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Abstract

Purpose—Previous studies suggest that African Americans (AA) have lower levels of

cardiorespiratory fitness (CRF) than their Caucasian (C) counterparts. However, the association

between CRF and race/ethnicity in the context of higher socioeconomic status (SES) has not been

explored.

Methods—We evaluated 589 AA (309 men and 203 women) and 33,015 C (19,399 men and

8753 women) enrolled in the Cooper Center Longitudinal Study. Education years and access to a

preventive health care examination were used as a proxy for higher SES. Data were collected from

a questionnaire, maximal treadmill exercise stress test, and other clinical measures. The outcome

variable was CRF, which was stratified into low fit (quintile 1 of CRF) and fit (quintiles 2–5).

Multivariable regression was used to compare adjusted mean CRF between groups. P values were

adjusted for unbalanced sample size and unequal variance between groups.

Results—The mean education years were similar for AA and C men at 16 yr; however, AA

women had more years of education than C (15.8 vs 15.2 yr, P = 0.0062). AA men and women

had a significantly higher prevalence of being unfit compared with their C counterparts (men

26.7% vs 12.6%, P < 0.0001; women 21.3% vs 8.4%, P < 0.0001). The adjusted mean estimated

maximal METs were 10.9 vs 11.7 and 8.8 vs 9.8 for AA and C men and women, respectively.

Fully adjusted odds ratios revealed that AA men had more than twice the risk of being unfit

compared with C men. A trend persisted for AA women to have a lower MET value than their

counterparts.
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Conclusions—Despite comparable higher SES, lower CRF existed among AA men versus C

men. These results suggest that CRF may not be mediated strictly by environmental factors related

to SES.
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Cardiorespiratory fitness (CRF) is shown to have an inverse relationship with several health

outcomes such as cardiovascular disease (6), diabetes (36), and cardiovascular and all-cause

mortality (8). Lower CRF has been documented among African Americans when compared

with their Caucasian counterparts (12,17,29,34). Data from the National Health and

Nutrition Examination Survey (NHANES) has demonstrated that non-Hispanic black adults

age 20–49 yr have more than a twofold increased risk of having a lower CRF level

compared with non-Hispanic white adults (15). To note, most NHANES studies that address

race and CRF include estimated fitness levels from submaximal exercise tests (12,15,34);

limited information is available for maximal fitness levels. Accumulating evidence suggests

that these differences in CRF exist in African Americans and Caucasians across multiple

populations, including children, athletes, and premenopausal women (21,35,37). After

adjusting for confounding variables such as age, percentage of body fat, tobacco use, and

other fitness-related variables, racial differences in CRF persisted in previous studies.

However, unmeasured confounders related to socioeconomic issues believed to affect fitness

in such populations cannot be easily evaluated. It is similarly known that African Americans

have an overall greater risk of cardiovascular disease, cancer, and other chronic diseases

compared with Caucasians (24). The underlying directionality of the relationship between

these chronic diseases and low CRF is unclear in diverse populations. The fitness and

chronic condition disparities must be considered by primary care physicians when they are

providing exercise recommendations to their patients, thus highlighting the importance of

addressing fitness disparities between African Americans and Caucasians.

In previous studies involving African Americans, it is suggested that social, cultural, and

genetic influences affect CRF and susceptibility to disease (1,10). Social and environmental

determinants of fitness such as cultural mores, built environment, and poverty are believed

to be associated with less physical activity and hence fitness (33). Existing CRF research on

disparities does not focus on populations of high individual-level socioeconomic status

(SES) (21,34,37). Therefore, our study will address the question of whether African

Americans in a higher SES cohort, removing unmeasured confounders believed to be

present in lower individual-level SES populations, will have lower CRF as compared with

Caucasians. This is the second diversity paper from the Cooper Center Longitudinal Study

(CCLS) to explore the effect of race in the context of an otherwise homogenous cohort of

higher individual-level SES (18).

