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Abstract

Objectives—To assess links between comorbid health status, severe excess weight, and weight-
related quality of life (WRQOL) in adolescents with severe obesity and undergoing weight loss
surgery (WLS) to inform clinical care.

Study design—Baseline (pre-operative) data from Teen-LABS, a prospective multicenter
observational study of 242 adolescents with severe obesity (Mdngy = 50.5 kg/m?; Mage=17.1;
75.6% female; 71.9% White) undergoing WLS, were utilized to examine the impact of
demographics, body mass index (BMI), presence/absence of 16 comorbid conditions, and a
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cumulative comorbidity load (CLoad) index on WRQOL scores (Impact of Weight on Quality of
Life-Kids; IWQOL-Kids).

Results—WRQOL was significantly lower than reference samples of healthy weight,
overweight, and obese samples. Of 16 comorbid conditions, the most prevalent were dyslipidemia
(74.4%), chronic pain (58.3%), and obstructive sleep apnea (56.6%). Males had a higher CLoad
(p=.01) and BMI (p=.01), yet less impairment in total WRQOL (p<.01) than females. CLoad was
a significant predictor of male WRQOL. For females, psychosocial (versus physical)
comorbidities, BMI, and White race were significant predictors of WRQOL impairment. Less
prevalent conditions (e.g., stress urinary incontinence) also emerged as contributors to lower
WRQOL.

Conclusions—WRQOL impairment is substantial for adolescents with severe obesity
undergoing WLS, with predictors varying by sex. These patient-data highlight targets for
education, support, and adjunctive care referrals prior to WLS. Further, they provide a
comprehensive empirical base for understanding heterogeneity in adolescent WRQOL outcomes
following WLS, as weight and comorbidity profiles change over time.

Keywords
Bariatric

A hallmark of the pediatric obesity epidemic is the increased prevalence and associated
health burden of severe obesity (ie, body mass index [BMI] = 120% of the BMI-for-age 95t
percentile) (1). The Teen Longitudinal Assessment of Bariatric Surgery (Teen-LABS)
Consortium recently reported that, prior to weight loss surgery (WLS), 51% of severely
obese adolescent participants concurrently managed four or more major medical comorbid
conditions (e.g., dyslipidemia, obstructive sleep apnea, hypertension, chronic back pain).(2)
However, the psychosocial health of the adolescent with severe obesity undergoing WLS is
of equal concern, yet less understood.

Health-related quality of life (HRQOL) is the patient’s perspective on how their current
health status impacts their day-to-day life across multiple domains (e.g., physical, social,
emotional).(3) HRQOL assessment provides clinicians with information regarding the
patient’s well-being within the context of their medical status, identifying targets for
support, recommendations, and adjunctive care referrals.(4) Serial HRQOL assessment
provides critical information on how change in symptoms and/or treatments impact daily
functioning. Condition-specific HRQOL measures capture unique aspects of a disease and
demonstrate greater sensitivity to change in disease severity (5) (e.g., weight related quality
of life: WRQOL (6, 7)). Finally, HRQOL measurement is regarded as a key patient-reported
outcome (PRO) for clinical trials and observational studies (e.g., FDA (8, 9), CONSORT
(10)) and has been identified as a new topic area for Healthy People 2020.(11)

It is well established that youth who are obese (BMI = 95t percentile) report greater
impairment in HRQOL, whether general (i.e., PedsQL (12)) or weight-related, as compared
with “healthy youth”.(7, 13-17) Further, obese youth are characterized by lower HRQOL
than youth with other chronic medical conditions with more immediate morbidity and
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mortality risk (e.g., epilepsy, cystic fibrosis, type 1 diabetes, cancer) (4, 18). Initial studies
also suggest adolescents with severe obesity report the most severe impairments in HRQOL/
WRQOL within the broader pediatric literature to date.(19-21)

It is unclear as to how are comorbid conditions, severe excess weight, and WRQOL are
linked, and might this vary for males versus females? Previous studies suggest greater
HRQOL/WRQOL impairment in obese youth (BMI = 95t percentile) with specific
comorbidities (ie, chronic pain (22), obstructive sleep apnea [OSA] (13), depressive
symptoms (15, 16), binge eating disorder [BED] (23)) and for females relative to males.(15)
In obese adults, WRQOL impairment is driven by the severity of excess weight (eg, BMI
value), or a specific comorbidity (i.e., gastroesophageal reflux disease [GERD]) relative to
others, but also, by the number of comorbidities present.(24-27) Preliminary pediatric
evidence from adolescents surveyed at intake in a Metabolic Syndrome clinic lend
additional support.(28) Specifically, when evaluating four specific comorbid conditions
(triglycerides, systolic or diastolic blood pressure > 95t percentile, high-density lipoprotein
cholesterol: < 5t percentile, fasting blood glucose: >100/mg/dl), adolescents experiencing
all 4 versus only 2 or 3 conditions, reported greater WRQOL impairment. This concept of
cumulative versus individual comorbidity impact on WRQOL may have heightened
implications for adolescent WLS patients given the range of obesity-related comorbid
conditions present at the time of surgery.(2)

