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ARTICLE INFO ABSTRACT

Available online 16 March 2014 Objective. To evaluate the effectiveness of the Healthy Directions 2 (HD2) intervention in the primary care

setting.

Methods. HD2 was a cluster randomized trial (conducted 3/09-11/11). The primary sampling unit was
provider (n = 33), with secondary sampling of patients within provider (n = 2440). Study arms included: 1)
usual care (UC); 2) HD2—a patient self-guided intervention targeting 5 risk behaviors; and 3) HD2 plus 2 brief
telephone coaching calls (HD2 + CC). The outcome measure was the proportion of participants with a lower
multiple risk behavior (MRB) score by follow-up.

Results. At baseline, only 4% of the participants met all behavioral recommendations. Both HD2 and HD2 + CC
led to improvements in MRB score, relative to UC, with no differences between the two HD2 conditions. Twenty-
eight percent of the UC participants had improved MRB scores at 6 months, vs. 39% and 43% in HD2 and HD2 + CC,
respectively (ps < .001); results were similar at 18 months (p < .05). The incremental cost of one risk factor
reduction in MRB score was $310 for HD2 and $450 for HD2 + CC.

Conclusions. Self-guided and coached intervention conditions had equivalent levels of effect in reducing
multiple chronic disease risk factors, were relatively low cost, and thus are potentially useful for routine implemen-
tation in similar health settings.
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Introduction

A large percentage of health care costs are a function of the coexis-
tence of multiple chronic diseases (Tinetti et al., 2012). One in four US
adults have multimorbidities, which accounts for 60% of US health
care spending. The number of Americans living with multimorbidities
is increasing at a faster rate than expected (Anderson, 2010). The vast
majority of older adults (73%) have multiple chronic conditions, as do
a significant and growing number of people under 65 years of age
(Anderson, 2010; Tinetti et al., 2012; Weiss et al.,, 2007).

The increasing prevalence of multimorbidities is at least in part a
function of the health behavior profile of US adults, most of whom
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have multiple risk factors for chronic disease. Seventy-seven percent
of US adults do not meet the dietary guidelines, 49% do not meet recom-
mended physical activity levels, and 18% are current smokers (CDC,
2012). Poor health behaviors tend to co-occur (Blair et al., 1985;
Emmons et al., 1994; Gillman et al., 2001; Jeffery et al., 1993; Pirie
et al., 1992; Simons-Morton et al., 1991; Troost et al., 2012; Unger,
1996), and prevalence has not changed much in the past two decades.
One reason for this may be that it is inefficient to target the behavioral
risk factors for multimorbidities as separate entities, especially when
similar behavior change principles apply and behaviors are interrelated.

Only a few randomized control trials have intervened on multiple
risk behaviors (MRBs) simultaneously (Elmer et al., 2006; Emmons
et al., 2005a; Marcus et al., 1999; Resnicow et al., 2005; Spring et al.,
2010, 2012b), with very limited emphasis either on multiple risk out-
comes or on population level effects. These have largely been efficacy
studies that include more extensive interventions than are possible in
most primary care settings (Emmons et al., 2005b). To facilitate transla-
tion to practice, it is important to develop effective interventions that
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are both low in cost and have high reach. Development of sustainable in-
terventions for primary care is particularly important given the current
focus within health care reform on prevention. It is critical that we study
these interventions in real-world primary care settings, and learn how
to package them so that they can be sustained by health care systems.

This paper reports on the results of the Healthy Directions 2 (HD2)
trial, a cluster randomized control trial used to evaluate the comparative
effectiveness of two versions of a MRB intervention conducted in the
primary care setting. The intervention targeted physical activity, fruit
and vegetable intake, red meat consumption, multi-vitamin use, and
smoking cessation. These risk behaviors are associated with the leading
causes of chronic disease morbidity and mortality (Hung et al., 2004;
Pan et al., 2012; U.S. Department of Agriculture and U.S. Department
of Health and Human Services, 2010; Warburton et al., 2006, 2008)
and reflect behaviors that were a priority in the participating health
care system. This study compares the impact of self-guided vs. coached
interventions on reduction of these risk factors simultaneously. The pri-
mary comparison evaluated the outcomes of usual care (UC) compared
with: (1) the self-guided Healthy Directions 2 (HD2) intervention,
delivered via web or print (modality selected by the patient); and (2)
the HD2 intervention plus two brief coaching calls designed to activate
the use of the intervention materials (HD2 + CC). Cost-effectiveness of
the interventions was a secondary outcome.

