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Abstract

Background: Childhood obesity is a growing health concern known to adversely affect quality of life in children
and adolescents. The Patient Reported Outcomes Measurement Information System (PROMIS) pediatric measures
were developed to capture child self-reports across a variety of health conditions experienced by children and
adolescents. The purpose of this study is to begin the process of validation of the PROMIS pediatric measures in
children and adolescents affected by obesity.

Methods: The pediatric PROMIS instruments were administered to 138 children and adolescents in a cross-sectional
study of patient reported outcomes in children aged 8–17 years with age-adjusted body mass index (BMI) greater
than the 85th percentile in a design to establish known-group validity. The children completed the depressive
symptoms, anxiety, anger, peer relationships, pain interference, fatigue, upper extremity, and mobility PROMIS
domains utilizing a computer interface. PROMIS domains and individual items were administered in random order
and included a total of 95 items. Patient responses were compared between patients with BMI 85 to < 99th
percentile versus ≥ 99th percentile.

Results: 136 participants were recruited and had all necessary clinical data for analysis. Of the 136 participants, 5%
ended the survey early resulting in missing domain scores at the end of survey administration. In multivariate
analysis, patients with BMI ≥ 99th percentile had worse scores for depressive symptoms, anger, fatigue, and mobility
(p < 0.05). Parent-reported exercise was associated with better scores for depressive symptoms, anxiety, and fatigue
(p < 0.05).

Conclusions: Children and adolescents ranging from overweight to severely obese can complete multiple PROMIS
pediatric measures using a computer interface in the outpatient setting. In the 5% with missing domain scores, the
missing scores were consistently found in the domains administered last, suggesting the length of the assessment
is important. The differences in domain scores found in this study are consistent with previous reports investigating
the quality of life in children and adolescents with obesity. We show that the PROMIS instrument represents a
feasible and potentially valuable instrument for the future study of the effect of pediatric obesity on quality of life.
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Introduction
Patient-reported outcomes (PRO) related to symptoms,
function, and quality of life for children with obesity are
an increasingly recognized and integral component of
their care. Patient-reported outcomes are now requested
as part of treatment summaries submitted to the Food
and Drug Administration during trials [1]. Furthermore,
valid PROs can contribute to improved patient ex-
periences, satisfaction, interaction of patient and families
with physicians, and clinical decision-making [2-4]. To
advance the science of PROs in pediatric and adult
health, the National Institutes of Health (NIH) funded
the Patient Reported Outcomes Measurement Infor-
mation System (PROMIS; www.nihpromis.org). The
PROMIS Pediatric multisite initiative created pediatric
self-report measures of physical, emotional, and social
functioning using modern test theory; the measures offer
flexibility of use, including short forms and computer
adaptive testing that yield scores on the same metric
[5-10].
The PROMIS pediatric measures were developed to

capture child and adolescent self-reports across a variety
of illnesses experienced by children and adolescents and
are currently being tested in longitudinal study designs,
including samples of 8 to 17 year olds experiencing can-
cer, nephrotic syndrome, asthma, sickle cell disease,
rheumatoid arthritis, or who are in long-term rehabilita-
tion care (Grant numbers U01AR05218, U01AR057940,
and U01AR057929). The PROMIS pediatric measures
were designed to be publically available, efficient, pre-
cise, and valid across a variety of diseases to assess
patient reports of quality of life. PROMIS has been
administered to diverse groups of children in clinical
and outside of clinical settings to develop a measure
that is broadly applicable in a variety of settings [9].
Compared with existing pediatric self-report measures,
PROMIS offers more specific measurement of general
health domains, but also the flexibility of using various
short forms or computerized adaptive testing that all re-
port on the same metric. The intent of the PROMIS
pediatric initiative is to advance measurement of health
related quality of life and functioning by using the same
sensitive measures across chronic illnesses in childhood
and adolescence and thus yield new knowledge through
direct comparability of scores.
One planned use of the PROMIS pediatric measures is

in clinical trials in which measuring change over time is
essential to documenting the full impact of treatment on
children. A particular benefit of the PROMIS pediatric
measures in clinical trials is the strength of standardized
measures in repeated administration that accounts for
normative developmental changes while maintaining
scores on the same metric. Existing research in pediatric
obesity has established that children and adolescents are

