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Abstract
Background: There are no existing multisite national data on obese youth presenting for pediatric weight management. The

primary aim was to describe BMI status and comorbidities among youth with obesity presenting for pediatric weight management
(PWM) at programs within the Pediatric Obesity Weight Evaluation Registry (POWER).

Methods: Data were collected from 2009–2010 among 6737 obese patients ages 2–17. Patients were classified in three groups by
BMI (kg/m2) cutoffs and percent of the 95th percentile for BMI: (1) obesity; (2) severe obesity class 2; and (3) severe obesity class 3.
Weighted percentages are presented for baseline laboratory tests, blood pressure, and demographics. Generalized logistic regression
with clustering was used to examine the relationships between BMI status and comorbidities.

Results: Study youth were 11.6 – 3.4 years of age, 56% female, 31% black, 17% Hispanic, and 53% publicly insured. Twenty-five
percent of patients had obesity (n = 1674), 34% (2337) had severe obesity class 2, and 41% (2726) had severe obesity class 3. Logistic
regression revealed that males (odds ratio [OR], 1.8; 95% confidence interval [CI], 1.5–2.0), blacks (OR, 1.7; 95% CI, 1.5–2.0), age <6
years (OR, 2.0; 95% CI, 1.5–2.6), and public insurance (OR, 1.8; 95% CI, 1.5–2.0) had a higher odds of severe obesity class 3. Severe
obesity class 3 was associated with higher odds of laboratory abnormalities for hemoglobin A1c (OR, 1.7; 95% CI, 1.3–2.2), alanine
aminotransferase ‡40 U/L (OR, 1.9; 95% CI, 1.3–2.6), and elevated systolic blood pressure (OR, 2.5; 95% CI, 2.0–3.0).

Conclusions: Youth with obesity need earlier access to PWM given that they are presenting when they have severe obesity with
significant comorbidities.
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Introduction

C
urrently, 17% of children ages 2–19 years have
obesity, and the prevalence has not declined in the
past 10 years despite widespread national attention

and focus.1 Pediatric obesity is associated with significant
morbidity and mortality.2 Children with obesity can expe-
rience sleep disturbances, worsening asthma, and depres-
sion.3–5 In addition, they often manifest metabolic
alterations, including nonalcoholic fatty liver disease, hy-
pertension, dyslipidemia, polycystic ovarian syndrome,
obstructive sleep apnea, and insulin resistance.6–10 Adults
who had obesity as children are much more likely to have
obesity as an adult and are at risk for heart disease, stroke,
and diabetes.11,12

In the past 10 years, several organizations released
guidelines recommending primary care obesity screening
and treatment.13–15 These guidelines stipulate that for pa-
tients with a BMI, calculated as weight (kg)/height (m2),
over the 95th percentile for age and sex, pediatric medical
providers should offer targeted nutrition and physical ac-
tivity (PA) counseling and screen for comorbidities (stage
1 and 2 treatment). However, existing data show that pri-
mary care providers are challenged to access or deliver this
care, and it is unclear whether it positively impacts BMI as
an outcome.16,17 Providers report limited access to pro-
grams, concerns about reimbursement, and skepticism that
good evidence exists for obesity treament outcomes.18,19

If primary care efforts fail, or lifestyle counseling is not
accessible, guidelines recommend referring patients to
multicomponent pediatric weight management (PWM)
programs (stage 3 treatment) that offer nutrition, PA, and
behavioral strategies.14 Only 67% of children’s hospitals
offer stage 3 multicomponent obesity services, which is
where patients primarily receive this care.20 Programs vary
widely in their approach regarding frequency of visits,
eligibility criteria, program content, and staffing.20,21 To
date, limited data are available on multicomponent PWM
programs. Existing analyses consist of individual site co-
hort data regarding baseline characteristics, attrition, and
impact on clinical indicators, such as BMI and laboratory
abnormalities.22–25 Few programs have reported on pro-
gram outcomes, such as resolution of comorbidities, or
BMI changes. Existing data show stabilization of BMI z-
score from program start to follow-up, with children
starting at a higher BMI having worse outcomes.22,25–29

Previous studies are limited to single sites, small sample
sizes, or a lack of standardized data elements. Single-site
studies cannot examine whether national guidelines di-
recting PWM referrals are being implemented broadly and
early enough to promote meaningful change. To address
these questions, this study combined data from 13 PWM
programs based at children’s hospitals as part of the ret-
rospective study cohort (2009–2010) of the US national
Pediatric Obesity Weight Evaluation Registry (POWER)
to describe BMI status and comorbidities among youth
with obesity presenting for care.

