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Abstract

Objective—We examined the prognostic significance of left ventricular (LV) mass for 

cardiovascular disease (CVD) events in older adults with and without metabolic syndrome (MetS) 

and diabetes (DM).

Background—MetS and DM are associated with increased CVD risk, but it is unclear in these 

groups whether subclinical CVD evidenced by increased LV mass improves risk prediction over 

standard risk factors in older individuals.

Methods—We studied 3,724 adults (mean age 72.4 ± 5.4, 61.0% female, 4.4% African 

American) from the Cardiovascular Health Study who had MetS (but without DM), DM, or 

neither condition. Cox regression examined the association of LV mass (alone and indexed by 

height and body surface area [BSA]) determined by echocardiography with CVD events, including 

coronary heart disease (CHD), stroke, heart failure (HF), and CVD death, as well as total 

mortality. We also assessed the added prediction, discriminative value and net reclassification 

improvement (NRI) for clinical utility of LV mass over standard risk factors.

Results—Over a mean follow-up of 14.2 ± 6.3 years, 2,180 subjects experienced CVD events, 

including 986 CVD deaths. After adjustment for age, gender and standard risk factors, LV mass 

was positively associated with CVD events in those with MetS (hazard ratio [HR]=1.4, p<0.001) 

and without MetS (HR=1.4, p<0.001), but not DM (HR=1.0, p=0.62), with similar findings for LV 
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mass indexed for height or BSA. Adding LV mass to standard risk factors moderately improved 

the prediction accuracy in the overall sample and MetS group from changes in C-statistics 

(p<0.05). Categorical-free net reclassification improvement increased significantly by 17–19% in 

those with MetS. Findings were comparable for CHD, CVD mortality and total mortality.

Conclusions—LV mass is associated with increased CVD risk and provides modest added 

prediction and clinical utility over standard risk factors in older persons with and without MetS, 

but not with DM.

Keywords

echocardiography; left ventricular mass; metabolic syndrome; diabetes; cardiovascular disease

INTRODUCTION

Persons with metabolic syndrome (MetS) and diabetes (DM) are more likely to have 

subclinical atherosclerosis and are at a greater risk of suffering cardiovascular disease 

(CVD) events 1–3 and mortality in older persons 4 Previous studies have identified left 

ventricular (LV) mass to independently predict CVD events 5–7. While the association of 

MetS5 and the number of MetS risk factors 7 with LV mass has been demonstrated, and DM 

adversely impacts hypertropic remodeling through increased LV mass and larger cavity 

dimensions8, there are limited data examining the value of LV mass for predicting CVD 

events in persons with MetS or DM. Although a smaller previous study compared the 

prognosis of increased LV mass in diabetic and non-diabetic hypertensive individuals9, to 

our knowledge, no population-based study has compared the prognostic significance of LV 

mass in persons with and without MetS and DM. Although DM is a well-known risk factor 

for coronary heart disease (CHD), it has been shown by some studies to confer a lower risk 

of subsequent cardiac complications than CHD.10 There is a need to better identify what 

further screening methods for subclinical CVD can further improve risk prediction in 

persons with MetS and DM.11 For instance, it is known such persons demonstrate a greater 

extent of myocardial ischemia12 and coronary calcium13,14, with the latter providing 

prognostic value for CVD events.15 Whether subclinical CVD evidenced by higher LV mass 

provides significant incremental prognostic value in predicting CVD events over standard 

risk factors in these conditions is unclear, especially in those with MetS and DM and in older 

persons who have a longer exposure to these conditions. Such information would be useful 

to judge the utility of LV mass assessment in these groups.

This paper examines whether readily-available echocardiographic measurements of LV mass 

add to standard CVD risk factors in the prediction of CVD events in older persons with and 

without MetS or DM. Our analysis addresses the question of whether there is a role for these 

readily available measurements in risk stratification for these populations.

METHODS

Study Sample and Recruitment

Our analyses include 3724 adults aged 65 to 95 years from the Cardiovascular Health Study 

(CHS), a prospective National Institutes of Health-sponsored study of older adults focused 
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on studying risk factors and subclinical measures of CVD and their outcomes. Initial 

enrollment during 1989–1990 recruited 5,201 participants, while a second cohort of 687 

African-American participants was recruited in 1992–1993. Specifically, of the initial cohort 

of 5,201, the current analysis included CHS participants who had baseline measurements of 

LV mass from two-dimensionally directed M-mode echocardiography as well as information 

on incidence of CVD events; patients with prior CVD events were excluded. Participants 

were initially recruited from Heath Care Financing Administration Medicare eligibility lists 

and other household members from four U.S. geographic regions: Forsyth County, North 