able to validly report on their quality of life, but a variety
of measures have been employed [11-15]. Additionally,
current measures were primarily developed using classi-
cal test methods [16] and not modern test theory or ad-
vanced administration and scoring technology. PROMIS
pediatric measures were developed using qualitative and
quantitative methods (focus groups, expert item review,
cognitive interviewing, and item administration to a lar-
ge sample of children and adolescents) to create banks
of items specific to selected domains and quality of life
[9,17-20] for use in children 8- to 17- years of age
[6,8,10].
Existing literature indicates that children and adoles-

cents with obesity report significantly lower quality of
life [11-15,21]. A recent review pooling data from 13
studies has shown obese pediatric patients have signifi-
cant impairments in physical, social, and emotional
functioning [22]. The purpose of this study was to assess
the ability of children and adolescents ranging from
overweight to severely obese to complete the PROMIS
pediatric measures electronically and to establish prelim-
inary estimates of the PROMIS pediatric scores in a
pediatric patient sample ranging from overweight to se-
verely obese. We hypothesized that the PROMIS instru-
ment would demonstrate significant impairment in PRO
in children with severe obesity compared to overweight
and obese children. As a secondary aim, we sought to
evaluate differences in PRO by parent-reported child ex-
ercise status.

Methods
Instruments
The pediatric PROMIS domains in this study included
depressive symptoms, anxiety, anger, peer relationships,
pain interference, fatigue, upper extremity functioning,
and mobility. The definitions of these measures are
located at http://www.nihpromis.org/measures/domain
framework1. These measures ask participants to respond
based on the past 7 days and in terms of a 5-point re-
sponse scale ranging from ‘never’ to ‘almost always’ in
most measures and from ‘with no trouble’ to ‘not able to
do’ for physical functioning measures. Higher scores in-
dicate more of the measured domain, which signifies
worse functioning for depression, anxiety, anger, fatigue,
and pain interference and better functioning for mobil-
ity, upper extremity, and peer relationships.
The PROMIS measures were previously tested in a di-

verse group of children and adolescents with chronic
illnesses; characteristics of the measures are available at
www.assessmentcenter.net or in associated publications
[7-9,23]. These assessments confirmed the unidimensio-
nality and the extent to which each item was associated
with the measured variable. The measures were found to
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distinguish levels of the trait for each participant, i.e.,
high or low anxiety.
Prior publications have shown the PROMIS pediatric

measures consistently achieve or exceed a reliability of
0.85 over 2 to 4 standard deviations of the domain under
measurement for the short forms [6-8,10]. Using longer
item sets than the short forms increases the reliability of
measurement.

Design and administration
This cross sectional study included a convenience sam-
ple of 138 children, enrolled at five participating sites,
including an academic obesity clinic, three private
pediatric practices and a federally qualified health center,
between May 2009 and January 2010. The instruments
were administered in a computerized web-based format.
The total number of PROMIS items completed by all
child and adolescent participants was 95. The parents
were asked to complete 17 demographic and 29 obesity
items. A $10 gift card was provided to the children for
participation.

Sample
The inclusion criteria were age 8–17 years, ability to
interact with the computer administered questionnaire,
and an age adjusted body mass index (BMI) ≥ 85th per-
centile. Children and adolescents had to be English-
speaking as the PROMIS instrument had not yet been
validated in alternative languages. Children and ado-
lescents were excluded if they had any concurrent
medical or psychiatric condition that may preclude par-
ticipation in the study or the presence of a cognitive or
other impairment that would interfere with question-
naire completion.
BMI percentiles were calculated using the CDC (Cen-

ter for Disease Control and Prevention) percentile calcu-
lator for children and teens (http://apps.nccd.cdc.gov/
dnpabmi/). Percentiles were calculated using age, gender,
height, and weight. The participants’ height and weight
data were verified using their medical records.

Personnel training and IRB
Personnel at each site (investigators and study coor-
dinators) received web-based training in study procedu-
res; the study operations manual outlined study conduct,
quality control, and recruitment. Ongoing education of
site personnel occurred during investigator and coordin-
ator conference calls. Each site had local Institutional
Review Board approval. Parental consent and child as-
sent were obtained at study enrollment.

