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Abstract

Objective—The objective of the present study is to describe the extension of the National
Institutes of Health (NIH) Patient Reported Outcomes Measurement Information System
(PROMIS®) pediatric parent proxy-report item banks for parents of children ages 5-7 years, and
to investigate differential item functioning (DIF) between the data obtained from parents of 5-7
year old children with the data obtained from parents of 8-17 year old children in the original
construction of the scales.

Methods—Item response theory (IRT) analyses of DIF were conducted comparing data from the
5-7 age group with data from the established scales for ages 8-17 across 5 generic health domains
(physical functioning, pain, fatigue, emotional health, social health) and asthma.

Results—IRT DIF analyses revealed that the majority of the items functioned similarly with
responses from parents of younger and older children. A small number of items were removed
from the item bank for younger children, and a few items that exhibited statistical DIF were
retained in the pools with the caveat that they should not be used in studies that involve
comparisons of younger children with older children.
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Conclusions—The study confirms that most of the items in the PROMIS parent proxy-report
item banks can be used with parents of children ages 5-7. It is anticipated that these new scales
will have application for younger pediatric populations when pediatric self-report is not feasible.
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PROMIS; parent proxy report; Item Response Theory

Introduction

The Patient Reported Outcomes Measurement Information System (PROMIS®) is a
National Institutes of Health (NIH) Initiative, created to advance the assessment of patient-
reported outcomes (PROs) in chronic diseases. Items are evaluated using Item Response
Theory (IRT) to derive scales with scores that are theoretically maximally reliable and valid
along the full spectrum of the latent trait [1]. A primary objective is to develop item banks
and computerized adaptive tests (CAT) across a variety of chronic disorders [2]. During the
past 9 years, the PROMIS Pediatric Cooperative Group has developed pediatric self-report
item banks for ages 8-17 years across five generic health domains (physical functioning,
pain, fatigue, emotional health, social health) consistent with the larger PROMIS network
[3]. It was anticipated that measures of these five generic health domains would be
applicable across pediatric chronic health conditions, so generic or nondisease-specific
scales were developed [4-10]. An asthma-specific measure was also created [11; 12].

While pediatric self-report should be considered the standard for measuring PROs [13],
there may be circumstances when the child is too young, too cognitively impaired, or too ill
to complete a PRO instrument, and parent proxy-report may be needed in such cases [14].
To address this need, we developed the PROMIS Parent Proxy Report Scales for Children
[15]. Our initial report focused on children ages 8-17 years [16].

The majority of parent proxy-report scales, consistent with other clinical assessment
instruments [17], have utilized Classical Test Theory (CTT) and have rarely taken advantage
of IRT analysis in the scale development process [18]. By utilizing IRT analysis, the
resulting item bank can be the basis of a more customizable measure for meeting a
researcher’s or clinician’s needs. Depending on the desired level of precision, the user can
then select the number of items to administer and obtain scores on the same metric as all
other users of this item bank [18].

Since our initial report on the PROMIS Parent Proxy Report Scales focused on children ages
8-17 years [16], the objective of the present study is to describe the extension of these
parent proxy-report scales for parents of children ages 5-7 years. Because the PROMIS
parent proxy-report item banks already exist for use with parents of children ages 8-17 [16],
we do this by using the analysis of differential item functioning (DIF) between the data
obtained from parents of 5-7 year old children with the data obtained from parents of 8-17
year old children in the original construction of the scales.

DIF analysis is a procedure designed to investigate whether items measure the same
unobserved constructs in the same way in two groups. Group means on the construct may
differ, but that may be due to group differences on the individual differences variable
measured by the scale. IRT analysis makes use of parameters associated with each item; if
the item parameter estimates differ significantly between groups, there is evidence that the
items are not measuring the latent variable in the same way across groups; that is DIF.

