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CHAPTER 1

General Introduction, Study Population and Outline of this Thesis 
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GENERAL INTRODUCTION

Obesity is currently a major health problem in developed countries. The global prevalence 
of obesity has shown a large increase over the past few decades, and this trend also includes 
the Netherlands 1. It has been estimated that in 2016 almost half (49.2%) of the adult Dutch 
population was overweight (body mass index ≥25 kg/m2) and that 14.2 % of adults had a 
body mass index of ≥30 kg/m2, whereas in 1990 the Dutch population included only 33% 
overweight individuals and 5.5% obese individuals 2. Obesity has been associated with a wide 
range of adverse consequences, including cardiovascular disease, type 2 diabetes mellitus 
and chronic kidney disease 3-5. The underlying pathophysiology of obesity-related diseases 
has been extensively studied, but is not completely understood yet. The Netherlands 
Epidemiology of Obesity study was set up with the aim to investigate pathways that lead to 
obesity-related diseases. The research of this thesis was performed within the Netherlands 
Epidemiology of Obesity study, with a focus on the relation of obesity with cardiometabolic 
and cardiovascular abnormalities.

Obesity is one risk factor for cardiovascular diseases, but many others exist, such as age, 
sex, genetic factors and environmental factors. Examples of cardiometabolic risk factors 
are hypertension, dyslipidemia and abnormal glucose metabolism. These cardiometabolic 
risk factors, together with (abdominal) obesity, tend to cluster or co-occur in individuals. 
This can lead to the presence of a combination of several cardiometabolic risk factors in an 
individual, which is called ‘metabolic syndrome’. The metabolic syndrome is associated with 
an increased risk of cardiovascular diseases and type 2 diabetes mellitus 6,7.

Figure 1. Adapted from Gastaldelli et al 8. 

In order to better understand the relations between obesity and its cardiometabolic and 
cardiovascular consequences, the distribution of the body fat is important. The widely used 
BMI (kg/m2) or the percentage of total body fat are measurements of overall adiposity. 
However, these measures do not take into account the location of the fat. Moreover, an 
increased body mass index does not necessarily represent a large amount of body fat 
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mass, but may also represent a large amount of muscle mass. With magnetic resonance 
imaging, abdominal subcutaneous and visceral adipose tissue can be assessed (Figure 1). 
Subcutaneous adipose tissue is located underneath the skin, whereas visceral adipose 
tissue can be found in the abdominal cavity, close to the organs. Other measures are waist 
circumference as a measure of abdominal adipose tissue, and hip circumference, mostly 
reflecting gluteofemoral subcutaneous adipose tissue. The ratio of waist circumference  to 
hip circumference, the waist:hip ratio, can also give more information on the  distribution 
of the body fat. With a similar amount of body fat, a higher waist:hip ratio indicates that 
more fat is located in the abdominal region and a smaller waist:hip ratio indicates more fat 
in the gluteofemoral region. A body type with a large waist:hip ratio, is often referred to as 
android or ‘apple-shaped’ and a body type with a smaller waist:hip ratio is often referred 
to as gynoid or ‘pear-shaped’. The measures of body fat or body fat distribution that will be 
discussed in this thesis are summarized in Table 1.

Table 1. Measures of body fat or body fat distribution in the Netherlands Epidemiology of Obesity 
study

Body mass index (kg/m2) An individual’s weight in proportion to their height squared. Does 
not distinguish between fat, muscle or bone. Does not provide 
information on the distribution of body fat

Body fat percentage (%) The percentage of total body mass that is body fat. A measure 
of ‘overall’ adiposity, does not provide information on the 
distribution of body fat

Waist circumference (cm) Measurement of ‘abdominal’ adiposity. Does not distinguish 
between abdominal visceral and subcutaneous adipose tissue

Waist:hip ratio The ratio of waist circumference : hip circumference. Measure-
ment of the distribution of body fat  

Subcutaneous adipose tissue 
(cm2)

Subcutaneous fat (beneath the skin), measured at the level of the 
5th lumbar vertebra. Measured in the abdomen, and correlated 
with measures of overall adiposity 9,10

Visceral adipose tissue (cm2) Intraperitoneal + retroperitoneal fat, measured at the level of 
the 5th lumbar vertebra. A measure of ‘central’ or ‘abdominal’ 
adiposity

In obesity, excess lipids are stored in several compartments within the human body. Lipids 
accumulate mainly in subcutaneous adipose tissue, which represents 82-97% of total fat 8. 
Lipids can also accumulate in the visceral fat compartment, surrounding the organs, that 
represents 10-15% of total fat. Furthermore, lipids can be deposited in non-adipose tissue 
cells, which is referred to as ectopic fat deposition. Ectopic fat accumulates in, among others, 
the liver (intrahepatic fat), the muscle (intramuscular fat), or the heart. Adipose tissue is not 
only involved in energy storage, but is also a metabolically active endocrine organ, secreting 
several adipokines (e.g., leptin, adiponectin and interleukin-6). With the development of 
obesity, the macrophage content and number of immune cells in the adipocytes increase 11. 
Several pro-inflammatory factors, secreted by the adipocytes or macrophages, contribute 
to the (low-grade) inflammatory state that can be seen with obesity. With increasing 
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obesity, release of free fatty acids from the hypertrophied adipocytes is also increased and 
contributes to the adverse metabolic effects that are associated with obesity. Especially the 
accumulation of visceral adipose tissue has been associated with these cardiometabolic 
abnormalities and a pro-inflammatory state 12-14. Another reason why visceral fat is thought 
to be important for the adverse consequences related to obesity is that free fatty acids 
released from the visceral adipose tissue flow to the liver, which can lead to hepatic insulin 
resistance 15. However, the high amounts of free fatty acids in the systemic circulation of 
individuals with obesity are mostly originating from non-visceral fat 16,17. The notion that is 
gaining support is that accumulation of visceral adipose tissue is a marker of dysfunctionality 
of the subcutaneous adipose tissue, which leads to ectopic fat deposition, which is referred 
to as the ‘lipid-overflow hypothesis’ 18.

Several studies have shown that measures of visceral adipose tissue or abdominal adiposity 
are important beyond body mass index when assessing the risk of coronary heart disease, 
as would be expected based on the metabolic abnormalities associated with visceral obesity 
19-23. Cytokines secreted by visceral adipose tissue (e.g., TNF-α, interleukin-6, monocyte 
chemoattractant protein 1) exert both systemic and local effects. Secreted cytokines increase 
insulin resistance of adipose tissue and lead to increased adipose tissue vascularization 24,25. 
Furthermore, secreted cytokines exert systemic proatherogenic vascular effects, leading to 
an increased risk of cardiovascular events. For example, plasminogen activator inhibitor-1 
(PAI-1), which is produced in visceral adipose tissue at a higher rate than in subcutaneous 
adipose tissue, appears to increase the risk of atherosclerosis and cardiovascular events 26,27.

Figure 2. An ECG waveform 

Electrocardiography and vectorcardiography
The electrocardiogram provides information for diagnostic and prognostic purposes 
regarding cardiovascular diseases 28,29. In this thesis, several aspects of the ECG are assessed, 
which are shortly presented below. In Figure 2, an example of an ECG waveform is given. 
The P-wave represents atrial depolarization, while the QRS complex represents ventricular 
depolarization and the T-wave reflects ventricular repolarization. Furthermore, the direction 
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of depolarization can be assessed using electrocardiography, with the P wave axis (atria), 
T wave axis (ventricles) or the QRS axis. Damage to the heart tissue, resulting in altered 
or absent electrical activity, can be reflected in abnormalities of the electrocardiographic 
Q-wave. Whether a Q-wave is ‘abnormal’ depends on several factors, among which its 
duration, amplitude and the lead in which the Q-wave is observed 30.

Electrocardiography can also be used for the diagnosis of left ventricular hypertrophy, 
which is associated with adverse cardiovascular outcomes and mortality 31. Several 
electrocardiographic criteria for left ventricular hypertrophy exist. However, diagnostic 
accuracy, and especially the sensitivity, of these criteria is often poor when compared with 
echocardiography or magnetic resonance imaging 32.

The electrical activity of the heart can also be depicted by vectors with a certain magnitude 
and direction. In vectorcardiography, the heart vectors are measured using three orthogonal 
leads, namely X, Y and Z. Then, movement of the heart vector can be pictured three-
dimensionally with so-called vector loops. Several vectorcardiography systems have 
been developed, of which Frank’s is best-known 33. From a regular 12-lead ECG, a Frank 
vectorcardiogram can be mathematically synthesised by use of matrix multiplication 34-

36. One of the variables that can be assessed by vectorcardiography is the spatial QRS-T 
angle, which is the angle between the spatial orientation of the QRS-axis and the T-axis, as 
depicted in Figure 3. With this spatial QRS-T angle, overall heterogeneity of the ventricular 
action potential morphology can be assessed. A wider spatial QRS-T angle reflects a more 
heterogeneous (abnormal) repolarization of the ventricles.

Figure 3. Illustration of the spatial QRS-T angle, adapted from S. Man et al 37.
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Study population
The Netherlands Epidemiology of Obesity (NEO) Study is a population-based cohort 
study including 6671 participants. Participants were recruited from September 2008 till 
September 2012 in the area of Leiden, via general practitioners, advertisements in local 
newspapers, posters and registers of three municipalities near Leiden (Leiderdorp, Katwijk 
and Teylingen). Individuals aged between 45 and 65 years and with a self-reported BMI of 
≥27 kg/m2 were eligible to participate, and in addition, all 45-65 years old inhabitants from 
Leiderdorp were invited to participate, irrespective of their BMI, to have the full range of 
BMIs in the study population. 

NEO study participants filled out questionnaires on demographic, lifestyle and clinical 
information. After an overnight fast, participants visited the NEO study center and several 
measurements were performed. An extensive physical examination was carried out, blood 
samples were drawn and electrocardiograms were obtained. Furthermore, in a random 
subgroup of approximately 35% of the study population (without contraindications for 
magnetic resonance imaging) magnetic resonance imaging of abdominal fat and of pulse 
wave velocity in the aorta was performed. Also, magnetic resonance imaging of the heart 
was performed in approximately 15% of the study population. Participants were asked to 
bring the medication that they used in the month preceding the study visit to the NEO study 
center. NEO Study participants are followed for the incidence of obesity-related diseases 
and mortality. However, results in this thesis are based on cross-sectional analyses within 
the NEO Study. 

The Medical Ethics Committee of the Leiden University Medical Center (LUMC) approved the 
design of the study. All participants gave their written informed consent. Further details of 
the study design and population can be found in ‘The Netherlands Epidemiology of Obesity 
(NEO) study: study design and data collection’ 38.

Outline of this thesis
Obesity is a well-established risk factor for cardiometabolic diseases. It is thought that 
the distribution of body fat is important in this relationship, i.e. that abdominal adiposity 
plays a more important role than overall adiposity in the cardiometabolic consequences 
associated with obesity. In Chapter 2, associations of measures of body fat distribution and 
cardiometabolic risk factors are investigated within men and women with obesity of the 
NEO study.

In Chapter 3, the associations between the metabolic syndrome and electrocardiographic 
markers of subclinical cardiovascular disease are investigated in the NEO study. The 
components of the metabolic syndrome separately, and taken together in the metabolic 
syndrome definition, are well-established risk factors for cardiovascular diseases 7,39. This 
chapter presents, in participants of the NEO study who were free of known cardiovascular 
diseases, the associations of the metabolic syndrome (absent/present and as metabolic 
syndrome score) with easily determinable ECG parameters, namely heart rate, P wave 
duration, QRS duration, PR interval, corrected QT interval, P wave axis, T wave axis, QRS axis 
and the presence of small abnormal Q-waves. These associations are also investigated for 
non-obese and obese participants separately.
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In Chapter 4, associations of overall and abdominal adiposity with easily determinable ECG 
parameters are presented in NEO study participants who were free of known cardiovascular 
diseases. Both measures of overall and abdominal adiposity have been associated with 
cardiovascular endpoints and subclinical cardiovascular disease in the literature 40-44. We 
aimed to assess these associations of overall and abdominal adiposity with ECG parameters 
and also to investigate whether associations of measures of abdominal adiposity were 
stronger than those of measures of overall adiposity.

An electrocardiogram can show abnormal Q-waves, that can vary in degree of abnormality. 
Large abnormal Q-waves can, for example, be found on an electrocardiogram of an individual 
that suffered a myocardial infarction. It is thought that these abnormal Q-waves reflect 
ischemia, and large abnormal Q-waves therefore are associated with adverse prognosis 45-

47. For borderline abnormal Q-waves this is less clear, especially when there are no other 
electrocardiographic abnormalities present 48-50. In Chapter 5, the clinical characteristics 
of participants without abnormal Q-waves and with borderline abnormal Q-waves with or 
without other electrocardiographic abnormalities are investigated, with a focus on measures 
of body fat distribution. Furthermore, their associations with subclinical vascular changes 
are investigated. 

In Chapter 6, several cardiovascular risk factors associated with a wider spatial QRS-T 
angle (see Figure 3), are described. We also explored associations between subclinical 
atherosclerosis (assessed with carotid intima-media thickness) and arterial stiffness 
(assessed with pulse wave velocity) and the spatial QRS-T angle. Furthermore, we explored 
the potential added value of the spatial QRS-T angle in cardiovascular risk stratification, as 
marker of underlying cardiovascular pathology. This was done by determining the ability 
of the spatial QRS-T angle to discriminate between normal and high carotid intima-media 
thickness or pulse wave velocity.  

As previously described, electrocardiography is widely used in clinical practice, also for 
diagnostic purposes. Left ventricular hypertrophy, a risk factor for adverse cardiovascular 
outcomes, can also be diagnosed using an electrocardiogram 31,51. However, the 
diagnostic accuracy, especially the sensitivity, for detection of left ventricular hypertrophy 
with electrocardiography is quite poor compared with the diagnosis assessed with 
echocardiography or magnetic resonance imaging 32. Improvement of electrocardiographic 
criteria for left ventricular hypertrophy is therefore desirable. As is demonstrated in this 
thesis, several measures of body fat distribution are associated with subclinical cardiovascular 
changes or increased cardiovascular risk. Addition of measures of body fat distribution 
to electrocardiogram-based diagnosis could improve their accuracy. For left ventricular 
hypertrophy, improvement by taking into account body mass index was previously studied 
52-55. However, other measures of body fat distribution were not investigated. In Chapter 
7 improvement of the ECG-based diagnosis of left ventricular hypertrophy, by taking into 
account measures of body fat distribution, or the extra electrocardiographic parameters 
T-wave abnormalities and spatial QRS-T angle is presented. 

Finally, in chapter 8 a summary of the results of this thesis, their implications, and directions 
for future research are provided. 
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ABSTRACT

Background
Body fat distribution is, next to overall obesity, an important risk factor for cardiometabolic outcomes 
in the general population. In particular, visceral adipose tissue (VAT) is strongly associated with 
cardiometabolic risk factors. Since it is unclear whether body fat distribution is also important in men 
and women with obesity we investigated the associations between measures of body fat distribution 
and cardiometabolic risk factors in men and women with obesity.

Methods
In this cross-sectional analysis of obese men and women (BMI≥30 kg/m2) included in the Netherlands 
Epidemiology of Obesity Study, waist:hip ratio (WHR), waist circumference, and MRI-based abdominal 
subcutaneous adipose tissue (aSAT) and VAT were determined. Associations between measures of 
body fat distribution and presence of ≥1 risk factor, such as hypertension or hypertriglyceridemia, 
were examined using logistic regression analyses; stratified by sex and adjusted for age, ethnicity, 
education, tobacco smoking, alcohol consumption, physical activity and depending on the association 
additionally for total body fat or VAT. 

Results
We included 2,983 obese individuals (57% women) with a mean age of 56 and standard deviation 
(SD) of 6 and mean BMI of 34.0 kg/m2 (4.0), after exclusion of individuals with missing values of 
cardiometabolic risk factors (n=33). 241 individuals were obese without other cardiometabolic risk 
factors. In obese women, all measures of body fat distribution except aSAT (OR per SD: 0.76, 95%CI: 
0.53, 1.10) were associated with having ≥1 cardiometabolic risk factor, of which VAT most strongly 
associated (5.77; 3.02, 11.01). In obese men, associations of body fat distribution and the presence of 
cardiometabolic risk factors were attenuated. (e.g. VAT:1.42; 0.84, 2.41).

Conclusions
In obese women, but less so in men, measures of body fat distribution, of which VAT most strongly, are 
associated with cardiometabolic risk factors. 
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INTRODUCTION

Obesity has become a major health problem and in several countries its prevalence keeps 
rising 1,2. It has been estimated that obesity was responsible for 3.4 million deaths in 2010 
worldwide 3. Obesity is an important risk factor for the development of cardiovascular 
diseases (CVD) through cardiometabolic abnormalities such as insulin resistance and 
hypertension.  In addition to overall obesity, body fat distribution, abdominal obesity in 
particular, has emerged as an important risk factor for type 2 diabetes and CVD in the 
general population 4,5. It has been proposed that the excess risk of cardiometabolic disease 
associated with abdominal obesity is due to the presence of large amounts of visceral 
adipose tissue (VAT), which is highly metabolically active 6. Next to insulin resistance, VAT 
has also been associated with hypertension and subclinical atherosclerosis in the general 
population 7. Since body fat distribution is sexually dimorphic and sex hormones may play a 
role in the adverse effects of VAT, associations of VAT with cardiometabolic risk factors may 
differ between men and women 8,9. 

It is unclear whether these associations of abdominal adiposity with cardiometabolic 
risk factors are also present in obese individuals. Although obesity is associated with 
adverse cardiometabolic effects and CVD, not all obese individuals have cardiometabolic 
abnormalities. It has been suggested that 10-30% of obese individuals do not have obesity-
associated cardiometabolic disorders 10-14. This ‘healthy obese’ phenotype has been 
associated with a lower amount of visceral and ectopic fat relative to subcutaneous fat 15-17. 
It thus appears that abdominal adiposity, and especially amount of VAT is also important in 
individuals 18,19. Therefore, we aimed to investigate the associations between measures of 
abdominal adiposity with several cardiometabolic risk factors in obese men and women in 
the NEO Study.

METHODS

Study design and population
The Netherlands Epidemiology of Obesity (NEO) study is a population-based, prospective 
cohort study designed to investigate pathways that lead to obesity-related diseases, 
including 6,671 individuals. Men and women aged between 45 and 65 years with a self-
reported BMI of 27 kg/m2 or higher living in the area of greater Leiden (in the West of 
The Netherlands) were eligible to participate in the NEO study. In addition, all inhabitants 
aged between 45 and 65 years from one municipality (Leiderdorp) were invited irrespective 
of their BMI, allowing for a reference distribution of BMI. Individuals were invited to 
a baseline visit at NEO study centre of the LUMC after an overnight fast. At the time of 
inclusion, individuals completed a screening form, asking about anything that might 
create a health risk or that might interfere with imaging (most notably metallic devices, or 
claustrophobia). An additional contraindication for magnetic resonance imaging (MRI) was 
a body circumference of more than 1.70 m. Of the individuals without contra-indications 
for MRI, approximately 35% were randomly selected to undergo MRI. Prior to the study 
visit, individuals completed a questionnaire at home with demographic, lifestyle, and clinical 
information. At the study centre all individuals underwent an extensive physical examination, 
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including anthropometry and blood sampling. In the present study, individuals without 
obesity and individuals with missing values of waist circumference, glucose, triglycerides, 
HDL-cholesterol concentrations, or blood pressure were excluded. Further details of the 
study design and population have been described in detail elsewhere 20. The Medical Ethical 
Committee of the Leiden University Medical Center (LUMC) approved the design of the 
study and all individuals gave their written informed consent.

Data collection
The ethnicity of individuals was self-identified in eight categories on the questionnaire 
and then grouped into white and other. Level of education was reported in 10 categories 
according to the Dutch education system and grouped as low (none, primary school or lower 
vocational education) versus high education. Tobacco smoking was categorized into current 
smoker, former smoker, or never smoker. Alcohol consumption was reported using a food 
frequency questionnaire and calculated into grams/day 21. Physical activity was reported by 
the individuals using the Short Questionnaire to Assess Health-enhancing physical activity 
(SQUASH) 22. We calculated the energy expended during physical activity in leisure time in 
hours per week of metabolic equivalents (MET-h/week). Individuals were asked to bring 
all the medication they were currently using to the study visit and to report their medical 
history of diabetes or CVD. Brachial blood pressure was measured in a seated position on the 
right arm using a validated automatic oscillometric device (OMRON, Model M10-IT, Omron 
Health Care Inc, IL, USA). Blood pressure was measured three times with 5 minutes rest 
between consecutive measurements. The mean systolic and diastolic blood pressure were 
calculated. Blood plasma was sampled after an overnight fast of 10 hours. Fasting glucose, 
triglyceride and high-density lipoprotein concentrations were measured with standard 
methods in the central clinical chemistry laboratory of the LUMC 20.

Measures of body fat 
Height and weight were measured without shoes and 1 kg was subtracted from the weight 
to correct for clothing. BMI was calculated by dividing the weight in kilograms by the height 
in meters squared. Obesity is defined as BMI ≥ 30 kg/m2. The waist circumference was 
measured with a horizontally placed flexible tape in the middle of the distance between the 
lowest rib and the iliac crest. The hip circumference (HC) was measured at the maximum 
circumference of the buttocks. The waist-hip-ratio (WHR) was calculated by dividing the 
waist circumference by the HC. With a bio-impedance device (TBF-310, Tanita International 
Division, UK) total body fat (TBF) was estimated. Abdominal subcutaneous adipose tissue 
(aSAT) and VAT were assessed by MR imaging (1.5 Tesla MR imaging, Philips Medical 
Systems) using a turbo spin echo imaging protocol in a subgroup of 2580 individuals. Three 
transverse images with a slice thickness of 10 mm were obtained during a breath-hold at the 
level of the fifth lumbar vertebra. The fat depots were converted from the number of pixels 
to centimeters squared. In the analyses, the average of the three slices was used.
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Cardiometabolic risk factors
To define different cardiometabolic risk factors, we used four components of the definition 
of metabolic syndrome as proposed by the National Cholesterol Education Program (NCEP) 
Adult Treatment Panel III (ATPIII), with minor modifications as stated in the American Heart 
Association (AHA) and the National Heart, Lung, and Blood Institute (NHLBI) statement 23. 
We used 1) raised serum triglyceride concentrations (≥1.7 mmol/L) or on drug treatment to 
reduce triglyceride concentrations; 2) reduced serum HDL-cholesterol concentrations (<1.03 
mmol/L for men, <1.3 mmol/L for women) or on drug treatment to elevate HDL-cholesterol; 
3) raised blood pressure (≥130 mmHg systolic/≥85 mmHg diastolic) or on antihypertensive 
drug treatment; 4) raised fasting plasma glucose concentrations (≥5.56 mmol/L) or on drug 
treatment to lower glucose concentrations.

Statistical analysis
Baseline characteristics are presented as mean (SD), median (interquartile range) or as 
percentage. We standardized the measures of body fat to a mean of zero with a standard 
deviation of one. Then we performed logistic regression analyses and calculated odds ratios 
(ORs) and 95% confidence intervals, per standard deviation of measure of body fat, on having 
at least one risk factor compared with men and women without any other cardiometabolic 
risk factors than obesity. 

