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Abstract

This is the first study of the measurement equivalence of the Patient Reported Outcomes 

Measurement Information System® (PROMIS®) Anxiety short forms in a large ethnically diverse 

sample. The psychometric properties and differential item functioning (DIF) were examined 

across different racial/ethnic, educational, age, gender and language groups.

Methods—These data are from individuals selected from cancer registries in the United States. 

For the analyses of race/ethnicity the reference group was non-Hispanic Whites (n = 2,263), the 

studied groups were non-Hispanic Blacks (n = 1,117), Hispanics (n = 1,043) and Asians/Pacific 

Islanders (n = 907). Within the Hispanic subsample, there were 335 interviews conducted in 

Spanish and 703 in English. The 11 anxiety items were from the PROMIS emotional disturbance 

item bank.

DIF hypotheses were generated by content experts who rated whether or not they expected DIF to 

be present, and the direction of the DIF with respect to several comparison groups. The primary 

method used for DIF detection was the Wald test for examination of group differences in item 

response theory (IRT) item parameters accompanied by magnitude measures. Expected item 

scores were examined as measures of magnitude. The method used for quantification of the 

difference in the average expected item scores was the non-compensatory DIF (NCDIF) index. 

DIF impact was examined using expected scale score functions. Additionally, precision and 

reliabilities were examined using several methods.

Results—Although not hypothesized to show DIF for Asians/Pacific Islanders, every item 

evidenced DIF by at least one method. Two items showed DIF of higher magnitude for Asians/

Pacific Islanders vs. Whites: “Many situations made me worry” and “I felt anxious”. However, the 
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magnitude of DIF was small and the NCDIF statistics were not above threshold. The impact of 

DIF was negligible. For education, six items were identified with consistent DIF across methods: 

fearful, anxious, worried, hard to focus, uneasy and tense. However, the NCDIF was not above 

threshold and the impact of DIF on the scale was trivial. No items showed high magnitude DIF for 

gender. Two items showed slightly higher magnitude for age (although not above the cutoff): 

worried and fearful. The scale level impact was trivial. Only one item showed DIF with the Wald 

test after the Bonferroni correction for the language comparisons: “I felt fearful”. Two additional 

items were flagged in sensitivity analyses after Bonferroni correction, anxious and many situations 

made me worry. The latter item also showed DIF of higher magnitude, with an NCDIF value 

(0.144) above threshold. Individual impact was relatively small.

Conclusions—Although many items from the PROMIS short form anxiety measures were 

flagged with DIF, item level magnitude was low and scale level DIF impact was minimal; 

however, three items: anxious, worried and many situations made me worry might be singled out 

for further study. It is concluded that the PROMIS Anxiety short form evidenced good 

psychometric properties, was relatively invariant across the groups studied, and performed well 

among ethnically diverse subgroups of Blacks, Hispanic, White non-Hispanic and Asians/Pacific 

Islanders. In general more research with the Asians/Pacific Islanders group is needed. Further 

study of subgroups within these broad categories is recommended.
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Introduction

Item banks developed using item response theory (IRT) are being promoted for efficient 

assessment of health-related constructs, particularly as applied to physically frail 

populations. Some of these banks have focused on anxiety. For example, Walter et al. (2007) 

established an anxiety item bank with 50 items, calibrated with the generalized partial credit 

model. Precise estimates were obtained with as few as six to eight items administered. 

Somatic anxiety symptoms such as dizziness, dyspnea and palpitations were excluded. 

Another well-known collection of item banks is from the Patient Reported Outcomes 

Measurement Information System® (PROMIS®), developed as a part of the U.S. National 

Institutes of Health (NIH) roadmap initiative (see www.nihpromis.org) to measure self-

reported health for clinical research and practice. As a subdomain to measure emotional 

distress, the PROMIS Anxiety item bank consists of 29 items and several short forms (Cella 

et al., 2010; Pilkonis, Choi, Reise, Stover, Riley, & Cella, 2011). Originally developed in 

English, the PROMIS Anxiety item bank has been translated into several languages 

including: Spanish, German, Mandarin (short form only) and Dutch (short form only). 

