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Abstract
Purpose This study’s aim was to use a representative sample of the US pediatric population to estimate percentiles for sev-
eral PROMIS pediatric measures: Anger, Anxiety, Depressive Symptoms, Family Relationships, Fatigue, Global Health, 
Life Satisfaction, Meaning and Purpose, Pain Behavior, Pain Interference, Physical Activity, Physical Function Mobility, 
Physical Function Upper Extremity, Physical Stress Experiences, Positive Affect, Psychological Stress Experiences, Sleep 
Disturbance, Sleep Impairment, and Peer Relationships.
Methods We used two separate, nationally representative samples of parents and children aged 5–17 years drawn in different 
years from the GfK Knowledge Panel, a dual-frame online probability panel.
Results All measures that were developed using a representative sample had a median at or near the expected value of 50. 
For the other measures, the 50th percentile was often 10 points or more from 50. Several domains had high floors or low 
ceilings. No domain’s percentiles completely corresponded to the percentiles associated with a normal distribution with a 
mean of 50 and standard deviation of 10.
Conclusions This work allows users to interpret a child’s self-reported quality of life relative to children in the US general 
population. When attempting to evaluate whether a child falls above or below other children in the US, one should use the 
values presented in this study. In addition, we recommend that users should focus on whether a child’s score falls into one 
of a few broad severity groups rather than on specific percentile scores.

Keywords Pediatrics · Patient reported outcomes · PROMIS · Percentiles · Interpretation

Introduction

Recent years have seen an increase in the use of the Patient 
Reported Outcome Measurement Information System 
(PROMIS) pediatric measures [1–19]. However, some 
users grapple with interpreting scores. Because PROMIS 
measures were developed using item response theory (IRT) 
[2, 20], PROMIS T-scores can theoretically be interpreted 
relative to a normal distribution with a mean of 50 and a 
standard deviation of 10. However, in practice, a T-score 
of 50 will reflect the mean of the sample in which the IRT 
item parameters were estimated. If the parameters were esti-
mated using a convenience sample that included a dispropor-
tionately large number of children with impaired health, a 
T-score of 50 will indicate higher impairment than the aver-
age child in the US experiences. Although some PROMIS 
measures’ parameters were estimated using a nationally 
representative sample, many were not. Yet, some users and 
researchers refer to T = 50 as “the average” without context 
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[14], even though some PROMIS investigators have clearly 
stated that a “score of 50 does not represent any one group” 
[8].

One potential solution to this problem would be to collect 
new, nationally representative data for each measure and 
re-estimate the item parameters. This would make scores 
estimated from the parameters interpretable relative to the 
general population. For example, a T-score of 50 would be 
more meaningful for each measure given that it would cor-
respond to the average score of US children. Alternatively, 
rather than re-estimating parameters, one could use nation-
ally representative data to “center” the T-scores so that 50 
corresponded to the general population’s mean. However, 
both solutions are problematic because much work has 
already been done using PROMIS. Either solution would 
create substantial confusion when comparing scores esti-
mated at different times across studies, or even across time 
for a given individual. As an additional complication, even 
though PROMIS measures have good reliability and valid-
ity, they are not perfect. Some levels are measured more 
precisely than others. Thus, even though the underlying 
latent variable may be standard normal, the distribution of 
estimated scores, even in a large sample of the general popu-
lation, may not be normal.

Empirically-based percentiles offer a solution [21, 22]. 
Based on an observed vs. a theoretical distribution of scores, 
the pth percentile gives the score at which p percent of the 
observations in the representative sample fall at or below. 
As a result, they allow one to compare a child or a group 
of children with that of a reference population. Empirical 
percentiles for PROMIS measures would not depend on 
a theoretical distribution. Instead they would be based an 
empirical distribution of estimated scores. In this paper, we 
describe the first study to use a representative sample of the 
US non-institutionalized pediatric population to estimate 
percentiles for several PROMIS pediatric child- and proxy 
report measures: Anger, Anxiety, Depressive Symptoms, 
Family Relationships, Fatigue, Global Health, Life Satis-
faction, Meaning and Purpose, Pain Behavior, Pain Interfer-
ence, Physical Activity, Physical Function Mobility, Physi-
cal Function Upper Extremity, Physical Stress Experiences, 
Positive Affect, Psychological Stress Experiences, Sleep 
Disturbance, Sleep Impairment, and Peer Relationships.

