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There is limited evidence demonstrating the benefits of physical activity with regard to mortality risk or the harms
associated with sedentary behavior in black adults, so we examined the relationships between these health behav-
iors and cause-specific mortality in a prospective study that had a large proportion of black adults. Participants
(40-79 years of age) enrolled in the Southern Community Cohort Study between 2002 and 2009 (n=63,308)
were prospectively followed over 6.4 years, and 3,613 and 1,394 deaths occurred in blacks and whites, respectively.
Black adults who reported the highest overall physical activity level (>32.3 metabolic equivalent-hours/day vs. <9.7
metabolic equivalent-hours/day) had lower risks of death from all causes (hazard ratio (HR) = 0.76. 95% confidence
interval (CI): 0.69, 0.85), cardiovascular disease (HR =0.81, 95% CI: 0.67, 0.98), and cancer (HR =0.76, 95% ClI:
0.62, 0.94). In whites, a higher physical activity level was associated with a lower risk of death from all causes (HR
=0.76, 95% CI: 0.64, 0.90) and cardiovascular disease (HR = 0.69, 95% CI: 0.49, 0.99) but not cancer (HR =0.95,
95% Cl: 0.67, 1.34). Spending more time being sedentary (>12 hours/day vs. <5.76 hours/day) was associated with
a 20%—25% increased risk of all-cause mortality in blacks and whites. Blacks who reported the most time spent
being sedentary (>10.5 hours/day) and lowest level of physical activity (<12.6 metabolic equivalent-hours/day)
had a greater risk of death (HR =1.47, 95% CI: 1.25, 1.71). Our study provides evidence that suggests that health
promotion efforts to increase physical activity level and decrease sedentary time could help reduce mortality risk in

black adults.

blacks; cancer; exercise; prevention; sedentary behavior

Abbreviations: BMI, body mass index; Cl, confidence interval; HR, hazard ratio; MET, metabolic equivalent; SCCS, Southern

Community Cohort Study.

Approximately 40 million black people live in the United
States, with slightly more than 50% living in the southeastern
portion of the country (1). Blacks face a number of health
disparities compared with whites, including higher rates of
death from cardiovascular disease (2) and cancer (3) and
shorter life expectancies (74.5 years vs. 78.8 years, respec-
tively) (4). For this reason, there is great interest in identifying
behavioral factors that are amenable to intervention and that
could improve the health of black adults. Increasing physical
activity is a particularly attractive strategy because it is asso-
ciated with a broad range of health benefits, including a
greater longevity (5, 6) and lower risks of heart disease,

stroke, hypertension, diabetes, and certain cancers (7). Daily
amounts of physical activity have declined dramatically over
the last 50 years in the United States, particularly as time
spent in sedentary behavior (i.e., sitting or reclining) has in-
creased (8, 9). The prevalence of leisure-time physical inac-
tivity is greatest in the southeastern United States (10), the
region of the United States that also has the highest black
population (1), and yet it is unclear how these patterns of be-
havior may contribute to mortality risk among blacks in this
region.

The health benefits of leisure-time physical activity are
well known (7), and evidence of the adverse health effects
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of sedentary behavior is accumulating rapidly (11); however,
empirical evidence demonstrating these associations in
blacks in the United States is sparse. Only a limited number
of studies that have investigated the association between
physical activity level and death or cardiovascular outcomes
for blacks (12—-16), and most examined only leisure-time
physical activity (exercise) (12—15) rather than household
and occupational activity or overall activity. Only 2 studies
have examined sedentary behavior as a risk factor for death
in blacks (17, 18). Further, none of these studies have pro-
vided separate estimates of these associations for black
men. Given the limited evidence available, empirical data ex-
amining the associations among overall physical activity
level, sedentary behavior, and mortality rates in black adults
is greatly needed (7).

Accordingly, we tested the hypotheses that overall physical
activity level is inversely associated and sedentary behavior is
positively associated with all-cause, cardiovascular, and can-
cer mortality in black adults participating in the Southern
Community Cohort Study (SCCS) (19). We also estimated
for the first time risk estimates for black men and the joint con-
tributions of overall physical activity and sedentary behavior
on mortality risk in black adults overall. The associations in
white participants in the study were included for comparison
to describe similarities or possible differences between races.

METHODS
Study design and participants

The SCCS is a prospective cohort study designed to assess
disparities in the rates of chronic diseases among adults in
urban and rural areas in 12 states in southeastern United
States (Florida, Alabama, Mississippi, Louisiana, Arkansas,
Tennessee, Georgia, South Carolina, North Carolina, Vir-
ginia, West Virginia, and Kentucky) (19). From 2002 to 2009,
nearly 85,000 adults were enrolled in the cohort, most of
whom (86%) enrolled at 1 of 71 participating community
health centers that provide basic health services mainly to
low-income and uninsured persons (20). An additional
14% of the cohort enrolled from 2004 to 2006 by responding
to a mailed questionnaire sent to randomly selected residents
of the same 12 states. The study was designed so that approx-
imately two thirds of participants were black. Participants el-
igible for enrollment in the overall cohort were 40-79 years
of age, spoke English, and had not been treated for cancer in
the 12 months before enrollment. The SCCS was approved by
the institutional review boards at Vanderbilt University and
Meharry Medical College. All participants provided written
informed consent.

