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A Lexicon for |
of Behavior Change

feasuring Maintenance

Rachel B, Seymour, PhD; Susan L. Hughes, BSW; Marcia G, Ory, PhD, MPH;
Diane L. Elliot, MD; Kimberly C. Kirby, PhD; Jeffrey Migneault, Phb;
Heather Patrick, PhD; John M. Roli, PhD; Geoffrey Williams, MD, PhD

To establish a

Objectives:
workgroup within the NIH-funded
Health Maintenance Counsortium
{(HMC)] to examine how “mainte-

nance” of behavior change was
conceptualized and measured
across and within bebhaviors. Meth-
ods: Multiple meetings were held
by the workgroup to reach consen-
sus definitions of mainfenance and
maintenance-related constructs
across diet/nuirition, tobacco, sub-
stance abuse, and physical activ-
ity. Once consensus was reached, a
survey assessed how maintenance
was eperationalized across 16 HMC
intervention studies. Resulits: Sev-
enty-five percent of 1€ studies as-
sessed are using a criterion to as-
sess maintenance and are tracking

maintenance as a continuous mea-
sure. Eighty-one percent are as-
sessing facilitators and barriers,
and conceptualizing maintenance
as both an intermediate and pri-
mary ocutcome measure. Al 16
studies are assessing maintenance
at the individual level with fewer at
the organizational (N=3}, environ-
mental {N=3), and policy levels
{N=1). Conclusions: This survey
found similarities and differences
in measurement across behaviors
that have impeortant implications
for advauncing the guality of
transbehavioral research.

Eey words: multiple behavior
change, long-term maintenance,
measurement
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4 reat strides have been made over

= the past decades designing behav-
oo 1013l and seocial interventions to
cllange an array of key lfesiyle and other
health-related hehaviors.! Despite these
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Relapse

Reactivation

Table 1
Befinitions of Maintenance and Maintenanee-Related Construets
Constract Befinition
Maintenance  sustained behavior dunug the period of observation and after the intervention hiag s-.opmd that
meets a threshold believed to be necessary to improve health or well being within a given
pepulation
Adberence protocol~related behaviors, such as atiendance and participation in intervention-related

activities (e, individual or group intervention sessions, use of automated interventions,
motivational interviewing, meetings with counselors, et

Grace Period  awindow of time during which lack of adoption of the behavior was not counted as a failure
a period of inserruption of regular sustained behavior after its intiation and wmaintenance

the resumption of the sustained behavior following a period of relapse

a forum for the promotion of cross-site
synergies through an examination of con-
monalities in research guestions, meth-
ods, and measurements across site-spe-
cific studies. In that way, the HMC could
extend research findings beyond singie
studies 1o compare nxultiple behaviors i
different populations and setlings. These
synergies were facilitated by supplemen-
tal funding to examine cross-site defind-
tions of adherence/maintenance behav-
iors andd to develop common definitions,
measures, and analytical appreaches. In
this paper, we present findings from the
efforts of the Maintenance Workgroup of
the HMC, including its consensus con-
cerring the definition of maintenance and
maintenance-related constructs across
multiple farget behaviors and cross-sile
data from 16 NiH-funded intervention stud-
ies detailing ways in which the studies
operationadized these constructs. The pa-
per examines the applications and
operationalizations of maintenance-re-
lated comstructs withuin a major research
consortivm dedicated 1o advancing knowl-
edge of behavior-change processes and
change strategies. The findings provide a
common nomenclature, a description of
current measures, and an understanding
of challenges that remaiinn to be addressed
with respect to measurement in the
emperging field of behavior mainfenance.

METHODS
A maintenance workgroup composed of
HMC investigators focusing on different

Am J Health Behav.™ 2010;34{6):660-6G8

and often single health behaviors (eg,
physical activity, or eating, or smoking,
ete) was formed at the first HMC grantee
meeting to foster collaboration across sites
arvd promote synergies across them. The
workgroup used multiple face-to-face
meetings and structured conference calls
to reach consensus on a common typology
o define maintenance and other con-
structs asscciated with meainienance that
could be applied across the different health
behaviors studied. Recognizing that sub-
stantial differences could occur across
HMC studies, the group developed a sur-
vey using the agreed-upon terminclogy
and opera‘ﬂonal definitions to investigate
commonalities and differences further.

