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Abstract

Background: Bringing together generic and heart failure (HF)-specific items in a publicly-

available, patient-reported outcome measure may facilitate routine health status assessment for 

improving clinical care and shared decision-making, assessing quality of care, evaluating new 

interventions, and comparing groups with different conditions.
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Methods and Results: We performed a mixed-methods study to develop and validate the 

PROMIS®-Plus-HF profile measure, a HF-specific instrument based on the generic The Patient-

Reported Outcomes Measurement Information System (PROMIS). We conducted eight focus 

groups with 61 HF patients and phone interviews with 10 HF clinicians. The measure was 

developed via an iterative process of reviewing existing PROMIS items and developing and testing 

new HF items. In 600-patient sample, we estimated reliability (internal consistency; test-retest, 

with n=100 participants). We conducted validity analyses using Pearson r and Spearman rho 
correlations with Kansas City Cardiomyopathy Questionnaire (KCCQ) subscores. In a 

longitudinal sample, we performed responsiveness testing (paired t-tests) with 75 HF patients 

receiving interventions with expected health status improvement. The PROMIS-Plus-HF measure 

comprises 86 items (64 existing; 22 new) across 18 domains. Internal consistency reliability 

(Cronbach’s alpha) coefficients ranged from 0.52–0.96, with alpha≥0.70 in 12/17 domains. Test-

retest intraclass correlation coefficients were ≥0.90. Correlations with KCCQ subscores supported 

expected convergent (r/rho>0.60) and divergent validity (r/rho<0.30). In the longitudinal sample, 

10/18 domains had improved (P<0.05) scores from baseline to follow-up.

Conclusions: The PROMIS-Plus-HF profile measure—a complete assessment of physical, 

mental, and social health—exhibited good psychometric characteristics and may facilitate patient-

centered care and research. Subsets of domains and items can be used depending on the clinical or 

research purpose.
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Introduction

The integration of patient perspectives on their health comprises a key component of high 

quality, patient-centered care. The quantification of health status has myriad applications, 

including for improving clinical care and shared decision-making, assessing quality of care, 

and evaluating new interventions. Yet, in practice, patient perspectives are rarely 

incorporated in a systematic and clinically meaningful way, especially in cardiovascular 

disease.1

Reengineering the health system inclusive of patient perspectives is particularly important 

for heart failure (HF), a common, costly, and morbid condition affecting over 6.5 million US 

adults with a 5-year survival rate of approximately 50%.2 Although the defining clinical 

symptoms of HF are shortness of breath, fatigue, and exercise intolerance, the experience of 

patients with HF extends well beyond these symptoms and includes a range of physical, 

mental, and social effects.

Patient-reported outcomes measures (PROMs) may be generic or disease-specific and 

provide standardized methods of quantifying health status for individuals. Generic PROMs, 

such as PROMIS® (The Patient-Reported Outcomes Measurement Information System®) 

and SF-36, capture physical, mental, and social health information independent of a specific 

disease.3–5 In contrast, disease-specific measures evaluate health status in the context of a 

specific illness and historically tended to be more responsive to change over time and more 
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easily interpretable by specialists. In HF research, the two most widely used PROMs are 

disease-specific measures: the Kansas City Cardiomyopathy Questionnaire (KCCQ) and the 

Minnesota Living with Heart Failure Questionnaire (MLHFQ).6, 7 In clinical practice, the 

clinician-assigned New York Heart Association (NYHA) Class represents the most 

commonly used HF health status measure. However, NYHA Class crudely measures only a 

portion of health status and represents the clinician’s interpretation of patient symptoms. 

Neither the KCCQ nor the MLHFQ is used routinely in clinical practice.6 In addition, the 

KCCQ and MLHFQ do not capture overall physical, mental, and social health status, which 

is important in conditions such as HF where patients frequently experience multiple illnesses 

and co-morbidities. Because KCCQ and MLHFQ the items are specific to patients with HF, 

they are not as conducive to comparisons across populations with different conditions.

Recently, Schifferdecker et al.8, using knee osteoarthritis as an exemplar condition, 

described the process for creating condition-specific assessments within generic PROMs 

such as PROMIS, so as to capture “the health burden imposed by specific problems” and yet 

retain “the ability to compare across diseases, conditions, populations, and systems.” In the 

case of HF, bringing together generic and HF-specific items into a hybrid, publicly-available 

instrument relevant to patients with HF may facilitate better health status comparisons with 

other conditions and the general population (i.e. those with and without HF), between HF 

subgroups (e.g., those with chronic lung diseases vs. those with diabetes), and within 

individuals over time using shared common items. In contrast to using multiple, proprietary 

generic and disease-specific measures, the use of existing PROMIS items as a base may be 

more conducive to adoption by health systems in routine clinical practice due to ongoing 

efforts by electronic health records vendors, heath system administrators, and researchers to 

integrate PROMIS measures as part of routine care in electronic health records and patient 

portals.9, 10 The objective of this study was to develop a PROM for patients with HF that 

combines relevant, previously-tested generic PROMIS health measures with HF-specific 

item content.

