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Abstract

Purpose Research studies that measure health-related

quality of life (HRQOL) in both children and adults and

longitudinal studies that follow children into adulthood

need measures that can be compared across these age

groups. This study links the PROMIS pediatric and adult

emotional distress measures using data from participants

with diverse health conditions and disabilities.

Methods Analyses were conducted and compared in two

separate samples to confirm the stability of results. One

sample (n = 874) included individuals aged 14–20 years

with special health care needs and who require health

services. The other sample (n = 641) included individuals

aged 14–25 years who have a physical or cognitive dis-

ability. Participants completed both PROMIS pediatric

and adult measures. Item response theory-based scores

were linked using the linear approximation to calibrated

projection.

Results The estimated latent-variable correlation between

pediatric and adult PROMIS measures ranged from 0.87 to

0.94. Regression coefficients b0 (intercept) and b1 (slope),
and mean squared error are provided to transform scores

from the pediatric to the adult measures, and vice versa.

Conclusions This study used a relatively new linking

method, calibrated projection, to link PROMIS pediatric

and adult measure scores, thus expanding the use of

PROMIS measures to research that includes both

populations.
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Introduction

The goal of the Patient-Reported Outcomes Measurement

Information System� (PROMIS�) initiative was to design

standardized patient-reported outcome (PRO) measures

that can be used in research studies that include patients

with various diseases and the general population. Pediatric

and adult PROMIS measures were developed in parallel

and, in theory, measure many of the same PRO domains;

however, they were built differently, with the target age

population in mind to create measures that are age appro-

priate in content and language. This includes cognitive

interviews with participants from the target age groups to

refine the measures [1, 2]. The purpose of this study was to

create a linking algorithm between the PROMIS pediatric

and adult measures for the emotional distress domains to

facilitate PRO measurement across the lifespan. Having

separate pediatric and adult versions of a PRO measure

presents challenges when one wants to compare or com-

bine data from studies that include both pediatric and adult

participants, or when a longitudinal study begins data

collection in childhood and continues into adulthood.

Linking pediatric and adult PRO measures to provide

comparable scores gives researchers a powerful tool in the

study of diseases that affect both children and adults and

childhood diseases with sequelae in adulthood.

The linking of PRO measures has not received exten-

sive attention in the health outcomes literature. Dorans

provides an overview of scale linking methods [3], and

the PROMIS pediatric and adult scales use the ‘‘item

banking’’ concept [4, 5], which uses item response theory

(IRT) calibration method to link scores on alternate short

forms and those from computerized adaptive tests

(CATs). Among PRO measures, researchers have linked

alternate forms of similar measures of functional health

status activity [6], physical functioning [7], self-regula-

tion [8], and depression [9]. The linking of pediatric and

adult PRO measures of physical functioning has been

conducted, but was limited to a specific population of

individuals with spinal cord injury [10]. Others have

attempted linkage of disparate PRO measures, such as the

Medical Outcomes Study Short Form-36 with the

Louisiana State University Health Status Instruments

physical functioning scales [11, 12] and the European

Organization for Research and Treatment of Cancer Core

Questionnaire with the Functional Assessment for Cancer

Therapy—General physical, emotional, and role/func-

tional subscales [13], and a set of eleven depression

scales [14]. These attempts at linking demonstrate the

power of IRT, but also raise questions about when and

what to link in measures of health outcomes. A caution-

ary note is that PRO scales may have the same name, but

this does not necessarily mean they measure the same

construct [15]. The extent to which separately developed

scales measure the same construct is an empirical ques-

tion. The answer to this question is an important pre-

requisite for determining the feasibility of linking the

PROMIS pediatric and adult measures.