The primary goal of the research reported here is to investigate DIF between responses from
parents of children ages 5-7 years and those from parents of the 817 year old children of
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the original sample. For items that do not exhibit DIF between responses from parents of
children in the 5-7 age group and the original sample of data with children 8-17, we
conclude that those items may be used in the extension of the scales to ages 5-7. Items that
exhibit DIF may not measure the same constructs in the same ways with responses from
parents of younger children as they do when the children are older; those items may be
excluded from use with parents of children 5-7 years of age. In practice there are always
shades of gray: Some items may exhibit statistical DIF, but often their practical effect on the
overall score is negligible and if that’s the case, they may be useful for measuring health
outcomes for younger children. We examine parent proxy-report items for the presence of
DIF across three age groups: 5-7, 8-12, and 13-17.

We examine DIF between parent proxy-report responses for the 5-7 and 8-17 age groups as
the primary analysis, and between the 8-12 and 13-17 age groups in a secondary analysis.
The primary analysis addresses the study’s main research question. The purpose of the
secondary analysis is twofold: First, it checks for DIF within the current 8-17 age range for
the PROMIS parent proxy-report scales; if such DIF is present, it could complicate
interpretation of the results of the primary DIF analysis that has the 8-17 age group
aggregated. Second, if we find the expected absence of DIF between responses from parents
of 8-12 and 13-17 year old children, but we do find DIF between the 5-7 and 8-17 groups,
then we are reassured that the DIF reflects meaningful differences in performance of the
items between parents of younger children and those of 8-17 year old children.

Participants were recruited between May 2008 through March 2009 in hospital-based
outpatient general pediatrics and subspecialty clinics. Parent of pediatric patients within the
age range of 5-17 were recruited through a review of clinic appointment rosters or while
waiting for their clinic appointments according to protocols approved by the institutional
review boards (IRBs) of University of North Carolina (UNC), Duke University Medical
Center, University of Washington (UW), Lurie Children’s Hospital of Chicago (Lurie;
formally Children’s Memorial Hospital, Chicago), and Children’s Hospital at Scott and
White (S&W) in Texas. Trained research assistants, who were under the supervision of one
of the authors (Site Principal Investigator) and were based at the clinics, were responsible
for reviewing the clinic appointment rosters. The trained research assistants were
responsible for approaching potential participants and briefly explaining the study in clinic
and hospital waiting rooms. The UNC, Duke, UW, Lurie and S&W general pediatric clinics
were representative of health issues for which children have physician office visits (e.g.,
well child visits, acute illnesses, and some chronic illnesses). The specialty clinics included
Pulmonology, Allergy, Gastroenterology, Rheumatology, Nephrology, Obesity,
Rehabilitation, Dermatology, and Endocrinology. Parents of children with asthma were over
sampled during recruitment because asthma-specific items were tested.

To be eligible to participate in the large-scale testing survey, all participants were required to
meet the following inclusion criteria: able to speak and read English; and able to see and
interact with a computer screen, keyboard, and mouse. Parents signed an informed consent
document. Each participant received a $10 gift card in return for their time and effort.

Item Bank Development

The PROMIS Pediatric item banks were developed using a strategic item generation
methodology adapted by the PROMIS Network [2]. Six phases of item development were
implemented: identification of existing items, item classification and selection, item review
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and revision, focus group input on domain coverage, cognitive interviews with individual
items, and final revision before field testing. Item development has been described in detail
previously [15; 16].

The final pediatric self-report item banks included scales measuring five generic health
domains (Physical Functioning, Pain, Fatigue, Emotional Health, Social Health) and
Asthma. Because Physical Functioning includes both upper extremity and mobility item
banks, Emotional Health includes separate anger, anxiety and depressive symptoms item
banks, and Fatigue includes both tired and lack of energy item banks, a total of 10 content
domains were tested [4-10].

The parent proxy-report items were developed from the 10 existing pediatric self-report
content domains [4-10]. The items were revised to retain their meaning, while modifying
the phrasing so that all items involved parents reporting on their child for the same 10
domains as the pediatric self-report domains [15; 16]. For example, in the pediatric self-
report pain interference domain [6], children responded to the item “I had trouble sleeping
when | had pain,” while parents responded to the parent proxy-report equivalent of this item,
“My child had trouble sleeping when he/she had pain.”

