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Abstract

People with and at risk for HIV have high rates of smoking,
increasing their morbidity and mortality. Effective cessation
interventions are needed for this group. Transtheoretical model
(TTM)-tailored interventions have demonstrated efficacy,

but measures need cross-validation in this population. TTM
cessation measures were evaluated in women smokers

with and at risk for HIV (N = 111) from Chicago Women’s
Interagency HIV Study (WIHS). Confirmatory factor analyses
evaluated measurement models. MANOVAs examined
relationships between constructs and stage subgroups. For
decisional balance, the two-factor uncorrelated model was
best (XZ(ZO) = 13.96; comparative fit index [CFI], 1.0; root mean
square error of approximation [RMSEA] = .00), with good

(pros o =.78) and fair (cons o = .55) four-item alphas. The
one-factor temptations model (o =.90) showed reasonable fit
(Xz(ls) =80.22; CFI =.89; RMSEA =.177). Processes of change
subscales had fair to good two-item alphas (o. = .49-.77)

and fit a 10-factor fully correlated model (Xz(m) =222.72;

CFl =.88; RMSEA =.084). MANOVAs by stage of change
replicated expected patterns for the pros, overall temptations,
and two process subscales with medium-sized effects

(n2 =.06-.18). Contrary to expectations, no differences

by stage were found for cons or temptation negative affect
subscales. The structures of these TTM measures replicated
with good internal and external validity, except for the cons,
which needs refinement. Negative affect temptations was
structurally sound, but did not vary by stage group potentially
reflecting this sample’s moderate depression levels and/or
their reliance on smoking to deal with negative affect. Results
support the use of most TTM measures in research and tailored
interventions to increase smoking cessation among women
smokers with and at risk for HIV and highlight the importance
of managing negative affect in cessation materials targeting this
group.
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INTRODUCTION

Smoking remains a major public health problem
in the United States, with implications for cardiac,
pulmonary, cancerrelated, and other chronic dis-
eases. In the United States, poverty, limited educa-
tion, and minority group status are associated with
higher rates of both tobacco smoking [1] and human

? Joseph S. Rossi*

Implications

Practice: Transtheoretical model (TTM) smok-
ing cessation measures, including stages of
change, pros of smoking, temptations to smoke,
and processes of change, can be used to assess
and provide feedback on readiness to quit smok-
ing in samples of adult women smokers with and
at risk for human immunodeficiency virus (HIV).

Policy: Policymakers interested in enhancing ces-
sation in high-risk groups such as those at risk for
and living with HIV can consider TTM-tailored
interventions.

Research: Future research should examine a
range of TTM-tailored cessation interventions in
samples at risk for and living with HIV to enhance
quitting in this high-risk group.

immunodeficiency virus (HIV) infection [2, 3], result-
ing in disproportionate disease burden, among other
disparities. Some of the highest rates of smoking in
the United States have been reported among individ-
uals with or at risk for HIV [4-6]. Between 2009 and
2014, the general U.S. adult smoking rate declined
from 20.6% (confidence interval [CI]: 19.9-21.3) to
16.8% (CI: 16.2-17.4), whereas the smoking rate in
individuals living with HIV declined from 37.6% (CI:
34.7-40.6) to 33.6% (CI: 29.8-37.8) [5, 6]. Within the
Women’s Interagency HIV Study (WIHS) cohort of
women with and at risk for HIV, smoking rates also
declined over time from a high of 57% in 1995 to 39%
in 2011 [5]. Rates of cessation also vary widely by eth-
nicity, poverty, education, and insurance status [5—8].
Women with and at risk for HIV have high smoking
rates, low rates of cessation [5-9], and dispropor-
tionate health and socioeconomic challenges and to-
gether, these underscore the urgent need for effective
interventions to increase cessation in this cohort.
One important theoretical framework that has
been widely used in smoking cessation research is the
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transtheoretical model (TTM) of behavior change, a
model of intentional behavior change that integrates
constructs across other health behavior models [10,
11]. Key TTM constructs include stage of change
(readiness), decisional balance (pros and cons of
smoking), temptations, and the processes of change.
These TTM constructs and their interrelationships
have been previously validated, specifically for smok-
ing cessation [12-14]. In addition, TTM-tailored ces-
sation interventions [15] using these measures have
demonstrated efficacy in various samples and popu-
lations [16-18]. Despite a good amount of TTM ces-
sation research, these smoking cessation measures
have minimal validation in minority populations
[19-23] and none in cohorts with and at risk for HIV.
Cross-validating existing TTM cessation measures in
diverse, comorbid, low-socioeconomic status, and
underserved samples, such as women smokers with
and at risk for HIV, is needed.

