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Abstract

Purpose To evaluate the reliability and construct validity

of measures from the Patient-Reported Outcomes Mea-

surement Information System� (PROMIS�) for patients

with heart failure before and after heart transplantation.

Methods We assessed reliability of the PROMIS short

forms using Cronbach’s alpha and the average marginal

reliability. To assess the construct validity of PROMIS

computerized adaptive tests and short-form measures, we

calculated Pearson product moment correlations between

PROMIS measures of physical function, fatigue, depres-

sion, and social function and existing PRO measures of

similar domains (i.e., convergent validity) as well as dif-

ferent domains (i.e., discriminate validity) in patients with

heart failure awaiting heart transplant. We evaluated the

responsiveness of these measures to change after heart

transplant using effect sizes.

Results Forty-eight patients were included in the ana-

lyses. Across the many domains examined, correlations

between conceptually similar domains were larger than

correlations between different domains of health, demon-

strating construct validity. Health status improved sub-

stantially after heart transplant (standardized effect sizes,

0.63–1.24), demonstrating the responsiveness of the

PROMIS measures. Scores from the computerized adaptive

tests and the short forms were similar.

Conclusions This study provides evidence for the re-

liability and construct validity (including responsiveness to

change) of four PROMIS domains in patients with heart

failure before and after heart transplant. PROMIS measures

are a reasonable choice in this context and will facilitate

comparisons across studies and health conditions.
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Introduction

Heart failure is a common, chronic, and life-threatening

condition associated with fatigue, dyspnea, and depression

[1, 2]. Health status for patients with heart failure is rou-

tinely measured using physician estimation of patient

function, New York Heart Association (NYHA) classifi-

cation, exercise capacity, echocardiograms, and laboratory

measures like B-type natriuretic peptide level and other

biomarkers. Patient-reported outcome (PRO) measures are

an important complement to these clinical indicators and

are a key metric of cardiovascular health [3].

Several PRO measures are available for assessment of

the disease-specific effects of heart failure [4], including

the Minnesota Living With Heart Failure Questionnaire

(MLHFQ) [5] and the Kansas City Cardiomyopathy

Questionnaire (KCCQ) [6]. Such disease-specific measures

may be more sensitive to changes in health than generic

measures. For example, the MLHFQ and the KCCQ were

found to be more responsive than the SF-12 to clinically

important changes in heart failure [11, 12].

As a complement to disease-specific measures, generic

health status instruments can facilitate comparisons of

disease burden and treatment effectiveness across diseases.

They may also be preferable for evaluating health status in

patients who have multiple health conditions, in that they

do not ask patients to attribute their symptoms or function

to a single health condition. The National Institutes of

Health (NIH) Patient-Reported Outcomes Measurement

Information System� (PROMIS�) has developed PRO

measures designed for use across multiple chronic diseases.

PROMIS utilizes modern psychometric methods to en-

hance assessment and scoring of generic health-related

quality of life. Unlike older generic measures, PROMIS

measures can be assessed using computerized adaptive

tests (CAT), which customize the items a participant sees

by choosing each successive item based on the par-

ticipant’s response to the preceding item. This can result in

a substantial reduction in respondent burden. Another ad-

vantage of the PROMIS measures is that they provide

scores based on a common metric, normed to the US

general population of adults.

The validity of the PROMIS measures has been

evaluated in patients with inflammatory bowel disease [7],

arthritis [8–10], and cancer [11], and among others, as well

as in general US populations [12–14]. The purpose of this

study was to provide evidence about the reliability and

construct validity (including responsiveness to change) of

the PROMIS measures in patients with heart failure who

undergo heart transplant.

Materials and methods

Sample

Participants were recruited at the Duke University Medical

Center and the University of Pittsburgh Medical Center.

