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Abstract

The Patient Reported Outcomes Measurement Information System (PROMIS) initiative is a 

comprehensive strategy by the National Institutes of Health to support the development and 

validation of precise instruments to assess self-reported health domains across healthy and 

disease-specific populations. Much progress has been made in instrument development but there 

remains a gap in the validation of PROMIS measures for pediatric chronic pain. The purpose of 

this study was to investigate the construct validity and responsiveness to change of seven 

PROMIS domains for the assessment of children (ages 8-18) with chronic pain – Pain 

Interference, Fatigue, Anxiety, Depression, Mobility, Upper Extremity Function and Peer 

Relationships. PROMIS measures were administered at the initial visit and two follow-up visits at 

an outpatient chronic pain clinic (CPC; N=82) and at an intensive amplified pain day-treatment 

program (AMP; N= 63). Aim 1 examined construct validity of PROMIS measures by comparing 

them with corresponding “legacy” measures administered as part of usual care in the CPC sample. 

Aim 2 examined sensitivity to change in both CPC and AMP samples. Longitudinal growth 
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models showed that PROMIS Pain Interference, Anxiety, Depression, Mobility, Upper Extremity 

and Peer Relationship measures and legacy instruments generally performed similarly with 

slightly steeper slopes of improvement in legacy measures. All seven PROMIS domains showed 

responsiveness to change. Results offered initial support for the validity of PROMIS measures in 

pediatric chronic pain. Further validation with larger and more diverse pediatric pain samples and 

additional legacy measures would broaden the scope of use of PROMIS in clinical research.
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Introduction

The Patient Reported Outcomes Measurement Information System (PROMIS) was initiated 

by the National Institutes of Health to develop and validate patient-reported outcomes 

(PROs) for use in clinical research and patient care. Traditionally, PROs have not been 

standardized to allow for meaningful comparison across clinical trials or patient populations, 

impose high respondent burden, may show lack of sensitivity to change, and demonstrate 

floor/ceiling effects. PROMIS aims to address these shortcomings by using a rigorous mixed 

methods approach, including item response theory (IRT) in scale development. IRT rests on 

the assumption (and careful testing) of invariance which enables comparison of results 

across studies. Calibration is at the level of individual items - which allows for computerized 

adaptive testing or use of parsimonious “short forms” of informative items, thereby reducing 

respondent burden. IRT yields a smaller standard error of measurement resulting in 

measures that have increased precision and are more sensitive to change - thus requiring 

fewer subjects to detect differences between treatment groups [2, 21]. The PROMIS 

Network has successfully applied this rigorous item development process to create several 

item banks for use across adult and pediatric chronic health conditions [1, 3, 21]. However, 

PROMIS measures have not been validated nor has their sensitivity to change been 

evaluated in pediatric chronic pain.

Chronic pain in children is highly prevalent and often associated with pain-related disability 

and reduced quality of life [7,12, 22, 24]. Pain can be widespread (multiple body areas) or 

regional (limited to a single body location) and can encompass a number of different pain 

syndromes (e.g., juvenile fibromyalgia, low back pain). Irrespective of the distinct entity, 

children with chronic pain often report impairments in physical, school, social, and 

emotional functioning [5, 7-10, 15, 20] and treatment is generally focused on functional 

rehabilitation consisting of physical therapy and cognitive-behavioral approaches. The 

etiologies of chronic pain are often uncertain and there are no objective disease markers, 

therefore assessment of clinical status requires heavy reliance on self-report of internal 

symptoms. Because the assessment is so highly dependent upon self-reports of pain and 

function, it is of great importance that PROs used be well-validated and responsive to 

change. Yet the field lacks consistency in which measurement scales are being used, making 

comparisons across studies very challenging.
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The primary aim of this study was to evaluate the construct validity of PROMIS pediatric 

measures in children presenting for outpatient treatment of chronic pain by examining the 

congruence between PROMIS measures and corresponding legacy scales (i.e., validated 

measures currently administered in the clinic) over the course of outpatient treatment. It was 

hypothesized that there would be good congruence between the longitudinal trajectories of 

PROMIS measures and corresponding legacy scales measured at baseline and 2 follow-up 

assessments. The second aim was to examine the responsiveness to change of pediatric 

PROMIS measures in patients seen at two different chronic pain treatment settings: an 

outpatient clinic and an intensive day program. Differential rates of change in PROMIS 

scores were anticipated, with the more intensive day-treatment program yielding faster 

improvement.