This study addressed this gap by cross-validating
all key TTM construct measures in a representative
sample of women smokers with and at risk for HIV.
The structure or the relationships between TTM con-
structs were not expected to be different in this pop-
ulation. However, examining the validity of these
measures remains important, especially since these
measures can be used for empirical decision mak-
ing and tailored intervention recommendations (i.e.,
based on individual’s scores). Investigating hypoth-
esized measurement model fit and the functional
relationships between these constructs and stage of
change provides a necessary empirical foundation
for tailored interventions. If the structure or rela-
tionships differ in this sample, it might be necessary
to further refine these measures for this population
and/or alter decision-making rules [21, 24]. It was
hypothesized, based on expected factor structure
and direction of relationships from previous TTM
studies, that in this sample: (a) the TTM constructs
would reveal adequate fit to the theorized meas-
urement models for decisional balance (two-factor
uncorrelated model for the pros and cons of smok-
ing), temptations (one-factor model), and processes
of change (10-factor, fully correlated model), and
(b) relationships between all constructs and stage of
change would replicate previously found relation-
ships, although with reduced effect sizes because
this sample only included women smokers in the
first three stages of cessation (Precontemplation,
Contemplation, and Preparation).

METHODS

Procedures

Eligible participants for this study were Chicago
WIHS CORE Center cohort members who spoke
English, were at least 18 years old, were in the first
three stages for smoking cessation (i.e., current
smokers), and agreed to participate after providing
written informed consent. Baseline TTM measures

were assessed from September 2005 to January
2007 directly from participants using a computer
expert system [21, 24]. All study procedures were
approved by the WIHS Executive Committee and
both the Cook County Health and Hospital System
and the University of Rhode Island Institutional
Review Boards. This study used the baseline visit of
a 2-year pilot smoking cessation intervention study
conducted within the Chicago WIHS, funded by
the National Cancer Institute. WIHS is a prospec-
tive cohort study of HIV infected and demograph-
ically similar uninfected women in five US regions
with enrollment between 1994 and 1995 and again
in 2001-2002. WIHS study methods have been
described [25, 26], but, in brief, women with and at
risk for HIV were seen every 6 months by trained
study personnel who conducted an extensive inter-
view and brief physical exam and collected blood
and gynecologic specimens.

Measures

At WIHS enrollment, participant date of birth,
selfreported race and ethnicity, and highest edu-
cation level attained were assessed. HIV status was
determined by ELISA and an approved confirm-
atory test if positive. All women who tested HIV
negative were retested at each follow-up visit. The
semiannual WIHS core study visit corresponding to
this study’s baseline included self-report measures
of sociodemographics (income, employment, health
insurance, marital, and housing status) health status
and behaviors (licit and illicit substance use), depres-
sive symptoms (CES-D) [27], health-related quality
of life (MOS-HIV) [28], perceived stress (PSS) [29],
nicotine dependence (FTND) [30], recent hospitali-
zation, and use of highly active antiretroviral therapy
to treat HIV. Height and weight were measured and
used to calculate body mass index. Hypertension
was assessed by current measures of systolic and
diastolic blood pressure greater than or equal to
140/90, current use of antihypertensive medications,
and/or confirmed history of hypertension diagnosis.
Diabetes was assessed by current fasting blood glu-
cose tests greater than or equal to 126, current use
of hypoglycemic medications, and/or confirmed
history of diabetes diagnosis. HIV-specific measures
included CD4+ cells/mm” and HIV-1 RNA viral load
measured from blood samples using immunofluores-
cence flow cytometry and anisothermal nucleic acid
sequence-based amplification method performed in
AIDS Clinical Trials Group (ACTG) certified and
National Institutes of Health Viral Quality Assurance
Program participating laboratories, respectively.

Stage of change

Stage of change was measured using an algo-

rithm assessing readiness to quit smoking, with

response options reflecting Precontemplation

(PC) (not intending to quit in the next 6 months),

Contemplation (C) (intending to quit in the next
TBM
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6 months), Preparation (PR) (intending to quit in
the next 30 days), Action (A) (quit for <6 months),
and Maintenance (M) (quit for 6 months or more).
The reliability, utility, and predictive validity of this
algorithm have been demonstrated in other samples
[10, 31, 32].

Decisional balance

An eight-item decisional balance measure assessed
the relative importance of various perceived advan-
tages (pros) and disadvantages (cons) of smoking.
Participants rated the importance of each item in
their decision to smoke on a five-point scale, rang-
ing from 1 = not at all important to 5 = extremely
important [12]. Both four-item subscales, pros and
cons, have been found internally consistent and sig-
nificantly related to stage in primarily white popu-
lations [12, 20].

Temptations

A nine-item temptations measure assessed individu-
als’ temptations to smoke in three types of challeng-
ing situations: negative affect, habit strength, and
positive social [14]. Participants rated their temp-
tation to smoke on a five-point scale ranging from
1 = not at all tempted to 5 = very tempted. The
overall temptations to smoke measure and each
three-item subscale have been found to be inter-
nally consistent and demonstrated known groups
validity by stages of change, with the last two stages
(A, M) differing significantly from the first three
stages (PC, C, PR).

Processes of change

A 20-item measure assessed the 10 common cog-
nitive, affective, experiential, and behavioral
strategies used by individuals to progress through
the stages of change. Individuals rated the fre-
quency of use of each item over the past 30 days
on a five-point scale ranging from 1 = never
to 5 = repeatedly. This measure demonstrated
internal consistency and known group validity
by stage of change in primarily white samples
[13] with coefficient alphas for the 10 subscales
ranging from .64 to .86. Because this study only
included women smokers in the first three stages
of cessation, more clear differentiation (statis-
tically significant differences and/or moderate
effect sizes) between the experiential processes
(Consciousness Raising [CR], Dramatic Relief
[DR], Environmental Reevaluation [ER], Self-
reevaluation [SR], Social Liberation [SO]) was
expected than between the behavioral pro-
cesses (Counterconditioning [CC], Helping
Relationships [HR], Reinforcement Management
[RM], Stimulus Control [SC], Self-liberation
[SL]), which generally differentiate more in later
stages [13].

