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Abstract
Background Few trials have tested physical-activity inter-
ventions among sexual minorities, including African
American men who have sex with men (MSM).
Purpose We examined the efficacy and mediation of the
Being Responsible for Ourselves (BRO) physical-activity in-
tervention among African American MSM.
Method African American MSM were randomized to the
physical-activity intervention consisting of three 90-min
one-on-one sessions or an attention-matched control interven-
tion and completed pre-intervention, immediately post-inter-
vention, and 6- and 12-month post-intervention audio
computer-based surveys.
Results Of the 595 participants, 503 completed the 12-month
follow-up. Generalized estimating equation models revealed
that the intervention increased self-reported physical activity
compared with the control intervention, adjusted for pre-
intervention physical activity. Mediation analyses suggested
that the intervention increased reasoned action approach var-
iables, subjective norm and self-efficacy, increasing intention
immediately post-intervention, which increased physical ac-
tivity during the follow-up period.
Conclusions Interventions targeting reasoned action ap-
proach variables may contribute to efforts to increase
African American MSM’s physical activity.

Clinical trial registration The trial was registered with the
ClinicalTrials.gov Identifier NCT02561286.

Keywords Physical activity . Intervention study .Mediation
analysis . African Americanmen .Menwho have sex with
men . Reasoned action approach

Although racial and sexual disparities in life expectancy have
been reduced in the last three decades, African American men
continue to have the highest mortality rate among all racial/
ethnic and gender groups in the USA [1]. African American
men are disproportionately affected by not only HIV [2] but
also chronic non-communicable diseases (NCDs), including
cardiovascular disease, stroke, hypertension [3], and diabetes
[4]. Furthermore, sexual minority group members, including
African Americanmen who have sex with men (MSM), suffer
from numerous health inequalities that have been inadequate-
ly addressed in research [5, 6]. Although research has focused
on HIV in African American MSM, the group accounting for
the largest number of African Americans with HIV [2], other
health problems affecting African American MSM have re-
ceived little research attention. Moreover, high rates of pover-
ty and unemployment and social structural barriers, including
institutional racial and sexual orientation-based discrimina-
tion, have reduced African AmericanMSM’s access to quality
health care [6], further increasing their risk for preventable
NCDs.

Despite the well-established benefits of physical activity
for a range of NCDs, annualized over 2008–2010, less than
one fourth of African American men met the 2008 federal
guidelines [7] for aerobic and muscle-strengthening physical
activities. Although considerable research has revealed that
physical-activity interventions can be efficacious [8, 9], most
of the research involved white and female participants [10].
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Few trials have tested interventions specifically designed to
increase African American men’s physical activity [11], and
none have tested such interventions with African American
MSM. Here, we report the efficacy of “Being Responsible for
Ourselves” (BRO), a one-on-one intervention to increase
physical activity in African American MSM developed using
social cognitive theory [12] and the reasoned action approach
[13], integrated with extensive formative research [14]. Social
cognitive theory and the reasoned action approach were used
because of their ease of application to different populations
and behaviors [15] and their contributions to efficacious
interventions [16–23]. Most relevant are the social cognitive
theory variables of “outcome expectancy,” beliefs about the
consequences of specific behaviors, and “self-efficacy”; peo-
ple’s confidence that they can execute specific behaviors; its
emphasis on skills; and its methods for increasing skills and
changing behavior, including goal setting, guided practice
with performance feedback, and observational learning.

The reasoned action approach is an extension of the theory
of planned behavior [24], which itself is an extension of the
theory of reasoned action [25]. Most relevant are the reasoned
action approach’s emphasis on the importance of salient be-
liefs; its tenet that such beliefs may vary from population to
population and from behavior to behavior; and its methods for
identifying such beliefs, namely, formative research, including
focus groups. Identifying the salient beliefs in a population
and then designing intervention activities to influence them
can result in an intervention that is both theoretically grounded
and tailored to the population. According to the reasoned ac-
tion approach, attitude, subjective norm, descriptive norm,
and perceived behavioral control or self-efficacy determine
intention, which in turn determines behavior. In the present
study, the reasoned action approach guided the formative re-
search identifying population-specific beliefs regarding
physical-activity attitude, subjective norm, and self-efficacy
and provided the mediation model for how the theoretical
variables would together affect behavior.

We randomized African American MSM to the
physical-activity intervention or a HIV/STI risk-reduction in-
tervention, which served as the attention-matched control con-
dition. We hypothesized that the physical-activity intervention
would increase the men’s self-reported number of days of
physical activity in the past 7 days during the 12-month
post-intervention period compared with the attention-control
condition, adjusting for baseline physical activity.

To better understand the intervention’s effects, we also
performed secondary mediation analyses [26]. Mediation
analysis can reveal whether an intervention changed the
hypothesized mediators and whether the hypothesized medi-
ators predicted the outcome, and such knowledge can be used
to improve the intervention. To our knowledge, only one me-
diation analysis of physical-activity interventions targeting
African American adults has been published [27] and none

targeting African American MSM has been published. We
hypothesized that reasoned action approach variables would
mediate the effects of the physical-activity intervention.

Method

Institutional review boards at the University of Pennsylvania
and Temple University approved the study. We recruited par-
ticipants in the Philadelphia area through advertising in local
newspapers; through community-based organizations;
through flyers posted at colleges, universities, bars, and adult
bookstores; through face-to-face recruitment at social events
expecting a high African American MSM turnout; and
through the referrals of participants. The eligibility criteria
were based on the HIV/STI risk-reduction intervention, which
was the primary intervention the study was funded to test [28].
Men were eligible if they were at least 18 years of age, self-
identified as black or African American, were born a male,
and reported having anal intercourse with a man in the past
90 days. Eligible participants were invited to participate in
“Project BRO” designed to reduce health risks, including car-
diovascular diseases, cancers, and STIs, including HIV.
Informed consent while blind to group assignment was re-
quired for participation (ClinicalTrials.gov Identifier
NCT02561286).

Computer-generated random number sequences were used
to randomly assign participants to the physical-activity inter-
vention or the attention-matched HIV/STI risk-reduction in-
tervention, using concealment of allocation techniques. The
biostatistician generated the random assignments, and the pro-
ject director implemented the assignments. Participants were
enrolled between April 2008 and March 2011, with all data
collection completed by May 2012.

