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Abstract

Purpose Subclinical cardiac dysfunction is common in patients with obesity. Bariatric surgery is associated with normaliza-
tion of subclinical cardiac function in 50% of the patients with obesity. The aim of this study was to identify predictors for
a lack of improvement of subclinical cardiac dysfunction 1-year post-bariatric surgery.

Methods Patients who were referred for bariatric surgery were enrolled in a longitudinal study. Inclusion criteria were age
35-65 years and BMI > 35 kg/m?. Patients with a suspicion of or known cardiovascular disease were excluded. Conventional
and advanced echocardiography, Holter monitoring, and blood tests were performed pre- and 1-year post-bariatric surgery.
Subclinical cardiac dysfunction was defined as either a reduced left ventricular ejection fraction, decreased global longitu-
dinal strain (GLS), diastolic dysfunction, arrhythmia, or an increased BNP or hs Troponin I.

Results A total of 99 patients were included of whom 59 patients had cardiac dysfunction at baseline. Seventy-two patients
completed the 1-year follow-up after bariatric surgery. There was a significant reduction in weight and cardiovascular risk
factors. Parameters of cardiac function, such as GLS, improved. However, in 20 patients cardiac dysfunction persisted. Mul-
tivariate analysis identified a decreased heart rate variability (which is a measure of autonomic function), and a decreased
vitamin D pre-surgery as predictors for subclinical cardiac dysfunction after bariatric surgery.

Conclusion Although there was an overall improvement of cardiac function 1-year post-bariatric surgery, autonomic dysfunction
and a decreased vitamin D pre-bariatric surgery were predictors for a lack of improvement of subclinical cardiac dysfunction.

Keywords Obesity/obese - Bariatric surgery - Cardiac dysfunction - Global longitudinal strain - Autonomic dysfunction -
Vitamin D

Introduction

Obesity has reached epidemic proportions globally and
the prevalence is still increasing [1]. Subclinical cardiac
dysfunction is common in patients with obesity, [2] and
obesity is associated with an increased risk of heart

Key Points

o Both obesity and heart failure reach epidemic proportions
globally

o There was an overall improvement of cardiac function 1-year
post-bariatric surgery

e Autonomic dysfunction and a decreased vitamin D were
predictors for maintaining cardiac dysfunction.
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failure [3]. Heart failure is characterized by an impaired
quality of life, frequent hospitalizations, and poor out-
come [4]. Considering that prevention and treatment of
heart failure have enormous medical and socioeconomic
implications, a deeper understanding of risk factors for
heart failure such as obesity is imperative.

Clinically significant weight loss is difficult to achieve
with lifestyle interventions and the results are often tem-
porary. In contrast, bariatric surgery is an effective and
safe treatment option resulting in large long-term weight
loss [5]. Several studies suggest that weight loss achieved
by bariatric surgery has a positive impact on heart mor-
phology, even in patients with obesity without heart fail-
ure [6]. We recently demonstrated that subclinical cardiac
dysfunction normalized in half of the patients with obesity
1-year after bariatric surgery [7]. Also, bariatric surgery
is associated with a 35% reduced incidence of new-onset
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heart failure during long term follow-up [8]. However, lit-
tle is known about the pathophysiology of cardiac dys-
function in obesity patients and the factors determining
the evolution of cardiac function after bariatric surgery
are unknown. We have previously shown that subclinical
cardiac dysfunction is related to autonomic dysfunction in
obesity patients, [2] but it is unknown whether autonomic
dysfunction may be related to a lack of recovery of cardiac
dysfunction after bariatric surgery as well.

The CARdiac Dysfunction In Obesity — Early Signs Eval-
uation (CARDIOBESE) study was the first study in which
(speckle tracking) echocardiography, blood tests, and Holter
monitoring were combined to simultaneously investigate dif-
ferent aspects that may all play a role in the pathophysiology
of subclinical cardiac dysfunction in obesity patients. The
aim of this study was to identify predictors for persistent
cardiac dysfunction 1-year post-bariatric surgery.

