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GENERAL INTRODUCTION 

Obesity  

Obesity is a complex and incompletely understood disease. The World Health Organization 

defines obesity and overweight as “an abnormal or excessive fat accumulation to the extent that 

health may be impaired”. Excess body fat is commonly measured by body mass index (BMI). 

BMI is a simple index of weight-for-height and is defined as the weight in kilograms divided 

by the square of the height in meters (kg/m2). Overweight is classified as BMI ≥ 25 kg/m2, 

obese as BMI ≥ 30 kg/m2, and severely obese as BMI ≥ 35 kg/m2.1 

Since 1980, the prevalence of obesity has doubled in more than 70 countries,2 and this is still 

increasing.3 Moreover, more people are obese than underweight nowadays.4 Looking at the 

exact numbers, in 2015 approximately 603.7 million adults were overweight worldwide, and 

2.3% of men and 5.0% of women are even severely obese.4,5 According to the “Rijksinstituut 

voor Volksgezondheid en Milieu” currently more than 50% of the Dutch population aged ≥ 18 

years is overweight, and 15% obese.  

Obesity has generally been accepted as one of the main health-threatening conditions and is a 

major challenge in health care practice and costs.6 Epidemiologic studies have identified a high 

BMI as a risk factor for an expanding set of chronic diseases, including cardiovascular disease, 

hypertension, dyslipidaemia, diabetes mellitus, chronic kidney disease, many cancers, and an 

array of musculoskeletal disorders.5 Also, obesity even doubles the lifetime risk of developing 

heart failure.7,8 

 

Heart failure 

Heart failure is a complex clinical syndrome that results from any structural or functional 

impairment of ventricular filling and/or ejection of blood,9 which is characterized by an 

impaired quality of life, frequent hospitalizations, and poor outcome.10 Heart failure is a major 

public health problem in developed countries,11 affecting about 38 million people worldwide.12 

It is the most common reason for hospital admissions in patients aged 65 years or older.13 

Although the survival rate in patients with heart failure has improved, the mortality rate remains 

very high: more than 30% of patients die within 5 years of the diagnosis13 despite of an overall 

decrease of cardiovascular mortality and morbidity with modern advances in diagnosis and 

therapy.14 

 

The pathophysiology of heart failure is very complex. Ventricular remodelling resulting in 

hemodynamic and structural changes, neurohormonal system activation, and systemic 
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1inflammation, are involved in the development and progression of the disease.15 Estimates are 

that with every 1 kg/m2 increase in BMI, the risk of developing heart failure increased by 5% 

in men and 7% in women.16 It is also known that a BMI ≥30 kg/m2 worsens the prognosis of 

these patients.8 However, the relationship between these two chronic conditions is complex. 

Obesity is associated with diabetes mellitus, dyslipidaemia, and hypertension. However, the 

onset of heart failure in obesity cannot be fully explained by the presence of these traditional 

cardiac risk factors.17  

Fortunately, significant advances in our understanding of the pathophysiological consequences 

of obesity for the cardiovascular system have been made over the past two decades, indicating 

that it is most likely multifactorial.7,18 For example, myocardial lipotoxicity, thrombosis, altered 

endothelial function, compression by fat tissue, diastolic dysfunction, increased afterload and 

filling pressures may all play a role.19  

 

The enormous and still growing prevalence of obesity warrants efficient screening of obesity 

patients with the highest need for further risk assessment, follow-up, and treatment.20 However, 

the current knowledge on the role of obesity in causing cardiac dysfunction is insufficient to 

optimally develop such strategies for obesity patients.18,21 New, more sensitive methods, such 

as advanced echocardiography may be eligible for this. 

 

Echocardiography 

Current guidelines recommend screening of obesity patients on the presence of cardiac risk 

factors.18 It is expected that this will lead to an increase in the use of transthoracic 

echocardiography (TTE) in obesity patients.22,23 The body habitus of obesity patients poses 

technical challenges regarding obtaining optimal echocardiographic image quality. However, 

studies in which the feasibility of obtaining echocardiographic parameters by TTE in obesity 

patients was reported are limited, and there are no studies regarding the applicability of speckle 

tracking echocardiography (STE) in this group of patients.  

 

STE is a relatively new echocardiographic imaging modality that can quantify myocardial wall 

motion angle-independently.24 Previous studies regarding detection of the early stages of 

cardiac dysfunction have shown the benefits of STE over left ventricular (LV) ejection fraction 

assessment.25,26 Currently, STE is broadly available and echo-machines from all well-known 

vendors are generally equipped with speckle tracking software.27 Strain can be assessed in three 

directions (longitudinal, circumferential, and radial), with the global longitudinal strain (GLS) 
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to be the most reproducible. It is therefore recommended to use GLS as a parameter of LV 

systolic function.28 

 

Left ventricular hypertrophy  

Left ventricular hypertrophy (LVH) occurs frequently in obesity patients, even in the absence 

of comorbidities such as hypertension,29,30 and is associated with an increased risk of 

cardiovascular disease, morbidity, and mortality.31-33 There is a direct relationship between 

body weight and left ventricular mass.34 The presence of excess adipose as well as non-adipose 

tissue results in an increased blood volume, as well as a hyperdynamic circulation in response 

to the increased metabolic demand.35 The change in cardiac output necessary to meet this 

increased metabolic demand is largely mediated through an increased stroke volume, mainly 

because of a higher venous return.36 Concurrently, the increased preload leads to an increased 

ventricular wall tension, which chronically may lead to chamber dilatation and contribute to 

heart failure.34 In addition, coexisting hypertension can increase afterload, contributing to 

cardiac remodelling, LVH, and eventually the development of heart failure.36 

 

The estimation of left ventricular mass (LVM) is determined by echocardiography. Although 

echocardiography is a more sensitive tool to identify an increased LVM and thereby LVH, the 

standard electrocardiogram (ECG) remains widely used, because of its established clinical 

value, broad availability and low costs. However, the value of LVH criteria is questionable in 

obesity patients,37,38 because obesity is responsible for geometrical and electrophysiological 

changes of the heart and ECG voltages may be attenuated by subcutaneous adipose tissue.39,40  

 

Heart rate variability 

The autonomic nervous system is a control system that acts largely unconsciously and regulates 

bodily functions such as the heart rate, digestion, respiratory rate, pupillary response, and 

urination through its two branches: the sympathetic and parasympathetic nervous systems. The 

heart rate variability (HRV) measures the effect of autonomic function on the heart. Even a 

slight variation in autonomic regulation of the heart changes the heart rate and rhythm. The 

HRV looks through beat-to-beat variation during ECG recording.41 24-hour recording of the 

standard deviation of all RR intervals (SDNN) by Holter monitoring reveals the sympathetic 

nervous system contribution to HRV.42 Furthermore, the SDNN-index estimates the variability 

due to the factors affecting HRV within a 5 minute period.43 A depressed HRV has been 

confirmed to be a prognostic marker and is correlated with morbidity and mortality.44-46 
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1Furthermore, sympathetic nervous system dysfunction seems crucial in the development of 

heart failure.47 Previous studies have described a decreased HRV in obesity patients.41,48 

Therefore, Holter monitoring could be used as an instrument to detect cardiac dysfunction in 

obesity patients.  

 

Biomarkers 

Nowadays, biomarkers play a major role in the diagnosis and management of heart failure.49,50 

Natriuretic peptides are the gold standard biomarkers for the diagnosis and prognosis of heart 

failure.51 However, natriuretic peptides are decreased in obesity patients and they are therefore 

of less use than in non-obese patients.52 In addition, heart failure in obesity patients appears to 

result not only from cardiac overload or injury but also from factors specifically related to the 

abundant fat tissue.53 As such, natriuretic peptides might not be the only biomarkers relevant in 

cardiac dysfunction in obesity patients. Currently, a variety of biomarkers are described, 

reflecting several biological processes that have been hypothesized to play an important role in 

the occurrence of cardiac dysfunction, such as inflammation, oxidative stress, extracellular 

matrix remodelling, neurohormones, atherosclerosis, insulin resistance, myocyte injury, and 

myocyte stress.54 Especially inflammation is recognized as an important component of the 

pathogenesis of heart failure and has significant prognostic implications.36,55 In addition, obesity 

itself is a chronic inflammatory condition.56 Moreover, locally produced or circulating 

adipokines such as leptin and adiponectin have also been demonstrated to contribute directly to 

the cardiac remodelling, through their effects on myocardial metabolism and structure and the 

composition of the myocardial extracellular matrix.57  

The use of multiplex immunoassays that determine a broad spectrum of blood biomarkers 

reflecting multiple processes is gaining interest in medical science.54,58 Therefore, it may also 

help to better understand the underlying pathophysiology of cardiac dysfunction in obesity 

patients. 

 

Bariatric surgery 

Clinically significant weight loss is difficult to achieve with lifestyle interventions and the 

results are often temporary. In contrast, bariatric surgery is an effective and safe treatment 

option resulting in large long-term weight loss.59,60 Several studies suggest that weight loss 

achieved by bariatric surgery has a positive impact on heart morphology in obesity patients 

without heart failure.61 For example, it is associated with a 35% reduced incidence of new-onset 

heart failure during long term follow-up.62 It also offers beneficial cardiac effects on both 
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systolic and diastolic function, and myocardial structure in obesity patients.63 However, little is 

known about the pathophysiology behind this improvement. Also, we cannot predict which 

patients still have cardiac dysfunction post-surgery. 

 

Cardiac rehabilitation in obesity patients 

Intentional weight loss, accomplished through behavioural weight loss and exercise, improves 

insulin sensitivity and associated cardio-metabolic risk factors such as: lipid measures, blood 

pressure, inflammation, and vascular function.64 Besides the benefits of weight reduction, 

exercise itself may be possible to reverse cardiac dysfunction.65  

Nowadays, cardiac rehabilitation (CR) is a valuable treatment for patients with a broad 

spectrum of cardiac disease.66 Currently, at entry into CR over 80% of the patients are 

overweight, and over 40% are even obese.67 However, usual CR programs are far from optimal 

in obesity patients, because they have a higher cardio metabolic risk and poorer fitness. There 

is growing evidence that effects achieved during usual CR in obesity patients are substantially 

smaller than in non-obese patients.68 Also, CR programs do not generally include weight loss 

programs.67 A novel tailor-made CR could make a positive contribution to obesity patients with 

cardiovascular disease.  
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1OUTLINE OF THIS THESIS 

The overarching aim of this thesis is to study the association between cardiac dysfunction 

and obesity, focussing on the early signs of cardiac dysfunction, the possible pathophysiology, 

and changes after weight loss.  

 Part I contains the introduction of this thesis. In Chapter 1, we describe the general 

introduction on obesity patients and cardiac dysfunction. Background information on the 

different diagnostics that were used, cardiovascular biomarkers, and weight loss are provided. 

In Chapter 2, we describe the study design of the CARdiac Dysfunction In OBesity – Early 

Signs Evaluation (CARDIOBESE)-study, which is the main study of this thesis.  

 In Part II, we focus on the applicability of different diagnostics used in daily clinical 

practice in obesity patients. In Chapter 3, we describe the feasibility and reproducibility of 

regular and speckle tracking echocardiography in obesity patients. In Chapter 4, is the accuracy 

of the most commonly used ECG criteria for the detection of LVH in obesity patients evaluated, 

and are new ECG criteria proposed and prospectively tested. 

 The focus in Part III is on cardiac dysfunction related to obesity and the impact of 

bariatric surgery. In Chapter 5, we describe the early detection of LV diastolic dysfunction 

using conventional and speckle tracking echocardiography in a large animal model with 

metabolic dysfunction. In Chapter 6, we focus on the prevalence and pathophysiology of 

subclinical cardiac dysfunction in obesity patients as detected by multimodality diagnostics. In 

Chapter 7, we investigate whether bariatric surgery is associated with changes in subclinical 

cardiac function, in order to gain insight into the underlying pathophysiology. Also, predictors 

for maintaining subclinical cardiac dysfunction one-year post-bariatric surgery were 

investigated.  

 In Part IV, we describe cardiovascular biomarker profiles in obesity patients. In 

Chapter 8, we compared cardiovascular biomarker profiles between obesity patients and non-

obese controls, and between obesity patients with and without cardiac dysfunction. Again, with 

the purpose of better understanding the underlying pathophysiology of cardiac dysfunction in 

obesity patients. In Chapter 9, we studied before and after bariatric surgery changes in 

cardiovascular biomarker profiles between obesity patients with and without cardiac 

dysfunction, in order to better understand the underlying pathophysiology. In addition, we 

constructed a model to gain insight into which patients have cardiac dysfunction post-bariatric 

surgery. 
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 In Part V (Chapter 10) we evaluated echocardiographic changes after tailor-made 

cardiac rehabilitation for obesity patients, to better understand the effect of weight loss and 

exercise on cardiac function in obesity patients with cardiovascular disease. 

 Finally, in Part VI, we place the results of the studies described in this thesis in a broad 

context, discus the implications of the findings, and provide recommendations for future 

research (Chapter 11). Last, in Chapter 12, we provide a summary of the main findings of this 

thesis. 
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ABSTRACT 

Introduction  

In view of the increasing occurrence of both obesity and heart failure, a growing overlap of 

these two clinical entities in the near future is expected. Significant advances in our 

understanding of the pathophysiological consequences of obesity for the cardiovascular system 

have been made over the past two decades. However, to optimise management and treatment 

of obesity patients, further research is required to improve early identification of cardiac 

dysfunction in obesity and to gain insight in the underlying pathophysiology. The CARdiac 

Dysfunction In OBesity – Early Signs Evaluation (CARDIOBESE) study has been designed to 

address these issues. 

 

Methods and analysis  

CARDIOBESE is a cross-sectional multicentre study of 100 obesity patients scheduled for 

bariatric surgery (body mass index (BMI) ≥35 kg/m2) without known cardiovascular disease, 

and 50 age-matched and gender-matched non-obese controls (BMI<30 kg/m2). 

Echocardiography, blood and urine biomarkers and Holter monitoring will be used to identify 

parameters that are able to show cardiac dysfunction at a very early stage in obesity patients 

(primary objective). Furthermore, a prospective follow-up study of obesity patients before and 

1 year after bariatric surgery will be done to gain insight in the pathophysiology of obesity 

causing cardiac dysfunction (secondary objective). 

 

Ethics and dissemination  

The study was approved by the Medical Ethics Committee Toetsingscommissie 

Wetenschappelijk Onderzoek Rotterdam e.o. (TWOR). Inclusion of patients and controls is 

almost complete. Analyses of the investigations are currently being performed, and 

dissemination through peer-reviewed publications and conference presentations is expected 

from the first quarter of 2019. By identifying early markers of cardiac dysfunction in obesity, 

and by understanding the underlying pathophysiology of the abnormalities of these markers, 

the CARDIOBESE study may provide guidance for risk stratification, monitoring and treatment 

strategies for obesity patients.  
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INTRODUCTION 

In view of the increasing occurrence of both obesity and heart failure, a growing overlap of 

these two clinical entities in the near future is expected.1–3 A body mass index (BMI) ≥30 kg/m2 

worsens the prognosis of patients with cardiovascular disease and doubles the lifetime risk of 

developing heart failure. Significant advances in our understanding of the pathophysiological 

consequences of obesity for the cardiovascular system have been made over the past two 

decades.4,5 Obesity is associated with diabetes mellitus, dyslipidaemia and hypertension. 

However, the onset of heart failure in obesity cannot be fully explained by the presence of these 

traditional cardiac risk factors.6 Also, BMI may not be the optimal parameter to reflect increased 

cardiovascular risk in obesity.7 

Present-day guidelines recommend screening of obesity patients on presence of cardiac risk 

factors and inclusion of obesity patients in cardiovascular rehabilitation programmes directed 

to reduce body weight and increase physical activity, thereby improving cardiac risk factors.5 

The enormous and still growing prevalence of obesity warrants efficient screening of obesity 

patients with the highest need for such further risk assessment, follow-up 

and treatment. Current knowledge on the role of obesity in causing cardiac dysfunction is 

insufficient to optimally develop such strategies for obesity patients. 

The aim of the CARdiac Dysfunction In OBesity – Early Signs Evaluation (CARDIOBESE) 

study is to identify subclinical cardiac dysfunction in obesity patients by 

echocardiography, blood and urine tests and/or Holter monitoring (primary objective). 

Bariatric surgery has proven to be a successful therapy for severe obese patients, both regarding 

weight loss and reduction of traditional cardiac risk factors.8 Relating findings of the diagnostic 

techniques for assessment of cardiac dysfunction used in the CARDIOBESE study to specific 

features of obesity and by comparing results in obesity patients before and 1 year after bariatric 

surgery may help to gain insight in the pathophysiology of obesity causing cardiac dysfunction 

(secondary objective). 

To the best of our knowledge, the CARDIOBESE study will be the first study in which (speckle 

tracking) echocardiography, blood and urine biomarkers and Holter monitoring will be 

combined in a cohort of obesity patients and non-obese controls. 

 

METHODS 

Study Design  

Recruitment and inclusion of 100 consecutive obesity patients will take place at the bariatric 

surgery outpatient clinics of the Franciscus Gasthuis & Vlietland (75 patients) and the Maasstad 
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Ziekenhuis (25 patients). Fifty non-obese controls will be recruited using advertisements in a 

local newspaper or will be personnel recruited from the participating hospitals or family 

members or friends of personnel. Cardiologists of the Erasmus University Medical Centre with 

extensive expertise on early detection of cardiac dysfunction were involved in the design of the 

study and will be assisting in data analysis. 

 

Primary objective 

A cross-sectional study of obesity patients scheduled for bariatric surgery and age-matched and 

gender-matched non-obese controls will be performed to quantify the proportion of early signs 

of cardiac dysfunction in obesity patients and to determine if obesity patients have an elevated 

prevalence of cardiac dysfunction. Conventional and advanced echocardiography will be 

performed, blood and urine samples will be collected and a Holter monitor will be affixed for 

24 hours heart rhythm registration (Figure 1). 

 

Secondary objective 

A prospective follow-up study of the obesity patients undergoing bariatric surgery will be 

performed to gain insight in the pathophysiology of obesity causing cardiac dysfunction  

(Figure 1). The aforementioned diagnostic techniques will be repeated 1 year after bariatric 

surgery. Before–after changes in parameters of cardiac structure and function (Table 1) will be 

related to before–after changes in features of obesity (Table 2). 

The objective of the CARDIOBESE study is not to investigate specific effects of bariatric 

surgery. To fulfil the secondary objective, we also could have chosen a conservative approach 

for weight loss (diet and exercise programme) or study the effects of naturally occurring 

changes in weight. In the CARDIOBESE study, bariatric surgery is just used as an efficient 

method to rapidly induce significant metabolic improvement and weight loss. By studying these 

changes and trying to relate them to improvement in cardiac function, we expect to gain insight 

in the pathophysiology of obesity causing cardiac dysfunction. In this context, for the secondary 

objective, the obesity patient can be compared with his or her own baseline values and therefore 

be his or her own control. 
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Study population 

Inclusion criteria 

Patients: BMI ≥ 35 kg/m2, scheduled for bariatric surgery, aged 35-65 years, and written 

informed consent.  

Controls: BMI < 30 kg/m2, age 35-65 years, and written informed consent. 

 

Exclusion criteria 

Patients and controls: history of cardiovascular disease. 

  

Figure 1: Overview of the design of the CARDIOBESE study.  
CARDIOBESE, CARdiac Dysfunction In OBesity – Early SignsEvaluation. 
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Table 1 Parameters of cardiac structure and function 

Echocardiography Holter monitoring 
Blood and urine 
biomarkers 

LV ejection fraction Premature atrial beats  High sensitive Troponin I 
LV diastolic function Premature ventricular beats  BNP 
E/Em Atrial fibrillation  
Septal Em Supraventricular tachycardia   
Lateral Em Ventricular tachycardia  
Left atrial volume index Heart rate variability  
LV mass (area-length 
method) 

     SDNN   

TAPSE      SDNN index   
Pulsed tissue Doppler S wave 
tricuspid annulus 

     rMSSD   

Global systolic LV strain / 
strain rate* 

     PNN50   

Diastolic strain rate, early 
peak and late peak*  

     Triangle  

LV twist†      HF(norm)  
      LF(norm)   
      VLF  
      Other biomarkers will be 

chosen in a later phase 
 
*Longitudinal, circumferential and radial strain will be measured. 
 

†Peak systolic twist/twist velocity, peak diastolic untwist velocity and untwisting rate will be measured. 
 
E/Em= ratio of peak early left ventricular filling velocity (E) over average septal and lateral mitral annulus early 
diastolic wave velocity (Em); HF(norm)= high frequency normalised; LF(norm)= low frequency normalised; 
LV= left ventricular; PNN50= percentage of successive normal sinus RR intervals >50 ms; rMSSD= root mean 
square of the successive normal sinus RR interval difference; SDNN= SD of all NN intervals; SDNN index= 
mean of the SD of all NN intervals for all 5 min segments of the entire recording; TAPSE= tricuspid annular 
plane systolic excursion; Triangle= number of all NN intervals/maximum number; VLF= very low frequency 
normalised. 
 

Endpoints 

The main study parameter is the proportion of patients/ controls with any sign of cardiac 

dysfunction as assessed by either echocardiography, blood/urine biomarkers or Holter 

monitoring (Table 1). An early sign of cardiac dysfunction is considered to be present when a 

studied parameter is significantly different from a well-defined cut-off value.9,10 When such a 

cut-off value is not available, a studied parameter is considered to be an early sign of cardiac 

dysfunction when significantly different between obesity patients and non-obese controls. 

Secondary endpoints are: change in the proportion of obesity patients with any sign of cardiac 

dysfunction between study onset and 1 year after bariatric surgery and changes in cardiac 

dysfunction parameters in obesity patients undergoing bariatric surgery between study onset 

and 1 year after surgery. 
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Table 2 General characteristics and obesity parameters 
 

Physical examination Comorbidity Medication Laboratory tests 
Body mass index Diabetes mellitus  Beta blocker CRP Transferrin 
Waist circumference  Hypertension ACE inhibitor HbA1C Ferritin  
Systolic BP Hyperlipidaemia  ARB TSH Vitamin B12 
Diastolic BP Current smoking Diuretic HDL-cholesterol Folic acid 
Heart Rate COPD CCA LDL-cholesterol Albumin 
 OSAS Statin Triglycerides Magnesium 
 Arthralgia Aspirin Total cholesterol Vitamin B1 
 Alcohol abuse Other antiplatelet Lipoprotein A Vitamin B6 
 Drug abuse Insulin Apo B100 Vitamin D 
  Oral anti-diabetics Sodium Haemoglobin 
  Anti-inflammatory  Potassium Haematocrit 
  agents Calcium Erythrocytes 
   Creatinine MCV 
   MDRD Leukocytes 
   ALAT Thrombocytes 

 
Comorbidity as reported by the patient or the general practitioner. 
 
ALAT= alanine amino-transferase; ARB= angiotensin receptor blocker; BP= blood pressure, CCA= calcium 
channel antagonist, COPD= chronic obstructive pulmonary disease; CRP= C reactive protein; HbA1c= 
Glycosylated Hemoglobin; HDL= high-density lipoprotein; LDL= low-density lipoprotein; MDRD= 
modification of diet in renal disease; OSAS= obstructive sleep apnoea syndrome; TSH= Thyroid-stimulating 
hormone. 
 

Sample size calculation 

The fact that the combination of parameters that we will use to identify subclinical cardiac 

dysfunction has not been investigated in obesity before complicates a well-defined and 

evidence-based sample size calculation.  

A conservative estimate would be that cardiac dysfunction based on conventional 

echocardiography is present in 20% of obesity patients and 2.5% of age-matched and gender-

matched non-obese controls.11 Given these estimates, to be able to reject the null hypothesis 

that cardiac dysfunction rates are equal between patients and controls, at least 97 obesity 

patients and 49 non-obese controls have to be included in the analysis (alpha: 0.05 (two sided), 

power: 0.80, 2:1 ratio of patients:controls). The use of more sensitive techniques in the 

CARDIOBESE study may increase the proportion of non-obese controls with an early sign of 

cardiac dysfunction. Nevertheless, the proportion of obesity patients with an early sign of 

cardiac dysfunction is expected to increase even more, assuring that the previous sample size 

calculation will still suffice. 
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Study procedures  

Echocardiography 

Two-dimensional greyscale harmonic images will be obtained in the left lateral decubitus 

position using a commercially available ultrasound system (EPIQ 7, Philips, Best, The 

Netherlands), equipped with a broadband (1-5MHz) X5-1 transducer. All acquisitions and 

measurements will be performed according to current guidelines.9,10,12 

Interobserver and intraobserver, and test–retest reproducibility of the assessment of cardiac 

dimensions and function in obesity by echocardiography will be investigated in a substudy. 

  

Blood and urine biomarkers 

Blood and urine samples will be taken both for the study and as part of regular care. Urine 

supernatant, serum, citrate plasma and EDTA plasma will be prepared by centrifugation at 4°C 

and frozen in aliquots at −80°C for future analysis within 2 hours. In addition to the regular care 

path blood tests, high sensitive troponin I, C reactive protein and brain natriuretic peptide will 

be determined immediately. Other biomarkers may be selected later and can subsequently be 

determined from the stored blood and/or urine samples.  

 

Holter monitoring 

Heart rhythm will be recorded for 24 consecutive hours using a portable digital recorder (GE 

SEER Light, Chicago, Illinois, USA). The digital recorder will be connected using stickers that 

are placed on the chest.  

 

Statistical analysis  

The proportion of obesity patients/non-obese controls with any sign of cardiac dysfunction will 

be compared as prevalence difference (95% CI) and prevalence ratio (95% CI). The unpaired 

Student’s t-test for continuous variables will be used to compare parameters with normal 

distributions, the non-parametric Mann-Whitney U test for continuous parameters with skewed 

distributions and the χ2 test/Fisher’s exact test for categorical variables. Statistical significance 

is considered as a two-tailed p value <0.05. Bonferroni correction for multiple testing will be 

applied. For each individual test parameter, presence/absence of a sign of cardiac dysfunction 

will be evaluated using multiple linear and logistic regression analysis 

(method: backwards stepwise analysis). Covariates to be included are the matching factors (age 

and gender), group definition (obesity patient/non-obese control), baseline characteristics 

considered to be potentially related to cardiac dysfunction (continuous variables such as BMI 
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and body weight and categorical variables such as diabetes, hypertension, hyperlipidaemia and 

smoking) and other studied parameters identified to be significantly different between obesity 

patients and healthy volunteers by univariate analysis. 

The change in the proportion of obesity patients with any sign of cardiac dysfunction between 

study onset and 1 year after bariatric surgery will be tested with the McNemar test. 

Multiple logistic regression analysis will be used to investigate which parameters contribute to 

the likelihood of a sign of cardiac dysfunction at 1 year after bariatric surgery. Covariates to be 

included are the same as mentioned before. Changes in individual parameters of cardiac 

dysfunction between study onset and 1 year after bariatric surgery will be studied using paired 

Student’s t-test, the non-parametric Wilcoxon signed rank test and McNemar test. Statistical 

analyses will be performed with SPSS V.25.0 or higher. 

 

Patient and public involvement 

Before the finalisation of the protocol for the CARDIOBESE study,25 obesity patients that 

visited the outpatient clinic for screening for bariatric surgery were asked whether they would 

be willing to undergo some extra tests (echocardiogram, extra blood samples and Holter 

monitoring) when asked to participate in a study to investigate early signs of cardiac 

dysfunction in obesity. Without exception patients confirmed willingness to potentially 

participate. Patients recognised the importance of such a study and a majority of patients even 

reported that fear of developing heart disease was one of the major reasons to consider bariatric 

surgery. 

On completion of the study, the results will be summarised in layman’s terms and distributed 

to participants and patient support groups. We will also promote the transfer of knowledge to 

the general public (e.g., including short, user-friendly articles/briefings in relevant newsletters, 

magazines and periodicals and user groups/forums). 

 

DISCUSSION 

Obesity is becoming a global epidemic.13 Beyond being related to an unfavourable 

cardiovascular risk factor profile, obesity also directly affects heart structure and function.14 

However, proper clinical evaluation of obesity patients may be hampered by the morphology 

of the patient.15 Also, knowledge on the exact pathophysiology of obesity causing cardiac 

dysfunction is limited.16 The CARDIOBESE study has been designed to address these issues. 
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Early signs of cardiac dysfunction in obesity 

Echocardiography 

It is well known that there is a relationship between obesity and left ventricular (LV) diastolic 

dysfunction (appendix 1). However, the latest improvement in echocardiography regarding 

early recognition of cardiac dysfunction has been the development of speckle tracking 

echocardiography. Each region of the myocardium has its own unique speckle pattern that 

remains stable enough to permit spatial and temporal image processing by dedicated software 

packages, allowing assessment of myocardial deformation parameters such as LV strain and 

twist, which are well-known measures of subtle LV dysfunction.10,12,17 

Speckle tracking echocardiography data in obesity patients are relatively scarce and only 

concern LV strain and not twist (appendix 1). Although availability of speckle tracking 

echocardiography may still be limited, echo-machines from all well-known 

vendors are currently routinely equipped with speckle tracking software. Also, the technique 

has been significantly improved the past decennium, and inter-vendor differences have been 

minimised,12 optimising clinical applicability. In the CARDIOBESE study, LV strain and twist 

will be thoroughly studied in obesity patients. 

 

Blood and urine biomarkers 

Focus in obesity research has mainly been on biomarkers of inflammation, insulin resistance 

and kidney/liver damage. Exploration of the value of blood and urine biomarkers for detection 

of subclinical cardiac dysfunction in obesity patients has been limited. There are some studies 

in which high-sensitive troponin T was measured in obesity patients but with conflicting 

results.18,19 

Studies concerning natriuretic peptides in obesity patients without known cardiovascular 

disease demonstrated that higher BMI is associated with lower circulating 

natriuretic peptide concentrations (appendix 1).20,21 The mechanism of this 

inverse relationship is not fully understood. It is thought to be related to either decreased 

production or increased peripheral metabolism of natriuretic peptides.22 Despite its inverse 

relationship with BMI, natriuretic peptides do provide significant prognostic information 

regarding the risk of developing heart failure in obesity.23 

In the CARDIOBESE study, blood and urine biomarkers will be compared with 

echocardiography and Holter monitoring parameters in order to assess the diagnostic value of 

the biomarkers and to better understand the underlying pathophysiology of changes in the 

concentration (or presence) of the biomarkers. Because of the rapid development of new blood 
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and urine biomarkers of cardiac dysfunction, spare samples from each patient and control will 

be stored in order to choose optimal biomarkers at a later stage. 

 

Holter monitoring 

In community and population-based cohort studies, obesity has consistently emerged as a risk 

factor for atrial fibrillation.24 Identification of precursors of atrial fibrillation may lead to early 

detection of atrial fibrillation. Frequent premature atrial complexes are known to be associated 

with a risk of developing atrial fibrillation.25 Despite this, the usefulness of searching for atrial 

fibrillation or its electrical precursors as early markers of cardiac dysfunction in obesity has 

never been investigated. Therefore, this will be done in the CARDIOBESE study.  

Obesity patients have an increased sympathetic nervous system activity shown by an increase 

in mean heart rate, whereas heart rate variability parasympathetic indicators are decreased.26 

Since autonomic dysfunction may play a role in development of cardiac dysfunction, in the 

CARDIOBESE study parameters of heart rate variability will be investigated. 

 

Pathophysiology of cardiac dysfunction in obesity 

The pathophysiology of cardiac dysfunction in obesity is incompletely understood and most 

likely multifactorial. Myocardial lipotoxicity, thrombosis, altered endothelial function, 

compression by fat tissue, diastolic dysfunction, increased afterload and filling pressures may 

all play a role.27 Changes in cardiac parameters after bariatric surgery have been studied before, 

showing improvement of LV structure, LV diastolic function, LV global strain and strain rate, 

natriuretic peptide levels and heart rate variability (appendix 1). However, in none of these 

studies information from echocardiography, blood and urine biomarkers and Holter monitoring 

have been combined. In the CARDIOBESE study, correlating findings of these different 

diagnostic techniques and comparing results before and 1 year after bariatric surgery may help 

to gain insight in the pathophysiology of obesity causing cardiac dysfunction. 

 

Ethics and dissemination 

Inclusion of patients and controls is almost complete. CARDIOBESE enrolled 92 obesity 

patients between 1 January 2017 and 23 July 2018, and 46 non-obese controls between 20 

November 2017 and 23 July 2018. Analyses of the investigations are currently being performed, 

and dissemination through peer-reviewed publications and conference presentations is expected 

from the first quarter of 2019. By identifying early markers of cardiac dysfunction in obesity, 

and by understanding the underlying pathophysiology of the abnormalities of these markers, 
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the CARDIOBESE study may provide guidance for risk stratification, monitoring and treatment 

strategies for obesity patients. 
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APPENDIX 
 
Appendix 1 Previous studies concerning echocardiography, biomarkers or holter 
monitoring in obesity patients  
 

 Ref. 
Patients/ 
Controls Main findings 

 
Echocardiography  

 

1 
 
30 / 30 

 
Geometrical and structural ventricular 
remodelling negatively influenced LV function in 
obesity 

 2 40 / 40 Obese dyslipidemic adolescents had impaired LV 
and RV strain 

 3 34 Abnormal cardiac structure was related to LV 
systolic and diastolic dysfunction in overweight 
and obesity 

 4 60 / 50 Childhood obesity was associated with an 
alteration in longitudinal LV function 

 5 44 / 14 Subclinical ventricular dysfunction was 
associated with the severity of obesity 

 6 50 / 46 LV longitudinal strain was impaired in obesity, 
even in the absence of other comorbidities. 

 7 132 Obesity was associated with LV diastolic 
dysfunction  

 8 35 / 30 Impaired LA mechanical functions were related to 
BMI in obesity patients 

    
 
before-after   
bariatric surgery  

 

9 
 
41 

 
Weight loss through bariatric surgery was 
accompanied by significant improvements in 
cardiac structure 

 10 28 /35 LV and RV global strain and strain rate 
abnormalities can be reversed after weight 
reduction following bariatric surgery 

 11 61 One year after bariatric surgery favourable 
changes in LV geometry and related 
haemodynamic status were observed 

 12 60 / 20 Weight reduction after bariatric surgery was 
related to reduction of LV hypertrophy and 
improvement of LV diastolic function  

 13 43 LV relaxation impairment was normalized 9 
months after bariatric surgery 

 14 57 / 57 Body weight changes were associated with 
changes in LV structure independent of obesity-
related comorbidities 

 15 23 LV function improved 3 years after bariatric 
surgery 

 16 43 LV function improved 1 year after bariatric 
surgery 

 17 52 Bariatric surgery had an important effect on 
reversing LV and RV remodelling and it 
substantially improved RV longitudinal strain 
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 18 37 Significant weight loss by bariatric surgery was 
associated with improved LV structure and 
function  

 19 53 Sleeve gastrectomy improved LV systolic 
function and contributed to reversed LV 
remodelling  

 20 13 Almost complete normalization of myocardial 
functional and structural alterations after weight 
loss 

 21 24 / 50 Weight loss produced comparable changes in 
cardiac morphology and function in those with 
and without congestive heart failure 
 

 
Biomarkers  

 

22 
 
2.448 / 1.141 

 
Among individuals without cardiovascular 
disease, higher BMI was associated with 
increased hs-TnT levels 

 23 

 
57 / 25 Obese children with the metabolic syndrome had 

increased concentrations of hs-TnT  
 24 38 / 113 There was a lack of association between BMI and 

hs-TnT or natriuretic peptides 
 25 34 / 77 NT-proBNP plasma levels in obese heart failure 

patients were lower when compared with non- 
obese patients 

 26 3.475 / 3.802 Natriuretic peptides provided significant 
prognostic information regarding the risk of 
developing heart failure in obesity 

 27 

 
1.912 / 567 
 

Lower natriuretic peptide concentrations were 
associated with increased BMI  

 28 

 
157 
 

Heart failure patients with low natriuretic peptide 
levels had a higher body mass index 

 29 30 NT-proBNP was below the proposed diagnostic 
cut-off point in half of this obese study cohort of 
patients with heart failure with preserved ejection 
fraction 

 
before-after   
bariatric surgery 

 

30 
 
70 / 33 

 
Despite significant improvements in LV diastolic 
function following bariatric surgery, natriuretic 
peptide levels increased 

 31 40 Natriuretic peptide levels increased 12 and 24 
months after bariatric surgery 

 32 22 Bariatric surgery rapidly altered natriuretic 
peptide release, not related to extent of weight 
loss or changes in metabolic parameters 
 

 
ECG and/or 
holtermonitoring  

 

33 
 
47.589 

 
The risk of atrial fibrillation increased 
substantially as BMI increased in both men and 
women 

 34 30 / 29 Obesity was strongly associated with reduced 
cardiac parasympathetic and increased 
sympathetic activity  

 8 35 / 30 Delayed atrial electromechanical interval was 
related to BMI in obesity patients 
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 35 1.341 / 176 Prevalence of atrial fibrillation 1.9% among 
patients undergoing bariatric surgery; risk related 
to age and gender, but not BMI 

 36 5282 Obesity was an important risk factor for atrial 
fibrillation, probably mediated by LA dilatation 

 37 1200 SDNN decreased with an increase in the number 
of metabolic syndrome components after 
adjusting for other covariates 
 

 
before-after   
bariatric surgery 

 

38 
 
10 / 7 

 
Weight loss after bariatric surgery enhanced heart 
rate variability and decreases mean and minimal 
heart rate 

 39 

 
11 Post-surgery improvement in QT variability index 

implied that weight loss reduced the risk of 
ventricular arrhythmic events 

 40 153 / 188 Marked weight loss after bariatric surgery 
resulted in decreased resting heart rate and an 
enhancement in heart rate recovery  
 

 
For studies without a control group only the number of obesity patients is given. LV= left ventricular, RV= right 
ventricular, LA= left atrial, BMI= body mass index, hs-TnT= high sensitive Troponine T, SDNN= Standard 
deviation of all NN intervals  



Chapter 2

40

REFERENCES APPENDIX 
 
1. Monte IP, Mangiafico S, Buccheri S, et al. Early changes of left ventricular geometry and deformational 

analysis in obese subjects without cardiovascular risk factors: a three-dimensional and speckle tracking 
echocardiographic study. Int J Cardiovasc Imaging 2014;30(6):1037-47. doi: 10.1007/s10554-014-0429-5  

2. Vitarelli A, Martino F, Capotosto L, et al. Early myocardial deformation changes in hypercholesterolemic and 
obese children and adolescents: a 2D and 3D speckle tracking echocardiography study. Medicine (Baltimore) 
2014;93(12):e71. doi: 10.1097/MD.0000000000000071  

3. Zhang Y, Han L, Huang H, et al. [Research on Cardiac Structure and Function in the Overweight and Obese 
population and Influence Factors]. Sheng Wu Yi Xue Gong Cheng Xue Za Zhi 2016;33(1):126- 31, 43.  