Participants who completed the pre-intervention question-
naire and attended session 1 of the intervention were enrolled
in the trial. Data collectors, but not intervention facilitators or
participants, were blind to group assignments. The interven-
tion and data-collection sessions were implemented at a uni-
versity research center. Participants were compensated with
$25 for the pre-intervention assessment, $25 for each of the
three intervention sessions, $25 for the immediate post-
intervention assessment, and $50 for each of the 6-month
and 12-month follow-up assessments.

Interventions

The physical-activity intervention was developed based
on the reasoned action approach [13] and social cognitive
theory [12], integrated with extensive formative research
[14], including focus groups and pilot testing to identify
population-specific beliefs relevant to physical-activity at-
titude, subjective norm, and self-efficacy. It consisted of
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three 90-min one-on-one sessions designed to increase
attitude, self-efficacy, and skills to engage in physical
activity that trained facilitators implemented during three
consecutive weeks using standardized manuals. Activities
also addressed fruit-and-vegetable consumption and limit-
ing fat. The intervention included interactive exercises,
brainstorming, games, role-playing, discussions, videos,
and take-home assignments that involved several
behavior-change techniques enumerated in a taxonomy
of such techniques designed to change physical-activity
behavior [29].

For example, the “Getting to Know You” activity was de-
signed to provide an overview, create enthusiasm, and help the
facilitator tailor the intervention to the participant by assessing
his goals and reasons for participating, involvement in the
targeted behaviors, the context in which the behaviors would
occur, and motivation for the behaviors. It employed the pro-
vide-information-about-others’-approval-of-the-behavior and
plan-social-support/social-change techniques [29]. The
“Information about Health” activity used the provide-informa-
tion-on-consequences-of-behavior-in-general and provide-in-
formation-about-others’-behavior techniques, whereas
“Where Do You Draw the Line” used the provide-
information-about-consequences-of behavior-to-the-
individual and barrier-identification/problem-solving tech-
niques [29]. Participants discussed their physical activity and
sedentary leisure time activity, consequences of the activities,
and ways to overcome barriers to physical activity.

“Exercise—Incorporating It into My Life” focused on atti-
tude toward physical activity, highlighting the positive conse-
quences to the participant personally, helping him to identify
the types of physical activity that would best fit his lifestyle,
with an emphasis on activities hewould find enjoyable. It used
several techniques [29], including goal setting (behavior), ac-
tion planning, barrier identification/problem solving, prompt
self-monitoring of behavior, provide information on where
and when to perform the behavior, and plan social support/
social change. Participants learned about aerobic, muscle-
strengthening, and flexibility-enhancing exercises; enumerat-
ed barriers to exercising regularly; and considered ways of
surmounting the barriers. Sessions 1 and 2 included
take-home assignments that the participants reviewed at the
subsequent session. The techniques [29] used in these activi-
ties included goal setting (behavior), prompt practice, prompt
review of behavioral goals, barrier identification/problem
solving, and prompt rewards contingent on effort or progress
toward behavior.

Consistent with 2008 federal physical-activity guidelines,
we encouraged participants to engage in a combination of
aerobic and muscle-strengthening activities each week: (1) at
least 30 min of moderate-intensity aerobic physical activity on
5 days or at least 20min of vigorous-intensity aerobic physical
activity on 4 days and (2) muscle-strengthening activity on at

least 2 days [7]. “Aerobic Workout” addressed self-efficacy
and skills to engage in physical activity. Participants did
moderate-intensity and vigorous-intensity aerobic exercises
and muscle-strengthening exercise in concert with an exercise
video, which depicted three levels of intensity at which the
men could participate, with the lowest level exercising while
sitting in a chair. The techniques [29] used included prompt
generalization of target behavior, provide instruction on how
to perform the behavior, and model/demonstrate the behavior.
The final session included “Letter to Self,” in which partici-
pants committed to implementing their physical-activity
plans. It used the goal-setting and agree-behavioral-contract
techniques [29]. Participants received pedometers, exercise
bands, and an exercise video to facilitate their ability to exer-
cise at home.

The HIV/STI risk-reduction intervention served as an
attention-matched control, providing a control for
“Hawthorne effects,” reducing the likelihood that the
physical-activity intervention’s effects can be attributed to
non-specific features, including special attention [30]. It was
structurally similar, containing activities similar to the
physical-activity intervention but focused on reducing
sexual-risk behaviors [28].

Assessments

The participants completed confidential questionnaires
via audio computer-assisted self-interviewing (ACASI),
which provided audio and video presentation of the
questions and response options on a laptop. ACASI
has been shown to increase reports of socially undesir-
able behaviors compared with face-to-face interviews
and self-administered surveys, possibly reflecting more
accurate responding [31]. Socio-demographics, physical
activity, and theoretical variables were assessed pre-
intervention and 6 and 12 months post-intervention.
Theoretical variables were also assessed immediately
post-intervention.

Physical Activity

Physical activity was assessed with three items the Centers for
Disease Control and Prevention [32] developed concerning
the number of days on which people did vigorous-intensity
aerobic activities for at least 20 min, moderate-intensity aero-
bic activities for at least 30 min, and muscle-strengthening
activities in the past 7 days, items that have been used to test
intervention effects on physical activity in trials with a diver-
sity of populations [18, 20, 21, 33]. The primary outcome was
a weighted average of the number of days on which partici-
pants reported engaging in 20 min of vigorous-intensity activ-
ity, 30 min of moderate-intensity activity, and muscle-
strengthening activity, in the past 7 days. The 2008 physical
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activity guideline [7] requires 20 min of vigorous-intensity
activity on at least 4 days or 30 min of moderate-intensity
activity on at least 5 days and engaging in strength-building

activity on two or more days, in the past 7 days. Accordingly,
the weighted average was calculated by assigning different
weights for the three behaviors as follows:

days of vigorous activity þ days of moderate activity

2
� 5 þ days of strength building activity � 2

� �.
7

In a prospective study, baseline scores on this weighted
index significantly predicted pedometer-assessed minutes of
moderate-to-vigorous physical activity and steps over the sub-
sequent 29 days [33]. Secondary outcomes included the num-
ber of days of vigorous-intensity activity, the number of days
of moderate-intensity activity, and the number of days of
muscle-strengthening activity. In addition, the number of days
of aerobic physical activity was calculated by averaging the
number of days of vigorous-intensity activity and moderate-
intensity activity.

