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Background: Four health behaviors—smoking, risky drinking, physical inactivity, and unhealthy
diets—contribute substantially to health care burden and are common among primary care patients. How-
ever, there is insufficient evidence to recommend broadly brief interventions to address all 4 of these in
frontline primary care. This study took advantage of a multinetwork initiative to reflect on health behavior
outcomes and the challenges of using a common set of measures to assess health behavior–change strategies
for multiple health behaviors in routine primary care practice.

Methods: Standardized, brief practical health behavior and quality of life measures used across 7 prac-
tice-based research networks (PBRNs) with independent primary care interventions in 54 primary care prac-
tices between August 2005 and December 2007 were analyzed. Mixed-effects longitudinal models assessed
whether intervention patients improved diet, physical activity, smoking, alcohol consumption, and unhealthy
days over time. Separate analyses were conducted for each intervention.

Results: Of 4463 adults, 2199 had follow-up data, and all available data were used in longitudinal analy-
ses. Adjusting for age, race/ethnicity, education, and baseline body mass index where available, diet scores
improved significantly in 5 of 7 networks (P < .02). Physical activity improved significantly in 2 networks but
declined in one network (P < .024). The likelihood of being a current smoker was reduced in 2 of 5 net-
works (P < .0001), and average alcoholic drinks per day was reduced in 2 network s (P < .02). Participants
reported fewer unhealthy days at follow-up in 3 of 7 networks (P < .01). Details of implementation and the
limitations in instrumentation help contextualize these modest outcomes.

Conclusions: Although some patients in these 7 PBRNs improved in several health behaviors and
quality of life, the strength of evidence for field-ready methods to address multiple health risk behav-
iors remains elusive. The use of common measures to assess changes in 4 unhealthy behaviors was
achieved practically in PBRNs testing diverse strategies to improve behaviors; however, variations in
implementation, instrumentation performance, and some features of study design overwhelmed poten-
tial cross-PBRN comparisons. For common measures to be useful for comparisons across practices or
PBRNs, greater standardization of study designs and careful attention to practicable implementation
strategies are necessary. (J Am Board Fam Med 2012;25:701–711.)
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Despite efforts to curb unhealthy diets, to increase
physical activity, to reduce smoking, and to limit
risky drinking, a substantial proportion of US citi-

zens require improvement in these areas. Primary
care offices in the United States have been charac-
terized as underutilized sites for routine screening of
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patients for the multiple health risk behaviors of low-
quality diets, physical inactivity, cigarette smoking,
and risky drinking.1–5 Although it has been suggested
that primary care practices could contribute signifi-
cantly if they routinely addressed these health be-
haviors, which contribute to chronic disease and
cancer,5,6 it is unclear if wider deployment of suc-
cessful strategies will lead to improved health be-
haviors over time. A growing literature about ef-
forts to address these multiple health behaviors
simultaneously or sequentially has yielded modestly
successful results,8–14 and there is a need for more
information about real-world applications.16,17

Previous work confirmed that unhealthy behav-
iors persist in primary care populations, consistent
with national surveillance data. In a sample of 67
primary care practices, 96.8% of adult patients had
at least one unhealthy behavior and 69.2% had 2 or
more unhealthy behaviors of unhealthy diet, under-
activity, or smoking.17 However, it is not known if
more widely implemented primary care interven-
tions would result in meaningful changes to prac-
tical measures of health behaviors or quality of life.
Prescription for Health was an initiative designed
to address 4 health behaviors through innovative
and practical strategies that was conceived and im-
plemented independently by 10 practice-based re-
search networks (PBRNs). Strategies included in-
terventions such as practice redesign, new staff
roles, connections to community resources, and
in-office counseling.

In Prescription for Health, multiple PBRNs
shared longitudinal health behavior and quality of
life data from their projects that could be examined
to determine if any changes were detectable in
patients who received health behavior counseling
interventions. This study took advantage of the
multinetwork initiative to (1) report on important
health behavior outcomes assessed by a common
set of measures and (2) reflect on the challenges of

studying multiple health behavior change strategies
in routine primary care practices across multiple
research networks.

