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Abstract

Purpose—This study evaluated psychometric properties of the Patient Health Questionnaire-9
(PHQ-9), the Center for Epidemiological Studies Depression Scale-10 (CESD-10), and the eight-
item PROMIS Depression Short Form (PROMIS-D-8; 8b short form) in a sample of individuals
living with multiple sclerosis (MS).

Research Method—Data were collected by a self-reported mailed survey of a community
sample of people living with MS (n=455). Factor structure, inter-item reliability, convergent/
discriminant validity and assignment to categories of depression severity were examined.

Results—A one factor, confirmatory factor analytic model had adequate fit for all instruments.
Scores on the depression scales were more highly correlated with one another than with scores on
measures of pain, sleep disturbance, and fatigue. The CESD-10 categorized about 37% of
participants as having significant depressive symptoms. At least moderate depression was
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indicated for 24% of participants by PHQ-9. PROMIS-D-8 identified 19% of participants as
having at least moderate depressive symptoms and about 7% having at least moderately-severe
depression. None of the examined scales had ceiling effects, but the PROMIS-D-8 had a floor
effect.

Conclusions—Overall, scores on all three scales demonstrated essential unidimensionality and
had acceptable inter-item reliability and convergent/discriminant validity. Researchers and
clinicians can choose any of these scales to measure depressive symptoms in individuals living
with MS. The PHQ-9 offers validated cut off scores for diagnosing clinical depression. The
PROMIS-D-8 measure minimizes the impact of somatic features on the assessment of depression
and allows for flexible administration, including Computerize Adaptive Testing (CAT). The
CESD-10 measures two aspects of depression, depressed mood and lack of positive affect, while
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still providing an interpretable total score.
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Multiple sclerosis (MS) is a chronic inflammatory disease of the brain and spinal cord.
Individuals with MS are typically diagnosed in early to middle adulthood. Cognitive
impairment and disruption of emotional and behavioral control and psychosocial functioning
are often associated with MS (Bishop & Frain, 2011; Chiaravalloti & Deluca, 2002; Conway
& Cohen, 2010; Feinstein, 2011; Halper et al., 2003). Common symptoms include fatigue,
numbness, vision problems, dizziness and vertigo, pain, emotional changes, depressive
symptoms, bowel and bladder dysfunction and spasticity (National Multiple Sclerosis
Society, 2008). Depressive symptoms can be characterized by poor mood, losing interest in
previously enjoyable experiences, fatigue, and feelings of worthlessness (Siegert &
Abernethy, 2005). Studies related to MS and depressive symptoms suggest that people with
MS experience significantly higher depressive symptoms than the general population
(Chwastiak et al., 2002; Pattern, Beck, Williams, Barbui, & Metz, 2003; Patten, Metz, &
Reimer, 2000; Rao, Huber, & Bomstein, 1992). One study found depression to be the most
significant individual predictor of health distress in a sample of individuals with MS (White,
White, & Russell, 2008). Furthermore, several MS studies have estimated that individuals
with MS have a 37% to 54% risk of lifetime major depression that can dramatically affect
their physical, social, and mental functioning (Chwastiak et al., 2002; Patten et al., 2003),
with self-reported lifetime depression as high as 50% (Feinstein, 2011). The negative
sequelae associated with depressive symptoms in MS include decreased perceived cognitive
function (Maor, Olmer, & Mozes, 2001), increased fatigue (Koch, Mostert, Heerings,
Uyttenboogaart, & De Keyser, 2009; Patten, Lavorato, & Metz, 2005) and sleep difficulties
(Bamer, Johnson, Amtmann, & Kraft, 2010).

A number of self-reported instruments (scales or measures) have been used to screen for
high depressive symptoms or major depressive disorder (MDD). The Patient Health
Questionnaire-9 (PHQ-9) developed by Spitzer, Kroenke, and Williams (1999) is used to
screen for MDD with items corresponding to the symptoms identified in the Diagnostic and
Statistical Manual (American Psychiatric Association, 2000). The PHQ-9 also measures the
severity of depressive symptoms and has been widely applied in medical settings (Kroenke,
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Spitzer, Williams, & Ldwe, 2010). Depressive symptoms also have been measured using the
20-item Center for Epidemiologic Studies Depression Scale (CESD-20) developed by
Radloff (1977) to measure the severity of depressive symptoms in adults and adolescents.
Unlike the PHQ-9, the CESD was originally constructed for use with the general community
(Cole, Rabin, Smith, & Kaufman, 2004; Miller, Anton, & Townson, 2008). In addition, the
10-item version of the CESD (CESD-10) was developed to reduce respondent burden,
(Andresen, Malmgren, Carter, & Patrick, 1994) and is well known for its quick
administration and scoring (Sakakibara, Miller, Orenczuk, Wolfe, & SCIRE Research Team,
2009).

