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Abstract

Short form measures from the Patient Reported Outcomes Measurement Information System®
(PROMIS®) are used widely. The present study was among the first to examine differential item
functioning (DIF) in the PROMIS Depression short form scales in a sample of over 5000 racial-
ly/ethnically diverse patients with cancer. DIF analyses were conducted across different ra-
cial/ethnic, educational, age, gender and language groups.

Methods: DIF hypotheses, generated by content experts, informed the evaluation of the DIF anal-
yses. The graded item response theory (IRT) model was used to evaluate the five-level ordinal
items. The primary tests of DIF were Wald tests; sensitivity analyses were conducted using the IRT
ordinal logistic regression procedure. Magnitude was evaluated using expected item score func-
tions, and the non-compensatory differential item functioning (NCDIF) and T1 indexes, both based
on group differences in the item curves. Aggregate impact was evaluated with expected scale score
(test) response functions; individual impact was assessed through examination of differences in DIF
adjusted and unadjusted depression estimates.

Results: Many items evidenced DIF; however, only a few had slightly elevated magnitude. No
items evidenced salient DIF with respect to NCDIF and the scale-level impact was minimal for all
group comparisons. The following short form items might be targeted for further study because
they were also hypothesized to evidence DIF. One item showed slightly higher magnitude of DIF
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for age: nothing to look forward to; conditional on depression, this item was more likely to be
endorsed in the depressed direction by individuals in older groups as contrasted with the cohort
aged 21 to 49. This item was also hypothesized to show age DIF. Only one item (failure) showed
DIF of slightly higher magnitude (just above threshold) for Whites vs. Asians/Pacific Islanders in
the direction of higher likelihood of endorsement for Asians/Pacific Islanders. This item was also
hypothesized to show DIF for minority groups. The impact of DIF was negligible. Conditional on
depression, the items, worthless and hopeless were more likely to be endorsed in the depressed
direction by respondents with less than high school education vs. those with a graduate degree; the
magnitude of DIF was slightly above the T1 threshold, but not that of NCDIF. These items were
also hypothesized to show DIF in the direction of more feelings of worthlessness by groups with
lower education. While the magnitude and aggregate impact of DIF was small, in a few instances,
individual impact was observed.

Information provided was relatively high, particularly in the middle upper (depressed) tail of the
distribution. Reliability estimates were high (> 0.90) across all studied groups, regardless of estima-
tion method.

Conclusions: This was the first study to evaluate measurement equivalence of the PROMIS De-
pression short forms across large samples of ethnically diverse groups. There were few items with
DIF, and none of high magnitude, thus supporting the use of PROMIS Depression short form
measures across such groups. These results could be informative for those using the short forms in
minority populations or clinicians evaluating individuals with the depression short forms.

Key Words: depression, PROMIS®, differential item functioning, item response theory, ethnic
diversity

Introduction

The Patient Reported Outcomes Measurement Information System® (PROMIS®)
measures (Cella et al, 2007; Reeve et al., 2007) are being promoted internationally for
use both clinically and in research. However, little information is available regarding
their performance among ethnically diverse groups. Examination of item-level measure-
ment equivalence is a central first step in evaluating the performance of measures be-
cause scale means should not be compared unless item-level measurement invariance is
established (Meredith, 1993; Millsap & Meredith, 1992; Meredith & Teresi, 2006; van
de Vijver & Leung, 1997). Methods for establishing invariance include analyses of dif-
ferential item functioning (DIF; Holland & Wainer, 1993). Because PROMIS item banks
were developed using item response theory (IRT) and are on a 5-point ordinal scale, a
graded response model (Samejima, 1969) was used to examine DIF. The specific method
was a comparison of parameters from nested DIF models using a variant of the Wald test
based on Lord’s chi-square (Cai, Thissen, & du Toit, 2011; Langer, 2008; Lord, 1980;
Teresi, Kleinman, & Ocepek-Welikson, 2000; Woods, Cai, & Wang, 2013).
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DIF in depression item banks and short form measures

The use of item banks and short forms derived from such banks for depression assess-
ment is growing (Choi, Reise, Pilkonis, Hays, & Cella, 2010; Forkmann et al., 2013),
and it is important to examine these banks for DIF. For example, using an analysis of
variance approach to DIF examination based on Rasch (1960) analyses, Forkmann et al.
reported no DIF for age or gender for their depression item bank.

DIF was examined in the 32 item PROMIS depression bank by four teams of measure-
ment statisticians using five methods (Teresi et al., 2009). Age, gender and education
DIF were examined using the IRT log-likelihood ratio tests (Cohen, Kim, & Wollack,
1996; Kim & Cohen, 1998; Thissen, Steinberg, & Gerard, 1986; Thissen, Steinberg, &
Wainer, 1993). Other methods used in sensitivity analyses were item response theory
ordinal logistic regression (IRTOLR; Crane, van Belle, & Larson, 2004), Differential
Functioning of Items and Tests (DFIT; Raju, 1999; Raju, van der Linden, & Fleer, 1995),
Simultaneous Item Bias Test, (SIBTEST; Shealy & Stout, 1993a, 1993b) and Multiple
Indicator Multiple Cause (MIMIC; Jones, 2006; Muthén, 1984). Most items (22 / 32)
showed significant DIF for at least one method or comparison. Significance tests were
accompanied by magnitude measures such as the non-compensatory DIF (NCDIF) index
(Raju et al.; Flowers, Oshima, & Raju, 1999; Oshima, Kushubar, Scott, & Raju, 2009).
Only items with high magnitude and hypothesized, consistent DIF were flagged. A con-
sistent finding across all methods was of gender DIF associated with the item, “I felt like
crying.” The item was a more severe indicator of depression for men than for women, a
finding both hypothesized by PROMIS content experts, and found in the literature on
DIF in depression measures. The item, “I had trouble enjoying the things I used to enjoy”
was hypothesized to have higher conditional endorsement in men. This was confirmed
by two analyses. The item was found to have salient DIF in several of the analyses for
one or more gender, age and/or education comparisons. “I felt that I had no energy,”
hypothesized by content experts to possibly show gender and age DIF was confirmed by
several methods to show age, gender or education DIF. Conditional on depression, those
65 and over were more likely to report no energy. Those with lower education were more
likely to endorse the item. Scale level impact was assessed using expected scale scores,
expressed as group differences in the total scale response functions. Group impact of DIF
in the PROMIS Depression item bank was found to be minimal when mean scale or
latent trait scores were examined with and without adjustment for DIF. This result was
confirmed examining the expected scale score functions. Individual impact was observed
for about 100 people. Based on the results, review of hypotheses generated by content
experts and findings from the literature, items with high magnitude DIF were removed
from the PROMIS item bank and from depression short forms (Teresi et al., 2009).

Short forms are frequently developed based on item bank parameters. The PROMIS
Depression and Anxiety short forms have been examined for clinical validity (Schalet, et
al., in press), and minimally important differences established for PROMIS cancer scales
(Yost, Eton, Garcia, & Cella, 2011). However, differential item functioning analyses
have been limited, and non-existent for ethnically diverse groups. In one of the few stud-
ies of DIF in the PROMIS short forms extant, Bjorner, Rose, Gandek, Stone, Junghaenel,
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& Ware (2014) examined the eight item PROMIS physical function, fatigue and depres-
sion short forms among a sample of adults with chronic obstructive pulmonary disease.
They performed DIF analyses of administration mode: interactive voice response, paper
questionnaires, personal digital assistant and personal computer on the Internet. Multi-
group confirmatory factor analyses (MG-CFA), examining thresholds and factor load-
ings across mode (of administration) groups was conducted. DIF effects (impact) were
examined by fixing and freeing IRT threshold and slope parameters. Equivalence of
response was observed across response modes.