This study evaluates the viability of linking the PRO-

MIS pediatric and adult measures and then applies a rela-

tively new statistical procedure called calibrated projection

[16] that uses IRT to link the two measures. To enhance the

confidence in the generalizability of this linking method-

ology, we carry out the analyses separately in two different

populations and compare the results to look at the stability

of the linking. One sample included adolescents and young

adults (aged 14–20 years) with ‘‘special health care needs’’

who have or are at increased risk of a chronic physical,

developmental, behavioral, or emotional condition and

who also require health care or related services beyond

what patients generally require. The second sample inclu-

ded adolescents and young adults (aged 14–24 years) who

have ‘‘physical or cognitive disabilities,’’ including those

diagnosed with spinal cord injury, traumatic brain injury,

or cerebral palsy. This article focuses on the linkage of the

emotional distress domains of the PROMIS measures (i.e.,

Depressive Symptoms, Anxiety, and Anger) [17–19], while

a future study will focus on the linkage of the PROMIS

physical health domains (i.e., Physical Function, Pain,

Fatigue).

Methods

Research participants and data collection

Sample 1: individuals with ‘‘special health care needs’’

Adolescents and young adults with special health care

needs (SHCN) [20] were recruited because they represent a

diverse set of illnesses that affects all domains of health-

related quality of life measured by PROMIS. Inclusion

criteria included the individual must have SHCN; be

between 14 and 20 years of age; be able to read, write, and

speak English; and have access to a computer with an

internet connection.

The sample of individuals with SHCN was collected

from two sources: public health insurance programs

(Medicaid and Children’s Health Insurance Program

[CHIP] in Florida) and the Opinions for Good (Op4G)

panel. The status of SHCN of individuals was defined by

the Clinical Risk Groups (CRGs) [21] in the Medicaid/

CHIP sample and by the Special Health Care Needs

Screener [22] in the Op4G sample. We planned to collect
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data from at least 800 individuals (400 adolescents

14–17 years old and 400 young adults 18–20 years old).

From the Medicaid/CHIP databases, we randomly

selected 20,000 individuals with SHCN, and 17,435 of

those had telephone numbers for contact. After a maximum

of five redials, we were unable to contact 11,806 individ-

uals. For those who were contacted, 1052 individuals

refused to participate and 2884 were excluded (either not

English speaking or no computer and/or internet at home).

For the 1194 who verbally agreed to participate (666

adolescents and 528 young adults), invitation e-mails were

sent to parents that included the survey link, username, and

password. A $20 gift card was provided for individuals

who completed the survey. Data collection was conducted

between April 1, 2012, and May 31, 2013.

The remaining sample was collected from Op4G, a

survey research company that partners with nonprofits

organizations so that panelists can earn money for charities

by completing surveys. Op4G identified 320 adolescents

(14–17 years old) and 320 young adults (18–20 years old)

from the database and e-mailed survey invitations to par-

ents with eligible adolescents and young adults. Partici-

pants earned $25, of which they could elect to donate

between 25 and 100 % to the nonprofit agency of their

choice. Data were collected between August 1 and

September 30, 2013.

For both Medicaid/CHIP and Op4G participants, con-

sent forms were placed at the front of the survey to provide

full disclosure of the study. Informed consent was obtained

for young adults and parents of adolescents, and assent was

obtained for adolescents. IRB approval was obtained at the

University of North Carolina, the coordinating center, and

University of Florida, who conducted and oversaw data

collection.

Sample 2: individuals with physical or cognitive

disabilities

Adolescents and young adults with traumatic spinal cord

injury (SCI), traumatic brain injury (TBI), and/or cere-

bral palsy (CP) were recruited to ensure that PROMIS

linkages are appropriate for adolescents and young adults

with physical and/or cognitive disabilities. For all par-

ticipants, a diagnosis of SCI, TBI, or CP was confirmed

by medical record review. Individuals with CP must

have received their diagnosis between the ages of

2–15 years to be eligible. Individuals with uncompli-

cated mild TBI (i.e., Glasgow Coma Scale 13–15 with

no positive neuroimaging findings) or non-traumatic SCI

were excluded. Other inclusion criteria were the ability

to read and understand English and respond to self-report

scales by speaking, using a communication board, or

gesturing. Participants aged 18–24 years and parents of

participants aged 14–17 years provided informed con-

sent, and participants aged 14–17 years also provided

assent. Potential participants were identified by study site

coordinators at the collaborating sites: University of

Michigan, Boston University, Craig Hospital, Rehabili-

tation Hospital of Michigan, and the Shriners Hospitals

for Children (Philadelphia and Chicago locations). The

University of Michigan served as the coordinating cen-

ter, and IRB approval was obtained at all participating

institutions.

