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ABSTRACT
Alternatives to individual behavior change methods have
been proposed; however, little has been done to investigate
how these methods compare. To explore the four methods
that quantify change in multiple risk behaviors targeting
four common behaviors, we utilized data from two cluster-
randomized, multiple behavior change trials conducted in
two settings: small businesses and health centers.Methods
used were (1) summative, (2) z-score, (3) optimal linear
combination, and (4) impact score. In the small business
study, methods 2 and 3 revealed similar outcomes.
However, physical activity did not contribute tomethod 3. In
the health centers study, similar results were found with
each of the methods. Multivitamin intake contributed
significantly more to each of the summary measures than
other behaviors. Selection of methods to assess multiple
behavior change in intervention trials must consider study
design and the targeted population when determining the
appropriate method/s to use.
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INTRODUCTION
The main causes of morbidity and mortality (heart
disease, cancer, etc.) are influenced by multiple health
behaviors [1]. Amajority of adults meet criteria for two
or more risk behaviors [2, 3]. The Institute of Medicine
estimated that 60,000 cancer deaths and 100,000 cases
of cancer could be prevented in the USA each year by
2015, if more people adhered to the cancer prevention
recommendations currently available [4]. These rec-
ommendations are also applicable to many common
chronic diseases in the USA and globally.
Although disease prevention/health promotion

interventions increasingly target more than one risk
factor [5–8], there has been a relatively limited
emphasis on the exploration of change across risk
factors. Thus, few interventions that target multiple
risk behaviors have examined those outcomes in
combination [5, 9], instead examining change in
individual risk factors. Increased focus on multiple
outcomes could improve these interventions, for
example, by determining which combinations of risk

factors might yield the highest population-level im-
pact on chronic disease prevention.
To date, reporting behavior change for each

behavior separately has been the most common
approach to reporting multiple behavior change
intervention results; however, by focusing only on
single risk factors, there is no ability to estimate the
overall effect of the intervention. More studies are
extending this method by calculating a simple
summative index to reflect number of target behav-
iors, assigning a point for each behavior that meets
public health recommendations [10]. The change in
behaviors meeting recommendations pre- and post-
intervention is assessed. Further, this outcome can
be easily used to address Healthy People 2020 goals
and other national recommendations; however,
dichotomizing behaviors decreases sensitivity be-
cause it does not allow for continuous measure-
ment. Thus, this approach does not allow for
observations of incremental change or clustering of
change in behavioral factors, both of which could
be important for health outcomes and the assess-
ment of the intervention’s effectiveness [10].
However, there are other methods of assessing

change in multiple behavior change interventions

1Department of Surgery,
Washington University School of
Medicine, 660 S. Euclid
AveCampus Box 8100, St. Louis,
MO 63110, USA
2Department of General
Internal Medic ine,
Boston University Medical Center,
Boston, MA, USA
3Department of Biostatistics,
Harvard School of Public Health,
Boston, MA, USA
4School of Public Health,
University of Wisconsin,
Milwaukee, WI, USA
5Center for Community-Based
Research, Department of Society,
Human Development and Health,
Harvard School of Public Health,
Boston, MA, USA
Correspondence to: B F Drake
drakeb@wustl.edu

Cite this as: TBM 2013;3:114–121
doi: 10.1007/s13142-013-0195-2

Implications
Practice: Multiple health behavior change inter-
ventions are effective in reducing risk behaviors
for major chronic diseases and the effectiveness
of these interventions can be measured in a
number of ways.

Policy: Resources should be directed toward
better measurement of health risk behaviors in
order to more appropriately test and identify
effective multiple health behavior change
interventions.