Mortality ascertainment

For analysis of all-cause mortality, vital status was ascer-
tained from the Social Security Administration and the
National Death Index through December 31, 2011. Informa-
tion on specific causes of death was ascertained via linkage to
the National Death Index through December 31, 2011.
Cause-specific categories of mortality were classified as car-
diovascular disease (International Classification of Diseases,
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10th Revision codes 100-169), cancer (International Classi-
fication of Diseases, 10th Revision codes C00-C97), and
other nonexternal causes, which excluded cardiovascular
disease, cancer, and all International Classification of Dis-
eases, 10th Revision codes beginning with S, T, V, W, X,
and Y.

Assessment of physical activity level and sedentary
behaviors

A wide range of “usual” amounts of physical activity and
sedentary behavior performed at home, at work, and during
leisure time were assessed. Physical activity level was as-
sessed by asking about time typically spent performing
light, moderate, and strenuous (vigorous) activities at home
and at work, as well as time spent moderately and vigorously
exercising/participating in sports. Time spent doing work and
home activities was assessed separately for week and week-
end days, and exercise and sports participation was assessed
for a typical week. Overall physical activity level was esti-
mated as the sum of home and work activity and exercise
and sports participation. In addition to leisure-time activity
and activities done at home and work, time spent walking
slowly (moving around, walking at work, walking a dog,
doing light exercise) and walking quickly (to go places, for
exercise, climbing stairs) was also assessed and evaluated
separately. Questions about sedentary behaviors asked
about the amount of time per day typically spent sitting in
a car or bus; sitting at work; sitting to view television or mov-
ies; sitting using a computer at home (e.g., checking e-mail,
using the Internet, playing games); and doing other activities
that involve sitting (e.g., eating meals, talking on the phone,
reading, playing cards, or sewing). For all questions, partici-
pants provided open-ended duration responses (hours and
minutes). We evaluated the reliability and validity of the
SCCS physical activity questionnaire in 118 randomly se-
lected SCCS participants and found the validity of the instru-
ment to be comparable for blacks and whites (21).

For analysis, time spent in sedentary behaviors was sum-
marized and reported in hours per day, whereas duration re-
ports of active behaviors were converted to estimates of
physical activity energy expenditure in metabolic equivalent
(MET) hours per day using common MET values for the spe-
cific activities assessed using the Compendium of Physical
Activities (22). Accumulating 1 MET-hour/day of energy ex-
penditure from physical activity is achieved by participating
in 0.5 hours of a light activity (2 METs per hour), 0.25 hours
of moderate intensity activity (4 METs per hour), or 0.125
hours of a vigorous activity (8 METs per hour).

Covariate assessment

The baseline survey gathered information about a number
of relevant covariates that were considered as potential con-
founders in the present analysis. These covariates included
demographic factors (age, sex, race, educational level, annual
household income, and marital status), occupational status,
comorbid conditions (asthma, diabetes, hypertension, and
high cholesterol), alcohol intake, smoking history, body
size (height and weight), and sleep duration. Dietary intake
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Table 1.

Characteristics of Participants by Overall Physical Activity Level and Sedentary Behaviors, Southern Community Cohort Study, 2002-2011

Overall Physical Activity, MET-hours/week

Overall Sedentary Behavior, hours/day

Characteristic <9.73 9.74-18.60 18.61-32.31 >32.32 <5.76 5.77-8.50 8.51-12.00 >12.00
(n=15,801) (n=15,877) (n=15,798) (n=15,832) (n=16,067) (n=16,536) (n=15,869) (n=15,832)
Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) %
Age at baseline, years 53.1 (9.0) 52.4 (8.8) 50.9 (8.2) 48.8 (6.9) 52.0 (8.9) 51.9(8.8) 51.2(8.3) 49.9 (7.5)
BMI# 30.7 (8.1) 30.8 (7.8) 30.4 (7.4) 28.9 (6.7) 29.4 (7.1) 29.9 (7.3) 30.5(7.7) 31.1(8.1)
Totalkenﬁ(rjgy intake, 2,412 (1,379) 2,402 (1,347) 2,537 (1,406) 3,015 (1,622) 2,498 (1,442) 2,532 (1,429) 2,575 (1,442) 2,766 (1,527)
cal/day
Total fat intake, g/day 91.0 (56.1) 91.7 (55.5) 97.2 (568.2) 114.4 (66.7) 93.6 (58.3) 95.9 (58.2) 98.5 (59.4) 106.6 (63.4)
Total S/Sturated fatintake, 27.5(17.3) 276 (17.1) 29.2 (17.9) 34.5 (20.5) 28.2 (18.0) 28.8 (17.9) 29.7 (18.3) 32.2 (19.6)
g/aay
Total %otein intake, 90.1 (55.2) 90.7 (54.1) 95.9 (56.7) 112.2 (65.2) 93.2 (57.1) 94.7 (56.2) 97.1 (58.0) 104.3 (62.7)
g/day
Total c/grbohydrate intake, 288 (159) 290 (157) 304 (162) 351 (183) 300 (166) 303 (164) 306 (165) 324 (174)
g/aay
Sex
Male 445 32.6 33.8 54.7 42.4 422 40.3 40.6
Female 55.5 67.4 66.2 45.3 57.6 57.8 59.7 59.4
Race
White 29.9 30.0 29.6 26.9 29.9 31.4 30.4 24.3
Black 70.1 70.0 70.4 7341 701 68.6 69.6 75.7
Source of enrollment
Community health 90.3 86.8 86.7 89.4 92.2 89.5 86.5 84.7
center
General population 9.7 13.2 13.3 10.6 7.9 10.5 13.5 15.3
Educational level
<9 years 11.4 7.2 5.3 4.4 10.4 7.0 5.8 4.8
9-11 years 24.0 19.9 18.5 20.9 25.0 21.6 18.8 17.6
High school 36.7 375 39.6 445 40.6 41.0 38.4 38.2
Some college 16.6 19.5 21.3 20.9 15.5 18.1 21.0 24.0
>College 1.4 16.0 15.3 9.3 8.6 12.2 16.0 15.5
Income
<$15,000 67.0 54.3 47.5 48.8 62.5 55.3 50.5 48.8
$15,000-$24,999 16.6 19.8 23.8 27.0 20.4 22.3 21.9 22.8
$25,000-$49,999 9.6 14.3 16.5 16.2 111 13.6 15.2 17.0
>$50,000 6.8 11.6 12.2 8.0 6.1 8.8 124 114
Smoking status
Never 35.2 40.3 41.0 32.2 38.0 36.9 38.3 35.5
Former, <1 pack/day 11.3 12.6 12.3 9.9 11.5 11.7 11.8 11.1
Former, >1 pack/day 11.0 9.3 8.8 7.2 8.4 9.4 9.5 9.1

