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Abstract

Purpose: To evaluate the reliability and validity of six PROMIS measures (anxiety, depression, 

fatigue, pain interference, physical function, sleep disturbance) telephone-administered to a 

diverse, population-based cohort of localized prostate cancer patients.
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Methods: Newly-diagnosed men were enrolled in the North Carolina Prostate cancer 

Comparative Effectiveness and Survivorship Study. PROMIS measures were telephone-

administered pre-treatment (baseline), and at 3-months and 12-months post-treatment initiation 

(N=778). Reliability was evaluated using Cronbach’s alpha. Dimensionality was examined with 

bifactor models and explained common variance (ECV). Ordinal logistic regression models were 

used to detect potential differential item functioning (DIF) for key demographic groups. 

Convergent and discriminant validity were assessed by correlations with the legacy instruments 

Memorial Anxiety Scale for Prostate Cancer and SF-12v2. Known-groups validity was examined 

by age, race/ethnicity, comorbidity, and treatment.

Results: Each PROMIS measure had high Cronbach’s alpha values (0.86 to 0.96) and was 

sufficiently unidimensional. Floor effects were observed for anxiety, depression, and pain 

interference measures; ceiling effects were observed for physical function. No DIF was detected. 

Convergent validity was established with moderate to strong correlations between PROMIS and 

legacy measures (0.41 to 0.77) of similar constructs. Discriminant validity was demonstrated with 

weak correlations between measures of dissimilar domains (−0.20 to −0.31). PROMIS measures 

detected differences across age, race/ethnicity, and comorbidity groups; no differences were found 

by treatment.

Conclusions: This study provides support for the reliability and construct validity of six 

PROMIS measures in prostate cancer, as well as the utility of telephone administration for 

assessing HRQoL in low literacy and hard-to-reach populations.
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INTRODUCTION

Prostate cancer is the most common solid tumor malignancy in American men [1]. In 2015, 

there will be an estimated 220,800 new cases of prostate cancer, and 27,540 men will die of 

this disease [2]. The disease and its treatments cause significant burden in terms of 

morbidity, mortality, health-related quality of life (HRQoL), and costs—to patients as well 

as the U.S. healthcare system. Though several treatment options for localized prostate 

cancer, such as radical prostatectomy, radiation therapy, and hormone therapy, are available, 

none has been shown to be clearly superior in terms of survival [3–5]. The disease and its 

treatments have different effects on HRQoL [5,6]; thus, there is a need to have valid and 

reliable patient-reported outcome (PRO) measures of symptoms and functioning to facilitate 

comparative effectiveness research (CER) in prostate cancer [7].

The Patient-Reported Outcomes Measurement Information System® (PROMIS), a National 

Institutes of Health initiative, has developed an extensive set of self-report questionnaires 

that measure a variety of physical, mental, and social health domains that are relevant to men 

with prostate cancer [8,9]. While cancer patients were included in the initial validation of the 

PROMIS measures [9], no study, to our knowledge, has examined the psychometric 

properties of the PROMIS domains specifically in prostate cancer patients. Performance of 

both general HRQoL domains and prostate cancer-specific concerns need to be examined. 
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This disease-specific validation evidence is needed to support inclusion of PROMIS 

measures in future prostate cancer CER studies. Our study complements the validation work 

of other researchers who are evaluating PROMIS measures in multiple cancer populations 

(including prostate) [10].

In addition, patients with low literacy are often excluded from PRO research [11]. Previous 

validation studies of PROMIS measures have been limited to participants who are able to 

read and respond to PROMIS items on a computer, handheld device, or paper. For example, 

data collection in the initial PROMIS validation study was exclusively electronic. Thus 

patients with low literacy or who do not have access to a computer were not able to 

participate in these studies. Use of telephone interviews to collect patient self-report data 

will allow us to reach low literacy and vulnerable populations that are often 

underrepresented in clinical research.

The North Carolina Prostate cancer Comparative Effectiveness and Survivorship Study (NC 

ProCESS) was designed as a prospective cohort study to compare the effectiveness of 

different treatment options for localized prostate cancer with respect to key patient 

outcomes, including cancer control and HRQoL [12]. The NC ProCESS cohort is diverse 

with respect to race (27% African-American), education (34% with a high school degree or 

less), age (49% of participants are 65 years or older), and residence (50% of participants live 

in medically underserved areas) [12]. Patient-reported HRQoL data were collected pre-

treatment (baseline), and at 3- and 12-months post-treatment initiation. Thus, the diversity of 

the patient population, the mode of data collection, and longitudinal nature of the data make 

the NC ProCESS an ideal platform for psychometric evaluation of the PROMIS measures in 

prostate cancer. Specifically, this study evaluates the reliability and validity of six PROMIS 

measures (anxiety, depression, fatigue, pain interference, physical function, sleep 

disturbance) administered via telephone interview in a diverse, population-based cohort of 

localized prostate cancer patients. A subsequent publication will include an assessment of 

the psychometric properties of disease-specific measures such as sexual function in the NC 

ProCESS cohort.

