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Abstract
The Adjective Rating Scale of Withdrawal (ARSW) is commonly used to assess opiate withdrawal
in clinical practice and research. The aims of this study were to examine the factor structure of the
ARSW, test measurement invariance across gender and treatment groups, and assess longitudinal
measurement invariance across the clinical trial. Secondary data analysis of the National Drug
Abuse Treatment Clinical Trials Network 000-3, a randomized clinical trial comparing two
tapering strategies, was performed. The ARSW was analyzed at baseline, end of taper and 1-
month follow-up (N =515 opioid-dependent individuals). A 1-factor model of the ARSW fit the
data and demonstrated acceptable reliability. Measurement invariance was supported across
gender and taper groups. Longitudinal measurement invariance was not found across the course of
the trial, with baseline assessment contributing to the lack of invariance. If change over time is of
interest, change from post-treatment through follow-up may offer the most valid comparison.
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1. Introduction
Assessment of opioid withdrawal is important to clinically manage opioid dependent
individuals (Tompkins, Bigelow, Harrison, Johnson, Fudala & Strain, 2009). Opioid
withdrawal is a function of the severity of physical dependence on opioids and the
occupancy of the μ receptor at a specific time (Wesson & Ling, 2003). Withdrawal is
assessed in treatment and recovery from opioid addiction in both research and clinical
settings. One common scale used to examine withdrawal is the Adjective Rating Scale for
Withdrawal (ARSW) (Bickel, Stitzer, Bigelow, Liebson, Jasinski, & Johnson, 1988a;
Bickel, Stitzer, Bigelow, Liebson, Jasinski, & Johnson, 1988b; Amass, Kamien, & Mikulich,
2000). As it was developed, the ARSW was one of two 20-item adjective scales that were
given to assess opiate withdrawal and opiate effects (Bickel at el, 1988a; Bickel at el,
1988b), and was later trimmed to 16 items (Amass et al., 2000) that assessed symptoms such
as painful joints, poor appetite, trouble getting to sleep, etc. The ARSW is typically summed
to create a total score, and the scores have been used to assess subjective ratings of
withdrawal across treatment groups (Amass et al., 2000; Bickel at el, 1988a; Ling et al,
2005; Ling et al, 2009; Ziedonis et al., 2009) and over time (Amass et al., 2000; Bickel at el,
1988a; Bickel at el, 1988b; Ling et al, 2005; Ziedonis et al., 2009), typically in combined
samples of men and women (Amass et al., 2000; Bickel at el, 1988a; Ling et al, 2005, Ling
et al, 2009; Ziedonis et al., 2009).

Although the ARSW is a widely used measure of withdrawal in clinical trials, there is
surprisingly little psychometric evaluation of this measure. To our knowledge, there is no
published work on the factor structure or reliability of this scale. Additionally, measurement
invariance of the ARSW across groups or over time has not yet been tested. The
demonstration of measurement invariance is critical in order to effectively compare different
groups on a latent construct (Cheung & Rensvold, 2002; Vandenberg & Lance, 2000;
Brown, 2006; Steenkamp & Baumgartner, 1998; Chen et al., 2005). In clinical trials, if
measures are not invariant, there is the potential for bias in clinicians’ interpretation of
patient outcomes, complicating the interpretation of treatment effects (McHorney &
Fleishman, 2006). For example, although treatment or taper groups may both have the
potential to experience withdrawal similarly, one treatment group may endorse more
withdrawal symptoms compared to the other treatment group, even though both groups are
experiencing the same amount of withdrawal. This same issue of measurement inequality
may occur across gender.

Longitudinal measurement invariance is used to evaluate the temporal change in a construct
and, similar to testing measurement invariance across groups, is needed prior to comparing
means over time (Vandenberg & Lance, 2000; Brown, 2006). For example, endorsement of
withdrawal symptoms may change over time even though actual levels of withdrawal are
consistent over time. This concern is highlighted in the clinical management of opioid
withdrawal as assessing change in withdrawal over the course of treatment is crucial.
Without testing the assumptions related to multiple-group and longitudinal measurement
invariance, one cannot know whether 1) detected differences in withdrawal are true
differences across groups or due to differences in assessment or structure of withdrawal
across the groups, and 2) detected changes in withdrawal over time reflect true changes or
are due to changes in assessment or structure of withdrawal.
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The aims of this study are to build on previous work that utilized the ARSW by 1)
examining the assumed unidimensionality of withdrawal by testing a 1-factor model of the
ARSW, 2) provide a measure of ARSW reliability, 3) examine measurement invariance
across gender and taper groups, and 4) assess longitudinal measurement invariance at pre-
treatment, post-treatment, and at 1-month follow-up in a sample of opioid-dependent
individuals enrolled in a clinical trial. If measurement invariance is demonstrated across
groups and/or over time, differences in latent means will be examined.