Methods

Participants

Children and adolescents with chronic pain were recruited for this study from an outpatient 

multi-disciplinary pediatric Chronic Pain Clinic (CPC) (Aims 1 and 2) at a Midwestern 

children’s hospital and an intensive day program, the Amplified Musculoskeletal Pain 

Program (AMP) (Aim 2) at a Northeastern children’s hospital between October 2010 and 

January 2012. Patients were eligible if they were between the ages of 8 and 18 years, fluent 

in English and had been diagnosed by a pediatric pain physician or board certified pediatric 

rheumatologist to have a chronic pain condition (e.g., low back pain, widespread pain or 

fibromyalgia, complex regional pain or amplified regional pain). Children with a 

documented developmental delay or severe psychopathology (e.g., untreated bipolar 

disorder, psychosis) that would interfere with comprehension or accurate completion of self-

report measures were excluded.

Procedure

Eligible patients were identified for the study through review of hospital electronic medical 

records or by referral from the physicians in each of the pain clinics. A research coordinator 

approached the family at a clinic visit and if they were interested in participating, the study 

was explained to them and any questions or concerns were addressed. Patients were assured 

that their clinical care would not in any way be affected regardless of their participation in 

the study. Written assent and consent were obtained from the participant and parent/legal 

guardian for this study which had Institutional Review Board approval at each of the sites.

Treatment Settings—Both the CPC and AMP programs followed an approach geared 

towards improving function and reducing pain using a multidisciplinary plan including 

medical assessment and monitoring (pain medications are included in the CPC program but 

not in the AMP program), physical/occupational therapy and cognitive behavioral therapy 

[4, 11, 16, 19, 23, 29]. The programs varied in intensity and duration. The outpatient CPC 

program is structured such that new patients undergo evaluation by a multidisciplinary team 

including a pain physician, nurse, physical therapist, and pain psychologist. A 

multidisciplinary plan is made with the patients and families based on information derived 

from history, physical exam, and relevant testing and radiographic data. Patients are 
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typically referred for physical therapy 1-3 times a week and the duration tailored to the 

patients’ progress and tapered over time as the patient gains independent functioning. The 

cognitive behavioral therapy protocol recommended for most patients involves a series of 

approximately 4-6 weekly individual coping skills training sessions with the patient, 

supplemented with parental involvement (as clinically indicated) to enhance use of coping 

skills at home and to address school and social issues. Medication treatment is tailored to the 

patients’ needs and ranged from none to muscle relaxants, anti-inflammatory agents, 

neuropathic medications, and opioids.

The AMP program is an intensive multidisciplinary day-treatment program for patients with 

musculoskeletal pain with a strong focus on physical and occupational therapy (2-3 hours of 

each therapy, five days a week). Additionally, patients participate in a minimum of 2 hours 

of music and art therapy each week, as well as 2-3 hours of cognitive behavioral therapy and 

family therapy as indicated. Both CPC and AMP programs address not only the patient’s 

physical symptoms, but also psychosocial and school issues, with long-term goals being 

reintegration into school, functioning at an age-appropriate level of motor skills, 

improvement in activities of daily living and social situations, and referrals for continued 

psychosocial support as needed.

Assessment Protocols—All patients completed initial study assessments at their first 

outpatient CPC clinic visit or upon admission into the AMP program. Two additional 

assessments were completed at follow-up, the timeframes for which varied by site to reflect 

the differing courses of treatment. Specifically, follow-up assessments for the outpatient 

CPC program were conducted at clinic visits approximately 3-5 months and 6-12 months 

following the initial assessment. For the intensive AMP day-treatment program, the second 

assessment was completed at the time of discharge from the program, usually 3-4 weeks 

after the first assessment, and the third assessment was completed at a follow-up clinic visit 

approximately 6 months after completion of the program.