Methods
Study design

HD2 was a cluster randomized control comparative effectiveness trial con-
ducted in internal medicine practices of two urban health centers of a health
care delivery system in metropolitan Boston (Greaney et al., 2014). Randomiza-
tion to three study arms occurred at the level of primary care provider (n =
33): 1) UC; 2) HD2 or 3) HD2 + CC (see CONSORT diagram, Fig. 1). HD2 and
HD2 + CC addressed the 5 target behaviors simultaneously. This study was con-
ducted between March, 2009 and November, 2011. The study was approved by
the Institutional Review Board at Harvard Pilgrim Health Care.

The primary sampling unit was the primary care physician (PCP) and there
were 3 randomization arms. Sample size was determined using methods for
studies with randomization by cluster (Donner et al., 1981), based on results
from our previous trial. We estimated that the within PCP standard deviation
would be .91, and the within subject correlation would be .5, yielding an esti-
mated variance of the difference of 1.66. We have demonstrated very low values
of within-center correlation, and thus estimated the within-PCP correlation (r)
to be .01. With a final projected N of 60 subjects per PCP and 11 PCPs in the usual
care condition, and 90 subjects per PCP and 11 PCPs in the two intervention con-
ditions, there was 80% power to detect a significant difference in the mean
change in number of risk factors (2-sided) between any two of the conditions
of 0.28 at the 5% significance level. The random allocation sequence was gener-
ated and overseen by the study biostatistician.

Participants

Patients were eligible if they: 1) were 18+ years of age; 2) could read
English; 3) had not received a diagnosis of dementia, blindness, neurodegener-
ative or psychiatric illness (previous 5 years); and 4) were not undergoing
cancer treatment (previous 12 months). Potentially eligible patients were
identified via the electronic medical record (EMR). We sent those who had a
scheduled well-care visit or chronic disease management appointment an intro-
duction letter with “opt out” information. Upon check-in, the clinic staff intro-
duced the patient to the study staff, who confirmed eligibility and obtained
informed consent. The study was presented as an effort to learn how best to
help health care providers support patients to live a healthy lifestyle. Partici-
pants then completed the baseline survey. About half (52%, n = 2440) of the
patients who were approached enrolled in the study and received a $5 gift
card after the baseline survey. We collected follow-up data via a telephone
survey at the end of the 6-month intervention and at 18 months; completers
received $5 and $20 gift cards, respectively. The data collection team was
blind to condition assignment. The retention rates were 68% at 6 months and
71% at 18-months. We received IRB approval to pull de-identified aggregate
data on non-enrollees.

Intervention conditions

Usual care (UC)

UC participants received the current standard of care offered by their individ-
ual provider; the participating practices did not have a standard practice protocol
for the target behaviors, with the exception of a referral service for the state tobac-
co control program. Thus, provision of standard materials ensured that all UC par-
ticipants received at least basic messages about the target risk factors. Four basic
health promotion brochures, published by the American Cancer Society, were pro-
vided to the UC condition participants: Living Smart; Choices for Good Health;
Cooking Smart; and Take Control of Your Health. A smoking cessation brochure,
from the state of Massachusetts' Tobacco Control Program, was also provided.

HD2 intervention (HD2)

The intervention focused on influences at the individual, interpersonal, and
community levels (McLeroy et al., 1988; Sorensen et al., 2003) that could motivate
and maintain behavior change and be sustainable. Components included: 1)
provider endorsement using a brief script (<30 s); 2) intervention materials via
web or print (patient choice) which included national recommendations in the
5 behavioral areas: quit smoking if a smoker, eat <3 servings of red meat per
week, eat 5-9 servings of fruits and vegetables daily, get at least 30 min of moder-
ate physical activity 5 or more days per week and/or walk at least 10,000 steps per
day, and take a daily multi-vitamin; tracking of each health behavior was available
on a daily basis; tips and resources to meet the recommendations were provided;
3) two tailored feedback reports (post-baseline and 6-months) focused on behav-
iors for which participants were/were not meeting guidelines; 4) materials for
participants' social network to support their behavior change efforts; and 5)
links to key community-based resources. Participants in the HD2 arms received
a bottle of multivitamins and a pedometer.