Research: Research needs to be directed to-
wards better understanding methods used to
assess multiple health behavior change interven-
tions and aligning the methods they chosen with
relevant public health, work place or research
goals.
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that have been suggested more recently [10, 11]. To
create a combined change score, a z-score is calculated to
standardize change in behaviors such that categorical
and continuous variables can be combined into one
score. However, each behavior is given equal weight,
and the results may be limited in assessing meaningful
changes in health behaviors [10]. Another approach is
optimal linear combination that models a linear combina-
tion of multiple behavioral risk factors, including
interactions between risk factors [11]. This method
applies empirically driven weights to risk factors based
on factors that are more likely to be changed by the
intervention and allows for the examination of the effects
of clustering; however, the use of the weights limits the
ability of the results to be generalized to other popula-
tions [11]. The final approach is estimating the impact of
the intervention based on the percent of those at risk and
the percent of those who change that risk, which
provides an indication of the impact of the intervention
on both the participant and population levels by
incorporating reach and efficacy [10, 12]. However, this
method has not been used often by multiple health
behavior change interventions; therefore, there is little
guidance as to what constitutes a large impact.
The method(s) chosen to analyze multiple behav-

ior change interventions may depend on interven-
tion design, implementation, or study population.
Given the descriptions above of multiple health
behavior change methods, we have selected four
methods to present here: (1) individual and summa-
tive behavior change, (2) combined change z-score,
(3) optimal linear combination score, and (4) impact
score. We utilized data from two cluster-randomized
trials of large populations (health centers and small
businesses). These trials targeted the same health
behaviors in two different settings and provided the
opportunity to examine how these methods work in
interventions using two different channels. To our
knowledge, this is the first paper to assess more
than one method of analyzing multiple behavior
change within a single dataset. Our goal is to
provide insight on the comparability of different
behavior change methods and to discuss the
methodological and theoretical considerations in
choosing methods for multiple health behavior
change interventions.

METHODS
We analyzed baseline and follow-up data from two
randomized controlled intervention trials in the
Harvard Cancer Prevention Program Project: small
business [8, 13] and health centers [7, 14]. These
sister studies were conducted in parallel between
1999 and 2003 using similar intervention methods
and simultaneously targeted four different health
behaviors—fruit and vegetable consumption, red
meat intake, leisure-time physical activity, and
multivitamin use. Details of the study design [15,
16] and main outcome results [7, 8] have been
published. A brief description is presented here.

Small business study
Investigators identified manufacturing worksites in
Eastern Massachusetts using the Dun and Bradstreet
database (Standard Industrial Classification codes 20–
39).Worksite eligibility criteria included the following:
employing a multicultural/multiethnic population,
employing between 30 and 150 employees, having a
turnover rate of less than 20 % in the previous year,
and being autonomous in decision-making power to
participate in a study (if part of a parent company). Of
224 manufacturing worksites, 197 (88 %) completed
the pre-recruitment survey, 131 (66 %) met eligibility
criteria, and 26 (12 %) consented to participate in the
trial. Thirteen sites were randomized to the interven-
tion condition, and 13, to the control condition. Two
sites (one from each intervention condition) dropped
out of the study, citing lack of time. Details of the
recruitment process and a comparison of participating
versus nonparticipating worksites can be found else-
where [17].
The intervention strategies were based on (1) princi-

ples of employee participation and (2) a social contex-
tual framework [18] that focused on multiple levels of
influence on behaviors, with special attention given to
work experiences, low literacy skills, and unique
features of culture between ethnic groups, as well as
the shared themes across cultural groups. Over the 18-
month intervention period, monthly intervention activ-
ities focused on a change in the four targeted behaviors,
and monthly contacts were made with management
regarding environmental support and organizational
change in each of the 12 intervention worksites [19].
Data were collected by interviewer-administered

surveys of two (baseline and follow-up) cross-sectional
samples of workers. The response rate in the 24 sites at
final assessment was 77 % (range054–93 %, n01,408).
Participation in the follow-up survey was not contin-
gent on participation in the intervention. An embed-
ded cohort of 974 participants in 24 worksites
completed both baseline and final surveys.We present
analyses of the embedded cohort.