Theoretical Variables

We assessed four theoretical variables regarding physical ac-
tivity addressed in the intervention. Attitude toward exercising
was the mean of the following five items (α=0.91) the par-
ticipants rated on five-point scales: how bad/good, foolish/
wise, unpleasant/pleasant, dangerous/safe, and harmful/
beneficial it is to exercise for 30 min at least six times a week
in the next 6 months. The subjective norm toward exercising
was the mean of three items (α=0.93) the participants rated
on five-point scales (1 for “strongly disagree” to 5 for “strong-
ly agree”), indicatingwhether “most people who are important
to me would think it is okay for me to/think I should/want me
to exercise for 30 min at least six times a week in the next
6 months.” Self-efficacy to exercise was the mean of the fol-
lowing two items (α=0.88) that participants rated on a five-
point scale (1 for strongly disagree to 5 for strongly agree): “I
am confident that I can overcome obstacles that might prevent
me from exercising for 30 min at least six times a week in the
next 6 months” and “I am sure that I can exercise for 30 min at
least six times a week in the next 6 months.” Intention to
exercise was the mean of the following three items
(α=0.94) participants rated on a five-point scale (1 for strong-
ly disagree to 5 for strongly agree): “I plan to exercise for
30 min at least six times a week in the next 6 months,” “I will
try to exercise for 30 min at least six times a week in the next
6 months,” and “My goal is to exercise for 30 min at least six
times a week in the next 6 months.” Also assessed was the
descriptive norm toward exercise, which, though not targeted
by the intervention, is a reasoned action approach variable [13,
34]. It was assessed with the following one item: “How many
of your five closest friends exercise for 30 min at least six

times a week?” Possible responses were 1 (“almost none”),
2 (“about one quarter”), 3 (“about half”), 4 (“about three quar-
ters”), to 5 (“almost all”).

The validity of the measures of the theoretical variables
was established in a separate prospective study on African
American men [35], with 91 % retained at 3-month follow-
up. Attitude, r (201) = 0.46, p< 0.001; subjective norm, r
(201) = 0.58, p < 0.001; descriptive norm, r (201) = 0.39,
p<0.001; and self-efficacy, r (201) = 0.62, p<0.001, were
correlated with intention to exercise at baseline, which was
correlated with higher odds of meeting the physical-activity
guideline at 3-month follow-up, odds ratio (OR)=1.69, 95 %
CI [1.20, 2.40].

Statistical Analysis

An a priori statistical power analysis, described elsewhere
[28], was performed to determine sample size to test the
HIV risk-reduction intervention’s efficacy, which was the pri-
mary purpose of the trial. Using the sample size (N=594) that
power analysis suggested and assuming a two-tailed test,
α=0.05, and 20 % attrition, the estimated power is 80 % to
detect a Cohen’s d=0.25 difference in the physical-activity
intervention compared with the control intervention. We used
chi-squared test and logistic regression to analyze attrition.We
tested the physical-activity intervention’s efficacy compared
with the control intervention using generalized estimating
equation (GEE) models [36, 37], adjusting for longitudinal
repeated measurements and the baseline measure of the out-
come. We report estimated mean differences and correspond-
ing 95 % confidence intervals for the outcomes. We used
robust standard errors and specified an independent working
correlation matrix. The models included intervention (physi-
cal activity, attention control), follow-up time (two categories
representing 6- and 12-month follow-up), and baseline mea-
sure of the outcome. Models assessing whether the interven-
tion’s efficacy differed between the two follow-ups included
intervention, time, baseline measure of the outcome, and the
intervention × follow-up-time interaction.

We used multilevel structural equation modeling (SEM) in
Mplus version 7 for Windows [38], adjusting for longitudinal
repeated outcome measurements [39], to perform serial
multiple-mediation analyses. This method uses maximum
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likelihood estimates with robust standard errors (MLR) with
the assumption that data are missing at random [38, 40]. MLR
estimates are robust to non-normality and non-independence
of observations [38]. In these analyses, the putative mediators
(i.e., attitude, subjective norm, descriptive norm, self-efficacy,
and intention) were from the immediate post-intervention as-
sessment. Model 1, based on the reasoned action approach
[13], had paths from the intervention to immediate post-
intervention attitude, subjective norm, descriptive norm, and
self-efficacy; a path from each of them to immediate post-
intervention intention; a path from intention to physical activ-
ity; and a path from self-efficacy to physical activity. Attitude,
subjective norm, descriptive norm, and self-efficacy were
allowed to correlate with each other. All the dependent vari-
ables in the SEMmodel were continuous; accordingly, Mplus
estimated all path coefficients with linear regression. The re-
gression models predicting intention and physical activity ad-
justed for the intervention, and the model predicting each the-
oretical variable adjusted for the corresponding baseline of the
variable. All regression models adjusted for baseline physical
activity. In addition, we compared model 1 to an alternative,
model 2, that deleted the direct path from self-efficacy to the
outcome, using the Satorra-Bentler scaled chi-squared differ-
ence test (TRd) [41]. Mplus calculated the indirect effect
through each theoretical path using the product-of-
coefficient approach [26, 42] with three coefficients (i.e., the
hypothesized mediator on the intervention, the intention on
the hypothesized mediator, and physical activity on the inten-
tion). We used the bootstrap method (bootstrap=2000) with
maximum likelihood estimators [43]. Significant mediation
was determined by testing whether the product’s correspond-
ing bias-corrected bootstrap asymmetric 95 % confidence in-
terval (ACI) contained zero. We performed all analyses using
an intention-to-treat model with participants analyzed based
on their intervention assignment regardless of the number of
intervention or data-collection sessions attended.