Crude associations were adjusted for sex, age, ethnicity, smoking, alcohol intake, education 
level, physical activity and statin use. Associations of WHR, waist circumference and VAT 
were additionally adjusted for total body fat and associations of aSAT were additionally 
adjusted for VAT. Data were analysed using STATA (Statacorp, College Station, Texas, USA), 
version 14.

RESULTS

After excluding individuals with missing data on fasting plasma glucose concentrations or 
glucose lowering therapy (n=26), blood pressure or use of antihypertensive therapy (n=5) and 
serum triglyceride concentrations or use of medication to reduce triglyceride concentrations 
(n=2), we ultimately included 2,983 individuals in our analyses of which in 1,071 individuals 
VAT and aSAT measurements were available. The baseline characteristics are shown in Table 
1. Of our study population, 241 individuals did not have any cardiometabolic risk factors and 
2,742 individuals had at least one cardiometabolic risk factor. However, 3% of individuals 
in the group without cardiometabolic risk factors did use lipid lowering medication. Next 
to 8% participants without any cardiometabolic risk factors, 26% had one risk factor, 34% 
had two risk factors, 21% had three risk factors and 11% had 4 risk factors. Compared with 
individuals without any risk factors, individuals with at least one other risk factor were older, 
more often men, more often former or current smoker and had a higher alcohol intake. 
There was no difference in physical activity between the groups.
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Table 1. Baseline characteristics of the study population

Cardiometabolic health status

0 risk factors (n=241) ≥1 risk factor (n=2,742)

Age, years 53 (6) 56 (6)

Sex, men, % 23 45

Ethnicity, white, (%) 95 94

Smoking

Never, % 41 32

Former, % 45 53

Current, % 14 16

Alcohol intake, g/day 4.3 (1.0-14.5) 7.8 (1.0-21.7)

Physical activity (MET-hour/week) 24.8 (15.0-42.5) 24.5 (11.1-44.0)

Education level, low, (%)a 27 33

History of CVD, % 3 9

BMI, kg/m2

Men 32.7 (2.9) 33.3 (3.3)

Women 33.5 (3.3) 34.7 (4.5)

Waist:hip ratio

Men 0.99 (0.1) 1.02 (0.1)

Women 0.88 (0.1) 0.90 (0.1)

Waist circumference, cm

Men 112.9 (8.3) 115.2 (9.3)

Women 104.0 (9.1) 107.4 (11.0)

aSAT, cm2

Men 360.1 (110.6) 330.3 (87.1)

Women 448.0 (95.4) 432.9 (93.3)

VAT, cm2

Men 148.5 (69.6) 180.4 (64.8)

Women 90.0 (30.7) 132.4 (51.2)

Systolic blood pressure, mmHg 116.3 (7.8) 135.7 (16.8)

Diastolic blood pressure, mmHg 76.6 (5.5) 87.2 (10.1)

Use of antihypertensive therapy, % 0 45

Triglycerides, mg/dL 88.6 (67.3-111.6) 130.2 (93.0-176.3)
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Table 1. Continued

HDL-cholesterol, mg/dL 

Men 51.1 (7.9) 44.7 (10.9)

Women 65.5 (11.4) 56.4 (14.2)

Use of lipid lowering therapy, % 3 21

Fasting glucose, mg/dL 92.8 (5.5) 109.1 (24.0)

Use of glucose lowering therapy, % 0 10

Data are presented as mean (SD), median (25th, 75th percentiles), or percentages. MET, metabolic 
equivalent of task during leisure time; BMI, body mass index; VAT, visceral adipose tissue; aSAT, 
abdominal subcutaneous adipose tissue. CVD, cardiovascular disease; HDL, high-density lipoprotein. 
a lower education: none, primary school, lower vocational education

Table 2 and Figure 1 show ORs and 95% confidence intervals per standard deviation of 
measure of body fat distribution on having at least one cardiometabolic risk factor in the 
whole study population and in men and women separately. In the whole study population, 
one SD higher WHR (0.1) was associated with an OR of 1.40 on having at least one 
cardiometabolic risk factor compared with individuals without any risk factors (95%CI: 1.15 
, 1.70). One SD higher waist circumference (11cm) was associated with an OR of 1.29 (1.05 , 
1.59) and one SD higher VAT (64cm2) most strongly with an OR of 2.91 (1.94 , 4.36) on having 
at least one cardiometabolic risk factor. In the whole study population, no association was 
found between aSAT and having at least one cardiometabolic risk factor (OR: 0.79; 95%CI: 
0.60 , 1.04). Also, there was a clear dose-response between number of cardiometabolic risk 
factors and measures of body fat distribution, with higher WHR, waist circumference and 
VAT associated with higher number of risk factors. This was not visible for aSAT. (Data not 
shown)

In women, 1 SD higher WHR was associated with an OR of 1.45 on having at least one 
cardiometabolic risk factor compared with individuals without any risk factors (95% CI: 1.17, 
1.80), 1 SD higher waist circumference with an OR of 1.29 (1.03, 1.63)  and 1 SD higher VAT 
with an OR of 5.77 (3.02, 11.01). Abdominal SAT was not associated with an OR of 0.76 
(0.53, 1.10) per SD on having at least one cardiometabolic risk factor.

In men, the associations of the measures of body fat distribution and cardiometabolic risk 
factors were much weaker than in women or even absent. In women one SD higher VAT 
(64.0 cm2) was associated with an OR of 5.77 (95% CI: 3.02, 11.01) on having at least one 
cardiometabolic risk factor, while in men one SD higher VAT was associated with an OR of 
1.42 (0.84 , 2.41) on having at least one cardiometabolic risk factor. (p-value interaction: 
0.002) In men, WHR (OR: 1.21; 95%CI: 0.75, 1.95), waist circumference (1.15; 0.71 , 1.86) 
and aSAT (0.73; 0.46 , 1.16) were not associated with an increased cardiometabolic risk.
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Figure 1. Association of measures of body fat distribution on having at least one cardiometabolic risk 
factor.
Data are presented as odds ratio (95% CI) per standard deviation of measure of body fat distribution 
in men and women. WHR, waist:hip ratio; WC, waist circumference; aSAT, abdominal subcutaneous 
adipose tissue; VAT, visceral adipose tissue adjusted for age, ethnicity, education, tobacco smoking, 
alcohol consumption and physical activity. Associations of WHR, WC and VAT are additionally 
adjusted for total body fat and associations of aSAT additionally for VAT.
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DISCUSSION

In this cross-sectional study, we examined several measures of body fat distribution in relation 
to cardiometabolic risk factors in obese men and women participating in the NEO study. 
In obese women, WHR, waist circumference and VAT were associated with an increased 
cardiometabolic risk, whereas aSAT was not. Furthermore, in obese women, VAT was most 
strongly associated with an increased cardiometabolic risk. In obese men, associations 
between measures of body fat distribution and cardiometabolic health were much weaker, 
if present at all. Several studies in the general population have also shown associations of 
abdominal adiposity, and visceral adiposity in particular, with cardiometabolic risk factors 
(reviewed in 6). In the Framingham Heart Study, it was found that also in obese individuals, 
VAT was associated with hypertension, impaired fasting plasma glucose and the metabolic 
syndrome 24. In a study in obese adults, VAT was associated with impaired fasting plasma 
glucose and type 2 diabetes mellitus, whereas general adiposity was not 25. 

VAT could be associated with increased cardiometabolic risk through several mechanisms. 
VAT is characterised by a high rate of lipolysis, resulting in an excess production of free fatty 
acids. These free fatty acids are released into the portal circulation and transported to the 
liver, which could result in excess intra-hepatic fat, a risk factor for cardiometabolic disease 
26,27. In addition, VAT has a high secretion rate of growth factors, cytokines, and hormones 
that are involved in the pathogenesis of cardiometabolic diseases 28-30. Furthermore, when 
adipocytes become larger with an increase in the amount of VAT , they also become more 
dysfunctional, for example through hypoxia, which leads to the increased release of free 
fatty acids and cytokines 31. 

We observed clear differences in associations of fat distribution and cardiometabolic risk 
factors between men and women. In obese women, measures of body fat distribution 
were associated with cardiometabolic health status, while in men they were not or only 
weakly associated. Differences in associations of measures of body fat distribution and 
cardiometabolic risk factors between men and women have previously been reported 
from other studies. In the Framingham Heart Study, in both obese men and women, VAT 
was associated with hypertension and the metabolic syndrome. The association of VAT 
with impaired fasting plasma glucose was only present in obese women 24. A study with 
older individuals observed that VAT was stronger associated with diabetes in women than 
in men. However, this study did not investigate obese individuals in particular 32. Another 
study of normal-weight individuals observed that VAT was associated with cardiovascular 
risk factors only in women, but not in men 33. The exact explanation for these sex differences 
is to our knowledge not known, but sex steroids likely play a role 8. Body fat distribution 
is sexually dimorphic and it is well-known that men accrue more visceral fat and women 
accrue more subcutaneous fat in general 9. After the menopause, adipose tissue of women 
shifts toward the visceral fat depot, likely due to decreasing oestrogen levels 34. A study with 
68 individuals showed that increasing VAT was associated with an increased contribution 
of VAT lipolysis to hepatic free fatty acid delivery and that this association was stronger in 
women than in men 35. Also, some pituitary hormones are known to influence adipocyte 
function. Prolactin and growth hormone have both been shown to stimulate lipolysis and 
the effects of growth hormone seem to differ between internal or subcutaneous adipose 
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tissue sites 36. Furthermore, it is known that these pituitary hormones can be influenced 
by sex hormones or have different mRNA levels in men and women 37,38. Because of their 
influence on both the distribution and the function of adipose tissue, it is thus likely that sex 
hormones play an important role in the observed differences between men and women 39,40. 

A strength of our study is the large study population (n=2,983) and the extensive 
phenotyping of the individuals at baseline. Despite the extensive measurements of 
potential confounding factors in the NEO study, we cannot exclude the possibility of 
residual confounding. Furthermore, in our study VAT and aSAT were directly assessed by MR 
imaging. A weakness of this study is that we cannot determine causal relations, because of 
the observational cross-sectional design. Furthermore, our study population consists mostly 
of white individuals, and associations between fat depots and cardiometabolic risk factors 
might differ between ethnic groups. Also, VAT was measured using three transverse slices at 
the level of the fifth vertebra and then converted to centimetres squared, which does not 
completely correspond with total VAT volume 41. 

In conclusion, our results are in line with previous literature, indicating that abdominal 
adiposity is an important determinant of cardiometabolic health. On top of previous 
literature, we showed that in obese women, but less so in obese men, VAT is most strongly 
associated with cardiometabolic risk factors, compared with the other measures of body 
fat distribution. Future studies should aim at unravelling the underlying mechanisms of the 
detrimental metabolic effects of visceral fat in women.
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ABSTRACT

Background 
The metabolic syndrome (MetS) and its components are well-established risk factors for cardiovascular 
diseases (CVD). It is inconclusive whether MetS and MetS score are associated with electrocardiographic 
markers of subclinical CVD, therefore we investigated this in a population without pre-existing CVD.

Methods 
We performed a cross-sectional analysis in the Netherlands Epidemiology of Obesity study, a 
population-based cohort including 6671 participants aged 45-65. We excluded participants with pre-
existing CVD (n=499) or missing MetS components (n=58). MetS was defined based on a modified 
definition of Adult Treatment Panel III. Subclinical CVD parameters were determined with 12-lead 
ECGs. MetS score was defined as number of abnormal MetS components and obesity as Body Mass 
Index (BMI) ≥30 kg/m2. We performed weighted adjusted linear regression analyses.

Results
Our study population (n=6114) had a mean (SD) BMI of 26.3 (4.4) kg/m2 and MetS was present in 
24% of participants. All ECG parameters differed between participants with and without MetS. Per 
additional MetS component, heart rate was 0.17 SD (95%CI:0.15, 0.19) higher, P wave duration, QRS 
complex duration and corrected QT interval were longer (0.07 SD (0.05, 0.10), 0.04 SD (0.01, 0.06) and 
0.05 SD (0.02, 0.08) respectively), P wave axis, T wave axis and QRS axis were lower (-0.10 SD (-0.12, 
-0.07), -0.07 SD (-0.10, -0.05) and -0.19 SD (-0.22, -0.16)) and percentage small Q-waves also increased 
per additional MetS component. Associations were stronger in non-obese than obese participants. In 
joint modelling of all MetS components, increased waist circumference showed strongest associations 
with ECG parameters.

Conclusions
MetS score and its individual components, in particular abdominal obesity, are associated with ECG 
markers of subclinical CVD, showing the importance of limiting the amount of MetS components in 
both obese and non-obese persons. 
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INTRODUCTION

Cardiovascular disease (CVD) is the number one cause of death worldwide 1. Metabolic 
syndrome (MetS) is a combination of cardiovascular risk factors such as obesity, 
hyperglycemia, dyslipidemia and hypertension, and has been associated with increased risk 
of CVD. A recent meta-analysis showed that individuals with MetS had a two-fold increased 
risk of CVD and a 1.5-fold increased risk of all-cause mortality 2.  In a study including 4122 
participants with a mean follow-up of 8.5 years, the risk of coronary heart disease increased 
with increasing number of MetS components 3. In addition, there are also studies showing 
that separate components are more important for the risk of different outcomes than the 
combination of components in MetS 4,5. Obesity is a key component in MetS, becoming 
more relevant because of its increasing prevalence. However, there are also people who are 
metabolically unhealthy, but non-obese. Also, in these individuals there is a higher prevalence 
of diabetes and CVD 6. Therefore it is important to understand the relation between MetS 
and its components and subclinical CVD in both non-obese and obese subpopulations.

Some previous studies investigated the association between MetS and subclinical CVD. 
Presence of MetS was associated with increased arterial stiffness, higher resting heart 
rate, prolonged QRS and prolonged QT interval and an abnormal T-wave axis 7,8. However, 
associations of MetS with subtle changes in electrocardiographic markers, indicative of 
subclinical CVD, are not fully elucidated. Few studies investigated these associations in 
both non-obese and obese subpopulations. Knowledge on these associations may give 
more insight in possible population consequences of subtle ECG changes. Therefore, our 
objectives were to investigate the associations of MetS with subclinical CVD, of the number 
of abnormal MetS components with subclinical CVD and to investigate whether these 
associations differ between obese and non-obese individuals without pre-existing CVD 
within the Netherlands Epidemiology of Obesity (NEO) study. Furthermore, we investigated 
contributions of separate MetS components to subclinical CVD. 

METHODS

Study design and population
The NEO study is a population-based, prospective cohort study comprising 6671 individuals, 
included between 2008 and 2012 and aged between 45 and 65 years 9. Participants with 
BMI of 27 kg/m2 or higher were oversampled and also all inhabitants aged between 45 and 
65 years from one municipality (Leiderdorp) were invited irrespective of their BMI, allowing 
for a reference distribution of BMI. Participants were invited to a baseline visit at the NEO 
study centre of the Leiden University Medical Center (LUMC) after an overnight fast. During 
this visit all participants underwent an extensive physical examination, including blood 
sampling and ECG. Participants completed a questionnaire with demographic, lifestyle, and 
clinical information. We excluded participants with missing values of waist circumference, 
glucose, triglycerides, HDL-cholesterol or blood pressure. Furthermore, participants with 
pre-existing CVD, defined as myocardial infarction, angina, congestive heart failure, stroke, 
or peripheral vascular disease, were excluded. The Medical Ethical Committee of the LUMC 
approved the design of the study. All participants gave informed consent. 
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Data collection
Ethnicity was reported by the participants in eight categories and grouped into white and 
other. Level of education was reported in 10 categories according to the Dutch education 
system and grouped as low (none, primary school or lower vocational education) versus 
high.  Tobacco smoking was categorized into current, former, or never smoker. Alcohol 
consumption was reported using a food frequency questionnaire and calculated into 
grams/day. Physical activity was reported using the Short Questionnaire to Assess Health-
enhancing physical activity (SQUASH) questionnaire 10. Energy expended during physical 
activity was calculated in leisure time in hours per week of metabolic equivalents (MET-h/
week). Participants were asked to bring the medication they were currently using to the 
study visit and to report their medical history of diabetes or CVD. Height and weight were 
measured without shoes and 1 kg was subtracted from the weight to correct for clothing. 
BMI was calculated by dividing weight in kilograms by height in meters squared. Waist 
circumference was measured with a horizontally placed flexible tape in the middle of the 
distance between the lowest rib and the iliac crest. Brachial blood pressure was measured in 
seated position on the right arm using a validated automatic oscillometric device (OMRON, 
Model M10-IT, Omron Health Care Inc, IL, USA). Blood pressure was measured three times 
with 5 minutes rest between consecutive measurements. Mean systolic and diastolic blood 
pressure were calculated. Blood plasma was sampled after an overnight fast of 10 hours. 
Fasting glucose, triglyceride and high-density lipoprotein concentrations were measured 
with the enzymatic colorimetric method (Roche Modular Analytics P800, Roche Diagnostics 
Mannheim, Germany).

A 12-lead ECG was obtained using a Mortara Eli-350 electrocardiograph (Mortara Instrument 
Inc., Best, the Netherlands) after a resting period of at least 10 minutes. ECGs were analysed 
using the automatic MATLAB-based (The MathWorks, Natick, MA) program BEATS and the 
semiautomatic program LEADS 11,12. ECGs were also provided to the University of Glascow 
ECG core lab where Minnesota Codes were determined 13-15. In order to assess subtle 
changes in ECG parameters, that could indicate subclinical CVD in a population without 
known overt cardiovascular diseases, heart rate, P wave duration, QRS complex duration, 
PR interval, corrected QT interval (corrected according to the Bazett formula), P-, T- and 
QRS axis were determined. Furthermore, small Q-waves were assessed using the Minnesota 
Coding System, which is a system to objectively describe electrocardiographic findings. We 
defined small Q-waves as Minnesota Codes 1.2.x or 1.3.x.

These ECG parameters are known to be of prognostic importance for CVD development 16-19. 

Metabolic syndrome definition
The definition of MetS as proposed by the National Cholesterol Education Program Adult 
Treatment Panel III was used, with minor modifications as stated in the American Heart 
Association and the National Heart, Lung, and Blood Institute statement 20. MetS is defined 
as the presence in an individual of at least three out of the five following criteria: 1)increased 
waist circumference (>102 cm for men, >88 cm for women); 2)raised serum triglyceride 
levels (1.7 mmol/L) or on drug treatment to reduce triglyceride concentrations; 3)reduced 
serum HDL-cholesterol levels (1.03 mmol/L for men, 1.3 mmol/L for women) or on drug 
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treatment to elevate HDL-cholesterol; 4)raised blood pressure (≥130 mmHg systolic/≥85 
mmHg diastolic) or on antihypertensive drug treatment; 5)raised fasting plasma glucose 
(5.56 mmol/L) or on drug treatment to lower glucose concentrations. Obesity is defined 
as BMI ≥ 30 kg/m2 and MetS score as total number of MetS components present in an 
individual.

Statistical analysis
To correctly represent associations in the general population, adjustments for the 
oversampling of participants with BMI of 27 kg/m2 or higher were made by weighting 
individuals towards the BMI distribution of participants from the Leiderdorp municipality 
whose BMI distribution was similar to that of the general Dutch population 21, 22. 

Baseline characteristics were summarized as mean (SD) or percentage and stratified by the 
presence of MetS. We examined the associations between MetS and the ECG parameters 
heart rate (bpm), P wave duration (ms), QRS complex duration (ms), PR interval (ms), 
corrected QT interval (ms), P- (◦), T- (◦), QRS axis (◦)  and percentage of small Q-waves using 
linear regression analysis. 

We calculated Z-scores and standardized the ECG parameters to a mean of zero with 
a standard deviation of one, in order to express the associations in SDs and compare 
them with each other. Next, we performed linear regression analyses with MetS score 
(0-5) as the independent and standardized ECG parameters as the outcome variables. To 
investigate differences in associations between obese and non-obese persons, we tested 
for interaction with obesity by including product terms of obesity and MetS in all models.  
Finally, to investigate the separate contributions of the MetS components in relation to 
the ECG parameters, we included all MetS components (dichotomous) in one joint model.  
Crude associations were adjusted for age, sex, ethnicity, smoking, alcohol intake, education 
level, physical activity, and statin use.  Data were analysed using STATA version 14.

RESULTS

Of the 6671 participants included in the NEO study, we consecutively excluded participants 
with a history of CVD (n=499), missing data on fasting plasma glucose or glucose lowering 
therapy (n=45), blood pressure or use of antihypertensive therapy (n=7), waist circumference 
(n=4) and serum triglycerides or use of medication to reduce triglyceride concentrations 
(n=2). We ultimately included 6114 participants. Baseline characteristics are shown in Table 
1. Of the participants, 24% met MetS criteria. Participants with MetS were more often 
men, current or former smoker and had a lower educational level. By definition, all other 
cardiovascular risk factors were more often present in the participants with MetS. 
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Table 1. Baseline characteristics of NEO study population without pre-existing CVD

Metabolic syndrome

No (76%) Yes (24%)  

Age, years  55.3 (5.2) 56.5 (7.9)  

Sex, men, % 39.9 52.6  

Ethnicity, white, % 95 96

BMI, kg/m2 25.0 (3.0) 30.1 (6.4)  

Smoking, %

Never 40.8 33.5  

Former 44.3 48.0  

Current 14.9 18.5  

Alcohol intake, g/dag 9.7 (3.2-20.9) 10.4 (2.0-24.6) 

Physical activity, MET-hour/week 30.9 (16.9-51.0) 25.8 (11.8-45.2) 

Education level, low, (%)* 16.0 28.0 

Fasting plasma glucose, mg/dL 93.7 (88.3-98.9) 105.7 (98.9-114.2) 

Use of glucose lowering therapy, % 0.6 7.6  

Systolic blood pressure (mmHg) 127.6 (14.1) 137.6 (22.6) 

Diastolic blood pressure (mmHg) 81.7 (8.5) 87.9 (13.4) 

Use of antihypertensive therapy, % 14.5 40.3  

Waist circumference (cm) 

Men 94.4 (7.7) 106.9 (13.9) 

Women 83.6 (9.0) 101.1 (15.4) 

Triglycerides, mg/dL 78.8 (59.3-106.3) 160.3 (111.6-208.1) 

HDL, mg/dL 

Men 55.8 (11.0) 43.3 (15.4) 

Women 71.5 (13.9) 53.4 (18.8) 

Use of lipid lowering therapy, % 4.8 18.8

Data are presented as mean (SD), median (IQR) or percentage. Results were based on analyses 
weighted towards the BMI distribution of the general population.  
BMI, body mass index; MET, metabolic equivalent of task
* lower education: none, primary school, lower vocational education
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Crude and adjusted weighted linear regression analyses were performed to compare ECG 
parameters between participants with and without MetS. Participants with MetS had higher 
values of heart rate, P wave duration, QRS complex duration, PR interval and corrected QT 
interval, and lower values of P, T and QRS axis, i.e. more superiorly oriented axes. Furthermore, 
small Q-waves were more often present in participants with MetS (Supplementary Table 1). 
Table 2 shows this analysis for the non-obese and obese participants separately. In the non-
obese population, heart rate (difference: 5.0 bpm; 95%CI: 3.9, 6.2), P wave duration (2.3 ms; 
0.9, 3.6), P axis (-4.3°; -6.8, -1.9), T axis (-2.8°; -5.5, -0.1), QRS axis (-13.3°; -16.6, -10.1) and 
small Q-waves (2.8%; 0.2, 5.4) differed between participants with and without MetS and in 
the obese population, there were differences in heart rate (3.1 bpm; 2.2, 4.0), corrected QT 
interval (2.2 ms; 0.2, 4.2) and QRS axis (-2.9°; -5.3, -0.5).