METHODS

Participants

The NC ProCESS is a population-based cohort study that recruited newly-diagnosed 

prostate cancer patients from all 100 counties in North Carolina through the Rapid Case 

Ascertainment (RCA) mechanism of the North Carolina Central Cancer Registry. New cases 

are typically reported to RCA within 1-2 weeks of diagnosis. A letter was mailed to each 

newly-diagnosed patient’s physician to explain NC ProCESS. Following a 2-week physician 

opt-out period, a letter and brochure were mailed to the patient describing the study. Of 

2,473 eligible men, a total of 1,419 men (57%) enrolled from January 2011 to June 2013. 

Study participants speak English and receive their cancer care in North Carolina. All 

baseline data were collected prior to treatment, and participants continue to be prospectively 

followed. Median time from diagnosis to the baseline survey was 5 weeks. Additional details 

on NC ProCESS are described elsewhere [12,13]. In September 2012, we received 

additional funding from the National Cancer Institute (NCI) to add PROMIS measures to the 
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NC ProCESS and perform a psychometric evaluation of the PROMIS measures. Because the 

PROMIS measures were added approximately 21 months after the NC ProCESS started, 

smaller numbers of participants completed PROMIS measures at baseline (n=333), 3-month 

(n=411), and 12-month (N=778) time points than in the larger NC ProCESS: n=1,456 at 

baseline, n=1,163 at 3-months, n=1,079 at 12-months.

This study (#10-1483) was approved by the University of North Carolina Institutional 

Review Board.

Data and Measures

The NC ProCESS collects self-reported socio-demographic characteristics, treatment type, 

and comorbid conditions. Responses to PROMIS measures were collected prospectively via 

telephone interview at baseline (pretreatment) and at 3- and 12-months after initiating 

treatment. This study evaluated six PROMIS measures, including anxiety (5 items), 

depression (5 items), fatigue (5 items), pain interference (5 items), physical function (6 

items), and sleep disturbance (4 items). These items appear on the PROMIS short forms 

available through the Assessment Center (http://www.assessmentcenter.net/); these are 

version 1 of the short forms that were available at the time we started the study (2011) [14]. 

Each measure includes the items in the 4-item short forms and an additional 1-2 items from 

the domain bank (except for sleep disturbance). The additional items were selected to 

examine item-level performance as well as scale-level performance. PROMIS item banks 

have undergone rigorous evaluation and were calibrated with item response theory (IRT) 

models, which place each item on a common metric [9,15,16]. This common metric is a key 

advantage of the PROMIS measures as it allows for development of fixed, short forms and 

application of computerized adaptive testing (CAT). Short forms were selected over CAT as 

our study measures were embedded in a parent study (NC ProCESS) so integration of a CAT 

method was not feasible. Regardless of the type of measure, scores can be compared and 

combined [8]. Scores for each PROMIS domain are reported on a T-score metric with a 

mean of 50 and standard deviation (SD) of 10 in the U.S. general population. The T-score 

metric is a linear transformation from the IRT theta scale: T-score=10*theta+50. Higher 

PROMIS scores reflect a higher level of the construct measured. For example, higher anxiety 

scores indicate more anxiety, and higher physical function scores indicate better physical 

function. PROMIS items use a 5-point ordered categorical (or ordinal) response scale.

The NC ProCESS included two existing or legacy PRO instruments: the Medical Outcomes 

Study Short Form-12 version 2 (SF-12v2; administered at all three assessment points) and 

the Memorial Anxiety Scale for Prostate Cancer (MAX-PC; administered at the 12-month 

follow-up). The SF-12v2 includes summary scores for Physical Component Summary (PCS) 

and Mental Component Summary (MCS), and 8 sub-domain scores for Physical Function 

(PF), Role-Physical (RP), Bodily Pain (BP), General Health (GH), Social Function (SF), 

Role-Emotional (RE), Mental Health (MH), and Vitality (VT) [17]. Higher SF-12v2 scores 

reflect better HRQoL. However, the standard scoring algorithm for the component summary 

scores, which are based on an orthogonal (uncorrelated) rotation model, may yield 

inconsistent results compared to the subscale scores [18,19]. The MAX-PC, which was 
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specifically developed for prostate cancer, includes 18 items that are aggregated into an 

overall score, where higher scores reflect more anxiety about prostate cancer [20,21].

Analysis

Descriptive Statistics—Item-level descriptive statistics included frequencies, percent 

missing, mean, and standard deviation (SD). Floor and ceiling effects were calculated as the 

proportion of men who had the minimum and maximum summed score, respectively; this 

was examined for each measure and by assessment point.

Reliability—Each PROMIS measure was evaluated by Cronbach’s alpha, a traditional 

measure of reliability [22]. Alpha values of 0.70 or greater are an acceptable minimum for 

group-level assessment [23,24].

Validity—Structural validity was evaluated with a factor analytic approach using IRT to 

confirm unidimensionality. For each PROMIS measure, a unidimensional confirmatory 

factor analysis (CFA) with the graded response IRT model [25,26] was conducted using 

IRTPRO (Scientific Software International, Lincolnwood, IL). Overall model fit was 

evaluated based on the root mean square error of approximation (RMSEA) [27], where a 

smaller RMSEA value indicates a closer fit. An RMSEA value ≤0.06 is considered to reflect 

good fit, values ≤0.08 are fair, and values above 0.10 generally reflect poor fit [28]. The S-
X2 statistic [29–31] was used to assess item-level fit, for which a nonsignificant result 

(p>0.05, adjusted for multiple comparisons) was an indicator of adequate model fit. 