Methods

The Pediatric Obesity Weight Evaluation Registry
POWER was formed during FOCUS on a Fitter Future

(FFF), a 5-year (2008–2013) initiative sponsored by the
Children’s Hospital Association (CHA; formerly the Na-
tional Association for Children’s Hospitals and Related
Institutions). CHA convened FFF to articulate the role of
children’s hospitals in combating pediatric obesity while
building consensus on performance measurement and
quality improvement. Multidisciplinary teams representing
more than a dozen pediatric healthcare professions at-
tended. This preliminary work laid the foundation for
POWER in April 2011, a 13-site collaborative of partici-
pating FFF sites (Fig. 1). All sites are multicomponent, in
terms of program design and staff (e.g., including physi-
cians, nurse practitioners, dietitians, social workers, exer-
cise specialists/physiologists, and/or psychologists). Each
site’s program design ranges from weekly to monthly visits
and individual appointments to structured group sessions.
The specific treatment experienced by each patient is not
captured in the data provided.

This study consisted of institutional review board (IRB)-
approved retrospective medical record reviews of patients
with overweight and obesity at each site, ages 2– to 17
years, who presented for weight management services
during a 2-year time period from January 1, 2009 through
December 31, 2010. Given that this is a deidentified chart
review and no additional data were collected for this study
beyond clinical care, we received a waiver of consent per
IRB approval. The deidentified patient data per each site’s
IRB protocol were collected and submitted electronically
by a secure data upload to CHA. This study reports on the
demographic and clinical data obtained at the initial PWM
visit.

Study Population and Characteristics
Data were collected on 7040 patients. Initial study in-

clusion criteria were age 2–17 years and BMI ‡85th per-
centile. We excluded 303 patients (4.3%) from this
analysis who had BMIs in the overweight range (85th–94th
percentile) because sites did not consistently accept pa-
tients in the overweight range into their programs. We
included patients regardless of the etiology of their obesity,
given that both exogenous and endogenous (genetic pre-
disposition) causes are treated in PWM programs. Our final
study population consisted of 6737 patients with a BMI
‡95th percentile. Patients were classified in three BMI
status groups based on criteria developed by Flegal and
colleagues30: (1) obesity: BMI was less than 35 kg/m2

and between 100% and 120% of the 95th percentile for age
and sex; (2) severe obesity class 2: BMI was between 35
and 39 kg/m2 or between 121 and 140% of the 95th per-
centile for age and sex (most conservative estimate cho-
sen); and (3) severe obesity class 3: BMI ‡40 kg/m2 or
greater than 140% of the 95th percentile for age and sex
(most conservative estimate chosen).
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Measures
All data were initially collected by retrospective chart

review and submitted to the data coordinating center. In-
consistent data flagged by the data coordinating center
were reviewed by the individual institution for resolution.
The data elements included height, weight, sex, age, race,
ethnicity, insurance status, laboratory tests (hemoglobin
A1c [HbA1c], liver enzyme [alanine aminotransferase;
ALT], fasting insulin, fasting triglyceride/high-density li-
poprotein cholesterol ratio [TG/HDL-C], low-density li-
poprotein cholesterol [LDL-C], and blood pressure).
Laboratory tests were counted as baseline values if they
were obtained 90 days before and 30 days after the first
recorded visit to the program.

For each laboratory test, standard cutoffs based on expert
consensus and/or established clinical guidelines were used.
HbA1c ‡5.7% was used for prediabetes,31 ALT ‡40 U/mL
for significant liver impact,32 and LDL-C ‡110 mg/dL.33

Elevated TGs were based on age-specific cutoffs of >75 mg/
dL up to age 7, >90 mg/dL for ages 8–11, and >110 mg/dL
for ages 12–17. TG to HDL-C ratio ‡3 was based on con-
sensus guidelines.33 An insulin level ‡20 lU/mL was con-
sidered abnormal and high risk for prediabetes.32 Finally,
systolic blood pressure (SBP) over the 95th percentile for
age and sex was considered abnormal.34

Statistical Analyses
Demographic characteristics, BMI, and comorbidities at

baseline were summarized using weighted percentages ow-
ing to variability in site sample size. Weighting was done by

taking the square root of the percentage of the patients from
each site. This approach reduced the potential impact of sites
with larger patient volumes on summary statistics, yet did
not give equal weight to sites with small patient volumes.