The survey was designed to elicit detailed

nformation aboul the ways in which HMC
investigaters collected data on mainte-
nance of behavier change across and
within multiple different ‘{vpes of behav-
iors. The indtial intent of the consensus
defindtions was to reduce amnbiguity about
the meaning of the constructs among
survey respondents and maximize the
validity of the responses.

Definitions of Maintenance and

Maintenance-Related Constructs

HMC collaborators agreed on the follow-
ing common definitions of maintenance
and maintenance-related constructs dis-
playved in Table 1.

Bata Collsction
After the workgroup finalized the sur-
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Measuring Health Maintenance Behavior

vey definitions and items, the HMC Re-
source Cenier stafl created a Web-based
format for the swvey, and the bnk was e-
mailed to all the HMC principal investiga-
tors {Pls}. Five nolices were sent to the
Pls remunding them to complete the sur-
vey. Responses were obtained for the do-
maing described in the following para-
graphs.

Maintenance assessmeni. Respon-
dents were asked to indicate how mainte-
nance was conceptualized for each be-
havier that their study addressed: {a)
behavior meets a predetermined crite-
rionn or threshold necessary for achieve-
ment of a health or guality-of-life benefit;
(b} behavior meets some proportional in-
crement over that exhibited at baseline;
{c} behavior is being assessed along a
continuum of low, moderate to high main-
tenance; and {d} behavior assessed using
other means that respondents were re-
guested to specify.

Operational definition of meainte-
nance. The survey also asked how inves-
tigators planned to represent mainte-
nance in analyses (eg, whether it would
be represented as a dichotomous, ordinal,
or continuous measure).

Other items concerning the measure-
ment of maintenance. Respondents were
asked to indicale whether they viewed
the maintenance variable as an inter-
mediate or primary ouicome or both. In
addition, the survey required respondents
te indicate the level{s) at which they
aszessed maintenance: individual, fam-
ily, organizational, envirenumental, pelicy,
or other. Finally, the swvey asked inves-
tigators teo identify the time intervals
during which the maintenance variable
was assessed for participants.

Details were also asked about the fol-
lowing maintenance-related concepls:

Grace period. The survey assessed
the extent to which grace periods were
used across studies.

Relapse. The survey asked investiga-
tors to indicate whether or not their study
assessed relapse. If ves, methods for as-
sessing relapse were solicited, and the
point in tume and frequency with which
this information was collected were docu-
mented.

Reactivation. Investigators were asked
to indicate whether or not the study as-
sessed reactivation. If ves, methods for
assessing reaciivation were solicited, and
the time points at which this information

662

wasg collected were documented.

Foacilitaters and barriers. lovestiga-
tors were asked io indicate whether their
study was collecting information on fa-
cilitators and bharriers to mainitenance of
the targeted behavior change. If ves,
methods for assessing facilitators and
barriers and the time points at which the
information was celiected were docu-
mented.

Attrition, The survey asked respon-
dents to indicate how aftrition was being
handled by the study, ie, classifying
nonresponders as nonmaintenance,
nonresponders excluded from analyses,
or other, lf respondents chose other, they
were asked to describe how atirition was
addressed in analyses.

Anaglysis. Of the 21 HMC studies, 3
HMC mvestigations are not intervention
studies, and pwestigators did not com-
plete the survey. All 18 HMC intervention
study investigators completed the Web-
based maindenance survey. A descriptive
analysis of their responses by tvpe of
behavior targeted was conducted.