The present study capitalizes on the breadth and scope of the multi-site Teen-LABS
Consortium to characterize the domains and extent of WRQOL impairment, and evaluate
how BMI and 16 different obesity-related comorbid conditions, both as a cumulative index
and individually, are associated with WRQOL for adolescents with severe obesity prior to
WLS, and whether this varies by sex. Based on the aforementioned literature, BMI, race,
and five individual comorbid conditions (ie, OSA, GERD, BED, DEP, and chronic joint or
back pain (PAIN)) as well as a cumulative comorbidity load index (CLoad, range 1-16
comorbidities) were hypothesized to be significantly associated with greater WRQOL
impairment. Expanded analyses explored the independent impact of these specific comorbid
conditions as well as additional obesity-related comorbidities (11 for females) known to be
present in this clinical population.

Teen-LABS Consortium is a 5 site prospective observational study evaluating safety,
efficacy, health, and WRQOL outcomes of WLS for severely obese adolescents (29) and is
an ancillary study to the Longitudinal Assessment of Bariatric Surgery (LABS; registered
with ClinicalTrials.gov: NCT00465829). Teen-LABS’ rationale, inclusion criterion, and
methodology were previously reported.(2, 29) Teen-LABS was approved by each
institution’s Institutional Review Board with study conduct overseen by an independent
Data and Safety Monitoring Board. The Teen-LABS Data Coordinating Center managed all
de-identified data and conducted statistical analyses.

All adolescents (ages 13-19 years) approved for WLS at Teen-LABS centers and their
primary caregivers were approached for study enrollment (February 2007-December 2011).
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Of the 277 eligible patients, 13 declined and 22 consented but did not undergo surgery by
the study-imposed deadline, leaving a final cohort of 242. Participants did not differ from
non-participants (n=35) in BMI, age, or race/ethnicity but were more likely to be female (p
= 0.04). Medical and surgical care were based on patient-care pathways at each institution.
No attempts were made to standardize or alter standard care by this observational research
protocol.

Teen-LABS modified the standardized methodology of the LABS consortium’s LABS?2
study (30, 31) for this adolescent cohort. Adolescents and caregivers provided written
assent/consent. Baseline assessments (e.g., anthropometrics, blood and urine sampling, self-
report forms) were completed at an in-person visit within 30 days prior to surgery and
administered by Teen-LABS trained personnel. Participants were informed that responses on
self-report measures were confidential, although the informed consent/assent form specified
that investigators would take steps to address significant distress or risk of serious harm
(e.g., suicidal ideation). Presence/absence of each comorbid condition was determined by
trained Teen-LABS personnel using medical records, physical examination, patient
interview, self-report forms, and laboratory values.

WRQOL was assessed via the Impact of Weight on Quality of Life — Kids (IWQOL-
Kids®©), (7) a self-report instrument for youth (11-19 years) with 4 subscales (Physical
Comfort, Body Esteem, Social Life, Family Relations) and a summary Total score. Items
begin with the stem “Because of my weight...” to orient a respondent to the condition-
specific aspect of each question. Raw scaled scores were transformed to a 0-100 scale with
higher scores reflecting better WRQOL (e.g., less impairment). Psychometric evaluation of
the IWQOL-Kids has demonstrated excellent psychometric properties, including
discrimination among weight status groups, and being responsive to weight change.(7, 32,
33) Internal consistencies of IWQOL-Kids Total and scale scores were strong for the current
sample (Total score a=0.92; Physical Comfort . = 0 .82; Body Esteem a = 0.92; Social Life
a = 0.87; Family Relations a = 0.88).

Teen-LABS standard definitions were used to determine the presence/absence of
hypertension, dyslipidemia, OSA, asthma, GERD, fatty liver disease, cholelithiasis,
diabetes, chronic kidney disease (CKD), stress urinary incontinence (SUI), pseudotumor
cerebri (PTC), Blount disease, chronic joint or back pain (PAIN), and for females,
polycystic ovary syndrome and/or menstrual irregularities (PCOS). Detailed descriptions of
study methodology, comorbidity and other data definitions, and laboratory testing are
included in the online methodology supplement (Appendix 3; available at www.jpeds.com).
A comorbidity load (CLoad) score was computed as the total number of comorbid
conditions for each participant.

Depressive symptoms were assessed using the Beck Depression Inventory — 11 (BDI-I11),
with the suggested Total score of =17 (DEP) utilized as a conservative cut-point for
“clinically elevated” depressive symptoms.(34) Screening criteria for binge eating disorder
(BED) were assessed using 4 critical items from the Questionnaire of Eating and Weight
Patterns — Revised.(35)
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Adolescent and caregiver sociodemographic characteristics were self-reported. Height and
weight measured via a standardized protocol (2) were used to calculate BMI (kg/m?).

