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The relation betweenmeasures of general and central adiposity and individual cardiovascular endpoints remains
understudied in older adults. This study investigated the association of measures of body size and composition with
incident ischemic stroke or coronary heart disease (1989–2007) in 3,754 community-dwelling US adults aged 65–
100 years. Standardized anthropometry and bioelectric impedance measurements were obtained at baseline.
Body mass index at age 50 years (BMI50) was calculated on the basis of recalled weight. Although only waist/
hip ratio was significantly associated with ischemic stroke in quintile analysis in women, dichotomized body mass
index (BMI) (�30 kg/m2) was the only significant predictor in men. For coronary heart disease, there were signif-
icant positive adjusted associations for all adiposity measures, without interaction by sex. This was true for both
quintiles and conventional cutpoints for obesity, although BMI-defined overweight (25–29.9 kg/m2) was significant
at midlife but not at baseline. Strengths of association for extreme quintiles (quintile 5 vs. quintile 1) were broadly
comparable, but the highest effect estimates were for waist/hip ratio (hazard ratio¼ 1.56, 95% confidence interval:
1.25, 1.94) and BMI50 (hazard ratio ¼ 1.71, 95% confidence interval: 1.37, 2.14), both of which remained signif-
icant after adjustment for mediators, BMI, or each other. Whether these differences translate to better risk pre-
diction will require meta-analytical approaches, as will determination of prognostic cutpoints.

aging; body composition; body size; coronary disease; stroke

Abbreviations: BMI, body mass index; BMI50, body mass index at age 50 years; CI, confidence interval; IQR, interquartile range;
SD, standard deviation.

The rising prevalence of obesity represents the dominant
public health challenge confronting modern societies (1).
Older adults, who are particularly susceptible to dysglyce-
mia and cardiovascular disease, have not been spared from
the broader obesity epidemic: Roughly two-thirds meet the
criteria for overweight or obesity in the United States (2).
Adults aged 65 years or older are also the fastest growing
demographic group (3), with major implications for the
public health impact of obesity-related disorders.

General expansion of fat mass fosters insulin resistance,
dyslipidemia, and hypertension, but the visceral adipose
compartment may be the foremost driver of cardiometabolic
risk (4–6). At the clinical level, the question of whether

anthropometric measures of abdominal adiposity afford car-
diovascular risk assessment superior to general measures
has generated keen interest (6). Although various longitudi-
nal studies have found measures of central adiposity to be
associated with cardiovascular disease independent of gen-
eral adiposity (7–10), others have reported abdominal and
general measures to be prognostically comparable (11, 12).

Most available studies, however, have focused predomi-
nantly or exclusively on middle-aged populations. Aging is
associated with marked changes in body composition (13,
14), which could alter the relations of anthropometric mea-
sures to cardiovascular disease outcomes in older adults.
Indeed, the relation between body mass index (BMI) and
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mortality has been shown to weaken with age (15) but is
strong for central measures of adiposity (16, 17). Less is
known, however, regarding the relations of anthropometric
measures specifically with incident ischemic stroke or cor-
onary heart disease in older persons, or the extent to which
recommended cutpoints (18, 19) derived from younger co-
horts apply in elderly populations. In particular, few epide-
miologic studies have included meaningful numbers of
participants >75 years of age. We addressed these questions
in a large longitudinal cohort of older adults.

MATERIALS AND METHODS

Study population

The Cardiovascular Health Study is a population-based
investigation of risk factors for cardiovascular disease in
older adults. As reported in detail previously (20), partici-
pants consisted of community-dwelling persons aged
65–100 years identified from Medicare eligibility lists and
enrolled at 4 field centers in the United States. An original
cohort (n ¼ 5,201) was recruited in 1989–1990, with a sup-
plemental cohort of African Americans (n ¼ 687) recruited
in 1992–1993. Participants underwent standardized health
evaluations at site clinics using previously described pro-
tocols (20, 21).

For the present analyses, we excluded individuals with
prevalent cardiovascular disease (coronary heart disease,
stroke, transient ischemic attack, peripheral arterial
disease, heart failure) and atrial fibrillation at baseline
(n ¼ 1,597), as well as those with missing data on body
composition measures (n ¼ 286) or prespecified covariates
(n ¼ 251), leaving 3,754 eligible subjects.

Measures of body composition

Anthropometry was performed in standardized fashion by
trained personnel on participants wearing examination suits
after removal of shoes. Standing height was determined with
a stadiometer calibrated in centimeters, while body weight
was measured with a balance-beam scale calibrated in kilo-
grams. Waist circumference was measured at the level of the
umbilicus, and hip circumference was measured at the point
of maximal protrusion of the gluteal muscles. BMI at base-
line was calculated (weight (kg)/height (m)2). Body mass
index at age 50 years (BMI50) (i.e., midlife’’ BMI) was
based on self-reported weight at age 50 (obtained by ques-
tionnaire) and measured height at baseline. The waist/hip
ratio and waist/height ratio were calculated by dividing
waist circumference by hip circumference or height. Bio-
electrical impedance was determined at baseline with a TVI-
10 Body Composition Analyzer (Danninger Medical,
Columbus, Ohio). Resistance was measured at 50 kHz fol-
lowing standardized placement of 4 adhesive electrocardio-
graph electrodes on the dorsal right hand and foot. Fat-free
mass was calculated as 6,710 3 (ht2/R) þ (3.1 3 S) þ 3.9,
where ht2 is standing height in meters squared, R is resis-
tance in ohms, and S is sex (0 ¼ female, 1 ¼ male) (22). Fat
mass was obtained by subtracting fat-free mass from body
weight.

Clinical and laboratory covariates

Glucose was measured on fasting serum samples (23)
collected in 1989–1990, 1992–1993, 1996–1997, and
2005–2006. An inventory of medication use was compiled
at baseline and annually thereafter (24). Prediabetes was
defined by fasting blood glucose of 100–125 mg/dL and
diabetes by a value of �126 mg/dL or hypoglycemic med-
ication. Hypertension was defined by systolic and diastolic
blood pressure cut-offs of 140 and 90 mm Hg or by self-
report and antihypertensive therapy. Leisure-time physical
activity was calculated as a weighted sum of kilocalories
consumed in specific physical tasks (25). Other fasting lab-
oratory measurements (23) included creatinine, lipids, in-
sulin, and high-sensitivity C-reactive protein (26).

