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ABSTRACT

Objective

Obesity is associated with sympathetic activation, but the role of different fat depots 
is unclear. The association between body fat, specifically visceral fat, and electro-
cardiographic measures of sympathetic activation in a population with structurally 
normal hearts was investigated.

Design and Methods

In this cross-sectional baseline analysis of the Netherlands Epidemiology of Obesity 
study, body fat percentage was assessed with BIA and abdominal subcutaneous (SAT) 
and visceral adipose tissue (VAT) with magnetic resonance (MR) imaging. Mean heart 
rate (HR) and five other electrocardiographic measures of sympathetic activation 
were calculated. We performed multivariate linear regression analyses.

Results

In 868 participants with a mean age (SD) of 55 (6) years, BMI of 26 (4) kg/m², 47% men, 
body fat was associated with HR and two other measures of sympathetic activation. 
Per sex-specific SD of total body fat, the difference in HR was 1.9 beats/min (95% 
CI: 1.0, 2.9; p<0.001) and per SD waist circumference 2.1 beats/min (95% CI: 1.3, 2.9; 
p<0.001). The difference in heart rate per SD VAT was 2.1 beats/min (95% CI: 1.3, 3.0; 
p<0.001).

Conclusions

Body fat, especially visceral fat, was associated with electrocardiographic measures 
of sympathetic activation. Our study implies that already before the onset of cardio-
vascular disease, excess (visceral) body fat is associated with sympathetic activation.
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INTRODUCTION

Obesity is associated with altered function of the autonomic nervous system.1-6 The 
autonomic nervous system controls homeostasis and regulates visceral functions by 
modulations in sympathetic and parasympathetic outflow. Altered autonomic function 
is characterized by reduced adaptive modulation and sympathetic activation. Neurohu-
moral activation increases the risk of both first and secondary cardiovascular events and 
is also associated with subclinical cardiovascular disease (CVD).7-9

Body fat may stimulate the sympathetic nervous system and induce autonomic 
dysfunction by the secretion of adipokines such as leptin, C-reactive protein, TNF-α, 
plasminogen activator inhitor-1 and interleukin-6. These cytokines either cross the 
blood-brain-barrier and directly stimulate the central sympathetic nervous system in 
the hypothalamus, or induce a state of low-grade inflammation that can also stimulate 
the sympathetic nervous system.10

In general, visceral fat seems stronger associated with CVD risk factors than subcutane-
ous fat. This may be explained by more macrophage infiltration and a higher secretion 
rate of pro-inflammatory cytokines.11-14 However, subcutaneous fat is the largest fat 
depot in the body, accounting for approximately 90% of total body fat. Therefore this 
depot may still be important in absolute contribution to sympathetic activation. Most 
previous studies on the association of body fat with sympathetic activation did not 
distinguish between different abdominal fat depots.1-4 We hypothesize that visceral fat 
is stronger associated with sympathetic activation than subcutaneous fat.

Electrocardiographic markers that are commonly used to study sympathetic activation 
are heart rate and heart rate variability.15, 16 Three recent experimental studies showed 
that the sympathetic overdrive is also reflected in other changes on the standard 
electrocardiogram (ECG).17-19 These changes include alterations in conduction times 
and ventricular repolarization. The ECG is an inexpensive, non-invasive and widely avail-
able diagnostic tool and may therefore be easy to use in large studies on sympathetic 
activation.

The aim of our study was to investigate to what extent overall and abdominal fat are 
associated with both established and novel measures of sympathetic activation in a 
population without underlying CVD.
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METHODS

Study design and population

The Netherlands Epidemiology of Obesity (NEO) study is a population-based prospective 
cohort study with oversampling of individuals with a BMI ≥ 27 kg/m². The design and data 
collection of the NEO study were described previously.20 The baseline visit was performed 
in the NEO study centre in the Leiden University Medical Centre. Prior to this study visit, 
participants fasted overnight and completed questionnaires. At the NEO study centre an 
extensive physical examination was performed. In a random subgroup of participants, 
magnetic resonance (MR) imaging scans of the abdomen and heart were performed.