Methods
Study Design and Study Group

The protocol of the CARDIOBESE study has been described
before [9]. In short, the CARDIOBESE study is a longitudinal
study in which we prospectively enrolled 100 patients with obe-
sity who were referred for bariatric surgery to the Franciscus
Gasthuis & Vlietland (75 patients) and Maasstad Ziekenhuis
(25 patients), both in Rotterdam, the Netherlands. Patients were
included if they were between 35 and 65 years old and had a
BMI of > 35 kg/m [2]. Patients with a suspicion of or known
cardiovascular disease were excluded. Bariatric surgery was per-
formed by either a gastric sleeve, a gastric bypass or one anas-
tomosis gastric bypass (OAGB) operation. Patients were seen
pre- and 1-year post-bariatric surgery to study the intra-personal
impact of obesity and bariatric surgery-related changes on car-
diac function. The study protocol was approved by the ethics
committee and written informed consent was obtained from all
participants included in the study [9]. All procedures performed
in studies involving human participants were in accordance with
the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

The presence or absence of subclinical cardiac dysfunction
in the 100 patients with obesity of the CARDIOBESE-study has
been described in detail before [2]. In short, cardiac dysfunc-
tion was defined as either a reduced LV ejection fraction, [10]
a decreased global longitudinal strain (GLS) (<17%), diastolic
dysfunction [11], ventricular arrthythmia or an increased BNP
(>30 pmol/L) or hs Troponin I(>34 ng/L for male and > 16 ng/L.
for female subjects). Of the predefined studied parameters, a
decreased GLS (< 17%) was by far the most abundant, in 57
patients; one had diastolic dysfunction without an available GLS,
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one had a normal GLS but an increased BNP (49 pmol/L, normal
value <30 pmol/L), and one had a positive hs Troponin 1. One
patient with cardiac dysfunction was diagnosed with acromegaly
after inclusion and was excluded from further analysis, leaving 59
patients with versus 40 without subclinical cardiac dysfunction.

Transthoracic Echocardiography

Two-dimensional grayscale harmonic images were obtained
in the left lateral decubitus position using a commercially
available ultrasound system (EPIQ 7, Philips, Best, the Neth-
erlands), equipped with a broadband (1-5 MHz) X5-1 trans-
ducer. All acquisitions and measurements were performed
according to current guidelines. [10, 11]

Interventricular septal thickness (IVSd), posterior wall thick-
ness (PWd), and left ventricular dimension (LVEDD) were all
measured at end-diastole. The left ventricular mass (LVM) was
calculated according to the Deveraux formula using these meas-
urements: LVM (g)=0.80x {1.04[(IVSd+LVEDD +PWd)3-
(LVEDD)3]} +0.6. LVM index (LVMI) was calculated by
dividing LVM by body surface area.

To optimize speckle tracking echocardiography, apical
images were obtained at a frame rate of 60 to 80 frames/s.
Three consecutive cardiac cycles were acquired from all api-
cal views. Subsequently, these cycles were transferred to a
QLAB workstation (version 10.2, Philips, Best, the Nether-
lands) for off-line speckle tracking analysis. Peak regional
longitudinal strain was measured in 17 myocardial regions
and a weighted mean was used to derive GLS.

Blood Tests

Non-fasting blood samples were taken both for the study and as
part of regular care. Routine laboratory measurements included;
glucose, glycosylated haemoglobin (HbA1C), creatinine, esti-
mated glomerular filtration rate (¢eGFR), alanine aminotrans-
ferase (ALAT), Apolipoprotein B, total cholesterol, low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cho-
lesterol (HDL-C), triglycerides, ferritin, active vitamin B12,
folic acid, vitamin B1, vitamin B6, albumin, magnesium, vita-
min D, and haemoglobin were determined by standard clinical
procedures as described [12]. In addition to the regular patient
care path blood tests, high sensitive troponin I (hs troponin I),
C reactive protein (CRP), and brain natriuretic peptide (BNP)
were determined specifically for this study.

Holter Monitoring

Heart rhythm was recorded for 24 consecutive hours using a
portable digital recorder (GE HEER Light, USA). The digital
recorder was connected using stickers that were placed on the
chest. Average heart rate, minimal heart rate, maximum heart



Obesity Surgery

rate, total premature atrial contractions (PAC), total premature
ventricular contractions (PVC), the standard deviation of all NN
(often also referred to as RR) intervals (SDNN), and SDNN
index were measured. A 24-h recording of the SDNN reveals
the sympathetic nervous system contribution to heart rate vari-
ability [13]. The SDNN index estimates the variability due to
the factors affecting heart rate variability (HRV) within a 5-min
period. It is calculated by first dividing the 24-h record into 288
5-min-segments and then calculating the standard deviation of
all NN intervals contained within each segment. [14]

Statistical Analysis

Patients who completed the follow-up were included in the
analysis. The normality of the data was checked by the Sha-
piro—Wilk test. Continuous values with normal distributions
were expressed as mean + standard deviation, with skewed dis-
tributions as median and interquartile range and categorical
values as percentages. The paired Student’s #-test was used for
continuous variables with normal distributions, the nonpara-
metric Wilcoxon signed-rank test for variables with skewed
distributions, and the McNemar test for categorical variables
was used to compare parameters pre- and post-surgery.

