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Abstract

Aims: Fatigue is the most prevalent and distressing symptom related to cancer and its treatment
affecting functioning and quality of life. In 2010, the National Cancer Institute’s Clinical Trials
Planning Meeting on cancer-related fatigue adopted the PROMIS® Fatigue measure as the standard
to use in clinical trials. This study evaluates the psychometric properties of the PROMIS Fatigue
measure in an ethnically/racially diverse population-based sample of adult cancer patients.

Methods: Patients were recruited from four US cancer registries with oversampling of minorities.
Participants completed a paper survey 6 - 13 months post-diagnosis. The 14 fatigue items (5-point
Likert-type scale; English-, Spanish-, and Chinese-versions) were selected from the PROMIS
Fatigue short forms and larger item bank. Item response theory and factor analyses were used to
evaluate item- and scale-level performance. Differential item functioning (DIF) was evaluated
using the Wald test and ordinal logistic regression (OLR) methods. OLR-identified items with DIF
were evaluated further for their effect on the scale scores (threshold /2 > .13).

Results: The sample included 5,507 patients (2,278 non-Hispanic Whites, 1,122 non-Hispanic Blacks,
1,053 Hispanics, and 917 Asians/ Pacific Islanders); 338 Hispanics were given the Spanish-language

! Correspondence concerning this article should be addressed to: Bryce Reeve, PhD, Department of
Health Policy and Management, Gillings School of Global Public Health, University of North Carolina at
Chapel Hill, 1101-D McGavran-Greenberg Hall, 135 Dauer Drive, CB 7411, Chapel Hill, NC 27599-
7411, USA; email: bbreeve@email.unc.edu

? Health Policy and Management, University of North Carolina at Chapel Hill

3 Lineberger Comprehensive Cancer Center, University of North Carolina at Chapel Hill
* Lombardi Comprehensive Cancer Center, Georgetown University

> Columbia University Stroud Center at New York State Psychiatric Institute

® Research Division, Hebrew Home at Riverdale; RiverSpring Health

" Division of Geriatrics and Palliative Medicine, Weill Cornell Medical College

% RTI Health Solutions



120 B. B. Reeve et al.

version of the survey and 134 Asians the Chinese version. One PROMIS item had poor discrimination
as it was the only positively worded question in the fatigue measure. Among Hispanics, no DIF was
found with the Wald test, while the OLR method identified five items with DIF comparing the English
and Spanish versions; however, the effect of DIF on scores was negligible (+ ranged from .006 -
.015). For the English and Chinese translations, no single item was consistently identified by both DIF
tests. Minimal or no impact was observed on the overall scale score comparisons among Whites,
Blacks, Hispanics, and Asians using the English language scales. However, greater numbers of items
with DIF appeared when comparing Asians/ Pacific Islanders with Whites, Blacks, and Hispanics.
“How often were you too tired to think clearly” showed consistent DIF.

Conclusions: Twelve of 14 PROMIS fatigue items performed well across the ethnically/racially
diverse samples with minimal findings of DIF that would have any effect on comparing or combin-
ing scores across cancer populations. Supporting evidence of the validity and reliability of the
PROMIS measures will enhance the adoption of the measures in oncology clinical research.
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Introduction

Fatigue is the most prevalent symptom related to cancer and is present in individuals
before diagnosis and during and after treatment ends (Barsevick et al., 2010; Reeve et al.,
2009). A recent review of the literature found that approximately 60 % of cancer patients
experience moderate to severe fatigue during active treatment (Reilly et al., 2013).

Fatigue is also one of the most distressing symptoms as it affects functioning and quality
of life (Barsevick et al., 2010). A review of the qualitative literature found that cancer
patients commonly describe their fatigue experience as “extreme” and very different
from normal fatigue that most people experience; They were “drained” and felt “like a
zombie” (Scott, Lasch, Barsevick, & Piault-Louis, 2011). The qualitative study also
found fatigue to have deleterious effects on their lives including cognitive impact (“my
brain’s gone”), emotional impact (“depression”, “frustration”), physical impact (“trouble
keeping up with work”, “too tired to get out of bed”), and social impact (“affects rela-
tionship with my kids, ...with my [spouse], and ...my friends”; Scott et al., 2011). Ob-
servational studies with cancer patients have found fatigue to also co-occur with poor
sleep quality, depressed mood, and pain; forming a symptom cluster that severely im-
pacts quality of life (Piper & Cella, 2010). Given its prevalence and quality of life im-
pact, fatigue was recommended by an expert panel of researchers, patient advocates,
clinicians, and regulators to be measured in all oncology treatment trials (Reeve et al.,
2014) and comparative effectiveness research studies (Basch et al., 2012).