All data were collected between June 1, 2011, and April

10, 2012, using the Assessment CenterSM data collection

platform [23]. Because individuals with the most severe

disabilities might be excluded from the study due to diffi-

culties completing the scales independently using Assess-

ment Center, the second sample was collected entirely

using an interview mode of administration. Trained inter-

viewers administered the items in interview format (either

in person or through a telephone interview) to facilitate

participation by individuals with physical limitations in

using a computer or cognitive difficulties that might affect

the sustained attention needed to complete items indepen-

dently. Because response formats change across items,

printed response cards were placed in front of participants

to ensure that the correct response set was used for each

item. When telephone interviews were conducted, partici-

pants were sent the response cards and the interviewer

instructed them which card to use. Interviewers entered the

responses into Assessment Center. Adolescents and young

adults received $40 for study participation.

Measures

All participants completed a demographic questionnaire

capturing the respondent’s age, sex, race, ethnicity, and

education level. Participants with SHCN completed addi-

tional items related to the presence of any self-reported

health conditions, while participants with disabilities

completed additional items related to country of birth,

language(s) spoken at home, methods of mobility, and

secondary medical complications (e.g., neurogenic bowel/

bladder). Then, all participants completed pediatric PRO-

MIS short forms and corresponding adult PROMIS short

forms for the following domains: Physical Function, Pain,

Fatigue, Social Health, Depression, Anxiety, and Anger;

see Table 1 for a detailed list.

Order of administration of the pediatric and adult

PROMIS measures was randomized. Scores are on the

PROMIS T-score metric with mean 50 and standard devi-

ation of 10 in the original PROMIS calibration sample [24].

Higher scores on the PROMIS Depression, Fatigue, Anx-

iety, Pain, and Anger measures are associated with more

severe symptoms, while higher scores on the physical
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functioning and social health measures are associated with

better functioning.

Statistical methods

All data analyses were done separately within each of the

two samples, using each to cross-check the results from the

other as appropriate, either by comparing the values of

descriptive statistics or by explicit double cross-validation

at the completion of the modeling exercise.

We computed IRT response-pattern scale scores for

each participant on the pediatric and adult measures, and

tabulated the means, standard deviations, and the correla-

tions between the pediatric and adult scores. While the

correlations between the scores are attenuated by mea-

surement errors, they provide some evidence about the type

of linkage that might be useful. Dorans [25, 26] suggested a

minimum correlation of 0.866 between scores to obtain a

component of the standard error due to unidimensional

linking that is less than 0.5.

To evaluate the viability of linking between the pediatric

and adult scales, we examine the population invariance of

(potential) linking using the root expected mean square

difference (REMSD) statistic of Dorans and Holland [27]

for males versus females and for adolescents versus young

adults. If the pediatric and adult scales measure very dif-

ferent constructs, the differences between score means for

males and females or between adolescents and young

adults may vary between them. These grouping variables

are well suited to checking the viability of linking, because

the REMSD essentially compares the sex-related differ-

ences in the scores. If two scales measure the same con-

struct, sex- or age-related differences should be

approximately the same using results from either scale.

Previous results suggest that a suitable criterion for ‘‘about

the same’’ is 0.05–0.08 in the REMSD metric [27]. If the

values of the REMSD statistic are sufficiently small, this

evidence of invariance across subgroups justifies proceed-

ing with the linkage. Conversely, if the REMSD values are

too large, we would forego linkage, because it would not be

the same for all respondents.

We also fit confirmatory two-dimensional IRT models to

the data for each domain, with one factor for the pediatric

items and the other factor for the adult items. All IRT

models are fitted using the software IRTPRO [28], using

the graded item response model [29, 30] that is used for all

PROMIS measures. These models are used to estimate the

disattenuated correlation between the pediatric and adult

latent variables. In the unlikely event that the latent-vari-

able correlations are nearly 1.0, we could use the unidi-

mensional models as the basis of linkage by score

alignment between the pediatric and adult measures; such

linkage would be symmetrical, because the two scales

would measure the same construct.