The materials emphasized changing multiple behaviors simultaneously and
focused on behavioral tracking and action planning. The website had planning
and tracking components for daily reporting on the target behaviors and provided
feedback on progress over time. The print materials had a similar mechanism de-
signed for a paper format. Action planning was introduced in the “Welcome”
booklet, where participants were encouraged to use the “Plan My Changes” book-
let to formulate reasonable and specific health goals and think about how to reach
them. Barrier reduction tips were provided. Participants chose the behaviors they
wished to change and were able to document specific ways in which to achieve
the goal(s). Participants were given two “Plan My Changes” booklets, one to be
used at the beginning of the intervention and one to be used 3 months later.
Print participants were also given a “Track My Changes” booklet, which included
printed log sheet that let them track their progress on a daily and weekly basis.

HD2 intervention plus coaching (HD2 + CC)

Participants in this arm received all of the HD2 components plus two brief
coaching calls, at 2 and 6 weeks after enrollment. The health coaches were
trained in the principles of brief motivational interviewing (Miller and
Rollnick, 1991). The calls were 5-10 min and focused on increasing engagement
with the intervention, selecting achievable goals, and developing strategies to
address barriers and meet selected goals.

Primary outcome measure

The primary outcome measure was the multiple risk behavior (MRB) score,
which ranged from 0 (met all behavioral recommendations) to 5 (met none of
the recommendations). One point was given for each behavioral risk factor
not met. Participants reported on all targeted behaviors and the results for
each behavior were dichotomized as to whether a person did or did not meet
recommended guidelines. Participants with incomplete data for one or more
behaviors at baseline assessment were classified as not meeting those behavior-
al recommendations (n = 61). Physical activity was assessed using the CDC's Be-
havioral Risk Factor Surveillance Survey (BRFSS) measure that evaluates
moderate activity (brisk walking, biking or anything that causes small increases
in breathing or heart rate) and vigorous activity (running, aerobics or anything
else that causes large increases in breathing or heart rate) during a usual week
(Estabrooks et al., 2008; Macera et al., 2001). Reported minutes of moderate and
vigorous physical activity were summed into a total number of weekly minutes,
and then dichotomized as to whether a person met the current recommenda-
tion of 150 4+ min of moderate activity or 60+ min of vigorous activity or the
equivalent per week (U.S. Department of Health and Human Services, 2008).

Fruit and vegetable intake was assessed using the “5 A Day for Better Health”
tool, a validated 7-item instrument covering different types of fruit and
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vegetable items consumed over the previous month (Serdula et al., 1993). Total
daily servings were calculated (excluding fried potatoes and French fries), with
5+servings/day being the daily recommended intake (U.S. Department of
Agriculture and U.S. Department of Health and Human Services, 2005). Red
meat intake over the previous month was assessed with an abbreviated form
of the semi-quantitative Food Frequency Questionnaire (Willett et al., 1985).
Responses were recoded and summed to obtain total servings per week and
then dichotomized, with <3 servings/week recommended (U.S. Department
of Agriculture and U.S. Department of Health and Human Services, 2005).
Multi-vitamin intake was assessed by asking respondents how many days per
week, on average, they took a multivitamin (Emmons et al., 2005a). Participants
were classified as meeting the recommendation if they reported taking a multi-
vitamin at least 6 days per week. Smoking was assessed using the BRFSS Tobacco
Use module, which assesses lifetime and current smoking (past 7 days). Non-
smokers were classified as meeting smoking guidelines.