Figure 1. ECG parameters in relation to metabolic syndrome score. 
Regression lines are shown for the different ECG parameters. ECG parameters are expressed in Z-scores. 
a. ECG parameters that increased with increasing number of metabolic syndrome components; b. ECG 
parameters that decreased with increasing number of metabolic syndrome components. Results were 
based on weighted analysis adjusted for age, sex, ethnicity, smoking, alcohol intake, education level, 
physical activity and statin use
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Figure 1 displays regression lines per SD of the ECG parameters used in a linear regression 
analysis per MetS component, with panel A showing all ECG parameters that increased and 
panel B showing all ECG parameters that decreased with increasing number of components. 
Per additional MetS component, heart rate, P wave duration, QRS complex duration and QTc 
interval increased and P-, T- and QRS axis decreased. 

In Table 3, the association of MetS score, ranging from zero to five, with Z-scores of ECG 
parameters is shown for obese and non-obese participants separately.  For P wave duration 
(p=0.027), P axis (p=0.001), T axis (p<0.001) and QRS axis (p<0.001) the interaction terms 
between MetS score and obesity were statistically significant. In the non-obese participants, 
with each additional MetS component, P wave duration was 0.05 SD (95%CI: 0.02,0.09) 
longer,  P axis was 0.08 SD (0.05,0.12) lower, T axis was 0.07 SD (0.04,0.11) lower and QRS 
axis was 0.17 SD (0.13,0.21) lower.  In the obese participants, P wave duration, P axis and 
T axis were not associated with increasing amount of MetS components, whereas QRS axis 
was 0.05 SD (0.02,0.08) lower with each additional component, but this was less than in the 
non-obese participants.  Furthermore, in non-obese participants percentage small Q-waves 
increased with each additional MetS component (4.5;  4.7; 6.8; 7.5; 11.6; 12.3%), while this 
was less clear in obese participants (0; 6.1; 8.8; 9.6; 9.2; 8.3%).

Table 3. Relation of standardized ECG parameters to metabolic syndrome scores (range 0-5)

ECG  
parameter All non-obese 

(84%)
obese 
(16%)

p-value 
int

Heart rate 0.17 (0.15 , 0.19) 0.16 (0.13 , 0.19) 0.12 (0.09 , 0.16) 0.137

P duration 0.07 (0.05 , 0.10) 0.05 (0.02 , 0.09) 0.00 (-0.04 , 0.03) 0.027

QRS duration 0.04 (0.01 , 0.06) 0.02 (-0.01 , 0.06) 0.04 (0.00 , 0.07) 0.466

PR interval 0.01 (-0.02 , 0.04) 0.00 (-0.04 , 0.04) 0.01 (-0.03 , 0.04) 0.866

QTc interval 0.05 (0.02 , 0.08) 0.04 (0.00 , 0.07) 0.05 (0.01 , 0.09) 0.335

P axis -0.10 (-0.12 , -0.07) -0.08 (-0.12 ,  -0.05) -0.01 (-0.05 , 0.02) 0.001

T axis -0.07 (-0.10 , -0.05) -0.07 (-0.11 , -0.04) 0.04 (0.00 , 0.08) <0.001

QRS axis -0.19 (-0.22 , -0.16) -0.17 (-0.21 , -0.13) -0.05 (-0.08 , -0.02) <0.001

Data are presented as β (95%CI); change in Z-score of ECG parameter per metabolic
syndrome component. Results were based on weighted analysis. Multivariate model adjusted
for age, sex, ethnicity, smoking, alcohol intake, education level, physical activity and statin 
use.
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In a joint model including all separate MetS components together with potential confounding 
factors (Table 4), high waist circumference was associated with all ECG parameters. High 
waist circumference was associated with 2.4 bpm (95%CI; 1.6, 3.2) higher heart rate, 3.4 
ms (2.2, 4.4) longer P wave duration, 1.0 ms (0.1, 1.9) longer QRS complex duration, 2.4 ms 
(0.6, 4.3) longer PR interval, 2.7 ms (1.0, 4.3) longer corrected QT interval, 7.4° (5.3, 9.4) 
lower P axis, 5.2° (3.3, 7.1) lower T axis, 12.9° (10.5, 15.2) lower QRS axis and 1.9% (0.2, 
3.6) more small Q-waves. In this joint model, hypertriglyceridemia was only associated with 
heart rate, reduced serum HDL-cholesterol with P wave duration, PR interval and QRS axis, 
increased blood pressure with heart rate, P wave duration, QRS complex duration, corrected 
QT interval, T axis and QRS axis and hyperglycemia with heart rate and PR interval. 

DISCUSSION

We observed that electrocardiographic markers of subclinical CVD differed between 
participants with and without MetS, indicating more subclinical CVD in participants with 
than without MetS. ECG parameters associated with subclinical CVD increased with every 
additional MetS component present in an individual and for P wave duration, P axis, T axis 
and QRS axis, these associations were stronger in the non-obese than the obese population. 
Furthermore, in joint models including all MetS components high waist circumference was 
associated with all ECG parameters whereas results for the other components were less 
strong. 

In this study, subclinical CVD was investigated by looking at subtle changes in ECG parameters. 
Although the observed changes are small and not per se of direct prognostic significance 
on the individual level, they give more insight on a population level. All ECG parameters 
investigated, have previously been associated with a broad range of future cardiovascular 
abnormalities, events or mortality 16-18, 23-27. 

Differences between participants with and without MetS have also been demonstrated in 
other studies. In a study with 6765 participants aged 45-84 years, MetS was associated with 
ECG abnormalities 28. The association of MetS with higher heartrate and also lower heart 
rate variability, indicative of an adverse effect of MetS on the cardiac autonomic modulation 
has previously been reported in literature 29,30. Furthermore MetS has been associated with 
borderline or abnormal T axis 31. Furthermore, in a study that included both individuals with 
MetS as well as their offspring, evidence of early subclinical cardiovascular damage was found 
in individuals with MetS as well as their offspring 32. In our study associations between MetS 
and ECG parameters are confirmed in a large group of extensively phenotyped individuals 
and on top of that we showed that it is important to pay attention to asymptomatic patients, 
with just zero or one component present, to prevent the increase of MetS components in 
these individuals and thereby also the development of CVD. We showed that this is already 
important in the non-obese population, since the associations of MetS with subclinical CVD 
are also present in this population. 
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We observed associations between the presence of MetS and also MetS score and ECG 
parameters. Thus far, literature is inconclusive about the risk associated with MetS 
components and increasing MetS score. In a study with 9406 participants, it was concluded 
that MetS was not associated with 1-year mortality, while reduced HDL-cholesterol was 
associated with higher risk and raised triglycerides were associated with lower 1-year 
mortality risk 5. In a case-control study, MetS was associated with higher risk of venous 
thromboembolism. However, after multivariate analysis, only abdominal obesity was 
associated with higher risk 4. There are also studies stating that increasing MetS score 
can be used as a risk factor for CVD 33, 34. Moreover, it was shown that MetS is associated 
with increased heart failure risk in individuals without diabetes or baseline macrovascular 
complications 35. 

Associations between ECG parameters and MetS score seemed stronger in the non-obese 
population. A possible explanation is that obese participants are more likely to have a 
high waist circumference and also worse ECG parameters, so they have less variation in 
their MetS score which varies from zero to five. Nevertheless, our study shows that in 
non-obese participants every additional component contributes to the association with 
subclinical CVD. However, pathophysiological mechanisms underlying this difference 
between non-obese and obese participants remain unclear from existing literature.  

Furthermore, in the analysis of MetS components separately (Table 4), we are aware that 
when adjusting the associations of increased waist circumference and subclinical CVD, it is 
possible that adjustments are made for factors that might partially be in the causal pathway. 
However, this would dilute the associations, so the true association between increased waist 
circumference and subclinical CVD might even be stronger than the association that we find.

It is inconclusive through which mechanisms obesity or increased waist circumference lead 
to ECG abnormalities. Possibilities are increased sympathetic system activity, elevation 
of the diaphragm and increased cardiac output leading to left ventricular hypertrophy 
36,37. Body fat was associated with measures of sympathetic activation in subjects with 
structurally normal hearts in the NEO study 38. The leftward (superior) shifts of the T-, P- and 
QRS axis were associated with obesity in other studies 39-41. Obesity can lead to an increase 
in cardiac loading and remodelling of the heart muscle leading to PR interval lengthening 42. 
Also hormones produced by the adipose tissue influence the myocardial matrix, resulting 
in electrophysiological remodelling 42. Also endovascular effects of obesity are present, 
induced by paracrine hormone expression of the adipose tissue that could alter the atrial 
function 43. 

A strength of this study is the large study population (n=6114) and the extensive 
measurements of potential confounding factors that were performed in the NEO study. 
A weakness is its observational cross-sectional design, precluding any conclusions about 
causality of the observed relationships.
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On the basis of its observed relation with ECG parameters, we conclude that MetS is 
associated with subtle changes in ECG parameters, indicative of more subclinical CVD. As 
these ECG parameters are predictive of CVD and MetS score was associated with higher 
values of these parameters, MetS could be used as an early marker for subclinical CVD risk 
stratification, and to manage risks already in an early disease state. Furthermore, prevention 
of the development of MetS components is important in obese, but also very relevant in 
non-obese individuals.

Conclusions 
Metabolic syndrome score and its individual components, in particular abdominal obesity, 
are associated with ECG markers of subclinical CVD in both obese and non-obese persons.
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ABSTRACT

Background
Overall and abdominal obesity are well-established risk factors for cardiometabolic disease. However, 
associations of overall and abdominal adiposity with electrocardiographic (ECG) markers of subclinical 
cardiovascular disease (CVD) have not yet been fully elucidated. Therefore, we investigated these 
associations in a population without preexisting CVD.

Methods
We performed cross-sectional analyses in the Netherlands Epidemiology of Obesity Study. Body mass 
index (BMI), total body fat, and waist circumference were assessed in all participants, and abdominal 
subcutaneous adipose tissue and visceral adipose tissue (by magnetic resonance imaging) were 
assessed in a random subgroup. ECG parameters were determined using 12-lead electrocardiograms. 
We performed linear regression analyses, adjusting for potential confounding factors and, when 
investigating abdominal adiposity, additionally for total body fat.

Results
After exclusion of participants with preexisting CVD (n = 654), 5939 individuals (42% men) were 
analyzed, with a mean (SD) age of 55 (6) years and BMI of 26.3 (4.4) kg/m2. Measures of both overall 
and abdominal adiposity were associated with ECG parameters but none of these measures was more 
strongly associated than the others. For example, heart rate (beats/min) increased per SD higher 
BMI (2.2; 95% confidence interval 1.9, 2.5), total body fat (2.9; 2.4, 3.4), subcutaneous adipose tissue 
(2.3;1.7, 2.9), waist circumference (2.1; 1.4, 2.8), and visceral adipose tissue (1.7; 0.8, 2.5). In subgroup 
analyses based on gender and cardiovascular risk factors, no consistent interactions were observed.

Conclusions
In conclusion, in a middle-aged population without preexisting CVD, measures of both overall and 
abdominal adiposity were associated with ECG parameters. Future studies should evaluate the added 
value of adiposity measures in electrocardiography-based diagnoses and the prognostic value of 
adding adiposity measures to risk prediction tools.
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INTRODUCTION

Several studies have shown that high abdominal fat, especially excess visceral adipose 
tissue (VAT), plays an important role in the increased cardiometabolic risk associated with 
excess fat mass, on top of the important role that overall adiposity plays 1-3. Both overall 
and abdominal adiposity have been associated with cardiovascular end points, and more 
rarely with subclinical cardiovascular disease (CVD) 4-8. Excess fat mass is often assessed by 
body mass index (BMI); however, this might not be the best measure because it does not 
distinguish fat mass from fat-free mass. Total body fat and subcutaneous adipose tissue 
are more accurate measures of overall adiposity, and waist circumference and VAT are 
more accurate measures of abdominal adiposity. Reports on associations between both 
measures of overall and abdominal adiposity and commonly used electrocardiographic 
(ECG) parameters indicative of subclinical CVD (in a population without preexisting CVD) 
are scarce. Electrocardiography is widely used in clinical practice for diagnostics and also 
has significant prognostic value for CVD and mortality 9. We therefore focused on subtle 
changes in ECG parameters, which do not have immediate obvious importance, but that 
have previously been associated with a broad range of future cardiovascular abnormalities 
or mortality 10-17. We aimed to investigate associations between measures of overall and 
abdominal adiposity and ECG parameters in a population without preexisting CVD.

METHODS

The Netherlands Epidemiology of Obesity (NEO) Study is a prospective, population-based 
cohort study with 6671 individuals, included between 2008 and 2012. Men and women 
aged between 45 and 65 years, living in the area of greater Leiden (in the Netherlands), and 
with a BMI ≥ 27 kg/m2 were eligible to participate. In addition, all inhabitants aged between 
45 and 65 years from 1 municipality (Leiderdorp) were invited to join irrespective of their 
BMI, allowing a reference distribution of BMI. Participants completed a questionnaire on 
demographic and clinical information before the visit to the NEO study center. Participants 
were invited to a baseline visit at the NEO study center after an overnight fast. Participants 
with preexisting CVD were excluded from the present analyses because we were interested 
in subclinical CVD. Preexisting CVD was defined as either self-reported myocardial infarction, 
angina, congestive heart failure, stroke or peripheral vascular disease, or as presence of 
Minnesota codes for atrial fibrillation, left bundle branch block, right bundle branch block or 
Wolff-Parkinson-White syndrome, or as presence of an artificial pacemaker 18. Additionally, 
individuals with missing electrocardiograms were excluded. More information on the study 
design and population has been published elsewhere 19. The Medical Ethics Committee of 
the Leiden University Medical Center approved the design of the study. All participants gave 
their written informed consent.

Ethnicity was self-reported in 8 categories on the questionnaire and then grouped into white 
and other. Education level was grouped as low (none, primary school, or lower vocational 
education) and high education (intermediate secondary education, middle-level vocational 
education, higher secondary education, higher professional education, university, or 
other). Tobacco smoking was categorized into current, former, or never smokers. Alcohol 
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consumption was reported on a food frequency questionnaire and recalculated into gram/
day 20. Participants reported their physical activity using the Short Questionnaire to Assess 
Health-Enhancing Physical Activity, and physical activity was expressed in hours per week 
of metabolic equivalents 21. Participants were asked to bring all medications they were 
currently using to the study visit. Height and weight were measured without shoes and 1 kg 
was subtracted from the weight to correct for the weight of clothing. BMI was calculated by 
dividing the weight in kilograms by the height in meters squared. Waist circumference was 
measured with a horizontally placed flexible tape in the middle of the distance between the 
lowest rib and the iliac crest. With a bioimpedance device (TBF-310, Tanita International 
Division, Yiewsley, United Kingdom), total body fat was estimated. Abdominal subcutaneous 
adipose tissue and VAT were assessed by magnetic resonance imaging (1.5 T magnetic 
resonance imaging, Philips Medical Systems, Best, the Netherlands) using a turbo spin 
echo imaging protocol in a random group of 2580 participants without contraindications 
for magnetic resonance imaging (most notably metallic devices, claustrophobia, or a 
body circumference of more than 1.70 m). Three transverse images with a slice thickness 
of 10 mm were obtained at the level of the fifth lumbar vertebra during a breath-hold. 
The fat depots were converted from the number of pixels to centimeters squared. In the 
analyses, the average of the 3 slices was used. Brachial blood pressure was measured in a 
seated position on the right arm using a validated automatic oscillometric device (OMRON, 
Model M10-IT, Omron Health Care Inc, Lake Forest, Illinois). Blood pressure was measured 
3 times with 5-minute rest between consecutive measurements. The mean systolic and 
diastolic blood pressure were calculated. Blood was sampled after an overnight fast of 10 
hours. Fasting glucose, triglyceride, high-density lipoprotein, and low-density lipoprotein 
concentrations were measured with the enzymatic colorimetric method (Roche Modular 
Analytics P800, Roche Diagnostics Mannheim, Germany). A 12-lead electrocardiogram at 
rest was obtained using a Mortara Eli-350 electrocardiograph (Mortara Instrument Inc., 
Milwaukee, Wisconsin) after a period of rest of at least 10 minutes. ECGs were stored in a 
MegaCare electrocardiogram management system (Dräger, Zoetermeer, the Netherlands). 
Values for heart rate, P-wave duration, QRS complex duration, PR interval, corrected QT 
interval (corrected according to the Bazett formula), P-wave axis, T-wave axis, and QRS axis 
were recalculated using the GRI interpretation program, which is part of the management 
system, to assess subtle changes in ECG parameters, which could indicate subclinical CVD in 
a population without known overt CVDs 22. 

We defined various subgroups to perform stratified analyses in, namely, men or women, 
high or normal blood pressure levels, serum triglyceride, fasting plasma glucose, serum 
high-density lipoprotein cholesterol, and serum low-density lipoprotein cholesterol 
concentrations. Cut-off points were used that were proposed by the National Cholesterol 
Education Program Adult Treatment Panel III to define the metabolic syndrome, with minor 
modifications as stated in the American Heart Association and the National Heart, Lung, and 
Blood Institute statement and additionally also cut-off points for low-density lipoprotein 
cholesterol 23. High blood pressure was defined as blood pressure ≥ 130 systolic /≥ 85 mm Hg 
diastolic or on antihypertensive drug treatment in a patient with a history of hypertension; 
high serum triglyceride concentrations were defined as serum triglycerides ≥ 150 mg/dl or 
1.7 mmol/L or use of prescription drugs to reduce serum triglyceride concentrations; low 
serum high-density lipoprotein cholesterol was defined as serum high-density lipoprotein 
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cholesterol < 40 mg/dl or 1.03 mmol/L for men and <50 mg/dl or 1.3 mmol/L for women or 
use of prescription drugs to elevate serum high-density lipoprotein cholesterol; high fasting 
plasma glucose was defined as fasting plasma glucose ≥ 100 mg/dl or 5.56 mmol/L or use 
of prescription drugs to lower plasma glucose concentrations; and high serum low-density 
lipoprotein cholesterol is defined as serum low-density lipoprotein cholesterol > 160 mg/
dl or 4.1 mmol/L or use of prescription drugs to reduce serum low-density lipoprotein 
cholesterol concentrations.

In the NEO study, there is an oversampling of individuals with a BMI of 27 kg/m2 or higher. 
Adjustments for the oversampling of individuals with BMI ≥ 27 kg/m2 were made to correctly 
represent baseline associations in the general population. This was done by weighing 
individuals toward the BMI distribution of participants from the Leiderdorp municipality, 
whose BMI distribution was similar to the BMI distribution of the general Dutch population 24. 
All results are based on weighted analyses. Consequently, the results apply to a population-
based study without oversampling of individuals with a BMI ≥ 27 kg/m2. The data of the 
baseline characteristics were presented as mean (SD), median (interquartile range), or as 
percentage. We calculated Z-scores and standardized the adiposity measures to a mean of 
0 and a standard deviation of 1. The associations between the measures of overall adiposity 
(BMI, total body fat, and subcutaneous adipose tissue) and the measures of abdominal 
adiposity (waist circumference and VAT) with the ECG parameters heart rate (beats/
min), P-wave duration (milliseconds), QRS complex duration (milliseconds), PR interval 
(milliseconds), corrected QT interval (milliseconds), P-wave axis (°), T-wave axis (°), and QRS 
axis (°) were investigated using linear regression analyses and expressed as difference in 
ECG parameter with 95% confidence interval (CI). In crude models, the associations of waist 
circumference and VAT were adjusted for total body fat. Adjusted models were additionally 
adjusted for age, gender, ethnicity, smoking, alcohol intake, education level, physical 
activity, presence of chronic obstructive pulmonary disease, and use of several drugs that 
could influence the ECG parameters, namely, use of digoxin, class I/III blocking medication, 
β blockers, calcium channel blockers, and QT-prolonging drugs.

Analyses were repeated in the previously described subgroups. We tested for interaction 
between adiposity measures and subgroups by including product terms in the models. Data 
were analyzed using STATA version 14 (Statacorp, College Station, Texas, USA).

