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Abstract
Obesity is a risk factor for heart failure with preserved ejection fraction (HFpEF). We hypothesized that assessment of left 
atrial (LA) strain may be useful to reveal precursors of HFpEF in obesity patients. Echocardiograms of obesity patients 
without known cardiovascular disease who underwent bariatric surgery, and echocardiograms of age- and gender matched 
controls were analyzed. The echocardiogram was repeated 1 year after bariatric surgery. LA reservoir strain (LASr), LA 
conduit strain (LAScd), and LA contractile strain (LASct) were measured. 77 Obesity patients were compared with 46 
non-obese controls. Obesity patients showed a significantly decreased LA function compared with non-obese individuals 
(LASr 32.2% ± 8.8% vs. 39.6% ± 10.8%, p < 0.001; LAScd 20.1% ± 7.5% vs. 24.9% ± 8.3%, p = 0.001; LASct 12.1% ± 3.6% 
vs. 14.5% ± 5.5%, p = 0.005). There was no difference in prevalence of diastolic dysfunction between the obesity group 
and controls (9.1% vs. 2.2%, p = 0.139). One year after bariatric surgery, LASr improved (32.1% ± 8.9% vs. 34.2% ± 8.7%, 
p = 0.048). In the multivariable linear regression analysis, BMI was associated with LASr, LAScd, and LASct (β =  − 0.34, 
CI − 0.54 to − 0.13; β =  − 0.22, CI − 0.38 to − 0.06; β =  − 0.10, CI − 0.20 to − 0.004). Obesity patients without known car-
diovascular disease have impairment in all phases of LA function. LA dysfunction in obesity may be an early sign of cardiac 
disease and may be a predictor for developing HFpEF. LASr improved 1 year after bariatric surgery, indicating potential 
reversibility of LA function in obesity.
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Introduction

Obesity affects around 650 million adults worldwide and the 
prevalence is increasing [1]. Obesity is a major risk factor 
for heart failure with preserved ejection fraction (HFpEF) 
[2, 3]. A one-unit increase in body mass index (BMI) is 
associated with a 34% increased risk of future HFpEF, and 
more than 80% of HFpEF patients are either overweight or 

obese [4, 5]. In the recent years, left atrial (LA) dysfunction 
has been increasingly recognized as an important parameter 
in HFpEF [6, 7]. Obesity causes LA dysfunction due to sys-
temic inflammation, expansion of epicardial adipose tissue, 
and chronic volume overload, all factors that can favor the 
development of diastolic dysfunction and HFpEF [8–10].

Traditionally, the LA is evaluated by using LA volume 
indexed (LAVI) to body surface area (BSA), which is widely 
used and recommended in guidelines as a criterion for dias-
tolic function and HFpEF [11]. However, LAVI in obesity 
is unsuitable as indexing to BSA overcorrects LA volume 
and thus does not reflect a proper evaluation of the LA [12]. 
Recent studies have shown that LA strain provides supe-
rior information over the use of LAVI and left ventricular 
global longitudinal strain (LV GLS), and has better correla-
tion with invasive filling pressures than LAVI [13–17]. Fur-
thermore, LA strain independently predicts incident HFpEF 
and appears to be altered before traditional parameters of 
HFpEF can be detected [18–21]. Considering the limited 
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value of LAVI in obesity, we hypothesized that LA strain 
may be especially useful in these patients. Additionally, 
symptoms such as dyspnea and edema, findings at physical 
examination, and brain natriuretic peptides (BNP) might be 
less specific and/or sensitive for heart failure in patients with 
obesity [10, 22], another argument stressing the need for 
improvement of objective parameters of HFpEF in obesity.

The aim of our study was to (1) determine whether LA 
function measured by LA strain in in obesity patients with-
out known cardiovascular disease differs from non-obese 
individuals and (2) to determine whether LA function 
improves 1 year after bariatric surgery in obesity patients.

Methods

For this study, the CARDIOBESE (The CARdiac Dysfunc-
tion In Obesity: Early Signs Evaluation) database was used. 
The protocol of the CARDIOBESE study has been described 
before [23]. Briefly, the CARDIOBESE study recruited a 
cohort of 100 patients with obesity aged 35 to 65 years, with 
a BMI ≥ 35 kg/m2 who were referred for bariatric surgery at 
The Franciscus Gasthuis and Vlietland and Maasstad Hos-
pital, both in Rotterdam, the Netherlands. Patients with a 
suspicion of or known cardiovascular disease were excluded. 
Fifty age- and gender-matched non-obese (BMI ≤ 30 kg/m2) 
controls without a suspicion of or known cardiovascular dis-
ease were enrolled. The study protocol was approved by the 
ethics committee and participants provided written informed 
consent.

