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Background and Aims—Understanding contributions of lean and fat tissue to cardiovascular 

and non-cardiovascular mortality may help clarify areas of prevention in older adults. We aimed to 

define distributions of lean and fat tissue in older adults and their contributions to cause-specific 

mortality.

Methods and Results—A total of 1335 participants of the Cardiovascular Health Study (CHS) 

who underwent dual-energy x-ray absorptiometry (DEXA) scans were included. We used principal 

components analysis (PCA) to define two independent sources of variation in DEXA-derived body 

composition, corresponding to principal components composed of lean (“lean PC”) and fat (“fat 

PC”) tissue. We used Cox proportional hazards regression using these PCs to investigate the 

relationship between body composition with cardiovascular and non-cardiovascular mortality. 

Mean age was 76.2±4.8 years (56% women) with mean body mass index 27.1±4.4 kg/m2. A 

greater lean PC was associated with lower all-cause (HR=0.91, 95% CI 0.84-0.98, P=0.01) and 

cardiovascular mortality (HR=0.84, 95% CI 0.74-0.95, P=0.005). The lowest quartile of the fat PC 

(least adiposity) was associated with a greater hazard of all-cause mortality (HR = 1.24, 95% CI 

1.04-1.48, P=0.02) relative to fat PCs between the 25th-75th percentile, but the highest quartile did 

not have a significantly greater hazard (P=0.70).

Conclusion—Greater lean tissue mass is associated with improved cardiovascular and overall 

mortality in the elderly. The lowest levels of fat tissue mass are linked with adverse prognosis, but 

the highest levels show no significant mortality protection. Prevention efforts in the elderly frail 

may be best targeted toward improvements in lean muscle mass.
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Introduction

The association between body tissue composition and mortality in older adults (>65 years of 

age) is controversial. While overweight BMI is associated with improved outcomes[1], a 

“protective” effect of obesity on adverse health outcomes may be attenuated with increasing 

age[2]. Unlike results in younger populations, studies in the elderly have found a complex, 

inconsistent relationship between mortality, BMI and waist circumference [3]. Moreover, the 

few large population studies that employ tissue quantification using dual energy x-ray 

absorptiometry (DEXA) or tomographic imaging[4-8] have yielded conflicting associations 

between lean or fat mass and clinical outcome. Hence, the impact of lean and fat tissue on 

cardiovascular and overall mortality remains an open question in older adults[9]. 

Clarification of the relative contribution of lean and fat tissue to cardiovascular and non-

cardiovascular mortality in large, well-characterized aging cohorts may shed additional light 

on areas for prevention and intervention to maintain favorable body composition.

In participants of the Cardiovascular Health Study (CHS), one of the largest population-

based samples of older Americans, we used DEXA imaging to quantify lean and fat tissue 

and measured their association with overall and cause-specific mortality. Given the variety 

of DEXA-derived lean and fat mass indices used previously in this field and the high 

correlation between these indices, we used data reduction with principal components 
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analysis (PCA) to derive independent body composition signatures. We compared the 

association of these signatures, and aggregate DEXA-derived total lean, appendicular lean 

mass, total fat and trunk fat mass with cardiovascular and all-cause mortality. Given the 

distinct biological roles of lean tissue and adiposity[9-12], we hypothesized that decreased 

lean mass and greater fat in an elderly population would be associated with an increased risk 

of mortality.

Methods

Study design and population

The Cardiovascular Health study (CHS) is a population-based cohort study of cardiovascular 

risk factors in adults 65 years or older recruited from 4 communities in the United States 

(Forsyth County, North Carolina; Sacramento County, California; Washington County, 

Maryland; and Allegheny County, Pennsylvania). The study design was previously 

published[13, 14]. An original cohort was recruited in 1989-1990 and a second, 

predominantly African American cohort, was recruited in 1992-1993. Clinic examinations 

were performed annually from 1989-1990 through 1998-1999, and again in 2005–2006. We 

used adjudicated events follow-up data completed as of June 30, 2013. Institutional Review 

Boards at each site and the coordinating center approved the study methods. All participants 

provided written informed consent.