All items had a 7-day recall period and used one of two sets of standardized 5-point
response options: never, almost never, sometimes, often, almost always for all scales except
physical functioning; or, with no trouble, with a little trouble, with some trouble, with a ot
of trouble, not able to do for the physical functioning scales.

In the data collection for the original standardization of the pediatric parent-proxy scales,
293 proxy-report items from the 10 content domains were administered to 432 parents of 5—
7 year old children and 1,548 parents of the 8-17 year old children [15]. To reduce
respondent burden, a multi-form design was used in which the items were divided among
nine test forms, and each parent was administered one of the nine forms; the details of the
sampling design have been described previously [15]. For children ages 5-7, all responses
were provided by parent-proxy, whereas for ages 8-17, responses were provided both by
parent-proxy and directly by the children (though only parent-proxy responses are use in the
analyses presented here).

Of the 293 items administered, 165 were ultimately included in the proxy item banks for
parents of children ages 8-17 years; these corresponded to the 166 items that were
ultimately included in the pediatric self-report item banks, less one item that could not be re-
worded for parent-proxy report. This strategy was taken to maximize the comparability
between the pediatric self-report and parent proxy-report versions. The general process of
reducing the pediatric self-report items from 293 to 166 has been previously reported [4].
Proxy-report short form items were selected from items that were on the pediatric self-report
short forms for each domain, and did not include any items that were not already on the self-
report short forms [16].

Statistical and Psychometric Methods

Traditional descriptive statistics were computed as a check on data entry and validity and to
verify that there were no empty (zero frequency) response categories for any item. Items
were analyzed for DIF after dividing the respondents into three age groups: ages 5-7, 8-12,
and 13-17. Two DIF comparisons were made: ages 57 vs. ages 8-17, and ages 8-12 vs.
ages 13-17. The DIF analyses were performed using the Wald Test as implemented in
IRTPRO [19]. Significant x2 values indicate that the item parameters are different across the
two groups (i.e., the items are not measuring the same construct or are functioning
differently across groups). DIF statistics were computed only for parameters associated with
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response categories that were endorsed across all ages. Items associated with slope
parameter estimates exceeding 10 were omitted from the DIF analyses, because this also
indicates insufficient data to obtain stable parameter estimates.

The Benjamini-Hochberg procedure [20] was used to adjust alpha levels for multiple
comparisons. Standard methods were employed to determine the effect size of the DIF [21];
an item can show statistically significant DIF but still have a relatively small effect size,
making its practical significance trivial. For this reason, it is important to examine exactly
how the DIF affects responses across groups.

Finally, items exhibiting DIF were reviewed by an expert panel which consisted of 7
individuals with a range of expertise in the statistical techniques used, domain content, and
the use of patient-reported outcomes in pediatric populations. The panel then recommended
by consensus whether each of the DIF items would be removed from the scale for parent-
proxy responses for children ages 5-7, or retained with a warning that the items should not
be used in studies comparing 5-7 year old children with older children. Specifically, the
expert panel was asked to both look at the results of the DIF analysis and consider the
content of the item. If DIF was found, panel members considered the developmental
appropriateness of the item for children ages 5-7. Each panel member decided whether the
item exhibiting DIF was developmentally appropriate for children ages 57, and voted on
whether to retain the item or remove it. Once all of the votes were tallied, the group
discussed all items where the vote was not unanimous to reach a final consensus decision.

The nine test forms were completed by a total of 1980 respondents (432 in the 5-7 age
group and 1,548 in the 8-17 age group). Demographic information for the respondents can
be found in Table 1. The total sample was 53% female and 22% of the children were ages 5-
7. The caregivers providing responses from their children were 64% Caucasian, 22% Black,
3% multi-racial, and 11% other races (Asian/Pacific Islanders, Native Americans, and Other
Races). Eleven percent of the sample was of Hispanic ethnicity.

Due to imbalance in the cross-site assignment of forms to respondents, the form originally
numbered 4 (Form 4) was administered to too few respondents for IRT analysis; as a result,
the subset of items derived from that form are not included in the present analysis.