Study administration
The parent completed the family and medical informa-
tion form, which included general questions about the

caretaker and child demographics as well as disease-
specific questions regarding the child. Parents reported
whether their child exercised “sometimes or regularly”
(greater than or equal to two times per week) or “seldom
or never” (less than two times per week). Guardian re-
spondent characteristics included relationship to child
and education level.
The children completed the depressive symptoms,

anxiety, anger, peer relationships, pain interference, fa-
tigue, upper extremity, and mobility PROMIS scales. In
order to reduce response burden, for some domains, the
participants completed all items in the banks (depressive
symptoms, anxiety, peer relationships, anger) and for
others, they were administered only the short form items
(upper extremity function, mobility, pain interference,
fatigue). Full item banks (e.g., the long forms) were
administered for depressive symptoms (15 items), anx-
iety (20 items), peer relationships (15 items), and anger
(11 items) for a total of 61 items. The short forms
completed in this study have 8 items, with the exception
of fatigue which has 10 items. Each participant received
the same combination of short and long forms. The
short form items for all domains have been previously
published [6]. Using this sampling plan, respondents
were administered 95 PROMIS items. Particular care
was taken to insure that the children were not assisted
by family members or siblings while performing the
survey.
Height and weight were measured and recorded by

clinical staff during the study encounter.

Statistical analysis
Descriptive statistics for demographics and child cha-
racteristics were calculated. Mean scores were calculated
for each of the 8 PROMIS domains by BMI percen-
tile 85th to < 99th (overweight and obese) versus ≥ 99th
(severe obesity). The sample was dichotomized into
these two BMI groups using a BMI cut point of the 99th
percentile both because this divided the sample roughly
in half and because the 99th percentile has been pro-
posed as a possible cut-off point for defining severe
obesity in childhood [24]. Mean scores were also
calculated for each of the 8 domains by parent-reported
exercise status. Scores on the PROMIS instruments have
been established with a mean of 50 and standard devi-
ation of 10 in the original calibration sample, a mixture
of healthy children and those with chronic illnesses [9].
Since the calibration sample was not representative of a
specific group (e.g., specific disease, healthy, or general
population), the score of 50 does not have specific
meaning with respect to the degree of health. In fact,
one reason for studies such as this one is to identify the
range of scores generated by specifically characterized
groups of youth.
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Scores were compared between the groups by t-tests.
Hierarchical regression analyses were conducted to as-
sess association of child characteristics, recruitment site,
parent-reported exercise status, and BMI ≥ 99th percent-
ile with each of the 8 domain scores. For all regression
models, independent variables were entered using
blockwise selection: demographic items including child’s
age, gender, race, and parental education (Block 1); re-
cruitment site (Block 2); and exercise status and BMI ≥
99th percentile (Block 3, dichotomized as BMI 85th to <
99th percentile and BMI ≥ 99th percentile). Blocks were
added in a stepwise fashion, where model 1 included
only demographics (Block 1), model 2 included demo-
graphics and site (Blocks 1 and 2), and model 3 included
demographics, site, exercise status, and BMI percentile
(all 3 Blocks). Best model fit was assessed based upon
model parameters; results are presented only for best
model fit. Missing data were imputed using the expect-
ation maximization (EM) algorithm; Little’s MCAR test
was used to check the assumption that the missing data
were missing completely at random, an assumption that
justifies the use of the EM algorithm [25]. Given the ex-
ploratory nature of the study and relatively small sample
size, we did not control for the number of statistical
tests. All statistical analyses were conducted using Pre-
dictive Analytics Software (PASW, formerly SPSS) ver-
sion 18.0.

Results
There were 138 participants in this study. The sample by
site included 50 children and adolescents from the aca-
demic obesity clinic (N = 50), three private pediatric
practices (N = 64), and a federally qualified health center
(N = 24). The demographics are presented in Table 1.
There were 67 (48.9%) patients with BMI ≥ 99th per-
centile. There were 136 participants included in the ana-
lysis; one patient was excluded due to missing BMI data
and one patient was excluded due to low BMI (81st
percentile).