DIF in traditional depression measures

Briefly reviewed are findings regarding DIF in depression measures in general. Although
a complete review is beyond the scope of this paper, it is noted that many depression
scales have been found to have items with DIF (Chan, Orlando, Ghosh-Dastidar, &
Sherbourne, 2004; Cole, Kawachi, Maller, & Berkman, 2000; Grayson, Mackinnon,
Jorm, Creasey, & Broe, 2000; Pickard, Dalal, & Bushnell, 2006; Yang & Jones, 2007).
Items related to sadness showed DIF based on physical disorder and interview mode
(Grayson et al.; Chan et al.). DIF was also observed in the “crying” items with respect to
gender (Cole et al.; Gelin & Zumbo, 2003; Reeve, 2000; Yang & Jones), race/ethnicity
(Spanish-speakers; Azocar, Arean, Miranda, & Mufioz, 2001; Teresi & Golden, 1994),
physical disorder (Grayson et al.), and stroke (Pickard et al.). The impact of DIF has
been found to be substantial in some studies (Azocar et al.; Chan, et al.; Cole et al.; Kim,
Pilkonis, Frank, Thase, & Reynolds, 2002). A more detailed review of DIF in depression,
anxiety and quality-of-life measures can be found in Teresi, Ramirez, Lai, and Silver
(2008).

Aims of the analyses

The purpose of these analyses was to examine the item-level performance of the short
form PROMIS Depression scale among different educational, ethnic/racial, gender, age
and language groups, focusing on differential item functioning.

Methods

Sample generation and description

The sample sizes for the depression DIF analyses were as follows. The studied (also
called the focal) group was males in the analyses of gender; the sample sizes for the
groups were 3,241 females and 2,183 males. In the analyses of education, the reference
group was graduate degree (n = 640). The studied groups were less than high school (n =
965), high school (n = 1,047), some college (n = 1,750) and college degree (n = 984).
The reference group for age was 21 to 49 (rn = 1,198); the studied groups were 50 to 64
(n =2,003) and 65 to 84 (n = 2,223). For the analyses of ethnicity the reference group
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was non-Hispanic White (rn = 2,263); the studied groups were non-Hispanic Blacks (n =
1,116), Hispanics (r = 1,039) and Asians/Pacific Islanders (n = 906). Within the Hispan-
ic subsample, there were 334 interviews conducted in Spanish and 700 in English.

Measures

Depressive symptoms assessment was a subdomain of emotional distress. The PROMIS
short form Depression scales were developed by selecting items that maximized meas-
urement precision and were most informative regardless of their location on the trait
(Choi et al., 2010; Pilkonis, Choi, Reise, Stover, Riley, & Cella, 2011). Short form items
were selected from the item bank based on the rank-order of IRT information provided
and frequency of administration in the computerized adaptive test (CAT). The eight item
short form was almost as precise as the CAT in the middle and upper part of the distribu-
tion, and less so at the extremes of the distribution. The current study included items
from several short form scales identified in Table 1. In addition to eight short form items,
two items were selected for this study based on their rank-ordering in terms of infor-
mation. All ten items were examined in the analyses. The timeframe for all items was the
past seven days. Items were administered using a five point response scale: never, rarely,
sometimes, often and always.

Procedures and statistical approach

Qualitative analyses and hypotheses generation

Extensive qualitative analyses, including focus groups and cognitive interviews were
performed with respect to PROMIS items, which target a sixth grade reading level (see
DeWalt, Rothrock, Yount, & Stone, 2007). DIF hypotheses were generated for these
analyses by asking a set of clinicians and other content experts to indicate whether or not
they expected DIF to be present, and the direction of the DIF with respect to several
comparison groups: gender, age, race/ethnicity, language and education. Hypotheses
with respect to diagnostic groups were also elicited; however, all hypotheses related to
the diagnosis of cancer. Because all patients carried such a diagnosis, the sample sizes
did not permit DIF evaluation within diagnostic categories. The hypotheses for diagnosis
are included for completeness, and in the event future studies permit examination of
cancer diagnoses.

A definition of DIF was provided, and the following instructions related to hypotheses
generation were given:

Differential item functioning means that individuals from different socio-
demographic groups with the same underlying trait (state) level will have different
probabilities of endorsing an item. Put another way, reporting a symptom (e.g., cry-
ing frequency) should depend only on the level of the trait (state), e.g., depression,
and not on membership in a group, €.g., male or female. Very specifically, randomly
selected persons from each of two groups (e.g., males and females) who are at the
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Table 1:
DIF hypotheses generated by 9 content experts for depression (Italicized entries are those with
2 or more ratings in the same direction.) (The items from the PROMIS Depression short
forms are shown in the item stem column)

# |Stem Gender Age Race/Ethnicity | Language | Education | Diagnosis
1 |Ifelt 4* Women 4 Blacks & 3 Spanish |2 Lower 2 Cancer
worthless more Latinos, more education more
(4a, 6a, 8a, worthless Japanese, worthless | more worthless (2)

8b) 4P minorities more | (3) worthless
worthless (2) 2)

2 |Ifeltthatl 2 Women |4 Older less |2 Whites, 2 Spanish 2
had nothing | /ess to to look Japanese less to | more to
to look look forward to | look forward to | look
forward to | forward to | (3) forward to
(8a, 8b) (2)

3 |Ifelthelpless |3 Women |2 4 Black & 3 Non- 3 2 Cancer
(4a, 6a, 8a, more Latinos, English Inconsistent | more
8b) helpless Japanese, more direction helpless

?2) Minorities more | helpless
helpless

4 |1felt sad 3 Women
(8b) more sad

2)

5 |1 felt like a 5 Asians, 3 3 2 Cancer
failure Blacks, Inconsistent | more like
(6a, 8a, 8b) Japanese more direction failure

like failure

6 |Ifelt 3 Women 3 Japanese, 2
depressed more Whites more
(4a, 6a, 8a, depressed depressed
8b) @

7 |1felt 3 Women |0 2
unhappy more
(6a, 8a, 8b) | unhappy

@

8 |Ifelt 2 Latinos less; |2 2 Lower
hopeless Whites more education
(4a, 6a, 8a, hopeless more
8b) hopeless

9 |Ifelt 2 2 Cancer/
discouraged Inconsistent Terminally
about the direction ill more
future discouraged

10 | I felt
disappointed
in myself

a Number indicates total number of hypotheses; b Number indicates number of directional hypotheses
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same (e.g., mild) level of depression should have the same likelihood of reporting
crying often. If it is theorized that this might not be the case, it would be hypothe-
sized that the item has gender DIF.

A grid containing a row for each of the items and separate columns for each of the refer-
enced groups was developed and distributed to content experts for completion in order to
facilitate the rating. Forms were completed by nine content experts for depression (three
clinical or counseling psychologists and six public health practitioners). The goal was to
identify items that might have a different meaning or not be understood well and/or
equivalently by individuals of any of the groups referenced. A summary of the DIF hy-
potheses is given in Table 1. A summary table (available from the authors) was also
developed arraying the hypotheses and findings from the literature.

Quantitative analyses

Model Assumption of Unidimensionality: Item response theory assumptions include
unidimensionality and local independence. The latter implies that the items are inde-
pendent, conditional on the trait level. Model assumptions and fit were tested. Unidimen-
sionality was examined using split samples, constructed by selection of two random
halves in order to use one sample for cross-validation of results. The random first half of
the sample was used for the exploratory factor analyses with principal components esti-
mation and tests of scree, with cross-loadings permitted; and the second half was used to
obtain the confirmatory and bi-factor solution. Essential unidimensionality was exam-
ined through a merged exploratory factor analysis (EFA) and confirmatory factor analy-
sis (Asparouhov & Muthén, 2009) performed by fitting a unidimensional model with
polychoric correlations using MPlus (Muthén & Muthén, 2011).