Findings

Twe of the 18 completed surveys were
exchided because the Pls on these stud-
ies were examining unigque behaviors
{cancer screendng and sale sex practices,
respectively}, which did not allow com-
parison with other studies. Survev re-
sults fromn the remaining 16 studies ave
presented by targeted behavior followed
by a description of the similarities and
differences within and across the behav-
iors, Table 2 provides a brief description of
the 16 studies included in this paper.

Physical activity. Six of the 16 studies
are examining the maintenance of physi-
cal activity as an outcome (Table 3}, and
most characterized maintenance as a
continuous measure. Pour of the & are
assessing whether participants met a
predetermined criterion for level of physi-
cal actwity {criterion}, and 4 are examin-
ing a percent increase over baseline lev-
els. The majority of studies are examin-
g mainitenance as both a primary and
intermediate outcome, There was sub-
stantial variety even within this small
group of studies in the way that attrition
was being categorized {nonadherence vs
participanta excluded from amnalyses, vs
some other form of categorization}. All
studies are measuring mainienance at
the level of the individual, with one each
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Table 2
Health Maintenance Consortium Intervention Studies
Physical Piet/  Smoking Substance

Site Fopulation Activity  Nutrition Cessation  Abuse
Drexel University N=23% obese adults x
The Miriam Hosptial IN=201 overweight and obese adults are primary X

participants; all participants also have an overweighy/

obese partuer in their home — inone anm of the study,

pauness attend seatment with the panicipants; in the

standard arm, parnets atiend assessments
University of N=40 worksites, 2900 adults x
Washingion
Boston University N=405 adults who successfully tmproved fruit and x X
Scheotl of Medicing vegetable consumption {(voter registration iise)
Oregon Health & N=44¢ adult firefighters X X
Seience University
Cregon Reseasch N=279 women at sisk {ov coronaty beart disesse x X x
Institute
HealthPartners N=1000, older adult MCO memberg X
Research Foundation
Lawrence Berkeley N=40,000 adult mnners X
National Laboratory
Vniversity of Dlinois N=600, older acults with lower extremily X
Chicage osteoarthritis
Stanford University N=301 adult smokers K
University of Tennessee N=400 adult ssmokers X
Health Science Center
University of Rochester N=950, adult current smokers X
Friends Reseavch Esstitete  N=120, metbamphetanuse dependent X
(1) treatment-secking adults
Friends Research Enstitute  N=120, methamphetamine dependent X
(2) treatment-secking adults
Treatment Research N=131, cocaine dependent or abusing, X
Institute stabilized en methadone
University of N=252 adult substance abusers X X
Pennsylvania

also assessing this outcome at the orga-
nizational and enwironmental levels.
Most studies are measuring physical
activity maintenance at baseline, 6
months, 12 months, and 24 months; and
ondy a few are measuring at shorter, more
confinuous intervals (ie, 2, 3,6, 9, 12, 15,
18 months) (Table 4). With respect o data

Am J Health Behav.™ 2010;34{6):660-6G8

analysis, 50% {(N=3} plan to model main-
tenance irajectories whereas half do not.
None of the physical activity studies in-
cluded a grace period before which main-
tenance would be counted. Fifty percent
(N=3} of the studies are assessing relapse
of activity, but only one is assessing reac-
tivation following relapse. The clear ma-
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Table 3
Maintenance Measures by Behavior
Total Physical DBiet/ Smokiag Substance
Studies Activity Nutrition {essation Abuse
N=16 N=6 N=6 N=5 N=4
Tracking Maintenance
Yes 22 & 6 3
No {1 0 0 4 {
Conceptual definition®
Criterion 2 4 z 5 i
Yeincreass 10 4 3 2 f
Continuum 10 0 4 i 4
Other defindtion } 0 i & 0
Operationalization of
Maintenance VariableP
Dichotomous 6 2 2 2 0
QOrdinal 6 2 2 i i
Comtbnaous {9 5 6 3 4
Type of Qutcome”
Infermediate 2 f i O 0
Primary 5 1 2 3 0
Both i3 4 3 2
Oither i 0 0 { 0
Level of Maintenance Variable
Individual 22 8 6 5 4
Family g g 0 ¢ 0
Organdzational 3 i 2 O 0
Enviromnental 3 i 2 ) 0
Policy i 0 1 0 0
Other { i 0 ¢ L
Mote.
Deseriptive analyses (symbols do not indicate statistical significance}
a Differences within and across behaviors
b Bifferences within bebavipes
¢ Differences across behaviors

jority {N=5} are assessing barriers fo ac-
tivity, but only 3 are also examining fa-
cilitators.