At initial assessment, basic demographic and clinical information was obtained which 

included age, sex, race, ethnicity, and diagnosis. Study questionnaires were administered via 

computer (PROMIS measures) and on paper (legacy measures). At both study sites, 

PROMIS pediatric short forms of the Pain Interference, Mobility, Upper Extremity, Anxiety, 

Depressive Symptoms, Fatigue, and Peer Relationships domains were administered on the 

computer. Legacy measures were administered only at the outpatient CPC and based on the 

standard clinical assessment battery which consisted of - the Functional Disability Inventory 

(FDI), Pain Intensity 0-10 Numeric Rating Scale, Pediatric Quality of Life Inventory 

Generic Core Scales (PedsQL™) and the Children’s Depression Inventory (CDI). Short-form 

PROMIS measures and their corresponding legacy measures are listed in Table 1. At follow-

up visits, patients completed the identical PROMIS short form measures (CPC and AMP 

program) and legacy measures (CPC clinic). Each assessment took approximately 20-30 

minutes and the patients were allowed to take breaks as needed. For each assessment, the 

child or adolescent was given a cash incentive ($10) for time and effort in the study.
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Measures

PROMIS Pediatric Short Forms—PROMIS Short Form measures included the Version 

1.0 pediatric self-report versions of physical, mental, and social health that were potentially 

relevant for use in pediatric chronic pain populations, i.e. Pain Interference (8 items), 

Mobility (8 items), Upper Extremity Function (8 items), Anxiety (8 items), Depressive 

Symptoms (8 items), Fatigue (10 items), and Peer Relationships (8 items). Even though 

impairment in upper extremity function is relatively infrequent in chronic pain clinics, this 

measure was included because it was used as part of a larger investigation comparing the 

performance of PROMIS instruments in various painful pediatric conditions including those 

where upper extremities may be affected, e.g., juvenile arthritis. Each measure was 

developed to be a unidimensional assessment of the construct using only the most 

informative items. Response format is consistent across measures and is based on a 5-point 

Likert scale with the anchors “Never” (0) and “Almost always” (4). Raw score totals on 

each measure can be converted to a T-score using look-up tables. More information on these 

measures can be found at www.nihpromis.org.

Legacy Scales

Functional Disability Inventory – Child Version: The FDI is a 15-item self-report 

inventory developed to assess perceived difficulty in the performance of daily activities in 

home, school, recreational, and social domains [28]. The FDI is one of the most widely 

available questionnaires to assess disability in school-age children with chronic pain. Scores 

range from 0-60 with higher scores indicating greater disability. Healthy controls report a 

mean score of 3 on the FDI, whereas patients with chronic pain typically report total scores 

between 12-25, depending on the population [6, 22, 28].

PedsQL™ Version 4.0 Generic Core Scales, Child or Teen Report (PedsQL™): The 

PedsQL™ is a widely used 23-item, self-report questionnaire assessing children’s (5-7, 8-12 

years) and adolescents’ (13-18 years) perceptions of health-related quality of life across four 

domains: physical, emotional, social, and school functioning. Responses are made on a 5-

point Likert scale, from 0 (Never a problem) to 4 (Almost always a problem). The measure 

yields subscale scores on the four domains and a total summary score (0-100) [25-27]. The 

PedsQL has been shown to differentiate healthy from chronically ill children and 

adolescents [26].

Children’s Depression Inventory (CDI): The CDI is a 27-item scale assessing symptoms 

of depression in children and has been used extensively in the assessment of mood in 

children with chronic pain [13, 14, 17]. It yields a total score and subscale scores on 

negative mood, interpersonal problems, ineffectiveness, anhedonia, and negative self-

esteem. Separate norms are available for boys and girls ages 7-12 and 13-17.

Statistical Analyses

Aim 1: To determine construct validity of pediatric PROMIS measures—Parallel 

process longitudinal growth models (LGM) were employed to examine congruence between 

PROMIS measures and corresponding legacy scales over the course of treatment. This 

statistical approach was selected for several reasons. Similar to other approaches (e.g., 
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within-subjects ANOVA), LGMs can estimate the average level at which children start the 

study (the intercept) and the average change in PROMIS and legacy measures’ scores over 

time (the slope). LGMs also offer several other advantages: 1) they can empirically describe 

the amount of variance in scores (across children) at baseline (intercept variance) and the 

amount of variance in change across time (slope variance). In this way, LGMs properly 

account for dependence in the data (multiple observations on the same children), estimate 

change, and describe variance. 2) Parallel process LGMs can simultaneously estimate 

change in two (or more) measures across time and allow one to directly compare the amount 

of change across time. 3) They also provide an estimate of the size of the correlation 

between two processes’ slopes. 4) LGM’s utilize all available data (individuals can have 

missing data for one or more time points) and unequal amounts of time between 

observations across individuals is easily accommodated. Thus, these models provide a 

powerful method to examine congruence between PROMIS measures and corresponding 

legacy measures over time.