Although there is less power to detect item misfit with shorter tests, we are also assuming 

item fit to the IRT graded response model would not be significantly different from the 

initial validity analyses with larger PROMIS item pools. The standardized local dependence 

(LD) X2 statistic [32] was used to identify items that were excessively related after 

controlling for the underlying domain; values larger than 10 indicated substantial LD. An 

additional check on the dimensionality of the data was performed by estimating a bifactor 

graded response IRT model [33] with each identified LD pair or set of items as a second 

order factor. Any LD violations were deemed negligible if the explained common variance 

(ECV) was at least 0.90 [34–36]. ECV represents the variance explained by the general 

factor in the bifactor model.

After confirming the unidimensionality (structural validity) of each PROMIS measure, 

potential differential item functioning (DIF) was examined to detect whether items behave 

differently across age (<65 vs. ≥65 years), education (high school or less vs. more than high 

school), and ethnicity/race (non-Hispanic whites [NHW] vs. non-Hispanic blacks) groups. 

For each item within a domain, an ordinal logistic regression (OLR) model was used to 

examine whether item responses were significantly associated with group membership after 

controlling for participants’ summed score on the measure. Uniform DIF was detected by a 

likelihood ratio test comparing an OLR model with one predictor, summed score, to an OLR 

model with an additional predictor, group membership, representing a shift in the use of the 

response options due to group membership (e.g., after controlling for overall level of 

symptoms, one group has a higher endorsement rate of item response options reflecting 

greater symptom severity). Non-uniform DIF was detected by a likelihood ratio test 
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comparing the OLR model with two predictors, summed score and group membership, to an 

OLR model with an additional interaction term, representing a difference in how strongly 

the item is related to the underlying construct due to group membership (e.g., the item 

provides better measurement of functional status for one group versus another). With each 

paired-group analysis, an initial OLR model was fitted to identify an anchor group of items 

without DIF. For each sequential OLR model, any items previously identified as having DIF 

were removed from the summed score computation. The final OLR model used a summed 

score computed with only the DIF-free anchor items to test for DIF. The Benjamini-

Hochberg procedure was used to make inferential decisions in the context of the multiple 

comparisons [37,38]. In addition to examining the significance (p<0.05), magnitude of DIF 

was further evaluated by examining the expected item scores and estimating the effect sizes 

(ΔR2>0.02 indicative of salient DIF) [39].

Convergent and discriminant validity were evaluated using Spearman’s rank correlations of 

PROMIS anxiety, depression, and physical function scores with SF-12v2 MCS and PCS and 

MAX-PC scores [17,20,21], We expected moderate to strong correlations between common 

measures of physical health (PROMIS physical function with SF-12v2 PCS and PF scales), 

mental health (PROMIS anxiety and depression with MAX-PC, SF-12v2 MCS and MH 

scales), fatigue (PROMIS fatigue with SF-12v2 MCS and VT scales), and pain interference 

(PROMIS pain interference with SF-12v2 BP scales). We expected weak correlations 

between measures of dissimilar constructs, such as physical function with mental health. 

Correlation coefficients (r) were interpreted using Dancey and Reidy’s classifications [40]: 

r=0 corresponds to no correlation, 0 < r < 0.4 is a weak correlation, 0.4 ≤ r < 0.7 is a 

moderate correlation, 0.7 ≤ r < 1 is a strong correlation, and 1 is perfect correlation.

Known-groups validity was examined with t-tests of mean PROMIS T-scores for age (<65 

vs. ≥65 years), race/ethnicity (NHW vs. Black), mental health comorbidities (no mental 

health comorbidity vs. ≥1 mental health comorbidities); limiting physical health/other 

comorbidities (no comorbidity that limits usual or daily activities vs. ≥1 comorbidities that 

limit usual or daily activities), and treatment groups. The purpose was to assess the extent to 

which PROMIS measures could discriminate between groups that should, in theory, differ—

based on evidence from the published literature. Given the review of the literature 

summarized in the Discussion section, we hypothesized that younger men (aged <65 years) 

would have worse HRQoL versus men aged ≥65 years (except for physical functioning), 

Black men would have worse HRQoL compared to NHW men, and men with ≥1 [limiting] 

comorbidities would report worse HRQoL versus men with no [limiting] comorbidities. For 

the known-groups validity analysis by treatment at 3-months, men were classified into one 

of three groups (active surveillance, prostatectomy, radiation) according to treatment 

received by the 3-month follow-up. For the known-groups validity analysis by treatment at 

12-months, men were classified into one of four groups (active surveillance, prostatectomy, 

radiation, hormone therapy) according to treatment received by the 12-month survey. All 

combinations of self-reported treatments received by the 12-month assessment are presented 

in Table 1. Men who received multiple treatments were excluded from these known-groups 

analyses by treatment. The radiation group includes men who received external beam 

radiation therapy, brachytherapy, or proton therapy. Hormone therapy was not included as a 

treatment group in the 3-month known-groups analyses because there were few men who 
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received hormone therapy alone (n=14) relative to the other three treatment groups. We 

compared means across all treatment groups using a one-way analysis of analysis of 

variance (ANOVA). Pairwise t-test comparisons will be performed if the overall F-test is 

significant.