We examined cost-effectiveness following Ritzwoller's methods (Ritzwoller
etal, 2011). Although we collected costs related to both research requirements
and intervention delivery, our cost analyses are restricted to those intervention-

related costs needed to replicate the intervention. We collected cost data for all
intervention activities, pro-rated to items needed to generate the intervention
materials and staff salaries. We estimated minutes of time spent on different
staff related activities and multiplied this by an hourly staff rate (including ben-
efits) based on the staff member position conducting the activity. For the staff
time spent during the delivery of the intervention, we considered 6 different
types of activities: (a) database management (e.g., time spent tracking partici-
pants and study related data); (b) material preparation (e.g., time spent running
algorithms to prepare materials such as the tailored feedback reports and collat-
ing materials); (c) mailing (e.g., time spent mailing incentives and study related
materials); (d) health coaching activities; (e) general correspondence with
study participants; and (f) other. We used invoices to document costs related
to text and voice reminders, as well as for costs of materials/supplies, mailing
and printing costs, and incentives used for the three conditions. We did not in-
clude material development costs as our focus was on the health plan perspec-
tive of implementation once developed. We also did not include the costs of the
usual care materials and distribution because we used free government sources
for these materials, and many PCPs routinely distribute these types of materials.

33 Providers randomized to 3 study arms
(11 providers/arm)

Excluded:
a. undergoing/completed cancer treatment

in previous 12 months;
b. diagnosis of dementia, blindness,

Age eligible patients (18+) with appropriate

other neurodegenerative, psychiatric

!

appointments identified —»|  illness, including .
substance abuse, psychosis,
schizophrenia in previous 5 years;
l c. known language barrier
Enrollment 7,287 introductory study letters sent
Did not attend medical appointment
¢ n=1,630
Approached:
Onsite recruitment by Research Assistants | 5| 0 n=167: Ineligible
(RAs) O n=2,251: Refused
Did not approach
O n=756: due to RA time constraints;
patient did not have to wait for
scheduled appointment (went directly
to exam room)
O n=43: MD asked that patient not be
Consent obtained, baseline survey completed, and randomized approached onsite (no reason given)
(n=2440; 52.0% of approached and eligible participants)
A 4
Allocated to Arm 1: Allocated to Arm 2: Allocated to Arm 3:
Usual care HD?2 intervention HD?2 intervention + coaching calls
n=625 n= 882 n=933
A 4 l l
Follow-Up Lost to Follow-Up/Withdrawal of Lost to Follow-Up Lost to Follow-Up
Consent (n=1) 6-months: n=320; 36% 6-months: n=323; 35%
6-months: n=154; 25% 18-months: n=294; 33% 18-months: n=288; 31%
18-months: n=133; 21%

Analysis

Analyzed
6-months: n=625
18-months: n=625

!

Analyzed
6-months: n=882
18-months: n=882

Fig. 1. Healthy Directions 2 study design—CONSORT figure.

!

Analyzed
6-months: n=933
18-months: n=933
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We did not include participant costs as it was not possible to accurately estimate
participant time spent on this self-guided intervention.

Data analysis

Data were collected using a cluster design with provider being the primary
sampling unit (cluster) and patient as the secondary sampling unit; the sample
was weighted proportional to the physician panel size in our analysis (weighted
n =49,415). All outcome analyses were conducted using multiple imputation
methods to account for missing data. Using SAS procedure MI we generated 10
datasets that multiply imputed missing values. Once these 10 “complete” datasets
were created, we used standard SAS programs (logistic regression, crosstabs etc.)
on each. Then we used the procedure MIANALYZE to combine the results and gen-
erate valid statistical inference. To more accurately reflect true change over the
course of the study, we controlled for baseline values of MRB. We used
polytomous logistic regression modeling of change in MRB (categorical primary
outcome: improved/stayed the same/worsened), modeling the outcome on a
priori chosen independent variables (demographics, intervention arm, etc.)
along with the continuous MRB at baseline in an ANCOVA type model.

We calculated the cost per unit change in MRB at 18 months for each of the
two interventions compared with control. Intervention costs were categorized as
personnel costs, tangible incentives, printing and mailing costs, supplies and mis-
cellaneous. In each of the two intervention groups, costs were then divided by
the number of participants to establish a per person cost. We then calculated
the difference in mean change in MRB between intervention and control. The in-
cremental cost for a change in 1 risk factor was calculated as the per person cost
divided by the difference in mean change for each intervention group.