Methods

Sample

We used two separate, nationally representative samples of 
parents and children aged 5–17 years. Both samples from 
were drawn in different years from the GfK Knowledge 
Panel, a dual-frame (random-digit dial and address-based) 

online probability panel [23]. Sample 1 measured all but 
Sleep Disturbance and Impairment, which were developed 
after Sample 1 was collected. Raked probability weights, 
which also account for oversampling of individuals living 
in minority communities and Spanish language dominant 
areas and other sources of error, make Sample 1’s weighted 
distributions [23] of age, gender, race, ethnicity, education, 
census region, metropolitan area, household internet access, 
and language (English/Spanish) match those in the 2013 
Current Population Survey (CPS) [24]. In Sample 2, which 
measured Sleep Disturbance and Impairment, similarly cre-
ated weights make the weighted distributions match the 
2015 CPS. We used the weights for all analyses in this paper.

Procedures

GfK emailed adult participants known to care for children 
aged 5–17 years to notify them of eligibility. Caregivers who 
provided informed consent were emailed a link to an online 
questionnaire. The majority of caregivers were mothers 
(71%). After completing proxy report, caregivers of children 
aged 8–17 years asked their child to complete the child ques-
tionnaires. These procedures resulted in a sample of 5206 
caregivers and 4005 children aged 8–17 years for Sample 1 
and 1260 caregivers and 941 children aged 8–17 years for 
Sample 2. Rates of missing data were ≤ 1% for all items. To 
reduce respondent burden in Sample 1, short forms were 
grouped in blocks (e.g., Anxiety, Positive Affect, Pain Inten-
sity, and Anger were blocked together) and children were 
randomly assigned to one of the blocks. Thus, the sample 
size for any given domain was approximately 1000.

Score estimation

All scores were estimated using their 8 item short forms, 
with the exception of Anger (6 items), Anxiety and Fatigue 
(10 items each), and Global Health, which is a 7 item meas-
ure and does not have a short form. For each measure, we 
used the published item parameters [3, 4, 7, 9, 11, 12, 14, 16, 
17, 25–32] and estimated Bayesian Expected A Posteriori 
(EAP) IRT scores [33] using Mplus 8 [34]. We transformed 
these into T-scores (T = IRT-score × 10 + 50). While all of 
the pediatric measures use the graded response model [35], 
the samples in which the parameters were estimated differ 
[3, 4, 7, 9, 11, 12, 14, 16, 17, 25–32]. We provide a brief 
summary given a sample’s impact on interpretation.

The Anger, Anxiety, Depressive Symptoms, Fatigue, 
Mobility, Peer Relationships, and Upper Extremity measures 
were administered to a racially diverse convenience sample 
of 4128 children aged 8–17 [13]. Participants were recruited 
from hospital-based outpatient general pediatrics clinics, 
subspecialty clinics, and public schools. The Pain Interfer-
ence measure’s items were administered to a racially diverse 
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convenience sample of 3048 children aged 8–17 recruited 
from hospital-based outpatient general and subspecialty clin-
ics and public schools [14]. The Pain Behavior measure was 
administered to 450 pediatric patients aged 8–17 years with 
chronic pain at three pediatric medical centers the Midwest, 
Northeast and Southeast United States. The Global Health 
measure’s parameters were estimated using a quota sam-
ple of 3635 children and youth aged 8–17 years old from 
a national internet panel maintained by Op4G [4]. None of 
these samples used methods designed to make estimates 
representative of the non-institutionalized US pediatric 
population.

The item parameters for the Family Relationships, Life 
Satisfaction, Meaning and Purpose, Physical Activity, Physi-
cal Stress Experiences, Psychological Stress Experiences, 
and Positive Affect measures were estimated using a mul-
tigroup IRT approach and data from Sample 1 above and a 
sample comprised of (1) individuals purposively sampled 
from an opt-in internet panel (~ 55%), (2) students (and their 
parents) from school districts in New Hampshire, Vermont, 
and Texas (~ 37%), and (3) a sample of children from pri-
mary and specialty clinics and the Emergency Department at 
Children’s Hospital of Philadelphia clinics (~ 9%). The item 
parameters for the Sleep Disturbance and Sleep Impairment 
measures were estimated using Sample 2 [31]. As a result 
of the samples and calibration methods, the IRT parameters 
and estimated scores for these measures can be interpreted 
relative to the non-institutionalized US pediatric population.

Percentile calculation

Let x(j) index the x values of a given set of PROMIS scores 
in ascending order ( j = 1,2,… ., n ) and let w(j) refer to the 
weight associated with each x(j) observation. The weighted 
sample size (N) equals ∑n

j=1
w(j) . To calculate the pth per-

centile ( x[p] ), let P equal Np
100

 and W(i) =
∑i

j=1
w(j) and then 

identify the first index, i , where W(i) > P . In turn, the pth 

percentile is x[p]=
{

x(i−1)+x(i)

2

x(i)
 . Consequently, a given per-

centile corresponds to the percent of scores that fall at or 
below a given score.