Feasibility
The average time (calculated by the difference between
the time stamp on the first and last items) for those who
completed the survey was 32.4 minutes. Of the 136
participants, seven participants (5%) had missing scores
for at least one of the PROMIS measures. Six of these
seven participants ended the survey early, so that
measures administered at the beginning of the survey
had scores, but measures administered at the end of the
survey were missing responses. Because the PROMIS
measures were administered in random order, missing
scores were spread across the domains. For the remai-
ning participant, an entire scale was skipped in the mid-
dle of the survey (pain interference). A missing value

analysis examined patterns of missingness and did not
reject the hypothesis that the data were missing com-
pletely at random (Little’s MCAR test, Χ 2(34) = 39.83,
p = 0.28), when the other variables (e.g., PROMIS pedia-
tric measure, child gender, age, recruitment site, exercise
status, and BMI) were considered. There was no differ-
ence in age between the group with no missing PROMIS
scores and the group with one or more missing scores
(t = 1.07, p = 0.29).

Descriptive findings
In analyses comparing the PROMIS domain scores for
participants with BMI 85th to 99th percentile with
those ≥ 99th percentile, the domain scores for anger
(47.0 vs. 50.7, p = 0.04), fatigue (43.2 vs. 47.6, p = 0.02)
and mobility (52.3 vs. 48.4, p = 0.001) were significantly
different. There were no significant differences found for
the domains of anxiety, peer relationships, and upper ex-
tremity (Table 2).
Further analyses found that the PROMIS scores were

significantly better in the domains of depressive symp-
toms (46.9 vs. 50.4, p = 0.05), anxiety (46.4 vs. 50.5, p =
0.05), and fatigue (44.0 vs. 49.7, p = 0.007) for those
whose parents reported the child exercised sometimes
or regularly compared with those whose parent-reported
exercise was seldom or never (Table 3). There was no
association between BMI (≥ 99th percentile vs. 85th to
99th percentile) and exercise status (t = 1.02, p = 0.31).
The academic obesity clinic had a higher number of

children and adolescents with BMI ≥ 99th percentile
while the private pediatric practices had a higher num-
ber of children and adolescents with BMI 85th to 99th
percentile, (χ2(2, N = 136) = 17.05, p < 0.001).
As hypothesized, mean scores on the PROMIS pe-

diatric measures differed significantly between the par-
ticipants with BMI 85th to 99th percentile compared
to those with BMI ≥ 99th percentile in several of the
PROMIS domains (Table 4), even after adjusting for the
effects of demographic variables and exercise status.
Hierarchical regression analyses showed that the

models that included the demographics, site, BMI per-
centile ≥ 99th percentile, and parent-reported exercise
status variables yielded the best fits for the PROMIS
domains of depressive symptoms (F = 2.54, p = 0.01),
anxiety (F = 2.96, p = 0.003), anger (F = 2.46, p = 0.013),
fatigue (F = 3.07, p = 0.002), and mobility (F = 2.37, p =
0.02). Children with BMI ≥ 99th percentile on average
had about a 4 to 5 point worse score for depressive
symptoms, anger, fatigue, and mobility (p < 0.05, Table 4).
Children who exercised sometimes or regularly reported
fewer depressive symptoms by 4 points, anxiety by 5.6
points, and fatigue by 7.5 points. Males on average had
lower scores for depressive symptoms, anxiety, and
anger and higher scores for mobility (p < 0.05). Race and
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Table 1 Patient demographics for the PROMIS obesity cohort

Obesity cohort BMI < 99 BMI ≥ 99 Comparison of BMI groups

Child demographics N = 138 n (%) N = 70 n (%) N = 67 n (%) t statistic Sig

Child’s Gender

Female 75 (54.3) 46 (65.7) 29 (43.3) 2.61 0.01

Child’s Age (yrs)

8-12 83 (60.1) 44 (62.9) 37 (55.2)

13-17 55 (39.9) 25 (35.7) 30 (44.8)

Age (M, SD) 11.9 (2.7) 11.5 (2.6) 12.4 (2.7) 2.09 0.04

Child’s Race

White 41 (29.7) 29 (41.4) 12 (17.9) 2.98 0.003

Black or African- American 82 (59.4) 28 (40.0) 53 (79.1) 4.95 <0.001

Other 15 (10.8) 13 (18.6) 2 (3.0) 3.06 0.003

Child’s Ethnicity

Hispanic 9 (6.5) 5 (7.1) 4 (6.0) 0.30 NS

Child’s History of Other Health Problems

None 70 (50.7) 34 (48.6) 36 (53.7)

