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1  | INTRODUC TION

QRS|T angle is a quantitative characterization of depolariza‐
tion and repolarization abnormalities of the heart (Narayanan & 
Chugh, 2016; Oehler, Feldman, Henrikson, & Tereshchenko, 2014; 
Voulgari, Pagoni, Tesfaye, & Tentolouris, 2013). Spatial QRS|T 
angle can be derived from the results of an electrocardiogram 

(ECG) and used to identify those who have high risk of ventric‐
ular arrhythmias (Narayanan & Chugh, 2016; Oehler et al., 2014; 
Voulgari et al., 2013; Zhang et al., 2015). A meta‐analysis of 22 
studies conducted by Zhang et al. (2015) found that those with 
wide spatial QRS|T angle were 40% more likely to die of any 
cause and 71% more likely to die of cardiac causes than those 
with normal spatial QRS|T angle (RR = 1.40, 95% CI = 1.32–1.48; 
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Abstract
Background: Spatial QRS|T angle is a predictor of cardiovascular events. Those with 
metabolic syndrome have an increased risk of cardiovascular morbidity and mortal‐
ity. This study investigated the association between metabolic syndrome and spatial 
QRS|T angle.
Methods: We obtained data from the National Health and Nutritional Examination 
Survey III on 6,249 adults. We calculated spatial QRS|T angle from the standard 12‐
lead electrocardiogram and classified it as abnormal, borderline, or normal. We iden‐
tified metabolic syndrome if at least three of the following were present: abdominal 
obesity, elevated blood pressure, elevated triglycerides, decreased high‐density lipo‐
protein (HDL), and impaired fasting glucose. We used weighted logistic regression to 
estimate the effect of metabolic syndrome and its components on QRS|T angle while 
stratifying by gender and adjusting for age, race, smoking status, heart rate, PR, QT, 
and QRS interval, and QRS amplitude.
Results: Among men and women, metabolic syndrome, the number of components 
present, elevated blood pressure, and impaired fasting glucose were positively as‐
sociated with QRS|T angle. Among women, decreased HDL and abdominal obesity 
were also positively associated with QRS|T angle.
Conclusions: This study suggests that persons with metabolic syndrome may be at 
increased risk for ventricular arrhythmias. The use of spatial QRS|T angle to assess 
this cardiovascular risk is warranted.
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RR = 1.71, 95% CI = 1.54–1.90, respectively). Wide spatial QRS|T 
angle was associated with all‐cause and cardiac mortality in the 
general population and patients who had cardiovascular disease 
(Zhang et al., 2015); it is an established risk factor of cardiovas‐
cular morbidity and mortality (Narayanan & Chugh, 2016; Oehler 
et al., 2014; Voulgari et al., 2013; Whang et al., 2012; Zhang et al., 
2015). Whang et al. (2012) studied the association between wide 
QRS|T angle and mortality (all‐cause and cardiovascular) using na‐
tional data obtained from the third National Health and Nutrition 
Examination Survey (NHANES). In this American population of 
adults 40 years and older, Whang et al. (2012) concluded that an 
abnormally wide QRS|T angle was associated with an increased 
hazard ratio of all‐cause and cardiovascular mortality in women 
and men.

Metabolic syndrome (MetS) is a complex disease defined by the 
presence of at least three of five metabolic abnormalities (hyper‐
tension, abdominal obesity, impaired fasting glucose, elevated tri‐
glycerides, and decreased high‐density lipoproteins) (Heart & Lung, 
and Blood Institute., 2002). Using data collected with the NHANES 
in years 2003–2012, Aguilar, Bhuket, Torres, Liu, and Wong (2015) 
estimated the prevalence of MetS to be around one‐third of the US 
adult population (20 years and older). Among older adults, 60 years 
and older, the prevalence increases to 50% (Aguilar et al., 2015). 
Those who met criteria for MetS are at a higher risk of cardiovas‐
cular morbidity and mortality (Mccullough, 2011; Mottillo et al., 
2010). The presence of MetS has been associated with several ECG 
markers of cardiovascular disease (e.g., QRS complex duration, QT 
interval, T‐wave axis) in a population‐based cohort (Elffers et al., 
2017). Using data obtained from NHANES III, Faramawi, Sall, and 
Kareem (2008) determined the presence of MetS was associated 
with ECG markers of cardiovascular disease: T‐wave axis deviation 
and QT interval. Spatial QRS|T angle has also been associated with 
the components of MetS: hypertension, obesity, and type‐2 diabe‐
tes (Voulgari et al., 2013). The association between MetS and QRS|T 
angle deviation has never been explored in a population‐based (rep‐
resentative) sample. Therefore, we sought to determine if MetS is 
a risk factor for spatial QRS|T angle in the American adults of the 
NHANES III.