For evaluation of convergent, discriminant, and known-groups validity, statistical 

significance was defined at the 0.05 alpha level; these analyses were conducted using SAS 

9.3 (SAS Institute, Cary, NC).

RESULTS

Descriptive Statistics

This population-based cohort of 778 men diagnosed with localized prostate cancer is socio-

demographically and clinically diverse (Table 1). NHW and Black men comprised 71% and 

26% of the sample, respectively. Mean age at baseline was 65 (SD 7.6) years old. 

Approximately 32% of participants had a high school education or less.

Men in this sample had better HRQoL compared to the U.S. general population in each of 

the 6 PROMIS domains at the 12-month assessment, and in 5 out of 6 domains at the 

baseline and 3-month assessments (Table 2). Future work will include estimation of 

minimally important differences (MIDs) of PROMIS measures in prostate cancer. For now, 

we compare scores using recommended T-score MID ranges for six PROMIS-Cancer scales 

in advanced-stage cancer patients: 17-item Fatigue (2.5–4.5), 7-item Fatigue (3.0–5.0), 10-

item Pain Interference (4.0– 6.0), 10-item Physical Functioning (4.0–6.0), 9-item Emotional 

Distress-Anxiety (3.0–4.5), and 10-item Emotional Distress-Depression (3.0–4.5) [41]. 

Based on those published MID estimates (the most relevant estimates to our sample and 

measures), differences in anxiety at 12-months, depression at 3-months and 12-months, and 

fatigue at baseline and 12-months may be clinically meaningful.

Mean±SD T-scores at 12-months ranged from 45.5±8.5 (anxiety) to 49.7±6.2 (sleep 

disturbance). Missing data was <1%. On the 12-month assessment, substantial floor effects 

occurred for PROMIS anxiety, depression, and pain interference measures (range 45–58%). 

Ceiling effects were consistently low across symptom domains (<2%), but high for the 

physical function measure (44%). Similar patterns of floor and ceiling effects were observed 

at the baseline and 3-month assessments.

Reliability

Reliability of each PROMIS measure at the 12-month assessment is presented in Table 3. 

Each PROMIS measure with 5 or more items had high values of Cronbach’s alpha (each 

alpha >0.90). Four-item versions of each PROMIS short form (which can be downloaded 

from the PROMIS Assessment Center) also yielded good reliability estimates between 0.86 

and 0.96 (data not presented). The addition of 1–2 items to the 4-item short forms resulted in 

either no change in alpha values, or an increase of 0.01 to 0.02. Similar magnitudes were 

observed for the baseline and 3-month assessments. Small increases in alpha values were 

expected as longer scales are less vulnerable to measurement error and tend to be more 

reliable.
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We present the 12-month sample data for the reliability and validity analyses due to the 

larger sample size. Similar results were found for the baseline and 3-month assessments.

Validity

Structural Validity—The structural validity (i.e., unidimensionality) of each PROMIS 

measure was supported. Although some item-level misfit was found for the anxiety, 

depression, fatigue, and sleep disturbance measures, the overall model fit was acceptable. 

The PROMIS pain interference measure had a high RMSEA value (RMSEA=0.33); 

however, no items were flagged for poor fit. Additionally, all CFAs fit to the measures 

produced high factor loadings (>0.70) (Table 3). Potential LD was found for some item pairs 

on all measures except physical functioning. However, bifactor models fit to account for 

residual variance in these flagged item pairs resulted in ECV values greater than 0.90 for all 

measures. Therefore, these PROMIS measures can be considered unidimensional for this 

population of men with prostate cancer.

Differential Item Functioning—Significant DIF was flagged for a few items across 

PROMIS measures. However, effect sizes were all small (ΔR2<0.02). and therefore, no items 

were considered to function differently by age, education, or ethnicity/race. Thus, these 

PROMIS items can be considered unbiased for this localized prostate cancer population, 

measuring the domains of anxiety, depression, fatigue, pain interference, physical function 

and sleep disturbance based only on the respective underlying trait, and not conditional on 

group membership.

Convergent and Discriminant Validity—Convergent validity was established with 

moderate correlations of PROMIS anxiety and depression scores with the MAX-PC, 

SF-12v2 MCS and MH scores (range 0.41 to −0.64) (Table 3). PROMIS physical function 

was strongly correlated with the SF-12v2 PCS (0.73) and PF subscale (0.77). PROMIS 

fatigue and pain interference measures were moderately to strongly correlated with legacy 

measures of similar constructs (range −0.50 to −0.66).

Discriminant validity was demonstrated with weak correlations of PROMIS physical 

function with the MAX-PC and SF-12v2 MCS (−0.31 and 0.21, respectively) and weak 

correlations of SF-12v2 PCS with PROMIS anxiety and depression scales (−0.20 and −0.22, 

respectively).

Known-groups Validity—The known-groups validity analyses at the baseline, 3-month, 

and 12-month assessments are presented in Table 4 (by age and race) and Table 5 (by 

comorbidities).