1 Health Problem 38 (27.5) 24 (34.3) 14 (20.9)

≥ 2 Health Problem 30 (21.7) 12 (17.2) 17 (25.4)

Number of Other Health Problems (M, SD) 0.8 (1.0) 0.7 (0.9) 0.9 (1.0) 0.59 NS

Most Common Other Health Problems:*

Asthma 38 (27.5) 20 (28.6) 17 (25.4) 0.34 NS

ADHD 22 (15.9) 11 (15.7) 10 (14.9) 0.20 NS

Hypertension 13 (9.4) 4 (5.7) 9 (13.4) 1.48 NS

Premature Birth 11 (8.0) 8 (11.4) 3 (4.5) 1.56 NS

Mental Health Disorders 10 (7.2) 3 (4.3) 7 (10.4) 1.33 NS

Diabetes 7 (5.1) 3 (4.3) 4 (6.0) 0.47 NS

BMI Percentile

Healthy Weight (less than the 85th percentile) 1 (0.7)

Overweight (85th-95th percentile) 11 (8.0)

Obese

95th-97th percentile 30 (21.9)

98th percentile 28 (20.4)

99th percentile 49 (35.8)

> 99th percentile 18 (13.1)

Missing 1 (0.7)

Obesity Cohort BMI < 99 BMI ≥ 99 Comparison of BMI groups

Guardian's Relationship to the Child

Parent 129 (93.5) 66 (94.3) 62 (92.6) 0.77 NS

Grandparent 4 (2.9) 2 (2.8) 2 (3.0) 0.03 NS

Guardian or Other 5 (3.6) 2 (2.9) 3 (4.5) 1.03 NS

Guardian Education Level

≤ 8th grade or Some High School 11 (8.0) 3 (4.3) 8 (12.0) 1.62 NS

High School Degree/GED 23 (16.7) 11 (15.7) 12 (17.9) 0.30 NS

Some College/ Technical Degree 65 (47.1) 29 (41.4) 35 (52.2) 1.36 NS

College or Advanced Degree 39 (28.2) 27 (38.5) 12 (17.9) 2.80 0.006
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recruitment site did not significantly influence scores in
any domain. These models were not significant for the
domains of upper extremity, peer relationships, or pain
interference.
We examined the possibility that gender moderated

the effect of obesity on PROMIS outcomes by adding a
gender-obesity interaction term to the regression mo-
dels. We did not find a significant interaction effect for
depressive symptoms, anxiety, anger, or fatigue. How-
ever, a significant interaction between gender and
obesity was identified in the mobility domain (β = 6.28
[1.52, 11.03], p = 0.01). For males, the relationship be-
tween obesity and mobility was not significant. For
females, there was a strong relationship between obesity
and mobility (p < 0.001), with females in the severe obes-
ity group (99th percentile or higher) showing signifi-
cantly lower levels of mobility.

Discussion
Pediatric obesity is a major public health concern that
will serve as a challenge for decades to come. The psy-
chosocial implications of severe obesity on children and
adolescents have been increasingly recognized and stud-
ied but not routinely addressed in clinical practice. Our
study provides the initial evaluation of the feasibility and
utility of the PROMIS pediatric measures in children
and adolescents with obesity. We show that PROMIS
pediatric scales are sensitive to children with severe
obesity when compared with overweight children,
consistent with previous publications [11-13]. These
findings also indicate the feasibility of administering
these measures to children and adolescents during
clinical encounters. The PROMIS instruments provide
a potentially valuable tool to researchers and cli-
nicians who seek to study the psychosocial and physical

Table 1 Patient demographics for the PROMIS obesity cohort (Continued)

Recruitment Site

Academic Obesity Center 50 (36.2) 14 (20.0) 36 (53.7) 4.27 <.001

Private Pediatric Practice 64 (46.4) 43 (61.4) 21 (31.3) 3.59 <.001

Federally Qualified Health Center 24 (17.4) 13 (18.6) 10 (14.9) 0.61 NS

Child Exercise Status

Regularly (5–7 times per week) 37(26.8) 18 (25.7) 19 (28.4) 0.30 NS

Sometimes (2–4 times per week) 63(45.7) 30 (42.9) 33 (49.3) 0.67 NS

Seldom (0–1 time per week) 37(26.8) 22 (31.4) 14 (20.9) 1.27 NS

Missing 1(0.7) 0 1 (1.5)

* Parents reported more than 1 condition for some children; there were many other conditions reported in lower frequency (< 3%) than the conditions listed.
NS: Not Significant (p < 0.10).