RESULTS

In the NEO study, 6671 participants were included. For the present analysis, we consecutively 
excluded participants with a self-reported history of CVD (n = 464), right bundle branch block 
(n = 95), left bundle branch block (n = 41), atrial fibrillation (n = 42), artificial pacemaker 
(n = 8), Wolff-Parkinson-White syndrome (n = 4), or missing electrocardiogram (n = 78), 
leaving 5939 participants for the main analysis. Measurements of visceral and subcutaneous 
adipose tissue were available in 2331 participants. The baseline characteristics of the study 
population are presented in Table 1. The mean (SD) age was 55 (6) years and 42% were men. 
Although women had more total body fat and more subcutaneous adipose tissue, men had 
higher BMI and more VAT.
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Table 1. Characteristics of 5939 participants aged 45 to 65 year from the Netherlands 
Epidemiology of Obesity study 

Total population Men (42%) Women (58%)

Age (years) 55 ± 6 56 ± 6 55 ± 6

Ethnicity, white 95% 95% 95%

Education level, low* 19% 18% 20%

Smoker

Never 39 36 42

Former 45 46 44

Current 16 18 14

Alcohol intake (grams/day) 9.8 (2.8 , 21.3) 16.4 (6.0 , 28.1) 7.7 (1.6 , 14.8)

Physical activity (MET-hour/week) 29.8 (15.3 , 49.3) 30.7 (15.0 , 50.0) 29.0 (15.8 , 48.5)

Fasting glucose (mmol/l; mg/dl ) 5.4 ± 1.0; 98.1 ± 
17.1

5.7 ± 1.1; 101.8 ± 
20.0

5.3 ± 0.8; 95.4 ± 
14.0

Use of glucose lowering therapy 2% 3% 2%

Systolic blood pressure (mmHg) 130.0 ± 17.1 134.4 ± 15.5 126.8 ± 17.5

Diastolic blood pressure (mmHg) 83.2 ± 10.3 85.0 ± 10.1 81.9 ± 10.3

Use of antihypertensive therapy 21% 20% 21%

Triglycerides (mmol/l; mg/dl) 1.0 (0.7 , 1.5);          
88.6 (63.8 , 129.3)

1.2 (0.8 , 1.7);           
102.7 (72.6 , 148.8)

0.9 (0.7 , 1.3);          
81.5 (60.2 ,115.1)

HDL-cholesterol (mmol/l; mg/dl) 1.6 ± 0.5; 61.3 ± 
17.8

1.4 ± 0.4; 52.2 ± 
14.1

1.8 ± 0.4; 67.9 ± 
17.0

LDL-cholesterol (mmol/l; mg/dl) 3.6 ± 1.0; 138.2 
± 37.2

3.6 ± 1.0; 138.8 ± 
38.1

3.6 ± 0.9; 137.8 ± 
36.5 

Use of lipid lowering therapy 8% 11% 6%

Waist circumference (cm) 91.8 ± 13.2 98.0 ± 11.3 87.2 ± 12.5

BMI (kg/m2) 26.3 ± 4.4 26.8 ± 3.8 25.9 ± 4.7

Total body fat (%) 31.8 ± 8.7 24.8 ± 6.0 36.9 ± 6.4

VAT (cm2) (n=2331) 88.3 ± 55.2 113.5 ± 60.4 66.4 ± 40.3

SAT (cm2) (n=2331) 234.6 ± 96.5 207.1 ± 84.2 258.4 ± 98.3

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MET, metabolic
equivalent of task; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
Results were based on analyses weighted towards the BMI distribution of the general population 
 (n=5939).
Results are presented as mean ± SD, median (IQR) or percentage.
* lower education: none, primary school, lower vocational education
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Figure 1. Associations of standardized obesity measures with electrocardiographic (ECG) parameters 
in 5939 participants aged 45 to 65 years from the Netherlands Epidemiology of Obesity Study 
(2331 with VAT and SAT). Results were based on linear regression analyses weighed toward the BMI 
distribution of the general population (n = 5939), and expressed as difference in the ECG parameter 
(with 95% confidence interval) per standard deviation of adiposity measure. Crude: Associations 
with waist circumference or VAT are adjusted for TBF. Adjusted: Adjusted for age, gender, ethnicity, 
smoking, alcohol intake, education level, physical activity, presence of chronic obstructive pulmonary 
disease, and use of digoxin, class I/III blocking medication, β blockers, calcium channel blockers, and 
QT-prolonging drugs. Associations with waist circumference or VAT are additionally adjusted for TBF. 
Standard deviations: BMI 4.4 kg/m2 ; TBF 8.7%; SAT 96.6 cm2 ; Waist circ 13.2 cm; VAT 55.2 cm2 . BMI 
= body mass index; SAT = subcutaneous adipose tissue; TBF = total body fat; VAT = visceral adipose 
tissue; Waist Circ = waist circumference.
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Figure 1 is a graphical representation of the associations of the standardized measures 
of overall and abdominal adiposity with all ECG parameters. The crude model shows 
associations of all adiposity measures with heart rate, P-wave axis, T-wave axis, and QRS 
axis, and less consistent associations for P-wave duration, QRS duration, PR interval, and 
corrected QT interval. The adjusted model showed that both measures of abdominal and 
overall adiposity were associated with higher heart rate. For example, 1 SD higher total body 
fat was associated with 2.9 beats/min higher heart rate (95% CI 2.4, 3.4) and 1 SD higher VAT 
with 1.7 beats/min (0.8, 2.5) higher heart rate. All measures of adiposity were associated 
with P-wave duration except for VAT adjusted for total body fat (β −0.8 millisecond; 95% 
CI −2.1, 0.4). BMI, total body fat, and waist circumference were positively associated 
with QRS duration, whereas no associations were found for subcutaneous adipose tissue 
(0.4 millisecond; −0.2, 1.0) and VAT (−0.5 millisecond; −1.3, 0.4). BMI (1.3 milliseconds; 
0.4, 2.1) and total body fat (1.5 milliseconds; 0.2, 2.8) were positively associated with PR 
interval, whereas no associations were found for subcutaneous adipose tissue and waist 
circumference, and the association of VAT was, if anything, in the opposite direction (−2.9 
milliseconds; −5.0, −0.9). All measures of adiposity were associated with longer corrected QT 
interval, except for subcutaneous adipose tissue (0.6 millisecond; −0.7, 1.9). All measures of 
overall adiposity were associated with P-wave axis, T-wave axis, and QRS axis. Furthermore, 
waist circumference was negatively associated with QRS axis (−6.2°; −8.4, −4.0), but not with 
P-wave axis (−1.3°; −3.3, 0.6) or T-wave axis (−0.3°; −2.1, 1.5). VAT was negatively associated 
with P-wave axis (−3.4°; −5.7, −1.1) and QRS axis (−6.0°; −8.5, −3.4), but not with T-wave 
axis (−1.3°; −3.3, 0.7). Including participants with preexisting CVD in the analyses did not 
materially change the results.

In Figure 2, associations between measures of overall and abdominal adiposity with ECG 
parameters are shown in men and women in adjusted models. In summary, no major or 
consistent differences were found between men and women in the association between 
overall and abdominal adiposity and any of the ECG parameters. Measures of both overall 
and abdominal adiposity were associated with a higher heart rate in both men and women. 
In both men and women, BMI, total body fat, subcutaneous adipose tissue, and waist 
circumference were associated with a longer P-wave duration, but VAT adjusted for total 
body fat was not associated with P-wave duration (per SD VAT in men: β −0.6 millisecond; 
95%CI: −2.2, 1.1 and in women: −0.6 millisecond; −2.4, 1.3). Measures of both overall and 
abdominal adiposity showed associations with a longer QRS duration in men, except for VAT 
(−0.3 millisecond; −1.2, 0.5). In women, only BMI (0.5 millisecond; 0.1, 1.0) was associated 
with longer QRS duration. For PR interval, only in women associations were found with BMI 
and total body fat. Associations of total body fat were stronger in women than in men. In 
women, 1 SD higher TBF was associated with a 2.9 millisecond (95% CI 1.3, 4.5) longer PR 
interval, whereas in men, this was −0.9 millisecond (−3.0, 1.2; p-value interaction 0.002). 
All measures of adiposity showed an association with longer corrected QT interval in both 
men and women, except for subcutaneous adipose tissue in women (−0.2 millisecond; −1.8, 
1.4) and a weak association of VAT in men (1.0 millisecond; −1.2, 3.1). Furthermore, the 
association of BMI was somewhat stronger in men (3.3 milliseconds; 2.0, 4.6) than in women 
(1.1 milliseconds; 0.2, 1.9; p-value interaction 0.007). In both men and women, measures of 
overall and abdominal adiposity were associated with a more leftward shifted P-wave axis, 
T-wave axis, and QRS axis. Only waist circumference was not associated with P-wave axis in 
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men (0.5°; −2.65, 3.6), and waist circumference (2.3°; −0.7, 5.2) and VAT (−0.3°; −2.6, 2.1) 
were not associated with T-wave axis in men.

Figure 2. Associations of standardized obesity measures with electrocardiographic (ECG) parameters in 
men and women aged 45 to 65 years from the Netherlands Epidemiology of Obesity Study (2331 with 
VAT and SAT). Results were based on linear regression analyses weighed toward the BMI distribution 
of the general population (n = 5939), and expressed as difference in the ECG parameter (with 95% 
confidence interval) per standard deviation of adiposity measure. Shown results were adjusted 
for age, gender, ethnicity, smoking, alcohol intake, education level, physical activity, presence of 
chronic obstructive pulmonary disease, and use of digoxin, class I/III blocking medication, β blockers, 
calcium channel blockers, and QT-prolonging drugs. Associations with waist circumference or VAT are 
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additionally adjusted for TBF. Standard deviations: BMI 4.4 kg/m2 ; TBF 8.7%; SAT 96.6 cm2 ; Waist circ 
13.2 cm; VAT 55.2 cm2 . BMI = body mass index; SAT = subcutaneous adipose tissue; TBF = total body 
fat; VAT = visceral adipose tissue; Waist Circ = waist circumference.

As shown in Supplementary Figure 1, for the other subgroups, results were similar. We 
observed differences in strengths of association of some measures of overall and abdominal 
adiposity with ECG parameters between subgroups. However, these differences were 
inconsistent.

DISCUSSION

In a large cohort of individuals without overt CVD, we investigated the associations between 
measures of overall adiposity, BMI, total body fat, and subcutaneous adipose tissue, as 
well as measures of abdominal adiposity, waist circumference, and VAT, with changes in 
ECG parameters, indicative of subclinical CVD. We observed that measures of both overall 
and abdominal adiposity were associated with ECG measures associated with subclinical 
CVD, and that measures of abdominal adiposity were not more strongly associated with 
ECG measures than measures of overall adiposity. When investigating the associations 
of adiposity measures with ECG parameters in different subgroups, there were several 
interactions observed, which were neither consistent with the ECG parameters nor with 
the specific subgroups. Therefore, we are not able to draw any firm conclusions from these 
subgroup analyses.

Measures of overall and abdominal adiposity have been associated with subclinical CVD in 
previous literature. We expected abdominal adiposity to be most strongly associated with 
ECG parameters since especially VAT is known to release several cytokines, chemokines, 
and hormones, which can influence organ function and lead to increased progression of 
atherosclerosis. 1-3 

In this study, measures of abdominal adiposity were not more strongly associated with the 
ECG parameters than measures of overall adiposity, which could have several explanations. 
First, it is important to realize that associations with VAT are adjusted for total body fat to 
look specifically at the VAT and not general adiposity. In this study, associations of VAT were 
attenuated by this adjustment. Furthermore, it is important to realize which specific subclinical 
cardiovascular abnormalities are reflected by the different ECG parameters. Higher heart rate 
reflects, among others, increased sympathetic activity, which has been associated with CVD 
and events 10,25. P-wave duration reflects atrial depolarization and is associated with atrial 
fibrillation 11. QRS duration reflects ventricular depolarization and prolongation is associated 
with, among others, congestive heart failure, increased left ventricular mass, and higher 
cardiovascular mortality 12,26. PR interval reflects atrial conduction, AV nodal conduction, 
and conduction in the heart tissue. Inconsistent associations have been reported with atrial 
fibrillation and cardiovascular mortality 13,27. QT interval reflects ventricular depolarization 
and repolarization, and prolongation has been associated with ventricular arrhythmias and 
adverse prognosis 14. P-wave axis reflects atrial orientation and conduction and has been 
associated with increased (cardiovascular) mortality risk 15. Abnormalities in T-wave axis 
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reflect ventricular repolarization abnormalities, which have been associated with increased 
risk of coronary heart disease and heart failure 16. Abnormalities of the QRS axis, or electrical 
heart axis, which reflects depolarization in the heart, can have several causes. Literature 
regarding the prognostic value of an abnormal QRS axis is inconclusive, and associations 
with increased cardiovascular risk are rarely observed in individuals without cardiac disease 
17,28. The deleterious effects of VAT might be stronger for cardiac abnormalities with large 
metabolic influences, such as atherosclerosis and less on these ECG parameters that have 
more to do with cardiac activation or conduction. For example, whereas for subclinical 
atherosclerosis, abdominal adiposity is often described as the most important, for atrial 
fibrillation, similar association of waist circumference, waist:hip ratio, and BMI was shown 
29. Furthermore, epicardial adipose tissue, a specific visceral fat depot, might show stronger 
associations with the ECG parameters investigated in this study because of its anatomic 
proximity to the myocardium and conduction system 30. 

A strength of our study is the large study population (n = 5939 after exclusion of participants 
with preexisting CVD), which made it possible to easily assess associations with sufficient 
statistical power. Furthermore, the NEO study has performed deep phenotyping of the 
participants, which made control of potential confounding factors possible. A limitation of 
our study is its cross-sectional design, which precludes any causal conclusions. Furthermore, 
adiposity measures were only investigated at 1 moment in time, not taking into account 
changes in the different adiposity measures in relation to the development of subclinical 
CVD. Moreover, self-reported variables used in this study could have been subject to 
information (recall) bias.

In conclusion, in a population aged 45 to 65 years without preexisting CVD, measures of 
both overall and abdominal adiposity were positively associated with subtle differences in 
ECG parameters, associated with subclinical CVD.

Adiposity measures have been proposed to aid in distinguishing people at low and high 
cardiovascular risk, and this study adds evidence in favor of this potential role of both 
measures of overall adiposity, as well as abdominal adiposity in risk stratification. The role 
of abdominal and overall adiposity might differ between abnormalities with large metabolic 
influences and activation or conduction abnormalities. Moreover, more easily determinable 
measures, such as BMI or waist circumference, may have greater potential for application 
in clinical practice than for example VAT. Future studies should evaluate the value of the 
inclusion of adiposity measures in ECG diagnoses, such as atrial fibrillation or left ventricular 
hypertrophy, and the prognostic value of adding adiposity measures to current risk 
prediction tools.
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Supplementary Figure 1. Associations of standardized obesity measures with ECG parameters in 
subgroups of participants aged 45 to 65 years from the Netherlands Epidemiology of Obesity Study 
(2331 with VAT and SAT). Results were based on linear regression analyses weighed toward the BMI 
distribution of the general population (n = 5939), and expressed as difference in the ECG parameter 
(with 95% confidence interval) per standard deviation of adiposity measure. Results were based 
on weighted linear regression analyses adjusted for age, gender, ethnicity, smoking, alcohol intake, 
education level, physical activity, presence of chronic obstructive pulmonary disease, and use of 
digoxin, class I/III blocking medication, β blockers, calcium channel blockers, and QT-prolonging drugs. 
Associations with waist circumference or VAT are additionally adjusted for TBF. Standard deviations: 
BMI 4.4 kg/m2; TBF 8.7%; SAT 96.6 cm2; Waist circ 13.2 cm; VAT 55.2 cm2. High blood pressure: ≥130 
systolic/≥85 mm Hg diastolic or on antihypertensive drug treatment in a patient with a history of 
hypertension; high triglyceride concentration: ≥150 mg/dl or 1.7 mmol/L or use of prescription drugs 
to reduce serum triglyceride concentrations; high glucose concentration: ≥100 mg/dl or 5.56 mmol/L 
or use of prescription drugs to lower plasma glucose concentrations; high low-density lipoprotein 
cholesterol concentration: >160 mg/dl or 4.1 mmol/L or use of prescription drugs to reduce serum 
low-density lipoprotein cholesterol concentrations; low high-density lipoprotein cholesterol 
concentrations: <40 mg/dl or 1.03 mmol/L for men and <50 mg/dl or 1.3 mmol/L for women or 
use of prescription drugs to elevate serum high-density lipoprotein cholesterol. BMI = body mass 
index; SAT = subcutaneous adipose tissue; TBF = total body fat; VAT = visceral adipose tissue; Waist 
Circ = waist circumference.
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ABSTRACT

Background
Characteristics and risk factors associated with electrocardiographic borderline Q-waves are not fully 
elucidated, especially in individuals without overt cardiovascular disease (CVD). Also, the relation of 
isolated and non-isolated borderline Q-waves with subclinical atherosclerosis and vascular stiffness is 
unknown.

Methods 
We included 5746 Netherlands Epidemiology of Obesity study participants without overt CVD. 
Participants were divided in three groups: no Q-waves (93.7%), isolated (4.6%) and non-isolated 
borderline Q-waves (1.7%). Borderline Q-waves were defined as Minnesota Codes 1.2.x and 1.3.x and 
non-isolated as ≥1 of abnormal QRS axis, left ventricular hypertrophy or ST/T abnormalities. Several 
characteristics and measures of body fat were assessed. Vascular stiffness was assessed by pulse wave 
velocity (PWV) and subclinical atherosclerosis by carotid intima-media thickness (cIMT).

Results
Percentage of men, alcohol intake, blood pressure and fasting glucose concentrations were, compared 
with no Q-waves, higher in the isolated and highest in the non-isolated borderline Q-wave group. 
Isolated borderline Q-waves were associated with higher body mass index (difference compared 
with no Q-waves: 1.0 kg/m2 ; 95%CI: 0.3–1.7; p-value: 0.006), waist circumference (3.4 cm; 1.0–5.8; 
0.005), and visceral adipose tissue (21.9 cm2 ; 7.4–36.3; 0.003) and differences were even larger for 
nonisolated borderline Q-waves. Compared with no Q-waves, non-isolated borderline Q-waves were 
associated with higher PWV (1.2 m/s; 0.4–2.0; 0.004) and cIMT (23.4 μm; 3.0–43.8; 0.024), whereas 
isolated borderline Q-waves were not.

Conclusions
Cardiovascular risk factors and measures of body fat, especially abdominal adiposity, were higher in 
participants with isolated borderline Q-waves, compared with no Q-waves, and highest in the non-
isolated borderline Q-wave group. Non-isolated borderline Q-waves were associated with subclinical 
atherosclerosis and vascular stiffness. Future studies should investigate potential added value of 
borderline Q-waves in CVD prediction.

Elffers.indd   76 5-12-2018   08:17:43



 77

7

A

4

10

8

B

5

11

9

C

6

13

12

INTRODUCTION  

The electrocardiogram (ECG) is commonly used in medical practice to assess the electrical 
activity in the heart, and abnormalities seen on an individual’s ECG can have clinically 
relevant prognostic or diagnostic value for cardiovascular diseases (CVD)1,2. Large Q-waves 
on an ECG can be seen after a myocardial infarction, but can also be seen in apparently 
‘healthy’ individuals, in whom they are thought to reflect silent ischemia 3. Next to large 
Q-waves, smaller abnormalities, such as borderline Q-waves can also be found on the 
ECG of an individual with or without established cardiovascular disease (CVD), and may 
be associated with subclinical cardiovascular pathology. Without other ECG abnormalities 
present, these borderline Q-waves are considered isolated. However they can also be non-
isolated, i.e. co-existing with other ECG abnormalities. Clinical characteristics and risk factor 
profiles of individuals with these borderline Q-waves are not fully elucidated, especially not 
in individuals without known CVD. In large cohort studies, it was observed that individuals 
with borderline Q-waves tended to be older, more often suffering from diabetes mellitus 
and hypertension and also seemed to have a worse kidney function than individuals 
without Q-waves 4-6. Although these characteristics suggest an unfavourable metabolic 
profile, associations with body mass index (BMI) were not demonstrated 4,6. Although 
previous studies did not observe an association between BMI and borderline Q-waves, 
other measures of body fat distribution, notably metabolically active visceral fat, might be 
associated with borderline Q-waves 7.  It is well-established that in particular abdominal 
adiposity is associated with CVD and mortality 7-9. This association with abdominal adiposity 
could also be present for borderline Q-waves.

Furthermore, the clinical relevance of a borderline Q-wave, especially an isolated borderline 
Q-wave, in an individual without previously known CVD is not clear. The literature is 
inconclusive on the importance of borderline, and especially isolated borderline Q-waves 
in individuals free of established CVD, with some studies reporting increased cardiovascular 
risk in individuals with borderline Q-waves 4, some reporting no increased cardiovascular 
risk 5 and some studies reporting increased cardiovascular risk for non-isolated borderline 
Q-waves only 6. 

Consequently, the present study was conducted with two aims. Firstly, we aimed to investigate 
clinical characteristics and measures of body fat distribution in individuals without Q-waves, 
with isolated borderline Q-waves and with non-isolated borderline Q-waves. Secondly, 
we aimed to investigate measures of subclinical atherosclerosis and vascular stiffness in 
individuals with isolated and non-isolated borderline Q-waves compared with individuals 
without Q-waves.

METHODS

Study design and population
The Netherlands Epidemiology of Obesity (NEO) study is a population-based, prospective 
cohort study designed to investigate pathways that lead to obesity-related diseases, in which 
6671 individuals were enrolled between 2008 and 2012. Men and women aged between 45 
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and 65 years with a self-reported BMI of 27 kg/m2 or higher living in the area of greater 
Leiden (in the Netherlands) were eligible to participate in the NEO study. In addition, all 
inhabitants aged between 45 and 65 years from one municipality (Leiderdorp) were invited 
to join irrespective of their BMI, allowing for a reference distribution of BMI. Individuals 
were invited to a baseline visit at the NEO study centre of the Leiden University Medical 
Center after an overnight fast. At the time of inclusion, individuals completed a screening 
form, which enquired about anything that might create a health risk or that might interfere 
with imaging (most notably metallic devices, claustrophobia, or a body circumference of 
more than 1.70 m). Of the participants without contra-indications for MRI, approximately 
35% were randomly selected to undergo MRI. Prior to the study visit, participants 
completed a questionnaire at home with demographic, lifestyle, and clinical information. 
At the study centre all participants underwent an extensive physical examination, including 
anthropometry, blood sampling, and an ECG. The present analysis is a cross-sectional analysis 
using the baseline measurements of the NEO study. Participants using QT-prolonging drugs, 
participants with a history of myocardial infarction or angina pectoris and participants with 
an artificial pacemaker were excluded from the study population. Furthermore, participants 
with large Q-waves were excluded from the present study, because we were particularly 
interested in the clinical relevance of borderline Q-waves. Further details of the study design 
and population have been described in detail elsewhere 10. The Medical Ethics Committee of 
the Leiden University Medical Center approved the design of the study and all participants 
gave their written informed consent. 

Data collection
The ethnicity of participants was self-identified in eight categories on the questionnaire 
and then grouped into white (>95%) and other. Level of education was reported in 10 
categories according to the Dutch education system and grouped as low or high education. 
Tobacco smoking was categorized into current smoker, former smoker, or never smoker. 
Alcohol consumption was reported using a food frequency questionnaire and calculated 
into grams/day 11. Participants reported the frequency and duration of their physical 
activity in leisure time which was expressed in hours per week of  metabolic equivalents 
(MET-h/week) using the Short Questionnaire to Assess Health-enhancing physical activity 12. 
Participants were asked to bring all the medication they were currently using to the study 
visit. Brachial blood pressure was measured in a seated position on the right arm using a 
validated automatic oscillometric device (OMRON, Model M10-IT, Omron Health Care Inc, 
IL, USA). Blood pressure was measured three times with 5 minutes rest between consecutive 
measurements. The mean systolic and diastolic blood pressure were calculated. Blood 
samples were drawn after an overnight fast of 10 hours. Fasting glucose, triglyceride and 
high-density lipoprotein concentrations as well as creatinine concentration were measured 
with standard methods in the central clinical chemistry laboratory of the Leiden University 
Medical Center 10. Glomerular filtration rate was estimated by using the CKD-EPI formula 13.
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Electrocardiography
Q-waves were assessed using the Minnesota Coding System, a system to objectively 
describe electrocardiographic findings 14. This system divides Q waves into three groups 
based on Minnesota Codes (MC); group 1 codes: 1.1.1 to 1.1.7, group 2 codes: 1.2.1 to 1.2.8 
and group 3 codes: 1.3.1 to 1.3.8. In addition, the codes are applied to three groupings of 
leads namely, I, aVL, V6 (anterolateral), II, III, aVF (inferior) and V1-V5 (anterior). Not every 
code is present in every group of leads, e.g. 1-2-4 in the inferior leads is not present in 
the anterior leads and no codes are based on the waveforms in the aVR lead. Examples of 
different Q-waves (no abnormal Q-wave, borderline Q-wave and large Q-wave) are shown 
in Supplementary Figure 1. In this study, borderline Q-waves were defined as group 2 and 
group 3 codes and large Q-waves as group 1 codes. 