Cardiovascular outcomes

Follow-up surveillance and ascertainment entailed regu-
lar telephone contacts and clinic examinations (27). Exam-
inations were conducted annually from 1989–1990 through
1998–1999 and again in 2005–2006. Telephone interviews
were performed semiannually from 1989 to 1999 and bi-
annually from 2000 to 2004. Potential incident events and
all deaths were investigated by review of medical records.
Following initial review by local physicians at the field cen-
ters, final classification was assigned by cardiovascular
events and stroke committees from the Cardiovascular
Health Study using standardized criteria (complete through
June 2007) (20, 27, 28). Strokes were adjudicated by review
of medical records or, for nonhospitalized events, physician
questionnaires, supplemented by review of imaging studies.
Strokes were designated as ischemic, hemorrhagic, or un-
classified by previously described criteria (28). Achieved
reliability was excellent, with kappa ¼ 0.86 for stroke ver-
sus no stroke and kappa ¼ 1.0 for stroke type (28). The
primary outcome was ischemic stroke; secondary analyses
considered all strokes. The coronary heart disease outcome
consisted of nonfatal myocardial infarction and fatal coro-
nary events, as defined previously (20, 21, 27).

Statistical analysis

Correlations between body composition measures were
assessed by computing Spearman coefficients. Each mea-
sure of body composition was classified by quintiles of its
sex-specific distribution, and Cox models were fit to calcu-
late the relative risk of incident events by using the lowest
quintile as the reference category. To assess monotonic as-
sociations, we tested for trend using a grouped linear vari-
able. Relative risks were similarly evaluated by using
partition values recommended for BMI, waist circumfer-
ence, and waist/hip ratio by scientific and governmental
organizations (18, 19). We tested the proportional hazards
assumption by using Schoenfeld’s goodness-of-fit proce-
dures, which did not reveal meaningful violations.

Models were adjusted for age, sex, and race, as well as for
prespecified potential confounders. These included smoking
status (never, former, current), physical activity, alcoholic
drinks per week (0, <7, 7–13, �14), education (less than
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Table 1. Distribution of Sociodemographic and Clinical Characteristics Among Women (n¼ 2,313) in the Cardiovascular Health Study Sample by Quintiles of Body Mass Index at Baseline,

United States, 1989–1990 or 1992–1993

Characteristic

BMI, kg/m2

<22.5 22.5–24.7 24.8–27.0 27.1–30.3 ‡30.4

Mean (SD) % Median (IQR) Mean (SD) % Median (IQR) Mean (SD) % Median (IQR) Mean (SD) % Median (IQR) Mean (SD) % Median (IQR)

Age, years 73.1 (5.8) 71.8 (5.1) 72.0 (5.0) 71.7 (5.1) 71.3 (4.7)

Black 5.6 10.6 10.8 18.8 27.1

Education

Less than high
school

19.2 24.2 21.4 27.4 36.8

High school
graduate

30.7 32.6 32.0 30.9 30.1

College or
higher

50.1 43.2 46.5 41.7 33.1

Smoking status

Never 56.2 51.8 58.0 57.2 60.6

Former 26.8 30.9 31.8 35.0 30.3

Current 17.1 17.3 10.2 7.8 9.1

Alcoholic drinks/
week

0 48.2 48.0 47.6 53.6 67.3

<7 36.7 36.1 40.3 40.6 29.4

7–13 7.1 6.7 5.6 2.8 1.7

�14 8.0 9.3 6.5 3.0 1.5

Self-reported
health

Excellent 18.4 19.4 16.7 14.5 9.6

Very good 31.5 28.5 29.0 28.6 20.4

Good 32.3 37.4 39.6 37.7 41.1

Fair 15.6 14.0 13.6 17.5 25.7

Poor 2.2 0.7 1.1 1.7 3.3

Weight change
from age 50
years, kg

�2.2 (5.6) 1.5 (5.7) 3.5 (6.1) 6.2 (7.3) 13.2 (10.9)

Physical activity,
kcal

600 (135–1,335) 540 (120–1,350) 504 (113–1,240) 405 (23–1,170) 263 (0–840)

Estrogen use

Never 59.6 53.1 59.5 62.0 66.0

Past 24.2 29.8 25.3 25.7 26.8

Current 16.2 17.1 15.2 12.3 7.1

Aspirin use >2
days in past
2 weeks

25.7 24.6 29.4 26.1 28.8

Systolic blood
pressure,
mm Hg

132.6 (22.2) 134.2 (21.9) 135.8 (22.2) 137.7 (21.2) 139.2 (20.8)
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high school, high-school graduate, college or higher), hor-
mone replacement (women), and serum creatinine (to ac-
count for potential confounding of renal disease-associated
weight loss on cardiovascular disease outcomes (29)). Sub-
sequent models considered the impact of putative mediators,
namely, systolic blood pressure, antihypertensive therapy,
diabetes, prediabetes, high density lipoprotein cholesterol,
low density lipoprotein cholesterol, triglycerides, use of
aspirin (marker of cardiovascular disease risk), and high-
sensitivity C-reactive protein (5). Joint inclusion of body com-
position measures examined whether 1) central adiposity
remained predictive after controlling for general adiposity,
both at baseline and midlife; 2) midlife BMI remained
predictive after considering BMI and central adiposity in
later life; and 3) concomitant assessment of waist circum-
ference and hip circumference and of fat mass and fat-free
mass uncovered inverse associations between lean body
mass and outcome. To evaluate interactions with sex, age,
or race, appropriate cross-product terms were included.

Because weight loss associated with smoking and aging-
related health decline can offset benefits potentially as-
sociated with lean body habitus, we conducted sensitivity
analyses restricted to never smokers or former smokers quit-
ting >5 years earlier; participants with self-reported health
status of good, very good, or excellent; and events occurring
beyond the initial 3 years of follow-up.

All analyses were performed with STATA, version 10.0,
statistical software (StataCorp LP, College Station, Texas).

RESULTS

Baseline characteristics

Compared with the study sample, excluded Cardiovascu-
lar Health Study participants were more commonly men
(49.4% vs. 38.4%) and African American (18.0% vs.
14.4%); more often reported fair or poor health status
(38.3% vs. 18.2%); had higher waist circumference
(women, 94.4 (standard deviation (SD), 15.2) vs. 91.3
(SD, 14.1) cm; men, 98.0 (SD, 10.7) vs. 97.4 (SD, 10.1)
cm) and lower median physical activity (536 (interquartile
range (IQR), 53–1,450) vs. 645 (IQR, 158–1,580) kcal); and
exhibited a higher prevalence of hypertension (64.8% vs.
55.4%), diabetes (22.4% vs. 13.2%), and aspirin use
(43.7% vs. 28.1%), as well as higher serum creatinine (1.2
(SD, 0.5) vs. 1.0 (SD, 0.3) mg/dL) and high-sensitivity C-
reactive protein (2.9 (IQR, 1.5–5.1) vs. 2.4 (IQR, 1.2–4.3)
mg/dL).