Health centers study
Health centers were recruited for study participation
from Harvard Vanguard Medical Associates, a health
care system comprising 14 multispecialty community
health centers in greater Boston. All ten health centers
(100 %) invited to enroll agreed to participate. This was
a cluster-randomized trial, with recruitment and ran-
domization at the health center level. Providers prac-
ticing in the internal medicine department of each
center were asked for permission to recruit from their
patient pool; 83 % of providers (n097) agreed.
Participant eligibility criteria include the following: live
in a low-income, multiracial/multiethnic neighborhood
(based on geocoding); had a well or follow-up care visit
scheduled with a participating provider; spoke and read
either English or Spanish; had not been diagnosed with
cancer; were not employed by any of the participating
health centers orworksites; and consented to participate
in the randomized control trial [7].
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The intervention used the social contextual frame-
work [18] and consisted of (1) provider endorsement
of the intervention and a prescription for the recom-
mended health behavior changes, (2) an in-person
counseling session with a health advisor, (3) four
follow-up telephone counseling sessions, (4) six sets
of tailored materials that targeted social contextual
factors, and (5) connections to relevant community
activities. The intervention was offered in English and
Spanish, and 90 % of intervention participants com-
pleted at least five of the six intervention activities.
Participants were enrolled by completing a tele-

phone survey 1 week prior to health care visit. Study
staff attempted to recruit 8,963 potentially eligible
candidates. Of these, 2,547 (28 %) were unreach-
able; 867 (10 %) were ineligible; 3,330 (37 %)
refused; and 2,219 (25 % of those reached; 40 % of
those eligible) were enrolled [7]. All those who
completed the baseline survey were contacted for a
follow-up survey, of which the response rate was
88 % and was similar across conditions.

MEASURES
Health behaviors
Servings of fruits and vegetables (FV) consumed
each day were assessed with a screener developed
for the National Cancer Institute’s nine 5-A-Day for
Better Health research studies [20]. Responses were
re-coded to equivalent servings and summed to
obtain total servings of fruits and vegetables per
day, expressed as a continuous variable.
Red meat consumption (RM) was assessed with an

abbreviated form of a semiquantitative food frequency
questionnaire [21]. The responses were recoded to
equivalent servings per week and summed for total
servings of red meat per week, expressed as a
continuous variable.
The leisure-time physical activity (PA) assessment

was based on the questionnaire used in the Nurses’
Health Study [22], adapting items to specific activities
that were found to be more common among the
intended population (e.g., omitting tennis and adding
dance). Respondents were asked to indicate how often,
on average, over the past 4 weeks they had engaged in
eightmoderate- or vigorous-level physical activities. In
addition, respondents were asked about usual walking
pace. The responses were re-coded from METs to
equivalent minutes per week and summed to yield
total minutes of physical activity per week. Walking
was included if usual walking pace was reported to be
faster than “easy, casual.”
Multivitamin use (MV) was assessed with a single

question asking workers how many days per week, on
average, they took a multivitamin. The variable was
coded 0–7 with 0 indicating the participant never took
multivitamins and 1–7 indicating average number of
days per week the participant took a multivitamin.
Although there have been mixed results, studies have
shown multivitamin use as protective for cancer and
other chronic diseases [23, 24].

ANALYSIS
Method 1: summative index
We dichotomized each health behavior variable accord-
ing to national recommendations and report the per-
centage of respondents who changed from not meeting
the intervention recommendation at baseline tomeeting
the recommendation at follow-up. Health behaviors
were dichotomized as follows: for FV consumption, 10
meeting recommendations (e.g., consuming five or
more servings of fruits and vegetables per day) and 00
not meeting recommendations (e.g., less than five per
day) [25]. For RM intake, 10meeting recommendations
(e.g., consuming three or fewer servings of red meat per
week) and 00not meeting recommendations (consum-
ing more than three per week) [25–31]. For PA, 10
meeting recommendations (participating in two and a
half hours or more per week of leisure-time physical
activity) and 00not meeting recommendations (partici-
pating in less than two and a half hours per week of PA)
[26, 32]. For MV, 10meeting recommendation (multi-
vitamin use at least 6 days per week) and 00not meeting
recommendation (multivitamin use less than 6 days
per week) [23, 24]. We adjusted for clustering of
respondents by site via multilevel logistic regression,
modeling site at level 2 and individuals at level 1. In
these equations, each health behavior was an outcome
in separate models; intervention status was the predic-
tor. Change in each behavior was summed for each
participant, and the average percent change was
calculated. The χ2 test at alpha00.05 was used to
compare the intervention to the control group.