PHet/nutrition. Six studies are exam-
ining nutrition. They include 3 that are
assessing the maintenance of weight loss;
32 Hiestyle programs thai are examiring
the durability of changes in physical ac-
tivity, nutritional outcomes, and weight
loss; and a work site program that is
attempting to alter fruit and vegetable
consumption. The majority of the studies
(5 of 6} planned to assess maintenance as
a continuous variable. All studies also
planned to examine maintenance at the
level of the individual participant, although
interventions with a clustered design also

064

anticipated analysis at an organizational
or environmental level. Dietary studies
uniformly lacked a grace interval. Half
are assessing relapse, andd none are mea-
suring reactivation. The majority of stud-
ies {& of 6) are examining barriers, and
haif are examining facilitaiors of mainte-
nance of changes in diet/nutrition.
Tobaceo., Five of the 16 HMC studies
reported intent to measure the mainte-
nance of abstinence from tobacco i their
trials. Current definitions of abstinence®’
require that smokers not use any form of
tobacco, because the health effects of
tobacco are avoided only when tobacco is
completely stopped.®? All 5 of the studies
will use a criterion measure of absti-
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Table 4
Maintenance Measurement Issues by Behavior
Total Physical Pict/ Smoking Substance
Studies Activity Nutrition Cessation Abuse
N=16 N=6 M=6 N=3 N=4
Agsessment Time Intervale®
Baseline 14 4 4 2 4
2 months 2 i )] 4] i
3 months ) i 2 1 2
& months i 3 2 4 2
9 wipnths 4 i ] i 2
12 months 7 5 5 5 2
{5 months 4 i ] i 2
18 months 8 2 2 2 2
21 months 4 i 0 i 2
24 months 14 4 4 4 2
Other 9 3 2 1 3
Model Biaintenance Trajectories?
Yes 13 3 3 3 4
No 9 3 3 y; {3
Grace Perigd®
Y¢s 3 1] 3 3 0
No 19 §) 5} 2 4
Attrition®
MNonadherence G 2 } 2 4
Participants excluded 5 2 2 i {
Qther i2 2 2 4
Assessing Relapse?®
Yes 15 3 3 4 4
ND 7 3 3 ] {
Assessing Reactivation?”
Yes G i 4 3 4
No i3 5 5 2 G
Assessing Barriers?®
Yes 13 5 5 3 {}
No 9 i } 2
Assessing Facilitatore?®
Yes i3 3 3 2 4
No 9 3 3 3 {}
Note.
Descriptive analyses (symbols do¢ not indicate statistical significance)
a Endicates differences within behaviors
b Endicates differences across behaviors
¢ Indicates differences within and across behaviors

nence that represenis at least & months
of prolonged abstinence from tobacce. This
is the recommended primary outcome of
intervention itrials in the tobacce depen-
dence literature.”® A secondary outcome
criterion oufcome is a S-month 7-day
point prevalence.” This latter measure
indicates that smokers have reported that

Am J Health Behav.™ 2010;34{6):660-6G8

they have not smoked even a puff of a
cigarette {nor used other tobacco prod-
ucts) for the past 7 days. This outcome
typically is assessed & months from the
start of the intervemtion (for cessatlion
induction triais} or ¢ months from the
quit date for cessation irials. Twoe HMC
studies will report percent decrease of

665



Measuring Health Maintenance Behavior

cigarette use, and one will report con-
tinuous number of davs not using to-
bacco. Three of the studies will incorpo-
rate a 2-week grace peried after the end of
the intervention, and 3 will not.

