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CHAPTER 6

Carotid intima media thickness, pulse wave velocity 
and the spatial QRS-T angle
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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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