Table continues
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Table 1. Continued
Overall Physical Activity, MET-hours/week Overall Sedentary Behavior, hours/day
Characteristic (n : 3'57,301) 3;7:1_ 51,%'?'?) 1(2': 11_5372938; (niizs',%iz) (n N 15 67,367) (5'33?5'532) (81;5=11_ 51;?:) (n:1125.,08%2)
Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) %

Current, <1 pack/day 26.8 24.9 25.9 334 28.0 27.6 26.7 28.8

Current, >1 pack/day 15.7 12.9 12.0 17.2 141 145 13.7 15.6
Currently working

Yes 20.1 36.7 51.8 63.2 38.4 39.4 448 50.1

No 80.0 63.3 48.3 36.8 61.6 60.6 55.2 49.9
Marital status

Married 29.6 36.1 37.8 34.6 32.8 34.8 36.1 34.4

Divorced 34.8 31.9 32.1 34.3 32.7 32.6 33.6 34.2

Widowed 11.2 10.4 8.3 5.1 9.9 9.8 8.2 7.0

Single 24.4 21.7 21.8 25.9 24.6 22.8 221 24.4
Alcohol consumption

None 49.2 47.5 44.7 35.1 48.1 44.6 42.6 40.8

<1 drink/day 29.9 33.2 34.6 32.3 29.3 32.3 34.5 34.0

>1 drinks/day 21.0 19.3 20.7 32.6 225 23.1 229 25.2
Sleep time, hours/day

<7 40.0 38.1 39.9 43.0 41.2 39.1 39.9 40.9

7-8 43.3 47.8 47.4 44.0 46.2 48.2 457 421

>9 16.7 141 12.7 131 12.6 12.8 14.5 17.0
Asthma

Yes 15.3 14.0 12.9 11.9 125 13.1 14.1 14.5

No 84.7 86.0 87.1 88.2 87.5 86.9 85.9 85.5
Diabetes

Yes 23.8 20.8 17.5 124 18.0 18.8 18.8 18.9

No 76.2 79.3 82,5 87.6 82.0 81.2 81.2 81.1
Hypertension

Yes 59.2 55.2 50.8 431 51.7 52.5 51.8 52.2

No 40.8 44.8 49.2 56.9 48.3 47.5 48.2 47.8
High cholesterol

Yes 33.4 33.1 29.3 22.0 28.4 30.5 30.2 28.7

No 66.6 66.9 70.7 78.0 71.6 69.5 69.9 71.3

Abbreviations: BMI, body mass index; MET, metabolic equivalent; SE, standard error.
2 Weight (kg)/height (m)2.
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Table 2. Association Between Overall Physical Activity Level and Cause-Specific Mortality in Black and White Adults, Southern Community