Methods

Using a longitudinal transformation mixed-methods design,11 we conducted a multiple-

phase study to develop and evaluate the PROMIS-Plus-HF profile measure. This study was 

approved by the Internal Review Boards of Dartmouth College, Baylor Scott & White 

Research Institute, The University of Pennsylvania, Maine Medical Center, Mayo Clinic, 

Oregon Health and Science University, and Northwestern University. The other participating 

clinics and hospitals established IRB Authorization Agreements with Dartmouth College. 

All participants provided informed consent. The data that support the findings of this study 

are available from the corresponding author upon reasonable request.

Development of the PROMIS-Plus-HF profile measure

The methods for developing the PROMIS-Plus-HF profile measure were similar to the 

development methods for the PROMIS-Plus measure for knee osteoarthritis; they have been 

previously described in detail, including participant recruitment, patient focus groups, 

clinician semi-structured interviews, item selection, drafting of new items and cognitive 
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testing, and finalizing the profile measure.8 Briefly, measure development was comprised of 

three parts. In part 1, across four sites, eight focus groups were conducted with groups of HF 

patients, and semi-structured phone interviews were conducted with clinicians (Table I in the 

online-only Data Supplement). From June 2014 to August 2014, focus groups and clinician 

interviews were performed by an experienced moderator (Interview Guides included in the 

online-only Data Supplement).

In part 2, all focus group and clinician interviews were transcribed and coded in Dedoose 

(Manhattan Beach, CA)12 by two team members using a thematic analysis approach.13 A 

team of qualitative researchers then conducted a gap analysis to identify content themes 

consistent with existing PROMIS domains, themes not currently addressed by the existing 

domains (gap themes), and themes not relevant for further development, such as being 

relevant for only certain individuals due to their own unique conditions and circumstances. 

For themes that mapped to existing domains, the research team selected high quality, 

relevant PROMIS items from those domains. These items were selected based on a number 

of criteria including clarity, sex or opportunity bias, adequate specificity, and item 

psychometric quality.

All gap themes underwent further detailed review. For gap themes deemed relevant to HF, 

not covered by existing PROMIS items, and measurable by patient report, we drafted new 

items and mapped them to either existing PROMIS domains or categorized them under 

newly created domains, as warranted.

In part 3, all new gap items underwent cognitive testing, as guided by Willis.14 Two 

members of the study team (KS, KC) conducted phone interviews with a subset of 10 HF 

patients from the focus groups. In addition to audio recording each interview, participant 

responses were recorded on a standard form with notes regarding overall comprehension of 

each item and relevance to the participant. Team members discussed the results and decided 

whether to retain, revise, or drop each item. The final set of retained items underwent a 

translatability review in anticipation of future, multi-lingual translations.

Psychometric evaluation of the PROMIS-Plus-HF profile measure

Table 1 defines all of the measure testing categories and subcategories, along with the study 

population, methods of measurements, and statistical approaches we used. Additional testing 

categories that are important but not assessed directly in this study are: interpretability of 

scores, burden of respondent, and alternative modes and methods of administration. We 

assessed content validity during the profile measure development phase of the study. We 

evaluated all PROMIS-Plus-HF items and domains for reliability and construct and 

criterion-related validity with a cross-sectional sample and responsiveness with a 

longitudinal design.

Additional measures for validity testing

We used the KCCQ and PROMIS Global Health for additional validity testing. The KCCQ 

is a 23-item, self-administered measure that quantifies physical function, symptoms 

(frequency, severity and recent change), social function, self-efficacy and knowledge, and 

quality of life in patients with HF.15 The PROMIS Global Health measure is a generic 

Ahmad et al. Page 4

Circ Heart Fail. Author manuscript; available in PMC 2020 June 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



instrument that assesses an individual’s physical, mental, and social health. This 10-item 

measure asks participants about their overall health (1 item), quality of life (1 item), physical 

health and physical functioning (2 items), social activities (2 items), mental health (2 items), 

fatigue (1 item), and pain (1 item).16–18 Two scores are produced: Physical Health and 

Mental Health.

Cross-sectional sample, including a subset of test-retest participants—
Participants in the cross-sectional sample were identified and recruited by the online panel 

company Opinions4Good (Op4G; Portsmouth, NH). Op4G emailed potential participants 

and determined eligibility based on responses to a series of screening questions (Table 2). 

