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Background-—Prior studies have demonstrated a link between the metabolic syndrome and increased risk of cardiovascular
mortality. Whether the metabolic syndrome is associated with sudden cardiac death is uncertain.

Methods and Results-—We characterized the relationship between sudden cardiac death and metabolic syndrome status among
participants of the ARIC (Atherosclerosis Risk in Communities) Study (1987–2012) free of prevalent coronary heart disease or
heart failure. Among 13 168 participants, 357 (2.7%) sudden cardiac deaths occurred during a median follow-up of 23.6 years.
Participants with the metabolic syndrome (n=4444) had a higher cumulative incidence of sudden cardiac death than those without
it (n=8724) (4.1% versus 2.3%, P<0.001). After adjustment for participant demographics and clinical factors other than
components of the metabolic syndrome, the metabolic syndrome was independently associated with sudden cardiac death (hazard
ratio, 1.70, 95% confidence interval, 1.37–2.12, P<0.001). This relationship was not modified by sex (interaction P=0.10) or race
(interaction P=0.62) and was mediated by the metabolic syndrome criteria components. The risk of sudden cardiac death varied
according to the number of metabolic syndrome components (hazard ratio 1.31 per additional component of the metabolic
syndrome, 95% confidence interval, 1.19–1.44, P<0.001). Of the 5 components, elevated blood pressure, impaired fasting glucose,
and low high-density lipoprotein were independently associated with sudden cardiac death.

Conclusions-—We observed that the metabolic syndrome was associated with a significantly increased risk of sudden cardiac
death irrespective of sex or race. The risk of sudden cardiac death was proportional to the number of metabolic syndrome
components. ( J Am Heart Assoc. 2017;6:e006103. DOI: 10.1161/JAHA.117.006103.)
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T he metabolic syndrome is a clustering of metabolic and
cardiovascular risk factors, including high blood pres-

sure, dyslipidemia, elevated fasting glucose, and central
adiposity. It affects approximately 1 in 3 Americans, women
more so than men.1 Metabolic syndrome contributes consid-
erably to cardiovascular mortality,2–6 particularly among
women.7 Whether it adds incremental value to the prognos-
tication of cardiovascular mortality beyond the constellation
of factors comprising it is debated.8

Sudden cardiac death is a leading cause of death in the
United States, accounting for up to 350 000 deaths annu-
ally.9 It disproportionately affects black men.10 Although a link
between the metabolic syndrome and cardiovascular mortality
is well established, a potential association between metabolic
syndrome and sudden cardiac death has not been fully
explored. Accordingly, using the ARIC (Atherosclerosis Risk in
Communities) Study database, the current analysis sought (1)
to determine whether the metabolic syndrome is
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independently associated with sudden cardiac death; (2) to
assess whether sex or race modify this relationship; and (3) to
characterize the association between sudden cardiac death
and the metabolic syndrome criteria components individually
and cumulatively.

Methods

Data Sources
The ARIC study prospectively enrolled 15 792 predominantly
black and white men and women from 1987 to 1989 using
population-based probability sampling from residents of 4 US
communities: Washington County, Maryland; Forsyth County,
North Carolina; Jackson, Mississippi; and the northwestern
suburbs of Minneapolis, Minnesota.11 Follow-up examinations
were conducted every 3 years on average over the first
decade. Since that time, further follow-up has entailed annual
telephone interviews and active surveillance of the ARIC
community hospitals.

Baseline assessment consisted of a clinic visit, during
which trained staff conducted extensive physical examina-
tions of study participants and risk factor assessment. Waist
circumference was measured at the umbilical level. Systolic
and diastolic blood pressure were measured 3 times with
participant in a seated position and after 5 minutes of rest.
The average of the second and third measurements was taken
as the blood pressure measurement. Participants were asked
to fast 12 hours before a blood draw. Actual fasting times
were recorded. Blood was drawn from an antecubital vein into
tubes containing EDTA at each clinical visit following a
minimum of 8 hours of fasting. Plasma was separated by
centrifugation at 4°C and aliquots were stored at �70°C until

analysis. Glucose was measured by the hexokinase/glucose-6
phosphate dehydrogenase method. High-density lipoprotein-
cholesterol (HDL-C) levels were measured using the method
of Warnick et al.12 Low-density lipoprotein was calculated
using the Friedewald formula.13 Triglycerides were measured
with enzymatic methods. Medication use was assessed at the
time of baseline visit from participants’ self-report.