Our study focused on 1575 participants undergoing DEXA scans during the 1994-1995 

examination. DEXA was performed at 2 study sites (Sacramento County and Allegheny 

County), as part of a nested study on body composition[15]. To limit confounding of our 

associations between regional tissue composition and outcome by undetermined illness or 

frailty, we excluded participants with ≥5% weight loss (n=193) from 1992-1993 to 

1994-1995 or with missing weight or height data (n=47), leaving 1335 participants in our 

final analytic sample.

Detailed clinical data including anthropometric indices, laboratory and imaging data have 

been collected as described[13]. Weight was measured using a calibrated balance beam 

scale. Standing height was measured in centimeters using a calibrated stadiometer. Waist 

circumference was measured at the level of the umbilicus. BMI was calculated from the 

most recently available weight and height. Physical activity was calculated using the 

Minnesota Leisure Time Activities questionnaire as kilocalories per week. Cystatin C-based 

glomerular filtration rate (eGFRcys) was calculated using the equation eGFRcys 

=76.7*cystatinC-1.19. Hypertension was defined as a systolic blood pressure of ≥140 mmHg, 

a diastolic blood pressure ≥ 90 mmHg, or use of antihypertensive medications. Diabetes was 

defined as a fasting glucose ≥126mg/dl, non-fasting glucose ≥200mg/dl or the use of 

diabetes medications. Prevalent coronary heart disease (CHD: angina, myocardial infarction, 

coronary bypass or angioplasty), congestive heart failure (CHF), stroke/transient ischemic 

attack (TIA) and peripheral vascular disease (PVD) were adjudicated using standardized 

criteria[14]. Atrial fibrillation (AF) was determined by 12-lead electrocardiogram (ECG).

End stage renal disease (ESRD) was defined as renal failure requiring renal replacement 

therapy. Prevalent cancer and liver disease were determined from self-reported physician 
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diagnoses. Chronic obstructive pulmonary disease (COPD) was defined as self-reported 

physician diagnosis of chronic bronchitis, asthma or emphysema and spirometry data. 

Predicted values of FEV1 and FVC were obtained from prediction equations derived from 

the Third National Health and Nutrition Examination Survey[16]. Severe COPD was defined 

as Global Initiative on Obstructive Lung Disease classification criteria stage 3 or 4 COPD 

(FEV1/FVC < 0.70 and FEV1 < 50% predicted)[17, 18]. Covariates were measured at the 

1994-1995 examination and those not measured at the 1994-1995 visit were obtained from 

prior examinations (Supplemental Table S1).

Dexa

Dual-energy x-ray absorptiometry measurements were performed using QDR-2000 bone 

densitometers (Hologic, Inc., Bedford, Massachusetts)[15] using array beam mode. Whole-

body DEXA data was used to calculate total mass, lean and fat mass with QDR software 

version 7.10 (Hologic, Bedford, MA). Lean mass values do not include bone mineral 

content. Scans were read blindly and were monitored for quality control by the University of 

California, San Francisco reading center. All DEXA-derived indices were normalized to 

height2, as previously performed in other large cohort studies[9]. Appendicular lean mass 

was defined as the sum of right and left arm and leg lean mass divided by height2.

Clinical endpoints

Our primary endpoint was all-cause mortality. Non-cardiovascular death (defined as any 

death not definitely of cardiovascular origin) and cardiovascular death were secondary 

endpoints. Cardiovascular death was defined as death from atherosclerotic coronary artery 

disease, cerebrovascular disease, other atherosclerotic disease and other cardiovascular 

illnesses, which included but were not limited to those corresponding to the International 

Classification of Diseases, Ninth revision (ICD-9) codes for rheumatic heart disease, 

hypertensive disease, pulmonary heart disease, pericarditis, endocarditis, myocarditis, 

dysrhythmias, conduction disorders, heart failure, peripheral arterial disease, aortic 

aneurysm or dissection and venous thromboembolism[14]. Methods for ascertainment of 

deaths have been previously described.[14] In brief, mortality surveillance was prospectively 

conducted at each field center every 6 months, and deaths were ascertained by proxy report, 

local obituaries, Social Security Death Index searches, searches of Medicare claims data and 

review of medical records. All deaths were centrally adjudicated by a panel of physicians 

using standardized criteria[14].