The confirmatory analyses of the unidimensional model and evaluation of the Comparitive
Fit Index (CFI) was performed in the context of invariance testing and model fit (Bentler,
1990; Cook, Kallen, & Amtmann, 2009; Meade, Johnson, & Bradley, 2008). A bifactor
model was compared with a unidimensional model. The bifactor model assumes that a
single general trait explains most of the common variance but that group traits explain
additional common variance for item subsets (Reise, Moore, & Haviland, 2010). A
Schmid-Leiman (S-L; 1957) transformation using the “psych” R package (Rizopoulus,
2009) was performed in order to find an alternative set of group factors for the bi-factor
model (Reise, et al.). All items were specified to load on the general factor, and the load-
ings on the group factors were specified following the Schmid-Leiman solution. M-PLUS
(Muthén & Muthén, 2010) was used to both estimate the polychoric correlations based on
the underlying continuous normal variables and to perform the final bi-factor modeling.

The explained common variance (ECV) provides information about whether the observed
variance covariance matrix is close to unidimensionality (Sijtsma, 2009), and is estimated
as the percent of observed variance explained (Reise, 2012; Reise, et al., 2010).

Local dependence (LD): The generalized, standardized local dependency chi-square
statistics (Chen & Thissen, 1997) provided in IRTPRO, version 2.1 (Cai et al., 2011) was
used to test the local independence assumption. Because local dependencies can result in
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false DIF detection (Houts & Edwards, 2013), sensitivity analyses removing one item
each from two pairs of items with higher LD values was performed.

IRT-model Fit: Model fit for the IRT model was examined using the root mean square
error of approximation (RMSEA) from IRTPRO (Cai et al., 2011).

Descriptive Analyses: Prior to any formal tests of DIF, following a best practice recom-
mended by Hambleton (2006), item frequencies were examined within each subgroup
and for the total sample to detect possible problems with sparse data and skew.

Anchor Items and Linking: The first step in the analyses was to link the comparison
groups in terms of depression and to estimate the mean and variance for the target groups
studied (while setting the reference group mean to 0 and variance to 1). There are several
methods for accomplishing this (Orlando-Edelen, Thissen, Teresi, Kleinman, & Ocepek-
Welikson, 2006; Wang, Shih, & Sun, 2012; Woods, 2009), most of which rely upon
anchor items, assumed to be DIF-free. An iterative process was used in selection of the
anchor items for theta estimation. The method that was used in these analyses is a modi-
fied “all-other” anchor method in which initial DIF estimates were obtained by treating
each item as a "studied" item, while using the remainder as "anchor" items. The purifica-
tion process was also iterative, such that the analyses were repeated using the final subset
of items identified as free of DIF as the “purified” anchor set. Items with DIF from the
original anchor set were removed. This process continued until no changes in DIF status
were observed. Items identified as DIF-free in the final model were not added back into
the anchor set. The number and identity of the anchor items may be different for each
socio-demographic comparison, e.g., race/ethnicity, education, and were determined by
the number of iteratively identified DIF-free items. It has been suggested that at least
four anchor items be used to measure an underlying latent variable (Cohen, Cohen, Tere-
si, Marchi, & Velez, 1990) and to serve as an anchor for linking metrics in DIF detection
(Wang & Yeh, 2003) because greater numbers of anchor items increases power for DIF
detection (Shih & Wang, 2009; Thissen et al., 1988). Anchor item selection procedures
are presented in the methods overview article in this issue (Teresi & Jones, 2016).

Sensitivity Analyses for Anchor Item Selection: Sensitivity analyses for anchor item selec-
tion included the LR/f test (Woods, 2009) and rank order test statistic. Another method, a
variant of the iterative backward all-other test approach was used, and p-values examined
to select or remove the anchors (see Kopf, Zeileis, & Stobl, 2015). The difference in chi-
square statistics resulting from two models was calculated, the first model with all parame-
ters fixed to be equal for comparison groups, and the second, freeing all parameters for the
studied item. The resulting log-likelihood ratio chi-square statistic was evaluated for signif-
icance. Because all items had the same number of response categories, in this case the
results did not differ from the LR/f test or the rank order test statistics method.

Model for DIF Detection: The graded response model (Samejima, 1969) was used for the
analyses of DIF. The item characteristic curve (ICC) that relates the probability of an
item response to the underlying state, e.g., depression, measured by the item set is char-
acterized by: a discrimination parameter, proportional to the slope of the curve (denoted
a) and location (severity) parameter(s) (denoted ). An item shows DIF if people from
different subgroups but at the same level of the attribute (denoted #) have unequal prob-
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abilities of endorsement. Put another way, the presence of DIF is demonstrated by ICCs
that are different for the subgroups examined. The formula is given in the methods over-
view in this issue.

DIF Detection Tests: The primary method used for DIF detection was the Wald test for
examination of group differences in IRT item parameters. For each studied item, a model
was constructed with all parameters (except the studied item) constrained to be equal
across comparison groups for the anchor items, and item parameters for the studied item
freed to be estimated distinctly. An overall simultaneous joint test of differences in the a
or b parameters was performed followed by step down tests for group differences in the
parameters, followed by conditional tests of the » parameters. Uniform DIF was detected
when the b parameters differed and non-uniform DIF when the a parameters differed.
Because tests of b parameters are performed constraining the a parameters to be equal,
severity (b) parameters were interpreted as uniform DIF only if the tests of the @ parame-
ters were not significant.

Because there were three or more groups (three age, four race/ethnicity and five educa-
tion), and the interest was in comparing the studied groups to the reference group, non-
orthogonal rather than orthogonal contrasts were used. The final p values were adjusted
using Bonferroni (1936) methods. In this case, the p value was adjusted for examination
of 10 depression items (p = 0.005). Other methods such as Benjamini-Hochberg (B-H)
have been used in sensitivity analyses (Benjamini & Hochberg, 1995; Thissen, Stein-
berg, & Kuang, 2002).

Sensitivity Analyses for DIF Detection: A second DIF-detection method used in sensitiv-
ity analyses was based on ordinal logistic regression (OLR; Swaminathan & Rogers,
1990; Zumbo, 1999), which typically conditions on an observed variable. Uniform DIF
is defined in the OLR framework as a significant group effect, conditional on the depres-
sion state; non-uniform DIF is a significant interaction of group and state. Three hierar-
chical models are tested; the first examines depression state (1), followed by group (2)
and the interaction of group by state (3). Non-uniform DIF is tested by examining model
3 vs. 2; uniform DIF is tested by examining the incremental effect of model 2 vs. 1, with
a chi-square (1 degree of freedom) test (Camilli & Shepard, 1994). A modification ap-
plied in these analyses, IRTOLR (Crane, Gibbons, Jolley & van Belle, 2006; Crane et al.,
2004; Mukherjee, Gibbons, Kristiansson, & Crane, 2013) uses the depression estimates
from a latent variable IRT model, rather than the traditional observed score conditioning
variable, and incorporates effect sizes into the uniform DIF detection procedure. The
software, lordif (Choi, Gibbons, & Crane, 2011) was used to perform IRTOLR.

Evaluation of DIF Magnitude and Effect Sizes: The magnitude of DIF refers to the degree
of difference in item performance between or among groups, conditional on the trait or
state being examined. Expected item scores can be examined as measures of magnitude.
(See Figure 1 for examples.) An expected item score is the sum of the weighted (by the
response category value) probabilities of scoring in each of the possible categories for the
item. The method used for quantification of the difference in the average expected item
scores was the non-compensatory DIF index (Raju et al., 1995) used in DFIT (Oshima et
al., 2009; Raju, 1999; Raju et al., 2009). Additional effect size measures proposed by
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Wainer (1993) and extended for polytomous data by Kim, Cohen, Alagoz, and Kim (2007)
were also examined. For example, also reported here is the T1 effect size measure (Wain-
er), for which a recommended cutoff value is 0.10. However, primary reliance was on the
NCDIF magnitude measure because little research has been conducted on the performance
of T1. For a detailed description of these measures see Kleinman and Teresi (2016).