We recruited candidates for heart transplant who had

United Network for Organ Sharing (UNOS) status 1A, 1B,

or 2. Eligible patients were 18 years or older, were able to

speak English, were able to provide informed consent, did

not have a current diagnosis of psychosis or dementia, and

were actively listed on the Organ Procurement and

Transplantation Network heart transplant list. We reviewed

participants’ medical records at each participating site after

the patients consented to participate in the study to confirm

that the inclusion criteria were met. Participants received

compensation of $80 in the form of a gift card for each

completed assessment. The institutional review boards of

the Duke University Health System and the University of

Pittsburgh Medical Center approved this study, and all

patients provided written consent to participate.

Procedures

Participants completed all study assessments both before

heart transplant (i.e., ‘‘baseline,’’ including any time after

the patient was listed for transplant) and after transplant

(i.e., ‘‘follow-up,’’ 8–12 weeks after surgery, deemed by

cardiologist coinvestigators as the minimum time after

transplant at which a clinically significant improvement in

functioning is typically observed). Patients had the option

at each time point of completing the assessments by

computer-assisted telephone interview or by themselves

using a computer.

Measures

We collected baseline characteristics through both patient

self-report and medical record review. We measured four

domains expected to change after heart transplant: physical

functioning, fatigue, satisfaction with discretionary social

activities, and depression. For each PROMIS domain, a

higher score represents more of that domain content (e.g.,

higher physical functioning scores reflect better physical

functioning; higher fatigue scores reflect greater fatigue).

PROMIS domain scores are expressed as T scores, for

which a score of 50 corresponds to the US general

population average with an SD of 10.

For each PROMIS domain, we first administered a CAT

from the PROMIS version 1.0 item banks [14]. We used
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the default settings on Assessment Center for PROMIS

adult banks, which specify that at least 4–12 items be ad-

ministered per domain and that CAT administration stop

when the standard error of the estimated T score is 3.0 or

lower (reliability = 0.91 or higher). We were also inter-

ested in evaluating the validity of the domains as measured

by the PROMIS short forms, which are fixed-length mea-

sures of each domain that consist of items covering the full

range of functioning. Accordingly, we administered short

forms of each domain (physical function 10a, fatigue 7a,

depression 8b, and satisfaction with discretionary social

activities 7a). So as not to ask patients to answer the exact

same questions twice, we excluded questions patients had

just answered as part of the CAT. All PROMIS measures

are available in Assessment CenterSM (www.assessment

center.net).

As our goal was to understand selected PROMIS mea-

sures’ validity in this population of patients, we also in-

cluded selected items and subscales from psychometrically

sound and commonly used extant questionnaires that are

intended to measure similar constructs as the selected

PROMIS domains. We used items and subscales from

extant measures rather than whole measures, because (1)

we wished to reduce subject burden and (2) our intent was

to determine whether PROMIS measures yielded results

that were consistent with conceptually similar items/sub-

scales of well-accepted measures.

The KCCQ is a 23-item questionnaire designed to

measure several important aspects of heart failure [5]. The

KCCQ scales are scored from 0 to 100 (higher

scores = better health status). For this study, we adminis-

tered the KCCQ physical limitation subscale, the social

limitation subscale, and the two fatigue items from the

symptoms subscale.

The Medical Outcomes Study Short Form (SF-36 v.1)

vitality scale is a 4-item subscale that measures how fa-

tigued or energetic a person feels [15, 16]. We scored the

scale using a T score metric with a mean of 50 and an SD

of 10 in the US general population.

The 2-item Patient Health Questionnaire depression

module (PHQ-2) is used as a screen for the presence of

major depression, with questions about the frequency of

depressed mood and anhedonia over the past 2 weeks [17].

A PHQ-2 score ranges from 0 to 6, with higher scores

representing greater depression.

Finally, we collected data on clinical-based functional

measures. Treating physicians recorded each patient’s

NYHA class, which we abstracted from the medical record.

