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Abstract
Objective—No studies have found a positive effect of anxiety treatment on physical functioning,
but recent investigations of the 12-item Short Form Health Questionnaire (SF-12), which is
frequently used to assess physical functioning, have suggested that orthogonal scoring of the
summary measure may distort representations of physical health. The current study reanalyzes
whether anxiety treatment improves physical functioning using oblique scoring in the Coordinated
Anxiety Learning and Management (CALM) randomized clinical trial for the treatment of anxiety
disorders. Replication was tested in reanalysis of data from the earlier Collaborative Care for
Anxiety and Panic (CCAP) randomized clinical trial for the treatment of panic disorder.

Method—The CALM study included 1004 primary care patients with panic, social anxiety,
generalized anxiety or posttraumatic stress disorders. Patients received usual care (UC) or an
evidence-based intervention (cognitive behavioral therapy, psychotropic medication or both; ITV).
Physical functioning (SF-12v2) was assessed at baseline and at 6, 12 and 18 months. Oblique and
orthogonal scoring methods for the physical functioning aggregate measure from SF-12 scale
items were compared.

Results—In CALM, physical functioning improved to a greater degree in ITV than UC for
oblique but not orthogonal scoring. Findings were replicated in the CCAP data.

Conclusions—Evidence-based treatment for anxiety disorders in primary care improves
physical functioning when measured using oblique scoring of the SF-12. Due to this scoring issue,
effects of mental health treatment on physical functioning may have been understated.
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1. Introduction
Anxiety disorders are the most common psychological disorders and will occur in
approximately 29% of individuals at some time in their lives [1]. Not only are symptoms of
fear and anxiety debilitating, there is substantial evidence that anxiety disorders are
detrimental to physical health and functioning [2–7]. While existing treatments for anxiety
disorders, such as psychotropic medication or cognitive behavioral therapy, are effective in
reducing symptoms of anxiety, effects on physical functioning, albeit assessed in very few
studies, have been negligible. For example, previously published data show that evidence-
based care for anxiety disorders significantly reduced anxiety and depressive symptoms, but
had no effect on physical functioning [8]. Herein, we reanalyze those data using a different
scoring method, given recent questioning of scoring methodology for the 12- and 36-item
Short Form Health Questionnaires (SF-12 and SF-36) [9–13].

A number of studies have identified a link between anxiety disorders and poor physical
functioning. Sherbourne and colleagues [14] (N = 875) found that hypertensive and diabetic
patients with comorbid anxiety had significantly worse physical functioning than those
without comorbid anxiety. Similarly, using the German Health Study, Sareen and colleagues
found that participants with a physical disorder and an anxiety disorder reported worse
physical functioning scores and greater disability than participants without an anxiety
disorder [6]. In an investigation using the National Comorbidity Survey sample (N = 5877),
the presence of a comorbid anxiety disorder in the past year was associated with greater role
impairment in individuals with one or more medical conditions [5].

Existing treatments such as cognitive behavioral therapy (CBT) and psychotropic
medication for anxiety disorders have proven highly effective in reducing anxiety
symptoms. In a meta-analytic review, changes from pre- to posttreatment for CBT (effect
size = 1.58) were substantially larger for all anxiety disorders than no treatment (effect size
= .25) or placebo control treatments (effect size = 1.04) [15]. The effects of psychotropic
medication are equal to those of CBT, although relapse rates have been lower in CBT in a
number of studies [16]. Recently, the Coordinated Anxiety Learning and Management
(CALM) study tested the effectiveness of a collaborative care model of delivery for
evidence-based treatment for anxiety disorders that was comprised of medication, CBT or
both (ITV) compared to usual care (UC) in 1004 patients with anxiety disorders in primary
care [8]. Patients in the ITV group showed significantly greater improvement on primary
anxiety-related outcome measures than UC at 6-, 12- and 18-month follow-up [8,17].

In contrast to the robust and substantial effects of evidence-based treatments upon anxiety
symptoms, the effects upon physical functioning have been nil. In the Collaborative Care for
Anxiety and Panic study (CCAP), an earlier evaluation of treatment for panic disorder in
primary care, no differences were found between evidence-based CBT/medication and usual
care in physical functioning outcomes as measured by the SF-12 (version 1) [18]. Also, in
the CALM study, there was no evidence for group differences on the SF-12 (version 2)
between ITV and UC at any follow-up assessment [8]. Findings from depression treatment
studies are mixed, with some showing no improvement on SF-12 or SF-36 measures
[19,20]; others showing improvement on the subscales, but not on the physical functioning
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composite scale [21,22]; and only one showing improvement on the composite scale [23].
These inconsistencies and null findings may be explained by how the scale is scored.