Emotional Health

The Emotional Health domain consists of three subdomains: Depressive Symptoms,
Anxiety, and Anger. Within the Depressive Symptoms domain, four items exhibit
statistically significant DIF when comparing children ages 5-7 to those 8-17: “my child felt
sad” (x2 (5) = 19.5, p < 0.01); “my child thought that his/her life was bad” (32 (5) = 21.7, p<
0.01); “it was hard for my child to do school work because he/she felt sad” (x2 (5) = 16.2, p
=0.01); and “my child felt stressed” (32 (5) = 19.5, p < 0.01); see Table 2. Of these four
items, the first two are also on the parent proxy-report short form [16]. For the item “my
child felt sad”, computation of IRT-modeled response probabilities suggested only a weak
effect size of the DIF. For the item “my child thought that his/her life was bad”, DIF
increased the number of responses at both ends of the scale. Parents of younger children
were more likely to endorse the extreme response categories on this item, making it more
discriminating for the younger children. After expert panel discussions, it was decided that
the two short form items (“my child felt sad” and “my child thought that his/her life was
bad”) be retained for the Depressive Symptoms parent proxy-report scale for ages 5-7, but
that they be flagged to exclude their use in comparison with children in older age groups.
The other two items exhibiting DIF were omitted from the scale for ages 5-7, as these items
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differ in their relevance depending on the age group. None of the Depressive Symptoms
items showed DIF when comparing ages 8-12 vs. 13-17.

Five of the Anxiety items exhibit DIF when comparing ages 5-7 vs. 8-17: “my child
worried when he/she was at home” (x2 (4) = 13.1, p = 0.01); “my child worried when he/she
went to bed at night” (32 (5) = 19.2, p < 0.01); “my child thought about scary things” (x2 (5)
=14.2, p=0.01); “my child got scared really easy” (x? (5) = 34.5, p < 0.01); and “my child
woke up at night scared” (x2 (4) = 19.4, p < 0.01); see Table 2. Two of these items are also
on the short form (“my child worried when he/she went to bed at night” and “my child
thought about scary things”). The expert panel recommended omission of “my child got
scared really easy” from the parent proxy-report scale for ages 5-7 due to its large effect
size. Younger children may define “scared” differently from older children, and being
scared is rather common in younger children, regardless of their health status. A similar
rationale was used for the item “my child woke up at night scared”; therefore, this item was
also omitted. The remaining three items showing statistical DIF were retained for the scale
due to their weak effect sizes and their presence on the short form. Once again, none of the
items exhibit DIF in the comparison of parent proxy-report responses with children ages 8-
12 vs. 13-17.

The Anger item bank consists of six items; none of these showed statistically significant DIF
for either age group comparison after controlling for multiplicity. All six items were retained
for inclusion on the scale for all age groups.

The Fatigue domain comprises two subdomains: Lack of Energy and Tired. Four of the
items on the Lack of Energy scale are on Form 4, and therefore, not included in the DIF
analyses. See Table 3 for a list of these items. One other item (“my child had enough energy
to do the things he/she likes to do”) is not included in the analysis due to producing a slope
parameter estimate larger than 10. Of the items included in the analysis, two Lack of Energy
items show statistical DIF: “my child felt full of energy” (x2 (4) = 16.1 p < 0.01) and “my
child had enough energy to go out or play with his/her friends” (x2 (5) = 20.9, p < 0.01). The
expert panel recommended that both items be retained for the Lack of Energy scale but that
they not be used in studies comparing children ages 5—7 with older children. In comparing
ages 8-12 vs. 13-17, none of the items show statistical DIF.

Several Tired items are not included in the analysis because they are on Form 4; see Table 3
for a list of the nine items falling into this category. Of the items not on Form 4, four of
them reveal statistically significant DIF: “my child was too tired to do sports or exercise” (2
(5) = 17.6 p < 0.01); “my child felt too tired to spend time with his/her friends” (x2 (4) =
15.1 p < 0.01), “my child was too tired to eat” (2 (4) = 12.7 p = 0.01), and “my child
needed to sleep during the day” (x2 (5) = 16.8 p < 0.01); see Table 3. Of the items showing
statistical DIF, only one (“my child needed to sleep during the day”) was excluded from the
scale for ages 5-7. This item is not very discriminating for 5-7 year-olds, likely due to some
children still taking naps during the day regardless of their levels of fatigue. The other three
items showing DIF were recommended for inclusion in the scale but not for administration
in studies comparing 5-7 year-olds with older children. None of the items comparing ages
8-12 vs. 13-17 exhibited statistical DIF.