As hypothesized a priori, PROMIS measures detected differences by age (Table 4). At 

baseline, men aged <65 years had greater anxiety, depression, fatigue, and sleep disturbance 

than men aged ≥65 years. At the 3-month follow-up, younger men (<65) reported 

significantly worse HRQoL on five out of six measures compared to older men (≥65). By 

12-months post-treatment initiation, younger men still reported greater anxiety, depression, 

and sleep disturbance than older men.
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Similarly, PROMIS measures demonstrated known-groups validity by race/ethnicity (Table 

4). Black men reported greater fatigue, pain interference, and worse physical function than 

NHW men at baseline (each p<0.05). At 3-months, Black men experienced greater anxiety, 

depression, pain interference, and worse physical function than NHW men. At 12-months, 

Black men continued to report greater pain interference and worse physical function 

compared to NHW men.

PROMIS measures were also able to detect differences across mental health comorbidity 

groups (0 vs. ≥1 condition) and physical health/other comorbidity groups (0 vs. ≥1 limiting 

condihon) for all six domains at each of the three time points (Table 5).

However, PROMIS measures did not detect differences by treatment. At 3-months, a total of 

375 men were analyzed across three treatment groups: active surveillance (n=133), 

prostatectomy (n=146), and radiation therapy (n=96). The overall F-test from the one-way 

ANOVA across treatment groups revealed no statistically significant differences. For the 12-

month known-groups validity analysis, 735 men were analyzed across four treatment 

groups: active surveillance (n=263), prostatectomy (n=264), radiation (n=167), and hormone 

therapy (n=41). No significant differences were found across treatments.

DISCUSSION

The goal of this study was to evaluate the psychometric properties of six PROMIS measures 

in a diverse cohort of men with localized prostate cancer who completed assessments via 

telephone interview. This study provided evidence for the reliability and validity of each 

PROMIS measure of anxiety, depression, fatigue, pain interference, physical function, and 

sleep disturbance embedded in a longitudinal CER study.

Notably, we observed substantial floor and ceiling effects in most of the PROMIS measures. 

This may be in part attributed to our shorter measures comprising 4 to 6 items each. Shorter 

scales may result in more narrowly defined constructs and affect our ability to reliably assess 

individual change [42–44]. Still, shorter scales have the advantages of convenience and ease 

of administration, and are important for minimizing respondent burden, particularly in a 

clinical setting where time is typically limited. Implications for use of PROMIS measures 

that exhibit floor and/or ceiling effects in future prostate cancer studies will depend on the 

study objectives. As an example, if distinguishing among men with low levels of depression 

is of interest in a study to assess treatment effects on depression, then the PROMIS 

depression measure may not be ideal. In contrast, those floor effects may be negligible if the 

presence of depression has already been documented in the study population. Thus use of 

longer PROMIS forms and/or CAT may be another alternative.

Overall our findings for the known-groups validity evaluation are consistent with previous 

studies. For the analyses by age, Hampson et al. [45] and Penson et al. [46] also found that 

younger men had worse mental health (as measured by the SF-36) compared to older men 

pre-treatment. Similarly, Eton, Lepore, and Helgeson observed better mental health among 

older men at approximately 7-weeks post treatment [47]. However, though we expected 

younger men to have better physical functioning [45,47,48], we did not observe any 
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differences by age at any of the three time points. Regarding the known-groups analysis by 

race, Jayadevappa et al. (2007) reported similar results that African-American men (versus 

White men) had significantly higher levels on all SF-36 subscales except bodily pain 

pretreatment [49]. At 12-months, African-American men had lower role-emotional and 

bodily pain scores. Jayadevappa et al. (2009) observed that unadjusted baseline SF-36 

subscale scores were significantly lower for African-American men [50]. Additionally, it 

took longer for physical function, role-physical, role-emotional, and general health scores to 

return to baseline values for African-American men; however, race was no longer a predictor 

of HRQoL after adjusting for demographic and clinical variables. Brassell et al. [51] 

reported significant differences between African-American and Caucasian men at baseline 

for every SF-36 domain but no significant racial group differences in change over a 24-

month period for any SF-36 domain. For the comorbidity analyses, we observed that men 

with one or more comorbidities had significantly higher levels of all measured symptoms 

and poorer physical functioning compared to men with no comorbidities, which persisted 

from pre-treatment to 12 months post-treatment. Our findings were supported in a 

pretreatment localized prostate cancer sample (Penson et al. [46] found that men with a 

greater number of comorbid conditions had lower HRQoL scores in all eight SF-36 

domains), and in a large PROMIS cancer sample (Rothrock et al. [52] observed that having a 

comorbid condition was associated with greater anxiety, depression, fatigue, pain 

interference, and worse physical function compared to those with no comorbidity). Lastly, 

we did not observe HRQoL differences by treatment. Lack of support for our hypotheses 

may be in part due to our focus on general HRQoL measures as opposed to disease-specific 

[53], and may also be related to our shorter measures.

This study had several limitations. The study was limited to those who spoke English and 

received their cancer care in North Carolina. Still, the population-based NC ProCESS 

sample is more socio-demographically diverse than one typically found in a clinical trial or 

single-institution study, which may improve generalizability to the broader target prostate 

cancer population. The average duration of each telephone-based interview was long: 

baseline=45 minutes, 3-months=35 minutes, and 12-months=44 minutes. It is unknown if 

participants’ responses were affected by interview length. Further, it is unknown what 

impact the telephone-based PRO assessments had on participants’ responses, though 

measurement equivalence of telephone versus computer administration method will be 

evaluated in a follow-up study. Notably, a prior study reported no significant differences in 

score levels, reliability, or validity of PROMIS scales by the method of administration [54]. 

