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What moves young people? Applying the risk perception
attitude framework to physical activity behavior and

cardiometabolic risk

Melissa A. Napolitano,"*“ Ashley Hogan Tjaden,” Caitlin P. Bailey," Loretta DiPietro,” Rajiv Rima

Abstract

Cardiometabolic disease risk factors, including metabolic
syndrome and physical inactivity, are prevalent among

young adults. However, few young adults are aware of their
risk status. The risk perception attitude (RPA) framework

was used to categorize participants (n= 456) enrolled in a
three-arm randomized controlled weight management trial

by their baseline values of cardiometabolic risk perceptions
and physical activity self-efficacy. Trial recruitment occurred

at two universities from 2015 to 2018 and participants

were randomly assigned to one of three weight management
interventions: Tailored, Targeted, Control. Cross-sectional and
longitudinal analyses were conducted to examine associations
between RPA category (i.e., Responsive, Indifferent, Avoidant,
Proactive) and physical activity behavior. At baseline, the
Responsive group had the highest amount of physical activity
(mean [95% Cl]: 379.2 [332.6 to 425.8] min/week), the
Indifferent group had the lowest (296.7 [261.98 to 331.32]
min/week), and the Avoidant/Proactive groups showed
intermediate values. Over 6 months, there was a significant
interaction between RPA group and intervention arm on change
in physical activity adjusted for age, sex, race/ethnicity, baseline
body mass index, and baseline moderate-to-vigorous physical
activity (p=.017). Among Tailored intervention participants
only, the Proactive participants were the only group to have

an increase in physical activity (19.97 min/week) and the
Indifferent participants had the most significant decrease in
physical activity (127.62 min/week). Results suggest the
importance of early screening for young adults to help raise
awareness of cardiometabolic risk and ultimately support them
in health promotion efforts.
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BACKGROUND

Cardiometabolic disease risk factors among young
adults include dysregulated high-density lipopro-
tein (HDL-C; 27%-40%), hypertension (7%-27%)
[1-3], abdominal obesity (7%-24%), elevated trigly-
cerides (9%—16%), and hyperglycemia (3%-15%) [3].
Approximately 5% of young adults aged 18-30 meet
criteria for metabolic syndrome, a clustering of three
or more of the five interrelated factors cited above
[4]. When the age range is extended to include up

11,4

Implications

Practice: Future health promotion efforts for
young adults should incorporate tailoring on
cardiometabolic risk perceptions and self-efficacy
to impact physical activity behavior and health
outcomes.

Policy: Currently, there are no clinical pre-
ventive risk or physical activity guidelines spe-
cific to young adults, which would assist in
ensuring appropriate care and health promotion
recommendations.

Research: Future research is needed regarding
risk screening and health communication
interventions targeted to young adults ages
18-35 years.

to 44 years, nearly 22% of young adults meet criteria
for metabolic syndrome [5], indicating young adult-
hood is a critical public health risk period for the de-
velopment of cardiometabolic disease. The presence
of cardiometabolic risk factors early in life portends
increased risk throughout adulthood. For example,
those with an elevated low-density lipoprotein, sys-
tolic blood pressure (SBP), or diastolic blood pres-
sure (DBP) had increased odds of developing heart
disease later in life or experiencing cardiovascular
events [6, 7].

Physical activity has a number of health bene-
fits specific to cardiometabolic risk and outcomes,
including decreased cardiovascularrelated mor-
tality; prevention of hypertension and cardiovas-
cular disease; and improvements in blood pressure,
lipids, and glycemic control [8, 9]. Current USA [10]
and global recommendations [11] for adults are to
achieve at least 150 min of moderate-to-vigorous
intensity physical activity per week. Achieving
the physical activity guidelines was associated
with a 66% reduction in odds of cardiometabolic
dysregulation (CD) among young adults with over-
weight and obesity, indicating the importance of
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physical activity in mitigating cardiometabolic risk
in high-risk groups [12].

Despite this importance, young adults may not
be aware of the link between physical activity and
health. Indeed, only 30% of physically inactive uni-
versity students and about 60% of those meeting
physical activity guidelines had knowledge that
physical activity was an important factor in overall
cardiovascular health [13]. Further, awareness of
cardiovascular risk indicators among young adults is
low and varies by risk factor and age. Overall aware-
ness of hypertension in those aged 18-39 years was
lower than for those aged 240 years [2], indicating
that younger adults may possess an “optimism bias”
[14] or may believe they are not at risk due to their
age and lack of overt disease. College students per-
ceive the severity of risk factors for cardiometabolic
disease to be low [15]. The lack of awareness is es-
pecially deleterious as data suggest an increased
incidence of cardiometabolic disease throughout
the transition to early adulthood, especially when
coupled with weight gain [16].