Results
Participant characteristics

Participants were racially/ethnically diverse (45% non-White), 66%
of the population were women and 63% were married or living with a
partner (see Table 1). Only 4% of participants met all 5 behavioral rec-
ommendations at baseline, 17% met 4 recommendations, and about
half met 2 or fewer recommendations.

To assess the representativeness of the study sample, we compared
the demographic characteristics of the study participants with the

patients we contacted but who did not enroll (see Fig. 1). Women were
more likely to enroll than men, and African Americans/Blacks were less
likely to enroll than those of other race/ethnicities. To assess selection
bias, we compared participants lost to follow-up at 18 months to those
we retained in the study. Study completers included a higher proportion
of women, Whites and Hispanics (v. other racial/ethnic groups), those of
normal or overweight (v. obesity), and those in the usual care condition.

Comparative effectiveness of self-guided (HD2), coached (HD2 + CC) and
usual care (UC) interventions

HD2 and HD2 + CC both led to improvements in MRB score com-
pared with UC; 28% of UC participants had improved MRB scores
at 6 months, vs. 39% and 43% in HD2 and HD2 + CC, respectively
(p < 0.001), reflecting a 53% relative improvement for the HD2 + CC
condition (see Fig. 2). At 18 months, 31% of UC participants had improved
MRB scores, vs. 39% in HD2 and 40% in HD2 + CC (p < 0.05),
reflecting a 26% difference between UC and each of the two HD2
conditions. More participants in the UC condition (19%) had a worse
MRB score (i.e., increased the number of risk behaviors) compared
with those in the HD2 (13%) or HD2 + CC (15%, p < .05) condition at
18-months. There were no differences in outcomes between the self-
guided or coached versions of HD2 at either of the follow-up assessments.

In post-hoc subgroup stratified analyses we found similar effects
in terms of MRB outcomes in males and females at 18-months (HD2:
fp<.05 mp<=<.01; HD2 + CC: f p < .02, m p < .05 vs. usual care).
Similar effects were also found for Whites and non-Whites (HD2:
Whites p < .01, non-Whites p < .01 vs. usual care; HD2 + CC: Whites
p < .05, non-Whites p < .03 vs. usual care).

Cost effectiveness

The average cost of the HD2 intervention was $55.84 per participant
(pp), and the HD2 + CC cost was $67.55/pp. The difference in mean
change in MRB between HD2 and UC was 0.15 and between HD2 +CC
and usual care was 0.18. Thus, dividing the cost by the difference
in mean change, the incremental cost-effectiveness for a 1-unit

Table 1
Baseline characteristics of 2440 participants in the Healthy Directions 2 study.
Total Usual care HD2 HD2 +
Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Sociodemographics
Age (years)™ 49.0 (SE = 1.10) 46.7 (1.76) 51.5(1.95) 48.8 (1.71)
N (%) N (%) N (%) N (%)
Female™ 1604 (65.8%) 499 (79.4) 510 (56.6) 595 (61.9)
Race/ethnicity
White 1307 (55.0) 344 (56.4) 458 (52.7) 505 (55.8)
Black 667 (27.6) 165 (26.1) 265 (31.2) 237 (254)
Hispanic/Latino 215 (9.0) 53(8.6) 67(7.8) 95 (10.5)
Other (includes multiracial, Asian) 201 (8.5) 55(8.9) 71(8.3) 75 (8.3)
Education
<High school/GED 385 (16.0) 99 (16.0) 150 (17.3) 136 (14.6)
Some college/technical training/2 year degree 577 (23.9) 146 (23.0) 220 (25.7) 211 (23.1)
>College degree 1441 (60.0) 374 (61.0) 494 (57.0) 573 (62.2)
Married or living with a partner 1512 (62.7) 370 (60.0) 538 (62.1) 604 (66.0)
Household's financial status
Cannot make ends meet 125 (5.3) 33(5.5) 55 (6.4) 37 (4.0)
Have to cut back 476 (20.0) 125 (20.3) 167 (19.5) 184 (20.0)
Enough, no extras 683 (29.3) 188 (30.9) 239 (28.3) 256 (28.6)
Comfortable with some extras 1083 (45.5) 261 (43.2) 389 (45.7) 433 (47.4)
Multiple risk behavior (MRB) score
0 (met all 5 recommendations) 99 (4.0) 24 (3.7) 37 (4.3) 38 (4.0)
1 (met 4 recommendations) 419 (17.3) 103 (16.9) 156 (17.7) 160 (17.1)
2 (met 3 recommendations) 744 (31.3) 199 (32.7) 266 (31.3) 279 (30.1)
3 (met 2 recommendations) 771 (32.6) 200 (33.0) 263 (30.5) 308 (34.3)
4 (met 1 recommendations) 313 (13.0) 71 (11.5) 123 (14.4) 119 (13.1)
5 (met none of the recommendations) 41 (1.8) 13(2.1) 16 (1.9) 12 (1.3)