2. Materials and Methods
2.1 Clinical Trials Network 000-3

Participants were from the National Drug Abuse Treatment Clinical Trials Network Number
0003 (Ling et al., 2009). This was a randomized, parallel-group, open-label study design
consisting of two buprenorphine/naloxone taper periods for opioid-dependent individuals.
The participants first completed baseline assessments and were then stabilized on
buprenorphine/naloxone. After the stabilization phase, the patients were stratified across the
maintenance dose (8, 16 or 24mg) of buprenorphine/naloxone and then randomized to the 7-
day or 28-day taper groups. Follow-up measures were collected at 1-month and 3-month
post-taper.

2.2 Measures
The ARSW is a 16-item self-report scale of opiate withdrawal symptoms (e.g., Muscle
cramps, Hot or cold flashes, Runny nose, Tense/jittery) in which individuals rate the
withdrawal adjectives on a 9-point scale from none to severe, with a maximum score of 144
(Bickel et al, 1988a; Bickel at el, 1988b; Amass et al., 2000).

2.3 Study Sample
The final intention-to-treat sample was 516 participants who were potentially available for
data collection at the end of the taper. Data were not available for one participant at baseline
and was therefore excluded from the current analyses at that phase of the study. The
effective sample size for the current investigation was n = 515. Self-report gender, age and
ethnicity were assed at screening. This sample consisted of 346 males (67%) and 169
females (33%) (7-day taper group: male = 171, female = 83; 28-day taper group: male =
175, female = 86), with a mean age of 35.91 (SD = 10.45). Seventy-one percent identified as
Caucasian, 11% as African American, 7% as Hispanic, 9% as multiple races and 2% as
“other.” Participants were from 11 out-patient treatment programs from 10 cities in the
United States.

2.3 Statistical Analyses
As noted in the applied measurement invariance literature (Barbosa-Leiker, Wright, Burns,
Parks, & Strand, 2011; Barbosa-Leiker, in press), a series of analyses to examine
measurement invariance were conducted after separate confirmatory factor analyses were fit
for each group. Configural invariance (Horn & McArdle, 1992) examined if there was an
equal factor structure across the groups (Vandenberg & Lance, 2000). This tested the final
single-occasion model and examined if the theoretical framework of the ARWS was the
same across taper groups and gender. Metric invariance (Horn & McArdle, 1992) tested if
the relationships of ARSW items were equivalent for like items across taper groups and
gender (i.e., constrained factor loadings). Lastly, scalar invariance (Meredith, 1993)
constrained the intercepts of like item to be equal across groups to test whether differences
in means of the items were due to differences in the construct (Steenkamp & Baumgartner,
1998). This step evaluated whether observed values of the ARSW items were equivalent
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across taper groups and gender when there was a constant level of withdrawal. After the
demonstration of scalar invariance across taper groups and gender is shown, mean
differences across taper groups and gender can be attributed to true differences in the
construct (Vandenberg & Lance, 2000; Brown, 2006).

If withdrawal was invariant across groups, longitudinal measurement invariance was
conducted following the above steps across baseline, end of taper, and at 1-month post-taper
follow-up. Once measurement invariance was demonstrated across taper groups, gender, and
over the course of the clinical trial and follow-up, differences across taper group, gender
(regardless of taper group), and across the phases of the clinical trial in the withdrawal latent
factor means were tested via Z-tests. Latent factor means were examined in this way so as to
map directly onto the tests of invariance.

Overall model fit was evaluated using the robust comparative fit index (CFI; study criterion
≥ 0.900), the robust root mean square error of approximation (RMSEA; study criterion ≤
0.080), and the robust standardized root mean square residual (SRMR; study criterion ≤
0.080). For tests of measurement invariance, a change in CFI between comparison and
nested models of ≥ −0.010 in addition to a change in RMSEA of ≥ 0.015 or a change in
SRMR of ≥ 0.030 (for loading invariance) and ≥ 0.010 (for intercept invariance) will be
used (Chen, 2007). For latent means analyses, differences are considered significant at p ≤ .
05.