Abnormal QRS axis was defined as QRS axis < -30° or QRS axis > +90°, minor ST/T abnormalities 
as MC 4.3, 4.4, 5.3 of 5.4, major ST/T abnormalities as MC 4.1, 4.2, 5.1 or 5.2 and left 
ventricular hypertrophy as MC 3.1 or 3.2. Percentages of ECG abnormalities in participants 
without Q-waves and with borderline Q-waves were calculated and the study population 
was divided in the three groups, namely participants without Q-waves, participants with 
isolated borderline Q-waves and participants with non-isolated borderline Q-waves. Isolated 
borderline Q-waves were defined as borderline Q-wave with normal QRS axis, no minor 
ST/T abnormality, no major ST/T abnormality and no left ventricular hypertrophy and non-
isolated as borderline Q-waves plus at least one of these additional abnormalities. 

Measures of body fat 
Height and weight were measured without shoes and 1 kg was subtracted from the weight 
to correct for clothing. BMI was calculated by dividing the weight in kilograms by the 
height in meters squared. Waist circumference was measured with a horizontally placed 
flexible tape in the middle of the distance between the lowest rib and the iliac crest. Hip 
circumference was measured at the maximum circumference of the buttocks. Waist-hip-
ratio (WHR) was calculated by dividing the waist circumference by the hip circumference. 
With a bio-impedance device (TBF-310, Tanita International Division, UK) total body fat 
(TBF) was estimated. Abdominal subcutaneous adipose tissue (aSAT) and visceral adipose 
tissue (VAT) were assessed by MR imaging (1.5 Tesla MR imaging, Philips Medical Systems) 
using a turbo spin echo imaging protocol. Three transverse images with a slice thickness of 
10 mm were obtained at the level of the fifth lumbar vertebra during a breath-hold. The fat 
depots were converted from the number of pixels to centimeters squared. In the analyses, 
the average of the three slices was used.

Measures of subclinical atherosclerosis and vascular stiffness
Carotid intima-media thickness (cIMT) was assessed by ultrasonography of the far wall of 
the left and right common carotid arteries along a 15 mm long section 10 mm proximal of 
the bifurcation in recumbent position. A 7.5–10 MHz linear-array transducer (Art.Lab version 
2.1, Esaote, Maastricht, The Netherlands) in B-mode setting was used to visualize the distal 
common carotid arteries and a wall track system was used to detect the lumen-intima and 
media-adventitia boundaries. The cIMT was measured in three predefined angles per side 
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(180, 135 and 90 degrees for the right common carotid artery and 180, 225 and 270 degrees 
for the left common carotid artery) during six heartbeats. Mean cIMT was calculated for 
each individual by averaging all 36 cIMT measurements within each individual. Velocity-
encoded magnetic resonance imaging was used for assessment of pulse wave velocity 
(PWV) of the aorta. The heart was imaged in short-axis view using an ECG-triggered 
balanced turbo-field-echo sequence. Data were analysed using in-house software (MASS 
and FLOW; Leiden University Medical Center, Leiden, the Netherlands).

Statistical analysis
In the NEO study, participants with a BMI of 27 kg/m2 or higher were oversampled. To 
correctly represent baseline associations in the general population 15 adjustments for the 
oversampling of individuals with a BMI 27 kg/m2 were made. This was done by weighting all 
participants towards the BMI distribution of participants from the Leiderdorp municipality 16, 
whose BMI distribution was similar to the BMI distribution of the general Dutch population 
17. All results are based on weighted analysis. Consequently, the results are considered to 
apply to a population-based study without oversampling of participants with a BMI ≥ 27 kg/
m2. 

Baseline characteristics are presented as mean (SD), median (25th, 75th percentiles) or as 
percentage, for the three specified groups. Next, means (se) of measures of body fat were 
calculated for each group. Differences with 95% confidence intervals were estimated for 
the groups with Q-waves compared to the group without Q-waves using linear regression 
analysis. If differences in BMI, TBF or aSAT were observed between groups, these were 
adjusted for VAT and if differences in waist circumference or VAT were observed, these were 
adjusted for TBF. Finally, subclinical atherosclerosis and vascular stiffness were investigated 
in the three groups and again, differences with 95% confidence intervals were estimated 
compared with the group without Q-waves. No adjustment for confounding was made since 
our two study aims were mostly of a descriptive nature. Data were analysed using STATA 
(Statacorp, College Station, Texas, USA), version 14.

RESULTS

Study groups
681 participants using QT-prolonging drugs were excluded. Similarly, 129 participants with a 
history of myocardial infarction, 61 with angina pectoris and 6 participants with an artificial 
pacemaker were excluded. Also, 48 participants with large Q-waves (MC 1.1.x) were 
excluded. The total number of participants included in this study was 5746, of which 43 % 
were men. Participants were then divided in participants without Q-waves, with isolated 
borderline Q-waves and with non-isolated borderline Q-waves. Percentages of other ECG 
abnormalities in participants without and with borderline Q-waves are shown in Figure 1. 
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Other ECG abnormalities were more prevalent among participants with borderline compared 
with no Q-waves. In 16% of participants without Q-waves and in 27% of participants with 
borderline Q-waves, at least one of the other ECG abnormalities was present. Of the study 
population, 93.7% did not have Q-waves, 4.6% had isolated borderline Q-waves and 1.7% 
had non-isolated borderline Q-waves.

Figure 1. ECG abnormalities in participants without and with borderline Q-waves. 
Data are presented as percentages and 95% confidence intervals. Results are based on analyses 
weighted towards the body mass index distribution of the general population (n=5746). 
Abnormal QRS axis: <-30° / >90°; LVH: MC 3.1 , 3.2; minor ST/T abnormality: MC 4.3, 4.4, 5.3, 5.4; 
major ST/T abnormality: MC 4.1, 4.2, 5.1, 5.2

Baseline characteristics 
Baseline characteristics of the three groups (no Q-waves, isolated borderline Q-waves 
and non-isolated borderline Q-waves) are presented in Table 1. Several risk factors were, 
compared with participants without Q-waves, higher in participants with isolated borderline 
Q-waves and highest in participants with non-isolated borderline Q-waves, namely age 
(55.6, 55.7 and 59.0 years respectively), percentage of men (43, 52 and 61% respectively), 
systolic (129.9, 131.1 and 137.5 mmHg respectively) as well as diastolic blood pressure 
(83.1, 83.1 and 86.9 mmHg respectively), use of antihypertensive therapy (20, 23 and 32% 
respectively), fasting glucose (5.4, 5.6 and 5.7 mmol/l respectively), triglycerides (1.0, 1.0 
and 1.2 mmol/l respectively) and use of lipid lowering therapy (8, 13 and 14% respectively). 
Furthermore, participants with non-isolated borderline Q-waves were less often highly 
educated (47, 51 and 36% respectively) and had the highest alcohol intake out of the three 
groups (9.9, 8.8 and 19.2 g/day respectively). No relevant differences were observed in 
triglyceride, LDL-cholesterol or HDL-cholesterol concentrations or estimated glomerular 
filtration rate between the groups.
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Table 1. Characteristics of 5,746 participants aged 45 to 65 years from the Netherlands 
Epidemiology of Obesity study

No Q-waves, 
93.7%

Isolated  borderline 
Q-waves, 4.6%

Non-isolated  
borderline 
Q-waves, 1.7%

Age, years 55.6 (6.0) 55.7 (6.6) 59.0 (6.5)

Sex, men, % 43 52 61

Ethnicity, white, % 95 99 99

Education level, high, % 47 51 36

Alcohol intake, g/day 9.9 (2.9-21.1) 8.8 (3.2-20.8) 19.2 (7.7-25.0)

Physical activity (MET-hour/week) 30.0 (16.0-50.5) 26.9 (14.0-45.5) 29.0 (17.8-52.0)

Smoking, %

Never 39 39 22

Former 45 44 68

Current 16 16 10

Body  mass index, kg/m2 25.6 (23.1-28.1) 26.7 (23.7-29.0) 27.4 (24.9-29.9)

Systolic blood pressure, mmHg 129.9 (16.9) 131.1 (18.5) 137.5 (20.3)

Diastolic blood pressure, mmHg 83.1 (10.2) 83.1 (11.6) 86.9 (11.4)

Use of antihypertensive therapy, % 20 23 32

Fasting plasma glucose, mmol/l 5.4 (0.9) 5.6 (1.2) 5.7 (1.3)

Diabetes mellitus, % 5 10 7

Triglycerides, mmol/l 1.0 (0.7-1.4) 1.0 (0.7-1.7) 1.2 (0.7-1.8)

LDL, mmol/l 3.6 (0.9) 3.5 (1.1) 3.6 (1.2)

HDL, mmol/l 1.6 (0.5) 1.5 (0.5) 1.5 (0.6)

Use of lipid lowering therapy, % 8 13 14

eGFR, ml/min/1.73m2 86.3 (12.3) 86.6 (12.5) 84.9 (13.5)

eGFR, estimated glomerular filtration rate (CKD-EPI); HDL, high-density lipoprotein cholesterol; 
LDL, low-density lipoprotein; MET, metabolic equivalent of task during leisure time.
Data are presented as mean(SD), median(25th, 75th percentiles), or percentages.
Results were based on analyses weighted towards the BMI distribution of the general population.
Borderline Q-wave: Minnesota codes 1.2.X, 1.3.X
No Q-waves, n=5294; isolated borderline Q-waves, n=317; non-isolated borderline Q-waves, 
n=135
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Borderline Q-waves and measures of body fat
Table 2 reports measures of body fat in the three groups. For measures of body fat, 
participants with isolated borderline Q-waves had a higher BMI (difference: 1.0 kg/m2; 
95% confidence interval: 0.3 - 1.7; p-value 0.006), higher waist circumference (3.4 cm; 
1.0 - 5.8; 0.005), and more VAT (21.9 cm2; 7.4 - 36.3; 0.003) compared with participants 
without Q-waves. The difference of measures of body fat for participants with non-isolated 
borderline Q-waves compared with participants without Q-waves was even larger (BMI: 1.7 
kg/m2; 0.7 - 2.8; 0.001; waist circumference: 5.5 cm; 2.2 - 8.8; 0.001; VAT: 29.3 cm2; 7.8 - 
50.7; 0.007; WHR: 0.03; 0.01 - 0.05; 0.001). There were no differences between participants 
with isolated or non-isolated borderline Q-waves and participants without Q-waves for TBF 
and aSAT. Furthermore, the difference in BMI between groups disappeared after adjusting 
for VAT (isolated borderline Q-waves compared with no Q-waves: -0.2 kg/m2; -0.9 - 0.6; 
0.620 and non-isolated borderline Q-waves compared with no Q-waves: 1.1 kg/m2; -0.3 - 
2.4; 0.134), while the difference in waist circumference and VAT between groups remained 
after adjusting for TBF.

Borderline Q-waves and subclinical atherosclerosis and vascular stiffness
In Table 3 measures of subclinical atherosclerosis and vascular stiffness are shown in the 
three groups. The differences between participants with isolated borderline Q-waves and 
participants without Q-waves were small for both PWV (-0.2 m/s; -0.5 - 0.1; 0.139) and cIMT 
(2.7 µm; -11.2 - 16.5; 0.704). However, participants with non-isolated borderline Q-waves 
had a higher PWV (difference: 1.2 m/s; 95%CI: 0.4 - 2.0; 0.004) as well as higher cIMT (23.4 
µm; 3.0 - 43.8; 0.024) compared with participants without Q-waves.

DISCUSSION

In this cross-sectional analysis of 5746 participants of the NEO study, we observed, compared 
with participants without Q-waves, a worse cardiovascular risk profile in participants 
with isolated borderline Q-waves, that was even worse in participants with non-isolated 
borderline Q-waves. Participants with non-isolated borderline Q-waves, compared with 
participants without Q-waves were older, more often male, had a higher alcohol intake 
and also higher blood pressure and fasting glucose concentrations. For participants with 
isolated borderline Q-waves, compared with participants without Q-waves, cardiovascular 
risk factors were more often present, however, less evident than for participants with 
non-isolated borderline Q-waves. This association between cardiovascular risk factors and 
borderline Q-waves is in line with literature, although reports vary in the exact risk factors 
associated with borderline Q-waves 4-6. Borderline Q-waves could be the result of scar tissue, 
in which no electrical activity is present, representing damage to the heart tissue. 

We observed higher values of several measures of body fat (BMI, waist circumference, VAT and 
WHR) in participants with isolated borderline Q-waves and the highest values in participants 
with non-isolated borderline Q-waves, compared with participants without Q-waves. No 
differences were observed for TBF or aSAT. Two previous studies report no differences in 
BMI between individuals with borderline Q-waves and without 4,6. In the general population-
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based 4th Copenhagen City Heart Study mean BMI in 5627 individuals without Q-waves was 
25.7 kg/m2, whereas this was 26.3 kg/m2 in 114 individuals with Q-waves (defined as MC 
1.1.X to 1.3.X) 4. Despite this difference not being statistically significant, similar to our study, 
individuals with Q-waves have a higher BMI than individuals without Q-waves. Furthermore, 
a study in the general Japanese population did not observe differences in BMI between 
individuals without abnormal Q-waves (men: 22.5 kg/m2, women: 22.8 kg/m2), individuals 
with mild abnormal Q-waves (defined as MC 1.3.X; men: 22.9 kg/m2, women: 23.0 kg/m2) 
and individuals with moderate/severe abnormal Q-waves (defined as MC 1.2.X or 1.1.X; 
men: 22.1 kg/m2, women: 24.4 kg/m2) 6. In this Japanese population the BMI of individuals 
is generally lower than the BMI of Dutch individuals included in the NEO study, which makes 
it difficult to compare these results to our study. 

Our results are plausible, since overweight/obesity is an important cardiovascular risk 
factor. Since both waist circumference and VAT are measures of abdominal adiposity and no 
differences were observed for TBF between groups, we also investigated whether differences 
in BMI between groups were mainly due to differences in abdominal adiposity. Indeed, the 
difference in BMI between groups disappeared after adjustment for waist circumference or 
VAT, indicating that differences in abdominal adiposity between the three groups are also 
responsible for the observed BMI difference. 

Finally, we observed that PWV and cIMT, measures of subclinical atherosclerosis and 
vascular stiffness, were higher in participants with non-isolated borderline Q-waves than in 
participants without Q-waves, but that this was less clear for isolated borderline Q-waves. 
This association of non-isolated borderline Q-waves with more subclinical atherosclerosis 
and vascular stiffness is in line with the increased prevalence of cardiovascular risk factors, 
the presence of other ECG abnormalities, and more abdominal adiposity. 

The fact that borderline Q-waves are associated with specifically higher amounts of VAT 
gives more insight into the cardiovascular risk associated with these borderline Q-waves. 
Several underlying pathways are thought to be involved in these associations. Visceral 
adipocytes have high lipolytic activity and cause an increased amount of free fatty acids 
to be released into the portal circulation, leading to hepatic insulin resistance and adverse 
cardiovascular effects 18-20. Furthermore, VAT is a metabolically active tissue, secreting 
several cytokines, chemokines and hormones, and has been linked to several unfavorable 
conditions, such as insulin resistance, impaired lipid and glucose metabolism, CVD and 
mortality 21-24. More VAT is also accompanied by higher concentrations of pro-inflammatory 
factors, such as interleukin 6, tumor necrosis factor-α and C-reactive protein, that can 
enhance a local pro-inflammatory environment, but also can have more systemic effects, 
promoting atherosclerotic disease and arterial stiffness 7, 25-30. Also, associations between 
VAT and more subclinical atherosclerosis and vascular stiffness have been shown in the 
literature and abdominal adiposity has been described as a stronger risk factor for subclinical 
atherosclerosis and vascular stiffness than overall adiposity 31-33.
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In current practice, borderline isolated Q-waves are often considered as non-pathological. 
However, the appearance of a borderline isolated Q-wave on the ECG of an individual without 
known CVD could represent electrical damage, an unrecognized myocardial infarction, and 
be associated with a worse prognosis 34. Especially the presence of a 1.2 coded borderline 
Q-wave together with T wave changes, could be the result of an unrecognized myocardial 
infarction, which was associated with poor prognosis previously 35,36. The borderline Q-wave 
could also just be a positional variant, without any prognostic consequences, which makes 
clinical decision making particularly complicated. 

Borderline Q-waves could possibly improve current risk prediction scores for CVD. In 6991 
individuals from the Copenhagen Heart Study aged 65 and over, ECG changes among 
which abnormal Q-waves, showed added value in the prediction of fatal and non-fatal 
cardiovascular events 37. Future studies should further elucidate the role of borderline 
Q-waves in cardiovascular risk prediction.

In this study we observed a worse cardiovascular risk factor profile as well as higher waist 
circumference and VAT in participants with isolated borderline Q-waves, which was even 
more pronounced in participants with non-isolated borderline Q-waves, compared with 
participants without Q-waves. We also observed non-isolated, but not isolated borderline 
Q-waves to be associated with more subclinical atherosclerosis and vascular stiffness, 
compared with no Q-waves. Therefore it would be of great interest to investigate the 
association of borderline Q-waves with cardiovascular risk within certain subgroups of 
individuals with increased cardiometabolic risk. Future studies should investigate whether it 
might be indicated to further investigate borderline Q-waves when found on an individual’s 
ECG, especially in individuals with increased waist circumference or VAT, who already are at 
higher cardiovascular risk. 

Strengths and limitations
The largest strength of this study is the extensive phenotyping of a large number of 
participants, which made it possible to investigate several different measures of body fat and 
subclinical atherosclerosis and vascular stiffness in relation to borderline Q-waves. There 
are also some limitations of this study that need to be considered. In this study, only 4.6% 
of participants displayed isolated borderline Q-waves on the ECG and 1.7% of participants 
non-isolated borderline Q-waves. Subgroups of participants with increased cardiovascular 
risk, or increased waist circumference or VAT were too small and therefore we did not 
have enough statistical power to investigate the association of borderline Q-waves with 
subclinical atherosclerosis and vascular stiffness within subgroups. However, the prevalence 
of borderline Q-waves observed in this present study is similar to the prevalence in other 
population-based studies 4,6. Also, it should be noted that coding ECGs according to the 
Minnesota Coding system is not error-free. Measurement error is likely to be also present in 
this study, e.g. if wrongly measured, a 1.2 code could actually be a 1.1 or 1.3 code. 
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Conclusion 
The results of this study show an unfavorable cardiometabolic risk factor profile in 
participants with isolated borderline Q-waves that is even more unfavorable in participants 
with non-isolated borderline Q-waves. Furthermore, measures of abdominal adiposity, 
namely waist circumference and VAT, were higher in participants with isolated borderline 
Q-waves and highest in participants with non-isolated borderline Q-waves, compared with 
participants without Q-waves. Also, non-isolated borderline Q-waves were associated 
with more subclinical atherosclerosis and vascular stiffness, results for isolated borderline 
Q-waves are less clear, despite the less favourable cardiometabolic risk factor profile. 

Borderline Q-waves can be identified on an easily obtainable ECG, which makes them a 
possibly useful addition to cardiovascular risk assessment. The possible added value of 
borderline Q-waves to current risk prediction scores for CVD should be further investigated 
in future studies. Furthermore, the prognostic significance of borderline Q-waves within 
subgroups of individuals with increased cardiovascular risk or with more body fat could be 
investigated in longitudinal studies. 
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Supplementary Figure 1. Examples of different Q-waves 14.
a. No abnormal Q-wave in lead I.
b. Minnesota code 1–2-2: Q duration ≥0.03 s and <0.04 s in lead I, II, or V2-V6, Q/R ratio <1/3.
c. Minnesota code 1–1-5: Q duration ≥0.05 s in lead aVF.
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ABSTRACT

Background
The spatial QRS-T angle (spQRSTa) reflects ventricular electrophysiological heterogeneity and has 
previously been studied as prognostic factor for cardiovascular events and mortality. To gain more 
insight in mechanisms involved in spQRSTa widening, we investigated associations between a) several 
cardiovascular risk factors; b) carotid intima-media thickness (cIMT),  as a marker of subclinical 
atherosclerosis; c) pulse wave velocity (PWV), as a marker of arterial stiffness, and the spQRSTa. Also, 
we wished to investigate the ability of spQRSTa to discriminate between normal and high cIMT or high 
PWV.

Methods
We performed cross-sectional analyses within the Netherlands Epidemiology of Obesity  (NEO) study 
cohort (n=6671). Participants with electrocardiographic evidence of atrial flutter, fibrillation or other 
arrhythmias were excluded, as well as participants with missing spQRSTa measurements. SpQRSTa 
was determined from 12-lead electrocardiograms, cIMT was assessed with ultrasonography and PWV 
was determined with velocity-encoded magnetic resonance imaging. Risk factors were assessed over  
three groups of spQRSTa, based on sex-specific percentiles (<p75, p75-p95, >p95). Associations of 
cIMT and PWV with spQRSTa were investigated with linear regression analysis. Ability of spQRSTa to 
discriminate between normal and high (>p75, p95 or p99) cIMT or PWV was assessed using the area 
under the receiver operating characteristic curve.

Results
We included 6342 participants, of  whom 6278 had cIMT and 2369 had PWV measurements. Several 
cardiovascular risk factors were associated with a wider spQRSTa. Compared with participants with a 
normal glucose metabolism (mean spQRSTa: 54°), spQRSTa was wider in participants with impaired 
(58°) or high (66°) fasting glucose, or type II diabetes mellitus (61°).  Furthermore, both greater 
cIMT and PWV were associated with a wider spQRSTa in crude models (difference in spQRSTa per 
SD cIMT: 2.7°, 95%CI: 1.6 - 3.8; per SD PWV: 2.9°, 1.3 - 4.4), but not in models adjusted for classical 
cardiovascular risk factors (cIMT: 0.5°, -0.7 -1.6; PWV: 0.6°, -1.3- 2.4). Addition of spQRSTa to the 
variables age, sex, BMI, systolic blood pressure and smoking did not improve discriminative ability for 
either cIMT or PWV.

Conclusions
Several cardiovascular risk factors were associated with spQRSTa, and a wider angle was found in 
participants with impaired fasting glucose or type II diabetes mellitus, compared with normal glucose 
metabolism. Furthermore, associations between greater cIMT and PWV and wider spQRSTa were 
present. These findings may partly explain the fact that spQRSTa, an electrocardiographically and 
cheaply determinable variable, is a prognostic factor for cardiovascular morbidity and mortality. 
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INTRODUCTION

The spatial QRS-T angle (spQRSTa) can be computed from a regular electrocardiogram 
(ECG) and can be used to assess overall heterogeneity of the ventricular action potential 
morphology. A wider spQRSTa reflects a more heterogeneous or abnormal repolarization of 
the ventricles, or ventricular electrophysiological heterogeneity. Several cardiovascular risk 
factors have been associated with a wider spQRSTa 1-7. In individuals with type II diabetes 
mellitus (T2DM), the spQRSTa has been reported to be wider, and a wider spQRSTa has 
also been associated with poorer glycaemic control 7. An abnormal spQRSTa is the result of 
changes in action potential duration in certain areas of the heart. These changes in action 
potential duration can be the result of, amongst others infarction, ischemia, or fibrosis 
and can ultimately lead to arrhythmias and cardiovascular events 8,9. The spQRSTa has 
already gained recognition as a prognostic factor for cardiovascular events and mortality in 
several populations 3,6,10-15. However, little is known of the associations between subclinical 
atherosclerosis or arterial stiffness and the spQRSTa. Since an abnormal spQRSTa could be 
the result of damaged areas of the myocardium, associations of subclinical atherosclerosis 
and arterial stiffness with the spQRSTa are plausible. In peritoneal dialysis patients, both 
intima-media thickness and coronary artery calcification were predictors of wider spQRSTa, 
even when classical cardiovascular risk factors were taken into account 16. This study aimed 
to identify cardiovascular risk factors associated with a wider spQRSTa in a large study 
population. Furthermore, we  explored associations between subclinical atherosclerosis 
and arterial stiffness and spQRSTa. When such associations were present, we investigated 
whether they remained present after adjustment for known cardiovascular risk factors. The 
spQRSTa can be derived from the ECG, which is widely used and easily obtainable in clinical 
practice, whereas carotid intima-media thickness (cIMT) and pulse wave velocity (PWV) are 
less easily measured. Therefore, we investigated the added value of the spQRSTa, as a marker 
of underlying cardiovascular pathology, in cardiovascular risk prediction by investigating the 
ability of spQRSTa to discriminate between normal and high cIMT or high PWV. 