In 2004, the National Institutes of Health (NIH) launched a collaboration with multiple
academic centers to create the Patient-Reported Outcomes Measurement Information
System”™ (PROMIS™; Cella et al., 2010). The goal of the PROMIS initiative was to de-
velop standardized, valid, and reliable measures of patient-reported outcomes (PROs)
that could be used in disease and non-disease populations and in different arenas of ap-
plication including clinical research, healthcare delivery settings, and population surveil-
lance. Given its prevalence in multiple disease settings and in the general population,
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fatigue was one of the first PRO domains created in the network (Cella et al., 2010;
Garcia et al., 2007), and the item bank fatigue items were evaluated by Lai et al. (2011).
In 2010, the National Cancer Institute’s (NCI’s) Clinical Trials Planning Meeting on
cancer-related fatigue adopted the PROMIS Fatigue measure as the standard to use in
oncology clinical trials (Barsevick et al., 2013).

However, despite the widespread adoption of PROMIS measures globally, there lacks an
extensive psychometric evaluation of the PROMIS Fatigue measure across ethnically
and educationally diverse subgroups in general and among cancer patients in particular.
Although cancer patients were included in the original validation and item response
theory (IRT)-based calibration of the PROMIS measures, they were pooled with other
populations (with and without disease) forming a sample of more than 21,000 individuals
to examine the psychometric properties of the PROMIS measures and estimate IRT
parameters for the PROMIS item banks (Cella et al., 2010; Lai et al., 2011).

This study evaluates the psychometric properties of the PROMIS Fatigue measure in an
ethnically/racially diverse population-based sample of adult cancer patients in the United
States. Of particular focus, we tested for differential item functioning (DIF) across key
populations for which there may be high likelihood for DIF including language transla-
tion (English, Spanish, and Chinese), race/ethnicity (non-Hispanic Whites (NHW), non-
Hispanic Blacks (NHB), Hispanics, non-Hispanic Asians/Pacific Islanders (NHAPT)),
gender, and age at cancer diagnosis (21 - 49, 50 - 64, and 65 - 84 years). DIF occurs
when members from different groups (e.g., race/ethnicity) with the same level of the
measured outcome (e.g., fatigue) respond differently to a particular question. Measures
with items with DIF will have reduced validity for between group comparisons. A good
practice in DIF detection is to perform sensitivity analyses with a second method in order
to examine consistency of findings. Thus, we used two different DIF methods including
an IRT-based method: the Wald test based on Lord’s chi-square (Lord, 1980) as the
primary method and the observed score ordinal logistic regression (OLR) model
(Zumbo, 1999) as the secondary method. The latter is an extension for polytomous data
of the logistic regression approach for binary data (Swaminathan & Rogers, 1990). In
addition, the validity of our DIF findings was informed by a group of content experts
who reviewed the PROMIS fatigue items without the data results to consider which
items are likely to present with DIF.

Methods

Participants

The Measuring Your Health (MY-Health) study recruited cancer patients from four US
SEER (Surveillance, Epidemiology, and End Results) Program cancer registries: The
Greater Bay Area Cancer Registry covering the San Francisco Bay and surrounding area,
the Cancer Registry of Greater California covering the rest of the state except Los Ange-
les County, the Louisiana Tumor Registry, and the New Jersey State Cancer Registry.
The sample was stratified by age and race/ethnicity to ensure a sufficient number of
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younger and race-ethnic minorities participated. Eligibility criteria required patients to
be: 21 - 84 years at diagnosis, a primary diagnosis of one of seven cancers (prostate,
colorectal, non-small cell lung, Non-Hodgkin lymphoma, female breast, uterine or cervi-
cal), within 6 - 13 months of diagnosis, have no prior cancer diagnosis (except non-
melanoma skin cancer), and able to read and respond to questionnaires in English, Span-
ish or Chinese (Mandarin). Participants were diagnosed between 2010 - 2013. Partici-
pants received a $30 gift card or check after completing the survey. The study was ap-
proved by IRBs at all participating institutions.

Measures

The PROMIS Fatigue (version 1.0) item bank includes 95 items (i.e., questions and their
respective response options) that have been extensively reviewed qualitatively and quan-
titatively and found to be valid and reliable indicators of fatigue. The items have been
IRT-calibrated as a unidimensional measure of fatigue (Lai et al., 2011) that includes
both fatigue experiences (e.g., severity) and their impact on patients’ lives (e.g., physical,
emotional, and social). Several short forms exist. A T-score metric, centered on the US
general population which uses IRT-based scoring based on response patterns is available.
Also, it is possible to convert raw scores or simple summed score to the T-score equiva-
lent using the PROMIS conversion tables available through the PROMIS websites:
www.HealthMeasures.net and www.AssessmentCenter.net.

Fourteen PROMIS Fatigue items were administered in the MY-Health study together
with items from seven other PROMIS domains. PROMIS Fatigue items were selected
based on the following criteria: 1) representation on commonly-used PROMIS Fatigue
short forms (4a, 6a, 7a, 8a); 2) high reliability (i.e., high IRT-information functions); 3)
frequent computerized-adaptive testing (CAT) selection at 2 and 1 standard deviations
below the U.S. general population mean; and 4) content valid for cancer populations.
The item designations from the short forms are shown in Table 1. Each item had five
response options and higher scores indicate more fatigue. Spanish and Mandarin transla-
tions of the English version of the PROMIS measures followed a strict translation pro-
cess (Eremenco, Cella, & Arnold, 2005). Details of this process are discussed in the
overview paper on the MY-Health survey in this issue.