We estimated a sample size of 600 participants would enable accurate and stable reliability 

testing and sufficient power for validity testing.19 To ensure a broad and diverse population, 

we specified quotas for age, sex, race/ethnicity, and self-reported functional status. 

Participants were recruited on a rolling basis until each quota was satisfied. Eligible 

respondents were included in the study and asked to complete the measures. We 

administered a survey retest to a sub-sample of 100 respondents three to seven days 

following their baseline survey administration. All participants were given a nominal fee for 

their participation. Responses were collected June to July 2015.

Longitudinal sample—Across eight health systems (Table I in the in the online-only 

Data Supplement), we identified participants via medical records with HF who met specified 

inclusion and exclusion criteria and fit into one of the following five treatment categories 

that would likely have improvement in HF-related symptoms and health status between 

baseline and follow-up three months later: 1) initiation of guideline-directed medical therapy 

after new HF diagnosis or first hospitalization; 2) cardiac rehabilitation for chronic stable 

HF; 3) initiation of cardiac resynchronization therapy; 4) implantation of left ventricular 

assist device; and 5) recent discharge after hospitalization primarily for HF (Table 2). In the 

fifth “recent HF discharge” group, to identify a select group of patients with a higher 

likelihood of improvement in functional status and a lower likelihood of adverse events, we 

excluded patients with a prior admission for HF within thirty days or if they had been 

discharged on home inotropes. These five treatment categories and the specific patient 

enrollment and follow-up times (Table II in the online-only Data Supplement) were selected 

by the research team, which included two HF clinicians.

We tailored recruitment protocols for each clinic and treatment pathway. Typically, 

recruitment involved an initial contact with eligible patients during a scheduled appointment 

or hospital stay, with follow-up by phone, email, or a mailed letter. Recruited participants 

were asked to complete the longitudinal survey at baseline and at three months after 

baseline. Patients were given two main options for completing electronic surveys at baseline 

and follow-up: at-home via an emailed link or in-clinic on an iPad provided by the study. We 

took several steps to reduce follow-up attrition, including increasing incentives from 

baseline ($20) to follow-up ($30), issuing a paper follow-up survey to accommodate HF 

patients without in-clinic follow-up appointments, and facilitating training and networking 

across research coordinators at participating sites to improve participant retention. We 

considered participation in the profile measure-testing to be complete when at least 80% of 
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the HF survey had been answered. The baseline and 3-month follow-up surveys were 

collected from July 2015 to March 2017.

Psychometric Analyses

Initial psychometric assessment:  In the cross-sectional sample, we summarized results per 

measure (e.g., mean; standard deviation) and conducted classical item analyses (e.g., inter-

item correlation, item-adjusted total score correlation).20 We created raw summed scores for 

each domain and identified minimum and maximum possible scores. Raw summed score 

distributions of measures were graphically displayed to determine their nature (i.e., normal 

vs. skewed or having excess kurtosis). Internal consistency reliability was assessed using 

Cronbach’s alpha, considering coefficients ≥ 0.70 to be adequate reliability for conducting 

group comparisons; and coefficients ≥ 0.90 as having adequate reliability for individual 

comparisons.21 Using a subset of n=100 cases from the cross-sectional data, we evaluated 

test-retest reliability using intraclass correlation coefficients (ICCs).

For all domains with at least four items, we conducted categorical confirmatory factor 

analysis (CCFA) to assess the dimensionality of each measure; we used polychoric 

correlations, the Mplus weighted least square mean-variance adjusted estimator, and cases 

without missing responses in our CCFA analyses. A single factor model was run per 

measure, and overall model fit was reviewed using published standards for excellent fit: 

Comparative Fit Index ≥0.95, Tucker-Lewis Index ≥0.95, root mean square error of 

approximation <0.06, and weighted root mean residual <1.00).22, 23 For our Comparative Fit 

Index, Tucker-Lewis Index, and root mean square error of approximation fit indices, we used 

each CCFA model’s reported scaled Satorra-Bentler chi-square value in our fit index 

estimation.

Using modern measurement theory approaches, we evaluated item response theory (IRT) 

modeling assumptions (e.g., local independence, monotonicity, item fit) and assessed 

differential item functioning (DIF) by select factors.24–26 DIF analyses investigate whether 

item performance is impacted by subgroup membership status (e.g., do males and females of 

equivalent domain health status respond differently to items due solely to their gender 

status?). Because of the need to incorporate new items into existing measures that had been 

developed from IRT graded response model estimation, we employed the graded response 

model for all IRT-based analyses. On domains with ≥ 4 items, DIF was assessed for sex, age, 

and education level, where sufficient subgroup sample sizes (minimum n=200) existed. DIF 

score impact was studied using unadjusted vs. DIF-adjusted theta estimates25 derived from 

lordif analysis,27 comparing theta differences by median standard error and effect size 

criteria.25, 28

Construct and known-groups validity:  Because there are no gold standard measures that 

can serve as validity measures for each of the domains in the PROMIS-Plus-HF profile 

measure, we used a combination of subscale scores from the KCCQ and scores from 

PROMIS Global Health Physical and Mental as comparators. In the cross-sectional sample, 

we conducted convergent validity analyses using Pearson r and Spearman rho correlations 