Frameworks and models can assist in the under-
standing of behavioral and cognitive responses to
risk, and several have included risk appraisal as a
key element [17]. Experimental evidence and meta-
analyses have shown that heighted risk appraisals
were associated with subsequent changes in be-
havior, with largest effect sizes being present when
response and self-efficacy were also enhanced [17].
Further, some have proposed that risk and self-
efficacy are activating mechanisms (or motivators)
that relate to information-seeking behavior and
message processing [18, 19]. The risk perception
attitude (RPA) framework [20] categorizes individ-
uals by their risk perceptions and self-efficacy, or
confidence to make behavior change. Awareness of
risk can be the gateway to making health behavior
changes, with efficacy being an essential component
of behavior change [20].

The RPA framework [20] conceptualizes risk per-
ceptions as the motivators and efficacy beliefs as the
facilitators of behaviors. Those who believe they are
at risk for disease and also believe that they can take
preventive actions to avert the threat are classified as
being in the Responsive group. This group is hypothe-
sized to take behavioral action the most. Those
whose risk perceptions and efficacy beliefs are both
low are thought to have neither the motivation nor
the ability to act; they are classified as being in the
Indifferent group, and they are hypothesized to take
the least amount of preventive action. Those with
high-risk perceptions and low efficacy beliefs are
classified as being in the Avoidant group. Those with
low-risk perceptions and high efficacy beliefs are
classified as being in the Proactive group. These four
groups have been shown to distinguish differences
in attitudes and behavioral intentions for diabetes
prevention [21], as well as meeting physical activity

guidelines during pregnancy [22]. Studies have re-
ported similar findings in other domains: breast
cancer [23], HIV prevention [24], nutrition [25], cli-
mate change [26], workplace safety [27], and general
information seeking [28]. Most studies using the
RPA framework, however, have been cross-sectional
in design.

We examined baseline risk and efficacy as they
relate to both selfreported and device-measured
physical activity at baseline and at 6 months. We hy-
pothesized that: (a) the four RPA framework groups
will differ from each other in physical activity at
baseline regardless of assessment modality, (b) RPA
group will determine level of physical activity at
6 months; however, this relation will vary by inter-
vention group, specifically: (a) the greatest positive
improvement in physical activity will occur in the
Responsive group exposed to the tailored weight man-
agement intervention, (b) the least improvement in
physical activity will occur in the Indifferent group ex-
posed to the non-tailored interventions, and (c) the
other combinations will occupy intermediate values.

METHODS

Study population

This paper uses data from the [29] trial in which young
adults were recruited from two sites, between 2015
and 2018, to take part in a randomized controlled
trial examining digital interventions for weight man-
agement. Eligibility criteria for study entry included:
(a) being 18-35 years of age; (b) enrolled as a cur-
rent college or university student in the District of
Columbia or Boston area; (c) having a body mass
index (BMI) of 25 to 45 kg/m? (d) actively using
Facebook (i.e., accessed at least one time within the
last month); (e) having regular text message access;
and (f) being generally healthy enough to partici-
pate in physical activity and weight loss. For more
details regarding inclusion and exclusion criteria,
see [29]. Participants with completed questionnaires
(selfreported physical activity) and/or fasting blood
samples (abdominal circumference, blood pressure,
fasting glucose, HDL-C, and triglycerides) (n = 456)
baseline were included in these analyses. A subset of
participants (n = 405) with validated accelerometry
at baseline is included in the device-measured phys-
ical activity analyses. See Table 1. The study was ap-
proved by the Institutional Review Boards of The
George Washington University and the University
of Massachusetts Boston. Written informed consent
was obtained from study participants. Primary study
outcomes are reported elsewhere [30].