Patients” demographic information (education, employment status, income, marital sta-
tus, and insurance coverage), comorbid conditions, and cancer treatment type were col-
lected through self-report via mailed survey. Using the 2010 U.S. Census classification
algorithms (Humes, Jones, & Ramirez, 2011), we created the following self-reported
race-ethnicity categories: Non-Hispanic White, Non-Hispanic Black, Hispanic, and
Asian/Pacific Islander. NHAPI includes Asian, Pacific Islander, and Native Ameri-
can/Alaskan participants. A sensitivity analysis of the three categories indicated similar
trends across these race-ethnicity groups. If self-reported race/ethnicity was missing,
SEER registry information was used. Clinical information was provided by the SEER
Program cancer registry and included age, sex, date of cancer diagnosis, cancer type, and
cancer stage.
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Item review by content experts

DIF hypotheses were generated by asking eight 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 gender, age, race/ethnicity, and language. Three of the members of the
panel were clinical or counseling psychologists, two were public health professionals. Of
the remaining three, one was a gerontologist, another an epidemiologist, and one did not
specify his/her specialty. Experts were provided a detailed definition of DIF to help
guide their evaluation of the 14 PROMIS fatigue items.

Analyses

Psychometric analyses of the PROMIS Fatigue measure were consistent with the stand-
ards set by the PROMIS network (Reeve et al., 2007). To confirm unidimensionality of
the PROMIS Fatigue items used in these analyses, we ran exploratory (EFA) and con-
firmatory factor analysis (CFA) in MPLUS software (version 7.1, Los Angeles, CA)
using the WLSMV estimator (the weighted least squares with adjustments for the mean
and variance). The sample was randomly split in half to run exploratory analyses on one
half and confirmatory analyses on the other. Model fit statistics and criteria for good fit
included the comparative fit index (CFI > 0.95), Tucker-Lewis Index (TLI > 0.95),
standardized root mean residuals (SRMR < 0.08), weighted root mean square residual
(WRMR < 1.0), and the root mean square error of approximation (RMSEA < 0.06). Not
one statistic is universally accepted for all tests of model fit, thus we looked at multiple
indicators and multiple analyses to evaluate dimensionality.

IRT-based modeling was carried out using IRTPRO (version 2.1, Skokie, IL). Consistent
with the PROMIS psychometric approach, we fit Samejima’s Graded Response Model
(GRM) to the response data (Samejima, 1969, 1997). IRT model fit was evaluated using
the generalization of Orlando and Thissen’s S-X° indicator for polytomous-response data
(Orlando & Thissen, 2000, 2003). Local dependence (LD) was evaluated using Chen and
Thissen’s G° LD index (Chen & Thissen, 1997). For each item, the IRT model provided
an estimate of the discrimination parameter and four threshold parameters (5 response
options — 1) that describe the likelihood of an individual to respond to one of the five
response options conditional on their level of the PRO domain measured by the PROMIS
scale. The discrimination parameter (@) is an estimate of how well the item discriminates
among individuals who have different levels of the measured PRO domain and is also an
indicator of how well the item relates to the overall PRO domain being measured by the
PROMIS scale. The threshold parameters (b) provide estimates of the severity of the
item as it relates to measuring different levels of the measured PRO domain. DIF tests
described below evaluate DIF in both the discrimination parameters (non-uniform DIF)
and the threshold parameters (uniform DIF).

The primary analyses were conducted using the Wald test for DIF, implemented in the
software program Item Response Theory for Patient Reported Outcomes (IRTPRO;
Cai, Thissen, & du Toit, 2012), which follows the model proposed by Lord (1977,
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1980) in which vectors of IRT item parameters are compared. The rationale is that if
the vectors of item parameters differ significantly across groups, then the item func-
tions differently for the groups. IRTPRO provides Wald tests to detect DIF for the
discrimination parameters and for the threshold parameters. Because the Wald test
uses IRT models, DIF tests were only completed if the sample size in each comparison
group was 250 or higher.

Sensitivity Analyses: The OLR test for DIF uses the cumulative information of the ordi-
nal responses by comparing the odds of endorsing a response less or equal to & versus a
response greater than k. The odds of the responses, as dependent variable of the logistic
regression model, are predicted by the independent variables including group member-
ship, the latent trait of participants, and their interaction. This method will provide a test
of DIF of the relationship between the item response and the group membership condi-
tional on the latent trait of the subjects. The OLR method provides tests of uniform DIF
with main effects for the OLR model, which represent DIF in the threshold parameters in
IRT. OLR methods also test for non-uniform DIF with an interaction term in the OLR
model, which represents DIF in the discrimination parameters. The OLR method was
applied using a SAS macro designed by one of the authors (W. -H. C.).