4. Kibar AE, Pac FA, Ece I, et al. Effect of obesity on left ventricular longitudinal myocardial strain by speckle 
tracking echocardiography in children and adolescents. Balkan Med J 2015;32(1):56-63. doi: 
10.5152/balkanmedj.2015.15136  

5. Sanchez AA, Levy PT, Sekarski TJ, et al. Markers of cardiovascular risk, insulin resistance, and ventricular 
dysfunction and remodeling in obese adolescents. J Pediatr 2015;166(3):660-5. doi: 
10.1016/j.jpeds.2014.11.012  

6. Barbosa JA, Mota CC, Simoes ESAC, et al. Assessing pre-clinical ventricular dysfunction in obese children 
and adolescents: the value of speckle tracking imaging. Eur Heart J Cardiovasc Imaging 2013;14(9):882-9. 
doi: 10.1093/ehjci/jes294  

7. Tavares Ida S, Sousa AC, Menezes Filho RS, et al. Left ventricular diastolic function in morbidly obese 
patients in the preoperative for bariatric surgery. Arq Bras Cardiol 2012;98(4):300-6. 

8. Erdem FH, Ozturk S, Baltaci D, et al. Detection of atrial electromechanical dysfunction in obesity. Acta 
Cardiol 2015;70(6):678-84. doi: 10.2143/AC.70.6.3120180  

9. Luaces M, Cachofeiro V, Garcia-Munoz-Najar A, et al. Anatomical and functional alterations of the heart in 
morbid obesity. Changes after bariatric surgery. Rev Esp Cardiol (Engl Ed) 2012;65(1):14-21. doi: 
10.1016/j.recesp.2011.06.018  

10. Koshino Y, Villarraga HR, Somers VK, et al. Changes in myocardial mechanics in patients with obesity 
following major weight loss after bariatric surgery. Obesity (Silver Spring) 2013;21(6):1111-8. doi: 
10.1002/oby.20168  

11. Luaces M, Martinez-Martinez E, Medina M, et al. The impact of bariatric surgery on renal and cardiac 
functions in morbidly obese patients. Nephrol Dial Transplant 2012;27 Suppl 4:iv53-7. doi: 
10.1093/ndt/gfs529  

12. Ikonomidis I, Mazarakis A, Papadopoulos C, et al. Weight loss after bariatric surgery improves aortic elastic 
properties and left ventricular function in individuals with morbid obesity: a 3-year follow-up study. J 
Hypertens 2007;25(2):439-47. doi: 10.1097/HJH.0b013e3280115bfb 

13. Leichman JG, Wilson EB, Scarborough T, et al. Dramatic reversal of derangements in muscle metabolism 
and left ventricular function after bariatric surgery. Am J Med 2008;121(11):966-73. doi: 
10.1016/j.amjmed.2008.06.033 

14. Garza CA, Pellikka PA, Somers VK, et al. Structural and functional changes in left and right ventricles after 
major weight loss following bariatric surgery for morbid obesity. Am J Cardiol 2010;105(4):550-6. doi: 
10.1016/j.amjcard.2009.09.057  

15. Cunha Lde C, da Cunha CL, de Souza AM, et al. Evolutive echocardiographic study of the structural and 
functional heart alterations in obese individuals after bariatric surgery. Arq Bras Cardiol 2006;87(5):615-22.  

16. Valezi AC, Machado VH. Morphofunctional evaluation of the heart of obese patients before and after bariatric 
surgery. Obes Surg 2011;21(11):1693-7. doi: 10.1007/s11695-011-0431-0  

17. Kaier TE, Morgan D, Grapsa J, et al. Ventricular remodelling post-bariatric surgery: is the type of surgery 
relevant? A prospective study with 3D speckle tracking. Eur Heart J Cardiovasc Imaging 2014;15(11):1256-
62. doi: 10.1093/ehjci/jeu116  

18. Shin SH, Lee YJ, Heo YS, et al. Beneficial Effects of Bariatric Surgery on Cardiac Structure and Function in 
Obesity. Obes Surg 2017;27(3):620-25. doi: 10.1007/s11695-016-2330-x  

19. Kemaloglu Oz T, Unal Dayi S, Seyit H, et al. The effects of weight loss after sleeve gastrectomy on left 
ventricular systolic function in men versus women. J Clin Ultrasound 2016;44(8):492-9. doi: 
10.1002/jcu.22361  

20. Di Bello V, Santini F, Di Cori A, et al. Effects of bariatric surgery on early myocardial alterations in adult 
severely obese subjects. Cardiology 2008;109(4):241-8. doi: 10.1159/000107787  



Protocol of  the CARDIOBESE study

41

Ch
ap

te
r 

2

21. Alpert MA, Terry BE, Mulekar M, et al. Cardiac morphology and left ventricular function in normotensive 
morbidly obese patients with and without congestive heart failure, and effect of weight loss. Am J Cardiol 
1997;80(6):736-40.  

22. Ndumele CE, Coresh J, Lazo M, et al. Obesity, subclinical myocardial injury, and incident heart failure. JACC 
Heart Fail 2014;2(6):600-7. doi: 10.1016/j.jchf.2014.05.017  

23. Pervanidou P, Akalestos A, Bastaki D, et al. Increased circulating High-Sensitivity Troponin T concentrations 
in children and adolescents with obesity and the metabolic syndrome: a marker for early cardiac damage? 
Metabolism 2013;62(4):527-31. doi: 10.1016/j.metabol.2012.09.012  

24. Siervo M, Ruggiero D, Sorice R, et al. Body mass index is directly associated with biomarkers of angiogenesis 
and inflammation in children and adolescents. Nutrition 2012;28(3):262-6. doi: 10.1016/j.nut.2011.06.007  

25. Rivera M, Cortes R, Salvador A, et al. Obese subjects with heart failure have lower N-terminal pro-brain 
natriuretic peptide plasma levels irrespective of aetiology. Eur J Heart Fail 2005;7(7):1168-70. doi: 
10.1016/j.ejheart.2005.04.003 

26. Ndumele CE, Matsushita K, Sang Y, et al. N-Terminal Pro-Brain Natriuretic Peptide and Heart Failure Risk 
Among Individuals With and Without Obesity: The Atherosclerosis Risk in Communities (ARIC) Study. 
Circulation 2016;133(7):631-8. doi: 10.1161/CIRCULATIONAHA.115.017298  

27. Fox ER, Musani SK, Bidulescu A, et al. Relation of obesity to circulating B-type natriuretic peptide 
concentrations in blacks: the Jackson Heart Study. Circulation 2011;124(9):1021-7. doi: 
10.1161/CIRCULATIONAHA.110.991943  

28. Meijers WC, Hoekstra T, Jaarsma T, et al. Patients with heart failure with preserved ejection fraction and low 
levels of natriuretic peptides. Neth Heart J 2016;24(4):287-95. doi: 10.1007/s12471-016-0816-8  

29. Buckley LF, Canada JM, Del Buono MG, et al. Low NT-proBNP levels in overweight and obese patients do 
not rule out a diagnosis of heart failure with preserved ejection fraction. ESC Heart Fail 2018;5(2):372-78. 
doi: 10.1002/ehf2.12235  

30. Martin J, Bergeron S, Pibarot P, et al. Impact of bariatric surgery on N-terminal fragment of the prohormone 
brain natriuretic peptide and left ventricular diastolic function. Can J Cardiol 2013;29(8):969-75. doi: 
10.1016/j.cjca.2012.11.010  

31. Marney AM, Brown NJ, Tamboli R, et al. Changes in B-type natriuretic peptide and BMI following Roux-
en-Y gastric bypass surgery. Diabetes Care 2014;37(4):e70-1. doi: 10.2337/dc13-2449  

32. Abrahamsson N, Engstrom BE, Sundbom M, et al. Gastric bypass surgery elevates NT-ProBNP levels. Obes 
Surg 2013;23(9):1421-6. doi: 10.1007/s11695-013-0889-z  

33. Frost L, Hune LJ, Vestergaard P. Overweight and obesity as risk factors for atrial fibrillation or flutter: the 
Danish Diet, Cancer, and Health Study. Am J Med 2005;118(5):489-95. doi: 10.1016/j.amjmed.2005.01.031  

34. Yadav RL, Yadav PK, Yadav LK, et al. Association between obesity and heart rate variability indices: an 
intuition toward cardiac autonomic alteration - a risk of CVD. Diabetes Metab Syndr Obes 2017;10:57-64. 
doi: 10.2147/DMSO.S123935  

35. Shoemaker MB, Gidfar S, Pipilas DC, et al. Prevalence and predictors of atrial fibrillation among patients 
undergoing bariatric surgery. Obes Surg 2014;24(4):611-6. doi: 10.1007/s11695-013-1123-8  

36. Wang TJ, Parise H, Levy D, et al. Obesity and the risk of new-onset atrial fibrillation. JAMA 
2004;292(20):2471-7. doi: 10.1001/jama.292.20.2471  

37. Yoo HJ, Hwang SY, Choi KM, et al. Clinical implication of body size phenotype on heart rate variability. 
Metabolism 2016;65(11):1589-96. doi: 10.1016/j.metabol.2016.08.002  

38. Nault I, Nadreau E, Paquet C, et al. Impact of bariatric surgery--induced weight loss on heart rate variability. 
Metabolism 2007;56(10):1425-30. doi: 10.1016/j.metabol.2007.06.006  

39. Alam I, Lewis MJ, Lewis KE, et al. Influence of bariatric surgery on indices of cardiac autonomic control. 
Auton Neurosci 2009;151(2):168-73. doi: 10.1016/j.autneu.2009.08.007  

40. Wasmund SL, Owan T, Yanowitz FG, et al. Improved heart rate recovery after marked weight loss induced 
by gastric bypass surgery: two-year follow up in the Utah Obesity Study. Heart Rhythm 2011;8(1):84-90. doi: 
10.1016/j.hrthm.2010.10.023 

 
  



II



Diagnostics in obesity patients 

Part II



3



Sanne M. Snelder | John O. Younge | Adem Dereci | Joella E. van Velzen | Jurgen 
M. Akkerhuis | Lotte E de Groot - de Laat | Felix Zijlstra | Bas M. van Dalen 

Chapter 3

Published in part as a brief  research communication in 
J Am Soc Echocardiogr. 2019 Nov;32(11):1491-149 

Feasibility and reproducibility of  
transthoracic echocardiography 

in obesity patients



Chapter 3

46

ABSTRACT 

Background 

Obesity patients are considered technically difficult to evaluate by transthoracic 

echocardiography (TTE). 

 

Purpose 

The aim of our study was to evaluate the feasibility, inter- and intra-observer variability and 

test-retest variability of parameters of cardiac function and dimension by TTE in obesity 

patients as compared to non-obese controls. 

 

Methods 

We prospectively enrolled 100 obesity patients (body mass index ≥ 35kg/m2) and 50 non-obese 

controls (body mass index < 30kg/m2) without known cardiovascular disease. Feasibility of 

echocardiographic parameters was assessed by categorizing image quality and evaluation of 

available parameters. Intra-observer reproducibility was assessed by one observer on the same 

echocardiographic loop in 50 patients. A second observer assessed interobserver reproducibility 

in the same patients. To investigate test-retest variability, two physicians obtained images in 37 

obesity patients and 17 non-obese controls. 

 

Results 

Image quality was excellent in 11% of the obesity patients as compared to 60% of the non-

obese controls (p<0.001). All investigated parameters of cardiac function and dimension were 

available in both groups, except for global longitudinal strain (GLS). GLS was obtained in 93% 

of obesity patients versus 98% of non-obese controls (p=0.20). Comparable inter- and intra-

observer variability between obesity patients and non-obese controls in the vast majority of 

parameters was observed. No significant differences on test-retest variability were observed.  

 

Conclusion 

Although non-obese controls on average had better echocardiographic image quality than 

obesity patients, feasibility of assessment of a broad variety of parameters of cardiac function 

and dimension was excellent in obesity patients and there were no important differences 

regarding variability of measurements. 
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INTRODUCTION 

Worldwide, approximately 603.7 million adults are overweight (body mass index (BMI) ≥ 25 

kg/m2) and 2.3% of men and 5.0% of women are even severely obese (BMI ≥35 kg/m²).1,2 

Obesity has generally been accepted as one of the main health threatening conditions, and a 

major challenge in health care practice and costs.3 Cardiovascular disease is the leading cause 

of death and disability-adjusted life-years related to obesity with 2.7 million deaths and 66.3 

million disability-adjusted life-years worldwide.2 As a result of this, current guidelines 

recommend screening of obesity patients on the presence of cardiac risk factors.4 It is expected 

that this will lead to an increase of the use of transthoracic echocardiography (TTE) in obesity 

patients.5,6  

However, it may be technically challenging to adequately evaluate obesity patients by TTE, 

and for this reason these patients may be excluded from this simple, cost-effective, and safe 

diagnostic test. So far no study has been performed with the specific aim to investigate both 

feasibility and reproducibility of TTE in this group of patients. Additionally, speckle tracking 

echocardiography (STE) has been introduced for better quantification of left ventricular (LV) 

dysfunction. In previous studies subclinical LV dysfunction was detected in obesity patients by 

global longitudinal strain (GLS) analysis using STE.7-9 Interestingly, the applicability of GLS 

has not been investigated before specifically in obesity patients.  

The aim of our study was to evaluate the feasibility, inter- and intra-observer variability and 

test-retest variability of parameters of cardiac function and dimension by conventional TTE and 

GLS by STE in obesity patients as compared to non-obese controls. 

 

METHODS 

Study group 

We prospectively studied 100 obesity patients who were referred for bariatric surgery in the 

Franciscus Gasthuis & Vlietland, Rotterdam, the Netherlands. Patients were included if they 

were between 35 and 65 years old and had a BMI of ≥35 kg/m2. Patients with known 

cardiovascular disease were excluded. Fifty non-obese (BMI<30 kg/m2) subjects were enrolled 

as controls. The study protocol was approved by the ethics committee and written informed 

consent was obtained from all participants.10  

 

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 Netherlands), 
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equipped with a broadband (1-5MHz) X5-1 transducer. To optimize speckle tracking 

echocardiography, apical images were obtained at a frame rate of 60 to 80 frames/s.  

 

Conventional echocardiographic measurements 

All acquisitions and measurements were performed according to the current guidelines.11,12 

Interventricular septal thickness (IVSd), posterior wall thickness (PWd) and left ventricular 

dimension (LVEDD) were all measured at end-diastole. The left ventricular mass (LVM) was 

calculated according to the Deveraux formula: LVM (g) = 0.80 × {1.04[(IVSd + LVEDD + 

PWd)3 - (LVEDD)]3}+ 0.6. We performed pulsed-wave Doppler examination from the (apical) 

4-chamber view, to obtain peak mitral inflow velocities at early (E) and late (A) diastole and E 

deceleration time. Tissue Doppler imaging was performed to obtain myocardial tissue velocity 

at the septal and lateral mitral annulus at early diastole (e’). E/A ratio and the E/e′ ratio were 

calculated using the septal e’. Left atrial volume was measured using the modified biplane area-

length method. Left atrial volume index (LAVI) was calculated by dividing left atrial volume 

by body surface area. 

 

Speckle-tracking analysis 

Three consecutive cardiac cycles were acquired from all apical views (4-chamber, 2-chamber 

and 3-chamber). Subsequently, these cycles were transferred to a QLAB workstation (version 

10.2, Philips, Best, the Netherlands) for off-line speckle tracking analysis. Off-line analyses 

were performed by 2 independent observers. In end-diastole, automated border tracking was 

enabled, before manual adjustment using a ‘point and click approach’ to ensure that the 

endocardial and epicardial borders were included in the region of interest. When tracking was 

suboptimal, fine-tuning was performed manually. Peak regional longitudinal strain was 

measured in 16 myocardial regions and a weighted mean was used to derive GLS. 

 

Feasibility  

Feasibility of echocardiographic parameters was assessed by categorizing image quality and by 

evaluating availability of echocardiographic parameters in all 100 obesity patients and 50 non-

obese controls. The quality of each echocardiogram was rated on a rating scale from 1–4, with 

1 being poor image quality and 4 excellent image quality, as determined subjectively by the 2 

independent observers. Availability of each echocardiographic parameter was listed for all 100 

obesity patients and all 50 non-obese controls. 
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Reproducibility 

Intra-observer reproducibility of the echocardiographic parameters was assessed in 50 obesity 

patients and 25 non-obese controls with an interval of 6 months by one observer (SS) on the 

same echocardiographic loop. A second observer (JY) who was unaware of the results, also 

assessed inter-observer reproducibility. 

In 37 obesity patients and 17 non-obese controls images were obtained by two physicians (SS 

and BD) to investigate test-retest variability.  

 

Statistical analysis 

Values in obesity patients and non-obese controls were compared using the Student’s t-test. 

Image quality between groups was compared using the chi-square test. Variability was 

calculated as the mean per cent error, defined as the absolute difference between the two sets 

of measurements, divided by the mean of the measurements. A p-value of <0.05 was considered 

statistically significant. Test-retest reproducibility was displayed using Bland-Altman plots.13 

Statistical analyses was performed with SPSS version 25.0 or higher (SPSS Inc., Chicago, 

USA). 

 

RESULTS 

Patient characteristics 

No significant differences were observed in the two study groups regarding age (48±7 years in 

obesity patients versus 49±9 years in non-obese controls, p=0.41) and gender (both 70% 

female). The mean BMI in the obesity group was 43±4 kg/m2 and 25±3 kg/m2 in the non-obese 

controls (p<0.001).  

 

Feasibility of echocardiographic parameters in obesity patients and non-obese controls 

Only 11% of the obesity patients had excellent-quality ultrasound images compared to 60% of 

the non-obese controls. However, apart from GLS and left ventricular ejection fraction 

(LVEF), all investigated parameters of cardiac function and dimension were available in both 

groups (Table 1). LVEF was available in 98% of the obesity patients and in all of the non-

obese controls. GLS was available in 93% of obesity patients versus 98% of non-obese 

controls. Missing values were because of poor image quality.  
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Table 1 Image quality and availability of various echocardiographic parameters in obesity 
patients versus non-obese controls 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Values represent n (%) 
 
ǂp<0.05, *p<0.001. All p-values regarding image quality sufficient for parameter availability are non-significant 
 
IVSd= interventricular septal thickness at end-diastole, LVEDD= left ventricular dimension at end-diastole, 
LVEF= left ventricular ejection fraction, PWd= posterior wall thickness at end-diastole, LVM= left ventricular 
mass, E-wave= early diastolic transmitralflow velocity, A-wave= late diastolic transmitralflow velocity, e’= early 
diastolic mitral annular velocity, LA-volume index= left atrial volume index, TAPSE= Tricuspid annular plane 
systolic excursion, GLS= Global Longitudinal Strain 
 

Inter- and intra-observer variability of echocardiographic parameters in obesity patients 

and non-obese controls 

The inter- and intra-observer variability was comparable between obesity patients and non-

obese controls for the vast majority of parameters (Table 2). However, intra-observer variability 

of IVSd was increased in obesity patients (10.6±6.3% versus 6.8±6.3%, p=0.019). There were 

small differences regarding inter-observer variability of the lateral e’ (10.6±9.1% in obesity 

patients versus 6.5±3.9% in non-obese controls, p=0.036) and E/e’ratio (9.3±9.2% in obesity 

patients versus 5.0±4.0% non-obese controls, p=0.033).  

 

 Obese (n=100) Non-obese (n=50) 
Image quality   
1 – poor  12 (12%) 1 (2%)ǂ 
2 – moderate  44 (44% 4 (8%)*  
3 – good  33 (33%) 15 (30%) 
4 – excellent  11 (11%) 30 (60%)* 
   
Image quality sufficient for 
parameter availability 

  

IVSd  100 (100%) 50 (100%) 
LVEDD 100 (100%) 50 (100%) 
PWd 100 (100%) 50 (100%) 
LVM 100 (100%) 50 (100%) 
E-wave  100 (100%) 50 (100%) 
A-wave  100 (100%) 50 (100%) 
E/A ratio 100 (100%) 50 (100%) 
Septal e’velocity 100 (100%) 50 (100%) 
Lateral e’velocity 100 (100%) 50 (100%) 
E/e’ratio 100 (100%) 50 (100%) 
Deceleration time 100 (100%) 50 (100%) 
LA-volume index 100 (100%) 50 (100%) 
TAPSE 100 (100%) 50 (100%) 
LVEF 98 (98%) 50 (100%) 
GLS 93 (93%) 49 (98%) 



Feasibility and reproducibility of  transthoracic echocardiography in obesity patients

51

Ch
ap

te
r 

3

T
ab

le
 2

 V
ar

ia
bi

lit
y 

an
d 

in
tra

cl
as

s c
or

re
la

tio
n 

co
ef

fic
ie

nt
s o

f v
ar

io
us

 e
ch

oc
ar

di
og

ra
ph

ic
 p

ar
am

et
er

s i
n 

ob
es

ity
 p

at
ie

nt
s v

er
su

s n
on

-o
be

se
 c

on
tro

ls
.  

                     V
al

ue
s r

ep
re

se
nt

 m
ea

n 
± 

st
an

da
rd

 d
ev

ia
tio

n 
 * p

<0
.0

5 
 IV

Sd
= 

In
te

rv
en

tri
cu

la
r s

ep
ta

l t
hi

ck
ne

ss
 a

t e
nd

-d
ia

st
ol

e,
 L

VE
D

D
= 

le
ft 

ve
nt

ric
ul

ar
 d

im
en

si
on

 a
t e

nd
-d

ia
st

ol
e,

 L
VE

F=
le

ft 
ve

nt
ric

ul
ar

 e
je

ct
io

n 
fra

ct
io

n,
 P

W
d=

 p
os

te
rio

r w
al

l 
th

ic
kn

es
s a

t e
nd

-d
ia

st
ol

e,
 L

VM
= 

Le
ft 

ve
nt

ric
ul

ar
 m

as
s, 

E-
w

av
e=

 e
ar

ly
 d

ia
st

ol
ic

 tr
an

sm
itr

al
flo

w
 v

el
oc

ity
, A

-w
av

e=
 la

te
 d

ia
st

ol
ic

 tr
an

sm
itr

al
flo

w
 v

el
oc

ity
, e

’=
ea

rly
 d

ia
st

ol
ic

 
m

itr
al

 a
nn

ul
ar

 v
el

oc
ity

, L
A-

vo
lu

m
e 

in
de

x=
 le

ft 
at

ria
l v

ol
um

e 
in

de
x,

 T
AP

SE
= 

Tr
ic

us
pi

d 
an

nu
la

r p
la

ne
 sy

st
ol

ic
 e

xc
ur

si
on

, G
LS

= 
G

lo
ba

l L
on

gi
tu

di
na

l S
tra

in
 

 
In

tr
a-

ob
se

rv
er

  
In

te
r-

ob
se

rv
er

  
T

es
t-

re
te

st
 v

ar
ia

bi
lit

y 
E

ch
o 

pa
ra

m
et

er
s 

O
be

se
  

(n
=5

0)
 

N
on

-o
be

se
 

(n
=2

5)
 

O
be

se
  

(n
=5

0)
 

N
on

-o
be

se
 

(n
=2

5)
 

O
be

se
  

(n
=3

7)
 

N
on

-o
be

se
 

(n
=1

7)
 

 
V

ar
ia

bi
lit

y 
IC

C
 

V
ar

ia
bi

lit
y 

IC
C

 
V

ar
ia

bi
lit

y 
IC

C
 

V
ar

ia
bi

lit
y 

IC
C

 
V

ar
ia

bi
lit

y 
IC

C
 

V
ar

ia
bi

lit
y 

IC
C

 
IV

Sd
  

10
.6

±6
.3

  
0.

77
 

6.
8±

6.
3*  

0.
81

 
10

.8
±6

.9
 

0.
76

 
8.

5±
4.

5 
0.

86
 

11
.1

±9
.0

 
0.

77
 

10
.1

±6
.4

 
0.

76
 

LV
ED

D
 

5.
4±

4.
7 

0.
84

 
6.

7±
5.

3 
0.

76
 

5.
5±

3.
7 

0.
89

 
5.

5±
3.

3 
0.

87
 

6.
7±

5.
1 

 
0.

69
 

6.
1±

5.
2 

0.
55

 
PW

d 
12

.4
±9

.0
 

0.
62

 
13

.7
±9

.6
 

0.
67

 
11

.5
±9

.7
 

0.
77

 
9.

7±
6.

7 
0.

76
 

12
.4

±9
.4

 
0.

68
 

9.
8±

6.
4 

0.
80

 
LV

M
 

13
.6

±9
.4

 
0.

86
 

11
.3

±1
0.

8 
0.

90
 

10
.8

±7
.7

 
0.

93
 

10
.6

±9
.1

 
0.

85
 

10
.3

±8
.7

3 
0.

92
 

8.
9±

4.
5 

0.
94

 
E-

w
av

e 
 

4.
7±

3.
9 

0.
85

 
3.

1±
2.

1 
0.

97
 

5.
3±

4.
3 

0.
93

 
5.

3±
3.

1 
0.

90
 

9.
3±

6.
0 

0.
88

 
6.

1±
3.

9 
0.

86
 

A
-w

av
e 

 
5.

4±
5.

4 
0.

92
 

5.
1±

9.
6 

0.
99

 
5.

5±
4.

7 
0.

89
 

5.
4±

2.
5 

0.
96

 
9.

2±
6.

5 
0.

85
 

5.
8±

4.
6 

0.
97

 
E/

A
 ra

tio
 

5.
9±

9.
6 

0.
94

 
2.

1±
3.

0 
0.

99
 

4.
9±

5.
0 

0.
80

 
3.

8±
3.

4 
0.

98
 

8.
9±

5.
7 

0.
91

 
8.

5±
5.

7 
0.

86
 

Se
pt

al
 e

’v
el

oc
ity

 
5.

4±
4.

2 
0.

91
 

3.
5±

3.
6 

0.
96

 
7.

5±
7.

4 
0.

85
 

5.
3±

2.
4 

0.
94

 
9.

7±
7.

3 
0.

86
 

7.
7±

4.
6 

0.
93

 
La

te
ra

l e
’v

el
oc

ity
 

8.
2±

7.
3 

0.
84

 
5.

9±
7.

6 
0.

91
 

10
.6

±9
.1

 
0.

84
 

6.
5±

3.
9*  

0.
95

 
13

.9
±1

2.
2 

0.
80

 
9.

1±
9.

4 
0.

97
 

E/
e’

ra
tio

 
7.

8±
7.

8 
0.

86
 

4.
9±

4.
1 

0.
96

 
9.

3±
9.

2 
0.

90
 

5.
0±

4.
0*  

0.
94

 
11

.6
±7

.6
 

0.
92

 
10

.1
±1

1.
6 

0.
91

 
D

ec
el

er
at

io
n 

tim
e 

8.
4±

6.
6 

0.
81

 
5.

3±
6.

4 
0.

91
 

10
.2

±8
.9

 
0.

80
 

6.
9±

4.
7 

0.
88

 
16

.2
±1

4.
2 

0.
57

 
14

.1
±1

2.
3 

0.
55

 
LA

-v
ol

um
e 

in
de

x 
12

.3
±7

.8
 

0.
76

 
8.

7±
6.

5 
0.

82
 

11
.0

±6
.9

 
0.

91
 

9.
2±

4.
8 

0.
91

 
13

.6
±1

1.
8 

0.
77

 
10

.1
±6

.3
 

0.
87

 
TA

PS
E 

7.
3±

5.
4 

0.
77

 
5.

1±
4.

1 
0.

84
 

9.
5±

7.
2 

0.
76

 
7.

0±
3.

1 
0.

92
 

7.
4±

6.
6 

0.
82

 
9.

7±
3.

3 
0.

75
 

LV
EF

 
7.

3±
5.

4 
0.

76
 

8.
2±

5.
8 

0.
22

 
7.

7±
5.

2 
0.

78
 

4.
2±

3.
7ǂ

 
0.

69
 

9.
7±

8.
7 

0.
41

 
5.

3±
2.

6 
0.

42
 

G
LS

 
6.

8±
5.

2 
0.

91
 

5.
6±

4.
6 

0.
66

 
6.

4±
4.

9 
0.

93
 

5.
6±

4.
6 

0.
71

 
8.

8±
7.

6 
0.

81
 

6.
9±

5.
3 

0.
49

 



Chapter 3

52

Test-retest variability of echocardiographic parameters in obesity patients and non-

obese controls 

No significant differences were observed between obesity patients and non-obese controls 

regarding test-retest variability. Bland–Altman analysis was performed (Figure 1) to 

graphically display the test-retest reproducibility for GLS, LVM, E/e’ ratio, left atrial 

volume index and tricuspid annular plane systolic excursion for both groups. 

 

DISCUSSION 

The current study demonstrates that although non-obese controls had better overall 

echocardiographic image quality than obesity patients, feasibility of assessment of a broad 

variety of parameters of cardiac function and dimensions were excellent in obesity patients. 

No important differences regarding variability of measurements were observed. GLS had 

good feasibility and reproducibility in obesity patients. 

 

Nowadays, obesity is a common condition and therefore echocardiographic examination of 

these patients is part of daily clinical practice.1 However, the body habitus of obesity 

patients poses technical challenges regarding obtaining optimal echocardiographic image 

quality. However, studies in which feasibility of obtaining echocardiographic parameters 

by TTE in obesity patients was reported are limited. As early as in 1982, Zema et al.14 

examined the feasibility of M-Mode echocardiography in 50 obese adults and concluded 

that M-Mode echocardiography allows detailed evaluation of obese subjects. Both Shah et 

al.15 and Supariwala et al.16 reported good feasibility of stress-echocardiography in obesity 

patients. On the contrary, Siadecki et al.17 found a correlation between increasing BMI and 

decreased image quality in focused bedside echocardiography. Only one previous study was 

performed to investigate interobserver variability of echocardiography in obesity patients. 

Jhang et al.18 concluded in 1997 that the interobserver variability of determination of LVM 

assessed by M-Mode was poor in obesity patients.  
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a) Global longitudinal strain (GLS) 
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b) Left ventricular mass 
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c) E/e’ 
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d) Left atrial volume index 
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e) TAPSE 

 
 

 

 
 
 
 
Figure 1: Bland Altman analysis of global longitudinal strain (a), left ventricular mass (b), E/e’ (c), left atrial 
volume index (d), TAPSE (e)  
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There is a strong perception in the clinical community that TTE, even with the latest technology, 

does not provide adequate diagnostic images in obesity patients. Indeed, value of 

echocardiographic imaging in obesity patients may be limited due to poor acoustic windows.16 

The ultrasound energy is markedly attenuated by subcutaneous fat, and as a result of this, the 

presence of adipose tissue can significantly limit the ability to obtain high-quality ultrasound 

images.17 Also, body morphology of obesity patients may hamper the ability to identify the 

acoustic window with the most optimal image quality. Nevertheless, in our study we showed 

that feasibility of parameters of cardiac function and dimension by TTE in obesity patients is 

excellent, with acceptable reproducibility compared to non-obese subjects. A possible 

explanation for this somewhat unexpected finding may be that, since the images were obtained 

for research purposes, physicians used all the time necessary to identify the optimal 

echocardiographic windows, not being hampered by time pressure. The extra time needed to 

obtain most optimal images in obesity patients may often not be available in common daily 

clinical practice. Also, the widespread idea of echocardiography usually being non-diagnostic 

in obesity patients may lead to a self-fulfilling prophecy; poor image quality during acquisition 

of images may be more easily accepted by the operator, and further search for the optimal 

echocardiographic window and optimization of the machine settings may therefore be omitted.  

 

Recent improvement for the evaluation of left ventricular function by echocardiography has 

been the development of strain imaging by STE.19 Currently, STE is broadly available and echo-

machines from all well-known vendors are generally equipped with speckle tracking software.17 

Strain can be assessed in three principle directions (longitudinal, circumferential, and radial), 

with longitudinal strain to be the most reproducible. It is therefore recommended to use GLS as 

one of the parameters of LV systolic function.11 Until now it has been unclear how well this 

method would perform in obesity patients as no earlier studies have been performed specifically 

focusing on feasibility and/or reproducibility. Although image quality was relatively poor in 

obesity patients, we demonstrated an overall good feasibility and reproducibility for GLS and 

suggest the use of this parameter in daily clinical practice.  

 

Limitations 

In the current study, we primarily focused on parameters of global left- and right ventricular 

function and dimension. Feasibility and reproducibility of regional wall motion abnormalities 

or valve function was not assessed. Subjects had no known cardiac history and presence of 

regional wall motion abnormalities or valve dysfunction was therefore expected to be limited. 



Feasibility and reproducibility of  transthoracic echocardiography in obesity patients

59

Ch
ap

te
r 

3

Additionally, the results do not reflect a more acutely ill or intensive care population, in which 

the ability to perform adequate echocardiography may be more challenging. Last, we did not 

record the duration of our TTE examinations.  

 

CONCLUSIONS 

The current study demonstrates that assessment of a broad variety of parameters of cardiac 

function and dimension by TTE was feasible in obesity patients. No important differences 

regarding variability of measurements were observed. GLS had good feasibility and 

reproducibility in obesity patients and we suggest that this parameter may also be used in daily 

clinical practice in these patients. 
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ABSTRACT 

Background 

Despite a generally high specificity, electrocardiographic(ECG) criteria for the detection of left 

ventricular hypertrophy (LVH) lack sensitivity, particularly in obesity patients.  

 

Objectives 

The aim of the study was to evaluate the accuracy of the most commonly used ECG criteria 

(Cornell voltage and Sokolow-Lyon index), the recently introduced Peguero-Lo Presti criteria 

and the correction of these criteria by body mass index (BMI) to detect LVH in obesity patients 

and to propose adjusted ECG criteria with optimal accuracy. 

 

Methods 

The accuracy of the ECG criteria for detection of LVH was retrospectively tested in a cohort of 

obesity patients referred for a transthoracic echocardiogram based on clinical grounds (test 

cohort, n=167). Adjusted ECG criteria with optimal sensitivity for the detection of LVH were 

developed. Subsequently, the value of these criteria was prospectively tested in an obese 

population without known cardiovascular disease (validation cohort, n=100). 

 

Results 

Established ECG criteria had a poor sensitivity in obesity patients in both the test cohort (ranged 

from 0-16%) and the validation cohort (ranged from 0-20%). The adjusted criteria showed 

improved sensitivity, with optimal values for males using the Cornell voltage corrected for BMI 

(RaVL+SV3)*BMI ≥700mm*kg/m2; sensitivity 47% test cohort, 40% validation cohort), for 

females the Sokolow-Lyon index corrected for BMI (SV1+RV5/RV6)*BMI ≥885mm*kg/m2; 

sensitivity 26% test cohort, 23% validation cohort.  

 

Conclusions 

Established ECG criteria for the detection of LVH lack sufficient sensitivity in obesity patients. 

We propose new criteria for the detection of LVH in obesity patients with improved sensitivity, 

approaching known sensitivity of the most commonly used ECG criteria in lean subjects. 
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INTRODUCTION 

The prevalence of obesity has increased rapidly, and nowadays more people are obese than 

underweight.1 Left ventricular hypertrophy (LVH) occurs frequently in obesity patients, even 

in the absence of comorbidities such as hypertension2,3 and is associated with increased risk of 

cardiovascular disease, morbidity, and mortality.4-6 Although echocardiography is a more 

sensitive tool to identify LVH, the standard electrocardiogram (ECG) remains widely used, 

because of its established clinical value, broad availability, and low costs.7 ECG criteria for the 

diagnosis of LVH have been used since 1914.8 Nowadays, the two most commonly used ECG 

criteria are the Cornell voltage9 and the Sokolow-Lyon index.10 Despite a generally high 

specificity, most ECG criteria for LVH lack sensitivity.11 The value of these criteria is 

particularly questionable in obesity patients12,13 because obesity is responsible for geometrical 

and electrophysiological changes of the heart and ECG voltages may be attenuated by 

subcutaneous adipose tissue.14,15 Recently, Peguero and Lo-Presti introduced more sensitive 

ECG criteria for the detection of LVH.16 Until now, these criteria have not been specifically 

tested in obese subjects. Finally, Angeli et al.17 introduced a correction to the Cornell voltage 

by body mass index (BMI) to improve the performance of traditional ECG criteria.  

The aim of the current study was to retrospectively evaluate the accuracy of various ECG 

criteria to detect LVH in obesity patients and to propose adjusted ECG criteria with optimal 

sensitivity for this group of patients. Subsequently, the identified optimal criteria were 

prospectively tested in an obese population without suspicion of or known cardiovascular 

disease. 

 

METHODS 

The accuracy of the Cornell voltage, Sokolow–Lyon index, Peguero-Lo-Presti criteria and the 

correction of Cornell voltage by BMI for detection of LVH was retrospectively tested in obesity 

patients who were referred for a transthoracic echocardiogram based on clinical grounds 

(suspicion on or history of cardiovascular disease) (test cohort). From these data, ECG criteria 

with optimal sensitivity for the detection of LVH were developed by adjusting the cut-off values 

and correcting all voltage criteria for BMI. After this, the value of these criteria was 

prospectively tested in an obese population without a suspicion on or history of cardiovascular 

disease (validation cohort). 
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Test cohort  

All obesity patients (BMI ≥35 kg/m2) who came to the Franciscus Gasthuis & Vlietland 

(Rotterdam, the Netherlands) in 2017 and underwent both an ECG and transthoracic 

echocardiography in the same week were included in the analysis. Patients with conditions 

potentially effecting the ECG voltage amplitude, such as a left or right bundle branch block, a 

paced rhythm, imaging evidence of myocardial infarction or pericardial effusion, were 

excluded.  

 

Validation cohort 

All obese participants of the CARDIOBESE study18 were recruited for the validation cohort. In 

short, the CARDIOBESE study was designed to detect early signs of cardiac dysfunction in 

obesity patients without a suspicion on or known cardiovascular disease. Patients with a BMI 

≥35 kg/m2 scheduled for bariatric surgery were included. A history of cardiovascular disease 

was an exclusion criterion. All research data acquisition was approved by the local research 

ethics committee and informed written consent was obtained from each participant. 

 

ECG recording and analysis 

A standard 12-lead ECG was recorded at a paper speed of 25 mm/s and an amplification of 10 

mm/mV. Heart rate, QRS duration, R-wave and S-wave heights and QRS axis were measured. 