Statistical Analyses

Results

Overall, 1.5% of data values were missing among variables included in statistical models.
Most participants (83%) had complete data. Missing data values ranged from 0.4% (n=1) for
GERD, FLD, and SUI to 7.4% (n=18) for CKD. Nine (3.7%) participants did not complete
the self-reported IWQOL-Kids due to visual impairment or learning difficulties.
Multivariate imputation by fully conditional specification was performed to address missing
data on all assessment variables. The SAS (version 9.3) MI procedure was used to generate
25 imputed data sets for use in multivariable modeling analyses.

Means, medians, percentages, and counts describe participant demographics, IWQOL-Kids
scores, and comorbid conditions. Chi-square, Fisher’s exact, Wilcoxon’s rank-sum and t-
tests assessed sex differences. z tests were used to compare IWQOL-Kids scores between
the present sample and instrument reference samples of healthy weight (BM1=11-84.9
percentile), overweight (BMI =85-94.9t" percentile), and obese (BMI = 95! percentile
adolescents, (7) as well as additional published samples of obese (BMI = 95™ percentile)
(28) and severely obese (BMI = 40) adolescents.(20) Sex-stratified, multivariable mixed-
effect linear regression (SAS Proc MIXED) models, incorporating clinical site as a random
effect, evaluated predictors of IWQOL-Kids scores (Total, Physical Comfort, Body Esteem,
Social Life, log-transformed Family Relations) with the CLoad term forced into each final
model. SAS Proc MiAnalyze generated estimates from the multiply imputed datasets. A
priori hypothesized variables evaluated for inclusion into the final models included: BMI,
race, OSA, PAIN, GERD, BED, and DEP. Additional analyses evaluated the
aforementioned covariates (excluding the CLoad), as well as the following: diabetes, PTC,
FLD, hypertension, dyslipidemia, CKD, asthma, cholelithiasis, SUI, PCOS, and Blount’s
disease. Predictor terms where p < 0.10 were retain in the final models. All reported p-
values were two-sided and considered statistically significant at < 0.05. Pseudo-R? values,
defined as the proportion of the variance in the outcome explained by the predictor variables
(36) in each linear mixed model, were also computed.

Participants (Mage=17.1, SD=1.6) were primarily female (75.6%) and White (71.9%) with a
primary caregiver with at least a high school education (90.0%) (Table I). Median pre-
operative BMI was 50.5 kg/m? for the entire group; BMI was significantly higher for males
than females (p = 0.01).

Comorbidity Prevalence

The most common comorbid conditions were dyslipidemia (74.4%), PAIN (58.3%), OSA
(56.6%), and hypertension (45.0%; Table 1). Compared with females, males more frequently
had dyslipidemia (p = 0.01), OSA (p < 0.01), hypertension (p < 0.01), asthma (p < 0.01),
and Blount’s disease (p < 0.05). PCOS/menstrual irregularities were common among
females (43.2%). The prevalence of clinically elevated depressive and BED symptoms were
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14% and 15.4%, respectively, with no observed sex differences. The CLoad was
significantly greater for males (M| oag= 4.3; range 1-8) than females (M¢| gag = 3.9; range
1-9) (p = 0.01).

Weight-Related Quality of Life

Compared with males, females reported lower (i.e., greater impairment) IWQOL-Kids Total
and Body-Esteem scores. (Table I; p < 0.01). IWQOL-Kids Total mean scores were
significantly lower for Teen-LABS participants than published reference samples of healthy
weight, overweight, and obese adolescents, and consistent (ie, not significantly different)
than published reference samples of severely obese adolescents (Figure; p < 0.001).
IWQOL-Kids Physical Comfort, Body Esteem, and Social Life mean scores were also
significantly lower for Teen-LABS participants than healthy weight, overweight, and obese
adolescent reference samples, and with one exception (Body-Esteem) consistent with levels
reported in published reference samples of severely obese adolescents (Table Il; available at
www.jpeds.com). IWQOL-Kids Family Relations mean scores were significantly lower for
Teen-LABS participants than healthy weight and overweight reference samples, but similar
to that of obese and other severely obese adolescent reference samples.

Predictive Models of WRQOL

IWQOL-Kids Total Score—A significant negative relationship was found between
CLoad and Total score among males (B=—4.30; p<0.01; Table I1I), and approached
significance for females (3=-1.32; p=0.06). In females, increasing BMI, white race, BED,
and depressive symptoms were independently associated with lower Total scores. Presence
of depressive symptoms in males was also associated with lower Total scores.

Physical Comfort—CLoad was negatively associated with Physical Comfort scores in
males (3=—5.47; p<0.01) but not females (p=0.15). Other significant predictors of decreased
Physical Comfort scores were BMI, BED, and depressive symptoms in females, and BMI in
males.

Body Esteem—CLoad was not significantly associated with Body Esteem scores in males
(p=0.13) or females (p=0.30). White race and presence of BED and depressive symptoms
were independently associated with decreased Body Esteem scores in females. Only
presence of depressive symptoms was associated with lower Body Esteem scores in males.

Social Life—In males, CLoad was significantly associated with decreased Social Life
scores (f=-4.82; p=0.02), and approached significance in females (3=-1.81; p=0.06).
Presence of BED and depressive symptoms in females were also significantly associated
with lower Social Life scores. In males, only presence of depressive symptoms was
significantly associated with lower Social Life scores.