Statistical analysis

Baseline characteristics were expressed as mean and standard deviation, median and 

interquartile range or number (percent) with comparisons made by appropriate parametric or 

non-parametric testing (based on data normality). We estimated Spearman correlation 

coefficients (adjusted for sex) to measure the association among DEXA-derived tissue 

composition measures, BMI and waist circumference (Supplemental Table S2).

Given the high correlation between DEXA-derived tissue composition measures and 

expected variability in tissue composition by sex, we next performed a sex-specific principal 

component analysis (PCA) of lean and fat DEXA components: total lean and fat mass, trunk 
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lean and fat mass, right/left arm/leg lean and fat mass (each adjusted by height2). We 

calculated sex-specific lean and fat PCs as the linear combination of PC weightings and 

standardized DEXA tissue components. Male and female PCs were pooled and used as 

continuous variables in regression.

For survival analysis, follow-up time was defined in participant-days from the date of the 

DEXA scan to the date of death or the end of follow-up. Given prior conflicting reports of 

the form of the relationship between tissue distributions and mortality, we chose to 

investigate the form of the relationship between mortality and lean PC, fat PC, and selected 

DEXA-derived tissue components previously used in other studies (total lean, appendicular 

lean, total fat and trunk fat mass) using restricted cubic spline Cox regression (macro 

RCS[19]). We used 5 knots fitted to the central 95% of the observations. The Wald test for 

non-linearity was performed as described in previous work[20, 21]. We used piecewise 

quadratic models to further investigate the relationship of the fat PC with mortality.

We estimated Cox proportional hazards models for all-cause and cause-specific 

(cardiovascular and non-cardiovascular) mortality. Given that lean and fat PCs are 

independent (by construction in PCA), we constructed one model including both PCs as 

primary predictors of interest. In sensitivity analyses, we constructed separate Cox models to 

specify the association between outcomes and height indexed total lean mass, appendicular 

lean mass, total fat mass or trunk fat mass. Fat PC was modeled in quartiles, with the middle 

two quartiles (25th-75th percentile) as the reference category corresponding to the visual 

lowest log hazard ratio in adjusted splines. All other DEXA components were modeled 

linearly. Models were adjusted for age, sex, race (African-American vs. non-African-

American), education (completion of grade 12 education, graduate equivalency degree or 

beyond vs. less than grade 12 education), income (≥$25,000 vs. < $25,000), smoking (ever 

smoker vs. non-smoker), leisure-time activity (above vs. below median kilocalories per 

week), eGFRcys (ml/min/1.73m2), presence of hypertension, presence of diabetes, and any 

prior cardiovascular disease (composite of CHD, stroke or TIA, CHF, PVD and AF). 

Multiplicative interaction terms with sex and race were examined in each model. Finally, 

because of the concern for residual confounding or bias introduced by smoking and chronic 

illness, we performed three additional sensitivity analyses: (1) excluding CHS participants 

with chronic illnesses (N=273; history of liver disease, cancer, ESRD or severe COPD)[22]; 

(2) excluding current smokers (N=108); (3) censoring mortality events that occurred up to 1 

year from the date of the DEXA scan. All continuous variables were standardized for 

regression analyses.

Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC). A 

two-tailed P value of 0.05 was considered significant.

Results

Baseline clinical characteristics and DEXA-derived indices

Demographic, clinical and DEXA information stratified by sex are presented in Table 1. In 

our analytic cohort, 56% were women, and 18% were African-American (mean age 
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76.2±4.8 years). Mean BMI was 27.1±4.4 kg/m2. DEXA-derived fat indices were greater in 

women, while lean indices were greater in men (Table 1).

Principal components analysis of DEXA-derived regional tissue components

Given the strong interrelationships among DEXA-derived tissue metrics (Supplemental 

Table S2), we performed sex-stratified PCA on DEXA-derived tissue measures to define 

independent signatures of body composition. We defined 2 principal components (PCs) that 

explained 83.1% of the total variance in body composition in males and 83.9% in females 

(Table 2). Of note, DEXA lean tissue measures had a high loading in one PC (subsequently 

referred to as the “lean PC”), while the other PC was loaded more prominently on DEXA fat 

tissue measures (referred to as the “fat PC”).