Patients performed a 6-min walk test [18] specifically for

this study. In accordance with the test guidelines [19], a

patient who was too sick to walk was assigned a 6-min

walk distance of 0.

Hypotheses

Based on previous studies, we expected significant im-

provements after heart transplant in physical functioning,

fatigue, depressive symptoms, and social functioning [20–

22]. We hypothesized larger correlations between different

measures of the same domain (such as fatigue measured by

PROMIS and fatigue measured by the KCCQ) than cor-

relations between different domains measured either with

the same instrument (such as fatigue and depression mea-

sured by PROMIS) or with different instruments (such as

fatigue measured by PROMIS and depression measured by

the PHQ-2).

Statistical analysis

We summarized the data using means and SDs for con-

tinuous variables and frequencies and percentages for dis-

crete variables. We used a 1-sample t test to compare

PROMIS scores in the study sample to the US normative

mean of 50. We computed reliability for the PROMIS short

forms using Cronbach’s alpha and the average marginal

reliability. In IRT, the reliability of scores varies depending

on the severity of the score. The average marginal re-

liability is the average reliability across all of the patients

included in this study. We considered reliability of 0.70 or

greater to be acceptable [23]. To evaluate construct va-

lidity, we calculated Pearson product moment correlations

between PROMIS scores and their corresponding PRO or

clinical measures for the baseline and follow-up assess-

ments, as well as for the change from baseline. We did not

calculate correlations with NYHA class due to small cell

sizes. Correlations of 0.10, 0.30, and 0.50 were deemed

small, medium, and large, respectively [24]. For both the

reliability (Cronbach’s alpha) and construct validity point

estimates, we estimated the 95 % CI using the bootstrap

method because it does not assume a normal distribution

[25]. We also examined the magnitude of relationships

across different domains both within and across measures

using a multitrait, multimethod evaluation of convergent

and discriminant validity [26] with four traits (i.e., do-

mains) and two methods (i.e., PROMIS vs. other PROs).

We indicated which values were not significantly different

from 0 at P B 0.05. For the responsiveness analysis, we

computed the effect size by dividing the mean change in

score by the SD of individuals’ baseline scores. We

evaluated the magnitude of the effect sizes using standard

criteria (i.e., 0.20 is a small effect size, 0.50 is a medium

effect size, and 0.80 is a large effect size) [24]. We also

estimated the 95 % CI of the effect size for each measure

using the bootstrap method. Sample size estimates were

based on 2-tailed a B 0.05, statistical power greater than
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80 %, and a correlation of 0.70 between pre- and post-

transplant scores. We sought to detect effect sizes as small

as 0.30 between pre- to post-transplant scores, which re-

quired 60 participants. We used SAS version 9.2 (SAS

Institute, Cary, NC) and a 2-tailed significance level of

a B 0.05 for all assessments.

Results

Figure 1 shows the recruitment flow chart. Our analyses

focused on patients who had a baseline assessment before

heart transplant and a follow-up assessment after trans-

plant. When the study timeline indicated that data collec-

tion should be stopped, some enrolled patients had not

undergone transplant. We collected a second assessment

from these patients; however, because they did not meet

the study criteria for pre- and post-transplant assessment,

we did not include them in the analyses. Table 1 shows the

baseline characteristics of the 48 patients who make up the

analytic sample. The median time from baseline assess-

ment to transplant was 32 days (interquartile range 13–99),

and the median time from transplant to follow-up assess-

ment was 100 days (interquartile range 71–133).

Table 2 shows the average baseline and follow-up val-

ues for NYHA class and the PRO measures. Ninety percent

of patients had NYHA class three or four symptoms before

heart transplant, and more than half were unable to walk

200 m in 6 min. Compared with the general US popula-

tion, patients in our sample at baseline had significantly

worse physical functioning (P\ 0.001), greater fatigue

(P\ 0.001), less satisfaction with discretionary social ac-

tivities (P\ 0.001), and average depressive symptoms

(P = 0.45). There were substantial improvements in health

status after transplant. Table 2 also shows that the PRO

measures were responsive to change. There were large

effect sizes (0.80 or higher) representing improvement in

physical function, fatigue, and social function after trans-

plant. There was a medium effect size (0.50 or greater)

representing improvement in depression. Scores from the

PROMIS CATs and the PROMIS short forms were similar.