The ARIC protocols were approved by the institutional
review board at each participating center, and informed
consent was obtained from each study participant.
A de-identified data set of relevant variables was transferred
from the ARIC Coordinating Center at the University of North
Carolina at Chapel Hill, North Carolina, to the Duke Clinical
Research Institute in Durham, North Carolina, for analysis.
Use of the data set achieved exempt status from the Duke
Institutional Review Board.

Definition of the Metabolic Syndrome
The definition of the metabolic syndrome used in the current
analysis was established in 2009 by the International Diabetes
Federation Task Force on Epidemiology and Prevention; the
National Heart, Lung, and Blood Institute; the American Heart
Association; the World Heart Federation; the International
Atherosclerosis Society; and the International Association for
the Study of Obesity.14 In brief, a participant was classified as
having the metabolic syndrome if 3 or more of the following
individual components were present: waist circumference ≥35
inches (88 cm) for women or ≥40 inches (102 cm) for men;
fasting blood glucose ≥100 mg/dL (5.5 mmol/L) or treatment
with hypoglycemic agents or insulin; systolic blood pressure
≥130 or diastolic blood pressure ≥85 mm Hg or antihyperten-
sive drug treatment; serum triglycerides ≥150 mg/dL
(1.7 mmol/L) or treatment for hypertriglyceridemia (with
niacin or fibrates); and HDL-C<40 mg/dL (1.0 mmol/L) in
men or <50 mg/dL (1.3 mmol/L) in women.

Adjudication of Sudden Cardiac Death
Sudden cardiac death was defined as a sudden pulseless
condition presumed attributable to a ventricular tachyarrhyth-
mia in a previously stable individual without evidence of a
noncardiac cause of cardiac arrest. All cardiac arrest events
occurred out of the hospital or in the emergency room.15 A
committee of electrophysiologists, general cardiologists, and
internists reviewed and adjudicated cases of fatal cardiovas-
cular death in 2 phases. In the first phase, 5 physicians
adjudicated cardiovascular deaths occurring on or before
December 31, 2001. In the second phase, a committee of 11
physicians adjudicated cardiovascular deaths occurring
between January 1, 2002, and December 31, 2012. Deaths
were classified with the use of death certificates, informant

Clinical Perspective

What Is New?

• In a longitudinal, population-based sample of 13 168
residents from 4 US communities followed for a median
of 23.6 years, participants with the metabolic syndrome
had a 4.1% incidence of sudden cardiac death compared
with 2.3% among participants without it.

• The metabolic syndrome was independently associated with
sudden cardiac death irrespective of sex or race.

• Sudden cardiac death risk was proportional to the number
of metabolic syndrome components.

What Are the Clinical Implications?

• Sudden cardiac death risk associated with the metabolic
syndrome may be reduced by treatment of high blood
pressure, impaired glucose tolerance, and lipid levels.
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interviews, physician questionnaires, coroner reports, prior
medical history as recorded in the ARIC database, hospital
discharge summaries, and circumstances surrounding the
event.

Study Cohort
Study participants with prevalent cardiovascular heart dis-
ease, defined as self-reported myocardial infarction, heart or
vascular surgery, coronary bypass, coronary angioplasty, ECG
evidence of myocardial infarction, or angina diagnosed by
Rose questionnaire16 (n=1110), or prevalent heart failure
(n=1039) at baseline were excluded. Participants with a race

other than black or white (n=48) or those reporting black race
in Minnesota or Maryland (n=55) were also excluded.
Participants with missing data on any component of the
metabolic syndrome (n=281), whose fasting status was not
determined, or who did not fast at least 8 hours before the
blood draw (n=592) were excluded as well. A total of 2624
unique patients were excluded from the analysis.

Statistical Analysis
Baseline characteristics of the study population were stratified
by the presence or absence of the metabolic syndrome as well
as by study center. Continuous variables are presented as

Table 1. Baseline Participant Characteristics Stratified by Metabolic Syndrome Status

Characteristic Total (N=13 168)
With Metabolic
Syndrome (N=4444)

Without Metabolic
Syndrome (N=8724) P Value

Age, y 54 (49, 59) 55 (50, 60) 53 (49, 58) <0.001

Female sex, % 56.0 56.5 55.7 0.392

Race, % 0.006

Black 24.8 26.3 24.1

White 75.2 73.7 75.9

Metabolic syndrome components

Waist circumference, in 96.0 (87.0, 104.0) 104.0 (97.0, 112.0) 91.0 (84.0, 99.0) <0.001