According to the NIH PROMIS webpage (http://www.nihproms.org/measures/translations), 

translation of the PROMIS Anxiety item bank into several other languages (e.g., Portuguese, 

Hebrew) is currently in progress.
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Differential Item Functioning (DIF) analyses of the PROMIS Anxiety item bank

Given that systematic measurement bias in measures used for research and practice could 

lead to misleading group comparisons and inaccurate prevalence rates, a critical first step for 

the PROMIS Anxiety item bank is to establish measurement equivalence across diverse 

groups. Despite the importance of measurement equivalence, differential item functioning 

analyses have not been performed widely in studies using PROMIS measures. Only a few 

studies examined DIF for PROMIS measures and even fewer studies of DIF are available for 

the PROMIS Anxiety measure (e.g., Choi, Gibbons, & Crane, 2011). Choi et al. evaluated 

the 29 item PROMIS anxiety bank for age DIF using a sample of 766 adults. Five of 29 

items evidenced modest levels of DIF: “I felt fearful”; “I was anxious if my normal routine 

was disturbed”; “I was easily startled”; “I worried about other people's reactions to me”; and 

“Many situations made me worry.” Magnitude of DIF was small. Aggregate DIF impact was 

very small; however, based on examination of the standard error of measurement, salient 

score changes for some subjects were observed such that there was some individual level 

impact. Given that the sample used in the analyses by Choi et al. did not permit analyses by 

race or ethnicity, there is a need for DIF analyses of the PROMIS Anxiety item bank in 

patient populations from diverse cultural backgrounds.

DIF Analyses of general anxiety measures

Several recent studies have examined DIF in the Hospital Anxiety and Depression Scale 

(HADS; Zigmond & Snaith, 1983) in different populations, such as primary care (Cameron, 

Scott, Adler, & Reid, 2014); Parkinson's disease (Forjaz, Rodrigues-Blázquez, & Martinez-

Martin, 2009); spinal cord injury (Müller, Cieza, & Geyh, 2012); motor neurone disease 

(Gibbons et al. 2011); chronic obstructive pulmonary disease (Tang, Wong, Shiu, Lum, & 

Ungvari, 2008); musculoskeletal rehabilitation (Pallant & Tennant, 2007); breast cancer 

(Osborne et al., 2004), and caregivers to cancer patients (Lambert, Pallant, & Girgis, 2011). 

Nearly all investigators used the Rasch model for analyses, and most concluded that little 

DIF was observed. In one study (Cameron et al., 2014) of the HADS, DIF was observed for 

gender or age for three items. Only one item with gender DIF was identified (Guillén-

Riqueime & Buela-Casal, 2011) in the State-Trait Anxiety Inventory (Spielberger, Gorsuch, 

Lushene, Vagg, & Jacobs, 1983). It was also concluded by most authors that the impact of 

DIF in these measures of anxiety was small. For example, Osborne and colleagues (2004), 

discussing the impact of DIF in the HADS (Zigmond & Snaith), did not recommend 

adjustments for cancer patients. However, one study (Forjaz et al., 2013) concluded that 

none of the anxiety measures studied, including the HADS, performed well 

psychometrically in samples with Parkinson's disease. A more detailed review of DIF in 

depression, anxiety and quality-of-life measures can be found in Teresi, Ramirez, Lai, and 

Silver (2008).

Aim of the analyses

Given the limited literature on DIF in the PROMIS Anxiety item bank, and more specifically 

the short forms, the aim of this study was to generate DIF hypotheses and examine the item-

level performance of the short form anxiety items among different racial/ethnic, age, gender, 

educational, and language groups. The analytic focus was to examine the item- and scale-
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level equivalence among cancer patients from diverse ethnic and cultural backgrounds in 

order to increase knowledge about its use in clinical research and practice among such 

groups.

Methods

Sample

These data are from individuals with cancer who were selected from cancer registries in 

regions of the United States. Details are provided in the overview article on the sample 

characteristics (Jensen et al., 2016). The overall sample sizes were 1,053 Hispanics, 917 

Asians/Pacific Islanders, 1,122 non-Hispanic Blacks and 2,278 non-Hispanic Whites; 2,248 

were aged 65 and over and 975 had less than a high school education. The studied (also 

called the focal) group was males in the analyses of gender; the sample sizes for the groups 

were 3,243 females and 2,187 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 = 1,050), some college (n = 1,752) and college degree (n = 985). The reference 

group for age was 21 to 49 (n = 1,200); the studied groups were 50 to 64 (n = 2,005) and 65 

to 84 (n = 2,225). For the analyses of ethnicity the reference group was non-Hispanic Whites 

(n = 2,263); the studied groups were non-Hispanic Blacks (n = 1,117), Hispanics (n = 1,043) 

and Asians/Pacific Islanders (n = 907). Within the Hispanic sub-sample, there were 335 

interviews conducted in Spanish and 703 in English.

Measures

The 11 anxiety items were part of a subdomain of emotional distress (Choi, Reise, Pilkonis, 

Hays, & Cella, 2010). Short form items were selected from the item bank based on rank-

order of IRT information provided and frequency of administration in the computerized 

adaptive test. The timeframe for all items was the past seven days. Items were administered 

using a five point response scale ranging from one to five across response categories: never, 
rarely, sometimes, often, and always. In addition to the eight item short form (identified in 

Table 1), three other items were selected for inclusion based on information and coverage 

across the latent attribute continuum, or their inclusion in other short form measures.