For each paired-group examined, we ran multiple analyses. The first attempt was to
identify a group of items without DIF to be used as the anchor in the second set of DIF
tests of the remaining items. Because we ran multiple DIF tests, we used a Bonferroni-
adjusted p - value of .004 to identify an item that may have DIF. In addition to examin-
ing the significance (p - value), magnitude of the DIF was further evaluated by examin-
ing the expected item scores and estimating the effect sizes (R’ > .13 indicative of salient
DIF; Zumbo & Thomas, 1997). Briefly, the method is to examine nested models, enter-
ing the trait variable, followed by the studied group variable, a test of uniform DIF, and
then the interaction term to examine non-uniform DIF. The difference in the R-square
between the baseline (trait only) model and the last model with group and interaction
terms entered is the estimated effect size. Details of this method are described in the
overview to this set of articles. The OLR method was used if the group sample sizes
were too small; However, we only used the OLR method if the sample size in each group
was at least 100 people or more.

Results

Sample Characteristics: The demographic and clinical characteristics for the 5,507 can-
cer patients included in this study are provided in Table 2. The sample included 2,278
non-Hispanic Whites, 1,122 non-Hispanic Blacks, 1,053 Hispanics (n = 338 took the
Spanish version), and 917 Asians/Pacific Islanders (n = 134 took the Chinese version).
Our sample included 1,207 individuals between 21 to 49 years of age at diagnosis, 2,016
individuals between 50 and 64 years of age and 2,248 individuals 65 - 84 years of age at
diagnosis. Approximately 59 % of the sample were female and 58 % were married. A
majority of patients (95 %) completed the survey within 6 to 12 months from cancer
diagnosis. The largest representation by cancer type included breast (30 %), prostate (21
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%), colorectal (17 %), and lung (13 %). Cancer treatments included surgery (68 %),
chemotherapy (48 %), radiation (57 %), and hormonal therapy (22 %).

Table 2:
Patient Sample Demographic and Clinical Characteristics

Characteristic Total English survey | Spanish survey | Chinese survey
language language language
n= % n= % n= % n= %
5507 5023 342 142
Race/Ethnicity
Non-Hispanic White 2278  41.37 | 2277 45.33 1 0.29 0 0
Non-Hispanic Black 1122 2037 | 1121 2232 1 0.29 0 0
Hispanic 1053  19.12 | 710 14.13 8 98.83 5 3.52
NHAPI 917 16.65 | 782 15.57 1 0.29 134 9437
Multiple 133 2.42 130 2.59 0 0 3 2.11
Missing 4 0.07 3 0.06 1 0.29 0 0
Age at DX
Age 21-49 1207 2192 | 1077 21.44 104  30.41 26 18.31
Age 50-64 2016  36.61 | 1828  36.39 135 3947 53 37.32
Age 65-84 2248  40.82 | 2082 41.45 103 30.12 63 44.37
Missing 36 0.65 36 0.72 0 0 0 0
Education
<High School Grad 975 17.70 | 721 14.35 199  58.19 55 38.73
High School Grad 1055  19.16 | 975 19.41 55 16.08 25 17.61
Some college 1765 32.05 | 1686 33.57 57 16.67 22 15.49
College Degree 988 17.94 | 961 19.13 12 3.51 15 10.56
Graduate Degree 644 11.69 | 623 12.40 4 1.17 17 11.97
Don’t know 15 0.27 11 0.22 2 0.58 2 1.41
Missing 65 1.18 46 0.92 13 3.80 6 4.23
Employment
Working 2418 4391 | 2208 43.96 164 4795 46 32.39
Not Working 2982  54.15 | 2731 5437 164 47.95 87 61.27
Missing 107 1.94 84 1.67 14 4.09 9 6.34
Married
No 2246  40.78 | 2050 40.81 161 47.08 35 24.65
Yes 3200 S8.11 | 2927 58.27 171 50.00 102 71.83
Missing 61 1.11 46 0.92 10 2.92 5 3.52
Survey Mode
Mailed Survey 5409 9822 | 4933 98.21 336 98.25 140  98.59
Phone Survey 98 1.78 90 1.79 6 1.75 2 1.41
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Characteristic Total English survey | Spanish survey | Chinese survey
language language language
n= % n= % n= % n= %
5507 5023 342 142
Income
Less than $10,000 584  10.60 | 484 9.64 78 22.81 22 15.49
$10,000 to $59,999 2176 39.51 | 1956 3894 | 165 4825 55 38.73
$60,000 to $99,999 912 16.56 | 894  17.80 11 3.22 7 4.93
$100,000 to $199,999 680  12.35 | 668 13.30 0 0 12 8.45
$200,000 or more 189 3.43 187 3.72 0 0 2 1.41
Don’t know/Unsure 354 6.43 293 5.83 47 13.74 14 9.86
Refuse to answer 385 6.99 364 7.25 9 2.63 12 8.45
Missing 227 4.12 177 3.52 32 9.36 18 12.68
Insurance
Private 2273 41.27 | 2150 42.80 72 21.05 51 35.92
Government 1627 29.54 | 1390 27.67 171 50.00 66 46.48
Private + Government 1321 2399 | 1286 25.60 29 8.48 6 4.23
None 114 2.07 94 1.87 19 5.56 1 0.70
Don’t know, Unsure 90 1.63 47 0.94 30 8.77 13 9.15
Missing 82 1.49 56 1.11 21 6.14 5 3.52
Time from DX to survey
completion
6 - 9 months 2698  48.99 | 2445 48.68 176 51.46 77 54.23
10 - 12 months 2530 4594 | 2321 46.21 148 43.27 61 42.96
13 - 15 months 240 436 223 4.44 14 4.09 3 2.11
15+ months 39 0.71 34 0.68 4 1.17 0.70
Comorbidity count
0 conditions 1246  22.63 | 1091 21.72 | 100 29.24 55 38.73
1 condition 1323 24.02 | 1230 2449 63 18.42 30 21.13
2+ conditions 2938 5335 2702 5379 | 179 5234 57 40.14
Sex
Male 2208 409 | 2022 40.25 128 37.43 58 40.85
Female 3263 5925 | 2965 59.03 | 214  62.57 84 59.15
Missing 36 0.65 36 0.72 0 0 0 0
Cancer Type
Breast 1646 29.89 | 1481 29.48 112 3275 53 37.32
Cervix 152 2.76 129 2.57 22 6.43 1 0.70
Colorectal 931 16.91 834  16.60 54 15.79 43 30.28
Lung 723 13.13 | 706  14.06 13 3.80 4 2.82
NHL 466 8.46 418 8.32 37 10.82 11 7.75
Prostate 1161  21.08 | 1064 21.18 77 22.51 20 14.08
Uterus 392 7.12 355 7.07 27 7.89 10 7.04
Missing 36 0.65 36 0.72 0 0 0 0
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Characteristic Total English survey | Spanish survey | Chinese survey
language language language