Fasting blood glucose, mmol/L 5.5 (5.1, 5.9) 5.9 (5.6, 6.6) 5.3 (5.1, 5.6) <0.001

Systolic blood pressure, mm Hg 118 (108, 131) 128 (116, 140) 115 (105, 125) <0.001

Diastolic blood pressure, mm Hg 73 (66, 80) 77 (70, 84) 71 (65, 78) <0.001

Serum triglycerides mmol/L 1.2 (0.9, 1.7) 1.8 (1.3, 2.4) 1.0 (0.8, 1.3) <0.001

HDL mmol/L 1.3 (1.0, 1.6) 1.0 (0.9, 1.2) 1.4 (1.2, 1.7) <0.001

Comorbidities, %

Atrial fibrillation 0.1 0.2 0.1 0.289

Diabetes mellitus 7.5 16.5 2.8 <0.001

Current smoker 25.2 24.7 25.5 0.339

Laboratory values

Sodium 141.0 (139.0, 142.0) 141.0 (140.0, 143.0) 141.0 (139.0, 142.0) <0.001

Potassium 4.4 (4.1, 4.7) 4.4 (4.1, 4.7) 4.4 (4.1, 4.8) <0.001

Creatinine 1.1 (1.0, 1.2) 1.1 (1.0, 1.2) 1.1 (1.0, 1.2) 0.002

Magnesium 1.6 (1.5, 1.7) 1.6 (1.5, 1.7) 1.7 (1.6, 1.7) <0.001

Body mass index 26.7 (23.9, 30.2) 29.8 (27.0, 33.0) 25.4 (22.9, 28.0) <0.001

Left ventricular hypertrophy by Cornell criteria, % 1.9 2.8 1.4 <0.001

Resting heart rate 66 (60, 73) 68 (61, 75) 65 (59, 71) <0.001

Medications, %

b-Blockers 4.2 7.2 2.6 <0.001

Angiotensin-converting enzyme inhibitors 2.6 4.1 1.8 <0.001

Antiarrhythmic drugs 0.4 0.4 0.4 0.900

Data are based on participants with available data for each characteristic. Values are presented as medians with 25th and 75th percentiles unless otherwise indicated. HDL indicates high-
density lipoprotein.
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medians with 25th to 75th percentile ranges, while categorical
variables are presented as counts. Potential between-group
differences for continuous variables were assessed using the
Kruskal–Wallis test or ANOVA as appropriate. Categorical
variables were compared using Pearson’s v2 test or Fisher
exact test in instances of low frequencies. Cumulative
estimates of the risk of sudden cardiac death among
participants with metabolic syndrome and those without
metabolic syndrome were constructed. A potential between-
group difference was assessed using Gray’s K-sample test.

We used Cox proportional hazards modeling to assess
whether the metabolic syndrome was associated with the
risk of sudden cardiac death. Cox proportional hazards model
assumption was tested and the proportionality was met.
Unadjusted and adjusted hazard ratio (HR) estimates for
metabolic syndrome were then derived from models stratified
by field center. Potential confounders not included in the
definition of the metabolic syndrome were identified by
means of backward selection using an a level of 0.15 and
included age, sex, race, heart rate, smoking status, left
ventricular hypertrophy identified by the Cornell electrocar-
diographic criteria, use of a calcium channel blocker,
magnesium, and use of angiotensin-converting enzyme
inhibitors. In view of their potential clinical relevance,

b-blockers and antiarrhythmic medications were retained in
the models irrespective of statistical significance. To assess
whether the association of metabolic syndrome with sudden
cardiac death differs among subgroups, the multiplicative
interaction terms of metabolic syndrome by sex and
metabolic syndrome by race were evaluated in sequential
models. The HRs of sudden cardiac death associated with the
individual components of the metabolic syndrome were then
assessed in separate Cox models adjusted for these risk
factors. To evaluate whether the construct of the metabolic
syndrome provides prognostic value above its components, a
model including an indicator of the metabolic syndrome as
well the individual components of the metabolic syndrome
was fitted. The shape and relationship of the number of
metabolic syndrome components as a continuous variable
was fitted using a restricted-cubic spline plot. The Cox model
linearity assumption was assessed with Wald v2 plotted
against the log (HR). Analyses were performed with SAS,
release 9.4 (SAS Institute Inc, Cary, NC).