Echocardiography and strain analyses

Conventional and speckle tracking echocardiography was 
performed on all participants at baseline. In the obesity 
group echocardiography was repeated 1 year after bariat-
ric surgery. Two-dimensional greyscale harmonic images 
were obtained in the left lateral decubitus position using a 
commercially available ultrasound system (EPIQ 7, Philips, 
The Netherlands), equipped with a broadband (1–5 MHz) 
X5-1 transducer. All acquisitions and measurements were 
performed according to the current guidelines [24, 25]. LA 
strain was measured with speckle tracking and analyzed 
offline with dedicated software (TomTec-Arena, integrated 
in Sectra IDS7). LA strain measurements were performed 
by a single observer (D.K.) who was blinded to clinical 
data. The apical 4-chamber view was used preferably for 
the analysis. LA endocardial borders were automatically 
traced using end-diastole as reference. When tracking was 
suboptimal, fine-tuning was performed manually. If the 
4-chamber view was of poor image quality, the 2-chamber 
view was used. Patients with images of insufficient quality to 
perform LA strain analysis were excluded. LA function was 

described according to the three phases of the LA cycle: LA 
reservoir strain (LASr) which starts at the end of ventricu-
lar diastole (mitral valve closure) and continues until mitral 
valve opening, LA conduit strain (LAScd) which occurs 
from the time of mitral valve opening through diastasis 
until the onset of LA contraction, and LA contractile strain 
(LASct) which occurs from the onset of LA contraction until 
the end of ventricular diastole (mitral valve closure). LASr, 
LAScd, and LASct were computed in all participants. All 
strain values are reported as absolute values for improved 
readability and data interpretation [26]. An example of LAS 
measurement in a patient without obesity and with obesity 
is shown in Fig. 1.

Statistical analysis

Normally distributed data are presented as means and stand-
ard deviation, skewed data as medians and inter‐quartile 
range, and categorical variables as percentages and frequen-
cies. Continuous variables were compared between obesity 
patients and controls using the independent Student T-test 
in case of normally distributed data and the Mann–Whitney 
U test for non-normally distributed data. For the comparison 
before and 1 year after bariatric surgery, the dependent T-test 
was used for normally distributed data and the Wilcoxon 
signed rank for non-normally distributed data. Categorical 
data was analyzed with the Chi-square test and the McNe-
mar’s test for respectively normally and non-normally dis-
tributed data. To determine whether BMI was associated 
with LASr, LAScd, and LASct, independent of potential 
confounders, univariable and multivariable linear regres-
sion analysis were performed. Variables were included in the 
model at a statistical level p-value of < 0.05 and performed 
using the enter method in linear regression. In the multi-
variable model we included age, gender, diabetes mellitus, 
hypertension, obstructive sleep apnea syndrome (OSAS), 
because of the potential clinical relation with the outcome 
variable. For the linear regression we report coefficients, 
95% confidence intervals (CI) and p-values. Analyses were 
performed using SPSS Statistical Package version 28.0.

Results

A total of 100 patients with obesity and 50 controls were 
included in the CARDIOBESE study. Out of these, 77 
patients with obesity and 46 controls had sufficient image 
quality to quantify LA strain and were thus included in the 
analysis. Of the patients with obesity, 72 underwent bariatric 
surgery, of whom 59 patients were included in the analysis. 
The remaining patients were excluded because of insufficient 
image quality to measure LA strain. Clinical characteristics 
of the study population are shown in Table 1.
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Comparison between non‑obese controls and obese 
patients

As presented in Table  1, patients with obesity showed 
several differences compared to non-obese controls. 

Obesity patients had a higher systolic blood pressure 
(141.2 mmHg ± 20.5 mmHg vs. 126.7 mmHg ± 10.4 mmHg, 
p < 0.001), and comorbidities, such as diabetes mellitus, 
hypertension, and OSAS were more frequently present in 
the obesity group (22.1% vs. 0%, p < 0.001; 29.9% vs. 6.5%, 

Fig. 1  A Example of LA strain curve in a patient with obesity. B Example of LA strain curve in a control subject obesity. LASr left atrial reser-
voir strain, LAScd left atrial conduit strain, LASct left atrial contractile strain

Table 1  Clinical characteristics of the study population

Normally distributed data are presented as mean ± s.d., non-normally distributed data are presented as median (25th interquartile–75th interquar-
tile), categorical data are presented as n (%)
BMI body mass index, BP blood pressure, OSAS obstructive sleep apnea syndrome, RAS renin–angiotensin-system

Comparison between controls and obesity patients Comparison between patients with obesity before and 
1 year after bariatric surgery

Controls (N = 46) Obesity patients (N = 77) p-value Baseline (N = 59) One-year after 
bariatric surgery 
(N = 59)

p-value

Age (years) 49.5 ± 9.4 48.1 ± 7.1 0.379 48.1 ± 7.2 – –
Female [n (%)] 33 (71.7) 59 (76.6) 0.550 46 (78.0) – –
BMI (kg/m2) 25.1 (22.0–27.5) 42.5 (41.6–43.4)  < 0.001 41.2 (39.5–46.1) 28.4 (24.7–31.2)  < 0.001
Systolic BP (mmHg) 126.7 ± 10.4 141.2 ± 20.5  < 0.001 140.0 (129.0–157.0) 129.5 (116.5–143.3) 0.004
Diastolic BP (mmHg) 76.0 ± 8.6 79.6 ± 10.9 0.067 79.0 (73.0–88.0) 80.0 (74.0–86.0) 0.248
Diabetes mellitus [n (%)] 0 17 (22.1)  < 0.001 13 (22.0) 5 (8.5) 0.008
Hypertension [n (%)] 3 (6.5) 23 (29.9)  < 0.001 18 (30.5) 9 (15.3) 0.064
Hypercholesterolaemia [n (%)] 5 (10.9) 16 (20.8) 0.134 12 (20.3) 6 (10.2) 0.146
OSAS [n (%)] 1 (2.2) 9 (11.7) 0.028 6 (10.2) 2 (3.4) 0.031
Beta-blockers [n (%)] 0 6 (7.8) 0.013 4 (6.8) 3 (5.1) 1.000
RAS-inhibitor [n (%)] 2 (4.3) 18 (23.4) 0.001 13 (22.0) 5 (8.5) 0.021
Statins [n (%)] 3 (6.5) 16 (20.8) 0.018 14 (23.7) 7 (11.9) 0.039
Diuretics [n (%)] 1 (2.2) 14 (18.2) 0.002 11 (18.6) 5 (8.5) 0.070
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p < 0.001; 11.7% vs. 2.2%, p = 0.028 respectively). Obesity 
patients more often used beta-blockers, RAS-inhibitors, 
statins and diuretics.