n= % n= % n= % n= %
5507 5023 342 142

Did you ever have surgery

as part of your cancer

treatment?

Yes 3733 67.79 | 3410 67.89 | 219  64.04 104 73.24

No 1691  30.71 | 1551  30.88 107 31.29 33 23.24

Don’t know 25 0.45 15 0.30 7 2.05 3 2.11

Missing 58 1.05 47 0.94 9 2.63 1.41

Did you ever receive any

chemotherapy as part of

your cancer treatment?

Yes 2632 47.79 | 2371  47.20 184  53.80 77 54.23

No 2766  50.23 | 2565 51.07 139 40.64 62 43.66

Don’t know 22 0.40 17 0.34 4 1.17 1 0.70

Missing 87 1.58 70 1.39 15 4.39 2 1.41

Did you ever receive any

hormonal therapy as part

of your cancer treatment?

Yes 1203 21.84 | 1094 21.78 78 22.81 31 21.83

No 4059  73.71 | 3736 7438 | 230  67.25 93 65.49

Don’t know 139 2.52 111 221 15 439 13 9.15

Missing 106 1.92 82 1.63 19 5.56 5 3.52

Did you ever receive any

radiation therapy as part

of your cancer treatment?

Yes 2253 4091 | 2072 41.25 130  38.01 51 35.92

No 3164 57.45 | 2886 57.46 197  57.60 81 57.04

Don’t know 25 0.45 17 0.34 3 0.88 5 3.52

Missing 65 1.18 48 0.96 12 3.51 5 3.52

Descriptive Statistics: The PROMIS fatigue items’ mean, standard deviation, and re-
sponse frequencies are provided in Table 1. The first eight items listed in the table meas-
ure frequency of fatigue experiences using response options of never, rarely, sometimes,
often, and always, and the last six items measure amount (magnitude) using response
options of not at all, a little bit, somewhat, quite a bit, and very much. Item #7 is the only
one of the administered items to be framed in a positive manner that was reverse scored

for analyses.

Dimensionality: EFA for the 14 items was run on one half of the sample and showed
satisfactory fit for most indicators (CFI = 0.993, TLI = 0.992, RMSEA = 0.115, and
SRMR = 0.026). However, item #7 had very poor loading (0.102) relative to the other
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items (range 0.819-0.956). We dropped item #7, reran the EFA and obtained similar fit
(CFI = 0.993, TLI = 0.992, RMSEA = 0.119, and SRMR = 0.025), and the loadings
ranged from 0.819 — 0.956. CFA for the 13 remaining items on the 2™ half of the sample
showed satisfactory fit as well for most of the indices (CFI = 0.993, TLI = 0.992,
RMSEA = 0.123, and WRMR = 2.857) with item loadings ranging from 0.813 to 0.965.
Although somewhat below the conventional thresholds, the values for the fit statistics are
within an acceptable range, given the skewed nature of the data and the sensitivity to
inconsequential multidimensionality (Cook, Kallen, & Amtmann, 2009). Consistent with
the PROMIS Fatigue item bank, the results support the unidimensionality of the item set,
allowing us to apply the IRT model and other statistics to test for DIF in the item set
without item #7.