However, we expected that the pediatric and adult latent

variables would be highly, but not perfectly, correlated. In

that eventuality, we proceed with linkage using projection

of the pediatric scores onto the adult scale, and vice versa,

using the linear approximation to calibrated projection

[16]. When two scales being linked do not measure the

same construct, linkage is not symmetrical. Instead, it is a

matter of predicting one score from item responses on the

other scale, and the expected value of the score is com-

puted using a regression function.

Calibrated projection [31] uses IRT to link two mea-

sures, without considering the scores on the predictor scale

to be fixed, and without the demand of conventional cali-

bration (alignment) that the two are measures of the same

construct. In calibrated projection, a two-dimensional IRT

model is fitted to the item responses from the two mea-

sures: In the most commonly used notation, h1 represents

the underlying construct measured by the first scale and h2
represents the underlying construct measured by the second

scale. The correlation between h1 and h2 is estimated

(Fig. 1).

The linear approximation to calibrated projection

method [16] uses a linear regression model to compute

projected scores, and a two-component approximation to

Table 1 PROMIS pediatric and adult measures by domain

Domain Pediatric form(s) Adult form

Physical function PROMIS Ped SF v1.0—Mobility 8a

PROMIS Ped SF v1.0—Upper Extremity 8a

PROMIS SF v1.0—Physical Function 10a

Pain PROMIS Ped SF v1.0—Pain Interference 8a PROMIS SF v1.0—Pain Interference 8a

Fatigue PROMIS Ped SF v1.0—Fatigue 10a PROMIS SF v1.0—Fatigue 8a

Social health PROMIS Ped SF v1.0—Peer Relations 8a PROMIS SF v2.0—Social Health: Emotional Support

Depression PROMIS Ped SF v1.0—Depressive Symptoms 8a PROMIS SF v1.0—Depression 8b

Anxiety PROMIS Ped SF v1.0—Anxiety 8a PROMIS SF v1.0—Anxiety 8b

Anger PROMIS Ped SF v1.0—Anger 6a PROMIS SF v1.0—Anger 8a

The number listed after the domain name indicates the number of items in the short form
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the error variance of the projected score that combines the

error variance in the observed h1 estimate with the projec-

tion error variance, the latter due to the fact that the two

constructs are not perfectly related. The parameters of the

regression model are computed using estimates of the

means and covariance matrix of the latent variables in a

two-dimensional IRT model fitted to the current data. In the

case of this application, the banked unidimensional item

parameters for the PROMIS pediatric and adult scales are

used in the item part of the model that links all of the results

back to the original reference populations. The details of

this procedure have been described elsewhere [16].

Using the linear approximation to calibrated projection,

the projected values of the IRT Expected a Posteriori scale

score dEAP h2½ � and its posterior standard deviation cSD h2½ �
are computed as

dEAP h2½ � ¼ b0 þ b1EAP h1½ � ð1Þ

and

cSD h2½ � ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

b21SD
2 h1½ � þMSE

q

ð2Þ

in which EAP h1½ � and SD h1½ � are the values of the scale

score and the posterior standard deviation on the scale on

which the respondent has been measured, b0 and b1 are the
intercept and slope of a regression equation computed

using the IRT estimate of the population means and

covariance matrix of the two latent variables, and MSE is

the mean squared error (MSE) of the regression equation

similarly computed. We note in passing that, in the unlikely

event that a unidimensional IRT can be used for both the

pediatric and adult scales simultaneously, Eqs. (1) and (2)

would also be used to compute estimates of scores on one

scale from scores on the other: In that case, the values of b1
and b0 would be the transformation constants usually

referred to as A and B [32], and the value of MSE would be

zero.

Thus, all that is required is a tabulation of the values of

b0, b1, and MSE for each domain, for each ‘‘direction’’:

(1) when the pediatric scale score is known (h1) and the

adult scale score is projected (h2), and (2) when the adult

scale score is known (h1) and the pediatric scale score is

projected (h2). We follow the recommendation that the

accuracy of the linear approximation be checked against

those obtained with calibrated projection for summed-

score conversion tables, which span the range of h1 and h2
[16].