Table 2 Analyses of the PROMIS instrument by patient obesity

Domain Age related BMI percentile N Mean Std. Dev t p value

Depressive Symptoms < 99 69 46.4 8.4 −1.8 0.08

≥ 99 67 49.2 9.9

Anxiety < 99 69 46.6 9.8 −0.9 0.36

≥ 99 67 48.3 11.7

Anger < 99 69 47.1 9.9 −2.0 0.04

≥ 99 67 50.7 10.4

Peer Relationships < 99 69 48.1 8.6 1.3 0.20

≥ 99 67 46.1 9.0

Pain Interference < 99 69 46.4 9.4 −1.7 0.10

≥ 99 67 49.1 9.2

Fatigue < 99 69 43.2 9.6 −2.4 0.02

≥ 99 67 47.6 11.6

Upper Extremity < 99 69 51.4 7.1 0.3 0.75

≥ 99 67 51.0 7.3

Mobility < 99 69 52.3 6.2 3.2 0.001

≥ 99 67 48.4 7.6

BMI: Body Mass Index.
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functioning implications of obesity and patient res-
ponses to therapy.
Findings from this study indicate that 95% of children

and adolescents who are overweight to severely obese
are able to complete the PROMIS pediatric measures
during clinic visits using personal computers. Further,
the PROMIS pediatric measures were completed with
low rates of missingness, and the missingness appeared
to be random with regard to disease and respondent
demographic characteristics. Our rates of missingness
are slightly higher or similar to rates in studies where

children were interviewed face-to-face or during tele-
phone calls regarding symptoms and quality of life (0.2
to 2.8%) [1,26-28]. Our findings also suggest that the
length and number of items is an important factor in
successful completion of the instrument as the domains
that were not completed occurred at the end of the
questionnaire.
Findings from our study are consistent with previous

reports about worse quality of life for children with
BMI ≥ 99th percentile. In 2003, Schwimmer and col-
leagues demonstrated that severely obese patients at an

Table 3 Analyses of the effect of exercise status using the PROMIS instrument

Domain Child exercise recorded* N Mean Std. Dev t p value

Depressive Symptoms Seldom or never 35 50.4 9.4 2.0 0.05

Sometimes or regularly 100 46.9 9.1

Anxiety Seldom or never 35 50.5 12.0 2.0 0.05

Sometimes or regularly 100 46.4 10.2

Anger Seldom or never 35 51.7 10.9 1.9 0.06

Sometimes or regularly 100 47.9 10.0

Peer Relationships Seldom or never 35 46.8 9.1 −0.3 0.78

Sometimes or regularly 100 47.2 8.8

Pain Interference Seldom or never 35 49.8 9.5 1.5 0.15

Sometimes or regularly 100 47.1 9.3

Fatigue Seldom or never 35 49.7 11.4 2.8 0.007

Sometimes or regularly 100 44.0 10.2

Upper Extremity Seldom or never 35 51.1 7.6 −0.5 0.96

Sometimes or regularly 100 51.1 7.1

Mobility Seldom or never 35 50.2 8.1 −0.1 0.89

Sometimes or regularly 100 50.4 6.9

* Exercise coded as “seldom or never” group reported participation in physical activity < 2 times per week.