To assess construct validity, we estimated correlations

between the baseline, follow-up, and change-from-baseline

values of the PROMIS CATs and short forms (Table 3) and

the corresponding, conceptually similar measures. For

physical functioning, correlations between the PROMIS

measures and the KCCQ were large (r = 0.68–0.85).

Correlations between 6-min walk test results and the

PROMIS CAT were large at baseline and follow-up and

medium for change from baseline; they were similarly

sized between the 6-min walk and KCCQ physical function

measure (0.53 at baseline, 0.63 at follow-up, and 0.35 for

change). The PROMIS measures of fatigue had large cor-

relations with the SF-36 vitality scale (r = -0.75 to

-0.78) and the KCCQ individual fatigue items (r = -0.57

to -0.79). Correlations between the PROMIS CAT and the

6-min walk were large at baseline but small at follow-up

and for change from baseline. Again the correlations were

similarly sized between 6-min walk and the other patient-

reported measures of fatigue including KCCQ fatigue 05

Fig. 1 Recruitment flow chart.
aReasons for refusal: patient not

interested, too tired, or too sick.
bReasons for no transplant:

death, unavailability of donor

hearts, or the transplant team

removed the patient from the list

(United Network for Organ

Sharing status 7)
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(0.57 at baseline, 0.21 at follow-up, and 0.23 for change),

KCCQ fatigue 06 (0.62 at baseline, 0.28 at follow-up, and

0.14 for change), and SF-36 vitality (0.55 at baseline, 0.09

at follow-up, and 0.36 for change). Correlations between

PROMIS depression and the PHQ-2 were large at baseline

(r = 0.65 and 0.70) and for changes from baseline

(r = 0.53 and 0.57) and were medium at follow-up

(r = 0.35 and 0.42). The PHQ-2 items at follow-up had

limited variability, with observed responses falling into

only two categories. Finally, the PROMIS and KCCQ so-

cial function measures had large correlations

(r = 0.60–0.74).

For both the PROMIS CATs and the PROMIS short

forms at both baseline and follow-up, the average corre-

lations between different measures of the same domain

(i.e., monotrait-heteromethod) were larger than the average

correlations between different domains within a measure

(i.e., heterotrait-monomethod) and different domains

Table 1 Patient characteristics

at baseline
Characteristic Patients (N = 48)a

Sex, no. (%), male 36 (75.0)

Age, mean (SD), y 51.8 (12.3)

Race, no. (%)

Asian 1 (2.1)

Black or African American 5 (10.4)

White 42 (87.5)

Hispanic or Latino ethnicity, no. (%) 0 (0)

Educational attainment, no. (%)

Less than high school 4 (8.3)

High school or equivalent 16 (33.3)

Some college, technical degree, or associate degree 18 (37.5)

College or postgraduate degree 9 (18.7)

Missing 1 (2.1)

Occupational status, no. (%)

On disability 31 (64.6)

Retired 11 (22.9)

Unemployed, on leave of absence, or homemaker 15 (31.2)

Employed full time or part time 8 (16.7)

Missing 1 (2.1)

Relationship status, no. (%)

Never married 7 (14.6)

Married or living with committed partner 28 (58.4)

Separated, divorced, or widowed 12 (25.0)

Missing 1 (2.1)

Household income, no. (%)

\ $20,000 17 (35.4)

$20,000–$49,999 16 (33.3)

[$50,000 10 (20.9)

Missing 5 (10.4)

Left ventricular assist device, no. (%) 9 (18.8)

Hospital inpatient, no. (%) 18 (37.5)

Receiving intravenous inotropes, no. (%) 21 (43.8)

Indication for heart transplant, no. (%)

Coronary artery disease 4 (8.3)

Myopathy 39 (81.3)

Other 5 (10.4)

Recruitment site, no. (%)

Duke University 9 (18.8)

University of Pittsburgh 39 (81.3)

a Percentages may not sum to 100 because of rounding
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across different measures (i.e., heterotrait-heteromethod;

Table 4). The full multitrait-multimethod matrices are

available in the Appendix.