The present study is a cross-sectional analysis of the baseline measurements of all partici-
pants with MR imaging of the heart and abdomen. Exclusion criteria for our study were 
self-reported CVD (defined as myocardial infarction, angina, congestive heart failure, 
stroke, or peripheral vascular disease), ejection fraction (EF) <50%, left ventricular hy-
pertrophy (LVH) (defined as >2SD deviation from the mean body surface area corrected 
left ventricular end-diastolic mass), prevalent diabetes mellitus (DM) (defined as use 
of glucose lowering drugs, fasting glucose concentration ≥7.0 mmol/L or postprandial 
glucose concentration ≥11.1 mmol/L), abnormal ECG or missing data on measures of 
body fat or sympathetic activation. For the analyses including heart rate or heart rate 
variability, we additionally excluded participants using beta blockers or calcium antago-
nists. For the analyses including QTc, Tpeak-end, spatial ventricular gradient or spatial 
QRS-T angle we additionally excluded participants with ventricular conduction defects. 
The NEO study was approved by the Medical Ethical Committee of the Leiden University 
Medical Centre. Before inclusion, all participants gave their informed consent.

Data collection

Self-identified ethnicity of participants was grouped into white (reference category) and 
other. Level of education was grouped in low education (defined as no education, pri-
mary education or lower vocational training) versus high education (reference). Tobacco 
smoking was categorized into current, former or never (reference) smokers. Physical ac-
tivity was expressed in MET-hours per week. Blood was sampled after an overnight fast of 
at least 10 hours. Two postprandial blood samples were taken 30 minutes and 2.5 hours 
after a liquid mixed meal (400 ml, 600 kcal). Fasting and postprandial glucose concentra-
tions were measured with the enzymatic colorimetric method (Roche Modular Analytics 
P800, Roche Diagnostics, Mannheim, Germany). Participants were asked to bring all 
their medication. The heart was imaged by MRI (1.5 Tesla MRI, Philips Medical Systems, 
Best, Netherlands) in short-axis view using an ECG-triggered balanced turbo-field-echo 
sequence. A 3-dimensional 3-directional velocity-encoded MRI technique was used. End 
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systolic and end diastolic ventricular masses and volumes were measured. Left and right 
stroke volumes (SV) were defined as the difference between the end diastolic volume 
and the end systolic volume. Left ventricular ejection fraction was calculated by dividing 
left ventricular SV by the end diastolic volume. The left ventricular mass was measured 
end diastolic and was standardized for body surface area.21

Body fat
Height and weight were measured without shoes and one kilogram was subtracted to 
correct for the weight of clothing. Body Mass Index (BMI) was calculated by dividing 
the weight in kilograms by the height in meters squared. The circumference of the 
waist (WC) was measured in the middle of the distance between the lowest rib and 
the crista iliaca superior with a flexible steal tape. Body fat percentage was measured 
using a bio-impedance device (TBF-310, Tanita International Division, UK). Abdominal 
subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) were quantified by 
MRI (1.5 Tesla MRI, Philips Medical Systems, Best, Netherlands) using a turbo spin echo 
imaging protocol. At the level of the fifth lumbar vertebra three transverse images with 
a slice thickness of 10 mm were obtained during a breath-hold. The fat depots were 
converted from the number of pixels to centimetres squared. The average of the three 
slices was used in the analyses.