Cohort Study, 2002-2011

Overall Physical Activity Level, MET-hours/day

Model by Cause <9.73 9.74-18.60

18.61-32.31 >32.32

P Value
of peeth g;tzfs HR  95%Cl g;tz; HR  95%Cl E’,“e"a"z's HR  95%Cl g;tzfs HR  95%Cl
Blacks
All causes
Model 12 1,325 1.00 Referent 881 0.87 0.79,095 705 0.81 0.74,0.90 702 0.77 0.70,0.86 <0.0001
Model 2° 1,325 1.00 Referent 881 0.86 0.78,094 705 0.80 0.73,0.89 702 0.76 0.69,0.85 <0.0001
Cardiovascular
disease
Model 12 389 1.00 Referent 238 0.80 0.68,0.95 207 0.83 0.70,1.00 206 0.81 0.67,0.99 0.06
Model 2° 389 1.00 Referent 238 0.80 0.68,0.94 207 0.83 0.69, 0.99 0.81 0.67,0.98 0.05
Cancer
Model 12 328 1.00 Referent 219 0.82 0.68,0.98 179 0.80 0.65,097 179 0.77 0.63,0.94 0.005
Model 2° 328 1.00 Referent 219 0.81 0.68,0.97 179 0.79 0.65,096 179 0.76 0.62,0.94 0.004
Whites
All causes
Model 12 536 1.00 Referent 342 0.87 0.76, 1.01 277 085 0.73,1.00 239 0.75 0.64,0.89 0.01
Model 2 536 1.00 Referent 342 0.87 0.76, 1.01 277 0.86 0.73,1.00 239 0.76 0.64,0.90 0.02
Cardiovascular
disease
Model 12 135 1.00 Referent 81 0.83 0.62,1.10 71 0.90 0.66,1.22 49 0.68 0.48,097 0.12
Model 2° 135 1.00 Referent 81 0.82 0.61,1.09 71 0.90 0.67,1.23 49 0.69 049,099 0.14
Cancer
Model 12 115 1.00 Referent 84 0.94 0.70,1.26 62 0.82 0.59,1.14 61 0.95 0.67,1.34 0.97
Model 2° 115 1.00 Referent 84 0.95 0.70,1.27 62 0.82 0.59,1.15 61 0.95 0.67,1.34 0.97

Abbreviations: Cl, confidence interval; HR, hazard ratio; MET, metabolic equivalent.

@ Model 1 was adjusted for sex, source of enrollment (community health center or general population), educational level (<9 years, 9-11 years,
high school, some college, or beyond college), household income (<$15,000, $15,000-$24,999, $25,000-$49,999, or >$50,000), cigarette
smoking (never; former, <1 pack/day; former, >1 pack/day; current, <1 pack/day; or current, >1 pack/day), body mass index (weight (kg)/height
(m)?; <18.5, 18.5-24.9, 25-29.9, 30.0-34.9, or >35.0), sleep duration (<7, 7-8, or >9 hours/day), diabetes (yes or no), and employment status

(yes or no).

® Model 2 was adjusted for the covariates in model 1 and overall sedentary behavior (quartiles).

was assessed using an 89-item food frequency questionnaire
that was developed specifically for the typical diet in the
southeastern United States and validated with respect to a
number of nutrients (23, 24).

Development of the analytic cohort

Between March 2002 and September 2009, a total of
84,784 individuals enrolled in the SCCS. For this analysis,
we excluded 4,130 participants (4.9%) who did not report
their race as “white” or “black/African American.” To mini-
mize problems with reverse causality, we excluded persons
who reported heart disease (previous heart attack or bypass
surgery; n =15,535), cancers other than nonmelanoma skin
cancer (n=5,099), stroke (n=15,150), Parkinson’s disease
(n=130), lupus (n = 674), and multiple sclerosis (n =255) at
enrollment. We also excluded those with missing information
on physical activity level (n = 2,498) and sedentary behaviors

(n=1,919). Our analytic cohort consisted of 63,308 partici-
pants (exclusion categories were not mutually exclusive).

Statistical analyses

Cox proportional hazards models were used to estimate
hazard ratios and accompanying 95% confidence intervals
for all-cause mortality separately among black and white par-
ticipants in relation to quartiles of physical activity level and
sedentary behavior among all participants at cohort entry.
Age was used as the underlying time metric. Our a priori
analysis plan included examination of risk among blacks
and whites separately. We also evaluated effect modification
formally by conducting likelihood ratio tests for models for
each primary behavior exposure and each cause of death
with and without race-behavior interaction terms.

Covariates included in all models were source of enroll-
ment (community health centers or general population),

Am J Epidemiol. 2014;180(4):394-405
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Association between slow and fast walking (metabolic equivalent (MET)-hours/day) and all-cause mortality in blacks and whites, South-

ern Community Cohort Study, 2002—-2011. A) Slow walking in blacks (Pyeng = 0.47); B) fast walking in blacks (Pyeng < 0.01); C) slow walking in whites
(Pyena = 0.26); and D) fast walking in whites (Pyeng = 0.30). The model was adjusted for sex, source of enrollment (community health center or gen-
eral population), educational level (<9 years, 9—11 years, high school, some college, or beyond college), household income (<$15,000, $15,000—
$24,999, $25,000-$49,999, or >$50,000), cigarette smoking (never; former, <1 pack/day; former, >1 pack/day; current, <1 pack/day; or current, >1
pack/day), body mass index (weight (kg)/height (m)?; <18.5, 18.5-24.9, 25-29.9, 30.0-34.9, or >35.0), sleep duration (<7, 7-8, or >9 hours/day),
diabetes (yes or no), employment status (yes or no), sedentary behavior (hours/day), and other types of physical activity (MET-hours/day). Exam-
ples of slow walking included “moving around, walking at work, walking the dog, or for light exercise.” Examples of fast walking included “climbing
stairs, walking fast to go places, or for exercise.” Bars, 95% confidence intervals.