More recently, a depressive symptom item bank was developed by the National Institutes of
Health's Patient Reported Outcome Measurement Information System (PROMIS) as one of
many instruments to measure patient-reported outcomes relevant to a range of chronic
diseases (Cella et al., 2010; Teresi et al., 2009). Both PHQ-9 and CESD-10 were developed
within the Classical Test Theory (CTT) framework. PROMIS used an Item Response
Theory (IRT) approach to develop item banks (as opposed to static instruments) to measure
emotional distress, including depression (Pilkonis et al., 2011). The PROMIS item banks
include a set of items calibrated to IRT that can be administered by Computerized Adaptive
Testing (CAT) or by selecting a subset of items for use as fixed-length short forms.
PROMIS developed several fixed length short forms. The 8-item version 1b (PROMIS-D-8)
was used in this study. The PROMIS depression short form consists of eight items that were
selected from the item bank based on CAT simulation results, item information, and content
(Pilkonis et al., 2011). The IRT-based scoring of the PROMIS-D-8 was derived using all the
items in the item bank, and as a result the PROMIS-D-8 is directly comparable to PROMIS
Depression CAT scores and to the scores from different short forms, allowing meaningful
comparisons across studies and populations. Another important advantage of the PROMIS-
D-8 compared to other measures of depression, such as the PHQ-9 and CESD-10, is the lack
of somatic symptoms that often overlap between depression and MS.

Because several measures of depressive symptoms are available, it is important to evaluate
the psychometric strengths and weaknesses of each. Such information can help direct future
research by identifying measures that are most suitable for a given purpose (e.g.,
epidemiological studies, clinical care). Instruments assessing depressive symptoms often
sample items from multiple domains (e.g., mood, cognition, behavior, somatic symptoms) to
capture a comprehensive set of manifest indicators of depression, and most instruments
contain somatic items that could be related to disease rather than to depression in individuals
with chronic illness and disability. Because of these differences, the factor structures of
these instruments can differ from each other. The PROMIS-D item bank (and by extension
the short form) was specifically developed to be unidimensional. While some studies of
primary care and substance abuse samples have suggested the PHQ-9 is also unidimensional
(Cameron, Crawford, Lawton, & Reid, 2008; Dum, Pickren, Sobell, & Sobell, 2008;
Hansson, Chotai, Nordstém, & Bodlund, 2009), studies of the measure in spinal cord injury
samples have been mixed supporting both a 1-factor (Kalpakjian et al., 2009) and a 2-factor
structure of affective and somatic symptoms (Richardson & Richards, 2008). The original,
full length CESD-20 was found to have four factors of depressed mood, positive affect,
somatic symptoms and interpersonal symptoms in people with MS (Verdier-Taillefer,
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Gourlet, Fuhrer, & Alpérovitch, 2001). However, research on the factor structure of the
CESD-10 for older adults has been mixed with some research support for a 2-factor
structure of depressed mood and positive affect (Lee & Chokkanathan, 2008) and others
suggesting a 3-factor structure of depressed mood, positive affect, and somatic symptoms
(Cheng, Chan, & Fung, 2006).

Our literature review found no studies that examined the factor structure of the CESD-10 or
the PHQ-9 in a sample of persons with MS. Differences in factor structure, and item content
may indicate that different instruments measure different facets of depression. Determining
which aspects of depression are most relevant to specific research protocols or clinical use is
an important step in selecting among competing measures of depression.