All 5 studies will assess maintenance
of abstinence and adherence to medica-
tions for cessation at the individual level
Two studies will report a dichotomous,
one will report an ordinal, and 3 will report
a continuocus maintenarice variable. Of
the 5 studies reporting on iobacce, 4 will
report G-month outcomes, 5 will report
12-month outcomes, and 4 will report 24-
month outcomes daled from randomiza-
tion., Three studies will assess trajecto-
ries of change and barriers; 2 will assess
facilitators. Finally, 4 studies will report
relapse, and 3 will report reactivation.

Substance gbuse. Four of the 16 stud-
ies are addressing outcomes related to
illicit substance abuse (cocaine, meth-
amphetamines). All 4 are measuring vari-
ables such as attendance t{o sessions
{adherence} in addition to alcoheol and
drug abstinence {maintenance} as con-
tinuous variables at the level of the ind:-
vidual. None have a grace period hefore
assessing subsiance use. Additionally,
onie is assessing whether participants
meet a predetermined criterion related
to maintained abstinence and i8 examin-
ing percent change over time. Protocol
adherence is considered both a primary
outcome and an intermediary outcome
{or moderating variable} for other out-
comes. All 4 studies are assessing main-
tenance frequently and monitoring con-
tinuous maintenance for the duration of
the study in at least one of the 2 {ollowing
ways: 3 are assessing maintenance
through urinalysis tests conducted 2 to 3
times weekly during the active interven-
tion portion of the study; 2 are conducting
guarterly assessments that ask about
diug use on each day since the previous
assessment. All 4 studies are capable of
assessing relapse and reactivation, but
do not necessarily plan to analyze these
as outcomes. All 4 are assessing facilita-
tors by monitoring variables that maight
moderate the eifects of the interventions
and alse plan e mwodel maintenance tra-
jectories. None are assessing barriers.
Attrition occurs when participants can no
longer be located for Iollow-up assess-
ments or when they directly indicate that
they wish to withdraw from the study.

Commonalities/differences across
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behariors. 1 is important to note that
although investigators reached consen-
sus on defimtions of maintenance behav-
ior in order to enable survey participants
to respond to the survey in a standardized
fashion, investigators did not necessarily
change their research protocols to reflect
the group consensus definitions. Tables 3
and 4 present findings from descriptive
analyses comparing the 16 studies’ ap-
proach to and use of maintenance and
maintenance-related constructs. The
symbols denote differences within, across,
and across and within behaviors that
were not tested for significance due o the
small samaple size. The majority of stud-
ies (12 of 16, 75%) are using a criterion to
assess maintenance of behavior change,
consisterst with the consensus that the
group reached regarding an ideal defini-
tion. However, it is important to note that
no diet/nuirtdion studies are using a
criterion measure, and only one of 4 sub-
stance abuse studies is assessing main-
tenance this way. The majority of studies
{12 of 16, 75%0 are also tracking mainte-
nance using a continuvously measured
variable, and the majority conceptualize
maintenance to be both a primary and
intermediate cutcome. Finally, all stud-
ies are assessing maintenance at the
level of the individual participant with
only 3 assessing this ouicome at the
organicational level, 3 assessing it al the
environmental level, and one at the policy
level. Those siudies that are examining
multiple levels of maintenance are ad-
dressing phiysical activity and diet. None
of the smoking cessation or substance
abuse studies are examuning mainte-
nance at levels beyond that of the indi-
vidual participant.

As data in Table 4 demonstrate, we
found substantial variation withun and
across targeted behaviors with respect to
assessment time intervals., Studies tar-
geting PA, diet, and smoking cessation
tended to measure mainienance most
frequently at 12 months Tollowing partici-
pation in an intervention, followed in
frequency by 24 months and 6 months.

Across behaviors, roughly hslf of the
studies intended to meodel maintenance
trajectories, but 4 of 3 substance abuse
studies intended to model this cutcome.
We found a substantial amount of varia-
tion within and across behaviors with
respect 1o the intended treatment of attri-
tiont in planned analyses, suggesting that



a more standardized way of approaching
this issue might be helpful in the future.

