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Abstract:

Purpose: Many research studies seek to assess health outcomes among patients across the ad-
olescent-adult age groups. This age group distinction often leads to independent scale creation
and validation in self-report measures, such as the Patient-Reported Outcomes Measurement
Information System’ (PROMIS’) health-related quality of life (HRQOL) measures. Research stud-
ies would benefit from the ability to use a single measure across these age groups.

Method: This study is a secondary data analysis of adolescents (age 14-17) and young adults
(age 18-20) with special healthcare needs (n = 874). Participants completed short forms of
both PROMIS pediatric and adult measures of physical functioning, pain, fatigue, depres-
sion, social health, anxiety, and anger. Differential item functioning (DIF) across age groups
was examined using Wald tests for graded response model (GRM) item parameters.

Results: No DIF across age group was observed for any item in any of the pediatric or adult
short form measures.



418

PROMIS HRQOL AGE DIF

Conclusion: These results support the flexible use of pediatric and adult PROMIS HRQOL
scales for adolescents and young adults age 14-20.
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1 Introduction

The National Institutes of Health launched
the Patient-Reported Outcomes Measure-
ment Information System (PROMIS) ini-
tiative in 2004 with the goal to provide
researchers access to a set of patient-re-
ported measures of health-related quality
of life (HRQOL) with strong evidence for
its validity and reliability across a broad
range of diseases and health conditions
(Cella, Yount, Rothrock, Gershon, Cook et
al., 2007). Through the collaborative work
of a large multi-disciplinary team of inves-
tigators, both pediatric and adult PROMIS
measures are available for commonly ex-
perienced HRQOL domains including, but
not limited to, physical functioning, pain,
fatigue, depression, social health, anxiety,
and anger (see: https://www.healthmea-
sures.net/explore-measurement-systems/
promis/intro-to-promis). The PROMIS mea-
sures are now being used globally in both
clinical research and healthcare delivery
settings (Alonso, Bartlett, Rose, Aaronson,
Chaplin et al., 2013).

The PROMIS pediatric measures were de-
signed and evaluated in children and ado-
lescents between 8 and 17 years of age and
the adult PROMIS measures were designed
and evaluated in adults 18 years of age and
older. Often, there are circumstances when
a given research study will include partici-
pants who are below and above the 18-year
threshold. This may be a study that collects

cross-sectional or longitudinal data across
a broad age range that spans the 18-year
threshold or a prospective study that begins
data collection in adolescence and follows
the participant into young adulthood. The
goal would be to have a consistent measure
of HRQOL that would allow investigators to
compare or to combine scores across age
groups, or to have consistent metrics to plot
HRQOL trajectories over time for the same
individuals.

In previous research, PROMIS investiga-
tors collected responses to both pediatric
and adult PROMIS measures of common
HRQOL domains from 874 adolescents and
young adults, between 14 and 20 years of
age, with special healthcare needs and who
require health services (Reeve, Thissen, De-
Walt, Huang, Liu et al., 2016). Using a novel
linking methodology called calibrated pro-
jection, algorithms were created to allow
investigators to convert scores from the
PROMIS pediatric measures to the PROMIS
adult measures, and vice-versa, for similar
HRQOL domains (Reeve et al., 2016; This-
sen, Liu, Magnus, & Quinn, 2015; Tulsky,
Kisala, Boulton, Jette, Thissen et al., 2019).
For the hypothetical research studies de-
scribed in the previous paragraph, these
linking algorithms would allow researchers
to administer the PROMIS pediatric mea-
sures for adolescents less than 18 and the
PROMIS adult measures for participants 18
years or older.
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However, a better option is available for re-
searchers that includes having young adults
(e.g., between 18-20 years) complete the
PROMIS pediatric measures to have the same
questions as the adolescents in the study, or
that includes having the adolescents (e.g.,
between 14-17 years) complete the PROMIS
adult measures to have the same questions
as the young adults in the study. Or the hy-
pothetical prospective study would have the
same participant complete just the PROMIS
pediatric or just the PROMIS adult measure
as they are followed from adolescence into
young adulthood. For these options, we
need to make sure that the items within the
PROMIS pediatric and adult measures are in-
terpreted similarly by adolescents and young
adults.