Table 5 shows the reliability of the PROMIS short

forms at baseline and follow-up. All short forms demon-

strated acceptable reliability.

The number of items administered in the PROMIS CATs

ranged from 2 to 12. Across all assessments and domains, the

median was four items, except for the follow-up depression

assessment, where the median was six items. Correlations

between the PROMIS CAT and short-form scores were

large, ranging from 0.88 for physical functioning to 0.96 for

satisfaction with discretionary social activities.

Discussion

This study provides evidence for the reliability and con-

struct validity (including responsiveness to change) of 4

PROMIS domains in patients with heart failure before and

after heart transplant. We observed large improvements

across all of the measures, as expected in this clinical

scenario (Table 2). The efficacy of transplant allowed us to

examine validity for a wide range of disease morbidity

among patients with heart failure; before transplant, 90 %

of patients had NYHA 3 or 4, and after transplant, 85 %

had NYHA 1 or 2. Furthermore, the magnitude of changes

assessed by the PROMIS measures was strongly associated

with the magnitude of changes assessed by conceptually

similar measures (Table 3). The PROMIS short forms were

reliable in these samples. Our comparisons of PROMIS

short forms and CATs found that both provided highly

sensitive estimates.

There is widespread interest in increasing the role of

PROs to improve healthcare quality, yet concurrent con-

cern due to the proliferation of disease-specific PRO

measures, which limits researchers’ ability to compare

disease burden and treatment effectiveness in multiple

contexts. There is value in standardizing PRO measure-

ment across different settings. The NIH PROMIS Network

Table 2 Health status before and after heart transplant

Measure Before transplant After transplant Effect Sizea (95 % CI)

Clinical measures

NYHA class 1, no. (%) 0 31 (64.6) –

NYHA class 2, no. (%) 1 (2.1) 10 (20.8) –

NYHA class 3, no. (%) 24 (50.0) 3 (6.3) –

NYHA class 4, no. (%) 19 (39.6) 1 (2.1) –

NYHA class missing, no. (%) 4 (8.3) 3 (6.3) –

6-min walk test, mean (SD), m 186.6 (171.0) 291.8 (108.4) 0.73 (0.32–1.25)

Physical function, mean (SD)

PROMIS physical function CAT 34.9 (6.1) 42.1 (6.5) 1.14 (0.63–1.95)

PROMIS physical function short form-10a 37.2 (5.2) 43.3 (6.0) 1.13 (0.64–1.88)

KCCQ physical limitation 52.3 (23.2) 80.8 (16.2) 1.21 (0.85–1.70)

Fatigue, mean (SD)

PROMIS fatigue CAT 58.4 (11.2) 47.0 (9.3) 1.00 (0.56–1.66)

PROMIS fatigue short form-7a 57.6 (10.2) 47.8 (7.0) 0.96 (0.55–1.54)

KCCQ fatigue symptom (Item 5) 3.3 (2.1) 5.8 (1.4) 1.19 (0.80–1.77)

KCCQ fatigue symptom (Item 6) 2.8 (1.5) 4.5 (1.1) 1.09 (0.67–1.70)

SF-36 vitality 39.1 (13.1) 52.8 (8.7) 1.04 (0.66–1.56)

Depression, mean (SD)

PROMIS depression CAT 51.2 (10.6) 44.8 (7.5) 0.63 (0.29–1.07)