Findings indicate that the majority of
smoeking cessation and substance abuse
studies are examiring relapse, compared
tno 50% of the PA and diet studies. The
majority of smolking cessation and sub-
stance abuse studies are adso assessing
reactivation in contrast to only one of the
PA studies and none of the diet studies.
This finding is perhaps explained by dif-
ferences in the nature of these behaviors
and the history of research in each field

Finaliy. across behiaviors a majority of
studies are assessing barriers {o mainte-
nance with the single exception of the
substance abuse studies. However, al-
though only half of the studies are exam-
indng facilitators to maintenance, sub-
stance abuse studies are abmost univer-
sally examining this issue.

DISCUSSION

Individuals are complex beings who
engage in multiple behaviors that arve
sometimes complementary and syner-
gistic and sometimes contradictory with
respect to the achievement of a conunon
outcome like good health. This complex
array of risk characteristics and behav-
iors presents challenges to clinicians asnd
to public health practitioners with re-
spect to impacting mulliple conditions
simultanecusly. This survey of concep-
tual and measurement similarities and
differences occurring across 16 studies
examining bebavioral maintenance of
multiple behaviors found similarities and
differences within and across behaviors
that have implications for advancing the
quality of transbehavioral research.

First, researchers exanuning the main-
tenance of different types of behaviors
were able fo reach consensus about a
definition of maintenance that applied
equally well to ali behaviors. The defini-
tinnn of maintenance adopted by the group
was “sustained behavior during the pe-
riod of observation that meets a threshold
believed to be necessary to improve health
or well being within a given population.”
We hope that a3 major contribution of this
paper will be the utility of these common
definitions of maintenance and other
aspects of its measurement that contrib-
ute to maintenance and/or better de-
scribe maintenance as a process. I is
important o note that agreement on a
definition does not necessarily mean that

Am J Health Behav.™ 2010;34{6):660-6G8

Sevmour et al

all fields of behavior-change research can
achieve this outcome. For example, io-
bacceo dependence researchers have
achieved a clear working consensus on
standardized maintenance ouicomes. In
contrast, investigators coenducting re-
search on physical activity agree that our
conzensus definition is an ideal but reo-
ognize the fact that the dose response
reguired io achieve imaproved health or
quadity of life is not well understond at this
time, especially for certain populations
like older adulis, i

The HMC Maintenance Workgroup was
also able to reach consensus regarding
definitions of relapse and reactivation
that may help the measurement of these
phenomena in future research to be more
precise arndd standardized across studies.

One hmitation of this study is that a
limited number of studies were available.
Therefore, our ability to conduct within
behavior comparisons was limited. The
findings presented in this paper are ten-
tative with regard to the state of mea-
surement of maintenance of behavior
change for these behaviors. However, we
hope that these findings can be used to
guide decision making by researchers
and funders interested in long-term main-
tenance of behavior change.

Findings clearly indicate that there is
an urgent need in the field to measure
mainienance of behaviors and barriers
and facilitators to them at levels other
than that of the individual. For example,
it is reasonable to assume that individu-
als’ ability to maintain healthy diets and
physical activity and to abstain from sub-
stance abuse would bhe substantially me-
diated by the neighborhoods in which
they reside. By the same token, a co-
intervention itn some of the tobacco de-
pendence trisds could be local or state tax
policy. In this latier case, the examina-
tionn of maintenance at the population
level would be appropriate.

Our findings indicate how a group of
premier behavioral scientists were con-
ceiving and imeasuring maintenance of
behavior change variables for 4 specific
health behaviors being targeted for
change. Substantial efforts remain te¢ be
made with respect to future research
targeting maintenance, including the
examination of barriers and facilitators
o maintenance and predictors of both
relapse and reactivation. These would
appear 1o be areas that are particularly
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ripe for future research.
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