A number of researchers have identified potential problems with the traditional scoring
method used for the physical and mental health composite scales of the SF-12 and SF-36.
The SF composites are comprised of eight subdimensions, all of which are used to calculate
the physical (PCS) and mental (MCS) composite summary scales. In calculating the
composite summary scales, the mental items are weighted orthogonally to the physical items
under the assumption that mental health and physical health are entirely distinct constructs
[9,11]. However, there is a substantial amount of research showing that physical health and
mental health are correlated [2,4,24–26]. Therefore, attempts to statistically correct for this
correlation could distort the measurement. In addition, as a result of this orthogonal scoring
method, summary scores can be inconsistent with subscale scores (which do not use
orthogonal scoring) [12]. Finally, such statistical corrections can inhibit the ability to detect
changes in physical functioning after mental health treatment [11]. This may explain the
decline in physical functioning from baseline to first follow-up observed in intervention
studies for anxiety and depression [8,19,20].

Alternative methods of scoring having been proposed that allow the physical and mental
health summary scales to be oblique, meaning that the calculation does not correct for the
correlation. Fleishman, Selim and Kazis [12] derived new weights for the subscales from the
SF-12 version 2, as did Farivar, Cunningham and Hayes [10] for the SF-12 version 1.
Because versions 1 and 2 of the SF-12 are scored using different methods, oblique weights
were derived separately for each version. In both studies, the authors compared different
scoring methods and concluded that the preferred scoring method allowed the physical and
mental health items to correlate using oblique scoring. In the current study, we use the
weights presented by Fleishman and colleagues (SF-12 version 2) and compare the results to
those obtained with the orthogonal scoring using the CALM study data. We hypothesized
that, with the oblique scoring of the SF-12, participants assigned to ITV would show greater
improvement at follow-up in physical functioning than participants in the UC group. As a
replication test, we also reanalyzed data from the CCAP treatment study for panic disorder
using weights presented by Farivar and colleagues (SF-12 version 1) and again hypothesized
that oblique scoring of the SF-12 would result in greater improvement in physical
functioning in the intervention group than the usual care group.

2. Method
2.1. CALM participants, design and procedure

Participants were 1004 primary care patients between the ages of 18 and 75 (see Table 1 for
demographics). Between June 2006 and April 2008, 1620 primary care patients consented to
complete a study eligibility interview, and 1004 patients with panic disorder (with or
without agoraphobia), generalized anxiety disorder, social anxiety disorder or posttraumatic
stress disorder were enrolled. Participating research institutions were the University of
Washington (Seattle), University of California-Los Angeles, University of California-San
Diego, University of Arkansas for Medical Sciences and the RAND Corporation (an
assessment site only) (details are presented elsewhere [27]).

2.1.1. Recruitment—Primary care providers and clinic nursing staff directly referred
potential participants. At some sites, a five-question anxiety screener, the Overall Anxiety
Severity and Impairment Scale (OASIS) [28], was used to identify potential participants. A
trained study clinician, the Anxiety Clinical Specialist (ACS), functioned as the main care
manager/interventionist, as well as the diagnostician who met with referred patients to
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determine eligibility. All participants gave informed, written consent to participate in this
study, which was approved by each institution's Institutional Review Board.

2.1.2. Inclusion criteria—An eligible participant had to be a patient at a participating
clinic; be 18–75 years old; meet the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition criteria for one or more of panic disorder, generalized anxiety disorder, social
anxiety disorder or posttraumatic stress disorder (based on the Mini International
Neuropsychiatric Interview [29]) administered by the ACS (after formal training and
diagnostic reliability testing); and score at least 8 (moderate and clinically significant
anxiety symptoms on a scale ranging from 0 to 20) on the OASIS.

2.1.3. Exclusion criteria—Patients with unstable or life-threatening medical conditions,
marked cognitive impairment, active suicidal intent or plan, psychosis or bipolar I disorder
were excluded. Alcohol or marijuana abuse (but not dependence) was permitted, but other
drug abuse or dependence was exclusionary. Patients already receiving ongoing CBT (n = 7)
were excluded, as were patients who could not speak English or Spanish (n = 2).