The unpaired Student’s #-test for continuous variables was used to
compare the pre- and post-surgery values of patients with versus with-
out cardiac dysfunction post-surgery, the non-parametric Mann—Whit-
ney U test for continuous parameters with skewed distributions, and
the 4/ test for categorical variables. Pre-surgery parameters that sig-
nificantly differed between patients with post-surgery normal cardiac
function and patients with post-surgery cardiac dysfunction in the uni-
variate analyses were added to multivariate logistic regression analysis
(method: backward stepwise analysis). The discriminative ability of
the resulting model was investigated by calculating the area under the
receiver operating curve (AUC). Odds ratios and 95% confidence
intervals were calculated. A two-tailed p-value of <0.05 was consid-
ered statistically significant. Statistical analyses were performed with
SPSS version 26.0 or higher (SPSS Inc., Chicago, USA).

Results

Changes in Features of Obesity from Pre- to 1-Year
Post-Bariatric Surgery

A total of 100 patients with obesity were included, 85
patients underwent bariatric surgery and 72 patients com-
pleted the 1-year follow-up (Fig. 1). Fifteen patients did
not undergo bariatric surgery because of various reasons,
but mostly because of disapproval by the psychologist or
because they withdrew from surgery for personal reasons.
In Table 1, it is shown that weight loss and decreased
BMI were significant 1-year post-bariatric surgery. Systolic
blood pressure and heart rate decreased significantly as well.

Also, the prevalence of comorbidities such as diabetes mel-
litus, hypertension, and obstructive sleep apnoea syndrome
decreased significantly. Medication use was reduced post-
surgery, with a significant reduction in use of ACE inhibitors/
angiotensin receptor blockers, statins, and oral anti-diabetics.

Blood tests showed a significant decrease in CRP, HbAlc,
creatinine, ALAT, Apolipoprotein B, total cholesterol, LDL-
C, and triglycerides post-bariatric surgery. HDL-C, folic
acid, vitamin B6, and vitamin D increased significantly. The
echocardiogram showed a decrease in LVM, but when cor-
rected for the body surface area (LVM index), there was no
significant decrease. Holter monitoring showed a decreased
mean and minimal and maximum heart rate 1-year post-
surgery, whereas the SDNN and the SDNN index increased.

Changes of Parameters of Cardiac Dysfunction
from Pre- to 1-Year Post-Bariatric Surgery

There was a mild but statistically significant increase in BNP
1-year post-bariatric surgery (Table 2). Levels of hs troponin I were
comparable. Echocardiography showed a significant improvement
of GLS. The prevalence of diastolic dysfunction and the LV ejec-
tion fraction did not change. Also, the frequency of extrasystoles
did not change from pre- to 1-year post-bariatric surgery.

Comparison of Patients with Versus Without
Normalization of Cardiac Function After Bariatric
Surgery

Of the patients with complete follow-up, 40 (56%) had sub-
clinical cardiac dysfunction pre-surgery. In 50% of these
patients, cardiac function had normalized 1-year post-
surgery (Table 3). In the 20 patients in whom subclinical
cardiac dysfunction persisted, 17 (43%) had a decreased
GLS, one patient had an elevated hs troponin I level, and
two patients had diastolic dysfunction.

Included at baseline n=100

- 59 cardiac dysfunction

- 40 normal cardiac function
- 1excluded

Disapproved by psychologist n=8
l Withdrawn from surgery n=4

Suicide n=1
Increased weight n=1
Poorly regulated DM n=1

Bariatric surgery n=85
- 50 cardiac dysfunction pre-surgery
- 35 normal cardiac function pre-surgery

Opted to withdraw n=8
[No show n=4
Medical complications unrelated to
bariatric surgery n=1

One-year follow-up n=72
- 40 cardiac dysfunction pre-surgery
- 32 normal cardiac function pre-surgery

Fig. 1 Flow-chart of patients with completion of or loss to follow-up.
DM =diabetes mellitus
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Table 1 Clinical characteristics
of the study population.
Difterences between obesity
patients from pre- to 1-year
post-bariatric surgery