IRT Model Fit: The IRT GRM was fit to the full sample for the 13 items (results not
shown). The S-X° indicator showed significant p - values (indicating lack of fit) for all
items except item #2. It is most likely that the S-X’ statistics are inflated by the large
sample size. In this case, the item model fit cannot be appropriately assessed. Two item
pairs showed potential LD: items #10 and #11 (x> = 49.8) and items #13 and #14 (x° =
44.4). To examine the degree to which LD resulted in biased parameter estimates, we
removed an item from each LD pair and observed how discrimination parameters
changed. While the discrimination parameter’s magnitude for the LD-paired item de-
creased when removing one of the LD items, the other items’ discrimination parameters
remained relatively unchanged. Thus, we kept both pairs of items in the model for DIF
testing. However, we repeated DIF testing removing items with possible LD as a sensi-
tivity test, and found that the DIF results were similar. Results provided below include
both item pairs. It is important to note that the IRT item discrimination parameters for
the first seven items (which use a frequency response scale) ranged from 2.45 to 3.98 and
for the last six items (which use an amount response scale) ranged from 4.58 to 6.44.

DIF testing with the English version of the PROMIS Fatigue measure

Review of Fatigue items by content experts: For the 13 items formally reviewed for
DIF, the eight content experts did not hypothesize any DIF based on group differences
by race/ethnicity or language. Two experts each felt that women would be more likely to
report higher levels of fatigue (uniform DIF) associated with items #1 and #4. More
items with DIF by age were expected among the content experts. Older individuals were
expected to be more likely to report higher levels of fatigue (uniform DIF) for items: #1
(4 experts), #2 (3 experts), #3 (4 experts), #4 (3 experts), #9 (2 experts), #10 (3 experts),
#12 (3 experts), and #14 (2 experts).

Results of DIF testing within the English version of the PROMIS Fatigue measure are
provided in Table 3. Item #7 was removed prior to DIF testing. Results for both the Wald
test and the OLR method are provided next to each other for each race/ethnic group
comparisons. In Table 3, the letter “D” stands for DIF detected in the discrimination
parameter and the letter “T” stands for DIF detected in the threshold parameters. For all
of the items identified as having DIF as described below, the effect of DIF on the PRO-
MIS fatigue scores (for the 13 items) was negligible (R’ ranged .006-.015).
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Race/ethnicity: The Blacks versus Hispanics comparison resulted in only one item (#5)
being identified by the Wald test as having tested positive for DIF. However, the other
race/ethnic group comparisons identified several items with DIF, but the number of
positive items with DIF varied by groups compared and the DIF method used. Items #3,
#5, and #6 were identified with DIF by both methods in three race/ethnic group compari-
sons; however, the magnitude of DIF never reached the OLR threshold in sensitivity
analyses.

As an example of an item with DIF, Figure 1 shows the IRT item characteristic curves
(ICCs) for non-Hispanic Whites and Asians/Pacific Islanders that tested item #5 positive
for DIF in the threshold parameters (Wald test: %° = 40.9 (df = 4), p = .0001). The ICCs
suggest that, after controlling for underlying differences in fatigue levels, Asians/ Pacific
Islanders are more likely to endorse responses reflecting higher frequency for the item
“How often were you too tired to think clearly?” than non-Hispanic Whites.

g w
N v w v
1 1 1 L

Item Characteristic Curve

il
(%)
1

Fatigue Level

Non-Hispanic White Non-Hispanic Asian/Pacific Islander

Figure 1:
Item response theory (IRT) - item characteristic curves (ICCs) for non-Hispanic Whites and
Asians/Pacific Islanders for PROMIS Fatigue item #5 (“How often were you too tired to think
clearly?”)
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Figure 2:
Item response theory (IRT) Test characteristic curves for non-Hispanic Whites and non-
Hispanic Blacks for the 13-item PROMIS Fatigue Measure showing overall impact of DIF
from the eight items tested positive by the Wald method

As an example of the (low) impact of DIF, Figure 2 shows the IRT test characteristic
curves (TCCs) for non-Hispanic Whites and Blacks for the 13-item PROMIS Fatigue
Measure, including the eight items that tested positive by the Wald method. The overlap-
ping TCCs suggest that even with inclusion of the items with DIF, there is a negligible
difference in the estimated group for the 13-item set.

Age and Gender: For age group comparisons, item #5 appeared to show DIF consistently
for both methods. For gender comparisons, the Wald test did not detect any item with
DIF and the OLR method found every item to have DIF except item #6. Neither magni-
tude of DIF findings for age or gender reached the OLR threshold in sensitivity analyses.

DIF testing with Spanish and Chinese versions of the PROMIS Fatigue
measure

Table 4 presents results from DIF tests comparing the different translations of the PRO-
MIS Fatigue measure. We were limited in the number of DIF tests we could conduct
within Spanish or Chinese due to small sample sizes. For example, we could not conduct
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DIF tests by age groups within either non-English language. For all the items identified
with DIF as described below, the effect of DIF on the PROMIS fatigue scores (for the 13
items) was negligible (R’ ranged from 0.006 - 0.015).