Results
Among 13 168 participants free of coronary heart disease or
heart failure at baseline, 4444 were classified as having

Figure 1. Cumulative incidence of sudden cardiac death by metabolic syndrome status at baseline. The
ARIC Study Cohort 1987 to 2012. The incidence of sudden cardiac death was higher among patients with
the metabolic syndrome compared with patients without the metabolic syndrome early in the study period,
and the curves continued to separate over time. ARIC indicates Atherosclerosis Risk in Communities.
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metabolic syndrome. Compared with participants who did not
have the metabolic syndrome, those with metabolic syndrome
were older and more often female and black. They more
frequently had diabetes mellitus and a higher body mass index
and more commonly were taking b-blockers and angiotensin-
converting enzyme inhibitors (Table 1). Baseline characteris-
tics varied according to field center (Table S1).

During a median follow-up of 23.6 years, we observed 357
sudden cardiac deaths. Participants with the metabolic
syndrome had a higher cumulative incidence of sudden
cardiac death than those without it (4.1% versus 2.3%,
P<0.001, Figure 1). The metabolic syndrome was indepen-
dently associated with sudden cardiac death in an unadjusted
model (HR, 1.93, 95% CI, 1.56–2.37, P<0.001) and in a
multivariable model (HR, 1.70; 95% CI, 1.37–2.12; P<0.001).
This relationship was not modified by sex (HR, 1.48; 95% CI,
1.12–1.95 for males; HR, 2.13; 95% CI, 1.51–3.02 for
females, interaction P=0.10) or race (interaction P=0.62).
The risk of sudden cardiac death in association with the
number of metabolic syndrome components was fitted using
restricted cubic-spline in the Cox model and has been shown
to be linear (Wald v2 P=0.25). We observed an increased risk
of sudden cardiac death for every unit increase in the number
of metabolic syndrome components compared with none (HR,

1.31; 95% confidence interval [CI], 1.19–1.44; P<0.001). The
risk of sudden cardiac death varied according to the number
of components (Figure 2). After adjustment for the individual
components of the metabolic syndrome, the composite
metabolic syndrome construct was not independently asso-
ciated with the risk of sudden cardiac death (HR, 1.01; 95% CI,
0.68–1.50; P=0.95). Of the 5 metabolic syndrome compo-
nents, elevated blood pressure (HR, 1.81; 95% CI, 1.45–2.27;
P<0.001), impaired fasting glucose (HR, 1.35; 95% CI, 1.08–
1.70; P=0.009), and low HDL-C (HR, 1.27; 95% CI, 1.01–1.60;
P=0.043) were independently associated with the risk of
sudden cardiac death. Elevated blood pressure was the
largest risk contributor with a Wald v2 of 26.7 (Table 2).

Discussion
The current analysis has 4 main findings. First, after
accounting for participant demographic and clinical factors
other than the components of the metabolic syndrome, we
observed that the metabolic syndrome was associated with an
�70% increased risk of sudden cardiac death. Second, this
relationship was not modified by either sex or race. Third, the
association between metabolic syndrome and sudden cardiac
death was mediated by criteria components rather than the
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Figure 2. Risk of sudden cardiac death according to the number of metabolic syndrome criteria. The ARIC
Study Cohort 1987 to 2012. Sudden cardiac death risk varied according to the number of metabolic
syndrome components. Risk estimates were adjusted for age, sex, race, heart rate, smoking status, left
ventricular hypertrophy, use of calcium channel blockers, use of b-blockers, and use of antiarrhythmic
medications. ARIC indicates Atherosclerosis Risk in Communities.
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construct per se. Finally, the risk of sudden cardiac death
varied according to the number of metabolic syndrome
components, most importantly blood pressure, impaired
fasting glucose, and low HDL.

A large body of evidence suggests that individuals with
metabolic syndrome are at increased risk of cardiovascular
events and death.7 Systolic blood pressure, diabetes mellitus,
and HDL level are in fact integral to a global assessment of
sudden cardiac death risk.17 However, to our knowledge, only
1 prior study has examined a potential association between
the metabolic syndrome and the risk of sudden cardiac death.
In a cohort of 6678 French men, 963 had the metabolic
syndrome at baseline. During a median follow-up of 21 years,
105 sudden cardiac deaths occurred. After multivariable
adjustment, the authors found that metabolic syndrome was
associated with a 68% increase in risk of sudden death (95%
CI, 1.05–2.70).18 In comparison, the current analysis has a
larger sample size and a greater number of sudden cardiac
deaths. It confirms an association between the metabolic
syndrome and sudden cardiac death of a similar magnitude
and extends the finding to a population-based cohort of
Americans. It further characterizes the relationship with
regard to sex and race and deepens our understanding of
the prognostic importance of the individual metabolic syn-
drome components as well as their number.