The purpose of this study was to examine and compare psychometric properties of the
PHQ-9, CESD-10, and PROMIS-D-8 in persons with MS and provide guidance to MS
clinicians and researchers. We selected these instruments because they represent a diverse
array of depression measures in medical populations, developed for different purposes and
measuring different aspects of depression. The PHQ-9 corresponds to major depression and
was developed for clinical use. The CES-D full version and short forms were developed for
large epidemiological studies and sample a wide array of aspects of depression (mood,
somatic). The PROMIS-D-8 excludes somatic symptoms and was developed for use with
several medical populations. We evaluated unidimensionality, inter-item reliability, and
convergent/discriminant validity, and assignment to depression severity categories based on
scores. While factor structures of various measures for the same construct (such as
depression) can differ, any instrument that provides a summary score needs to be
sufficiently unidimensional. This is an assumption of both CTT and IRT based instruments
(de Bonis, Lebeaux, de Boeck, Simon, & Pichot, 1991). This means that a set of items
measures primarily the same construct. For instance, a summary score provided by a
depression instrument, orders respondents on a continuum of depressive symptoms. Most
commonly people with higher score have a higher level of depressive symptoms. If the item
set is not sufficiently unidimensional and measures different constructs, the scores could not
be ordered on one continuum and the summary score could not be meaningfully interpreted,
because it could measure any of the dimensions or a mixture of dimensions. The assumption
of unidimensionality must therefore be met by any instrument that provides a summary
score.

Data for this study were collected as part of a longitudinal study of persons with MS.
Research participants were recruited through the greater Washington chapter of the National
Multiple Sclerosis Society (NMSS). Letters were sent to 7,806 persons from the NMSS
mailing list. Eligibility criteria included being over the age of 18 and self-reporting having
been diagnosed with MS by a physician. Of the 1,629 persons who responded, 1,597 were
eligible and received a paper survey by mail. Reminder letters were sent to non-responders
3-6 weeks after the survey was mailed. There were 1,271 participants in the first survey and
a random subset of participants (N=562) was invited to participate in the longitudinal study
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that involved completing up to six surveys in four-month intervals. For the current study,
data from the fifth time point, collected between June 2008 and December 2008, were used
because all 3 instruments (PHQ-9, CESD-10, and PROMIS-D-8) were administered only at
that time point. The Human Subjects Division at the University of Washington approved
study procedures.

Depression and depressive symptoms—The PHQ-9 (Spitzer et al, 1999) includes
nine items with response options of 0 to 3 (0=Not at all; 1=Several days; 2=More than half
the days; 3=Nearly every day). The time frame is “over the last 2 weeks”, and sum scores
range from 0 to 27, with higher scores indicating more depressive symptoms. The nine items
of the PHQ-9 correspond to the nine diagnostic criteria for a major depressive episode from
the Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric
Association, 2000). The PHQ-9 is commonly used for screening and diagnosis, as well as
selecting and monitoring treatment. PHQ-9 has also been used to measure depression in MS
(Conway, Miller, O'Brien, & Cohen, 2012; Ferrando et al., 2007; Sjonnesen et al., 2012).

The CESD-10 (Andresen et al., 1994) is a short form that consists of ten items from the
original 20 with response options of 0 to 3 [0=Rarely or none of the time (less than 1 day);
1=Some or a little of the time (1-2 days); 2=Occasionally or a moderate amount of time (3-4
days); 3=Most or all of the time (5-7 days)]. The time frame is “during the past week” and
sum scores can range from 0 to 30, with higher scores indicating higher degrees of
depressive symptoms. The CESD was designed to measure depressive experiences in the
general population and includes items reflecting major dimensions of depression (Depressed
Affect, Positive Affect, Somatic Symptoms/Retarded Activity and Interpersonal). Six items
fall into Radloff's somatic symptoms/retarded activity grouping: (poor appetite, restless
sleep, concentration, everything is an effort, could not get going, bothered by things that do
not usually bother me). The CESD has also been used previously in MS research (Chwastiak
et al., 2002; Patten et al., 2005).

The time frame for the PROMIS depression is “in the past seven days”, and the response
options range from 1 to 5 (1=Never; 2=Rarely; 3=Sometimes; 4=0ften; 5=Always). Scores
are reported on the T-score metric [mean=50; standard deviation (SD) =10] that is centered
on the general United States population mean in terms of age, gender and race/ethnicity (i.e.,
a score of 60 is one SD worse than the normative sample representative of the US general
population) (Cella et al., 2010; Liu et al., 2010; Teresi et al., 2009). Of the 28 depression
items in the PROMIS item bank, 17 are cognitive, 9 are affective, 1 is behavioral, and 1
reflects passive suicidal ideation. The item bank developers excluded behavioral and
somatic items based on the results of psychometric analyses because somatic markers fit
poorly (Pilkonis et al., 2011). In addition, it could be argued that the exclusion of most
somatic features makes the bank more useful for assessing mood in people with chronic
medical conditions and disabilities where physical symptoms may confound depression. The
PROMIS short form used in this study consisted of eight items from the cognitive and
affective categories that primarily focus on negative mood and negative views of the self.
We know of only one previous study which used the PROMIS depression short form in
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individuals with MS (Cook, Bamer, Amtmann, Molton, & Jensen, 2012). This study found
no age or diagnosis related differential item function when comparing persons with MS to
three other disability populations. Previous research has supported the test-retest reliability
of each of the three measures considered in this study.