Baseline characteristics of the study cohort are presented
in Tables 1 and 2 by sex-specific quintiles of BMI. There
were more African Americans and fewer high-school grad-
uates across increasing quintiles of BMI in women and
men, along with decreasing proportions of current smokers,
consumers of �7 alcoholic beverages per week (in women
only), and individuals with self-reported very good or ex-
cellent health status. Measures of dysglycemia, hyperten-
sion, dyslipidemia, and inflammation were higher with
increasing quintiles of BMI in both sexes, while physical
activity and current estrogen use were lower.
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Table 2. Distribution of Sociodemographic and Clinical Characteristics Among Men (n ¼ 1,441) in the Cardiovascular Health Study Sample by Quintiles of Body Mass Index at Baseline,

United States, 1989–1990 or 1992–1993

Characteristic

BMI, kg/m2

<23.4 23.4–25.2 25.3–26.8 26.9–29.1 ‡29.2

Mean (SD) % Median (IQR) Mean (SD) % Median (IQR) Mean (SD) % Median (IQR) Mean (SD) % Median (IQR) Mean (SD) % Median (IQR)

Age, years 73.9 (6.1) 72.7 (5.4) 72.9 (5.4) 72.5 (5.2) 71.7 (5.0)

Black 11.8 10.8 15.3 15.6 17.4

Education

Less than high
school

28.0 31.9 28.8 30.6 30.2

High school
graduate

23.2 22.2 22.6 22.9 26.7

College or
higher

48.8 45.8 48.6 46.5 43.1

Smoking status

Never 31.8 30.2 34.4 34.0 35.4

Former 52.3 55.2 55.2 53.8 57.6

Current 15.9 14.6 10.4 12.2 6.9

Alcoholic drinks/
week

0 43.6 36.5 38.5 36.1 47.2

<7 35.3 41.7 39.2 40.6 36.8

7–13 9.3 9.0 10.8 9.7 5.9

�14 11.8 12.9 11.5 13.5 10.1

Self-reported
health

Excellent 18.7 20.1 19.1 22.9 14.0

Very good 31.1 28.1 29.2 24.3 26.2

Good 32.9 37.2 33.0 37.2 42.7

Fair 15.6 10.8 16.0 14.9 15.0

Poor 1.7 3.8 2.8 0.7 2.1

Weight change
from age 50
years, kg

�4.1 (5.3) �0.7 (6.0) 0.9 (6.2) 3.1 (7.6) 6.6 (10.1)

Physical activity,
kcal

1,103 (416–2,501) 1,080 (415–2,455) 1,120 (432–2,471) 1,080 (405–2,700) 840 (268–1,860)

Estrogen use

Never —a — — — —

Past — — — — —

Current — — — — —

Aspirin use >2
days in past
2 weeks

28.4 29.2 30.9 30.9 30.9

Systolic blood
pressure,
mm Hg

134.2 (22.8) 133.6 (20.7) 135.3 (19.9) 135.8 (20.3) 139.5 (20.2)
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Mean values for BMI, waist circumference, and waist/hip
ratio in women and men, respectively, were as follows: 26.6
(SD, 5.0) kg/m2 and 26.4 (SD, 3.6) kg/m2; 91.3 (SD, 14.1)
cm and 97.4 (SD, 10.1) cm; and 0.89 (SD, 0.09) and 0.96
(SD, 0.06). Baseline BMI was strongly correlated in both
women and men with fat mass (r ¼ 0.90 and 0.80), waist
circumference (r ¼ 0.79 and 0.85), hip circumference (r ¼
0.88 and 0.81), and waist/height ratio (r ¼ 0.80 and 0.85);
somewhat less so with BMI50 (r¼ 0.75 and 0.70); and more
moderately with fat-free mass (r¼ 0.51 and 0.48) and waist/
hip ratio (r¼ 0.34 and 0.49) (all P < 0.001). Corresponding
correlations for BMI50 with baseline measures of adiposity
were attenuated but remained moderately strong for women
and men in relation to waist/height ratio (r¼ 0.64 and 0.61),
fat mass (r ¼ 0.62 and 0.52), waist circumference (r ¼ 0.61
and 0.59), and hip circumference (r ¼ 0.63 and 0.57) (all
P < 0.001).

Body composition and stroke

During median follow-up of 14 years, there were 490
ischemic strokes (622 total strokes). There was an interac-
tion with sex for waist/hip ratio and ischemic stroke (P <
0.001). Tables 3 and 4 present the hazard ratios for different
measures of body composition and ischemic stroke stratified
by sex. There were no significant associations for quintiles
of any of the adiposity measures in age- and race-adjusted
analyses or in analyses adjusting for potential confounders,
with the exception of waist/hip ratio in women. After ad-
justment for potential confounders, there was an approxi-
mate 70% increase in the risk of ischemic stroke associated
with quintiles 3 and 5, but not quintile 4, compared with
quintile 1 (Ptrend ¼ 0.006). Additional adjustment for poten-
tial mediators somewhat weakened but did not eliminate
these relations (Table 3). Additional adjustment for BMI
modestly strengthened the waist/hip ratio estimates. Find-
ings were similar in sensitivity analyses, including in rela-
tion to all strokes as the outcome (not shown).

When anthropometric measures were dichotomized ac-
cording to published cutpoints, no significant associations
with ischemic stroke were observed in women. The haz-
ard ratios adjusted for confounders were as follows: 1.00
(95% confidence interval (CI): 0.75, 1.33) for BMI �30
kg/m2; 1.10 (95% CI: 0.75, 1.61) for BMI50 �30 kg/m2;
1.06 (95% CI: 0.84, 1.33) for waist circumference �88
cm; and 1.16 (95% CI: 0.84, 1.59) for waist/hip
ratio �0.80. By contrast, a significant confounder-
adjusted association for BMI, though not for the other
measures, was observed in men with hazard ratios of
1.49 (95% CI: 1.02, 2.19) for BMI �30 kg/m2; 1.25
(95% CI: 0.78, 1.98) for BMI50 �30 kg/m2; 0.97 (95%
CI: 0.70, 1.34) for waist circumference �102 cm; and
0.87 (95% CI: 0.65, 1.17) for waist/hip ratio �0.95. The
relation for BMI with ischemic stroke ceased to be sig-
nificant after adjustment for mediators (hazard ratio ¼
1.15, 95% CI: 0.76, 1.72).