Physical Functioning

The Physical Functioning domain consists of two subdomains: Upper Extremity and
Mobility. Thirteen Upper Extremity items are not included in the DIF analyses: seven from
Form 4 due to insufficient sample size and six because of slope estimates larger than 10; see
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Table 4 for a list of these items. Of the rest of the items on the scale, one item, “my child
could dial a phone,” exhibits statistical DIF when comparing children ages 5-7 to those 8—
17 (x2 (4) = 17.0, p < 0.01). The expert panel decided that the item should be excluded from
the scale for ages 5-7 because dialing a phone is not a usual activity for children this young.
None of the items demonstrate statistical DIF for the 8-12 vs. 13-17 age comparison.

Thirteen Mobility items are not included in the DIF analyses: seven from Form 4 as a
consequence of insufficient sample size, five due to slope estimates larger than 10, and one
because participants responded in only one response category; see Table 4 for a list of these
items. Of the items included in the analysis, three Mobility items show significant DIF when
comparing children ages 5-7 to those 8-17: “my child could do sports and exercise that
other kids his/her age could do” (x2 (5) = 17.3, p < 0.01), “my child could go up one step”
(x2 () = 12.7, p=0.01), and “my child could run a mile” (x2 (5) = 52.9, p< 0.01). In
addition, the item “my child could get up from a regular toilet” (x2 (4) = 36.7, p < 0.01)
exhibited statistical DIF when comparing children 8-12 vs. 13-17. The expert panel decided
to retain all items showing statistical DIF except “my child could run a mile” for ages 5-7
because a mile is too long of a distance for this age group.

Pain Interference

Five items on the Pain Interference scale are on Form 4 so are excluded from the DIF
analyses due to insufficient sample size; see Table 5 for a list of the items falling into this
category. Of the items included in the analyses, none show DIF for either of the age group
comparisons. All items are retained for all age groups.

Peer Relationships

Asthma

Five items on the Peer Relationships scale are on Form 4 and therefore not included in the
DIF analyses due to insufficient sample size; see Table 6 for a list of these items. Of the
items included in the analysis, “other kids wanted to be my child’s friend” is the only item to
show statistical DIF when comparing children ages 5-7 to those 8-17 (32 (3) = 30.1, p <
0.01). The content experts chose to retain the item but suggested that the item not be used in
studies comparing 5-7 year olds to 8-17 year olds. The concept of friendship may be
different in younger children than older children. None of the items exhibit statistical DIF
when comparing ages 8-12 vs. 13-17.

One Asthma item, “my child coughed because of his/her asthma,” exhibited statistical DIF
between 5-7 and 13-17 children (x2 (5) = 19.6, p < 0.01); see Table 7. The expert panel
decided to retain this item despite the large effect size. It is unclear as to why this item
demonstrates DIF but the item content of coughing does not seem to have different
meanings based on a child’s age. None of the items demonstrate DIF for the ages 8-12 vs.
13-17 comparisons.

Discussion

This study describes the extension of the NIH PROMIS Parent Proxy Report Scales to ages
5-7 based on IRT DIF analyses that suggested that the majority of the items functioned
similarly when responses from parents of younger children were compared with those from
the original sample of parents of children ages 8-17 years. A small number of items that are
useful with parents of children ages 8-17 years were removed from the item bank for
younger children, due to the results of the DIF analysis, but largely because they involve
terms (like “stress™) or activities (like “homework™) that have different meaning, or no
meaning, for younger children. A few items that exhibited statistical DIF were retained in
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the item pools for administration to parents of children ages 5-7, but with the caveat that
they should not be used in studies that involve comparisons of younger children with older
children, because these items function differently for younger children than for older
children, although the items are effective indicators at all ages.