Method 2: combined change z-score
We summed behavior-specific standardized change
scores into an index of overall behavior change. To
create standardized change scores for each behavior,
we subtracted baseline values from follow-up values
of continuously coded behavior variables and divid-
ed by the standard deviation of the difference. To
create a behavior change index, we added the
resulting z-scores for FV consumption, PA, and
MV use and then subtracted the z-score for RM
consumption, since the intervention sought to
decrease this behavior. To test for significant change
between the intervention and control group, we
used a two-tailed t test with an alpha00.05.

Method 3: optimal linear combination
In this approach, proposed by Goodman and
colleagues [11], we calculated a summary behavior
change score from an optimal score function for the
four standardized health behaviors. To keep all
variables on an equivalent time scale (per week),
we created a new variable for FV consumption that
calculated the amount of fruits and vegetables con-
sumed in 1 week by multiplying the current measure
by seven. Red meat consumption was reverse coded
so that its recommended direction of change was
positive. Next, we standardized each continuously
coded health behavior using the following formula:
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STðBÞ ¼ B� P05ð Þ= P95 � P05ð Þ where B is the
behavior’s original value, P05 and P95 are the 5th and
95th percentile values, respectively, for B, and ST (B) is
the new standardized behavior variable: ST (FV), ST
(RM), ST (PA), and ST (MV). We used multilevel
logistic regression to find an optimal linear combina-
tion to assess how the standardized behavioral varia-
bles would predict intervention status. In these
models, the standardized behavior variables at base-
line and follow-up are the predictors, and observations
are nested within individuals. We used the resulting
significant β-coefficients for the health behaviors at
follow-up to create a multiple behavior change
summary score (main effects model) for the small
business study: Index Score A00.98×ST (FV)+
0.77×ST (PA)+0.57×ST (MV) and the health centers
study: Index Score A01.08×ST (FV)+0.72×ST
(RM)+1.56×ST (MV).
In the final score function, we multiply the effects

(parameter estimates) by 100 to increase the range of
the scores as well as to simplify interpretation.
Significance was tested using two-sided t tests
assuming equal variances at alpha00.05.

Method 4: expanded intervention impact score
In this approach, we quantify multiple behavior change
with an expanded intervention impact formula. Impact
traditionally has been measured for interventions that
target a single behavior as efficacy multiplied by
participation (I0E×P) [12, 33] but can be measured
for interventions that target multiple behaviors as
efficacy multiplied by participation summed over all
targeted behaviors [I0∑no. of behavior (n) (En×Pn)] [12,
34]. P is the proportion of individuals participating in
the intervention who are at risk for each behavior (the
percentage of the study population not meeting recom-
mended levels of target behaviors at baseline). E is the
estimate of efficacy for each behavior (the percentage of
the study population meeting recommended levels of
target behaviors at follow-up). Because this method
requires ameasure of participation, it is notmeasured in
control groups and, thus, typically assessed among
intervention participants only. However, if there was a
trial with two active intervention conditions, compar-
isons between the two could be made using the χ2 test
and α00.05 to compare the two intervention groups. As
described by Prochaska and colleagues [10], impact
values for single behaviors range from 0 to 1, but
impact values for multiple behaviors can exceed 1.
Therefore, interventions targeting more behaviors have
the potential for greater impact. There is no significance
testing used for this method.

RESULTS
Tables 1 and 2 present the four methods of behavior
change results for the small business and health
center studies, respectively. The results of method 1
have been published elsewhere [7, 8] and are shown
here for comparison with the other three methods.