(to account for skewed score distributions) with PROMIS-Plus-HF domains (Physical 
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function; Symptoms; Life satisfaction; Satisfaction with social roles and activities; Ability to 

engage in social roles and activities) and KCCQ subscores (KCCQ: Physical Limitation, 

KCCQ: Symptom Severity; KCCQ: Quality of Life; and KCCQ: Social Limitation) and 

defined convergent validity as r or rho > 0.60.15, 29, 30 We conducted divergent validity 

analyses by comparing PROMIS-Plus-HF domains (Physical function; Symptoms; 

Satisfaction with social roles and activities; Ability to engage in social roles and activities) 

with KCCQ: self-efficacy and defined divergent validity as r or rho < 0.30.

We then conducted known-groups validity testing by using analysis of variance (ANOVA) to 

compare PROMIS-Plus-HF profile measure scores of patients with (a) low PROMIS Global 

Health Physical scores (i.e., lowest tertile raw scores, from 4 to 10) vs. high Global Health 

Physical scores (highest tertile raw scores, from 14 to 20) and (b) low Global Health Mental 

scores (lowest tertile raw scores, from 4 to 10) vs. high Global Health Mental scores (highest 

tertile raw scores, from 14 to 20).16–18

Confirmatory Validation Testing:  Using a similar approach, we conducted additional 

psychometric assessment and construct and known-groups validity testing in the baseline 

sample of participants enrolled the longitudinal sample. These analyses included measure 

summary statistics, internal consistency reliability testing, and construct and known-groups 

validity testing.

Responsiveness:  We investigated within-person score changes from baseline to 3-month 

follow-up status using paired t-tests for each measure domain. We also compared 

responsiveness in the PROMIS-Plus-HF domains (Physical function; Symptoms; Life 

satisfaction; Satisfaction with social roles and activities; Ability to engage in social roles and 

activities) with similar KCCQ subscores (KCCQ: Physical Limitation, KCCQ: Symptom 

Severity; KCCQ: Quality of Life; and KCCQ: Social Limitation).

Handling missing data:  Data were collected electronically to minimize missing data and 

allow for real-time tracking to identify potential issues. The survey was programmed to 

encourage, but not require, responses to all items. We employed a combination of strategies 

to address issues of missingness related to non-response. In general, for item-based analyses 

we used complete data and did not impute individual missing item responses. For score-

based analyses, we computed total scores for established measures based on their existing 

scoring algorithms that accounted for possible missing item responses. For new measures, 

we computed total scores using simple proration, when a minimum of 50% of a domain’s 

items had been completed.

Results

Development of the PROMIS-Plus-HF profile measure

We conducted eight focus groups with total of 61 patients with HF at the hospitals and 

clinics where they receive care and phone interviews with physicians (n=5) and nurse 

practitioners (n=5) specializing in HF from two sites (Dartmouth-Hitchcock Medical Center 

and Oregon Health & Science University Hospital) (Figure 1). Basic demographic 

information on the 61 patients are summarized in Table 3. Analyses of these interviews led 
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to the identification of 231 unique codes. No new domains or items were identified from 

analysis of the clinical interviews; thus, we included focus group data only in subsequent 

analyses. After removing codes not relevant for further development, we mapped 93 codes to 

existing PROMIS measures within 13 domains, and identified 38 gap items that required 

measure development and mapping to either new or existing domains. After the iterative 

process of item review, drafting, revision, and cognitive testing of new items with 10 

patients, the final profile measure was comprised of 86 (64 existing; 22 new) items from 18 

domains, as shown in Table 4. Each item, except for items in the Dyspnea domain, is on a 5-

point Likert scale (0–5) with the domain score equal to the sum of all items within the 

domain. The Dyspnea is on a scale of 1 to 4 with 5 as “I did not do this in the past 7 days.” 

All of the items are shown in Table III in the online-only Data Supplement. Readability 

assessment using the Lexile Analyzer® indicated that new items were interpretable at a 

fourth grade level; note that existing PROMIS items aim to be at a sixth grade or lower 

reading level.31, 32 In addition, based on the actual time it took respondents in the cross-

sectional sample to complete the survey and on conservative estimates for typical PROMIS 

instrument completion of six items in one minute, we estimate that the PROMIS-Plus-HF 

instrument in its entirety takes about 14 to 15 minutes to complete. However, the profile 

measure was designed to be a library of measures; thus, the completion time will depend on 

the number of items selected by the researcher or clinician.