Differences in echocardiographic parameters are shown 
in Table 2. There was no difference in LAVI between the 
two groups (26.1 ml/m2 ± 6.1 ml/m2 vs. 25.8 ml/m2 ± 6.7 ml/
m2, p = 0.809). As for parameters of LV diastolic function, 
obese patients had lower E/A ratio (1.0 ± 0.25 vs. 1.2 ± 0.3, 
p < 0.001) and lower lateral e′ velocity (11.0 cm/s ± 3.2 cm/s 
vs. 13.4 cm/s ± 6.5 cm/s, p = 0.007). There was no significant 
difference in the prevalence of diastolic dysfunction (2.2% 
vs. 9.1%, p = 0.087).

Comparison between obese patients at baseline 
and 1 year after bariatric surgery

Table 1 shows the differences in clinical characteristics for 
patients with obesity from baseline to 1 year after bariatric 
surgery. Gastric bypass was the most common type of bariat-
ric surgery in this group (54.2%), followed by gastric sleeve 
(35.6%) and mini bypass surgery (10.2%). There was a sig-
nificant reduction in BMI [41.2 kg/m2 (39.5–46.1 kg/m2) 
vs. 28.4 kg/m2 (24.7–31.2 kg/m2), p < 0.001] and improve-
ment of systolic blood pressure 1 year after bariatric sur-
gery [140.0 mmHg (129.0–157.0 mmHg) vs. 129.5 mmHg 
(116.5–143.3 mmHg), p = 0.004]. Furthermore, the rates of 

diabetes mellitus and OSAS improved significantly (22.0% 
vs. 8.5%, p = 0.008; 10.2% vs. 3.4%, p = 0.031). Also, there 
was less use of RAS-inhibitors and statins after bariat-
ric surgery (22.0% vs. 8.5%, p = 0.021; 23.7% vs. 11.9%, 
p = 0.039).

As for echocardiographic parameters (Table 2), E/A ratio 
and lateral e′ velocity both showed a significant change [1.0 
(0.9–1.1) vs. 1.1 (0.9–1.2), p = 0.047; 11.0 cm/s ± 3.4 cm/s 
vs. 12.1 cm/s ± 3.2 cm/s, p = 0.003]. Remarkably, LAVI 
increased 1 year after bariatric surgery (25.1 ml/m2 ± 6.5 ml/
m2 vs. 28.5 ml/m2 ± 7.3 ml/m2, p < 0.001). There was no dif-
ference in prevalence of diastolic function (10.2% vs. 6.8%, 
p = 0.727).

LA function in obesity

Differences in LA function measured by LA strain are shown 
in Fig. 2. Obesity patients had significantly reduced LA 
strain in all phases of the LA cycle compared with non-obese 
controls (LASr 32.2% vs. 39.6%, p < 0.001; LAScd 20.1% 
vs. 24.9%, p < 0.001; LASct 12.1% vs. 14.5%. p = 0.005).

In the obese bariatric surgery group, LASr improved sig-
nificantly 1 year after bariatric surgery (32.1% vs. 34.2%, 
p = 0.048, Fig. 2). LAScd and LASct showed a tendency 
towards improvement after bariatric surgery, but did not 
reach statistical significance. Figure 3 shows the changes in 

Table 2  Echocardiographic parameters of the study population

Normally distributed data are presented as mean ± s.d., non-normally distributed data are presented as median (25th interquartile–75th interquar-
tile), categorical data are presented as n (%)
LVM left ventricular mass, LVEDD left ventricular end-diastolic diameter, TR tricuspid regurgitation, LA left atrial, LV left ventricular, GLS 
global longitudinal strain

Comparison between controls and patients with 
obesity

Comparison between patients with obesity before and 
1 year after bariatric surgery

Controls (N = 46) Patients with 
obesity (N = 77)

p-value Baseline (N = 59) One-year after bariatric 
surgery (N = 59)