Lean and fat PCs are associated with clinical outcomes in older adults

Over a median follow-up of 12.0 years (interquartile range 7.2-17.5 years), 1047 (78.4%) 

deaths occurred, 382 (36.5%) cardiovascular and 665 (63.5%) non-cardiovascular in 

etiology. In spline models, lean PC was associated with mortality risk linearly; fat PC had a 

non-linear association with mortality in unadjusted but not adjusted models (Figure 1). 

Greater lean PC was associated with a lower all-cause (HR=0.91, 95% CI 0.84-0.98, 

P=0.01) and cardiovascular (HR=0.84, 95% CI 0.74-0.95, P=0.005) but not non-

cardiovascular mortality (P=0.29, Table 3). Using piecewise quadratic models, fat PC <0 

was associated with a non-linear increase in risk (p=0.0005 for quadratic), which was not 

true for fat PC >0 (P=0.85). Given the complex association of fat with mortality, we 

modeled fat PC in quartiles (25th-75th percentile as referent). The lowest quartile of fat PC 

was associated with greater all-cause mortality [hazard ratio (HR) = 1.24, 95% confidence 

interval (CI) 1.04-1.48, P=0.02] after full adjustment, with a trend for increased non-

cardiovascular mortality (P=0.08, Table 3). The upper quartile of fat PC was not associated 

with all-cause or cause-specific mortality. As a comparison, we estimated all-cause and 

cause-specific mortality with raw DEXA components, with higher total and trunk fat as well 

as appendicular lean mass associated with decreased mortality (Table 4). There was no 

evidence that sex or race modified the association between the lean or fat PC and mortality. 

In sensitivity analyses restricted to those without prevalent smoking at the baseline visit or 

without chronic illnesses, associations were not substantially altered. The results were 

similar when mortality events prior to 1 year were censored.

Discussion

The relationship between fat and lean tissue distribution with cause-specific mortality in 

aging populations is controversial. We demonstrate that greater lean tissue had a protective 

association with all-cause and cardiovascular mortality. The lowest quartile of fat (as 

quantified by fat PC) was associated with greater all-cause mortality, while the upper 

quartile of fat was not associated with outcomes. These results underscore the complex 

relationship between DEXA-based lean and fat tissue and all-cause and cardiovascular 

outcomes in the elderly, highlighting the importance of lean tissue in cardiovascular risk 

with aging.
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In an aging population, identifying clinical metrics that distinguish individuals at especially 

high risk for cardiovascular (and non-cardiovascular) events is critical to target dietary and 

exercise-based preventative efforts. Most research in this area has been focused on aggregate 

measures, such as BMI. In a meta-analysis of 2.88 million adults, Flegal and colleagues 

suggested a complex relationship between adiposity and survival: overweight status (BMI 25 

to <30 kg/m2) was associated with improved survival, while grade 2 and 3 obesity (BMI 35+ 

kg/m2) were associated with poorer survival[1]. However, in the subgroup of individuals age 

≥ 65 years, overweight status remained protective, but obesity was not associated with an 

increased mortality hazard[1], a finding that has been replicated in other studies[4, 23, 24]. 

On the other hand, in a separate pooled study of 1.46 million Caucasian adults 19-84 years 

of age, among individuals aged over 60 years who never smoked, the investigators observed 

an increasing mortality risk with greater BMI, starting in an overweight BMI range (>27.5 

kg/m2)[25]. In addition, despite the well-known impact of visceral fat on cardiometabolic 

risk, studies investigating the prognostic relevance of visceral fat distributions in the elderly 

(using waist circumference) have been variable and potentially sex- and race-

specific[26-30]. Less debate ensues at the other end of the spectrum (low adiposity is related 

to poorer survival[7]), where residual confounding by smoking, under-recognized chronic 

illness, potential metabolic reserves in adipose tissue have been advanced to explain the 

apparent protection from increased BMI in the elderly. Nevertheless, conflicting conclusions 

between overall or regional adiposity and outcome have fueled the need for more specific 

measures of tissue composition to define the physiology and epidemiology of aging-related 

alterations.