* p < .001.
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Fig. 2. Change in multiple risk behavior score by intervention condition at the end of intervention (6 months) and at 18 months post-baseline, controlling for baseline.

improvement in the MRB score was $310 for HD2 and $450 for
HD2 + CC.

Discussion

The HD2 intervention, with and without coaching calls, significantly
improved the MRB score among a large and diverse population of primary
care patients, reflecting between a 25% and 50% improvement over usual
care (18- and 6-month follow-ups, respectively). The study is one of the
few conducted in the primary care setting to examine behavior change
across multiple risk factors simultaneously. In addition, the study was de-
signed to explicitly address two questions posed to us by the participating
health care system, which was interested in low-cost, high-reach inter-
ventions that ultimately result in lower risk of chronic disease.

The first question was, “What is the added benefit of coaching over
self-guided interventions?”. In this population, phone-based coaching
did not further improve outcomes over and above the self-guided for-
mats of the intervention. However, both the self-guided and coached
forms of HD2 led to similarly improved MRB outcomes over usual care.

A second question was “What are the associated costs and effects
of the different interventions?”. Over a 6-month period, the HD2 and
HD2 + CC arms cost $310 and $450, respectively, for 1-point improve-
ment in the 0-5 MRB score. It may be useful to contrast the cost of HD2,
which targets behaviors that can significantly reduce risk of hyperten-
sion and elevated lipids, with that of a 6-month supply of Crestor,
which costs approximately $1056 (Consumer Reports Health, 2012).
Long-term medical treatment of chronic diseases associated with the
target risk behaviors is extremely costly for the health care system as
well as for the patients. No studies in the literature provide cost-
effectiveness analyses for multiple risk behavior change among general
primary care populations. A previous multiple behavior intervention,
Project PREVENT, conducted with patients who were at risk for colon
cancer, included a cost analysis (Emmons et al., 2005a). Patients re-
ceived the intervention shortly following diagnosis and removal of ade-
nomatous colon polyps. The net per-person cost of the PREVENT
intervention (delivered by phone and mail) over UC was $45.53, or
$228 per unit change in multiple behavior score. A telephone-
delivered intervention for physical activity and diet among patients
with existing chronic disease had intervention costs between $410
and $570 per participant (Graves et al., 2009). Ritzwoller et al. conduct-
ed cost analyses for a multiple behavior intervention study for Latinas
with diabetes, jViva Bien! (Ritzwoller et al., 2011). The intervention
costs $7723 in both per unit reduction in hemoglobin Alc and per unit
reduction in body mass index, although cost per unit behavior change
was not provided, making comparisons to the present study difficult.
In a web-based intervention for fruit and vegetable consumption,

Sukhanova et al. (2009) found that the cost per additional serving of
fruit and vegetables per day was $35 in a tailored website condition,
and $61 for the tailored condition plus personalized counseling via
email. HD2 targeted multiple risk factors and focused on reduction of
the number of risk factors rather than movement within risk factors
on a continuous scale (e.g. meet fruit and vegetable recommendation
by eating 5 servings/day, vs. increase intake from O to 1 serving/day).