2  | METHODS

2.1 | Study population

We used the NHANES III datasets to conduct our analyses. The 
NHANES III, a cross‐sectional survey, was conducted from 1988 to 
1994 by the National Center for Health Statistics (National Center 
for Health Statistics, 1994). The survey used a complex multistage 
probability sampling design to capture a representative sample of 
noninstitutionalized American citizens (NCHS, 1994). The National 
Center for Health Statistics institutional review board approved the 
protocol for NHANES III. The NHANES III researchers obtained writ‐
ten informed consent, interviewed, and examined the participants 
to collect information on their demographics, health, and behavior 

(NCHS, 1994). To account for the complex sampling design, a sam‐
pling weight was assigned to each participant (NCHS, 1994). The 
weights assigned for those who completed the examination were 
used in this analysis.

A total of 9,737 adults, 40 years and older, participated in both 
the interview and medical examination of NHANES III. We excluded 
those with a suspected history of myocardial infarction based on 
self‐report or ECG results (n  =  758), and those who self‐reported 
congestive heart failure (n  =  267). Of the remaining 8,712 adults, 
7,542 (86.6%) had sufficient data to determine MetS status. Those 
who did not complete a 12‐lead ECG (n = 839), who had a QRS in‐
terval ≥ 120 msec (n = 423), or did not have sufficient data to deter‐
mine spatial QRS|T angle (n = 31) were excluded. The final sample 
included 6,249 participants.

2.2 | Measures

2.2.1 | Spatial QRS|T angle

We used standard 12‐lead ECGs, conducted during the medical ex‐
amination, to calculate spatial QRS|T angle. The ECGs were obtained 
for adults who were 40 years or older using the Marquette MAC 12 
Medical Systems, Inc. (Milwaukee, Wisconsin) (NCHS, 1994, 1998). 
The 12‐lead ECG recorded eight independent components simul‐
taneously, sampling data at 250 samples/second/channel (NCHS, 
1998). ECG data were analyzed using Minnesota and Novacode 
computer algorithms to detect ECG abnormalities and obtain du‐
rations and amplitudes of the ECG components (Blackburn, Keys, 
Simonson, Rautaharju, & Punsar, 1960; NCHS, 1998; Rautaharju et 
al., 1990).

We calculated spatial QRS|T angle from the QRS and T ampli‐
tudes of leads V2, V5, V6, and AVF using the formula provided by 
Rautaharju and colleagues (Rautaharju, Prineas, & Zhang, 2007; 
Schreurs et al., 2010). We converted the obtained spatial QRS|T 
angle to degrees and classified spatial QRS|T angle as abnormal, bor‐
derline, or normal based on the prior NHANES III study conducted 
by Whang et al. (2012). They used the sex‐specific 75th and 95th 
percentiles of spatial QRST|T angle to classify spatial QRS|T angle 
(Whang et al., 2012). Among females, abnormal spatial QRS|T angle 
was defined as an angle > 120°, borderline as 90–120°, and normal as 
an angle < 90° (Whang et al., 2012). Among males, abnormal spatial 
QRS|T angle was defined as an angle > 135°, borderline as 107–135°, 
and normal as an angle <107° (Whang et al., 2012).