METHODS

Study design and population
The Netherlands Epidemiology of Obesity (NEO) study is a prospective, population-based 
cohort study with 6671 participants included between 2008 and 2012. Men and women 
aged between 45 and 65 years living in the area of greater Leiden (the Netherlands) and 
with a BMI ≥27 kg/m2 were eligible to participate. In addition, all inhabitants aged between 
45 and 65 years from one municipality (Leiderdorp) were invited to join irrespective of their 
BMI, allowing for a reference distribution of BMI. Participants completed a questionnaire on 
demographic and clinical information prior to the visit to the NEO study center. Participants 
were invited to a baseline visit at the NEO study centre after an overnight fast. Participants 
with ECG evidence of atrial, junctional or ventricular premature beats, atrial flutter or 
fibrillation, and other arrhythmias were excluded (n=237). Also participants with missing 
spQRSTa values were excluded (n=92). More information on the study design and population 
has been published elsewhere 17. The Medical Ethics Committee of the Leiden University 
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Medical Center (LUMC) approved the design of the study. All participants gave their written 
informed consent.

Ethnicity was self-reported in eight categories on the questionnaire and then grouped into 
white and other. Education level was grouped as low (none, primary school or lower vocational 
education) and high education (intermediate secondary education, middle-level vocational 
education, higher secondary education, higher professional education, university or other). 
Tobacco smoking was categorized into current, former, or never smokers. Participants were 
asked to bring all medication they were currently using to the study visit. Height and weight 
were measured without shoes and 1 kg was subtracted from the weight to correct for the 
weight of clothing. BMI was calculated by dividing the weight in kilograms by the height in 
meters squared. Brachial blood pressure was measured in a seated position on the right arm 
using a validated automatic oscillometric device (OMRON, Model M10-IT, Omron Health 
Care Inc, IL, USA). Blood pressure was measured three times with 5 minutes rest between 
consecutive measurements. The mean systolic and diastolic blood pressure was calculated. 
Blood samples were drawn after an overnight fast of 10 hours. Fasting glucose, triglyceride, 
total cholesterol and high-density lipoprotein cholesterol concentrations were measured 
with the enzymatic colorimetric method (Roche Modular Analytics P800, Roche Diagnostics 
Mannheim, Germany). Low-density lipoprotein cholesterol concentrations were calculated 
using the Friedewald equation.

Categories of glucose metabolism
We defined four categories of glucose metabolism. I): Normal glucose metabolism, defined as 
fasting plasma glucose concentration <6.1 mmol/l and no self-reported T2DM or medication 
use. II): Impaired fasting glucose, defined as fasting plasma glucose concentration 6.1-7.0 
mmol/l and no self-reported T2DM or medication use. III): High fasting plasma glucose, 
defined as fasting plasma glucose concentration ≥7.0 mmol/l and no self-reported T2DM or 
medication use. IV): T2DM, defined as self-reported T2DM or medication use for diabetes 
mellitus.

Electrocardiography
A 12-lead resting ECG was obtained using a Mortara Eli-350 electrocardiograph (Mortara 
Instrument Inc., Milwaukee, WI, USA) after a resting period of at least 10 minutes. ECGs 
were stored in a MegaCare ECG management system  (Dräger, formerly Siemens). The raw 
data were extracted and transferred to the University of Glasgow ECG core lab where ECGs 
were automatically processed and Minnesota codes were assigned using the University of 
Glasgow ECG analysis program 18. Moreover, standard 10-second ECGs were stored in an 
8-lead (I, II, V1-V6), 5000 sample comma-separated-value file. The Kors matrix was used 
to calculate vector cardiograms from the eight independent ECG leads 19. ECGs and vector 
cardiograms were analyzed using the automatic MATLAB-based (The MathWorks, Natick, 
MA) program BEATS and the semiautomatic program LEADS 20,21. BEATS was used to detect 
the timings of all QRS complexes and calculated R-R intervals (ms). The QRS and T integral 
vectors were approximated by calculating the numerical sum of x-y-z deflections (amplitudes 
of positive deflections are added and those of negative deflections subtracted). The spatial 
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QRS-T angle was defined as the angle (°) between the integral QRS vector and the integral T 
vector. In a subgroup (n=962), spQRSTa was assessed by two researchers, with an intraclass 
correlation coefficient (95% CI) of 0.99 (0.98 - 0.99).

Measures of atherosclerosis and arterial stiffness
Carotid intima-media thickness was assessed by ultrasonography of the far wall of the 
left and right common carotid arteries along a 15 mm long section 10 mm proximal to the 
bifurcation in recumbent position. A 7.5–10 MHz linear-array transducer (Art.Lab version 
2.1, Esaote, Maastricht, The Netherlands) in B-mode setting was used to visualize the distal 
common carotid arteries and a wall track system was used to detect the lumen-intima and 
media-adventitia boundaries. The cIMT was measured in three predefined angles per side 
(180, 135 and 90 degrees for the right common carotid artery and 180, 225 and 270 degrees 
for the left common carotid artery) during six heartbeats. Mean cIMT was calculated for 
each individual by averaging all 36 cIMT measurements within each individual. 

PWV of the aorta was assessed in a random group of 30% of all NEO study participants 
without contraindications for magnetic resonance imaging (most notably metallic devices, 
claustrophobia, or a body circumference of more than 1.70 m). PWV was determined on a 
1.5 Tesla (T) whole-body MRI scanner (Gyroscan ACS/NT15, Philips, Best, the Netherlands) 
using multi-slice, two-one-directional in-plane velocity-encoded MRI. PWV was calculated 
by the ratio of the distance along the aortic center line (Δx) and the transit-time of the 
propagating systolic pulse wave between two measurement sites (Δt) (proximal aorta and 
distal aorta summed). The heart was imaged in short-axis view using an ECG-triggered 
balanced turbo-field-echo sequence. Data were analysed using in-house software (MASS 
and FLOW; Leiden University Medical Center, Leiden, the Netherlands).

Statistical analyses
In the NEO study, participants with a BMI of 27 kg/m2 or higher were oversampled. To 
correctly represent baseline associations in the general population 22, adjustments for 
the oversampling of participants with a BMI ≥ 27 kg/m2 were made. This was done by 
weighting all participants towards the BMI distribution of participants from the Leiderdorp 
municipality 23, whose BMI distribution was similar to the BMI distribution of the general 
Dutch population 24. All results are based on weighted analysis. Consequently, the results 
are considered to apply to a population-based study without oversampling of participants 
with a BMI ≥ 27 kg/m2. 

The baseline characteristics of study participants were presented as mean (SD) or percentage 
in Table 1. Since one of the study aims was to describe cardiovascular risk factors associated 
with a wider spQRSTa, characteristics of the participant are also presented stratified 
by three groups of spQRSTa in Table 1. The three groups of spQRSTa were based on sex-
specific percentiles, namely <75th percentile (<p75, representing a normal spQRSTa), 75-95th 
percentile (p75-p95 representing a borderline abnormal spQRSTa) and >95th percentile (>p95 
representing an abnormal spQRSTa). For men, <p75 corresponded with spQRSTa <76.0° and 
>p95 corresponded with spQRSTa > 119.8°. For women, <p75 corresponded with spQRSTa 
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<63.9° and >p95 corresponded with spQRSTa > 103.4°. Mean spQRSTa was determined for 
the four glucose metabolism categories as described above. Then, associations between 
cIMT and PWV and spQRSTa were investigated in the whole study population and in men 
and in women separately, with weighted linear regression analyses, and were expressed as 
difference (95% CI) in spQRSTa (°) per standard deviation (SD) increase in cIMT (mm) or PWV 
(m/s). Furthermore, the ability of spQRSTa to discriminate between normal and high cIMT 
or PWV was assessed using the area under the receiver operating characteristic curve (AUC). 
To define normal/high cIMT and PWV, both liberal and more conservative cut-offs were 
used, namely p75, p95 and p99. AUC was also assessed for a combination of simple risk 
factors, namely age, sex, BMI, systolic blood pressure and smoking, and it was investigated 
whether addition of the spQRSTa to these variables led to improvement of the AUC. Data 
were analysed using STATA (Statacorp, College Station, Texas, USA) version 14.

RESULTS

Participants with ECG evidence of atrial, junctional or ventricular premature beats, atrial 
flutter or fibrillation, and other arrhythmias were excluded (n=237). Also 92 participants 
with missing spQRSTa values were excluded. The baseline characteristics of the 6342 
included participants are presented in Table 1, over three groups of the spQRSTa (<p75, 
p75-p95 and >p95). SpQRSTa increased with increasing age, HbA1c, use of glucose lowering 
medication, systolic and diastolic blood pressure, use of antihypertensive therapy and use 
of lipid lowering medication. 

Figure 1.  Mean spatial QRS-T angle over the different glucose metabolism categories
All results are based on analyses weighted towards the body mass index distribution of the general 
population. Data are presented as mean(se)
Glucose metabolism categories I: no diabetes mellitus and fasting glucose<6.1 mmol/l, II: fasting 
glucose 6.1-7.0 mmol/l, III: fasting glucose >7.0 mmol/l and no diabetes mellitus or use of glucose 
lowering medication, IV: type II diabetes mellitus or use of glucose lowering medication
All: category I, n=4908; II, n=727; III, n=206; IV, n=423. Men: I, n=2171; II, n=420; III, n=121; IV, 
n=227. Women : I, n=2737; II, n=307; III, n=85; IV, n=196
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Table 1. Baseline characteristics of 6342 participants aged 45-65 years from the Netherlands 
Epidemiology of Obesity study population

Spatial QRS-T angle

All, 100% <p75(1) p75-p95 (2) >p95 (3)

Age, years 56 (6) 55 (6) 56 (6) 58 (6)

Sex, men, % 43 43 43 44

Ethnicity, white, % 95 95 93 97

Education, high, % 46 46 46 40

Current smoking, % 16 15 18 17

BMI, kg/m2 26.3 (4.4) 26.2 (4.2) 26.6 (4.9) 27.2 (5.7)

Fasting glucose, mmol/l 5.5 (1.0) 5.4 (0.9) 5.5 (1.1) 5.7(1.2)

HbA1c, % 5.4 (0.5) 5.3 (0.4) 5.4 (0.6) 5.5 (0.6)

Glucose-lowering medication, % 3 2 4 5

Systolic blood pressure, mmHg 130.2 (17.0) 129.1 (16.1) 132.5 (19.2) 136.5 (19.3)

Diastolic blood pressure, mmHg 83.2 (10.3) 82.6 (9.9) 84.8 (11.3) 85.3 (10.7)

Use of antihypertensive therapy, % 23 21 29 36

LDL-cholesterol, mmol/l 3.5 (1.0) 3.6 (0.9) 3.5 (1.0) 3.5 (1.1)

Triglycerides, mmol/l 1.2 (0.9) 1.2 (0.8) 1.3 (0.9) 1.3 (0.8)

Use of lipid lowering medication, % 11 9 13 18

BMI, body mass index; HbA1c, glycated haemoglobin; LDL-cholesterol, low-density lipoprotein 
cholesterol; p, percentile. Data are presented as mean (SD), percentages or difference (95% confi-
dence interval)
Results are based on analyses weighted towards the body mass index distribution of the general 
population <p75, n=4570; p75-p95, n=1401; >p95, n=371

As shown in Figure 1, the mean spQRSTa increased across glucose metabolism categories 
I, II and III in the total study population (from 54° to 58° to 66°), in men (from 58° to 60° to 
71°), and in a less pronounced way in women (from 50° to 54° to 54°). Mean (SD) spQRSTa in 
glucose metabolism category IV was 61° (34) in all, 68° (42) in men and 55° (42) in women.

Measurements of cIMT and PWV were available in 6278 and 2369 participants, respectively. 
As shown in Figure 2, in the total group, greater cIMT was associated with wider spQRSTa in 
the crude model 1 (difference in spQRSTa per SD increase in cIMT: 2.7°; 95% CI: 1.6 -- 3.8) 
and in the sex and age-adjusted model 2 (1.1°; 95% CI: 0.0 - 2.3), but, as was expected, not 
in model 3 adjusted for classical cardiovascular risk factors (0.5°; 95% CI: -0.7- 1.6). In men, 
associations were somewhat stronger than in women, e.g., in model 1 in men the difference 
in spQRSTa per SD increase in cIMT was 3.0° (95%CI: 1.3- 4.8) and in women this was 1.2° 
(95%CI: -0.2 - 2.6). Also, in men no association was present between cIMT and spQRSTa in 
model 3. Furthermore, higher PWV was associated with a wider spQRSTa in the total group 
in model 1 (difference in spQRSTa per SD increase in PWV: 2.9°; 95% CI: 1.4 - 4.4) and in 
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model 2 (2.1°; 95% CI: 0.3 - 3.9), but not in model 3 (0.6°; 95% CI: -1.3 - 2.4). When the study 
group was stratified by sex, we found in men that PWV was associated with the spQRSTa in 
model 3 (2.6°; 95% CI: 0.0 - 5.2), whereas this association was not present in women (-0.7°; 
95% CI: -3.4 - 1.9).

Figure 2. Associations of carotid intima-media thickness and pulse wave velocity with the spatial QRS-T 
angle in all, in men and in women
Results are presented as difference (95% confidence interval) per standard deviation increase in 
carotid intima-media thickness or pulse wave velocity. All results are based on analyses weighted 
towards the body mass index distribution of the general population.
Model 1: crude, model 2: adjusted for age (and sex), model 3: adjusted for age, (sex,) systolic blood 
pressure and antihypertensive medication use, body mass index, fasting plasma glucose and use of 
glucose-lowering medication, low-density lipoprotein cholesterol, triglycerides and lipid-lowering 
medication

SpQRSTa showed poor discriminative ability for cIMT >p75 (AUC: 0.56; 95%CI: 0.55 – 0.58), 
cIMT >p95 (0.56; 0.53 – 0.58) and cIMT >p99 (0.56; 0.53 – 0.58) as well as for PWV >p75 
(0.52; 0.50 – 0.53), PWV >p95 (0.50; 0.49 – 0.52) and PWV >p99 (0.50; 0.49 – 0.52). As 
presented in Table 2, addition of spQRSTa to the variables age, sex, BMI, systolic blood 
pressure and smoking did not improve discriminative ability for either cIMT or PWV. 
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DISCUSSION

In this large cohort study with over 6000 ECGs we found the cardiovascular risk factors age, 
BMI and blood pressure to be associated with a wider spQRSTa. In addition, spQRSTa was 
wider in participants with impaired fasting glucose, high fasting glucose or T2DM, compared 
with participants with a normal glucose metabolism. Furthermore, we found associations 
of greater cIMT and PWV with a wider spQRSTa. As expected, after adjustment for classical 
cardiovascular risk factors, associations attenuated. Furthermore, adding spQRSTa on top 
of age, sex, BMI, systolic blood pressure and smoking was not useful in a model used for 
discriminating between normal and high cIMT or PWV.

Several studies have previously found cardiovascular risk factors, including also blood 
pressure, LDL-cholesterol, triglycerides, metabolic syndrome score, T2DM and increased 
fasting plasma glucose to be associated with a wider spQRSTa 1-7.  Moreover, it has been 
reported that the spQRSTa is on average wider in men then in women, which is confirmed 
here 25-27.  We also demonstrated a wider spQRSTa in participants with fasting plasma 
glucose of 6.1-7.0 mmol/l and an even wider spQRSTa in participants with fasting plasma 
glucose >7.0 mmol/l. In participants with T2DM (history or medication use), the spQRSTa is 
somewhat narrower compared with participants with fasting plasma glucose >7.0mmol/l, 
which is most likely due to the high percentage of glucose-lowering medication use in the 
T2DM subgroup (74%). One possible explanation for the wider spQRSTa found in diabetic 
individuals, and also already in individuals with impaired fasting glucose, involves the 
increased sympathetic nervous system activity that can be seen in these individuals and 
could contribute to the changes in myocardial repolarization 28. Furthermore, T2DM and pre-
diabetes have been associated with premature atherosclerosis, peripheral artery disease and 
stiffening of the blood vessels. Several mechanisms are involved in diabetic cardiomyopathy, 
among which interstitial fibrosis, hypertrophy, cardiac autonomic neuropathy, changes in 
myocardial substrate and energy metabolism, myocardial damage and changes (functional 
or structural) of the small coronary vessels 29,30.

Several studies have investigated adverse outcomes that are associated with, or can 
be predicted by a wider or abnormal spQRSTa. After adjustment for several classical 
cardiovascular risk factors, abnormal or wider spQRSTa was associated with cardiovascular 
events in women 14, with coronary heart disease events and congestive heart failure in 
postmenopausal women 11,12, with all-cause mortality (especially sudden cardiac death) in 
dialysis patients 10, with increased risk of cardiac mortality but not non-fatal cardiac events 
in an older general population 13, and with all-cause and cardiovascular mortality in US 
adults without known heart disease 3. In a large population-based study, abnormal spQRSTa 
was associated with increased risk of coronary heart disease and total mortality in women, 
but not in men 15. 

Furthermore, in a large clinical population, abnormal spQRSTa was associated with 
cardiovascular mortality, after adjustment for age and sex, but not for other classical 
cardiovascular risk factors 6. Associations of atherosclerosis and arterial stiffness with 
spQRSTa, which are observed in this present study, have to our knowledge not been 
demonstrated before. As expected, the observed associations between cIMT and PWV and 
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a wider spQRSTa in this study attenuated after adjustment for classical cardiovascular risk 
factors. It is plausible that these risk factors are common causes of both increased cIMT 
or PWV and a wider spQRSTa, leading to this attenuation of the observed associations 
after adjustment for these risk factors. Furthermore, the spQRSTa did not show potential 
added value when added to some simple cardiovascular risk factors in a model used for 
discriminating between participants with normal and high cIMT or PWV. Although spQRSTa 
was not able to discriminate between participants with normal or high cIMT or PWV, 
spQRSTa was shown to be useful in cardiovascular risk stratification in several studies, as 
described above. 

Strenghts and limitations
A strength of this study is the large number of participants with measurement of the spQRSTa 
in combination with cIMT (n=6278) and PWV (n=2369) that was included. A limitation is 
that this study consists of cross-sectional analyses, which hampers conclusions on causal 
mechanisms.   

Conclusion
Cardiovascular risk factors are associated with a wider spQRSTa. Furthermore, greater cIMT 
and PWV were associated with a wider spQRSTa. The spQRSTa was not found to be useful in 
a model used for discriminating between participants with normal and high cIMT or PWV.

The spQRSTa can be computed from the electrocardiogram, a low-cost and widely used 
medical tool, especially in the field of cardiology. Several studies have previously found the 
spQRSTa to be a prognostic factor for cardiovascular disease and mortality 3,6,10-15. Other 
mechanisms that could contribute to widening of the spQRSTa should be further elucidated 
to examine the role of the spQRSTa as marker and predictor of cardiovascular disease.
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ABSTRACT

Background
Left ventricular hypertrophy (LVH) is an important risk factor for adverse cardiovascular outcomes. 
Improvement of electrocardiographic criteria for LVH is desirable since electrocardiography is widely 
used. We investigated improvement of electrocardiographic LVH detection by adding measures of 
adiposity and/or novel electrocardiographic measures.

Methods 
We included 1091 participants of the Netherlands Epidemiology of Obesity Study who underwent 
cardiac magnetic resonance imaging (MRI). Performance of Sokolow-Lyon and Cornell  voltage and 
product criteria was assessed. Stepwise regression analyses was performed with each conventional 
electrocardiographic criterion and age, sex, body mass index (BMI), waist circumference and waist:hip 
ratio (p-entry <0.05, p-removal >0.10). T-wave abnormalities or the spatial QRS-T angle (SA) were 
added to the improved models. 

Results
The study population had a mean (SD) age of 56 (6)years, BMI of 26.1 (4.0) kg/m2 and 46% were men. 
MRI-LVH was present in 11% of participants. C-statistic for Sokolow-Lyon voltage was 0.60, R2 0.03 
and sensitivity at 90% specificity was 17%, for Sokolow-Lyon product 0.63, 0.04 and 23%, for Cornell 
voltage 0.65, 0.03 and 27% and for Cornell product 0.67, 0.04 and 26%. Best performing models with 
Sokolow-Lyon criteria were obtained by addition of both BMI and SA (voltage: c-statistic 0.75, R2 0.12, 
sensitivity of 41% at 90% specificity; product: 0.76, 0.13, 43%) and for models with Cornell criteria by 
adding BMI (voltage: 0.70, 0.07, 35%; product: 0.72, 0.07, 36%). 

Conclusions
Electrocardiographic detection of LVH improved by adding BMI and SA to a model with conventional 
electrocardiographic criteria. This requires little extra effort and application in clinical practice is 
feasible. Results should be replicated in high-risk populations.
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INTRODUCTION

Left ventricular hypertrophy (LVH) is an important risk factor for cardiovascular events 
and cardiovascular death 1,2. Several electrocardiographic criteria for the diagnosis of 
LVH exist, e.g. Sokolow-Lyon voltage and Cornell voltage criterion. However these criteria 
show limited performance compared with diagnosis of LVH by echocardiography or (the 
‘gold standard’) cardiac magnetic resonance imaging (MRI). With acceptable specificities, 
sensitivities are often low (7-40% for Sokolow-Lyon voltage and 2-19% for Cornell voltage 
criterion) 3. Nevertheless, electrocardiograms (ECG) are more easily obtainable and cost-
effective compared with echocardiography or cardiac MRI, and for those reasons are more 
often used in current clinical practice. Therefore, improvement of the electrocardiographic 
diagnosis of LVH is desired.

The performance of electrocardiographic criteria for the diagnosis of LVH can be influenced 
by body fat. Obesity is often accompanied by systemic hypertension and is associated with 
a higher prevalence of LVH, but also, adipose tissue can attenuate electrocardiographic 
voltages, which interferes with LVH detection by electrocardiographic criteria 4, 5. To take 
measures of body fat together with conventional electrocardiographic criteria into the 
diagnostic model for LVH has previously been proposed in the literature as a method that 
might lead to improved electrocardiographic LVH detection 5-8. Several studies investigated 
the addition of BMI and showed improved performance 5-8. However, to our knowledge, 
there are no studies investigating the addition of other measures of body fat and body fat 
distribution to the conventional electrocardiographic criteria.