Small business study
Table 1 presents all four methods of health behavior
change results for the small business study. The results
of method 1 (summative) revealed an overall significant
summative index (p<0.0001). The average change per
individual for all health behaviors was significantly
greater in the intervention group compared to the
control group. Usingmethod 2 (z-score), respondents in
the intervention group had larger z-scores than those in
the control group for the index of multiple behavior
change and for each behavior, indicating more im-
provement. Method 2 was the only method to show
significant change in PA (p00.03). The difference in
improvement was statistically significant for z-score
index (p<0.0001), FV consumption (p00.03), PA (p0
0.03), and MV use (p<0.0001), but not for RM (p0
0.81). The difference between baseline and follow-up
for the combined behavior change index for method 3
(linear combination) was positive among intervention
group respondents, indicating change in the recom-
mended direction. Compared to the control group,
behavior change in the intervention group was statisti-
cally significant for FV consumption (p<0.0001), MV
use (p<0.0001), and the combined behavior change
index (p<0.0001). The largest individual impact of the
intervention, method 4, was on MV intake (0.27);
however, the impact of the other health behaviors was
only slightly lower. The total population impact is 0.94.

Health centers study
Table 2 presents all four methods of behavior
change results for the health centers study. The
results of method 1 (summative) revealed an overall
significant change in the intervention group com-
pared to the control group (p<0.0001). Similar
results were seen from methods 2 (z-score) and 3
(linear combination). Results from method 2 (z-
score) showed that respondents in the intervention
group had larger z-scores and a statistically signifi-
cant improvement compared to those in the control
group for the index of multiple behavior change
(p<0.0001), FV consumption (p<0.0001), RM
(p<0.0001), and MV use (p<0.0001), but not for
PA (p00.77). Results from method 3 (linear combi-
nation) showed that the intervention group had
positive values for the difference in standardized
behavior scores between baseline and follow-up,
indicating change in the recommended direction.
The most prevalent risk behavior, shown in method
4 (impact), was low FV consumption, and the least
prevalent risk behavior was low PA. As demonstrated
by the “individual impact” scores, the intervention had
the most impact on MV use (0.42), followed by RM
(0.31), and the least impact on FV consumption (0.15).
The total population impact is 1.08.

DISCUSSION
Using four evaluation methods, we explored the
effectiveness on multiple health behavior changes of
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two cluster-randomized trials of large multiracial/
multiethnic populations conducted in parallel, in
two different settings, the worksite and health
centers. Method 1 (summative) is useful for exam-
ining the ability of the intervention to encourage
participants to meet public health recommendations
and gives equal value to each behavior targeted.
Methods 2 (z-score) and 3 (linear combination)
allow us to look at a change in each behavior on a
continuous scale in order to assess incremental
change. Method 4 (impact) examines intervention
impact for individual and multiple behaviors and
allows for the comparison of intervention impact
across studies with different designs and target
behaviors. As described in Table 3, methods 2, 3,
and 4 allow for comparison of the effectiveness in
changing health behaviors between more than one
intervention approaches. The method used to calcu-
late a change in the individual behaviors influences
the overall behavior change score. Based on signif-
icance testing, each method produced similar results
for overall health behavior change scores. Methods
1, 2, and 3 showed a magnitude increase in physical
activity in the intervention group from baseline to
follow-up and a reduction in the control group.
Method 4 is only calculated among the intervention
group. Method 2 (z-score) was able to detect
significantly more change in the intervention group
compared to the control group, whereas the other

methods did not. Both methods 2 (z-score) and 3 (linear
combination) were able to assess continuous, incremen-
tal increase in physical activity; however, method 3
(linear combination) applied weights to the health
behaviors and controlled for clustering of behaviors
which reduced the significance of the change in physical
activity among the intervention group.