@ Springer

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/m?) 41 [39-46] 28 [25-31] <0.001
Systolic BP (mmHg) 146 +21 133+20 0.003
Diastolic BP (mmHg) 79 [73-88] 80 [75-86] 0.18
Heart rate (bpm) 80 [73-86] 65 [57-71] <0.001
Comorbidity
Diabetes mellitus (n, %) 16 (22%) 6 (8%) 0.002
Hypertension (n, %) 24 (33%) 12 (17%) 0.035
Hypercholesterolemia (n, %) 15 21%) 8 (11%) 0.09
Current smoking (n, %) 11 (15%) 3 (6%) 0.18
COPD (n, %) 4 (6%) 0 0.13
OSAS (n, %) 8 (11%) 0 0.008
Medication
Beta blockers (1, %) 5 (7%) 3 (4%) 0.63
ACE inhibitors/ARBs (n, %) 11 (15%) 8 (11%) 0.012
Calcium channel blockers (12, %) 6 (8%) 5 (7%) 0.66
Statins (n, %) 16 (22%) 9 (13%) 0.039
Diuretics (n, %) 13 (18%) 8 (11%) 0.18
Insulin (n, %) 5(7%) 4 (6%) 0.56
Oral anti-diabetics (n, %) 10 (14%) 4 (6%) 0.031
Blood tests
CRP (mg/L) 6 [3-9] 0[0-2] <0.001
Glucose (mmol/L) 5.4 [4.8-6.4] 5.0 [4.6-5.6] 0.051
HbA 1c (mmol/mol) 39 [35-48] 36 [33-39] <0.001
Creatinine(umol/L) 70 [65-78] 67 [62-71] <0.001
eGFR (ml/min/1.73m?) 83+9 87+5 <0.001
ALAT (U/L) 30 [20-37] 19 [15-26] 0.004
Apolipoprotein B (g/L) 1.04 [0.88-1.25] 0.84 [0.73-1.05] <0.001
Total cholesterol (mmol/L) 53+09 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 [1.0-1.4] 1.4 [1.2-1.6] <0.001
Triglycerides (mmol/L) 1.7 [1.3-2.3] 1.0 [0.8-1.4] <0.001
Ferritin (ug/L) 83 [53-177] 97 [49-171] 0.60
Active Vitamin B12 (pmol/L) 101 [71-132] 104 [66-128] 0.24
Folic acid (nmol/L) 13 [9-16] 27 [16-36] <0.001
Vitamin B1 (nmol/L) 140+28 131+40 0.17
Vitamin B6 (nmol/L) 67 [52-81] 98 [61-128] 0.009
Albumin (g/L) 42 [39-44] 41 [40-43] 0.033
Magnesium (mmol/L) 0.82 [0.76-0.87] 0.82 [0.78-0.86] 0.38
Vitamin D (nmol/L) 39 [27-66] 75 [61-98] <0.001
Haemoglobin (mmol/L) 8.8 [8.1-9.1] 8.5 [8.0-9.1] 0.012
Echocardiography parameters
Left ventricular mass (g) 177 [138-214] 150 [121-182] <0.001
LVM index (g/mz) 72 [59-87] 77 [64-87] 0.49
Holter monitoring
Ventricular arrhythmia (n, %) 0 0
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Table 1 (continued) Pre-surgery (n=72) 1-year post-surgery (n=72) p-value

Average heart rate (bpm) 83+10 73+8 <0.001
Minimal heart rate (bpm) 53 [47-57] 46 [44-51] <0.001
Maximum heart rate (bpm) 137 [128-150] 130 [120-142] 0.005
SDNN (ms) 106 +46 124 +47 <0.001
SDNN index (ms) 46 [38-57] 59 [49-69] <0.001

Values represent mean + SD, median (Q1-Q3), or n (%)

p-values displayed were analysed by the paired Student’s z-test for continuous variables with normal dis-
tributions, the nonparametric Wilcoxon signed-rank test for variables with skewed distributions, and the
McNemar test for categorical variables

BMI, body mass index; BP, blood pressure; COPD, chronic obstructive pulmonary disease; OSAS, obstruc-
tive sleep apnoea syndrome; ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers;
CRP, C-reactive protein; HbAIc, glycated haemoglobin; eGFR, estimated glomerular filtration rate; ALAT,
alanine transaminase; LDL, low-density lipoprotein; HDL, high-density lipoprotein; LVM index, left ven-
tricular mass index; SDNN, standard deviation of NN intervals; SDNN index, mean of the standard devia-
tions of all the NN intervals for each 5-min segment of a 24-h heart rate variability recording

When comparing patients with versus without normali- vitamin D, and SDNN. Post-surgery only albumin was
zation of cardiac function after bariatric surgery, most pre- mildly decreased in patients without normalization. Mul-
surgery parameters were comparable, except for albumin,  tjyariate analysis was applied including the parameters