The advent of DEXA imaging in large epidemiologic aging cohorts has afforded an 

opportunity to address this issue directly using defined measures of body composition and 

the potential to address low lean mass (one aspect of “sarcopenia”), associated with poor 

prognosis in the elderly. In a recent study from the National Health and Nutrition 

Examination Survey (NHANES) examining 6,451 middle-aged adults with DEXA (average 

age 57.6 years, BMI 30 kg/m2), Srikanthan and colleagues found that cardiovascular 

mortality was lower with greater appendicular lean mass, trunk fat mass, and BMI[9]. 

Similar to our study, highest overall event rates were observed in the group with a combined 

low lean/low fat mass (the group with the lowest BMI); the high muscle/low fat group had 

the lowest event rates. Although the investigators found significant heterogeneity in event-

free survival among different lean/fat groups, high versus low appendicular lean mass 

appeared to define differential long-term survival (even in high/low fat groups).

Our study extends these results into an older population (average age in CHS sample: 76.2 

years), demonstrating that decreased lean tissue by DEXA is associated with poorer 

cardiovascular and all-cause mortality. In addition, similar to the younger cohort in 

NHANES, lower adiposity was associated with increased mortality. However, the highest 

quartile of fat— measured as a composite PC—was not significantly associated with 

outcome. Of note, in a recent study of nearly 50000 individuals (mean age 63.5 years) 

referred for clinical DEXA scans, Padwal and colleagues found that the highest quintile of 

body fat percentage (adjusted for BMI and clinical risk factors) was associated with 

mortality, suggesting that fat composition may explain obesity-related risk[8]. While the 

authors suggest that inclusion of body fat and BMI simultaneously in prognostic models 
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inherently adjusts for lean mass (as BMI may reflect lean mass in this circumstance), our 

study uses whole-body DEXA with statistical methods (PCA) to define separate, 

independent axes of body composition to directly address prognostic importance of separate 

tissue depots. This PCA based approach (traditionally utilized as a method of variable 

reduction and unsupervised machine learning in large “-omics” datasets) provides an 

unbiased view of body composition metrics that capture (1) the interrelationship between 

different regional fat tissue and lean tissues in a single value for regression analyses; (2) 

limits the impact of collinearity, a limitation in assessing the prognostic importance of body 

composition.; (3) allows for simultaneous adjustment for distinct “lean” and “fat” tissue 

distribution.

An important finding in this study is the impact of decreased lean mass on outcomes in the 

elderly. Although the concept that “sarcopenia”—a decrease in muscle mass, quality, and 

function—is a major contributor to outcomes in the elderly is well established[31], 

thresholds for defining sarcopenia across sex and race and in the presence of comorbid 

illness remain open for debate. Nevertheless, decreased DEXA-derived appendicular lean 

mass[32-34] may define subsets of elderly individuals at high risk, and responds to dietary 

and exercise-based interventions. Importantly, our study uses careful DEXA-derived metrics 

(both PCA-derived composite scores of lean mass as well as previously defined measures of 

appendicular mass) to further define a role for sarcopenia in cardiovascular prognosis in the 

elderly. Mechanistically, sarcopenia has been recently linked to several key aspects of 

unhealthy aging that may worsen cardiovascular (and overall) prognosis, including 

decreased cardiorespiratory fitness[35], insulin resistance, pro-atherogenic dyslipidemia[36], 

systemic inflammation and coronary artery calcification, independent of sarcopenia-related 

insulin resistance[37]. Given the impact of exercise training on sarcopenia[38], in the 

context of prior literature, efforts in the elderly to improve lean muscle mass may be useful 

to prevent cardiovascular disease and (2) frailty associated with a low BMI may be primarily 

a function of reduced lean tissue mass. Indeed, future investigations that unite functional 

(e.g., gait speed), biochemical measures (e.g., metabolic or epigenetic), and anatomic 

measures of muscle quality (either via DEXA or more advanced imaging methods) will be 

instrumental in defining early non-invasive markers of muscle dysfunction and their impact 

on healthy aging.