Furthermore, LVH is associated with alterations in ventricular repolarization and 
depolarization through several mechanisms such as an increase in collagen interstitial 
matrix or changes in ionic channels 9-11. These changes in ventricular depolarization and 
repolarization can be reflected in T-wave abnormalities and the spatial QRS-T angle 12, which 
can both be determined from the ECG. Therefore these measures might also be useful in the 
electrocardiographic diagnosis of LVH. It was previously shown that a combination of body 
surface area and spatial QRS-T angle can improve electrocardiographic diagnosis of LVH 13. 

This study aimed to investigate whether addition of measures of body fat and body fat 
distribution and additional T-wave abnormalities or spatial QRS-T angle to conventional 
electrocardiographic criteria of LVH could improve the electrocardiographic detection of 
LVH.

METHODS

Study design and population
The Netherlands Epidemiology of Obesity (NEO) study is a population-based cohort study 
including 6671 individuals. Men and women aged between 45 and 65 years with a BMI of 
27 kg/m2 or higher living in the area of greater Leiden (in the West of The Netherlands) were 
eligible to participate in the NEO study. In addition, all inhabitants aged between 45 and 65 
years from one municipality (Leiderdorp) were invited irrespective of their BMI, allowing 
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for a reference distribution of BMI. Of the participants without contra-indications for MRI 
(most notably metallic devices, claustrophobia or a body circumference of more than 1.70 
m) a random subsample of approximately 20% of participants underwent cardiac MRI. 
Individuals completed a questionnaire with demographic, lifestyle, and clinical information. 
At the study centre in the Leiden University Medical Centre (LUMC) all individuals underwent 
an extensive physical examination, including anthropometry, blood sampling (after an 
overnight fast) and electrocardiography. The present analysis is a cross-sectional analysis 
using the baseline measurements of the NEO study. We excluded participants in whom no 
cardiac MRI was performed or measurement of left ventricular mass (LVM) was missing, 
participants with abnormalities that could interfere with the electrocardiographic detection 
of LVH or the assessment of the spatial QRS-T angle, namely individuals with complete 
bundle branch block, ventricular pre-excitation (Wolff-Parkinson-White syndrome), previous 
myocardial infarction or a paced rhythm, and also individuals with missing values of the 
spatial QRS-T angle. Further details of the study design and population have been described 
in detail elsewhere 14. The Medical Ethical Committee of the Leiden University Medical 
Center approved the design of the study and all individuals gave their written informed 
consent. 

Data collection
Ethnicity was self-identified in eight categories and grouped into white and other. Body height 
and weight were measured without shoes and 1 kg was subtracted from the weight to correct 
for clothing. Waist circumference was measured with a horizontally placed flexible tape in 
the middle of the distance between the lowest rib and the iliac crest. Hip circumference 
was measured at the maximum circumference of the buttocks. Brachial blood pressure was 
measured in a seated position on the right arm using a validated automatic oscillometric 
device (OMRON, Model M10-IT, Omron Health Care Inc, IL, USA). Blood pressure was 
measured three times with 5 minutes rest between consecutive measurements. The mean 
systolic and diastolic blood pressure was calculated. Blood samples were drawn after an 
overnight fast of 10 hours. Fasting glucose was measured with the enzymatic colorimetric 
method (Roche Modular Analytics P800, Roche Diagnostics Mannheim, Germany).

Electrocardiography
After a resting period of at least 10 minutes, 12-lead ECGs were obtained using a Mortara 
Eli-350 (Mortara Instrument Inc., Milwaukee, WI, USA). The raw data were extracted and 
transferred to the University of Glasgow ECG core lab where ECGs were automatically 
processed and Minnesota codes were assigned using the University of Glasgow ECG 
analysis program 15. We investigated four conventional electrocardiographic criteria for LVH 
(continuous variables): two widely used voltage index electrocardiographic criteria, namely 
Sokolow-Lyon voltage and Cornell voltage, and two voltage-duration product criteria, 
namely Sokolow-Lyon product, and Cornell product 16-20. Sokolow-Lyon voltage was defined 
as |SV1|+RV5/6 and Sokolow-Lyon product as Sokolow-Lyon voltage x QRS duration. Cornell 
voltage was defined as RaVL+|SV3| with 600 μV added for women and Cornell product was 
defined as Cornell Voltage x QRS duration. T-wave abnormalities were defined as Minnesota 
Codes 5-1 or 5-2.
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Standard 10-second ECGs were each stored in an 8-lead (I, II, II, V1-V6), 5000 sample comma-
separated-value file. The Kors matrix was used to calculate vector cardiograms from the eight 
independent ECG leads 21. ECGs and vector cardiograms were analyzed using the automatic 
MATLAB-based (The MathWorks, Natick, MA) program BEATS and the semiautomatic 
program LEADS 22, 23. BEATS was used to detect the timings of all QRS complexes and calculated 
R-R intervals (ms). The QRS and T integral vectors were approximated by calculating the 
numerical sum of x-y-z deflections (amplitudes of positive deflections are added and those 
of negative deflections subtracted). The spatial QRS-T angle was defined as the angle (°) 
between the integral QRS vector and the integral T vector. 

Magnetic resonance imaging
In 1150 participants LVM was assessed using cardiac magnetic resonance imaging. The 
heart was imaged in the short-axis orientation by using ECG gated breath-hold balanced 
steady-state free precession imaging. Data were analysed using in-house software (MASS 
and FLOW; LUMC, Leiden, the Netherlands).

LVM was indexed by height to obtain left ventricular mass index (LVMI). LVM was not indexed 
by body surface area to prevent underestimation of the prevalence of LVH in the NEO study 
population, which has a high prevalence of overweight and obese individuals 24. Cut-offs 
for LVH were based on the sex-specific upper limits of normality (95th percentile) from a 
subgroup of 252 healthy individuals from the NEO study, with a BMI<30 kg/m2, normal 
blood pressure (<135/<85 mmHg and no use of antihypertensive medication), no history of 
cardiovascular disease and normal glucose metabolism (no self-reported diabetes mellitus I 
or II or medication and fasting plasma glucose <7 mmol/L). LVH was defined as LVMI > 78.7 
g/m in men and LVMI > 60.0 g/m in women. 

Statistical analysis
Adjustments for the oversampling of individuals with BMI ≥ 27 kg/m2 in the NEO study 
were made to correctly represent baseline associations in the general population 25. This 
was done by weighting individuals towards the BMI distribution of participants from the 
Leiderdorp municipality, whose BMI distribution was similar to the BMI distribution of the 
general Dutch population 26. Baseline characteristics are presented as mean (SD), median 
(IQR) or as percentage (%).  

First, univariate discriminative performance for LVH of the conventional electrocardiographic 
criteria, namely Sokolow-Lyon voltage, Sokolow-Lyon product, Cornell voltage and Cornell 
product was assessed using the area under the curve (AUC) of the receiver operating 
characteristic (ROC) curve. The AUC reflects how well individuals are classified as having 
LVH or no LVH. Also, sensitivities of the conventional electrocardiographic criteria were 
determined at a specificity of 90%, since especially specificities of 90-100% are clinically 
relevant for detection of LVH. Second, univariate discriminative performance for LVH of age, 
sex, BMI, waist circumference and waist:hip ratio was assessed with the AUC. Then, stepwise 
logistic regression analysis with an entry criterion of p<0.05 and removal criterion of p>0.10 
was performed with LVH as dependent variable and each conventional electrocardiographic 
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criterion separately with addition of the variables age, sex, BMI, waist circumference and 
waist:hip ratio as independent variables. AUC, R2 and sensitivity at 90% specificity of the 
selected models were assessed. Univariate discriminative performance for LVH of T-wave 
abnormalities (dichotomous) and the spatial QRS-T angle was also assessed using the AUC. 
Finally, for each conventional electrocardiographic criterion separately, best performing 
models were determined, consisting of a combination of the best performing measure of 
body fat and the best of T-wave abnormalities and spatial QRS-T angle. AUC, R2, sensitivities 
at a specificity of 90% and calibration plots were reported for the new models for LVH 
detection. Furthermore, the internal validity of the estimated AUC values was assessed 
using bootstrapping. Data were analysed using STATA (Statacorp, College Station, Texas, 
USA), version 14.

Table 1. Characteristics of 1091 participants aged 45 to 65 years from the Netherlands Epidemiology 
of Obesity study

Age, years 56 (6)

Sex, men, % 46

Ethnicity, white, % 96

Physical activity (MET-hour/week) 16 (32-53)

Systolic blood pressure, mmHg 131.5 (18.2)

Diastolic blood pressure, mmHg 84.1 (10.8)

Use of antihypertensive therapy, % 22

History of cardiovascular disease, % 4

BMI, kg/m2 26.1 (4.0)

Waist circumference, cm 91.7 (12.6)

WHR 0.9 (0.1)

LVM, g 96.7 (25.7)

LVM index, g/m 55.5 (12.9)

LVH (MRI based), % 11

Sokolow-Lyon Voltage, µV 1981 (625)

Sokolow-Lyon Product, µV.ms 182377 (63038)

Cornell Voltage, µV 1366 (437)

Cornell Product, µV.ms 97570 (47978)

Spatial QRS-T angle, ° 52.8 (26.6)

T-wave abnormalities, % 2

Data are presented as mean (SD), median (interquartile range), or percentages. 
Results were based on analyses weighted towards the BMI distribution of the general population 
(n=1091). History of cardiovascular disease: angina, congestive heart failure, stroke, or peripheral 
vascular disease. BMI, body mass index; MET, metabolic equivalent of task; LVH, left ventricular 
hypertrophy; LVM, left ventricular mass; MRI, magnetic resonance imaging; WHR, waist:hip ratio
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RESULTS

Cardiac magnetic resonance imaging was performed in 1278 participants. Participants in 
whom measurement of LVM was missing (n=128), in addition to participants with left or 
right bundle branch block (n=21), history of myocardial infarction (n=14), Wolff-Parkinson-
White syndrome (n=1) or missing spatial QRS-T angle (n=23) were excluded. Baseline 
characteristics of the 1091 individuals included in the study are presented in Table 1. The 
study population had a mean (SD) age of 56 (6) years and 46% were men. Mean (SD) blood 
pressure was 131.5 (18.2)/84.1 (10.8) mmHg and 22% of the study population was taking 
antihypertensive medication. According to the MRI-based sex-specific cut-offs, 11% of this 
study population was defined as having LVH. 

Univariate discriminative performance of the conventional electocardiographic criteria 
alone was poor. AUC for Sokolow-Lyon voltage was 0.60 (95%CI: 0.55 , 0.65) and R2 0.03, 
for Sokolow-Lyon product 0.63 (0.59 , 0.68) and 0.04, for Cornell voltage 0.65 (0.60 , 0.70) 
and 0.03 and for Cornell product 0.67 (0.62 , 0.71) and 0.04. Furthermore, at a specificity of 
90%, Sokolow-Lyon voltage showed a sensitivity of 17%, Sokolow-Lyon product a sensitivity 
of 23%, Cornell voltage a sensitivity of 27% and Cornell product a sensitivity of 26%. ROC 
curves for the conventional electrocardiographic criteria are displayed in Figure 1a.

Univariate discriminative performance of age, sex, BMI, waist circumference and waist:hip 
ratio was also estimated with the AUC. BMI (0.67, 95%CI: 0.63 , 0.72), waist circumference 
(0.66; 0.61 , 0.70) and waist:hip ratio (0.57; 0.52 , 0.61) showed discriminative power for 
LVH, whereas age (0.48; 0.44 , 0.53) and sex (0.52; 0.48 , 0.56) did not. ROC curves for age, 
sex, BMI, waist circumference and waist:hip ratio are displayed in Figure 1b.

Figure 1. Receiver Operating Characteristic curves and area under the curve values of 
electrocardiographic criteria 
(1a) and age, sex, body mass index, waist circumference and waist:hip ratio (1b) for detection of 
LVH, in 1091 participants aged 45 to 65 years from the Netherlands Epidemiology of Obesity study. 
Results were based on analyses weighted towards the BMI distribution of the general population. 
BMI, Body Mass Index; WHR, waist:hip ratio
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Using stepwise regression analyses with the variables age, sex, BMI, waist circumference and 
waist:hip ratio, models for each conventional electrocardiographic criterion and additionally 
BMI were selected. Addition of BMI to models with Sokolow-Lyon voltage, improved the 
AUC to 0.72 (p<0.01) and AUC was improved to 0.74 for Sokolow-Lyon product (p<0.01), 
0.70 for Cornell voltage (p=0.01) and 0.72 for Cornell product (p=0.01). The addition of BMI 
also led to improvements in R2 and sensitivity at 90% specificity, as shown in Table 2.

Table 2. Performances of conventional electrocardiographic criteria for detection of left ventricular 
hypertrophy alone and with addition of body mass index, in 1091 participants aged 45 to 65 years 
from the Netherlands Epidemiology of Obesity study

AUC R2 Sensitivity at 90% specificity

Sokolow-Lyon voltage (Sok V) 0.60 (0.55 , 0.65) 0.03 17%

Sok V & BMI 0.72 (0.68 , 0.76) 0.10 31%

Sokolow-Lyon product (Sok P) 0.63 (0.59 , 0.68) 0.04 23%

Sok P & BMI 0.74 (0.70 , 0.78) 0.11 36%

Cornell voltage (Cor V) 0.65 (0.60 , 0.70) 0.03 27%

Cor V & BMI 0.70 (0.65 , 0.74) 0.07 35%

Cornell product (Cor P) 0.67 (0.62 , 0.71) 0.04 26%

Cor P & BMI 0.72 (0.67 , 0.76) 0.07 36%

Results were based on analyses weighted towards the BMI distribution of the general population. 
AUC, area under the curve; BMI, body mass index

The addition of waist circumference to models with the conventional electrocardiographic 
criteria also led to improvements in R2 and sensitivity at 90% specificity, as shown in 
supplementary Table 1. Addition of waist circumference led to smaller improvement of the 
models than the addition of BMI did. 

Presence of T-wave abnormalities (dichotomous) had poor discriminative performance 
for LVH with AUC 0.51 and this was 0.61 for spatial QRS-T angle (ROC curves shown in 
supplementary Figure 1). When T-wave abnormalities were added to models with each 
conventional electrocardiographic criteria in combination with BMI, AUC did not improve 
(results not shown). 

Addition of spatial QRS-T angle to the models with each conventional electrocardiographic 
criterion and BMI did lead to improved performance, as is presented in Table 3. Models with 
the conventional electrocardiographic criteria and additionally BMI and for Sokolow-Lyon 
voltage and product also additionally spatial QRS-T angle showed the best performance. 
ROC curves for these models, compared with models with each electrocardiographic 
criterion alone, are presented in Figure 2. The combination of Sokolow-Lyon voltage, BMI 
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and spatial QRS-T angle showed an AUC of 0.75, R2 of 0.12 and a sensitivity of 41% at a 
matched specificity of 90%. This was 0.76, 0.13 and 43% for the combination of Sokolow-
Lyon product, BMI and spatial QRS-T angle, 0.70, 0.07 and 35% for the combination of 
Cornell voltage and BMI and 0.72, 0.07 and 36% for the combination of Cornell product 
and BMI. For these four models, calibration plots are presented in Supplementary Figure 2. 
Furthermore, bootstrapping showed good internal validity for the estimated AUC values. In 
conclusion, the best performance in the detection of LVH was reached by a combination of 
Sokolow-Lyon product, BMI and spatial QRS-T angle. 

Table 3. Performances of conventional electrocardiographic criteria for detection of left ventricular 
hypertrophy with addition of BMI alone and both BMI and spatial QRS-T angle, in 1091 participants 
aged 45 to 65 years from the Netherlands Epidemiology of Obesity study

AUC R2 Sensitivity at 90% specificity

Sokolow-Lyon voltage (Sok V) & BMI 0.72 (0.68 , 0.76) 0.10 31%

Sok V & BMI & spatial QRS-T angle 0.75 (0.70 , 0.79) 0.12 41%

Sokolow-Lyon product (Sok P) & BMI 0.74 (0.70 , 0.78) 0.11 36%

Sok P & BMI & spatial QRS-T angle 0.76 (0.71 , 0.80) 0.13 43%

Cornell voltage (Cor V) & BMI 0.70 (0.65 , 0.74) 0.07 35%

Cor V & BMI & spatial QRS-T angle 0.70 (0.65 , 0.75) 0.07 35%

Cornell product (Cor P) & BMI 0.72 (0.67 , 0.76) 0.07 36%

Cor P & BMI & spatial QRS-T angle 0.71 (0.67 , 0.76) 0.08 39%

Results were based on analyses weighted towards the BMI distribution of the general population. 
AUC, area under the curve; BMI, body mass index
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Figure 2. Receiver Operating Characteristic curves and area under the curve values of the conventional 
electrocardiographic criteria alone and with addition body mass index and additionally spatial QRS-T 
angle for Sokolow-Lyon voltage and product for detection of left ventricular hypertrophy, in 1091 
participants aged 45 to 65 years from the Netherlands Epidemiology of Obesity study. Results were 
based on analyses weighted towards the BMI distribution of the general population. BMI, body mass 
index

DISCUSSION

In this population of middle-aged men and women, in whom cardiac MRI was performed, 
adding BMI (which is easily determinable) to conventional electrocardiographic criteria, 
more so than waist circumference or waist:hip ratio, improved performance in detection of 
LVH. Additionally adding the spatial QRS-T angle to the models with Sokolow-Lyon voltage 
and product and BMI improved performance even further. For example, AUC for detection 
of LVH of Sokolow-Lyon product was 0.63 and sensitivity at a specificity of 90% was 23%, and 
with addition of BMI and spatial QRS-T angle this improved to AUC 0.76 and 43%.

The poor performance of conventional electocardiographic criteria for LVH detection has 
previously been described 3. A systematic review showed that in primary care settings, 
sensitivity of Sokolow-Lyon voltage criteria ranged from 8-40% at specificities 53-100% 
and sensitivity of Cornell voltage criteria ranged from 2-19% at specificities 89-100% 3. 
In individuals with systemic hypertension, the combination of Cornell voltage with BMI 
improved the performance in LVH detection 6.  In a population-based study (n=3351), adding 
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both BMI and age to Cornell product improved its performance 8 and in another study 
adding BMI to Sokolow-Lyon voltage or Cornell voltage improved their performance 5.  To our 
knowledge, few studies investigated addition of spatial QRS-T angle to electrocardiographic 
LVH criteria 13. In 196 individuals a combination of body surface area and spatial QRS-T angle 
yielded the best diagnostic accuracy for LVH (using echocardiography as reference standard), 
superior to that of conventional electrocardiographic criteria 13. In our study, a combination 
of BMI and spatial QRS-T angle alone (without other electrocardiographic criteria) would 
yield an AUC of 0.69, which is higher than the AUC of the conventional electrocardiographic 
criteria alone, but, however not higher than the conventional electrocardiographic criteria 
combined with BMI and spatial QRS-T angle.

Interpretation and mechanisms
LVH is a pathological remodelling of the left ventricle, often in response to increased 
afterload. Presence of increased afterload is commonly seen with systemic hypertension, 
increased peripheral resistance and increased arterial stiffness, which are prevailing in obese 
individuals 27.  Next to the known association of obesity with an increased risk of LVH, several 
studies showed that electrocardiographic criteria for LVH have very limited performance, 
especially in obese individuals 28,29. Also in this present study, discriminative performance 
of the conventional electrocardiographic criteria is poor, especially of the Sokolow-Lyon 
criteria (AUC Sokolow-Lyon voltage 0.60, Sokolow-Lyon product 0.63). Probably, precordial 
electrocardiographic voltages (affecting Sokolow-Lyon voltage and product more than 
Cornell voltage and product) are reduced due to the presence of increased epicardial fat 
mass and a large chest wall, which corresponds to the findings in this present study. Before 
addition of BMI to the conventional electrocardiographic criteria, Sokolow-Lyon voltage 
and product performed worse than Cornell voltage and product, and after adjustment for 
BMI, performances of Sokolow-Lyon and Cornell criteria were similar. This may partly be 
explained by the fact that the Sokolow-Lyon criteria depend more on precordial voltages 
than Cornell criteria do. 

Hypertrophy of the left ventricle is often accompanied by electrophysiological changes and 
repolarization inhomogeneities 30. In the hypertrophic heart, action potential duration is 
prolonged because of delayed conduction and also several other mechanisms are at play, 
among which are alterations in ionic channels and changes in ventricular repolarization 
induced by an increase in collagen interstitial matrix 9-11, 31, 32. These changes can be reflected 
in T-wave abnormalities or widening of the spatial QRS-T angle, as described in literature 
33-35. Computation of the spatial QRS-T angle from the ECG has become easier and therefore 
taking into account the spatial QRS-T angle in detecting LVH, which is shown valuable in this 
study, could possibly be translated into clinical practice. 

Strengths and limitations
This study has several important strengths. Firstly, LVH was determined by ‘the gold 
standard’ MRI in a large number of individuals (n=1091), in whom also electrocardiographic 
LVH criteria, spatial QRS-T angle and T-wave abnormalities were available. Also, we were 
able to assess addition of several anthropometric measures, whereas other studies could 
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only investigate addition of BMI. Several limitations apply to this study. First, since our study 
was performed in a population-based cohort of mostly white, middle-aged individuals 
(45-65 years), extrapolation to other populations with different ethnic backgrounds, age 
ranges or patient populations should be done with caution. Furthermore, in this study we 
chose to focus on four widely used electrocardiographic criteria of LVH. However, more 
electrocardiographic criteria for LVH diagnosis exist, which were not included in this study, 
since they are less often used in clinical practice 36. Finally, the approach requires to be 
validated in relevant patient populations.

Conclusion
ECGs are easily obtainable, low-cost and widely used in clinical practice, and therefore 
improvements in electrocardiographic detection of LVH, which is strongly associated with 
adverse cardiovascular outcomes, is very relevant. This study shows possible improvement 
of electrocardiographic LVH criteria by addition of BMI and the spatial QRS-T angle, which 
could be useful in clinical practice. Results provided by this study should first be replicated 
in different patient populations or more high-risk populations. 
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Supplementary Figure 1. Receiver Operating Characteristic curves and area under the curve values 
of T-wave abnormalities and spatial QRS-T angle for detection of left ventricular hypertrophy, in 1091 
participants aged 45 to 65 years from the Netherlands Epidemiology of Obesity study
Results were based on analyses weighted towards the BMI distribution of the general population. 
BMI, body mass index

Supplementary Figure 2. Calibration plots for detection of left ventricular hypertrophy of the model 
of Sokolow-Lyon voltage, body mass index and spatial QRS-T angle (2a), Sokolow-Lyon product, body 
mass index and spatial QRS-T angle (2b), Cornell voltage and body mass index (2c) and Cornell product 
and body mass index (2d), in 1091 participants aged 45 to 65 years from the Netherlands Epidemiology 
of Obesity study
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The research within this thesis is focussed on obesity, assessed with several different 
measures, as well as on cardiometabolic and cardiovascular abnormalities. All research 
reported in this thesis was performed with baseline data of the Netherlands Epidemiology of 
Obesity (NEO) study population, and is therefore of cross-sectional nature. Deep phenotyping 
of participants of this NEO study was performed. Among others, several measures of body 
fat were determined: next to the more easily obtainable measures like body mass index 
and waist circumference, abdominal subcutaneous and visceral fat were determined using 
magnetic resonance imaging in approximately 35% of the study population. Therefore we 
were able to investigate not just one measure (for example body mass index), but several 
different measures of body fat and body fat distribution. This is relevant since the functions 
of adipose tissue and the cardiometabolic consequences of adipose tissue accumulation 
can differ by the location of the adipose tissue in the human body 1-4. Cardiac magnetic 
resonance imaging was also performed in a random subgroup of participants. Chapter 3 
through 7 of this thesis encompass variables determined by electrocardiography, which was 
performed in all participants of the NEO study.