p-value

LVM (g) 146.1 ± 40.9 190.0 ± 69.8  < 0.001 184.3 ± 74.4 156.8 ± 66.3 0.004
LVM index (g/m2) 74.3 ± 18.9 77.3 ± 24.5 0.470 75.1 ± 25.8 77.8 ± 24.7 0.41
LVEDD (mm) 44.9 ± 5.1 49.7 ± 6.0  < 0.001 49.3 ± 6.4 48.5 ± 5.4 0.33
E/A ratio 1.2 ± 0.3 1.0 ± 0.3  < 0.001 1.0 (0.9–1.1) 1.1 (0.9–1.2) 0.047
Lateral e′ velocity (cm/s) 13.4 ± 6.5 11.0 ± 3.2 0.007 11.0 ± 3.4 12.1 ± 3.2 0.003
E/e′ ratio 8.6 ± 2.1 9.1 ± 2.3 0.278 9.1 ± 2.4 8.7 ± 2.3 0.27
Deceleration time (s) 0.2 ± 0.03 0.18 ± 0.04 0.578 0.19 ± 0.04 0.19 ± 0.05 0.87
TR velocity (cm/s) 137.8 ± 69.8 123.7 ± 54.5 0.255 105.9 (89.6–140.5) 194.8 (108.3 ± 223.6)  < 0.001
LA volume index (ml/m2) 26.1 ± 6.1 25.8 ± 6.7 0.809 25.1 ± 6.5 28.5 ± 7.3 0.001
LV ejection fraction (%) 65.3 ± 5.5 57.1 ± 6.7  < 0.001 55.8 ± 6.5 57.3 ± 7.0 0.21
GLS (%)  − 20.1 ± 1.5  − 16.7 ± 2.8  < 0.001  − 16.6 ± 2.7  − 18.2 ± 3.1 0.003
Diastolic function [n (%)]
 Normal 45 (97.8) 70 (90.9) 0.139 53 (89.8) 55 (93.2) 0.73
 Indeterminate 0 (0) 0 (0) 0 (0) 0 (0)
 Dysfunction 1 (2.2) 7 (9.1) 6 (10.2) 4 (6.8)
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Fig. 2  Left atrial stain in patients with obesity before and after bariatric surgery, and in non-obese controls

Fig. 3  LASr, LAScd, and 
LASct at individual level for the 
obesity bariatric surgery group 
at baseline and 1 year follow-up
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LASr, LAScd, and LASct at individual level for the obese 
bariatric surgery group.

Relation between BMI and LA function

Results of the linear regression are presented in Table 3. 
In simple linear regression, BMI was significantly asso-
ciated with a LASr, LAScd, and LASct (β − 0.39, 95% 
CI − 0.57; − 0.20, p < 0.001; β − 0.25, 95% CI − 0.40; − 0.10, 
p = 0.001; β − 0.12, 95% CI − 0.21; − 0.04, p = 0.005). 
In a multivariable model, including age, gender, BMI, 
diabetes mellitus, OSAS, hypertension, beta-blocker 
use, RAS-inhibitor use, diuretics use, and statin use, an 
increase in BMI remained significantly associated with a 
decrease in all three components of LA function (LASr 
β − 0.34, 95% CI − 0.54; − 0.13, p = 0.002; LAScd β − 0.22, 
95% CI − 0.38; − 0.06, p = 0.008; LASct β − 0.10, 95% 
CI − 0.20; − 0.004, p = 0.041).

Discussion

In the present study we have demonstrated that obesity 
patients without known cardiovascular disease have sig-
nificantly decreased LA function in all three LA functional 
components compared to non-obese controls. There was no 
difference in prevalence of diastolic dysfunction as assessed 
by the current guidelines, suggesting that LA dysfunction 
occurs before diastolic dysfunction may be recognized by 
conventional parameters in obesity patients. An increase 
in BMI was significantly associated with a decrease in all 
three components of LA function, confirming that obesity 
plays an important role in LA dysfunction. LA dysfunction 
measured with LA strain could be an important parameter 
of diastolic dysfunction and predictor of HFpEF in obesity. 
In addition, LASr improved 1 year after bariatric surgery, 
reflecting positive effects of weight reduction and associated 
metabolic improvements.

Identifying diastolic dysfunction and HFpEF 
in obesity

Obese individuals without known cardiovascular disease 
often have signs of subclinical cardiac dysfunction [27, 28] 
and are at greater risk for developing HFpEF [2, 3, 29]. Obe-
sity causes hemodynamic changes, inflammation, and expan-
sion of epicardial adipose tissue that lead to LA myopathy 
and LA dysfunction which can form a substrate for HFpEF 
[8, 30, 31]. LA dysfunction measured by strain could be an 
early marker of subclinical dysfunction and predictor for 
HFpEF in patients with obesity, but current guidelines do 
not recommend the use of LA strain in diagnosing HFpEF 
[11]. In obesity, identifying and recognizing HFpEF is par-
ticularly challenging, as signs and symptoms of HFpEF are 
often attributed to the extra weight and/or other comorbidi-
ties that are common in obesity [10]. Moreover, the use of 
BNP in obesity as diagnostic and prognostic biomarker is 
hampered, due to the inverse relationship between BMI and 
BNP [22]. All of this underlines the potential added value 
of LA strain in obesity.

The use of LAVI as a criterion for diastolic dysfunction 
and HFpEF in obesity is unsuitable because of the use of 
BSA as indexation. BSA is disproportionally driven by an 
increase in fat mass and the use of BSA leads to an overcor-
rection in obesity [12]. The results of our study are con-
sistent with this notion as is reflected by the observation 
that LAVI paradoxically increased after bariatric surgery. 
Furthermore, our results demonstrate that LA impairment is 
apparent in obesity and that this subclinical cardiac dysfunc-
tion would have remained largely unidentified with assess-
ment of diastolic function according to the current guide-
lines, as is shown by the comparable proportion of obese 
and non-obese individuals with diastolic dysfunction. In 
addition, we found a significant improvement of LASr after 
bariatric surgery, while other diastolic function parameters 
showed a trend towards improvement, but did not all reach 
statistical significance. An explanation for this observation 
could be that the effects of obesity on left atrial function are 