Interventions
Participants were randomly assigned to receive
one of three interventions administered via digital
channels: (a) Targeted (or generic) treatment (n =
152), (b) Tailored (or personalized) treatment (n
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Table 1 | Characteristics of the sample and by RPA framework group

All Indifferent Avoidant Proactive Responsive
N=456 N=124 N=119 N=152 N=61 p

Demographics
Age (years) 233+4.4 22.1+39 249+43 223+43 25.0+4.2 <.001
Sex 762

% Male 98 (21.5%) 23 (18.5%) 25 (21.0%) 36 (23.7%) 14 (23.0%)

% Female 358 (78.5%) 101 (81.5%) 94 (79.0%) 116 (76.3%) 47 (77.0%)
Race/ethnicity .052

% Non-Hispanic Black 91 (20.0%) 26 (21.0%) 34 (28.6%) 24 (15.8%) 7 (11.5%)

% Non-Hispanic White 225 (49.3%) 55 (44.4%) 51 (42.9%) 83 (54.6%) 36 (59.0%)

% Asian/Haw Pacific Isl 43 (9.4%) 19 (15.3%) 9 (7.6%) 11 (7.2%) 4 (6.6%)

% Hispanic (any race) 60 (13.2%) 18 (14.5%) 14 (11.8%) 19 (12.5%) 9 (14.8%)

% Multiracial/Unk/Ref 37 (8.1%) 6 (4.8%) 11 (9.2%) 15 (9.9%) 5(8.2%)
Intervention group 430

% Tailored 148 (32.5%) 43 (34.7%) 43 (36.1%) 41 (27.0%) 21 (34.4%)

% Targeted 152 (33.3%) 38 (30.6%) 43 (36.1%) 50 (32.9%) 21 (34.4%)

% Control 156 (34.2%) 43 (34.7%) 33(27.7%) 61 (40.1%) 19 (31.1%)
Other characteristics

Perceived Risk Index 2112 1.1x08 3.4+0.5 1.3+0.7 3305 <.001

PA Self-Efficacy 13.3+4.2 9.7+22 10.7+25 16.1+25 18.6 +2.8 <.001

Data are mean * SD or n (%). Unadjusted four group comparisons using ANOVA for continuous variables and Pearson y for categorical variables.

148), and (c) Contact Control (n = 156). Program
content was delivered across 18 months through
Facebook, text messaging, and weekly reports, with
weekly contact for the first 6 months and tapering
thereafter.

Targeted treatment

Participants in this intervention condition received
weight loss content adapted from the Diabetes
Prevention Program [31]. Weekly lesson topics (e.g.,
“Ways to increase motivation” “Physical Activity:
Getting Started,” “Tip the Calorie Balance”) were
released twice weekly on Facebook in the form of
short didactic and peer-led videos modeling the key
concepts for the week. Lesson topics (n = 38) focused
on diet (n = 11; e.g., “Tip the Calorie Balance”), phys-
ical activity (n = 6; “Jumpstart Your Activity Plan”),
behavioral/psychosocial factors (n = 19; e.g., “Ways to
increase motivation”), or general greeting/conclusion
(n = 2). Handouts, including goal-setting worksheets,
were provided. Participants received a text message
on each day of the week: reminder texts to check for new
program content (n = 2); prompts for general selfmonitoring
(n = 1; i.e., whether weight, calorie, and/or physical
activity were monitored); tips focusing on the importance
of self-monitoring (n = 2); tips related to addressing high-risk
weight behaviors (n = 2; e.g., late-night snacking, por-
tion control, physical activity). Sample high-risk
weight behavior messages include: “Buy single-serve
bags of chips or sweets to help u practice portion control while
snacking”, “Be sure to schedule exercising in ur planner!”
“If time is an issue, check out what u can let go of — there is
always something!” Finally, a weekly report summar-
izing the key lesson topic for the week was provided.

Tailored treatment

Participants in the Tailored treatment received the
same content via Facebook and text messaging.
The key differences in the Tailored treatment,
compared with Targeted, were: (a) the tips related
to addressing high-risk weight behaviors were personal-
ized based on participant’s endorsement of their
own high-risk behaviors; (b) one additional day
of general monitoring; and (c) specific monitoring of
weight, physical activity, and daily calories data
with a text message at the end of the week pro-
viding feedback on number of days successfully
monitored. For the specific monitoring, prompts
were sent in the morning on 3 days per week for
the participant to provide self-monitoring data on
weight, physical activity, and diet (daily calories)
that evening, which were used to derive a weekly
personalized report. The report included both nar-
rative and graphical feedback on weekly and week-
to-date progress regarding weight, physical activity,
and calories. Narrative feedback was motivational
in nature (e.g., “Based on what you sent us, you exercised
an average of 20 minutes per day this week. That is lower
than the goal this week of 30 minutes each day on at least
5 days. This week we talked about using your thoughts
to help you take charge and meet your goals. Maybe you
can use this strategy in this upcoming week to see how you
might change some thoughts around meeting your activity
goals. For example, reflect on your thoughts. If you said
something like, ‘I skipped my walk today—I’ll never succeed
in this program’ use the strategies we gave you to replace
that negative thought with a positive one. Next week, try
to get 30 minutes of physical activity each day, for at least
5 days a week. We know you can do it!”)
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Contact control treatment