The quality of the linkage can also be evaluated using

statistics describing confidence interval coverage: If the

linking is successful, 68 % of the time the difference

between the projected scale scores dEAP h2½ � and the actual

observed scale scores EAP h2½ � (which we have, for the data

from which the regression coefficients are derived as well

as the cross-validation sample) should be within 1 cSD h2½ �;
95 % of the time the difference should be within 2 cSD h2½ �
s. We tabulate these proportions for each of the two sam-

ples’ linear projections, and for each sample used as cross-

validation for regression models with parameters estimated

in the other sample. Finally, if the regression models

obtained independently from the two samples are similar,

we compute these proportions using the average of the two

regression models for each domain and direction of pro-

jection, to provide evidence that the combined model

performs as expected.

Results

The sample of 874 individuals with SHCN was diverse

with respect to demographics including 53.2 % female,

38.2 % Hispanic, and 20.8 % black, and with respect to

health conditions, with greater than 10 % of the sample

experiencing hypertension, attention deficit hyperactivity

Linear Approximation to Calibrated Projection

Pediatric Anxiety 1
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Fig. 1 The x-axis variable is h1, the underlying construct measured

by the first scale, and the y-axis variable is h2, the underlying

construct measured by the second scale; the illustration is for the

PROMIS pediatric and adult Anxiety scales. Both scales report scores

in T-score units. The IRT model distributions on h1 for two response

patterns on the pediatric Anxiety scale are shown along the x-axis,

along with the corresponding bivariate distributions, and those

implied by calibrated projection on h2. The darker blue and red lines

and curves on the h2 axis show the normal approximations to the

projected posterior distributions computing using the linear approx-

imation, based on the regression (solid black) line, and the combi-

nation of the variances of the h1 distributions and the variance around

the regression line
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disorder (ADHD), mental health condition, chronic pain,

asthma, overweight, diabetes, and allergies (see Table 2).

The sample of 641 individuals with disabilities included

36.8 % females and 10.0 % blacks; 30.7 % had cerebral

palsy, 37.8 % had spinal cord injury, and 31.5 % had a

traumatic brain injury.

Table 2 Demographic and clinical characteristics of the two samples

Special health care needs Disabilities

Adolescents (14–17 years)

N = 415

Young adults (18–20 years)

N = 459

Adolescents (14–17 years)

N = 188

Young adults (18–24 years)

N = 453

Age [mean (SD)] 15.63 (1.20) 18.93 (.75) 15.6 (1.26) 21.43 (2.21)

Sex

Male 214 (51.6 %) 194 (42.3 %) 112 (59.6 %) 291 (64.2 %)

Female 200 (48.2 %) 265 (57.7 %) 75 (39.9 %) 161 (35.5 %)

Missing 1 (0.2 %) 0 1 (0.5 %) 1 (0.2 %)

Ethnicity

Hispanic 138 (33.3 %) 196 (42.7 %) 13 (6.9 %) 40 (8.8 %)

Non-Hispanic 277 (66.7 %) 263 (57.3 %) 153 (81.4 %) 366 (80.8 %)

Not provided 0 0 22 (11.7 %) 47 (10.4 %)

Race

White 216 (52.0 %) 228 (49.7 %) 150 (79.8 %) 366 (80.8 %)

Black or African-

American

93 (22.4 %) 89 (19.4 %) 20 (10.6 %) 44 (9.7 %)

Asian 34 (8.2 %) 40 (8.7 %) 5 (2.7 %) 9 (2.0 %)

Other 51 (12.3 %) 63 (13.7 %) 11 (5.8 %) 20 (4.4 %)

Multiple races 14 (3.4 %) 19 (4.1 %) 2 (1.0 %) 4 (0.8 %)

Missing 7 (1.7 %) 20 (4.4 %) 0 8 (1.7 %)