Methods

This study was a cross-sectional analysis of data collected on men and women who were

self-referred or employer-referred for a preventive medical examination in Dallas, Texas, at
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the Cooper Clinic between 1970 and 2010. All patients signed an informed consent

approving their data to be collected and used for research purposes in the CCLS, a

prospective epidemiological database. Privacy precautions were maintained through The

Cooper Institute and Clinic policies, and all data were deidentified before analysis. The

study protocol is reviewed and approved annually by The Cooper Institute review board.

To derive our cohort of 589 African Americans (309 men and 203 women) and 33,015

Caucasian (19,399 men and 8753 women), we required complete data on race and maximal

exercise stress testing. Participants with the history of myocardial infractions, stroke,

diabetes, and cancer were excluded. The examination included a maximal exercise test; self-

report of pertinent demographic information including age, race/ethnicity, and education;

past medical history; a physical examination consisting of blood pressure measurements,

anthropometric assessments, and an electrocardiogram; and laboratory tests.

Blood pressure was measured with a stethoscope and mercury sphygmomanometer using the

ausculatory technique. Height and weight were measured using a calibrated physician's scale

and stadiometer. Body mass index (BMI) was defined as weight in kilograms divided by

height in meters squared. Measures of risk factors such as fasting glucose and total

cholesterol were completed with a blood chemistry test after an overnight fast of at least 12

h Blood serum was analyzed using automated methods that were measured in accordance

with standard procedures.

Our primary exposure variable was self-reported race. SES was defined using education

years and access to the preventive health care examination as proxy for higher SES. Income

is not an available variable in our CCLS population. The primary outcome variable was

objectively measured CRF by modified Balke treadmill with time used to estimate METs.

The test has been described elsewhere (38). Exercise time was used to estimate age- and

sex-specific quintiles that were grouped into low fit (quintile 1) and fit (quintiles 2–5)

categories as in previous studies (8). Our goal was to determine the likelihood of being in

the highest health risk category of fitness. As absolute cut points are not available,

traditionally we use age-adjusted quintiles. Age- and sex-specific quintiles for measuring

treadmill time do not provide an absolute measure of fitness, but it has been shown to be a

useful method to demonstrate fitness-related effects. MET-minutes were calculated by

multiplying the estimated energy expenditure retrieved from the Compendium of Physical

Activities (2) by the amount of minutes completed during activity.

Results

Demographic characteristics of the cohort are presented in Table 1. African American men

reported similar mean education years to Caucasian men (16 yr); however, African

American women had more years of education than Caucasian women (15.8 vs 15.2 yr, P =

0.0062). Tobacco use was comparable among women, although Caucasian men self-reported

a significantly higher percentage of tobacco use (15.1% vs 11%, P = 0.05). The average

BMI was in the overweight category for all race-sex groups (African American men 29.2

kg·m−2, Caucasian men 27.3 kg·m−2, and African American women 27.3 kg·m−2) except

Caucasian women (24.1 kg·m−2). Blood pressure in African American men (systolic, 125.1
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vs 122.4 mm Hg, P = 0.0004) and women (systolic, 119.0 vs 114.4 mm Hg, P < 0.0001) was

significantly higher compared with their Caucasian counterparts (Table 1). Despite

nonsignificant differences in PA MET-minutes in men (P = 0.21) and women (P = 0.22),

African Americans overall had a significantly lower CRF than their Caucasians (P < 0.0001)

(Table 1).

African Americans had a higher prevalence of being in the low fit category (quintile 1) than

Caucasians (men, 25.2% vs 11.5%; women, 18.2% vs 7.6%, respectively) (Table 2). Low

fitness in African Americans was predicted by race after correcting for age as seen in Table

3. After adjusting for the covariates of age, BMI, PA MET-minutes, education, high blood

pressure, hemoglobin, and tobacco use, African American men had two times the risk of

being low fit than Caucasians, as seen in Table 3. A trend persisted for African American

women (Fig. 1), although the fully adjusted risk of low fitness was not significantly different

(Table 3). There was no significant difference between maximum heart rates (MHR) on

treadmill (African American men MHR = 178.6 vs Caucasian n = 177.5, P value = 0.20;

African American women MHR = 176.2 vs Caucasian = 175.2, P value = 0.29), suggesting

comparable effort. Of note, the reasons for participants in our cohort stopping the treadmill

test were generally similar in Caucasians and African Americans (Table 4).