Qualitative analyses and hypotheses generation

DIF hypotheses were generated for these analyses by content experts who rated 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. A grid containing a 

row for each of the items and separate columns for each of the referenced groups was 

distributed to the experts for completion in order to facilitate the rating.

A definition of DIF was provided, and the following instructions related to hypotheses 

generation were given.

Differential item functioning means that individuals from different 

sociodemographic groups with the same underlying trait (state) level will have 

different probabilities of endorsing an item. Put another way, reporting a symptom 

Teresi et al. Page 4

Psychol Test Assess Model. Author manuscript; available in PMC 2017 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(e.g., feeling worried) should depend only on the level of the trait (state), e.g., 

anxiety and not on membership in a group, e.g., older or younger.

Rating forms were completed by nine expert raters who were clinical or counseling 

psychologists (two), public health professionals (five), epidemiologists (one) and 

gerontologists (one). The goal was to identify items that might have a different meaning or 

not be understood well and/or equivalently by individuals in the groups referenced. A 

summary of the DIF hypotheses is shown in Table 1.

Quantitative analyses

Tests of model assumptions—Model assumptions and fit were tested. 

Unidimensionality 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 

estimation and tests of scree; and the second half was used to obtain a confirmatory solution. 

Traditional methods of examining essential unidimensionality were applied (Asparouhov & 

Muthén, 2009) in which confirmatory factor analysis was performed fitting a unidimensional 

model with polychoric correlations using MPlus (Muthén & Muthén, 2011). As an 

additional test of dimensionality, a bifactor model was examined using the second random 

half of the sample. These analyses were conducted in part with R (Revelle, 2015; 

Rizopoulus, 2009; R Core Team, 2013) and MPlus (Muthén & Muthén). Details of the 

methods are provided in the paper on depression in this issue. Finally, a measure of 

dimensionality, the explained common variance (ECV) was examined. The assumption of 

local dependency (LD) was examined using the generalized, standardized local dependency 

chi-square statistics (Chen & Thissen, 1997) provided in Item Response Theory for Patient 

Reported Outcomes (IRTPRO), version 2.1 (Cai, Thissen, & du Toit, 2011).

IRT model fit—Model fit for the IRT models was examined using the root mean square 

error of approximation (RMSEA) from IRTPRO (Cai et al., 2011) software.

Reliability and information—McDonald's (McDonald, 1999) omega total (ωt), a 

reliability estimate based on the proportion of total common variance explained was also 

calculated. Both Cronbach's alpha and ordinal alpha based on polychoric correlations 

(Gadermann, Guhn, & Zumbo, 2012; Zumbo, Gradermann, & Zeisser, 2007) were 

calculated. Additionally, IRT-based reliability measures were examined at selected points 

along the underlying latent continuum. IRT-based information functions were also 

examined.

Tests of DIF hypotheses

Model: The graded response model (Samejima, 1969) was used for DIF detection. The item 

characteristic curve (ICC) that relates the probability of an item response to the underlying 

state, e.g., anxiety, measured by the item set is characterized by two parameters: a 

discrimination parameter, proportional to the slope of the curve (denoted a) and location 

(severity) parameters (denoted b). An item shows DIF if people from different subgroups but 
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at the same level of the attribute (denoted θ) have unequal probabilities of endorsement. The 

presence of DIF is demonstrated by ICCs that are different across comparison subgroups.

DIF detection and anchor item selection: Group differences in IRT item parameters were 

examined using the Wald test (Lord, 1980), accompanied by magnitude measures. Anchor 

items that are DIF free were selected iteratively. 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 a parameters, 

followed by conditional tests of the b parameters. Uniform DIF was detected when the b 
parameters differ and non-uniform DIF when the a parameters differ among groups. Non-

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 11 anxiety items (p = 

0.0045). Sensitivity analyses were conducted with latent variable ordinal logistic regression 

analyses using lordif (Choi et al., 2011).

Evaluation of DIF magnitude and impact

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 were 

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 non-compensatory DIF (NCDIF) index (Raju, van 

der Linden, & Fleer, 1995) in DFIT (Raju, Fortmann-Johnson, Kim, Morris, Nering, & 

Oshima, 2009) was used to quantify the difference in the average expected item scores. An 

additional magnitude measure used in these analyses is the T1 statistic (Wainer, 1993). 

Details of the methods are presented in the paper on magnitude and impact in this issue 

(Kleinman & Teresi, 2016). Aggregate impact was evaluated by comparing expected scale 

score functions between groups. Individual impact was measured by fixing and freeing 

parameters based on DIF analyses and comparing theta estimates before and after DIF 

adjustment.