Prior studies suggest that the association between the
metabolic syndrome and cardiovascular events is stronger
among women.7 Nonetheless, sudden cardiac death occurs
more often among black men.10 That sex or race/ethnicity
may modify the association between the metabolic syndrome
and sudden cardiac death is plausible. However, the findings
of the current analysis suggest that neither is prognostically
important. Rather, the comparatively high rate of sudden
cardiac death observed among black men is likely mediated
by high blood pressure, which affects them disproportion-
ately.19

A graded relationship between the number of cardiovas-
cular risk factors has previously been observed with regard to

the risk of cardiovascular events,20 including incident
stroke,21 coronary heart disease,22 and atrial fibrillation.23

To our knowledge, the current analysis is the first to examine
the relative contribution of the number of components of the
metabolic syndrome in reference to sudden cardiac death. A
graded relationship between the number of metabolic
syndrome components and outcome was again observed.

The prognostic utility of the metabolic syndrome construct
has previously been called into question.24 Initial studies
adjusting for traditional cardiovascular risk factors suggested
that the metabolic syndrome construct carries prognostic
weight.7,25,26 More recent studies accounting for the actual
components of the metabolic syndrome imply that the
metabolic syndrome construct does not add explanatory
power beyond that afforded by its components.27 The current
analysis supports the latter notion with regard to sudden
cardiac death.

How to best treat patients with metabolic syndrome is
often unclear, and data informing clinical practice are lacking
with rare exception.28 However, the therapeutic and public
health implications of the current analysis are of interest. The
risk of sudden cardiac death associated with metabolic
syndrome may in part be reduced by treatment of high blood
pressure, impaired glucose tolerance, and lipid levels. Hence,
treatment of cardiovascular risk factors should be undertaken
when possible.

Limitations
The current analysis has several limitations. First, change in
therapy over time may impact the relationship between the
metabolic syndrome and sudden cardiac death, but such
information was not available for analysis. Second, the ARIC
cohort included predominantly white and black participants.
Consequently, our findings may not be generalizable to other
racial groups. Third, given the observational nature of the
analysis, residual or unmeasured confounding may exist.
Fourth, while a comparison of the influence of metabolic

Table 2. Associations of Metabolic Syndrome Components With the Risk of Sudden Cardiac Death. The ARIC Study Cohort 1987
to 2012.

Metabolic Syndrome Component Wald v2
Hazard
Ratio 95% CI P Value

Blood pressure ≥130/85 mm Hg or antihypertensive drug treatment 26.73 1.81 1.45 to 2.27 <0.001

Fasting blood glucose ≥100 mg/dL or treatment with
hypoglycemic agents or insulin

6.89 1.35 1.08 to 1.70 0.009

HDL-C<40 mg/dL in men or <50 mg/dL in women 4.11 1.27 1.01 to 1.60 0.043

Waist circumference ≥35 in for women or ≥40 in for men 3.40 1.25 0.99 to 1.58 0.065

Triglycerides ≥150 mg/dL or treatment for hypertriglyceridemia 0.09 0.96 0.75 to 1.24 0.766

ARIC indicates Atherosclerosis Risk in Communities; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol.
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syndrome on sudden cardiac death versus nonsudden cardiac
death would be informative, data on nonsudden cardiac death
were not available in the limited data set. Finally, left
ventricular ejection fraction, which is the mainstay of
assessing sudden cardiac death risk from a clinical perspec-
tive, was not included in the current analysis. However, most
sudden cardiac deaths occur among those without known
heart disease,29 as was the case with our study cohort at
baseline.