Results

Figure 1 shows the flow of participants through the trial.
Table 1 presents the participants’ baseline socio-
demographic characteristics by intervention condition. The
participants were 18 to 69 years of age (mean = 41.6;
SD=10.7). About 41 % self-identified as gay, 41 % self-
identified as bisexual, 8 % self-identified as straight, and
10 % said they were on the “down low” (having sex with
men and perhaps women but being secretive about same-sex
sexual behavior). Only 28 % were employed and 48 % had
completed high school. About 30 % of participants said they
were HIV positive. About 44%were alcohol dependent, 17%
were drug dependent, and 52 % had spent time in jail or

prison. About 20 % met the 2008 federal physical-activity
guideline.

Attendance at the three intervention sessions was excellent;
594 or 99.8 % attended session 1, 561 or 94 % attended ses-
sion 2, and 554 or 93 % attended session 3. A high percentage
of participants reported completing take-home assignment 1
(483/554 or 87 %) and 2 (500/554 or 90 %), with a higher
percentage of control (251/273 or 91.9 %) compared with
physical-activity (232/281 or 82.6 %) participants reporting
completing assignment 1, χ2 (1, N=554)= 10.90, r=0.14,
p=0.001. On average, the facilitators reported completing
98 % (SD=6 %) of the intervention activities. High percent-
ages of participants completed the post-intervention assess-
ments; 553 or 93 % completed the immediate post-test, 505
or 85 % completed the 6-month follow-up, 503 or 84 % com-
pleted the 12-month post-follow-up, and 538 or 90.4 %
attended at least one of the two follow-ups. The physical-
activity and control conditions did not differ in the percentage
attending at least one follow-up.

Baseline measures of the weighted average number of days
of physical activity, the average number of days of aerobic
physical activity, the number of days of vigorous-intensity
activity, the number of days of moderate-intensity activity,
and the number of days of muscle-strengthening activity in
the past 7 days, did not predict attending at least one follow-
up. The only baseline socio-demographic characteristics that
predicted attending at least one follow-up were age, housing
stability, and HIV status. Older men were more likely to return
than were younger men, OR=1.04 (95 % CI 1.01, 1.06),
p=0.002. Men with stable housing (92 %) were more likely
to return, χ2 (1, N=593)=6.87, r=0.11, p=0.009, than were
those with unstable housing (85 %). Men who said they were
HIV positive (98 %) were more likely to return, χ2 (1,
N=593)=16.47, r=0.17, p<0.001, than those who said they
were HIV negative (87 %).

Intervention Effects on Physical Activity

Table 2 presents the descriptive statistics for physical ac-
tivity outcomes by intervention condition and assessment
period. Table 3 presents the estimated intervention effects
unadjusted and adjusted for baseline outcome. The
physical-activity intervention increased the weighted av-
erage number of days of overall physical activity and the
average numbers of days of aerobic physical activity,
vigorous-intensity activity, and moderate-intensity activity
compared with the control intervention, after adjusting for
baseline outcome measures and follow-up time. The
physical-activity intervention, however, did not affect
muscle-strengthening activity. The intervention × follow-
up-time interactions were non-significant, indicating that
the intervention’s efficacy did not differ at 6-month com-
pared with 12-month follow-up for any outcome. In
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addition, the intervention’s efficacy did not differ by par-
ticipants’ age, monthly income, stability of housing, or
HIV status (analyses not shown).

Mediation of Intervention Effects on Physical Activity

Table 4 shows the bivariate correlation matrix among the
putative mediators assessed immediately post-intervention.
In the mediation analyses, model 1 (χ2 [28] = 98.95,
p < 0.001; CFI = 0.96; TLI = 0.92; RMSEA= 0.05 [90 %
CI 0.037–0.057]; SRMR = 0.06) and model 2 (χ2

[29] = 101 .14 , p < 0.001 ; CFI = 0.96; TLI = 0.92;
RMSEA=0.05 [90 % CI 0.04–0.06]; SRMR=0.06) had
acceptable model fit indices [44, 45]. Model 1 did not fit
the data better than model 2, the simplified model,
TRd= 0.82, p= 0.366; hence, being parsimonious, model
2 is the better model. Figure 2 showing model 2 indicates
that the intervention increased subjective norm and self-
efficacy regarding physical activity, which were associated
with increased intention, which, in turn, was associated
with increased physical activity. The product of the three

coefficients was 0.02 (95 % ACI 0.01, 0.04) for the medi-
ation path of subjective norm and 0.03 (95 % ACI 0.01,
0.07) for the mediation path of self-efficacy, suggesting
that the intervention significantly increased physical activ-
ity by increasing subjective norm and self-efficacy. The
95 % ACIs for the products of coefficients indicated that
the paths through attitude and descriptive norm were non-
significant. In addition, the intervention had a direct effect
on intention, and the product of the two coefficients for the
direct path through intention (i.e., from intervention to in-
tention and from intention to the outcome) was significant,
0.04 (95 % ACI 0.01, 0.08).

To test whether the intervention had a direct effect on
physical activity, unmediated by the theoretical variables,
we compared model 2 with and without a direct effect
from the intervention to physical activity [46]. The differ-
ence was not significant, TRd= 1.71, p= 0.191, indicating
that allowing a direct effect from the intervention to the
outcome did not improve the fit compared with the model
without the direct effect, confirming the theoretical vari-
ables completely mediated the intervention’s effect.

Q1 Fig. 1 Flow diagram of participants through trial
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Discussion

The physical-activity intervention, compared with the
control intervention, increased aerobic activity, including
vigorous- and moderate-intensity activities combined and
considered separately, but not muscle-strengthening activ-
ity. This may reflect the fact that at baseline, men in the
physical-activity and control interventions were close to
the recommended frequency of two times per week for
muscle-strengthening exercise, at 1.75 and 1.76, respec-
tively, whereas they were far from the recommended fre-
quency of five times per week for aerobic exercise, 2.33
and 2.40, respectively. Thus, they needed a greater in-
crease in aerobic activity as opposed to muscle-
strengthening activity to reach recommended amounts of
both types of activity. The fact that the participants,
MSM, were close to meeting the muscle-strengthening
guideline at baseline may reflect gay and bisexual men’s
desire to appear physically attractive and masculine [47].
Al though s tudies have tes ted phys ica l -ac t iv i ty

interventions with African American adults [27, 48] and
adolescents [49], to our knowledge, this is the first RCT
to test such an intervention with African American MSM
and the first to identify mediators of a physical-activity
intervention’s effects in African American men.