Carolina; Sacramento County, California; Washington County, Maryland; and Pittsburgh, 

Pennsylvania. Participant consent was obtained during baseline exam. Baseline exam data 

were collected from a clinical examination which consisted of medical history, physical 

examination, and fasting blood analyses. The methodology and design of CHS have been 

previously reported.15 Up to 22 years of follow-up data were available through June 30, 

2004, with vital status known on all the 3,724 subjects included in the study with complete 

risk factor data (no persons lost to follow-up). This project was exempt from Institutional 

Review Board review due to the use of de-identified data.

Measurements

Risk factors measured in our study were measured by standardized methodology, as 

previously described, and included systolic and diastolic blood pressure (BP), low density 

and high density lipoprotein-cholesterol, triglycerides, glucose, waist circumference, and 

body mass index (BMI).15 Subjects were classified into three groups as having MetS 

(without DM) according to American Heart Association/National Heart Lung & Blood 

Institute (AHA/NHLBI) criteria, DM, or neither condition. MetS (n=1,178) (without DM) 

was defined according to the AHA/NHLBI definition16 as having any three of the following 

five criteria: elevated BP (>130 systolic or >85 mmHg) or treatment for hypertension, low 

high-density lipoprotein cholesterol (HDL-C, <40 mg/dl in males or <50 mg/dl in females), 

elevated triglycerides (>150 mg/dl), increased waist circumference (>88 cm [35 inches] in 

females, or >102 cm [40 inches] in males), or impaired fasting glucose (100–125 mg/dl). 

DM (n=485) was defined as having a fasting glucose level ≥6.99 mmol/L (126 mg/dL), 

taking oral hypoglycemic medication, or self-reported use of insulin. Subjects with neither 

condition (n=2,061) were also included in our analyses.

The protocol for performing and reading transthoracic echocardiograms (echo) has been 

previously described.17 Briefly, a baseline echo was recorded onto super-VHS tape using a 

standardized protocol, with measurements made at the Echocardiography Reading Center at 

the University of California, Irvine in 1989–1990 and at Georgetown University in 1992–

1993 from digitized images utilizing an off-line image-analysis system equipped with 

customized computer algorithms. Quality control measures included standardized training of 

sonographers and readers, periodic sonographer observation by a trained echocardiographer, 

and blind duplicate readings to establish interreader and intrareader measurement variability. 

This manuscript focuses on two-dimensionally directed M-mode measurements of LV mass, 

which was calculated as described by Devereux et al.18 : LV mass (g) = 0.80 × 1.04 [(VSTd 

+ LVIDd + PWTd)3 − (LVIDd)3] + 0.6 cm where VSTd= ventricular septal thickness in 

diastole, LVIDd=LV internal dimension in diastole, and PWTd=posterior wall thickness in 
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diastole. We also present our data according to LV mass indexed to height (cm)1.7 given that 

this has been recently proposed to represent more accurate scaling19 than older scaling (such 

as by a power of 2.7), as well as by body surface area.

CVD and CHD events were adjudicated by the CHS endpoints committee of physician 

investigators. Incident CVD was defined as CHD, stroke, heart failure (HF), or claudication, 

with CVD deaths due to either of these incident conditions. CHD events included incident 

non-fatal myocardial infarction, angina requiring hospitalization, coronary artery 

angioplasty, coronary bypass surgery or death caused by “atherosclerotic CHD”. CHS 

criteria for angina required a report of symptoms such as chest pain, chest tightness, or 

shortness of breath; the diagnosis of angina from a physician; and being under medical 

treatment for angina (including nitroglycerin, beta blocker, or calcium channel blocker). 

Total CVD and CHD events, CVD mortality, and total mortality were defined as occurring 

after the baseline echo assessment of LV mass. The first occurrence of a qualifying event 

was used as the individual’s “event”, so recurrent events were not included in the analysis. 

Follow-up time was defined from the baseline LV mass echo assessment to the date of first 

occurrence of a CVD event (or CHD, CVD death, or total mortality for analyses specific to 

those endpoints).