The goal of this secondary analysis of data
from individuals with special healthcare
needs is to perform tests of differential item
functioning (DIF) of the PROMIS measures.
DIF occurs when individuals from two dif-
ferent groups (in this study, adolescents and
young adults) have different probabilities
for selecting the response options for an
item (e.g., “I got tired easily”) even after con-
trolling for the differences between the two
groups on the construct being measured by
the scale (e.g, PROMIS measure of fatigue)
(Reeve, Pinheiro, Jensen, Teresi, Potosky et
al., 2016; Thissen, Steinberg, & Wainer, 1993).
In other words, an adolescent and a young
adult experiencing the same level of fatigue
could interpret the item “I got tired easily”
differently, and thus respond differently. Giv-
en the rigorous qualitative and quantitative
methodology used to design and evaluate
the items that went into the PROMIS mea-
sures (DeWalt, Rothrock, Yount, & Stone,
2007; Reeve, Hays, Bjorner, Cook, Crane et al.,
2007; Irwin, Varni, Yeatts, & DeWalt, 2009),
we hypothesize there would be no DIF in the

PROMIS items due to age group. If this hy-
pothesis is supported by the data, then this
would allow investigators to use the same
PROMIS version in their study instead of us-
ing both the pediatric and adult measures for
individuals between 14 and 20 years of age.

2 Methods
2.1 Participants and Procedure

The current investigation is a secondary data
analysis of 874 adolescents and young adults
with “Special Health Care Needs” as previ-
ously described by Reeve and colleagues
(Reeve et al., 2016). Adolescents and young
adults were 14 to 20 years old, able to read,
write, speak English, and have access to a
computer with internet. This sample was
collected to represent a diverse set of illness-
es affecting HRQOL. Participants aged 14 to
17 were classified as the “adolescent sample”
Participants aged 18 to 20 were classified as
the “young adult sample.

All participants completed a demograph-
ic questionnaire capturing the respondent’s
age, sex, race, ethnicity, and education level,
as well as items related to the presence of
any self-reported health conditions. Then,
all participants completed PROMIS pediat-
ric short forms and corresponding PROMIS
adult short forms for the following concepts:
physical functioning, pain, fatigue, social
health, depression, anxiety, and anger. In
pediatric measures, physical functioning is
captured with two subscales — upper extrem-
ity and mobility. Social health is captured by
the PROMIS pediatric measure of peer rela-
tionships. In adult measures, social health is
captured with a scale on emotional support.
Order of administration of the PROMIS pedi-
atric and adult measures was randomized.
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All PROMIS items analyzed in the current
study have five ordered response categories.
Response categories differed by scale: pediat-
ric physical functioning-upper extremity and
mobility (1=with no trouble, 2=with a little
trouble, 3=with some trouble, 4=with a lot of
trouble, 5=not able to do), adult physical func-
tioning (1=not at all, 2=very little, 3=some-
what, 4=quite a lot, 5=cannot do), pediatric
fatigue, pediatric pain, pediatric depression,
pediatric anxiety, pediatric anger, pediatric
peer relationships (1 = never, 2 = almost never,
3 = sometimes, 4 = often, 5 = almost always),
adult fatigue, adult pain (1 = not at all,2 = a
little bit, 3 = somewhat, 4 = quite a bit, 5 = very
much), adult depression, adult anxiety, adult
anger, adult social health (1 = never, 2 = rarely,
3 = sometimes, 4 = often, 5 = always).

This secondary data analysis was ruled
exempt from IRB review by Duke University
School of Medicine.