Results

Qualitative analyses

Table 1 shows the hypotheses generated for the anxiety items. Conditional on anxiety, it was 

hypothesized that women would report being more fearful, anxious, worried, nervous, tense, 

overwhelmed, and need more help for anxiety. Younger people were posited to be more 

fearful, anxious, nervous, and older people were posited to feel more overwhelmed than 

younger people.

Minority group members (Latinos/Hispanics and Blacks) were posited to express more 

feelings of fear, anxiety, worry, and states of tension, nervousness, and being overwhelmed 

than their White Non-Hispanic counterparts, conditional on anxiety. Spanish speakers were 

posited to express more feelings of being worried, nervous, tense, and in need of help. No 
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consistent hypotheses were generated with respect to education and patients with cancer 

were posited to express greater levels of anxiety and nervousness, conditional on anxiety.

Quantitative results for anxiety

Tests of model assumptions

Unidimensionality and Local Independence: As shown in Table 2, there was support for 

essential unidimensionality across groups. The principal components analyses showed that 

the ratio of component one to two was large (17.6 to 28.3) across groups. (See Appendix6 

Figure 1 for the scree plot for the total sample.) The first component accounted for between 

81 % and 86 % of the variance across comparison groups. Examination of the confirmatory 

factor analyses results in Table 3 shows that the loadings on the general factor from the 

bifactor model ranged from 0.85 to 0.94, and were very similar (within 0 to 0.02) to those 

observed based on the single common factor solution. Additionally, the communalities were 

large, ranging from 0.80 to 0.92. The Comparative Fit Index (CFI; Bentler, 1990) from the 

unidimensional CFA model estimated using MPlus ranged from 0.988 to 0.993 (see 

Appendix, Table 1); the ECVs ranged from 70.21 to 78.30 (see Table 4).

A few items evidenced relatively high local dependency values: uneasy, with nervous and 

tense (not shown); however, as shown in Appendix Table 2, effects of the higher LD values 

on the discrimination parameters were minimal. The highest value was 5.94, and most 

values were below five. However, these items were tested further in sensitivity analyses for 

the possible impact of high LD values on DIF results.

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 comparison subgroup models, 

indicating good to adequate fit.

Reliability estimates—The reliability estimates were high. The Omega total values 

(Table 4) ranged from 0.977 to 0.984, and the Cronbach's alphas from 0.956 to 0.972; the 

ordinal alpha values ranged from 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. Most estimates were in the 0.90's, except for at the lowest values of theta (-1.2 and 

-1.6) where the estimates were lower, ranging from 0.50 to 0.90. The overall reliability 

estimate was 0.91 for the total sample, ranging from 0.89 to 0.98 across individual 

subgroups (see Table 5).

Anchor Item Selection—Similar to the depression analysis reported in this issue, the 

number of selected anchors was small for all DIF analyses. For the race/ethnicity analysis 

only two items showing no DIF were selected as anchor items: “I felt nervous” and “I had 

difficulty calming down.” Similarly for the education groups the items: “My worries 

overwhelmed me” and “I had difficulty calming down” were selected. For the age groups, 

three anchors were selected: “I found it hard to focus on anything other than my anxiety”; “I 

felt nervous” and “I felt like I needed help for my anxiety.” For the language groups, three 

6To access online appendices, please use the following url: http://www.research-hhar.org/Tables/DEPPTAM-appendix.htm
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anchor items were selected: “I found it hard to focus on anything other than my anxiety”; “I 

felt tense” and “I felt like I needed help for my anxiety.” The only analysis with four or more 

anchor items was for the gender comparisons that included the following items: “I felt 

worried”; “I felt nervous”; “I felt tense”; “My worries overwhelmed me”; and “Many 

situations made me worry.”

IRT parameter estimates

Shown in Table 6 are the graded response item parameters and their standard errors for the 

total sample. Appendix Table 2 shows the discrimination (a) parameters across subgroup 

comparisons. As shown, the a parameters vary somewhat across items and groups, ranging 

from 3.17 to 5.48 across items for the total sample. For the individual subgroups, the a 
parameters ranged from 2.80 (fearful for age 21 to 49) to 6.06 (uneasy for those with a high 

school education; See Appendix Table 2.)

DIF results—Appendix Tables 3 - 7 show the detailed DIF results for race/ethnicity, 

education, age, gender, and language of the interview, respectively. Tables 7 - 10 are 

summaries of the DIF results. Table 7 shows the results for race/ethnicity. As shown, five 

items showed DIF using both IRTPRO (Wald tests after Bonferroni correction) and lordif 

(latent variable ordinal logistic regression). These items were: fearful, worried, 

overwhelmed, needed help for anxiety, and worried over many situations.