2.2.2 | Metabolic syndrome

We used the guidelines of the Adult Treatment Panel III to define 
MetS (NHLBI, 2002). MetS has five metabolic components: ab‐
dominal obesity, elevated blood pressure, elevated triglycerides, de‐
creased high‐density lipoprotein (HDL), and impaired fasting glucose 
(NHLBI, 2002). We considered the participants who had at least 
three of five of these components as individuals with MetS (NHLBI, 
2002).
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We used the following criteria to define the MetS components 
(NCHS, 1994): (a) Abdominal obesity: defined as a waist circumfer‐
ences >102 cm for males or a waist circumference >88 cm for fe‐
males (NHLBI, 2002). Waist circumference was measured during the 
examination (NCHS, 1994) (b) Elevated blood pressure: participants 
who had systolic blood pressure >130 mm Hg and/or diastolic blood 
pressure >85 mm Hg blood pressure were considered as individu‐
als with elevated blood pressure (NHLBI, 2002). The blood pressure 
status was determined from the average blood pressure obtained 
during the interview and examination (NCHS, 1994). In addition, 
we considered those who self‐reported a diagnosis of hypertension 
or used antihypertensive medications to have high blood pressure. 
(c) Impaired fasting blood glucose: if the participant had a fasting 
blood glucose  >  100  mg/dl, had self‐reported a diagnosis of dia‐
betes, and/or self‐reported use of medication for diabetes, he/she 
was considered as an individual with impaired blood glucose level 
(NHLBI, 2002; NCHS, 1994). We defined a fasting blood sample as 
a blood draw conducted at least 8 hours of fasting (NCHS, 1994). 
(d) Decreased HDL was defined as blood HDL < 40 mg/dl for males 
and < 50 mg/dl for females (NHLBI, 2002). (e) Elevated triglycerides 
were defined blood triglycerides as  >  150  mg/dl (NHLBI, 2002). 
HDL and triglycerides were tested using the venous blood specimen 
drawn during the examination (NCHS, 1994).

2.2.3 | Other covariates

Age, gender, race, and smoking status were self‐reported during 
the household interview (NCHS, 1994). Age was indicated in years. 
Gender was categorized as male or female. Race was categorized 
as White or non‐White. Smoking status was categorized as never 
smoker, current smoker, or former smoker. Heart rate was measured 
per a standardized protocol during the medical examination (NCHS, 
1994). It was recorded in beats per minute. PR interval, QRS interval, 
QT interval, QRS amplitude, and left ventricular mass were assessed 
at the medical examination (NCHS, 1998). We corrected QT inter‐
val for heart rate using Fridericia's and Bazett's formulae. Fridericia's 
correction has been demonstrated to be most effective in minimiz‐
ing the relation between QT interval and heart rate, while Bazett's 
correction is widely used in clinical settings (Faramawi, Wildman, 
Gustat, Rice, & Kareem, 2008; Vandenberk et al., 2016).

2.3 | Data analysis

We used SAS 9.4 software to conduct the statistical analysis. We 
used PROC SURVEY methods to account for the complex sam‐
pling design. We stratified by gender due to gender differences in 
QRS|T angle classification as well as gender differences in MetS 
status determination (NHLBI, 2002; Whang et al., 2012). We con‐
ducted univariate analysis to describe the weighted characteristics 
of the study population. Continuous variables were described using 
weighted means and standard error and categorical variables were 
described using weighted percentages. We conducted bivariate 
analysis to compare characteristics between normal, borderline, and 

abnormal spatial QRS|T angle as classified by Whang et al. (2012). 
For continuous variables, an independent weighted t test was used. 
For categorical variables, a weighted chi‐square test was used. We 
conducted unadjusted weighted logistic regression to estimate the 
effect of MetS status, the number of MetS components, and other 
covariates on spatial QRS|T angle (reference set as normal). We con‐
ducted multivariate weighted logistic regression to assess the effect 
of MetS status on QRS|T angle after adjusting for the effect of age, 
race, smoking status, PR interval, QRS Interval, corrected QT inter‐
val (using Fridericia's formula), QRS amplitude, and heart rate. We 
repeated the analyses with the corrected QT interval using Bazett's 
instead of Fridericia's formula. We used Cochran–Armitage test to 
assess a dose‐response effect for the number of MetS components 
on spatial QRS|T angle. We used Stata to conduct mediation analysis 
to determine the proportion of the total effect of MetS on spatial 
QRS|T angle mediated by left ventricular mass.