2.2 Statistical Analysis

Item Response Theory (IRT) item parame-
ters for the polytomous ordered response
categories were estimated using Samejima’s
Graded Response Model (GRM; Samejima,
1969). DIF was examined on every item
within each PROMIS pediatric measure
and adult measure between the adolescent
and young adult samples. The young adult
sample was the focal group for DIF analyses
on all PROMIS pediatric measures, and the
adolescent sample was the focal group for
DIF analyses on all PROMIS adult measures.
The Wald test was used to test for DIF in the
GRM discrimination and threshold parame-
ters simultaneously in an omnibus test, and
then separately for each parameter. Models
did not include covariates such as sex or
health condition, as prior studies have in-
vestigated DIF across these key attributes

(Reeve et al., 2016; Jones, Tommet, Ramirez,
Jensen, & Teresi, 2016; Coster, Ni, Slavin, Ki-
sala, Nandakumar et al., 2016; Irwin, Stucky,
Langer, Thissen, DeWitt et al., 2010; De-
Walt, Thissen, Stucky, Langer, Morgan et al.,
2013). Similar to other IRT investigations of
PROMIS measures (Irwin et al., 2010), we
used the Benjamini-Hochberg procedure to
control for the multiplicity of comparisons
involved in checking each item for DIF us-
ing a = 0.05 (Benjamini & Hochberg, 1995).
There were no a priori hypotheses regarding
which items within a PROMIS scale are most
appropriate to serve as anchors for the DIF
tests. Thus, to examine the sensitivity of the
results to anchor item selection, DIF analyses
were conducted in two ways (based on guid-
ance from Woods, Cai, & Wang, 2013). First,
DIF was examined using a two-step “anchor-
all-test-all” method, where focal group factor
means and variances were estimated by con-
straining all item parameters to be equal be-
tween groups, followed by free estimation of
all item parameters while fixing factor means
and variances to their values estimated in
the previous step. Second, DIF was examined
based on three selected anchor items in each
scale (comprising between 30% and 50% of
the total items within a scale). The top three
anchor items demonstrating nonsignificant
Wald x? statistics from the “anchor-all-test-
all” method were selected within each scale.
Multiple simulation studies have found this
method to better control for Type 1 error rate
in both binary and polytomous items (Wang
& Woods, 2017; Cao, Tay, & Liu, 2017). Exam-
inations of DIF for individual item discrimina-
tion or threshold parameters, and magnitude
of DIF, were to be conducted only if any om-
nibus DIF across age group was detected at
the item level. R (version 4.0.0) was used for all
analyses, with IRT parameters and DIF tested
using the ‘mirt’ package (R Core Team, 2020).
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3 Results

3.1 Demographic and Clinical
Information

The sample included 415 adolescents be-
tween 14 and 17 years of age (Mean = 15.63,
SD = 1.20) and 459 young adults between
18-20 years of age (Mean = 18.93, SD = 0.75).
Adolescents were 48.2% female, and young
adults were 57.7% female. Adolescents were
52.0% White, 22.4% Black, 12.3% “Other,
8.2% Asian, 3.4% Multiple Race, and 1.7%
did not report race. Young adults were
49.7% White, 19.4% Black, 13.7% “Other,’
8.7% Asian, 4.1% Multiple Races, and 4.4%
did not report race. Adolescents were 33.3%
Hispanic, and young adults were 42.7% His-
panic. The top five health conditions for
adolescents were ADHD (33.3%), Mental
Health (i.e., a wide range of conditions that
affect mood, thinking, or behavior; 25.1%),
Allergies (23.6%), Asthma (22.4%), and
Chronic Pain (21.2%). The top five health
conditions for young adults were Hyper-
tension (25.7%), ADHD (23.5%), Asthma
(22.7%), Chronic Pain (22.4%), and Mental
Health (20.7%).