Table 2 Parameters of cardiac

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

funcFlon. leferences between (n=72)

obesity patients from pre- to

1-year post-bariatric surgery 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
Mitral inflow E-wave (cm/s) 66+ 16 69+ 14 0.45
Mitral inflow A-wave (cm/s) 71+14 65+12 <0.001
EJ/A ratio 0.98 [0.9-1.1] 1.1[0.9-1.2] 0.008
Septal e’ velocity (cm/s) 7.8+2.1 83+1.7 0.56
Lateral e’ velocity (cm/s) 9.6+3.1 12.2+3.1 <0.001
Ele' ratio 8.7 [7.5-9.9] 8.3 [7.0-9.6] 0.07
Deceleration time (s) 0.18 [0.17-0.21] 0.18 [0.15-0.21] 0.51
LA volume index (ml/m?) 24 [20-31] 27 [23-34] 0.07
TR velocity (cm/s) 106 [91-139] 191 [106-218] <0.001
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
Ventricular arrhythmia (n, %) 0 0

Values represent mean + SD, median (Q1-Q3), or n (%)

p-values displayed were analysed by the paired Student’s 7-test for continuous variables with normal dis-
tributions, the nonparametric Wilcoxon signed-rank test for variables with skewed distributions, and the
McNemar test for categorical variables

BNP, brain natriuretic peptide; hs troponin I, high sensitive troponin I; E-wave, early diastolic transmitral-
flow velocity; A-wave, late diastolic transmitralflow velocity; e’, early diastolic mitral annular velocity; LA
volume index, left atrial volume index; TR velocity, tricuspid regurgitation; LV, left ventricular; PAC, pre-
mature atrial contraction; PVC, premature ventricular contraction
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which were different pre-surgery, identifying a decreased
SDNN and a decreased vitamin D pre-surgery as signifi-
cant predictors for maintaining cardiac dysfunction after
bariatric surgery (Table 4). The multivariate model includ-
ing these two parameters to identify patients who main-
tained cardiac dysfunction post-surgery had an AUC of
0.81 (95% CI: 0.67-0.95, p=0.001), with a sensitivity of
70% (95%CI: 66-87%) and a specificity of 80% (95%CI:
56-93%) (Fig. 2).

Discussion

The main finding of the current study is that persistence
of cardiac dysfunction in patients with obesity 1 year after
bariatric surgery was related to autonomic dysfunction and
a decreased vitamin D pre-surgery.

Although in previous studies changes of cardiac morphol-
ogy and function after bariatric surgery have been investi-
gated, [6, 8] CARDIOBESE is the first study in which the
focus was specifically on subclinical cardiac dysfunction.
Furthermore, analysis with the combination of speckle track-
ing echocardiography, blood tests, and Holter monitoring
was used for the first time to simultaneously investigate
different aspects of cardiac dysfunction and the underly-
ing pathophysiology. As expected, and in-line with previ-
ous findings, [6, 8] many cardiovascular risk factors and
parameters of cardiac function improved post-surgery. Prev-
alence of comorbidities decreased, lipid levels and HbAlc
improved, and CRP decreased. Also, there was a mild but
statistically significant increase of BNP 1-year post-surgery.
BNP is known to be decreased in patients with obesity, both
with and without heart failure [15]. Although the reason for
this remains incompletely understood, it is most likely due to
lower release in these patients, rather than increase in their
clearance. [16]

Improvement of LV function following bariatric sur-
gery has been described before in small studies [17-20].
However, CARDIOBESE is the largest study in which
speckle tracking echocardiography was used to investi-
gate improvement of LV function after bariatric surgery.
As we recently reported, there was an overall improvement
of GLS 1-year post-surgery, resulting in normalization of
subclinical cardiac dysfunction in 50% of the patients with
obesity. [7]

While it was already known that autonomic dysfunc-
tion as expressed by a decreased HRV may be related to
either cardiac dysfunction [21] or to obesity, [22] previously
reported baseline data of the patients included in the CAR-
DIOBESE study [2] for the first time showed that autonomic
dysfunction appears to have a prominent role in the patho-
physiology of cardiac dysfunction in obesity. However, so
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far, it was unknown whether autonomic dysfunction may
play a role in persistence of cardiac dysfunction after bari-
atric surgery as well. In the current study, it was shown that
a decreased SDNN pre-surgery was a predictor for persistent
subclinical cardiac dysfunction 1-year post-bariatric surgery.
The SDNN represents the beat-to-beat variation during
Holter monitoring by measuring the standard deviation of
NN intervals [22]. The SDNN is a parameter of autonomic
function through the sympathetic nervous system contribu-
tion to HRV [13]. A balanced autonomic function is cru-
cial for normal cardiac function [21]. On the other hand, a
depressed HRYV is related to morbidity and mortality [23,
24]. Oher studies already described a favourable effect of
bariatric surgery on HRV [25]. Yet, by combining findings
from Holter monitoring and echocardiography, our study is
the first to relate the severity of autonomic dysfunction in
obesity to the potential of recovery of cardiac dysfunction
after bariatric surgery.