Although interviewer-administered assessments helped to reach more individuals and 

minimize missing data, low literacy and language and cultural differences remain barriers to 

PRO measurement. Finally, a full psychometric review of a PRO measure should include 

evaluation of responsiveness, or the extent to which a measure can detect change over time. 

Responsiveness of PROMIS measures in this population will be examined in a follow-up 

study.

This study had many notable strengths. Unlike clinical trials which rarely reflect the 

diversity of patients, our sample included 26% African Americans, 53% aged ≥65 years, and 

32% of participants with a high school education or less. Ninety-six percent of participants 

had one or more comorbid conditions, which allowed us to examine the validity of PROMIS 
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measures relative to conditions that affect more emotional distress domains (e.g., depression, 

anxiety) or more physical health domains (e.g., arthritis, back pain, chronic obstructive 

pulmonary disease). This study provided psychometric evidence to support the use of 

PROMIS measures for men with prostate cancer via phone-based interviews. Telephone-

based administration is critical for reaching individuals that historically have been excluded 

from PRO and clinical research, including those with low literacy rates. In sum, this study 

provides psychometric evidence for the reliability and construct validity of six PROMIS 

measures in a prostate cancer population, thus supporting their use in CER studies and 

oncology trials.
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Table 1.

Baseline Patient Characteristics of the 12-month Sample

Characteristic N=778 Percent (%)

Age at baseline survey

 <65 years 47.3

 ≥65 years 52.7

Race

 White 71.9

 Black 25.7

 Asian or Pacific Islander 0.3

 American Indian or Alaskan Native 1.9

Ethnicity

 Hispanic 1.2

 Non-Hispanic 98.6

Highest level of education completed

 8th grade or less 3.0

 Some high school 7.6

 High school graduate 21.5

 Some college 28.9

 College graduate 39.1

Marital status

 Married 81.2

 Divorced 9.1

 Widowed 4.1

 Never married 3.7

 Separated 1.8

Employment status

 Employed full time 33.4

 Employed part time 68.7

 Unemployed 3.3

 Retired 46.9

 Disabled and not working 57.6

Smoker status

 Current 11.6

 Former 51.5

 Never 36.9

Number of comorbid conditions

 0 4.0

 1 13.9

 2 18.5

 ≥3 63.6

Number of mental health comorbid condition(s) that limit(s) usual or daily activities
a
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Characteristic N=778 Percent (%)

 0 98.7

 1 1.3

Number of physical health/other comorbid condition(s)
b

 0 4.4

 1 14.5

 2 21.1

 ≥3 60.0

Number of physical health/other comorbid condition(s) that limit(s) usual or daily activities
b

 0 83.4

 1 8.2

 2 4.8

 ≥3 3.6

Treatment(s)

 Radiation
c
 + brachytherapy + hormone therapy 0.1

 Radiation
c
 + hormone therapy 1.5

 Radiation
c
 + brachytherapy 0.8

 Brachytherapy + hormone therapy 0.5

 Prostatectomy + radiation 0.3

 Prostatectomy + hormone therapy 0.1

 Active surveillance 33.8

 Prostatectomy 33.9

 Radiation
c 12.1

 Brachytherapy 9.4

 Hormone therapy 5.3

 Other
d 2.2

Notes:

a
Mental health comorbid conditions include Alzheimer’s disease, depression, and anxiety.

b
Physical health/other comorbid conditions include arthritis; back pain; asthma; chronic obstructive pulmonary disease, emphysema, or chronic 

bronchitis; diabetes; HIV/AIDS; weak or failing kidneys with or without dialysis; osteoporosis, anemia or other blood condition; lupus, rheumatoid 
arthritis, or other inflammatory condition; another cancer that is not prostate, basal cell skin, or squamous cell skin cancer; a liver condition; 
pancreatitis; inflammatory bowel disease; stomach ulcer, duodenal ulcer or peptic ulcer; high blood pressure, congestive heart failure; angina; heart 
attack/acute myocardial infarction; arrhythmia; peripheral artery disease; blood clot in legs or lungs; high cholesterol; and stroke.

c
Radiation includes external beam radiation therapy and proton therapy.

d
Other treatments include cryotherapy, high-intensity focused ultrasound (HIFU), and CyberKnife.
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Table 2.

Mean (SD) PROMIS T-Scores by Assessment

Measure
Mean T-score (SD)

a

Baseline (N=333) 3-month (N=411) 12-month (N=778)

Anxiety 47.8 (9.2) 47.1 (8.9) 45.5 (8.5)

Depression 47.1 (8.5) 46.8 (9.0) 46.0 (8.4)

Fatigue 46.2 (10.4) 47.3 (10.1) 46.2 (9.7)

Pain Interference 47.7 (9.1) 47.9 (8.9) 47.7 (8.5)

Sleep Disturbance 49.5 (5.4) 50.1 (6.2) 49.7 (6.2)

Physical Function 50.4 (9.1) 49.4 (8.8) 49.6 (8.5)

Notes: SD=standard deviation.

a
T-scores (mean 50, SD 10) are presented for each PROMIS domain; higher PROMIS T-scores reflect a greater level of the construct measured.
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Table 3.