Key limitations to all epidemiologic studies of adiposity and outcomes are residual 

confounding and reverse causation[39]: for example, a lower weight (or weight loss) may be 

related to underlying prevalent disease that is under-recognized, misclassified, or may not be 

amenable to standard regression adjustments (e.g., smoking). We attempted to control for 

these effects by excluding participants with a weight loss of 5% or greater and performed 

additional sensitivity analyses excluding prevalent chronic illnesses and smoking to reduce 

bias from preexisting chronic diseases and confounding by smoking. Of the 1335 individuals 

included in our analytic cohort, 530 (nearly 40%) had a chronic medical condition (COPD, 

cancer, liver, renal or cardiac disease), which is not unexpected with an aging cohort. 

Certainly, restriction of our analyses to CHS participants without any prior comorbidities 

would certainly address some bias from residual confounding; however, even with the 

inclusion of participants with comorbid illnesses, we did not observe an “obesity paradox” 

as traditionally defined.
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Strengths of our study include the prospective evaluation of an elderly cohort alongside 

comprehensive phenotyping of body composition and clinical characteristics and high event 

rate. We restricted our analysis to individuals with DEXA measures. First, while DEXA is 

an accessible measure of body composition, it quantifies body composition from two-

dimensional (2-D) images unlike computed tomography or magnetic resonance imaging (not 

available to us) which capture 3-D imaging data. Furthermore, while there were no 

systematic differences in age, sex, weight or BMI, those with missing DEXA had a lower 

proportion of black race, lower education and income, lower smoking rates, lower activity 

and a higher prevalence of cardiometabolic disease (Supplemental Table S3). Finally, we 

chose to model fat PC in quartiles (with the mid-50% of observations as referent) to estimate 

association with outcome given complex associations between mortality and fat in spline 

models (Figure 1), which may have led to a type 2 error (inability to observe significant 

associations with fat and mortality risk) based on cutpoints or reference. However, our spline 

models suggested that fat was associated with significant mortality risk only in the low fat 

regime. While further studies in large aging populations may further discern associations 

with fat, it is clear that decreased lean mass is linked to greater cardiovascular and all-cause 

mortality.

In conclusion, in this large cohort of community-dwelling elderly Americans, we found that 

greater lean tissue mass was associated with improved cardiovascular and overall prognosis. 

In addition, while the lowest levels of fat were linked to adverse prognosis, higher levels of 

adiposity showed no significant evidence of protection. Collectively, these results suggest 

prevention efforts in the elderly frail may be best targeted toward nutritional and exercise-

based interventions targeting improvements in lean muscle mass.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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• A complex relationship between tissue composition and outcomes 

exists, apart from aggregate measures of obesity.

• The lowest quartile of fat tissue (by DEXA) was associated with 

greater all-cause mortality, while the upper quartile of fat was not 

associated with outcomes.

• Greater lean tissue had a protective association with all-cause and 

cardiovascular mortality.

• Prevention efforts in the elderly frail may be best targeted toward 

nutritional and exercise-based interventions targeting improvements in 

lean muscle mass.
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Figure 1. 
DEXA-derived tissue composition and risk of all-cause mortality. Unadjusted and fully 

adjusted association between fat /lean principal components and all-cause mortality. Vertical 

lines represent 25, 50 and 75th percentile cutpoints for PCs.
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Table 1

Baseline characteristics of 1335 CHS participants who underwent DEXA.

Overall Male Female

n ≤ 1335 n ≤ 582 n ≤ 753

Age, mean (SD), y 76.2 ± 4.8 76.7 ± 5.0 75.8 ± 4.5

African American, n (%) 243 (18.2) 100 (17.2) 143 (19.0)

Highschool graduate or GED and beyond, n (%) 1122 (84.1) 490 (84.3) 632 (83.9)

Income ≥$25,000, n (%)* 569 (50.3) 298 (60.0) 271 (42.7)

Ever smoker, n (%) 763 (57.3) 403 (69.4) 360 (48.0)