Table 3  Multivariable linear 
regression: association of body 
mass index with left atrial 
reservoir strain

Dependent variable: left atrial reservoir strain
CI confidence interval, BMI body mass index, OSAS obstructive sleep apnea syndrome, RAS renin–angio-
tensin-system
a Univariable analysis included BMI
b Multivariable analysis included: age, gender, BMI, diabetes mellitus, OSAS, hypertension, beta-blocker, 
RAS-inhibitor, diuretics, statin

Dependent 
variable

Univariablea Multivariableb

Coefficient 95% CI p-value Coefficient 95% CI p-value

LASr  − 0.39  − 0.57; − 0.20  < 0.001  − 0.34  − 0.54; − 0.13 0.002
LAScd  − 0.25  − 0.40; − 0.10 0.001  − 0.22  − 0.38; − 0.06 0.008
LASct  − 0.12  − 0.21; − 0.04 0.005  − 0.10  − 0.20; − 0.004 0.041
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related to other processes, such as expansion of epicardial 
adipose tissue and systemic inflammation, and that these 
adverse effects are not captured by conventional diastolic 
function parameters. This observation emphasizes that LA 
strain could have beneficial diagnostic and prognostic value 
in obesity.

In addition to the observation that patients with obesity 
have impairment in LA function, we also demonstrated 
that an increase in BMI was significantly associated with 
a decrease in all three components of LA function, after 
adjusting for confounders. However, it should be noted that 
various factors, such as hypertension, diabetes, and use 
of cardio-protective medication that ameliorate systemic 
inflammation, can also potentially influence LA function 
[32–35]. Thus, it cannot be stated that BMI is the sole 
explanation for impairment in LA function. Nonetheless, 
after adjusting for these confounders in our study, LA strain 
remained significantly associated with BMI, which supports 
the notion that obesity is related to LA dysfunction.

LA function in obesity, comparison with other 
studies

In our analyses, we observed that LASr, LAScd and LASct 
were significantly reduced in patients with obesity com-
pared to a non-obese control group. Few prior studies have 
assessed LA function in obesity with speckle tracking echo-
cardiography [36–38]. Findings comparable to our results 
were reported in a sample consisting of young adolescents 
with obesity [38]. A study that compared LA function in 
diabetic patients with and without obesity, found a decreased 
LASr and LASct in patients with obesity with diabetes [37]. 
In a larger sample size, Chirinos et al. found lower LASr and 
LAScd in patients with obesity, but a slightly higher LASct 
in the obesity group compared to normal weight subjects 
[36]. A comparison between their study and ours shows that 
our population had a higher BMI (42.5 kg/m2 vs. 32.7 kg/
m2), which could mirror a more progressive systemic inflam-
mation and atrial myopathy that is reflected in reduced 
LASct. This is however speculative and further studies are 
needed for a definite explanation.

LA function and the effect of bariatric surgery

LASr significantly increased 1 year after bariatric sur-
gery. We did not find significant improvement of LAScd 
and LASct. Strzelcyk et al. observed similar results and 
reported a significant increase in LASr and LAScd after 
bariatric surgery, and a decrease in LASct [39]. The authors 
explained the decrease in LASct in their study mecha-
nistically as an improvement of early LV diastolic filling 
that may lead to a relative decrease of the contribution of 
atrial contraction [39]. Bariatric surgery leads to complex 

metabolic and hemodynamic changes. Studies have demon-
strated that gastric bypass leads to more favorable outcomes 
when compared to gastric sleeve in terms of improvement 
of comorbidities, such as diabetes mellitus, and improve-
ment of LV function [40, 41]. In our study, the majority of 
patients underwent gastric bypass surgery, and we observed 
that LASr improved 1 year after bariatric surgery. It is uncer-
tain how the type of surgery affects LA function and whether 
the type of surgery had a role in these improvements in our 
population. Nonetheless, the observation that LA function 
can improve after bariatric surgery is promising and might 
indicate reversibility of LA dysfunction.

Study limitations

The study has some limitations. First of all, LA strain analy-
sis requires good image quality and not all our subjects had 
analyzable LA images, which may have affected the identi-
fied proportion of LA dysfunction. Secondly, our popula-
tion consisted of patients who underwent bariatric surgery 
and contained a large number of women, which could have 
biased the results. However, around 80% of patients who 
undergo bariatric surgery are female [42], which explains 
the high percentage of females in our study. Thirdly, our 
study included bariatric patients with a BMI ≥ 35 kg/m2. It 
is undetermined whether our results also apply to patients 
with a BMI ≥ 30 kg/m2 < 35 kg/m2. Lastly, our population 
consisted of obesity patients without cardiovascular disease. 
We did not include patients with HFpEF and our findings 
therefore only represent patients with obesity and subclinical 
cardiac dysfunction and not HFpEF patients. We did how-
ever identify that LA dysfunction is apparent at a relatively 
early stage in patients with obesity, and we postulate that LA 
strain might therefore be useful as an early sign of cardiac 
disease and a predictor for HFpEF in obesity.

Conclusion

Obesity patients without known cardiovascular disease have 
impairment in all phases of LA function. Our findings sug-
gest that LA dysfunction in obesity occurs before diastolic 
dysfunction, assessed by conventional echocardiographic 
parameters, may become apparent. Considering the difficult 
diagnosis of HFpEF in obesity patients due to the relatively 
limited value of history taking, physical examination, BNP 
and LAVI measurement, assessment of LA strain could 
have important added value in identifying these patients at 
higher risk at an early stage. Finally, our results indicate that 
LA function can improve after bariatric surgery, indicating 
potential reversibility of LA function in obesity.