The mediation analyses suggested that the interven-
tion’s effects on physical activity were occasioned by its
effects on subjective norm and self-efficacy, which affect-
ed intention, and by the intervention’s direct effect on
intention. The intervention did not have a direct effect
on physical activity, suggesting that these theoretical var-
iables completely mediated the intervention’s effect. The
present results are largely in accordance with the results
of a study targeting South African men [50], which found
that self-efficacy, intention, and subjective norm mediated
an intervention’s effects on self-reported physical activity,
whereas descriptive norm did not. Several other studies,
though not all [51], have suggested that self-efficacy [16,
17, 52–54] and intention [55–57] mediated the effects of
physical-activity interventions in several populations,

Table 1 Baseline socio-demographic characteristics of participating African American men by intervention condition, Philadelphia, PA, 2008–2011

Characteristic Total Health intervention HIV/STI intervention

No. 595 300 295

Mean (SD) age (years) 41.6 (10.7) 41.8 (10.6) 41.4 (10.8)

No. (%) employed 169/593 (28.5 %) 80/298 (26.8 %) 89/295 (30.2 %)

No. (%) completed high school 287/593 (48.4 %) 137/298 (46.0 %) 150/295 (50.8 %)

No. (%) monthly income

Less than $400 219/593 (36.9 %) 112/298 (37.6 %) 107/295 (36.3 %)

$400–$850 212/593 (35.8 %) 98/298 (32.9 %) 114/295 (38.6 %)

$851 or more 162/593 (27.3 %) 88/298 (29.5 %) 74/295 (25.1 %)

No. (%) stable housing 463/593 (78.1 %) 233/298 (78.2 %) 230/295 (78.0 %)

No. (%) sexual self-identity

Gay 241/593 (40.6 %) 113/298 (37.9 %) 128/295 (43.4 %)

Straight 45/593 (7.6 %) 25/298 (8.4 %) 20/295 (6.8 %)

Bisexual 245/593 (41.3 %) 121/298 (40.6 %) 124/295 (42.0 %)

On the down lowa 62/593 (10.5 %) 39/298 (13.1 %) 23/295 (7.8 %)

No. (%) ever tested for HIV 569/593 (96.0 %) 285/298 (95.6 %) 284/295 (96.3 %)

No. (%) HIV positive 168/569 (29.5 %) 85/285 (29.8 %) 83/284 (29.2 %)

No. (%) met the 2008 physical activity guideline 118/593 (19.9 %) 61/298 (20.5 %) 57/295 (19.3 %)

No. (%) alcohol dependentb 264/593 (44.5 %) 121/298 (40.6 %) 143/295 (48.5 %)

No. (%) drug dependentc 99/593 (16.7 %) 47/298 (15.8 %) 52/295 (17.6 %)

No. (%) ever in jail or prison 307/593 (51.8 %) 159/298 (53.4 %) 148/295 (50.2 %)

Mean (SD) days in jail or prison 1107.6 (97.9) 1165.1 (140.9) 1045.8 (135.6)

a Participants self-reported sexual identity by choosing gay, straight, bisexual, or on the down low from a list following a lead “I consider myself sexually
as…” In formative survey research with African AmericanMSM in Philadelphia (N= 217) prior to the trial, we inquired about the meaning of the down
low. The respondents said that being on the down low meant having sex with men and perhaps with women but being secretive about same-sex sexual
behavior
b Based on a score of 2 or greater on the CAGE (Cutting down, Annoyance by criticism, Guilty feeling, and Eye-openers) questionnaire
c Based on a score of 3 or greater on the TCUDS (Texas Christian University Drug Screen) questionnaire
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including white and African American adolescent girls,
mothers with young children, healthy adults age 50 years
and older, Canadian breast-cancer survivors, and older
Dutch adults. Unlike the present study, the South
African men study found that attitude mediated the inter-
vention’s efficacy, but the present study’s finding is con-
sistent with other reports of scant evidence for mediation
by attitude in physical-activity intervention trials [55, 57].

This study has both strengths and limitations. Among
the strengths are its RCT design and dose- and modality-
equivalent control intervention; the use of mediation anal-
ysis; the large sample; and the excellent retention with a
hard-to-reach target population, African American MSM.
A strength of the mediation analysis is the measurement
of the putative mediators immediately post-intervention
before participants had a chance to change their behavior,

Table 2 Physical activity by intervention condition and assessment period, African American men, Philadelphia, PA, 2008–2011

Variable Baseline 6 months 12 months

Mean (SD) weighted average physical activitya in the past 7 days (days)

Health intervention 2.17 (0.10) 2.53 (0.11) 2.59 (0.12)

HIV/STI intervention 2.22 (0.10) 2.43 (0.12) 2.19 (0.11)

Mean (SD) average aerobic physical activityb in the past 7 days (days)

Health intervention 2.33 (0.11) 2.75 (0.13) 2.82 (0.13)

HIV/STI intervention 2.40 (0.11) 2.59 (0.13) 2.30 (0.12)

Mean (SD) vigorous-intensity activity in the past 7 days (days)

Health intervention 2.15 (0.12) 2.72 (0.13) 2.71 (0.13)

HIV/STI intervention 2.15 (0.12) 2.50 (0.13) 2.17 (0.12)

Mean (SD) moderate-intensity activity in the past 7 days (days)

Health intervention 2.52 (0.14) 2.79 (0.14) 2.93 (0.14)

HIV/STI intervention 2.65 (0.13) 2.68 (0.14) 2.43 (0.13)

Mean (SD) strength-building activity in the past 7 days (days)

Health intervention 1.75 (0.12) 1.95 (0.12) 2.02 (0.13)

HIV/STI intervention 1.76 (0.11) 2.04 (0.13) 1.93 (0.12)

a The weighted average physical activity in the past 7 days was calculated as days of vigorous activity þ days of moderate activity
2 ��

5 þ days of strength
building activity � 2Þ =7
b The average aerobic physical activity was calculated by averaging the number of days for vigorous-intensity activity and moderate-intensity activity

Table 3 GEE empirical significance tests for the intervention effects on physical activity unadjusted for baseline prevalence and adjusted for baseline
prevalence, African American men, Philadelphia, PA, 2008–2011

Outcome Unadjusted for baseline Adjusted for baseline

Estimate (95 % CI) P value Estimate (95 % CI) P value

Weighted average physical activitya in the past 7 days 0.24 (−0.03, 0.51) 0.077 0.25 (0.01, 0.49) 0.041

Average aerobic activityb in the past 7 days 0.34 (0.05, 0.63) 0.022 0.35 (0.08, 0.61) 0.010

Vigorous-intensity activity in the past 7 days 0.38 (0.08, 0.68) 0.013 0.36 (0.09, 0.63) 0.009

Moderate-intensity activity in the past 7 days 0.30 (−0.01, 0.62) 0.055 0.33 (0.04, 0.62) 0.027

Strength-building activity in the past 7 days 0.002 (−0.28, 0.29) 0.991 0.01 (−0.24, 0.26) 0.942

The GEE model included intervention (physical activity versus control), follow-up time (6 versus 12 months), and baseline of the outcome (the latter
excluded from the unadjusted model). Estimate is the mean difference (physical activity intervention − control intervention), and CI is the confidence
interval
a The weighted average physical activity in the past 7 days was calculated as days of vigorous activity þ days of moderate activity

2 � 5 þ�
days of strength

building activity � 2Þ =7
b The average aerobic physical activity was calculated by averaging the number of days for vigorous-intensity activity and moderate-intensity activity
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a rare design feature in mediation analyses [58], ensuring
that changes in putative mediators temporally preceded
changes in physical-activity outcomes. An important lim-
itation is the use of self-reported behavior, which is vul-
nerable to socially desirable responding. A limitation of
employing a multifaceted intervention to address relevant
theoretical variables hypothesized to mediate behavior
change is that we are unable to discern the relative impor-
tance of the different intervention components. Another
limitation stems from the fact that the trial was funded
to test the HIV risk-reduction intervention, and according-
ly, only limited data regarding the physical activity inter-
vention could be collected. Moreover, the results may not
generalize to MSM who are not from Philadelphia or who
are not offered payment for attending intervention

sessions. Finally, consistent with the reasoned action ap-
proach [13], the discordance between the 5 days per week
of moderate physical activity referenced in the outcome
measure and the 6 days per week referenced in the theo-
retical variable measures may have reduced the size of the
correlations between the theoretical variables and the
outcome.

Despite these limitations, the findings have implica-
tions for interventions to increase African American
MSM’s physical activity. Specifically, the findings
highlight the promise of the reason action approach in
designing physical-activity interventions for African
American MSM; in that, its theoretical variables,
including intention, subjective norm, and self-efficacy,
mediated the intervention’s effects.

Table 4 Pearson product–
moment correlations (significance
probabilities) among theoretical
variables measured immediately
post-intervention, African
American men, Philadelphia, PA,
2008–2011

Construct 1 2 3 4 5

1. Attitude 1.00

2. Subjective norm 0.783 (<0.0001) 1.00

3. Descriptive norm 0.124 (0.003) 0.181 (<0.0001) 1.00

4. Self-efficacy 0.701 (<0.0001) 0.717 (<0.0001) 0.271 (<0.0001) 1.00

5. Intention 0.659 (<0.0001) 0.730 (<0.0001) 0.274 (<0.0001) 0.839 (<0.0001) 1.00

Note. Estimates are unstandardized coefficients (95% ACI) from ordinary least square regressions (bootstrap=2000). Goodness-of-Fit 
indices: CFI=0.960, TLI=0.921, RMSEA = 0.047 (90% CI: 0.037, 0.057), chi-square=101.136 (DF=29, P=0.000), SRMR=0.064

Fig. 2 Structural equation model of the effect of the intervention on
theoretical constructs and weighted average physical activity, African
American men, Philadelphia, PA, 2008–2011. Note that estimates are
unstandardized coefficients (95 % ACI) from ordinary least square

regressions (bootstrap = 2000). Goodness-of-fit indices CFI = 0.960,
TLI = 0.921, RMSEA = 0.047 (90 % CI 0.037, 0.057), χ2 = 101.136
(df= 29, P= 0.000), SRMR=0.064

ann. behav. med.

JrnlID 12160_ArtID 9832_Proof# 1 - 24/08/2016



AUTHOR'S PROOF

U
N
C
O
R
R
EC
TE
D
PR
O
O
F

AcknowledgmentsQ2 John B. Jemmott III, Annenberg School for
Communication and Department of Psychiatry Perelman School of
Medicine, University of Pennsylvania; Jingwen Zhang, Annenberg
School for Communication, University of Pennsylvania; Loretta S.
Jemmott, School of Nursing, University of Pennsylvania; Ann O’Leary,
Centers for Disease Control and Prevention; Larry D. Icard, College of
Public Health, School of SocialWork, Temple University; Robin Stevens,
Department of Psychiatry, Perelman School of Medicine, University of
Pennsylvania; Janet Hsu, Department of Psychiatry, Perelman School of
Medicine, University of Pennsylvania; Scott Rutledge, College of Public
Health, School of Social Work, Temple University. The findings and
conclusions in this report are those of the authors and do not necessarily
represent the official position of the Centers for Disease Control and
Prevention. This study was supported in part by the National Institute
of Mental Health (R01 MH079736). We appreciate the contributions of
Sonya Coombs, MS; Mikia Croom, MSEd; Lynette Gueits, MS; Janet
Hsu, BA; Dionne Samuel, BA; Brian Taylor, BA; Pandora Woods, BA;
and the late Dennis Clegg to the implementation of the research. The
contributions of Christopher Coleman, PhD, and the late Thomas Ten
Have, PhD, to the conception and design of the trial are gratefully
acknowledged.