PROMIS depression short form-8b 51.4 (8.9) 44.3 (7.7) 0.79 (0.41–1.29)

PHQ-2 1.7 (1.8) 0.4 (0.7) 0.71 (0.48–0.97)

Social function, mean (SD)

PROMIS DSA CAT 43.9 (11.2) 53.0 (8.3) 0.80 (0.41–1.36)

PROMIS DSA short form-7a 42.1 (10.3) 50.5 (8.2) 0.81 (0.40–1.39)

KCCQ social limitation 43.2 (29.2) 76.8 (21.3) 1.24 (0.85–1.79)

CAT computerized adaptive test, DSA satisfaction with discretionary social activities, KCCQ Kansas City Cardiomyopathy Questionnaire, NYHA

New York Heart Association, PHQ Patient Health Questionnaire, SF-36 Medical Outcomes Study Short Form-36
a The effect size is the change in mean score divided by the SD at baseline
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has developed PRO measures intended to measure impor-

tant domains of health across chronic diseases without

substantial loss in sensitivity for any one disease. This

study demonstrates that the PROMIS measures provided

sensitivity (responsiveness) to change in a sample of pa-

tients with cardiac transplantation. This study also provides

further support for the reliability and validity of the

PROMIS measures. PROMIS measures are a reasonable

choice in this context and will facilitate comparisons across

studies and health conditions.

As with all item bank-based measures, the PROMIS

domains can be assessed using either CATs or short forms.

Table 3 Construct validity

among health status measures
Measure Correlation, ra (95 % confidence interval)

Baseline Follow-up Change

PROMIS physical function CAT

KCCQ physical limitation 0.79 (0.70, 0.85) 0.77 (0.61, 0.88) 0.68 (0.48, 0.82)

6-min walk distance 0.67 (0.46, 0.80) 0.55 (0.15, 0.80) 0.47 (0.19, 0.66)

PROMIS physical function short form-10a

KCCQ physical limitation 0.85 (0.75, 0.90) 0.75 (0.59, 0.88) 0.74 (0.55, 0.87)

PROMIS fatigue CAT

KCCQ fatigue 05 0.74 (0.53, 0.84) 0.59 (0.33, 0.73) 0.70 (0.48, 0.81)

KCCQ fatigue 06 0.83 (0.57, 0.90) 0.59 (0.38, 0.75) 0.69 (0.49, 0.81)

SF-36 vitality 0.74 (0.53, 0.87) 0.78 (0.62, 0.87) 0.77 (0.61, 0.86)

6-min walk distance 0.59 (0.29, 0.78) 0.22 (0.14, 0.61) 0.45 (0.14, 0.68)

PROMIS fatigue short form-7a

KCCQ fatigue 05 0.83 (0.69, 0.90) 0.55 (0.29, 0.72) 0.72 (0.52, 0.82)

KCCQ fatigue 06 0.84 (0.70, 0.91) 0.55 (0.30, 0.70) 0.63 (0.43, 0.76)

SF-36 vitality 0.77 (0.62, 0.87) 0.76 (0.61, 0.86) 0.76 (0.61, 0.85)

PROMIS depression CAT

PHQ-2 depression 0.71 (0.50, 0.84) 0.21 (0.10, 0.56) 0.53 (0.24, 0.77)

PROMIS depression short form-8a 0.63 (0.43, 0.75) 0.44 (0.16, 0.66) 0.53 (0.31, 0.71)

PHQ-2 depression 0.65 (0.45, 0.76) 0.42 (0.13, 0.64) 0.57 (0.34, 0.74)

PROMIS DSA CAT

KCCQ social limitation 0.70 (0.51, 0.82) 0.69 (0.48, 0.82) 0.61 (0.44, 0.75)

PROMIS DSA short form-7a

KCCQ social limitation 0.74 (0.61, 0.83) 0.63 (0.40, 0.78) 0.60 (0.43, 0.72)