Cutoff values established based on simulations (Fleer, 1993; Flowers et al., 1999) can be
used in the estimation of the magnitude of item-level DIF. For example, for the data
presented here, the cutoff values were 0.0960 for polytomous items with five response
options (Raju, 1999). Because NCDIF is expressed as the average squared difference in
expected scores for individuals as members of the focal group and as members of the
reference group, the square root of NCDIF provides an effect size in terms of the original
metric. Thus, for a polytomous item with five response categories, the recommended
cutoff of 0.0960 would correspond to an average absolute difference of 0.310 (almost
one third of a point) on a five point scale (see Raju, 1999; Meade, Lautenschlager, &
Johnson, 2007). Lower cutoff values have been identified based on simulations, e.g.,
Flowers et al., and item parameter replication methods have been recommended to derive
sample-specific estimates (Seybert & Stark, 2012) in the context of power for DIF detec-
tion. However, in the context of magnitude measures, the practical meaning of group
differences in expected scores reflected in NCDIF is also of consideration; thus the high-
er threshold values were used here as recommended by Raju.

Prior to application of the DFIT software, the estimates of the latent trait (theta) were
calculated separately for each group, and equated together with the item parameters.
Baker’s (Baker, 1995) EQUATE program was used in an iterative fashion in order to
equate the theta and item parameter estimates for the two groups and place them on a
common metric. If DIF was detected, the item showing DIF was excluded from the
equating algorithm, and new DIF-free equating constants were computed, and purified
iteratively. Iterative purification of equating constants has been shown to reduce Type I
error (Seybert & Stark, 2012).

Evaluation of DIF Impact: Aggregate-level impact was evaluated, examining expected
scale score functions. Expected item scores were summed to produce an expected scale
score (also referred to as the test or scale response function), which provides evidence
regarding the effect of DIF on the total score. Group differences in these test response
functions provide overall aggregated measures of DIF impact.

Impact at the individual level was examined by comparing DIF-adjusted and unadjusted
estimates of the latent depression state scores. Estimates were adjusted for all items with
DIF, not just for those with DIF after adjustment for multiple comparisons or those with
high DIF magnitude. Individual impact was evaluated by fixing and freeing parameters
to account for DIF, and comparing the results with and without DIF adjustment. Two
different theta estimates were compared: 1) thetas based on the equated item parameters
for the subgroups for all the items and 2) thetas based on free estimation of the parame-
ters for items showing DIF. The latter estimate produced different subgroup parameters
for items with DIF. The impact can be presented in two different ways: 1) the number of
individual theta estimates that differ by more than 0.5 or 1.0 standard deviations; 2)
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based on a threshold value. An example of the latter is the use of an arbitrary cut-off
value such as theta = 1.0 to classify individuals as those with and without depression
symptomatology. A measure of individual impact is the number of individuals who
change designations when theta is estimated based on DIF item parameters estimated
freely vs. thetas when all item parameters are equated (set equal for comparison groups).

Evaluation of Reliability and Information: Reliability was evaluated by decomposing the
scale score into the sum of the item scores, and the contribution of the common term or
communality. McDonald’s (McDonald, 1999) Omega Total (), a reliability estimate
that is based on the proportion of total common variance explained, was also calculated.
Both Cronbach’s alpha (Cronbach, 1951) and ordinal alpha based on polychoric correla-
tions (Zumbo, Gadermann, & Zeisser, 2007) were calculated. Additionally, IRT-based
reliability measures were examined at selected points along the underlying latent contin-
uum. Finally, the item and test information functions were calculated and graphed.

Results
Qualitative results

Table 1 shows the hypotheses generated for the depression items. Conditional on depres-
sion, it was hypothesized that women would express greater feelings of worthlessness,
helplessness, sadness, depression, and unhappiness. It was hypothesized that women and
older people would be more likely to report feeling that there was nothing to look for-
ward to.

For race/ethnicity, conditional on depression, it was hypothesized that minority groups as
contrasted with the White majority would express more feelings of worthlessness, help-
lessness and feeling like a failure. Spanish speakers were hypothesized to express greater
worthlessness, helplessness and nothing to look forward to. Conditional on depression, it
was posited that those with lower education would express more feelings of being worth-
less and hopeless.

Finally those with a diagnosis of cancer were posited to express greater feelings of
worthlessness, helplessness, discouragement about the future and feeling like a failure,
conditional on depression.

Quantitative results

Tests of model assumptions

Unidimensionality: As shown in Table 2, there was strong support for essential unidi-
mensionality across all comparison socio-demographic groups. (The test of scree for the
total sample is given in Appendix’, Figure 1.) The first random half of the split sample

® To access online appendices, please use the following url: http://www.research-hhar.org/Tables/DEP-
PTAM-appendix.htm
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was used to perform exploratory principal components analyses and to fit a unidimen-
sional confirmatory factor analyses (CFA). The principal components analyses showed
that the ratio of component 1 to 2 was large (18.6 to 29.2) for all groups. The first com-
ponent across comparison groups accounted for between 83 % and 88 % of the variance
for all groups, supporting the essential unidimensionality of the item set across compari-
son subgroups.

As an additional test of dimensionality a bifactor model was examined using the second
random half of the sample. Examination of the confirmatory factor analyses results in
Table 3 show that the loadings on the single common factor were very similar to those
observed on the general factor from the bifactor analyses, which provides additional
evidence for unidimensionality. Additionally, the communality values were large, rang-
ing from 0.81 to 0.91. The model fit indices (CFIs) for the unidimensional CFA from
MPlus ranged from 0.988 to 0.994 across groups (see Appendix, Table 1); the ECVs
ranged from 71.68 to 79.71 (see Table 4).

Table 2:
PROMIS depression short form item set: Tests of dimensionality from principal
components analysis (eigenvalues by subgroup)

Statistic Component | Component | Component | Component Ratio

1 2 3 4 Component 1/
Component 2

Total Sample (n = 5459)

Eigenvalues 8.612 0.315 0.283 0.187 27.3

Explained Variance 86.1 % 3.1% 2.8% 1.9%

Random First Half Sample (n =2729)

Eigenvalues 8.607 0.319 0.286 0.186 27.0

Explained Variance 86. 1% 32% 29 % 1.9%

Females (n = 3241)

Eigenvalues 8.529 0.347 0.286 0.199 24.6

Explained Variance 853 % 35% 29% 2.0 %

Males (n =2183)

Eigenvalues 8.731 0.299 0.245 0.171 29.2

Explained Variance 87.3 % 3.0% 25% 1.7 %

Age 21-49 (n=1198)

Eigenvalues 8.615 0.307 0.258 0.198 28.1

Explained Variance 86.1 % 3.1% 2.6 % 2.0%

Age 50-64 (n = 2003)

Eigenvalues 8.614 0.324 0.295 0.169 26.6

Explained Variance 86.1 % 32% 29% 1.7%

Age 65-84 (n = 2223)

Eigenvalues 8.551 0.325 0.298 0.213 26.3

Explained Variance 85.5% 3.2% 3.0% 2.1%
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Statistic Component | Component | Component | Component Ratio
1 2 3 4 Component 1/

Component 2

Race/Ethnicity: Non-Hispanic White (n = 2263)

Eigenvalues 8.579 0.334 0.264 0.217 25.7

Explained Variance 85.8 % 33% 2.6% 22%

Race/Ethnicity: Non-Hispanic Black (n = 1116)

Eigenvalues 8.693 0.359 0.262 0.149 24.2

Explained Variance 86.9 % 3.6 % 2.6 % 1.5%

Race/Ethnicity: Hispanic (n = 1039)