Although the CESD short form is less well studied, reported test-retest values for the CESD
range from .40-.75 (time intervals from 2 weeks to 12 months) (Radloff, 1977; Vodermaier,
Linden, & Siu, 2009). Reported test-retest values for the PHQ-9 range from .81 to .96 over a
7 day interval; the minimal clinically important difference for the PHQ-9 has been estimated
as 5 score points (Lowe, Unutzer, Callahan, Perkins, & Kroenke, 2004). Test-retest
reliability for the PROMIS-Depression measure has ranged from .66 to .78 across a 14 day
interval (Narrow et al., 2013). Test-retest reliability could not be assessed in this study
because of the cross-sectional nature of the data.

Other measures—The study also included measures of pain (PROMIS Pain Interference
short form) (Amtmann et al., 2010), sleep (PROMIS Sleep Disturbance Short Form)
(Pilkonis et al., 2011), and fatigue (Modified Fatigue Impact Scale; MFIS) (Fisk et al., 1994)
to examine convergent/discriminant validity.

Evaluation of dimensionality—Rather than exploring the dimensional structure of each
instrument, our chief purpose was to examine whether the instruments are sufficiently
unidimensional to ensure that a summary score is driven primarily by the construct of
interest (i.e., depression) and is interpretable as such. A one-factor confirmatory factor
analysis (CFA) was fit to examine dimensionality. Mplus software 6.1 (Muthén & Muthén,
1998-2010) was used to analyze the data with weighted least squares mean and variance
adjusted (WLSMV) estimation. Goodness of fit was evaluated using y2, comparative fit
index [CFI; (Bentler, 1980)], Tucker-Lewis index [TLI; (Tucker & Lewis, 1973)], and root
mean square error of approximation [RMSEA; (Byrne, 1998; Steiger & Lind, 1980)]. CFlI
and TLI values above 0.95 are preferred (Hu & Bentler, 1999) and RMSEA values of less
than 0.08 indicate adequate fit (Browne & Cudeck, 1993).

Inter-item reliability—To assess inter-item reliability, we calculated corrected item-total
score correlations (i.e., each item score is correlated with the summed score based on all
other items in the scale). Inter-item reliability is high if the items on an instrument measure
the same construct. The corrected item-total score correlations based on Spearman's rank-
order correlations were calculated using the raw scores of the PHQ-9, CESD-10, and
PROMIS-D-8 (not the T-score). Corrected item-total score correlations greater than .40 are
typically considered evidence of inter-item reliability (Everitt, 2002). These correlations
were calculated using SAS software (version 9.3).

Discriminant/convergent validity—Validity evidence evaluates the degree to which a
scale measures what it purports to measure. We reviewed convergent and discriminant
validity evidence by examining the magnitude and direction of the correlations between the
depression scores from the three instruments (i.e., convergent validity) and scores from
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instruments designed to measure different constructs (discriminant validity). We expected
high positive correlations among the scores from the three depression scales and moderate
positive correlations with pain, sleep disturbance, and fatigue. We defined weak correlation
as values between .20 and .40, moderate correlation as values between .41 and .70, and high
correlation as values above .71 (Fountoulakis et al., 2007). Pearson correlations were used
for the comparisons among scores on the PROMIS instruments, because all PROMIS
instruments provide a T-score that is continuous. In all other cases, Spearman's rank-order
correlation was calculated.