3  | RESULTS

This study included 6,249 participants: 44.4% males and 55.6% fe‐
males. The mean age of males and females were 54.9 and 56.3 years, 
respectively. More than a third of the participants had MetS: 36.1% 
of males and 36.7% of females. For spatial QRS|T angle, about 5.1% of 
males and 5.7% of females had abnormally deviated QRS|T angle and 
20.4% of males and 20.2% of females had a borderline spatial QRS|T 
angle orientation. For men, the following individuals had a positive 
association: African Americans and those with MetS (p = .0004 and 
p  =  .0200, respectively, Table 1). As the number of MetS compo‐
nents, age and heart rate increased, PR interval and corrected QT in‐
terval lengthened, and QRS amplitude decreased, the probability of 
having an abnormal spatial QRS|T angle increased. Men who had an 
impaired fasting blood glucose concentration, elevated blood pres‐
sure and a large waist circumference tended to have an abnormal 
spatial QRS|T angle. Among females, we observed similar relation‐
ships between the previously mentioned variables and the spatial 
QRS|T angle with a few exceptions (Table 1). Longer QRS interval 
rather than PR interval was associated with abnormal spatial QRS|T 
angle and women who had decreased HDL and elevated triglycer‐
ides tended to have an abnormal spatial QRS|T angle. We observed 
no apparent relation between smoking and the spatial QRS|T angle 
orientation among males or females (Table 1).

In the unadjusted logistic regression, the odds of having an ab‐
normal spatial QRS|T angle orientation among males increased with 
MetS and the number of its components (Table 2). Elevated blood 
pressure, impaired fasting glucose, and abdominal obesity also in‐
creased the odds among males (Table 2). Among females, the spatial 
QRS|T angle orientation had a strong association with MetS and, 
similar to males, was associated with the number of its components, 
elevated blood pressure, impaired fasting glucose, and abdominal 
obesity (Table 2). Contrary to males, decreased HDL and elevated 
triglycerides were also positively associated with abnormal QRS|T 
angle in females (Table 2).
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After we controlled for the effects of age, race, heart rate, smok‐
ing, PR interval, QRS interval, corrected QT interval (Fridericia's 
formula) spatial QRS|T angle orientation remained positively asso‐
ciated with MetS as well as its number of components; however, 
effect sizes were slightly attenuated (Table 2). Among those with 
MetS, the odds of abnormal spatial QRS|T angle relative to normal 
was 83% higher for men and 130% higher for women compared 
to those without MetS (95% CI: 1.07–3.13 and 1.64–3.22, respec‐
tively). Among men and women, individual components previously 
mentioned to be associated remained associated with spatial QRS|T 
angle, with the exception of abdominal obesity among men and 
elevated triglycerides among women (Table 2). Repeated analyses 
adjusting for corrected QT interval using Bazett's formula yielded 
the same conclusions.

In unadjusted mediation analysis, left ventricular mass mediated 
77.00% of the total effect of MetS on spatial QRS|T angle. After ad‐
justing for the effects of age, gender, race, heart rate, and smoking 
status, the proportion of the total effect of MetS on spatial QRS|T 
angle mediated by left ventricular mass was reduced to 58.05%.