Methodological considerations
There are a number of methodological decisions to
consider when designing and planning the analysis of
multiple health behavior change interventions. When
assessing continuous health behavior change varia-
bles, standardization techniques may become neces-
sary to minimize the influence of outliers and to make
a one unit change in one variable similar to a one unit
change in another. Additionally, while bothmethods 2
(z-score) and 3 (linear combination) construct linear
combinations of individual components to summarize
the overall effect of the intervention, they differ by the
weights used in their linear constructs. Method 2 (z-
score) considers an unweighted linear combination,
placing equal weight on each combination, whereas
the weights used in method 3 (linear combination) are
empirically driven, specifically targeting the compo-
nents that are more likely to be changed by the
intervention.
Assessing behavior change with methods 1–3

allows us to assess the significance of the change

Table 1 | Results of methods of behavior change, small business study

Group

Method Control IX p value
Method 1: summative index % change % change
Fruit and vegetables 0.80 7.60 <0.0001
Red meat 4.70 5.40 0.41
Leisure-time physical activity −2.10 6.40 0.25
Multivitamin intake 0.80 10.10 0.01
Combined summative index −0.03 −0.28 <0.0001
Method 2: combined change z-score Mean (SE) Mean (SE)
Fruit and vegetables 0.03 (0.05) 0.19 (0.05) 0.03
Red meat −0.15 (0.05) −0.17 (0.06) 0.81
Leisure-time physical activity −0.12 (0.08) 0.13 (0.08) 0.03
Multivitamin intake 0.04 (0.04) 0.26 (0.05) <0.0001
z-Score index 0.04 (0.12) 0.82 (0.13) <0.0001
Method 3: optimal linear combination Score Score
Fruit and vegetables −3.25 0.75 <0.0001
Red meat −1.80 −2.00 0.38
Leisure-time physical activity −4.36 0.97 0.11
Multivitamin intake 1.06 6.53 <0.0001
Combined index −5.57 7.86 <0.0001
Method 4: impact score P×E Impact
Proportion at risk×Efficacy0 Impact
Fruit and vegetables (85.18) (22.37) 0.19
Red meat (69.09) (35.46) 0.24
Leisure-time physical activity (29.33) (77.43) 0.23
Multivitamin intake (69.67) (39.34) 0.27
Population impact 0.94

P proportion at risk, E efficacy, SE standard error
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between baseline and follow-up by comparing
change in the intervention group with change in
the control group. However, method 4 (impact)
specifies calculating impact for the intervention
population only, resulting in a lack of comparison
population. Impact equations can include all behav-

iors that are changed, including behaviors targeted
directly through high- or low-intensive interventions
or behaviors that changed even if they were not
directly targeted by intervention activities [10].
Additionally, low prevalent behaviors contribute
less to the impact score, even if they are major risk

Table 3 | Sample behavioral intervention research questions assessed via multiple evaluation methods

Methods

Research question 1 2 3 4

Intervention types
1. Is MHBC intervention approach A more effective than MHBC intervention
approach B in changing an individual behavior?

X

2. Is MHBC intervention approach A more effective than MHBC intervention
approach B in changing all the targeted behaviors?

X X X

3. Is MHBC intervention approach A more effective than MHBC intervention
approach B in changing all the targeted behaviors, accounting for interactions
between variables?

X

Behavioral targets
4. Did the delivery of this MHBC program result in attainment of health goals
(e.g., Healthy People 2010 goals) for any of the targeted behaviors?

X X

5. Did the delivery of this MHBC program result in incremental behavioral change
for any of the targeted behaviors?

X X

6. What would the expected effect on disease prevention for my organization as
a whole be if we were to implement this MHBC program?

X

Methods 1 (summative index), 2 (combined change z-score), 3 (optimal linear combination), and 4 (impact) were used MHBC multiple health behavior
change