Body composition and coronary heart disease

Corresponding relations for coronary events (nonfatal
myocardial infarction, n¼ 519; fatal coronary heart disease,
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n ¼ 326) are shown in Table 5. Because no significant in-
teractions were observed for this outcome, findings are pre-
sented for women and men combined. After adjustment for
potential confounders, every body composition parameter
except for fat-free mass exhibited a significant positive as-
sociation with incident coronary heart disease. These rela-
tions tended to be graded and statistically significant for
comparisons of extreme quintiles. Coronary heart disease

risk increases ranged from 26% for hip circumference
to 71% for BMI50, but with considerable overlap of
confidence intervals. Adjustment for putative mediators
abolished these relations for BMI, fat mass, waist circum-
ference, and hip circumference and nearly so for waist/
height ratio. Yet, significant, if attenuated, associations per-
sisted for extreme quintiles in the case of waist/hip ratio
(hazard ratio ¼ 1.36, 95% CI: 1.08, 1.71) and BMI50

Table 3. Relations of Quintiles of Body Size and Composition Measures with Incident Ischemic

Stroke Among Women in the Cardiovascular Health Study Sample, United States, 1989–2007

Adipose Measure
(Quintile Cutpoints)

Women

Person-
Years

No. of
Strokes

HRa 95% CI HRb 95% CI

Body mass index, kg/m2

Quintile 1 (<22.5) 5,684 62 1.00 Referent 1.00 Referent

Quintile 2 (22.5–24.7) 6,081 56 0.91 0.63, 1.30 0.88 0.61, 1.27

Quintile 3 (24.8–27.0) 5,970 73 1.18 0.84, 1.66 1.19 0.84, 1.67

Quintile 4 (27.1–30.3) 6,135 56 0.89 0.62, 1.28 0.87 0.60, 1.26

Quintile 5 (>30.3) 5,724 62 1.09 0.76, 1.57 1.00 0.69, 1.46

Ptrend 0.71 0.99

Body mass index at age
50 years, kg/m2

Quintile 1 (<21.7) 6,032 63 1.00 Referent 1.00 Referent

Quintile 2 (21.7–24.7) 6,127 63 0.99 0.70, 1.41 1.03 0.73, 1.47

Quintile 3 (24.8–27.0) 6,146 56 0.85 0.59, 1.22 0.85 0.59, 1.22

Quintile 4 (27.1–30.3) 5,804 64 1.02 0.72, 1.45 0.99 0.70, 1.41

Quintile 5 (>30.3) 5,486 63 1.08 0.75, 1.54 0.98 0.68, 1.42

Ptrend 0.70 0.82

Fat mass, kg

Quintile 1 (<25.6) 5,513 66 1.00 Referent 1.00 Referent

Quintile 2 (25.6–30.8) 5,984 62 0.98 0.69, 1.38 0.97 0.69, 1.38

Quintile 3 (30.9–35.8) 6,073 64 0.95 0.67, 1.35 0.95 0.67, 1.35

Quintile 4 (35.9–42.5) 6,091 65 1.02 0.72, 1.44 0.97 0.68, 1.38

Quintile 5 (>42.5) 5,933 52 0.86 0.59, 1.25 0.81 0.55, 1.19

Ptrend 0.56 0.36

Fat-free mass, kg

Quintile 1 (<29.1) 5,722 61 1.00 Referent 1.00 Referent

Quintile 2 (29.1–31.2) 5,776 65 1.13 0.79, 1.60 1.16 0.81, 1.64

Quintile 3 (31.3–33.3) 6,180 61 1.03 0.72, 1.47 1.06 0.74, 1.52

Quintile 4 (33.4–36.2) 6,033 58 1.04 0.72, 1.49 1.05 0.73, 1.51

Quintile 5 (>36.2) 5,883 64 1.16 0.81, 1.66 1.19 0.83, 1.70

Ptrend 0.59 0.56

Waist circumference, cm

Quintile 1 (<79.0) 6,267 65 1.00 Referent 1.00 Referent

Quintile 2 (79.0–86.4) 5,766 50 0.86 0.59, 1.24 0.86 0.59, 1.25

Quintile 3 (86.5–93.9) 5,978 64 1.02 0.72, 1.44 1.00 0.71, 1.42

Quintile 4 (94.0–102.4) 6,002 62 0.99 0.70, 1.40 0.97 0.68, 1.39

Quintile 5 (>102.4) 5,580 68 1.21 0.85, 1.71 1.13 0.79, 1.61

Ptrend 0.22 0.39
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(hazard ratio ¼ 1.40, 95% CI: 1.11, 1.76), along with sig-
nificant overall linear trends. These associations were not
meaningfully altered when fasting glucose and insulin, to-
gether with hypoglycemic medications, replaced prediabe-
tes and diabetes as covariates. The findings were also not
influenced by consideration of incident diabetes, modeled as
a time-varying covariate, nor did the effect estimates change
substantively in analyses restricted to participants with good
or better health status, to never- or remote smokers, or to
events beyond 3 years of follow-up.

When conventional dichotomous cutpoints were exam-
ined, BMI, BMI50, waist circumference, and waist/hip ratio
were each significantly associated with coronary heart dis-
ease after adjustment for confounders, although only BMI
and waist/hip ratio remained significant after adjustment for
potential mediators (Table 6). Similarly, significant graded
relations were observed after adjustment for confounders

when BMI and BMI50 were further subcategorized. The
overweight category (25–29.9 kg/m2) was significant only
for BMI50, however, and only BMI50 retained significance
following adjustment for mediators (Table 6).

Joint analyses

When body composition measures were entered to-
gether in multivariable models (Figure 1), a significant re-
lation of midlife BMI with incident coronary heart disease
persisted after adjustment for baseline BMI, as well as for
potential confounders and mediators. Likewise, the asso-
ciation between waist/hip ratio and coronary heart disease
detailed in Table 5 did not change meaningfully after ac-
counting concurrently for baseline BMI (not shown).
When the same model was adjusted for midlife BMI in-
stead of baseline BMI, significant adjusted associations

Table 3. Continued

Adipose Measure
(Quintile Cutpoints)

Women

Person-
Years

No. of
Strokes

HRa 95% CI HRb 95% CI

Hip circumference, cm

Quintile 1 (<94.0) 6,339 77 1.00 Referent 1.00 Referent

Quintile 2 (94.0–98.4) 5,141 63 1.06 0.76, 1.49 1.06 0.76, 1.48

Quintile 3 (98.5–102.9) 6,310 57 0.82 0.58, 1.16 0.84 0.59, 1.19

Quintile 4 (103.0–109.9) 6,247 58 0.84 0.59, 1.18 0.83 0.59, 1.17

Quintile 5 (>109.9) 5,556 54 0.89 0.62, 1.27 0.83 0.58, 1.19

Ptrend 0.23 0.14

Waist/hip ratio

Quintile 1 (<0.81) 6,390 49 1.00 Referent 1.00c Referent

Quintile 2 (0.81–0.86) 6,027 47 0.98 0.65, 1.46 0.96c 0.65, 1.44

Quintile 3 (0.87–0.91) 5,761 82 1.73 1.21, 2.46 1.72c 1.20, 2.45

Quintile 4 (0.92–0.96) 5,912 51 1.04 0.70, 1.54 1.02c 0.69, 1.52

Quintile 5 (>0.96) 5,504 80 1.76 1.23, 2.52 1.71c 1.19, 2.46

Ptrend 0.003 0.006

Waist/height ratio

Quintile 1 (<0.49) 6,102 58 1.00 Referent 1.00 Referent

Quintile 2 (0.49–0.54) 6,165 50 0.84 0.57, 1.22 0.83 0.57, 1.21

Quintile 3 (0.55–0.59) 5,844 62 1.07 0.75, 1.53 1.06 0.74, 1.52

Quintile 4 (0.60–0.65) 6,002 70 1.17 0.83, 1.66 1.13 0.80, 1.61

Quintile 5 (>0.65) 5,480 69 1.25 0.88, 1.78 1.17 0.82, 1.68

Ptrend 0.06 0.14

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Adjusted for age and race (black, nonblack).
b Adjusted for age, race (black, nonblack), smoking status (never, former, current), physical