In this study, parallel process LGMs were estimated for 6 domains assessed by PROMIS 

(Pain Interference, Mobility, Upper Extremity Function, Depressive Symptoms, Anxiety, 

and Peer Relationships) and related legacy measures administered at the CPC clinic. There 

was no legacy measure for the Fatigue domain; hence the validity of this construct was not 

tested in this Aim. For all other measures, we examined the average amount of change in 

each construct across time, the amount of variance in each construct at the study’s start, the 

amount of variance in each construct’s trajectory, the extent to which a child’s initial value 

on a PROMIS measure predicted a child’s initial value on the corresponding legacy 

measure, and the extent to which a child’s change on a PROMIS measure predicted a child’s 

change on the corresponding legacy measure. In the models, we coded “time” as the number 

of months from an individual’s initial visit. Mplus 7.1 [18] was used to estimate the LGM 

models. For all models, we ensured that the assumptions associated with LGM parallel 

process models (e.g., heteroscedasticity, influence, leverage, etc.) were met. Effects of child 

age were tested for all models and found not to be statistically significant. Therefore, age 

was not used a covariate in the final models.

Aim 2: Responsiveness/sensitivity of pediatric PROMIS measures to change
—To examine the responsiveness to change of the pediatric PROMIS measures, single 

process LGMs were employed. In these models, we examined change across time and 

whether differential treatment setting (outpatient CPC vs. AMP intensive day program) was 

associated with different initial levels and different rates of change (as hypothesized). We 

first fit unconditional growth models (no predictors other than time) to assess the average 

trajectory over time and the inter-individual variability. We then fit two conditional models: 

the first included site (CPC, AMP) as predictor and the second conditional model included 

the site by time interaction.

Results

A total of 145 participants were enrolled and completed baseline assessments (CPC N=82, 

AMP N=63). The majority of the patients (83.3%) were female and White/Caucasian 

(93.8%). The mean age of the patients was 14.56 years (SD = 2.38). The sample consisted of 
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a mixed group of primarily musculoskeletal pain conditions with patients reporting pain in 

the following body locations: generalized musculoskeletal pain (45.5%), back pain (24.8%), 

lower extremity pain (22.1%), upper extremity pain (4.1%), neck pain (2.1%) and upper and 

lower extremity pain (1.4%). Due to differences in nomenclature in the CPC and AMP 

programs, diagnostic groupings such as fibromyalgia or complex regional pain were not 

used. Retention of CPC participants at first follow-up was 70.7% and 52.4% for the second 

follow-up, which is typical for a CPC outpatient clinic. Retention of AMP participants at 

first follow-up was 100% and 87.1% for the second follow-up, which is reflective of higher 

retention for the shorter, more intensive course of treatment in the AMP program.

Construct validity of PROMIS measures (fixed effect models)

The fixed effects (slopes and intercepts) for each PROMIS domain and their corresponding 

legacy measure over time in each parallel process model were examined in the CPC group 

where both PROMIS and legacy measures were administered (Table 2). The slopes 

represent change in scores over time where a negative slope indicates a decrease in the 

construct being measured, and a positive slope indicates an increase in the construct being 

measured. For example, a negative slope for pain interference indicates a reduction 

(improvement) in pain interference scores over time, whereas a positive slope for mobility 

represents an improvement in physical function scores over time. In each of the six models 

examined, PROMIS and legacy measures performed similarly over the course of outpatient 

treatment.

For the models simultaneously estimating change across time, three domains showed 

statistically significant improvement over time. For PROMIS Pain Interference and the FDI, 

statistically significant slopes for both measures were observed (Pain Interference slope = 

−0.06, p < 0.01; FDI slope = −0.72, p < 0.01). The standardized slopes showed that Pain 

Interference decreased more slowly than the FDI (−0.86 vs. −1.12). The models for 

comparing PROMIS Mobility versus PedsQL Physical Function, and PROMIS Anxiety 

versus PedsQL™ Emotional Function showed a similar pattern of results (Table 2), with 

scores showing significantly improved functioning across time and the PROMIS measures 

(using the standardized metric) showing slightly slower rates of improvement.

The parallel-process models examining PROMIS Depressive Symptoms versus CDI Total 

scores, and PROMIS Peer Relationships versus PedsQL™ Social Function scores again 

showed that the PROMIS and legacy measures performed similarly, with both showing no 

statistically significant change. In the PROMIS Upper Extremity and PedsQL™ Physical 

Function parallel process model, no significant improvement was found in PROMIS Upper 

Extremity scores but statistically significant improvement across time for the PedsQL™ 

Physical Function scores was observed.