In the patients in our study, there was a significant increase
in SDNN 1-year post-surgery, indicative of improvement of
autonomic function, both in patients with improvement of
LV function and in patients with persistent LV dysfunction.
It can therefore be hypothesized that more severe autonomic
dysfunction in obesity as expressed by decreased SDNN pre-
surgery, may lead to either a permanent or delayed lack of
improvement of LV function after bariatric surgery. Longer
follow-up of obesity patient post-bariatric surgery may eluci-
date whether LV function will improve after all, in-line with
improvement of autonomic function.

While as described above, a role of autonomic dysfunc-
tion was somewhat anticipated, the finding that a decreased
vitamin D before bariatric surgery was also independently
related to persistent subclinical cardiac dysfunction 1-year
post-surgery was less expected. Nevertheless, vitamin D has
been suggested to be involved in multiple pathophysiological
pathways related to heart failure, such as inflammation, ath-
erosclerosis, endothelial dysfunction, and thrombosis [26].
Furthermore, vitamin D deficiency is a predictor of reduced
survival in patients with heart failure [27]. Also, vitamin D
is known to be decreased in patients with obesity, [28] and
in patients with known cardiovascular disease [29], suggest-
ing that vitamin D may have a role in the increased risk of
cardiac dysfunction in obesity. However, previous studies
from our group failed to show significant effects of vitamin
D supplementation on inflammatory changes in females
with overweight, making this mechanism less likely [30].
Although the underlying mechanism remains to be eluci-
dated, by combining findings from blood tests and echocar-
diography in our study, it was shown for the first time that
a relative decreased vitamin D level pre-bariatric surgery is
related to a lack of improvement of cardiac function after
bariatric surgery.
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Table 3 Comparison of characteristics of patients with pre-existent cardiac dysfunction subdivided into those who showed normalization of car-
diac function after bariatric surgery compared to those with persistent cardiac dysfunction