activity, alcoholic drinks/week (0, <7, 7–13, �14), educational attainment (less than high school,

high school graduate, college or higher), serum creatinine, and hormone replacement therapy.
c After additional adjustment for potential mediators (systolic blood pressure, antihypertensive

medication use, diabetes, prediabetes, high density lipoprotein cholesterol, low density lipoprotein

cholesterol, triglycerides, use of aspirin, and high-sensitivity C-reactive protein), the correspond-

ing effect estimates were as follows: quartile 2 vs. quartile 1 (HR ¼ 0.93, 95% CI: 0.62, 1.40),

quartile 3 vs. quartile 1 (HR ¼ 1.61, 95% CI: 1.11, 2.32), quartile 4 vs. quartile 1 (HR ¼ 0.95, 95%

CI: 0.64, 1.42), and quartile 5 vs. quartile 1 (HR ¼ 1.53, 95% CI: 1.05, 2.24); Ptrend ¼ 0.057.
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with coronary heart disease were observed for both waist/
hip ratio and midlife BMI (Figure 1A). There were no
significant interactions between waist/hip ratio and BMI
or BMI50.

Joint inclusion of waist circumference and hip circumfer-
ence in the full model (confounders plus mediators) re-
vealed a significantly positive linear trend for waist
circumference and an inverse trend for hip circumference
that was not statistically significant (Figure 1B). In turn,
joint consideration of fat mass and fat-free mass showed
no significant association for fat mass. There was, however,
a suggestion of an inverse association in the comparison of
extreme fat-free mass quintiles after adjustment for poten-
tial confounders and mediators, but this fell short of signif-
icance (quintile 5 vs. quintile 1: hazard ratio ¼ 0.80, 95%
CI: 0.63, 1.01) (Figure 1B).

DISCUSSION

Prior longitudinal studies of older subjects have often
failed to find a relation between measures of central adipos-
ity and coronary heart disease (30–32) or stroke (33), par-
ticularly after adjustment for general adiposity. Subgroup
analyses in cohorts including middle-aged and older sub-
jects, however, have shown stronger adjusted relations with
coronary heart disease for waist/hip ratio than BMI in those
aged �65 years, with the waist/hip ratio associations persist-
ing after adjustment for BMI (8, 34). Although another re-
port on male and female cohorts documented that both
waist/height ratio and BMI were significantly associated
with cardiovascular disease events after adjustment for con-
founders in the subgroup aged >60 years (11), a separate
study of women aged 60–79 years reported significant

Table 4. Relations of Quintiles of Body Size and Composition Measures with Incident Ischemic

Stroke Among Men in the Cardiovascular Health Study Sample, United States, 1989–2007

Adipose Measure
(Quintile Cutpoints)

Men

Person-
Years

No. of
Strokes

HRa 95% CI HRb 95% CI

Body mass index, kg/m2

Quintile 1 (<23.4) 3,109 39 1.00 Referent 1.00 Referent

Quintile 2 (23.4–25.2) 3,299 36 0.93 0.59, 1.46 0.93 0.59, 1.47

Quintile 3 (25.3–26.8) 3,390 35 0.87 0.55, 1.38 0.86 0.54, 1.37

Quintile 4 (26.9–29.1) 3,406 31 0.80 0.50, 1.28 0.78 0.48, 1.25

Quintile 5 (>29.1) 3,325 40 1.11 0.71, 1.73 1.09 0.69, 1.71

Ptrend 0.91 0.99

Body mass index at age
50 years, kg/m2

Quintile 1 (<23.4) 3,356 34 1.00 Referent 1.00 Referent

Quintile 2 (23.4–24.8) 3,406 37 1.08 0.68, 1.72 1.06 0.66, 1.69

Quintile 3 (24.9–26.2) 3,260 40 1.30 0.82, 2.05 1.30 0.82, 2.06

Quintile 4 (26.3–28.2) 3,411 32 0.96 0.59, 1.56 0.97 0.60, 1.58

Quintile 5 (>28.2) 3,097 38 1.29 0.81, 2.05 1.29 0.81, 2.07

Ptrend 0.45 0.43

Fat mass, kg

Quintile 1 (<23.1) 3,137 36 1.00 Referent 1.00 Referent

Quintile 2 (23.1–27.9) 3,396 35 0.99 0.62, 1.57 0.98 0.61, 1.57

Quintile 3 (28.0–32.0) 3,469 34 0.95 0.59, 1.51 0.94 0.58, 1.50

Quintile 4 (32.1–37.6) 3,358 33 1.02 0.63, 1.65 0.98 0.61, 1.59

Quintile 5 (>37.6) 3,168 43 1.44 0.92, 2.25 1.42 0.90, 2.23

Ptrend 0.14 0.18

Fat-free mass, kg

Quintile 1 (<32.6) 2,931 37 1.00 Referent 1.00 Referent

Quintile 2 (32.6–36.6) 3,278 35 0.92 0.58, 1.46 0.94 0.59, 1.49

Quintile 3 (36.7–39.9) 3,312 35 0.90 0.57, 1.43 0.93 0.58, 1.48

Quintile 4 (40.0–43.5) 3,523 41 1.09 0.69, 1.71 1.09 0.69, 1.73

Quintile 5 (>43.5) 3,484 33 0.87 0.54, 1.40 0.86 0.53, 1.39

Ptrend 0.86 0.80
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adjusted associations with coronary heart disease for differ-
ent measures of central adiposity but not for BMI (35). The
present analyses extend available findings by demonstrat-
ing, for the first time in a cohort aged 65–100 years, that
different measures of body composition have broadly com-
parable significant relations with coronary heart disease, but
that the association for waist/hip ratio is largely independent
of a wide array of proposed mediators, including high-
sensitivity C-reactive protein. Moreover, the association of
waist/hip ratio with coronary heart disease was independent
of baseline BMI, and even BMI at midlife, which exhibited
a stronger association with incident coronary heart disease
in quintiles analysis than any baseline adiposity measure
obtained later in life. In the case of ischemic stroke, how-
ever, the waist/hip ratio emerged as the sole independent

predictor in quintiles analysis in women, but use of binary
cutpoints showed only baseline BMI to have a significant
association in men.