Construct validity of PROMIS measures (random effect models)

The random effect parallel process models examined variances in the intercepts and slopes, 

as well as the covariances among the slopes and intercepts. Across all parallel process 

LGMs, we saw statistically significantly correlated intercepts (Table 3) with the majority of 

these correlations being larger than 0.9. These findings indicated that a child’s score on the 
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legacy measure strongly predicts a child’s score on the related PROMIS measure. Also, rank 

orderings across measures were markedly consistent. Both these findings support the 

construct validity of PROMIS measures. For all the parallel process LGM (with the 

exception of the PROMIS Peer Relationship versus PedsQL™ Social Function and PROMIS 

Depressive Symptoms versus CDI Total Score models), statistically significantly correlated 

slopes were also observed. Again, all correlations were high, with the majority being larger 

than 0.9. These results indicate that - a child’s rate of change on the legacy measure strongly 

predicted a child’s rate of change on the related PROMIS measure, and that a rank order of 

children’s rates of change on the legacy measure corresponded closely to a rank order of the 

children’s rates of change on the related PROMIS measure. Table 3 summarizes the random 

effects for all models. Finally, Figure 1 uses a side-by-side panel approach to graphically 

illustrate the results of the parallel process LGMs for the Pain Interference – FDI model as 

an example. The remaining models showed very similar results showing that PROMIS and 

legacy measures performed comparably.

Sensitivity of PROMIS measures to change (unconditional models examining change over 
time only)

Results of the unconditional growth models showed that all PROMIS measures showed 

sensitivity to change (CPC and AMP samples combined). As such, significant improvements 

were observed on PROMIS measures of Pain Interference, Mobility, Upper Extremity 

Function, Fatigue, Depressive Symptoms, Anxiety and Peer Relationships. Tables 4 through 

6 present the results for all PROMIS measures.

Sensitivity of PROMIS measures to change (conditional models examining change over 
time by site)

In the first conditional model, site by time effects were observed in several domains showing 

a faster rate of improvement in the AMP program compared to the CPC. For Pain 

Interference, site significantly predicted the average growth trajectory as expected, such that 

AMP patients had a larger change (improvement) in Pain Interference scores than CPC 

patients. In the second conditional model, the site by time interaction was significant (see 

Figure 2, upper left panel), suggesting that the trajectories for each site are not parallel. The 

AMP program had a steeper overall trajectory, indicating that the patients in the AMP 

program experienced a more rapid rate of improvement in their Pain Interference scores over 

time. The same pattern of result was observed for the PROMIS Mobility (see Figure 2, 

lower left panel) measure, which showed a faster rate of improvement in Mobility in the 

AMP program.

For PROMIS Depressive Symptoms, the first conditional model indicated that the change in 

Depression over time did not differ between sites. In the second conditional model, the time 

by site interaction was statistically significant, indicating that the trajectories for each site 

were not parallel (see Figure 2, lower right panel). The results of the two conditional models 

suggest that the patients in the AMP program showed a more rapid improvement in 

PROMIS Depression scores over time than the CPC, but that the difference between the 

trajectories was not as large as it was for PROMIS Pain Interference, Mobility, and Upper 

Extremity Function measures. The same pattern of results was observed for the PROMIS 
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Fatigue measure (see Figure 2, upper right panel). For the PROMIS Anxiety measure, there 

were no significant site differences, or significant site by time interaction observed. This 

suggests that the change over time in Anxiety was similar and parallel for the two sites. For 

the PROMIS Peer Relationships measure, the first conditional growth model indicated that 

CPC patients had overall higher average Peer Relationship scores (across time points) than 

AMP patients. In the second conditional growth model, the site by time interaction was also 

significant, indicating that the trajectories for the two sites were not parallel. Scores of AMP 

patients (who scored lower than CPC patients at the initial time point) had a steeper overall 

trajectory, indicating more rapid improvement in Peer Relationship scores over time 

whereas the CPC group showed a less steep trajectory but maintained higher Peer 

Relationship scores overall.