First, we focussed on measures of body fat and its distribution in relation to cardiometabolic 
risk factors (chapter 2), and the relations of these risk factors with electrocardiographic 
parameters, also when clustered together in the metabolic syndrome (chapter 3). Then we 
investigated body fat in relation with electrocardiographic parameters, by studying both 
measures of overall as well as abdominal adiposity (chapter 4). Chapter 5 and 6 both focus 
on ‘more enhanced’ electrocardiographic variables, namely the Q-wave (chapter 5) and the 
spatial QRS-T angle (chapter 6). In chapter 7 we explored the usefulness of adding measures 
of body fat or the spatial QRS-T angle to the electrocardiographic criteria for detection of 
left ventricular hypertrophy.

Below, a summary is given of the main findings of the research described in this thesis and 
furthermore we describe implications of our research and discuss possible directions for 
future research. 

MAIN FINDINGS
In chapter 2, associations of measures of body fat and body fat distribution with 
cardiometabolic risk factors in individuals with obesity are described. The interrelation 
between adiposity and other cardiometabolic risk factors is reflected in the ‘metabolic 
syndrome’. Metabolic syndrome can be defined by the clustering of at least three out of 
five (increased waist circumference, high triglyceride levels, low HDL-cholesterol, high 
blood pressure or high glucose levels) cardiometabolic risk factors in an individual 5 and has 
previously been associated with cardiovascular disease 6. Obesity is an important underlying 
risk factor in the development of the metabolic syndrome. Especially the accumulation of 
fat in the intra-abdominal region, visceral fat, has been described as a key factor in the 
link between obesity and several cardiometabolic abnormalities, among which insulin 
resistance and hypertriglyceridemia 3. Accumulation of visceral fat is associated with an 
increased release of free fatty acids into the portal circulation, leading to an increased risk 
of hepatic insulin resistance 7. Furthermore, several cytokines are released by visceral fat 
that promote the development of metabolic disturbances 7. In chapter 2 we found that 
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in men and women with obesity, waist:hip ratio, waist circumference and visceral adipose 
tissue were associated with increased cardiometabolic risk, whereas subcutaneous adipose 
tissue was not. Visceral adipose tissue, reflecting abdominal adiposity, was most strongly 
associated with increased cardiometabolic risk. 

Electrocardiography is a cheap and also widely used tool in clinical practice for both 
prognostic and diagnostic purposes, and we investigated in chapter 3 whether individuals 
with metabolic syndrome but free of known cardiovascular disease, whom we expect to 
have increased cardiovascular risk, already show subtle differences in electrocardiographic 
parameters, compared with individuals without the metabolic syndrome. The 
electrocardiographic parameters that were investigated have previously been associated 
with an increased risk of several cardiovascular abnormalities 8-15. As measured by these 
electrocardiographic parameters, we observed more subclinical cardiovascular disease in 
individuals with the metabolic syndrome than in individuals without the metabolic syndrome. 
With every additional metabolic syndrome component more subclinical cardiovascular 
disease (as assessed with the electrocardiographic parameters) was observed. Stratification 
by obesity (body mass index ≥ 30 kg/m2) showed similar results for each BMI group. Waist 
circumference showed the strongest associations with the electrocardiographic parameters.  

To further investigate this relation of body fat with electrocardiographic parameters, we 
investigated both measures of overall as well as of abdominal adiposity in relation with 
electrocardiographic parameters indicative of subclinical cardiovascular disease in chapter 4 
(in individuals without known cardiovascular diseases). In the NEO study, several measures 
of body fat and distribution have been assessed in a large group of individuals. Therefore, 
we were able to investigate body mass index, total body fat and subcutaneous adipose 
tissue as measures of overall adiposity and waist circumference and visceral adipose tissue 
as measures of abdominal adiposity. We found that both measures of overall as well as 
of abdominal adiposity were associated with electrocardiographic parameters indicating 
subclinical cardiovascular disease, which is described in chapter 4. Associations of measures 
of abdominal adiposity with subclinical disease were not stronger than those of measures 
of overall adiposity. 

The associations of measures of body fat with electrocardiographic parameters indicate 
potential added value of taking into account measures of body fat in electrocardiography-
based diagnoses or in current cardiovascular risk prediction tools. We explored the usefulness 
of taking into account measures of body fat in the electrocardiographic detection of left 
ventricular hypertrophy in chapter 7. As previously described, the electrocardiogram is widely 
used in clinical practice. In chapter 5 and 6 we investigated specific electrocardiographic 
variables in more detail. 

Chapter 5 focuses on the borderline Q-wave, that can be observed on the electrocardiogram. 
A large abnormal Q-wave is thought to be the results of ischemia and can be present 
after a myocardial infarction, but also in apparently healthy individuals (silent ischemia) 
16. In clinical practice, a less abnormal, or borderline, Q-wave is often considered as non-
pathological, especially in the absence of other electrocardiographic abnormalities (then 
called an isolated borderline Q-wave). We observed a worse cardiovascular risk profile (i.e., 
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higher age, alcohol intake, blood pressure and fasting glucose concentrations) in individuals 
with isolated borderline Q-waves, than in individuals without abnormal Q-waves. The 
cardiovascular risk profile was most pathological when the borderline Q-waves was 
accompanied by other electrocardiographic abnormalities (i.e., non-isolated borderline 
Q-waves). Several measures of body fat, and especially measures of abdominal adiposity, 
were higher in individuals with isolated borderline Q-waves and even more so in individuals 
with non-isolated borderline Q-waves than in individuals without abnormal Q-waves. 
Furthermore, in individuals with non-isolated Q-waves, pulse wave velocity and carotid 
intima-media thickness were higher than in individuals without abnormal Q-waves. 

In chapter 6 we reported for several cardiovascular risk factors that they are associated with 
a wider spatial QRS-T angle, which reflects ventricular electrophysiological heterogeneity. 
This finding was in accordance with previous literature 17-23. Furthermore, we observed 
a wider spatial QRS-T angle in individuals with type II diabetes, but also in individuals 
with high or impaired fasting glucose, compared with individuals with a normal glucose 
metabolism. We also showed that both carotid intima-media thickness, as measure of 
subclinical atherosclerosis, and pulse wave velocity, as measure of arterial stiffness, were 
associated with a wider spatial QRS-T angle. As expected, these associations attenuated after 
adjustment for cardiovascular risk factors that are plausible common causes of increased 
carotid intima-media thickness, pulse wave velocity and a wider spatial QRS-T angle. 

In chapter 7 we showed that electrocardiographic detection of left ventricular hypertrophy 
with conventional electrocardiographic criteria could be improved by taking into account 
body mass index and the extra electrocardiographic parameter spatial QRS-T angle. Left 
ventricular hypertrophy is associated with increased risk of adverse cardiovascular outcomes 
and since electrocardiography is low-cost and widely used in clinical practice, improvement 
of the electrocardiographic detection of left ventricular hypertrophy is desirable. In the NEO 
study population, all participants underwent electrocardiography, and in a subgroup of 
participant (approximately 15%) cardiac magnetic resonance imaging was performed. This 
made it possible to use cardiac magnetic resonance imaging as a reference standard for the 
determination of left ventricular hypertrophy. 

IMPLICATIONS AND DIRECTIONS FOR FUTURE RESEARCH
In this thesis, we confirmed the importance of visceral obesity in the relation of obesity 
with cardiometabolic risk factors (chapter 2) and showed that in individuals free of known 
cardiovascular disease clustering of cardiometabolic risk factors is associated with changes in 
electrocardiographic parameters indicative of subclinical cardiovascular disease (chapter 3). 
The findings from chapter 3 also point to the importance of the prevention of these metabolic 
syndrome components, not only in obese, but also in non-obese individuals. Furthermore, 
we found that both overall and abdominal adiposity were associated with these deleterious 
changes in electrocardiographic parameters (chapter 4). Since electrocardiography is an 
easily assessable, widely used, and relatively cheap tool in clinical practice, it is relevant to 
explore potential electrocardiographic variables that might be useful in cardiovascular risk 
prediction or diagnosis, which we did in chapters 5 through 7.
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We showed in chapter 5 that borderline Q-waves were associated with a negative 
cardiovascular risk  profile and increased pulse wave velocity and intima-media thickness. 
These results imply that borderline Q-waves are associated with increased cardiovascular risk 
and could have prognostic significance for cardiovascular endpoints and thereby might be a 
useful addition to cardiovascular risk assessment tools. However, it is important to keep in 
mind that the research from chapter 5 is cross-sectional and longitudinal studies are needed 
to further investigate the prognostic significance of borderline Q-waves. Two previous 
studies have shown conflicting results regarding the prognostic significance of borderline 
Q-waves in Caucasian individuals 24,25. Also of interest is investigating the relevance  of 
borderline Q-waves within subgroups of individuals with increased cardiovascular risk (e.g., 
obese individuals), in whom the prevalence of electrocardiographic borderline Q-waves 
probably is greater. Finally, it may be useful to make a distinction between isolated and non-
isolated borderline Q-waves, but in order to do this, a sufficiently large study population 
is needed. Within the NEO study population only 4.6% of participants showed isolated 
borderline Q-waves and 1.7% non-isolated borderline Q-waves. Furthermore, when the 
ability of borderline Q-waves to predict cardiovascular endpoints is investigated, assessing 
the added value on top of known cardiovascular risk factors is desirable.

Another electrocardiographic variable that might be useful in cardiovascular risk prediction 
or diagnosis is the spatial QRS-T angle, on which we focus in chapter 6. Our findings suggest 
that a wider spatial QRS-T angle could be a marker of glucose metabolism impairment or 
abnormalities associated therewith. Future research is needed to investigate the prognostic 
value of the spatial QRS-T angle within prediabetic or diabetic individuals and investigate 
the potential role of the spatial QRS-T angle for risk stratification in these individuals. The 
associations that we observed between carotid intima-media thickness, pulse wave velocity 
and the spatial QRS-T angle give more insight into mechanisms that are likely to be involved 
in spatial QRS-T angle widening. Future longitudinal studies, evaluating the spatial QRS-T 
angle at different time-points, should aim at further unravelling mechanisms involved 
in spatial QRS-T angle widening. Our results suggest  that the spatial QRS-T angle could 
be used as a marker of underlying cardiovascular pathology, which is in line with several 
studies indicating prognostic value of the spatial QRS-T angle for cardiovascular morbidity 
and mortality 19,22,26-31. Addition of the spatial QRS-T angle to existing diagnostic tools for 
cardiovascular diseases should be further investigated. 

We have shown that the electrocardiographic detection of left ventricular hypertrophy may 
be improved by addition of body mass index and the spatial QRS-T angle to conventional 
electrocardiographic criteria. This improvement of the electrocardiographic detection of 
left ventricular hypertrophy is relevant in clinical practice, since better electrocardiographic 
detection prevents unnecessary follow-up investigations by echocardiography or magnetic 
resonance imaging, which are more expensive tools than electrocardiography. The way to 
improve the detection of left ventricular hypertrophy that we propose requires little extra 
effort. Body mass index is often routinely reported and the spatial QRS-T angle can be 
computed from an electrocardiogram 32. The usefulness of addition of body mass index to 
electrocardiographic criteria of left ventricular hypertrophy has been previously reported 
33-36, and one study also indicated that the spatial QRS-T angle could be an useful addition 37. 
Before implementation of our results in clinical practice, further research is needed. Other 
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studies are needed to replicate our findings and should preferably be performed in relevant 
populations, for example individuals visiting the outpatient cardiology clinic. 

NEO FOLLOW-UP 
As previously described, the research within this thesis is of a cross-sectional nature and was 
performed on data of the baseline measurements of the participants of the NEO study. The 
NEO study was designed as a prospective cohort study. Inclusion of individuals took place 
from 2008 till 2012 and individuals are now being followed. It is planned that participants of 
the NEO study will soon return to the study centre for a second visit. Furthermore, information 
on cardiovascular events and mortality is being collected via among others Dutch general 
practitioner databases.  Several of the directions for future research, as we described above, 
will become possible when this second visit has taken place and cardiovascular events and 
mortality have been collected for several years.
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NEDERLANDSE SAMENVATTING

Introductie 
Obesitas is momenteel een groot gezondheidsprobleem in ontwikkelde landen. Wereldwijd, 
en ook in Nederland, is de afgelopen jaren de prevalentie van obesitas toegenomen1. Er 
wordt geschat dat in 2016 bijna de helft (49.2%) van de volwassen Nederlandse populatie 
overgewicht had (body mass index ≥25 kg/m2) en dat 14.2% van de volwassenen een 
BMI had van ≥30 kg/m2 2. Deze percentages zijn veel hoger dan in 1990, toen 33% van de 
Nederlandse populatie overgewicht en 5.5% obesitas had 2. Obesitas is geassocieerd met 
verschillende negatieve gevolgen, zoals cardiovasculaire ziekten, type 2 diabetes mellitus en 
chronisch nierfalen 3-5. Er is veel onderzoek gedaan naar de onderliggende pathosfysiologie 
van aan obesitas gerelateerde ziekten, maar volledig begrepen wordt deze nog niet. De 
Nederlandse Epidemiologie van Obesitas (NEO) studie is opgezet met het doel om meer 
inzicht te krijgen in de verschillende paden die leiden naar aan obesitas gerelateerde 
ziekten. Bij het onderzoek dat in dit proefschrift beschreven wordt, is gebruikt gemaakt 
van baseline-data van de NEO studie, en er wordt gefocust op de relatie tussen obesitas en 
cardiometabole en cardiovasculaire afwijkingen. 

In de NEO studie zijn er bij de deelnemers verschillende maten van lichaamsvet bepaald. 
Naast de wat gemakkelijker te bepalen maten zoals body mass index en middelomtrek, 
werd middels MRI in ongeveer 35% van de studie populatie abdominaal subcutaan en 
visceraal vet gemeten. Daardoor was het mogelijk om verschillende maten van lichaamsvet 
en de verdeling hiervan te onderzoeken. Dit is relevant gezien de functie van vet en de 
cardiometabole gevolgen van accumulatie hiervan kunnen verschillen afhankelijk van de 
locatie in het menselijk lichaam waar het vet zich bevindt 6-9. Ook werd er bij alle NEO 
deelnemers een electrocardiogram gemaakt. 

Hieronder wordt een samenvatting gegeven van het beschreven onderzoek in dit proefschrift.  

Overzicht van het beschreven onderzoek 
In hoofdstuk 2 worden associaties beschreven tussen maten van lichaamsvet en de 
verdeling hiervan en cardiometabole risicofactoren. De verbanden tussen adipositas en 
andere cardiometabole risicofactoren worden weerspiegeld in het ‘metabool syndroom’. 
Het metabool syndroom kan worden gedefinieerd als de clustering van ten minste 3 
van 5 cardiometabole risicofactoren in een individu (toegenomen middelomtrek, hoge 
triglyceriden waarden, lage HDL-cholesterol waarden, hoge bloeddruk of hoge glucose 
waarden) 10, en is geassocieerd met cardiovasculaire ziekten 11. Voor de ontwikkeling van 
het metabool syndroom is obesitas een belangrijke onderliggende risicofactor. In het 
bijzonder vet dat accumuleert in het intra-abdominale gebied, visceraal vet, is beschreven 
als een sleutelfactor in de link tussen obesitas en verschillende cardiometabole afwijkingen, 
zoals insulineresistentie en hypertriglyceridemie 8. De accumulatie van visceraal vet is 
geassocieerd met een verhoogde afgifte van vrije vetzuren in de portale circulatie, leidend 
tot een verhoogd risico op hepatische insulineresistentie 12. Ook worden er verschillende 
cytokines uitgescheiden door visceraal vet die de ontwikkeling van metabole verstoringen 
bevorderen 12. In hoofdstuk 2 vinden we in mannen en vrouwen met obesitas dat de 
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verhouding tussen middelomtrek en heupomtrek, de middelomtrek en het viscerale vet 
geassocieerd zijn met een verhoogd cardiometabool risico, terwijl subcutaan vet daarmee 
niet geassocieerd is. Visceraal vet, dat abdominale obesitas weerspiegelt, was het sterkst 
geassocieerd.

Electrocardiografie is goedkoop en wordt veel gebruikt in de klinische praktijk, zowel voor 
prognostische als diagnostische doeleinden. In hoofdstuk 3 onderzochten we of individuen 
met het metabool syndroom, maar zonder bekende cardiovasculaire ziekten, van wie 
we verwachten dat ze een verhoogd cardiovasculair risico hebben, al subtiele verschillen 
vertonen in electrocardiografische parameters, vergeleken met individuen zonder het 
metabool syndroom. De electrocardiografische parameters die we hebben onderzocht 
zijn eerder in verband gebracht met een verhoogd risico op verschillende cardiovasculaire 
afwijkingen 13-20. We vonden meer subklinische cardiovasculaire ziekte, bepaald aan de hand 
van deze electrocardiografische parameters, in individuen met het metabool syndroom 
dan in individuen zonder het metabool syndroom. We observeerden meer subklinische 
cardiovasculaire ziekte met elke extra component van het metabool syndroom. We vonden 
vergelijkbare resultaten in individuen met body mass index ≥30 kg/m2 en in individuen 
met body mass index <30 kg/m2. Middelomtrek was het sterkst geassocieerd met de 
electrocardiografische parameters. 

Om de relatie tussen lichaamsvet en electrocardiografische parameters verder te 
onderzoeken, onderzochten we in hoofdstuk 4 de associaties van zowel maten van algemene 
adipositas als abdominale adipositas met electrocardiografische parameters die wijzen op 
subklinische cardiovasculaire ziekten (in individuen zonder bekende cardiovasculaire ziekten). 
In de NEO studie zijn er in een grote groep mensen verschillende maten van lichaamsvet en 
de verdeling daarvan gemeten. Daarom konden we body mass index, totaal lichaamsvet en 
subcutaan vet onderzoeken als maten van algemene obesitas en middelomtrek en visceraal 
vet als maten van abdominale obesitas. We vonden dat zowel maten van algemene als van 
abdominale adipositas geassocieerd zijn met electrocardiografische parameters, wijzend 
op meer subklinische cardiovasculaire ziekte. Dit is beschreven in hoofdstuk 4. Maten van 
abdominale adipositas waren niet sterker geassocieerd met subklinische ziekte dan dat 
maten van algemene obesitas waren. 

De associaties tussen maten van lichaamsvet en electrocardiografische parameters wijzen op 
mogelijke toegevoegde warde van het meenemen van maten van lichaamsvet in diagnostiek 
die gebaseerd is op electrocardiografie of in huidige cardiovasculaire risico predictie tools. In 
hoofdstuk 7 verkenden we de bruikbaarheid van het meenemen van maten van lichaamsvet 
in de electrocardiografische detectie van linker ventrikel hypertrofie. Zoals eerder gezegd, 
wordt electrocardiografie veel gebruikt in de klinische praktijk. In hoofdstuk 5 en 6 
onderzochten we specifieke electrocardiografische variabelen in meer detail.

Hoofdstuk 5 focust zich op de borderline Q-golf, die gezien kan worden op een 
electrocardiogram. Van een grote abnormale Q-golf wordt gedacht dat deze het resultaat 
kan zijn van ischemie en dus aanwezig kan zijn na een myocardinfarct, maar ook in schijnbaar 
gezonde individuen (bij stille ischemie) 21. In de klinische praktijk wordt een minder 
abnormale Q-golf, of borderline Q-golf, vaak beschouwd als niet-afwijkend, zeker wanneer 
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er geen andere electrocardiografische afwijkingen zijn (dan genoemd een geïsoleerde 
borderline Q-golf). We vonden een slechter cardiovasculair risicoprofiel (hogere leeftijd, 
alcohol inname, bloeddruk en nuchtere glucose waarden) in individuen met geïsoleerde 
borderline Q-golven, dan in individuen zonder abnormale Q-golven. Het cardiovasculaire 
risicoprofiel was het slechts wanneer de borderline Q-golf samenging met andere 
electrocardiografische afwijkingen (niet-geïsoleerde borderline Q-golven). Verschillende 
maten van lichaamsvet, en in het bijzonder maten van abdominale adipositas, waren 
hoger in individuen met geïsoleerde borderline Q-golven en nog hoger in individuen met 
niet-geïsoleerde borderline Q-golven. Ook waren polsgolfsnelheid en intima-media dikte 
van de arteria carotis communis hoger in individuen met niet-geïsoleerde Q-golven dan in 
individuen zonder Q-golven. 

In hoofdstuk 6 beschrijven we van verschillende cardiovasculaire risicofactoren dat 
deze geassocieerd zijn met een wijdere ruimtelijke QRS-T hoek, welke ventriculaire 
electrofysiologische heterogeniteit reflecteert. Deze bevindingen zijn in lijn met wat eerder 
in de literatuur is beschreven 22-28. Ook vonden we een wijdere ruimtelijke QRS-T hoek in 
individuen met type 2 diabetes mellitus, maar ook in individuen met verhoogde en licht 
verhoogde nuchtere plasma glucose waarden, vergeleken met individuen met een normaal 
glucose metabolisme. We lieten ook zien dat zowel intima-media dikte in de arteria carotis 
communis, een maat van subklinische atherosclerose, en polsgolfsnelheid, een maat van 
vaatstijfheid, geassocieerd zijn met een wijdere ruimtelijke QRS-T hoek. Zoals verwacht 
werden deze associaties zwakker na het adjusteren voor cardiovasculaire risicofactoren, 
waarvan het aannemelijk is dat deze gemeenschappelijke oorzaken zijn van zowel verhoogde 
intima-media dikte, als polsgolfsnelheid, als een wijdere ruimtelijke QRS-T hoek. 

In hoofdstuk 7 lieten we zien dat het electrocardiografisch vaststellen van linker ventrikel 
hypertrofie door middel van conventionele electrocardiografische criteria verbeterd kan 
worden door body mass index en de extra electrocardiografische parameter ruimtelijke 
QRS-T hoek mee te nemen. Linker ventrikel hypertrofie geeft een verhoogd risico op 
slechtere cardiovasculaire uitkomsten en gezien electrocardiografie goedkoop is en veel 
gebruikt wordt in de klinische praktijk, is de verbetering van de electrocardiografische 
vaststelling van linker ventrikel hypertrofie gewenst. In de NEO studie populatie is van alle 
deelnemers een electrocardiogram beschikbaar en is bij een subgroep van de deelnemers 
(ongeveer 15%) het hart in beeld gebracht door middel van MRI. Dit heeft het mogelijk 
gemaakt dat we MRI als referentiestandaard konden gebruiken voor de bepaling van linker 
ventrikel hypertrofie. 
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