2.2. Randomization
After baseline assessment, participants were randomized using stratified (by clinic and
presence of comorbid major depression) permuted block randomization to the intervention
(ITV) or usual care (UC) by an automated program at RAND. Block size was masked to all
clinical site study members. Of the 1004 patients enrolled in the study, 503 were randomized
into the ITV group. Further details are available about patient flow from referral through
eligibility screening, consent and randomization in the CALM study [8].

2.3. Intervention
Intervention group patients chose to receive either medication or CBT or both over a 10- to
12-week period. The CBT program (called CALM Tools for Living, English and Spanish
versions) covered the four anxiety disorders and, for each participant, was targeted at their
most distressing and disabling anxiety disorder. CBT was comprised of generic modules
(i.e., self monitoring, psychoeducation, fear hierarchy, breathing retraining, relapse
prevention) and cognitive restructuring and exposure modules that were tailored to each
anxiety disorder through branching mechanisms. The treatment was computer assisted to
guide both the therapist and the patient as they sat side by side to view the program on
screen (more details are available elsewhere [30]). Occasionally, the ACS used additional
strategies, such as behavioral activation and cognitive restructuring for depressed mood, and
motivational enhancement strategies to maintain patient engagement. After the first 10–12
weeks, symptomatic participants could receive more of the same modality (CBT or
medication) or the alternative modality for up to three more steps (i.e., another 10–12
weeks) of treatment. For patients who chose medication, the ACS monitored adherence,
remained in contact with the patient's primary physician and psychiatrist, and provided
information about alcohol, sleep hygiene and behavioral activity to promote optimum
medication use. All ACSs were supervised weekly by a psychiatrist and psychologist.
Further details are available elsewhere [27].

2.4. Usual care
Patients in the UC group were treated by their primary care physicians as they normally
would be treated. This consisted of medication, counseling or referral to a mental health
professional. After the baseline assessment, patients in the UC group did not have contact
with study personnel aside from scheduled assessments by telephone.
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2.5. Measures
2.5.1. SF-12 (version 2) – Physical Composite Scale (PCS) and Physical Health
Scale (PHS)—The SF-12 [31] is a shortened version of the SF-36, a measure of physical
and mental health functioning that has been widely used and validated. The measure is
comprised of eight subscales, which are used to calculate physical (PCS) and mental (MCS)
composite summary scales. For the PCS, the physical items are weighted more heavily, and
for the MCS, the mental items are weighted more heavily. In addition, the mental health
items are weighted orthogonally to the physical health items. A second calculation method
was based on the oblique item weights derived through confirmatory factor analysis
presented in Farivar et al. [10]. Scores calculated using the weights from confirmatory factor
analysis are referred to as the PHS.

2.6. Statistical analysis
Analyses on the CALM data were conducted in SAS. To assess the effect of the intervention
on change in physical functioning over the 18-month study period, multilevel modeling was
used with repeated measures within participants modeled at level 1 and intervention
modeled at level 2. Intercepts and slopes were treated as random effects, and time and group
were treated as categorical variables. The covariance structure was unstructured, and we
fitted the proposed model using a restricted maximum likelihood approach, which produces
valid estimates under the missing at random assumption. This approach correctly handles
missing data and uses all data to obtain unbiased estimates for model parameters. PCS and
PHS were assessed as outcome variables. We corrected for multiple comparisons using
Hochberg's correction method. Cohen's d effect sizes are reported for between-group
differences.

2.7. CCAP replication test
The method used in the CCAP study was similar to that used in the CALM study, but the
population was restricted to those with panic disorder, and follow-ups did not extend beyond
12 months. SF-12v1 data from the CCAP study were reanalyzed using the oblique scoring
method (PHS). We used the statistical approach described in the manuscript where these
data were originally published. For a full description of study methods, see Roy-Byrne et al.
[18]. We specified a hierarchical two-level growth curve model with random effects and
modeled repeated measures using a piecewise linear growth model, which specifies a linear
segment between baseline and 3-month follow-up (segment 1) and another linear segment
for 6-, 9- and 12-month follow-ups (segment 2). This model reflects the trend for the
strongest effect of treatment to occur in the acute study phase and for effects to level out at
later time points. However, previous analyses used a Bayesian approach, whereas the current
analyses used xtmixed in Stata 12. The two statistical approaches produced similar mean
estimates at each time point and the same pattern of results (i.e., slight reduction in PCS
scores over time and no group differences at any time point).