All primary statistical testing was conducted in Mplus, Version 6 (Muthén, 1998–2010),
using the robust maximum likelihood (MLR) estimator. There was 43% missing data in both
taper groups from baseline to 1-month follow-up. Missing data was handled with full
information maximum likelihood using all available data (Enders, 2010).

3. Results
3.1 1-factor model

Mean scale scores, standard deviations, and reliability coefficients over time within each
group are presented in Table 1. The 1-factor model, with 7 correlated residuals, is presented
in Figure 1. The correlated residuals (Muscle cramps with Painful joints, Depressed or sad
with Irritable, Excessive yawning with Watery eyes, Trouble getting to sleep with Fitful
sleep, Sick to stomach with Abdominal cramps, Irritable with Tense, jittery, and Runny nose
with Watery eyes) were added one at a time based on the similarity of symptoms and
modification indices across the groups. Fit indices, presented in Table 2 indicated that this
model fit the data well for each group and at each time point (CFIs ≥ .900, RMSEAs ≤ .081,
SRMRs ≤ .068).

3.2 Measurement Invariance across Groups
The fit for tests of measurement invariance across gender at baseline, end of taper, and 1-
month follow-up are presented in Table 3. Results indicated that the configural, metric, and
scalar invariance models showed adequate fit at pre-treatment, post-treatment, and follow-
up. There was not a decrement in fit when going from the configural invariance models to
metric invariance models at baseline, end of taper, and follow-up. Further, there was not a
decrement in fit when going from the metric invariance models to scalar invariance models
at baseline, end of taper, and follow-up.

The fit for the tests of measurement invariance across treatment groups (7-day taper group
vs. 28-day taper group) at baseline, end of taper, and 1-month follow-up are shown in Table
4. Results indicated that the configural, metric, and scalar invariance models showed
adequate fit at baseline, end of taper, and follow-up. There was not a decrement in fit when
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going from the configural invariance models to metric invariance models at baseline, end of
taper, and follow-up. Lastly, there was not a decrement in fit when going from the metric
invariance models to scalar invariance models at baseline, end of taper, and follow-up.

With measurement invariance of the 1-factor model of the ARSW demonstrated across
gender and treatment groups, latent means analysis was conducted to determine differences
in withdrawal scores across groups. Results indicated that ARSW scores did not differ
across men and women at baseline (Z = 1.64, p = .10), end of taper (Z = .36, p = .72), or at
follow-up (Z = .92, p = .36). Additionally, ARSW scores did not differ across the 7-day and
28-day taper groups at baseline (Z = −.62, p = .54), end of taper (Z = −1.58, p = .12), or at
follow-up (Z = −.38, p = .70).

3. 3 Longitudinal Measurement Invariance
With measurement invariance demonstrated across gender and treatment groups,
longitudinal measurement invariance was performed on the total sample. The fit of the 1-
factor model of the ARSW at baseline, end of taper, and 1-month follow-up is shown in
Table 5. This model fit the data well at each phase of the trial (CFIs ≥ .943, RMSEAs ≤ .
061, SRMRs ≤ .049).

Table 6 provides the fit for the longitudinal tests of invariance of the ARSW over baseline,
end of taper, and 1-month follow-up. The configural invariance model indicated good fit.
The metric invariance model also indicated good fit, and did not result in a decrement of fit
when compared to the configural invariance model. The scalar invariance model indicated
adequate fit, but resulted in a decrement of fit when compared to the metric invariance
model. Therefore, the metric model is put forth as the final model of longitudinal invariance
for the ARSW.

In order to determine if there was a specific time in the clinical trial that was contributing to
the lack of longitudinal invariance, invariance was assessed for baseline vs. end of taper,
baseline vs. follow-up, and end of taper vs. follow-up. From baseline to end of taper, fit
indices indicate that the metric invariance model resulted in a decrement of fit compared to
the configural invariance model, as well as a decrement in fit from the metric invariance
model to the scalar invariance model. From baseline to follow-up, the metric invariance
model did not result in a decrement of fit compared to the configural invariance model, but it
did result in a decrement in fit from the metric invariance model to the scalar invariance
model. When examining longitudinal measurement invariance across end of taper and
follow-up, results indicate that the metric invariance model did not result in a decrement of
fit compared to the configural invariance model, and there was not a decrement in fit from
the metric invariance model to the scalar invariance model.