educational level (<9 years, 9-11 years, high school, some
college, or beyond college), household income (<$15,000,
$15,000-$24,999, $25,000-$49,999, or >$50,000), cig-
arette smoking (never; former, <1 pack/day; former, >1
pack/day; current, <1 pack/day; or current, >1 pack/day),
body mass index (BMI, measured as weight (kg)/height
(m)?; <18.5, 18.5-24.9, 25-29.9, 30.0-34.9, or >35.0), and
sleep duration (<7, 7-8, or >9 hours/day). A number of other
factors were also evaluated as potential confounders of the
physical activity—all-cause mortality association using a
backwards model-building procedure with a greater than
10% change-in-estimate criterion for retention in the final
model. We examined dietary factors that included intakes
of energy, macronutrients, specific fats (saturated, polyunsat-
urated, and monounsaturated), and alcohol. Other factors
were marital status, working status, and diagnosis of diabetes,
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hypertension, high cholesterol, or asthma as reported at base-
line. Of these, only diabetes (yes or no) and employment
status (yes or no) were retained in the final models. To inves-
tigate the potential that preexisting disease near the time of
enrollment would bias our results, we also conducted sensi-
tivity analyses in which participants with less than 1 year of
follow-up were excluded. Analyses were conducted using
SAS/STAT software, version 9.3 (SAS Institute, Inc., Cary,
North Carolina), and all tests were 2-sided.

RESULTS

Characteristics of the cohort by quartiles of physical activ-
ity level and sedentary behavior are presented in Table 1.
Approximately 70% of cohort members were black and
more than two thirds reported a household income less than
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Table 3. Association Between Overall Sedentary Behavior and Cause-Specific Mortality in Black and White Adults, Southern Community Cohort

Study, 2002-2011

Overall Sedentary Behavior, hours/day

Model by Cause

<5.76

5.76-8.50

8.51-12.00

>12.00

P Value
of beeth l;":a'tz; HR  95% Cl g;tz; HR  95%Cl I;";tzfs HR  95%Cl I;":;tz; HR  95%Cl
Blacks
All causes
Model 12 967 1.00 Referent 908 1.01 092,110 915 1.16 1.06,1.27 823 1.17 1.06,1.29 0.0002
Model 2° 967 1.00 Referent 908 1.02 0.93,1.12 915 1.18 1.07,1.30 823 1.19 1.08,1.32 <0.0001
Cardiovascular
disease
Model 12 295 1.00 Referent 254 0.89 0.75,1.06 259 1.06 0.89,1.26 232 1.09 0.91,1.30 0.07
Model 2° 295 1.00 Referent 254  0.90 0.76,1.07 259 1.08 0.91,1.28 232 1.11 0.93,1.33 0.04
Cancer
Model 12 253 1.00 Referent 229 097 0.81,1.17 216 1.04 0.86,1.26 207 1.10 0.91,1.34 0.24
Model 2° 253 1.00 Referent 229 0.98 0.82,1.18 216 1.06 0.88,1.28 207 1.12 0.92,1.36 0.17
Whites
All causes
Model 12 360 1.00 Referent 400 1.08 0.93,1.25 346 1.08 0.93,1.26 288 1.26 1.07,1.48 0.001
Model 2° 360 1.00 Referent 400 1.08 0.93,1.25 346 1.07 092,125 288 1.24 1.06,1.47 0.002
Cardiovascular
disease
Model 12 66 1.00 Referent 97 1.43 1.04,1.97 96 1.59 1.15,2.20 77 1.76 1.25,2.49 0.001
Model 2° 66 1.00 Referent 97 1.44 1.05,1.98 96 1.59 1.14,2.20 77 1.75 1.24,2.48 0.002
Cancer
Model 12 96 1.00 Referent 92 0.87 0.65,1.18 74  0.86 0.63,1.19 60 1.04 0.74,1.46 0.28
Model 2° 96 1.00 Referent 92 0.88 0.65,1.18 74  0.86 0.63,1.19 60 1.04 0.74,1.46 0.29

Abbreviations: Cl, confidence interval; HR, hazard ratio.

& Model 1 was adjusted for sex, source of enrollment (community health center or general population), educational level (<9 years, 9-11 years, high
school, some college, or beyond college), household income (<$15,000, $15,000-$24,999, $25,000-$49,999, or >$50,000), cigarette smoking
(never; former, <1 pack/day; former, >1 pack/day; current, <1 pack/day; or current, >1 pack/day), body mass index (weight (kg)/height (m)?; <18.5,
18.5-24.9, 25-29.9, 30.0-34.9, or >35.0), sleep duration (<7, 7-8, or >9 hours/day), diabetes (yes or no), and employment status (yes or no).

b Model 2 was adjusted for the covariates in model 1 and overall physical activity level (quartiles).

$25,000 and no more than a high school education. Just over
half of the cohort was female (Table 1). Overall physical
activity level was significantly associated with age, BMI,
energy and macronutrient intakes, race, sex, source of enroll-
ment, educational level, income, smoking status, employ-
ment status, marital status, alcohol consumption, sleep time,
and prevalent asthma, diabetes, hypertension, and high choles-
terol. More time spent in being sedentary also was significantly
associated with each of these factors except prevalent hyper-
tension and diabetes.

Mortality follow-up

During an average of 6.4 (standard deviation, 2.1) years of
follow-up, there were 3,613 deaths in blacks and 1,394 deaths
in whites. Cancer and heart disease were the leading causes
of death among both blacks and whites. Among blacks, the
other leading causes of death were human immunodeficiency
virus/acquired immunodeficiency syndrome, diabetes, and

cerebrovascular disease. Among whites, the other leading
causes of death were chronic lower respiratory diseases, dia-
betes, and liver disease.