CAT computerized adaptive test, DSA satisfaction with discretionary social activities, KCCQ Kansas City

Cardiomyopathy Questionnaire, PHQ Patient Health Questionnaire, SF-36 Medical Outcomes Study Short

Form-36
a From Pearson product moment correlation

Table 4 Summary of

multitrait-multimethod matrices
Measures Mean Correlation, ra

Monotrait-Heteromethod Heterotrait-Monomethod Heterotrait-Heteromethod

PROMIS CAT and other PROsb

Baseline 0.76 0.66 0.62

Follow-up 0.63 0.50 0.44

PROMIS short form and other PROsb

Baseline 0.79 0.70 0.63

Follow-up 0.61 0.48 0.42

CAT computerized adaptive test, PRO patient-reported outcome
a From Pearson product moment correlation
b Other PROs include the Kansas City Cardiomyopathy Questionnaire, the Medical Outcomes Study Short

Form-36, and the Patient Health Questionnaire-2
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Generally, the results in this study were the same for CATs

and short forms; however, the CAT scores demonstrated

the same level of responsiveness and validity as the short

forms with fewer items. This advantage in measure length

is balanced by the need to use computers for administration

and scoring.

Our study has limitations. First, there may be differences

in PRO responses by mode of administration. Although a

recent study found no statistically significant differences in

PROMIS scores by multiple methods of administration,

including interactive voice recording and personal com-

puter [27], another study found differences by mode of

administration (interview versus self-administration) [28].

Second, because donor heart availability necessitates a

quick turnaround for heart transplant, it was not feasible to

collect baseline assessments at the same time for all pa-

tients before transplant. Third, difficulties obtaining fol-

low-up data for 12 patients meant that we did not reach our

target sample size of 60 patients. However, because the

effect sizes were substantially larger (0.63–1.24) than what

we assumed in the power calculation (0.30), we had suf-

ficient statistical power. Fourth, to limit patient burden, we

did not administer the full KCCQ or SF-36. Fifth, although

we were able to note the consistency of results among

PROMIS and other PRO measures, the study was not de-

signed or powered to evaluate statistical differences be-

tween the PROMIS and other PRO measures. Finally, an

element that served as both a limitation and a strength was

the limited variability in change-from-baseline scores; that

is, nearly everyone made large improvements. This result

was advantageous for the responsiveness analyses and al-

lowed us to analyze the PROMIS measures in patients

when they were experiencing severe functional limitations

(pre-transplant) as well as when they were not (post-

transplant). The large and consistent improvements in

scores also support the generalizability of the findings be-

cause they show that the sample was typical of heart re-

cipients, who are almost universally found to show major

improvements in health and well-being from before to after

transplant [20–22]. However, because correlations can be

attenuated when there is limited variability on a given

measure (here, change from baseline), we were able to

observe only relatively low correlations between such

change and other measures (e.g., depression at follow-up)

in our examination of construct validity. The limited

variability in change-from-baseline scores also prevented

us from conducting the minimally important difference

analyses that we planned. A related limitation is that since

the changes observed were very large, additional work will

be needed to understand the sensitivity of PROMIS mea-

sures to more subtle clinical changes.

Conclusions

This study provides evidence for the reliability and con-

struct validity (including responsiveness to change) of four

PROMIS domains in patients with heart failure before and

after heart transplant. Researchers should feel comfortable

choosing either PROMIS short-form or CAT measures in

this context, and by doing so they will facilitate compar-

isons across studies and health conditions. At the same

time, there are important disease-specific considerations

when measuring health status in patients with heart failure,

such as disease-specific symptoms (e.g., dyspnea) and

concepts (e.g., heart failure-specific quality of life), which

are not measureable within PROMIS. It is likely that in-

cluding disease-specific measures along with generic

measures will provide the most complete assessment of

patient-reported health.
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