Established and novel measures of sympathetic activation
A 12-lead ECG was obtained using a Mortara Eli-350 electrocardiograph (Mortara Instru-
ment Inc., Best, Netherlands) after a resting period of at least ten minutes. Standard 
10-second ECGs were 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 (VCG) from the eight 
independent ECG leads.22 ECGs and VCGs were analyzed using the automatic MATLAB-
based (The MathWorks, Natick, MA) program BEATS and the semi-automatic program 
LEADS.23, 24

BEATS was used to detect the timings of all QRS complexes and calculated R-R intervals 
(ms). All ECGs were checked for falsely identified QRS complexes or non-sinus beats, 
and the timings were manually adjusted. Also the complexes surrounding the non-sinus 
beat were removed from the mean R-R interval calculations. Mean heart rate (HR) in 
beats/min was calculated as 60 divided by the mean R-R interval in seconds. The coef-
ficient of variation (CV) was expressed in percentage and calculated as the mean R-R 
interval divided by the standard deviation of the mean R-R interval x 100.

LEADS was used to calculate QT time (ms), QTc (corrected according to the Bazett for-
mula) and Tpeak-end duration (ms). The QRS and T integral vectors were approximated 



Chapter2

32

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. The 
spatial ventricular gradient (mV*ms) was calculated as the vectorial sum of these vectors.

Statistical analyses

In the NEO study, individuals with a BMI ≥ 27 kg/m² were oversampled. To correctly 
represent associations in the general population, adjustments for the oversampling of 
individuals with a BMI ≥ 27 kg/m² were made.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. All 
results were based on weighted analyses.

Baseline characteristics of the study population were stratified by categories of BMI.26 
Data were expressed as mean (SD), median (25th-75th percentile) or as percentage. The CV 
was ln-transformed. We performed linear regression analyses to examine the association 
between body fat and measures of sympathetic activation. As determinants we used 
BMI (kg/m²), total body fat (%), WC (cm), VAT (cm²) and SAT (cm²). We standardized these 
values to be able to compare the strength of the association between determinants. 
Standardization was performed separately for men and women because of the large dif-
ference in distribution. In addition, we tested for interaction between measures of body 
fat and sex by adding an interaction term to all linear regression models. As outcome 
variables we used HR (beats/min), CV (%), QTc time (ms), Tpeak-end duration (ms), the 
spatial ventricular gradient (mV*ms) and the spatial QRST angle (°). We calculated the 
difference and 95% confidence interval per SD of the determinant. For ln-transformed 
outcome variables, we expressed the regression coefficient as percentage difference. 
The crude associations were adjusted for age, sex, tobacco smoking, ethnicity, educa-
tion, physical activity and fasting state (yes/no). The analyses with VAT were additionally 
adjusted for SAT and vice versa.

RESULTS

Descriptive statistics

In total 6673 participants were included in the NEO study, 1205 with a MRI scan of 
abdomen and heart. We consecutively excluded participants with pre-existent CVD 
(n=104), prevalent diabetes (n=106), EF <50% (n=23), LVH (n=81), abnormal ECG (n=2) 
and missing data (n=21). The total population of the current study consisted of 868 
participants. For analyses on heart rate and the coefficient of variation we additionally 
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excluded participants using beta blockers or calcium antagonists (n=98), resulting in 
770 included participants. For the analyses including QTc, Tpeak-end, spatial ventricular 
gradient and spatial QRS-T angle we additionally excluded participants with ventricular 
conduction defects (n=73), resulting in 795 included participants. Because of the skewed 
distribution, the CV was ln-transformed.

Table 1: Baseline characteristics stratified by WHO categories of BMI (26)

BMI category (kg/m²)

< 25 (43%) 25-30 (45%) > 30 (12%)

Sex (% men) 35 54 42

Age (years) 56 (6) 55 (6) 55 (6)

Ethnicity (% Caucasian) 98 96 95

Smoking

Current (%) 9 14 13

Former (%) 40 44 52

Education (% low) 15 22 31

Total body fat (%)

Men 19 (3) 26 (3) 33 (4)

Women 32 (4) 39 (4) 46 (3)

Waist circumference (cm)

Men 88 (5) 99 (6) 113 (6)

Women 78 (7) 91 (7) 105 (8)

Mean VAT (cm²)

Men 73 (32) 120 (48) 176 (62)

Women 47 (26) 78 (31) 125 (49)