Eigenvalues 8.546 0.321 0.304 0.186 26.6

Explained Variance 85.5% 32% 3.0% 1.9%

Race/Ethnicity: Non-Hispanic Asians/Pacific Islander (n = 906)

Eigenvalues 8.759 0.319 0.255 0.155 27.5

Explained Variance 87.6 % 32% 2.6% 1.6 %

Education: Less Than High School (n = 965)

Eigenvalues 8.555 0.365 0.271 0.169 23.4

Explained Variance 85.6 % 3.7% 2.7 % 1.7 %

Education: High School (n = 1047)

Eigenvalues 8.614 0.316 0.273 0.195 27.3

Explained Variance 86.1 % 32% 2.7% 1.9%

Education: Some College (n = 1750)

Eigenvalues 8.689 0.324 0.257 0.19 26.8

Explained Variance 86.9 % 32% 2.6 % 1.9%

Education: College Degree (n = 984)

Eigenvalues 8.283 0.445 0.315 0.237 18.6

Explained Variance 82.8 % 4.4 % 3.1% 24 %

Education: Graduate Degree (n = 640

Eigenvalues 8.303 0.416 0.33 0.263 20.0

Explained Variance 83.0% 42 % 33% 2.6 %

Hispanics Interviewed in English (n = 700)

Eigenvalues 8.548 0.334 0.321 0.189 25.6

Explained Variance 85.5% 33% 32% 1.9%

Hispanics Interviewed in Spanish (n = 334)

Eigenvalues 8.525 0.344 0.285 0.205 24.8

Explained Variance 853 % 3.4% 29% 2.1 %
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Table 4:
PROMIS depression short form item set. Reliability statistics: Cronbach’s alpha, ordinal
alpha, McDonald’s Omega Total, and explained common variance (ECV) for the total sample
and demographic subgroups (“Psych” R package)

Cronbach's | Ordinal | McDonald’s | ECV
Alpha Alpha Omega
Total Sample 0.968 0.982 0.982 77.804
Random Second Half Sample 0.968 0.982 0.982 77.670
Age 21 to 49 years 0.969 0.982 0.982 78.552
Age 50 to 64 years 0.969 0.982 0.982 78.155
Age 65 to 84 years 0.965 0.981 0.981 76.187
Male 0.970 0.984 0.984 78.702
Female 0.967 0.981 0.981 77.153
Non-Hispanic White 0.965 0.982 0.982 76.584
Non-Hispanic Black 0.968 0.983 0.984 78.135
Hispanic 0.969 0.981 0.981 78.198
Non-Hispanic Asian/Pacific Islander 0.972 0.984 0.985 79.710
Less Than High School 0.970 0.981 0.981 78.550
High School Degree 0.969 0.982 0.982 78.312
Some College 0.969 0.983 0.983 78.345
College Graduate 0.957 0.977 0.977 72.404
Graduate Degree 0.955 0.977 0.977 71.677
Hispanics Interviewed in English 0.968 0.981 0.981 77.883
Hispanics Interviewed in Spanish 0.969 0.981 0.981 78.346

Local Independence: In general, the local dependency statistics (not shown) were in the
acceptable range. However, in sensitivity analyses, one item from a pair that evidenced
higher LD values was removed. Item 7 — “I felt unhappy” evidenced the highest LD
values with item 6 — “I felt depression” for the Black (28.2) and low education (24.4)
subgroups. The results of the DIF analyses after item removal varied only slightly in
terms of the parameter estimates, and the DIF p values were very similar, resulting in no
change in DIF designations.

Tests of model fit

The fit statistics (RMSEA’s) from IRTPRO for the IRT models (see Appendix, Table 1)
ranged from 0.04 to 0.07 across DIF subgroup comparison models, indicating good to
acceptable fit.




ystueds = ‘vedg ‘ysiSuy = [3ug ‘oSen3ue] = ‘SueT 239[]00 = '[[0)
IOpUe[S] d1J10eJ/UeISY dluedsIH-UON = [dVHN otuedsiy = "dsiy ‘syoejq druedsiH-UoN = gHN SoUYA dtuedsiH-uoN = MHN
Sjuopuodsal 910M IO} YOIYM IO S[9AI] BIOY) JOJ POIR[NO[LI dIoM SRS AN[IQRI[OY :9JON

(3Gea9Ay)
¥6'0 | €60 | T6°0 | T6'0 | €60 | €6°0 | T6'0 | T6'0 | €6°0 | T60 | €60 | T6'0 | €60 | ¥6'0 | 160 +6°0| €6°0 | IBIAQO

9L°0 | €8°0 | 860 | L60 | CT6'0 | 680 | TL'O | 060 | 080 | 160 | S6'0 | S6'0 | 680 | ¥80 |160[{060| 060 8'C

060 | S60 | 860 | 860 | 860 | L60 | 060 | L6'0 | €60 | L6'0 | 860 | 860 | L60 | S6'0 |86'0[L60| L60 v'e

96'0 | 860 | 860 | 860 | 860 | 86°0 | L60 | 660 | 860 | 860 | 860 | 860 | 860 | 860 |86°0(86°0| 86'0 07¢

86°0 | 860 | 86°0 | 860 | 860 | 860 | 860 | 660 | 860 | 860 | 860 | 860 | 860 | 860 [860|860| 860 91

86°0 | 860 | 860 | 860 | 860 | 860 | 860 | 860 | 860 | 860 | 860 | 860 | 860 | 860 [860|860| 860 Cl

860 | 860 | 86°0 | 860 | 860 | 86°0 | 860 | 860 | 86°0 | 860 | 860 | 860 | 860 | 860 [860|860| 860 80

860 | 860 | L60 | 860 | 860 | 860 | 860 | 860 | 860 | 660 | 860 | 860 | 860 | 860 [860|860| 860 ¥0

86°0 | 860 | S6°0 | 960 | L60 | 860 | 860 | 860 | 860 | 860 | L60 | L60 | 860 | 860 [L60|860| 860 00

86°0 | 960 | 060 | 160 | S6°0 | 960 | L6'0 | S6'0 | L60 | Y60 | ¥6'0 | TGO | S6'0 | L60 [T60|S60| S60 ¥0-

S6°0 | 680 | 9L°0 | 8.0 | ¥8°0 | L8O | CT6'0 | T80 | 160 | 08°0 | T80 | LLO | L8O | TOG'O [SLO[680] 80 8°0-

L8O | CTLO | 090 | 190 | S9°0 | 890 | 8L0 | T90 | LLO | 190 | €90 | 650 | 690 | LLO [LSO|CTLO| 90 <l

J. A. Teresi, K. Ocepek-Welikson, M. Kleinman, M. Ramirez & G. Kim

‘ueds | [ug 1) 14V ¥8-S9 | $9-0S | 6v-17
‘Suer | Sue | perd | [0) |dwos| SH | SH> | HN [‘dSIH | HN |[MHN| 93V | 98V | 33y | W | A [[®I0L| (e0Y]L)
Amaqendy LI uorssaxdoq

156

sdnoi3qns oryderdowop pue sjdwes 18103 10} (O LY]) SISA[eue ]3] 2y} JO S}NSAI U0 PIseq AewWIISd
(e3oy1) 2InquIIE 9Y) JO S[OAQ] SulAIeA Je sjewnsd ANfiqer[ar (1Y]) £109y3 asuodsar woy] :39s Wl w0y 1oys uoissaidop SINOUd
‘SoIqeL




Psychometric properties and performance of PROMIS® Depression short forms 157

Reliability estimates

The reliability estimates were high. The Omega total values (Table 4) ranged from 0.977
to 0.985, the Cronbach’s alphas ranged from 0.955 to 0.972, and the ordinal alphas based
on the polychoric correlations were 0.977 to 0.984. Finally, the reliability estimates
(precision) at points along the latent trait (theta) reflective of where respondents were
observed were high, ranging from 0.72 to 0.99, except for at the lowest point (theta =
- 1.2) where the estimates were lower, ranging from 0.57 to 0.87. The overall reliability
estimate was 0.93 for the total sample ranging from 0.91 to 0.94 for the individual sub-
groups (see Table 5).

