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Introduction

Obesity has reached epidemic proportions globally and the
prevalence is still increasing. Subclinical cardiac dysfunction
is common in obesity patients, and obesity is associated with
an increased risk of heart failure [1]. Clinically significant
weight loss is difficult to achieve with lifestyle interventions,
and the results are often temporary. In contrast, bariatric sur-
gery is an effective and safe treatment option resulting in large
long-term weight loss [2]. However, little is known about
potential improvement of subclinical cardiac dysfunction after
bariatric surgery. The CARdiac Dysfunction In Obesity –
Early Signs Evaluation (CARDIOBESE) study is a prospec-
tive study that was designed to investigate this, using a com-
bination of (speckle tracking) echocardiography, blood tests,
and Holter monitoring to simultaneously investigate different

possible expressions of subclinical cardiac dysfunction. The
protocol of the CARDIOBESE study has been described be-
fore [3]. In this brief communication, we describe the main
results. Additional analyses of the data will be performed in
the near future to provide further insight in the pathophysio-
logical background of the findings.

Methods

We enrolled 100 obesity patients who were referred for bar-
iatric surgery in this longitudinal study. Inclusion criteria were
age 35–65 years and BMI ≥ 35 kg/m2. Patients with a suspi-
cion of or known cardiovascular disease were excluded.
Bariatric surgery was performed by either a gastric sleeve, a
gastric bypass, or a mini bypass operation. Conventional and
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speckle tracking echocardiography, Holter monitoring, and
blood tests were performed. Patients were seen pre- and 1-
year post-bariatric surgery. Subclinical (in other words, not
previously diagnosed) cardiac dysfunction was based on the
diagnostics used in CARDIOBESE and defined as either a
reduced left ventricular (LV) ejection fraction [4], decreased
GLS (< 17%), diastolic dysfunction [5], (supra) ventricular
arrhythmia, or an increased BNP (> 30 pmol/L) or hs
Troponin I (≥ 34 ng/L for male and ≥ 16 ng/L for female
subjects). The study protocol was approved by the ethics com-
mittee, and written informed consent was obtained from all
participants. Baseline characteristics of the studied population
have been described before [6]. Subclinical cardiac dysfunc-
tion was present in 59 patients, mainly uncovered by de-
creased GLS [6].

Statistical Analysis

Patients who completed the follow-up were included in the
analysis. The normality of the data was checked by the
Shapiro–Wilk test. Continuous values with normal distribu-
tions were expressed as mean ± standard deviation, with
skewed distributions as median and interquartile range and
categorical values as percentages. The paired Student’s t test
was used for continuous variables with normal distributions,
the nonparametric Wilcoxon signed-rank test for variables
with skewed distributions, and the McNemar test for categor-
ical variables was used to compare parameters pre- and post-
surgery.

Results

A total of 85 patients underwent bariatric surgery, and 72
patients completed the 1-year follow-up. Patients did not un-
dergo bariatric surgery because of various reasons, but mostly
because of disapproval by a psychologist or because they had
withdrawn themselves from surgery. There is a significant
reduction in weight and BMI 1 year after bariatric surgery
(Table 1). Prevalence of comorbidities decreased and medica-
tion use was reduced. Blood tests showed a decrease of CRP,
HbA1c, ALAT, total cholesterol, LDL-C, and triglycerides.
Moreover, HDL-C, folic acid, vitamin B6, and vitamin D
significantly increased. The echocardiogram revealed a de-
crease in LV mass and Holter monitoring a decreased heart
rate 1 year after bariatric surgery.

Regarding changes in parameters of cardiac function after
bariatric surgery (Table 1), there is a mild increase in BNP.
Levels of hs troponin I were comparable. Echocardiography
showed an improvement of GLS. The prevalence of diastolic
dysfunction and the LV ejection fraction did not change.
There were no arrhythmias, and the frequency of extrasystoles
did not change.

Fifty of the 59 patients with subclinical cardiac dysfunction
at baseline underwent bariatric surgery, and 40 completed the
follow-up. Of these patients, 20 (50%) had normalized cardiac
function (in other words, no remaining signs of cardiac dys-
function as defined in this study) after bariatric surgery. Of the
20 patients with persistent cardiac dysfunction, 17 (43%) still
had decreased GLS, one patient had an elevated hs troponin I
level, and two patients had diastolic dysfunction.

Discussion

Although in previous studies changes in cardiac morphology
and function after bariatric surgery have been investigated [7],
CARDIOBESE is the first study in which the focus was spe-
cifically on subclinical cardiac dysfunction, also with an in-
novative approach using several diagnostic modalities to con-
currently investigate different possible expressions of this.