478 The International Journal of Cardiovascular Imaging (2023) 39:471–479

1 3

Author contributions All authors contributed to the study conception 
and design. Material preparation, data collection, and analysis were 
performed by DK, SS, and YA. The first draft of the manuscript was 
written by YA and all authors commented on previous versions of the 
manuscript. All authors read and approved the final manuscript.

Funding This work was supported by a Grant from Stichting 
BeterKeten.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Afshin A, Reitsma MB, Murray CJL (2017) Health effects 
of overweight and obesity in 195 countries. N Engl J Med 
377(15):1496–1497

 2. Baena-Diez JM, Byram AO, Grau M, Gomez-Fernandez C, Vidal-
Solsona M, Ledesma-Ulloa G, Gonzalez-Casafont I, Vasquez-
Lazo J, Subirana I, Schroder H (2010) Obesity is an independent 
risk factor for heart failure: Zona Franca Cohort study. Clin Car-
diol 33(12):760–764

 3. Obokata M, Reddy YNV, Pislaru SV, Melenovsky V, Borlaug 
BA (2017) Evidence supporting the existence of a distinct obese 
phenotype of heart failure with preserved ejection fraction. Cir-
culation 136(1):6–19

 4. Haass M, Kitzman DW, Anand IS, Miller A, Zile MR, Massie 
BM, Carson PE (2011) Body mass index and adverse cardiovas-
cular outcomes in heart failure patients with preserved ejection 
fraction: results from the Irbesartan in Heart Failure with Pre-
served Ejection Fraction (I-PRESERVE) trial. Circ Heart Fail 
4(3):324–331

 5. Savji N, Meijers WC, Bartz TM, Bhambhani V, Cushman M, 
Nayor M, Kizer JR, Sarma A, Blaha MJ, Gansevoort RT, Gardin 
JM, Hillege HL, Ji F, Kop WJ, Lau ES, Lee DS, Sadreyev R, 
van Gilst WH, Wang TJ, Zanni MV, Vasan RS, Allen NB, Psaty 
BM, van der Harst P, Levy D, Larson M, Shah SJ, de Boer RA, 
Gottdiener JS, Ho JE (2018) The Association of Obesity and Car-
diometabolic Traits with incident HFpEF and HFrEF. JACC Heart 
Fail 6(8):701–709

 6. Khan MS, Memon MM, Murad MH, Vaduganathan M, Greene 
SJ, Hall M, Triposkiadis F, Lam CSP, Shah AM, Butler J, Shah SJ 
(2020) Left atrial function in heart failure with preserved ejection 
fraction: a systematic review and meta-analysis. Eur J Heart Fail 
22(3):472–485

 7. Obokata M, Borlaug BA (2019) Left atrial dysfunction: the next 
key target in heart failure with preserved ejection fraction. Eur J 
Heart Fail 21(4):506–508

 8. Boutens L, Hooiveld GJ, Dhingra S, Cramer RA, Netea MG, 
Stienstra R (2018) Unique metabolic activation of adipose tis-
sue macrophages in obesity promotes inflammatory responses. 
Diabetologia 61(4):942–953

 9. Packer M (2018) The epicardial adipose inflammatory triad: coro-
nary atherosclerosis, atrial fibrillation, and heart failure with a 
preserved ejection fraction. Eur J Heart Fail 20(11):1567–1569

 10. Pantalone KM, Hobbs TM, Chagin KM, Kong SX, Wells BJ, 
Kattan MW, Bouchard J, Sakurada B, Milinovich A, Weng W, 
Bauman J, Misra-Hebert AD, Zimmerman RS, Burguera B 
(2017) Prevalence and recognition of obesity and its associ-
ated comorbidities: cross-sectional analysis of electronic health 
record data from a large US integrated health system. BMJ 
Open 7(11):e017583

 11. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach 
A, Bohm M, Burri H, Butler J, Celutkiene J, Chioncel O, Cle-
land JGF, Coats AJS, Crespo-Leiro MG, Farmakis D, Gilard 
M, Heymans S, Hoes AW, Jaarsma T, Jankowska EA, Lainscak 
M, Lam CSP, Lyon AR, McMurray JJV, Mebazaa A, Mindham 
R, Muneretto C, Francesco Piepoli M, Price S, Rosano GMC, 
Ruschitzka F, Kathrine Skibelund A, ESCSD Group (2021) 
2021 ESC guidelines for the diagnosis and treatment of acute 
and chronic heart failure. Eur Heart J 42(36):3599–3726

 12. Jeyaprakash P, Moussad A, Pathan S, Sivapathan S, Ellenberger 
K, Madronio C, Thomas L, Negishi K, Pathan F (2021) A sys-
tematic review of scaling left atrial size: are alternative indexa-
tion methods required for an increasingly obese population? J 
Am Soc Echocardiogr 34(10):1067–1076

 13. Freed BH, Daruwalla V, Cheng JY, Aguilar FG, Beussink L, 
Choi A, Klein DA, Dixon D, Baldridge A, Rasmussen-Torvik 
LJ, Maganti K, Shah SJ (2016) Prognostic utility and clinical 
significance of cardiac mechanics in heart failure with preserved 
ejection fraction: importance of left atrial strain. Circ Cardio-
vasc Imaging. https:// doi. org/ 10. 1161/ CIRCI MAGING. 115. 
003754