Severity cut-points

Consistent with previous research that has noted the util-
ity of categorizing children into severity groups using 
percentiles [36, 37], we created severity groups based on 
percentile cut-points. We selected severity cut-points based 
on the authors’ expert opinions, face validity, and consist-
ency with other measures in medicine (e.g., both body mass 
index [BMI] and hypertension have a cut-point at the 95th 
percentile). For domains where higher scores reflect poorer 

functioning, we defined the severity groups as Minimal 
(≤ 74th percentile), Moderate (75–94th percentile), and 
Severe (≥ 95th percentile). For domains where higher scores 
reflect greater functioning, we defined the severity groups 
as Good (≥ 26th percentile), Fair (6th–25th percentiles), 
and Poor (≤ 5th percentile). When ties occurred, we used 
the midpoint. For example, a Global Health T-score of 41 
covered the 24th, 25th, and 26th percentiles. We considered 
those with scores below 41.5 in the fair category and those 
greater than or equal to 41.5 in the good category.

Results

Table 1 presents the sample characteristics. Table 2 displays 
severity cut-points for each domain and for child and proxy 
report. The full percentile tables are available online as 
supplemental tables. As shown in Table 2, across domains 
no single common score defines the cut-point between the 
severity categories; Minimal-Moderate ranged 47.5 to 57.5, 
Moderate-Severe ranged 55 to 66, Fair-Good ranged 41.5 
to 51.5, and Poor to Fair ranged 33 to 42. While the cut-
points varied across domains, across reporters the cut-points 
were often very similar or identical, though this was not 
true for the Minimal-Moderate cut-points for Fatigue and 
Pain Behavior and the Fair-Good and Fair-Poor cut-points 
for Upper Extremity Function.

Table 2 also demonstrates the scores that correspond to 
the 5th, 50th, and 95th percentiles. For Fatigue, Mobility, 
Pain Behavior, Pain Interference, and Upper Extremity, the 
50th percentile (median) was nearly 10 points and some-
times more from T = 50. For Anger, Anxiety, and Depres-
sive Symptoms, the median was nearly 5 points and some-
times more from T = 50. All of the measures developed 
using a representative sample had a median at or close to 
the expected value of 50. Table 2 also shows that, while the 
95th percentile theoretically corresponds to a T-score of 66, 
empirically this was true only for Physical Stress Experi-
ences, Psychological Stress Experiences, and Positive Affect 
(though Anger, Sleep Disturbance, Sleep Impairment, Physi-
cal Activity, and Peer Relationships were within 1 point of 
66). Analogous issues occurred for the 5th percentile, which 
theoretically corresponds to a T-score of 33. Table 2 also 
shows that for Pain Behavior, Mobility, and Upper Extremity 
Function, none of the T-scores associated with the observed 
percentiles corresponded to the theoretically expected 
T-scores. For example, Pain Behavior’s median T-score was 
32 for child report, while the T-scores for the 5th and 95th 
percentiles were 26 and 55 respectively. Again, except for 
Fatigue, Pain Behavior, and Upper Extremity Function, the 
percentiles were relatively similar or equal across reporters 
within a domain.
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Finally, Table 3 shows the percent of children with scores 
at the floor for domains where higher scores reflect poorer 
functioning and the percent of children with scores at ceiling 
for domains where higher scores reflect greater functioning. 
As Table 3 reveals, several of the domains had high floors. 
For example, 44% of children had Pain Behavior scores at 
the floor. Several domains also had low ceilings. For exam-
ple, 63% of children had Upper Extremity Function scores at 
the ceiling, while 66% of children’s Mobility scores were at 
the ceiling. For all domains, the floors and ceilings respec-
tively were across the “better” functioning range.

Discussion

In this study, we examined the distribution of T-scores for 
multiple PROMIS pediatric short form measures using data 
representative of the non-institutionalized US pediatric pop-
ulation. Our results highlight several things. Importantly, 
the empirical distribution of percentiles often did not cor-
respond to the theoretical distribution. When attempting 
to evaluate whether a child falls above or below the other 
children and understand a score’s severity relative to the 
general population, one should use the values presented in 
Table 2. Generally, the difference between the theoretical 
and observed percentiles was likely driven by whether a con-
venience sample was used for calibration or not. However, 
differences also likely occurred because of measurement 

imprecision and because we estimated T-scores using short 
forms rather than a domain’s full item set.