Mortality in relation to overall physical activity level

A higher level of overall physical activity was associated
with lower risks of all-cause, cardiovascular, and cancer mor-
tality in blacks after adjustment for sex, BMI, overall seden-
tary behavior, and other covariates (Table 2). The most active
blacks (>32.32 MET-hours/day) had a 24% lower risk of
death from all causes (HR =0.76, 95% confidence interval
(CI): 0.69, 0.85), a 19% lower risk of death from cardiovas-
cular disease (HR =0.81, 95% CI: 0.67, 0.98), and a 24%
lower risk of death from cancer (HR =0.76, 95% CI: 0.62,
0.94) compared with the least active blacks (<9.73 MET-
hours/day). The inverse trends were monotonic for all-cause
mortality but not cardiovascular or cancer mortality. Signifi-
cantly lower risk was evident for all outcomes in persons who

Am J Epidemiol. 2014;180(4):394-405
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Figure 2. Association between sedentary behavior (hours/day) and cardiovascular mortality in men and women by race, Southern Community
Cohort Study, 2002-2011. A) Black men (Pyeng = 0.30); B) white men (Pyeng < 0.01); C) black women (Pyeng = 0.12); and D) white women (Pyeng =
0.32). The model was adjusted for sex, source of enrollment (community health center or general population), educational level (<9 years, 9—11
years, high school, some college, or beyond college), household income (<$15,000, $15,000-$24,999, $25,000-$49,999, or >$50,000), cigarette
smoking (never; former, <1 pack/day; former, >1 pack/day; current, <1 pack/day; or current, >1 pack/day), body mass index (weight (kg)/height
(m)%; <18.5, 18.5-24.9, 25-29.9, 30.0-34.9, or >35.0), sleep duration (<7, 7-8, or >9 hours/day), diabetes (yes or no), employment status (yes
or no), and overall physical activity (quartiles). Bars, 95% confidence intervals.

reported at least 9.73—18.60 MET-hours/day of overall phys-
ical activity (second quartile).

Detailed analyses revealed some variation in the physical
activity-mortality associations by sex in blacks. For all-cause
mortality, the strength of association was similar in men
(HR=0.74, 95% CI: 0.65, 0.84) and women (HR =0.83,
95% CI: 0.69, 0.9) when comparing the most active persons
to the least active (=32.32 MET-hours/day vs. <9.73 MET-
hours/day). However, somewhat stronger associations were
noted for the most active black men for cardiovascular (HR
=0.71,95% CI: 0.56, 0.90) and cancer (HR =0.76, 95% CI:
0.59, 0.99) mortality. The relation between physical activity
level and these outcomes was less clear among black women
(Web Table 1, available at http:/aje.oxfordjournals.org/).
Compared with white adults who reported the least physical
activity, those who reported the most physical activity
(=32.32 MET-hours/day vs. <9.73 MET-hours/day) had a
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24% reduction in the risk of all-cause mortality (HR =0.76,
95% CI: 0.64, 0.90) and a 31% reduction in the risk of
cardiovascular mortality (HR =0.69, 95% CI: 0.49, 0.99);
however, there was no association with cancer mortality
(Table 2).

We also examined all-cause mortality in relation to
moderate-vigorous sports and exercise participation (not in-
cluding walking for exercise) and daily walking. There was
no association between exercise and sports participation
(>15 MET-hours/week vs. 0 MET-hours/week) and all-
cause mortality, with hazard ratios near 1.0 for blacks (HR =
0.99, 95% CI: 0.89, 1.09) and whites (HR =0.99, 95% CI:
0.84, 1.17). Walking fast “to go places or for exercise” was
inversely associated with all-cause mortality for black men
(HR =0.78, 95% CI: 0.70, 0.86) and black women (HR =
0.78, 95% CI: 0.68, 0.88) (Figure 1). There was no associa-
tion between fast walking and all-cause mortality among
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Figure 3. Association between television viewing (hours/day) and all-cause mortality in men and women by race, Southern Community Cohort
Study, 2002—-2011. A) Black men (Pyeng < 0.01); B) white men (Pyeng = 0.40); C) black women (Pyeng < 0.01); and D) white women (Pyeng < 0.01).
The model was adjusted for sex, source of enroliment (community health center or general population), educational level (<9 years, 9—11 years, high
school, some college, or beyond college), household income (<$15,000, $15,000-$24,999, $25,000-$49,999, or >$50,000), cigarette smoking
(never; former, <1 pack/day; former, >1 pack/day; current, <1 pack/day; or current, >1 pack/day), body mass index (weight (kg)/height (m)?;
<18.5, 18.5-24.9, 25-29.9, 30.0-34.9, or >35.0), sleep duration (<7, 7-8, or >9 hours/day), diabetes (yes or no), overall physical activity (contin-
uous), and other types of sedentary behavior (continuous). Bars, 95% confidence intervals.

whites, and slow walking was not associated with mortality
in either group (Figure 1).