Our findings also show that binary cutpoints recommen-
ded by scientific and government agencies for BMI, waist
circumference, and waist/hip ratio based on studies in
middle-aged and young adults (18, 19) exhibit significant
associations with coronary heart disease (and, for BMI, with
stroke in men) when applied to an elderly population. More-
over, those for BMI and waist/hip ratio with coronary heart
disease were even significant after adjustment for mediators.
The applicability of these partition values to older adults has
been questioned in light of the well-documented physical
changes that accompany aging (6, 36). Such changes in-
clude a loss of height, which would tend to overestimate

Table 4. Continued

Adipose Measure
(Quintile Cutpoints)

Men

Person-
Years

No. of
Strokes

HRa 95% CI HRb 95% CI

Waist circumference, cm

Quintile 1 (<89.5) 3,349 42 1.00 Referent 1.00 Referent

Quintile 2 (89.5–94.4) 3,323 33 0.84 0.53, 1.32 0.83 0.53, 1.31

Quintile 3 (94.5–99.1) 3,277 40 1.06 0.69, 1.64 1.05 0.68, 1.62

Quintile 4 (99.2–104.9) 3,410 27 0.67 0.41, 1.09 0.66 0.40, 1.07

Quintile 5 (>104.9) 3,170 39 1.09 0.70, 1.69 1.05 0.67, 1.64

Ptrend 0.95 0.79

Hip circumference, cm

Quintile 1 (<95.0) 3,324 48 1.00 Referent 1.00 Referent

Quintile 2 (95.0–98.9) 3,780 33 0.62 0.40, 0.97 0.60 0.38, 0.93

Quintile 3 (99.0–101.9) 3,010 31 0.75 0.48, 1.18 0.72 0.46, 1.14

Quintile 4 (102.0–106.4) 3,325 32 0.74 0.47, 1.16 0.72 0.46, 1.13

Quintile 5 (>106.4) 3,090 37 0.89 0.58, 1.37 0.86 0.56, 1.33

Ptrend 0.80 0.73

Waist/hip ratio

Quintile 1 (<0.92) 3,432 34 1.00 Referent 1.00 Referent

Quintile 2 (0.92–0.95) 3,356 47 1.47 0.95, 2.29 1.46 0.94, 2.27

Quintile 3 (0.96–0.97) 3,297 29 0.89 0.54, 1.46 0.89 0.54, 1.46

Quintile 4 (0.98–1.00) 3,281 39 1.27 0.80, 2.01 1.25 0.79, 1.98

Quintile 5 (>1.00) 3,163 32 1.08 0.67, 1.76 1.02 0.63, 1.67

Ptrend 0.98 0.82

Waist/height ratio

Quintile 1 (<0.51) 3,310 41 1.00 Referent 1.00 Referent

Quintile 2 (0.51–0.54) 3,454 35 0.81 0.51, 1.27 0.80 0.51, 1.26

Quintile 3 (0.55–0.57) 3,336 39 0.93 0.60, 1.43 0.90 0.58, 1.41

Quintile 4 (0.58–0.61) 3,215 28 0.70 0.44, 1.14 0.69 0.42, 1.11

Quintile 5 (>0.61) 3,214 38 0.97 0.63, 1.51 0.94 0.60, 1.47

Ptrend 0.73 0.60

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Adjusted for age and race (black, nonblack).
b Adjusted for age, race (black, nonblack), smoking status (never, former, current), physical

activity, alcoholic drinks/week (0, <7, 7–13, �14), educational attainment (less than high school,

high school graduate, college or higher), and serum creatinine.
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BMI for a constant body weight in older persons (36). Aging
is also characterized by an increase in fat mass, however,
such that adipose content would be higher for any given
BMI in older individuals, offsetting the previous overesti-
mation (36). These opposing influences might help to ex-
plain the significant associations with coronary heart disease
observed for obesity (BMI �30 kg/m2) and, more strongly,
severe obesity (BMI �35 kg/m2). Of note, however, height-
ened risk of coronary heart disease was not similarly ob-
served for the overweight group (BMI 25–29.9 kg/m2) at

baseline, as opposed to midlife, suggesting that the ‘‘over-
weight’’ category may not be suitable for prognostication in
older adults. Determination of optimal partition values for
older adults will require additional work, ideally involving
meta-analytical techniques assessing larger numbers of
subjects.

Although our analyses showed overlapping confidence
intervals for confounder-adjusted associations of upper
quintiles for various parameters with coronary heart disease,
the waist/hip ratio did exhibit the highest effect estimate.

Table 5. Relations of Quintiles of Body Size and Composition Measures With Incident Coronary Heart Disease in