Conditional on anxiety the Hispanic subgroup evidenced a significantly higher probability of 

responding in the anxious direction to the item, worried. All items evidenced DIF after 

adjustment for multiple comparisons for Asians/Pacific Islanders vs. non-Hispanic Whites; 

however only four showed consistent DIF by both methods. Conditional on anxiety, Asians/

Pacific Islanders (as contrasted with non-Hispanic Whites) evidenced a higher probability of 

responding in the anxious direction to the item, fearful and a higher probability of reporting 

that many situations made them worry, and that worries overwhelmed them. Asians/Pacific 

Islanders were significantly less likely to report needing help for anxiety.

Two items showed DIF of higher magnitude (just above the T1 threshold) for Asians/Pacific 

Islanders vs. Whites: “Many situations made me worry” and “I felt anxious” (see Table 7). 

However, the magnitude of DIF was small and the NCDIF statistics were not above 

threshold. The impact of DIF was negligible, as shown by the overlapping curves (see Figure 

1).

For education (Table 8), six items were consistently identified with DIF after Bonferroni 

correction using the Wald test and latent variable ordinal logistic regression tests (fearful, 

anxious, worried, hard to focus, uneasy, tense). Conditional on anxiety, those with less than 

high school education in contrast to those with a graduate degree evidenced a lower 

likelihood of an anxious response to the items: feeling fearful, anxious, worried, tense, 

uneasy, and difficulty focusing on anything. The item, anxious showed DIF of higher 

magnitude for the graduate school vs. no high school groups as did the item, many situations 

made me worry for the graduate school vs. the groups with high school or no high school. 

However, the NCDIF was not above threshold and the impact of DIF on the scale was trivial 

(see Table 8 and Figure 1).
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One item, “I had difficulty calming down,” showed gender DIF with the Wald test after 

Bonferroni correction, and five showed consistent age DIF (fearful, anxious, worried, tense, 

and difficulty calming down). Conditional on anxiety, females were less likely to admit to 

difficulty calming down; males had a higher propensity to endorse the item. Conditional on 

anxiety, older respondents were less likely to express feelings of fearfulness, anxiety, and 

feeling worried and tense. However, they were more likely to admit to difficulty calming 

down than the youngest (reference) group.

No items showed high magnitude DIF for gender. Two items showed slightly higher 

magnitude of DIF for age: fearful and worried; however, the NCDIF magnitude measure was 

not above threshold. The scale level impact was trivial (see Table 9 and Figure 1).

Only one item showed DIF with the Wald test after the Bonferroni correction for the Spanish 

vs. English language comparisons: “I felt fearful” (see Table 10). Two additional items were 

flagged by lordif after Bonferroni correction, anxious and many situations made me worry. 

The latter item also showed DIF of higher magnitude, with an NCDIF value (0.144) above 

threshold.

Sensitivity analyses—Because a small number of anchors were selected for the majority 

of the comparisons, sensitivity DIF analyses were performed with four anchor items for the 

race/ethnicity and education demographic groups. These results were compared to those 

with two anchor items. The DIF results changed somewhat for race/ethnicity with the 

inclusion of the following additional two items as anchors: “I felt uneasy” and “I felt I 

needed help for my anxiety.” For these comparisons, the following items then showed DIF 

after the Bonferroni correction: “I felt anxious” for Hispanics and non-Hispanic Asians/

Pacific Islanders; “I felt worried” for non-Hispanic Asians/Pacific Islanders; and “Many 

situations made me worry” for Hispanics compared to the earlier results showing significant 

DIF only before the correction. For the education groups, the additional anchor items were: 

“I felt tense” and “I felt I needed help for my anxiety.” Changes in DIF results were 

observed for the following items: “I felt anxious” showed less DIF for the group with some 

college and “Many situations made me worry” showed more DIF for high school graduates 

and the group with less than high school education. Because DIF in the anchor set and lack 

of purification can result in type I error (false DIF detection), it cannot be said with certainty 

if the results of these sensitivity analyses have identified additional items with DIF or are 

artifacts of potential DIF in the anchor set.