Mean SAT (cm²)

Men 150 (42) 209 (49) 327 (80)

Women 194 (54) 295 (54) 431 (94)

Heart rate (beats/min) 64 (10) 65 (10) 68 (10)

CV (%) 2.8 (1.7-4.5) 2.5 (1.6-4.0) 2.6 (1.6-4.1)

QTc (ms) 408 (27) 406 (26) 416 (26)

Tpeak-end (ms) 79 (14) 81 (13) 82 (15)

Ventricular gradient (mV*ms) 66 (24) 67 (25) 58 (20)

QRS-T spatial angle (°) 51 (26) 48 (25) 56 (30)

Data are presented as mean (SD), median (25th-75th percentile) or percentage. Results were based on 
weighted analyses (n=868)
BMI=body mass index; low education=no education, primary education or lower vocational training;
VAT=visceral adipose tissue; SAT=subcutaneous adipose tissue; CV=coefficient of variation;
QTc=corrected QT time
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Baseline characteristics stratified by BMI categories (< 25 kg/m², 25-30 kg/m² (over-
weight), ≥ 30 kg/m² (obese)) are shown in Table 1. Participants with overweight were 
more often men. Obese individuals were on average less educated. Total body fat, waist 
circumference, visceral fat and subcutaneous fat were higher in de overweight and 
obese group than in the group with BMI < 25 kg/m².

Body fat, heart rate and coefficient of variation

The analyses on heart rate and the coefficient of variation included 770 participants. When 
stratified by BMI, heart rate was higher and the coefficient of variation in percentage was 
lower in the overweight and obese group than in the group with BMI < 25 kg/m² (Table 
1). The interaction terms between body fat measures and sex were non-significant in all 
linear regression models (p-values ranging from 0.41 to 0.84). This suggests that although 
women have a higher amount of total body fat than men, the association between body 
fat and sympathetic activation is not essentially different between men and women. BMI, 

Table 2: Difference (95% CI) in heart rate and coefficient of variation per SD of body fat

Fat measure (SD) Model Mean HR (beats/min) R² P-value CV (%) R² P-value

BMI (m: 3 kg/m²;
w: 4 kg/m²)

1 1.3 (0.4, 2.1) 0.01 0.004 −4 (−11, 2) 0.00 0.225

2 1.4 (0.5, 2.2) 0.05 0.001 −5 (−12, 2) 0.04 0.162

3 1.4 (0.6, 2.3) 0.07 0.001 −3 (−9, 3) 0.06 0.377

Total body fat
(m: 5%; w: 6%)

1 1.9 (1.0, 2.9) 0.04 <0.001 −5 (−12, 2) 0.00 0.204

2 1.9 (1.0, 2.8) 0.06 <0.001 −4 (−12, 3) 0.04 0.238

3 1.9 (1.0, 2.9) 0.09 <0.001 −2 (−9, 4) 0.06 0.446

WC (m: 9 cm;
w: 12 cm)

1 2.0 (1.1, 2.8) 0.04 <0.001 −6 (−13, 1) 0.01 0.095

2 2.0 (1.1, 2.8) 0.06 <0.001 −6 (−13, 1) 0.04 0.087

3 2.1 (1.3, 2.9) 0.09 <0.001 −4 (−11, 2) 0.06 0.149

VAT (m: 54 cm²;
w: 39 cm²)

1 2.3 (1.4, 3.2) 0.05 <0.001 −8 (−16, −1) 0.01 0.034

2 2.1 (1.3, 3.0) 0.07 <0.001 −7 (−15, 1) 0.04 0.081

3 2.1 (1.3, 3.0) 0.09 <0.001 −4 (−12, 3) 0.06 0.216

4 1.7 (0.6, 2.9) 0.10 0.004 −2 (−12, 7) 0.06 0.642

SAT (m: 71 cm²;
w: 98 cm²)