Reliability and Validity of PROMIS Measures at 12-month Assessment (N=778)

Measure
a # Items Reliability

Structural Validity

Convergent Validity
c

Discriminant Validity
c

ECV
b

Factor Loadings
b

Anxiety 5 0.90 0.97 0.90 – 0.96 0.44 (MAX-PC) −0.20 (PCS)

−0.59 (MCS) --

−0.60 (MH) --

Depression 5 0.91 0.98 0.85–0.96 0.41 (MAX-PC) −0.22 (PCS)

−0.64 (MCS) --

−0.64 (MH) --

Fatigue 5 0.94 0.99 0.90–0.96 −0.50 (MCS) --

−0.60 (VT) --

Pain Interference 5 0.96 0.99 0.95 – 0.98 −0.66 (BP) --

Sleep Disturbance 4 0.86 0.92 0.77 – 0.92 -- --

Physical Function 6 0.94 --
d 0.91 – 0.93 0.73 (PCS) −0.31 (MAX-PC)

0.77 (PF) 0.21 (MCS)

Notes: ECV=Expected Common Variance; MAX-PC=Memorial Anxiety Scale for Prostate Cancer; MCS=Mental Component Summary from the 
SF-12v2; PCS=Physical Component Summary from the SF-12v2; MH=Mental Health subscale from the SF-12v2; BP=Bodily Pain subscale from 
the SF-12v2; VT=Vitality subscale from the SF-12v2; PF=Physical Functioning subscale from the SF-12v2.

-- indicates the analysis was not performed.

a
Higher PROMIS T-scores reflect a greater level of the construct measured. Higher MAX-PC scores indicate greater anxiety in prostate cancer. 

Higher SF-12v2 scores reflect better health.

b
ECV>0.90 and factor loadings >0.70 support unidimensionality.

c
Spearman’s rank correlation coefficients between each PROMIS T-score (mean 50, SD 10) and legacy measure score are statistically significant 

(p<0001).

d
Unidimensionality of the PROMIS physical function measure was assessed using a one-factor confirmatory factor model.
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Table 4.

Known-groups Validity by Age and Race

Mean (SD) T-scores
a

Age (Years) Race

Baseline Assessment (N=333)

PROMIS Measure <65 (n=169) ≥65 (n=164) |t|
b

Hypothesis Source
c NHW (n=233) Black (n=87) Hypothesis Source

c
|t|

b

Anxiety 50.0 (9.8) 45.4 (8.0) 4.74 [45,46,55] 47.3 (8.2) 48.7 (11.0) [50,51,56] 1.08

Depression 48.9 (9.0) 45.2 (7.6) 4.04 [45,46,55] 46.5 (7.5) 48.1 (10.2) [50,51,56] 1.29

Fatigue 47.8 (10.8) 44.6 (9.8) 2.83 [55] 45.2 (9.9) 48.7 (11.2) [50,51,56] 2.65

Pain Interference 48.5 (9.7) 46.9 (8.4) 1.62 [55] 46.5 (8.2) 50.2 (10.5) [50,51,56] 2.95

Sleep Disturbance 50.2 (5.2) 48.8 (5.5) 2.44 [57] 49.8 (5.3) 49.0 (5.7) [58] 1.20

Physical Function 49.9 (9.7) 50.8 (8.5) 0.93 [55,48] 51.1 (8.2) 48.4(10.8) [50,51,56] 2.12

3-month Assessment (N=411)

PROMIS Measure <65 (n=199) ≥65 (n=212) |t|
b

Hypothesis Source
c NHW (n=290) Black (n=107) Hypothesis Source

c
|t|

b

Anxiety 48.5 (9.6) 45.9 (8.0) 3.00 [46,47,55] 46.1 (7.9) 50.1 (10.7) [50,51,56] 3.58

Depression 48.7 (9.6) 44.9 (8.0) 4.31 [46,47,55] 45.9 (8.3) 49.0 (10.0) [50,51,56] 2.91

Fatigue 48.9 (10.5) 45.9 (9.6) 3.07 [55] 46.8 (9.7) 48.8 (10.6) [51,56] 1.75

Pain Interference 49.3 (9.7) 46.6 (7.9) 3.06 [55] 47.0 (8.2) 50.3 (10.1) [51,56] 2.99

Sleep Disturbance 51.4 (5.7) 48.8 (6.5) 4.28 [57] 50.1 (6.1) 50.2 (6.7) [58] 0.06

Physical Function 49.1 (9.5) 49.6 (8.2) 0.58 [55] 50.2 (8.1) 47.4 (10.1) [51,56] 2.60

12-month Assessment (N=778)

PROMIS Measure <65 (n=368) ≥65 (n=410) |t|
b

Hypothesis Source
c NHW (n=553) Black (n=198) Hypothesis Source

c
|t|

b

Anxiety 46.7 (9.2) 44.5 (7.7) 3.62 [55] 45.2 (7.9) 46.5 (9.8) [49,51,56] 1.72

Depression 47.2 (9.0) 44.9 (7.7) 3.88 [55] 45.7 (7.8) 46.7 (9.6) [49,51,56] 1.33

Fatigue 46.9 (10.5) 45.6 (8.9) 1.91 [55] 46.0 (9.4) 46.6 (10.2) [49,51,56] 0.81

Pain Interference 48.1 (9.2) 47.2 (7.9) 1.54 [55] 47.1 (7.9) 48.8 (9.5) [49,51,56] 2.26