3.2 Differential Item Functioning

See Table 1 for full DIF analysis results. No
DIF between age groups was identified for
any item across the eight PROMIS pediatric
scales using omnibus Wald tests. Addition-
ally, no DIF between age groups was identi-
fied for any item across the seven PROMIS
adult scales using omnibus Wald tests. This
was true both when using an “anchor-all-
test-all” procedure, as well as three anchor
items for each scale. Wald x* p-values were
all above their respective cutoffs based on
the Benjamini-Hochberg procedure for
multiple comparisons (Benjamini & Hoch-
berg, 1995). Because no omnibus Wald tests
were significant, we did not conduct DIF
analysis for individual IRT item parameters.
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Table1 DIF Estimates and Significance for PROMIS HRQOL Pediatric and Adult Short Forms

PROMIS Item Content

“Anchor-
all-test-
all” Wald
x

“Anchor-
all-test-
all” Wald
p-value

3 Anchor
Items
Wald x?

3 Anchor
Items
Wald
p-value

| could button my shirt or pants.

| could open a jar by myself.

| could open the rings in school binders.

| could pour a drink from a full pitcher.

I could pull a shirt on over my head by myself.
| could pull open heavy doors.

| could put my shoes on by myself.

| could use a key to unlock a door.

2.21
1.84
1.56
2.29
293
112
6.63
1.89

2.4
276
477
2.99
Anchor
1.68
Anchor
Anchor

79
74
74
70
Anchor
.89
Anchor
Anchor

| could do sports and exercise that other kids my age
could do.

| could get up from the floor.

| could keep up when | played with other kids.

| could move my legs.

| could stand up by myself.

| could stand up on my tiptoes.

| could walk up stairs without holding on to anything.

| have been physically able to do the activities | enjoy
most.

256

7.04
3.64
1.65
3.66
771
8.47

2.34

3.84

Anchor
177
214
Anchor
Anchor
7.99

4.31

.57

Anchor
.88

.83
Anchor
Anchor
16

.51

Does your health now limit you in doing vigorous
activities, such as running, lifting heavy objects,
participating in strenuous sports?

Does your health now limit you in walking more than
amile?

Does your health now limit you in climbing one flight
of stairs?

Does your health now limit you in lifting or carrying
groceries?

Does your health now limit you in bending, kneeling,
or stooping?

Are you able to do chores such as vacuuming or
yardwork?

Are you able to dress yourself, including tying
shoelaces and doing buttons?

Are you able to shampoo your hair?
Are you able to wash and dry your body?
Are you able to get on and off the toilet?

1.56

2.93

1.99

213

1.56

0.31

1.00

2.28
2.37
2.63

2.48

Anchor

2.25

133

133

1.24
Anchor
Anchor

Anchor
Anchor
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Being tired made it hard for me to play or go out with
my friends as much as I'd like.

| felt weak.
| got tired easily.

Being tired made it hard for me to keep up with my
schoolwork.

I had trouble finishing things because | was too tired.
| had trouble starting things because | was too tired.
| was so tired it was hard for me to pay attention.

| was too tired to do sports or exercise.

| was too tired to do things outside.

| was too tired to enjoy the things | like to do.

| feel fatigued

| have trouble starting things because | am tired
How run-down did you feel on average?

How fatigued were you on average?

How much were you bothered by your fatigue on
average?

To what degree did your fatigue interfere with your
physical functioning?

How often did you have to push yourself to get things
done because of your fatigue?

How often did you have trouble finishing things
because of your fatigue?

5.92 31 4.82 44
5.87 32 497 A2
4.90 43 5.08 41

1.55 91 3.02 70

1.26 .94 Anchor Anchor
5.55 .35 Anchor Anchor
51 .99 2.45 78

210 .83 5.06 41

5.04 41 Anchor Anchor
6.24 .28 377 .58
3.88 .57 271 74

114 .95 0.91 .97
6.92 23 Anchor Anchor
6.31 .28 Anchor Anchor
10.62 .06 10.70 .06
770 17 6.22 .29
5.44 .26 3.48 .63
6.56 .26 Anchor Anchor

| had trouble sleeping when | had pain.

| felt angry when | had pain.

I had trouble doing schoolwork when | had pain.

It was hard for me to pay attention when | had pain.

It was hard for me to run when | had pain.

It was hard for me to walk one block when | had pain.
It was hard for me to have fun when | had pain.

It was hard for me to stay standing when | had pain.