Discussion

This article is the second to present apparent racial disparities in health factors between

African Americans and Caucasians (18) in this population. Frierson et al. (18) suggested

race was predictive of cardiovascular risk factors in African Americans compared with

Caucasians regardless of higher homogenous SES, defined by education years and access to

a preventive care examination. We investigated further and observed that significant

disparities in the presence of high-risk fitness levels were present and remained in African

American men compared with Caucasians despite both groups having higher individual-

level SES. Significant CRF disparities, estimated by maximal exercise testing, were present

and remained in men after adjusting for the confounding variables of age, BMI, PA MET-

minutes, education, high blood pressure, hemoglobin, and tobacco. Lower fitness in African

Americans from the CCLS suggests that racial differences in CRF may not be mediated

strictly by factors related to individual-level SES.

Previous literature has shown Caucasian race, younger age, male sex, and lower BMI as

independent predictors of CRF between African American and Caucasian men and women

(29). Our results are parallel with these findings, suggesting African Americans have

increased risk of having reduced CRF. Our findings are consistent with previous evaluations

of population-based estimated submaximal CRF levels using NHANES in which lower CRF

was also seen in African Americans (12,15,34). Our study demonstrates that among those of

higher SES, disparities still exist in CRF levels between African Americans and Caucasians.

The results of this report further support race as an independent risk factor for lower fitness

levels among African Americans. Furthermore, there was a small but significant age

difference (<2 yr) in African Americans compared with Caucasians. The African American

men and women were on average younger than their respective Caucasian comparison
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groups. As fitness decreases with age, this observation would suggest that our finding of

lower fitness in African Americans is conservative.

The fitness disparities may be important given the known relationship between fitness and

numerous morbidities and mortality. As CRF has been shown to associate with more

positive health outcomes, racial CRF disparities may contribute to poorer health outcomes

among African Americans compared with Caucasians. Moderate fitness may protect against

precursors of mortality, which include elevated blood pressure and cholesterol levels (6,7).

Fitness has an inverse, graded relationship with cardiovascular disease and all-cause

mortality in healthy and unhealthy African American and Caucasian populations (19,26,27).

In addition, exercise capacity has been found to be an independent predictor of mortality

(19,25). Kokkino et al. (28) found that adjusted mortality risk decreased among diabetic men

in both racial groups (African Americans 14%, Caucasians 19%) for every 1-MET increase;

nonetheless, all-cause mortality remained 23% higher in African Americans. Further, in a

group of healthy men, mortality risk remained 11% higher in African American versus

Caucasians, although the mortality risk reduction for every 1-MET increase was similar for

both races (27).

Individual-level SES has been defined by others using income, occupation, and/or education

and contributes to health- and fitness-related disparities (1,11). Although demographic

information is shared between physician and patient, we do not collect income levels, as

noted. Therefore, education and access to preventive care have been used to define higher

SES status in this population (18). Furthermore, built environment has been identified as a

strong predictor of physical activity resources and is associated with both individual- and

neighborhood-level SES (16,33). Although our findings suggest that disparities in CRF

between African Americans and Caucasians are independent of individual-level SES, further

studies in this population can explore whether differences in built environment or

neighborhood-level SES are potential explanatory factors in racial/ethnic differences in

CRF. Comparable physical activity levels among men in this study make it unlikely that

racial differences related to fitness were a result of leisure time physical activity alone.

Although African American women had a higher education level than their Caucasian

counterparts and comparable access to a preventive care examination, African American

women participated in less self-reported physical activity, although statistically insignificant.

Previous literature suggests that perceptions regarding the benefits of physical activity

between African Americans and Caucasians are similar; therefore, other neighborhood

environment factors may be a barrier to physical activity and fitness (30). Our study results

are similar to previous heterogeneous studies documenting increased BMI and lower fitness

levels in African American women compared with Caucasian women (34). Of note, some

suggest that increased BMI in young adult African Americans may not reflect increased

body fat; therefore, BMI may not have a significant metabolic impact (22). Although the

fully adjusted fitness model did not reach significance in women, which may be due to

power issues, a trend persisted.