Testing of the PROMIS-Plus-HF profile measure

Table 3 summarizes the demographics of the focus groups (N=61), cross-sectional sample 

(N=600), and the longitudinal sample (N=75). In the cross-sectional sample, the mean age 

was 54 years. Nearly half of the cross-sectional respondents were female (45%), and 19% 

were black. The final longitudinal sample was comprised of 75 participants who completed 

both the baseline and follow-up surveys. In the longitudinal sample the mean age was 58 

years. Nearly half of longitudinal participants were female (47%), and 43% identified as 

black or African American. In Figure I in the online-only Data Supplement, we depict the 

participant flow in the longitudinal sample and reasons for attrition from the 195 patients 

who originally enrolled and completed the baseline survey to the 75 patients who completed 

the longitudinal follow-up survey.

Initial psychometric analyses—We calculated raw summed scores for each domain and 

determined measure means, standard deviations, medians, minimums, maximums, and score 

distribution skewness and kurtosis; results are presented per domain in Table IV in the 

online-only Data Supplement. The score distributions were approximately normal, although 

some evidence of slight skewness and kurtosis was observed. Internal consistency reliability 

(Cronbach’s alpha) ranged from 0.52 (Life Satisfaction) to 0.94 (Depression); 12 of 17 

domains (Anger is a 1-item measure) had alphas ≥ 0.70 (Table 5). The average inter-item 

correlation for the HF measures ranged from 0.36 (Life Satisfaction) to 0.71 (Depression). 

Measures with internal consistency < 0.70 (Health Behavior Outcomes, Cognitive Abilities, 

Life Satisfaction, Independence, and Social Isolation) tended to be shorter (two or three 

items in length) and have lower average inter-item correlations (ranging from 0.36 to 0.52) 

than the other HF measures.
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For the test-retest reliability analyses of a subset of 100 individuals from the cross-sectional 

sample, the ICC estimates (including both systematic and random error) for the HF 

measures also demonstrated excellent test-retest reliability: They ranged from 0.90 

(Independence) to 0.99 (Anxiety, Satisfaction with social roles and activities), with no ICC 

estimate <0.90. The ICCs (systematic + random vs. random error only) exhibited little to no 

differences (Table V in the online-only Data Supplement).

We performed CCFA analyses on the nine domains with a minimum of four items (Table VI 

in the online-only Data Supplement). Six of nine domains demonstrated excellent 

Comparative Fit Index and Tucker-Lewis Index-assessed model fit, with index values ≥ 0.95. 

Model fit results based on root mean square error of approximation and weighted root mean 

residual indices indicated either good or excellent model fit. Overall, model fit indices 

provided evidence supportive of essential unidimensionality. No significant violations of IRT 

assumptions (including local independence, monotonicity, and item fit) were observed (data 

not shown). We conducted DIF studies using three factors, based on the availability of 

sufficient subgroup sample sizes (minimum n=200): sex (male vs. female), age (≤55 vs. 

>55), and education level (completed college or not). In Stage 1 of the DIF studies, during 

which items were flagged for potential DIF, no items were identified involving the three 

studied DIF factors for the HF measures analyzed. Therefore, no DIF Stage 2 analyses (i.e., 

DIF score impact studies) were conducted (Table VII in the online-only Data Supplement).

Construct and known-groups validity: For the expected convergent validity analysis, the 

evidence supported the convergent validity (r or rho > 0.60) of the PROMIS-Plus-HF 

Physical function measure with KCCQ Physical Limitation (r/rho=0.71/0.62); the PROMIS-

Plus-HF Symptom measure with KCCQ: Symptom Severity (r/rho=0.66/0.58); and the 

PROMIS-Plus-HF Life satisfaction with KCCQ: Quality of Life (r/rho=0.62/0.56). The 

KCCQ: Social Limitation measure was correlated with the PROMIS-Plus-HF Satisfaction 

with social roles and activities (r/rho=0.62/0.56) and the Ability to engage in social roles and 

activities (r/rho=0.60/0.52) measures. For the divergent validity analysis, the PROMIS-Plus-

HF domains (Physical function; Symptoms; Life satisfaction; Satisfaction with social roles 

and activities; Ability to engage in social roles and activities) and the KCCQ: self-efficacy 

had r or rho < 0.3.

For the Global Health Physical known-groups validity comparison, members of the high-

tertile score group had statistically significantly better domain status scores for all HF 

domains measured except Health Behavior (Table VIII in the online-only Data Supplement). 