Methods
Setting and Design
Prescription for Health focused on 4 leading health
risk behaviors associated with premature death—
unhealthy diet, physical inactivity, tobacco use, and
risky alcohol use—in 2 rounds of funding.18 Round
2 of the program funded 10 PBRNs to test further
interventions to improve health behavior change in
these 4 target behaviors among primary care pa-
tients.17 Nine PBRNs collected adult data, and 7
included follow-up patient contacts that could be
used for evaluation of change in patient behaviors.
(One PBRN did not submit timely follow-up data;
another did not have longitudinal follow-up data
because of its study design. Another PBRN col-
lected only adolescent data.) Data were collected
between August 2005 and December 2007. The
Prescription for Health National Program Office
formalized the study as Common Measures, Better
Outcomes (COMBO) and assumed responsibility
for combining and analyzing the combined data.
The COMBO study was approved by the Colorado
Multiple Institutional Review Board. Individual
PBRN projects were approved by their respective
human subjects review boards.

Each PBRN designed and implemented its own
project, with differing interventions, target popu-
lations, data collection methods, and durations.
Conceptual standardization was enhanced by re-
quiring that all interventions address the Chronic
Care Model19 and consider how to address a plan-
ning, evaluation, and reporting framework known
as RE-AIM (reach, effectiveness, adoption, imple-
mentation, and maintenance).20 Patient follow-up
intervals from baseline were established by each
PBRN and ranged from 4 weeks to 11 months.
Despite their design differences, the projects shared
several important elements: they addressed all 4
health behaviors, they assessed and monitored these
health behaviors using common measures, and they
linked patients to counseling resources (either within
or outside of the practice) (Table 1). However, be-
cause of substantially different study designs and
interventions, this analysis was not able to compare
directly the effectiveness of different interventions.
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Independent Variables
Demographic characteristics were designed to be
consistent with the Behavioral Risk Factor Surveil-
lance System; included sex, age, income, and edu-
cation; and were available in English or Spanish.23

Baseline weight and height measurements were
used to calculate body mass index.

Outcomes
Based on previous work by Glasgow et al24 and
feedback from the PBRNs, a set of 21 questions
comprised the adult assessment tool for the health
behaviors.18,20 The final set of questions were
slightly modified from those recommended by
Glasgow et al24 but were agreed on by all the

investigators in Prescription for Health. (See Fer-
nald et al17 for the full text of the questions used.)
All questions were available in English or Spanish.

Diet
The diet instrument asked about 7 food habits: fast
food, fruits/vegetables, sweet drinks, protein, chips/
crackers, desserts, and fats eaten during the last 7
days.25 Ordinal values were assigned to each re-
sponse range. Summing the values provided a score
of 0 to 14, where 14 represented the least healthy
diet habits. Imputation for up to 2 of the 7 missing
dietary questions was implemented, substituting
the mean of the completed responses for that indi-

Table 1. Summary Description of the Multiple Health Behavior Interventions, Health Risk Data Collection Methods,
and Study Designs

PBRN ID Intervention Description

1 Practices collaborated with a local health department to use an extension agent model to promote screening,
counseling, and use of community resources.
Intervention: used IT, new/modified staff roles, and counseling outside the practice
HRA: self-administered by computer
Design: longitudinal; no comparison group

2 A community health educator referral liaison was available to practices to provide patients with health
behavior counseling, follow-up, and assistance in connecting to community resources.
Intervention: used new/modified staff roles and counseling outside the practice
HRA: administered by liaison
Design: group (practice) randomized; control received physician referral only

3 Family screening assessments were conducted during modified well visits for children aged 2 years, and
families were directed to health behavior counseling.
Intervention: used new/modified staff roles and counseling outside the practice
HRA: administered by nurse staff as part of screening tool
Design: quasi-experimental; practices were assigned to groups

4 Patients were connected to web-based tools that promoted health behavior change accompanied by an IVR
telephone system to prompt website use.
Intervention: used IT, population screening/outreach, and counseling outside the practice
HRA: self-administered by computer
Design: patient randomized; control received usual care

5 Practice enhancement assistants provided performance feedback, training, practice change facilitation, and
local quality improvement collaboratives for behavior change.
Intervention: used new/modified staff roles, population screening/outreach, and counseling outside the
practice
HRA: self-administered by paper forms
Design: practices randomized to receive different sets of health behavior-specific modules in time-ordered
blocks

8 Existing medical assistants identified patients at risk for unhealthy behaviors then offered counseling and
referred to community resources.
Intervention: used new/modified staff roles, population screening/outreach, and counseling outside the
practice
HRA: self-administered by paper forms
Design: patient randomized; control received usual care.