Table 2 | Results of methods of behavior change, health centers study

Group

Method Control IX p value

Method 1: summative index % change % change
Fruit and vegetables −4.00 3.60 <0.0001
Red meat 0.40 11.20 <0.0001
Leisure-time physical activity 0.80 1.20 0.6
Multivitamin intake 7.50 29.50 <0.0001
Combined summative index −0.08 −0.31 <0.0001
Method 2: combined change z-score Mean (SE) Mean (SE)
Fruit and vegetables −0.04 (0.03) 0.18 (0.03) <0.0001
Red meat −0.05 (0.03) −0.26 (0.03) <0.0001
Leisure-time physical activity −0.02 (0.02) −0.02 (0.02) 0.81
Multivitamin intake 0.18 (0.03) 0.63 (0.03) <0.0001
z-Score index 0.2 (0.06) 1.05 (0.06) <0.0001
Method 3: optimal linear combination Score Score
Fruit and vegetables −2.93 4.51 <0.0001
Red meat −2.03 3.45 <0.0001
Leisure-time physical activity 0.03 0.06 0.77
Multivitamin intake 13.35 47.12 <0.0001
Combined index 8.54 55.08 <0.0001
Method 4: impact score P×E Impact
Proportion at risk×Efficacy0 Impact
Fruit and vegetables (86.36) (17.00) 0.15
Red meat (51.66) (60.00) 0.31
Leisure-time physical activity (29.50) (71.86) 0.21
Multivitamin intake (60.52) (68.75) 0.42
Population impact 1.08

P proportion at risk, E efficacy, SE standard error
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factors, such as tobacco use [35]. As more research-
ers assess the population impact score of their
interventions, it will become necessary to carefully
evaluate the meaning of these scores for two
reasons: the population impact score of all multiple
behaviors can exceed 1, and there is no upper limit
for this score. The results of these future studies will
begin to increase the ability to compare one’s impact
score between interventions; however, more re-
search is needed on interpreting population impact
and assessing its significance.

Practical considerations
Our results provide practical considerations to
researchers to guide their decision in the selection
of a multiple behavior change evaluation method. In
general, if an innovative approach to multiple
behavior change is being tested or if a clear
consistent effort was made to integrate the behaviors
within the intervention activities, methods 2 (z-
score), 3 (linear combination), and 4 (impact) should
be reported to specifically report efficacy in multiple
behavior change. However, if presentation of behav-
iors was administered in a sequential format with
little attention paid to integrating behaviors, report-
ing change in individual levels of behaviors may be
sufficient. Drawing from the recognized need to
demonstrate outcomes that are important for deci-
sion making, we believe that the selection of an
evaluation technique should be suited to the
intended audience and setting [36]. In Table 3, we
illustrate how different research questions may be
suited to the different evaluation methods. For
example, methods 1 (summative), 2 (z-score), and 3
(linear combination) are capable of comparing an
intervention condition to a control condition, there-
by establishing efficacy. As another example, align-
ing results with relevant public health goals is an
important consideration for translating interventions
to practice settings; thus, methods 1 (summative)
and 4 (impact) would be well suited. However, in
other cases, other goals may be considered to be of
higher priority than establishing compliance with
public health recommendations. For example, work-
place research may value increases in employee
productivity and decreases in health care costs as
much as beneficial behavioral changes. In this case,
demonstrating incremental progress toward achiev-
ing these goals of behavioral change using methods
2 (z-score) and 3 (linear combination) may be what
is most valuable.
Because the interventions tested here included

continuous behavior change variables, we were able
to analyze all four methods and compare the inter-
pretations of each. However, when interventions
include behaviors that are dichotomous (e.g., smoking
cessation or receipt of screening), our findings would
suggest that methods 1 (summative) and 4 (impact)
would be appropriate techniques for evaluation.
Future directions for this type of research may include

application of these evaluation methods to not only
interventions focused on behavior change but also the
effects of change on disease outcomes. For example,
King and colleagues [37] examined the adoption of a
healthy lifestyle with mortality and cardiovascular
disease using a summative index of four lifestyle
variables. Future research may expand to determine
associations using the additional evaluation techniques
reported here.

CONCLUSIONS
Researchers should move beyond individual out-
come reporting in multiple health behavior change
interventions for at least three reasons: (1) principles
underlying change in some behavioral risk factors
for chronic disease are similar, and thus, our
interventions might have more impact than it
appears based on individual risk factor outcomes;
(2) multiple significance testing may inflate type I
error [10]; and (3) understanding the impact of
interventions across risk factors could increase
research dissemination and implementation. The
more researcher will use and report appropriate
methods for their multiple health behavior change
interventions, the closer the field of multiple behav-
ior change will move toward a consensus on the use
of these methods and markers of success.
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