Mortality in relation to sedentary behavior

More overall time spent being sedentary was associated
with a greater risk of death from all causes in both blacks
and whites after adjustment for sex, BMI, overall physical ac-
tivity level, and other covariates (Table 3). Adjustment for
physical activity level in models describing the sedentary
behavior-mortality associations had little effect on the results
(i.e., comparing results between models 1 and 2; Table 3).
Black adults who reported the most sedentary behavior
compared with those who reported the least (>12 hours/day
vs. <5.76 hours/day) had a 19% greater risk of all-cause mor-
tality (HR =1.19, 95% CI: 1.08, 1.32), and white adults who
reported the most sedentary behavior had a 24% greater risk
(HR =1.24, 95% CI: 1.06, 1.47). Detailed analysis among

black participants suggested that the association with all-
cause mortality was stronger in women (HR =1.27, 95%
CI: 1.09, 1.48) than in men (HR=1.13, 95% CI: 0.99,
1.28) (Web Figure 1), but there was little evidence of associ-
ation for overall sedentary behavior and cardiovascular mor-
tality in black men or black women (Figure 2). Among white
participants, we observed a strong positive association be-
tween time spent being sedentary and the risk of cardiovascu-
lar mortality only in men (for >12 hours/day vs. <5.76 hours/
day, HR =2.18, 95% CI: 1.34, 3.54; Figure 2). The interac-
tion by race in men was statistically significant (P =0.01).
Sedentary behavior was not associated with death from can-
cer in blacks or whites (Table 3, Web Figure 2). Except for
the interaction by race of cardiovascular disease mortality
and sedentary behavior in men, no other significant interac-
tions with race were observed (P > 0.2) for physical activity
level or sedentary behavior and any other outcomes in men or
women.

Am J Epidemiol. 2014;180(4):394-405



Physical Activity and Mortality in Blacks and Whites 403

2.0

104 O

Hazard Ratio

0.5 T T T
>26.4 12.6-26.3 <2.6

Physical Activity, MET-hours/day

Figure 4. Joint effects of physical activity and sedentary behavior on
all-cause mortality risk in black participants, Southern Community Co-
hort Study, 2002-2011. Tertiles of sedentary behavior are shown.
Open circle, <6.5 hours/day; gray circles, 6.5—1.4 hours/day; and
black circles, >10.5 hours/day. The model was adjusted for sex,
source of enrollment (community health center or general population),
educational level (<9 years, 9-11 years, high school, some college, or
beyond college), household income (<$15,000, $15,000-$24,999,
$25,000-$49,999, or >$50,000), cigarette smoking (never; former,
<1 pack/day; former, >1 pack/day; current, <1 pack/day; or current,
>1 pack/day), body mass index (weight (kg)/height (m)?; <18.5,
18.5-24.9, 25-29.9, 30.0-34.9, or >35.0), sleep duration (<7, 7-8,
or >9 hours/day), diabetes (yes or no), and employment status (yes
or no). MET, metabolic equivalent. Bars, 95% confidence intervals.

We also examined the association between television
viewing and all-cause mortality. Persons who reported view-
ing more than 5 hours/day of television (vs. <1 hour/day)
were at greater risk: The risk was 21% greater in black men
(HR=1.21, 95% CI: 1.03, 1.43), 55% greater in black
women (HR =1.55, 95% CI: 1.22, 1.96), 24% greater in
white men (HR = 1.24, 95% CI: 0.94, 1.64), and 70% greater
in white women (HR =1.70, 95% CI: 1.22, 2.37; Figure 3).

To explore the contributions of both overall physical activ-
ity level and sedentary behavior to all-cause mortality risk in
black adults (data were too sparse for a parallel analysis
among whites), we examined the joint effects of these expo-
sures using tertiles (Figure 4). Blacks who spent the most
time sitting (>10.5 hours/day) and were the least active
(<12.6 MET-hours/day) had a 47% greater mortality risk
(HR=1.47, 95% CI: 1.25, 1.71) compared with those who
reported the least sedentary time (<6.5 hours/day) and most
activity (>26.4 MET-hours/day).

Sensitivity analysis excluding early deaths

In addition to excluding persons with pre-existing diseases
in our analytic sample, we also conducted sensitivity analyses
by excluding participants with less than 1 year of follow-up to
evaluate the potential for reverse causality to explain our find-
ings. Our results were virtually identical to the mortality asso-
ciations presented for overall physical activity level (Table 2)
and sedentary behaviors (Table 3 and Web Tables 2 and 3).

Am J Epidemiol. 2014;180(4):394-405

DISCUSSION

In the present large prospective study in the southeastern
United States, we found that in blacks, higher levels of overall
physical activity were associated with a 24% lower risk of
death from all causes, a 19% lower risk of death from cardio-
vascular disease, and a 24% lower risk of death from cancer
after controlling for relevant covariates and sedentary behav-
ior. Walking to go places or for exercise also was associated
with a lower mortality risk. In contrast, more overall time
spent sitting and 5 hours/day or more of television viewing
were associated with an increased risk of death during
follow-up after adjustment for overall physical activity level.
Our results add important empirical evidence that supports
the hypothesis that engaging in more physical activity is asso-
ciated with a lower mortality risk and that a larger amount of
sedentary behavior is associated with an increased mortality
risk in black adults. In addition, we provide the first evidence
of which we are aware for these associations in black men.