Severity categories—For the PHQ-9, we used the previously published cutoffs for
severity categories and divided the MS sample into five categories of depressive symptoms
(less than Mild /Mild/Moderate/Moderately severe/Severe) (Kroenke, Spitzer, & Williams,
2001). In addition, a cutoff score of 10 is often recommended to indicate probable MDD
(Kroenke, Spitzer, & Williams, 2001). Although the CESD-10 is not intended to diagnose
MDD, when it is used as a screening tool, a cutoff score greater than or equal to 10 has been
suggested as indicating significant depressive symptoms (Andresen et al., 1994). We applied
these cutoff scores in our study to compare the assignment by different instruments to
categories based on severity of depression. Choi et al. (2012) developed a concordance table
(i.e., score conversion table) between PHQ-9 and PROMIS depression measure using data
from a large sample of the US general population. Thus, based on the conversion table, mild
depression of PHQ-9 scores correspond to scores of [52.5, 58.6] on the PROMIS metric,
moderate depression to scores of (58.6-64.7], moderately severe depression to scores of
(64.7-70.3], and severe depression to scores of higher than 70.3. We applied those cutoff
scores in our study to compare the assignment by different instruments to categories based
on severity of depression.

Participants with incomplete responses on the depression scales and demographic variables
were not included in the study. The characteristics of the sample are described in Table 1.
The average age of the sample was 53 years and the average years since MS diagnosis was
15. The mean PHQ-9 score was 6.6, suggesting that most participants had depressive
symptoms below the moderate level. The average CESD-10 score was 8.5, suggesting that
most individuals did not have clinically significant depressive symptoms [i.e., a cutoff score
greater than or equal to 10 has been considered indicative of significant depressive
symptoms (Andresen et al., 1994)]. The PROMIS depression mean was 50.1, indicating that
mean depression levels in the MS sample were close to the US general population mean.
Demographics for the sample were consistent with the distribution of MS in the general
population with the exception of Caucasian race and education, which were higher than
other MS samples. The sample was predominately female (83%) and white (91%). A total of
47% reported having a college or advanced degree. Almost 70% (n=316) were either
married or living with a partner; 36% were employed. The most common self-reported type
of MS (Bamer, Cetin, Amtmann, Bowen, & Johnson, 2007) in the sample was relapsing
remitting (n=258, 58%), and 51% (n=231) obtained self-reported expanded disability status
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scale (EDSS; Bowen, Gibbons, Gianas, & Kraft, 2001) mobility scores in the moderate
level.

Evaluation of unidimensionality—As shown in Table 2, fit indices from a one factor
CFA for the PHQ-9, CESD-10, and PROMIS-D-8 were acceptable. CFI for all models was
at or exceeded the recommended level of 0.95. TLIs for PHQ-9 and CESD-10 were just
below the recommended level of 0.95 (0.94 and 0.93, respectively). TLI was above 0.95 for
PROMIS-D-8. RMSEAs did not meet the recommended level for any of the measures.

Inter-item correlation—The range of the corrected item-total score correlation was from .
35 to .67 for the PHQ-9, from .33 to .67 for the CESD-10, and from .75 to .84 for the
PROMIS-D-8. The PHQ-9 had one item with a corrected item-total score correlation less
than .40 (.35) (i.e., thoughts of being better off dead or of hurting yourself in some way).
Most participants (90%) chose option 0 (not at all). In addition to this severe restriction of
the range, the 9X9 PHQ-9 Spearman's rank-order item correlation matrix showed that this
particular item produced the lowest correlation with six of the PHQ-9 items. The CESD-10
also had one item with a corrected item-total score correlation less than .40 (.33) (i.e.,
restless sleep). The 10x10 CESD-10 Spearman's rank-order item correlation matrix
indicated that this item had the weakest association with the total score for seven of the
CESD-10 items. Items whose correlation with the total score is less than .4 often do not
contribute sufficiently to the total score (Amtmann et al., 2012; Everitt, 2002). The
PROMIS-D-8 had no items with correlation less than .40.

Discriminant/convergent validity—As seen in Table 3, scores on depression scales
were highly positively correlated with each other (.73-.85), moderately to highly correlated
with fatigue scores (.55-.73), and moderately correlated with scores on measures of sleep
disturbance (.39-.57) and pain (.47-.60). All correlations between measures were significant
at the .01 alpha level.

Severity categories—Table 4 shows the distribution of scores falling within the PHQ-9,
PROMIS-D-8 and CESD-10 severity categories. Based on the PHQ-9 severity categories,
24% of participants were classified as at least moderately depressed (score >=10), and 8%
were categorized as at least moderately-severely depressed (score >=15). Based on the
CESD-10 score of 10 or greater, 37% of participants were identified as having significant
depression. Using the concordance table between PHQ-9 and PROMIS-D-8, 19% of
participants were identified as having at least moderate depressive symptoms and about 7%
having at least moderately-severe depression.