Health condition

Hypertension 81 (19.5 %) 118 (25.7 %) – –

ADHD 138 (33.3 %) 108 (23.5 %) – –

Mental health 104 (25.1 %) 95 (20.7 %) – –

Kidney disease 17 (4.1 %) 15 (3.3 %) – –

Chronic pain 88 (21.2 %) 103 (22.4 %) – –

Asthma 93 (22.4 %) 104 (22.7 %) – –

Thyroid disease 14 (3.4 %) 18 (3.9 %) – –

Overweight 67 (16.1 %) 85 (18.5 %) – –

Rheumatic disease 12 (2.9 %) 13 (2.8 %) – –

Born prematurely 18 (4.3 %) 20 (4.4 %) – –

Blind 7 (1.7 %) 6 (1.3 %) – –

Deaf 10 (2.4 %) 8 (1.7 %) – –

Needs walking assist. 7 (1.7 %) 8 (1.7 %) – –

Cancer 8 (1.9 %) 18 (3.9 %) – –

Diabetes 37 (8.9 %) 52 (11.3 %) – –

Sickle cell disease 7 (1.7 %) 8 (1.7 %) – –

Intestinal disease 19 (4.6 %) 17 (3.7 %) – –

Heart disease 11 (2.7 %) 6 (1.3 %) – –

Epilepsy 15 (3.6 %) 17 (3.7 %) – –

Allergies 98 (23.6 %) 81 (17.6 %) – –

Cerebral palsy 6 (1.4 %) 4 (0.9 %) 99 (52.7 %) 98 (21.6 %)

Spinal cord injury – – 53 (28.2 %) 189 (41.7 %)

Traumatic brain

injury

– – 36 (19.1 %) 166 (36.6 %)
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Table 3 shows the means and standard deviations of the

scale scores (EAP[h], on the standard PROMIS T-score

metric) for the pediatric and adult scales, and the correla-

tion coefficients (r) between the pediatric and adult scores.

Individuals with SHCN exhibited higher levels of depres-

sive symptoms, anxiety, and anger, and larger variation

than the sample of individuals with disabilities. The cor-

relations between the pediatric and adult scale scores fell in

the range 0.77–0.86; falling below the value of 0.866 that

Dorans [25] recommended as a lower bound for unidi-

mensional linking, suggesting that any linkage will take the

form of projection.

Table 4 displays REMSD statistics for the sex differ-

ence and the difference between adolescents and young

adults for the three emotional distress scales in the two

samples. All of the REMSD values are less than the

0.05–0.08 range suggested for useful linkage, except for

the sex difference for Depressive Symptoms scores in the

sample of SHCN individuals; that high value is not

replicated in the sample of individuals with disabilities,

which makes it difficult to conclude that the sex differ-

ence varies reliably between the pediatric and adult

scales. So, the REMSD statistics present no obstacle to

linking.

The estimated latent-variable correlations (q) between

the pediatric and adult constructs in Table 4 are in the

range 0.87–0.94. While those correlations are high, their

standard errors are all 0.01 to two decimal places, so they

differ from 1.0. That means that linking using simultaneous

calibration with a unidimensional IRT model is not

appropriate. So we proceeded with linkage using calibrated

projection, separately for each domain within each sample,

using the linear approximation methods described by

Thissen et al. [16].

Table 5 contains the values of the regression coefficients

b0 (intercept) and b1 (slope), their 95 % confidence inter-

vals, and MSE that are used in Eqs. 1 and 2 to compute the

scale scores by calibrated projection from h1 to h2. For all
but one of the twelve comparisons of coefficients across

samples, the confidence intervals overlap. More impor-

tantly, the regression lines themselves are very similar

between samples: None differ by more than 3 T-score

points (0.3 standard deviation units) anywhere over the

entire range of the x-axis variables. So the regression

functions and values of MSE obtained from the two sam-

ples are extremely similar; the average values across the

two samples that will be used subsequently are also shown.