Discussion

Results of this study provided preliminary support for the validity and responsiveness of 

PROMIS measures in a clinical pediatric pain population. Participants in this study were 

school-age children primarily with chronic musculoskeletal pain undergoing 

multidisciplinary treatment in one of two tertiary care pediatric settings (outpatient CPC and 

intensive AMP programs). The construct validity of 6 PROMIS pediatric short-form scales 

(Pain Interference, Mobility, Upper Extremity Function, Anxiety, Depressive Symptoms and 

Peer Relationships) were examined in the CPC sample by comparing them with legacy 

instruments routinely administered in the clinic. Evidence of convergent validity was found 

for 5 of the 6 PROMIS scales (Pain Interference, Mobility, Anxiety, Depressive Symptoms 

and Peer Relationships) which corresponded well with legacy measures in all analyses 

performed. For each of these scales, patients’ scores on legacy measures were strongly 

correlated with PROMIS measures, consistency in rank-order was seen and PROMIS and 

legacy measures performed similarly over the course of outpatient treatment. Only one 

PROMIS scale - Upper Extremity Function did not perform similarly to the legacy measure 

(PedsQL Physical Function). This is not unexpected because items in the PROMIS Upper 

Extremity scale are unidimensional and specifically relevant to activities using upper limbs 

and fine motor dexterity which are often not impaired in a chronic pediatric pain population. 

Hence, the lack of consistency in the PROMIS Upper Extremity scale and PedsQL Physical 

Function subscale may be an indication that this scale is not likely to be particularly useful 

in many chronic pain clinic patients.

The second aim of this study was to determine if PROMIS measures were sensitive to 

change in pediatric patients receiving usual care at multidisciplinary chronic pain programs 

and again, strong evidence was found indicating that PROMIS measures demonstrated the 

anticipated response across both CPC and AMP programs. Specifically, significant 

reductions in PROMIS Pain Interference, Fatigue, Anxiety and Depressive symptom scores 

were found over the course of time, along with significant increases in Mobility, Upper 

Extremity Function and Peer Relationship scores. Furthermore, as expected, the rate of 

change as demonstrated by the trajectories of change in PROMIS measures showed 

differential rates – with faster improvement in the intensive AMP program compared to the 

less intensive outpatient treatment approach. It should be noted that a limitation of this study 

was that it was not a comparative trial of the two clinical approaches. To test differential 
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efficacy and rigorously test responsiveness to treatment effects, a different study design 

would be needed with standardized treatment and uniform assessments over a longer time 

period since these varied considerably between programs, systematic measurement of 

adherence to treatment recommendations, and potentially a third, no-treatment control 

condition to estimate change purely as a function of time. However, these types of study 

designs are challenging to implement in a real-world clinical setting. Nevertheless, it is 

reassuring that given the varied formats and timeframes of treatment, the PROMIS measures 

showed improvements as expected indicating that findings may be generalizable to similar 

clinical settings.

An interesting finding that emerged from this study was that although the PROMIS 

measures of Pain Interference, Mobility, Anxiety, Depressive Symptoms and Peer 

Relationships performed similarly to legacy measures administered in the CPC clinic, they 

did not show as steep a change in improvement trajectories over time as their corresponding 

legacy measures. Close examination and comparison of individual items comprising the 

measures reveals that this most likely relates to the unidimensionality and precision of the 

PROMIS measures with respect to a particular construct, whereas the legacy scales tend to 

be more multidimensional and capture various aspects or a construct. For example, items on 

the PROMIS Depressive symptoms scale focus primarily on feelings on sadness, lack of 

enjoyment and being unhappy. The CDI, on the other hand is known to encompass 5 factors 

which include negative mood, interpersonal difficulties, ineffectiveness, anhedonia and 

negative self-esteem. A clinician might indeed want information about each of these 

dimensions to make a clinical diagnosis of depression for which the CDI may be a better 

choice than the PROMIS measure of depressive symptoms Alternatively, pain clinics might 

want a brief “screener” for depressed mood that can be quickly administered as part of a 

screening battery of measures than can identify areas for further assessment or an easily 

administered tool that can be incorporated into a larger patient registry tracking specific 

outcomes over time, for which the PROMIS short-form may be a better choice. Therefore, 

the selection of PRO measures, whether for clinical care or for clinical research, requires 

careful consideration of what construct/s exactly the investigator is interested in measuring 

and the specificity of the PRO “assay” that is required for the study. In this regard, PROMIS 

measures through rigorous IRT methods have distilled brief, specific, but highly informative 

measurement tools for each domain. Several of these are highly applicable and relevant to 

pediatric chronic pain conditions as demonstrated in this study.