Left axis deviation was determined as QRS axis between −30° and −90°. Measurements were 

taken to the nearest 1 mm. The most commonly used ECG criteria were analyzed (Figure 1): 

the Cornell voltage, RaVL + SV3 (considered positive ≥28 mm in male subjects and ≥20 mm 

in female subjects)9; Sokolow–Lyon index, SV1 + RV5/RV6 (RV5 or RV6, whichever is 

greater; considered positive ≥35 mm)10; the Peguero–Lo Presti criteria, SV4 + Sdeepest 

(considered positive ≥28 mm in males and ≥23 mm in females)16; and the correction of Cornell 

voltage by BMI, (RaVL + SV3)* BMI (considered positive ≥604 mm*kg/m2).17 Finally, we 

multiplied the Sokolow–Lyon index and Peguero–Lo Presti criteria by BMI. 



Optimized ECG criteria for the detection of  LVH in obesity patients 

67

Ch
ap

te
r 

4

 

 

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 Netherlands), 

equipped with a broadband (1-5MHz) X5-1 transducer. All acquisitions and measurements 

were performed according to current guidelines.19,20 Estimation of left ventricular mass (LVM) 

as determined by echocardiography was used as the golden standard. Interventricular septal 

thickness (IVSd), posterior wall thickness (PWd) and left ventricular dimension (LVEDD) were 

all measured at end-diastole. The LVM was calculated according to the Deveraux formula using 

these measurements: LVM (g) = 0.80 × {1.04[(IVSd + LVEDD + PWd)3 - (LVEDD)3]}+ 0.6. 

The LVM was divided by the body surface area (BSA) to calculate the LVM-index (LVMI). 

BSA was calculated by the Mosteller formula.21 LVH was defined as LVMI ≥102g/m2 for males 

and ≥88g/m2 for females.19  

 

Statistical analysis  

To compare baseline characteristics between the two cohorts, the Student t test was used for 

continuous variables and the χ2 test for categorical variables. Continuous values were expressed 

Figure 1: Electrocardiogram of a 67-year-old male obesity patient that meets the criteria for left ventricular 
hypertrophy based on the adjusted Cornell voltage*BMI, (RaVL+SV3)*BMI ≥700 mm*kg/m2. The diagnosis of left 
ventricular hypertrophy was confirmed by an echocardiogram. Note that none of the other criteria were positive.  

BMI= body mass index 
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as mean ± SD and categorical values as percentages. The sensitivity, specificity, positive 

predictive values (PPV) and negative predictive values (NPV) and their 95% confidence 

intervals were calculated for the ECG criteria in both groups. Differences in sensitivity and 

specificity between cohorts were tested with the χ2test. A P value <.05 was considered 

statistically significant. Optimal cut-off values for all ECG criteria were manually calculated 

for both genders by a receiver operating curve (ROC) curve, using a fixed specificity of 

95%.10,14,22,23 Statistical analyses was performed with SPSS version 25.0 or higher (SPSS Inc., 

Chicago, USA). 

 

RESULTS 

Patient characteristics 

A total of 194 patients were included in the test cohort and 100 in the validation cohort. Twenty-

seven patients were excluded in the test cohort; five patients because of a paced rhythm, 15 

patients because of a bundle branch block, and seven patients showed wall motion abnormalities 

on echocardiography. No patients were excluded due to poor echocardiographic windows.  

Patients in the test cohort were older, had a higher heart rate and more comorbidities such as 

diabetes mellitus and hypertension (Table 1). Patients in the validation cohort had a higher BSA 

(2.3 ± 0.2 vs 2.5 ± 0.2 m2, P < .001) compared to the test cohort. LVM (197 ± 67 vs 196 ± 63 

g, P = .83), and LVMI (94 ± 81 vs 79 ± 22 g/m2, P = .13) were not significantly different 

between groups. However, the prevalence of LVH (defined as an increased LVMI) was higher 

in the test cohort (31.7% vs 19.2%, P < .05). LVH criteria as measured by ECG and 

echocardiography were stratified by gender as well (Table 2). There were no significant 

differences between male and female patients in both groups regarding abnormal ECG criteria. 

Also, although LVMI was increased in males as compared to females, prevalence of abnormal 

LVMI was comparable. 

 

Accuracy of established criteria for detection of LVH in obesity patients (test cohort) 

The BMI adjusted Cornell voltage had the highest sensitivity (53% male, 32% female) followed 

by the Peguero-Lo Presti criteria (16% male, 9% female). The Sokolow-Lyon index had very 

poor sensitivity (0% male, 3% female) in this obese population (Table 3). On the other hand, 

the specificity of the criteria not multiplied by BMI was high (ranged from 96% to 100%), but 

relatively low for the BMI adjusted Cornell voltage (72% male, 85% female). 
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Table 1: Patient characteristics 

 
 
Values represent mean ± SD or n (%). 
BMI= body mass index, BSA= body surface area, BP= blood pressure, LVM= left ventricular mass, LVMI= left 
ventricular mass index 
a Used as the definition for LVH as defined by echocardiography.  
 

 

 
Table 2: Criteria for LVH measured by ECG and echocardiography stratified by gender 
 

 
 
Values represent mean ± SD or n (%). 
 
LVM= left ventricular mass, LVMI= left ventricular mass index 
  

 

  Test cohort (n=167) Validation cohort (n=100) p-value 
Age (years) 601 ± 13 48 ± 8 <0.001 
Female, n (%) 123 (74%) 70 (70%) 0.49 
Length (m) 1.67 ± 0.1 1.71 ± 0.1 0.84 
Weight (kg) 110 ± 15 127 ± 18 0.27 
BMI (kg/m2) 39 ± 4 43 ± 4 0.20 
BSA (m2) 2.3 ± 0.2 2.5 ± 0.2 <0.001 
Systolic BP (mmHg) 147 ± 25 142 ± 21 0.09 
Diastolic BP (mmHg) 76 ± 12 80 ± 12 0.51 
Heart rate (beats/min) 78 ± 16 71 ± 13 0.048 
Diabetes mellitus, n (%) 112 (67%) 21 (21%) <0.001 
Hypertension, n (%) 80 (48%) 31 (31%) 0.008 
Left axis deviation, n (%) 16 (10%) 5 (5%) 0.22 
RaVL + SV3 (mm) (Cornell voltage) 11.8 ± 6 9.6 ± 5 0.002 
SV1 + RV5/RV6 (mm) (Sokolow-Lyon index) 15.9 ± 6 15.7 ± 6 0.81 
SV4 + Sdeepest (mm) (Peguero-Lo presti criteria) 14.5 ± 5 12.1 ± 6 0.001 
LVM (g) 197 ± 67 196 ± 63 0.83 
LVM abnormal, n (%) 121 (72%) 69 (69%) 0.63 
LVM-index (g/m2) 94 ± 81 79 ± 22 0.13 
LVMI abnormal, n (%)a 53 (32%) 19 (19%) 0.026 
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Accuracy of adjusted criteria for detection of LVH in obesity patients (test cohort) 

New cut-off values for both males and females were defined for all criteria, with a fixed 95% 

specificity. The new cut-off values for the Cornell voltage, Sokolow-Lyon index, and Peguero-

Lo Presti criteria were, respectively, ≥20, 24, and 19 mm for females and ≥27, 27, and 23 mm 

for males. All criteria were multiplied by BMI. The optimal cut-off values for the Cornell 

voltage*BMI, Sokolow-Lyon index*BMI, and Peguero-Lo Presti criteria*BMI were, 

respectively, ≥795, 885, and 780 mm*kg/m2 for females and ≥700, 984, and 900 mm*kg/m2 for 

males. Using these adjusted cut-off values, the Cornell voltage*BMI, (RaVL+SV3)*BMI ≥700 

mm*kg/m2, had the best sensitivity for males (47%, CI: 25%-70%), specificity 96% (CI: 78%-

100%), ROC AUC 0.65, PPV 90% (CI: 54%-99%), and NPV 71% (CI: 52%-84%). the 

Sokolow- Lyon index*BMI, (SV1 + RV5/RV6)*BMI ≥885 mm*kg/m2, had the best sensitivity 

for females (26%, CI: 14%-45%), specificity 93% (CI: 85%-97%), ROC AUC 0.69, PPV 60% 

(CI: 33%-83%), and NPV 77% (CI: 68%-84%). 

 

Prospective validation of the adjusted criteria for detection of LVH in obesity patients 

(validation cohort) 

When the new criteria were tested in the validation cohort, again the adjusted Cornell 

voltage*BMI had the best sensitivity for males (40%, CI: 7%-83%), specificity 92% (CI: 71%-

99%), ROC AUC 0.78, PPV 50% (CI: 9%-91%), and NPV 88% (CI: 68%-97%). The Sokolow-

Lyon index*BMI again had the best sensitivity for females (23%, CI: 6%-54%), specificity 

83% (CI: 70%-91%), ROC AUC 0.57, PPV 25% (CI:7-57%), and NPV 81% (CI: 68%-90%). 

None of the male patients in the validation cohort had a positive Sokolow-Lyon index at a cut-

off value of 27 mm. There were no substantial differences between the sensitivity and 

specificity in the test cohort and validation cohort. 

 

 

Table 3: Accuracy of the Cornell voltage, Sokolow-Lyon index, Peguero-Lo Presti criteria and 

the BMI adjusted Cornell voltage for detection of left ventricular hypertrophy in obesity 

patients using both the conventional cut-off points and the adjusted criteria 

 
Test Cohort Gender Sensitivity 

(95% CI) 
Specificity 
(95% CI) 

PPV  
(95% CI) 

NPV  
(95% CI) 

Original criteria      
Cornell voltage Male 16 (4-40) 100 (83-100) 100 (31-100) 61 (45-75) 
 Female 3 (0-17) 98 (91-100) 33 (2-87) 73 (63-80) 
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Sokolow–Lyon index Male 0 (0-21) 96 (78-100) 0 (0-95) 56 (40-71) 
 Female 3 (0-17) 100 (95-100) 100 (5-100) 73 (64-80) 
Peguero–Lo Presti criteria Male 16 (4-40) 100 (83-100) 100 (31-100) 61 (45-75) 
 Female 9 (2-25) 99 (93-100) 75 (22-99) 74 (65-81) 
Cornell voltage * BMI Male 53 (29-75) 72 (50-87) 59 (33-81) 67 (46-83) 
 Female 32 (2-37) 85 (76-92) 46 (26-67) 80 (72-87) 
      
Adjusted Criteria      
Cornell voltage Male  16 (4-40) 100 (83-100) 100 (30-100) 61 (45-75) 
 Female 6 (1-21) 97 (90-99) 40 (7-83) 73 (64-80) 
Sokolow-Lyon index Male 21 (7-46) 92 (72-99) 67 (24-94) 61 (43-76) 
 Female 18 (7-35) 97 (90-99) 67 (31-910 75 (66-82) 
Peguero–Lo Presti criteria Male 32 (14-57) 96 (78-100) 86 (42-99) 65 (47-79) 
 Female 24 (11-42) 93 (85-97) 57 (30-81) 76 (67-84) 
Cornell voltage * BMI Male 47 (25-70) 96 (78-100) 90 (54-99) 71 (52-84) 
 Female 9 (2-25) 96 (88-99) 43 (12-80) 73 (64-81) 
Sokolow–Lyon index * BMI Male 32 (14-57) 96 (78-100) 86 (42-99) 65 (47-79) 
 Female 26 (14-45) 93 (85-97) 60 (33-83) 77 (68-84) 
Peguero–Lo Presti criteria *BMI Male 32 (14-57) 96 (78-100) 86 (42-99) 65 (47-79) 
 Female 24 (11-41) 96 (88-99) 67 (35-89) 77 (35-89) 
      
Validation Cohort      
Original criteria      
Cornell voltage Male 20 (1-70) 100 (83-100) 100 (5-100) 86 (66-95) 
 Female 8 (0-38) 100 (92-100) 100 (5-100) 82 (70-90) 
Sokolow–Lyon index Male 0 (0-54) 100 (83-100) - * 83 (64-93) 
 Female 0 (0-28) 98 (89-100) 0 (0-95) 80 (68-89) 
Peguero–Lo Presti criteria Male 20 (1-70) 96 (77-100) 50 (3-97) 85 (65-95) 
 Female 15 (3-46) 96 (86-100) 50 (9-91) 82 (70-90) 
Cornell voltage * BMI Male 40 (7-83) 88 (67-98) 40 (7-83) 88 (67-97) 
 Female 23 (6-54) 87 (74-94) 30 (8-65) 82 (69-91) 
      
Adjusted Criteria      
Cornell voltage Male  20 (1-70) 100 (83-100) 100 (5-100) 86 (66-95) 
 Female 8 (4-38) 98 (88-100) 50 (3-97) 81 (69-90) 
Sokolow-Lyon index Male - * 100 (83-100) - * 83 (64-93) 
 Female 15 (2-46) 90 (78-96) 29 (5-70) 81 (68-90) 
Peguero–Lo Presti criteria Male 20 (1-70)  96 (77-100) 50 (3-97) 85 (65-95) 
 Female 15 (3-46) 94 (83-99) 40 (7-83) 82 (70-90) 
Cornell voltage * BMI Male 40 (7-83) 92 (71-99) 50 (9-91) 88 (68-97) 
 Female 8 (0-38) 96 (86-99) 33 (2-87) 81 (69-89) 
Sokolow–Lyon index * BMI Male 0 (0-54) 92 (72-99) 0 (0-80) 81 (61-93) 
 Female 23(6-54) 83 (70-91) 25 (7-57) 81 (68-90) 
Peguero–Lo Presti criteria *BMI Male 20 (1-70) 96 (77-100) 50 (3-97) 85 (65-95) 
 Female 23 (6-54) 92 (81-98) 43 (12-79) 83 (71-91) 

BMI= body mass index, PPV= positive predictive value, NPV= negative predictive value. 
*  None of the male patients in the validation cohort had a positive Sokolow-Lyon index. 
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DISCUSSION 

In the current study we demonstrated that in obesity patients, established ECG criteria for the 

detection of LVH lack sufficient sensitivity for application in daily clinical practice. We 

propose new criteria (RaVL+SV3)*BMI ≥ 700mm*kg/m2 for males and 

(SV1+RV5/RV6)*BMI ≥885mm*kg/m2 for females for the detection of LVH in obesity 

patients with improved sensitivity, without losing specificity.  

 

The explanation of the poor sensitivity of the established ECG criteria for detection of LVH (3-

9% in females and 0-16% in males) may be that obesity patients commonly have reduced 

voltages in the precordial ECG leads, probably because the ECG voltages at the skin level are 

attenuated by the subcutaneous adipose tissue.14 The sensitivity of these criteria may be 

improved by adjustment of the cut-off values and correction for BMI. Applying this, the Cornell 

voltage*BMI for males and Sokolow-Lyon index*BMI for females, showed an important 

improvement of the sensitivity of an ECG for the detection of LVH to 47% and 26%, 

respectively, using the optimal cut-of values (both identified in analysis using a fixed specificity 

of 95%). 

Because in obesity patients with cardiac disease there may often already be a clinical indication 

for an echocardiogram, an ECG as a screening tool for detection of LVH may have the most 

value in obesity patients without known cardiac disease. In the current study for the first time, 

adjusted ECG criteria for detection of LVH were tested in such a relatively low-risk obese 

population. Even in these subjects, the proposed new criteria performed fairly very well 

(sensitivity of 40% for the Cornell voltage*BMI in males and 23% for the Sokolow-Lyon 

index*BMI in females, using the optimal cut-of values). Although these sensitivity values 

appear to be rather poor, also in lean subjects the sensitivity of ECG criteria for LVH is known 

to be limited. A review of multiple studies in different healthcare settings found that the 

sensitivity of the Cornell voltage and Sokolow-Lyon index ranged from 2 to 52% with a 

specificity ranging from 71 to 100%.24 Therefore, in our study it was shown that sensitivity of 

an ECG to detect LVH in obesity patients without known cardiac disease may be comparable 

to known sensitivity in lean subjects when using the proposed new criteria.  

When adjusting the Cornell voltage by BMI as designed by Angeli et al.17 the sensitivity of an 

ECG to detect LVH increased even to 53%, however the specificity decreased to 72%. In 

previous studies10,14,22,23 a fixed specificity level of 95% was chosen because this is supposed 

to be sufficient to render an ECG a cost-effective alternative to echocardiography in screening 

populations for presence of LVH. Therefore, we also used this 95% fixed specificity and 
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identified optimal sensitivity values by adjusting the cut-off values of the criteria. Moreover, in 

the study by Angeli et al. this criterion was not specifically tested in a group of obese patients. 

The mean BMI in their cohort was 26.7 kg/m2, which is much lower than the mean BMI of our 

test- and validation cohort (39.3 kg/m2 and 42.9 kg/m2 respectively).  

Some other studies regarding the optimization of ECG criteria for the detection of LVH in 

obesity patients have been performed before. Rider et al. made an adjustment to the cut-off 

value of the Sokolow-Lyon index (+8 mm). This improved the sensitivity to 27% (specificity 

93%) in their test cohort and 25% in their validation cohort.24 Also, Robinson et al. designed a 

new criterion [RaVL + (BMI − 29) × 0.017], which improved the sensitivity to 42%, however, 

with a relatively decreased specificity of 83%.12 Finally, Rodrigues et al. made an adjustment 

to the Cornell voltage (cut-off value ≥27 mm) which improved the sensitivity to 21% with a 

specificity of 95%.23 Nevertheless, in none of these studies, the sensitivity of the established 

ECG criteria for the detection of LVH in lean subjects was approached.  

All adjusted criteria in our study had better sensitivities in males than in females. This difference 

is possibly because of the abundant breast tissue in obese women,26 which may also explain 

why the Cornell voltage performed relatively poor in women (Table 3). The positioning of lead 

V3, an important lead for the Cornell voltage, is usually on a location of relatively plentiful 

breast tissue as compared to the position of V1 and V5 used for the Sokolow-Lyon index, which 

appeared to be the best performing criterion in female obesity patients. An explanation could 

also be that in general women have a smaller LVM (in our obese population 175 ± 48 g in 

females vs 252 ± 72 g in males, P < .001) leading to smaller S wave amplitude in V3, which 

measures posteriorly directed myocardial electrical activity.9,27  

Finally, it may seem difficult to implement our proposed criteria into daily practice since, apart 

from the necessity to assess BMI, it would require the use of different criteria in males and 

females. However, nowadays ECG devices already use programmed algorithms for standard 

interpretation. It will be a relatively minor issue to add our proposed new criteria to these 

modern devices, allowing easy clinical use without extra effort. 

 

Limitations 

LVM was estimated by 2D echocardiography, despite reports demonstrating superior accuracy 

of cardiac magnetic resonance imaging, especially in obesity patients.28,29 However, 

echocardiography is known to have good reproducibility for the diagnosis of LVH and remains 

the most frequently used method in clinical practice.30 Also, LVH diagnosed by ECG is known 

to be a marker of adverse electric remodelling even without LVH diagnosed by 
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echocardiography. Thus, also without association with echocardiographic LVH, some ECG 

criteria may still be associated with prognosis.31,32 Although obesity is usually defined as BMI 

≥30 kg/m2, all patients included in our study had a BMI ≥35 kg/m2 because this was an inclusion 

criterion for the CARDIOBESE study. Therefore, the conclusions may only be applied to 

morbidly obese patients and not to obesity patients in general. The sample size was relatively 

small. The validation cohort had a relatively low prevalence of LVH; therefore, the PPV values 

even for the new criteria were low. However, as mentioned before, in the current study for the 

first time, adjusted ECG criteria for the detection of LVH were validated in a relatively low-

risk obese population without known or suspicion of cardiovascular disease. Racial differences 

in the diagnosis of LVH were not addressed in this study. Also, the abilities of the proposed 

criteria to predict outcomes (eg, incident cardiovascular morbidity) are not known. Finally, we 

included only BMI as an obesity index and could not assess whether, for example, waist 

circumference or epicardial fat thickness is superior to BMI to adjust the voltage ECG criteria. 

 

CONCLUSIONS 

Established ECG criteria for the detection of LVH lack sufficient sensitivity in obesity patients. 

We propose new criteria, (RaVL+SV3)*BMI ≥700 mm*kg/m2 for males and (SV1 + 

RV5/RV6)*BMI ≥885 mm*kg/m2 for females, for the detection of LVH in obesity patients 

with improved sensitivity (47% in males and 26% in females), approaching known sensitivity 

of the most commonly used ECG criteria in lean subjects.  
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ABSTRACT 

Left ventricular (LV) diastolic dysfunction is one of the important mechanisms responsible for 

symptoms in patients with heart failure. The aim of the current study was to identify parameters 

that may be used to detect early signs of LV diastolic dysfunction in diabetic pigs on a high fat 

diet, using conventional and speckle tracking echocardiography. The study population 

consisted of 16 healthy Göttingen minipigs and 18 minipigs with experimentally induced 

metabolic dysfunction. Echocardiography measurements were performed at baseline and 3-

month follow-up. the ratio of peak early (E) and late filling velocity (E/A ratio) and the ratio of 

E and the velocity of the mitral annulus early diastolic wave (E/Em ratio) did not change 

significantly in both groups. Peak untwisting velocity decreased in the metabolic dysfunction 

group (− 30.1±18.5 vs. − 23.4±15.5 °/ms) but not in controls (−38.1±23.6 vs. − 42.2±23.0 °/ms), 

being significantly different between the groups at the 3-month time point (p<0.05). In 

conclusion, whereas E/A ratio and E/Em ratio did not change significantly after 3 months of 

metabolic dysfunction, peak untwisting velocity was significantly decreased. Hence, peak 

untwisting velocity may serve as an important marker to detect early changes of LV diastolic 

dysfunction.  
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INTRODUCTION 

Heart failure is a major public health problem in developed countries.1 Left ventricular (LV) 

diastolic dysfunction is one of the important mechanisms responsible for symptoms in patients 

with heart failure, irrespective of the presence or severity of systolic LV dysfunction.2 Diastolic 

dysfunction and filling pressures can be assessed by two-dimensional and Doppler 

echocardiography.3-5 Speckle tracking echocardiography can be used to quantify several subtle 

changes in LV mechanics, for example LV twist and untwisting. As the base of the heart rotates 

clockwise along the LV long-axis, the apex rotates counter clockwise. This results into a 

wringing motion of the heart, defined as LV systolic twist and diastolic untwisting.6 LV 

untwisting plays an important role in the mechanics of early LV filling.7  

Diabetes mellitus is an important risk factor for the development of LV diastolic dysfunction.8-

11 In previous studies on the use of speckle tracking for detection of LV dysfunction in diabetes 

mellitus, including two studies using a small animal model,12-13 focus has been on assessment 

of LV strain and not on LV untwisting, and contrasting results were reported.14-23  

The aim of the current study was to identify parameters that may be used to detect early signs 

of LV diastolic dysfunction in a large animal model of metabolic dysfunction, using 

conventional and speckle tracking echocardiography.  

Although it was shown in previous studies24-26 that LV untwisting may be a meaningful 

parameter of diastolic function, its potential as an early marker of diastolic dysfunction is 

unclear. By longitudinally investigating a large animal exposed to important risk factors for 

development of diastolic dysfunction, our study may provide important added information in 

this regard. The hypothesis of our study was that LV untwisting may be useful for detecting LV 

diastolic dysfunction at a very early stage. 

 

METHODS 

Porcine model of metabolic dysfunction 

The study population consisted of 16 healthy Göttingen minipigs (mean age 17.8 ± 0.8 months, 

mean weight 31.1±1.6 kg) and 18 minipigs with metabolic dysfunction (mean age 17.7±0.6 

months, mean weight 31.0±1.3 kg). Diabetes was induced with intravenous (ear catheter) 

injections of streptozotocin (25 mg/kg/day) over 3 days (total dose 75 mg/kg). One week after 

diabetes induction, a high fat diet (25% of saturated fats and 1% of cholesterol) was gradually 

introduced for diabetic pigs, whereas control pigs continued on a normal chow diet.27 Pigs were 

group-housed (a total of 9 pigs at the same time) with a separate individual ad libitum access to 

food for 1 h/meal, twice daily for the entire 3-month study duration. 
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Studies were performed in accordance with the NIH Guide for the Care and Use of Laboratory 

Animals (8th edition, National Research Council. Washington, DC: The National Academies 

Press, 2011) and were approved by the Animal Care Committee at Erasmus University Medical 

Center Rotterdam. 

 

Echocardiography 

Echocardiography measurements were performed at baseline and 3-months follow-up. Two-

dimensional grayscale harmonic images were obtained in the right lateral decubitus position 

using a commercially available ultrasound system (iE33, Philips, Best, The Netherlands), 

equipped with a broadband (1–5 MHz) S5-1 transducer (frequency transmitted 1.7 MHz, 

received 3.4 MHz) (Figure 1). Left atrial volume was calculated using the biplane area-length 

formula and indexed for body surface area.28 From the mitral-inflow pattern, peak early (E) and 

late (A) filling velocities, E/A ratio, and E-velocity deceleration time (DT) were measured. 

Tissue Doppler imaging was applied by placing the sample volume at the side of the medial 

mitral annulus in an apical 4-chamber view.29 Gain and filter settings were adjusted as needed 

to eliminate background noises and to allow for a clear tissue signal. To acquire the highest 

tissue velocities, the angle between the Doppler beam and the longitudinal motion of the 

investigated structure was adjusted to a minimal level. The velocity of the mitral annulus early 

diastolic wave (Em) was recorded at a sweep speed of 100 mm/s. 

 

 

 

 

Figure 1: Example of a long-axis and short-axis echocardiographic image in a pig 
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Data analysis 

Speckle tracking analysis of the datasets was performed using QLAB Advanced Quantification 

Software (version 10.0, Philips, Best, The Netherlands). In order to assess LV apical and basal 

rotation, tracking points were placed automatically and could be manually adjusted afterwards 

on an end-diastolic frame in each parasternal short-axis image, close to the endocardium. 

Rotation was defined as the mean angular displacement of all tracking points, relative to the 

centre of a circle through these tracking points. Clockwise rotation as viewed from the apex 

was expressed as a positive value, counter clockwise rotation was expressed as a negative value. 

LV twist was calculated as the difference between LV apical and basal rotation. Data were 

exported to a spread sheet program (Excel, Microsoft Corporation, Redmond, WA) to 

determine peak basal and apical rotation, peak twist, peak untwist velocity, and the timing of 

these parameters. Also, circumferential strain and strain rate (short-axis images) and 

longitudinal strain and strain rate (long-axis images) were measured. 

 

Statistical analysis 

Statistical analyses were performed with SAS 9.3 program (SAS Institute, Cary, NC), using 

two-way ANOVA for repeated measures, with time (baseline vs. 3-month time point) and 

diabetes (controls vs. diabetic animals) as factors. If significant main effects or interactions 

were found, pairwise differences were identified with the Tukey–Kramer post hoc correction. 

A p value<0.05 was considered statistically significant. Measurements were presented as 

mean±SD. A Pearson’s R correlation test was conducted to examine whether there was a 

relationship between parameters that changed significantly from baseline to 3 months follow-

up. 

 

RESULTS 

Characteristics of the study population 

Baseline characteristics are shown in Table 1. Diabetic pigs on a high fat diet developed 

significantly elevated glucose and lipid levels. 

 

Conventional echocardiography  

Baseline versus 3 months conventional echocardiography characteristics are shown in Table 2. 

E-wave velocity increased significantly after 3 months of metabolic dysfunction (52±6 vs. 

58±10 cm/s) but not in controls (54±9 vs. 53±9 cm/s) whereas A-wave velocity increased 

significantly in both groups (43±9 vs. 47±11 cm/s in diabetic pigs on a high fat diet and 40±7 
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vs. 46±10 in controls). E/A ratio and E/Em ratio did not change significantly in both groups, 

although there was a trend towards an increase of E/Em ratio in the diabetic pigs on a high fat 

diet from 6.9±1.5 at baseline to 7.7±1.3 at 3 months (p=0.06). 

 

Table 1 General and blood characteristics of diabetic pigs on a high fat diet (n=18) and 
healthy controls (n=16) 
 
 Baseline 3 months 
Age at study onset (months)   
   DM 17.7±2.5 - 
   Control 17.8±3.0 - 
Body weight (kg)   
   DM 31.0±5.6 35.9±7.3*** 
   Control 31.1±6.5 34.9±5.4*** 
Glucose (mmol/l)   
   DM 5.1±1.0  12.9±6.0# 
   Control 6.0±1.1  5.5±1.1 
Triglycerides (mmol/l)   
   DM 0.28±0.09  0.94±1.01# 
   Control 0.31±0.08  0.29±0.07 
Total cholesterol (mmol/l)   
   DM 0.94±0.23  6.25±4.51# 
   Control 0.93±0.28  1.14±0.27 
LDL-C (mmol/l)   
   DM 0.40±0.11  3.76±3.79# 
   Control 0.43±0.18  0.44±0.18 
HDL-C (mmol/l)   
   DM 0.55±0.09  2.76±1.24# 
   Control 0.52±0.14  0.73±0.16 

 
Values represent mean ± standard deviation  
DM= diabetic pigs on a high fat diet 
 ***p<0.0001 as time effect; # p<0.01 as compared to controls at 3-months 
 

 

Speckle tracking echocardiography  

LV twist and untwist data are shown in Table 3. Most importantly, peak untwisting velocity 

(Figure 2) decreased significantly after 3 months of metabolic dysfunction (− 30.1±18.5 vs. 

− 23.4±15.5 °/ms) but not in controls (− 38.1±23.6 vs. − 42.2±23.0 °/ms) resulting in a 

significant group difference at the 3-month time point (p<0.05) while baseline values were not 

different (p =0.698). No significant correlation was found between E or E/Em ratio and peak 

untwisting velocity (R2= − 0.473, p=0.111 and R2= − 0.183, p=0.481, respectively) or (delta) 

E or E/Em ratio and (delta) peak untwisting velocity (R2= − 0.397, p=0.121 and R2= − 0.369, 
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p=0.145, respectively). LV longitudinal and circumferential strain and strain rate did not change 

significantly from baseline to 3 months in diabetic pigs on a high fat diet and healthy control 

pigs. 

 
 
 
 
Table 2 Conventional echocardiographic characteristics of left ventricular diastolic function 
in diabetic pigs on a high fat diet (n=18) and healthy controls (n=16) 
 
 Baseline 3 months 
Left atrial volume (ml)   
   DM 23±6 25±9 
   Control 26±7 27±8 
Normalized left atrial volume (ml/kg)   
   DM 0.77±0.17 0.72±0.29 
   Control 0.89±0.20 0.79±0.22 
E-wave velocity (cm/s)   
   DM 52±6 58±10* 

   Control 54±9 53±9 
A-wave velocity (cm/s)   
   DM 43±9 47±11# 

   Control 40±7 46±10# 

E/A ratio   
   DM 1.3±0.3 1.3±0.4 
   Control 1.4±0.3 1.2±0.2 
E-wave velocity deceleration time (ms)   
   DM 123±30 126±31 
   Control 118±21 123±28 
Em septal (cm/s)   
   DM 7.8±1.4  7.7±1.6 
   Control 7.7±1.5 7.6±1.5 
E/Em ratio   
   DM 6.9±1.5 7.7±1.3 
   Control 7.2±1.4 7.2±1.2 

 
Values represent mean ± standard deviation.  
DM= diabetic metabolic derangement, E-wave velocity= peak early phase filling velocity, A-wave velocity= peak 
atrial phase filling velocity, Em= peak early diastolic wave velocity. 
*p<0.05 as compared to baseline, #p<0.05 as time effect 
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Table 3 Speckle tracking echocardiography parameters in diabetic pigson a high fat diet 
(n=18) and healthy controls (n=16) 
 
 Baseline 3 months 
Systolic   
Peak rotation basal (°)   
   DM 1.2±1.2 0.8±1.8 
   Control 0.7±1.5 0.7±1.5 
Peak rotation apical (°)   
   DM 4.4±4.2 3.8±4.2 
   Control 4.2±2.6 4.1±2.8 
Peak velocity basal rotation (°/ms)   
   DM 4.3±3.0 8.8±12.6 
   Control 5.5±4.9 7.3±5.6 
Peak velocity apical rotation (°/ms)   
   DM -26.6 ± 22.0 -28.1±32.7 
   Control -31.9±29.7 -21.1±18.2 
Peak twist (°)   
   DM 4.1±4.4 3.6±4.4 
   Control 4.3±3.8 3.7±2.4 
Time to peak twist (s)   
   DM 0.4±0.2 0.4±0.1 
   Control 0.4±0.1 0.4±0.1 
   
Diastolic   
Peak untwist velocity (°/ms)   
   DM -30.1±18.5 -23.4±15.5* 
   Control -38.1±23.6 -42.2±23.0 
Time to peak untwist velocity (s)   
   DM 0.4±0.1 0.4±0.1 
   Control 0.4±0.1 0.5±0.1 

 
Values represent mean ± standard deviation 
DM= diabetic pigs on a high fat diet  
* P<0.05 as compared to controls at 3-months 
 

 

Figure 2: (Un)twisting velocity curves in a healthy control pig (A) and a diabetic pig on a high fat diet (B) 
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DISCUSSION 

Peak untwisting velocity was significantly decreased in diabetic pigs on a high fat diet 

compared to healthy animals as assessed at 3-months from metabolic dysfunction onset. To the 

best of our knowledge, the current study is the first to show these early changes of LV diastolic 

dysfunction in a large animal model. These findings suggest that peak untwisting velocity may 

serve as an important marker to detect early changes of LV diastolic dysfunction.  

Under normal physiological conditions, over 40% of diastolic LV untwisting has been 

completed after the first 15% of diastole, thereby contributing to the large and rapid pressure 

decay during the isovolumic relaxation phase.6 This rapid, early LV untwisting process is the 

result of both active and passive mechanisms. There is a temporal dispersion in endocardial and 

epicardial repolarization, with in early diastole still depolarized endocardial fibres (as opposite 

to the already repolarized epicardial fibres) that may actively untwist the LV (normally the 

action of these fibres are overruled by the epicardial fibres).7 However, the effective force of 

contraction of myocardial fibres is expected to be minimal during this part of the cardiac cycle. 

Nevertheless, dissimilarities of apparent stiffness of the endocardium and epicardium caused 

by differences in detachment of actinmyosin cross-bridges may be of influence. Furthermore, 

high levels of stored potential energy from the active systolic twist are transformed into kinetic 

energy, adding a passive component to rapid early diastolic untwisting.30 Subendocardial 

dysfunction in the diabetic pigs on a high fat diet may lead to loss of the active part of diastolic 

untwisting.10 Also, increased stiffness of the LV may lead to a decreased potential to transform 

the potential energy stored in systolic twisting into rapid LV untwisting. Both of these 

phenomena may explain the decreased peak untwisting velocity found in the diabetic pigs on a 

high fat diet.  

E-wave velocity increased significantly after 3 months of metabolic dysfunction and A-wave 

velocity increased in both groups. A possible explanation for this may be the increased 

circulating volume related to the increase in body weight over time in both groups, because the 

mitral inflow pattern is well-known to heavily depend on circulating volume status.4 However, 

this leaves unexplained why E-wave velocity only changed in diabetic pigs on a high fat diet. 

It cannot be excluded that the latter does have to do with the development of LV diastolic 

dysfunction in these pigs. Nevertheless, in daily clinical practice qualification of LV diastolic 

function is based much more on E/A ratio than on the individual E-wave velocity or A-wave 

velocity values. Importantly, E/A ratio did not change significantly in both groups. Although 

E/Em ratio increased by almost 12% after 3 months of metabolic dysfunction, this group 

difference failed to reach statistical significance. Increased E/Em ratio is essentially a marker 
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of increased left atrial pressure. When LV diastolic dysfunction develops, LV filling will be 

impaired, subsequently leading to increased left atrial pressure.4 Maybe the 3 month period was 

too short to allow development of significantly increased left atrial pressure. The results of our 

study show that at a time when peak untwisting velocity was already significantly decreased, 

E/ Em ratio and E/A ratio failed to show significant differences between diabetic pigs on a high 

fat diet and controls.  

After the 3 month period, both diabetic pigs on a high fat diet and control pigs were randomized 

to either a training program or an untrained, sedentary lifestyle. Unpublished data from our 

laboratory indicate that in this model at 5 months E/Em ratio was increased in untrained pigs 

with metabolic syndrome compared to untrained controls (8.6±1.8 and 7.1±0.9, respectively, p 

<0.05). Therefore, development of diastolic dysfunction in the diabetic pigs on a high fat diet 

was confirmed by conventional echocardiography after 5 months.  

In previous studies, abnormal values of LV strain, especially longitudinal systolic strain, in 

patients with diabetes mellitus have been reported.14-23 Yet, in the current study we could not 

identify a decrease of longitudinal or circumferential systolic strain in the diabetic pigs on a 

high fat diet at a time when peak untwisting velocity was already significantly decreased. LV 

dysfunction is expected to start with diastolic dysfunction. Our finding therefore underscores 

the notion that the large animal model investigated in the current study may truly be a model of 

early LV dysfunction. Extension of the period of metabolic dysfunction may eventually lead to 

development of abnormal systolic LV strain values. Further studies are needed to test this 

hypothesis. 

 

Limitations  

The study population is relatively small. Also, it is uncertain whether the findings in this large 

animal model may be extrapolated to humans. Therefore, the true potential of LV untwisting as 

an early marker of LV diastolic dysfunction should be confirmed in a prospective clinical study, 

for example in patients at high risk of development of LV diastolic dysfunction but with a 

normal echocardiogram according to conventional parameters. 

 

CONCLUSION  

In this study, based on comprehensive conventional and speckle tracking echocardiography 

analyses of the LV in a large animal model of metabolic dysfunction, LV peak untwisting 

velocity was found to be a parameter for early detection of LV diastolic dysfunction. 
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ABSTRACT 
Aims 
Obesity doubles the lifetime risk of developing heart failure. Current knowledge on the role of 

obesity in causing cardiac dysfunction is insufficient for optimal risk stratification. The aim of 

this study was first to estimate the prevalence of subclinical cardiac dysfunction in obesity 

patients and second to investigate the underlying pathophysiology. 

 

Methods 

The CARDIOBESE-study is a cross-sectional multicentre study of 100 obesity patients (BMI 

≥35 kg/m2) without known cardiovascular disease, and 50 age- and gender-matched non-obese 

controls (BMI ≤30 kg/m2). Echocardiography was performed, blood samples were collected 

and a Holter monitor was affixed.  

 

Results 

59 obesity patients (48 (42-50) years, 70% female) showed subclinical cardiac dysfunction: 57 

patients had decreased global longitudinal strain (GLS), two patients with normal GLS had 

either diastolic dysfunction or increased brain natriuretic peptide. Only one non-obese control 

had diastolic dysfunction, none had another sign of cardiac dysfunction. Multivariable logistic 

analysis identified male gender and SDNN-index, which is a measure of autonomic 

dysfunction, as independent significant risk factors for subclinical cardiac dysfunction in 

obesity patients. 