Because local dependencies can result in over-identification of DIF, sensitivity analyses 

were performed by removing the item, “I felt uneasy” which evidenced the highest LD 

values with the item, “I felt nervous” for the Black (33.5) and low education – no high 

school (36.6) subgroups and with the item, “I felt tense” for the Black (32.1) and low 

education (25.8) subgroups. The results of the DIF analyses after item removal varied only 

slightly in terms of the parameter estimates for the education subgroups except for the 

discrimination - a parameter estimates and their standard errors for the items, “I felt 

nervous” and “I felt tense” which decreased. The discrimination parameter estimates for the 

same two items for all race/ethnicity groups decreased; however, the a parameter standard 

errors for all items increased. For the non-Hispanic Asians/Pacific Islanders all a parameters 
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increased; however, the model fit statistic RMSEA decreased from 0.03 to 0.02 indicating a 

slightly better fit. The DIF results were similar for education group comparisons after 

removing the items with high LD values and applying the Bonferroni correction. The 

exceptions were for the item, “I found it hard to focus on anything other than my anxiety,” 

which became non-significant for the group with no high school, compared to the reference 

group after Bonferroni adjustment, and the item, “I need help for my anxiety” which then 

evidenced non-uniform DIF for the high school graduates vs. the group of graduate degree 

holders. For the race/ethnic group comparisons, the item, “I felt anxious” then showed 

uniform DIF after the Bonferroni adjustment for all comparisons. For the language 

comparison, one more item showed non-uniform DIF after the Bonferroni adjustment: “I felt 

worried.” There was no change in DIF designation for the age and gender comparisons.

Aggregate impact—There was no aggregate impact for most of the comparisons. 

However, there appears to be small aggregate impact for Spanish vs. English speakers in the 

Hispanic group. For example, at theta level 1.0 where the difference of the scale response 

functions is the largest, the estimated sum score for the respondents interviewed in English 

is 24 and for those interviewed in Spanish, 25. (See Figure 1.)

Individual impact—The individual impact for both the education and race/ethnicity 

subgroups was small. The correlations of the two theta estimates were 1.0 for both subgroup 

comparisons. All the absolute values of the changes were less than 0.5 standard deviations, 

the theta values were slightly higher after the DIF adjustment for 78 % of respondents. 

Using an arbitrary cutoff point of theta ≥ 1.0 to classify respondents as anxious 136 (2.5 % 

of total) respondents changed to the classification of anxious in the education comparison 

analysis and 45 (< 1.0 % of total) in the race/ethnic group comparison. Some differences 

were observed across subgroups. For example, the designation change was observed for 

2.6 % (23/901) Asians/Pacific Islanders, 2.0 % (22/1,117) non-Hispanic Blacks, 5.6 % 

(54/965) respondents with less than a high school education, 2.3 % (41/1,752) with some 

college, 2.1 % (22/1,050) with a high school diploma and 1.9 % (19/985) with a college 

degree. As stated above, the absolute value of these threshold changes in theta estimates 

were small (< 0.5 standard deviations).

Information—The item-level information functions were examined for the total sample 

(see Appendix, Figure 2). As shown, the item estimated to be most informative was “I felt 

uneasy” with the peak information = 7.75 at theta level 0. The two items with the next 

highest peak information estimates were: “I felt nervous” (information = 6.31 at theta = 0) 

and “I found it hard to focus on anything other than my anxiety” (information = 5.94 at theta 

= 0.8). The least informative items were: “I felt fearful” (information = 2.94 at theta = 0.4) 

and “Many situations made me worry” (information = 3.75 at theta = 1.2). These two items 

also evidenced DIF for some subgroup comparisons. Shown in Figure 2 is the scale-level 

information function for the total sample. Peak information was provided in the middle and 

upper (anxiety) tail of the theta distribution ranging from theta = 0 to 2.0.
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Discussion

As with depression, while DIF was evidenced for many PROMIS short form items, few of 

the findings were of high magnitude, and all were of low impact at the scale level. Examined 

across all groups the hypotheses were that conditional on anxiety, women, younger adults, 

and racial/ethnic minorities (i.e., Latino/Hispanic and Black people) would report more 

feelings of being anxious, fearful, and nervous than their counterparts. Women, Latino/

Hispanic, Black people and Spanish speakers were posited to express greater worry and 

feelings of being tense. In comparison to the respective reference groups, women, older 

people and Black and Latino/Hispanic people were posited to express greater feelings of 

being overwhelmed, conditional on anxiety.

Conditional on anxiety, it was hypothesized that women would report being more fearful, 

anxious, worried, nervous, tense, overwhelmed and need more help for anxiety. Contrary to 

the hypotheses, the findings were of very little DIF by gender group, and one item found to 

evidence DIF, “I had difficulty calming down,” was not one of the items hypothesized to 

show DIF. Moreover, the magnitude of DIF was very small.

The item, anxious evidenced elevated magnitude of DIF for the highest vs. the lowest level 

of education; however, no consistent hypotheses were generated with respect to education. 

Younger people were posited to be more fearful, anxious, nervous and older people were 

posited to feel more overwhelmed than younger people. Consistent with previous research 

(Choi et al., 2011), this hypothesis was confirmed for the items fearful and anxious. 