As longitudinal invariance was not demonstrated at the scalar level across baseline, end of
taper, and 1-month follow-up, it is not recommended to assess change in latent means over
time; observed changes in the ARSW may be due to changes in assessment or structure of
the ARSW. However, latent means can be analyzed across end of taper to follow-up as
longitudinal measurement invariance was supported at those two post-treatment phases.
Results showed that ARSW scores decreased from end of taper to follow-up (Z = −3.97, p
= .001).

4. Discussion
In a series of psychometric analyses, results indicated that the ARSW was a reliable, 1-
factor model of withdrawal that was invariant across gender and treatment groups, however
longitudinal measurement invariance was not supported. This research first sought to
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examine the unidimensionality of withdrawal by testing a 1-factor model of the ARSW and
to provide measures of reliability at baseline, end of taper (7-day taper vs. 28-day taper), and
at 1-month follow-up of a clinical trial of opioid-dependent individuals. A 1-factor model
with 7 correlated residuals indicated good fit for men and women and across the phases of
the clinical trial, thereby supporting the use of a single total score of withdrawal for the
ARSW. Although the RMSEA at follow-up for the females was slightly elevated at .081, the
model was deemed adequate since the discrepancy in the fit criterion and the actual fit was
low (.001). Additionally, the ARSW appeared to be a reliable scale in men and women and
for both taper groups.

Next, measurement invariance across gender at each of the phases of the clinical trial was
examined. Although the fit at follow-up had a slightly lowered CFI value for the scalar
invariance model (.89) and elevated SRMR values for the metric (.084) and scalar
invariance models (.085), we proceeded to examine the changes in fit indices across the
measurement invariance model for this time point since the discrepancy in the fit criterion
and the actual fit was low (≤ .009). Tests of measurement invariance across gender indicated
that the ARSW measured withdrawal equivalently in men and women at each phase of the
clinical trial. This finding is especially important for trials that have opiate-dependent men
and women combined in one sample (Amass et al., 2000; Bickel at el, 1988a; Ling et al,
2005, Ling et al, 2009; Ziedonis et al., 2009) and for clinicians assessing withdrawal in both
men and women. Additionally, the latent means of withdrawal were similar for men and
women at each phase of the clinical trial indicating that men and women report equivalent
levels of withdrawal during the course of the trial. This finding is line with Ling et al. (2009)
who reported no gender differences across ARSW raw means at baseline or during the
randomization phase of the this clinical trial.

Tests of measurement invariance across taper group indicated that the ARSW is measuring
withdrawal equivalently in the 7- and 28-day taper groups at each phase of the clinical trial.
This finding therefore supports the use the ARSW to assess withdrawal across 7- vs. 28-day
buprenorphine/naloxone taper groups. As was found when testing differences in withdrawal
across taper groups in the raw means (Ling et al., 2009), the latent means analysis indicated
that withdrawal was similar across taper groups at each phase of the clinical trial.

As change in withdrawal is often examined in clinical trials (e.g., Amass et al., 2000; Bickel
at el, 1988a; Bickel at el, 1988b; Ling et al. 2005; Ziedonis et al., 2009) as well as in the
clinical management of opioid withdrawal, longitudinal measurement invariance is
important in determining if the change is true change in withdrawal or due to changes in
measurement properties of the ARSW. Results indicated that over three phases of the
clinical trial (baseline, end of taper, and 1-month follow-up), the differences in means of the
indicators may not be due to differences in the actual construct (i.e., withdrawal) or that
observed values of the ARSW items at any factor value are not equivalent over time. Thus,
interpretation of change in ARSW values may be misleading as observed change may be in
part due to unstable measurement properties of the scale. Clinically, this suggests that
predicted values of the ARSW items may change over time even if there is a constant level
of withdrawal. Therefore, although withdrawal may remain unchanged, the ARSW item
values may fluctuate. An individual may have an unchanged true level of withdrawal over
the course of treatment or opioid withdrawal management, yet ARSW item values may lead
clinicians to believe withdrawal has increased or decreased over time.

Additional analyses examined the three phases of the clinical trial with results indicating the
phase of the study that was non-invariant was at baseline. However, longitudinal
measurement invariance was demonstrated across end of taper and 1-month follow-up,
indicating that the measurement of the ARSW across these two phases is equivalent. As
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such, latent means were analyzed across the randomization phase and 1-month follow-up,
and results indicated that withdrawal decreased over time as expected.