IRT parameter estimates, tests of DIF and assessment of magnitude
and impact

Shown in Table 6 are the graded response item parameters and their standard errors for
the total sample. Appendix Table 2 shows the discrimination (@) parameters across sub-
group comparisons. As shown, the a parameters vary somewhat across items and groups,
ranging from 3.60 to 6.46 across items for the total sample and from 3.13 (“I felt worth-
less” for non-Hispanic Blacks) to 7.45 (“I felt hopeless” for those with some college).

Table 6:
PROMIS depression short form item set: Item response theory (IRT) item parameters and
standard error estimates (using IRTPRO) for the total sample (n = 5,459)

Item Description a s.e. | b1 | s.e. | b2 | s.e. | b3 | s.e. | b4 | s.e.
of a
I felt worthless 3.77 1 0.10 | 0.35 | 0.02 | 0.80 | 0.02 | 1.54 | 0.03 | 2.30 | 0.04

I felt that T had nothing | 4.63 | 0.12 | 0.36 | 0.02 | 0.81 | 0.02 | 1.51 | 0.02 | 2.18 | 0.04
to look forward to

I felt helpless 42310.11]0.29]0.02]|0.75|0.02|1.46|0.02]2.15] 0.04
I felt sad 4.14 | 0.10 {-0.25] 0.02 | 0.35 | 0.02 | 1.22 | 0.02 | 1.99 | 0.03
I felt like a failure 4.69 | 0.13 | 0.42|0.02|0.89 | 0.02 | 1.56 | 0.03 | 2.15 | 0.04
I felt depressed 4.67 | 0.120.01 | 0.02|0.53 | 0.02 | 1.28 | 0.02 | 1.97 | 0.03
I felt unhappy 4.65|0.11 |-0.17| 0.02 | 0.45 | 0.02 | 1.32 | 0.02 | 2.07 | 0.04
I felt hopeless 6.46 | 0.20 | 0.38 | 0.02 | 0.83 | 0.02 | 1.44 | 0.02 | 2.06 | 0.03

I felt discouraged about | 4.09 | 0.10 | 0.06 | 0.02 | 0.60 | 0.02 | 1.34 | 0.02 | 2.00 | 0.03
the future

I felt disappointed in 3.60 | 0.09 | 0.20 | 0.02 | 0.73 | 0.02 | 1.45 | 0.03 | 2.15 | 0.04
myself

a = item discrimination; b = item severity, s.e.= standard error
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DIF results

Appendix Tables 3-6 show the detailed DIF results for race/ethnicity, education, age and
gender, respectively. Tables 7-9 are summaries of the DIF results. Table 7 shows the
results for race/ethnicity. As shown, eight items showed DIF for both IRTPRO (Wald
tests after Bonferroni correction) and for lordif (ordinal logistic regression). These items
were: worthless, nothing to look forward to, helpless, failure, unhappy, hopeless, dis-
couraged about the future and disappointed in myself. Conditional on depression,
Asians/Pacific Islanders (as contrasted with non-Hispanic Whites) had a higher probabil-
ity of responding in the depressed direction to the items: worthless, nothing to look for-
ward to, helpless, failure, unhappy and disappointed. These items evidenced lower b
parameters and were less severe indicators of depression for Asians/Pacific Islanders
than for the reference group. For the item, discouraged about the future, all minority
groups in contrast to the White non-Hispanic reference group evidenced a lower proba-
bility of a depressed response. Non-Hispanic Blacks in contrast to the reference group
evidenced a lower probability of endorsing the item, worthless, conditional on depres-
sion. Hispanics as contrasted with non-Hispanic Whites evidenced a lower probability of
item endorsement for the items: hopeless and disappointed. Conditional on depression,
the likelihood of endorsing the item, unhappy was lower for Hispanics vs. non-Hispanic
Whites. Only one item showed DIF of higher magnitude (just above threshold on the T1
statistic) for non-Hispanic Asians/Pacific Islanders vs. Whites: “I felt like a failure” (see
Table 7). However, the magnitude of DIF was small and the NCDIF statistic was not
above threshold or large. The impact of DIF was negligible, as shown by the overlapping
curves (see Figure 1).

DIF analysis was performed for Hispanics only contrasting those interviewed in English
with those interviewed in Spanish. Spanish speakers were hypothesized to express great-
er feelings of worthlessness, helplessness and nothing to look forward to; however, no
significant DIF was observed. Five items were selected as anchor items: “I felt that I had
nothing to look forward to”; “I felt helpless™; “I felt depressed”; “I felt unhappy”; “I felt
discouraged”.

For education (Table 8), five items were identified with DIF after Bonferroni correction
using the Wald test (worthless, unhappy, hopeless, discouraged and disappointed). Only
three were consistently identified with both the Wald test and the OLR procedure: worth-
less, hopeless and disappointed. The item, hopeless had a lower discrimination for the
patients with less than high school education than for the post-graduate reference group.
Conditional on depression, the item, worthless was more likely to be endorsed in the
depressed direction by the patients with less than high school education vs. the patients
with a graduate degree. However, the items, unhappy, discouraged and disappointed in
myself were less likely to be endorsed in the depressed direction by the patients with less
than high school education compared with those with a graduate degree. The item, “I felt
disappointed in myself” showed DIF of higher T1 magnitude for the graduate school vs.
no high school groups. However, the NCDIF statistic was not above threshold.
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In summary, conditional on depression, the items, worthless and hopeless were more
likely to be endorsed in the depressed direction by the patients with less than high school
education vs. the patients with a graduate degree; the magnitude of DIF was slightly
above the T1 threshold. These items were also hypothesized to show DIF in the direction
of more feelings of worthlessness by groups with lower education. However, the NCDIF
statistic was not above threshold. The impact of DIF on the scale was trivial (see Table 8
and Figure 1).

As shown in Table 9, one item (sad) showed gender DIF after Bonferroni correction and
three showed age DIF (worthless, nothing to look forward to and sad). Conditional on
depression, women were more likely than men to respond to the item, sad in the de-
pressed direction. This item evidenced consistent DIF of slightly higher magnitude as
evidenced by a value slightly above the T1 threshold for gender, although the NCDIF
index was not above threshold. This item, sad, was also hypothesized to show DIF in the
expected direction.

Conditional on depression, older respondents were more likely to respond in the de-
pressed direction to the items worthless and nothing to look forward to, while the item,
sad was more likely endorsed in the depressed direction by the younger age groups. One
item showed slightly higher magnitude for age: nothing to look forward to; however, the
NCDIF magnitude measure was not above threshold. The scale level impact was trivial
(see Table 9 and Figure 1). Conditional on depression, this item was more likely to be
endorsed in the depressed direction by both older groups in contrast with the cohort aged
21-49.

Figure 1:
PROMIS depression short form item set: Expected scale and item scores for race/ethnicity
subgroups

PROMIS Depression Item Set
Scale Response Function
Based on IRTPRO Estimates
Comparing Race/Ethnic Groups

Expected Scale Score
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Expected Item Score Function by Race/Ethnicity
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Expected Item Score Function by Race/Ethnicity
PROMIS Depression Item Set
Item 5: | felt like a failure
(For k = categories 0, 1, 2, 3, 4)
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Expected Item Score

Expected Item Score Function by Race/Ethnicity
PROMIS Depression Item Set
Item 10: | felt disappointed in myself
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Figure 1: - cont.