Compliance with Ethical Standards

Authors’ Statement of Conflict of Interest and Adherence to Ethical
Standards Jingwen Zhang, John B. Jemmott, Ann O’Leary, Robin
Stevens, Loretta Sweet Jemmott, Larry D. Icard, Janet Hsu, and Scott
E. Rutledge declare that they have no conflict of interest. The manuscript
represents valid work and neither this manuscript nor one with substan-
tially similar content has been published or is being considered for pub-
lication elsewhere. The research reported in this manuscript was approved
by the Institutional Review Board No. 8 of the University of
Pennsylvania, Philadelphia, PA. Written informed consent from the men
was required for the participation in this trial.

References

1. National Center for Health Statistics: Health, United States, 2013:
With special feature on prescription drugs. Hyattville, MD:
National Center for Health Statistics, 2014.

2. Centers for Disease Control and Prevention.HIV surveillance report,
2011. Atlanta: Centers for Disease Control and Prevention; 2013.

3. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke
statistics—2014 update: A report from the American Heart
Association. Circulation. 2014; 129: e28-e29.

4. Centers for Disease Control and Prevention. National diabetes statis-
tics report: Estimates of diabetes and its burden in the United States.
Atlanta: Centers for Disease Control and Prevention; 2014: 2014.

5. Institute ofMedicine. The health of lesbian, gay, bisexual, and trans-
gender people: Building a foundation for better understanding.
Washington, DC: The National Academy Press; 2011.

6. Wolitski RJ, Stall R, Valdiserri RO (eds): Unequal opportunity:
Health disparities affect gay and bisexual men in the United
States. New York: Oxford University Press, 2008.

7. Department of Health and Human Services: 2008 physical activity
gu idel ines for Amer icans . f rom ht tp : / /www.hea l th .
gov/PAGuidelines/pdf/paguide.pdf.

8. Kahn EB, Ramsey LT, Brownson RC, et al. The effectiveness of
interventions to increase physical activity—A systematic review.
Am J Prev Med. 2002; 22: 73-108.

9. Greaves CJ, Sheppard KE, Abraham C, et al. Systematic review of
reviews of intervention components associated with increased ef-
fectiveness in dietary and physical activity interventions. BMC
Public Health. 2011; 11.

10. Waters LA, Galichet B, Owen N, Eakin E. Who participates
in physical activity intervention trials? J Phys Act Health.
2011; 8: 85-103.

11. Newton RL Jr, Griffith DM, Kearney WB, Bennett GG. A sys-
tematic review of weight loss, physical activity and dietary in-
terventions involving African American men. Obes Rev. 2014;
15(Suppl 4): 93-106.

12. Bandura A. Social foundations of thought and action: A social
cognitive theory. Englewood Cliffs: Prentice-Hall; 1986.

13. Fishbein M, Ajzen I. Predicting and changing behavior: The
reasoned action approach. New York: Taylor and Francis
Group; 2010.

14. Wainberg ML, Gonzalez MA,McKinnon K, et al. Targeted ethnog-
raphy as a critical step to inform cultural adaptations of HIV pre-
vention interventions for adults with severe mental illness. Soc Sci
Med. 2007; 65: 296-308.

15. Heeren GA, Jemmott JB 3rd, Sidloyi L, Ngwane Z. Disclosure of
HIV diagnosis to HIV-infected children in South Africa: Focus
groups for intervention development. Vulnerable Child Youth
Stud. 2012; 7: 47-54.

16. Darker CD, French DP, Eves FF, Sniehotta FF. An intervention to
promote walking amongst the general population based on an ‘ex-
tended’ theory of planned behaviour: A waiting list randomised
controlled trial. Psychol Health. 2010; 25: 71-88.

17. Dishman RK, Motl RW, Saunders R, et al. Self-efficacy partially
mediates the effect of a school-based physical-activity intervention
among adolescent girls. Prev Med. 2004; 38: 628-636.

18. El-Bassel N, Jemmott JB 3rd, Landis JR, et al. Intervention to
influence behaviors linked to risk of chronic diseases: a multisite
randomized controlled trial with African-American HIV-
serodiscordant heterosexual couples. Arch Intern Med. 2011;
171: 728-736.

19. Fjeldsoe BS, Miller YD, Marshall AL. MobileMums: A random-
ized controlled trial of an SMS-based physical activity intervention.
Ann Behav Med. 2010; 39: 101-111.

20. Jemmott JB 3rd, Jemmott LS, O’Leary A, et al. Cognitive-
behavioural health-promotion intervention increases fruit and veg-
etable consumption and physical activity among South African
adolescents: A cluster-randomised controlled trial. Psychol
Health. 2011; 26: 167-185.

21. Jemmott JB 3rd, Jemmott LS, Ngwane Z, et al. Theory-based
behavioral intervention increases physical activity in South
African men: A cluster-randomized controlled trial. Prev Med.
2014; 64: 114-120.

22. Montanaro EA, Bryan AD. Comparing theory-based condom inter-
ventions: Health belief model versus theory of planned behavior.
Health Psychol. 2014; 33: 1251-1260.

23. Plotnikoff RC, Lubans DR, Penfold CM, Courneya KS. Testing
mediator variables in a physical activity intervention for women
with type 2 diabetes. Psychol Sport Exerc. 2014; 15: 1-8.

24. Ajzen I. The theory of planned behavior. Organ Behav Hum Decis
Process. 1991; 50: 179-211.

25. Fishbein M, Ajzen I. Belief, attitude, intention and behavior.
Boston: Addison-Wesley; 1975.

26. MacKinnon DP, Lockwood CM, Hoffman JM, West SG, Sheets V.
A comparison of methods to test mediation and other intervening
variable effects. Psychol Methods. 2002; 7: 83-104.

27. Baruth M, Wilcox S, Blair S, et al. Psychosocial mediators of a
faith-based physical activity intervention: Implications and lessons
learned from null findings. Health Educ Res. 2010; 25: 645-655.

28. Jemmott JB 3rd, Jemmott LS, O’Leary A, et al. On the efficacy and
mediation of a social cognitive one-on-one HIV risk-reduction

ann. behav. med.