Family Relations—CLoad was a significant predictor of family relations score in both
females (p=0.01) and males (p=0.02). Presence of GERD and depressive symptoms in
females were each associated with a lower score in Family Relations.
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The Role of Individual Comorbidities on WRQOL

Regression analyses examined the relative impact of each individual comorbidity (15 for
males, 16 for females), after accounting for BMI and Race, on WRQOL outcomes for each
sex. The CLoad was excluded from models (Table V).

For females, significant predictors of the Total score were the same as the main model
findings (BMI, White race, BED, DEP). For Physical Comfort, SUI emerged as a new
significant negative predictor. Presence of PTC and CKD emerged as new significant
negative predictors of Social Life. OSA emerged as the only new significant predictor of
Family Relations.

For males, many new comorbid conditions emerged as significant predictors of WRQOL in
the absence of CLoad. Specifically, BMI, PAIN, and SUI were new significant negative
predictors for the Total score, and PAIN and GERD emerged as significant negative
predictors for Physical Comfort. SUI was a significant predictor of Body Esteem, and
dyslipidemia and SUI were new significant negative predictors of Social Life. Finally,
depressive symptoms and cholelithiasis emerged as significant negative predictors of Family
Relations.

Discussion

Prior to WLS, Teen-LABS adolescents present with significant impairment in WRQOL.
Severity of impairments were most notable for weight-related physical comfort (eg, fitting
into public seating, bending over), body esteem (eg, shame and avoidance of activities due
to weight), and social life (eg, weight-based teasing, social exclusion). In contrast, weight-
related family relations (eg, weight-based exclusion, stigmatization, shame) are an area of
relative strength also reported in previous studies characterizing obese youth engaged in
treatment.(7, 32, 33) These large multi-site study findings demonstrate the high costs to day-
to-day life associated with severe obesity for the adolescent WLS patient.

Teen-LABS males and females differed in their clinical presentation prior to surgery.
Relative to females, males had a greater degree of severe excess weight, a greater overall
comorbidity load, a higher prevalence of specific comorbid conditions (ie, dyslipidemia,
hypertension, OSA), and yet better overall WRQOL and body-esteem. Similar to recent
reports of adults, (37) adolescent males proceeded to WLS with greater disease burden, yet
lower perceived burden on their day-to-day life relative to females.

The number of medical comorbidities was a significant predictor of WRQOL for males
across the majority of domains, whereas for females the relative impact of comorbidities
was less substantial or inconsistent. However, for both sexes, the cumulative burden of
managing multiple comorbid conditions had a clear impact on the adolescent’s perception of
less positive family relations. Higher BMI and depressive symptoms also were predictors of
worse WRQOL. For example, a dose response effect emerged, whereby increasing BMI
values were associated with lower Total WRQOL and greater physical discomfort. Chronic
pain and binge eating behaviors emerged as unique predictors for male and female WRQOL,
respectively. Study findings also highlight several specific comorbid conditions, that have
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not been previously examined, and their significant impact on adolescent WRQOL,
including stress urinary incontinence on both sexes.

With rising rates of severe obesity, (1, 38) understanding the clinical needs of this patient
population prior to surgery and across the post-operative course is critically important. The
present data highlight clinical concerns of the patient prior to surgery and factors that make
those concerns more prominent. For males, physical health, and particularly when comorbid
conditions “add up,” appear to play a central role in their daily lives. In contrast, the degree
of excess of weight and psychological comorbidities are most salient to female WRQOL.
These patient-reported data supplement medical and psychological comorbidity status by
highlighting targets for education, support, and potential adjunctive care referrals prior to
WLS.

These findings may also have implications for understanding heterogeneity in adolescent
post-operative WRQOL outcomes following WLS. Improvement in WRQOL may be more
substantial for those who experience better weight loss outcomes.(39, 40) However, for
males WRQOL improvement may also vary based on comorbidity load and the degree to
which comorbidities are reduced over time. Although not a psychosocial intervention,
improvement in depressive symptoms or binge eating behaviors following WLS may prove
to be important secondary outcomes that positively impact female WRQOL. However, the
adult WLS experience also suggests potential links between these pre-operative
psychological comorbid conditions and/or their persistence or post-operative recurrence with
poorer weight loss as well as HRQOL outcomes.(41-43) Thus, adolescent symptom profiles
should be closely monitored and referrals provided accordingly to optimize patient
outcomes.