For the Global Health Mental high vs. low tertile score group comparison, members of the 

high-score group had statistically significantly better domain status scores for all HF health 

domains measured (Table IX in the online-only Data Supplement).

Confirmatory Psychometric Assessment and Validity Testing: In the 185 participants 

who remained enrolled in the longitudinal sample throughout the study, the measure 

summary statistics, the internal consistency reliability testing, and construct and known-

groups validity testing were all overall similar as shown in Tables X-XV in the online-only 

Data Supplement. Internal consistency reliability (Cronbach’s alpha) ranged from 0.62 

(Symptoms) to 0.96 (Dyspnea); 13 of 17 domains had alphas ≥ 0.70. The average inter-item 
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correlation for the HF measures ranged from 0.37 (Symptoms) to 0.79 (Pain Interference). 

Selected PROMIS-Plus-HF measure domains showed expected convergent and divergent 

validity with KCCQ subscales and known-groups validity with the PROMIS Global Health 

Physical and Mental measure.

Responsiveness: We conducted paired t tests of baseline vs. follow-up HF profile measure 

scores to obtain evidence of within-person change across time. For ten of the domains 

(Dyspnea, Fatigue, Health Behavior Outcomes, Physical Function, Sleep Disturbance, 

Anger, Anxiety, Cognitive Abilities, Life Satisfaction, Satisfaction with Social Roles and 

Activities), HF patients had statistically significantly better domain status scores at follow-

up, compared to their baseline status scores (Table 6). When we compared the 

responsiveness of the PROMIS-Plus-HF domains (Physical function; Symptoms; Life 

satisfaction; Satisfaction with social roles and activities; Ability to engage in social roles and 

activities) with similar KCCQ subscores (KCCQ: Physical Limitation, KCCQ: Symptom 

Severity; KCCQ: Quality of Life; and KCCQ: Social Limitation), we found that three of the 

five PROMIS-Plus-HF domains (Physical function; Life satisfaction; and Satisfaction with 

social roles and activities) showed responsiveness similar to the relevant KCCQ subscores 

(KCCQ: Physical Limitation, KCCQ: Quality of Life; and KCCQ: Social Limitation).

Discussion

We developed and evaluated the PROMIS-Plus-HF profile measure, a publicly-available 

measure that combines health status items from PROMIS and newly developed items with 

content identified through qualitative research with patients and clinicians (Figure 2). 

Overall, the measure exhibited good psychometric characteristics during initial validation 

testing. Approximately 74% of item content already existed in PROMIS items. Nevertheless, 

we identified some important new content and developed items for it, using a mixed-

methods approach. In total, the HF profile measure contains 86 items across 18 domains and 

provides a comprehensive assessment of physical, mental, and social health status for 

patients with HF. These 86 items therefore comprise a comprehensive set of generic 

(PROMIS-based) items combined with disease-specific (“Plus”) items, offering the potential 

for both cross-disease comparability and within-disease specificity. Importantly, the entire 

measure is not intended to be administered at one time; domains should be selected based 

upon the purpose and intended use of a given project.

In a sample of 600 patients with HF, our reliability testing demonstrated good to excellent 

internal consistency in most domains, and excellent test-retest reliability in all domains. Our 

strategy was to retain items deemed important by patients and stakeholders. If items did not 

entirely fit CCFA or IRT models evaluated, they were nevertheless considered for retention 

within a measure or as stand-alone items. Comparisons with KCCQ subdomains and the 

PROMIS Global Physical and Mental measures supported the validity of the PROMIS-Plus-

HF profile measure. Confirmatory reliability and validity testing were repeated using the 

baseline data in the in-person recruited longitudinal cohort from 7 health systems. The 

findings were overall similar as in the 600-person online cross-sectional sample. In the 

analysis of longitudinal data of 75 participants, we observed responsiveness in a subset of 
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domains in a clinical population with expected health status change over time and some 

overlap in responsiveness in comparison to KCCQ subscales.

The PROMIS-Plus-HF profile measure adds to the existing, expansive library of PROMs for 

patients with HF.6, 7 The KCCQ and the MLHFQ comprise the two most commonly used 

PROMs in clinical studies, are highly rated for HF, and have approval by the U.S. Food and 

Drug Administration for use as a medical device development tool; however, neither of these 

measures provides a full assessment of mental and social health.6 One strength of the 

PROMIS-Plus-HF profile measure is that it is a complete assessment of physical, mental, 

and social health status, constructed on the foundation of the extensively tested PROMIS 

generic health measures. The use of PROMIS as a foundation may facilitate implementation 

in a health system as part of routine care and enable comparisons across groups with 

different conditions.