 14. Smiseth OA, Morris DA, Cardim N, Cikes M, Delgado V, Donal 
E, Flachskampf FA, Galderisi M, Gerber BL, Gimelli A, Klein 
AL, Knuuti J, Lancellotti P, Mascherbauer J, Milicic D, Sefer-
ovic P, Solomon S, Edvardsen T, Popescu BA, Reviewers: This 
document was reviewed by Members of the EACVI Scientific 
Documents Committee: Philippe B. Bertrand MDKHHLESIS, by 
external reviewers: Jong-Won Ha SNJKONO, by the EPBC (2021) 
Multimodality imaging in patients with heart failure and preserved 
ejection fraction: an Expert Consensus Document of the European 
Association of Cardiovascular Imaging. Eur Heart J Cardiovasc 
Imaging 23(2):e34–e61

 15. Frydas A, Morris DA, Belyavskiy E, Radhakrishnan AK, Kropf 
M, Tadic M, Roessig L, Lam CSP, Shah SJ, Solomon SD, Pieske 
B, Pieske-Kraigher E (2020) Left atrial strain as sensitive marker 
of left ventricular diastolic dysfunction in heart failure. ESC Heart 
Fail 7(4):1956–1965

 16. Mandoli GE, Sisti N, Mondillo S, Cameli M (2020) Left 
atrial strain in left ventricular diastolic dysfunction: have we 
finally found the missing piece of the puzzle? Heart Fail Rev 
25(3):409–417

 17. Malaescu GG, Mirea O, Capota R, Petrescu AM, Duchenne J, 
Voigt JU (2022) Left atrial strain determinants during the cardiac 
phases. JACC Cardiovasc Imaging 15(3):381–391

 18. Potter EL, Ramkumar S, Kawakami H, Yang H, Wright L, Negishi 
T, Marwick TH (2020) Association of asymptomatic diastolic dys-
function assessed by left atrial strain with incident heart failure. 
JACC Cardiovasc Imaging 13(11):2316–2326

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1161/CIRCIMAGING.115.003754
https://doi.org/10.1161/CIRCIMAGING.115.003754


479The International Journal of Cardiovascular Imaging (2023) 39:471–479 

1 3

 19. Aung SM, Guler A, Guler Y, Huraibat A, Karabay CY, Akdemir 
I (2017) Left atrial strain in heart failure with preserved ejection 
fraction. Herz 42(2):194–199

 20. Singh A, Medvedofsky D, Mediratta A, Balaney B, Kruse E, 
Ciszek B, Shah AP, Blair JE, Maffessanti F, Addetia K, Mor-Avi 
V, Lang RM (2019) Peak left atrial strain as a single measure for 
the non-invasive assessment of left ventricular filling pressures. 
Int J Cardiovasc Imaging 35(1):23–32

 21. Fan JL, Su B, Zhao X, Zhou BY, Ma CS, Wang HP, Hu SD, 
Zhou YF, Ju YJ, Wang MH (2020) Correlation of left atrial strain 
with left ventricular end-diastolic pressure in patients with nor-
mal left ventricular ejection fraction. Int J Cardiovasc Imaging 
36(9):1659–1666

 22. Vaishnav J, Chasler JE, Lee YJ, Ndumele CE, Hu JR, Schulman 
SP, Russell SD, Sharma K (2020) Highest obesity category asso-
ciated with largest decrease in N-terminal pro-B-type natriuretic 
peptide in patients hospitalized with heart failure with preserved 
ejection fraction. J Am Heart Assoc 9(15):e015738

 23. Snelder SM, de Groot-de Laat LE, Biter LU, Castro Cabezas M, 
van de Geijn GJ, Birnie E, Boxma-de Klerk B, Klaassen RA, 
Zijlstra F, van Dalen BM (2018) Cross-sectional and prospec-
tive follow-up study to detect early signs of cardiac dysfunction 
in obesity: protocol of the CARDIOBESE study. BMJ Open 
8(12):e025585

 24. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, 
Ernande L, Flachskampf FA, Foster E, Goldstein SA, Kuznetsova 
T, Lancellotti P, Muraru D, Picard MH, Rietzschel ER, Rudski 
L, Spencer KT, Tsang W, Voigt JU (2015) Recommendations for 
cardiac chamber quantification by echocardiography in adults: an 
update from the American Society of Echocardiography and the 
European Association of Cardiovascular Imaging. Eur Heart J 
Cardiovasc Imaging 16(3):233–270

 25. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF III, Dokainish 
H, Edvardsen T, Flachskampf FA, Gillebert TC, Klein AL, Lan-
cellotti P, Marino P, Oh JK, Alexandru Popescu B, Waggoner 
AD (2016) Recommendations for the evaluation of left ventricu-
lar diastolic function by echocardiography: an update from the 
American Society of Echocardiography and the European Asso-
ciation of Cardiovascular Imaging. Eur Heart J Cardiovasc Imag-
ing 17(12):1321–1360

 26. Smiseth OA, Baron T, Marino PN, Marwick TH, Flachskampf FA 
(2021) Imaging of the left atrium: pathophysiology insights and 
clinical utility. Eur Heart J Cardiovasc Imaging 23(1):2–13