Participants in the contact control treatment received
healthy body weight content on the same schedule
and via the same channels as the Targeted group.
Text messages focused on tips related to this topic
and prompt to report selfmonitoring of key behav-
iors one time per week. The content was not weight
loss focused, rather centering around the study-
branded Three Pillars of Health: Mind, Body, and
Energy. Sample topics include: “Time Management,”
“Society and Body Attitude,” and “What Disrupts
Sleep?” Text messages included the following ex-
ample: “Improving sleep can help with daytime alertness and
concentration, and will help u manage stress.”

MEASURES

Anthropometrics

Height and weight were measured in duplicate and
averaged according to standard protocols. For de-
tails, see [29]. BMI was calculated using average

weight (kg) and height (m®).

Cardiometabolic outcomes

Blood pressure. Blood pressure was measured in
triplicate using a digital monitor, the OMRON
HEM-907XL following standard procedures [32].
Averages for each timepoint were used for analysis.

Abdominal circumference. 'To obtain waist circumfer-
ence measures, participants were asked to remove
their shirts or expose their abdomen. The research
assistant placed a measurement tape at the umbil-
icus verifying the tape was parallel to the floor and
not twisted. This site was selected for measurement
for this trial as the umbilicus is an easily identifi-
able and reproducible landmark [33]. Measures
were taken in triplicate to the nearest 0.1 cm and
averaged.

Blood samples. Following an overnight fast of at least
8 hr, both venous and capillary blood samples were
taken. HbAlc and glucose were measured at point-
of-care. HDL-C and triglycerides were analyzed
from serum samples.

Cardiometabolic ~ clustering score. A cardiometabolic
clustering score (CCS) was created [12] based on
whether a standard risk cutpoint was exceeded
(0 = no; 1 = yes) for abdominal circumference
(>102 cm [men] or >88 cm [women]), HbAlc (25.7%),
HDL-C (<40 mg/dL [men] or <50 mg/dL [women]),
SBP (2130 mmHg), and DBP (285 mmHg) [4, 34].
Scores for each individual risk factor were summed
to create the CCS, with scores ranging from 0 to

5. CD was defined as CCS 23.

Physical activity
Device-measured. Participants were instructed to wear
an ActiGraph accelerometer (wGT3X-BT) for seven

Table 2 | Baseline cardiometabolic characteristics

Indifferent Avoidant Proactive Responsive

All

<.001

30.1+£3.8 61 31.6+5.0

152
152
137
152
152

325+5.0

119
119
110
119
119
107

31.2+40

124

312+44
99.6+11.6

456
456
413
456
456
426

BMI (kg/m?)

.004
.265

.037
<.001

61 100.4+12.4

97.3+10.7

102.4+12.5

99.5+10.8

124
111

Abdominal circum (cm)

HbA1c (%)

5.3+0.5
116.9+10.1

55

61

5304
1146 £10.5

5.4+04
114.4+118

53+04
1120+ 121

53+0.4
1141+11.3

124

124
114

Systolic BP (mmHg)
Diastolic BP (mmHg)

74777

61
61

715+86
495+11.3

71.0+89 74.6+9.1

72.6+8.8
48.6+11.2

124

50.7+11.6

144

47.0+12.4

479+9.2

HDL cholesterol (mg/dL)
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Fig. 1 | Quadrants of risk knowledge and physical activity self-
efficacy. Symbols represent individual’s baseline risk perception
attitude (RPA) classification based upon self-report of perceived
risk (y axis) and physical activity self-efficacy (x-axis).

days prior to randomization. Valid wear time was
counted as 4 days of 10 hr per day [35], which was
validated using the ActiLife software. Established
thresholds of accelerometer counts were used to de-
fine moderate-to-vigorous physical activity (MVPA)
with MVPA defined by 21,952 counts per minute
[36]. To adjust for variability in number of days the
ActiGraph was worn, the average daily total was
multiplied by seven to obtain an average weekly
total of MVPA.