4  | DISCUSSION

In this study, we observed a positive relationship between the MetS 
as well as the number of its components with the abnormal deviation 
of the spatial QRS|T angle: the odds of having QRS|T angle devia‐
tion increased with MetS and its component. The effect of MetS and 
its components among women was higher than that among males. 
In women, four of the five components of MetS—elevated blood 
pressure, impaired blood glucose concentration, low HDL, and ab‐
dominal obesity—had an association with the spatial QRS|T angle. 
In men, elevated blood pressure and impaired fasting blood glucose 
were the only components that had an association with the angle. 
Therefore, we can conclude that the gender may modify the effect 
of MetS on spatial QRS|T angle. However, the overlying confidence 
bounds of MetS in Table 2 do not exclude similar values of odds for 
females and males. The QRS|T angle is an important ECG predictor 
for cardiovascular events such as ventricular arrhythmia (Narayanan 
& Chugh, 2016; Oehler et al., 2014; Voulgari et al., 2013; Zhang et 
al., 2015). Hence, we can conclude that men and women, with MetS 
have higher odds for ventricular arrhythmias.

Individuals with MetS had higher odds for having an abnormally 
deviated angle. MetS is an established risk factor of an increase in 
the left ventricular mass (Cuspidi et al., 2017). Thus, in this study 
MetS might have increased the risk of the deviation of spatial QRS|T 
angle by increasing the left ventricular mass. Our analysis revealed 
that about 56% of the effect of MetS on the QRS|T angle was medi‐
ated by the left ventricular mass. An increase in the left ventricular 
mass is associated with abnormal QRS|T angle (Voulgari et al., 2013).

The current study confirms the results of the previous studies 
that concluded that MetS increases the risk for cardiac arrhythmias 
(Elffers et al., 2017; Faramawi, Sall, et al., 2008; Faramawi, Wildman, 
et al., 2008). However, herein we used a superior ECG parameter, 

that is, spatial QRS|T angle, to conventional ECG parameters that 
are associated with cardiac arrhythmias such as the T‐wave devia‐
tion and QT interval (Elffers et al., 2017; Faramawi, Sall, et al., 2008; 
Faramawi, Wildman, et al., 2008). When we adjusted for other ECG 
parameters: PR interval, corrected QT interval, QRS interval, and 
QRS amplitude, MetS remained associated with abnormal QRS|T 
angle. In our study, we excluded participants with ischemic heart 
diseases, heart failure, and prolonged QRS duration, to minimize the 
effect of symptomatic cardiac diseases on the reported measures. 
We also stratified the analysis by gender because the distribution 
of the QRS|T angle of males differs from that of females. The results 
of the current analysis should be interpreted in the context of the 
following limitations. First, our study was cross‐sectional; therefore, 
we had no opportunity to prove a temporal causation between MetS 
or its components. Second, we had no echocardiographic measures 
of left ventricular function to adjust for their effects in our mod‐
els. Third, we used a self‐report measure to exclude those with con‐
gestive heart failure which may have resulted in some persons with 
unreported congestive heart failure being included in the sample. 
Fourth, we had no chance to evaluate if abnormal QRS|T can predict 
cardiovascular outcomes because NHANES did not collect specific 
nonfatal cardiovascular outcomes especially ventricular arrhythmias, 
which have been associated with abnormal QRS|T angle in previous 
studies; additionally, the study was cross‐sectional.

Nevertheless, this study has several points of strength. First, to 
our knowledge, this is the first study to explore the relationship of 
MetS and the number of its components with QRS|T angle—an im‐
portant risk factor for ventricular arrhythmias—in a nationally rep‐
resentative sample of US adults. Second, we used a superior ECG 
parameter to quantify the mean difference between cardiac depo‐
larization and repolarization: the spatial QRS|T angle. Third, the data 
of the study were collected according to comprehensive protocols 
and thorough quality control measures. Fourth, the datasets had in‐
formation on important covariates, which allowed us to adjust for 
important confounders while conducting the statistical analysis. 
Finally, our results might have a clinical implication because they 
confirm that individuals who have MetS without known heart dis‐
ease may need frequent clinical evaluation and careful medical man‐
agement to decrease their cardiac morbidity and mortality.

5  | CONCLUSIONS

In summary, among women and men, there is an association between 
MetS as well as its components with spatial QRS|T angle. Those who 
have MetS without symptomatic heart disease could be at risk for 
ventricular arrhythmias because of their impaired ventricular depo‐
larization and repolarization. The results of the current analysis need 
to be validated in future prospective studies.
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