Only a few United States—based studies in black adults
have provided evidence that physical activity is inversely as-
sociated with death from all causes (12, 13) and cardiovascu-
lar disease (14, 16), and these studies have evaluated only
leisure-time physical activity and not household and occu-
pational activity, which may be important contributors to
overall activity. Our study adds to this literature by providing
empirical evidence that greater amounts of physical activ-
ity are associated with a lower risk of all-cause mortality,
along with much needed evidence demonstrating reduced
risks of all-cause, cardiovascular, and cancer mortality in
black men. Our physical activity results among black men
are consistent with results of Kokkinos et al. (25), who dem-
onstrated a reduced mortality risk associated with greater car-
diorespiratory fitness among black veterans. Previous studies
of incident cardiovascular outcomes that included black men
suggested that the lower mortality risk that we observed may
be linked to prevention of incident heart disease, stroke, and
heart failure (16).

Several studies have recently demonstrated a positive asso-
ciation between prolonged sedentary behavior and mortality
risk (5, 26-30), but there is only limited evidence among
black adults. Matthews et al. (17) reported that prolonged
television viewing (>7 hours/day vs. <1 hour/day) was asso-
ciated with a 2-fold greater risk for all-cause mortality in an
analysis that combined black men and women in the National
Institutes of Health-AARP Study. Seguin et al. (18) recently
reported that black women in the Women’s Health Initiative
who reported the most time spent sitting (>11 hours/day vs.
<4 hours/day) had a 37%—-57% greater risk of all-cause, car-
diovascular, and cancer mortality. The present study con-
firms these findings by demonstrating positive associations
of overall time spent sitting and television viewing with all-
cause mortality in black adults and extends the evidence base
by presenting separate estimates for black males. Our finding
for television viewing, the most prevalent leisure-time seden-
tary behavior in the United States (31), is notable because na-
tionally blacks report watching 20%—30% more television
than do whites (31). Targeting reductions in television view-
ing in favor of more physically active pursuits may be a useful
strategy to improve longevity in black adults.
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Interestingly, in a finding that is consistent with other those
from studies (17, 26, 28-30), we found evidence that sug-
gests that the association for overall time spent sitting (>12
hours/day vs. <5.76 hours/day) was stronger in black women
(HR=1.27, 95% CI: 1.09, 1.48) than in black men (HR =
1.13, 95% CI: 0.99, 1.28). Future studies utilizing improved
measures of the amount and types of sedentary behavior and
physical activity (32) are needed to better understand possi-
ble sex differences in this association.

Our study has several strengths that should be considered.
The SCCS cohort is among the largest prospective cohorts
ever assembled to investigate risk and preventive factors for
cancer and other chronic diseases in black adults (19), and
over an average of 6.4 years of follow-up, more than 5,000
deaths contributed to the current analysis. Inclusion of both
sexes in the study and its large sample size facilitated inves-
tigation of our target behaviors in black men and women. We
also considered and controlled for a large number of factors
that could have confounded the results, including demo-
graphic and dietary factors, sleep duration, BMI, and for
the sedentary behavior results, overall physical activity
level. Our primary behavioral exposures were assessed by
trained interviewers using an instrument that we designed
to evaluate a broad range of relevant physical activity behav-
iors (21, 33). Thus, we were able to evaluate overall activity
and sedentary time rather than just examining a few select
behaviors (e.g., leisure-time activity, television viewing).
Another unique strength of our study is that by design, the
majority of our participants were from similar socioeconomic
backgrounds, which may enhance comparability of results
between blacks and whites, with adjustment for residual so-
cioeconomic differences in our statistical modeling. To min-
imize the possible influence of reverse causality, we also
excluded individuals with pre-existing chronic diseases and
conducted sensitivity analyses that excluded the first year
of follow-up. Although we believe these analytic approaches
reduce concerns about reverse causality, excluding individu-
als with less than 1 year of follow-up may not completely
eliminate this potential bias.

Our study also had other potential weaknesses that should
be considered. First, we relied on self-reported information
for our primary behavioral exposures, and possible differences
in reporting accuracy by race is a concern. Walsh et al. (34)
found differences in physical activity reporting by race in
women, whereas Wolf et al. (35) did not. In our validation
study within the SCCS, we found comparable validity for
blacks and whites, but the validity coefficients observed
were low in comparison to an accelerometer (i.e., r=0.17—
0.37) (21). Thus, measurement error in our physical activity
and sedentary behavior exposures may be substantial (32,
36), and in prospective studies such as this one, such errors
on average will tend to attenuate the risk estimates observed
(32). Second, an additional weakness of our study was the
smaller number of deaths among whites than among blacks,
particularly deaths from cardiovascular disease and cancer.
This reduced the statistical power in our comparisons of effects
in whites and evaluation of differences between blacks and
whites. Nevertheless, nearly 1,400 deaths were observed
among whites, which enabled us to detect significant associa-
tions with both physical activity level and sedentary behaviors.

Daily levels of physical activity have declined dramatically
over the last 50 years in the United States, particularly as time
spent in sedentary behaviors has increased at home and at
work (8, 9). Our findings provide much-needed empirical
evidence supporting the hypothesis that more overall physi-
cal activity is associated with a lower mortality risk and that
prolonged time in sedentary behavior is associated with an
increased mortality risk in both black and white adults. Col-
lectively, our results suggest that the associations of physi-
cally active and sedentary behaviors with mortality are
evident in black men, and the associations observed are
broadly similar for both blacks and whites. Thus, interven-
tions designed to reduce time spent in sedentary behavior,
particularly television viewing, in favor of spending time in
more physically active pursuits could be useful in reducing
the risk of death among black adults in the United States.
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