3. Results
Table 1 shows that the CALM sample was 71% women, ethnically diverse (44% nonwhite)
and broad in age range. It was a fairly ill group, with more than half having at least two
chronic medical conditions and at least two anxiety disorders and with two thirds having
comorbid major depression. The intervention and UC groups were comparable on all
baseline characteristics.
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3.1. CALM: effect of the intervention on physical functioning
3.1.1. PCS—Results for the PCS are depicted in Fig. 1A. PCS scores at baseline were
marginally significantly below the population mean in the ITV group [mean difference = −.
98; 95% confidence interval (CI) = − 1.98 to .02; P = .056] and did not differ from the
population mean in the UC group (mean difference = −.67; 95% CI = −1.67 to .33; P = .
191). Between-group differences at each assessment point were not significant (Table 2).
The time by group interaction from baseline to 18 months was marginally significant [β =
1.19, t(2486) = 1.88, P = .060].

3.1.2. PHS—Results for the PHS are depicted in Fig. 1B. PHS scores at baseline were
significantly below the population mean in the ITV group (mean difference = −7.56; 95% CI
= −8.44 to −6.68; P < .001) and in the UC group (mean difference = −7.36; 95% CI = −8.24
to −6.48; P < .001). The groups did not differ significantly at baseline. The ITV group had
significantly higher PHS scores than the UC group at 6, 12 and 24 months (Table 2).
Cohen's d effect sizes ranged from .20 to .21. Also, PHS scores increased significantly from
baseline to 6 months in the ITV group (mean difference = 3.40; 95% CI = 2.69 to 4.10; adj P
= .002) and in the UC group (mean difference = 1.14; CI = .42 to 1.85; adj P = .030). The
time by group interaction from baseline to 18 months was significant [β = 2.31, t(2477) =
4.00, P < .001].

3.2. CCAP replication test
3.2.1. PCS—Results for the PCS are depicted in Fig. 2A. Groups did not differ at 3-month
(mean difference = 1.48; 95% CI = −1.78 to 4.74; P = .374), 6-month (mean difference =
1.56; 95% CI = −1.59 to 4.71; P = .332), 9-month (mean difference = 1.64; 95% CI = −1.59
to 4.88; P = .320) or 12-month (mean difference = 1.72; 95% CI = −1.77 to 5.22; P = .334)
follow-up periods. The time by group interaction was not significant for segment 1 (β = .25;
95% CI = −.55 to 1.06; P = .533) or for segment 2 (β = .027; 95% CI = −.23 to .29; P = .
839).

3.2.2. PHS—Results for the PHS are depicted in Fig. 2B. Between-group comparisons
were not significant at any time point: at 3 months (mean difference = 2.42; 95% CI = −.74
to 5.58; P = .133), 6 months (mean difference = 2.25; 95% CI = −.79 to 5.29; P = .146), 9
months (mean difference = 2.08; 95% CI = −1.00 to 5.15; P = .186) and 12 months (mean
difference = 1.91; 95% CI = −1.37 to 5.18; P = .255). The time by group interaction was
significant for segment 1 (β = .92; 95% CI = .24 to 1.6; P = .008), with participants in the
intervention group (slope = 1.48; 95% CI = 1.01 to 1.95) showing significantly greater
improvement on the PHS than participants in the UC group (slope = .56; 95% CI = .081 to
1.04). The time by group interaction was not significant for segment 2 (β = −.057; 95% CI =
−.30 to .18; P = .639).

4. Discussion
Using a revised scoring method for the SF-12, we reexamined whether an evidence-based
intervention for anxiety disorders in primary care, comprised of medication, cognitive
behavioral therapy or both, significantly improved physical functioning relative to treatment
as usual. Patients assigned to the intervention group showed significantly greater
improvement than usual care patients in physical functioning, but only when measured using
the oblique scoring of the SF-12 (PHS) and not when using the traditional orthogonal
scoring (PCS). In fact, the orthogonal scoring results in a decrease in physical functioning
(although this was not significant) and no group differences at any time point. In contrast,
the oblique scoring showed an increase in physical functioning following baseline in both
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groups, with higher functioning levels in the ITV group at each follow-up assessment up to
2 years.

To further validate the findings, we sought to replicate the results with the oblique scoring
method using data from an earlier study of primary care treatment for panic disorder. In this
data set, the intervention group showed greater improvement in physical functioning from
baseline to 3-month follow-up using the oblique scoring but not the traditional orthogonal
scoring. Although simple effects analyses of between-group differences were not significant
in this panic disorder sample, use of the oblique scoring nearly doubled the mean group
differences. The lack of significant between-group differences is likely attributable to the
smaller sample size in the CCAP study (N = 232) compared to the CALM study (N = 1008).
In addition, the CALM intervention had a larger impact on SF-12 mental health scores (12-
point improvement) than the CCAP intervention (6-point improvement). The traditional
orthogonal scoring method is particularly problematic when change in one domain (e.g.,
mental health functioning) is much larger than change in the other domain. Therefore, the
large change in mental health functioning following the CALM intervention concealed
changes that occurred in physical functioning when orthogonal scoring was used. These
changes were then revealed when the oblique scoring was used. In the CCAP data set, the
change in mental health functioning was not as large, and therefore, the orthogonal scoring
did not conceal changes in physical functioning to the same degree as in the CALM study
data.