5.62
158
3.07
1.63
1.64
297
7.02
315

34
.90
.69
.90
.90
70
22
.68

8.87
3.51
3.30
2.30
Anchor
Anchor
9.64
Anchor

12

.62

.65

.81
Anchor
Anchor
.09
Anchor

How much did pain interfere with your day to day
activities?

How much did pain interfere with work around the
home?

How much did pain interfere with your ability to
participate in social activities?

How much did pain interfere with your enjoyment of life?

How much did pain interfere with things you usually
do for fun?

How much did pain interfere with your enjoyment of
social activities?

How much did pain interfere with your household
chores?

How much did pain interfere with your family life?

6.67

2.97

144

41

2.87

3.60

2.06

2.51

25

70

.92

.53

72

.61

.84

78

577

5.33

1.66

Anchor

Anchor

Anchor

0.92

1.88

.33

.38

.89

Anchor

Anchor

Anchor

.97

.87
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| could not stop feeling sad.

| felt alone.

| felt everything in my life went wrong.
| felt like | couldn’t do anything right.

| felt lonely.

| felt sad.

| felt unhappy.

| thought that my life was bad.

| felt worthless.

| felt like | had nothing to look forward to.
| felt helpless.

| felt sad.

| felt like a failure.

| felt depressed.

| felt unhappy.

| felt hopeless.

| felt nervous.

| felt scared.

| felt worried.

| felt like something awful might happen.

| thought about scary things.

| was afraid that | would make mistakes.

| worried about what could happen to me.
| worried when | went to bed at night.

| felt fearful.

| found it hard to focus on anything other than my
anxiety.

My worries overwhelmed me.

| felt uneasy.

| felt nervous.

| felt like | need help for my anxiety.
| felt anxious.

| felt tense.

| felt mad.

| felt upset.

| felt fed up.

| was so angry | felt like throwing something.
| was so angry | felt like yelling at somebody.
When | got mad, | stayed mad.

138 .93 1.66 .89
3.22 .67 4.07 .54
3.37 .64 Anchor Anchor
0.80 .98 1.00 .96
141 .92 122 .94
1.52 91 Anchor Anchor
1.92 .86 Anchor Anchor
3.40 .64 472 45
3.36 .65 Anchor Anchor
418 .52 5.54 .35
410 .54 315 .68
6.30 .28 Anchor Anchor
1316 .02 13.00 .02
1.34 93 129 .94
475 45 10.74 .06
5.00 A Anchor Anchor
5.34 .38 3.66 .60
770 17 11.01 .05
9.87 .08 Anchor Anchor
2.80 73 Anchor Anchor
4.51 49 5.44 37
10.96 .05 12.39 .03
4.07 .54 2.57 77
718 21 Anchor Anchor
2.37 .80 278 73
2.01 .85 4.39 .50
3.30 .65 2.81 73
079 .98 Anchor Anchor
2.29 .81 Anchor Anchor
138 .93 0.86 97
0.64 .99 Anchor Anchor
472 45 510 40
473 45 2.91 72
51 40 Anchor Anchor
6.19 29 416 .53
6.49 .26 Anchor Anchor
10.59 26 Anchor Anchor
378 .58 312 .68
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| was irritated more than people knew.

I made myself angry about something just by thinking
about it.

| felt angry.

| felt like | was ready to explode.

| stayed angry for hours.

| felt angrier than | thought I should.
| was grouchy.

| felt annoyed.

| felt accepted by other kids my age.

| was able to count on my friends.

| was able to talk about everything with my friends.
| was good at making friends.

My friends and | helped each other out.

Other kids wanted to be my friend.

Other kids wanted to be with me.

Other kids wanted to talk to me.