Sleep Disturbance 50.3 (6.4) 49.3 (6.0) 2.22 [57] 49.8 (6.0) 49.4 (6.5) [58] 0.69

Physical Function 49.3 (8.9) 49.8 (8.1) 0.68 [55] 50.5 (8.0) 47.1 (9.1) [49,51,56] 4.73

Notes: SD=standard deviation; NHW=non-Hispanic White.

a
T-scores (mean 50, SD 10) are presented for each PROMIS measure; higher T-scores reflect a greater level of the construct measured.

b
Absolute value of t-statistic: |t|>2 indicates statistically significant difference between groups at the 0.05 level.

c
Based on a review of the literature summarized in the Discussion section, we hypothesized that younger men (<65 years) would have worse 

HRQoL versus men ≥65 years (except for physical function), and Black men would have worse HRQoL compared to NHW men.
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Table 5.

Known-groups Validity by Comorbidities

Mean (SD) T-scores
a

# of Mental Health Comorbidities
b

# of Limiting Physical Health/Other Comorbidities
b

Baseline Assessment (N=333)

PROMIS Measure 0 (n=271) ≥1 (n=62) |t|
c

Hypothesis Source
d 0 (n=280) ≥1 (n=53) Hypothesis Source

d
|t|

c

Anxiety 46.7 (8.2) 52.3 (11.6) 3.59 [46,55] 46.5 (8.4) 54.2 (10.7) [46,55] 4.93

Depression 45.8 (7.5) 52.4 (10.4) 4.66 [46,55] 45.7 (7.6) 54.1 (9.4) [46,55] 6.13

Fatigue 44.7 (9.5) 52.6 (11.7) 4.92 [46,55] 44.7 (9.7) 54.3 (10.2) [46,55] 6.57

Pain Interference 46.6 (8.3) 52.3 (11.0) 3.84 [46,55] 45.9 (7.3) 57.3 (11.5) [46,55] 6.99

Sleep Disturbance 49.2 (5.6) 51.0 (4.7) 2.34 [57] 49.1 (5.4) 51.6 (5.0) [57] 3.12

Physical Function 51.4 (8.6) 45.6 (9.8) 4.70 [46,55] 52.3 (7.5) 40.0 (9.8) [46,55] 8.68

3-month Assessment (N=411)

PROMIS Measure 0 (n=343) ≥1 (n=68) |t|
c

Hypothesis Source
d 0 (n=343) ≥1 (n=68) Hypothesis Source

d
|t|

c

Anxiety 45.9 (7.8) 53.5 (11.2) 5.39 [46,55] 45.9 (8.1) 53.6 (9.8) [46,55] 6.09

Depression 45.5 (7.8) 53.3 (11.3) 5.47 [46,55] 45.6 (8.3) 52.7 (9.9) [46,55] 5.56

Fatigue 46.1 (9.5) 53.4 (10.9) 5.59 [46,55] 45.9 (9.3) 54.5 (11.0) [46,55] 6.71

Pain Interference 47.1 (8.2) 52.2 (10.9) 3.66 [46,55] 46.1 (7.4) 57.0 (10.1) [46,55] 8.45

Sleep Disturbance 49.7 (6.0) 52.1 (7.0) 2.89 [57] 49.8 (6.1) 51.5 (6.5) [57] 2.04

Physical Function 50.3 (8.5) 44.7 (9.3) 4.93 [46,55] 51.3 (7.6) 39.5 (8.1) [46,55] 11.63

12-month Assessment (N=778)

PROMIS Measure 0 (n=648) ≥1 (n=130) |t|
c

Hypothesis Source
d 0 (n=649) ≥1 (n=129) Hypothesis Source

d
|t|

c

Anxiety 44.4 (7.6) 50.8 (10.6) 6.53 [46,55] 44.5 (7.6) 50.6 (10.9) [46,55] 6.14

Depression 45.0 (7.6) 50.7 (10.2) 6.02 [46,55] 44.9 (7.5) 51.1 (10.5) [46,55] 6.36

Fatigue 45.1 (9.1) 51.7 (10.8) 6.53 [46,55] 45.0 (9.1) 52.1 (10.7) [46,55] 7.08

Pain Interference 46.9 (8.0) 51.2 (10.3) 4.47 [46,55] 46.1 (7.2) 55.2 (10.4) [46,55] 9.40

Sleep Disturbance 49.4 (6.2) 51.3 (6.3) 3.24 [55] 49.5 (6.2) 50.8 (6.2) [57] 2.18

Physical Function 50.2 (8.0) 46.3 (9.8) 4.29 [46,57] 51.3 (7.3) 41.0 (9.0) [46,55] 12.19

Notes: SD=standard deviation.

a
T-scores (mean 50, SD 10) are presented for each PROMIS measure; higher T-scores reflect a greater level of the construct measured.

b
Mental health and physical health/other comorbid conditions are listed under Table 1.

c
Absolute value of t-statistic: |t|>2 indicates statistically significant difference between groups at the 0.05 level.

d
Based on a review of the literature summarized in the Discussion section, we hypothesized that men with ≥1 [limiting] comorbidity would have 

worse HRQoL versus men with no [limiting] comorbidities.
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