9 Patients connected to an IVR telephone system to promote health behavior change and deliver counseling.
Intervention: used IT and counseling outside the practice
HRA: self-administered via the IVR system
Design: patient randomized; control received only printed educational materials

Adapted from Etz et al (2008)20 and Dodoo et al (2008).21

HRA, health risk assessment; IT, information technology; IVR, interactive voice recognition; PBRN, practice-based research
network.
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vidual.25 A reduction in the summed diet score was
considered an improvement.

Physical Activity
The International Physical Activity Questionnaire
(short version) was used to measure physical activ-
ity through metabolic equivalent-minutes, a con-
tinuous, universal, weighted sum of weekly exercise
of different intensities and durations.26 Respon-
dents were asked about time spent being physically
active during the past 7 days and were classified as
underactive if they had fewer than 5 days of at least
30 minutes of vigorous or moderate physical activ-
ity per week. Change in underactive status was
evaluated.

Smoking
Questions about smoking asked if patients had ever
smoked at least 100 cigarettes in their entire life
and if they had smoked in the past 7 or 30 days.
Those who smoked at least 100 cigarettes in their
lifetime and smoked within the past 30 days at
baseline were considered a current smoker. Both
change in smoking status and number of cigarettes
per day were assessed.

Alcohol
Questions from the Behavioral Risk factor Surveil-
lance System 2003 were used to assess alcohol con-
sumption in the past 30 days. If patients drank on at
least 1 day in the past week or month, they were
asked for the average number of drinks consumed
on those days. An average number of drinks per day
was calculated for those who had at least one drink
in the past 30 days. Change in average drinks per
day was assessed.

Quality of Life
Patients’ perceived health-related quality of life
(HRQOL) was captured through the Centers for
Disease Control and Prevention’s Healthy Days
core measures (4-item HRQOL).27 These ques-
tions asked separately about the number of days
during the past 30 that respondents felt physical
and mental illness or injury. Summing these values
and truncating at 30 days as described by the Cen-
ters for Disease Control and Prevention’s guide-
lines provided the overall unhealthy days outcome.
Change in number of unhealthy days was assessed.

Statistical Analyses
After an initial exploration of the data that examined
characteristics of interventions associated with suc-
cess, it was determined that the populations studied,
research designs, and interventions were sufficiently
diverse that meta-analyses were not appropriate.
Thus, separate analyses were conducted for each
PBRN. Descriptive statistics and frequency distribu-
tions were generated for patient characteristics; t tests
and �2 tests were used to identify differences between
patients who had follow-up data and who did not have
any follow-up contact. Statistical analysis was per-
formed using SAS software (version 9.2 for personal
computer, SAS, Inc., Cary, NC).

Five sets of analyses for each PBRN were con-
ducted to assess whether patients who received the
intervention improved over time on diet, physical
activity, smoking, alcoholic drinks per day, and un-
healthy days. Three-level, hierarchical, mixed effects
models using all available data and adjusted for clus-
tering of observations within patients and patients
within practices were used to assess baseline to fol-
low-up change in patient-reported outcomes.28 For
one PBRN (PBRN 3) there were too few practices to
estimate practice random effects, so practice was in-
cluded in the model as a fixed effect with only patient
random effects. When comparison or control groups
were available, separate analyses were conducted to
examine change in outcomes over time along with a
direct comparison of change by study group. Patient
covariates that were significant at P � .2 in bivariate
associations for any PBRN on any outcome or asso-
ciated with dropout were included in all analyses (age,
sex, education, and race/ethnicity). For each patient,
baseline (time 0) was established as the day of the
initial patient contact.