Analysis

There were two sets of analyses, testing the best-fit-
ting confirmatory structural measurement models
for the decisional balance, temptations, and pro-
cesses of change measures [33-35] using EQS ver-
sion 6.1 [36, 37]. The second set of multivariate
analysis of variance (MANOVA) determined if the
hypothesized functional relationships between each
construct and stages of change would replicate, sup-
porting the known group and external validity of the
scales in this sample using SPSS, version 22 [35, 38].

Confirmatory factor analyses

To establish the bestfitting model for each of the con-
firmatory factor analysis (CFA) procedures, several dif-
ferent macro fit indices were compared. These included
the (a) comparative fit index (CFI), (b) average absolute
standardized residual (AASR), (c) root mean square
error of approximation (RMSEA), and (d) likelihood
ratio  test statistic [34, 36]. For the goodness of fit
(GFI) and CFI, values of .80 to .89 on the GFI and CFI
indicate adequate fit, whereas values of .90 and greater
indicate good or excellent fit [39]. For the AASR and
RMSEA, values less than .06 indicate excellent fit [33].
In addition, individual item factor loadings were exam-
ined and expected to be greater than .40.

For the decisional balance measure, four confirm-
atory structural models were compared, including
the null model, a two-factor uncorrelated model, a
two-factor correlated model, and a general one-fac-
tor decisional balance model. Two models were
compared for the temptations measure, which
included the null model and a single-factor model.
Last, for the processes of change measure, three
models were compared. These included the null
model, a two-factor correlated model representing
only the combined experiential and behavioral pro-
cesses, and a 10-factor fully correlated model.

Known group validation

Functional relationships between decisional bal-
ance, temptations, and processes of change were
examined across the three stage of change groups
(PC, C, PR), using a MANOVA with ANOVA and
Tukey follow-up tests. Eta square was used to esti-
mate effect sizes, ranges from zero to one, and can
be interpreted as the proportion of the dependent
variable that is attributable to the independent var-
iable [40, 41]. Cohen categorized eta-square values
descriptively as small (.01), medium (.06), or large
(.14), respectively [41].

RESULTS

Sample

Of 118 English-speaking smokers who were recruited
to participate in this study during a WIHS core study
visit between August 2005 and September 2007, 115
(97%) were enrolled. English-speaking smokers over
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Table 1 | Descriptive and demographic characteristics (N=111)

Characteristic

HIV positive
Age, years
Race/ethnicity
Black (non-Hispanic)
Hispanic
White (non-Hispanic)
Other racial/ethnic group
Education level
Less than high school

High school graduate or
equivalent

More than high school
Married/living as married

Stable housing (own home/
apartment)

Employed (full time or
part-time)

Household income <
$12,000/year

Health insurance
Substance use

Alcohol (number of drinks
per week)

None

Light (<7 /week)

Hazardous (>6/week)
Marijuana use

Never

Former

Current

Crack, cocaine, and heroin
use

Never
Former
Current
Intravenous drug use
Never
Former
Current
Psychosocial measures

Probable depression
(CES-D score = 16)

Health-related quality
of life

Perceived stress scale*
Physical health
Body mass index
Obese (230)
Overweight (25-29.9)
Normal (18.5-24.9)
Underweight (<18.5)
Hypertension
Diabetes
Hospitalized in prior year
Smoking related
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% (n)
75 (83)

89 (99)
89 (99)
5(5)
5(6)
<1(1)

48 (53)
28 (31)

24 (27)
26 (28)
73(81)

24 (27)
75 (83)

78(86)

48 (53)
39 (44)
13 (14)

14 (16)
59 (65)
27 (30)

16 (18)
57 (63)
27 (30)

60 (67)
38 (42)
2(2)

56 (62)

25 (28)
32 (36)
38 (42)
5(5)
29 (32)
15 (17)
22 (24)

Mean (SD)

41 (8)

3(6)

66 (20)

15 (7)

Characteristic % (n) Mean (SD)

Fagerstrom score 4.2(2.3)

Number cigarettes 8(7)
smoked per day

Any quit attempt in prior 37 (41)
3 years
Stage of cessation
Precontemplation 34 (38)
Contemplation 47 (52)
Preparation 19 (21)
HIV-related characteristics
(n=83)
CD4 cells/pL
<200 22(18) 430 (294)
200-349 22(18)
350-499 30(25)
>500 26 (22)
HIV RNA copies/mL
Detectable 69 (57) 42,342
(175,664)
Undetectable 31 (26)
Highly active antiretroviral 64 (53)
therapy

*Perceived stress scores were available on n=88.