1 1.4 (0.5, 2.3) 0.02 0.002 −6 (−13, 1) 0.01 0.095

2 1.6 (0.8, 2.4) 0.05 <0.001 −7 (−14, 0) 0.04 0.048

3 1.7 (0.8, 2.5) 0.08 <0.001 −5 (−11, 0) 0.06 0.060

4 0.8 (−0.3, 1.9) 0.10 0.158 −4 (−12, 3) 0.06 0.248

Results were based on weighted analyses (n=770)
Model 1: Crude; 2: Adjusted for age and sex; 3: Adjusted for age, sex, smoking, ethnicity, education, physical 
activity and fasting state; 4: Model 3 + SAT (in VAT analyses) or Model 3 + VAT (in SAT analyses)
BMI=body mass index; WC=waist circumference; VAT=visceral adipose tissue; SAT=subcutaneous adipose 
tissue; HR=heart rate; CV=coefficient of variation
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total body fat percentage and waist circumference were positively associated with mean 
heart rate (Table 2). After adjustment for potential confounders, the association was the 
strongest for waist circumference. Per SD waist circumference (men: 9 cm; women: 12 
cm), the difference in heart rate was 2.1 beats/min (95% CI: 1.3, 2.9; p<0.001). There were 
no associations between body fat and the CV in the adjusted analyses.

As is shown in Table 2, VAT and SAT were both associated with heart rate after adjust-
ments for confounders. After adjustment for SAT, VAT remained independently associ-
ated with heart rate: per SD VAT the change in heart rate was 1.7 beats/min (95% CI: 0.6, 
2.9; p=0.004). However, the association between SAT and heart rate attenuated after 
adjustment for VAT to a difference of 0.8 beats/min (95% CI: −0.3, 1.9; p=0.158).

Body fat, QTc time and Tpeak-end

The analyses on QTc time and Tpeak-end included 795 participants. There was no 
significant interaction between body fat measures and sex in the linear regression 
analyses. Waist circumference was stronger associated with QTc than BMI or total body 
fat percentage. Per SD (men: 9 cm; women: 12 cm) increase in waist circumference, QTc 
increased with 4.5 ms (95% CI: 2.4, 6.6; p<0.001). No associations were observed with 
Tpeak-end (Table 3).

VAT was independently associated with QTc. After adjustment for all confounders and 
SAT, the change in QTc per SD VAT was 4.3 ms (95% CI: 1.8, 6.8; p=0.001). After adjusting 
for confounders and VAT, the difference in QTc per SD SAT was 1.0 ms (95% CI: −1.5, 3.4; 
p=0.448).

Body fat, spatial ventricular gradient magnitude and spatial QRS-T angle

Table 3 shows the results of the linear regression analyses between body fat and the 
spatial ventricular gradient and spatial QRS-T angle. There was no significant interaction 
between body fat measures and sex. BMI, total body fat and waist circumference were 
inversely associated with the ventricular gradient magnitude. Waist circumference was 
most strongly associated with the ventricular gradient magnitude with a difference of 
−3.4 mV*ms (95% CI: −5.6, −1.2; p=0.003) per SD waist circumference (9cm/12cm). After 
adjustment for potential confounders, BMI, total body fat and waist circumference were 
not associated with the spatial QRS-T angle.

After adjusting for confounders and SAT, the difference in the ventricular gradient per 
SD VAT was −4.4 mV*ms (95% CI: −7.0, −1.7; p=0.001). SAT was not associated with the 
ventricular gradient magnitude after adjustment for VAT. After adjustment for confound-
ers and SAT, the difference in QRS-T angle per SD VAT was 3.2° (95% CI: 0.0, 6.3; p=0.052). 
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Per SD SAT the change in QRS-T angle was −3.5° (95% CI: −6.2, −0.9; p=0.009) after all 
adjustments (Table 3).