Although average time to follow-up is reported for
all PBRNs, this study used a before/after approach to
analyze data within each PBRN based on baseline and
final observations. Among subjects with follow-up
data, 89% had a total of 2 observations and 11% had
3 observations; for the latter only the first and last
observations were used in analysis. Because of the
high dropout rates in the individual PBRNs, sensitiv-
ity analyses were performed, assuming no improve-
ment in patients who did not have follow-up data.
These analyses also used a before/after approach on
the basis of the first and last observations for each
patient, with a last value carried forward imputation
for patients without follow-up.
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Results
Study Population
A total of 4463 adult patients from 54 practices in
7 PBRNs were included in the study; 3768 patients
were assigned to receive interventions for risk be-
havior reduction and 785 were assigned to control
or comparison groups. Of all patients, 2264 did not
have any follow-up contact, 1949 had one fol-
low-up contact, and 250 had 2 follow-up contacts,
for a total of 2199 with follow-up; of those with
follow-up, 1777 were intervention patients and 422
were in control or comparison groups. Comparisons
of those with follow-up data with those with no fol-
low-up data are shown in Table 2. Patients with at
least one follow-up contact were older, less likely to
be African American, more educated, had higher in-
comes, and were less likely to be smokers than pa-
tients with no follow-up contact (all P � .05).

The mean interval from baseline to final fol-
low-up assessment varied across PBRNs, ranging
from 31 days to 359 days (Table 3). Sample sizes for
baseline and follow-up for each health behavior and
network appear in Table 3.

Outcomes
Diet
After adjusting for age, sex, race/ethnicity, and ed-
ucation, diet scores improved significantly (de-
creased) from baseline to follow-up among inter-
vention patients in 5 of the 7 networks (PBRNs 2,
4, 5, 8, and 9; P � .05; Figure 1). In sensitivity
analyses using imputed follow-up data for study
dropouts (assuming no improvement among drop-
outs), effects remained significant for all 5 networks
that initially demonstrated improvement.

Table 2. Comparison of Patient Characteristics at Baseline for Those With and Without Follow-up Observations

Baseline Patient Characteristics
Follow-Up
(n � 2199)

No Follow-Up
(n � 2264) P

Outcomes
Diet score 5.66 (2.57) 5.58 (2.54) .2854
Physical activity (MET-minutes) 2099 (2735) 2131 (2672) .7075
Average drinks per day 0.3003 0.3336 .3175
Current smokers 26.2 32.0 .0001
Unhealthy days 25.4 22.0 .0810

0 38.7 38.5
1–13 36.0 40.0
�14

Women 74.3 74.1 .8866
Age (years) 50.8 (15.8) 44.2 (15.7) <.0001
Race/ethnicity <.0001

Non-Hispanic white 62.4 56.7
Non-Hispanic black 11.6 19.2
Hispanic/Latino 20.9 18.9
Other race 5.1 5.2

Education <.0001
�HS 14.0 12.3
HS graduate/GED 28.9 20.4
�HS 54.0 35.6
Nonrespondent 3.1 31.6

Income ($) <.0001
�25,000 41.3 32.9

25,000–49,999 21.6 12.3
�50,000 22.2 13.5
Nonrespondent 14.9 41.3

BMI 31.6 (8.4) 31.1 (8.2) .0527

Values provided as mean (standard deviation) or %.
Data from Prescription for Health: COMBO study.
BMI, body mass index; HS, high school; MET, metabolic equivalent.
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Physical Activity
After adjusting for age, sex, race/ethnicity, im-
provement in physical activity was observed in 2 of
the networks (PBRNs 4 and 5; P � .05; Figure 2).
One network observed a decrease in physical activ-
ity over the average 349-day follow-up interval. In
sensitivity analyses with imputed follow-up data for
patients who dropped out of the study (assuming no
improvement), none of the PBRNs demonstrated
statistically significant improvement (all P � .05).

Smoking
Analysis of smoking outcomes was not possible in 2
networks because of the small sample size and too
few smokers. Of the remaining 5 networks, the
likelihood of being a current smoker was reduced
significantly at follow-up for patients in the inter-
vention in 2 PBRNs (P � .05; Figure 3). These
effects remained statistically significant in sensitiv-
ity analyses with imputed follow-up data for drop-

outs, assuming dropouts continued smoking. Anal-
ysis of number of cigarettes per day yielded slightly
different results, with statistically significant reduc-
tion for 2 PBRNs (PBRN 2, P � .0001; PBRN 5,
P � .0288).