The first set of comparison tests for DIF in the English and the Spanish versions included
only Hispanic participants in the study. We did not want to include other races/ethnicities
in the English — Spanish version comparisons to minimize possible confounding. Only
the OLR method identified items with DIF (#3, #6, #8, #11, and #12).

The second comparison tested for gender DIF within Spanish language, and only the
OLR method was used due to small sample sizes in males. Items #1 to #5 were detected
with uniform DIF. Within Spanish, item #12 was detected for non-uniform DIF when
testing across the age groupings.

The third set of comparison tests for DIF between the English and Chinese versions
included only Asian participants in the study. Again, only the OLR method was used due
to small sample sizes in the Chinese version. Only items #2 and #4 was identified as
exhibiting DIF.

Table 4:
Tests for Differential Item Functioning in Spanish and Chinese Language Version of the
PROMIS Fatigue Measure*

Item | English vs Spanish Spanish only Spanish only English vs Chinese
English Spanish | Males Female | 21-49 yrs 50-64 yrs 65-84 yrs | English Chinese
n=691 n=328 |n=128 n=214| n=104 n=135 n=103 | n=782 n=134

Wald OLR OLR OLR OLR
1 D(17.1)
2 D(11.6) D(9.7)
3 D(11.8) D(9.1)
4 D(12.1) D(14.2)
5 D(9.7)
6 T(9.9)
8 D(15.4)
9
10
11 D (8.4)
12 D(10.3) D(9.0)
13
14

Note: Numbers reported in cells are . Only significant DIF is reported in the table based on threshold of
p <.004 (.05/13). D = DIF in the Discrimination Parameter. T = DIF in the Threshold parameter. None of
the significant DIF findings from the OLR method passed the 7* threshold (as effect size measure) of
0.13. Item #7 from previous tables was not included in DIF testing due to poor psychometric properties.
For DIF testing with the Spanish version, only Hispanics were included. For DIF testing with the Chinese
version, only Chinese were included.
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Discussion

This study addresses the strong need to evaluate the evidence for the validity of the
PROMIS Fatigue measure for use in a population-based cohort of cancer patients. Spe-
cifically, this article focuses on the assessment of differential item functioning across key
demographic groups that are included in cancer outcomes research and in Spanish and
Chinese (Mandarin) translations. If present, items with DIF pose a serious threat to the
ability of the measure to estimate fatigue levels for individuals from different socio-
demographic groups or who respond to different translated forms of the instrument.
Items with DIF reduce the validity of across group comparisons or combining items into
a scale because their scores may be indicative of a variety of attributes other than those
the scale is intended to measure (Thissen, Steinberg, & Wainer, 1993).

The PROMIS Fatigue item bank includes 95 items, and was subjected to extensive psy-
chometric analyses (Lai et al., 2011). Fourteen items were selected for this study (includ-
ing items from other PROMIS item banks) based on their inclusion in available PROMIS
short forms or because they evidenced good psychometric properties in the analyses of
the item bank. One PROMIS item, “How often did you have enough energy to exercise
strenuously?” evidenced poor discrimination, most likely because it was the only posi-
tively worded question in the fatigue scale. Likely, the item wording by itself is clear as
it was reviewed qualitatively with cognitive testing methods to make sure it was compre-
hendible. In addition, our view is that there is nothing different about the cancer experi-
ence that would result in this item having poor discrimination, and content experts did
not flag it as an item possibly affected by diagnosis. It is also not likely that item re-
sponses were affected by the paper administration of the survey in this MY-Health study;
although the original PROMIS calibration was via computer, the paper and computer
modes of administration have been found to be equivalent (Bjorner et al., 2014). Acqui-
escent responding is likely responsible for the poor performance of this item as respond-
ents may have not noticed or gotten confused by the switch in meaning regarding the
response metric. The item may perform well if better formatting was used for the ques-
tion or other items with positive-wording were also administered alongside this item.

Method comparisons: Both the Wald test and OLR are powerful for identifying small
deviations in the item parameters that may be indicative of DIF. As a result, every one of
the 13 fatigue items was identified as possibly having DIF. However, follow-up tests
found none of the items had a high magnitude (beyond the OLR threshold) or salient
impact on the aggregated fatigue scale score when combined with the other items in the
scale. For example, no items were hypothesized by experts to evidence DIF for
race/ethnicity, and none with magnitude above threshold were identified with DIF. In
other words, differences in scores between the comparison groups (e.g., non-Hispanic
Whites and Blacks) when controlling or not for DIF in the item were negligible (e.g., see
Figure 2 for an example of an item identified with among the largest DIF). However, a
cautionary note is that the effect of DIF from an item could be more of an issue if a com-
puterized adaptive test (CAT) were being used and the item with DIF was selected as one
of maybe four or five items administered to the respondent or if the item with DIF was
included on a 4-item short form.