Generalized logistic regression analysis was used to
identify patient characteristics that were associated with a
more severe BMI status at baseline. Patient characteristics
included sex, age group, race, ethnicity, and insurance
type. To determine whether more severe obesity was as-
sociated with laboratory abnormalities, multivariable lo-
gistic regression analyses were performed, controlling for
sex, age, race, ethnicity, and insurance type. We also ad-
justed for site to account for clustering. Odds ratios (ORs)
and 95% confidence intervals (CIs) are presented for all
logistic regression analyses.

Results
Table 1 displays the baseline characteristics and BMI

classification at first visit for the study population. Slightly
more than half (56%) of the patients were female and 5.9%
were ages 2–5 at first visit. The study population was ra-
cially and ethnically diverse with half of the sample being
nonwhite and 17% Hispanic. Fifty-three percent of the
patients were publicly insured, and 75% of patients had a
BMI classification in the severe obesity range, class 2
(33.7%) or 3 (41.4%).

Table 2 displays the sample characteristics for each BMI
classification and provides the odds ratios (OR, 95% CI),
which estimate the odds of presenting with severe obesity

Figure 1. Sites participating in retrospective national data set from the POWER Study Group (n = 13).

632 BRADNER JASIK ET AL.



class 2 or 3 versus obesity for each sample characteristic
relative to the odds for the reference group. Each reference
group is noted in the table. At their first visit, more males
were in severe obesity class 3, the most severe level of
BMI status (46.2% vs. 37.8% of females; OR = 1.8; 95%
CI, 1.5, 2.0). A higher percentage of blacks were in the
severe obesity class 3 category, relative to whites (50.2%
vs. 38.2%), and blacks had significantly higher odds of
both severe obesity class 2 and 3, compared to whites
(OR = 1.3; 95% CI, 1.1–1.5; OR = 1.7; 95% CI, 1.5–2.0,
respectively). There was not a significant difference in
BMI status by Hispanics versus non-Hispanics. Younger
patients, ages 2–5 years, were more likely to present in
severe obesity class 3 (47% vs. 38.4% of older youth;
OR = 2.0; 95% CI, 1.5, 2.6). Publicly insured patients,
compared to privately insured patients, were also more

likely to be in the severe obesity class 3 group (45.3% vs.
36.9%; OR = 1.8; 95% CI, 1.5, 2.0).

We looked at baseline laboratory data and SBP for pa-
tients presenting for weight management stratified by BMI
classification. The severe obesity class 3 group generally
had higher rates of laboratory abnormalities. Of these pa-
tients, 41.8% had an abnormal HbA1c, 14.9% had elevated
ALT, and 32.8% had elevated LDL-C. Further, 22.8% of
severe obesity class 3 patients had a blood pressure above
the 95th percentile.

Figure 2 presents the OR predicting laboratory tests and
SBP abnormalities after controlling for demographic fac-
tors in a multivariate logistic regression model. The severe
obesity class 2 and 3 groups were associated with a higher
likelihood of several laboratory abnormalities. For exam-
ple, the severe obesity class 3 group was associated with a
higher odds, relative to the obesity group, of HbA1c in the
prediabetic range (OR = 1.7; 95% CI, 1.3, 2.2), elevated
ALT (OR = 1.9; 95% CI, 1.3, 2.6), elevated TG/HDL-C
ratio (OR = 1.3; 95% CI, 1.1, 1.7), elevated fasting insulin
(OR = 3.9; 95% CI, 3.1, 5.0), elevated TG (OR = 1.4; 95%
CI, 1.1, 1.8), and elevated SBP (OR = 2.5; 95% CI, 2, 3).

Given the high level of missing tests, we performed a
sensitivity analysis comparing results from six sites with
the most complete laboratory data (<50% missing data per
site, per laboratory test). Magnitude and direction of the
results did not change significantly with the subgroup
sensitivity analysis.