The PROMIS-Plus-HF measure is a relatively long survey with a large number of items and 

domains. Fortunately, the modular nature of the PROMIS system—which has been 

extensively tested, used frequently in research studies, implemented in a small number of 

health systems, and incorporated into selected electronic health record systems by vendors—

allows one to select the clinically most relevant content for any given setting or context.
3, 4, 10 Thus, the entire profile measure need not be administered in practice. This is a notable 

difference from the KCCQ and MLHFQ questionnaires. For example, with PROMIS-Plus-

HF, if the measure is implemented within a health system, a minimum set of items could be 

kept constant, but then patients could choose additional domains or items to track based on 

their preferences. This would retain measures that are important for clinicians and 

acknowledge what is important to the patient with HF, at the same time allowing health 

systems to collect the minimum set across all patients for system-wide measurement and 

comparisons. Similar strategies could be used in research depending on the focus and 

research questions.

There are several limitations to this study. First, our focus group participants were not fully 

representative of the US general population’s educational, racial, and ethnic diversity. 

However, the cross-sectional and longitudinal samples were more representative. Second, we 

were not able to account for non-respondents in our cross-sectional panel. Third, five 

domains with 2 to 3 items had a Cronbach’s alpha <0.70, which limits reliability of 

longitudinal testing for these domains. Fourth, we were unable to retain the majority of 

respondents with HF in the longitudinal study although there was no difference in mean 

score between those who completed the study and those who dropped out and baseline 

characteristics were overall similar. Fifth, because only nine participants completed the 

measure via paper, we were unable to test if administration of the PROMIS-Plus-HF via 

paper has similar psychometric performance as with electronic administration. Lastly, for 

validity testing of physical function items, we used well-established PROMs, such as KCCQ 

and the PROMIS Global Health measure, instead of objective measures of functional status, 

such as six-minute walk and cardiopulmonary exercise testing, which were beyond the scope 

of this study. Future research will examine with correlation between the PROMIS-Plus-HF 

physical function items and objective clinical measures and perform responsiveness testing 

in a larger sample.
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In summary, we describe the development and initial validation of the PROMIS-Plus-HF 

profile measure—a new, publicly-available PROM for patients with HF that combines 

previously-tested, generic PROMIS health measures with HF-specific items. This study 

represents the initial development and validation of this measure. In addition to further 

reliability, validity, and responsiveness testing, future measure development should test 

strategies to improve its usability by reducing the number of items required for typical 

administration while maintaining measurement strengths. These strategies include the 

development of computer-adaptive testing models, the creation of a short-form version, and 

the development of summary scores for physical, mental, and social health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is New?

• We developed and validated a novel, patient-reported outcome measure of 

physical, mental, and social health of patients with heart failure built upon 

The Patient-Reported Outcomes Measurement Information System 

(PROMIS), a validated set of person-centered measures used across the 

world.

• The PROMIS-Plus-HF profile measure is a library of measures and items; 

users can select subsets of domains and items and create customized short 

form versions based on the clinical need or research question.

What are the Clinical Implications?

• The PROMIS-Plus-HF profile measure will enable clinicians and researchers 

to obtain customized information on the physical, mental, social health of 

patients with heart failure.

• These data can be used for myriad purposes, including enhancing quality of 

care, comparing new interventions, and improving shared-decision making.
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Figure 1. Gap analysis and item selection:
Analysis of interviews with 61 patients from 8 focus groups identified 231 unique codes. 

Through an iterative process, a total of 86 items across 18 domains were identified. 

Approximately 74% of item content already existed in PROMIS items. PROMIS = Patient-

Reported Outcomes Measurement Information System. SR&A=Social Roles and Activities.
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Figure 2. The PROMIS-Plus-HF profile measure: a complete assessment of physical, mental, and 
social health for patients with heart failure.
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Table 3.

Characteristics of samples for measure development and testing

Focus Group, N=61  Cross-sectional sample, N=600 Longitudinal sample, N=75

Age, years, mean (SD)

68 (13) 54 (14) 58 (12)

Sex, N (%)

 Female 24 (39) 270 (45) 35 (47)

 Male 37 (61) 330 (55) 40 (53)

Race, N (%)

 American Indian or Alaska Native 1 (2) 17 (3) 1 (1)

 Asian 0 (0) 39 (7) 1 (1)

 Black or African American 4 (7) 115 (19) 32 (43)

 Native Hawaiian or Pacific Islander 0 (0) 1 (<1) 0 (0)

 White 55 (90) 401 (67) 38 (51)

 Some other race - 20 (3) 0 (0)

 More than one race 0 (0) 7 (1) 0 (0)

 Unknown or Not Reported 1 (2) 0 (0) 3 (4)

Ethnicity, N (%)

 Hispanic or Latino 1 (2) 171 (29) 2 (3)