 

Conclusions 

There was a high prevalence (61%) of subclinical cardiac dysfunction in obesity patients 

without known cardiovascular disease, which appeared to be best identified by GLS. 

Subclinical cardiac dysfunction in obesity was linked to autonomic dysfunction and male 

gender, and not to the presence of traditional cardiac risk factors, increased CRP, increased 

BNP, increased hs troponin I, or increased left ventricular mass. 
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INTRODUCTION 

Obesity doubles the lifetime risk of developing heart failure,1 and is becoming a global 

epidemic.2 In 2015, a total of 107.7 million children and 603.7 million adults were obese (body 

mass index (BMI) ≥30 kg/m2) worldwide. Since 1980, the prevalence of obesity has doubled in 

more than 70 countries.3 Both overweight and obesity are associated with an increased risk of 

cardiovascular disease.4 Despite the relatively consistent finding of increased prevalence of 

heart failure in obesity, the reason for this association remains unclear and it seems to be a 

heterogeneous disorder.5,6 Many factors have been suggested, such as insulin resistance, 

hypertension, and reduced high-density lipoprotein cholesterol (HDL-C).7 However, the onset 

of heart failure in obesity patients cannot be fully explained by the presence of traditional 

cardiovascular risk factors.8 The enormous and growing prevalence of obesity warrants efficient 

screening of obesity patients with the highest risk of cardiac dysfunction who may need further 

risk assessment, follow-up, or even treatment.9 Current knowledge on the role of obesity in 

causing cardiac dysfunction is insufficient to optimally develop such strategies for obesity 

patients.10 Previous studies regarding the detection of the early stages of cardiac dysfunction 

have shown the benefits of newer diagnostic techniques such as speckle tracking 

echocardiography over left ventricular (LV) ejection fraction assessment.11,12 For example in 

patients with obstructive sleep apnoea syndrome without overt LV dysfunction.13 The CARdiac 

Dysfunction In OBesity – Early Signs Evaluation (CARDIOBESE) study is the first study in 

which conventional and speckle tracking echocardiography, blood biomarkers, and Holter 

monitoring have been combined to study subclinical cardiac dysfunction in a cohort of obesity 

patients without known cardiovascular disease and non-obese controls. The aim of the study 

was first to identify the prevalence of subclinical cardiac dysfunction in both groups and second 

to investigate the underlying pathophysiology by comparing obesity patients with and without 

cardiac dysfunction. 

 

METHODS 

Study design 

The protocol of the CARDIOBESE study has been described before.14 In short, the 

CARDIOBESE-study is a multicentre cross-sectional study in which we prospectively enrolled 

100 consecutive obesity patients who were referred for bariatric surgery in the Franciscus 

Gasthuis & Vlietland (75 patients) and Maasstad Ziekenhuis (25 patients), both in Rotterdam, 

the Netherlands. Patients were enrolled if they were between 35 and 65 years old, had a BMI 

of ≥35 kg/m2, and gave written informed consent. Patients with a suspicion of or known 
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cardiovascular disease based on the patient’s history (as determined by questioning the patient 

and reviewing available medical files) were excluded. Fifty age- and gender-matched non-obese 

(BMI <30 kg/m2) controls, also without suspicion of cardiovascular disease were enrolled. 

Controls were recruited using advertisements in a local newspaper or were personnel from the 

participating hospitals or family members or friends of personnel. 

Conventional and advanced echocardiography was performed, blood samples were collected 

and a Holter monitor was affixed for 24 hours for heart rhythm registration in both the obesity 

patients and the non-obese controls. This was done both to quantify the proportion of early signs 

of cardiac dysfunction, and to determine if the prevalence of cardiac dysfunction in obesity 

patients is increased compared to the non-obese controls. Also, a broad variety of parameters 

known to be related to obesity was collected to investigate the relation between cardiac 

dysfunction and obesity. The study complies with the Declaration of Helsinki and the protocol 

was approved by the Medical Ethics Committee Toetsingscommissie Wetenschappelijk 

Onderzoek Rotterdam e.o. (TWOR).14  

 

Sample size calculation 

The combination of parameters used to identify subclinical cardiac dysfunction has not been 

investigated in obesity patients before. A conservative estimate would be that cardiac 

dysfunction based on conventional echocardiography is present in 20% of obesity patients and 

2.5% of age-matched and gender-matched non-obese controls.15 Given these estimates, to be 

able to reject the null hypothesis that cardiac dysfunction rates are equal between patients and 

controls, at least 97 obesity patients and 49 non-obese controls have to be included in the 

analysis (alpha: 0.05 (two-sided), power: 0.80, 2:1 ratio of patients:controls). The use of more 

sensitive techniques may increase the proportion of non-obese controls with an early sign of 

cardiac dysfunction. Nevertheless, the proportion of obesity patients with an early sign of 

cardiac dysfunction is expected to increase even more, assuring that the previous sample size 

calculation will still suffice. 

 

Transthoracic echocardiography 

Two-dimensional grayscale 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 (1-5MHz) X5-1 transducer. All acquisitions and measurements were 

performed according to the current guidelines.16,17  
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Speckle tracking echocardiography is a new echocardiographic imaging modality that is able 

to relatively angle-independently quantify myocardial wall motion. Gray-scale 

echocardiographic images consist of a speckled pattern. This pattern is not the actual image of 

the scatterers in the tissue itself, but the interference pattern generated by the reflected 

ultrasound. Each region of the myocardium has its own unique speckle pattern that remains 

stable enough to allow spatial and temporal image processing with selection and recognition of 

speckles on the ultrasound image by dedicated software packages. The geometric position of 

the speckles changes from frame to frame with the surrounding tissue motion. Therefore, the 

geometric shift of each speckle represents local tissue motion and by tracking these speckles, 

myocardial deformation parameters, such as strain, can be calculated.18 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 apical views (4-chamber, 2-chamber, 

and 3-chamber). Subsequently, these cycles were transferred to a QLAB workstation (version 

10.2, Philips, the Netherlands) for off-line speckle tracking analysis. Off-line analyses were 

performed by 2 independent observers. In end-diastole, automated border tracking was enabled, 

before manual adjustment using a ‘point and click approach’ to ensure that the endocardial and 

epicardial borders were included in the region of interest. When tracking was suboptimal, fine-

tuning was performed manually. Peak regional longitudinal strain was measured in 17 

myocardial regions and a weighted mean was used to derive global longitudinal strain (GLS) 

(Figure 1).16  

 

Blood tests 

Non-fasting blood samples were taken both for the study and as part of regular care which 

included; sodium, potassium, calcium, glucose, glycosylated haemoglobin (HbA1C), 

creatinine, estimated glomerular filtration rate (eGFR), alanine aminotransferase (ALAT), Apo-

lipoprotein B100, Lipoprotein a (Lp(a)), total cholesterol, low-density lipoprotein cholesterol 

(LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides, ferritin, active vitamin 

B12, folic acid, vitamin B1, vitamin B6, albumin, magnesium, vitamin D, haemoglobin, 

erythrocytes, thrombocytes, leukocytes, and thyroid-stimulating hormone (TSH). In addition to 

the regular care path, high sensitive troponin I (hs-cTnI), C-reactive protein (CRP) and brain 

natriuretic peptide (BNP) were determined. Hs-cTnI was considered positive when ≥34 ng/L 

for male and > 16 ng/L for female subjects. 



Chapter 6

100

 

Figure 1: Measurement of global longitudinal strain (GLS) by speckle tracking analysis in an obesity patient (45 
year old female, BMI 38.4 kg/m2). 
a) Apical 4-chamber view with measurement of longitudinal strain. 
b) Apical 2-chamber view with measurement of longitudinal strain. 
c) Apical 3-chamber view with measurement of longitudinal strain. 
d) Bull’s eye graph showing longitudinal strain for all myocardial segments, of which a weighted mean 

was used to derive GLS. 
 

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 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. 24-

hour recording of the SDNN reveals the sympathetic nervous system contribution to heart rate 

variability.19 The SDNN-index estimates the variability due to the factors affecting heart rate 

variability (HRV) within a 5 minute period. It is calculated by first dividing the 24 hours record 

into 288 5-minute-segments and then calculating the standard deviation of all NN intervals 

contained within each segment.20 

 

Cardiac dysfunction 

Using echocardiography, Holter monitoring and blood tests, cardiac dysfunction was in the 

current study defined as either reduced LV ejection fraction (<52%),16 decreased GLS (<95th 
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percentile of the non-obese controls, see Statistical analysis), diastolic dysfunction,17 sustained 

supraventricular or (non)sustained ventricular arrhythmia or an increased BNP (>30 pmol/L) 

or hs-cTnI (≥34 ng/L for male and > 16 ng/L for female subjects).  

 

Statistical analysis 

Normally distributed data are presented as means and standard deviation, skewed data as 

medians and interquartile range, and categorical variables as percentages and frequencies. The 

normality of the data was checked by the Shapiro–Wilk test. Differences in both the clinical 

characteristics and parameters of cardiac function between obesity patients and the non-obese 

controls were estimated by using generalized linear mixed models with obesity as the 

independent variable, and parameters entered consecutively as the dependent variable, the 

matched pairs were used as random intercepts. Missing variables were omitted. Differences in 

both clinical characteristics and parameters of cardiac function in obesity patients were tested 

by univariable logistic regression with cardiac dysfunction as the dependent variable. The 

Benjamini–Hochberg procedure, with a 5% false discovery rate, was used to correct for the 

multiple testing.21 

Patient characteristics statistically significant different between obesity patients with and 

without cardiac dysfunction in the univariable analyses were added to multivariable logistic 

regression analysis (method: backward stepwise analysis). Predicted probabilities of cardiac 

dysfunction in obesity patients obtained from the model were used to construct a receiver–

operating characteristic (ROC) curve and the area under the ROC curve was calculated as an 

overall measure of discriminative ability. Sensitivity, specificity, positive predictive value, and 

negative predictive value and their 95% confidence intervals were calculated. A two-tailed p-

value of <0.05 was considered statistically significant. Statistical analyses were performed with 

SPSS version 25.0 and R version 3.6.0. 

 

RESULTS 

Clinical characteristics of obesity patients and non-obese controls 

Table 1 and Figure 2a show the characteristics of the obesity patients (n=100) and the non-

obese controls (n=50). Obesity patients had significantly increased weight, BMI, systolic blood 

pressure, waist circumference, and heart rate. Obesity patients also had significantly more 

frequent comorbidities such as diabetes mellitus and hypertension and more often used 

medication (ACE-inhibitors/angiotensin II receptor blockers, diuretics, and oral anti-diabetics). 

Blood tests showed that obesity patients had significantly increased CRP, leukocytes, glucose, 
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HbA1C, Apo-lipoprotein B100, triglycerides, and active vitamin B12. HDL-C, albumin and 

vitamin D were decreased in obesity patients. Echocardiography showed an increased LV mass 

in obesity patients, but when corrected for the body surface area (LV mass-index), there was 

no significant difference between groups. Holter monitoring showed a significantly increased 

average and minimal heart rate in obesity patients. Obesity patients also had a significantly 

decreased SDNN and SDNN-index. 

 

 

 

 
 
 
 
 
Figure 2: Difference in clinical characteristics and cardiac dysfunction parameters in  
a) obesity patients vs. non-obese controls 
b) obesity patients with vs. obesity patients without cardiac dysfunction 
Arrows indicate whether parameters were increased or decreased in obesity patients (Figure a) or in obesity 
patients with cardiac dysfunction (Figure b). Bold and underlined parameters are identified as significant risk 
factors for cardiac dysfunction in obesity patients by multivariate analysis. 

ACE= angiotensin-converting enzyme, ALAT= alanine transaminase, ARBs= angiotensin II receptor blockers, 
BMI= body mass index, CRP= C-reactive protein, e’= early diastolic mitral annular velocity, E-wave= early 
diastolic transmitralflow velocity, GLS= global longitudinal strain, HbA1C= glycated hemoglobin, HDL= high-
density lipoprotein cholesterol, LDL= low-density lipoprotein cholesterol, LV= left ventricular, OSAS= 
obstructive sleep apnea syndrome, SDNN= standard deviation of NN intervals. 
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Parameters of cardiac function in obesity patients and non-obese controls 

GLS was available in 49 non-obese controls and 94 obesity patients (unavailable in the other 

subjects due to insufficient echocardiographic image quality). Obesity patients had a 

significantly decreased GLS. Using a cut-off value of 16.9% (95th percentile of the non-obese 

controls), 57 (61%) obesity patients showed decreased GLS compared to none of the controls 

(p<0.001). The LV ejection fraction (57±7 vs. 65±5 %, p<0.001) was decreased as well, 

although only 24 (25% of 95 patients with available LV ejection fraction) of the obesity patients 

had an LV ejection fraction <52% (all with GLS <16.9%). Also, obesity patients tended to have 

diastolic dysfunction more frequently (11% vs. 2%, p=0.09). The septal e’ velocity and lateral 

e’ velocity were decreased. Levels of BNP and hs-cTnI were comparable. One obesity patient 

had an episode of asymptomatic atrial flutter during 5 hours recorded during Holter monitoring. 

In total, 60 obesity patients showed at least 1 subclinical sign of cardiac dysfunction: 57 had a 

decreased GLS, 1 had diastolic dysfunction without an available GLS, 1 had a normal GLS (-

17.3%) but an increased BNP (49 pmol/L, normal value <30 pmol/L), and 1 had both a positive 

hs-cTnI and a paroxysmal atrial flutter (GLS -18.6% in this patient). The latter patient was 

diagnosed with acromegaly after inclusion. We, therefore, decided to exclude this patient from 

the following sub-analysis focusing specifically on obesity patients with cardiac dysfunction.  

 

Table 1: Clinical characteristics of the study population and parameters of cardiac function. 
Differences between obesity patients and non-obese controls. 

  Non-obese (n=50) Obese (n=100) p-value 
Clinical characteristics    
General characteristics       
Age (years) 50 (40-59) 48 (42-50) 0.02* 

Female (%) 35 (70%) 70 (70%) >0.99 
       
Physical examination      
Length (m) 1.74 ± 0.1 1.71 ± 0.1 0.08 
Weight (kg) 76 (64-82) 123 (115-135) <0.001* 
BMI (kg/m2) 25 (22-28) 42 (40-46) <0.001* 
Systolic BP (mmHg) 127 (118-136) 140 (127-157) <0.001* 
Diastolic BP (mmHg) 78 (71-82) 79 (72-88) 0.11 
Waist circumference (cm) 79 (74-89) 131 (125-140) <0.001* 
Heart rate (bpm) 64 ± 9 80 ± 13 <0.001* 
       
Comorbidity      
Diabetes Mellitus 0 22 (22%) 0.007* 
Hypertension 4 (8%) 32 (32%) 0.003* 
Hypercholesterolemia 5 (10%) 18 (18%) 0.21 
Current smoking 7 (14%) 17 (17%) 0.63 
COPD 1 (2%) 5 (5%) 0.39 
OSAS 1 (2%) 12 (12%) 0.07 
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Medication      
Beta-blockers 0 8 (8%) 0.03 
ACE inhibitors / ARBs 2 (4%) 24 (24%) 0.008* 
Calcium channel blockers 0 12 (12%) 0.04 
Statins 3 (6%) 20 (20%) 0.03 
Diuretics 1 (2%) 18 (18%) 0.02* 
Insulin 0 7 (7%) 0.04 
Oral anti-diabetics 0 15 (15%) 0.02* 
    
Blood tests     
CRP (mg/L) 1 (0-2) 6 (4-10) <0.001* 
Glucose (mmol/L) 5.1 (4.7-5.5) 5.4 (4.8-6.2) 0.006* 
HbA1c (mmol/mol) 35 (33-37) 39 (35-47) <0.001* 
Creatinine(umol/L) 69 (65-75) 72 (65-78) 0.35 
eGFR (ml/min/1.73m2) 74 (69-79) 90 (79-90) <0.001* 
ALAT (U/L) 22 (15-32) 28 (20-37) 0.64 
Apo-lipoprotein B100 (g/L) 0.90 (0.75-1.07) 1.05 (0.91-1.30) 0.007* 
Lipoprotein (a) (mg/L) 172 (52-367) 167 (71-522) 0.80 
Total cholesterol (mmol/L) 5.2 ± 1 5.3 ± 1 0.55 
LDL cholesterol (mmol/L) 3.0 ± 1.0 3.2 ± 0.9 0.24 
HDL cholesterol (mmol/L) 1.4 (0.94-1.80) 1.1 (1.0-1.4) <0.001* 
Triglycerides (mmol/L) 1.25 (0.9-1.8) 1.74 (1.3-2.6) 0.01* 
Ferritin (ug/L) 79 (34-149) 90 (49-176) 0.82 
Active vitamin B12 (pmol/L) 96 (71-127) 101 (70-130) 0.002* 
Folic acid (nmol/L) 17 (12-22) 12 (8-16) 0.002* 
Vitamin B1 (nmol/L) 130 (98-144) 140 (118-157) 0.03 
Vitamin B6 (nmol/L) 84 (74-114) 69 (52-83) 0.43 
Albumin (g/L) 43 ± 2 41 ± 4 <0.001* 
Magnesium (mmol/L) 0.85 ± 0.05 0.81 ± 0.07 <0.001* 
Vitamin D (nmol/L) 60 (42-75) 39 (27-61) <0.001* 
Haemoglobin (mmol/L) 8.6 (8.3-9.1) 8.8 (8.2-9.2)  0.21 
Erythrocytes (x10^12/L) 4.6 ± 0.4 4.9 ± 0.4 <0.001* 
Thrombocytes (x10^9/L) 231 ± 48 261 ± 70 0.009* 
Leukocytes (x10^9/L) 5.9 (5.0-7.4) 8.5 (6.9-9.6) <0.001* 
TSH (mU/L) 1.60 (1.1-1.9) 1.63 (1.2-2.4) 0.03 
    
Echocardiography parameters      
LVM (g) 148 (117-175) 194 (149-231) <0.001* 
LVM-index (g/m2) 79 (62-88) 76 (64-92) 0.16 
    
 
Holter monitoring    
Average heart rate (bpm) 73 ± 10 83 ± 10 <0.001* 
Minimal heart rate (bpm) 48 (41-50) 52 (47-56) <0.001* 
Maximum heart rate (bpm) 138 (125-155) 136 (126-150) 0.62 
SDNN (ms) 160 (130-194) 101 (71-141) <0.001* 
SDNN-index (ms) 63 (49-79) 47 (38-58) <0.001* 
    
Parameters of cardiac function    
Echocardiographic Parameters       
Mitral inflow E-wave (cm/s) 73 ± 13 69 ± 14 0.06 
Mitral inflow A-wave (cm/s) 64 ± 14 70 ± 14 0.003* 
E/A-ratio 1.20 (0.97-1.4) 0.98 (0.87-1.1) <0.001* 
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Septal e' velocity (cm/s) 9 (7-10) 8 (7-9) 0.03 
Lateral e' velocity (cm/s) 13 (10-15) 10 (8-13) <0.001* 
E/e'-ratio 8.0 (7.3-10) 8.7 (7.2-10) 0.25 
Deceleration time (s) 0.18 (0.16-0.20) 0.19 (0.17-0.22) 0.25 
LA volume index (ml/m2) 26 ± 6 26 ± 8 0.88 
TR velocity (cm/s) 106 (89-199) 99 (90-132) 0.16 
Diastolic dysfunction (%) 1 (2%) 11 (11%) 0.09 
LV ejection fraction (%) 65 ± 5 57 ± 7 <0.001* 
GLS (%) –20 (–21 - –19) –16 (–18 - –14) <0.001* 
     
Blood tests      
BNP (pmol/L) 6 (3-9)  5 (3-8) 0.59 
hs Troponin I positive (%) 0 1 (1%) 0.37 
    
Holter monitoring      
Total PAC per 24 hours (n) 9 (3-23) 10 (2-34) 0.11 
Total PVC per 24 hours (n) 4 (1-17) 3 (0-22) 0.69 
Supraventricular arrhythmia (%) 0 1 (1%) 0.37 
Ventricular arrhythmia (%) 1 (2%) 0 0.16 

 
Values represent mean ± SD, median (Q1-Q3) or n (%) 
p-values displayed were analyzed by using generalized linear mixed models.  
* significant after Benjamini–Hochberg correction 

Global longitudinal strain was available in 49 non-obese controls and in 94 obesity patients. Left ventricular 
ejection fraction was available in 49 non-obese controls and in 95 obesity patients.  

BMI= body mass index, BP= blood pressure, COPD= chronic obstructive pulmonary disease, OSAS= 
obstructive sleep apnea syndrome, ACE= angiotensin-converting enzyme, ARBs= angiotensin II receptor 
blockers, CRP= C-reactive protein, HbA1c= glycated haemoglobin, eGFR= estimated glomerular filtration rate, 
ALAT= alanine transaminase, LDL= low-density lipoprotein, HDL= high-density lipoprotein, TSH= thyroid 
stimulating hormone, LVM= left ventricular mass, LVM-index= left ventricular mass-index, 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, E-wave= early diastolic transmitralflow 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, GLS= global longitudinal strain, 
BNP= brain natriuretic peptide, PAC= premature atrial contraction, PVC= premature ventricular contraction 

 

Table 2: Clinical characteristics and parameters of cardiac function in obesity patients with 
and without cardiac dysfunction. 

 
Obese with normal cardiac 

function (n=40) 
Obese with cardiac 
dysfunction (n=59) p-value 

Clinical characteristics    
General characteristics    
Age (years) 47 (42-52) 49 (42-56) 0.53 
Female (%) 35 (88%) 35 (59%) 0.004* 

Physical examination    
Length (m) 1.69 ± 0.1 1.73 ± 0.1 0.045 
Weight (kg) 123 (115-132) 124 (114-138) 0.28 
BMI (kg/m2) 43 (40-46) 42 (40-45) 0.56 
Systolic blood pressure (mmHg) 139 ± 21 144 ± 20 0.08 
Diastolic blood pressure (mmHg) 75 (70-84) 80 (73-89) 0.06 
Waist circumference (cm) 128 (122-134) 137 (127-141) 0.048 
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Heart rate (bpm) 76 ± 11 83 ± 14 0.019* 
     
Comorbidity    
Diabetes Mellitus 8 (20%) 13 (22%) 0.81 
Hypertension 11 (28%) 20 (34%) 0.27 
Hypercholesterolemia 8 (20%) 10 (17%) 0.89 
Current smoking 7 (18%) 9 (15%) 0.77 
COPD 3 (8%) 2 (3%) 0.37 
OSAS 3 (8%) 8 (14%) 0.35 
     
Medication    
Beta-blockers 3 (8%) 5 (9%) 0.36 
ACE inhibitors / ARBs 10 (27%) 13 (23%) 0.53 
Calcium channel blockers 3 (8%) 7 (12%) 0.13 
Statins 5 (13%) 14 (25%) 0.12 
Diuretics 6 (16%) 11 (19%) 0.13 
Insulin 2 (5%) 5 (9%) 0.51 
Oral anti-diabetics 5 (13%) 9 (16%) 0.70 
     
Blood tests    
CRP (mg/L) 7 (3-10) 6 (4-11) 0.70 
Glucose (mmol/L) 5.0 (4.6-5.6) 5.6 (5.1-6.7) 0.01* 
HbA1c (mmol/mol) 37 (35-43) 40 (36-51) 0.05 
Creatinine(umol/L) 68 (64-78) 73 (66-77) 0.32 
eGFR (ml/min/1.73m2) 87 (79-90) 90 (80-90) 0.43 
ALAT (U/L) 23 (16-33) 31 (22-45) 0.003* 
Apo-lipoprotein B100 (g/L) 1.12 ± 0.3 1.04 ± 0.3 0.67 
Lipoprotein (a) (mg/L) 190 (65-599) 149 (71-386) 0.10 
Total cholesterol (mmol/L) 5.5 ± 0.8 5.1 ± 1.1 0.025 
LDL cholesterol (mmol/L) 3.5 ± 0.8 3.0 ± 0.9 0.003* 
HDL cholesterol (mmol/L) 1.3 (1.0-1.5) 1.1 (1.0-1.3) 0.009* 
Triglycerides (mmol/L) 1.4 (1.0-2.0) 2.1 (1.5-3.0) 0.09 
Ferritin (ug/L) 87 (49-136) 92 (58-189) 0.14 
Active vitamin B12 (pmol/L) 93 (61-128) 108 (71-197) 0.22 
Folic acid (nmol/L) 11 (8-16) 12 (9-16) 0.45 
Vitamin B1 (nmol/L) 13 ± 29 145 ± 22 0.08 
Vitamin B6 (nmol/L) 65 (54-91) 70 (52-80) 0.39 
Albumin (g/L) 42 (40-44) 42 (39-44) 0.83 
Magnesium (mmol/L) 0.81 ± 0.06 0.81 ± 0.07 0.45 
Vitamin D (nmol/L) 39 (28-60) 39 (27-61) 0.95 
Hemoglobin (mmol/L) 8.6 (8.0-9.0) 8.9 (8.4-9.3) 0.11 
Erythrocytes (x10^12/L) 4.8 ± 0.4 5.0 ± 0.3 0.03 
Thrombocytes (x10^9/L) 270 ± 54 255 ± 79 0.22 
Leukocytes (x10^9/L) 8.4 (6.8-9.4) 8.5 (7.0-10.2) 0.48 
TSH (mU/L) 1.5 (1.2-2.5) 1.7 (1.2-2.4) 0.94 
     
    
Echocardiographic Parameters    
LVM (g) 169 (140-215) 203 (156-241) 0.10 
LVM-index (g/m2) 72 (59-88) 81 (67-94) 0.16 
    
Holter monitoring    
Average heart rate (bpm) 81 ± 9 83 ± 10 0.35 
Minimal heart rate (bpm) 50 (46-55) 53 (47-56) 0.66 
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Maximum heart rate (bpm) 142 (129-152) 132 (125-146) 0.06 
SDNN (ms) 121 ± 48 99 ± 42 0.026 
SDNN-index (ms) 54 ± 16 45 ± 14 0.015* 
    
Parameters of cardiac function    
Echocardiographic Parameters    
Mitral inflow E-wave (cm/s) 75 ± 15 65 ± 12 0.007* 
Mitral inflow A-wave (cm/s) 70 ± 11 70 ± 15 0.68 
E/A-ratio 1.1 (0.92-1.20) 0.96 (0.80-1.10) 0.029 
Septal e' velocity (cm/s) 8 ± 2 8 ± 2 0.22 
Lateral e' velocity (cm/s) 12 ± 3 10 ± 3 0.002* 
E/e'-ratio 9.1 (7.5-10.3) 8.4 (6.9-9.7) 0.27 
Deceleration time (s) 0.19 ± 0.04 0.19 ± 0.04 0.93 
LA volume index (ml/m2) 25 ± 7 26 ± 8 0.52 
TR velocity (cm/s) 113 (91-140) 93 (86-125) 0.55 
Diastolic dysfunction (%) 0 10 (17%) 0.001* 
LV ejection fraction (%) 62 ± 6 54 ± 7 <0.001* 
GLS –19.2 ± 1.3 –14.4 ± 2.1 <0.001* 
    
Blood tests    
BNP (pmol/L) 6 (4-11) 4 (3-6) 0.29 
hs Troponin I positive (%) 0 0  
     
Holter monitoring    
Total PAC per 24 hours 12 (3-38) 8 (2-27) 0.42 
Total PVC per 24 hours 2 (0-16) 3 (0-28) 0.98 
Supraventricular arrhythmia (%) 0 0  
Ventricular arrhythmia (%) 0 0  
 
Values represent mean ± SD, median (Q1-Q3) or n (%).  
p-values displayed were analyzed by using univariable logistic regression.  
* significant after Benjamini–Hochberg correction 

BMI= body mass index, BNP= brain natriuretic peptide, BP= blood pressure, COPD= chronic obstructive 
pulmonary disease, OSAS= obstructive sleep apnea syndrome, ACE= angiotensin-converting enzyme, ARBs= 
angiotensin II receptor blockers, CRP= C-reactive protein, HbA1c= glycated hemoglobin, eGFR= estimated 
glomerular filtration rate, ALAT= alanine transaminase, LDL= low-density lipoprotein, HDL= high-density 
lipoprotein, TSH= thyroid stimulating hormone, LVM= left ventricular mass, LVM-index= left ventricular 
mass-index, 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, E-wave= early diastolic 
transmitralflow 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, 
GLS= global longitudinal strain, BNP= brain natriuretic peptide, PAC= premature atrial contractions, PVC= 
premature ventricular contractions 

 

Characteristics of obesity patients with subclinical signs of cardiac dysfunction 

Table 2 and Figure 2b display the characteristics of obesity patients with (n=59) and without 

(n=40) cardiac dysfunction. Obesity patients with cardiac dysfunction were more often male 

and had an increased heart rate. There were no significant differences regarding the prevalence 

of comorbidities and medication use.  
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Blood tests showed increased glucose and ALAT in obesity patients with cardiac dysfunction. 

Also, these patients had decreased levels of LDL-C and HDL-C. hs-cTnI and CRP were not 

significantly different. 

Obesity patients with cardiac dysfunction tended to have an increased LV mass and LV mass-

index. They also had more often diastolic dysfunction. Holter monitoring showed a decreased 

SDNN-index in obesity patients with cardiac dysfunction. 

 

Odds ratios and predictive model of cardiac dysfunction in obesity patients 

Univariable logistic regression analysis showed that cardiac dysfunction was associated with 

male gender, SDNN-index, SDNN, length, waist circumference, heart rate, glucose, ALAT, 

total cholesterol, LDL-C, HDL-C, and erythrocytes. The multivariable logistic analysis 

identified male gender and SDNN-index as independent significant risk factors for subclinical 

cardiac dysfunction in obesity patients (Table 3). The ROC-curve is shown in Figure 3. The 

area under the ROC-curve was: 0.81 (95% CI; 0.71-0.91, p<0.001). Sensitivity was 74% (95% 

CI; 57-86%), specificity 62% (95% CI; 45-77%), positive predictive value 67% (95% CI; 50-

80%), and negative predictive value 70% (95% CI; 51-84%).  

 

 

Table 3: Univariable and multivariable logistic regression analysis in obesity patients, with 
presence of cardiac dysfunction as the dependent variable. 

 

 

 

 

 

 

 

 

 

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

ALAT= alanine transaminase, 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 HRV recording 

 

Variable Univariate 
p-value 

Multivariable 
p-value 

Male gender 0.004 0.001 
SDNN-index 0.015 0.015 
SDNN 0.026  
Waist circumference 0.048  
Heart rate 0.019  
Glucose 0.01  
ALAT 0.003  
Total cholesterol 0.025  
LDL cholesterol 0.003  
HDL cholesterol 0.009  
Erythrocytes 0.03  
Length 0.045  
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Figure 3: ROC-curve for the prediction model for cardiac dysfunction in obesity patients.  
Model; combination of SDNN, SDNN-index, gender, ALAT, glucose, and triglycerides.  
Area under the curve = 0.72 (95%CI; 0.61-0.82, p<0.001). 
 

 

DISCUSSION 

The main findings of the current study are 1) that there is a high prevalence (61%) of subclinical 

cardiac dysfunction in obesity patients (BMI ≥35 kg/m2) without suspicion of or known 

cardiovascular disease, 2) in the vast majority of patients with subclinical cardiac dysfunction 

this was identified by abnormal GLS, clearly more than by other echocardiographic parameters, 

arrhythmias, increased BNP or hs-TnI, and 3) decreased heart rate variability as measured by 

SDNN-index and male gender are predictors of subclinical cardiac dysfunction in obesity 

patients.  

 

The association between abnormalities in cardiac structure and function is known in obesity 

patients.1 Because of the ongoing obesity epidemic, efficient screening for (subclinical) cardiac 

dysfunction in these patients is needed.22 The current knowledge of the early signs of cardiac 

dysfunction in obesity patients is not optimal to develop such screening tools.  

In our study, we were unable to identify subclinical cardiac dysfunction in obesity patients by 

Holter monitoring or assessment of hs-cTnI and BNP. The frequency of extrasystole was not 

increased and although obesity is a known risk factor for atrial fibrillation,23 none of the obesity 

patients showed atrial fibrillation during the 24 hour Holter monitoring. There was one patient 
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with an atrial flutter and a positive hs-cTnI, but he was diagnosed with acromegaly after 

inclusion and therefore does not represent the typical obesity patients without known cardiac 

disease.  

However, we were able to identify a high prevalence of subclinical cardiac dysfunction based 

on a decreased GLS by advanced echocardiography in 57 (61% of the 94 obesity patients with 

available GLS) of the obesity patients. GLS performed much better as compared to 

conventional echocardiography parameters such as LV ejection fraction (decreased in 29% of 

the obesity patients) and diastolic function (abnormal in only 11% of the obesity patients). 

Currently, GLS assessment by speckle tracking echocardiography is broadly available as echo-

machines from all well-known vendors are generally equipped with speckle tracking software. 

Strain can be assessed in three directions (longitudinal, circumferential, and radial), with 

longitudinal strain known to be the most reproducible. It is therefore recommended to use GLS 

as a parameter of LV systolic function.16 Recently, we demonstrated that the assessment of GLS 

is feasible and reproducible in obesity patients as well.24 As said, in the current study we 

identified GLS as the best parameter to diagnose cardiac dysfunction in obesity patients. 

Therefore, when looking for subclinical cardiac abnormalities in these patients, GLS 

assessment by speckle tracking echocardiography seems to be the best diagnostic technique. 

So far, the pathophysiology of obesity leading to cardiac dysfunction is incompletely 

understood and it was hypothesized that it is most likely multifactorial.3,25 While previous 

studies examined the association between heart failure and obesity,1,26 the CARDIOBESE study 

is the first to investigate the relation between subclinical cardiac dysfunction and obesity using 

a combination of techniques to simultaneously investigate different aspects that may all play a 

role. The transthoracic echocardiogram may identify direct local effects of obesity such as 

increased LV mass, systemic influences caused by secretion of adipokines by the fat tissue may 

be revealed by the blood tests, and the Holter monitor may identify autonomic dysfunction by 

assessment of HRV.  

In our study, there were no differences between obesity patients with and without subclinical 

cardiac dysfunction regarding the presence of traditional cardiac risk factors, such as diabetes 

mellitus, hypertension, and hypercholesterolemia. These results are consistent with previous 

studies, which showed that the onset of heart failure in obesity cannot be fully explained by 

these risk factors.27 Also, obesity patients are known to have a state of chronic low-grade 

inflammation.28 Although increased circulating levels of CRP were observed in obesity patients 

compared to non-obese controls, there was no difference between obesity patients with and 

without subclinical cardiac dysfunction. Therefore, at least as far as CRP reflects systemic 
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inflammation, this was not likely to be an explanation of subclinical cardiac dysfunction in our 

patients. Increased cardiac filling pressures or cardiomyocyte damage have been suggested to 

play a role,29 however BNP and hs-cTnI were comparable between obesity patients and non-

obese controls and between obesity patients with and without cardiac dysfunction in our study. 

Finally, the LV mass and LV-mass index were comparable between obesity patients with and 

without subclinical cardiac dysfunction. Therefore, the local effect of increased LV mass does 

not seem to play a major role in obesity leading to subclinical cardiac dysfunction. 

Nevertheless, the SDNN-index as a measure of HRV and thereby of autonomic dysfunction, 

was strikingly different between obesity patients with and without subclinical cardiac 

dysfunction, and was identified as an independent risk factor for cardiac dysfunction by 

multivariable analysis. The SDNN-index estimates the variability due to the factors affecting 

HRV within a 5 minute period.30 Even a slight variation in the autonomic regulation of the heart 

changes the heart rate and rhythm.31 The analysis of HRV thereby provides a non-invasive tool 

to characterize autonomic function. Depressed HRV has been confirmed to be a prognostic 

marker and is correlated with morbidity and mortality.32-34 Furthermore, sympathetic nervous 

system dysfunction is crucial in the development of heart failure.35 Previous studies already 

described a decreased HRV in obesity patients,31,36 linking this to inflammatory processes.37,38 

However, our study not only confirmed the presence of a decreased HRV in obesity patients, it 

is also the first to show that decreased HRV may play a crucial role in the development of 

cardiac dysfunction in these patients. Therefore, the analysis of HRV may be a useful and 

simple non-invasive method to further investigate the effect of obesity on cardiac function. 

The multivariable analysis not only identified SDNN-index but also male gender as a significant 

risk factor for cardiac dysfunction in obesity patients. Previous studies already described an 

association between obesity and more severe heart failure symptoms in male patients compared 

to female patients.39 Also, overweight and obese males have higher adjusted mortality than 

normal-weight males, whereas a BMI in the overweight range was associated with a survival 

benefit in females.40 However, the reason for these findings is not clear. It cannot be excluded 

that there are unidentified confounders related to gender that may explain the suggested 

relationship between male gender and cardiac dysfunction in obesity in our study. Further 

studies are needed to clarify this issue. 

 

Limitations 

GLS was missing in 7 obesity patients because of insufficient image quality. This may have 

affected the identified prevalence of cardiac dysfunction. In addition, cardiac magnetic 
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resonance could be of added value, when investigating myocardial characteristics. However, 

this was not available in the CARDIOBESE study. Also, the study contained a relatively large 

number of women (70%), which may have influenced the observed relationship between gender 

and subclinical cardiac dysfunction. 

When studying HRV, one can select several parameters.41 In our study, we only used SDNN 

and SDNN-index as markers of HRV to limit the total number of parameters studied. They were 

chosen because no currently recognized HRV measure provides better prognostic information 

than the time domain HRV measures assessing overall HRV.41 In parallel, we only used CRP 

and leukocytes as inflammatory markers, also to limit the total number of parameters studied 

and because of limited testing that can be done in our clinical laboratory. To further investigate 

the role of inflammation, further studies are needed. Also, blood samples were obtained in the 

non-fasting state, which could have influenced our results. Finally, although obesity is usually 

defined as a BMI ≥30 kg/m2 all patients in our study had a BMI ≥35kg/m2 because they were 

included at the outpatient clinic for screening for bariatric surgery (BMI ≥35kg/m2 is a condition 

to qualify for bariatric surgery). Therefore, the conclusions may only be applied to morbidly 

obese patients and not to obesity patients in general.  

 

CONCLUSIONS 

There was a high prevalence (61%) of subclinical cardiac dysfunction in obesity patients 

without known cardiovascular disease, which appeared to be best identified by GLS. 