Clinically, the lack of longitudinal measurement invariance from baseline to end of taper
may be due to the heterogeneity of the sample on a number of factors that may affect how
withdrawal is measured (e.g., greater variation of opioid use or dependence among the
sample prior to treatment) or other unmeasured variables. After participants completed
treatment, where the buprenorphine/naloxone dosages were tailored to each individual
during the stabilization phase, the sample was more homogeneous, or more standardized,
and may remain so through follow-up. It is for these reasons that the measurement of
withdrawal during pre-treatment may not be the same as in post-treatment. It may be that
repeated measures of the withdrawal during treatment are longitudinally invariant, just as
this research found that repeated measures of the withdrawal post treatment are
longitudinally invariant. Note that while participants were not in clinical withdrawal states at
baseline, the demonstration of measurement invariance of withdrawal is still recommended
in order for means to be compared over those time points.

There are several limitations to this study. First, the 1-factor model of the ARSW contains
seven correlated residuals. As the items in each correlated residual appear highly related in
wording (e.g., Trouble getting to sleep and Fitful sleep), yet separate from the other pairs
(e.g., Watery eyes with Runny nose), there appears to be several other reasons for the items
to relate to one another above and beyond the construct of withdrawal. For example,
participants may endorse ARSW items that are related to other psychological or physical
health issues (e.g., psychological stress causing problems with sleep, or allergy problems
causing watery eyes and a runny nose) that are not due to opiate withdrawal. Therefore,
additional research may investigate revising the scale, perhaps eliminating pairs of items
assessing similar symptoms, or reduce it to items that most readily compare to ancillary
medications for withdrawal symptoms (see Amass et al., 2004). Next, only three phases of
CTN-0003 were analyzed. We sought to investigate pre-treatment, post-treatment, and
follow-up phases in order to examine the full range of the ARSW measurement properties.
As withdrawal is typically assessed at numerous times throughout clinical trials, longitudinal
analyses including more than three time points are justified. Lastly, the analyses presented
here are limited to the CTN-0003 data, and therefore measurement invariance of the ARSW
across other treatments, tapering schedules, dosages, etc., is needed.

The ARSW appears to be measuring withdrawal equivalently across gender and
buprenorphine/naloxone taper periods in opioid-dependent individuals. We recommend that
researchers and clinicians using this tool analyze ARSW total scores across groups at each
time point separately (see Ling et al., 2009 for an example). If change over time is of
interest, then change from post-treatment through follow-up may offer the most valid
comparison; pre-treatment ARSW values may not be assessing withdrawal in the same way
as post-treatment and follow-up values. Clinicians may wish to examine change from any
point after the initial assessment of opioid withdrawal (e.g., after buprenorphine is first
given to the patient) to any subsequent clinical assessment of withdrawal. Future research is
needed to replicate these findings in other trials, in various clinical settings, and across other
demographic groups in order to fully assess the measurement properties of the ARSW.
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Figure 1.
The 1-factor model of the Adjective Rating Scale for Withdrawal. For presentation
purposes, individual item residuals are not displayed. Correlated residuals include: Muscle
cramps with Painful joints, Depressed or sad with Irritable, Excessive yawning with Watery
eyes, Trouble getting to sleep with Fitful sleep, Sick to stomach with Abdominal cramps,
Irritable with Tense, jittery, and Runny nose with Watery eyes.
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Table 1

Mean scores (standard deviation) and reliability coefficients for the Adjective Rating Scale for Withdrawal

Total score Cronbach’s alpha

Males

Baseline (n = 346) 60.61 (32.05) .93

End of taper (n = 244) 19.51 (24.10) .95

1-month follow-up (n =192) 12.49 (18.76) .94

Females

Baseline (n = 169) 65.23 (32.26) .93

End of taper (n = 128) 21.28 (28.10) .95

1-month follow-up (n = 103) 16.59 (24.46) .95

7-day taper

Baseline (n = 254) 62.82 (31.65) .93

End of taper (n = 201) 22.03 (25.98) .95

1-month follow-up (n = 146) 14.30 (22.47) .95

28-day taper

Baseline (n = 261) 61.45 (32.70) .93

End of taper (n= 171) 17.88 (24.81) .95

1-month follow-up (n = 149) 13.56 (19.50) .95
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