Conditional on anxiety, older respondents (aged 65 to 84) were less likely to express feelings 

of fearfulness and anxiety than younger age cohorts. Conditional on anxiety, the youngest 

age group in contrast to the oldest was more likely to express feelings of worry, and this item 

evidenced slightly higher magnitude of DIF; however, this item was not hypothesized to 

evidence DIF.

Previous research examining DIF for general anxiety measures showed some substantial 

differences in measures of worry and social anxiety between racial/ethnic minorities and 

non-minorities (Hambrick et al., 2010). These authors specifically suggested that the use of 

these measures in African American and Asian American populations may lead to biased 

conclusions. In the current study, minority group members (particularly Latinos and Blacks) 

were posited, conditional on anxiety, to express more feelings of fear, anxiety, worry, and 

states of tension, nervousness and being overwhelmed, conditional on anxiety. As 

hypothesized, Hispanics evidenced a significantly higher probability of responding in the 

anxious direction to the item, worried. Although not specifically hypothesized for this group, 

but rather for minority groups in general, as hypothesized, conditional on anxiety, Asians/

Pacific Islanders (as contrasted with non-Hispanic Whites) evidenced a higher probability of 

responding in the anxious direction to the items: fearful, that many situations made them 

worry, and that worries overwhelmed them. Asians/Pacific Islanders were significantly less 

likely to report needing help for anxiety. Only the item, “Many situations made me worry,” 

showed DIF of higher magnitude (just above threshold) for Asians/Pacific Islanders vs. 

Whites. However, the magnitude of DIF was small and the NCDIF statistic was not 

significant or large. One item, anxious evidenced significant DIF for the IRTOLR method 
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and with the Wald test in sensitivity analyses. This item was hypothesized to show DIF for 

Japanese; however no direction was given. Larger magnitude of DIF was also observed for 

this item. The scale level impact of DIF was negligible.

Spanish speakers were posited to express more feelings of being worried, tense, and in need 

of help for anxiety; significant, consistent DIF was observed after adjustment for multiple 

comparisons for the latter item. The items, worried and tense evidenced significant DIF only 

for the IRTOLR method. However, the findings were not consistent with the hypotheses, and 

these items did not evidence an elevated magnitude of DIF. Spanish speakers were more 

likely to express feelings of being fearful, anxious and worried in many situations. The latter 

item might be singled out for further study because the magnitude of NCDIF was above 

threshold. Moreover, this item showed consistent DIF of higher magnitude for Asians/

Pacific Islanders in contrast to the reference group. Additionally, the item, anxious 

evidenced an elevated T1 magnitude measure for Spanish speakers and for all ethnic group 

comparisons.

The item, worried might also be singled out for more study, given that there was a 

confirmatory hypothesis regarding this item for Hispanics, who were hypothesized to 

express feeling worried, for reasons unrelated to anxiety, and DIF was observed for this 

item.

In general, more DIF was observed for Asians/Pacific Islanders; albeit of low magnitude. 

Although not hypothesized to show DIF for Asians/Pacific Islanders, every item evidenced 

DIF by at least one method (IRTOLR). Consistent DIF was observed for several items for 

this group in contrast to the reference group: fearful, anxious, worries were overwhelming, 

needed help for anxiety, many situations made me nervous. The item, anxious was also 

hypothesized to show DIF for Blacks and Hispanics and was observed to show DIF with 

both methods (although not with the Wald test after corrections for multiple comparisons). 

This item was observed to have slightly elevated DIF magnitude for Asians/Pacific 

Islanders, although it was not hypothesized to show DIF for this group. The item, anxious 

also evidenced higher magnitude of DIF for two of the education comparisons and might 

also be studied further. In general more research with the Asians/Pacific Islanders group is 

needed, and several items might be singled out for further study or when used in clinical 

practice among ethnically diverse groups: anxious, worried, and worried in many situations.

Limitations

Two evidence-based methods for DIF detection were used in these analyses; however, 

congruency between the methods although generally high was sometimes less than 

desirable. More DIF was detected using IRTOLR; however, the methods were in agreement 

with the findings of low magnitude and impact of DIF. Second, a potential limitation is that 

the sample was of cancer patients; thus it is not possible to know how well findings may 

generalize to other groups. Third, although the effect of language was examined, only 

Spanish and English speaking Hispanics were available in large enough numbers for DIF 

analyses. Given the diversity of different racial/ethnic and language groups in terms of 

culture, other language options such as Chinese, Korean, and Vietnamese should be 

considered for future investigation. Finally, the analyses did not examine DIF across 
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different Asian and Hispanic subgroups due to the small sample sizes of these subgroups. 

Although census definitions were used to classify self-reported race/ethnicity, it is 

acknowledged that such monolithic classifications may mask cultural and other differences. 