Subclinical cardiac dysfunction in obesity was linked to autonomic dysfunction and male 

gender, and not to the presence of traditional cardiac risk factors, increased CRP, increased 

BNP, increased hs troponin I, or increased LV mass. 
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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 surgery 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 

prospective study that was designed to investigate this, using a combination 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 before.3 In this research letter we briefly describe the 

main results. Additional analyses of the data will be performed in the near future to provide 

further insight in the pathophysiological background of the findings. 

 

Methods 

We enrolled 100 obesity patients who were referred for bariatric surgery in this longitudinal 

study. Inclusion criteria were age 35-65 years and BMI ≥35 kg/m2. Patients with a suspicion 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 speckle tracking 

echocardiography, Holter monitoring, and blood tests were performed. Patients were seen pre- 

and one-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 committee and written informed consent was obtained from all participants. Baseline 

characteristics of the studied population have been described before.6 Subclinical cardiac 

dysfunction was present in 59 patients, mainly uncovered by decreased 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 distributions were 

expressed as mean ± standard deviation, with skewed distributions as median and interquartile 



Cardiac function normalizes 1 year after bariatric surgery in half  of  the obesity patients

119

Ch
ap

te
r 

7

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 categorical variables was used to compare 

parameters pre- and post-surgery.  

 

Results 

A total of 85 patients underwent bariatric surgery and 72 patients completed the one-year 

follow-up. Patients did not undergo bariatric surgery because of various reasons, but mostly 

because of disapproval by a psychologist or because they had withdrawn themselves from 

surgery. There was a significant reduction in weight and BMI one year after bariatric surgery 

(Table 1). Prevalence of comorbidities decreased and medication 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 decrease in LV mass and Holter monitoring a decreased heart rate 

one year after bariatric surgery. 

 

Regarding changes in parameters of cardiac function after bariatric surgery (Table 1), there was 

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 dysfunction 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 specifically 

on subclinical cardiac dysfunction, also with an innovative approach using several diagnostic 

modalities to concurrently investigate different possible expressions of this.  
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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 cardiac 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 patient 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 

the relatively marked positive effect bariatric surgery may have on cardiac function.  

 

Conclusion 

Cardiac function improves significantly in obesity patients one year after bariatric surgery, 

resulting in normalized cardiac function in half of the patients with subclinical cardiac 

dysfunction before bariatric surgery. 

 

 

 

Table 1: Clinical characteristics and parameters of cardiac function. Differences between pre- 
and one-year post-bariatric surgery. 

Clinical characteristics Pre-surgery  
(n=72) 

One-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 
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   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 [44-51] <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 hours (n) 9 [2-38] 20 [8-68] 0.07 
   Total PVC per 24 hours (n) 3 [0-22] 5 [2-58] 0.29 
   Supraventricular arrhythmia (n, %) 1 (1%) 0 0.53 

 
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 
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ABSTRACT 

Purpose 

Subclinical cardiac dysfunction is common in obesity patients. Bariatric surgery is associated 

with normalization of subclinical cardiac function in 50% of the obesity patients. The aim of 

this study was to identify predictors for a lack of improvement of subclinical cardiac 

dysfunction one-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/m2. Patients with a suspicion of or known 

cardiovascular disease were excluded. Conventional and advanced echocardiography, Holter 

monitoring, and blood tests were performed pre- and one-year post-bariatric surgery. 

Subclinical cardiac dysfunction was defined as either a reduced left ventricular ejection 

fraction, decreased global longitudinal 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 one 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. Multivariate 

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 one 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. 
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INTRODUCTION 

Obesity has reached epidemic proportions globally and the prevalence is still increasing.1 

Subclinical cardiac dysfunction is common in obesity patients,2 and obesity is associated with 

an increased risk of heart failure.3 Heart failure is characterized by an impaired quality of life, 

frequent hospitalizations, and poor outcome.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 temporary. In contrast, bariatric surgery is an effective and safe treatment 

option resulting in large long-term weight loss.5,6 Several studies suggest that weight loss 

achieved by bariatric surgery has a positive impact on heart morphology, even in obesity 

patients without heart failure.7 We recently demonstrated that subclinical cardiac dysfunction 

normalized in half of the obesity patients one-year after bariatric surgery.8 Also, bariatric 

surgery is associated with a 35% reduced incidence of new-onset heart failure during long term 

follow-up.9 However, little is known about the pathophysiology of cardiac dysfunction 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 Evaluation (CARDIOBESE) study was the 

first study in which (speckle tracking) echocardiography, blood tests, and Holter monitoring 

were combined to simultaneously investigate different 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 one-year post-bariatric surgery. 

 

METHODS 

Study design and study group 

The protocol of the CARDIOBESE study has been described before.10 In short, the 

CARDIOBESE study is a longitudinal study in which we prospectively enrolled 100 obesity 

patients 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/m2. Patients 

with a suspicion of or known cardiovascular disease were excluded. Bariatric surgery was 

performed by either a gastric sleeve, a gastric bypass or a mini bypass operation. Patients were 



Chapter 8

128

seen pre- and one-year post-bariatric surgery to study the intra-personal impact of obesity and 

bariatric surgery-related changes on cardiac function. The study protocol was approved by the 

ethics committee and written informed consent was obtained from all participants.10  

The presence or absence of subclinical cardiac dysfunction in the 100 obesity patients of the 

CARDIOBESE-study has been described in detail before.2 In short, cardiac dysfunction was 

defined as either a reduced LV ejection fraction,11 a decreased global longitudinal strain (GLS) 

(<17%), diastolic dysfunction,12 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). 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, one had a normal GLS but an increased BNP 

(49 pmol/L, normal value <30 pmol/L), and one had a positive hs Troponin I. One patient with 

cardiac dysfunction was diagnosed with acromegaly after inclusion and was excluded from 

further analysis, leaving 59 obesity 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 Netherlands), 

equipped with a broadband (1-5MHz) X5-1 transducer. All acquisitions and measurements 

were performed according to current guidelines.11,12  

Interventricular septal thickness (IVSd), posterior wall thickness (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 measurements: LVM (g) = 0.80 × 

{1.04[(IVSd +LVEDD + PWd)3-(LVEDD)3]}c + 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 apical views. 

Subsequently, these cycles were transferred to a QLAB workstation (version 10.2, Philips, Best, 

the Netherlands) 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, 
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estimated glomerular filtration rate (eGFR), alanine aminotransferase (ALAT), Apolipoprotein 

B, total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein 

cholesterol (HDL-C), triglycerides, ferritin, active vitamin B12, folic acid, vitamin B1, vitamin 

B6, albumin, magnesium, vitamin D, and haemoglobin were determined by standard clinical 

procedures as described.13 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 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. 24-

hour recording of the SDNN reveals the sympathetic nervous system contribution to heart rate 

variability.14 The SDNN-index estimates the variability due to the factors affecting heart rate 

variability (HRV) within a 5 minute period. It is calculated by first dividing the 24 hours record 

into 288 5-minute-segments and then calculating the standard deviation of all NN intervals 

contained within each segment.15 

 

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 distributions 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 categorical variables was used to compare 

parameters pre- and post-surgery.  

The unpaired Student’s t-test for continuous variables was used to compare the pre- and post-

surgery values of patients with versus without cardiac dysfunction post-surgery, the non-

parametric Mann-Whitney U test for continuous parameters with skewed distributions, and the 

χ2 test for categorical variables. Pre-surgery parameters that significantly differed between 

patients with post-surgery normal cardiac function and patients with post-surgery cardiac 

dysfunction in the univariate analyses were added to multivariate logistic regression analysis 



Chapter 8

130

(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 considered 

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 one-year post-bariatric surgery 

A total of 100 obesity patients were included, 85 patients underwent bariatric surgery and 72 

patients completed the one-year follow-up (Figure 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 one-year post-

bariatric surgery. Systolic blood pressure and heart rate decreased significantly as well. Also, 

the prevalence of comorbidities such as diabetes mellitus, 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, HbA1c, 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 corrected for the body surface area (LVM-index), there was no significant decrease. 

Holter monitoring showed a decreased mean, minimal and maximum heart rate one-year post-

surgery, whereas the SDNN and the SDNN-index increased.  

 

Changes of parameters of cardiac dysfunction from pre- to one-year post-bariatric 

surgery 

There was a mild but statistically significant increase in BNP one-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 ejection fraction did 

not change. Also, the frequency of extrasystoles did not change from pre- to one-year post-

bariatric surgery. 
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Figure 1: Flow-chart of patients with completion of or loss to follow-up 

DM= diabetes mellitus 

 

Table 1: Clinical characteristics of the study population. Differences between obesity patients 
from pre- to one-year post bariatric surgery. 

 Pre-surgery  
(n=72) 

One-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 
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 (n,%) 5 (7%) 3 (4%) 0.63 
ACE inhibitors / ARBs (n,%) 11 (15%) 8 (11%) 0.012 
Calcium channel blockers (n,%) 6 (8%) 5 (7%) 0.66 
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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 
HbA1c (mmol/mol) 39 [35-48] 36 [33-39] <0.001 
Creatinine(umol/L) 70 [65-78] 67 [62-71] <0.001 
eGFR (ml/min/1.73m2)  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) 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 [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/m2) 72 [59-87] 77 [64-87] 0.49 
    
Holter monitoring    
Ventricular arrhythmia (n, %) 0 0  
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 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, BP= blood pressure, COPD= chronic obstructive pulmonary disease, OSAS= 
obstructive sleep apnoea syndrome, ACE= angiotensin-converting enzyme, ARBs= angiotensin II receptor 
blockers, CRP= C-reactive protein, HbA1c= glycated haemoglobin, eGFR= estimated glomerular filtration rate, 
ALAT= alanine transaminase, LDL= low-density lipoprotein, HDL= high-density lipoprotein, LVM-index= 
left ventricular mass-index, 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. 
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Table 2: Parameters of cardiac function. Differences between obesity patients from pre- to 
one-year post bariatric surgery. 

 Pre-surgery  
(n=72) 

One year post-
surgery (n=72) 

p-value 

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 
E/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 8.3 ± 1.7 0.56 
Lateral e' velocity (cm/s) 9.6 ± 3.1 12.2 ± 3.1 <0.001 
E/e'-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/m2) 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 hours (n) 9 [2-38] 20 [8-68] 0.07 
Total PVC per 24 hours (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 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. 
 
BNP= brain natriuretic peptide, hs troponin I= high sensitive troponin I, E-wave= early diastolic 
transmitralflow 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= premature atrial contraction, PVC= premature ventricular contraction. 
 

Comparison of patients with versus without normalization of cardiac function after 

bariatric surgery  

Of the patients with complete follow-up, 40 (56%) had subclinical cardiac dysfunction pre-

surgery. In 50% of these patients cardiac function had normalized one-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.  

 
When comparing patients with versus without normalization of cardiac function after bariatric 

surgery, most pre-surgery parameters were comparable, except for albumin, vitamin D and 
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SDNN. Post-surgery only albumin was mildly decreased in patients without normalization. 

Multivariate analysis was applied including the parameters which were different pre-surgery, 

identifying a decreased SDNN and a decreased vitamin D pre-surgery as significant predictors 

for maintaining cardiac dysfunction after bariatric surgery (Table 4). The multivariate model 

including these two parameters to identify patients who maintained 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%) (Figure 2).  

 

 

 

 
Figure 2: ROC-curve for the prediction model for cardiac dysfunction post-surgery.  
Model; combination of SDNN and vitamin D pre-surgery.  
Area under the curve = 0.81 (95% CI: 0.67-0.95, p=0.001), sensitivity of 70%, and a specificity of 80%. 
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Table 3: Comparison of characteristics of patients with pre-existent cardiac dysfunction 
subdivided into those who showed normalization of cardiac function after bariatric surgery 
compared to those with persistent cardiac dysfunction. 

 

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

 Post-surgery normal 
 cardiac function (n=20) 

Post-surgery cardiac 
dysfunction (n=20) 

p-value 
pre 

p-value 
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/m2) 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 (n,%) 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 
(n,%) 

5 (25%) 2 (10%) 5 (25%) 3 (15%)  1 0.54 

Calcium channel blockers 
(n,%) 

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 (n,%) 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 (n) 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±2.2 5.6±1.6 7.2±3.3 6.5±2.2 0.37 0.23 
HbA1c (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/1.73m2) 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 5.2±0.9 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) 2.2±1.4 1.3±0.7 2.3±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 [10-45] 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 82±26 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 0.91 
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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 t-test for continuous variables, the non-parametric Mann-
Whitney U test for continuous parameters with skewed distributions, and the χ2 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, 
HbA1c= 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, e’= 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 

 

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 variable. 

 

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  
 

DISCUSSION 

The main finding of the current study is that persistence of cardiac dysfunction in obesity 

patients one year after bariatric surgery was related to autonomic dysfunction and a decreased 

vitamin D pre-surgery.  

 

Although in previous studies changes of cardiac morphology and function after bariatric surgery 

have been investigated,7,9,16 CARDIOBESE is the first study in which the focus was specifically 

on subclinical cardiac dysfunction. Furthermore, analysis with the combination of speckle 

tracking echocardiography, blood tests, and Holter monitoring was used for the first time to 

simultaneously investigate different aspects of cardiac dysfunction and the underlying 

pathophysiology. As expected, and in-line with previous findings,7,9,16 many cardiovascular risk 

factors and parameters of cardiac function improved post-surgery. Prevalence of comorbidities 

decreased, lipid levels and HbA1c improved, and CRP decreased. Also, there was a mild but 

 Univariate analysis Multivariable analysis 
Variable 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   
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statistically significant increase of BNP one-year post-surgery. BNP is known to be decreased 

in obesity patients, both with and without heart failure.17 Although the reason for this remains 

incompletely understood, it is most likely due to lower release in obesity patients, rather than 

increase in their clearance.18  

 

Improvement of LV function following bariatric surgery has been described before in small 

studies.19-22 However, CARDIOBESE is the largest study in which speckle tracking 

echocardiography was used to investigate improvement of LV function after bariatric surgery. 

As we recently reported, there was an overall improvement of GLS one-year post-surgery, 

resulting in normalization of subclinical cardiac dysfunction in 50% of the obesity patients.8 

  

While it was already known that autonomic dysfunction as expressed by a decreased HRV may 

be related to either cardiac dysfunction23 or to obesity, 24,25 previously reported baseline data of 

the patients included in the CARDIOBESE study2 for the first time showed that autonomic 

dysfunction appears to have a prominent role in the pathophysiology of cardiac dysfunction in 

obesity. However, so far it was unknown whether autonomic dysfunction may play a role in 

persistence of cardiac dysfunction after bariatric surgery as well. In the current study it was 

shown that a decreased SDNN pre-surgery was a predictor for persistent subclinical cardiac 

dysfunction one-year post-bariatric surgery. The SDNN represents the beat-to-beat variation 

during Holter monitoring by measuring the standard deviation of NN intervals.25 The SDNN is 

a parameter of autonomic function through the sympathetic nervous system contribution to 

HRV.14 A balanced autonomic function is crucial for normal cardiac function.23 On the other 

hand, a depressed HRV is related to morbidity and mortality.26,27 Oher studies already described 

a favourable effect of bariatric surgery on HRV.28-30 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 obesity patients in our study, there was a significant increase in SDNN one-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 patients post-bariatric surgery may elucidate 

whether LV function will improve after all, in-line with improvement of autonomic function. 
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While, as described above, a role of autonomic dysfunction was somewhat anticipated, the 

finding that a decreased vitamin D before bariatric surgery was also independently related to 

persistent subclinical cardiac dysfunction one 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, atherosclerosis, endothelial 

dysfunction, and thrombosis.31 Furthermore, vitamin D deficiency is a predictor of reduced 

survival in patients with heart failure.32 Also, vitamin D is known to be decreased in obesity 

patients,33 and in patients with known cardiovascular disease,34 suggesting 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.35 Although the 

underlying mechanism remains to be elucidated, by combining findings from blood tests and 

echocardiography 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.  

 

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 follow-up. The reason for this difference is unknown, but probably it was just 

coincidence. Furthermore, follow-up after bariatric surgery was one 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 normalization of cardiac function in 

obesity patients one year after bariatric surgery. This result is in-line with previous findings 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 dysfunction one year post-surgery. Since 

this finding was less expected, we consider this less affirmative and more hypothesis-

generating. 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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ABSTRACT 

Background 

Current knowledge on the role of obesity in causing cardiac dysfunction is insufficient. Several 

biomarkers reflecting biological processes that may play a role in the occurrence of cardiac 

dysfunction in obesity patients are available. 

 

Purpose 

To compare cardiovascular biomarker profiles between obesity patients and non-obese controls, 

and between obesity patients with and without cardiac dysfunction, in order to better understand 

the underlying pathophysiology of cardiac dysfunction in obesity patients.  

 

Methods 

Blood samples were obtained from 100 obesity patients (BMI ≥35 kg/m2) without known 

cardiovascular disease, and from 50 age- and gender-matched non-obese controls (BMI ≤30 

kg/m2). The cardiovascular panel III of the Olink Multiplex platform was used for the 

measurement of 92 biomarkers. 

 

Results 

The majority (53%) of biomarkers were increased in obesity patients compared to non-obese 

controls. Only 5% of the biomarkers were elevated in obesity patients with cardiac dysfunction 

compared to those without. Biomarkers discriminating cardiac dysfunction from no cardiac 

dysfunction in obesity patients differed from those discriminating obese from non-obese 

patients. An elastic net model for the prediction of cardiac dysfunction in obesity patients had 

a high AUC of 0.87 (95% CI:0.79-0.94, p< 0.001). The sensitivity of this model was 84% and 

the specificity was 79%. 

 

Conclusion 

A multiplex immunoassay was used for the first time in obesity patients without known 

cardiovascular disease. These patients have cardiovascular biomarker profiles that are clearly 

different from non-obese controls. Comparison of obesity patients with and without cardiac 

dysfunction suggested an important role for inflammation, atherosclerosis, and insulin 

resistance in the underlying pathophysiology of cardiac dysfunction in obesity patients. 
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INTRODUCTION 

Obesity is a growing worldwide problem. If the current trends continue, global obesity 

prevalence will reach 18% in men and surpass 21% in women by 2025.1 Obesity is associated 

with an increased risk of all-cause mortality and cardiovascular disease.2 A body mass index 

(BMI) ≥30 kg/m2 doubles the lifetime risk of developing heart failure.3 With the rising 

prevalence of obesity worldwide, cardiac dysfunction in obesity patients is a growing 

problem,4,5 which warrants efficient screening to identify those at highest cardiovascular risk.6 

Current knowledge on factors contributing to cardiac dysfunction in obesity patients is 

insufficient to optimally develop such strategies for these patients.2  

Nowadays, biomarkers play a major role in the diagnosis and management of heart failure.7 

Natriuretic peptides are the gold standard biomarkers for the diagnosis and prognosis of heart 

failure.8 However, natriuretic peptides are decreased in obesity patients and are therefore of less 

use than in non-obese patients.9 In addition, heart failure in obesity patients appears to result 

not only from cardiac overload or injury but also from factors specifically related to the 

abundant fat tissue.10 As such, natriuretic peptides might not be the only biomarkers relevant in 

cardiac dysfunction in obesity patients. Currently, a variety of biomarkers are described, 

reflecting several biological processes that have been hypothesized to play an important role in 

the occurrence of cardiac dysfunction.11,12 The hypothesized processes are inflammation 

(reflected by biomarkers such as SELE, SELP, and RARRES2),13-16 insulin resistance (IGFBP-

1 and IGFBP-2),17 coagulation, oxidative stress, myocardial stretch, matrix remodelling, and 

atherosclerosis (CHIT1,18 OPG,19 and t-PA20). Investigating such biomarkers, using a multiplex 

immunoassay to determine a broad spectrum of blood biomarkers related to processes such as 

inflammation, atherosclerosis and insulin resistance, may help to better understand the 

underlying pathophysiology of cardiac dysfunction in obesity patients. Therefore, we examined 

cardiovascular biomarker profiles in obesity patients versus non-obese controls, and the 

relationship between these profiles and subclinical cardiac dysfunction in obesity.  

 

METHODS 

Study group 

Blood samples from patients included in the CARdiac Dysfunction In Obesity – Early Signs 

Evaluation study (CARDIOBESE) were used. The protocol of the CARDIOBESE study has 

been described in detail.21 CARDIOBESE is a multicentre, prospective study including 100 

obesity patients referred for bariatric surgery, designed to identify novel risk factors associated 



Chapter 9

148

with cardiovascular disease in this cohort. Patients were included if they were between 35 and 

65 years old and had a BMI of ≥35 kg/m2. Patients with a suspicion of or known cardiovascular 

disease were excluded. Fifty age- and gender-matched non-obese (BMI<30 kg/m2) controls 

were enrolled as controls.  

The presence or absence of subclinical cardiac dysfunction in the 100 obesity patients of the 

CARDIOBESE study has been described in detail before.22 In short, cardiac dysfunction was 

defined as either a reduced LV ejection fraction, a decreased GLS, diastolic dysfunction, 

ventricular arrhythmia or an increased BNP or hs Troponin I. As previously shown, cardiac 

dysfunction was present in 60 patients. However, one patient with cardiac dysfunction was 

diagnosed with acromegaly after inclusion and was excluded from further analysis, leaving 59 

obesity patients with versus 40 without subclinical cardiac dysfunction.  

The study protocol was approved by the medical ethics committee Toetsingscommissie 

Wetenschappelijk Onderzoek Rotterdam e.o. (TWOR). Written informed consent was obtained 

from all participants.21 The present study was carried out in accordance with the Declaration of 

Helsinki. All participants underwent a transthoracic echocardiogram, Holter registration, and 

laboratory tests. 

 

Laboratory procedures  

Non-fasting blood samples were collected at the outpatient clinic at the moment of screening 

for bariatric surgery. High sensitive (hs) Troponin I and brain natriuretic peptide (BNP) were 

determined immediately according to local procedures of the laboratory for clinical chemistry 

of our hospital. The other blood samples were processed and stored at -80°C within 2 hours 

after collection. Serum aliquots were thawed and randomly divided over three microwell plates. 

Internal controls were added to each plate. Plates were frozen at -80°C and shipped on dry ice 

to Olink Proteomics AB, Uppsala, Sweden. The cardiovascular panel III of the Olink Multiplex 

platform for biomarkers was used for analysis. This panel was chosen, because it contains 

known human cardiovascular and inflammatory markers as well as some exploratory human 

proteins with potential as new cardiovascular markers. The kits are based on the proximity 

extension assay technology, where 92 oligonucleotide-labelled antibody probe pairs are 

allowed to bind to their respective target present in the sample. The proximity extension assay 

technique shows exceptionally high specificity and sensitivity.23,24 The biomarkers are 

delivered in normalized protein expression units (NPX), which are relative units. Therefore, 

NPX values for 2 different analyses/proteins are not directly comparable. They are expressed 

on a log2 scale where 1 unit higher NPX value represents a doubling of the measured protein 
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concentration. For statistical analysis, NPX were converted back to a linear scale: 2NPX= linear 

NPX. All biomarkers and abbreviations are shown in Supplementary Table 1.  

 

Transthoracic echocardiography  

Two-dimensional grayscale 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 (1-5MHz) X5-1 transducer. All acquisitions and measurements were 

performed according to the current guidelines.25,26 Off-line speckle tracking was performed 

using a QLAB workstation (version 10.2, Philips, the Netherlands). Peak regional longitudinal 

strain was measured in 17 myocardial regions and a weighted mean was used to derive Global 

Longitudinal Strain (GLS).25 

 

Sample size calculation 

A conservative estimate would be that cardiac dysfunction based on conventional 

echocardiography is present in 20% of obesity patients and 2.5% of age-matched and gender-

matched non-obese controls.27 Given these estimates, to be able to reject the null hypothesis of 

the CARDIOBESE study that cardiac dysfunction rates are equal between patients and controls, 

at least 97 obesity patients and 49 non-obese controls have to be included in the analysis (alpha: 

0.05 (two sided), power: 0.80, 2:1 ratio of patients:controls). The use of more sensitive 

techniques may increase the proportion of non-obese controls with an early sign of cardiac 

dysfunction. Nevertheless, the proportion of obesity patients with an early sign of cardiac 

dysfunction is expected to increase even more, assuring that the previous sample size 

calculation will still suffice. 

 

Statistical analysis 

The normality of the data was checked by the Shapiro–Wilk test. Normally distributed data are 

presented as means and standard deviations, skewed data as medians and interquartile ranges, 

and categorical variables as counts and percentages.  

Differences in clinical characteristics, parameters of cardiac function, and biomarkers between 

obesity patients and matched non-obese controls were estimated by using generalized linear 

mixed models with obesity as the independent variable, and the aforementioned variables 

entered consecutively as the dependent variable. Random intercepts were used to account for 

the matched pairs. Missing variables were omitted. For dependent variables with complete 
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separation, Bayesian generalized linear mixed models were used. The Benjamini–Hochberg 

procedure, with a 5% false discovery rate, was used to correct for the multiple testing.28 

Linear regression was used to compare biomarker levels between obesity patients with cardiac 

dysfunction to those without. For the biomarkers, results were displayed as the beta-coefficients 

of each biomarker from the generalized linear mixed model and the linear regression, which 

signifies the difference in biomarker level (in NPX units) according to the presence of obesity 

or cardiac dysfunction. Again, the Benjamini-Hochberg procedure was used to correct for 

multiple testing. 

Subsequently, a multiple biomarker model was constructed to optimally identify patients with 

cardiac dysfunction. In order to select the subset of biomarkers that carries the best predictive 

value for cardiac dysfunction and, at the same time, to reduce the risk of overfitting (which is 

especially important in the setting where the number of events is low relative to the number of 

predictors), elastic net logistic regression was used. This method combines two established 

shrinkage-methods: Ridge regression and Lasso regression.29 Patient characteristics and all 

available biomarkers were used as input for this model. The discriminative ability of the 

resulting model was investigated by calculating the area under the receiver operating curve 

(AUC). Odd’s ratios of the Z-scores were reported. All statistical tests were 2-sided and a p-

value of 0.05 was considered statistically significant unless otherwise stated. The analyses were 

performed with R 3.0.3 (glmnet and nlme packages were used) and SPSS version 25. 

 

RESULTS 

Patient characteristics 

A total of 100 obesity patients and 50 non-obese controls were studied, both without a suspicion 

of or known cardiovascular disease. The characteristics of the participants are shown in Table 

1. Physical examination showed an increased weight, BMI, systolic blood pressure, waist 

circumference and heart rate in obesity patients. Obesity patients had more often comorbidities 

such as diabetes mellitus and hypertension and used more often medication than non-obese 

controls. Echocardiography showed that obesity patients had an increased left ventricular mass 

(LVM), a higher prevalence of diastolic dysfunction, and a decreased GLS and LV ejection 

fraction.  

Comparison between obesity patients with and without cardiac dysfunction revealed that 

patients with cardiac dysfunction were more often male and had an increased heart rate. The 

prevalence of comorbidities and medication use were comparable between these two groups.  
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Cardiovascular biomarkers in obesity patients compared to non-obese controls 

The differences in biomarker levels between the obesity patients and the non-obese controls are 

presented in Figure 1a, where the bars represent the beta coefficients of the biomarkers 

(difference in NPX units between those with and without obesity). The majority (49 out of 92, 

53%) of biomarkers were significantly increased in obesity patients. The most strongly 

increased biomarkers in obesity patients were: E-selectin (SELE) with beta=1581 (95% CI:592 

– 2571), p=0.002 (SELE was 1581 NPX higher in the obesity patients than in the non-obese 

controls), Retinoic acid receptor responder protein 2 (RARRES2), beta=976 (95%CI: 695 – 

1257), p<0.001, and P-selectin (SELP), beta=687 (95%CI: 224 – 1149), p=0.004. The most 

strongly decreased biomarkers in obesity patients were: Insulin-like growth factor-binding 

protein 2 (IGFBP-2) with a beta= –109 (95%CI: –147, –71), p<0.001, Paraoxonase (PON3), 

beta= –77 (95%CI: –95, –59), p<0.001, and Insulin-like growth factor-binding protein 1 

(IGFBP-1), beta= –27 (95%CI: –39, –15), p<0.001. 

 

Table 1: Characteristics of the obesity patients compared to non-obese controls, and 
comparison between obesity patients with or without cardiac dysfunction 

 

Non-obese 
controls 
(n=50) 

Obesity 
patients 
(n=100) 

p-
value 

Obesity patient 
without cardiac 

dysfunction 
(n=59) 

Obesity patient 
with cardiac 
dysfunction 

(n=40) p-value 
General 
characteristics 

      

Age (years) 50 (40-59) 48 (42-50) 0.02* 47 (42-52) 49 (42-56) 0.53 
Female (%) 35 (70%) 70 (70%) >0.99 35 (87.5%) 35 (59.3%) 0.004* 
          
Physical 
examination         
Length (m) 1.74 ± 0.1 1.71 ± 0.1 0.08 1.69 ± 0.1 1.73 ± 0.1 0.045 
Weight (kg) 76 (64-82) 123 (115-135) <0.001* 123 (115-132) 124 (114-138) 0.28 
BMI (kg/m2) 25 (22-28) 42 (40-46) <0.001* 43 (40-46) 42 (40-45) 0.56 
Systolic BP (mmHg) 127 (118-136) 140 (127-157) <0.001* 139 ± 21 144 ± 20 0.08 
Diastolic BP (mmHg) 78 (71-82) 79 (72-88) 0.11 75 (70-84) 80 (73-89) 0.06 
Waist (cm) 79 (74-89) 131 (125-140) <0.001* 128 (122-134) 137 (127-141) 0.048 
Heart rate (bpm) 64 ± 9 80 ± 13 <0.001* 76 ± 11 83 ± 14 0.019* 
          
Comorbidity         
Diabetes Mellitus 0 22 (22%) 0.007* 8 (20%) 13 (22%) 0.81 
Hypertension 4 (8%) 32 (32%) 0.003* 11 (27.5%) 20 (33.9%) 0.27 
Hypercholesterolemia 5 (10%) 18 (18%) 0.21 8 (20%) 10 (16.9%) 0.89 
Current smoking 7 (14%) 17 (17%) 0.63 7 (17.5%) 9 (15.3%) 0.77 
COPD 1 (2%) 5 (5%) 0.39 3 (7.5%) 2 (3.4%) 0.37 
OSAS 1 (2%) 12 (12%) 0.07 3 (7.5%) 8 (13.5%) 0.35 
          
Medication         
Beta-blockers 0 8 (8%) 0.03 3 (8.1%) 5 (8.8%) 0.36 
ACE / ARBs 2 (4%) 24 (24%) 0.008* 10 (27%) 13 (22.8%) 0.53 
CCB 0 12 (12%) 0.04 3 (8.1%) 7 (12.3%) 0.13 
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Statins 3 (6%) 20 (20%) 0.03 5 (13.5%) 14 (24.6%) 0.12 
Diuretics 1 (2%) 18 (18%) 0.02* 6 (16.2%) 11 (19.3%) 0.13 
Insulin 0 7 (7%) 0.04 2 (5.4%) 5 (8.8%) 0.51 
Oral anti-diabetics 0 15 (15%) 0.02* 5 (13.5%) 9 (15.8%) 0.70 
       
Blood tests       
BNP 6 (3-9) 5 (3-8) 0.59 6 (4-11) 4 (3-6) 0.29 
hs Troponin I 0 1 (1%) 0.37 0 0  
       
Echocardiography       
LVM (g) 148 (117-175) 194 (149-231) <0.001* 169 (140-215) 203 (156-241) 0.10 
LVM-index (g/m2) 79 (62-88) 76 (64-92) 0.16 72 (59-88) 81 (67-94) 0.16 
Diastolic dysfunction  1 (2%)  11 (11%) 0.09 0 10 (17%) <0.001* 
GLS (%) -20 (-21 - -19) -16 (-18 - -14) <0.001* -19.2 ± 1.3 -14.4 ± 2.1 <0.001* 
LVEF (%) 65 ± 5 57 ± 7 <0.001* 62 ± 6 54 ± 7 <0.001* 

 

Values represent mean ± SD, median (Q1-Q3) or n (%). 
 
P-values displayed for obesity patients versus matched non-obese controls were analyzed by using generalized 
linear mixed models, and p-values for obesity patients with cardiac dysfunction versus normal cardiac function 
were analyzed by univariable logistic regression.  
 
* significant after Benjamini–Hochberg correction 
 
BMI= body mass index, BP=blood pressure, CCB= calcium channel blockers, COPD= chronic obstructive 
pulmonary disease, OSAS= obstructive sleep apnea syndrome, ACE= angiotensin-converting enzyme, ARBs= 
angiotensin II receptor blockers, BNP= brain natriuretic peptide, GLS= global longitudinal strain, hs Troponin 
I= high sensitive Troponin I, LVEF= left ventricular ejection fraction, LVM= left ventricular mass 
 

 

Cardiovascular biomarkers in obesity patients with cardiac dysfunction compared to 

those without 

Figure 1b shows that 5 out of 92 (5%) biomarkers were significantly increased in obesity 

patients with cardiac dysfunction compared to those without cardiac dysfunction. The most 

strongly increased biomarkers in the obesity patients with cardiac dysfunction were: SELE with 

a beta=2492 (95%CI: 1228 – 3755), p<0.001, and Tumor necrosis factor receptor superfamily 

member 6 (FAS), beta=13 (95%CI: 5 – 21), p=0.002. None of the biomarkers were significantly 

decreased in patients with cardiac dysfunction. 

The biomarkers discriminating cardiac dysfunction from no cardiac dysfunction in obesity 

patients differed from those discriminating obesity patients from non-obese controls (as shown 

by Figure 1b compared to 1a).  
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Figure 1: Graphical representation of the betas from the generalized linear mixed model for all 92 biomarkers in 
obesity patients (n=100) versus non-obese controls (n=50) (a) and the linear regression for the obesity patients 
with cardiac dysfunction (n=59) versus obesity patients with normal cardiac function (n=40) (b).  
* Significant by p<0.05 by generalized linear mixed model (a) or linear regression (b) 
 

Model for identification of cardiac dysfunction in obesity patients 

The elastic net regression analysis selected the following biomarkers for inclusion in the 

multivariable model for identification of cardiac dysfunction in obesity patients: the biomarkers 

Cathepsin D (CTSD), Chitotriosidase-1 (CHIT1), SELE, Osteopontin (OPN), Osteoprotegerin 

(OPG), Tartrate-resistant acid phosphatase type 5 (TR-AP), Tissue-type plasminogen activator 

(t-PA), and FAS. Patient characteristics that were selected by this model were male gender, 

waist circumference, systolic blood pressure, heart rate, and LVM. Table 2 shows the odd’s 

ratios of Z-scores of the variables selected by the elastic net regression. Figure 2 shows the 

ROC-curve for this model. The ability of this model to discriminate between obesity patients 

with and without cardiac dysfunction had an AUC of 0.87 (95% CI;0.79-0.94, p<0.001). The 

sensitivity of this model was 84%, the specificity was 79%, the positive predictive value 82%, 

and the negative predictive value 81%. 
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Table 2: Odd’s ratios of the Z-scores of the variables selected by the elastic net regression 

Variable Odd’s ratio 
CTSD 1.43 
CHIT1 0.34 
SELE 2.05 
OPN 1.19 
OPG 1.41 
TR-AP 1.37 
t-PA 1.27 
FAS 1.16 
  
Male gender 1.58 
Waist circumference 0.84 
Systolic blood pressure 1.66 
Heart rate 1.48 
Left ventricular mass 1.41 

 

CTSD= Cathepsin D, CHIT1= Chitotriosidase-1, SELE= E-selectin, OPN= Osteopontin, OPG= 
Osteoprotegrin, TR-AP= Tartrate-resistant acid phosphatase type 5, t-PA= Tissue-type plasminogen activator, 
FAS= Tumor necrosis factor receptor superfamily member 6 

 

 

 

 

 

Figure 2: ROC-curve for the elastic net model (n=99). Variables included were CTSD, CHIT1, SELE, OPN, 
OPG, TR-AP, t-PA, FAS, male gender, waist circumference, systolic blood pressure, heart rate, and left 
ventricular mass.  
AUC= 0.87 (95% CI: 0.79-0.94), p<0.001 
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DISCUSSION 

The main findings of the current study are that the cardiovascular biomarker profile of obesity 

patients without known cardiovascular disease is overtly different from that of non-obese 

controls, and that obesity patients with subclinical cardiac dysfunction have a different 

cardiovascular biomarker profile than obesity patients with normal cardiac function. To our 

knowledge, this is the first publication describing cardiovascular biomarkers in relation to 

subclinical cardiovascular dysfunction in obesity patients. 

 

While there is strong evidence from epidemiological studies on the detrimental effects of 

obesity on health outcomes, the underlying biological mechanisms are not completely 

understood.30 The use of multiplex immunoassays that determine a broad spectrum of blood 

biomarkers to increase insights in pathophysiological aspects of diseases is gaining interest in 

medical science.11 In our study, such a multiplex immunoassay was used for the first time to 

compare obesity patients and non-obese controls. Even in obesity patients without known 

cardiovascular disease, the cardiovascular biomarker profile was very different from non-obese 

controls. Since the studied biomarkers covered several processes potentially involved in the 

pathophysiology of cardiovascular disease in obesity, such as inflammation, insulin resistance, 

coagulation, oxidative stress, myocardial stretch, matrix remodeling, and atherosclerosis, our 

findings support the hypothesis of a multifactorial origin of cardiovascular disease in obesity 

patients. Nevertheless, there remains uncertainty on the precise extent of the mechanisms 

involved. In our analysis, the most strongly elevated biomarkers in obesity patients (SELE, 

SELP, and RARRES2) were biomarkers known to be linked to inflammation.13-16 It has been 

hypothesized before, that inflammation has an important role in the increased risk of 

cardiovascular disease in obesity.31 However, the most strongly decreased biomarkers in 

obesity patients (IGFBP-1, IGFBP-2, and PON-3), are not related to inflammation. Both 

IGFBP-1 and IGFBP-2 levels are known to be decreased in obesity patients,32 which mainly 

has been related to insulin resistance.17 PON-3 has been suggested to play an important role in 

protection against the detrimental effects of obesity,33 and is involved in the metabolism of 

lipids as well as protection against atherosclerosis.34 

 

In a recent paper, we described a high prevalence (61%) of subclinical cardiac dysfunction in 

obesity patients.22 In the current study, we compared cardiovascular biomarkers between 

obesity patients with and without cardiac dysfunction to further investigate the underlying 

pathophysiology. While one may expect that the dissimilarities in cardiovascular biomarker 
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profile between obesity patients and non-obese controls may be comparable and even 

exaggerated between obesity patients with and without cardiac dysfunction, the opposite was 

found (as shown by Figure 1a compared to 1b). Herewith, these findings suggest that obesity 

patients with cardiac dysfunction do not just have a more extensive presence of abnormal 

underlying pathophysiological processes that play a role in obesity patients in general. On the 

contrary, our results suggest that processes reflected by the 5 biomarkers that were increased in 

obesity patients with versus without cardiac dysfunction may be relatively important factors. 