JrnlID 12160_ArtID 9832_Proof# 1 - 24/08/2016

http://www.health.gov/PAGuidelines/pdf/paguide.pdf
http://www.health.gov/PAGuidelines/pdf/paguide.pdf


AUTHOR'S PROOF

U
N
C
O
R
R
EC
TE
D
PR
O
O
F

intervention for African American men who have sex with men: A
randomized controlled trial. AIDS Behav. 2014; 19: 1247-1262.

29. Michie S, Ashford S, Sniehotta FF, et al. A refined taxonomy of
behaviour change techniques to help people change their physical
activity and healthy eating behaviours: The CALO-RE taxonomy.
Psychol Health. 2011; 26: 1479-1498.

30. Cook T, Campbell D. Quasi-experimentation: Design and analysis
for field settings. Chicago: Houghton Mifflin; 1979.

31. Metzger DS, Koblin B, Turner C, et al. Randomized controlled trial
of audio computer-assisted self-interviewing: Utility and accept-
ability in longitudinal studies. HIVNET Vaccine Preparedness
Study Protocol Team. Am J Epidemiol. 2000; 152: 99-106.

32. Centers for Disease Control and Prevention: 2001 national school-
based youth risk behavior survey. Public-use data documentation.
Retrieved August 2003, from ftp.cdc.gov/pub/data/yrbs/2001/
YRBS_2001_National_User_Guide.pdf

33. Zhang J, Jemmott JB 3rd. Effects of an online social network inter-
vention on physical activity in young African American women.
Philadelphia: University of Pennsylvania; 2016.

34. Bandura A. Health promotion from the perspective of social cogni-
tive theory. Psychol Health. 1998; 13: 623-649.

35. Jemmott JB, 3rd, Heeren GA: Prospective study of theory of
planned behavior predictors of health behaviors in African
American men over three months. Annenberg School for
Communication, University of Pennsylvania, 2009.

36. Liang KY, Zeger SL. Longitudinal data analysis using generalized
linear models. Biometrika. 1986; 73: 13-22.

37. Fitzmaurice GM, Laird NM, Ware JH. Applied longitudinal
analysis. New York: Wiley; 2004.

38. Muthén LK, Muthén BO.Mplus user’s guide. 7th ed. Los Angeles:
Muthén & Muthén; 2012.

39. Muthen BO, Satorra A. Complex sample data in structural equation
modeling. Sociol Methodol. 1995; 25: 267-316.

40. Little RJA, Rubin DB. Statistical analysis with missing data. 2nd
ed. Hoboken: Wiley; 2002.

41. Bryant FB, Satorra A. Principles and practice of scaled difference chi-
square testing. Struct Equ Model Multidiscip J. 2012; 19: 372-398.

42. MacKinnon DP, Lockwood CM, Williams J. Confidence limits for
the indirect effect: Distribution of the product and resampling
methods.Multivar Behav Res. 2004; 39: 99-128.

43. Olsson UH, Foss T, Troye SV, Howell RD. The performance of
ML, GLS, and WLS estimation in structural equation modeling
under conditions of misspecification and nonnormality. Struct Equ
Model Multidiscip J. 2000; 7: 557-595.

44. Kenny DA, McCoach DB. Effect of the number of variables on
measures of fit in structural equation modeling. Struct Equ Model.
2003; 10: 333-351.

45. Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance
structure analysis: Conventional criteria versus new alternatives.
Struct Equ Model Multidiscip J. 1999; 6: 1-55.

46. Rucker DD, Preacher KJ, Tormala ZL, Petty RE. Mediation analy-
sis in social psychology: Current practices and new recommenda-
tions. Soc Personal Psychol Compass. 2011; 5: 359-371.

47. Kraft C, Robinson BE, Nordstrom DL, BocktingWO, Rosser BRS.
Obesity, body image, and unsafe sex in men who have sex with
men. Arch Sex Behav. 2006; 35: 587-595.

48. Resnicow K, Jackson A, Blissett D, et al. Results of the healthy
body healthy spirit trial. Health Psychol. 2005; 24: 339-348.

49. Wilson DK, Van Horn ML, Kitzman-Ulrich H, et al. Results of the
“Active by Choice Today” (ACT) randomized trial for increasing
physical activity in low-income and minority adolescents. Health
Psychol. 2011; 30: 463-471.

50. Jemmott JB 3rd, Stephens-Shields A, O’Leary A, et al. Mediation
of effects of a theory-based intervention on self-reported physical
activity in South African men. Prev Med. 2015; 72: 1-7.

51. Lewis BA, Williams DM, Martinson BC, Dunsiger S, Marcus
BH. Healthy for life: A randomized trial examining physical
activity outcomes and psychosocial mediators. Ann Behav
Med. 2013; 45: 203-212.

52. Lubans DR, Foster C, Biddle SJH. A review of mediators of be-
havior in interventions to promote physical activity among children
and adolescents. Prev Med. 2008; 47: 463-470.

53. Miller YD, Trost SG, Brown WJ. Mediators of physical activity
behavior change among women with young children. Am J Prev
Med. 2002; 23: 98-103.

54. Becofsky K, Baruth M, Wilcox S. Psychosocial mediators of two
community-based physical activity programs. Ann Behav Med:
Publ Soc Behav Med. 2014; 48: 125-129.

55. Vallance JKH, Courneya KS, Plotnikoff RC, Mackey JR.
Analyzing theoretical mechanisms of physical activity behavior
change in breast cancer survivors: Results from the activity promo-
tion (ACTION) trial. Ann Behav Med. 2008; 35: 150-158.

56. van Stralen MM, de Vries H, Mudde AN, Bolman C, Lechner L.
The long-term efficacy of two computer-tailored physical activity
interventions for older adults: Main effects and mediators. Health
Psychol. 2011; 30: 442-452.

57. van Stralen MM, Yildirim M, Velde SJT, et al. What works in
school-based energy balance behaviour interventions and what
does not? A systematic review of mediating mechanisms. Int J
Obes. 2011; 35: 1251-1265.

58. Williams DM, Dunsiger S. Suggestions for testing health be-
havior theories: Implications for mediator analysis. Ann Behav
Med. 2007; 34: 223.

ann. behav. med.

JrnlID 12160_ArtID 9832_Proof# 1 - 24/08/2016