0.92 .97 3.37 .64
6.93 23 10.51 .06
0.83 .98 Anchor Anchor
1.46 .92 Anchor Anchor
1.08 .96 Anchor Anchor
1.53 .04 1.97 .04
132 .93 1.81 .87
1.57 91 1.38 93
0.96 .97 2.98 70
3.51 .62 4.32 .51
4.45 49 577 33
7.86 16 818 15
321 .67 Anchor Anchor
6.26 28 7.42 19
142 .92 Anchor Anchor
5.09 40 Anchor Anchor

| have someone to confide in or talk to about myself or

478 44 6.34 27
my problems.
| have someone who understands my problems. 5.27 .38 4.90 43
| have someone who will listen to me when | need to 169 89 168 89
talk.
| have someone to talk to when | have a bad day. 5.03 A Anchor Anchor
| have someone | trust to talk with about my problems. | 3.53 .62 Anchor Anchor
| have someone | trust to talk with about my feelings. 3.96 .56 Anchor Anchor
| haye someone with whom | share my most private 171 89 356 62
worries and fears.
| have someone who makes me feel appreciated. 3.01 70 1.96 .86
Note Designated anchors selected based on Wald-2 and discrimination parameters.

p-values reported are uncorrected for multiple comparisons.
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4 Discussion

This study described IRT-based DIF analy-
ses conducted across adolescent and young
adult age groups on eight PROMIS pedi-
atric and seven PROMIS adult short-form
measures, representing domains of phys-
ical function, pain, fatigue, social health,
depression, anxiety, and anger. The study
found no statistically significant DIF across
all items of all scales for both PROMIS pe-
diatric and adult measures. Furthermore,
DIF was not found when examining varying
methods for anchor item selection. These
findings suggest that item discrimination
and threshold parameters function similar-
lyin each of these scales for adolescents and
young adults with a broad range of health
conditions and healthcare needs.

These findings yield at least two prac-
tical advantages for research using these
PROMIS measures. First, longitudinal stud-
ies following participants’ HRQOL between
the ages of 14 and 20 may be able to use the
same version of these PROMIS measures
(pediatric or adult) throughout these ages
in repeated measurements over time. While
other sources of variance in these scores
over time may still exist, it is unlikely any
differences in responses would arise due to
participants aging. Second, cross-section-
al studies examining participants’ HRQOL
may also be able to use the same version of
these PROMIS measures irrespective of par-
ticipants’ ages between 14 and 20. Selection
of which version to use should be driven by
an understanding of the patient population,
their cognitive functioning, and the nature
of effects the research is intended to uncov-
er. Even among those with the same names,
the PROMIS pediatric and adult scales
measure more or less different constructs,
with correlations ranging from 0.93 in this

sample for Depressive Symptoms down to a
correlation in the 0.6 range between the dif-
ferent Social scales (the latter of which was
not linked by Reeve et al., 2016). For any par-
ticular study, either the pediatric or adult
scale may be judged to include questions
that may be more responsive to treatment
or the variables at hand.

4.1 Limitations & Future Directions

The results are limited to the items includ-
ed on the short forms used in this study. We
cannot generalize to other items within the
banks for the PROMIS domains included in
this study, nor can we generalize to items
within other PROMIS domains. However,
we would expect similar results as all items
in the PROMIS banks went through exten-
sive qualitative and quantitative testing to
select well performing and easily compre-
hensible items. Likewise, we cannot gener-
alize results to age groups below or above
our age range. Because we combined ages
within each group, we can’t guarantee the
PROMIS adult scale would work as well for
just the 14 year olds or the PROMIS pediat-
ric scale would work just as well for just the
20 year olds. We do not have enough sample
size to test for each year of age. Thus, some
caution would be needed if using an adult
form for the youngest age group and the pe-
diatric form for the oldest age group. Lastly,
these results do not necessarily generalize
to the language translations of the PROMIS
measures or in other populations distinct
from those with special healthcare needs,
including different race/ethnicity demo-
graphics.
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4.2 Conclusion

This study addresses a key gap in the large
literature on PROMIS measures and pro-
vides some confidence the either the pedi-
atric or adult forms may be used for studies
that involve adolescents and young adults.
The findings of no DIF provide another op-
tion for investigators who sensibly prefer
not to use the linked metrics.
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