For every item on the PHQ-9, 6% (n=27) of the sample endorsed “Not at all” and 5.71% of
the sample (n=26) endorsed the lowest category (i.e., “Rarely or none of the time”) for every
item on the CESD-10 scale. Furthermore, 24.18% (n=110) of the sample endorsed “Never”
for every item on the PROMIS-D-8. No participants answered “nearly every day” for every
item on the PHQ-9, and “Most or all of the time” for every item of CESD-10 scale. Finally,
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two responded in the highest category (“Always”) for the every item on the PROMIS-D-8
scale suggesting negligible ceiling effects for all three scales.

Conclusions/Implications

The main objective of this study was to compare psychometric properties of the PHQ-9,
CESD-10, and PROMIS-D-8 in a sample of persons with MS. Specifically, we assessed
unidimensionality, inter-item reliability, convergent/discriminate validity, and score-based
assignment to symptom severity categories. Unidimensionality is an important consideration
for all self-reported scales, whether they were developed using CTT or an IRT approach,
and the results of this study provided support for the unidimensionality of scores from the
three measures. Scores on the PROMIS-D-8 and PHQ-9 have been found to be sufficiently
unidimensional in several previous studies (Choi, Reise, Pilkonis, Hays, & Cella, 2010;
Crane et al., 2010; Pilkonis et al., 2011). However, dimensionality analyses of CESD-10
scores have produced variable results, although depressed mood and positive affect factors
consistently have been shown. Depressed mood and lack of positive affect are two highly
related facets of the construct of depression (Watson et al., 1995). This study suggests that
the CESD-10 scores are sufficiently unidimensional to warrant interpretation of total scores.
The PROMIS-D-8 scores were highly unidimensional, most-likely because somatic items
were removed from the item bank, and the scale was developed specifically to meet the
unidimensionality assumption of IRT. Overall, these results support the continued use and
interpretation of summary or total scores on these three measures in both research and
clinical practice.

The corrected item-total score correlations were calculated as the internal reliability index.
The PROMIS-D-8 had strong inter-item reliability with high associations between items and
the total score. The correlations for all measures were greater than the criterion of .40,
except for one item in both the PHQ-9 and CESD-10.While the psychometric functioning of
these items is not optimal, they play an important role in screening for depression and
therefore have been retained in the scales.

The results of the validity analyses supported the validity of the studied measures.
Correlations among scores of all scales were in the expected direction and of expected
magnitude. Consistent with previous findings (Bamer et al., 2010; Lobentanz et al., 2004;
Newland, Fearing, Riley, & Neath, 2012), scores on all three measures were at least
moderately correlated with fatigue, sleep disturbance, and pain interference. These
correlations were somewhat higher than previously reported for other depressive symptom
measures such as the Hospital Anxiety and Depression Scale and the Beck Depression
Inventory (Motl & McAuley, 2009; Motl, Suh, & Weikert, 2010; Motl, Weikert, Suh, &
Dlugonski, 2010; Newland et al., 2012).

Finally, the PHQ-9 identified about 24% of participants having at least moderate depressive
symptoms and about 8% having at least moderately severe depression. The PROMISD-8
identified 19% of participants having at least moderate depressive symptoms and about 7%
having at least moderately severe depression. The CESD-10 identified about 37% as
significantly depressed (i.e., scoring equal to or higher than 10). The smaller proportion
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classified with at least moderate depressive symptoms on the PROMIS-D-8 may have been
due to the exclusion of somatic items. While the CESD-10 has three somatic items, the
elevated proportion with clinically significant depressive symptoms compared to the other
measures may have been due to the measure capturing mildly depressed participants as well
as those with moderate or severe depression. The cutoff score was developed to detect
depression and not necessarily moderate or more severe depression.

It has been recommended that floor and ceiling effects of instruments not exceed 15%
(Hobart & Thompson, 2001). The PROMIS-D-8 also showed a floor effect (24%),
suggesting it does not discriminate well among persons with very low levels of depressive
symptoms. However, other measures showed minimal floor and ceiling effects.

Overall, the results of this study do not support the superiority of one instrument over the
others in terms of psychometric properties. Scores on all scales showed similar
characteristics and their correlations were high. The PHQ-9 was designed to incorporate all
the DSM-1V depression elements and was mainly developed and tested for use with medical
patients, not psychiatric patients or community residents, so it may be preferred if diagnosis
or symptom monitoring is the main goal. Furthermore, it is widely regarded as easy to use
by busy primary care practitioners (Bombardier, Richards, Krause, Tulsky, & Tate, 2004).