Psychometric evaluation of the PROMIS® Fatigue measure... 135

Three items were identified with DIF with both the Wald test and the OLR method for
multiple comparisons. These included item #3 (“how often did you run out of energy”),
item #5 (“how often were you too tired to think clearly”), and item #6 (“how often were
you too tired to take a bath or shower?”). Item #3 was also expected by our content ex-
perts to present with DIF by age group. It is beyond the scope of this study to determine
what may be underlying reasons that account for DIF (see related discussion below),
however further qualitative testing would be recommended to identify reasons and fur-
ther quantitative testing should be done with new data to confirm findings.

It is interesting that items #1 to #6 and item #8 had, on average, more instances of DIF
than items #9 to #14 (see Tables 3 and 4). The first seven items (excluding item #7,
which was dropped from analyses) use a frequency scale (never to always) and the last
six items use a response metric representing the amount or magnitude of fatigue (rot at
all to very much). In addition, the IRT discrimination parameters for the items with the
amount response scale were much higher than the items using the frequency response
scale. Follow-up qualitative studies would be needed to attempt to uncover possible
reasons for these findings; however, we believe fatigue for cancer patients is a chronic,
persistent symptom that is an unrelenting experience. Because the PROMIS Fatigue
measure uses a seven-day recall period, different groups of patients may interpret the
items with frequency response formats differently as the impact of fatigue may remain
stable over the week. Thus, the items with the amount response options may be more
relevant to capture the differential impact of fatigue on cancer patients’ lives. It is im-
portant to note that the short form PROMIS scales were comprised primarily of the latter
amount response category items rather than the frequency response category items.

A review of the literature found that no previous study evaluated DIF in the PROMIS
Fatigue items in an adult cancer population or among ethnically diverse groups. A study
(Lai, Cella, Yanez, & Stone, 2014) using the pediatric version of the PROMIS Fatigue
measure found some age-DIF; however, the results are not generalizable to our study
because the pediatric study was not conducted in a cancer population and wording of the
questions in the adult and pediatric versions are quite different. We did find one study
that evaluated DIF in the PROMIS Fatigue items in adults with disabilities including
spinal cord injury, muscular dystrophy, post-polio syndrome and multiple sclerosis
(Cook, Bamer, Amtmann, Molton, & Jensen, 2012). Using the latent variable OLR
method (Choi, Gibbons, & Crane, 2011) this study found no evidence of age DIF for any
of the PROMIS Fatigue items (Cook et al., 2012). However, item #6, “How often were
you too tired to take a bath or shower?” showed some evidence of DIF by disease diag-
nosis type, but the impact of the DIF was considered negligible on respondent’s overall
fatigue scores (Cook et al.).

The Wald test has the advantage of requiring only one model, and therefore is very effi-
cient and relatively less computationally intense than other DIF methods. It also has the
advantage of testing DIF for more than two groups. However, the Wald test is IRT model
based and thus relies on many IRT model assumptions as well as on robust estimation of
item parameters and their error covariance matrix. The OLR method used in this study,
on the other hand, relies on fewer assumptions and utilizes observed data. It only re-
quires robust estimation of the latent traits for each subject. However, it is not as efficient
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as it tests one item at a time. It will also require re-computation of the latent trait for each
participant should items be removed from the instrument. The Wald test and OLR meth-
ods are different approaches, each with different assumptions; thus convergence of sig-
nificant findings is not guaranteed. Because the Wald test adjusts internally for multiple
comparisons in multigroup testing of DIF, control of type I error (false DIF detection)
may be better. Both methods require examination of the magnitude and impact of DIF.
The use of a second method in sensitivity analysis is advantageous because only items
identified by both methods with significant DIF of high magnitude are flagged, resulting
in conservative decisions about items that are most likely to be problematic in practice.
Although many studies have been conducted related to the performance of OLR, few
studies have compared OLR and the Wald test head-to-head.

Limitations: A limitation of the study is that sample sizes for the Spanish and Chinese
versions of the instrument were small, which did not allow us to make demographic
comparisons of DIF as we did for the English version.

Conclusions

This is the first study of the performance of the fatigue short form items among ethnical-
ly diverse groups and among cancer patients. Evidence supports the structural validity of
the PROMIS fatigue short form items in that they measure a single dimension of fatigue
experience in ethnically diverse cancer patients. One positively-worded question (#7) did
not perform well possibly because it was embedded with 13 other negatively-worded
questions selected for inclusion in this study. DIF was detected among all of the items
(some more than others); however, the magnitude and impact of the items on the total
score was negligible. The Spanish and Chinese (Mandarin) translations of the PROMIS
Fatigue measure appear to perform well quantitatively.

Future Directions: In our view, the PROMIS Fatigue short form measure items can be
recommended for use in cancer populations. The existing PROMIS short forms include
items that focus more on measuring fatigue severity (i.e., intensity or amount) rather than
frequency of fatigue experience over the past seven days. Intensity may reflect better the
unrelenting fatigue experienced by cancer patients in dealing with the effects of the dis-
ease and treatments. Further research is needed to confirm findings from this study and
to determine what may be underlying causes of the DIF observed. The findings from this
study add to the growing evidence-base related to the validity and reliability of the
PROMIS Fatigue short forms, and support their adoption and use in oncology clinical
research.
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