Although lower CRF in African Americans has been consistently found in a variety of

populations including children, adults, and athletes, the underlying mechanisms leading to

this phenomenon are not fully understood (21,35,37). It has been suggested that physiologic
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differences lead to the different CRF levels seen in racial groups, although the exact

underlying mechanisms are unknown. For example, a previous study provided evidence that

African Americans appeared to have greater physiologic difficulty when attaining maximal

fitness levels suggested by increased heart rate, ventilation, and perceived exertion during

physical tasks compared with Caucasians (21). However, our analysis revealed no

significant difference in mean age-adjusted maximal heart rates between sex-specific

counterparts, suggesting comparable effort and difficulty. Furthermore, adjusting for

variables age, BMI, education, PA MET-minutes, smoking, high blood pressure, and

hemoglobin failed to remove the significant effect of race on CRF in African American men.

Even in populations of highly trained athletes, a disparity exists (37). A hypothesis that

could explain racial differences in CRF involves the concept of increased exercise economy

in Africans compared with their Caucasian counterparts. Weston et al. investigated the

concept of “running economy” and found that African runners operated at a reduced

VO2max, compared with Caucasians, yet completed a 10-km run within a comparable time

frame (37). “Running economy” refers to a greater ability to produce energy during

movements, specifically stepping tasks, as defined in this small study of elite marathon

runners (37). Inconsistent evidence has shown increased running economy (31,37,39) and

higher fractional utilization of VO2peak (9,13) in African individuals versus their Caucasian

counterparts; however, little is known concerning these physiological factors within the

African American and Caucasian population.

Several potential underlying mechanisms should be considered. First, it is believed that a

reasonable percentage of an individual's ability to attain high maximal fitness levels is

genetic in basis (10). Second, other investigators have found differences in skeletal muscle

characteristics including oxidative capacity and lower percentage of slow twitch muscle

fibers in African Americans (4,5). Third, lower hemoglobin levels are generally seen in

African Americans but do not appear to affect the race–fitness relationship in this study (21).

Finally, there are well-known differences in cardiovascular health, including greater

prevalence of hypertension, left ventricular hypertrophy, obesity, insulin resistance, and

diabetes (32), that could affect and be affected by CRF level. In particular, higher levels of

insulin resistance among African Americans as compared with Caucasians, independent of

body fat distribution (3), may contribute to abnormalities in skeletal muscle mitochondria,

hampering exercise performance and worsening CRF (14). Nonphysiologic considerations

could account for the disparate CRF levels seen here. First, eating behaviors may have

varied, and deficient energy consumption could have failed to supply the energy required to

attain maximum CRF level, although maximal predicted heart rate was similar. Another

possible explanation for the results is inaccurate measurement of physical activity that is

inherent in self-reports of physical activity. Therefore, it is possible that the disparate fitness

may be a result of different lifestyle behaviors in our African American and Caucasian

populations that are not measured.

A major strength of our study includes an African American population with higher, more

homogeneous individual-level SES relative to other studies in fitness. The disproportionate

social disadvantages experienced by African Americans are well documented (1); these high

levels of inequality introduce unmeasured confounders related to SES in other studies (20).

In addition, extensive phenotyping of the cohort removed the likelihood of lower CRF being
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related solely to underlying disease. Moreover, we had the opportunity to examine the

association of maximal fitness levels in relation to race, whereas other large databases

estimate fitness levels from submaximal tests. An additional strength includes the similar

mean and median year of examination dates among African Americans (2002 and 2003) and

Caucasians (2000 and 2001) in this 40-yr period; these similar dates point against secular

differences that may have occurred over time (38) because of increased public policy

regarding physical activity recommendations. A limitation to this study is the

disproportionately smaller African American population. We addressed this by using

multivariable regression to compare adjusted mean CRF between groups, and P values were

calculated for an unbalanced sample size and unequal variance between groups. Second,

although fat-free mass may better represent metabolically active tissue than BMI, it was not

available in this data set. Lastly, there are limitations regarding our definition of SES,

defined by the available variable of education years and having access to the Cooper Clinic's

preventive examination. This potentially could artificially increase the SES of the examined

individuals.