Strengths of the present study include standardized data collection and clinical definitions
and the use of a validated adolescent WRQOL tool. There are also several limitations that
suggest directions for future research. Even though Teen-LABS’ high recruitment rate
(95%) indicates these data represent the health status and WRQOL typical of this clinical
population, these findings may not represent those adolescents with severe obesity who
pursue yet do not progress to surgery, those who seek non-surgical intervention, or those
who seek no intervention at all. Although consistent with adult surgery trends (37), the
Teen-LABS patient population is primarily White and female, resulting in limited
information on other race/ethnic groups for whom severe obesity is also a significant
concern.(44) Further, published reference samples of adolescents available and used to
illustrate the severity of WRQOL impairment in Teen-LABS participants were not
demographically matched. Data definitions of 16 comorbid conditions used consistent
criteria to create dichotomous presence/absence values, but did not consider more qualitative
aspects of each comorbid condition such as the severity of current symptoms, or the
condition’s typical course (e.g., progressive, constant, episodic), or potential outcome (e.g.,
life-shortening, nonfatal). Further, there are likely other psychosocial factors that contribute
to WRQOL impairment in severely obese teens (eg, teasing (45), social support.(15)).
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Abbreviations

BED Binge Eating Disorder

BMI Body Mass Index

CKD Chronic Kidney Disease

C-Load Cumulative Comorbidity Load

DEP Depressive Symptom

HRQOL Health Related Quality of Life

OSA Obstructive Sleep Apnea

PAIN Chronic Back or Joint Pain

SUI Stress Urinary Incontinence

WLS Weight Loss Surgery

WRQOL Weight-Related Quality of Life
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Appendix 3

The Teen-LABS Consortium used a prospective, observational cohort design in which the
majority of the data are collected at the same time that routine clinical care of bariatric
patients is occurring.

A synopsis of the study protocol, including study design features, inclusion/exclusion
criteria, consent/assent, study visits and procedures, physical measurements, laboratory data
collection, and other clinical and self-report data collection was previously published?. In
addition, methodologic details pertinent specifically to the analyses presented in this article
are provided below.

Baseline data elements were collected within 30 days prior to operation: (1) participant
identifier (alpha-numeric code); (2) date of consent to participate in Teen-LABS; (3) month
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and year of birth, sex, height, weight, race, ethnicity; (4) measured height and weight and
vital signs (blood pressure); (5) comorbidities; (6) polysomnography (sleep study) data files
if available and performed within 12 months of baseline evaluation; and (7) participant self-
report on screening measures for depressive symptoms, binge eating, stress urinary
incontinence, and weight-related quality of life (Appendix 4; available at www.jpeds.com)

Blood (70mL) and urine (3.5mL) were obtained for research purposes from adolescent
participants who were undergoing bariatric surgery. Biochemical testing was performed as
described previously? using fresh specimens at the central laboratory (Northwest Lipid
Metabolism and Diabetes Research Laboratories, Seattle, WA).

Definitions of comorbidities used in the analyses

The presence or absence of comorbid conditions was assessed in various ways. A Teen-
LABS-certified clinical coordinator or investigator used information (medical records,
physical exam, patient interview, and laboratory values) to determine presence or absence of
each condition based on standard definitions.

Hypertension was defined as having systolic or diastolic blood pressure = 95th percentile
indexed to age, sex, and height during the baseline visit as measured using the standard
Teen-LABS protocol, or current use of anti-hypertensive medication.

Specifically, the data for this variable were obtained/analyzed as follows: (1) = 95th
percentile of systolic or diastolic indexed to age, sex, and height (Anthropometric [ANTH]
form); or (2) Comorbidity Assessment-Baseline (CAB) form, Question 1 — selection equals:
“hypertension, treatment with single medication”, or “hypertension, treatment with two or
more medications”; or (3) Medications (MED) form, subject-reported use of
antihypertensive medications

The presence of dyslipidemia was defined as triglyceride value = 130 mg/dL or LDL
cholesterol = 130 mg/dL or HDL cholesterol < 40 mg/dL or use of medication for
dyslipidemia. Specifically, the data for this variable were obtained/analyzed as follows:
central laboratory measured triglyceride, LDL cholesterol, HDL cholesterol; or (2)
Comorbidity Assessment-Baseline (CAB) form, Question 5 — selection equals: “treatment
with single medication for dyslipidemia” or “treatment with two or more medications for
dyslipidemia”; or (3) Medications (MED) form, subject-reported use of any antilipemic Rx.

The presence of fatty liver disease (FLD) was presumed in the presence of abnormally
elevated serum aminotransferases (ALT, AST, or GGT) or if imaging suggested steatosis, or
if biopsy confirmed hepatic steatosis, steatohepatitis, or more advanced fibrosis.
Specifically, the data for this variable were obtained/analyzed as Comorbidity Assessment-
Baseline (CAB) form, Question 13 — selection equals: “abnormal serum aminotransferases
(ALT,AST, or GGT)” or “Imaging suggesting steatosis” or “Biopsy confirmed hepatic
steatosis” or “Biopsy confirmed steatohepatitis” or “Biopsy confirmed cirrhosis,
compensated” or “Decompensated cirrhosis (end-stage liver disease with synthetic
dysfunction)”
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Obstructive sleep apnea syndrome (OSAS) was defined as provider-diagnosed OSAS. For
this assessment, surgical investigators took into account diagnostic polysomnogram
findings, or use of continuous positive airway pressure (CPAP). Specifically, the data for
this variable were obtained/analyzed as Comorbidity Assessment-Baseline (CAB) form,
Question 9 — selection equal: “Yes.”