Although this study provided good support for the use of PROMIS measures in chronic 

musculoskeletal pain, results may not be generalizable to other common pediatric recurrent 

pain conditions (e.g., functional abdominal pain or pediatric migraine) or disease-related 

pain (juvenile arthritis, sickle cell disease) which requires further study. Of note, juvenile 

arthritis and sickle cell disease are being studied separately as disease-specific sub groups in 

other studies by the PROMIS network.

In addition, further examination of the construct validity of the PROMIS Fatigue scale (for 

which a legacy measure was not available in this study) and the PROMIS Anxiety scale (for 

which a closely corresponding anxiety legacy measure was not available) is needed. Other 

limitations of this study were the length of some legacy measures, the relatively small 
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sample sizes for the overall sample, and the lower retention rate in the CPC sample - which 

although typical of real-world clinical settings, may have over-represented treatment 

compliers in the sample. Therefore, testing the stability of the LGM models in more rigorous 

clinical trials or longitudinal research studies with more time points and larger sample sizes 

and assessment of treatment compliance would allow stronger testing of responsiveness to 

treatment effects more specifically. Larger samples would also allow comparison of 

responses to PROMIS measures in different pediatric pain subgroups. Despite these 

limitations, this is the first investigation that offers support for several rigorously developed 

and easily accessible PROMIS Short-Form measures that are currently available. These 

measures have the potential to greatly strengthen PRO measurement and consistency in 

pediatric pain conditions which, due to the need for subjective report, by definition rely 

heavily on patient report for symptom monitoring and determination of treatment outcomes. 

Further study of minimally important differences and clinically-relevant cut-offs of 

PROMIS short-forms for pediatric chronic pain will likely facilitate greater adoption of 

PROMIS measures in pediatric chronic pain research and clinical care.
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Figure 1. 
Parallel process LGM for PROMIS Pain Interference and Functional Disability Inventory 

(FDI)
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Figure 2. 
Main Effects model of change in PROMIS Pain Interference, Fatigue, Mobility and 

Depressive Symptoms by Site

Note: For pain interference, fatigue, and depressive symptoms, a negative slope represents 

improvement. For Mobility, a postive slope indicates improvement.
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Table 1

PROMIS Measures and corresponding legacy scales (Aim 1)

PROMIS Short Form Legacy Scale

1. Pain Interference Functional Disability Inventory (FDI)

2. Mobility Peds QL 4.0™ Physical Functioning

3. Upper Extremity Peds QL 4.0™ Physical Functioning

4. Fatigue † n/a

5. Depressive Symptoms Children’s Depression Inventory (CDI)

6. Anxiety‡ Peds QL 4.0™ Emotional Functioning

7. Peer Relationships Peds QL 4.0™ Social Functioning

†
no legacy measure available for comparison

‡
no specific anxiety legacy measure was available for comparison but the PedsQL Emotional Functioning scale which broadly assesses 

psychological distress including anxiety and depressive symptoms was used.
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Table 2

Fixed Effects Models for PROMIS and Legacy Measures over time

Unstandardized Standardized

Betas

Pain Interference Intercept 1.09** 2.31**

Pain Interference Slope −0.06** −0.86*

FDI Total Intercept 21.72** 3.15**

FDI Total Slope −0.72** −1.12**

Unstandardized Standardized

Betas

PROMIS Mobility Intercept −1.42** −2.66**

PROMIS Mobility Slope 0.06** 0.69*

PedsQL Physical Intercept 38.33** 2.67**

PedsQL Physical Slope 1.65** 1.06*

Unstandardized Standardized

Betas

PROMIS Upper Extremity Intercept −0.68** −0.98**

PROMIS Upper Extremity Slope 0.03 0.62

PedsQL Physical Intercept 38.47** 2.96**

PedsQL Physical Slope 1.51** 1.21*

Unstandardized Standardized

Betas

PROMIS Depression Intercept 0.25 0.35

PROMIS Depression Slope −0.03 −0.91

CDI Total Score Intercept 10.76** −0.91

CDI Total Score Slope −0.18 −0.50

Unstandardized Standardized

Betas

PROMIS Anxiety Intercept 0.11 0.13

PROMIS Anxiety Slope −0.04* −0.84

PedsQL Emotional Intercept 41.25** 2.35**

PedsQL Emotional Slope −1.22** −1.16*

Unstandardized Standardized

Betas

PROMIS Peer Intercept 0.03 0.04

PROMIS Peer Slope 0.01 0.63

Pain. Author manuscript; available in PMC 2017 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kashikar-Zuck et al. Page 18

PedsQ Social Intercept 71.90** 4.99**

PedsQ Social Slope 0.61 1.24

Unstandardized coefficients are interpretable in a measure’s original metric. Standardized coefficients are comparable across measures.