Moreover the manner in which race and ethnicity is being self-reported is changing, with 

many individuals reluctant to identify with a specific group. Finally it has been 

recommended that race be deconstructed and measured using variables such as educational 

quality and acculturation (Manly, 2006). Nonetheless, it has been concluded that although 

race is a complex social construct, the definition of which is evolving, data on race and 

ethnicity should continue to be collected and included in policy research (National Research 

Council, 2004). Given that previous studies reported sub-ethnic group differences among 

Asians and Latinos/Hispanics (Kim et al., 2010); it may be important to test for potential 

measurement bias across these different subgroups.

Conclusion

Despite these limitations, the results provide evidence of little DIF of high magnitude in the 

PROMIS Anxiety short form across ethnically diverse groups. Moreover, reliability 

estimates were high across methods and groups, although precision estimates were lower at 

the lower tail of the theta distribution. It is concluded that the findings support the general 

usefulness and applicability of the PROMIS Anxiety short form measure among patients 

from diverse backgrounds. Despite the minimal impact of DIF observed in the PROMIS 

Anxiety measure, researchers and clinicians should recognize the potential risk of response 

bias among patients from diverse backgrounds when their anxiety is evaluated. In particular, 

the items, anxious, worried, and worried in many situations might be singled out for more 

study. This is one of the first studies of PROMIS short forms among a large sample of 

ethnically diverse groups. Overall, the findings regarding the performance of the PROMIS 

anxiety items in diverse samples were encouraging.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
PROMIS anxiety short form item set: Expected scale and item scores for race/ethnicity 

subgroups

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

subgroups

PROMIS anxiety short form item set: Expected scale and item scores for gender subgroups

Expected scale and item scores for interview language for Hispanic subgroups
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Figure 2. PROMIS anxiety short form item set: Test information function (IRTPRO; Total 
sample)
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Table 4
PROMIS anxiety 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 Alpha Ordinal Alpha McDonald's Omega ECV

Total Sample 0.969 0.981 0.982 76.418

Random First Half Sample 0.969 0.982 0.982 76.568

Age 21 to 49 years 0.968 0.980 0.980 75.994

Age 50 to 64 years 0.971 0.982 0.982 77.419

Age 65 to 84 years 0.965 0.980 0.980 74.162

Male 0.968 0.982 0.982 75.931

Female 0.969 0.981 0.981 76.334

Non-Hispanic Whites 0.965 0.980 0.980 74.452

Non-Hispanic Blacks 0.970 0.983 0.983 77.218

Hispanics 0.968 0.980 0.980 76.177

Non-Hispanic Asians/Pacific Islanders 0.972 0.984 0.984 78.295

Less Than High School 0.969 0.980 0.980 76.207

High School Degree 0.969 0.981 0.981 76.311

Some College 0.970 0.982 0.983 76.958

College Graduate 0.963 0.980 0.980 73.581

Graduate Degree 0.956 0.977 0.977 70.207

Hispanics Interviewed in English 0.969 0.980 0.980 76.189

Hispanics Interviewed in Spanish 0.967 0.978 0.979 75.722
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Table 10
PROMIS anxiety short form item set: Differential item function (DIF) results. Language 
subgroup comparison, English vs. Spanish for Hispanics only (n = 703; n = 335)

Item description IRTPRO lordif Magnitude (NCDIF) Effect Size T1

I felt fearful U* U 0.0260 -0.1357†

I felt anxious U* 0.0493 0.1980†

I felt worried NU; U 0.0026 -0.0433

I found it hard to focus on anything other than my anxiety U 0.0063 0.0497

I felt nervous U 0.0110 -0.0844

I felt uneasy 0.0050 -0.0577

I felt tense 0.0062 0.0244

My worries overwhelmed me U 0.0089 0.0621

I felt like I needed help for my anxiety 0.0059 0.0595

Many situations made me worry U NU*; U* 0.1440 -0.3508†

I had difficulty calming down U U 0.0285 -0.1328†

Item 10 has the non-compensatory differential item functioning (NCDIF) value larger than the threshold (0.0960).

†
Indicates value above threshold of 0.10; bolded values are above 0.15.

*
Asterisks indicate significance after adjustment for multiple comparisons.

NU= Non-uniform DIF involving the discrimination parameters; U=Uniform DIF involving the location parameters.

For the lordif analyses, the Uniform and non-uniform DIF was determined using the likelihood ratio chi-square test. Uniform DIF is obtained by 
comparing the log likelihood values from models one and two. Non-uniform DIF is obtained by comparing the log likelihood values from models 
two and three. DIF was not detected using the pseudo R2 measures or the change in Beta criterion.
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