Characteristics of these 5 biomarkers are mainly related to inflammation, atherosclerosis and 

insulin resistance. SELE13,35 and TR-AP36,37 are related to all three processes, while FAS38,39 

and CTSD40,41 are linked to both inflammation and atherosclerosis. CTSZ is only related to 

inflammation. Of these 5 biomarkers increased in obesity patients with cardiac dysfunction, 

TR-AP stood out because, contrary to the other 4, it did not differ between the obesity patients 

and the non-obese controls. In other words, while our findings suggest that processes reflected 

by SELE, FAS, CTSD and CTSZ play a role in obesity patients in general and also in obesity 

patients with cardiac dysfunction, TR-AP appeared to be linked most specifically to obesity 

patients with cardiac dysfunction. TR-AP has been proposed before as a useful marker for 

screening and assessment of cardiovascular disease risk.43 Our findings suggest that there may 

be such a role for this biomarker in obesity patients as well. Nevertheless, further research 

would be required to confirm this notion. 

 

Finally, a multivariable model was developed to predict the presence of subclinical cardiac 

dysfunction in obesity patients. This elastic net model selected several biomarkers and clinical 

characteristics as the optimal set of predictors and had a very good AUC of 0.87 (95% CI:0.79-

0.94, p< 0.001). While there was overlap with findings from the univariate analysis discussed 

above (SELE, FAS, TR-AP, and CTSD were identified by the univariate analysis too), other 

biomarkers were selected by the model as well. This selection of biomarkers further supported 

the hypothesis of an important role for the combination of inflammation, atherosclerosis and 

insulin resistance in the pathophysiology of cardiac dysfunction in obesity patients. OPN is a 

biomarker related to inflammation and insulin resistance,44 whereas the other biomarkers have 

been associated with atherosclerosis (CHIT1,18 OPG,19 and t-PA20). Assessment of a well-

chosen combination of biomarkers may be used to identify obese patients at relatively high risk 

of having subclinical cardiac dysfunction. 
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A broad range of processes potentially involved in the pathophysiology of cardiovascular 

disease in obesity has been described before,45,46 a relatively important role for the combination 

of inflammation, atherosclerosis and insulin resistance therefore seems plausible. Previous 

studies already have shown a relation between these three processes and cardiac dysfunction in 

general patient populations (not specifically obese). The pivotal role of inflammation in the 

initiation and progression of cardiovascular disease has been extensively studied and is widely 

accepted,47 Endothelial inflammation may cause coronary dysfunction and thereby myocardial 

fibrosis.48 Atherosclerosis can lead to ischemia, which in its turn can lead to heart failure.49 

Insulin resistance is an independent risk factor for the development of cardiac dysfunction.50 

On the other hand, next to being linked to cardiac dysfunction, these three processes are also 

known to be independently related to obesity.51,52 However, our study is the first in which the 

importance of inflammation, atherosclerosis and insulin resistance was shown in obesity 

patients with subclinical cardiac dysfunction.  

 

Limitations 

The assay we used to determine the biomarkers is designed as a biomarker discovery tool rather 

than being an approved clinical test. The clinical significance of the biomarker profiles needs 

to be elucidated. Our cohort predominantly consisted of female patients (70%). Moreover, 

although obesity is usually defined as a BMI ≥30 kg/m2 all patients in our study had a BMI 

≥35kg/m2 because they were included at the outpatient clinic for screening for bariatric surgery 

(BMI ≥35kg/m2 is a condition to qualify for bariatric surgery). Therefore, the conclusions may 

only be applied to morbidly obese patients and not to obesity patients in general. Also, although 

we selected patients without known cardiovascular disease, a relatively large proportion of 

patients did have cardiovascular risk factors such as diabetes and hypertension, which may also 

partly explain some of the biomarker differences between obesity patients and non-obese 

controls. Nevertheless, these risk factors were not different between the obesity patients with 

and without cardiac dysfunction, limiting the influence on differences in biomarker profiles 

between these patients. Finally, the sample size was relatively small. However, as mentioned 

before, the current study was the first to create a risk model for cardiac dysfunction in obesity 

patients without known cardiovascular disease with this cardiovascular biomarker panel 

consisting of 92 biomarkers, and we accounted for potential overfitting by applying the elastic 

net model.  
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CONCLUSIONS 

In the current study, a multiplex immunoassay was used for the first time in obesity patients 

without known cardiovascular disease. This multiplex allowed assessment of 92 biomarkers 

covering a broad spectrum of processes potentially involved in cardiac dysfunction in obesity 

patients. Obesity patients without known cardiovascular disease have cardiovascular biomarker 

profiles that are clearly different from non-obese controls. Comparison of obesity patients with 

and without cardiac dysfunction suggested an important role for inflammation, atherosclerosis 

and insulin resistance in the underlying pathophysiology of cardiac dysfunction in obesity 

patients.   
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Supplementary Table 1: List of abbreviations of all 92 biomarkers  
 

Abbreviation Full name 
AP-N Aminopeptidase N  
AZU Azurocidin  
BLM hydrolase Bleomycin hydrolase  
CCL15 C-C motif chemokine 15  
CCL16 C-C motif chemokine 16  
CCL24 C-C motif chemokine 24  
CXCL16 C-X-C motif chemokine 16  
CDH5 Cadherin-5  
CPA1 Carboxypeptidase A1  
CPB1 Carboxypeptidase B  
CASP-3 Caspase-3  
CTSD Cathepsin D  
CTSZ Cathepsin Z  
ALCAM CD166 antigen  
CHI3L1 Chitinase-3-like protein 1  
CHIT1 Chitotriosidase-1  
COL1A1 Collagen alpha-1(I) chain  
CD93 Complement component C1q receptor  
CNTN1 Contactin-1  
CSTB Cystatin-B 
SELE E-selectin  
PI3 Elafin  
EPHB4 Ephrin type-B receptor 4  
EGFR Epidermal growth factor receptor  
Ep-CAM Epithelial cell adhesion molecule  
FABP4 Fatty acid-binding protein, adipocyte  
Gal-3 Galectin-3  
Gal-4 Galectin-4 
GRN Granulins  
GDF-15 Growth/differentiation factor 15 
IGFBP-1 Insulin-like growth factor-binding protein 1  
IGFBP-2 Insulin-like growth factor-binding protein 2  
IGFBP-7 Insulin-like growth factor-binding protein 7  
ITGB2 Integrin beta-2 
ICAM-2 Intercellular adhesion molecule 2  
IL-1RT1 Interleukin-1 receptor type 1  
IL-1RT2 Interleukin-1 receptor type 2  
IL-17RA Interleukin-17 receptor A  
IL-18BP Interleukin-18-binding protein  
IL2-RA Interleukin-2 receptor subunit alpha  
IL-6RA Interleukin-6 receptor subunit alpha  
JAM-A Junctional adhesion molecule A  
KLK6 Kallikrein-6  
LDL receptor Low-density lipoprotein receptor  
LTBR Lymphotoxin-beta receptor  
MEPE Matrix extracellular phosphoglycoprotein  
MMP-2 Matrix metalloproteinase-2  
MMP-3 Matrix metalloproteinase-3  
MMP-9 Matrix metalloproteinase-9  
TIMP4 Metalloproteinase inhibitor 4  
MCP-1 Monocyte chemotactic protein 1  
PRTN3 Myeloblastin  
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MPO Myeloperoxidase 
MB Myoglobin  
NT-proBNP N-terminal prohormone brain natriuretic peptide 
Notch 3 Neurogenic locus notch homolog protein 3  
OPN Osteopontin  
OPG Osteoprotegerin  
SELP P-selectin  
PON3 Paraoxonase  
PGLYRP1 Peptidoglycan recognition protein 1 
PLC Perlecan  
PAI Plasminogen activator inhibitor 1  
PECAM-1 Platelet endothelial cell adhesion molecule  
GP6 Platelet glycoprotein VI  
PDGF subunit A Platelet-derived growth factor subunit A  
PCSK9 Proprotein convertase subtilisin/kexin type 9  
DLK-1 Protein delta homolog 1  
PSP-D Pulmonary surfactant-associated protein D  
RETN Resistin  
RARRES2 Retinoic acid receptor responder protein 2  
CD163 Scavenger receptor cysteine-rich type 1 protein M130  
SCGB3A2 Secretoglobin family 3A member 2  
SPON1 Spondin-1  
ST2 ST2 protein  
TR-AP Tartrate-resistant acid phosphatase type 5  
TFPI Tissue factor pathway inhibitor  
t-PA Tissue-type plasminogen activator  
TR Transferrin receptor protein 1  
TFF3 Trefoil factor 3  
TLT-2 Trem-like transcript 2 protein  
TNFSF13B Tumor necrosis factor ligand superfamily member 13B  
TNF-R1 Tumor necrosis factor receptor 1  
TNF-R2 Tumor necrosis factor receptor 2  
TNFRSF10C Tumor necrosis factor receptor superfamily member 10C  
TNFRSF14 Tumor necrosis factor receptor superfamily member 14  
FAS Tumor necrosis factor receptor superfamily member 6  
AXL Tyrosine-protein kinase receptor UFO  
SHPS-1 Tyrosine-protein phosphatase non-receptor type substrate 1 
U-PAR Urokinase plasminogen activator surface receptor  
uPA Urokinase-type plasminogen activator  
vWF von Willebrand factor  
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ABSTRACT 

Aims 

Weight loss and associated metabolic improvement achieved by bariatric surgery have a 

positive impact on heart morphology and function. However, little is known about the 

physiology behind this improvement, and it remains unknown why in some patients cardiac 

function does not normalize after bariatric surgery. Therefore, we aimed to gain insight into the 

underlying pathophysiology of cardiac dysfunction in obesity patients and the improvement of 

cardiac function after weight loss.  

 

Methods 

This is a longitudinal study in which 92 cardiovascular biomarkers were measured by multiplex 

immunoassays in obesity patients without known cardiovascular disease before, and one year 

after bariatric surgery. 

 

Results 

Out of 100 eligible patients, 72 patients completed the one year follow-up. A total of 72 (78%) 

biomarkers changed significantly after bariatric surgery. The biomarkers with the highest 

relative changes represented mainly processes linked to insulin resistance and inflammation. 

Subclinical cardiac dysfunction persisted in 50% of the patients. In these patients, baseline 

values of 10 biomarkers were different from values in patients with normalization of cardiac 

function. Most of these biomarkers were linked to inflammation or atherosclerosis. Finally, a 

model was developed to investigate the relation between changes of the biomarkers and 

persistent subclinical cardiac dysfunction. Seven biomarkers, were retained in this model, 

mainly linked to inflammation, atherosclerosis, and hypercoagulability. 

 

Conclusion 

One year after bariatric surgery, the majority (78%) of cardiovascular biomarkers changed, 

pointing at modulation of insulin resistance and inflammation. Baseline levels of 10 biomarkers, 

as well as change in 7 biomarkers, were related to persistent subclinical cardiac dysfunction 

post-surgery. Thus, circulating biomarkers may help to identify patients at elevated 

cardiovascular risk due to lack of improvement of cardiac function after bariatric surgery.  
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INTRODUCTION 

Obesity has reached epidemic proportions globally and the prevalence will continue to 

increase.1,2 The risk of heart failure is known to be increased in obesity patients,3 and subclinical 

cardiac dysfunction is even present in 60% of obesity patients without known cardiovascular 

disease.4 Bariatric surgery has proven to be an effective and safe treatment option resulting in 

large long-term weight loss.5,6 Weight loss and associated metabolic improvement achieved by 

bariatric surgery have a positive impact on heart morphology even in obesity patients without 

heart failure,7 and subclinical cardiac dysfunction improves in 50% of the patients one-year 

post-bariatric surgery.8 However, little is known about the physiology behind this improvement, 

and it remains unknown why in some patients cardiac function does not normalize. 

Currently, extensive body of evidence is available on the role of circulating proteins in 

cardiovascular disease. These proteins reflect several biological processes that also have been 

hypothesized to play an important role in cardiac dysfunction in obesity patients.9 Moreover, 

the use of multiplex immunoassays that determine a broad spectrum of biomarkers is gaining 

momentum in medical science.10 In the current study, we investigate changes in cardiovascular 

biomarker profiles one year after bariatric surgery. Herewith we aim to gain insight into the 

underlying pathophysiology of cardiac dysfunction in obesity patients and the improvement of 

cardiac function after weight loss.  

 

METHODS 

Study design and study group 

The protocol of the CARDIOBESE study has been described before.11 In short, this study is a 

multicentre, prospective study in which 100 obesity patients who were referred for bariatric 

surgery were enrolled. Patients were included if they were between 35 and 65 years old with a 

body mass index (BMI) of ≥35 kg/m2. Patients with a suspicion of or known cardiovascular 

disease were excluded. Bariatric surgery included either a gastric sleeve, gastric bypass, or a 

mini-gastric bypass. Patients were seen before and one year after bariatric-surgery. The study 

protocol was approved by the ethics committee and written informed consent was obtained 

from all participants.11 All participants underwent a transthoracic echocardiogram and 

laboratory tests. 

The presence or absence of subclinical cardiac dysfunction in the 100 obesity patients of the 

CARDIOBESE-study has been described in detail before.4 In short, cardiac dysfunction was 

defined as either a reduced left ventricular (LV) ejection fraction,12 a decreased global 

longitudinal strain (GLS), diastolic dysfunction,13 ventricular arrhythmia or an increased BNP 
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or hs Troponin I. 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, one 

had a normal GLS but an increased BNP (49 pmol/L, normal value <30 pmol/L), and one had 

a positive hs Troponin I. One patient with cardiac dysfunction was diagnosed with acromegaly 

after inclusion and was excluded from further analysis, leaving 59 obesity patients with versus 

40 without subclinical cardiac dysfunction.  

 

Laboratory procedures 

Non-fasting blood samples were collected before- and one-year after bariatric-surgery. Blood 

samples were processed and stored at -80°C within two hours after collection. Biomarker 

measurements were subsequently performed in one batch. Serum aliquots were thawed and 

randomly divided over three microwell plates. Internal controls were added to each plate. Plates 

were frozen at -80°C and shipped on dry ice to Olink Proteomics AB, Uppsala, Sweden. The 

cardiovascular panel III of the Olink Multiplex platform for biomarkers was used for analysis. 

The kits are based on the proximity extension assay technology, where 92 oligonucleotide-

labelled antibody probe pairs are allowed to bind to their respective target in the sample. The 

proximity extension assay technique shows exceptionally high specificity and sensitivity.14,15 

The biomarkers are delivered in normalized protein expression units (NPX), which are relative 

units. Therefore, NPX values for 2 different analyses/proteins are not directly comparable. They 

are expressed on a log2 scale where 1 unit higher NPX value represents a doubling of the 

measured protein concentrations. NPX were converted into a linear scale: 2NPX= linear NPX. 

Abbreviations of all 92 biomarkers are listed in Supplementary Table 1.  

 

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 Netherlands), 

equipped with a broadband (1-5MHz) X5-1 transducer. All acquisitions and measurements 

were performed according to current guidelines.12,13  

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 apical views. 

Subsequently, these cycles were transferred to a QLAB workstation (version 10.2, Philips, Best, 

the Netherlands) for off-line speckle tracking analysis. Peak regional longitudinal strain was 

measured in 17 myocardial regions and a weighted mean was used to derive global longitudinal 

strain (GLS).  
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Statistical analysis 

Patients who completed the one year follow-up were included in the analysis. The distributions 

of the variables were tested for normality by the Shapiro–Wilk test. Continuous variables with 

normal distributions were expressed as mean ± standard deviation, those with skewed 

distributions as median and interquartile range, and categorical variables as counts and 

percentages. Missing values were omitted (between 0-2%, none of the biomarkers were 

missing). To compare variables pre- and one-year post-surgery, paired t-tests were used for 

continuous variables with normal distributions, the nonparametric Wilcoxon signed-rank test 

for variables with non-normal distributions, and the McNemar test for categorical variables.  

Relative changes of all biomarkers from pre- to one year post-bariatric surgery were calculated 

by subtracting the median value of biomarkers pre-surgery from the value of the biomarkers 

post-surgery, and dividing the obtained difference by the median value of the biomarkers pre-

surgery. In addition to aforementioned exploration, change between pre- and post-surgery was 

analysed by univariable linear mixed modelling for each of the biomarkers, with moment of 

measurement (baseline and follow-up) as the independent variable, and all of the biomarkers 

entered consecutively as the dependent variable. Random intercepts and slopes were used to 

account for presence of two biomarker measurements per patient. The Benjamini–Hochberg 

procedure, with a 5% false discovery rate, was used to correct for multiple testing.16  

In the subset of obesity patients with pre-surgery cardiac dysfunction, baseline biomarker levels 

in those with normalization of cardiac function were compared to levels in those with persisting 

cardiac dysfunction post-surgery with the Mann-Whitney U test. Again, the Benjamini-

Hochberg procedure was used to correct for multiple testing. A multiple biomarker model was 

than constructed to investigate the relation between changes in biomarkers and persistent 

cardiac dysfunction post-surgery. In order to select the subset of biomarkers that carries the best 

predictive value for cardiac dysfunction and, at the same time, to reduce the risk of overfitting 

(which is especially important in the setting where the number of events is low relative to the 

number of predictors), elastic net logistic regression was used. This method combines two 

established shrinkage-methods: Ridge regression and Lasso regression.17 Delta’s (value post-

surgery minus value pre-surgery) of all individual biomarkers were used simultaneously as 

input for this model. The discriminative ability of the resulting model was investigated by 

calculating the area under the receiver operating curve (AUC). Odds ratios of the Z-scores were 

reported. A two-tailed p-value of <0.05 was considered statistically significant unless otherwise 

reported. Statistical analyses were performed with SPSS version 25.0 or higher (SPSS Inc., 

Chicago, USA) or R 3.0.3 (glmnet R package). 
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RESULTS 

Changes in clinical characteristics from before to one year after bariatric-surgery  

A total of 85 patients underwent bariatric surgery and 72 patients completed the one-year 

follow-up (Figure 1). Fifteen patients did not undergo bariatric surgery because of various 

reasons, but mostly because of disapproval by the psychologist or because they withdrew 

themselves from surgery. Incomplete follow-up was mainly because of withdrawal from 

follow-up. There was a significant decrease in weight, BMI, systolic blood pressure, and heart 

rate post-bariatric surgery (Table 1). Also, the prevalence of comorbidities such as diabetes 

mellitus, hypertension, obstructive sleep apnoea syndrome, and use of medication decreased.  

 

Changes in cardiovascular biomarkers levels from before to one year after bariatric surgery 

The relative changes of all 92 biomarkers from before to one year after bariatric surgery are 

displayed in Figure 2 and Supplementary Table 2. A total of 72 (78%) biomarkers were 

significantly different: 52 (56%) biomarkers decreased, and 20 (22%) increased after bariatric 

surgery. The biomarkers with the highest relative changes were Insulin-like growth factor-

binding protein 1 (IGFBP-1) (increase of 175%, p<0.001), Integrin beta-2 (ITGBP2) (increase  

 

 

 

Figure 1: Flow-chart of follow-up 
DM= diabetes mellitus 
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of 139%, p<0.001 ), Epithelial cell adhesion molecule (Ep-CAM) (increase of 90%, p<0.001), 

Osteopontin (OPN) (increase of 59%, p<0.001 ), N-terminal prohormone brain natriuretic 

peptide (NT-proBNP) (increase of 58%, p=0.01 ), and Insulin-like growth factor-binding 

protein 2 (IGFBP-2) (decrease of -58%, p<0.001 ). 

 

 

 

Table 1: Clinical characteristics of the study population. Changes in obesity patients from 
pre- to 1 year post-bariatric surgery. 

 Pre-surgery 
(n=72) 

Post-surgery 
(n=72) 

p-value 

General characteristics    
Age (years) 48 (43-54)   
Female (%) 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 
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 (%) 16 (22%) 6 (8%) 0.002 
Hypertension (%) 24 (33%) 12 (17%) 0.035 
Hypercholesterolemia (%) 15 (21%) 8 (11% ) 0.09 
Current smoking (%) 11 (15%) 3 (6%) 0.18 
COPD (%) 4 (6%) 0 0.13 
OSAS (%) 8 (11%) 0 0.008 
    
Medication    
Beta-blockers (%) 5 (7%) 3 (4%) 0.63 
ACE inhibitors / ARBs (%) 11 (15%) 8 (11%) 0.012 
Calcium channel blockers (%) 6 (8%) 5 (7%) 0.66 
Statins (%) 16 (22%) 9 (13%) 0.039 
Diuretics (%) 13 (18%) 8 (11%) 0.18 
Insulin (%) 5 (7%) 4 (6%) 0.56 
Oral anti-diabetics (%) 10 (14%) 4 (6%) 0.031 

 
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 Wilcoxon signed-rank test for variables with non-normal distributions, and the McNemar 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 
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Figure 2: Graphical representation of the relative changes of all 92 biomarkers, pre- and post-bariatric surgery. 

* significant after Benjamini–Hochberg correction 
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Comparison of changes in biomarkers levels in patients with versus without normalization 

of cardiac function after bariatric surgery  

59 obesity patients (60%) showed subclinical cardiac dysfunction pre-surgery, 50 of these 

patients underwent bariatric surgery, and 40 completed the one year follow-up. Of these 

patients, 20 (50%) had a normal cardiac function, and 20 (50%) still had cardiac dysfunction 

one year after surgery. Table 2 shows that baseline values of 10 biomarkers were significantly 

decreased in patients with persisting cardiac dysfunction post-bariatric surgery as compared to 

patients with normalization of cardiac function: Bleomycin hydrolase (BLM hydrolase), 

Caspase-3 (CASP-3), Junctional adhesion molecule A (JAM-A), P-selectin (SELP), Platelet 

endothelial cell adhesion molecule (PECAM-1), Platelet glycoprotein VI (GP6), Platelet-

derived growth factor subunit A (PDGF subunit A), Retinoic acid receptor responder protein 2 

(RARRES2), Trem-like transcript 2 protein (TLT-2), and Tumor necrosis factor receptor 

superfamily member 14 (TNFRSF14).  

 

Table 2: Comparison of baseline biomarker values in obesity patients with cardiac 
dysfunction pre-surgery and normalization of cardiac function one-year post-bariatric surgery 
vs. persisting cardiac dysfunction.  

Abbreviation Post-surgery normal 
cardiac function (n=20) 

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

AP-N 37.6 [34.2-41.5] 36.5 [32.6-40.1] 0.81 
AZU 7.8 [6.4-10.4] 6.4 [5.3-7.8] 0.61 
BLM hydrolase 9.9 [8.2-10.8] 7.4 [6.3-8.6] 0.004* 
CCL15 126 [108-178] 126 [110-183] 0.37 
CCL16 155 [114-163] 150 [104-172] 0.97 
CCL24 41 [28-68] 43 [23-60] 0.90 
CXCL16 51 [40-59] 51 [48-61] 0.15 
CDH5 26 [23-28] 26 [19-32] 0.95 
CPA1 67 [52-99] 70 [49-98] 0.30 
CPB1 61 [46-85] 67 [44-95] 0.31 
CASP-3 750 [564-903] 295 [155-551] <0.001* 

CTSD 8.3 [6.4-11.6] 7.9 [5.9-10.5] 0.67 
CTSZ 59.5 [54.5-68.5] 60.1 [43.2-70.6] 0.67 
ALCAM 232 [209-284] 222 [197-244] 0.91 
CHI3L1 21.1 [17.6-30.0] 18.9 [13.5-27.2] 0.96 
CHIT1 26.2 [20.0-38.1] 36.2 [14.9-48.5] 0.84 
COL1A1 8.2 [7.3-9.7] 9.1 [8.0-10.8] 0.42 
CD93 2200 [2002-2592] 2572 [2058-2955] 0.22 
CNTN1 29.1 [24.3-33.5] 27.0 [24.7-32.0] 0.95 
CSTB 26.8 [19.9-33.3] 21.5 [17.5-26.5] 0.012 
SELE 7543 [5486-9772] 7098 [5587-10785] 0.38 
PI3 5.7 [5.0-7.8] 5.8 [5.0-7.5] 0.41 
EPHB4 49.6 [44.8-58.5] 51.4 [46.3-60.4] 0.57 
EGFR 11.9 [11.1-13.3] 11.1 [10.1-12.7] 0.22 
Ep-CAM 49.6 [33.5-75.1] 51.8 [26.3-126.9] 0.91 
FABP4 109.2 [88.9-169.3] 104.2 [85.1-142.8] 0.59 
Gal-3 11.5 [10.6-13.1] 11.0 [10.4-12.4] 0.96 
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Gal-4 19.7 [13.7-23.8] 18.0 [14.8-21.5] 0.72 
GRN 60.1 [46.6-75.5] 59.8 [53.6-70.0] 0.42 
GDF-15 72.0 [46.6-96.8] 54.4 [48.1-59.4] 0.85 
IGFBP-1 10.6 [6.4-18.8] 9.5 [6.2-13.3] 0.63 
IGFBP-2 159 [127-200] 170 [133-226] 0.22 
IGFBP-7 296 [243-323] 275 [247-322] 0.22 
ITGB2 58.4 [49.1-66.6] 54.6 [46.3-65.3] 0.37 
ICAM-2 57.3 [48.3-66.9] 53.1 [44.0-69.8] 0.96 
IL-1RT1 91.3 [78.1-104.4] 81.9 [74.8-101.4] 0.64 
IL-1RT2 57.2 [45.5-62.8] 50.9 [40.9-54.3] 0.91 
IL-17RA 24.2 [19.3-33.6] 20.4 [15.8-26.1] 0.06 
IL-18BP 72.2 [65.5-80.9] 68.0 [64.6-86.3] 0.65 
IL2-RA 15.3 [14.1-17.8] 12.4 [10.2-17.8] 0.033 
IL-6RA 5523 [4150-6345] 4812 [3881-6379] 0.96 
JAM-A 160 [116-205] 64 [29-103] <0.001* 
KLK6 5.8 [5.1-7.3] 5.4 [4.6-6.0] 0.26 
LDL receptor 27.4 [19.9-40.3] 25.2 [21.6-31.2] 0.82 
LTBR 17.9 [15.5-19.4] 17.3 [14.5-19.0] 0.31 
MEPE 74.8 [64.0-89.3] 65.7 [62.4-80.6] 0.58 
MMP-2 16.6 [14.8-19.6] 18.8 [15.4-20.2] 0.014 
MMP-3 183 [137-241] 210 [168-266] 0.018 
MMP-9 68.7 [50.8-123.1] 60.5 [36.9-86.8] 0.06 
TIMP4 12.3 [11.4-14.7] 14.2 [11.8-15.5] 0.62 
MCP-1 20.2 [17.8-24.6] 17.5 [13.9-19.9] 0.33 
PRTN3 19.6 [15.7-25.4] 17.4 [14.2-24.9] 0.92 
MPO 12.0 [9.8-14.9] 12.0 [9.3-15.0] 0.57 
MB 205 [170-267] 226 [193-286] 0.014 
NT-proBNP 11.6 [7.2-15.2] 7.7 [4.4-16.6] 0.41 
Notch 3 50.2 [41.6-54.4] 53.3 [42.0-63.4] 0.018 
OPN 224 [196-271] 218 [165-275] 0.71 
OPG 18.0 [14.4-22.6] 16.7 [14.0-19.7] 0.66 
SELP 3845 [2941-4907] 2152 [1093-2368] <0.001* 
PON3 70.7 [61.2-105.7] 91.4 [75.1-106.8] 0.10 
PGLYRP1 205 [175-255] 177 [159-211] 0.23 
PLC 308 [284-336] 315 [290-348] 0.40 
PAI 95 [74-202] 73 [52-97] 0.05 
PECAM-1 89 [77-116] 56 [31-63] <0.001* 
GP6 23 [18-27] 12 [7-16] <0.001* 
PDGF subunit A 36 [26-48] 19 [13-28] <0.001* 
PCSK9 9.1 [7.5-11.8] 9.5 [7.7-10.4] 0.57 
DLK-1 79 [60-105] 94 [70-105] 0.65 
PSP-D 6.4 [5.4-9.9] 8.6 [5.6-10.8] 0.52 
RETN 87 [76-108] 81 [71-98] 0.73 
RARRES2 4849 [4614-5629] 4256 [4044-4862] 0.003* 
CD163 381 [305-455] 367 [251-407] 0.45 
SCGB3A2 5.1 [4.3-6.5] 3.8[3.0-5.2] 0.08 
SPON1 4.9 [4.4-5.3] 4.4 [4.0-5.9] 0.73 
ST2 33.3 [22.3-40.1] 23.3 [15.3-27.8] 0.047 
TR-AP 15.8 [14.4-22.0] 15.8 [13.5-18.3] 0.93 
TFPI 792 [688-850] 742 [646-877] 0.50 
t-PA 134 [97-167] 144 [96-170] 0.58 
TR 65 [39-87] 62 [42-75] 0.70 
TFF3 39 [33-46] 38 [28-45] 0.73 
TLT-2 73 [64-88] 51 [42-62] <0.001* 
TNFSF13B 170 [152-184] 174 [143-205] 0.54 
TNF-R1 139 [128-155] 141 [128-174] 0.37 
TNF-R2 68 [62-78] 65 [61-79] 0.67 
TNFRSF10C 192 [132-253] 161 [98-199] 0.45 
TNFRSF14 40 [37-46] 33 [29-36] 0.004* 
FAS 79 [73-94] 83 [75-89] 0.17 
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AXL 650 [547-763] 623 [544-809] 0.29 
SHPS-1 16.3 [13.6-20.4] 13.6 [11.5-17.5] 0.62 
U-PAR 54.4 [45.6-63.7] 48.8 [39.5-60.7] 0.53 
uPA 31.0 [25.9-38.3] 30.7 [25.0-34.3] 0.36 
vWF 211 [151-313] 176 [108-239] 0.85 

 
Values represent median [Q1-Q3] of pre-surgery biomarker levels, all units are NPX. 
P-values displayed were obtained with the Mann-Whitney U test. 
* Significant after Benjamini–Hochberg correction 

 

Association of changes in biomarker levels with presence of cardiac dysfunction post-

bariatric surgery  

The elastic net regression model selected the delta of the following set of biomarkers to 

optimally predict the presence of cardiac dysfunction post-surgery: Carboxypeptidase B 

(CPB1), CASP-3, SELP, GP6, PDGF subunit A, TLT-2, and von Willebrand factor (vWF) 

(Table 3). Figure 3 shows the ROC-curve for this model. The ability of this model to identify 

patients with cardiac dysfunction post-surgery was high, as shown by the AUC of 0.91 (95% 

CI: 0.82-0.99, p<0.001). The sensitivity of this model was 90%, specificity 80%, positive 

predictive value 82%, and negative predictive value 89%. 

 

 

Table 3: Odds ratios of the Z-scores of the biomarkers selected by the elastic net regression 

Biomarker Odds ratio 
CPB1 0.94 
CASP3 1.06 
SELP 1.01 
GP6 1.12 
PDGFsubunitA 1.03 
TLT-2 1.22 
vWF 1.03 
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Figure 3: ROC-curve for the elastic net model. Biomarkers included are CPB1, CASP3, SELP, GP6, PDGF-
subunit A, TLT2, and vWF. 
AUC 0.91 (95% CI: 0.82-0.99, p<0.001) 
 
 

DISCUSSION 

A multiplex immunoassay was used for the first time to investigate changes of a broad spectrum 

of cardiovascular biomarkers in obesity patients from pre- to one-year post-bariatric surgery. 

The main findings are that the majority (78%) of the cardiovascular biomarkers changed, and 

reduced levels of 10 biomarkers pre-surgery were related to persistent subclinical cardiac 

dysfunction post-surgery. Furthermore, a multivariable model showed that changes in 7 

biomarkers were associated with a lack of improvement of cardiac function. 

 

A total of 72 biomarkers significantly changed from pre- to post-surgery, indicating alterations 

in a wide range of processes related to metabolic status and cardiovascular function. However, 

the biomarkers with the highest relative changes mainly represented processes linked to insulin 

resistance and inflammation. For example, IGFBP-1 is known to be lower in patients with 

impaired glucose tolerance.18 IGFBP-1 increased after bariatric surgery, suggesting improved 

glucose tolerance. Also, circulating IGFBP-2 levels are associated with reduced insulin 

sensitivity in obesity patients,19 and the decrease in IGFBP-2 post-surgery indicates an increase 

in insulin sensitivity. ITGBP2 is of crucial importance for leukocyte trafficking and immune 

cell activation, but interestingly plays a role in immune suppression as well. Consequently, 

dysfunctional or absent ITGPB-2 is linked not only to immune deficiency disease but also to 
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inflammatory disease, thereby contributing to both ends of the spectrum of immune-related 

diseases.20 The increase of ITGBP2 post-bariatric surgery may indicate a change of balance 

towards a decrease of inflammation, however further research is needed to explore this finding.  

OPN showed a relatively large increase post-bariatric surgery. At first sight, a surprising finding 

since OPN has been suggested to play a key role in linking obesity to the development of insulin 

resistance by promoting inflammation.21,22 Nevertheless, our result is in line with findings from 

other studies.23,24 Changes in bone metabolism has been suggested as a potential source of 

enhanced OPN concentrations post-bariatric surgery, and not inflammation or insulin 

resistance.23 Again, further research will be needed to explore this relation.  

NT-proBNP also strongly increased post-bariatric surgery. NT-proBNP is known to be 

decreased in obesity patients, both with and without heart failure.25 Although the reason for this 

remains incompletely understood, it is most likely due to lower release in obesity patients, rather 

than an increase in clearance.26 

 

A distinctive aspect of the CARDIOBESE study is that different diagnostic techniques were 

used in parallel to simultaneously investigate a variety of cardiac and metabolic changes after 

bariatric surgery. This design allowed the correlation of changes in cardiovascular biomarkers 

with a (lack of) improvement of cardiac function. 

Baseline values of 10 biomarkers were related to persistent cardiac dysfunction post-surgery. 

Most of these biomarkers are known to be linked to inflammation and/or atherosclerosis. JAM-

A plays an important role in leukocyte transmigration and is upregulated on the early 

atherosclerotic endothelium.27 PECAM-1 is upregulated in inflammatory conditions,28 and is 

particularly evident in atherosclerotic lesions.29 TNFRSF14 is a mediator of atherosclerosis by 

inducing inflammation.30 TLT-2 is known to regulate inflammation through the integration of 

inflammatory signals.31 RARRES2 has been associated with inflammation, obesity, and the 

metabolic syndrome.32 SELP is expressed at the surface of platelets in activated endothelium 

and mediates atherosclerotic plaque progression.33 Also, GP6 has been described to mediate 

platelet adhesion on atherosclerotic plaque tissues,34 and PDGF subunit A is expressed by 

macrophages within atherosclerotic lesions.35 The remaining 2 biomarkers do not have a clear 

relationship with either inflammation or atherosclerosis. CASP-3 is activated in the apoptotic 

cell and is known to be elevated after myocyte injury.36 The normal physiological role of BLM 

hydrolase is unknown,37 however, it has been suggested to play a part in inflammation by 

regulating the secretion of chemokines.38  
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Afterward a model was developed to investigate the relation between changes of the biomarkers 

from pre- to one-year post-surgery and the presence of subclinical cardiac dysfunction post-

surgery. The change in 7 biomarkers selected by the multivariable model for the persistence of 

cardiac dysfunction post-surgery suggests that there is an important role for the combination of 

inflammatory status (reflected by CPB1,39 TLT-2,40 and vWF41), markers of atherosclerosis 

(reflected by SELP,33 PDGF subunit A35, GP634, CASP-336) and hypercoagulability (reflected 

by CPB139, SELP33, GP634, and vWF41). 

The lack of improvement of inflammatory status is in line with other findings of our study. As 

mentioned before, it was shown that the highest relative changes from pre- to post-bariatric 

surgery were in biomarkers related to inflammation. Also, pre-bariatric surgery values of 

biomarkers related to inflammation were associated with persistence of cardiac dysfunction. 

Inflammation is known to be increased in obesity patients, and is has been suggested that heart 

failure with preserved ejection fraction in these patients is typically the result of systemic 

inflammation.42 The increased size of adipocytes plays a decisive role in inflammation, because, 

to the extent that it increases in the adipose tissue, the production of adipocytokines increases, 

and this triggers a series of inflammation-related pathophysiological processes.43 

Our study suggests that both increased baseline levels of markers of atherosclerosis and an 

increase of these levels over time may play a part in the persistence of cardiac dysfunction post-

surgery. Obesity is a well-known major risk factor for atherosclerotic vascular disease. The 

exact mechanism behind this remains to be elucidated, but probably there is an important role 

for increased inflammation.44 When atherosclerosis causes myocardial ischemia, it can lead to 

cardiac dysfunction.45  

Hypercoagulability was related to the persistence of cardiac dysfunction in obesity patients after 

bariatric surgery as well. Hypercoagulability has previously been described in obese patients.46 

Possible explanations for this are the actions of adipocytokines from adipose tissue, increased 

activity of the coagulation factors, decreased activity of the fibrinolytic system, increased 

inflammation, increased oxidative stress, endothelial dysfunction, and disturbances of lipids 

and glucose tolerance in association with the metabolic syndrome.46 Also, the presence of 

platelet activation and hypercoagulability in heart failure has been well documented,47 

suggesting that indeed there may be a relation between hypercoagulability and cardiac 

dysfunction in obesity patients as found in our study.  
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Limitations 

Because known cardiovascular disease was an exclusion criterion, only a minority of the 

patients had subclinical cardiac dysfunction. Also, the assay that was used to determine the 

biomarkers is designed as a biomarker discovery tool rather than being an approved clinical 

test. Finally for some of the investigated biomarkers more extensive evidence is available on 

their involvement in biological processes than for others. 

 

CONCLUSIONS 

The present study provides novel data on 92 cardiovascular biomarkers measured in obesity 

patients before and one year after bariatric surgery. The vast majority of these biomarkers 

changed one-year after bariatric-surgery, indicating alterations in a wide range of processes 

related to metabolic status and cardiovascular function. However, the biomarkers with the 

highest relative changes mainly represent processes linked to insulin resistance and 

inflammation.  