the Cardiovascular Health Study Sample, United States, 1989–2007

Adiposity Measurea
Person-
Years

No. of
CHD

Events
HRb 95% CI HRc 95% CI HRd,e 95% CI

Body mass index

Quintile 1 8,712 152 1.00 Referent 1.00 Referent 1.00 Referent

Quintile 2 9,308 168 1.11 0.89, 1.39 1.08 0.87, 1.35 1.03 0.82, 1.28

Quintile 3 9,350 156 1.02 0.81, 1.27 1.00 0.80, 1.25 0.90 0.72, 1.14

Quintile 4 9,449 167 1.11 0.89, 1.39 1.06 0.85, 1.32 0.92 0.73, 1.16

Quintile 5 8,872 202 1.53 1.23, 1.89 1.42 1.14, 1.77 1.11 0.88, 1.40

Ptrend 0.001 0.006 0.66

Body mass index
at age 50
years

Quintile 1 9,453 137 1.00 Referent 1.00 Referent 1.00 Referent

Quintile 2 9,411 165 1.23 0.98, 1.54 1.23 0.98, 1.55 1.19 0.95, 1.49

Quintile 3 9,231 159 1.26 1.00, 1.58 1.25 1.00, 1.58 1.21 0.96, 1.52

Quintile 4 9,121 182 1.41 1.13, 1.76 1.40 1.12, 1.75 1.24 0.99, 1.55

Quintile 5 8,475 202 1.80 1.45, 2.24 1.71 1.37, 2.14 1.40 1.11, 1.76

Ptrend <0.001 <0.001 0.009

Fat mass

Quintile 1 8,537 165 1.00 Referent 1.00 Referent 1.00 Referent

Quintile 2 9,324 172 1.07 0.86, 1.32 1.06 0.86, 1.32 1.00 0.80, 1.24

Quintile 3 9,541 161 0.96 0.77, 1.19 0.92 0.74, 1.15 0.82 0.66, 1.03

Quintile 4 9,413 147 0.97 0.77, 1.21 0.94 0.75, 1.18 0.79 0.62, 1.00

Quintile 5 8,875 200 1.49 1.21, 1.85 1.40 1.13, 1.74 1.13 0.89, 1.42

Ptrend 0.003 0.02 0.88

Fat-free mass

Quintile 1 8,564 172 1.00 Referent 1.00 Referent 1.00 Referent

Quintile 2 9,090 153 0.88 0.71, 1.10 0.91 0.73, 1.14 0.91 0.73, 1.13

Quintile 3 9,353 177 1.01 0.82, 1.24 1.04 0.85, 1.29 1.02 0.83, 1.27

Quintile 4 9,286 188 1.14 0.93, 1.41 1.17 0.95, 1.44 1.07 0.87, 1.33

Quintile 5 9,397 155 0.92 0.74, 1.15 0.93 0.74, 1.15 0.83 0.66, 1.04

Ptrend 0.69 0.68 0.48

Waist circumference

Quintile 1 9,555 163 1.00 Referent 1.00 Referent 1.00 Referent

Quintile 2 9,056 142 0.96 0.77, 1.20 0.95 0.76, 1.20 0.90 0.72, 1.13

Quintile 3 9,275 166 1.10 0.89, 1.36 1.08 0.87, 1.34 0.99 0.79, 1.24

Quintile 4 9,166 178 1.19 0.96, 1.47 1.16 0.94, 1.44 1.05 0.84, 1.31

Quintile 5 8,638 196 1.49 1.21, 1.84 1.39 1.12, 1.72 1.11 0.88, 1.39

Ptrend <0.001 0.001 0.17

Table continues
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Moreover, the waist/hip ratio was the only baseline measure
for which a significant relation persisted after accounting for
mediators, and its association was independent of both BMI
and BMI50. That the waist/hip ratio might be a better mea-
sure of adiposity-related cardiovascular disease risk than
BMI, waist circumference, hip circumference, directly mea-
sured fat mass, and even the waist/height ratio can be pro-
posed on the basis of the distinct physiologic characteristics
documented for different fat depots. Visceral fat has a lower
threshold for lipolysis than subcutaneous fat, and released
free-fatty acids have direct access to the liver, which could
accentuate their metabolic consequences (6). Expansion of
visceral fat also alters production of bioactive peptides with
myriad local and systemic effects (4). By contrast, subcuta-
neous fat appears to act as a sink for free-fatty acids (6), and

higher subcutaneous fat (37), particularly in the lower limbs
(38), has been associated with metabolic benefits in older
persons.

Furthermore, because waist circumference is a direct
measure of abdominal fat, while hip circumference reflects
subcutaneous fat and muscle of the thighs and buttocks, the
waist/hip ratio might serve as a superior composite metric
subsuming the harmful effects of visceral fat and the bene-
ficial properties of subcutaneous fat (6). Indeed, prospective
studies in predominantly middle-aged cohorts have found
not only positive independent associations of waist cir-
cumference with cardiovascular disease but also inverse
associations for hip circumference when both measures
are considered jointly (8, 9). These associations
might be expected to strengthen in older adults owing to

Table 5. Continued

Adiposity Measurea
Person-
Years

No. of
CHD

Events
HRb 95% CI HRc 95% CI HRd,e 95% CI

Hip circumference

Quintile 1 9,656 180 1.00 Referent 1.00 Referent 1.00 Referent

Quintile 2 8,893 163 0.99 0.80, 1.23 0.97 0.79, 1.20 0.92 0.74, 1.14

Quintile 3 9,121 162 1.05 0.85, 1.31 1.06 0.85, 1.31 0.99 0.79, 1.22

Quintile 4 9,549 154 0.96 0.78, 1.19 0.94 0.75, 1.17 0.84 0.68, 1.06

Quintile 5 8,471 186 1.35 1.10, 1.66 1.26 1.02, 1.55 1.02 0.82, 1.27

Ptrend 0.02 0.08 0.89

Waist/hip ratio

Quintile 1 9,719 139 1.00 Referent 1.00 Referent 1.00 Referent

Quintile 2 9,378 162 1.21 0.96, 1.51 1.19 0.95, 1.50 1.12 0.89, 1.41

Quintile 3 8,904 174 1.34 1.07, 1.67 1.31 1.04, 1.63 1.16 0.92, 1.46

Quintile 4 9,106 175 1.36 1.09, 1.70 1.33 1.06, 1.66 1.19 0.94, 1.49

Quintile 5 8,584 195 1.64 1.32, 2.04 1.56 1.25, 1.94 1.36 1.08, 1.71

Ptrend <0.001 <0.001 0.010

Waist/height ratio

Quintile 1 9,358 144 1.00 Referent 1.00 Referent 1.00 Referent

Quintile 2 9,560 144 0.97 0.77, 1.22 0.95 0.75, 1.20 0.88 0.70, 1.12

Quintile 3 9,137 179 1.27 1.02, 1.59 1.25 1.00, 1.55 1.16 0.93, 1.45

Quintile 4 9,143 172 1.22 0.98, 1.53 1.16 0.93, 1.45 1.01 0.80, 1.28

Quintile 5 8,483 206 1.63 1.32, 2.02 1.51 1.22, 1.88 1.21 0.96, 1.52

Ptrend <0.001 <0.001 0.040

Abbreviations: CHD, coronary heart disease; CI, confidence interval; HR, hazard ratio.
a Sex-specific quintiles as in Tables 3 and 4.
b Adjusted for age, sex, and race (black, nonblack).
c Adjusted for age, sex, race (black, nonblack), smoking status (never, former, current), physical activity, alcoholic

drinks/week (0, <7, 7–13, �14), educational attainment (less than high school, high school graduate, college or

higher), serum creatinine, and hormone replacement therapy (women).
d Adjusted for age, sex, race (black, nonblack), smoking status (never, former, current), physical activity, alcoholic

drinks/week (0, <7, 7–13, �14), educational attainment (less than high school, high school graduate, college or

higher), serum creatinine, hormone replacement therapy (women), systolic blood pressure, antihypertensive medi-

cation use, diabetes, prediabetes, high density lipoprotein cholesterol, low density lipoprotein cholesterol, triglycer-

ides, use of aspirin, and high-sensitivity C-reactive protein.
e Models with and without inclusion of high-sensitivity C-reactive protein yielded similar effect estimates across

measures and are therefore not presented separately.
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aging-associated central fat redistribution and skeletal mus-
cle loss (13, 14, 39).

Our joint models suggested an inverse association be-
tween hip circumference and coronary heart disease concur-
rent with a positive association with waist circumference,
but this was not statistically significant. Interestingly, ad-
justment of fat-free mass for fat mass uncovered a near-
significant inverse association with coronary heart disease
for extreme quintiles, consistent with a possible salutary
effect for higher skeletal muscle mass after accounting for

adipose mass. These observations may explain why the as-
sociation of waist/hip ratio with coronary heart disease was
least likely to be abolished after adjustment for the chief
proposed mediators of the adverse effects associated with
adiposity—and by BMI itself—insofar as this measure sub-
sumes information not only relating to visceral and subcu-
taneous fat distribution but also to gluteofemoral muscle
wasting. Whether the mediator-independent associations
with coronary heart disease detailed here for waist/hip ratio
quintiles confer an advantage in risk prediction or could