Floor and ceiling effects also impacted the empirical dis-
tribution of percentiles. All of the domains where higher 
scores reflect poorer functioning demonstrate floor effects 
and nearly all of the domains where higher scores reflect bet-
ter functioning showed ceiling effects. The floor and ceiling 
effects occurred in the healthy range of the scores, which 
lessens the impact of this problem on clinical evaluation. 
Nevertheless, users should be aware that for some PROMIS 
pediatric short form measures, 45–65% or more of the scores 
will fall at the ceiling or floor.

We also found that generally, while the distribution of 
percentiles differed across domains, the distribution across 
reporters within a domain was relatively similar. Although 
all PROMIS domains were developed using IRT, the param-
eters were not estimated in a way that placed the child and 
proxy report measures on an equivalent metric. Despite this, 
it appears that one can interpret the severity of a T-score 
similarly whether or not it was estimated using child report 
or proxy report, though this does not mean that one can 
interchange scores across reporters within a statistical 
analysis.

In general, we recommend that users focus less on spe-
cific percentiles (65 vs. 45) and instead consider whether 
a child’s scores falls into one of a few broad groups. This 
is partly because, as we note in more detail below, any 
single score for a given child lacks sufficient precision to 
make strong conclusions based on the specific score. For 

Table 1  Sample characteristics

Sleep measures All other measures
f % Unweighted % Weighted f % Unweighted % Weighted

Child’s gender
Male 480 51.0 50.9 2021 50.8 50.8
Female 461 49.0 49.1 1955 49.2 49.2
Child’s race and ethnicity
Non-Hispanic White 585 62.2 54.5 2638 65.9 54.6
Non-Hispanic Black or African American 78 8.3 13.9 310 7.7 13.6
Non-Hispanic Asian 34 3.6 3.4 160 4.0 3.2
Non-Hispanic American Indian or Alaskan Native 6 0.6 0.6 10 0.2 0.2
Non-Hispanic native Hawaiian or Pacific Islander 9 1.0 0.9 24 0.6 0.4
Non-Hispanic other or more than one 49 5.2 4.3 256 6.4 5.5
Hispanic 180 19.1 22.4 604 15.1 22.6
Child’s age in years
8–12 515 54.7 48.2 1936 48.7 48.4
13–17 426 45.3 51.8 2037 51.3 51.6
Child’s proxy’s education
High school or less 329 35.0 36.1 631 15.8 30.3
Some college 295 31.3 29.4 1415 35.3 34.4
Bachelor’s degree or higher 317 33.7 34.5 1959 48.9 35.4