For epidemiological studies, where the goal is to estimate the severity of depressive
symptoms, PHQ-9, CESD-10 and PROMIS-D-8 can all be used. Although evidence is not
consistent, the physical symptoms associated with Major Depression may inflate severity
scores in medical populations such as those with MS (Aikens et al., 1999; Cook et al., 2012;
Mohr et al., 1997; Sjonnesen et al., 2012). Therefore, compared to the PHQ-9, the CESD
short form and the PROMIS-D-8 may be preferable for research because they do not include
as many (CESD) or any of the target somatic symptoms (PROMIS-D-8) that are diagnostic
for both depression and MS. The CESD-10 may be particularly useful in studies that
examine different aspects of depression such as depressed mood and positive affect.
Treatment studies in particular may want to measure multiple aspects of depression to
examine whether the treatment lessens depressed mood, increases positive affect or both. In
contexts where cut-off scores are used to identify individuals for further evaluation,
PROMIS cutoffs may be useful because compared to PHQ-9, the PROMIS-D-8 identified
5% fewer participants as having at least moderate depressive symptoms, potentially
reducing the number of false positives. It is important to note that PROMIS-D-8 and
CESD-10 do not ask about suicidal ideation, potentially limiting clinical utility. While this
may enhance the psychometric performance of these measures, it may also limit their ability
to screen for suicidal ideation. One option available to users of the PROMIS-D-8 and
CESD-10 is to ask directly about suicidal ideation.

The availability of a minimal clinically important difference (MCID) estimate is an
important consideration when selecting an instrument because it considerably enhances the
interpretability of the instrument (Yost, Eton, Garcia, & Cella, 2011). The MCID for
CESD-10 and PROMIS-D-8 could not be found in published literature. The MCID for the
PHQ-9 has been estimated to be five points (Lowe et al., 2004). As a result, the PHQ-9 may
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be preferable for treatment effectiveness studies where MCID can be used to evaluate
whether changes in the scores are potentially meaningful or due to expected variation.

All three instruments evaluated in this study are brief and easy to administer and score.
Though we evaluated a PROMIS short form, there are alternatives formats available within
the PROMIS frameworks that are not available with the PHQ-9 and CESD-10. PROMIS
items were developed using IRT (Cella et al., 2010) and as a result, allow for CAT
administration, development of customized short forms targeted to specific populations or
levels of depression, and more rigorous evaluation of bias via differential item functioning.
CAT reduces respondent burden by reducing the number of items administered, as test items
are selected and administered according to individual levels of symptoms, which
simultaneously reduces assessment time and increases precision. Furthermore, CAT has
been found to increase respondents” motivation, because items are adaptive to each patient's
individual level of symptom burden and therefore are more relevant (Gardner et al., 2004;
Gibbons et al., 2008). Pilkonis et al. (2011) found that just a few items (in most cases, four
to six) need to be administered when using CAT. An additional advantage of the PROMIS
measures is that scores are centered on the United States general population mean, thereby
assisting in interpretation of scores (Pilkonis et al., 2011); algorithms have also been
developed to translate scores from the PHQ-9 to the PROMIS metric to allow researchers to
maintain continuity with previous research. (Choi et al., 2012).

This study is not without limitations. This convenience sample was relatively well-educated
and largely Caucasian and is not representative of the population of individuals living with
MS. Other limitations included the lack of clinical confirmation of the self-reported MS
diagnosis by a physicians and the lack of a gold-standard assessment of depression, such as
a structured clinical interview. The lack of a criterion measure prevented evaluation of the
instruments” utility as a screen for MDD. Therefore cautious interpretation and
generalization of findings may be necessary until the findings are replicated in other
samples.