Together, the answers to these two questions suggest that a self-
guided intervention like HD2 can improve chronic disease risk behaviors
in a real-world setting at reasonable cost. Of note, this study demonstrates
little added impact of brief coaching over the self-guided HD2 arm. We
tried to address concerns in the literature about the cost and difficulty
sustaining telephone counseling, and thus tested very brief phone
coaching that was designed to activate participants to use the other inter-
vention strategies. The added cost of the two coaching calls was modest
($11.71), but did not yield significantly improved outcomes over HD2
alone. Thus, our findings suggest that if phone coaching is to be used, a
more comprehensive version may be needed to add benefits over self-
guided intervention elements. The costs of the self-guided HD2 interven-
tion could be further reduced by utilizing an established delivery
platform, such as an EMR, but the costs of coaching would be static.
These findings are particularly important when considering prevention
of chronic disease by reducing risk behaviors, compared with chronic
disease management. Spring et al. (2012b) addressed cost concerns by
evaluating a remote coaching intervention, delivered via mobile technol-
ogies, in combination with financial incentives for behavioral tracking
among 204 adult volunteers. Significant improvements were found in
fruit and vegetable intake and sedentary behavior. Further research is
needed to identify strategies for enabling widespread use of evidence-
based self-guided and mobile interventions in primary care settings.

There have been several calls to enhance the effectiveness of brief in-
terventions in the health care setting and to boost their sustainability
(Coups et al., 2004; Ockene et al., 2000; Orleans, 2004; Prochaska
et al.,, 2010; Spring et al., 2012a); (Glasgow et al., 2001, 2002; Klesges
et al., 2005). Tunis et al. (2003) argue that intervention studies should
include realistic alternative treatment comparisons. HD2 was designed
specifically to simulate real world conditions for participant enrollment
and intervention delivery and to explore the impact of different inter-
vention modalities. One factor in HD2 that may have enhanced its
success was allowing participants to select whether they received the
intervention via print materials or a website, which may enhance en-
gagement and satisfaction. In addition, the intervention addressed all
five risk behaviors, which may have facilitated choice and engagement,
as well as increasing applicability to a broad population. Fidelity to the
intervention is another important consideration, and one which will
be explored in subsequent analyses.
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Study limitations should be noted. The 52% enrollment rate is not as
high as in some efficacy studies. However, it is higher than in many sim-
ilar trials conducted within health care settings (e.g. 2% for a web-based
multiple risk behavior intervention in primary care (Dickinson et al.,
2013); 28% for a primary care intervention focused on weight loss and
physical activity (Hardcastle et al., 2013)). In the context of a real
world comparative effectiveness study, this gives similar health care
systems a realistic view of the likely intervention impact. This real
world approach is reflected in the use of a modest incentive at enroll-
ment ($5 for completion of baseline survey) and the fact that we
approached patients only once to enroll. The response rate to the 18-
month follow-up assessment was 75%. Given the practice-based nature
of this study, and when compared with similar studies, this rate of
retention is adequate. Outcome analyses incorporated best practice
approaches to handling missing data. All outcomes were self-reported,
as is typical of large population-level studies. The MRB score was col-
lected via two forms of administration (paper and phone interview),
which resulted from efforts to implement the study in a generalizable
fashion while simultaneously maximizing follow-up rates. However,
in neither case was the data collected by an in-person interviewer,
and thus it is likely that the measurement bias would be minimized.
Finally, our MRB score does not reflect weighting of risk factors in
terms of health effects or stage of readiness to change, as it is difficult
to do so across a wide spectrum of potential chronic disease outcomes
in a meaningful way.

Study strengths include a large and diverse sample, drawn from the
patient panels of 33 physicians, and analysis appropriate to a cluster-
randomized design. In addition, we developed the study specifically to
address issues facing health care administrators who are trying to deter-
mine how to best design behavior change interventions for their popula-
tions that have increasing multiple risk behaviors and multimorbidities.

We conducted HD2 within the context of everyday primary care, in
which patients present with a range of risk factors. Thus, our findings
contribute to practice-based evidence regarding implementation
decisions in practice settings (Glasgow et al., 2006; Green, 2006, 2008;
Institute of Medicine, 2001). This study demonstrated that a self-
guided intervention, delivered in the primary care setting via multiple
and flexible formats, can lead to improvements in multiple risk behav-
iors at modest cost. Integrating interventions like HD2 into the primary
care setting will give health care providers practical and effective tools
for stemming the tide of multimorbidities.
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