Table 6. Relations of Anthropometric Measures by Recommended Cutpoints and Incident Coronary Heart Disease

in the Cardiovascular Health Study Sample, United States, 1989–2007

Adiposity Measure
Person-
Years

No. of
CHD

Events
HRa 95% CI HRb 95% CI HRc 95% CI

Binary categories

Body mass index,
kg/m2

<30 37,144 654 1.00 Referent 1.00 Referent 1.00 Referent

�30 8,546 191 1.51 1.28, 1.78 1.44 1.22, 1.71 1.22 1.03, 1.46

Body mass index at age
50 years, kg/m2

<30 41,632 745 1.00 Referent 1.00 Referent 1.00 Referent

�30 4,058 100 1.42 1.15, 1.75 1.37 1.11, 1.70 1.18 0.95, 1.47

Waist circumference,
cm

<88 (W), <102 (M) 23,959 425 1.00 Referent 1.00 Referent 1.00 Referent

�88 (W), �102 (M) 21,732 420 1.34 1.16, 1.54 1.28 1.11, 1.47 1.13 0.97, 1.31

Waist/hip ratio

<0.80 (W), <0.95 (M) 11,968 186 1.00 Referent 1.00 Referent 1.00 Referent

�0.80 (W), �0.95 (M) 33,723 659 1.49 1.26, 1.77 1.43 1.21, 1.70 1.32 1.11, 1.57

Multiple categories

Body mass index, kg/m2

<25.0 18,030 305 1.00 Referent 1.00 Referent 1.00 Referent

25–29.9 19,114 349 1.06 0.91, 1.24 1.03 0.90, 1.20 0.95 0.81, 1.11

30.0–34.9 6,471 146 1.50 1.23, 1.83 1.42 1.16, 1.73 1.14 0.92, 1.42

�35 2,075 45 1.79 1.30, 2.47 1.70 1.23, 2.35 1.37 0.98, 1.90

Ptrend <0.001 <0.001 0.10

Body mass index at age
50 years, kg/m2

<25.0 24,349 370 1.00 Referent 1.00 Referent 1.00 Referent

25–29.9 17,283 375 1.37 1.18, 1.58 1.34 1.15, 1.55 1.22 1.05, 1.42

30.0–34.9 3,374 79 1.56 1.22, 1.99 1.53 1.19, 1.96 1.29 1.00, 1.67

�35 685 21 2.16 1.39, 3.37 1.93 1.24, 3.02 1.51 0.96, 2.38

Ptrend <0.001 <0.001 0.003

Abbreviations: CHD, coronary heart disease; CI, confidence interval; HR, hazard ratio; M, men; W, women.
a Adjusted for age, sex, and race (black, nonblack).
b Adjusted for age, sex, race (black, nonblack), smoking status (never, former, current), physical activity, alcoholic

drinks/week (0, <7, 7–13, �14), educational attainment (less than high school, high school graduate, college or

higher), serum creatinine, and hormone replacement therapy (women).
c Adjusted for age, sex, race (black, nonblack), smoking status (never, former, current), physical activity, alcoholic

drinks/week (0, <7, 7–13, �14), educational attainment (less than high school, high school graduate, college or

higher), serum creatinine, hormone replacement therapy (women), systolic blood pressure, antihypertensive medi-

cation use, diabetes, prediabetes, high density lipoprotein cholesterol, low density lipoprotein cholesterol, triglycer-

ides, use of aspirin, and high-sensitivity C-reactive protein.

22 Kizer et al.

Am J Epidemiol 2011;173:10–25



better serve to target interventions in older adults should be
explored in systematic reviews compiling larger numbers of
events.

Our study also found increased midlife BMI to be a sig-
nificant predictor of future coronary heart disease risk, with
higher effect estimates for quintiles or standard categories
than BMI in later life. Previous work in older men showed
that recalled midlife weight was only moderately correlated
(r ~ 0.75) with actual measurement, with a tendency to
weight underestimation particularly when midlife weight
was in the overweight/obese range (40). Such findings sug-

gest that the associations for recalled BMI50 documented
here might have been stronger had direct measurements
been available. Hence, the prominent relation seen for re-
called BMI50 may be consistent with prior reports demon-
strating weakening of the relation between BMI and adverse
outcomes with age (15, 34). This may reflect BMI’s greater
accuracy as a surrogate of visceral adiposity in middle-aged
than older adults, in whom lower BMI may also signal mus-
cle wasting (6). Another potential explanation, however, is
that use of self-reported weight at age 50 years but measured
height at baseline might have overestimated midlife BMI in

Figure 1. Joint evaluation of selected measures of body composition in Cardiovascular Health Study participants in relation to incident coronary
heart disease, United States, 1989–2007 (A and B). All models were adjusted for the indicated adiposity measure plus age, sex, race (black,
nonblack), smoking status (never, former, current), physical activity, alcoholic drinks/week (0, <7, 7–13, �14), educational attainment (less than
high school, high-school graduate, college or higher), serum creatinine, hormone replacement therapy (women), systolic blood pressure, antihy-
pertensive medication use, diabetes, prediabetes, high density lipoprotein cholesterol, low density lipoprotein cholesterol, triglycerides, use of
aspirin, and high-sensitivity C-reactive protein. Adj., adjusted; BMI, body mass index; BMI50, body mass index at age 50 years; CHD, coronary
heart disease; FFM, fat-free mass; FM, fat mass; HC, hip circumference; WC, waist circumference; WHR, waist/hip ratio.
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participants experiencing loss of vertebral height, which
itself could heighten cardiovascular disease risk (41). Nev-
ertheless, this effect was likely minor, because the BMI50–
coronary heart disease association was not stronger in
women, who experience greater aging-associated height
loss than men do (42).

This study has various strengths, including its focus on
noninstitutionalized older adults through age 100 years; its
inclusion of both women and men; standardized measure-
ment, and not self-report, of baseline anthropometry; eval-
uation of directly measured body composition; availability
of self-reported midlife weight; a large number of ‘‘hard’’
cardiovascular disease endpoints; long-term follow-up to
minimize the effect of reverse causality; broad assessment
of potential confounders and, particularly, mediators; and
use of sensitivity analyses to explore potential biases.

There are likewise several limitations. First, because
prevalent cardiovascular disease and comorbidities can con-
found the association of adiposity measures with outcome
(29), the present findings are generalizable only to healthier
older adults free of clinically overt cardiovascular disease.
Second, the number of ischemic strokes in each sex stra-
tum was modest, particularly in men; the inconsistent sex-
specific findings observed for waist/hip ratio and BMI must
be interpreted with caution and will require investigation in
larger (meta-analytical) samples. Third, formal assessment
of reproducibility of anthropometric measurements was not
undertaken. Fourth, while bioelectric impedance generally
provides valid estimates of body composition in older per-
sons (43), the technique may be less accurate in the setting
of abnormal hydration status. Exclusion of prevalent heart
failure and adjustment for serum creatinine and antihyper-
tensive medications, however, would tend to minimize as-
sociated measurement errors. Finally, we did not have
measures of visceral and hepatic adiposity, lower extremity
muscle mass, or intermyocellular adiposity, which could
allow more apt investigation of aging-related changes in re-
gional fat content and skeletal muscle mass and their cardi-
ometabolic consequences.
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