PROMIS depression short form item set: Expected scale and item scores for education

subgroups
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Expected Item Score Function by Education Groups
PROMIS Depression Item Set
Item 9: | felt discouraged about the future
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Figure 1: - cont.
PROMIS depression short form item set: Expected scale and item scores for age subgroups
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Expected Item Score Function by Age
PROMIS Depression Item Set
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Figure 1: - cont.
PROMIS depression short form item set: Expected scale and item scores for
gender subgroups

PROMIS Depression Item Set
Scale Response Function
Based on IRTPRO Estimates
Comparing Gender Groups
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Sensitivity analyses

Sensitivity analyses were conducted to examine the effect of increasing the size of the
anchor sets on the results. For all DIF analyses, the number of selected anchors was
small. For the race/ethnicity analysis only two items showing no DIF were selected as
anchor items: “I felt sad” and “I felt depressed”. Similarly for gender, three anchor items
were selected: “I felt worthless™; “I felt I had nothing to look forward to”; and “T felt
hopeless”. For the education groups, the following three anchors were selected: “I felt I
had nothing to look forward to”; “I felt sad”; and “I felt depressed”. The only analysis
with four or more anchor items was for age, with the following anchors: “I felt helpless”;
“I felt like a failure”; “I felt depressed”; “I felt hopeless™; “I felt discouraged about the
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future;” and “I felt disappointed in myself.” Because of a small number of anchors se-
lected for the majority of comparisons, the sensitivity DIF analysis was performed with
four anchor items for each of the analyses for the race/ethnicity and gender demographic
groups.

The DIF results did not change for gender; “I felt sad” showed DIF after the Bonferroni
correction whether three or four anchors were included. The DIF results changed only
minimally for race/ethnicity, all for the non-Hispanic Asians/Pacific Islanders compared
to the non-Hispanic Whites as the reference group. The result for the item, “I felt worth-
less” changed from showing DIF after the Bonferroni correction to DIF not reaching that
level. When four anchors were used, in addition to the original uniform DIF observed
after the Bonferroni correction, non-uniform DIF was observed for the item, “I felt like a
failure,” but only before the Bonferroni correction. The item, “I felt hopeless” did not
show DIF with four anchor items for Asians/Pacific Islanders.

Because local dependencies can result in over-identification of DIF, sensitivity analyses
were performed for the depression analyses removing one item from a pair with high LD
statistics across group comparisons: item 7 — “I felt unhappy” (which evidenced high LD
statistics with the item 6 — “T felt depressed”). The results changed somewhat. Item pa-
rameters for “I felt worthless” and item 2 — “T felt that I had nothing to look forward to”
comparing Whites with the Asians/Pacific Islanders were no longer significantly differ-
ent after the Bonferroni correction. The type of DIF changed from uniform to non-
uniform for the item, “I felt hopeless.” Results for the item, “I felt discouraged about the
future” were no longer significantly different after the Bonferroni correction for all com-
parisons. For the education comparison of respondents with graduate education to those
with less than high school, for the item, “I felt worthless” the DIF results changed from
significant after Bonferroni correction to just significant. There were no changes in DIF
designations for age and gender comparisons.

Aggregate impact

As shown in Figure 1, there was no evident scale level impact. All group curves were
overlapping for all comparisons.

Individual impact

Analyses were performed evaluating individual impact by comparing thetas estimated
accounting for and not accounting for DIF. The analysis was limited to the race/ethnic
and education subgroups. Individual impact for the race/ethnic groups was observed
despite the high correlation of the two theta estimates (0.96). The changes were minimal
(less than the absolute value of 0.5 standard deviations on the theta continuum) for 93 %
of individuals. Although 356 individuals (7 % of the sample) were estimated with abso-
lute change values greater than 0.5 standard deviations, only 36 of these changed greater
than 1.0 standard deviation. Using an arbitrary cutoff point of theta > 1.0 to classify
respondents as depressed, there were 233 (4 %) of the total sample who changed from
the designation of not depressed to depressed after the DIF adjustment and 86 (2 %) who
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changed to not depressed. However, for only 2 patients (who changed to depressed) was
the change in theta > 1.0 SD.

The variation in change among the race/ethnic groups was not large; for 90 % of non-
Hispanic Blacks, the absolute difference was from 0.0 to 0.5 standard deviations; this
was also true of 94 % of Hispanics, 94 % of non-Hispanic Whites and 95 % of non-
Hispanic Asians/Pacific Islanders. The theta magnitude change from above to below the
depression symptomatology threshold (theta > 1.0) was observed for 20 (0.9 %) non-
Hispanic Whites, 16 (1.4 %) non-Hispanic Blacks, 42 (4.0 %) Hispanics, and 8 (0.9 %)
non-Hispanic Asians/Pacific Islanders. In contrast, 108 (4.8 %) Whites, 57 (5.1 %)
Blacks, 22 (2.1%) Hispanics and 46 (5.1 %) Asians/Pacific Islanders changed from the
non-symptomatic status to the designation indicative of depression symptomatology
(change > 0.5 standard deviations).

The individual impact for the education groups was much smaller. The correlation of the
two theta estimates was 1.0. All of the absolute values of the changes were less than 0.5
standard deviations. When considering the depression threshold designation, 39 (0.7 %
of 5,386) patients changed designation in the direction of more symptomatology or
above the threshold after the DIF adjustment. For no individual was the designation
changed from the depression symptomatology to below the threshold.

Information

The item-level information functions were examined for the total sample (see Appendix,
Figure 2.) As shown, the item, hopeless was estimated as most informative with the peak

PROMIS Depression Short Form Item Set
Test Information Function with 95% Confidence Interval
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40
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Figure 2:
PROMIS depression short form item set: Test information function (IRTPRO) (total sample)
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information of 11.0 at theta level 0.4. The two items with the next highest peak infor-
mation estimates were: “I felt that I had nothing to look forward to” and “T felt de-
pressed” (information = 6.01 at theta = 0.8 and 6.0 at theta 0.4). The least informative
items were: “I felt disappointed in myself” (information = 3.75 at theta = 0.4) and “I felt
worthless” (information = 4.10 at theta = 0.8). Shown in Figure 2 is the scale-level in-
formation function. Most scale level information ranges in the middle and upper (de-
pressed) tail of the distribution from theta level 0.4 to 2.0 with its peak of 57.9 at theta =
0.4. Peak item information is also provided in the middle upper (depressed) tail of the
distribution ranging from theta = 0 to 0.8.

Discussion

The findings of DIF were examined in concert with the hypotheses tested. Only one item
showed gender DIF. Conditional on depression, females were more likely to endorse the
item, sad. This finding corresponded to the hypothesis that conditional on depression,
women would express greater feelings of sadness. Other items hypothesized to show
gender DIF: worthlessness, helplessness, depression, and unhappiness and nothing to
look forward to were not found to evidence DIF after adjustment for multiple compari-
sons. However, the items helpless, depressed and unhappy were identified with DIF in
the sensitivity analyses using IRTOLR. These items as well as helplessness did show
significant DIF in the initial round of DIF testing, and were not included as anchor items.
Thus, although they were not ultimately flagged with salient DIF, they did show DIF as
hypothesized by the content experts.

It was hypothesized that conditional on depression, older people would be more likely to
report feeling that there was nothing to look forward to and this hypothesis was corrobo-
rated by the findings. Conditional on depression, older respondents were more likely to
respond in the depressed direction to this item. Age DIF was also found for the items,
worthless and sad; however, in opposite directions, and no hypotheses were generated
for these items.