Quality of Life Research 

1 3

Ta
bl

e 
2 

 C
ut-

po
int

s a
nd

 se
lec

t p
erc

en
til

es
 fo

r p
ed

iat
ric

 P
RO

M
IS

 m
ea

su
res

Hi
gh

 sc
or

es
 =

 po
or

er 
fu

nc
tio

nin
g

M
ini

ma
l-m

od
era

te 
cu

t-p
oin

t
M

od
era

te-
Se

ve
re 

Cu
t-P

oin
t

5t
h p

erc
en

til
e

M
ed

ian
95

th
 pe

rce
nti

le
Ch

ild
 re

po
rt

Pr
ox

y r
ep

or
t

Ch
ild

 re
po

rt
Pr

ox
y r

ep
or

t
Ch

ild
 re

po
rt

Pr
ox

y r
ep

or
t

Ch
ild

 re
po

rt
Pr

ox
y r

ep
or

t
Ch

ild
 re

po
rt

Pr
ox

y r
ep

or
t

An
ge

r
54

.5
53

65
64

24
23

44
43

65
64

An
xie

ty
52

.0
52

.0
63

.0
62

25
28

42
43

63
62

De
pr

es
siv

e s
ym

pto
ms

53
.5

52
62

.5
60

.5
35

32
45

44
62

60
Fa

tig
ue

47
.5

53
.5

60
62

20
37

37
47

60
61

Pa
in 

be
ha

vio
r

48
.5

41
55

54
26

3
32

13
55

53
Pa

in 
int

er
fer

en
ce

49
.0

52
58

.0
59

.5
25

34
36

42
58

59
Ph

ys
ica

l s
tre

ss 
ex

pe
rie

nc
es

56
.5

55
.5

66
.0

65
39

41
50

49
66

65
Ps

yc
ho

log
ica

l s
tre

ss 
ex

pe
rie

nc
es

56
.5

56
.5

66
66

37
38

50
50

66
65

Sl
ee

p d
ist

ur
ba

nc
e

57
.5

56
.5

65
.5

66
37

39
50

49
65

66
Sl

ee
p i

mp
air

me
nt

57
57

.5
65

66
38

38
50

50
65

66
Hi

gh
 sc

or
es

 =
 gr

ea
ter

 fu
nc

tio
nin

g
Fa

ir-
Go

od
 cu

t-p
oin

t
Po

or
-F

air
 cu

t-p
oin

t
5t

h p
erc

en
til

e
M

ed
ian

95
th

 pe
rce

nti
le

Fa
mi

ly 
rel

ati
on

sh
ips

43
46

.5
34

39
34

39
50

50
63

58
Gl

ob
al 

he
alt

h
41

.5
44

.5
36

.5
35

.5
36

35
48

49
61

63
Li

fe 
sa

tis
fac

tio
n

44
.5

44
.5

35
.5

35
.5

35
35

49
50

63
62

M
ea

nin
g a

nd
 pu

rp
os

e
43

45
.5

34
36

34
36

50
51

61
60

M
ob

ili
ty

51
.5

52
42

40
42

40
63

61
63

61
Ph

ys
ica

l a
cti

vit
y

44
.5

43
33

33
33

33
49

48
67

67
Po

sit
ive

 aff
ec

t
44

45
.5

36
36

.5
36

36
49

49
66

67
Pe

er 
rel

ati
on

sh
ips

43
43

.0
33

33
.0

33
33

48
49

67
63

Up
pe

r e
xtr

em
ity

49
.5

39
.5

36
31

36
31

63
54

63
54



 Quality of Life Research

1 3

symptom-type measures (Anger, Anxiety, Depressive Symp-
toms, Family Relationships, Fatigue, Pain Behavior, Pain 
Interference, Physical Function Mobility, Physical Function 
Upper Extremity, and Sleep Impairment), we categorized 
scores as minimal, moderate, or severe. For the evaluative 
type measures (Global Health, Life Satisfaction, Meaning 
and Purpose, Physical Activity, Physical Stress Experiences, 
Positive Affect, Psychological Stress Experiences, Sleep 
Disturbance, and Peer Relationships), we categorized scores 
as good, fair, and poor.

Importantly, users should take into account the preci-
sion of a child’s score. Any given T-score will have an 
estimate of the error associated with it and one can cre-
ate a confidence interval around the score using it. For 
example, in our data one child had a Fatigue T-score of 41 
based on their item responses. While this point estimate 
suggests the child is in the Minimal category and ~ 45% of 
the general population has greater fatigue, the upper bound 
of a 95% confidence interval using the score’s standard 
error of 4.5 indicates that the child may be in the Moderate 
category with a T-score closer to 48.5 (76th percentile). 
Because PROMIS measure were designed using IRT, the 
precision of scores varies across levels of a domain. The 
precision of a score also depends partly on the extent to 
which a child’s item responses correspond to what one 
would expect given the model. Given their basis in IRT, 

PROMIS measures allow one to more realistically and 
individually understand a child’s health-related quality of 
life than measures not based in IRT.

Limitations

First, to our knowledge, no studies have examined the rela-
tionship between specific PROMIS scores and children’s 
clinical, educational, and psychosocial outcomes. Future 
research should seek to better understand the correlates 
and long-term outcomes of different scores and percen-
tiles. This would be particularly helpful in evaluating the 
appropriateness of the severity categories’ cut-points. 
Research may show that the cut-points should be refined. 
Second, the sample was drawn from an internet panel. 
A different frame that did not rely on the internet might 
lead to somewhat different results. Third, our sample was 
insufficiently large to estimate percentiles across socio-
demographic or clinical subgroups. Fourth, participants 
only received the short form item sets. This limited the 
range of estimated scores and means that users with scores 
based on a CAT or full item bank should use the percentile 
tables in this manuscript with some caution.

Table 3  Percent of scores at the floor and ceiling across domains

High scores = poorer functioning Percent at floor
Child report Proxy report

Anger 16 13
Anxiety 26 23
Depressive symptoms 32 32
Fatigue 29 39
Pain behavior 44 45
Pain interference 44 49
Physical stress experiences 24 35
Psychological stress experiences 19 21
Sleep disturbance 18 23
Sleep impairment 21 21
High scores = greater functioning Percent at ceiling

Family relationships 14 15
Global health 3 2
Life satisfaction 25 28
Meaning and purpose 30 33
Mobility 66 74
Physical activity 3 2
Positive affect 14 10
Peer relationships 22 29
Upper extremity 63 56
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Conclusion

This study presents percentiles for 19 PROMIS pediatric 
self- and proxy report short form measures based on data 
nationally representative of non-institutionalized US chil-
dren. Our findings should help users understand where a 
given child’s score falls relative to other children in the 
US, as well as understand some of the limits of PROMIS 
T-scores.
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