Overall, we conclude that the African Americans in this cohort have a lower fitness level

than their Caucasian counterparts and a significantly lower CRF level within the male

population. Disparate fitness levels between African Americans and Caucasians did not

seem to be significantly mitigated despite higher individual-level SES in this population as

measured by education and access to health care resources. The elimination of unmeasured

confounders present in other economically diverse populations did not entirely remove racial

differences seen in CRF, further emphasizing the need for a multifaceted approach to health

equality. Our results suggest that racial/ethnic differences regarding CRF do exist among

African Americans and Caucasians across the socioeconomic spectrum. These findings may

have both individual and policy level implications. First, this fitness disparity in conjunction

with the known health disparities should remind health care providers of the critical need to

screen and follow their African American patients for low fitness-related disease. Second, as

some experts are beginning to suggest the need for considering fitness levels a vital sign (23)

in this era of increasing obesity and sedentary behavior, it will be critical to understand the

nuanced differences between races to inform cut points and policy. Additional research in

this area is warranted to verify these findings in other homogenous, higher SES populations.

Finally, research should be done to delineate the mechanisms for lower fitness and to

determine its impact on chronic disease development and hence prevention.
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Figure 1.
Means for METs comparing African American and Caucasian men and women. * Adjusted

for age, BMI, PA MET-mins, education, high blood pressure, hemoglobin, and tobacco use.
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Table 2

Prevalence of CRF by quintile, sex, and race, CCLS 1970–2010.

Men Women

African American Caucasian African American Caucasian

Quintile 1 (low fit)a 78 (25.2) 2237 (11.5) 37 (18.2) 666 (7.6)

Quintile 2 66 (21.4) 3541 (18.3) 56 (27.6) 1159 (13.2)

Quintile 3 57 (18.5) 4176 (21.5) 27 (13.3) 1435 (16.4)

Quintile 4 76 (24.6) 5125 (26.4) 51 (25.1) 2512 (28.7)

Quintile 5 32 (10.4) 4320 (22.3) 32 (15.8) 2981 (34.1)

Data are presented as n (%).

a
Quintiles represent age- and sex-adjusted CRF quintiles estimated from Balke treadmill time in seconds. See Methods section for details.
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Table 3

Odds ratio for the relative risk of low fitnessa in African Americans.

Referent = Caucasian Men P

Adjusted for age 2.55 (1.97, 3.31) <0.0001

Fully adjustedb 2.06 (1.51, 2.83) <0.0001

Women P

Adjusted for age 2.72 (1.89, 3.92) <0.0001

Fully adjustedb 1.34 (0.84, 2.14) 0.22

a
Low fitness defined by quintile 1 of CRF estimated from Balke treadmill time in seconds.

b
Fully adjusted includes variables: age, BMI, education, high blood pressure, hemoglobin, smoking, and PA MET-minutes.

PA MET, physical activity MET.
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Table 4

Most prevalent reasons for stopping Balke treadmill test in the CCLS, 1970–2010.

African Americans Caucasians

Leg weakness 235 (48.7) 12,833 (47.9)

Volitional exhaustion 107 (22.2) 6847 (25.6)

Dyspnea 62 (12.8) 4189 (15.6)

Othera 55 (11.4) 1676 (6.3)

Subject's desire to stop 8 (1.7) 568 (2.1)

Physician decided 7 (1.45) 301 (1.12)

Hypertension 5 (1.04) 36 (0.13)

Dizzy 2 (0.41) 236 (0.88)

Chest pain 1 (0.21) 50 (0.19)

Equipment failure 1 (0.21) 6 (0.02)

Hypotension 0 (0.00) 12 (0.04)

ECG change 0 (0.00) 35 (0.13)

Data are presented as n(%).

a
“Other” is a clinically driven category that did not include the previously mentioned variables.
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