Children aged 5-7 have very different life experiences from older children, not only
developmental differences but also socio-environmental differences (e.g., school
experiences). Thus, we expected parents of younger children might perceive some items
differently from those of older children. Understanding the similarities and differences
between parents’ perceptions for these age groups is important. Items that showed
measurement equivalence between age groups can be administered across the age groups,
while items that demonstrated DIF should only be used to capture the developmental
uniqueness of each age group.

A secondary DIF analyses also compared the performance of items for children ages 8-12
with those 13-17. Virtually no DIF was observed in these comparisons across the age range
already covered by the pre-existing pediatric self-report and parent proxy-report scales. That
is a reassuring result for the validity of the existing scales, and supports our use of the 8-17
year old group to serve as a monolithic comparison group for the 5-7 year old group in the
primary DIF analysis. The contrast between the DIF found in the primary and secondary
analysis also supports the degree to which we attend to DIF findings when parent proxy-
reports for younger children are considered.

We recruited participants from clinics across five sites to achieve a sample with diverse
experiences in terms of health outcomes, but also cultural and ethnic influences. This study
does not report on using the items in languages other than English or in children living in
other countries, so we cannot assume that the scales would have the same test characteristics
in those other populations. Further, we were not able to conduct IRT analyses with the Form
4 items due to insufficient sample size. Finally, disease diagnoses were not verified from the
medical charts, but rather were based on parent report. Future research will include patients
with verified disease diagnoses.

Future research with other samples may identify other sources of DIF for the items; an
advantage of IRT as a method is that it can detect item-level DIF, and “flag” items to be
used only with caution for comparisons across levels of a variable for which DIF exists.
Although analysis of DIF led to smaller item banks, we believe this approach will ultimately
yield a more broadly applicable measure for comparing results across populations.

In conclusion, this study provides and extends the NIH PROMIS Parent Proxy Report Scales
for ages 5-7. Further research is indicated on construct validity and tests of the
responsiveness of these scales and item banks in larger samples of parents of pediatric
patients with chronic health conditions.
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Table 1

Parent and child demographics

Ages5-7 N =432 (% of completedata) Ages8-17 N = 1,548 (% of complete data)

Caregiver’s Gender

Male 66 (15) 228 (15)
Female 365 (85) 1,313 (85)
Missing 1 7
Caregiver’s Age Mean =375, SD=7.9 Mean =41.1,SD=7.8
Marital Status
Never married 49 (11) 122 (8)
Married 306 (71) 1,060 (69)
Living with partner 23 (5) 67 (4)
Separated or divorced 46 (11) 46 (11)
Widowed 5(1) 5(1)
Missing 3 20
Caregiver’s Race
White 271 (64) 980 (64)
Black or African-American 94 (22) 337 (22)
American Indian/Alaska Native 3(1) 22 (1)
Asian 10 (2) 30(2)
Native Hawaiian/Pacific Is 1(.2) 5(.3)
Other 34 (8) 107 (7)
Multiple Races 12 (3) 50 (3)
Missing 7 17
Caregiver’s Ethnicity
Non Hispanic 381 (89) 1,370 (89)
Hispanic 47 (11) 167 (11)
Missing 4 11
Caregiver’s Relationship to Child
Mother, stepmother, foster mother 352 (82) 1,248 (81)
Father, stepfather, foster father 61 (14) 211 (14)
Grandparent 11 (3) 42 (3)
Guardian or other 2(.5) 35(2)
Missing 4 12
Caregiver’s Education Level
<=8 grade 3(1) 27(2)
Some high school 23 (5) 75 (5)
High school degree/ GED® 71 (17) 277 (18)
Some college/technical degree 126 (29) 529 (35)
College degree 123 (29) 433 (28)
Advanced degree 82 (19) 193 (13)
Missing 4 14
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Ages5-7 N = 432 (% of complete data)

Ages8-17 N = 1,548 (% of complete data)

Child’s age (yrs.)
5-7
8-12
13-17

Child’s gender
Male
Female

Missing

Mean = 6.0, SD = .83

189 (44)
243 (56)
0

665 (54)
566 (46)

736 (48)
809 (52)
3
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