DISCUSSION

In the present study, we observed that body fat (BMI, total body fat percentage) and 
abdominal body fat (waist circumference, VAT, SAT) were associated with mean HR, QTc 
and the ventricular gradient magnitude. No associations were observed of body fat with 
the CV and Tpeak-end duration. VAT was positively associated with the spatial QRS-T 
angle, independent of SAT. There was an inverse association between SAT and the spa-
tial QRS-T angle after adjustment for VAT. The associations between waist circumference 
and sympathetic activation were stronger than the associations between total body fat 
and sympathetic activation, suggesting that abdominal fat may be more important for 
autonomic function than overall fat. All associations were strongest for VAT and associa-
tions between SAT and sympathetic activation attenuated after adjustment for VAT. This 
indicates that different fat depots within the abdomen do not only differ in localization 
but also in function and that the visceral fat depot is most important with regard to 
sympathetic activation.

One strength of our study is that we excluded participants not only with pre-existent 
CVD but also with cardiac abnormalities diagnosed by MR imaging. Abnormalities in car-
diovascular structure and function are strongly associated with autonomic function.7-9 
The exclusion of participants with abnormal hearts reduced the possibility of reverse 
causation because of undetected CVD in our results. Another strength of our study is the 
availability of visceral and subcutaneous fat measured by MRI, in addition to BMI, waist 
circumference and total body fat percentage. This enabled us to study the association of 
the different abdominal fat depots with sympathetic activation.

A limitation of our study is the absence of a direct measure of sympathetic activation. In 
large epidemiological studies as ours, it is often not feasible to invasively or pharmaco-
logically measure sympathetic activity and we therefore used surrogate markers of sym-
pathetic activation. However, heart rate and heart rate variability are well-established 
parameters of autonomic function.15, 16 Heart rate is influenced by sympathetic and para-
sympathetic outflow to the sinus node, and dominant sympathetic activation over para-
sympathetic activation results in a higher heart rate and less variability in heart rate. In 
addition, we investigated four parameters of ventricular repolarization as novel markers 
of sympathetic activation. These parameters have not been validated as a markers of 
sympathetic activation. However, the influence of the sympathetic nervous system on 
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ventricular repolarization has long been recognized.27 In addition, three recent studies 
in which the sympathetic nervous system was experimentally stimulated (one in pigs 
and two in humans) have indicated that our study parameters are strongly influenced 
by the sympathetic nervous system.17-19 Because our study is an observational study, the 
indices of ventricular repolarization in our analyses may be influenced by factors other 
than sympathetic outflow, such as age, sex, physical activity and smoking. However, by 
adjusting for these factors, we aimed to minimize their influence on the associations 
between body fat and sympathetic activation. Another limitation is the use of a single 
ECG for the measurement of sympathetic activation, because previous studies have 
indicated that multiple ECGs give a more reliable estimate.28 However, any random mea-
surement error in the ECG measures would have diluted the true associations, leading to 
an underestimation in our results. A final limitation is the measurement of confounding 
variables by questionnaire (smoking, ethnicity, education and physical activity), which 
may have resulted in some misclassification. Because of this potential misclassification 
and the fact that this is an observational study, we cannot exclude the presence of 
residual confounding in our analyses.

The results of our study extend the knowledge from previous papers on body fat and 
sympathetic activation, by showing that abdominal fat, especially visceral fat, was 
stronger associated with sympathetic activation than fat mass in general. Previous 
studies observed an association between BMI and sympathetic activation.1, 2, 29 However, 
BMI may not be a valid measure to describe body composition because it does not 
distinguish between body fat and lean body mass. Total body fat percentage and waist 
circumference reflect body fat and to some extent fat distribution. In earlier papers, total 
body fat has been associated with different measurements of the autonomic nervous 
system, as has waist circumference.3-6, 30 In our study we measured BMI, total body fat 
percentage and waist circumference and because we used standardized values for these 
measures we were able to compare the strength of the associations with sympathetic 
activation.