We also computed the summed-score conversion

tables for projected IRT scale scores and the posterior

standard deviations to be used as their standard errors using

both the linear approximation and calibrated projection to

check the accuracy of the approximation. The estimates of

Table 3 Descriptive statistics

for the scores: the means and

standard deviations (SD) of the

scale scores (EAP[h]) for the
pediatric and adult scales, and

the correlation coefficient

(r) between the pediatric and

adult scores

Domain Sample PROMIS pediatric PROMIS adult r

Mean SD Mean SD

Depressive SHCNa 56.8 12.0 56.7 11.1 0.86

Symptoms Disabilitiesb 48.4 10.4 48.6 9.2 0.84

Anxiety SHCN 55.6 11.4 58.1 10.3 0.82

Disabilities 46.6 10.9 50.7 9.1 0.77

Anger SHCN 54.0 12.4 55.9 11.9 0.84

Disabilities 46.7 10.9 49.4 10.0 0.80

a SHCN = adolescents and young adults with special health care needs
b Disabilities = adolescents and young adults with physical or cognitive disability

Table 4 Root expected mean

square difference (REMSD)

statistics for the sex difference,

and the difference between

adolescents and young adults,

and the estimated latent-variable

correlation q between the

pediatric and adult constructs

with its standard error (SE)

Domain Sample REMSD sex REMSD agea q SE (q)

Depressive SHCNb 0.128 0.020 0.93 0.01

Symptoms Disabilitiesc 0.020 0.027 0.94 0.01

Anxiety SHCN 0.003 0.007 0.89 0.01

Disabilities 0.038 0.015 0.87 0.01

Anger SHCN 0.004 0.052 0.91 0.01

Disabilities 0.033 0.027 0.91 0.01

a Age categorized by adolescent (14–17 years) and young adult (18–24 years)
b SHCN = adolescents and young adults with special health care needs
c Disabilities = adolescents and young adults with a physical or cognitive disability
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the projected scores themselves were essentially identical,

and the approximate standard deviations were 0.9–1.3

times the calibrated projection values, consonant with the

results reported previously [16].

Table 6 tabulates the proportions of values of observed

EAP[h2] that are within ±1 SD and ±2 SD of the values

obtained using the linear approximation for each domain,

within each sample, using all three sets of regression

coefficients in Table 5. The values (proportions) for ±1 SD

should be approximately 0.68 and actually fall in the range

0.58–0.76; those for ±2 SD should be about 0.95 and

actually fall in the range 0.88–0.96. The values in Table 6

for which the parameters were obtained with the same

sample are a check of model fit; the values for parameters

obtained with the other sample are double cross-validation.

The values in the lower third of the table show that the

average values of the parameters obtained from the two

separate samples perform very well: The values for ±1 SD

fall in the range 0.67–0.76; those for ±2 SD are in the

range 0.92–0.96.

Discussion

Each of the three PROMIS pediatric and adult emotional

distress scales (Depressive Symptoms, Anxiety, and

Anger) measure closely related but not identical con-

structs. We have used the linear approximation to IRT-

Table 5 Regression coefficients b0 and b1, and MSE are used in Eqs. 1 and 2 to compute scale scores by calibrated projection from h1 to h2, on
the T-score scale used for PROMIS instruments; 95 % confidence intervals in parentheses below the estimates

Domain Sample Pediatric to adult Adult to pediatric

b0 b1 MSE b0 b1 MSE

Depressive Symptoms SHCN 10.65 (6.58–14.72) 0.81 (0.77–0.85) 19.4 -3.12 (-7.79–1.55) 1.06 (1.01–1.11) 25.4

Disabilities 12.29 (8.52–16.06) 0.76 (0.69–0.83) 12.5 -8.38 (-12.60 to -4.16) 1.16 (1.08–1.24) 19.2

Average 11.47 0.78 16.0 25.75 1.11 22.3

Anxiety SHCN 18.64 (16.41–20.87) 0.71 (0.67–0.75) 21.2 -9.48 (-13.23 to -5.73) 1.12 (1.06–1.18) 33.4

Disabilities 21.83 (19.45–24.21) 0.64 (0.59–0.69) 20.5 -15.24 (-19.86 to -10.62) 1.19 (1.10–1.28) 38.2

Average 20.23 0.68 20.8 212.36 1.16 35.8

Anger SHCN 14.00 (11.74–16.26) 0.78 (0.74–0.82) 27.8 -5.98 (-9.16 to -2.80) 1.07 (1.02–1.12) 38.4