Alcohol
Among the 6 PBRNs that collected data about
alcohol use, 2 showed significant decrease in the
average number of drinks consumed per day (P �
.05; Figure 4). These effects remained significant in
sensitivity analysis with imputed follow-up data for
dropouts, assuming no decrease among dropouts.

Quality of Life
There were significantly fewer unhealthy days at
follow-up in 2 of the 7 networks in adjusted anal-
yses (all P � .05; Figure 5); however, all interven-
tions produced changes in the expected direction
on quality of life measures. In sensitivity analysis,

Table 3. Analytical Sample Sizes for Each Outcome by Practice-Based Research Network (PBRN) (Baseline/Follow-Up)
and Health Risk Assessment Follow-Up Intervals

PBRN ID Diet Physical Activity Smoking Alcohol Quality of Life Days to Final Follow-Up Assessment*

1 848/174 871/172 873/173 850/105 233/164 186 (43), 181
2 422/294 421/294 424/294 421/292 420/293 177 (47), 188
3 157/79 155/76 155/78 0/0 149/79 292 (70), 282
4 88/39 87/39 88/39 88/39 88/39 158 (44), 181
5 1573/872 1514/849 1568/849 1512/869 1237/695 31 (0), 31
8 386/236 363/237 405/236 112/27 344/231 349 (84), 359
9 88/45 88/46 † 87/45 86/13 199 (62), 196

*Values shown as mean (standard deviation), median.
†Smoking calculations for PBRN 9 were attempted but there were too few patients at follow-up.

Figure 1. Change in diet scores among intervention patients. PBRN, practice-based research network.

 
PBRN:  std. error, (lower, upper bound), p value 

PBRN 1: 0.1697, (-0.56511, 0.10011), 0.1528 

PBRN 2: 0.1416, (-2.29114, -1.73606), <0.0001 

PBRN 3: 0.2857, (-0.97217, 0.14777), 0.152 

PBRN 4: 0.3292, (-1.87913, -0.58867), 0.0007 

PBRN 5: 0.06802, (-0.34742, -0.08078), 0.0022 

PBRN 8: 0.1949, (-1.5384, -0.7744), <0.0001 

PBRN 9: 0.324, (-1.43964, -0.16956), 0.02 
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replacing missing data with imputed values for
dropouts and assuming no improvement among
dropouts, these results remained statistically signif-
icant for 2 PBRNs (PBRNs 2 and 8).

Outcomes for PBRNs with Comparison Groups
There were only limited data to assess the effects of
the interventions by comparing intervention groups
with comparison groups. Four PBRNs included data
from comparison groups of patients. Direct compar-
ison of change in intervention patients versus change
in controls was statistically significant for only one
PBRN (PBRN 8; P � .0214) on one health outcome
(smoking), indicating greater reduction in smoking
rates in the intervention group compared with con-

trols. Although statistically significant changes among
some control group patients were observed in diet
scores (PBRNs 4, 8, and 9), physical activity scores
(PBRN 4), and unhealthy days (PBRN 8), these did
not differ significantly (P � .05) from patients in the
intervention groups.

Discussion
Although the overall results are somewhat encourag-
ing, the COMBO study offered several important
lessons for collaborative PBRN studies, particularly
studies that address multiple health risk behaviors.
With data from 54 practices in 7 PBRNs testing
diverse interventions with practices in 11 states, the

Figure 2. Change in physical activity among intervention patients. MET, metabolic equivalent; PBRN, practice-based
research network.

 

PBRN: std. error, (lower, upper bound), p value 

PBRN 1: 0.04026, (-0.08759, 0.07023), 0.8296 

PBRN 2: 0.02566, (-0.02038, 0.0802), 0.2447 

PBRN 3: 0.0654, (-0.13853, 0.11783), 0.8177 

PBRN 4: 0.08476, (-0.37813, -0.04587), 0.0169 

PBRN 5: 0.01785, (-0.07557, -0.00559), 0.0233 

PBRN 8: 0.03467, (0.09355, 0.22945), <0.0001 

PBRN 9: 0.08056, (-0.2842, 0.0316), 0.1244 

Figure 3. Change in proportion of current smokers in intervention patients. PBRN, practice-based research
network.