These findings have implications for use and interpretation of the summary scores derived
from the SF-12v1 and 2. The short form health survey is easy to administer and has made a
substantial contribution to the assessment of health-related quality of life. However, reliance
on summary scales may produce inconsistent results as demonstrated here. A number of
previous studies have addressed the potential impact of different scoring methods in non-
treatment-seeking samples [13,32] with little research using the different scoring methods in
clinical samples. The decision regarding which scoring method to use is based on one's
assumption regarding the association between physical and psychological functioning. If it
is assumed that there is no true relationship between these health domains and any observed
relationship is based on measurement error, then the original orthogonal scoring should be
used. However, if a true association between physical and psychological functioning is
assumed, the oblique scoring method should be used. Given that mental health and physical
health are strongly related, especially in clinical samples [4,5,2,24], we recommend that the
oblique scoring method should be used in studies of patients with physical or psychological
disorders.

Our rescoring of the SF-12 measure resulted in evidence-based treatment for anxiety
disorders in primary care having significant and positive effects on physical functioning in
two separate data sets, which were not found previously with orthogonal scoring of the
measure. These findings suggest caution in the interpretation of Physical Composite
Summary scores when the condition or treatment of interest has strong effects on the mental
health items from the SF-12. In addition, prior null findings [19–22] may prove significant if
rescored using the oblique method.

4.1. Limitations and future directions
In the current study, the SF-12 was the only measure of physical functioning that was
included at all time points. Replication of the findings across multiple measures of physical
functioning would strengthen the conclusions. In addition, our results are limited to health
functioning as opposed to physical health–disease status. Furthermore, our results are
limited to samples of patients in primary care, without unstable or life-threatening medical
conditions, as well as other exclusionary criteria. Thus, the extent to which the findings
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replicate in a more severely medically ill population or a sample with psychosis, bipolar
disorder, marked cognitive impairment, or drug dependence is unknown.

This is the first study to show that evidence-based treatment for anxiety disorders leads to
significantly greater improvement in physical health functioning than usual care. The
findings highlight that the benefits of mental health treatments reach beyond psychological
symptom outcomes to physical health outcomes. As such, they add to the growing impetus
to disseminate evidence-based practices in real-world settings.
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Fig. 1.
(A) PCS and (B) PHS means from the CALM study by time and group.
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Fig. 2.
(A) PCS and (B) PHS means from the CCAP study by time and group.
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Table 1
Characteristics of patients in the CALM study

All (n = 1004) Intervention (n = 503) Usual care (n = 501)

No. (%) of patients No. (%) of patients No. (%) of patients

Age, mean (S.D.) 43.47 (13.4) 43.3 (13.2) 43.7 (13.7)

Women 714 (71.1) 359 (71.4) 355 (70.9)

Education

 <High school 55 (5.5) 29 (5.8) 26 (5.2)

 12 years 166 (16.5) 78 (15.5) 87 (17.4)

 >12 years 782 (78.0) 396 (78.7) 388 (77.4)

Race/ethnicity

 Hispanic 196 (19.5) 104 (20.7) 92 (18.4)

 Black 116 (11.5) 51 (10.1) 65 (13.0)

 White 568 (56.6) 279 (55.5) 289 (57.7)

 Other 124 (12.3) 69 (13.7) 55 (11.0)

No. of chronic medical conditions

 0 202 (20.1) 109 (21.7) 93 (18.6)

 1 219 (21.8) 108 (21.5) 111 (22.2)

 ≥2 582 (58.0) 285 (56.8) 298 (59.3)

Anxiety disorders

 Panic 479 (47.7) 235 (46.7) 244 (48.7)

 Generalized anxiety 755 (75.2) 390 (77.5) 365 (72.9)

 Social phobia 403 (40.1) 209 (41.6) 194 (38.7)

 Posttraumatic stress 181 (18.0) 92 (18.3) 89 (17.8)

Major depressive disorder 647 (64.4) 329 (65.4) 318 (63.5)
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