Discussion
These data from the retrospective study cohort of

POWER represent the first evaluation of characteristics
and medical severity of PWM patients nationally. The
POWER data show that youth who have obesity are
starting PWM when they already have severe obesity and
have significant levels of comorbidities including predia-
betes, fatty liver disease, dyslipidemia, and elevated SBP.
We found this was particularly true among certain sub-
populations, including male, African American, preschool
age, and publicly insured youth. Starting a PWM program
when the patient already has severe obesity may lead to a
suboptimal response.35

Our findings on BMI severity and comorbidities are
similar to previous findings from individual PWM pro-
grams. For example, Kirk and colleagues found a high
baseline mean BMI of 35.6 kg/m2 among PWM patients
along with 84% of patients having abnormal fasting insulin
and 40% with abnormal LDL-C.23 Estrada and colleagues
found 15.2% with prediabetes and 21% with hypertension.24

Current recommendations advise pediatric providers to
refer patients with a BMI ‡95th percentile for PWM if they
have not been able to implement lifestyle change in pri-
mary care, or if they have a significant family history and/
or presence of comorbidities.13–15 Given that 75% of
POWER patients already had severe obesity at their first
visit, it is clear that patients start PWM programs late. This

Table 1. Sample Characteristics of Youth
in POWER Study (n = 6737)

Characteristic n Weighted %a

% range
across sites

(unweighted)

Sex

Male 2967 44.0 31–62

Female 3770 56.0 38–69

Age, years

2–5 452 5.9 0–9

6–11 3067 44.5 26–57

12–14 1990 30.4 27–45

15–17 1228 19.2 14–37

Race

Black 2039 30.6 9–79

White 3362 49.2 3–73

Other/mixed 1133 16.6 0–45

Unknown 203 3.6 0–22

Ethnicity

Hispanic 1163 17.2 3–55

Non-Hispanic 5168 75.8 44–97

Unknown 406 7.0 0–30

Insurance

Public/Medicaid 3654 53.2 27–85

Private 2836 42.8 15–72

Self-pay/other/none 229 4.0 0–34

BMI classificationb

Obesity 1674 24.8 15–45

Severe obesity class 2 2337 33.7 21–40

Severe obesity class 3 2726 41.4 28–61

Severe obesity (class 2): BMI 35–39 kg/m2 or 121–140% of the 95th

percentile, whichever is lower; severe obesity (class 2): BMI 35–39

kg/m2 or 121–140% of the 95th percentile, whichever is lower.
aWeighted by square root of percent of patients at each site.
bObesity: BMI <35 kg/m2 and 100–120% of the 95th percentile.

POWER, Pediatric Obesity Weight Evaluation Registry.
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is less ideal for intervening to improve outcomes given that
timely PWM referrals and regular attendance is critical for
this population.

There are many potential reasons why delayed referrals
might occur. First, primary care providers may have lim-
ited access to PWM programs.36 PWM programs are
usually located at large tertiary care centers, in part be-
cause reimbursement is limited. Concerns about families
obtaining insurance coverage for PWM programs could
prevent or delay referrals as well. Another possibility is
that providers may not identify their patients as having
excess weight or obesity, given that they may sometimes
rely on appearance rather than BMI measurement.37 It is
also possible that accelerated weight gain may be appro-
priately identified, but primary care efforts prove unsuc-
cessful. This pattern may illustrate the predisposition for
the body to maintain its new, albeit abnormal, metabolic

state, a phenomenon well described in both type 1 and 2
diabetes.38

An additional barrier to early referral could be lack of
provider knowledge about PWM programs. Woolford and
colleagues showed that more pediatric providers, in com-
parison to family medicine providers, reported having a
PWM program available (46% vs 10%; p < 0.01). More
pediatricians (83% vs. family physicians 53%; p < 0.01)
and female physicians (88% vs. 65%; p < 0.01) reported
having made a referral.37 During interviews with pediatric
providers, Barlow and colleagues found that they are
skeptical that PWM programs may benefit their patients
owing to poor compliance and follow through.36 If pro-
viders are not confident that weight management will
benefit their patients, either owing to lack of treatment
effectiveness or patient readiness for treatment, they may
be less likely to refer.

Table 2. BMI Status at Baseline by Demographic Characteristic of Youth in POWER Study

Characteristic

Obesityb

(n 5 1674)

Severe obesity

Class 2c (n 5 2337) Class 3d (n 5 2726)

% %
vs. obesity

ORe (95% CI) %
vs. obesity

ORe (95% CI)

Sex

Male 20.8 33.0 1.3 (1.2, 1.5) 46.2 1.8 (1.5, 2.0)

Female 27.9 34.2 Ref 37.8 Ref

Age

2–5 16.1 36.4 1.5 (1.1, 2.0) 47.4 2.0 (1.5, 2.6)

6–11 26.5 35.1 Ref 38.4 Ref

12–14 26.1 34.1 0.93 (0.8, 1.1) 39.8 1.0 (0.9, 1.2)

15–17 22.0 28.9 0.95 (0.8, 1.1 49.0 1.5 (1.3, 1.8)