 

 

 

 

 

 

 

 

 

PBRN: std. error, (lower, upper bound), p value 

PBRN 1: 0.01752, (-0.06683, 0.00185), 0.0641 

PBRN 2: 0.0139, (-0.08897, -0.03449), <0.0001 

PBRN 3: 0.00405, (-0.00694, 0.00894), 0.9657 

PBRN 5: 0.00746, (-0.0186, 0.01062), 0.595 

PBRN 8: 0.02473, (-0.16567, -0.06873), <0.0001 
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analysis showed that unhealthy behaviors generally
improved for patients who participated in the inter-
ventions. A majority of networks showed statistically
significant improvements in diet scores among inter-
vention patients, whereas only 2 networks showed
statistically significant improvements in physical ac-
tivity, alcohol consumption, and rates of smokers.
Although all networks reported a reduction in the
number of unhealthy days (HRQOL) this was statis-
tically significant in 2 of the networks. Since this
COMBO PBRN study, other studies of multiple
health risk behaviors also have found uneven and
modest improvements across behaviors.8,12,14

Methodologic Challenges
The ambitious aims to standardize patient mea-
sures and to embed RE-AIM evaluation principles

across 7 PBRNs were intended to yield a better
understanding of the results. In fact, this amplified
our understanding of limitations in the instrumen-
tation, project implementation, and interpretation
of the outcomes.

Instrumentation
Despite careful attention to selection of common
data collection instruments, the utility of these
measures in routine primary care proved challeng-
ing. The baseline data identified potential problems
with data on some of the instruments (especially
the International Physical Activity Questionnaire),
including missing data, instrument complexity, and
general difficulties addressing problem drinking in
primary care.17 Although some patients may have
completed some of the health behavior questions,

Figure 4. Change in average drinks per day in intervention patients. PBRN, practice-based research network.

 

 

 

 

 

 

 

 

 

 

PBRN:  std. error, (lower, upper bound), p value 

PBRN 1: 0.00909, (-0.04004, -0.00442), 0.0162

PBRN 2: 0.02688, (-0.12268, -0.01732), 0.0097

PBRN 4: 0.06562, (-0.09837, 0.15887), 0.6474

PBRN 5: 0.0173, (-0.00398, 0.06384), 0.084

PBRN 8: 0.2578, (-0.96589, 0.04469), 0.0973

PBRN 9: 0.1107, (-0.18031, 0.25363), 0.7422

Figure 5. Change in number of unhealthy days in intervention patients. PBRN, practice-based research network.

PBRN: std. error, (lower, upper bound), p value 

PBRN 1: 0.7173, (-1.92801, 0.88381), 0.4678 

PBRN 2: 0.6958, (-4.74027, -2.01273), <0.0001 

PBRN 3: 1.1929, (-3.27478, 1.40138), 0.4349 

PBRN 4: 1.2612, (-4.56535, 0.37855), 0.1052 

PBRN 5: 0.3813, (-1.86285, -0.36815), 0.0036 

PBRN 9: 1.992, (-5.20722, 2.60142), 0.1567 
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without complete instruments (items missing), out-
come variables could not be computed. The prob-
lems of missing item-level data meant that even
fewer cases were likely to be included in the analysis
at follow-up, which was further compounded by
low follow-up rates in some networks. Simpler in-
struments, such as the diet questionnaire, may help
to avoid these problems in future work.

Implementation
There was optimism early in the design of the
COMBO study that some level of cross-PBRN
comparative analysis would be possible based on
our understanding of similarities in the study de-
signs of the individual PBRNs. As our understand-
ing of the projects grew during implementation and
data reporting, the prospects for such comparative
analysis grew dim. The program office and evalu-
ation team required projects to help document im-
plementation of their interventions. Their reports
helped illuminate how difficult real-world, practical
trials can be.21,29 Other Prescription for Health
investigators noted that implementation of inter-
ventions were uneven and difficult in some net-
works.30,31 Although the ability to implement an
intervention is important to consider when evalu-
ating the utility of an intervention in practices, it
was not possible in this study to assess how imple-
mentation variance affected the outcomes or how
to interpret positive findings.