Diabetes was defined by study investigators taking into consideration patient self-report of
prior diagnosis, use of medications for diabetes, baseline HbAlc of 26.5%, or fasting
glucose of at least 126 mg/dL, or oral glucose tolerance results in prior 6 months.

Specifically, the data for this variable were obtained/analyzed as follows: (1) Preoperative
(PO) form, question 9b; (2) Comorbidity Assessment-Baseline (CAB) form, question 6c, 6d,
7, 18; (3) Medical Assessment — Baseline (MAB) form, question 14; (4) all declared
medications from the MED form; and (5) central lab measured baseline fasting glucose and
HbAlc values.

The data for polycystic ovary syndrome/Menstrual Irregularities represented the when a
female met definition(s) for polycystic ovary syndrome (PCOS) and/or experienced
menstrual irregularities (PCOS). Presence of PCOS was defined as presence of symptoms of
PCOS (features of hirsutism) with treatment with contraceptive or anti-androgens, or, if
confirmed by measured androgen levels, the condition was present even whether or not
using contraceptives, anti-androgens, or metformin. Specifically, the data for this variable
were obtained/analyzed as follows Co-morbidity Assessment-Baseline (CAB) form,
question 18 — selection equals: “Symptoms of PCOS present, treatment with contraceptive
or anti-androgens” or “Confirmed PCOS, no treatment” or “Confirmed PCOS, treatment
with contraceptive or anti-androgens” or “Confirmed PCOS, treatment with metformin” or
“Combination treatment (contraceptives, anti-androgens, metformin)”

The presence of menstrual irregularities was by the presence or history of irregular menses.
Specifically, the data for this variable were obtained/analyzed as follows: Comorbidity
Assessment-Baseline (CAB) form, Question 17 — selection equals: “Irregular menses or
oligomenorrhea (> 45 days)” or “History of irregular menses or oligomenorrhea but now on
contraceptives.”

The presence of chronic kidney disease (CKD) was defined using glomerular filtration rate
(GFR), determined by cystatin C levels, where GFR=77.24 x (Cys C)~1.2623:
microalbuminuria was defined as urine albumin to creatinine ratio > 0.03; CKD stages were
defined as follows: (1) normal = GFR>60 and no microalbuminuria; (2) CKD stage 1 =
Microalbuminuria with GFR = 90; (3) CKD stage 2 = Microalbuminuria with GFR of 60—
89; (4) CKD Stage 3 = GFR of 30-59; (5) CKD stage 4 = GFR of 15-29; and (6) CKD stage
5=GFR < 15.

Presence of pseudotumor cerebri (PTC) was defined as having a prior physician diagnosis of
PTC, with or without use of medications or cerebrospinal fluid drainage. Specifically, the
data for this variable were obtained/analyzed as Co-morbidity Assessment-Baseline (CAB)
form, question 19 — selection equals: “Confirmed PTC, no medications” or “Confirmed
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PTC, medications used (eg, diuretics)” or “CSF drainage required” or “Persistent symptoms
despite medications or drainage.”

Presence of Blount disease was defined as having a prior physician diagnosis as determined
from chart review or participant self-report. Specifically, the data for this variable were
obtained/analyzed as follows: (1) Preoperative (PO) form, question 9o — selection equals:
“Yes”; or (2) Surgeon’s Medical Assessment — Baseline (SMAB) form, question 37 —
selection equals: “Yes.”

Presence of chronic pain was defined as meeting definition(s) for joint pain and/or
back pain. Presence of joint pain was defined as pain in hips or lower extremity
joints with ambulation once a week or less, or pain requiring non-narcotic analgesia
used regularly (at least monthly) or narcotic analgesia used regularly (at least
monthly). Specifically, the data for this variable were obtained/analyzed as Co-
morbidity Assessment-Baseline (CAB) form, question 14 — selection equals: “Pain
with ambulation once a week or less” or “Pain with ambulation more than once a
week” or “Non-narcotic analgesia used regularly (weekly or monthly)” or “Non-
narcotic analgesia used frequently (more than once a week)” or “Narcotic analgesia
used regularly (weekly or monthly)” or “Narcotic analgesia used frequently (more
than once a week)”.

Presence of back pain was defined as intermittent back pain, not requiring medication or
treatment or requiring non-narcotic analgesia regularly (at least monthly), or narcotic
analgesia used regularly (at least monthly). Specifically, the data for this variable were
obtained/analyzed as Co-morbidity Assessment-Baseline (CAB) form, question 15 —
selection equals: “Intermittent back pain, not requiring medication or treatment” or
“Nonnarcotic analgesia used regularly (weekly or monthly)” or “Non-narcotic analgesia
used frequently (more than once per week)” or “Narcotic analgesia used regularly (weekly
or monthly)” or “Narcotic analgesia used frequently (more than once per week).”

Presence of asthma was defined using symptoms present as well as frequency of medication
use. Specifically, the data for this variable were obtained/analyzed as Comorbidity
Assessment-Baseline (CAB) form, Question 10a — selection equals: “Symptoms present,
non-steroid medication used monthly but less than weekly” or “Symptoms present, non-
steroid medication used weekly but less than daily” or “Symptoms present, non-steroid
medication used daily” or “Symptoms persist with non-steroid medication.”