18 years old were offered study participation at their
WIHS study visit (see Procedures for recruitment
details). Subsequently, four women were excluded
because 1 had quit smoking already and the other
3 did not complete baseline assessments. These
analyses include the remaining 111 participants; a
participation rate of 95% (111/117). Demographic,
behavioral, and HIV-related characteristics of study
participants are shown in Table 1. Three quarters
of participants (83/111, 75%) were HIV seroposi-
tive. Most were African American (89%), with 5%
White, 5% Hispanic/Latina, and <1% other racial/
ethnic group. Almost half (48%) had less than a high
school education, 28% had a high school diploma or
GED and 24% had more than a high school educa-
tion. Age at study entry ranged from 22 to 61 years,
with a mean age of 41 years (SD = 8 years). About a
quarter (26%) were married or living as married with
a partner, and most (73%) lived in their own homes
or apartments. Only 24% were employed full time
or part-time, and the majority (75%) reported an an-
nual household income of $12,000 or less per year.
Over three quarters (78%) had some form of health
insurance.

Almost half of participants reported no alcohol use
(48%), 39% reported light or moderate drinking, and
13% were potentially hazardous drinkers, defined
for women by the National Institute of Alcohol
Abuse and Alcoholism as more than six drinks
per week; average alcohol use was three drinks per
week (§D = 6); 27% were current marijuana users
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and another 59% reported former use; 27% were
current crack, cocaine, or heroin users, and another
57% reported former use; although 38% reported
histories of intravenous drug use, only 2% reported
current use.

Just over half the sample (56%) screened positive
for probable depression, with a CES-D score greater
than 16 [25]. Healthrelated quality-oflife scores
(MOS-HIV) were relatively low with a mean of 66
(SD = 20) on a scale that ranged from 0 to 100 [26].
Perceived stress scores were moderate with a mean
of 15 (SD = 7) on a scale ranging from 0 to 36 [27].

More than half of participants were either over-
weight or obese. Almost a third (29%) had at least
one clinical indicator for hypertension including
systolic blood pressure = 140, diastolic blood pres-
sure 2 90, use of antihypertension medications, or
selfreport of clinical diagnosis; and 15% had clini-
cal indications for diabetes including fasting blood
glucose 2 126, hemoglobin Alc test > 6.5%, use of
diabetes medications, or selfreport of clinical diag-
nosis. Almost a quarter (22%) had been hospitalized
within the past year.

Among HIV+ participants, the mean CD4 count
was 430 cells/uL (SD = 294); 74% were less than 500
cells/uL. Mean HIV viral load was 42,342 copies/
mL ($D = 175,664) and 69% of participants had
detectable levels. Almost two thirds (64%) reported
use of highly active antiretroviral therapy.

Participants reported smoking an average of eight
cigarettes per day (SD = 7), and 37% reported quit
attempts in the past 3 years. The mean Fagerstrom
Nicotine Dependency Score [28] was 4.2 (SD = 2.3)
with arange from 0 to 9. The distribution of stages of
change for smoking cessation was Precontemplation,
34% (n = 38); Contemplation, 47% (n = 52); and
Preparation, 19% (n = 21). Stages of change did not
vary significantly by HIV serostatus, XZ(Q) = 3.62,
p = .164.

Transtheoretical model measures

The scale statistics for the TTM measures of deci-
sional balance (pros and cons of smoking), tempta-
tions, and processes of change are reported in Table
2. Internal consistencies ranged from acceptable to
very good, based on Cronbach’s alphas between
.49 and .90. One item on the cons of smoking scale,
“Smoking cigarettes is hazardous to my health” had
a relatively high importance rating, with a mean of
4.50 on a scale ranging from 1 to 5. Also, another
item on the cons scale “I'm embarrassed to have to
smoke” had a relatively low importance rating, with
a mean of 2.23.

Confirmatory factor analyses

CFAs were conducted on the decisional balance,
self-efficacy, and processes of change measures. For
decisional balance, three alternative models besides
the null model were assessed. The one-factor model

Table 2 | TTM construct scale and subscale means + SD and
Cronbach’s alphas

Scale/
subscale
Number mean Cronbach’s
Scale of items (SD) o
Decisional balance
Pros of smoking 4 298 .78
(0.96)
Cons of smoking 4 3.47 .55
(0.76)
Temptations 9 3.72 .90
(0.92)
Negative affect 3 4.04 .87
(0.95)
Positive social 3 3.68 .70
(0.98)
Habit strength 3 3.44 71
(1.06)
Processes of change
Experiential processes 10 3.00 .83
(0.71)
Consciousness 2 271 .59
raising (0.93)
Dramatic relief 2 2.79 .53
(0.91)
Environmental 2 3.11 76
reevaluation (1.02)
Social liberation 2 3.58 .66
(0.99)
Self-reevaluation 2 2.80 .70
(1.07)
Behavioral processes 10 2.48 .82
(0.72)
Counterconditioning 2 2.58 49
(0.84)
Helping 2 2.67 74
relationships (1.11)
Reinforcement 2 2.34 77
management (1.15)
Stimulus control 2 191 .65
(0.90)
Self-liberation 2 2.88 .68
(1.06)