Post-surgery normal Post-surgery cardiac dysfunction (n=20) p-value p-value
cardiac function (n=20) pre post
Pre-surgery Post-surgery Pre-surgery Post-surgery
General characteristics
Age (years) 48+7 51+8 0.19
Female (n, %) 13 (65%) 12 (60%) 0.74
Physical examination
Weight (kg) 121 [113-132] 83 [75-90] 125 [111-144] 84 [76-98] 0.37 0.62
BMI (kg/m?) 41 [40-46] 28 [26-31] 42 [39-46] 28 [26-30] 0.83 0.76
Systolic BP (mmHg) 140 [130-159] 138 [116-148] 147 [137-160] 128 [121-134] 0.34 0.48
Diastolic BP (mmHg) 80+13 78+10 86+14 81+7 0.23 0.54
Heart rate (bpm) 80 [78-93] 67 [59-73] 80 [77-88] 63 [53-73] 0.41 0.40
Comorbidity
Diabetes mellitus (n, %) 6 (30%) 2 (10%) 4 (20%) 2 (10%) 0.46 1
Hypertension (n, %) 9 (45%) 3 (15%) 7 (35%) 4 (20%) 0.52 0.62
Hypercholesterolemia (1, %) 7 (35%) 3(15%) 3(15%) 4 (20%) 0.14 0.62
Current smoking (n, %) 1(5%) 2 (10%) 3 (15%) 1 (5%) 0.29 0.74
COPD (n, %) 1(5%) 0 0 0 0.31
OSAS (n, %) 3 (15%) 0 3 (15%) 0 1
Medication
Beta blockers (n, %) 3 (15%) 2 (10%) 0 1 (5%) 0.07 0.72
ACE inhibitors/ARBs (1, %) 5(25%) 2 (10%) 5 (25%) 3 (15%) 1 0.54
Calcium channel blockers (1, %) 3 (15%) 1 (5%) 2 (10%) 2 (10%) 0.63 0.49
Statins (n, %) 8 (40%) 3 (15%) 4 (20%) 5 (25%) 0.17 0.34
Diuretics (n, %) 5 (25%) 2 (10%) 3 (15%) 33 (15%) 0.43 0.54
Insulin (n, %) 3 (15%) 2 (10%) 1(5%) 1(5%) 0.29 0.62
Oral anti-diabetics (1, %) 4 (20%) 1 (5%) 2 (10%) 1 (5%) 0.38 0.94
Blood tests
BNP (pmol/L) 5[3-6] 7 [4-11] 3[3-7] 8 [6-11] 0.72 0.83
hs Troponin I positive () 0 0 0 2 (10%) 0.15
CRP (mg/L) 5[4-9] 1 [0-3] 6 [4-9] 0[0-1] 0.64 0.38
Glucose (mmol/L) 6.4+22 5.6+1.6 72+33 6.5+2.2 0.37 0.23
HbA lc (mmol/mol) 51+18 40+9 44+12 38+3 0.13 0.41
Creatinine(umol/L) 71 [65-78] 68 [60-71] 71 [63-77] 66 [64-73] 0.94 0.74
eGFR (ml/min/1.73m?) 85+8 87+5 85+9 89+3 0.93 0.60
ALAT (U/L) 31[21-51] 19 [16-29] 31[27-37] 18 [14-26] 0.91 0.39
Apolipoprotein B (g/L) 0.98+0.26 0.92+0.22 1.1+0.28 0.89+0.22 0.22 0.84
Total cholesterol (mmol/L) 5.0+1.0 4.6+0.7 52+09 4.6+0.8 0.53 0.89
LDL cholesterol (mmol/L) 2.8+0.6 2.7+0.7 3.0+0.8 2.6+0.9 0.59 0.62
HDL cholesterol (mmol/L) 1.1[1.0-1.3] 1.3[1.1-1.4] 1.1[1.0-1.3] 1.4 [1.2-1.7] 0.98 0.24
Triglycerides (mmol/L) 22+14 1.3+0.7 23+1.1 1.5+0.9 0.74 0.56
Ferritin (ug/L) 150+ 142 128 +90 134+70 153+139 0.66 0.53
Active Vitamin B12 (pmol/L) 82 [70-114] 95 [62-128] 97 [60-108] 128 [74-303] 0.83 0.06
Folic acid (nmol/L) 13 [11-17] 28 [16-35] 13 [9-17] 25 [1045] 0.60 0.79
Vitamin B1 (nmol/L) 150+24 147+55 149+21 133+34 0.93 0.52
Vitamin B6 (nmol/L) 95+88 112+39 69+17 82426 0.39 0.06
Albumin (g/L) 43+3 42+3 39+3 40+3 0.002 0.008
Magnesium (mmol/L) 0.83+0.05 0.84+0.05 0.81+£0.05 0.82+0.04 0.43 0.45
Vitamin D (nmol/L) 54 [30-80] 80 [67-98] 33 [25-54] 62 [42-104] 0.04 0.12
Haemoglobin (mmol/L) 8.9+0.5 8.8+0.6 8.7+0.8 8.8+1.0 0.42 091
Echocardiography parameters
Mitral inflow E-wave (cm/s) 68.8+10.6 69.5+16.3 64.1+8.7 62.8+12.0 0.14 0.15
Mitral inflow A-wave (cm/s) 69.1+12.0 66.2+12.0 72.8+15.1 63.7+10.0 0.45 0.48
EJA ratio 0.97 [0.92-1.00] 0.94 [0.80-1.35] 0.88 [0.76-1.01] 1.05 [0.85-1.10] 0.29 0.98
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Table 3 (continued)

Post-surgery normal Post-surgery cardiac dysfunction (n=20) p-value p-value

cardiac function (n=20) pre post

Pre-surgery Post-surgery Pre-surgery Post-surgery
Septal e’ velocity (cm/s) 8.1+1.6 83+2.1 78+19 79+1.4 0.64 0.54
Lateral ¢’ velocity (cm/s) 10.5+2.3 122+3.6 9.8+3.0 109+2.4 0.45 0.20
Ele’ ratio 8.7[7.6-9.7] 8.5[7.6-9.7] 8.0 [6.8-9.9] 7.9[6.6-9.3] 0.45 0.42
Deceleration time (s) 0.19+0.03 0.20+0.05 0.19+0.04 0.19+0.05 0.60 0.49
LA volume index (ml/m2) 24.7+7.6 28.7+8.3 26.4+9.7 27.7+6.3 0.56 0.70
TR velocity (cm/s) 92 [90-169] 180 [101-214] 97 [82-112] 189 [111-214] 0.81 0.42
Left ventricular mass (g) 179 [140-226] 157 [132-196] 202 [140-235] 151 [128-200] 0.43 0.70
LVM index (g/m?) 72 [61-89] 81 [69-97] 78 [62-92] 76 [65-90] 0.53 0.27