Only a few studies were able to differentiate between visceral and subcutaneous fat 
depots. Three studies reported an association between VAT and sympathetic activa-
tion.31-33 Two of these papers also investigated SAT, and reported that VAT was stronger 
associated with sympathetic activation than SAT.32, 33 Another study reported that 
sympathetic activation in individuals with high subcutaneous fat was not different from 
non-obese individuals.34 We were able to extend these observations by showing that 
VAT was also associated with measures of sympathetic activation on the electrocardio-
gram (heart rate, QTc and the ventricular gradient) after adjustment for SAT, while the 
association of SAT with these measures attenuated after adjustment for VAT. Finally, in 
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line with our results, a recent paper observed an association of BMI with QTc, but not 
with Tpeak-end.35 We showed the same results for other body fat measures.

Our results suggest that subcutaneous fat is not associated with sympathetic activation, 
or that the association between SAT and sympathetic activation is mediated by VAT. 
Several mechanisms could underlie these associations. Adipocytes, or macrophages 
invading the adipose tissue, secrete a number of adipokines.10, 36 Distribution of the 
adipose tissue is a key determinant of this adipokine secretion. The secretion rate of pro-
inflammatory cytokines is higher in visceral fat than in subcutaneous fat. Furthermore, 
visceral fat inhibits the secretion of anti-inflammatory factors.11-14 Some pro-inflamma-
tory cytokines, such as leptin, can cross the blood-brain-barrier and directly stimulate 
the central sympathetic nervous system in the hypothalamus.10, 37 Other cytokines, for 
example C-reactive protein, TNF-α, plasminogen activator inhitor-1 and interleukin-6, 
cause a state of low-grade inflammation that can also stimulate the sympathetic nervous 
system.10, 13 Therefore, altered cytokine production may underlie the strong association 
between visceral fat and sympathetic activation. However, some studies have shown 
that leptin is more related to total or subcutaneous fat rather than to visceral fat.32, 34 If 
this is true, direct stimulation of the central nervous system by leptin could not explain 
our finding that visceral fat is strongest associated with sympathetic activation.

Because our study is cross-sectional, we cannot make any statements on the direction 
of the association. Therefore, a pathophysiological mechanism in which sympathetic 
activation promotes the accumulation of adipose tissue in the visceral compartment, 
could also explain our findings. Previous studies have shown that chronic activation 
of the sympathetic nervous system, caused by chronic stress or lack of physical activ-
ity could favour the accumulation of visceral fat.38, 39 This line of reasoning would also 
explain the inverse association we observed between SAT and the spatial QRS-T angle; 
less sympathetic activation, reflected in a smaller (more favourable) QRS-T angle, could 
stimulate the storage of fat in the subcutaneous instead of the visceral compartment.

The association between body fat and sympathetic activation may have clinical implica-
tions. A recent study in middle aged and elderly persons without manifest heart disease 
showed that each increment of 5 beats/min resulted in an 11% higher risk all-cause 
mortality (95% CI: 1-22; p=0.033) and a 12% higher rate of cardiovascular events (95% 
CI: 0-26; p=0.044) after 76 months of follow up.40 In our study, approximately 50 cm² 
of visceral adipose tissue was associated with an increase in resting heart rate of 2.1 
beats/min (95% CI: 1.3, 3.0; p<0.001). The explained variance was modest. However, 
because our population was free of CVD and diabetes, had structurally normal hearts 
and we adjusted for many factors that increase the risk of cardiovascular disease, our 



Chapter2

40

results still suggest that body fat, especially visceral fat, may be important in the risk of 
cardiovascular events and mortality.

In conclusion, we observed that body fat, especially abdominal fat, is associated with 
sympathetic activation. Furthermore, visceral fat seems more important than sub-
cutaneous fat with regard to sympathetic activation. As participants in our study had 
structurally normal hearts, our results imply that already before the onset of CVD excess 
(abdominal) body fat is associated with sympathetic activation. Future prospective stud-
ies should investigate whether sympathetic activation is a mediator in the association 
between body fat and CVD.
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