*
p = 0.05

**
p = 0.01
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Table 3

Random Effects Models for PROMIS and Legacy Measures over time

Pain Interference FDI Total

Intercept Slope Intercept Slope

Pain Interference Intercept 0.22

Pain Interference Slope 0.00 0.01

FDI Total Intercept 0.98** 0.07 47.61**

FDI Total Slope −0.08 0.99** 0.00 0.42

PROMIS Mobility PedsQL Physical

Intercept Slope Intercept Slope

PROMIS Mobility Intercept 0.29*

PROMIS Mobility Slope 0.00 0.01

PedsQL Physical Intercept 0.99** 0.12 206.89**

PedsQL Physical Slope −0.12 0.99** 0.00 2.41

PROMIS Upper Extremity PedsQL Physical

Intercept Slope Intercept Slope

PROMIS Upper Extremity Intercept 0.49**

PROMIS Upper Extremity Slope 0.00 0.00

Peds QL Physical Intercept 0.87** −0.17 168.44*

Peds QL Physical Slope 0.09 0.86** 0.00 1.55

PROMIS Depression CDI Total Score

Intercept Slope Intercept Slope

PROMIS Depression Intercept 0.51**

PROMIS Depression Slope 0.00 0.00

CDI Total Score Intercept 0.93** 0.09 35.53**

CDI Total Score Slope 0.01 0.93 0.00 0.14

PROMIS Anxiety PedsQL EF

Intercept Slope Intercept Slope

PROMIS Anxiety Intercept 0.71**

PROMIS Anxiety Slope 0.00 0.00

PedsQL Emotional Intercept 0.99** 0.08 307.83**

PedsQL Emotional Slope −0.07 0.98* 0.00 1.10

PROMIS Peer PedsQL Social

Intercept Slope Intercept Slope
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PROMIS Peer Intercept 0.62**

PROMIS Peer Slope 0.00 0.00

PedsQL Social Intercept 0.95** −0.18 207.79*

PedsQL Social Slope 0.13 0.80 0.00 0.24

Variances constitute each matrix’s diagonal elements (in italics). Correlations constitute each matrix’s off-diagonal elements. Significant 
correlations are in bold font.

*
p = 0.05

**
p = 0.01
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Table 4

Parameters for the Unconditional Growth Models for PROMIS Measures

Measure β intercept β slope σ 2 intercept σ 2 slope

Pain Interference 0.97** −.07** .27** .006*

Mobility −1.26** .07** .20** .006*

Upper Extremity −.67** .04** .46** .001*

Peer Relationships −.009 .01** .57** .001*

Depression .31** −.03* .53** .001

Fatigue .80** −.06** .82** .002

Anxiety .21* −.04** .64** .002

*
p <.05

**
p<.01
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Table 5

Parameters for Conditional Growth Model 1 for PROMIS Measures

Measure β intercept β slope β site σ 2 intercept σ 2 slope

Pain Interference .83** −.07** .27* .26** .006

Mobility −1.07** .07** −.38** .17** .004

Upper Extremity −.60** .04** −.14* .45** .001

Peer Relationships −.04** .01** .05* .57** .001

Depression .37** −.02* −.12 .53** .001

Fatigue .71** −.06** .19 .82** .001

Anxiety .25* −.04** −.09 .64** .002

*
p <.05

**
p<.01
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Table 6

Parameters for Conditional Growth Model 2 for PROMIS Measures

Measure β intercept β slope β site β siteXtime σ 2 intercept σ 2 slope

Pain Interference .94** −.14** .11 .10 .28** .004

Mobility −1.20** .15** −.18 −.12** .21** .003

Upper Extremity −.75** .11** .08 −.10 .45** .001

Peer Relationships −.08** .04** .11 −.03** .57** .001

Depression .46** −.07** −.24 .06* .54** .001

Fatigue .89** −.16** −.09 .13** .88** .001

Anxiety .33* −.09** −.20 .06 .64** .001

*
p <.05

**
p<.01
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