Statistical Analysis

Descriptive statistics of proportions for categorical variables and means (±standard deviation 

[SD]) for continuous variables were presented by disease group and compared by the Chi-

square test of proportions or analysis of variance among groups, respectively. Cox 

proportional hazards regression analysis was used to examine the association of LV mass 

with time to the primary outcome of a first CVD event and with time to the secondary 

endpoints of CHD, CVD mortality, and total mortality providing hazard ratios (HRs) and 

95% confidence intervals. These analyses were adjusted for age, gender, ethnicity, and 

standard risk factors (systolic BP, diastolic BP, hypertensive medications, HDL-C, LDL-C, 

total cholesterol, triglycerides, lipid medications, BMI, and fasting glucose). LV mass was 

stratified according to gender-specific quartiles in grams, and was also examined 

continuously per standard deviation (SD) of LV mass indexed by height (grams/meter1.7), 

per standard deviation of LV mass indexed by body surface area (grams/meter2), and per 

standard deviation of LV mass of 30 grams. The area under the ROC curve (AUC) was used 

to examine the incremental value of LV mass above standard risk factors for the prediction 

of CVD events. We constructed logistic regression models with/without LV mass measures 

to compare the AUC differences. In addition, to examine the added clinical utility of echo 

LV mass over standard risk factors, the category-free net reclassification improvement (NRI) 

was calculated as: NRI= [(number of events reclassified higher risk minus number of events 

reclassified lower risk)/number of events] + [(number of nonevents reclassified lower risk 

minus number of nonevents reclassified higher risk)/number of nonevents]. SAS statistical 

software version 9.4 (SAS Institute, Cary, North Carolina)20 was used for analysis. A p value 

< 0.05 (and a p value < 0.1 for interaction test) was considered statistically significant.
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RESULTS

Subject Characteristics

The mean (± SD) age of our 3274 participants was 72.4 ± 5.4 years, with 61% females and 

4.4% African Americans (Table 1). As expected, participants with metabolic syndrome or 

DM had significantly higher mean BPs, lipid measurements, blood sugar, BMI, and LV mass 

when compared to persons with neither disease. Unadjusted LV mass for those with MetS, 

DM, or neither were 155.7 ± 28.3, 163.5 ± 31.6, and 142.4 ± 28.4 grams, respectively 

( p<0.0001). Mean LV mass indexed to height (LV mass (g)/height1.7 (m)) for those with 

MetS, DM, or neither was 66.9 ± 9.8, 69.1 ± 11.4, and 60.8 ± 10.6 gram/meter, respectively 

(p<0.0001). Mean LV mass indexed to body surface area (LV mass (g)/BSA (m2)) for those 

with MetS, DM, or neither was 85.6 ± 10.2, 89.0 ± 12.4, and 82.8 ± 11.1 gram/meter2, 

respectively (p<0.0001).

Cardiovascular Disease Events

Over a mean follow-up of 14.2 ± 6.3 years, 2,180 participants experienced at least one CVD 

event. Unadjusted rates of total CVD events per 1000 person years were highest in those 

with DM. A stepwise increase of unadjusted rates of total CVD events per 1000 person years 

was observed across quartiles of LV mass for those with MetS, DM and those with neither 

condition (Figure 1).

Relationship between LV Mass and Outcomes

Findings from adjusted Cox proportional hazards regression are shown in Table 2 for 

primary (total CVD) and secondary outcomes (total CHD, CVD mortality and all-cause 

mortality). In participants with neither MetS nor DM and persons with MetS alone, higher 

LV mass and indexed LV mass were risk factors for total CVD, total CHD, CVD mortality 

and all-cause mortality. These associations were not observed in persons with DM. 

Interaction tests for disease groups and LV mass were significant for total CHD (p=0.049), 

CVD death (p=0.057) and total mortality (p=0.060); for disease groups and LV mass indices 

they were only significant for CVD death in relation to LV mass/height 1.7 (p=0.064) and for 

LV mass/BSA (p=0.029). Similar findings were noted when stratified by gender. Both men 

and women with neither disease or with MetS alone had a higher risk of total CVD events 

per standard deviation of increase in LV mass; men and women with DM did not (Table 3).

While unadjusted HRs for CVD events in relation to LV mass (per SD) were significant 

(p<0.01) in all three disease groups, they were weaker in those with DM (1.16) compared to 

those with MetS (1.27) or neither condition (1.25), and in those with DM were further 

attenuated to being nonsignificant after adjustment for gender (higher LV mass and event 

rates in men with DM), age, systolic blood pressure, and cholesterol in particular. In addition 

the relation of LV mass with CVD events did not differ between men and women 

(interaction tests not significant). As less than 5% of our subjects (n=165) were African-

American, the sample size was insufficient to show relationships with CVD events in those 

with MetS or DM; however, in those with neither condition, risks of CVD events (per 

standard deviation LV mass) appeared to be greater in African-Americans (HR=2.42 [1.26–
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4.64], p<0.01) than in whites ( HR=1.36 [1.22–1.51], p<0.001) with similar findings for 

indexed LV mass measures (results not shown).