Conclusions
In this analysis, the metabolic syndrome was independently
associated with a 70% increase in the risk of sudden cardiac
death. This relationship did not vary by sex or race and was
mediated by criteria components of the composite metabolic
syndrome construct. A graded relationship between the
number of metabolic syndrome components and sudden
cardiac death risk was observed. High blood pressure,
impaired fasting glucose, and low HDL were the principal
drivers of the observed increase in the risk of sudden cardiac
death. Whether treating these conditions reduces the risk of
sudden cardiac death is unknown and requires further study.
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SUPPLEMENTAL MATERIAL 



Table S1. Baseline Participant Characteristics Stratified by Field Center 

 

   

Characteristic 

Total 

(N=13168) 

Forsyth County, NC 

(N=3430) 

Jackson, MS 

(N=2904) 

Minneapolis, MN 

(N=3530) 

Washington County, 

MD  

(N=3304) P-Value 

Age, median (25th, 75th 

percentiles), y 

54 (49, 59) 54 (49, 59) 52 (48, 58) 53 (49, 58) 55 (50, 59) <.001 

Female sex, % 56.0 55.2 61.8 53.2 54.7 <.001 

Race, %      <.001 

African American 24.8 10.7 100.0 0.0 0.0  

Caucasian 75.2 89.3 0.0 100.0 100.0  

Metabolic syndrome components       

Waist Circumference, in 96.0 (87.0, 

104.0) 

95.0 (86.0, 103.0) 97.0 (88.0, 107.0) 94.0 (85.0, 103.0) 97.0 (89.0, 106.0) <.001 

Fasting Blood Glucose, mmol/L 5.5 (5.1, 5.9) 5.4 (5.1, 5.8) 5.6 (5.1, 6.1) 5.5 (5.2, 5.9) 5.5 (5.1, 5.9) <.001 

Systolic Blood Pressure, mm Hg 118 (108, 131) 116 (105, 128) 125 (115, 140) 117 (107, 128) 117 (107, 128) <.001 

Diastolic Blood Pressure, mm Hg 73 (66, 80) 69 (63, 76) 80 (73, 87) 73 (67, 80) 71 (65, 78) <.001 

Serum Triglycerides mmol/L 1.2 (0.9, 1.7) 1.3 (0.9, 1.8) 1.0 (0.8, 1.4) 1.2 (0.9, 1.7) 1.3 (1.0, 1.9) <.001 

HDL mmol/L 1.3 (1.0, 1.6) 1.2 (1.0, 1.6) 1.4 (1.1, 1.7) 1.3 (1.0, 1.6) 1.2 (1.0, 1.5) <.001 

Comorbidities, %       

Atrial Fibrillation 0.1 0.1 0.0 0.1 0.2 0.411 

Diabetes 7.5 6.3 12.8 4.2 7.4 <.001 

Current Smoker 25.2 29.7 28.0 21.8 21.8 <.001 



 

   

Characteristic 

Total 

(N=13168) 

Forsyth County, NC 

(N=3430) 

Jackson, MS 

(N=2904) 

Minneapolis, MN 

(N=3530) 

Washington County, 

MD  

(N=3304) P-Value 

Laboratory values       

Sodium 141.0 (139.0, 

142.0) 

141.0 (139.0, 143.0) 141.0 (140.0, 143.0) 141.0 (139.0, 142.0) 141.0 (139.0, 142.0) <.001 

Potassium 4.4 (4.1, 4.7) 4.4 (4.2, 4.7) 4.2 (3.9, 4.5) 4.7 (4.4, 5.0) 4.4 (4.1, 4.6) <.001 

Creatinine 1.1 (1.0, 1.2) 1.1 (0.9, 1.2) 1.1 (1.0, 1.2) 1.1 (1.0, 1.2) 1.1 (1.0, 1.2) <.001 

Magnesium 1.6 (1.5, 1.7) 1.6 (1.6, 1.7) 1.6 (1.5, 1.7) 1.7 (1.6, 1.8) 1.6 (1.6, 1.7) <.001 

Body Mass Index 26.7 (23.9, 

30.2) 

25.5 (23.0, 28.5) 28.6 (25.4, 32.6) 26.3 (23.7, 29.4) 26.9 (24.0, 30.3) <.001 

LVH by Cornell - Left Ventricular 

Hypertrophy 

1.9% 1.2% 5.3% 0.8% 0.8% <.001 

Resting Heart Rate 66 (60, 73) 66 (60, 73) 65 (59, 73) 65 (60, 72) 66 (60, 73) <.001 

Medications, %       

Beta-Blockers 4.2 3.3 3.9 5.0 4.4 0.003 

Angiotensin-converting enzyme 

inhibitors 

2.6 2.3 3.0 2.4 2.8 0.180 

Antiarrhythmic Drugs 0.4 0.3 0.4 0.3 0.6 0.091 

Abbreviations: ECG, electrocardiogram; HDL, high-density lipoprotein; NC, North Carolina; MS, Mississippi; MN, Minnesota; MD, Maryland. 

Data are based on participants with available data for each characteristic. 

 