Selfreported. Participants self-reported weekly phys-
ical activity using the seven-item International
Physical Activity Questionnaire (IPAQ) [37].
Questions ask about the number of days per week
and the number of hours/minutes per day during
which participants engage in vigorous physical ac-
tivity, moderate physical activity, and walking, re-
spectively. Responses were processed and summed
using the IPAQ guidelines [38].

Selfefficacy. Self-efficacy for physical activity was as-
sessed across five situations (i.e., fatigue, weather,
time, negative mood, vacation) [39]. Responses were
summed into an index (o = 0.77). The variable for
physical activity self-efficacy has a total score that
ranges from 5 to 25.

Metabolic risk awareness index

Four items assess metabolic risk awareness [40,
41]: (a) Have you ever heard of the term meta-
bolic risk; (b) Do you know what your blood
pressure is; (c) Have you ever had blood work
to check for cholesterol; (d) Have you ever had
blood work to check for high glucose? We cre-
ated an index score of Risk Awareness based on
responses to all four questions, giving one point
for each “Yes” for a continuous measure of 0-4
points. Responses were summed into an index
(o0 = 0.54).

ANALYSES

RPA framework groups

The RPA framework categorizes individuals by their
risk and efficacy. See Fig. 1. To derive four RPA
framework groups based on the self-efficacy and the
metabolic risk awareness index (RAI) variables, we
standardized the variables to a mean of 0 and SD
of 1 because the two variables are not measured in
the same units and could not be assumed to have
equal variance. Then, we performed a cluster ana-
lysis on the standardized data to create four group-
ings based on the two continuous variables. The
procedure used to form clusters for the four RPA
framework groups was based on an algorithm that
maximizes the differences across clusters (we used
the SAS software’s FASTCLUS procedure). This is
iteratively done by first calculating the cluster mean
and then minimizing the sum of the squared dis-
tances from the cluster means [42]. A similar process
of creating the four groups through a cluster analysis
has been adopted in other RPA framework studies,
including in the domains of HIV prevention be-
haviors [43, 44], diabetes control [45], and tourism
safety behaviors [46]. See Table 1 and Fig. 1.

Statistical analyses

Descriptive statistics are presented as percentages
for categorical variables or mean * SD for continuous
variables. Comparisons between groups were com-
puted using ANOVA for continuous variables and
chi-squared tests for categorical variables. p-values
<.05 were considered nominally statistically signifi-
cant, with no adjustments made for multiple tests.
Cross-sectional analyses at baseline included linear
regression models to explore the relationship be-
tween RPA framework group and age as well as RPA
framework group and physical activity. Models were
adjusted for age, sex, and race/ethnicity. For lon-
gitudinal analyses over 6 months of follow-up, the
outcomes of interest were change in physical activity
minutes per week (M6 minus baseline) as measured
by self-report using the IPAQ and by the ActiGraph
accelerometer device. Covariates included age,
sex, race/ethnicity, baseline BMI, and the baseline
MVPA. General linear models were fit to first assess
the presence of interactions between each predictor
and treatment group. Next, models were fit to as-
sess the main effect of each predictor on the two
outcome variables, adjusting for treatment group in
addition to the covariates specified above. Finally,
the same models were employed stratified by treat-
ment group to assess the effect of each predictor on
MVPA (measured by self-report and accelerometer)
adjusting for covariates within treatment group. For
models with RPA framework group as the predictor,
least-square means for change in activity and 95%
ClIs for each RPA framework group adjusted for the
specified covariates were calculated.

TBM
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RESULTS

Cross-sectional results

Characteristics by RPA framework group

At baseline, there were significant differences in
age by RPA framework group. The Indifferent and
Proactive participants were significantly younger than
the Responsive and Avoidant participants (p < .001).
The Avoidant participants had the highest adiposity
at baseline (highest BMI, waist, and weight). There
were no significant differences by sex, race/ethni-
city, or intervention group (Tables 1 and 2).