Interpretation
Among the 4 health behaviors, dietary scores stood
out in terms of both significant improvements and
better measurement. Furthermore, findings re-
garding dietary improvement were robust even
when assuming no improvement among patients
with no follow-up data. Yet there are further les-
sons concerning the interpretation of the results.
The relative success of changes in diet versus the
other health behaviors may have been because of
the differential effects of the intervention, the dif-
ficulty of change over the follow-up period for
other health behaviors, the relative sensitivity to
change of the different instruments, or the relative
ease of imputing missing item-level data for diet
scores compared with other health behavior out-
come data. The present study design did not allow
us to distinguish among these explanations. Al-
though the results here are consistent with other
evidence using the same instrument,32 the clinical

significance of the findings are unclear. Individual
diets improved overall (Figure 1). When statistically
significant, patients improved between .5 and 2
points. This could mean, for example, that they re-
duced their frequency of eating snacks, chips, or fast
food from 4 or more times per week to 3 or fewer
times, or from 2 to 3 times per week to 1 or fewer. It
could mean they are increasing the frequency of serv-
ings of vegetables or healthy proteins. The instru-
ment itself is designed for “starting the conversation”
with patients and hence may be more effective on
an individual counseling basis than for understand-
ing specific practice- or project-level effects.

The length of follow-up also played a role in the
data we analyzed. Figure 3 displays the change in
rates of current smokers. This means that patients
had not smoked a cigarette in the past 30 days. In
one network with significant improvement (PBRN
2) the follow-up was at about 6 months; in the other
(PBRN 8) the follow-up was at about 11 months.
We do not know if the nonsmoking status was
sustained beyond this or what exactly happened
between baseline and follow-up. Furthermore, in
PBRN 8’s analysis, improvement in smoking rates
among intervention patients was not large enough
to demonstrate statistically significant difference
from their comparison group.

Even less clear are the outcomes of problem
drinking (Figure 4). The 2 networks showing sta-
tistically significant decreases in the average drinks
consumed per day was less than one tenth of a
drink. On an individual patient level, it is not
known if this contributes meaningfully to a sus-
tained reduction in drinking to a range outside of
heavy or problem drinking.

Variation in Practice Population and Performance
Overall, the proportion of cases with follow-up
data were less than 50% and those with follow-up
data were older, were less likely to be African
American, were more educated, had higher in-
comes, and were less likely to be smokers. It is clear
that although many patients initially enrolled in the
interventions, many did not have continued en-
gagement with the PBRN study. The analysis may
represent types of patients who are more likely to
maintain engagement with health behavior inter-
ventions, more likely to respond to follow-up sur-
veys, or simply more likely to return for follow-up
visits in routine primary care, and this sample of
patients may not be generalizable to all primary
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care practices in the United States. These data were
self-reported and are subject to overreporting or
underreporting, especially the potential overre-
porting of physical activity.33 Differences in data
collection may have led to unknown differences in
the data across networks. Several networks have
reported results based on their own analyses of
their network’s data.30,34,35 Because our analysis
used different statistical methods and different out-
come variable definitions, findings of specific
health behavior outcomes may be different.

Recommendations
Even after choosing common measures, cross-net-
work studies that aim to combine data from across
PBRN-tailored interventions could benefit from
(1) a requirement of standardized data collection
methods, (2) standardized follow-up periods, (3) an
emphasis on retaining patients in the study even if
they choose to not participate in the intervention,
and (4) inclusion of control groups.

Conclusions
Although some patients in these 7 PBRNs improved
in several health behaviors and quality of life, the
strength of evidence for field-ready methods to ad-
dress multiple health risk behaviors remains elusive.
The use of common measures to assess changes in 4
unhealthy behaviors was practically achieved in
PBRNs testing diverse strategies to improve behav-
iors. Nonetheless, variations in implementation, in-
strumentation performance, and some features of
study designs overwhelmed potential cross-PBRN
comparisons. Primary care interventions and instru-
mentation that address diet seem to be the most
promising for demonstrating change over time
among patients. For common measures to be useful
to compare across practices or PBRNs, greater stan-
dardization of study designs and careful attention to
practicable implementation strategies are necessary.
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