Presence of gastroesophageal reflux disease (GERD) was determined via formal diagnostic
testing and/or presence of symptoms and medication use. Specifically, the data for this
variable were obtained/analyzed as follows: (1) Comorbidity Assessment-Baseline (CAB)
form, Question 11a — selection equals: “Yes” and CAB form, Question 11al — selection
equals: “Positive”; or (2) Comorbidity Assessment-Baseline (CAB) form, Question 11b —
selection equals: “H2 blockers used daily” or “Proton pump inhibitor used daily” or
“Continued symptoms despite regular use of medications.”

The presence of cholelithiasis was determined by documentation of gallstones or
documented complications from gallstones. Specifically, the data for this variable
were obtained/analyzed as Comorbidity Assessment-Baseline (CAB) form,
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Question 12 — selection equals: “Documented gallstones with less than monthly
symptoms” or “Documented gallstones with weekly or monthly symptoms” or
“Documented gallstones with daily symptoms” or “Documented complications of
gallstones (eg, pancreatitis).”

The presence of stress urinary incontinence was determined by frequency of symptoms.
Specifically, the data for this variable were obtained/analyzed as follows: (1) Comorbidity
Assessment-Baseline (CAB) form, question 16 — selection equals: “Weekly symptoms (once
or more each week)” or “Daily symptoms (once or more each day)”; or (2) Urinary
Incontinence-Baseline (UIB) form, question 3a — response = 1 time per week.

The presence of binge eating disorder was determined using participant self-report of
screening criteria from the Questionnaire of Eating and Weight Patterns, Revised.?
Specifically, the data for this variable were obtained/analyzed as follows: (1) Baseline
Behavior (BB) form, Question 3 — selection equals: “Yes”; and (2) Baseline Behavior (BB)
form, Question 3.1 — selection equals: “Two or three days a week” or “Four or five days a
week” or “Nearly every day”; and (3) Baseline Behavior (BB) form, Question 3.2 — “Yes” to
3 or more of the following: “Eating much more rapidly than usual”; “Eating until you felt
uncomfortably full”; ‘Eating large amounts of food when you didn’t feel physically
hungry”; “Eating alone because you were embarrassed by how much you were eating”;
“Feeling disgusted with yourself, depressed, or feeling very guilty after overeating”; and (4)
Baseline Behavior (BB) form, Question 3.3 — selection equals: “Moderately” or “Greatly” or
“Extremely.”

The presence of depressive symptoms in the clinical range was determined using the
cutpoint of a total raw score of > 17 on participant self-report on the Beck Depression
Inventory-11.3
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Appendix 4. Data collection forms

Enrollment | Baseline
EF Enroliment form X
PO Pre-op Form X
ANTH Anthropometrics X
RCAB Research Coordinator Assessment-Baseline X
CAB Comorbidity Assessment — Baseline X
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Enrollment | Baseline
SMAB Surgeon Medical Assessment - Baseline X
MAB Medical Assessment — Baseline X
CDI Caregiver Demographic Inventory X
MED Medication Form X
uiB Urinary Incontinence Form X
BB Behavior Baseline Form X
BDI Beck Depression Inventory X
IWQOL | Impact of Weight on Quality of Life-Kids X
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Figure. IWQOL-Kids Total scores from published studies of healthy weight, overweight, obese,
severely obese, and Teen-LABS adolescents

Note: Mean comparisons of each group to Teen-LABS adolescents were made using z-tests.
*p<0.0001; t p=0.50; + p=0.22

@Published means and SDs of 216 healthy weight adolescents (BM1=11-84.9 percentile;
Mage 14.1 + 2.29 years; 53.2% female; 53.7% non-Hispanic White, 29.9% African
American, 1.9% Hispanic, 14.5% Other), 64 overweight adolescents (BMI =85-94.9
percentile; Mage 13.52 + 2.20 years; 57.8% female; 51.6% non-Hispanic White, 32.3%
African American, 9.7% Hispanic, 6.5% Other), and 362 obese adolescents (BMI = 95t
percentile; Mage 14.04 + 1.85 years; 63.8% female; 58.0% non-Hispanic White, 35.2%
African American, 3.1% Hispanic, 3.7% Other) Kolotkin RL, Zeller MH, Modi AC, Samsa
GP, Polanichka Quinlan N, Yanovski JA, et al. Assessing weight-related quality of life in
adolescents. Obesity. 2006;14(3):448-57