Differences in baseline MVPA (device-measured) among the
Jour RPA framework groups

Differences were found in baseline actigraphy
MVPA among the four RPA framework groups after
adjusting for age, sex, and race/ethnicity. At base-
line, as would be expected, the Responsive group had
the highest level of physical activity (Adj mean [95%
CIJ; 379.2 [332.6 to 425.8] min/week), the Indifferent
group had the lowest (Adj mean [95% CI]; 296.7
[261.98 to 331.32] min/week), and the other two oc-
cupied intermediate values (Fig. 2).

Differences in baseline MVPA (selfreport) among the four
RPA framework groups

Similar differences (as with baseline device-measured)
were also found in baseline selfreported MVPA
among the four RPA framework groups after adjusting
for age, sex, and race/ethnicity. At baseline, the
Responsive group reported the most physical activity
(Adj mean [95% CIJ; 312.51 [270.58 to 354.45] min/
week), the Indifferent group the least (Adj mean [95%
CI]; 99.52 [78.92 to 120.11] min/week), with the other
two groups occupying intermediate values (Fig. 2).

Longitudinal results

Change in MVPA (devicemeasured) from baseline to
month 6

We identified a significant interaction between RPA
Framework group and Intervention group on change
in device-measured physical activity (MVPA) over
6 months adjusted for age, sex, race/ethnicity, base-
line BMI, and baseline MVPA (p = .017). Change in
MVPA was significantly associated with RPA frame-
work group only among the Tailored treatment
group (p = 0.040). Among the Tailored participants,
the Proactive participants were the only group to have
an increase in MVPA (approximately 19.97 min-
utes/week) and the Indifferent participants had the
most significant decrease in MVPA (approximately
127.62 min/week; Table 3).

Change in physical activity (selfreport) from baseline to
month 6

When assessing change in selfreported physical
activity, the interaction between RPA Framework

Group and Intervention group was not significant
(p = .595). The main effect of RPA framework
group on change in selfreported physical activity
(selfreport MVPA) over 6 months adjusted for age,
sex, race/ethnicity, baseline BMI, baseline MVPA,
and Intervention group also was not significant
(p = .420). The Indifferent participants reported
the smallest increase in self-reported MVPA of ap-
proximately 43 min per week; in comparison, the
Responsive participants reported the largest increase
in MVPA of approximately 66 min per week (Table
3).

DISCUSSION

Study results indicate that those in the Indifferent
group (low perceptions of both risk and efficacy)
and Proactive group (low-risk perceptions and high
efficacy beliefs) were likely to be younger than those
classified as Responsive (high risk and high efficacy)
or Avoidant (high risk and low efficacy). This is con-
sistent with other data demonstrating perceptions of
cardiovascular risk are higher among older college
students compared with younger [47]. Those who
are Responsive (or having both high risk and high effi-
cacy) may have had experience in making behavior
changes and may have had more opportunities to
learn their own risk status. Young adults in earlier
life stages may require education to enhance their
awareness of cardiometabolic risk [48]. Currently,
there are no specific guidelines for physical activity
or health communication approaches focused on
young adults ages 18-35 years. As informed by
these results, guidelines tailored to this vulnerable
demographic should be a target of future efforts.

Atbaseline, both device-measured and selfreported
activity patterns followed expected patterns based on
RPA framework groupings with the Responsive partici-
pants having the highest physical activity and Indifferent
the lowest. Both Avoidant and Indifferent groups’ activity
were significantly different from Responsive for both
outcomes. Similar findings were noted among preg-
nant women with Responsive and Proactive groups being
the most likely to meet physical activity guidelines
[22]. Similarly, in a study of diabetes self-management,
behavioral intentions were highest among Responsive
and Proactive groups [21].

When examining change in physical activity from
baseline to month 6, there was an RPA framework
group by Intervention group interaction such that
the Tailored Intervention mitigated the decline in
device-measured physical activity for Proactive parti-
cipants only. A similar pattern was seen when exam-
ining the selfreported physical activity outcome with
Proactive participants who were part of the Tailored
Intervention had the greatest increase in physical ac-
tivity, although this model was not statistically signifi-
cant. The intervention was designed to address weight
loss and not specifically cardiometabolic risk; how-
ever, the physical activity messages were structured to
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Fig. 2 | Differences in baseline moderate-to-vigorous physical activity (MVPA) among the four RPA framework groups. Adjusted mean base-
line physical activity by baseline RPA framework group adjusted for age, sex, race/ethnicity, and baseline BMI; 'Global p-value for 4-group
ANCOVA. *p < .05 for comparison of RPA framework group to the reference group (Responsive participants).