showed a reasonable fit to the data (sz = 49.48;
p < .001; CFI = .80; GFI = .98; AASR = .06;
RMSEA = .12). The bestfitting models proved to be
both the two-factor correlated model (X219 = 13.42;
p = .81; CFI = 1.0; GFI = .97; AASR = .027;
RMSEA = .00), and the two-factor uncorrelated
model (X220 = 13.96; p = .83; CFI = 1.0; GFI = .97;
AASR = .030; RMSEA = .00). A %’ difference test
comparing the correlated and uncorrelated models
was not significant (X21 =0.54; p>.05). The fit indices
of the correlated and uncorrelated models were
nearly identical; however, the uncorrelated model
requires fewer parameters to be estimated. The
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correlation of 0.10 estimated between the pros and
cons scales was very low and not significant. Thus,
based on parsimony, the uncorrelated model was
selected as best fitting. This model, including items
and factor loadings is shown in Figure 1. Most factor
loadings were adequate to good ranging from .56 to
.75. Two cons items had poor loadings (.18 and .42).
Removing the poorest loading item (.18) increased
the internal consistency of the cons scale to a. = .59.

Three measurement models were tested for
the temptations measure: (a) the null model, (b)
a one-factor model with uncoupled residuals, and
(c) a onefactor model with residuals correlated
within subscales. The one-factor model with uncou-
pled residuals provided an adequate fit to the data
(X227 = 130.23; p < .001; CFI = .82; GFI = .80;
AASR = .055; RMSEA = .186). The one-factor
model with coupled residuals showed the best fit to

Smoking cigarettes
relieves tension \

.561
Smoking helps me
concentrate and do better
work —~ 749

| am relaxed and 754
therefore more pleasant
when smoking

.700

L
Smoking cigarettes is /

more pleasurable

I'm embarrassed to have

/ to smoke

My cigarette smoking
617/' bothers other people

419

. People think I'm foolish
\ T~a for ignoring the warnings
about cigarette smoking

.183

\ Smoking is hazardous to

my health

Fig. 1| Two-factor uncorrelated decisional balance confirmatory model with standardized factor loadings (N=111).

When | am very anxious
and stressed

When | am very angry
about something or
someone

.824

AN

.633

When things are not
going my way and | am
frustrated

\

.601

With friends at a party

.783

Temptations .654

Over coffee while talking
and relaxing

.669

/ L\

With my spouse or close
friend who is smoking

.875

.684

.646

When | first get up in the
morning

When | feel | need a lift

A/

When | realize | haven't
smoked for a while

Fig. 2| One-factor temptations confirmatory model with standardized factor loadings (N=111).

TBM



ORIGINAL RESEARCH

TBM

the data, X218 = 80.22; p <.001; CFI = .89; GFI = .87;
AASR = .040; RMSEA = .177. A y’ difference test
comparing both models was significant (ng = 50.01;
p <.001), confirming the three theoretically implied
subscales. Factor loadings were good, ranging from
.60 to .88. Figure 2 displays this model, including
items and factor loadings.

Three measurement models were compared
for the processes of change measure: (a) the null
model, (b) the correlated two-factor (experiential
and behavioral) model with coupled residuals,

When | am tempted to
smoke, | think about N
something else 465

0
0

| do something else 712
instead of smoking when | =
need to relax

| have someone who
listens when | need to talk
about my smoking

u
w
N

O 0 0 ¢

0

| have someone | can
count on when I'm having
problems with smoking

)
2
S

| can expect to be
rewarded by others when
| don't smoke

~
©
N

| am rewarded by others if | 4"
| don't smoke

| remove things from my
home or workplace that
remind me of smoking

o
@
o

| keep things around me
that remind me not to
smoke

~
=
w

| tell myself | can quit
smoking if | want to

)
23
®

| tell myself that if | try
hard enough | can keep
from smoking

o
[}
2

and (c) a 10-factor fully correlated model. The
correlated two-factor model did not fit the data
well (X2159 = 342.14; p < .001; CFI = .78; GFI = .76;
AASR =.065; RMSEA = .102). The 10-factor fully
correlated model showed the best fit to the data
O, = 222.72; p < .001; CFI = .88; GFI = .84;
AASR = .050; RMSEA = .084). Factor loadings
ranged from .46 to .99, and two-item coefficient
alphas ranged from .49 to .77. Figure 3 includes all
items, factor loadings, and correlations between
processes.

| recall information people
have given me on the
P 4 benefits of quitting

.520 )
smoking

.822 | think about information
A from articles and ads on
how to stop smoking

Warnings about the
B health risks of smoking

.1.596 move me emotionally
ﬂ .601 | react emotionally to
A warnings about smoking

cigarettes

| stop to think that
smoking is polluting the
4842, environment

)

.735 | consider the view that
A smoking can be harmful
to the environment

| notice that nonsmokers

.988, are asserting their rights

9

.503 | find society changing in
A ways that make it easier
for nonsmokers

| get upset when | think
980’ about my smoking

.552 My need for cigarettes
A makes me feel
disappointed in myself

Correlations between Processes of Change latent factors

HR RM SC SL CR DR ER SO SR

Counter-conditioning (CC) A457* | 143 | .693* | .687* | 1.00* | .925* | .581* | .455* | .574*
Helping relationships (HR) 1.00 | .755* | .596* | .554* | .501* | .695* | .614* | 172 | .321*
Reinforcement management (RM) 1.00 | .668* | .357* | .257* | .340* | .382* | -.025 | .262*
Stimulus control (SC) 1.00 | .713* | .674* | .677* | .517* | .201 371*
Self-liberation (SL) 1.00 | .720* | .746* | .490* | .595* | .549*
Consciousness raising (CR) 1.00 | .964* | .706* | .433* | .481*
Dramatic relief (DR) 1.00 | .829* | 466 | .794*
Environmental Reevaluation (ER) 1.00 | .245* | .224*
Social liberation (SO) 1.00 | .533*
Self re-evaluation (SR) 1.00