Adjusted Cox proportional hazard models for outcomes were also examined by quartiles of 

LV mass. Participants with neither MetS nor DM and those with MetS alone who were in the 

highest quartile of LV mass had significantly increased risks for total CVD [HRs of 1.9 

(p<0.0001) and 2.0 (p<0.0001), respectively] when compared to those in the first quartile 

(Figure 2). Similarly, the highest quartile (versus lowest quartile) of LV mass independently 

predicted secondary endpoints of total CHD (HR = 2.0, p<0.0001), CVD death (HR = 2.4, 

p<0.0001), and all-cause mortality (HR=1.5, p<0.01) in those with neither condition. Hazard 

ratios were increased for total CHD (HR = 1.6, p=0.03) and CVD death (HR = 1.7, p=0.04), 

but not for all-cause mortality (HR=1.3 p=0.13) in those with MetS in the highest versus 

lowest quartile of LV mass. In contrast, there was no significant increased risk of both 

primary and secondary endpoints across quartiles of LV mass in those with DM.

The area under the ROC curve (AUC) did not show significant incremental predictive value 

for total incident CVD events between the base model and the other three models for the 

prediction of CVD events with LV mass, LV mass/height1.7 or LV mass/BSA across all three 

disease groups, except modestly (p<0.05) for LV mass/height1.7 and LV mass/BSA in those 

with MetS (Table 4). There was also a significant (p<0.05) improvement in C-statistic in the 

overall sample comparing models with LV mass added to those with risk factors alone, 

although the absolute degree of improvement was minimal (both were 0.63 to the second 

decimal). We additionally examined the AUC improvement for CVD mortality and total 

mortality. The results showed that among those with neither disease AUC increased from 

0.64 to 0.66 (p<0.05) for all three LV mass scores. The AUCs for total mortality ranged from 

0.70–0.74 after including LV mass measures in the model but the improvement was not 

significant (data not shown).

Analysis from net reclassification improvement (NRI) showed modest added clinical utility 

for prediction of CVD events and ranged from 4–7% in the non-disease group and 17–19% 

in the MetS group but was only significant in MetS group (p<0.01) when comparing the 

base model and models with three forms of LV mass measures; however, in those with DM 

NRI was not significant (Table 5). In the overall sample, there was a significant 9–10% NRI 

(p<0.01). The NRI for CVD mortality were 9%–15% in the three disease groups (p<0.05 in 

MetS and no disease group for LV mass/height1.7 and LV mass/BSA) The NRI for total 

mortality were greatest in those with MetS (10%, p value not significant) and were less than 

5% in the other two groups (p=ns) (data not shown).

DISCUSSION

Our study found that increased LV mass (highest quartile) was associated with increases in 

risk for total CVD events, total CHD events, as well as CVD and total mortality in those 

with and without MetS, but not in those with DM. Our paper is the first to report on added 

discriminative and clinical utility for echocardiographic LV mass over standard CVD risk 

factors using ROC and NRI techniques.
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Our report corroborates earlier findings from shorter-term follow-up regarding the overall 

relation of echo predictors (including LV mass) to CVD events in the entire CHS cohort by 

Gardin et al5. In addition, Kuller and colleagues21 previously reported among persons with 

DM that the general presence of subclinical CVD (from the presence of a low ankle-brachial 

index, increased carotid intimal medial thickness or stenosis, major ECG abnormalities, or 

angina) was associated with a two-fold greater risk of incident CHD. More recently, in the 

longitudinal Multiethnic Study of Atherosclerosis (MESA), LV mass measured by cardiac 

magnetic resonance imaging was shown to improve the c-statistic over traditional risk 

factors for the prediction of incident HF,22 although this relationship was not examined in 

those with MetS and DM.