For race/ethnicity, conditional on depression, it was hypothesized that minority groups as
contrasted with the White majority would express more feelings of worthlessness, help-
lessness and failure. These three items were among the eight items with consistent DIF
found by both IRT and OLR methods. Conditional on depression, Asians/Pacific Is-
landers (as contrasted with non-Hispanic Whites) evidenced a higher probability of re-
sponding in the depressed direction to the items: worthless, nothing to look forward to,
helpless, failure, unhappy and disappointed. However, the sensitivity analyses modeling
the local dependencies showed that two items: worthless and nothing to look forward to
were not significant after Bonferroni adjustment. Non-Hispanic Blacks had a lower
probability of endorsing the item, worthless, conditional on depression. Hispanics as
contrasted with non-Hispanic Whites had a lower probability of item endorsement for the
items: hopeless and disappointed; however, these items were not hypothesized to show
DIF. Conditional on depression, the likelihood of endorsing the item unhappy was lower
for the Hispanics vs. non-Hispanic Whites.
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Previous studies also provided evidence of DIF in depressive symptom items across
different racial/ethnic groups (e.g., Cole et al., 2000; Iwata & Buka, 2002; Iwata, Turner,
& Lloyd, 2002; Kim, Chiriboga, & Jang, 2009; Yang et al., 2007), suggesting caution
with respect to the interpretation of depressive symptoms among racial/ethnic minorities
for clinical research and practice. For example, Iwata & Buka tested DIF for items in-
cluded in the Center for Epidemiological Studies Depression (CES-D; Radloff, 1977)
among White, Japanese, Native American, and Argentinean undergraduates. They re-
ported that Japanese and Argentineans were more likely to inhibit endorsement of posi-
tive items such as hopeful, happy and enjoyed. As another example, Kim and colleagues
(2009) also tested DIF for the CES-D items across three racial/ethnic groups of older
adults (Mexican Americans, Blacks, and Whites) and provided evidence of the lack of
measurement equivalence among Mexican Americans in comparison with Whites and
Blacks. The comparison of non-Hispanic Whites to Mexican Americans resulted in the
identification of 16 out of 20 items with DIF; two items were identified with DIF for the
comparison of Whites and Blacks, both items related to interpersonal relations. Although
the PROMIS Depression measure does not include somatic symptom items, the literature
also suggests significant DIF observed for such items in the comparison of racial/ethnic
minorities with non-minorities. Despite the negligible impact of DIF in the current anal-
yses, given the findings of significant DIF in the comparisons of racial/ethnic groups for
some items, cross-validation of results with different patient samples and additional
ethnic groups is recommended in future research.

Conditional on depression, it was posited that those with lower education would express
more feelings of being worthless and hopeless. The findings were of five items identified
with DIF for education after adjustment for multiple comparisons (worthless, unhappy,
hopeless, discouraged and disappointed). Only three were consistently identified by both
the Wald test and the OLR procedure: worthless, hopeless and disappointed; two of these
three were hypothesized to show DIF: worthless and hopeless. Conditional on depres-
sion, the item, worthless was more likely to be endorsed in the depressed direction by the
patients with less than high school education vs. the patients with a graduate degree.
However, in sensitivity analyses this item was not significant using the Bonferroni ad-
justment cutoff. The item, disappointed in myself showed DIF of higher magnitude for
the graduate school vs. no high school groups. However, the NCDIF statistic was not
above threshold, and the impact of DIF on the scale was trivial.

The analyses of language among Hispanic respondents did not identify any DIF, despite
hypotheses that Spanish speakers would express greater feelings of worthlessness, help-
lessness and nothing to look forward to. Evidence from previous analyses of DIF identi-
fied an effect of acculturation on depressive symptom measures (Nguyen et al., 2007).
Lower endorsement of somatic symptom items among low acculturated Hispanic women
than in their high acculturated counterparts was identified. As stated earlier, the PROMIS
Depression short form does not include somatic items; nonetheless future research
should be performed examining potential DIF associated with acculturation and lan-
guage.
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Finally those with a diagnosis of cancer were posited to express greater feelings of
worthlessness, helplessness, discouragement about the future and feeling like a failure,
conditional on depression. No tests of DIF were performed for diagnosis.

Study limitations

The only analysis of language that was possible, given the subgroup sample sizes was
Spanish. The examination of language DIF needs to be extended to other languages,
including for example, Chinese, Portuguese, and Korean. Subgroups of Asians/Pacific
Islanders and Hispanics have not been examined in the present DIF analyses. Thus,
future research should consider examining potential differences across ethnic subgroups.
Further investigation is needed to examine potential reasons for the DIF observed.

Summary

In summary, very little DIF of high magnitude or impact was observed. However, sever-
al items were identified that might require further study because there was a slightly
higher magnitude of DIF and a correspondence of the DIF hypotheses to the findings of
DIF. For gender, one item, sad, was both hypothesized and observed to show gender DIF
in the direction of women reporting more sadness than men, conditional on depression.
For age, one item showed slightly higher magnitude: nothing to look forward to; and this
item was also hypothesized to show age DIF. Only one item showed DIF of higher mag-
nitude (just above threshold) for Whites vs. non-Hispanic Asians/Pacific Islanders in the
direction of higher likelihood of endorsement for Asians/Pacific Islanders: failure. This
item was also hypothesized to show DIF for minority groups. Conditional on depression,
the items, worthless and hopeless were more likely to be endorsed in the depressed direc-
tion by the patients with less than high school education vs. the patients with a graduate
degree. These items were also hypothesized to show DIF in the direction of more feel-
ings of worthlessness by groups with lower education. As noted, the magnitude and
impact of DIF for all of these comparisons was relatively low.

These results could be useful for those using this scale in minority populations or to
clinicians evaluating individuals, using the short form depression scale. Information
provided was relatively high, particularly in the middle upper (depressed) tail of the
distribution. Reliability estimates were high across all studied groups, regardless of esti-
mation method. One potential caveat is that while aggregate impact was minimal, indi-
vidual impact of relatively high magnitude (>1.0 standard deviation change in theta
estimates before and after DIF adjustment) was observed for some, albeit a small number
(36 or <1 % of 5,324) of individuals for the race/ethnicity analysis, for 6 (0.6 %) His-
panics, 14 (1.3 %) non-Hispanic Blacks, 6 (0.7 %) non-Hispanic Asians/Pacific Islanders
and 10 (0.4%) non-Hispanic Whites.

From a methodological perspective, the results illustrate some issues related to model
assumptions and anchor item selection. Results can change if the numbers of anchor
items are less than optimal, e.g. four; however, false DIF detection can result from inclu-
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sion of items with DIF in the anchor. Thus, sensitivity analyses can inform about the
extent to which results do not converge. In this case, most of the DIF results were simi-
lar. Local dependencies can result in discrimination parameter estimates that are too
high; this was observed for the depression data set. However, sensitivity analyses, re-
moving items with high LDs did not have an appreciable effect on the DIF results.

It is also noted that while the reliability estimates were high, the omega total value esti-
mates ranged from 0.977 to 0.985, and were higher than were those for Cronbach’s al-
pha, which ranged from 0.955 to 0.972. The relationship between alpha and omega total
in the presence of unidimensionality is such that omega total is greater than or equal to
alpha (Zinbarg, Revelle, Yovel, & Li, 2005). Thus, the higher value of omega total is
congruent with the overwhelming evidence in support of unidimensionality.

Conclusions

The findings show superior psychometric properties of the PROMIS short form depres-
sion measure across several socio-demographic groups, and provide the first solid evi-
dence regarding its performance among large samples of ethnically diverse groups.
However, there was some evidence of DIF for some comparisons. There was a corre-
spondence of the DIF hypotheses to the findings of DIF in a number of instances. While
the magnitude and aggregate impact of DIF was small, in a few instances, individual
impact was observed. Despite the low magnitude of DIF, clinicians or researchers work-
ing with patients from diverse cultural backgrounds and with lower educational levels
should be alert to the potential for bias when items such as feeling worthless, hopeless
and like a failure are used to measure depressive symptoms and diagnose clinical depres-
sion among racially/ethnically diverse groups and those with low education. Because the
development of culturally appropriate screens for depression using the PROMIS Depres-
sion item bank is a high priority; this line of DIF research should be extended to other
comparisons based on acculturation, chronic diseases and ethnicity.
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