*n<.05

Fig. 3 | Ten-factor correlated processes of change model with standardized factor loadings (N=111).
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External validation

MANOVA was conducted to determine whether
TTM constructs differed by the three stage sub-
groups. A MANOVA assessing decisional balance
(pros and cons of smoking), temptation subscales
(negative affect, positive social, habit strength), and
10 processes of change revealed a substantial and
significant main effect for stage (Wilks’ A = .59;
F,) g5 = 1.88; p <.01; multivariate N’ = .408).

Scale means for the pros and cons are shown in
Table 3. Follow-up ANOVAs found that the pros signifi-
cantly differed by stage (¥, , = 4.91; p <.01; 0’ = .083).
Participants in Precontemplation reported significantly
higher pros of smoking than those in Contemplation
and Preparation. The cons of smoking did not vary sig-
nificantly (¥, = 0.35; p>.05) by stage.

Table 3 also shows the ANOVA and Tukey test
results for overall temptations, which were sig-
nificantly different by stage (¥, , = 4.66; p < .05;
n = .079), with participants in’Preparation report-
ing significantly lower temptations than those in
Precontemplation. Interestingly, Table 3 shows that
all three subscales (negative affect, positive social,
habit strength) showed similar patterns of decrease
across stage subgroups; however, the negative
affect subscale was generally more highly endorsed
at each stage of change and differences between

stage groups were not significant. Significant stage
differences were found for both the positive social
(F, 105 = 3:545 p < .05; N’ = .061) and habit strength
(£ 105 = 7:58; p <.0L; ”v]2 = .123) subscales, with par-
ticipants in Preparation reporting significantly lower
temptations than those in the earlier stages.

Processes of change subscale means, and follow-up
ANOVA and Tukey results are presented in Table 4.
Follow-up ANOVAs on subscales found significant
stage group differences on 2 out of 10 subscales,
Self-iberation (F,,, = 11.57; p<.001; 1" = .176) and
Self-reevaluation (F, = 3.70; p < .05; 0" = .064),
with participants in the Preparation stage reporting
more frequent process use than those in earlier stage
of change groups. Table 4 shows that although not
statistically significant, small-to-medium effects sizes
were observed across stage groups for an additional
five processes of change (CR, DR, SO, CC, SC). In
contrast, for three processes (ER, HR, RM), effect
sizes across stage groups were smaller than expected
and near zero.

DISCUSSION

This study cross-validated most existing TTM ces-
sation measures in this important population of
women smokers with and at risk for HIV infection
with multiple barriers to cessation, providing an

Table 3 | Standardized T-scores + SD for decisional balance and temptation by stage

95% confidence Post hoc
TTM construct n Mean (SD) interval 7 Tukey HSD
Pros of smoking* .083 PC>C, PR
Precontemplation 38 53.98 (8.96) [50.88, 57.01]
Contemplation 52 48.01 (9.48) [45.35, 50.66]
Preparation 21 47.73 (11.25) [43.55,51.91]
Cons of smoking .006
Precontemplation 38 49.18 (9.09) [45.94,52.41]
Contemplation 52 50.01 (10.63) [47.24,52.77]
Preparation 21 51.48 (10.27) [47.12,55.83]
Temptations total* .079 PC>PR
Precontemplation 38 52.96 (8.73) [49.85, 56.08]
Contemplation 52 49.88 (10.27) [47.22,52.54]
Preparation 21 44,94 (9.82) [40.75, 49.12]
Negative affect .028
Precontemplation 38 51.83(9.24) [48.63,55.02]
Contemplation 52 49.86 (10.08) [47.13,52.60]
Preparation 21 47.03 (10.83) [42.73,51.34]
Positive/social* .061 PC>PR
Precontemplation 38 52.70(9.13) [49.56, 55.84]
Contemplation 52 49.78 (10.09) [47.10,52.47]
Preparation 21 45,65 (10.10) [41.42, 49.88]
Habit strength** 123 PC,C>PR
Precontemplation 38 53.55 (8.44) [50.51, 56.59]
Contemplation 52 50.01 (10.17) [47.41,52.61]
Preparation 21 43.55(9.32) [39.46, 47.63]

Eta-square values can be categorized as small (.01), medium (.06), or large (.14) [40, 41].

F-test significant at *p <.05; ** p<.01.