Holter monitoring

Total PAC per 24 h (n) 7 [2-41] 24 [9-107] 15 [2-56] 19 [9-90] 0.44 0.63
Total PVC per 24 h (n) 3 [0-18] 4[2-30] 410-32] 4[1-89] 0.51 0.86
Average heart rate (bpm) 86+8 757 82+11 T4+7 0.21 0.68
Minimal heart rate (bpm) 57+13 48+5 517 45+10 0.08 0.18
Maximum heart rate (bpm) 136+ 15 135+18 138+ 14 125+33 0.58 0.26
SDNN (ms) 107 [77-136] 145 [117-155] 77 [46-98] 84 [65-160] 0.011 0.09
SDNN index (ms) 45+15 58+15 42+6 59+22 0.64 0.98

Values represent mean + SD, median (Q1-Q3), or n (%)

p-value pre and p-value post represent comparison of pre- and post-surgery values respectively. p-values displayed were analysed with the unpaired Student’s #-test
for continuous variables, the non-parametric Mann—Whitney U test for continuous parameters with skewed distributions, and the y? test for categorical variables

BMI, body mass index; BP, blood pressure; COPD, chronic obstructive pulmonary disease; OSAS, obstructive sleep apnoea syndrome; ACE, angiotensin-
converting enzyme; ARBs, angiotensin II receptor blockers; BNP, brain natriuretic peptide; hs troponin I, high sensitive troponin I; CRP, C-reactive protein;
HbAIc, glycated haemoglobin; eGFR, estimated glomerular filtration rate; ALAT, alanine transaminase; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; E-wave, early diastolic transmitralflow velocity; A-wave, late diastolic transmitralflow velocity; €', early diastolic mitral annular velocity; LA
volume index, left atrial volume index; TR velocity, tricuspid regurgitation; LVM index, left ventricular mass index; PAC, premature atrial contraction; PVC,,
premature ventricular contraction; SDNN, standard deviation of NN intervals; SDNN index, mean of the standard deviations of all the NN intervals for each

5-min segment of a 24-h heart rate variability recording

Limitations

A relatively large number (32%) of the patients with cardiac
dysfunction did not complete the follow-up: 15% because
they did not undergo bariatric surgery, and 17% dropped
out because of various other reasons. Meanwhile, 20%
of the patients with a normal cardiac function was lost to

Table 4 Univariable and multivariable logistic regression analysis in
obesity patients with pre-surgery cardiac dysfunction, with presence
of subclinical cardiac dysfunction post-surgery as the dependent vari-
able

Variable Univariate analysis Multivariable analysis

OR (95% CI) p-value OR (95% CI) p-value
SDNN 0.97 (0.96-1.00) 0.015 0.98 (0.96-1.00) 0.014
Vitamin D 0.97 (0.54-1.00) 0.048 0.97 (0.94-1.00) 0.043
Albumin 0.73 (0.58-0.92) 0.006

Variables displayed were statistically significant different between
obesity patients with and without cardiac dysfunction. Multivariable
logistic regression analysis; method: backward stepwise analysis

OR, odds ratio; 95% CI, 95% confidence interval; SDNN, standard
deviation of NN intervals
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Fig.2 ROC-curve for the prediction model for cardiac dysfunction
post-surgery. Model; combination of SDNN and vitamin D pre-sur-
gery. Area under the curve=0.81 (95% CIL: 0.67-0.95, p=0.001),
sensitivity of 70%, and a specificity of 80%
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follow-up. The reason for this difference is unknown, but
probably it was just coincidence. Furthermore, follow-up
after bariatric surgery was 1 year and it may be hypothesized
that a longer follow-up would have shown improvement of
cardiac function in a larger proportion of patients.

Conclusions

Autonomic dysfunction at baseline was related to a lack of nor-
malization of cardiac function in patients with obesity 1 year
after bariatric surgery. This result is in-line with previous find-
ings of our group, [2] confirming an important role of autonomic
dysfunction in the pathophysiology of cardiac dysfunction in
obesity. Decreased vitamin D before bariatric surgery was also
independently related to persistent subclinical cardiac dysfunc-
tion 1-year post-surgery. Since this finding was less expected,
we consider this less affirmative and more hypothesis-generat-
ing. Nevertheless, signs of either autonomic dysfunction or a
decreased vitamin D pre-bariatric surgery may be indicative of
a need for cardiologic follow-up after bariatric surgery.
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