This design of the study allowed correlation of changes in cardiovascular biomarkers with a 

(lack of) improvement of cardiac function after bariatric surgery. Most of the biomarkers whose 

baseline levels were associated with persistence of cardiac dysfunction are known to be linked 

to inflammation, while there also appeared to be a relatively important role for subclinical 

atherosclerosis. The relation between certain biomarkers and the persistence of subclinical 

cardiac dysfunction post-surgery again highlighted the importance of inflammation and 

atherosclerosis, with a potential role for hypercoagulability as well. This is in line with the 

knowledge that increased inflammatory status is known to have an important role in the 

induction of both atherosclerosis and hypercoagulability. Thus, although cardiac dysfunction in 

obesity seems to be a heterogeneous disorder, inflammation plays a central part. 
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Supplementary Table 1: List of abbreviations of all 92 biomarkers  
 

Abbreviation Full name 
AP-N Aminopeptidase N  
AZU Azurocidin  
BLM hydrolase Bleomycin hydrolase  
CCL15 C-C motif chemokine 15  
CCL16 C-C motif chemokine 16  
CCL24 C-C motif chemokine 24  
CXCL16 C-X-C motif chemokine 16  
CDH5 Cadherin-5  
CPA1 Carboxypeptidase A1  
CPB1 Carboxypeptidase B  
CASP-3 Caspase-3  
CTSD Cathepsin D  
CTSZ Cathepsin Z  
ALCAM CD166 antigen  
CHI3L1 Chitinase-3-like protein 1  
CHIT1 Chitotriosidase-1  
COL1A1 Collagen alpha-1(I) chain  
CD93 Complement component C1q receptor  
CNTN1 Contactin-1  
CSTB Cystatin-B 
SELE E-selectin  
PI3 Elafin  
EPHB4 Ephrin type-B receptor 4  
EGFR Epidermal growth factor receptor  
Ep-CAM Epithelial cell adhesion molecule  
FABP4 Fatty acid-binding protein, adipocyte  
Gal-3 Galectin-3  
Gal-4 Galectin-4 
GRN Granulins  
GDF-15 Growth/differentiation factor 15 
IGFBP-1 Insulin-like growth factor-binding protein 1  
IGFBP-2 Insulin-like growth factor-binding protein 2  
IGFBP-7 Insulin-like growth factor-binding protein 7  
ITGB2 Integrin beta-2 
ICAM-2 Intercellular adhesion molecule 2  
IL-1RT1 Interleukin-1 receptor type 1  
IL-1RT2 Interleukin-1 receptor type 2  
IL-17RA Interleukin-17 receptor A  
IL-18BP Interleukin-18-binding protein  
IL2-RA Interleukin-2 receptor subunit alpha  
IL-6RA Interleukin-6 receptor subunit alpha  
JAM-A Junctional adhesion molecule A  
KLK6 Kallikrein-6  
LDL receptor Low-density lipoprotein receptor  
LTBR Lymphotoxin-beta receptor  
MEPE Matrix extracellular phosphoglycoprotein  
MMP-2 Matrix metalloproteinase-2  
MMP-3 Matrix metalloproteinase-3  
MMP-9 Matrix metalloproteinase-9  
TIMP4 Metalloproteinase inhibitor 4  
MCP-1 Monocyte chemotactic protein 1  
PRTN3 Myeloblastin  
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MPO Myeloperoxidase 
MB Myoglobin  
NT-proBNP N-terminal prohormone brain natriuretic peptide 
Notch 3 Neurogenic locus notch homolog protein 3  
OPN Osteopontin  
OPG Osteoprotegerin  
SELP P-selectin  
PON3 Paraoxonase  
PGLYRP1 Peptidoglycan recognition protein 1 
PLC Perlecan  
PAI Plasminogen activator inhibitor 1  
PECAM-1 Platelet endothelial cell adhesion molecule  
GP6 Platelet glycoprotein VI  
PDGF subunit A Platelet-derived growth factor subunit A  
PCSK9 Proprotein convertase subtilisin/kexin type 9  
DLK-1 Protein delta homolog 1  
PSP-D Pulmonary surfactant-associated protein D  
RETN Resistin  
RARRES2 Retinoic acid receptor responder protein 2  
CD163 Scavenger receptor cysteine-rich type 1 protein M130  
SCGB3A2 Secretoglobin family 3A member 2  
SPON1 Spondin-1  
ST2 ST2 protein  
TR-AP Tartrate-resistant acid phosphatase type 5  
TFPI Tissue factor pathway inhibitor  
t-PA Tissue-type plasminogen activator  
TR Transferrin receptor protein 1  
TFF3 Trefoil factor 3  
TLT-2 Trem-like transcript 2 protein  
TNFSF13B Tumor necrosis factor ligand superfamily member 13B  
TNF-R1 Tumor necrosis factor receptor 1  
TNF-R2 Tumor necrosis factor receptor 2  
TNFRSF10C Tumor necrosis factor receptor superfamily member 10C  
TNFRSF14 Tumor necrosis factor receptor superfamily member 14  
FAS Tumor necrosis factor receptor superfamily member 6  
AXL Tyrosine-protein kinase receptor UFO  
SHPS-1 Tyrosine-protein phosphatase non-receptor type substrate 1 
U-PAR Urokinase plasminogen activator surface receptor  
uPA Urokinase-type plasminogen activator  
vWF von Willebrand factor  
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Supplementary Table 2: Comparison of all biomarkers pre- and post-bariatric surgery 

 

Abbreviation  Pre-surgery (n=72) Post-surgery (n=72) 
Relative 
changes p-value 

AP-N 36.6 [33.1-41.8] 37.4 [33.3-42.3] 2.2% 0.27 
AZU 6.1 [5.0-8.0] 5.3 [4.6-6.5] -13.1% <0.001* 

BLM hydrolase 8.0 [6.7-9.5] 6.7 [5.4-7.8] -16.3% <0.001* 
CCL15 117 [103-154] 135 [115-172] 15.3% 0.75 
CCL16 126 [91-158] 119 [92-147] -5.6% <0.001* 
CCL24 40.9 [24.4-67.5] 40.8 [26.4-69.0] -0.2% 0.75 
CXCL16 48.2 [43.2-55.9] 43.0 [38.8-49.9] -10.8% <0.001* 
CDH5 26.1 [22.0-29.7] 21.8 [18.9-25.9] -16.5% <0.001* 
CPA1 74.1 [51.3-96.8] 70.7 [53.3-102.6] -4.6% 0.92 
CPB1 65.5 [45.4-87.2] 63.2 [49.0-89.8] -3.5% 0.26 
CASP-3 529 [335-751] 336 [198-532] -36.5% <0.001* 
CTSD 6.5 [5.5-8.4] 5.5 [4.7-6.7] -15.4% <0.001* 
CTSZ 50.9 [42.6-63.5] 47.2 [42.6-53.5] -7.3% <0.001* 
ALCAM 224 [205-251] 207 [181-228] -7.6% <0.001* 
CHI3L1 17.3 [11.9-26.1] 18.0 [11.3-26.9] 4.0% 0.49 
CHIT1 29.7 [19.4-40.3] 28.8 [19.3-44.8] -3.0% 0.15 
COL1A1 8.6 [7.2-10.1] 11.7 [9.8-13.3] 36.0% <0.001* 
CD93 2349 [2074-2722] 2239 [1842-2415] -4.7% 0.001* 
CNTN1 29.3 [24.9-34.3] 31.6 [26.1-36.1] 7.8% <0.001* 
CSTB 21.1 [16.1-28.6] 18.3 [14.1-21.2] -13.3% <0.001* 
SELE 6035 [4054-7535] 3604 [2477-4478] -40.3% <0.001* 
PI3 5.4 [4.5-7.3] 5.3 [4.2-7.0] -1.9% 0.019* 
EPHB4 51.9 [47.4-59.9] 52.5 [47.2-59.8] 1.2% 0.22 
EGFR 11.3 [10.5-12.5] 10.0 [9.1-10.7] -11.5% <0.001* 
Ep-CAM 56.6 [28.4-94.1] 107.3 [58.5-204.4] 89.6% <0.001* 
FABP4 98.3 [60.9-135.9] 68.8 [47.9-85.2] -30.0% <0.001* 
Gal-3 11.5 [10.4-12.9] 11.2 [10.1-12.6] -2.6% 0.35 
Gal-4 15.6 [12.7-19.8] 19.6 [14.9-25.9] 25.6% 0.002* 
GRN 57.1 [49.8-66.1] 57.2 [47.5-63.8] 0.2% 0.003* 
GDF-15 47.6 [38.5-59.7] 51.8 [40.1-63.1] 8.8% 0.048 
IGFBP-1 13.4 [6.6-23.9] 36.8 [20.8-52.4] 174.6% <0.001* 
IGFBP-2 450 [338-641] 188 [136-286] -58.2% <0.001* 
IGFBP-7 270 [236-304] 252 [222-294] -6.7% 0.09 
ITGB2 188 [136-286] 450 [337-641] 139.4% <0.001* 
ICAM-2 53.8 [44.8-61.3] 58.1 [48.3-68.4] 9.0% <0.001* 
IL-1RT1 93.2 [79.8-105.7] 96.3 [88.7-109.8] 3.3% <0.001* 
IL-1RT2 48.6 [40.8-54.5] 40.3 [33.3-46.6] -17.1% <0.001* 
IL-17RA 22.1 [18.1-28.9] 19.6 [16.3-25.2] -11.3% <0.001* 
IL-18BP 71.1 [63.9-81.4] 70.4 [60.5-79.9] -1.0% 0.007* 
IL2-RA 15.0 [11.9-17.7] 13.3 [11.8-17.2] -11.3% <0.001* 
IL-6RA 5075 [4208-6023] 4850 [4003-5553] -4.4% <0.001* 
JAM-A 110.2 [74.7-161.9] 84.0 [51.3-127.5] -23.8% <0.001* 
KLK6 5.9 [5.1-6.8] 6.2 [5.2-6.9] 5.1% <0.001* 
LDL receptor 25.4 [19.5-32.9] 14.9 [11.6-19.8] -41.3% <0.001* 
LTBR 17.0 [15.3-19.2] 17.0 [14.8-18.8] 0% 0.35 
MEPE 71.2 [60.3-88.7] 73.4 [62.3-90.2] 3.1% 0.025* 
MMP-2 17.4 [14.9-19.5] 18.8 [16.3-22.4] 8.0% <0.001* 
MMP-3 194 [154-278] 177 [132-234] -8.8% 0.22 
MMP-9 58.8 [40.7-89.8] 49.2 [33.2-61.6 -16.3% <0.001* 
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TIMP4 13.2 [11.4-15.2] 14.2 [11.8-17.0] 7.6% 0.047 
MCP-1 17.4 [14.8-21.1] 16.2 [13.3-18.9] -6.9% <0.001* 
PRTN3 18.2 [14.5-21.6] 16.3 [13.8-18.9] -10.4% <0.001* 
MPO 11.2 [9.5-13.5] 10.0 [8.6-12.4] -10.7% <0.001* 
MB 212 [170-292] 163 [130-213] -23.1% 0.003* 
NT-proBNP 11.1 [6.6-16.6] 17.5 [11.2-24.6] 57.7% 0.010* 
Notch 3 50.2 [41.2-59.1] 52.6 [42.5-63.3] 4.9% 0.021* 
OPN 198 [157-248] 315 [257-400] 59.1% <0.001* 
OPG 16.7 [13.6-18.35] 15.7 [14.1-18.3] -6.0% 0.12 
SELP 2615 [1877-3616] 1841 [1210-2617] -29.6% <0.001* 
PON3 107 [77-156] 139 [106-159] 29.9% <0.001* 
PGLYRP1 188 [154-228] 178 [148-204] -5.3% <0.001* 
PLC 299 [266-337] 284 [249-309] -5.0% <0.001* 
PAI 77.6 [53.7-109.1] 44.5 [31.0-64.9] -42.7% <0.001* 
PECAM-1 70.4 [52.6-92.3] 54.8 [39.6-75.0] -22.2% <0.001* 
GP6 17.4 [11.5-23.2] 13.2 [8.7-18.4] -24.1% <0.001* 
PDGF subunit A 25.2 [18.7-36.1] 17.6 [13.2-25.9] -30.2% <0.001* 
PCSK9 8.9 [7.4-10.5] 7.7 [7.0-8.8] -13.5% <0.001* 
DLK-1 53.8 [36.5-66.9] 78.7 [57.7-97.1] 45.3% <0.001* 
PSP-D 7.0 [5.4-10.3] 6.5 [4.5-8.1] -7.1% 0.007* 
RETN 82.0 [68.5-100.8] 83.0 [62.6-97.2] 1.2% 0.037* 
RARRES2 4461 [3888-4950] 3489 [3100-4032] -21.8% <0.001* 
CD163 299.4 [249.6-389.6] 220.5 [175.9-301.6] -26.4% <0.001* 
SCGB3A2 5.4 [4.1-7.8] 5.9 [4.8-8.7] 9.3% 0.009* 
SPON1 4.5 [4.1-5.1] 4.9 [4.2-5.5] 8.9% 0.024* 
ST2 23.3 [18.3-29.3] 24.2 [18.1-30.3] 3.9% 0.45 
TR-AP 15.3 [13.2-17.7] 14.7 [12.8-16.8] -3.9% 0.009* 
TFPI 736 [654-847] 674 [578-780] -12.1% <0.001* 
t-PA 111 [84-155] 74 [61-100] -33.3% <0.001* 
TR 59.5 [44.1-83.9] 45.2 [37.8-56.6] -24.0% <0.001* 
TFF3 36.9 [31.7-46.0] 43.5 [38.0-55.0] 17.9% 0.67 
TLT-2 61.9 [52.7-73.6] 52.8 [43.8-62.3] -14.7% <0.001* 
TNFSF13B 168 [142-189] 142 [121-159] -15.5% <0.001* 
TNF-R1 133 [115-150] 122 [101-138] -8.3% <0.001* 
TNF-R2 66.7 [55.3-77.8] 61.0 [52.1-70.4] -8.5% <0.001* 
TNFRSF10C 155 [122-202] 155 [103-203] 0% <0.001* 
TNFRSF14 36.1 [30.7-42.1] 34.0 [29.8-39.4] -5.8% <0.001* 
FAS 76.4 [67.4-87.2] 71.5 [62.0-81.7] -6.4% 0.0013* 
AXL 637 [553-726] 588 [507-676] -7.7% 0.012* 
SHPS-1 15.0 [12.9-18.4] 15.6 [12.9-18.0] 4.0% 0.51 
U-PAR 48.8 [40.9-60.1] 45.8 [40.5-52.7] -6.1% <0.001* 
uPA 29.9 [26.2-34.7] 26.6 [21.8-31.0] -11.0% <0.001* 
vWF 153 [108-216] 149 [122-196] -2.6% 0.07 

Values represent median [Q1-Q3], all units are NPX. 

Relative changes of all biomarkers from pre- to one year post-bariatric surgery were calculated by subtracting 
the median value of biomarkers pre-surgery from the value of the biomarkers post-surgery, and dividing the 
obtained difference by the median value of the biomarkers pre-surgery. 

P-values displayed for changes in biomarker levels between pre- and post-surgery were obtained by univariable 
linear mixed modeling. 

* Significant after Benjamini–Hochberg correction. 
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ABSTRACT 

Aim 

We hypothesize that a novel tailor-made cardiac rehabilitation (CR) program for obesity 

patients (OPTICARE XL) has better outcomes as compared to usual CR regarding parameters 

of cardiac function as measured by conventional and advanced transthoracic echocardiography. 

 

Methods 

This is an open-label, randomized controlled trial. Inclusion criteria were: patients referred to 

CR with a body mass index (BMI) ≥30 kg/m2, and age ≥18 years with either coronary artery 

disease or nonvalvular atrial fibrillation. The experimental group participated in OPTICARE 

XL and the controls received the usual CR. Subjects randomized to OPTICARE XL received 

on top of usual CR behavioural therapy for a healthy diet and an active lifestyle for the first 12 

weeks. Also, the exercise program was more tailored. Furthermore, a behavioural after-care 

program was organized with 6 meetings between weeks 13-52. Transthoracic (speckle tracking) 

echocardiography was performed at baseline and one-year follow-up. 

 

Results 

A total of 42 patients completed the follow-up, 21 in both groups. There was a mild but 

statistically significant reduction in weight over time, however, this was comparable between 

groups. There was no improvement observed in any of the echocardiographic parameters.  

 

Conclusion 

Cardiac function in obesity patients was not improved one-year after a novel tailor-made CR 

program (OPTICARE XL) as compared to usual CR. 
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INTRODUCTION 

Cardiac rehabilitation (CR) is a valuable treatment for patients with a broad spectrum of cardiac 

disease. Currently, CR is a class 1 recommendation (evidence and/or general agreement that a 

given treatment or procedure is beneficial, useful, effective) in several European society of 

cardiology (ESC) and American college of cardiology (ACC) guidelines.1-3 Throughout the 

years, CR has evolved from exercise only into a comprehensive program that also addresses 

other cardiovascular disease risk factors and provides education, social support and focusses on 

lifestyle.4-6 By implementing these progresses, sustained improvements were made not only in 

social and physical functioning but also in hospitalization and mortality rates at 5-years.7-10  

Currently, at entry into CR over 80% of the patients are overweight (body mass index (BMI) 

≥25 kg/m2), and over 40% are even obese (BMI≥30 kg/m2).11 However, usual CR programs are 

far from optimal in patients with obesity, because they have a higher cardio-metabolic risk and 

poorer fitness.5,12 There is growing evidence that effects achieved during usual CR in obesity 

patients are substantially smaller than in non-obese patients.13 Nevertheless, intentional weight 

loss, accomplished through behavioural weight loss and exercise, improves insulin sensitivity 

and associated cardio-metabolic risk factors such as lipid measures, blood pressure, 

inflammation, and vascular function.14 However, CR programs are not specifically designed to 

obtain weight loss.11  

Recently, we have shown that weight loss achieved by bariatric surgery improves many 

echocardiographic parameters of cardiac function and dimension at one-year follow-up.15 

Besides the benefits of weight reduction, exercise itself could reverse parameters of cardiac 

function measured with (advanced) echocardiography.16 Therefore, we hypothesized that a 

novel tailor-made CR program for obesity patients (OPTICARE XL) with a focus on exercise 

and weight loss has better outcomes as compared to usual CR regarding conventional and 

advanced transthoracic echocardiography parameters of cardiac function. 

 

METHODS 

Study population and design 

The OPTICARE XL (OPTImal CArdiac Rehabilitation XL) study is an open-label, randomized 

controlled trial. Inclusion criteria were: patients with a BMI≥30 kg/m2 and age≥18 years with 

either coronary artery disease (myocardial infarction, angina pectoris) or nonvalvular atrial 

fibrillation, who were referred for CR. Exclusion criteria were: heart failure, left ventricle (LV) 

ejection fraction <40%, implantable cardioverter defibrillator, psychological or cognitive 

impairments, renal failure or other severe co-morbidity (e.g. severe chronic obstructive 
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pulmonary disease, active malignancy, poorly controlled diabetes, intermittent claudication, 

and musculoskeletal impairments) which could impair participation in CR. After inclusion in 

OPTICARE XL, consecutive patients were asked to participate in this echocardiography 

substudy. 

The experimental group participated in OPTICARE XL, and the controls received usual CR as 

recommended by the guidelines.17 Subjects randomized to OPTICARE XL received on top of 

usual CR behavioural therapy for a healthy diet (once a week program of 60 minutes during 12 

weeks) and an active lifestyle (once every 3 weeks a program of 45 minutes during 12 weeks). 

The exercise program (part of usual CR) during the first 12 weeks was more tailored than the 

usual CR and was a combination of aerobic training and muscle strength training. This 

combination is considered to be the preferred training in obesity patients.18 Furthermore, a 

behavioural after-care program was organized with 6 meetings (one hour each) between weeks 

13-52 for the OPTICARE XL patients. This was done in small groups with a maximum of 8 

participants instead of the standard groups with a maximum of 25 participants. 

Weight loss was defined as any decrease in weight and measured with a calibrated weight scale. 

Clinically significant weight loss was defined as a loss of 5% of body weight at baseline.19 

Transthoracic echocardiography was performed at baseline and one-year follow-up. The study 

protocol was approved by the ’Medisch Ethische Toetsings Commissie Erasmus MC’ and 

written informed consent was obtained from all participants.  

 

Sample size calculation 

Although there is some uncertainty regarding the standard deviations (SD) of the “delta’s” 

(changes from before to after the intervention) of the parameters that were studied (because 

these have not been reported in previous studies), these were expected to be smaller than the 

SD’s at either baseline or after the intervention reported in previous studies,20,21 supporting the 

notion that this study will have sufficient power to detect changes in cardiac function caused 

by the intervention. The total sample size for the optional echocardiography substudy was 

aimed to be 50 patients, randomized to either the intervention or control group. When using a 

two-sided test in two groups of 25 patients, the study was powered to determine an effect size 

of 0.8 times the SD, regardless of the parameter studied (alpha 0.05 [two-sided], power 0.80).  

 

Transthoracic echocardiography 

Two-dimensional grayscale harmonic images were obtained in the left lateral decubitus position 

using a commercially available ultrasound system (EPIQ 7, Philips, the Netherlands), equipped 
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with a broadband (1-5MHz) X5-1 transducer. Diastolic dysfunction and reduced ejection 

fraction (≤54% in females, and ≤52% in males) were defined according to the current 

guidelines.22,23  

Interventricular septal thickness (IVSd), posterior wall thickness (PWd), and LV dimension 

(LVEDD) were all measured at end-diastole. The LV mass (LVM) was calculated according to 

the Deveraux formula using these measurements: LVM (g) = 0.80 × {1.04[(IVSd +LVEDD + 

PWd)3-(LVEDD)3]} + 0.6. LVM-index (LVMI) was calculated by dividing LVM by body 

surface area (BSA). BSA was calculated with the Mosteller formula.24 LV hypertrophy (LVH) 

was defined as LVMI ≥102 g/m2 for males and ≥88 g/m2 for females.23  

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 apical views (4-

chamber, 2-chamber, and 3-chamber). Subsequently, these cycles were transferred to a QLAB 

workstation (version 10.2, Philips, the Netherlands) for off-line speckle tracking analysis. Peak 

regional longitudinal strain was measured in 17 myocardial regions and a weighted mean was 

used to derive global longitudinal strain (GLS).23 GLS of lower than -16% was considered 

abnormal.25 

 

Statistical analysis 

The normality of the data was checked by the Shapiro–Wilk test. The unpaired Student’s t-test 

for continuous variables was used to compare parameters with normal distributions, the non-

parametric Mann-Whitney U test for continuous parameters with skewed distributions, and the 

χ2 test/Fisher’s exact test for categorical variables. Continuous values were expressed as mean 

± SD and categorical values as percentages.  

Patients who completed follow-up were added to the following analyses. Repeated‐measure 

analyses of variance (ANOVA) was used for continuous variables, to assess the relationship of 

changes in follow-up between groups. Generalized linear mixed models were used to compare 

categorical data between start and follow-up. The categorical parameters were entered 

subsequently as the dependent variable, and group (usual CR vs. OPTICARE XL) and follow-

up as the independent variables. Random intercepts were used to account for the patient ID. 

All statistical tests were 2-sided and a p-value of 0.05 was considered statistically significant. 

The analyses were performed with SPSS version 25 and R version 3.6.0 (glm package). 
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RESULTS 

Clinical characteristics and echocardiographic parameters of both groups at baseline 

A total of 48 obesity patients were included and randomized to both groups (usual CR n=23, 

and OPTICARE XL n=25). The inclusion of 50 patients was not achieved because the inclusion 

of the main study was completed at the time of the inclusion of 48 patients in the 

echocardiography substudy. The clinical characteristics of both groups are summarized in Table 

1. The mean BMI was 34.8 kg/m2 in the usual CR group and 35.3 kg/m2 in the OPTICARE XL 

group (p=0.69). Also, all other parameters of physical examination were comparable. Most 

comorbidities were comparable between groups, except that more patients in the usual CR 

group had hypercholesterolemia (p=0.014). There were no differences in medication use 

between groups.  

Almost all echocardiographic parameters were comparable between groups, except for the 

LVM-index, which was increased in the OPTICARE-XL group (99[86-125]g/m2 vs. 90[70-

11]g/m2, p=0.029). However, the percentage of patients with LVH was not significantly 

different between groups (56% vs 30%, p=0.07).  

 

 

 

Table 1: Clinical characteristics and echocardiographic parameters of obesity patients in both 
groups at baseline. 

 Usual CR 
(n=23 ) 

OPTICARE-XL 
(n=25 ) 

p-value 

General characteristics    
Age (years) 56 ± 8 58 ± 10 0.61 
Male (n, %) 20 (87%) 19 (76%) 0.46 
     
Indication for rehabilitation    
Coronary artery disease (n, %) 21 (91%) 19 (76%) 0.25 
Atrial fibrillation (n, %) 2 (9%) 6 (24%) 0.25 
    
Physical examination    
Length (m) 1.80 ± 0.11 1.77 ± 0.10 0.28 
Weight (kg) 113 ± 15 111 ± 21 0.70 
BMI (kg/m2) 34.8 ± 3 35.3 ± 5 0.69 
BSA (m2) 2.38 ± 0.2 2.33 ± 0.3 0.50 
Systolic BP (mmHg) 139 ± 19 135 ± 14 0.35 
Diastolic BP (mmHg) 80 [75-90] 80 [75-89] 0.53 
Waist circumference (cm) 119 ± 9 116 ± 12 0.30 
Heart rate (bpm) 66 ± 10 67 ± 10 0.58 
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Comorbidity    
Diabetes Mellitus (n, %) 5 (22%) 5 (20%) 0.88 
Hypertension (n, %) 11 (48%) 9 (36%) 0.41 
Hypercholesterolemia (n, %) 10 (44%) 3 (12%) 0.014 
History of smoking (n, %) 19 (86%) 18 (72%) 0.23 
COPD (n, %) 1 (4%) 2 (8%) 0.60 
OSAS (n, %) 1 (4%) 3 (12%) 0.34 
    
Medication    
Beta-blockers (n, %) 12 (57%) 19 (79%) 0.11 
ACE inhibitors (n, %) 14 (61%) 21 (84%) 0.09 
Statins (n, %) 17 (74%) 18 (72%) 0.63 
Antiarrhythmic drugs (n, %) 4 (17%) 1 (4%) 0.11 
Insulin (n, %) 3 (13%) 1 (4%) 0.23 
Oral anti-diabetics (n, %) 10 (43%) 7 (28%) 0.20 
    
Echocardiography 
parameters 

   

LVM (g) 207 [173-255] 242 [183-334] 0.11 
LVM-index (g/m2) 90 [70-111] 99 [86-125] 0.029 
Left ventricular hypertrophy 
(n,%) 

7 (30%) 14 (56%) 0.07 

Mitral inflow E-wave (cm/s) 68 ± 12 62 ± 17 0.14 
Mitral inflow A-wave (cm/s) 69 ± 15 67 ± 16 0.68 
E/A-ratio 0.94 [0.86-1.20] 0.90 [0.75-1.10] 0.29 
Septal e' velocity (cm/s) 8 ± 2 7 ± 2 0.05 
Lateral e' velocity (cm/s) 10 ± 2 9 ± 2 0.19 
E/e'-ratio 9 ± 2 9 ± 3 0.62 
Deceleration time (s) 0.19 [0.18-0.23] 0.19 [0.15-0.22] 0.43 
LA volume index (ml/m2) 28 [24-35] 26 [23-35] 0.67 
TR velocity (cm/s) 93 [77-131] 94 [81-179] 0.69 
Diastolic dysfunction (n, %) 10 (43%) 16 (64%) 0.15 
TAPSE (cm) 2.4 ± 0.4 2.4 ± 0.5 0.97 
LV ejection fraction (%) 55 ± 8 53 ± 9 0.57 
Reduced LV ejection fraction 
(n,%) 

8 (35%) 12 (48%) 0.35 

GLS (%) -17 ± 3 -16 ± 3 0.27 
Reduced GLS (n,%) 8 (35%) 11 (46%) 0.44 

 

Values represent mean ± standard deviation, median (Q1-Q3) or n (%) 

BMI= body mass index, BSA= body surface area, COPD= chronic obstructive pulmonary disease, CR= cardiac 
rehabilitation, OSAS= obstructive sleep apnea syndrome, ACE= angiotensin converting enzyme, LVM= left 
ventricular mass, E-wave= early diastolic transmitralflow velocity, A-wave= late diastolic transmitralflow 
velocity, e’=early diastolic mitral annular velocity, LA-volume index= left atrial volume index, TR= tricuspid 
regurgitation, TAPSE= tricuspid annular plane systolic excursion, GLS= global longitudinal strain 
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One-year follow-up; all patients 

Four patients did not complete the follow-up and two patients had a new cardiac event. A total 

of 42 patients completed the one-year follow-up (Figure 1). Table 2 shows that there was 

significant weight loss at follow-up (p<0.001). Also, the heart rate increased (p=0.032). None 

of the echocardiographic parameters changed from before to one year either form of 

rehabilitation.  

 

 

Figure 1: Flow chart. 
Usual CR = usual cardiac rehabilitation 
 
 
 
One-year follow-up; comparison between groups 

Weight loss was comparable between groups (Table 2, Figure 2). A total of 13 patients in the 

usual CR group lost weight, as compared to 16 of the patients in the OPTICARE XL group 

(p=0.43). Clinical significant weight loss was achieved in 5 patients in the usual CR, and in 7 

in the OPTICARE XL group (p=0.50). Also, the increase in heart rate that was present in the 

total group was comparable between groups (p=0.41). The vast majority of changes in 

echocardiographic parameters were comparable as well. Only the proportion of patients with 

LVH was more decreased in the OPTICARE XL group after one-year follow-up (p=0.019) 

(Figure 3).  
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Figure 2: Changes in mean weight (a), heart rate (b), global longitudinal strain (c), and ejection fraction (d) 
between baseline and one-year follow-up.  
Error bars represent 95% CI 
 
 
 

 
Figure 3: Comparison of percentage of diastolic dysfunction, reduced ejection fraction, reduces global 
longitudinal strain, and left ventricular hypertrophy between both usual cardiac rehabilitation, OPTICARE-XL, 
and baseline and follow-up. 
 
 
 
 
DISCUSSION 

The main finding of the current study is that cardiac function in obesity patients as measured 

with echocardiography did not improve one-year after a novel tailor-made CR program 

(OPTICARE XL) as compared to usual CR. 
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Although there was a significant reduction in weight and thereby BMI in both groups, this 

reduction was relatively small and does not meet the definition of clinically significant weight 

loss.19 This finding of mild weight reduction one year after CR is consistent with the results of 

other studies.26,27 In a study of 73 obesity patients with coronary artery disease also a statistically 

significant but small decrease in weight was observed after completing CR.27 In another study 

it was concluded that the prevalence of obesity did not change significantly after the CR 

program (37% to 33%), and the prevalence of severe obesity (BMI>35 kg/m2) improved only 

slightly (3.5% to 2.5%).26 A clinical significant weight reduction through CR, therefore, seems 

difficult to achieve. The OPTICARE XL program was developed to achieve better results than 

previous studies regarding CR in obesity patients. It is, therefore, disappointing that the goal of 

clinically important weight loss was only achieved in a minority of patients.  

 

The current study is the first in which echocardiographic parameters of cardiac function were 

investigated in obesity patients who participated in usual CR or a more tailor-made CR 

program. However, a few small studies have been performed in obesity patients in which the 

impact of exercise on cardiac function as measured by speckle tracking echocardiography was 

evaluated. Schuster et al.20 described a GLS of -15.9±0.8% in 10 obesity patients at baseline, 

significantly improving to -17.4±0.9% after 8 weeks of training. The training program consisted 

of three 45-min sessions of walking and/or cycling at home, without any dietary intervention. 

The body fat mass decreased without significant weight or BMI change by this intervention. In 

another study, Obert et al.21 evaluated the impact of both diet and exercise training in 28 obese 

adolescents. The training consisted of nine sessions of 5-min each, three times per week. 

Additionally, moderate physical activities were performed twice a week during the first two 

months and then five times per week during the following 7 months. Moreover, the total daily 

calorie intake was controlled at about 2300‐2500 kcal. Both body weight (99±15kg vs 

84±115kg) and BMI (36±5kg/m2 vs 31±5kg/m2) decreased significantly. The GLS in these 

patients was -14.2±3.6% at baseline, and improved significantly to -16.9±3.5% at 9 months 

follow-up. In contrast, in our study, GLS did not improve in obesity patients after one year of 

either program. An explanation for this could be the more intense exercise training in the 

mentioned other studies. Also, follow-up in our study was one year, which is considerably 

longer than the follow-up in the aforementioned studies. Therefore, it may be hypothesized that 

weight loss and concurring improved GLS at the beginning of CR was more in our patients as 

well, but that the effect was lost later due to failure to maintain weight loss. 
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There are several studies in which echocardiographic parameters of LV function, such as GLS, 

were assessed in patients who participated in usual CR. However, the focus of none of the 

studies was on obesity patients. First, Malfatto et al.28 studied GLS is a small group who entered 

CR after a first uncomplicated myocardial infarction. They concluded that a short period of 

intensive CR induces rapid recovery of GLS (-17.0±3.7% vs -20.1±3.2%) and diastolic 

function. Also, Acar et al.29 found a significant increase in LV ejection fraction (49±7.9% vs 

54±9.1%) and GLS (-13±2.3% vs -17±3.0%) after three months of usual CR in a group of 27 

patients with acute myocardial infarction. We found no changes in GLS and LV ejection 

fraction. Our study was different as compared to these other studies regarding the focus 

specifically on obesity patients and the longer follow-up. As mentioned earlier, obesity patients 

have a higher cardiometabolic risk and poorer fitness,13 which could also have a negative impact 

on GLS recovery. In a recent study, it was shown that decreased baseline fitness, such as may 

be present in obesity patients, may moderate weight loss achieved by weight loss programs.30 

However, despite this, we did expect that echocardiographic parameters of cardiac function, 

such as GLS would improve after the tailor-made CR of the patients in the OPTICARE XL 

group, which unfortunately did not happen. 

Finally, both groups showed a mild but non-significant decrease of LVH after rehabilitation. 

Nevertheless, the proportion of patients with LVH was significantly more decreased in the 

OPTICARE XL group. This finding suggests that the more intensive program of the 

OPTICARE XL may have a positive contribution to the reduction of LVH.  

 

Limitations 

Although echocardiographic parameters of cardiac function did not improve in the patients 

undergoing CR in our study, one may hypothesize such parameters may even have worsened 

without any CR. However, because a control group of obesity patients not undergoing any CR 

is lacking in the current study, this remains to be investigated. The number of subjects in this 

study was small. Studies with a larger sample size would be necessary for further evaluation of 

some of the trends that have been observed. Also, a more intensified echocardiographic follow-

up with measurements for example also at six months would have allowed better comparison 

with the other studies with shorter follow-up described before.  

 

CONCLUSIONS 

Both in obesity patients undergoing usual CR or a novel tailor-made CR program, 

echocardiographic parameters of cardiac function did not improve at one-year follow-up. This 



Echocardiographic follow-up in obesity patients after tailor-made cardiac rehabilitation

201

Ch
ap

te
r 1

1

finding suggests that obesity patients may participate in usual CR programs without the need 

to implement more tailor-made programs for these patients. To our knowledge, this is the first 

publication describing findings of extensive echocardiographic evaluation before and after 

tailor-made cardiac rehabilitation for obesity patients. 
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GENERAL DISCUSSION 

This thesis covers different aspects of cardiac function in obesity patients. The focus is mainly 

on diagnostics in this specific group of patients, the early signs of cardiac dysfunction, changes 

after weight loss, and the possible pathophysiology. In this chapter, the relevance of the 

performed studies will be discussed and future perspectives will be described.  

 

Diagnostics in obesity patients  

Prevalence of obesity is increasing rapidly and obesity is becoming a global public health 

crisis.1 Due to the increase in the number of obesity patients, there will also be an increase in 

the use of various diagnostics used in daily clinical practice in this specific patient group.2 

Unfortunately, it is not always well known how well different diagnostics, such as an 

electrocardiogram (ECG) and transthoracic echocardiography can be used in these patients.3,4 

 

Obesity patients are often considered technically difficult to evaluate by transthoracic 

echocardiography. However, we demonstrated for the first time that although non-obese 

controls on average had better echocardiographic image quality than obesity patients, the 

feasibility of assessment of a broad variety of parameters of cardiac function and dimension 

was excellent in obesity patients and that there were no important differences regarding the 

variability of measurements.5 This implies that the widespread idea of echocardiography 

usually being non-diagnostic in obesity patients can be rejected.  

Also, nowadays, global longitudinal strain (GLS) is recommended to use as a parameter of LV 

systolic function.6 Until now it has been unclear how well this method would perform in obesity 

patients. We demonstrated that GLS had good feasibility and reproducibility in these patients. 

Therefore, we suggest that this parameter may be used in daily practice in obesity patients as 

well.  

Left ventricular hypertrophy (LVH) occurs frequently in obesity patients, even in the absence 

of comorbidities such as hypertension.7 Although echocardiography is a more sensitive tool to 

identify LVH, the standard ECG remains widely used.8 However, despite a generally high 

specificity, ECG criteria for the detection of LVH lack sensitivity, particularly in obesity 

patients.9 The reason for this is probably that the ECG voltages at the skin level are attenuated 

by the subcutaneous adipose tissue.10 Therefore, we evaluated the accuracy of the most 

commonly used ECG-criteria for the detection of LVH (Cornell voltage and the Sokolow-Lyon 

index) and the recently introduced more sensitive Peguero – Lo Presti criteria. We concluded 

that established ECG criteria indeed lack sufficient sensitivity, most of them did not even reach 
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20%.11 From this, we can conclude that these criteria are not usable in obesity patients in daily 

clinical practice. Therefore, we proposed and prospectively tested adjusted ECG criteria with a 

correction for body mass index (BMI), namely: Cornell voltage*BMI ≥ 700 mm*kg2 for males, 

and Sokolow-Lyon index*BMI ≥ 885 mm*kg2 for females. These criteria had an improved 

sensitivity (47% in males and 26% in females), approaching known sensitivity of the most 

commonly used ECG criteria in lean subjects. However, it may seem difficult to implement 

these new criteria into daily clinical practice, because of three reasons. First, males and females 

have different criteria, second because the BMI must be entered, and third because the criteria 

may be difficult to remember. A solution for this is to program the algorithms into the modern 

ECG devices, allowing easy clinical use without extra effort. Finally, off course when the ECG 

criteria for LVH are met an echocardiography should be performed to confirm the presence of 

LVH.  

 

Early signs of cardiac dysfunction in obesity patients  

Heart failure is a major public health problem in developed countries.12 The risk of developing 

heart failure is particularly elevated in obesity patients.13 In order to optimise management and 

treatment of obesity patients it is necessary to improve early identification of cardiac 

dysfunction.14 The combination of biomarkers, Holter monitoring and new, more sensitive 

methods, such as advanced echocardiography may be eligible for this. 