 Not Hispanic or Latino 60 (98) 429 (72) 73 (97)

Region of Enrollment, N (%)

 Midwest 32 (52) - 14 (19)

 Northeast 14 (23) - 8 (11)

 Pacific 15 (25) - 15 (20)

 South 0 (0) - 38 (51)

Education Level, N (%)

 Did not complete high school 6 (10) 4 (0.7) 9 (12)

 High school diploma or equivalent 6 (10) 73 (12) 23 (31)

 Some college 19 (31) 154 (26) 21 (28)

 Graduated college or higher 30 (49) 369 (61.5) 22 (29)

Categories, N (%)

 New diagnosis or first hospitalization - - 11 (15)

 Cardiac rehabilitation - - 5 (7)

 Cardiac resynchronization therapy - - 5 (7)

 Left ventricular assist device - - 11 (15)

 Hospitalization primarily for heart failure - - 43 (57)

Clinical Characteristics, N (%)

 Diabetes - 80 (13) 28 (37)

 Chronic obstructive lung disease - 40 (7) 15 (20)

 Depression - 59 (10) 13 (17)

 Chronic kidney disease - 16 (3) 27 (36)

 NYHA Class
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Focus Group, N=61  Cross-sectional sample, N=600 Longitudinal sample, N=75

  Class I - - 4 (5)

  Class II - - 14 (19)

  Class III - - 27 (36)

  Class IV - - 6 (8)

  Not available - - 24 (32)

 Left ventricular ejection fraction < 50% - - 54 (72)
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Table 4.

Summary of domains and items for PROMIS-Plus-HF profile measure

Domain Measure (n=18) Domain includes new 
items

# Items Total # Items Existing # New Items Range*

PHYSICAL

Dyspnea No 10 10 0 10–40

Fatigue Yes 11 10 1 11–55

Health Behavior Outcomes Yes 3 0 3 3–15

Pain Interference No 2 2 0 2–10

Physical Function No 10 10 0 10–50

Sleep Disturbance No 6 6 0 6–30

Symptoms Yes 3 0 3 3–15

MENTAL

Anger Yes 1 0 1 1–5

Anxiety Yes 5 0 5 5–25

Cognitive Ability No 3 3 0 3–15

Cognitive Function No 3 3 0 3–15

Depression No 6 6 0 6–30

Illness Burden Yes 4 0 4 4–20

Life Satisfaction Yes 2 0 2 2–10

SOCIAL

Ability to Participate in Social Roles and 
Activities No 6 6 0 6–30

Independence Yes 3 0 3 3–15

Satisfaction with Social Roles and Activities No 6 6 0 6–30

Social Isolation No 2 2 0 2–10

TOTAL 86 64 22

*
Each item except for Dyspnea item is on a Likert scale ranging from 1 to 5. Dyspnea is on a scale of 1 to 4 with 5 as “I did not do this in the past 7 

days.” The domain score is the sum score of the individual items.
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Table 5.

Internal Consistency Reliability of the PROMIS-Plus-HF measure using cross-sectional sample data

Inter-item Correlation
Item-adjusted

Total Correlation

Domain Measure # items alpha Average Min Max Min Max

PHYSICAL

Dyspnea 10 0.92 0.55 0.28 0.73 0.49 0.79

Fatigue 11 0.90 0.44 0.10 0.74 0.24 0.78

Health Behavior Outcomes 3 0.68 0.42 0.29 0.50 0.44 0.61

Pain Interference 2 0.76 0.62 0.62 0.62 0.62 0.62

Physical Function 10 0.90 0.49 0.06 0.68 0.37 0.77

Sleep Disturbance 6 0.88 0.55 0.41 0.73 0.61 0.77

Symptoms 3 0.72 0.47 0.43 0.53 0.50 0.58

MENTAL

Anger 1

Anxiety 5 0.86 0.55 0.51 0.61 0.64 0.71

Cognitive Abilities 3 0.64 0.37 0.17 0.59 0.29 0.62

Cognitive Function 3 0.87 0.70 0.69 0.71 0.75 0.76

Depression 6 0.94 0.71 0.64 0.78 0.75 0.85

Illness Burden 4 0.84 0.57 0.43 0.70 0.55 0.77

Life Satisfaction 2 0.52 0.36 0.36 0.36 0.36 0.36

SOCIAL

Ability to Engage in Social Roles and Activities 6 0.90 0.59 0.46 0.72 0.58 0.78

Independence 3 0.66 0.40 0.26 0.58 0.35 0.58

Satisfaction with Social Roles and Activities 6 0.88 0.54 0.32 0.71 0.46 0.76

Social Isolation 2 0.68 0.52 0.52 0.52 0.52 0.52

Alpha = Cronbach’s alpha
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