Table 4 Regression coefficients and confidence intervals for predictors of the PROMIS scores

Domains

Depressive symptoms Anxiety Anger Fatigue Mobility

β [95% Cl] β [95% Cl] β [95% Cl] β [95% Cl] β [95% Cl]

Age related BMI≥ 99th Percentile 4.3 [0.6,8.0]* 1.1 [−3.1,5.3] 5.2 [1.1, 9.3]* 4.3 [0.1,8.5]* −4.9 [−7.8,-2.0]**

Child Exercise −4.3 [−7.9, −0.7]* −5.6 [−9.7,−1.4]** −3.9 [−7.9,0.2] −7.5 [−11.7,-3.4]*** 0.8 [−2.0, 3.6]

Age −0.3 [−1.0,0.3] −0.8 [−1.5, −0.1]* 0.4 [−0.3, 1.1] −0.6 [−1.3, 0.1] 0.2 [−0.3, 0.7]

Gender −5.1 [−8.3, -2.0]** −4.1 [−7.7, −0.5]* −4.8 [−8.4,-1.3]** −0.1 [−3.7, 3.5] 2.6 [0.2, 5.1]*

Black −0.7 [−4.5, 3.0] 2.2 [−2.1, 6.5] 0.9 [−3.3, 5.1] 2.7 [−1.6, 6.9] 2.2 [−0.7, 5.1]

Race Other 0.3 [−5.0, 5.7] −2.3 [−8.5, 3.8] −1.0 [−7.1, 4.9] −1.4 [−7.6, 4.7] 0.4 [−3.8, 4.6]

Parent Education −2.9 [−6.5, 0.8] −5.2 [−9.4, -1.0]* 0.0 [−4.1, 4.1] −5.2 [−9.4, -1.0]* 1.2 [−1.6, 4.1]

Recruitment Site:

Academic Obesity Center 1.5 [−2.2, 5.3] 3.8 [−0.5, 8.0] −3.4 [−7.6,0.7] −0.3 [−4.5, 4.0] −2.0 [−4.9, 0.9]

Federally Qualified Health Center 1.3 [−3.3, 5.8] 1.3 [−3.9, 6.5] 0.3 [−4.8, 5.3] −1.0 [−6.2, 4.2] −1.8 [−5.3, 1.8]

- Child Exercise coded as “sometimes or regularly” group reported participation in physical activity ≥ 2 times per week.
- Gender coded as male.
- Parent Education coded as “some college or more”.
Expressed as 95% Confidence Intervals.
* p < 0.05.
** p < 0.01.
*** p < 0.001.
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academic pediatric obesity clinic had significant im-
pairments in physical, psychological, emotional, social,
and school functioning as assessed by the PedsQL TM

4.0 [12]. In 2005, Williams and colleagues reported a lar-
ger community-based cross-sectional study that found
statistically significant but smaller relationships between
patient weight and quality of life utilizing the PedsQL
TM 4.0 [11]. Our findings are consistent with these stud-
ies using the PROMIS instruments, including poorer
functioning in the domains of depressive symptoms,
anger, fatigue, and mobility for children and adolescents
with BMI ≥ 99th percentile. The findings of increased
burden in these domains parallels those measured by the
composite psychosocial and physical components of the
PedsQL TM 4.0 utilized in the previously mentioned
studies [11,12]. Our study differs from previous pub-
lications because the comparative samples range from
overweight to obese (BMI 85th to <99th percentile). The
PROMIS instruments detected quality of life differences
in these groups consistent with those previously published
utilizing a variety of quality of life measures. Our findings
show that the PROMIS pediatric measures can be used in
children with obesity to study quality of life.
In adults and children with varying degrees of obesity,

it is clear that those with severe obesity are at higher risk
for symptoms associated with depression compared with
those not obese [29-31]. The data in community-based
samples regarding depressive symptoms in obese pe-
diatric patients are conflicting. In 2005, Sjoberg and
colleagues reported an association of depressive symp-
toms and clinical depression with severe obesity in a
population-based survey [32]. Among severely obese
youth seeking treatment at an academic pediatric obesity
center, both youth and caregiver depression was found
to be predictive of having an “at risk” general quality of
life score [33]. In our study, depression scores were
worse in severely obese children and adolescents relative
to those who were overweight to obese. The inclusion of
participants from an academic obesity clinic, private
pediatric practices, and a federally qualified health center
suggests that this finding is generalizable to other se-
verely obese children and adolescents.
The importance of increasing physical activity for

overweight and obese children to lower weight and im-
prove cardiovascular health is accepted. Recent pub-
lications have shown improved neurocognitive function
in previously sedentary overweight patients who par-
ticipate in regular physical exercise. One study found a
specific improvement in executive function and brain ac-
tivation in overweight patients exercising 20–40 minutes
per day [34]. The benefits of exercise and activity on
self-image in obese pediatric patients have been de-
monstrated in small single center studies [35]. As a sec-
ondary component to the validation of the PROMIS