Leisure-time activity in kcal/week, median (IQR) 981.2 (349.4, 2165.6) 1335.0 (540.0, 2732.5) 810.0 (270.0, 1807.5)

Weight, mean (SD), kg 73.5 ± 13.9 80.1 ± 11.7 68.5 ± 13.4

Height, mean (SD), cm 164.6 ± 9.5 172.4 ± 6.6 158.6 ± 6.5

BMI, mean (SD), kg/m2 27.1 ± 4.4 26.9 ± 3.7 27.2 ± 4.9

Waist circumference, mean (SD), cm 96.1 ± 12.7 98.2 ± 9.7 94.5 ± 14.4

eGFRcys (ml/min/1.73m2) 75.8 ± 18.3 71.9 ± 16.5 78.9 ± 19.0

DEXA characteristics, mean (SD)

 Height-indexed total fat mass, kg/m2 10.0 ± 3.9 7.9 ± 2.7 11.7 ± 3.8

 Height-indexed trunk fat mass, kg/m2 4.8 ± 2.0 4.1 ± 1.8 5.4 ± 2.0

 Height-indexed total lean mass, kg/m2 16.3 ± 2.5 18.2 ± 2.0 14.8 ± 1.8

 Height-indexed appendicular lean mass, kg/m2 6.6 ± 1.3 7.7 ± 1.0 5.8 ± 0.9

Prevalent hypertension, n (%) 742 (55.6) 300 (51.6) 442 (58.8)

Prevalent diabetes, n (%) 194 (16.0) 105 (20.3) 89 (12.8)

Prevalent coronary heart disease, n (%) 297 (22.3) 173 (29.7) 124 (16.5)

Prevalent heart failure, n (%) 68 (5.1) 41 (7.0) 27 (3.6)

Prevalent stroke, n (%) 56 (4.2) 35 (6.0) 21 (2.8)

Prevalent atrial fibrillation, n (%) 42 (3.2) 25 (4.4) 17 (2.3)

Prevalent peripheral vascular disease, n (%) 45 (3.4) 33 (5.7) 12 (1.6)

Prevalent end-stage renal disease, n (%) 19 (1.4) 12 (2.1) 7 (0.9)

Prevalent liver disease, n (%) 10 (0.8) 5 (0.9) 5 (0.7)

Prevalent GOLD Stage 3 or 4 COPD, n (%) 30 (2.4) 12 (2.2) 18 (2.6)

Prevalent cancer, n (%) 228 (17.1) 102 (17.5) 126 (16.7)

Values are mean (standard deviation), median (interquartile range) or number (%). Abbreviations: BMI = body mass index; CHS = Cardiovascular 
Health Study; COPD = chronic obstructive pulmonary disease; DEXA = dual-energy x-ray absorptiometry; eGFRcys = cystatin C-based estimated 
glomerular filtration rate; GED = graduate equivalency degree; GOLD = Global Initiative for Obstructive Lung Disease; IQR = interquartile range; 
SD = standard deviation.

*
The greatest amount of missingness was in income with 204/1335 missing.
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Table 2

Principal components analysis of DEXA lean and fat components. Values represent loadings for each DEXA 

component on a given principal component (PC).

Male (n=582) Female (n=753)

PC 1 Fat PC 2 Lean PC 1 Fat PC 2 Lean

Total fat mass 0.96 0.15 0.96 0.24

Total lean mass 0.23 0.95 0.31 0.92

Trunk fat mass 0.89 0.10 0.86 0.25

Trunk lean mass 0.19 0.82 0.28 0.79

Right arm fat mass 0.88 0.16 0.87 0.29

Right arm lean mass 0.02 0.89 0.04 0.89

Left arm fat mass 0.89 0.17 0.86 0.30

Left arm lean mass 0.08 0.87 0.07 0.87

Right leg fat mass 0.90 0.20 0.92 0.12

Right leg lean mass 0.22 0.89 0.33 0.86

Left leg fat mass 0.91 0.19 0.92 0.10

Left leg lean mass 0.25 0.88 0.35 0.85

Percentage of explained variance 56.21 26.93 61.58 22.27

Cumulative percentage of explained variance 83.14 83.85
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