Disabilities 17.83 (15.52–20.14) 0.70 (0.65–0.75) 20.5 -13.35 (-17.47 to -9.23) 1.19 (1.11–1.27) 35.0

Average 15.91 0.74 24.2 29.67 1.13 36.7

Table 6 Proportions of values of values of EAP[h2] for each scale combination that are within ±1 SD and ±2 SD of the values obtained using

the linear approximation to calibrated projection

Domain Special health care needs (SHCN) sample Disability sample

Pediatric to Adult Adult to Pediatric Pediatric to Adult Adult to Pediatric

±1 SD ±2 SD ±1 SD ±2 SD ±1 SD ±2 SD ±1 SD ±2 SD

SHCN parameters Disability parameters

Depressive Symptoms 0.70 0.93 0.71 0.93 0.70 0.93 0.70 0.93

Anxiety 0.69 0.93 0.71 0.92 0.70 0.92 0.71 0.95

Anger 0.71 0.95 0.74 0.94 0.65 0.95 0.73 0.95

Disability parameters SHCN parameters

Depressive Symptoms 0.58 0.88 0.65 0.89 0.76 0.95 0.73 0.95

Anxiety 0.65 0.92 0.71 0.93 0.70 0.94 0.69 0.95

Anger 0.62 0.91 0.70 0.93 0.77 0.96 0.76 0.95

Average parameters Average parameters

Depressive Symptoms 0.75 0.92 0.68 0.92 0.74 0.94 0.72 0.94

Anxiety 0.67 0.92 0.72 0.93 0.70 0.94 0.72 0.95

Anger 0.69 0.93 0.72 0.93 0.76 0.96 0.74 0.95
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based calibrated projection to provide the parameters for

regression models that may be used to project scores

either from responses to the PROMIS pediatric measure

onto the PROMIS adult measure or from responses to the

PROMIS adult measure onto the PROMIS pediatric

measure.

While there are uses for linked scores of this kind, it

should be emphasized that higher-quality measurement is

always obtained by using the intended measure instead of

projecting results from some other measure. The reason for

this is clear in Eq. (2): The projected posterior standard

deviation, which is reported as the standard error of the

projected score, is always larger (by a factor of the

regression MSE) than the standard error would be if there

was no linkage involved. That is the penalty for ‘‘not quite

measuring the right construct.’’ So, these linked values

should only be used in studies in which the research design

offers no other choice. When linked scores are necessary,

we recommend the use of the average parameters in

Table 5.

We observe explicitly that projected linkage between

two measures is not symmetrical: The adult score projected

from a pediatric score does not project back to the same

pediatric score. Because the relation between the two

scales is not perfect, there is some regression to the mean in

both projections; this is required to minimize the error of

prediction. This is a limitation of any linkage between

scales that do not measure the same constructs.

This study was limited to those that could read and

respond in English; thus, we cannot generalize the linking

metric to other language versions of PROMIS. This study

used quantitative methods to link the pediatric and adult

PROMIS measures; however, further investigation is nee-

ded using qualitative methods to determine whether ado-

lescents and young adults conceptualize these symptoms in

the same way. Generalizability of these algorithms to older

individuals (e.g., [24 years) or younger children

(i.e.,\ 14) will need to be explored. However, a key

strength of this study included the inclusion of adolescents

and young adults with diverse health conditions, disabili-

ties, and diseases.

Conclusion

This study used a relatively new linking method, calibrated

projection, to create a measurement system that extends the

use of PROMIS measures from age 8 years into adulthood.

Using the regression coefficients and mean square error

estimates in Table 5, one can estimate scores using the

equations described in this paper that would likely have

been obtained on one PROMIS version to the other. For

example, it is estimated that an individual who scored a 40

on the PROMIS pediatric Anxiety measure would have

likely scored a (20.23 ? 0.68 9 40=) 47.43 on the adult

measure. Access to these linking metrics will facilitate

research when both children and adults are included in the

study or when a study follows a child longitudinally into

adulthood.
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