bPyblished means and SDs of 111 obese youth (BMI = 95 percentile) presenting at a
Pediatric Metabolic Syndrome clinic (Mage 14.1 + 2.3 years; 59% female, Meangy; 35.6 +
7.1; 65% Non-Hispanic White, 23% Hispanic, 7% African American, 5% Other). Nadeau K,
Kolotkin RL, Boex R, Witten T, McFann KK, Zeitler P, et al. Health-related quality of life
in adolescents with comorbidities related to obesity. J Adolesc Health. 2011;49:90-2.
®Published means and SDs of 30 severely obese adolescents presenting for pediatric lifestyle
modification program (Meangyy 51.31 + 6.0; Mage 15.76 + 1.2 years; 66.7% female; 83.3%
non-Hispanic White, 16.7% non-Hispanic Black) and 30 severely obese adolescents prior to
bariatric surgery (Meangy 61.81 + 8.81; Mage 16.23 + 1.34 years; 66.7% female; 83.3%
non-Hispanic White, 16.7% non-hispanic Black). Modi AC, Loux TJ, Bell SK, Harmon CM,
Inge TH, Zeller MH. Weight-specific health-related quality of life in adolescents with
extreme obesity. Obesity. 2008;16(10):2266 — 71.
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Table 1

Teen-LABS participant characteristics, comorbid condition prevalence, and IWQOL scores by sex.

Total (N=242) Females (n=183) Males (n=59) p

Demographics
Age at surgery [Mean (SD)] 17.1 (1.56) 17.1(1.54) 17.1(1.63) 0.97
Body Mass Index [Median (Q1, Q3)]  50.5 (45.2,58.3)  49.4 (38.7,57.0) 54.5(46.1,62.1) 0.0
White race [%(n)] 71.9 (174) 71.6 (131) 72.9 (43) 0.85
Primary Caregiver Education® [%(n)] 0.86
* < High School Graduation 41.1 (95) 40.8 (71) 42.1(24)

1+ Years Post-Secondary 58.9 (136) 59.2 (103) 57.9 (33)
Comorbid Conditions [%(n)]
Dyslipidemia 74.4 (180) 70.5 (129) 86.4 (51) 0.01
Joint or Back Pain 58.3 (141) 57.9 (106) 59.3 (35) 0.85
Obstructive Sleep Apnea 56.6 (137) 49.7 (91) 78.0 (46) <0.01
Hypertension 45.0 (109) 38.8 (71) 64.4 (38) <0.01
Menstrual Irregularities/PCOS 43.2 (79) 43.2 (79) NA NA
Fatty Liver DiseaseD 36.9 (89) 35.5 (65) 41.4 (24) 0.42
Chronic Kidney Disease (any stage)® 19.2(43) 20.8 (35) 14.3(8) 0.28
Binge Eating Disorderd 15.4 (36) 15.8 (28) 14.0 (8) 0.75
GERDP 14.5 (35) 14.2 (26) 15.5 (9) 0.81
Stress Urinary Incontinencel 14.5(39) 16.9 (31) 6.9 (4) 0.06
Depression® 14.0 (32) 16.3 (28) 7.1(4) 0.09
Diabetes 13.6 (33) 12.6 (23) 17.0 (10) 0.39
Asthma 9.5 (23) 7.1(13) 17.0 (10) 0.02
Blount’s Disease 3.7(9) 2.2 (4) 8.5 (5) 0.04
Pseudotumor Cerebri 2.5 (6) 2.2 (4) 3.4 (2) 0.64
Cholelithiasis 1.2 (3) 11(2) 1.7 (1) 0.57
IWQOL-Kidsf Total (N=233) Females (n=176) Males (n=57) p
Total Score

Mean (SD) 62.9 (18.00) 61.3 (17.35) 68.0 (19.14) <0.01

Median (Q1, Q3)  62.0 (50.0, 75.0)

Physical Comfort

Mean (SD) 52.8 (25.05)

Median (Q1, Q3)  54.2 (37.5, 70.8)

Body Esteem

Mean (SD) 46.6 (27.78)

Median (Q1, Q3)  44.4 (25.0, 69.4)
Social Life

Mean (SD) 68.8 (24.04)

Median (Q1, Q3)  70.8 (54.2, 87.5)
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61.1 (50.0, 71.8)

52.1 (25.42)
50.0 (33.3, 70.8)

42.6 (26.82)
41.7 (20.8, 58.3)

69.2 (22.78)
70.8 (54.2, 87.5)

72.2 (55.6, 83.3)

55.2 (23.91) 0.26
58.3 (41.7, 70.8)

59.0 (27.28) <0.01
63.9 (44.4, 80.6)

67.6 (27.76) 0.68
70.8 (58.3, 91.7)
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IWQOL—Kidsf Total (N=233) Females (n=176) Males (n=57) p
Family Relations
Mean (SD) 91.5 (15.38) 90.5 (16.73) 94.8 (9.52) 0.08
Median (Q1, Q3)  100.0 (91.7,100.0)  100.0 (87.5,100.0)  100.0 (95.8, 100.0)

Q= Quartile, SD= Standard Deviation, PCOS= Polycystic Ovary Syndrome, GERD = Gastroesophageal Reflux Disorder.

P values are based on analyses comparing mean or median scores for females and males.

aNzll missing.
szl missing.
CN=18 missing.

dN=8 missing.

e . - .
N=14 missing. Clinical range based on Beck Depression Inventory-11 total raw score = 17.

fN=9 missing.
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