instrument in children with obesity, we sought to evalu-
ate the relationship between parent reported physical ac-
tivity and PROs. We demonstrated that children who
exercised as little as two times per week had better
scores on the PROMIS domains for depressive symp-
toms, anxiety, and fatigue. While a causal relationship
cannot be established from this observation, exercise
may improve depressive symptoms and quality of life for
obese children and adolescents in addition to and poten-
tially independent from weight loss and cardiovascular
health. Our findings suggest that changes in the depres-
sive symptoms, anger, anxiety and fatigue domains over
time may be valuable outcome measures for interven-
tional clinical trials related to obesity.
An unexpected finding in our study was that children

with a BMI ≥ 99th percentile reported lower overall mo-
bility. In the multivariate analysis, BMI ≥ 99th percentile
was the most significant predictor of PROMIS mobility
scores. There were eight questions that comprised the
mobility short form items including, “I could get up
from the floor” and “I could stand up by myself” [6]. The
implications of such findings are profound when one
considers the potential effect diminished mobility has
for obese patients as physicians attempt to encourage
exercise as treatment. This is particularly alarming when
one takes into account the fact that our comparative pa-
tient sample ranged from overweight to obese (BMI
85th to <99th percentile). A potential explanation of our
findings is found in recent studies demonstrating that
obese adolescents have significantly altered biomechan-
ics in all joints in the lower extremity [36,37]. Although
these findings were modified by an interaction between
gender and obesity, they warrant further study and high-
light a potential importance of early intervention. Taken
together these findings reinforce the potential import-
ance of developing aggressive interventions prior to the
development of severe obesity and suggest that the
PROMIS instrument is sensitive to patient reported mo-
bility challenges in obese children and adolescents.
Some limitations of this study should be noted. The

first is that the comparative patient sample did not in-
clude healthy individuals, and the instrument was scored
based on the calibration sample, which included healthy
and chronically ill children. The comparative patient
sample in this study was composed of participants who
qualify as overweight to obese. This shows the strength
of the PROMIS instrument in that it was sensitive
enough to detect clinically meaningful differences across
samples with relatively small differences in BMI. We ac-
knowledge that utilizing a BMI cutoff of ≥ 99th percent-
ile has some shortcomings and instability [38], but at
this time, this cut-off is the most accepted and utilized
measure in the field. Another limitation is that due to
the exploratory nature of the analyses and relatively
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small sample size, we did not control for the number of
tests in our statistical analyses.
The PROMIS instrument is limited by the age of

participants who can provide self-report. The PROMIS
measures were designed to collect patient-reported
outcomes directly from children ages 8 and above. Only
English language versions of the pediatric PROMIS in-
strument were available at the time of this study. The
availability and validity of other language versions will
be important for future broad scale validity of PROMIS.
A longitudinal study validating the responsiveness of the
PROMIS instrument domains over time or in response
to changes in BMI should be performed to further valid-
ate the instrument.
Specific strengths of this study include the inclusion of

children and adolescents from a wide variety of socio-
economic and healthcare environments by including
representation from academic referral, private practice,
and community-based health clinics. This represents
one of the broadest samplings studying quality of life in
childhood obesity.

Conclusions
Electronic administration of PROMIS pediatric measures
is feasible, and this study begins to establish instrument
utility in overweight and obese children and adolescents.
We show that successful administration of the PROMIS
instrument in overweight to severely obese children and
adolescents in an outpatient setting is feasible with min-
imal missing data. The PROMIS instrument demons-
trated a higher burden of depressive symptoms, anger,
fatigue, and mobility for children and adolescents with
BMI ≥ 99th percentile compared to those with BMI in
the 85 to < 99th percentiles, consistent with previous lit-
erature on quality of life. In addition we demonstrated a
relationship between physical activity and patient per-
ceptions of depressive symptoms, anxiety, and fatigue,
adjusting for the contribution of BMI. We showed that
the PROMIS instrument represents a potentially valu-
able instrument for the future study of the effect of
interventions in pediatric obesity.
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