be motivational and instill continued confidence in a
participant’s ability to become and remain physically
activity as well as participate in other healthy weight-
related behaviors. It is possible that for the Proactive
participants, who reported high efficacy but low-risk
awareness, the intervention was a good match for their
level of motivation [49]. Matching appears to be im-
portant relative to RPA Framework (or attitudinal)
group, as well: those receiving a motivational message
that was matched to their RPA framework group re-
ported more positive diabetes screening attitudes than
those receiving an unmatched or control message [21].
Future studies should explore tailoring on risk percep-
tion and actual risk as this may increase the salience
and personal relevance.

Additionally, the intervention might have in-
creased the salience of physical activity such that
participants became more aware of their activity.
It is also possible that participants were only re-
porting “purposeful” activity and did not quan-
tify lifestyle activity, such as walking to class or for
transport, which may have resulted in the different
values reported on the ActiGraph device and via
selfreport. Previous work indicates that greater spe-
cificity in physical activity questionnaires is needed
for measuring intervention-related change in self-
reported physical activity [50]. Understanding both
perceived and device-measured physical activity
may be important for developing intervention ma-
terials that are salient and motivating across RPA
framework groups. For example, increases in per-
ceived (or selfreported) physical activity might
better indicate intervention saliency.

We should also note that the two groups found
to be affected by the intervention—the Proactive and
Indifferent—share in common their low levels of risk
perception and they differ in their efficacy beliefs,
with the Proactive group having higher levels of self-
efficacy. Our finding would thus indicate that, when
risk perceptions are similar, efficacy beliefs should
be the focus of intervention messaging. Those with
higher efficacy levels were not only more active in
the absence of any intervention (a finding from base-
line), but they were also more amenable to follow
the intervention’s central message. This implies
that interventions developed around efficacy-based
tailoring may be more potent; this is worthy of fu-
ture research.

There are strengths to this investigation, including
both the selfreport of physical activity, combined
with device-measured assessments in the form of
accelerometry monitoring. This combination, along
with an examination of how different groups receive
and react to intervention materials based on their
risk and efficacy profile, is a novel approach. We
selected physical activity as the outcome of interest
given the relationship between physical activity and
risk mitigation, and the measure of self-efficacy was
domain-specific to physical activity.

Despite these strengths, there are a few limi-
tations. First, we did not have a measure of self-
efficacy for cardiometabolic behaviors. Second,
based on the assessment battery, the RAI did not
include questions regarding one’s own perceived
risk of metabolic syndrome. Previous work using
the RPA framework has classified individuals into
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groups based on their perceptions of risk, but the
current analysis had only questions about aware-
ness of risk available. Physical activity was high
at baseline. Although participants did not receive
feedback from the ActiGraph monitor, reactivity
was possible. Additionally, given the timing of
the assessment battery, the days captured by the
ActiGraph monitor and those reported via self-
report may not have overlapped. Also, while there
are benefits to using a CCS, including it being a
more accurate assessment of the risk factors demon-
strated by young adults [51], this limits comparison
to other recognized standards such as metabolic
syndrome. Further, the sample was recruited from
universities and was relatively diverse, but the find-
ings may not apply to the general population. It is
also unclear the extent to which participants had
knowledge of the links between physical activity
and reduction in cardiometabolic risk [48], as know-
ledge was not measured. Studies suggest this is an
important factor as those who believed in the health
benefits of physical activity were three times more
likely to be active than those who did not [13].

These results suggest the importance of early
screening for young adults as they transition to col-
lege or the workforce to help raise awareness of
cardiometabolic risk and ultimately support them in
health promotion. Supporting young adults’ engage-
ment with care for cardiometabolic disease and pre-
ventive health behaviors is essential as many fall out
of care during the transition from pediatric to adult
care [2, 52]. With lack of knowledge and access to
care, young adults may dismiss results of screening
tests thinking they are young and “invincible” [53] and
have time later in life to change behavior. This is dele-
terious especially in light of data indicating the harmful
sequelae of early exposure to CVD risk, independent
of exposure later in life [6]. Young adulthood is a crit-
ical time to empower individuals with sufficient know-
ledge, awareness, and efficacy to engage in preventive
health behaviors [54].
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