This methodology allowed us to show for the first time that
bariatric surgery not only was associated with a reduction in
BMI and comorbidities but also with a decrease in LV mass
and improvement of LV function, resulting in normalized car-
diac function in half of the patients with subclinical cardiac
dysfunction before surgery. An impressive result, bearing in
mind that in large studies in which the effect of, for example,
ACE inhibitors on LV function were studied in high-risk pa-
tient groups, results were clearly less pronounced [8, 9].
However, these studies noticeably did show improvement in
hard clinical endpoints that are not available in the current
study and obviously focused on other patient categories.
Nevertheless, our findings emphasize that the relatively
marked positive effect bariatric surgery may have on cardiac
function.

Conclusion

Cardiac function improves significantly in obesity patients 1
year after bariatric surgery, resulting in normalized cardiac
function in half of the patients with subclinical cardiac dys-
function before bariatric surgery.
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Table 1 Clinical characteristics
and parameters of cardiac
function

Clinical characteristics Pre-surgery (n = 72) 1-year post-surgery (n = 72) p value

General characteristics

Age (years) 48 [43–54]

Female (n, %) 54 (75%)

Physical examination

Weight (kg) 122 [113–133] 83 [74–91] < 0.001*

BMI (kg/m2) 41 [39–46] 28 [25–31] < 0.001*

Comorbidity

Diabetes mellitus (n, %) 16 (22%) 6 (8%) 0.002*

Hypertension (n, %) 24 (33%) 12 (17%) 0.035*

Medication

ACE inhibitors/ARBs (n, %) 11 (15%) 8 (11%) 0.012*

Statins (n, %) 16 (22%) 9 (13%) 0.039*

Oral anti-diabetics (n, %) 10 (14%) 4 (6%) 0.031*

Blood tests

CRP (mg/L) 6 [3–9] 0 [0–2] < 0.001*

HbA1c (mmol/mol) 45 ± 15 38 ± 8 < 0.001*

Creatinine (umol/L) 73 ± 10 67 ± 9 < 0.001*

ALAT (U/L) 30 [20–37] 19 [15–26] 0.004*

Total cholesterol (mmol/L) 5.3 ± 0.9 4.6 ± 0.8 < 0.001*

LDL cholesterol (mmol/L) 3.2 ± 0.8 2.6 ± 0.7 < 0.001*

HDL cholesterol (mmol/L) 1.2 ± 0.3 1.4 ± 0.3 < 0.001*

Triglycerides (mmol/L) 2.06 ± 1.8 1.20 ± 0.8 < 0.001*

Folic acid (nmol/L) 13 [9–16] 27 [16–36] < 0.001*

Vitamin D (nmol/L) 49 ± 25 78 ± 26 < 0.001*

Echocardiography parameters

Left ventricular mass (g) 186 ± 72 156 ± 62 < 0.001*

Holter monitoring

Average heart rate (bpm) 83 ± 10 73 ± 8 < 0.001*

Minimal heart rate (bpm) 53 [47–57] 46 [4–51] < 0.001*

Maximum heart rate (bpm) 137 [128–150] 130 [120–142] 0.005*

Parameters of cardiac function

Blood tests

BNP (pmol/L) 5 [3–8] 8 [6–10] 0.029*

hs troponin I positive (n, %) 1 (1%) 5 (7%) 0.06

Echocardiography parameters

Diastolic dysfunction (n, %) 7 (10%) 3 (4%) 0.28

LV ejection fraction (%) 58 ± 8 57 ± 7 0.25

Global longitudinal strain (%) − 15.6 ± 3.1 − 18.1 ± 3.3 0.001*

Holter monitoring

Total PAC per 24 h (n) 9 [2–38] 20 [8–68] 0.07

Total PVC per 24 h (n) 3 [0–22] 5 [2–58] 0.29

Supraventricular arrhythmia (n, %) 1 (1%) 0 0.53

Differences between pre- and 1-year post-bariatric surgery. Values represent mean ± SD, median [Q1-Q3] or n
(%). p values displayed were analysed by the paired Student’s t test for continuous variables with normal
distributions, the nonparametric Wilcoxon signed-rank test for variables with skewed distributions, and the
McNemar test for categorical variables

BMI body mass index, ACE angiotensin-converting enzyme, ARBs angiotensin II receptor blockers, CRP C-
reactive protein, HbA1c glycated haemoglobin, ALAT alanine transaminase, LDL low-density lipoprotein, HDL
high-density lipoprotein, BNP brain natriuretic peptide, hs troponin I high sensitive troponin I, LV left ventricular,
PAC premature atrial complex, PVC premature ventricular complex

*Significant at p < 0.05
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