DM is noted to have an adverse effect on hypertrophic remodeling through promoting 

increases in LV mass and dimensions7. The Framingham Heart study identified an 

association between DM and increased LV wall thickness and mass that was independent of 

traditional risk factors in women, but not in men.23 LV hypertrophy is common in those with 

DM, but previous screening modalities such as with ECG and NT-proBNP have been noted 

to be inadequate for detecting LV hypertrophy.24 Our data also suggests echo LV mass has 

limited utility to stratify risk in persons with DM, at least in older adults which comprised 

our cohort. While increased LV mass is a well-known marker of end-organ hypertensive 

damage, a possible explanation for our lack of a relation in those with DM may be their high 

baseline risk, supported by the common notion that DM is a coronary risk equivalent25 

(which would especially be the case in our older cohort), and hypertension or other highly 

prevalent risk factors in older persons with DM may have obscured our relationships with 

LV mass in such persons. Of note, we observe that even though the unadjusted relation of 

LV mass with CVD events is significant in those with DM, it is of lower magnitude than 

those with MetS or neither condition, and is attenuated to being nonsignficant after 

adjustment for age, gender (in particular), systolic blood pressure, and cholesterol, whereas 

the LV mass relation with CVD events remains significant after adjustment for these and 

other risk factors in those without DM. Alternatively, if smaller LV mass is protective, the 

prognostic value of LV mass in diabetics may be lost because of their higher baseline LV 

mass--in particular, in a cohort of older subjects who have had years of exposure to DM and 

more advanced subclinical CVD. Other measures which more directly reflect atherosclerosis 

burden may be more important for further risk stratification of the patient with DM, such as 

coronary calcium which has been shown to add prognostic value in such patients.13–14 MetS, 

however, is a more heterogeneous condition associated with a wide variation in CVD risk,26 

with many persons at intermediate risk where further evaluation such as by echo LV mass, 

may be helpful for risk stratification; our data support this by showing a modest added value 

for echo LV mass in risk prediction in such persons and in those without MetS.

Limitations of our study include the fact that the unidimensional nature of our M-mode 

measurements does not take into account changes in eccentricity based on long-axis and 

short-axis LV measurements; thus, future studies involving 2D or 3D echocardiographic 

recordings should investigate whether LV mass is erroneously estimated by M-mode echo in 

conditions such as obesity, MetS, and DM in which the ventricle may be more spherically-

shaped. In fact, Bluemke et al 27 showed that stroke and CHD events were better predicted 

by abnormal LV geometry (e.g., increased LV mass to volume ratio), whereas HF events 
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were driven primarily by increased LV mass alone. Our study did not have measures of LV 

geometry, systolic or diastolic function, which are known to be affected in DM. However, 

other studies have shown that LV mass was the single 2D echo measurement consistently 

associated with total and individual CVD endpoints 28. The substantially higher overall 

CVD event rates in the diabetic group, which were not further increased by higher LV mass 

levels, contrasts with those without DM where increased LV mass added more to CVD event 

prediction. Of additional note, the majority of our cohort was of Caucasian descent; 

consequently, our findings may not be generalizable to other racial/ethnic groups and to 

younger populations.

In conclusion, our study shows in older persons with and without MetS, but not DM, echo 

LV mass is positively associated increases in total CVD risk, including CHD, HF, and 

stroke, and adds modest clinical utility for CVD prediction over standard risk factors. Thus, 

measurement of LV mass, while possibly useful to stratify risk in older persons without DM, 

may be of limited clinical utility in those with DM, who are already at significant CVD risk.
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Clinical Perspectives

Competency in Medical Knowledge

The evaluation of left ventricular mass using two-dimensionally guided M-mode 

echocardiography is known to provide risk stratification for future cardiovascular events 

beyond information provided by standard risk factors. This study confirms these findings 

in older adults generally, and in those without diabetes, including those with and without 

metabolic syndrome. The weaker role of left ventricular mass for improving risk 

prediction in those with diabetes may be due to the important effect of other risk factors.

Translational Outlook

Older persons and especially those with diabetes have significant, but often varied risks 

for developing cardiovascular events. Future studies might examine the role of other 

structural and functional characteristics, especially measured by newer technologies such 

as cardiac magnetic resonance imaging (MRI) for further refining cardiovascular risk 

prediction in such patients.
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Figure 1. Total Cardiovascular Disease Event Rates (per 1000 person years) by LV Mass 
Quartile within Disease Group
A higher unadjusted cardiovascular event rate is observed across increasing LV mass 

quartiles for those with neither MetS/DM, MetS without DM, and for those with DM. 

MetS=metabolic syndrome. DM=diabetes mellitus. LV = left ventricular mass.
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Figure 2. Adjusted Hazard Ratios for Total Cardiovascular Disease Events by Quartiles of LV 
Mass Within Disease Group
A higher adjusted hazard for cardiovascular events is observed across increasing LV mass 

quartiles for those with neither MetS/DM or for those with MetS without DM, but not in 

those with DM. MetS=metabolic syndrome. DM=diabetes mellitus. LV = left ventricular 

mass. †p<0.05, ‡p<0.01 compared to first quartile.
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