Race

Black 19.1 30.7 1.3 (1.1, 1.5) 50.2 1.7 (1.5, 2.0)

White 27.3 34.5 Ref 38.2 Ref

Other/mixed 28.3 37.8 0.97 (0.8, 1.2) 33.9 0.91 (0.7, 1.1)

Unknown 23.7 36.3 1.1 (0.8, 1.7) 39.9 1.4 (0.9, 2.0)

Ethnicity

Hispanic 25.9 40.6 0.97 (0.8, 1.2) 33.5 0.78 (0.6, 1.0)

Non-Hispanic 25.1 32.6 Ref 42.3 Ref

Unknown 21.4 34.1 1.1 (0.8, 1.5) 44.5 0.98 (0.7, 1.3)

Insurance

Public/Medicaid 21.4 33.3 1.3 (1.2, 1.6) 45.3 1.8 (1.5, 2.0)

Private 29.3 33.7 Ref 36.9 Ref

Self-pay/other/none 19.0 34.8 1.6 (1.1, 2.4) 46.3 1.9 (1.2, 2.8)

aWeighted by square root of percent of patients at each site.
bObesity: BMI <35 kg/m2 and 100–120% of the 95th percentile.
cSevere obesity (class 2): BMI 35–39 kg/m2 or 121–140% of the 95th percentile, whichever is lower.
dSevere obesity (class 3): BMI ‡40 kg/m2 or ‡140% of the 95th percentile, whichever is lower.
eOR is estimating the odds of presenting with class 2 (class 3) severe obesity versus obesity of the characteristic group versus the odds

for the reference group.

POWER, Pediatric Obesity Weight Evaluation Registry; OR, odds ratio; CI, confidence interval.
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Further, families may not follow up on a PWM referral if
they do not perceive a health concern.39 Rhee and col-
leagues investigated factors associated with parental
readiness to make changes and found that having another
child with excess weight, acknowledging that their child
had excess weight or obesity, and perceiving this as a
health problem were associated with being ready for
change.40 Unfortunately, parents may often underestimate
their child’s BMI status,41 which also may delay treatment.
Parental involvement in PWM is associated with success;
therefore, a lack of parent engagement will adversely im-
pact outcomes.42

The retrospective POWER data set has several important
limitations. First, the data come from a convenience
sample of PWM clinics. Therefore, they may not be rep-
resentative of all PWM patients. However, as Figure 1
shows, the POWER sites are geographically diverse and
range from small to large in size, making this the most
representative sample of US children in PWM to date.

Missing data is an additional limitation, particularly for
laboratory tests. We found that several sites relied on the
referring medical provider to obtain baseline laboratory
tests, and these may not be part of the registry database
because they were not electronically available. In other
cases where the initial laboratory test on paper was ab-
normal, it is possible that the PWM program repeated the
test and those results would be in the database. This could
lead to a potential bias toward more abnormal laboratory
tests in those cases. To address this concern, we ran our
laboratory analyses for sites with and without high levels
of missing laboratory data. We found that patients with
severe obesity were still much more likely to have ab-
normal laboratory tests at baseline with the sensitivity
analysis. These results are consistent with previous pedi-
atric and adult studies on obesity comorbidities.

Future directions for POWER include assessing rates of
attrition and program response over time among this ret-
rospective cohort. The POWER group has also formed a
collaborative to design a prospective multisite clinical data
registry with an enhanced process to collect a more con-

sistent and complete aggregate data set that involves a
greater number of sites. This increased number of sites will
allow us to consider the inclusion of overweight patients
and their comorbidity information. These data will help to
improve the quality of care by better defining different
phenotypic presentations of obesity and identifying opti-
mal treatment strategies, thereby contributing to the
evidence-based guidelines for PWM.

Conclusions
The POWER retrospective data show that youth with

obesity present for PWM when they already have severe
obesity and significant comorbidities. Certain groups are
impacted more, such as males, preschool age, black, and
publicly insured youth. For example, the preschool age
group had the highest BMI percentiles at presentation, and
perhaps this group could benefit the most from lifestyle
change.

More attention is needed on how to facilitate earlier
presentation to PWM programs. However, given the lack
of access to PWM nationally and the level of severity of
referrals, we may need to consider alternative models of
care, such as strengthening primary care services targeting
weight management and focusing PWM attention on cer-
tain groups where lifestyle change is more likely. As we
learn more about how patients respond to PWM in future
POWER analyses, we will be more informed about how to
target the medical management of pediatric obesity to
achieve the most impact.
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