TBM



ORIGINAL RESEARCH

TBM

Table 4 | Processes of change subscale standardized T-scores + SD by stage

95% confidence Post hoc

Process subscale n Mean (SD) interval 712 Tukey HSD

Consciousness raising .040
Precontemplation 38 48.27 (7.86) [45.09, 51.45]
Contemplation 52 49.68 (10.65) [46.97,52.40]

Preparation 21 53.91(11.16) [49.63,58.18]

Dramatic relief .042
Precontemplation 38 47.22 (8.79) [44.04,50.39]
Contemplation 52 51.11(9.92) [48.40,53.83]

Preparation 21 52.28 (11.52) [48.00, 56.55]

Environmental reevaluation .001
Precontemplation 38 49.80 (10.10) [46.55, 53.04]
Contemplation 52 50.31 (10.06) [47.54,53.08]

Preparation 21 49.59 (10.13) [45.23,53.96]

Social liberation .025
Precontemplation 38 47.99 (9.90) [44.79,51.19]
Contemplation 52 50.54 (9.94) [47.80,53.28]

Preparation 21 52.30(10.14) [47.99,56.61]

Self-reevaluation* .064 PR>PC
Precontemplation 38 47.35 (8.85) [44.21, 50.49]
Contemplation 52 50.10 (9.75) [47.41,52.78]

Preparation 21 54.56 (11.30) [50.34,58.78]

Counterconditioning .048
Precontemplation 38 48.62 (8.87) [45.46,51.79]
Contemplation 52 49.20(10.07) [46.50,51.91]

Preparation 21 54.46 (10.93) [50.20, 58.72]

Helping relationships .001
Precontemplation 38 49.64 (10.49) [46.40,52.89]
Contemplation 52 50.10 (9.55) [47.33,52.88]

Preparation 21 50.39 (10.65) [46.03, 54.75]

Reinforcement management .003
Precontemplation 38 50.68 (10.22) [47.44,53.92]
Contemplation 52 49.87 (9.83) [47.10,52.64]

Preparation 21 49.10(10.42) [44.74,53.45]

Stimulus control .049
Precontemplation 38 47.28 (9.01) [44.12,50.45]
Contemplation 52 50.63 (10.20) [47.93,53.34]

Preparation 21 53.34(10.37) [49.09, 57.60]

Self-liberation*** 176 PR>C>PC
Precontemplation 38 4490 (8.99) [41.95, 47.84]
Contemplation 52 51.10(9.01) [48.59, 53.62]

Preparation 21 56.0 (9.82) [52.54, 60.46]

Eta-square values can be categorized as small (.01), medium (.06), or large (.14) [40, 41].

F-test significant at *p <.05; ***p<.001.

empirical foundation for future tailored interven-
tions. The WIHS cohort, a representative sample of
US women with and at risk for HIV, provides an im-
portant opportunity to refine our understanding of
high risk, comorbid smokers. These women smokers
in the Chicago WIHS sample were mostly African
American, poor, with limited educational attain-
ment, and either uninsured or on Medicaid, each
associated with poorer smoking cessation outcomes
[4-9]. Many also had a history of and/or current

substance use and current symptoms of stress and
depression, even when compared with other mixed
gender HIV+ samples of smokers [42]. Moreover,
this was a group of relatively light smokers (fewer
than 10 cigarettes per day). Behavioral interventions
would be the mainstay of their smoking cessation
treatments because they smoke below the threshold
for routine prescription of cessation medications
[43]. This study cross-validated three well-estab-
lished TTM cessation measures: decision balance,
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temptations, and processes of change in this high-risk
cohort of female smokers. Confirmatory analyses for
the decisional balance, temptations, and processes
of change measures demonstrated factor structures
consistent with those found in other samples and
indicated generally good model fit. Results from
this comparison and evaluation of alternative struc-
tural models for each construct confirmed the struc-
tures and internal validity of these three measures
in this sample. In addition, most measures showed
good known groups external validity by three stages
of change. In an independent randomized trial of
nicotine replacement therapy with male and female
HIV+ smokers, two of these measures (decisional
balance and temptations) functioned as mediators
of 6-month cessation outcomes [42].

Decisional balance

This study replicated a two-factor (pros and cons)
uncorrelated measurement structure for the deci-
sional balance instrument in this sample, consist-
ent with prior results showing that the pros and
cons were orthogonal, and the scales showed ade-
quate to good internal consistency. This measure-
ment structure replicated the structure found for
this scale previously in other samples [12, 20, 22].
These results suggested that, like other samples,
these women discriminated between the positive
and negative aspects of deciding to quit smoking.
The pros of smoking varied by these three stage
of change, replicating previous findings and TTM
predictions, supporting the external validity of this
subscale. However, this four-item cons of smoking
scale had both a low alpha level (.53) and contrary
to TTM predictions, did not vary significantly
across these three early stages. Two cons items (“I'm
embarrassed to have to smoke.” and “Smoking is
hazardous to my health.”) had poor item loadings,
suggesting that in the context of HIV, these items
did not function well. One item was endorsed so
highly (... hazardous to my health) that it created a
ceiling effect, limiting its ability to assess scale var-
iability. This high mean score may reflect unique
attributes of the women in this study who were par-
ticipants for many years in ongoing health research
or it may reflect the increased importance of their
health, partially in response to HIV. The remaining
item (... embarrassing) was endorsed at a very low
level and loaded very poorly, suggesting that in the
context of these women’s experiences of HIV and
associated stigma, smoking may not actually be so
embarrassing. Consideration of additional HIV
specific (e.g., viral load) and other (e.g., costs) items
may improve the functioning of this scale in samples
like this. Improving the cons of smoking measure
would be worthwhile because decisional balance
has shown robust relationships to stages of change
both crosssectionally [44-47] and longitudinally
[32, 47] and can provide an important contribution

to tailored feedback messages [15, 24]. Better meas-
urement of the cons of smoking may show results
more comparable to previous studies; however, this
remains to be demonstrated.

