentional echocar-
diographic imaging are needed.

LVDD is common in the obese population and is associated 
with an adverse cardiovascular prognosis, related to changes 
in cardiac structure and function associated with hemody-
namic volume overload (19, 20). Powell et al. (21) associated 
obesity with impaired LV relaxation and elevated LV diastolic 
filling pressures. Obesity may also change diastolic filling 
parameters due to altered load conditions (22). Atrial enlarge-
ment in obese subjects has been further related to expanded 

intravascular volume and altered LV filling properties (23). 
Since the MAPSE is a measurement that estimates LV systolic 
and diastolic functions, the pathological value of MAPSE can 
be associated to the presence of LVDD (24). In our study, in line 
with previous studies (24), MAPSE was found to be signifi-
cantly lower in Obese DD+ patients with preserved systolic 
function, and the lowest value was observed in the Obese 
DD+II group. In concordance with our results, MAPSE has 
been shown to be correlated with diastolic parameters, which 
illustrates the close relationship between systolic and dia-
stolic function, such as the E/Em ratio (8, 25). In our study, as 
expected, we found that diastolic parameters were signifi-
cantly more impaired and that values indicating diastolic filling 
pressure, such as Em velocity and the E/Em ratio, were further 
increased in the Obese DD+II group. Moreover, MAPSE was 
negatively correlated with E/Em ratio. When we evaluated the 
pairwise comparisons of the ROC curves of MAPSE and the E/
Em ratio, no significant difference was found. Based on these 
findings, MAPSE is demonstrated to be particularly correlated 
with the E/Em ratio in the diagnosis of LVDD in obese adults. In 
addition, obstructive sleep apnea syndrome (OSAS) is very 
common and is one of the major causes of LVDD in obese 
patients (26, 27). Although the study population was ques-
tioned on whether they had OSAS in the anamnesis, no spe-
cific test for the diagnosis of OSAS had been performed. So, 
more detailed and large-scale studies are needed to deter-
mine the effect of OSAS on MAPSE. Since poor echocardio-
graphic imaging qualities, especially in obese patients, are 
often, we think that it is important to use MAPSE to rapidly and 
accurately achieve a diagnosis of LVDD in clinical practice. In 
spite of the routine use of newer echocardiographic technolo-
gies, we consider that MAPSE is still helpful in evaluating 
LVDD during daily routine echocardiography.

Study limitations

This study is limited by the use of a small patient population 
and cross-sectional design, which did not allow us to prospec-
tively follow up on patients. Also, that significant differences 
could not be found in certain parameters between the two LVDD 
groups may be due to the insufficient number of the patients. 
Therefore, the power of MAPSE may have been poorer in the 
discrimination of the severity of LVDD. The other limitation is that 
the duration of obesity in our study population was unknown, 
and it is unclear whether the disease period affects MAPSE. 
Thus, a lengthier follow-up study is needed. The lack of invasive 
assessment of LV diastolic filling pressure is also a limitation. 
Our study also has a very refined group as young and normoten-
sive and without metabolic syndrome, in light of the biochemical 
data. Because the vast majority of obese patients has many of 
the criteria mentioned and has therefore been using drugs in 
daily practice, we can not generalize our results to the general 
population.
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Conclusion

In our study, we found a significantly close relationship 
between the MAPSE with conventional echocardiographic 
parameters, especially with E/Em, in the detection of LVDD in 
obese adults with normal LVEF. In the pairwise ROC comparison 
analysis, no statistically significant difference was found 
between MAPSE and the E/Em ratio for detection of LVDD. As a 
result, we think that MAPSE is a simple, easily acquired, and 
less time-consuming parameter, especially useful in patients 
with poor imaging qualities, and helps us in the stratification of 
LVDD in obese adults.
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