 27. Snelder SM, Aga Y, de Groot-de Laat LE, Biter LU, Castro 
Cabezas M, Pouw N, Boxma-de Klerk BM, Klaassen RA, Zijlstra 
F, van Dalen BM (2021) Cardiac function normalizes 1 year after 
bariatric surgery in half of the obesity patients with subclinical 
cardiac dysfunction. Obes Surg 31(9):4206–4209

 28. Snelder SM, de Groot-de Laat LE, Biter LU, Castro Cabezas M, 
Pouw N, Birnie E, Boxma-deKlerk BM, Klaassen RA, Zijlstra F, 
van Dalen BM (2020) Subclinical cardiac dysfunction in obesity 
patients is linked to autonomic dysfunction: findings from the 
CARDIOBESE study. ESC Heart Fail 7(6):3726–3737

 29. Kenchaiah S, Evans JC, Levy D, Wilson PW, Benjamin EJ, Larson 
MG, Kannel WB, Vasan RS (2002) Obesity and the risk of heart 
failure. N Engl J Med 347(5):305–313

 30. Alpert MA, Lavie CJ, Agrawal H, Aggarwal KB, Kumar SA 
(2014) Obesity and heart failure: epidemiology, pathophysi-
ology, clinical manifestations, and management. Transl Res 
164(4):345–356

 31. van Woerden G, Gorter TM, Westenbrink BD, Willems TP, van 
Veldhuisen DJ, Rienstra M (2018) Epicardial fat in heart failure 
patients with mid-range and preserved ejection fraction. Eur J 
Heart Fail 20(11):1559–1566

 32. Mondillo S, Cameli M, Caputo ML, Lisi M, Palmerini E, Padeletti 
M, Ballo P (2011) Early detection of left atrial strain abnormali-
ties by speckle-tracking in hypertensive and diabetic patients with 
normal left atrial size. J Am Soc Echocardiogr 24(8):898–908

 33. Packer M (2018) Epicardial adipose tissue may mediate deleteri-
ous effects of obesity and inflammation on the myocardium. J Am 
Coll Cardiol 71(20):2360–2372

 34. Sardana M, Syed AA, Hashmath Z, Phan TS, Koppula MR, 
Kewan U, Ahmed Z, Chandamuri R, Varakantam S, Shah E, Gorz 
R, Akers SR, Chirinos JA (2017) Beta-blocker use is associated 
with impaired left atrial function in hypertension. J Am Heart 
Assoc. https:// doi. org/ 10. 1161/ jaha. 116. 005163

 35. Cameli M, Mandoli GE, Lisi E, Ibrahim A, Incampo E, Buccoliero 
G, Rizzo C, Devito F, Ciccone MM, Mondillo S (2019) Left atrial, 
ventricular and atrio-ventricular strain in patients with subclinical 
heart dysfunction. Int J Cardiovasc Imaging 35(2):249–258

 36. Chirinos JA, Sardana M, Satija V, Gillebert TC, De Buyzere ML, 
Chahwala J, De Bacquer D, Segers P, Rietzschel ER, Asklepios I 
(2019) Effect of obesity on left atrial strain in persons aged 35–55 
years (the Asklepios Study). Am J Cardiol 123(5):854–861

 37. Mohseni-Badalabadi R, Mehrabi-Pari S, Hosseinsabet A (2020) 
Evaluation of the left atrial function by two-dimensional speckle-
tracking echocardiography in diabetic patients with obesity. Int J 
Cardiovasc Imaging 36(4):643–652

 38. Steele JM, Urbina EM, Mazur WM, Khoury PR, Nagueh SF, Tret-
ter JT, Alsaied T (2020) Left atrial strain and diastolic function 
abnormalities in obese and type 2 diabetic adolescents and young 
adults. Cardiovasc Diabetol 19(1):163

 39. Strzelczyk J, Kalinowski P, Zieniewicz K, Szmigielski C, Byra M, 
Styczynski G (2021) The influence of surgical weight reduction 
on left atrial strain. Obes Surg 31(12):5243–5250

 40. Beamish AJ, Olbers T, Kelly AS, Inge TH (2016) Cardiovascular 
effects of bariatric surgery. Nat Rev Cardiol 13(12):730–743

 41. Kokkinos A, Alexiadou K, Liaskos C, Argyrakopoulou G, Balla 
I, Tentolouris N, Moyssakis I, Katsilambros N, Vafiadis I, Alex-
androu A, Diamantis T (2013) Improvement in cardiovascular 
indices after Roux-en-Y gastric bypass or sleeve gastrectomy for 
morbid obesity. Obes Surg 23(1):31–38

 42. Fuchs HF, Broderick RC, Harnsberger CR, Chang DC, Sandler 
BJ, Jacobsen GR, Horgan S (2015) Benefits of bariatric sur-
gery do not reach obese men. J Laparoendosc Adv Surg Tech A 
25(3):196–201

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

https://doi.org/10.1161/jaha.116.005163

	Decreased left atrial function in obesity patients without known cardiovascular disease
	Abstract
	Introduction
	Methods
	Echocardiography and strain analyses
	Statistical analysis

	Results
	Comparison between non-obese controls and obese patients
	Comparison between obese patients at baseline and 1 year after bariatric surgery
	LA function in obesity
	Relation between BMI and LA function

	Discussion
	Identifying diastolic dysfunction and HFpEF in obesity
	LA function in obesity, comparison with other studies
	LA function and the effect of bariatric surgery
	Study limitations

	Conclusion
	References