 

We studied which parameters could be best used to detect early signs of left ventricular (LV) 

diastolic dysfunction in a large animal model of metabolic dysfunction, using conventional and 

advanced speckle tracking echocardiography (STE).15 STE can be used to quantify subtle 

changes in LV mechanics.6 For example, it can be used to assess LV systolic twist and diastolic 

untwisting.16 By applying STE we were able to conclude that LV peak untwisting velocity was 

the best parameter for the early detection of LV diastolic dysfunction in this animal model. 

Although previous studies already showed that LV untwisting may be a meaningful parameter 

of diastolic dysfunction,17,18 so far its potential as an early marker of diastolic dysfunction was 

unclear. The findings suggest an important role for STE in the detection of early changes in 

cardiac dysfunction. 

 

Until recently, the prevalence of subclinical cardiac dysfunction in obesity patients was largely 

unknown. However, we studied a group of 100 obesity patients and 50 non-obese controls both 

without known cardiovascular disease.19 Next to advanced echocardiography, we also collected 
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blood samples and affixed a 24-hour Holter monitoring. The studied group (48 [42-50] years, 

70% female) of obesity patients had a high prevalence (61%) of subclinical cardiac dysfunction, 

compared to only one non-obese control. GLS, a measurement of LV systolic function 

measured by STE, was by far the best parameter to identify cardiac dysfunction (57 out of 60 

patients). For example, GLS performed much better compared to conventional 

echocardiographic parameters such as LV ejection fraction and diastolic function. Also, we 

were unable to identify subclinical cardiac dysfunction by Holter monitoring or assessment of 

hs Troponin I and brain natriuretic peptide (BNP). Previous studies regarding detection of early 

stages of cardiac dysfunction had already shown benefits of using STE over LV ejection 

fraction,20,21 however, none of these studies applied STE in a group of obese patients. Therefore, 

it can be concluded that GLS may be the preferred measurement to evaluate early changes in 

LV systolic function in obesity patients. 

 

Changes after weight loss 

Clinically important weight loss is generally defined as 5% of usual body weight.22 This is 

difficult to achieve with lifestyle interventions, and results are often temporary. In contrast, 

bariatric surgery is an effective and safe treatment option resulting in large long-term weight 

loss.23,24 Also, weight loss and associated metabolic improvement achieved by bariatric surgery 

has a positive impact on heart morphology even in obesity patients without known heart 

failure.25 

 

We followed 72 obesity patients one-year after bariatric surgery.26 Again echocardiography, 

Holter monitoring, and blood biomarkers were combined. Forty of these patients had subclinical 

cardiac dysfunction pre-surgery (mainly based on a decreased GLS) as described earlier. As 

expected, there was significant weight loss, lipid levels and HbA1c improved, inflammation 

decreased, and comorbidities decreased. LV function improved significantly in obesity patients 

one year after bariatric surgery, resulting in normalized cardiac function in half of the patients 

with cardiac dysfunction before surgery. We also studied the relative changes of 92 

cardiovascular biomarkers from before to one-year after bariatric surgery.27 A total of 72 (78%) 

biomarkers were significantly different after surgery, indicating alterations in a wide range of 

processes related to metabolic status and cardiovascular function. Also, comparison of obesity 

patients with and without cardiac dysfunction suggested an important role for inflammation, 

atherosclerosis and insulin resistance in the underlying pathophysiology of cardiac dysfunction 

in obesity patients. 
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Cardiac rehabilitation (CR) is a valuable treatment option for patients with a broad spectrum of 

cardiac disease.28 Currently, at entry into CR, over 40% of the patients are obese.29 However, 

usual CR programs are far from optimal in obesity patients, because obesity patients have a 

higher cardio-metabolic risk and poorer fitness.30 Also, intentional weight loss, accomplished 

through behavioral weight loss and exercise, can improve insulin sensitivity and associated 

cardio-metabolic risk factors.31 Therefore, we hypothesized that a novel tailor-made CR 

program specially designed for obesity patients with either coronary artery disease or 

nonvalvular atrial fibrillation had better outcomes as compared to usual CR regarding 

parameters of cardiac function as measured by (speckle tracking) echocardiography.32 We 

compared 48 obesity patients who were referred to CR, which were randomized to either usual 

CR or to the novel tailor-made CR program for obesity patients. There was a mild reduction in 

weight in both groups, however, this was not clinically significant. Moreover, this weight loss 

was comparable between groups. Also, all echocardiographic parameters were comparable for 

both groups. Therefore, unfortunately, we had to conclude that a novel tailor-made CR program 

for obesity patients had no added value compared to usual CR regarding echocardiographic 

changes. This is in contrast with the improvement in cardiac function previously demonstrated 

in bariatric surgery after one year. Therefore, it could be considered to advise obesity patients 

to undergo bariatric surgery in addition to being referred for CR.  

 

Pathophysiology of cardiac dysfunction in obesity patients 

The pathophysiology of obesity leading to cardiac dysfunction is incompletely understood and 

most likely multifactorial.1,33 However, significant advances in the understanding of the 

pathophysiological consequences of obesity for the cardiovascular system have been made of 

the past two decades.34,35 For example, we know that obesity is associated with diabetes 

mellitus, dyslipidaemia, and hypertension. However, the onset of heart failure in obesity cannot 

be fully explained by the presence of these traditional cardiac risk factors.36 Moreover, the 

enormous and still growing prevalence of obesity warrants efficient screening of obesity 

patients with the highest need for further risk assessment, follow-up, and treatment. Current 

knowledge on the role of obesity in causing cardiac dysfunction is insufficient to optimally 

develop such strategies.  

 

In order to better investigate the pathophysiology of cardiac dysfunction in obesity, we 

compared obesity patients with and without cardiac dysfunction. Again, we applied a 

combination of techniques: Holter monitoring, blood biomarkers, and (advanced) 
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echocardiography.37 By this comparison, we were able to conclude that a decreased SDNN-

index and male gender are predictors of subclinical cardiac dysfunction. The SDNN-index is 

measured by Holter monitoring and is a measure of heart rate variability (HRV) and thereby of 

autonomic function.38 A balanced autonomic function is crucial for normal cardiac function.39 

A depressed HRV has been confirmed to be a prognostic marker and is correlated with 

morbidity and mortality.40-42 Previous studies already described a decreased HRV in obesity 

patients,43,44 linking this to inflammatory processes.45,46 However, our study not only confirmed 

the presence of a decreased HRV in obesity patients, it was also the first to show that decreased 

HRV may play a crucial role in the development of cardiac dysfunction in these patients.  

Alongside a decreased SDNN-index, male gender was also a predictor of cardiac dysfunction. 

Previous studies already described an association between obesity and more severe heart failure 

symptoms in male patients.47 Also, overweight and obese males have higher adjusted 

mortality.48 However, the reason for these findings is not clear. It cannot be excluded that there 

are unidentified confounders related to gender that may explain the suggested relationship. 

 

We also followed obesity patients one-year after bariatric surgery.49 As said earlier, cardiac 

dysfunction normalized in half of the obesity patients. This time we aimed to identify predictors 

for a lack of improvement of cardiac dysfunction. We identified a decreased SDNN and a 

decreased vitamin D pre-surgery as predictors for persistent cardiac dysfunction post-surgery. 

A decreased SDNN again indicates autonomic dysfunction. Therefore, it can be concluded that 

autonomic dysfunction in obesity patients not only plays a crucial role in the development of 

cardiac dysfunction, it also contributes to the persistence of cardiac dysfunction post-bariatric 

surgery.  

Next to autonomic dysfunction, a decreased vitamin D pre-surgery was also a predictor for 

persistent cardiac dysfunction. Vitamin D has been suggested to be involved in multiple 

pathophysiological pathways related to heart failure, such as inflammation, atherosclerosis, 

endothelial dysfunction, and thrombosis.50 Furthermore, vitamin D deficiency is a predictor of 

reduced survival in patients with heart failure.51 Also, vitamin D is known to be decreased in 

both obesity patients52 and in patients with known cardiovascular disease,53 earlier findings in-

line with our conclusion that vitamin D may have a role in the increased risk of cardiac 

dysfunction in obesity. 

 

We also compared cardiovascular biomarker profiles between obesity patients and non-obese 

controls, and between obesity patients with and without cardiac dysfunction, again, in order to 
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better understand the underlying pathophysiology.27 First, we concluded that obesity patients 

without known cardiovascular disease have cardiovascular biomarker profiles that are clearly 

different from non-obese controls. Since the studied biomarkers covered several processes 

potentially involved in the pathophysiology of cardiovascular disease in obesity, our findings 

support the hypothesis of a multifactorial origin of cardiovascular disease in obesity patients. 

Second, the comparison of obesity patients with and without cardiac dysfunction suggested an 

important role for inflammation, atherosclerosis, and insulin resistance in the underlying 

pathophysiology of cardiac dysfunction in obesity patients. 

 

We developed a biomarker model with the aforementioned biomarkers to predict the persistence 

of cardiac dysfunction post-bariatric surgery by changes of biomarkers from pre- to post-

surgery, again to better understand the pathophysiology.54 The biomarkers with the highest 

relative changes mainly represent processes linked to insulin resistance and inflammation. Also, 

this study design allowed correlation of changes in cardiovascular biomarkers with a (lack of) 

improvement of cardiac function after bariatric surgery. Most of the biomarkers of which 

baseline levels were associated with persistence of cardiac dysfunction, are known to be linked 

to inflammation, while there also appeared to be a relatively important role for subclinical 

atherosclerosis. The relation between certain biomarkers and the persistence of subclinical 

cardiac dysfunction post-surgery again highlighted the importance of inflammation and 

atherosclerosis, with a potential role for hypercoagulability as well. This is in line with the 

knowledge that increased inflammatory status is known to have an important role in the 

induction of both atherosclerosis and hypercoagulability. Thus, although cardiac dysfunction in 

obesity seems to be a heterogeneous disorder, inflammation plays a central part. 
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Figure 1: Summary of factors leading to cardiac dysfunction in obesity patients 

 

In summary, as shown in Figure 1, cardiac dysfunction in obesity patients is indeed a 

heterogeneous disorder. The reason for the development of cardiac dysfunction in obesity 

appears to be due to the combination of autonomic dysfunction, a decreased vitamin D, 

atherosclerosis, insulin resistance, hypercoagulability, and inflammation.  

Although a broad range of processes potentially involved in the pathophysiology of 

cardiovascular disease in obesity has been described before,55,56 a relatively important role for 

the processes summarized in Figure 1 seems plausible. First, autonomic dysfunction contributes 

directly to cardiac dysfunction.39 Second, Vitamin D has been suggested to be involved in 

multiple pathophysiological pathways related to heart failure.50 In addition, atherosclerosis can 

lead to ischemia, which in its turn can lead to heart failure.57 Also, heart failure frequently 

coexists with insulin resistance, and insulin resistance may accelerate the progression of cardiac 

dysfunction toward advanced disease.58 Next, it is well recognized that heart failure is 

associated with an increased risk of hypercoagulability (both arterial and venous thrombotic 

events).59 Furthermore, it has long been observed that heart failure is associated with measures 

of systemic inflammation.60 Inflammation contributes to the pathogenesis and progression of 

heart failure through diverse pathways. Also, it is striking that all the processes described before 

can arise due to inflammation. For example, inflammation of the epicardial adipose tissue can 

lead to microvascular dysfunction and thereby cause fibrosis of the underlying left ventricle.61 
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Similarly, endothelial inflammation can lead to coronary dysfunction and thereby to myocardial 

fibrosis.61,62 Also, autonomic dysfunction is associated with higher levels of inflammation.46 

Furthermore, both atherosclerosis and insulin resistance have been recognized as inflammatory 

diseases.63,64 Again, inflammation mediates hypercoagulability in patients with heart failure.59 

Lastly, vitamin D deficiency is recognized as a consequence of chronic inflammation.65 Next 

to being linked to heart failure, these processes are also related to obesity itself.38,61,66-68 

Therefore, although the link between these processes in obesity seems reasonable, this thesis is 

the first to show that these processes are the main factors responsible for the onset and 

persistence of subclinical cardiac dysfunction in obesity patients.  

 

CONCLUSIONS AND FUTURE PERSPECTIVES 

Diagnostics 

Assessment of a broad variety of parameters of cardiac function and dimension by 

echocardiography is feasible in obesity patients, also no important differences regarding the 

variability of measurements are observed. This implies that the widespread idea of 

echocardiography usually being non-diagnostic in obesity patients can be rejected. Also, GLS 

has good feasibility and reproducibility in obesity patients. Therefore, we suggest that this 

parameter may be used in daily practice in obesity patients as well. 

 

Established ECG criteria for the detection of LVH lack sufficient sensitivity in obesity patients. 

Therefore, new criteria were proposed ((RaVL+SV3)*BMI ≥700 mm*kg/m2 for males and 

(SV1 + RV5/RV6)*BMI ≥885 mm*kg/m2 for females) for the detection of LVH in obesity, 

approaching known sensitivity of the most commonly used ECG criteria in lean subjects. The 

applicability of these criteria in daily practice will need further investigation. 

 

Early signs of cardiac dysfunction in obesity patients  

There is a high prevalence (61%) of subclinical cardiac dysfunction in obesity patients without 

known cardiovascular disease. Also, GLS and LV peak untwisting velocity may serve as 

important markers to detect early signs of LV dysfunction. These findings suggest an important 

role for STE in the detection of early signs of cardiac dysfunction in obesity patients.  
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Changes after weight loss 

LV function improves significantly in obesity patients one year after bariatric surgery, resulting 

in normalized cardiac function in half of the patients with cardiac dysfunction before surgery. 

The vast majority of cardiovascular biomarkers change one-year after bariatric-surgery, 

indicating alterations in a wide range of processes related to metabolic status and cardiovascular 

function. Also, a novel tailor-made CR program for obesity patients has no added value 

compared to usual CR regarding echocardiographic measurements.  

 

Pathophysiology of cardiac dysfunction in obesity patients 

Obesity patients without known cardiovascular disease have cardiovascular biomarker profiles 

that are clearly different from non-obese controls, suggesting a multifactorial origin of 

cardiovascular disease in obesity patients. Also, comparison of obesity patients with versus 

without cardiac dysfunction indicates a heterogeneous disorder. However, there appears to be 

a central role for inflammation. The reason for the development and persistence of cardiac 

dysfunction in obesity appears to be due to the combination of autonomic dysfunction, a 

decreased vitamin D, atherosclerosis, insulin resistance, hypercoagulability, again also factors 

with an important role for inflammation.  

 

Future perspectives 

In the ideal world obesity patients with an increased cardiovascular risk would be identified as 

early as possible. The method of choice should be echocardiography, by measuring GLS. 

Another option may be to first provide risk-stratification (in other words: which patients need 

an echocardiogram and which patients should be followed-up to allow early detection of cardiac 

dysfunction) by measurement of the HRV, since autonomic dysfunction seems to play a major 

role in the development and persistence of cardiac dysfunction in obesity. Despite remarkable 

insights into the relation between autonomic dysfunction and heart failure, several issues remain 

poorly understood and are in need of further investigation. For instance, it must be clarified 

whether activation of the autonomic nervous system is the driver of heart failure or a 

consequence of the disease. Therefore, future research on cardiac dysfunction in obesity 

patients should focus on the role of autonomic dysfunction. In order to do so, the analysis of 

HRV may be a useful and simple non-invasive method. 

 

Finally, inflammation appears to play a very important role in cardiac dysfunction in obesity 

patients. It seems to contribute to cardiac dysfunction through diverse pathways. In order to 
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develop a proper treatment to prevent heart failure in obesity patients, it may be most rational 

to, apart from aiming at weight loss, focus on the treatment and consequences of inflammation. 

However, although numerous studies have validated the association between measures of 

inflammation and heart failure severity and prognosis, so far clinical trials of anti-inflammatory 

therapies were mostly unsuccessful.60 Hopefully, future research regarding inflammation could 

lead to novel treatment modalities to combat cardiac dysfunction in obesity patients in the 

future. 
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SUMMARY 

Both obesity and heart failure are major public health problems. The pathophysiology of heart 

failure is very complex, most likely multifactorial, and not completely understood. Also, the 

current knowledge on the role of obesity in causing cardiac dysfunction is insufficient to 

optimally identify patients with the highest need for further risk assessment, follow-up, and 

treatment. 

The overarching aim of this thesis is to study the association between cardiac dysfunction 

and obesity, focussing on diagnostics in obesity patients, the early signs of cardiac dysfunction, 

changes after weight loss, and the possible pathophysiology. 

 

Part I Introduction 

In Chapter 1 we provide a general background on obesity and heart failure. Diagnostics used 

in this thesis such as conventional and speckle tracking echocardiography are described. Left 

ventricular hypertrophy (LVH), heart rate variability, and the use of cardiovascular biomarker 

profiles are discussed in more detail. Also, background information is provided on bariatric 

surgery and cardiac rehabilitation in obesity patients. Finally, Chapter 1 ended with the aims 

and outline of this thesis. In Chapter 2, we report the study design of the CARdiac Dysfunction 

in OBesity – Early Signs Evaluation (CARDIOBESE) study, the main study of this thesis. This 

is the first study in which (speckle tracking) echocardiography, cardiac biomarkers, and Holter 

monitoring were combined in a cohort of obesity patients without known cardiovascular disease 

scheduled for bariatric surgery, and non-obese controls.  

 

Part II Diagnostics in obesity patients 

In Chapter 3, we evaluated the feasibility and reproducibility of transthoracic 

echocardiography in obesity patients. The feasibility of echocardiographic parameters is 

assessed by categorizing image quality and evaluation of available parameters in 100 obesity 

patients and 50 non-obese controls. Intra-observer reproducibility, inter-observer 

reproducibility, and test-retest variability are measured. We conclude that the assessment of a 

broad variety of parameters of cardiac function and dimension by transthoracic 

echocardiography is feasible in obesity patients. No important differences regarding the 

variability of measurements were observed. Moreover, global longitudinal strain has good 

feasibility and reproducibility in obesity patients and, therefore, we suggested that this 

parameter may also be used in daily clinical practice in these patients. 
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In Chapter 4, we evaluated the accuracy of the most commonly used electrocardiographic 

(ECG) criteria (Cornell voltage and Sokolow-Lyon index), the recently introduced Peguero-Lo 

Presti criteria and the correction of these criteria by body mass index (BMI) to detect LVH in 

obesity patients. The accuracy was retrospectively tested in a cohort of obesity patients referred 

for a transthoracic echocardiogram based on clinical grounds. Subsequently, the value of the 

proposed adjusted criteria is prospectively tested in an obese population without known 

cardiovascular disease. We conclude that the established ECG criteria for the detection of LVH 

lack sufficient sensitivity in obesity patients. Furthermore we propose new criteria: 

(RaVL+SV3)*BMI ≥700 mm*kg/m2 for males, and (SV1 + RV5/RV6)*BMI ≥885 mm*kg/m2 

for females. These criteria have improved sensitivity, approaching known sensitivity of the 

most commonly used ECG criteria in lean subjects. 

 

Part III Cardiac dysfunction related to obesity and changes after bariatric surgery 

In Chapter 5, the early detection of left ventricular (LV) diastolic dysfunction is evaluated by 

using conventional and speckle tracking echocardiography in a large animal model of metabolic 

dysfunction. The study population consist of both healthy mini pigs and mini pigs with 

experimentally induced metabolic dysfunction. Speckle tracking echocardiography is 

performed at baseline and at three months follow-up. We conclude that LV peak untwisting 

velocity may serve as an important marker to detect early changes of LV diastolic dysfunction.  

In Chapter 6, we evaluated the prevalence and pathophysiology of subclinical cardiac 

dysfunction in obesity patients by multimodality diagnostics. The aim of this study is first to 

estimate the prevalence of subclinical cardiac dysfunction in obesity patients without known 

cardiovascular disease and second to investigate the underlying pathophysiology. Conventional 

and speckle tracking echocardiography are combined with blood tests and Holter monitoring to 

detect subclinical cardiac dysfunction. The cohort consisted of 100 obesity patients without 

known cardiovascular disease and 50 non-obese controls. We conclude that there was a high 

prevalence (61%) of subclinical cardiac dysfunction in the obesity patients, which appeared to 

be best identified by global longitudinal strain. Also, subclinical cardiac dysfunction in obesity 

is linked to autonomic dysfunction and male gender. 

In Chapter 7, we search for potential improvement of subclinical cardiac dysfunction after 

bariatric surgery. We conclude that LV function improves significantly in obesity patients one 

year after bariatric surgery, resulting in normalized cardiac function in half of the patients with 

cardiac dysfunction before surgery. Afterward, in Chapter 8 we aimed to identify predictors 

for a lack of improvement of subclinical cardiac dysfunction one-year post-bariatric surgery. 
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We conclude that autonomic dysfunction at baseline is related to a lack of normalization of 

cardiac function. This result is in line with findings in chapter 6, confirming an important role 

of autonomic dysfunction in the pathophysiology of cardiac dysfunction in obesity. A decreased 

vitamin D before bariatric surgery is also independently related to persistent subclinical cardiac 

dysfunction one-year post-surgery. Therefore, 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.  

 

Part IV Biomarker profiles related to cardiac dysfunction in obesity patients and the 

impact of bariatric surgery 

In Chapter 9, we compare cardiovascular biomarker profiles between obesity patients and non-

obese controls, and between obesity patients with and without subclinical cardiac dysfunction. 

This is done to better understand the underlying pathophysiology of cardiac dysfunction in 

obesity patients. To do so we use a multiplex which allowed assessment of 92 biomarkers 

covering a broad spectrum of processes potentially involved in cardiac dysfunction in obesity 

patients. First, we conclude that obesity patients without known cardiovascular disease have 

cardiovascular biomarker profiles that are clearly different from non-obese controls, supporting 

the hypothesis of a multifactorial origin of cardiovascular disease in obesity patients. Second, 

comparison of obesity patients with and those without subclinical cardiac dysfunction suggests 

an important role for inflammation, atherosclerosis, and insulin resistance in the underlying 

pathophysiology of cardiac dysfunction in obesity patients. 

In Chapter 10, we describe the changes of these biomarker profiles in obesity patients one-

year after bariatric surgery. We found that the majority (78%) of the investigated biomarkers 

change after surgery and that the biomarkers with the highest relative changes mainly represent 

processes linked to insulin resistance and inflammation. Most of the biomarkers with baseline 

levels associated with persistence of cardiac dysfunction are known to be linked to 

inflammation, while there also appeared to be a relatively important role for subclinical 

atherosclerosis. The relation between certain biomarkers and the persistence of subclinical 

cardiac dysfunction post-surgery again highlighted the importance of inflammation and 

atherosclerosis, with a potential role for hypercoagulability as well. This is in line with the 

knowledge that increased inflammatory status is known to have an important role in the 

induction of both atherosclerosis and hypercoagulability. Thus, although cardiac dysfunction in 

obesity seems to be a heterogeneous disorder, inflammation plays a central part. 
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Part V Cardiac rehabilitation in obesity patients 

In Chapter 11, we look at echocardiographic changes in obesity patients after tailor-made 

cardiac rehabilitation (CR). We hypothesized that a novel tailor-made CR program for obesity 

patients (OPTICARE XL) has better outcomes as compared to usual CR regarding parameters 

of cardiac function as measured by conventional and advanced transthoracic echocardiography 

at one-year follow-up. However, there is no improvement observed in echocardiographic 

parameters, including global longitudinal strain. Therefore, these findings suggest that a novel 

tailor-made CR program for obesity patients has no added value compared to the usual CR 

regarding echocardiographic parameters of cardiac function. 

 

Part VI Discussion 

Finally, in Chapter 12, the observations that were presented in this thesis are discussed and 

possible implications of the findings are explored. The work in this thesis describes a major 

role for the combination of autonomic dysfunction, decreased vitamin D, atherosclerosis, 

insulin resistance, hypercoagulability, and inflammation in the development of subclinical 

cardiac dysfunction in obesity patients and the persistence of this after bariatric surgery. Finally, 

future directions for new research are provided.  
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NEDERLANDSE SAMENVATTING 

Zowel obesitas als hartfalen zijn grote problemen van de volksgezondheid. De pathofysiologie 

van hartfalen is erg complex, waarschijnlijk multifactorieel en nog niet volledig bekend. Verder 

is ook de huidige kennis van de rol van obesitas in het ontstaan van hartfalen niet toereikend 

om de juiste patiënten te kunnen identificeren met de hoogste noodzaak voor verdere risico 

analyse, follow-up en behandeling.  

 

Het overkoepelende doel van dit proefschrift is om de associatie tussen cardiale dysfunctie en 

obesitas te bestuderen, gefocust op de diagnostiek bij deze patiëntengroep, de eerste tekenen 

van cardiale dysfunctie, veranderingen na gewichtsverlies en de mogelijke pathofysiologie. 

 

Deel 1 Introductie 

In hoofdstuk 1 geven we algemene achtergrondinformatie over obesitas en hartfalen. We 

beschrijven de diagnostiek die gebruikt wordt in dit proefschrift, zoals conventionele- en 

speckle tracking echocardiografie. Linkerventrikelhypertrofie (LVH), hartslagvariabiliteit en 

het gebruik van cardiovasculaire biomarkers worden in detail toegelicht. Verder wordt 

achtergrondinformatie over bariatrische chirurgie en hartrevalidatie bij obesitas patiënten 

besproken. Tot slot eindigt hoofdstuk 1 met de doelstellingen en hoofdlijnen van dit 

proefschrift.  

In hoofdstuk 2 beschrijven we de studie opzet van de “CARdiac Dysfunction in OBesity – 

Early Signs Evaluation (CARDIOBESE) studie”, de belangrijkste studie van dit proefschrift. 

Dit is de eerste studie waarin (speckle tracking) echocardiografie, cardiovasculaire biomarkers 

en holter registratie zijn gecombineerd in een cohort met zowel obesitaspatiënten met een 

blanco cardiovasculaire voorgeschiedenis, welke deelnemen aan een traject van bariatrische 

chirurgie, als non-obese controles ook met een blanco cardiovasculaire voorgeschiedenis.  

 

Deel II Diagnostiek in obesitaspatiënten  

In hoofdstuk 3 bestuderen we de haalbaarheid en reproduceerbaarheid van transthoracale 

echocardiografie in obesitas patiënten. De haalbaarheid van echocardiografische parameters (of 

het te meten is) wordt beoordeeld door de beeldkwaliteit te categoriseren en de beschikbare 

parameters te evalueren bij 100 obesitaspatiënten en 50 niet-obese controles. De 

reproduceerbaarheid van een echocardiografist, de reproduceerbaarheid tussen de verschillende 

echocardiografisten en de variabiliteit tussen test en hertest worden gemeten. We concluderen 

dat de beoordeling van een breed scala aan parameters van zowel hartfunctie als dimensie door 
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middel van transthoracale echocardiografie haalbaar is bij obesitaspatiënten. Er werden geen 

belangrijke verschillen waargenomen met betrekking tot de variabiliteit van de metingen. 

Bovendien heeft global longitudinale strain een goede haalbaarheid en reproduceerbaarheid bij 

obesitaspatiënten, daarom suggereren we dat deze parameter kan worden gebruikt in de 

dagelijkse klinische praktijk bij deze patiënten. 

 

In hoofdstuk 4 evalueren we de nauwkeurigheid van de meest gebruikt electrocardiografische 

(ECG) criteria (Cornell voltage en Sokolow-Lyon index), de recent geïntroduceerde Peguero-

Lo Presti criteria en de correctie van al deze criteria middels de body mass index (BMI) om 

LVH te detecteren in obesitas patiënten. De nauwkeurigheid werd retrospectief getest in een 

cohort van obesitaspatiënten die een verwijzing hadden voor een transthoracaal 

echocardiogram op basis van klinische gronden. Vervolgens wordt de waarde van de 

voorgestelde aangepaste criteria prospectief getest in een populatie met obesitas zonder hart- 

en vaatziekten in de voorgeschiedenis. We concluderen dat de vastgestelde ECG-criteria voor 

de detectie van LVH onvoldoende sensitief zijn bij obesitaspatiënten. Vervolgens introduceren 

we nieuwe criteria: (RaVL+SV3)*BMI ≥700 mm*kg/m2 voor mannen en (SV1 + 

RV5/RV6)*BMI ≥885 mm*kg/m2 voor vrouwen. Deze criteria zijn sensitiever dan de huidige 

criteria en benaderen de bekende sensitiviteit van de meest gebruikte ECG-criteria bij 

proefpersonen zonder obesitas.  

 

Deel III Cardiale dysfunctie gerelateerd aan obesitas en veranderingen na bariatrische 

chirurgie  

In hoofdstuk 5 wordt de vroege detectie van linker ventrikel (LV) diastolische dysfunctie 

geëvalueerd door middel van conventionele- en speckle tracking echocardiografie in een groot 

proefdiermodel met metabole dysfunctie. De onderzoekspopulatie bestaat uit zowel gezonde 

minivarkens als minivarkens met experimenteel geïnduceerde metabole disfunctie. Speckle 

tracking echocardiografie wordt uitgevoerd bij aanvang en na drie maanden follow-up. We 

concluderen dat de “LV peak untwisting velocity” kan dienen als een belangrijke marker om 

vroege tekenen van LV diastolische disfunctie te detecteren. 

In hoofdstuk 6 bekijken we de prevalentie en pathofysiologie van subklinische cardiale 

dysfunctie in obesitaspatiënten met behulp van meerdere diagnostische modaliteiten. Het doel 

van deze studie is als eerste om een inschatting te kunnen maken van de prevalentie van 

subklinische cardiale dysfunctie in obesitas patiënten zonder hart- en vaatziekten en als tweede 

om de onderliggende pathofysiologie te bestuderen. Conventionele- en speckle tracking 
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echocardiografie worden gecombineerd met bloedonderzoek en holter registratie om 

subklinische cardiale dysfunctie op te kunnen sporen. Het cohort bestond uit 100 

obesitaspatiënten zonder cardiovasculaire ziekten en 50 niet-obese controles. We 

concludeerden dat er een hoge prevalentie (61%) van subklinische cardiale dysfunctie is in 

obesitas patiënten, welke het best opgespoord kon worden middels speckle tracking 

echocardiografie. Verder is subklinische cardiale dysfunctie gelinkt aan autonome dysfunctie 

en het mannelijk geslacht.   

 

In hoofdstuk 7 bekeken we of er potentieel verbetering is van subklinische cardiale dysfunctie 

na bariatrische chirurgie. We concludeerden dat de LV functie significant verbeterde 1-jaar na 

bariatrische chirurgie, resulterend in normalisatie van cardiale functie in de helft van de 

patiënten met cardiale dysfunctie voor de operatie. Hierna hebben we in hoofdstuk 8 ons 

gericht op het identificeren van voorspellers voor een gebrek aan normalisatie van subklinische 

cardiale disfunctie een jaar post-bariatrische chirurgie. We concluderen dat autonome disfunctie 

voor chirurgie gerelateerd is aan een gebrek aan normalisatie van de cardiale functie. Dit 

resultaat komt overeen met de bevindingen in hoofdstuk 6 en bevestigt de belangrijke rol van 

autonome disfunctie in de pathofysiologie van cardiale disfunctie bij obesitaspatiënten. Een 

verlaagd vitamine D vóór bariatrische chirurgie is ook onafhankelijk gerelateerd aan het behoud 

van subklinische cardiale disfunctie een jaar na de operatie. Daarom kunnen tekenen van 

autonome disfunctie of een verlaagd vitamine D pre-bariatrische chirurgie wijzen op de 

noodzaak van cardiologische follow-up na bariatrische chirurgie. 

 

Deel IV Biomarkerprofielen gerelateerd aan cardiale disfunctie bij obesitaspatiënten en 

veranderingen na bariatrische chirurgie 

In hoofdstuk 9 vergelijken we cardiovasculaire biomarkerprofielen tussen obesitaspatiënten en 

niet-obese controles, en tussen obesitaspatiënten met en zonder subklinische cardiale disfunctie. 

Dit wordt gedaan om de onderliggende pathofysiologie van cardiale dysfunctie bij 

obesitaspatiënten beter te begrijpen. Om dit te doen, gebruiken we een multiplex die het 

mogelijk maakte om 92 biomarkers te beoordelen die een breed spectrum van processen bevat 

die mogelijk betrokken zijn bij cardiale dysfunctie bij obesitaspatiënten. Ten eerste concluderen 

we dat obesitaspatiënten zonder bekende cardiovasculaire aandoeningen cardiovasculaire 

biomarkerprofielen hebben die duidelijk verschillen van niet-obese controles, wat de hypothese 

ondersteunt van een multifactoriële oorsprong van cardiovasculaire aandoeningen bij 

obesitaspatiënten. Ten tweede suggereert een vergelijking van obesitaspatiënten met en zonder 
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subklinische cardiale disfunctie een belangrijke rol voor inflammatie, atherosclerose en 

insulineresistentie in de onderliggende pathofysiologie van cardiale disfunctie bij 

obesitaspatiënten. 

 

In hoofdstuk 10 beschrijven we de veranderingen van deze biomarkerprofielen bij 

obesitaspatiënten een jaar na bariatrische chirurgie. We ontdekten dat de meerderheid (78%) 

van de onderzochte biomarkers verandert na chirurgie en dat de biomarkers met de grootste 

relatieve veranderingen voornamelijk processen vertegenwoordigen die verband houden met 

insulineresistentie en inflammatie. Van de meeste biomarkers met baseline-niveaus die 

geassocieerd zijn met persistentie van cardiale dysfunctie is bekend dat ze verband houden met 

inflammatie, terwijl er ook een relatief belangrijke rol leek zijn voor subklinische 

atherosclerose. De relatie tussen bepaalde biomarkers en het persisteren van subklinische 

cardiale disfunctie na de operatie benadrukte opnieuw het belang van inflammatie en 

atherosclerose, met ook een mogelijke rol voor hypercoagulabiliteit. Dit is in overeenstemming 

met de wetenschap dat een verhoogde inflammatoire status een belangrijke rol speelt bij de 

inductie van zowel atherosclerose als hypercoagulabiliteit. Dus hoewel cardiale dysfunctie bij 

obesitas een heterogene aandoening lijkt te zijn, speelt inflammatie een centrale rol. 

 

Deel V Hartrevalidatie bij obesitaspatiënten  

In hoofdstuk 11 bekijken we de echocardiografische veranderingen bij obesitaspatiënten na op 

maat gemaakte hartrevalidatie (HR). Onze hypothese was dat een nieuw op maat gemaakt HR-

programma voor obesitaspatiënten (OPTICARE XL) betere resultaten heeft in vergelijking met 

gebruikelijke HR met betrekking tot parameters van de cardiale functie, zoals gemeten met 

zowel conventionele- als geavanceerde transthoracale echocardiografie bij 1 jaar follow-up. Er 

is echter geen verbetering waargenomen in de echocardiografische parameters, inclusief global 

longitudinal strain. Daarom suggereren deze bevindingen dat een nieuw op maat gemaakt HR-

programma voor obesitaspatiënten geen toegevoegde waarde heeft ten opzichte van de 

gebruikelijke HR met betrekking tot echocardiografische parameters van de cardiale functie. 

 

Deel VI Discussie 

Ten slotte worden in hoofdstuk 12 de uitkomsten die in dit proefschrift gepresenteerd zijn 

besproken en worden mogelijke consequenties van de bevindingen onderzocht. Dit proefschrift 

beschrijft een belangrijke rol voor de combinatie van autonome disfunctie, een verlaagd 

vitamine D, atherosclerose, insulineresistentie, hypercoagulabiliteit en inflammatie bij de 
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ontwikkeling van subklinische cardiale disfunctie bij obesitaspatiënten en de persistentie 

hiervan na bariatrische chirurgie. Ten slotte worden mogelijkheden voor toekomstig onderzoek 

beschreven. 
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ABBREVIATIONS  
A late diastolic transmitralflow velocity 
ALAT  alanine aminotransferase 
AUC area under the curve 
BLM hydrolase bleomycin hydrolase 
BMI body mass index 
BNP brain natriuretic peptide 
CASP-3 caspase-3 
CHIT-1   chitotriosidase-1 
CR  cardiac rehabilitation 
CRP  C-reactive protein 
CTSD  cathepsin D 
CTSZ  cathepsin Z 
DM diabetes mellitus 
E early diastolic transmitralflow velocity 
Em velocity of the mitral annulus early diastolic wave 
ECG  electrocardiogram 
FAS  tumor necrosis factor receptor superfamily member 6 
Ep-CAM epithelial cell adhesion molecule 
eGFR  estimated glomerular filtration rate 
GLS global longitudinal strain 
GP6 platelet glycoprotein VI 
HbA1C glycosylated hemoglobin A1C 
HDL-C                       high-density lipoprotein cholesterol 
HRV   heart rate variability 
hs-cTnI                       high sensitive troponin I 
IGFBP-1                     insulin-like growth factor-binding protein 1 
IGFBP-2                     insulin-like growth factor-binding protein 2 
IL-6RA                       interleukin-6 receptor subunit alpha 
IL-17RA           interleukin-17 receptor A 
ITGBP2      integrin beta-2 
IVSd  interventricular septal thickness at end-diastole 
JAM-A junctional adhesion molecule A 
LAVI  left atrial volume index 
LDL-C low-density lipoprotein cholesterol 
LV left ventricular 
LVEDD left ventricular dimension at end-diastole 
LVH left ventricular hypertrophy 
LVM    left ventricular mass 
LVMI left ventricular mass index 
Lp(a)                          lipoprotein a 
NPV        negative predictive values 
NPX   normalized protein expression units 
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NT-proBNP              N-terminal prohormone brain natriuretic peptide 
OPG osteoprotegerin 
OPN osteopontin 
PAC premature atrial contractions 
PDGF subunit A     platelet-derived growth factor subunit A 
PECAM-1                platelet endothelial cell adhesion molecule 
PON3 paraoxonase 
PPV positive predictive values 
PSP-D                      pulmonary surfactant-associated protein D  
PVC premature ventricular contractions 
PWd   posterior wall thickness at end-diastole 
RARRES2 retinoic acid receptor responder protein 2 
ROC   receiver operating characteristic 
SDNN standard deviation of all NN intervals 
SELE  E-selectin 
SELP P-selectin 
STE speckle tracking echocardiography 
TAPSE tricuspid annular plane systolic excursion 
TR-AP                   tartrate-resistant acid phosphatase type 5 
t-PA                      tissue-type plasminogen activator 
TLT-2                   trem-like transcript 2 protein 
TNFRSF13B tumor necrosis factor ligand superfamily member 13B 
TNFRSF14   tumor necrosis factor receptor superfamily member 14 
TSH thyroid-stimulating hormone 
TTE transthoracic echocardiography 
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in de Professor Andries Queridozaal,

Erasmus MC Onderwijscentrum
Dr. Molewaterplein 40

3015 GD Rotterdam
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