Temptations

This study confirmed a one-factor model for smoking
temptations in this sample. These results replicated
the underlying structure found in previous studies of
smoking temptations in other samples [14]. In addi-
tion, temptations varied across the first three stage of
change consistent with TTM predictions 14, 48] and
replicated previous studies in adults and adolescents
[14, 22]. As expected, participants’ temptations to
smoke were highest in Precontemplation and lower
among those in Preparation. Interestingly, the only
subscale that did not vary significantly here by stages
of change was negative affect, which was more highly
endorsed than the other subscales. Temptations to
smoke in response to stress, anxiety, and/or depres-
sion may be especially important for these women
who endorsed moderate levels of depression and
faced many health and social stressors. Additional
cessation interventions targeting these stressors and/
or providing effective mood management strategies
may prove useful in improving and sustaining cessa-
tion efforts in these smokers. TTM-tailored smoking
cessation programs have replicated their efficacy in
two other samples of smokers receiving outpatient
depression treatment and even, inpatient psychiatric
care [49, 50]. Given levels of depression in this sam-
ple, effective treatments for depression [51] may also
prove useful to address both depression and poten-
tially augment cessation. These results support the
use of this measure for both assessing temptations
to smoke and tailored intervention purposes in this
female sample of smokers with and at risk for HIV.

Processes of change

This study confirmed the structure of a 10-factor
correlated model for the processes of change meas-
ure for smoking in this sample, replicating the struc-
ture found in previous studies in other samples [13].
This sample included women in only the first three
stages of cessation, and only two process subscales
(SR, SL) varied significantly between these three
stages, with moderate- to large-sized effects. More
variability in process subscales may be expected
across the full range of stage groups and over
time in larger samples, followed longitudinally. As
expected, participants in Precontemplation used
both process subscales significantly less often than
those in Preparation. The large effect sizes of both
subscales, Self-reevaluation and Self-liberation, sug-
gest that they may be especially useful targets for
tailored interventions for early-stage women smok-
ers with or at risk for HIV. These results suggest
that additional tailoring based on Self-reevaluation
and Selfliberation, addressing both selfimage and
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choice, may be useful enhancements to cessation
programs for these women. Although many sub-
scale analyses were not able to find even medi-
um-sized effects significant due to small cell sample
sizes, the effect sizes of most remaining subscales
were generally consistent with previous findings
and TTM predictions, supporting the known group
external validity of this measure. The exception to
this finding occurred for three process subscales,
environmental reevaluation, helping relationships,
and reinforcement management, each of which
demonstrated little variability across these three
stage subgroups. This finding may reflect a lack
of social and environmental supports for quitting
experienced by these women, and it suggests that
providing additional intervention components
aimed at improving health-related and social sup-
ports for quitting may also be indicated.

Limitations

There are several limitations to the present study,
with the foremost being the sample size, especially
in stage subgroups, and the cross-sectional nature of
these data. These scales would benefit from more
longitudinal analysis and should be validated in
additional samples of smokers with multiple social
and behavioral challenges, including HIV, poverty,
low levels of education, substance use, and depres-
sion. Another limitation of this study is that only
final items from the original scales were used. Thus,
the original item content did not include more
specific factors that may be especially salient for
women smokers with or at risk for HIV. Additional
constructs of interest that were not included in this
study but may prove useful in the future include
stigma, social support, and social determinants of
health. More in-depth qualitative research may
yield more valuable information about smoking
and the role it may play in these women’s lives,
suggesting measurement and intervention enhance-
ment opportunities. This may be particularly true
for the cons scale, which did not replicate the results
of previous studies and should be improved. The
final limitation was that this sample was recruited
from one site in Chicago about a decade ago; future
research would benefit from including updated,
more demographically and geographically repre-
sentative samples of male and female smokers with
and at risk for HIV.

CONCLUSION

The results of this study support the internal and
external validity of the decisional balance, tempta-
tions, and processes of change measures for smoking
cessation in female smokers with and at risk for HIV,
including predominantly poor African American
women with lower levels of education and mod-
erate rates of depression. All of the relationships
demonstrated in previous samples were replicated,

with the exception of the relationships between the
cons of smoking and stage of change and between
one temptation subscale, negative affect, and stage.
The lack of variability by stage of change for the
negative affect subscale was probably related to the
depression levels endorsed by this sample. Further
research is necessary to examine both (a) how to
improve the cons scale by adding specific items that
may better reflect the experiences and values of
HIV+ smokers and (b) how to address both depres-
sion and smoking cessation effectively in these smok-
ers. These scales can be used to deliver and evaluate
TTM-tailored smoking cessation programs that have
demonstrated effectiveness in other samples.
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