Future research is needed that investigates the cut-score based severity classifications
against a clinical standard, such as the SCID (First, 2005). Data used in this study could not
be used to investigate the impact of trans-diagnostic symptoms on accuracy of screening for
MDD because no instrument that could be used as a clinical standard was administered.
Such research would be useful in discriminating among the instruments with respect to their
use for screening and referral for services. Additional research could also address the
overlap of somatic symptoms between MS and depression, possibly by examining alternate
criteria for major depression (Cavanaugh, 1995; Endicott, 1984). One such approach could
include assessment of Differential Item Functioning (DIF) within the IRT framework. While
DIF is well suited for investigating the impact of trans-diagnostic symptoms on screening
for MDD in people with MS, it requires data from a reference sample for all three
instruments; such data were not available for this study. Lastly, additional research is needed
to establish the minimal clinically important differences for the CESD-10 and the PROMIS-
D-8 in MS.
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In summary, the PHQ-9, CESD-10, and PROMIS-D-8 demonstrated comparable
psychometric properties in a sample of individuals living with MS. While all can be useful
in MS research and clinical practice, the PHQ-9 may be preferable in clinical practice,
because of its validated cut-off scores and similarity to DSM-1V symptoms. While the
CESD-10 and PROMISD-8 may both be preferable for large-scale research studies,
researchers and clinicians may find specific features of the PROMIS measures (e.g. multiple
forms of administration, customizable content, and the US general population norms) to be
useful in their research and clinical practice.
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Demographic Characteristics of a Sample of Individuals with Multiple Sclerosis at Time Point 5

Table 1

MS time point 5 (n=455) n (%) mean + SD

Age
Years since MS diagnosis
PHQ-9
CESD-10
PROMIS-D-8
Pain interference (n=363)
Modified fatigue impact scale
Gender
Male
Female
Ethnicity
White
Non-white
Marriage Status

Never-married

Married/ Living with partner in committed relationship

Separated/Divorced/Widowed

Education
Less than high school grad
High school grad/GED

Vocational or technical school

Some college/Technical degree/AA

College degree (BA/BS)

Advanced degree (MA, PHD, MD)

MS Type (self-reported)
Relapsing remitting
Other types
Missing

Employment
Unemployed
Employed

Income
Less than $25,000
$25,000-$40,000
$41,000-$55,000
$56,000-$70,000
$71,000-$85,000
$86,000-$100,000
Greater than $100,000
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78
377

416
39

21
316
118

61
40
136
134
82

258
188

290
165

76
67
50
65
40
51
7

52.9+10.8

14.5+10.0
6.6+5.2
8.546.3
50.2+9.9
57.4+8.2

38.9+19.1

17.1%
82.9%

91.4%
8.6%

4.6%
69.5%
25.9%

0.4%
13.4%
8.8%
29.9%
29.5%
18.0%

56.7%
41.3%
2.0%

63.7%
36.3%

16.7%
14.7%
11.0%
14.3%

8.8%
11.2%
16.9%
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MS time point 5 (n=455) n (%) mean + SD

Decline to answer

29 6.4%
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Table 2

Model Fit for a One Factor CFA Analysis for Depression Scales

x? DF CFI TLI RMSEA (90% C.l.)
PHQ-9 17438 27 095 0.94 0.11 (0.09, 0.13)
CESD-10 20703 35 095 093 0.10 (0.09, 0.12)

PROMIS-D-8 300.26 20

099 0.98 0.18 (0.16, 0.19)
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Note. CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root mean square error of approximation; C.I. = confidence interval;
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Table 3

Correlations between Depression Scales and Other Measures.

Measure PHQ-9 CESD-10 PROMIS-D-8 MFIS PROMIS-Sleep Disturbance
PHQ-9

CESD-10 0.85

PROMIS-D-8 0.73 0.80

MFIS 0.73 0.71 0.55

PROMIS-Sleep Disturbance 0.57 0.56 0392 0.36

PROMIS-Pain interference 0.60 0.55 0472 0.69 0.342

Note: MFIS= Modified Fatigue Impact Scale. PROMIS scores are based on T-scores.

Page 21

aPearson correlation, otherwise Spearman rank-order correlation; all correlations are significant at p<.01 (n of pain=363; otherwise n=455).
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Table 4
Distribution of Participants across the PHQ-9, CESD-10, and PROMIS-D-8 Severity Ratings.

PHQ-9 n(%)

Less than mild or minimal <5 193 (42.4%)

Mild [5, 9] 151 (33.2%)
Moderate [10, 14] 74 (16.3%)
Moderately Severe [15, 19] 18 (3.9%)
Severe >19 19 (4.2%)
CESD-10 n(%)

Significant Depression Symptom >=10 169 (37.1%)

PROMIS-D-8 n(%)

Less than mild or minimal <52.5 272 (59.8%)

Mild [52.5, 58.6] 95 (20.9%)
Moderate (58.6, 64.7] 56 (12.3%)
Moderately Severe (64.7, 70.3] 20 (4.4%)
Severe >70.3 12 (2.6%)
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