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Abstract

Objective—Treating pediatric severe obesity is challenging due to the complex biological,
behavioral, and environmental factors that underpin the disease. The multifactorial etiology of
obesity combined with the physiologic complexity of the energy regulatory system contributes to
treatment variability. The goal of this secondary analysis of pooled data was to describe the degree
of individual variation in response to various interventions among adolescents with severe obesity.

Methods—Data from 3 centers across the United States conducting either lifestyle (n=53),
pharmacotherapy (n=40), or metabolic and bariatric surgery (MBS; n=78) interventions were
pooled. Inclusion criteria were severe obesity at baseline and at least one follow-up visit >30 days
after treatment start.

Results—Change in BMI following intervention ranged from —50.2% to +12.9%, with each
intervention (lifestyle [range: —25.4% to 5.0%], pharmacotherapy [range: —10.8% to 12.9%], MBS
[range: —50.2% to —13.3%]) exhibiting wide individual variation in response. Changes in
cardiometabolic risk factors demonstrated similarly high variability.

Conclusions—Adolescents with severe obesity demonstrated a high degree of heterogeneity in
terms of BMI reduction and cardiometabolic risk factor response across treatment modalities.
Reporting individual response data in trials and identifying factors driving variability in response
will be vital for advancing precision medicine approaches to address obesity.
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Introduction

Methods

The cohorts

Pediatric severe obesity (Body mass index [BMI] =35kg/m? or 1.2 x 95" BMI-percentile)
continues to rise in prevalence and is associated with risk factors for many chronic diseases.
(1, 2, 3, 4) Despite the high prevalence and seriousness of pediatric severe obesity,
successful treatment remains a challenge.(5) Most studies have evaluated success and failure
of treatment based upon mean changes in response to a given intervention.(6, 7, 8, 9)
However, this traditional approach fails to capture the individual variability observed in
obesity studies regardless of the intervention modalities (e.g., lifestyle, medication, or
metabolic and bariatric surgery[MBS]).

While the current paradigm to determine treatment efficacy using group response is likely to
remain the standard for randomized controlled trials, it may not by itself be the optimal
means by which to interpret results of interventions for the treatment of pediatric severe
obesity nor direct individualized treatment efforts. Consistent with the overwhelming
evidence supporting the heterogeneous and multifactorial nature of obesity as a disease, (9,
10, 11) treatments that target obesity may be best suited for individualized and precision
approaches rather than a “one-size-fits-all” paradigm.(9, 12, 13, 14) Though the degree of
heterogeneity in obesity treatment outcomes has been well-described in adults,(10, 15) the
pediatric literature, especially among adolescents with severe obesity, is lacking data on the
variability in response to different treatment options. Characterization of the range of
responses is needed in order to identify individual intervention goals and bridge the gap
towards precision medicine approaches.

Therefore, the purpose of this secondary data analysis was to describe the variability in
response among adolescents with severe obesity to lifestyle intervention, pharmacotherapy,
and MBS. To accomplish this goal, we pooled data from 3 centers across the United States
and examined the variability in response to treatment. We a priori hypothesized that each
treatment would exhibit considerable heterogeneity in treatment response for weight loss
and changes in cardiometabolic risk outcomes.

Data were pooled from 3 centers (University of Minnesota, Arizona State University, and
Cincinnati Children Hospital) across the United States. Inclusion criteria for this secondary
analysis were: meeting the definition of severe obesity (>1.2 times the 951" BMI percentile
or absolute BMI >35kg/m?)(3, 16) at baseline and a minimum of 30-days of intervention
completed with height and weight measurements available at follow-up. We used baseline to
last visit within each study for each participant as the period of time to measure change in
the outcome variable.

Lifestyle Modification Therapy (LMT)

Data from two LMT trials were used. The first was a comprehensive, family-based LMT
intervention that included weekly nutrition education (60 min-sessions) and moderate to
vigorous physical activity (three, 60 min-sessions per week) instruction (12-weeks [mean:
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105 days; range 85-129 days on treatment], n=45).(17) The second LMT cohort underwent
comprehensive individualized multidisciplinary pediatric weight management (52-weeks
[mean: 374 days; range 286-482 days on treatment], n=8).(18)

Pharmacotherapy

Data from three pharmacotherapy clinical trials were included in the analysis. Only data on
participants who were randomly assigned to study drug were included (participants assigned
to placebo were excluded). Each of the three trials was randomized and controlled and
identified change in body mass index (BMI) as the primary outcome variable: one trial
evaluated a glucagon-like-peptide receptor agonist (GLP-1RA) (26-weeks [mean: 156 days;
range 33-188 days on treatment], n=13),(19) the second trial evaluated a GLP-1RA with a
cross-over design (12-weeks [mean: 80 days: range 30-91 days on treatment], n=11),(20)
and the third trial evaluated topiramate (28-weeks [mean: 164 days; range 30-216 days on
treatment], n=16).(21)

Metabolic and Bariatric Surgery

Data from two MBS cohorts were used: The first cohort included members who underwent
Roux-en-Y gastric bypass (52-weeks [mean: 369 days; range 288-441 days on treatment],
n=50),(18, 22) while the second cohort included individuals undergoing either Roux-en-Y
gastric bypass or vertical sleeve gastrectomy (52-weeks [mean: 373 days; range 202-459
days on treatment], n=28).

Statistical Analysis

Results

Descriptive statistics for each cohort were calculated with mean (s.d.) for continuous
variables or N (%) for categorical variables. The proportions of sex were compared between
the three intervention types using chi-squared tests. The mean baseline age and BMI were
compared between intervention types using one-way ANOVA with Tukey’s HSD post-hoc
test to identify significant differences. The heterogeneity of relative and absolute change in
BMI between studies was estimated with the 12 statistic assuming a random-effects model.
(23) The 12 statistic describes the percentage of variation across studies that is due to
heterogeneity rather than chance, with a value of 0% suggesting no variation due to
heterogeneity and 100% suggesting all variation is due to heterogeneity between the studies.
All data analyses were conducted using the R statistical platform (v3.4.3).(24)

Demographic and clinical characteristics of the cohorts are presented in Table 1. Participants
in MBS tended to be older, have a higher BMI, and longer follow-up duration than
participants in lifestyle and pharmacotherapy (p<0.001 for all). All three treatment
approaches predominantly involved females, with no significant sex distribution differences
among the approaches (p=0.109). Risk factor levels were similar across groups.

Change in BMI and cardiometabolic risk factors from baseline to last visit are presented in
Table 2 (Additional data reporting median and ranges can be found in Table S1). Bariatric
surgery resulted in the greatest weight loss (—33.8[9.4]% BMI change), followed by
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pharmacotherapy (-2.4[4.4]% BMI change) and LMT (-1.8[4.8]% BMI change). Despite
overall reductions in BMI in each treatment group, substantial heterogeneity was observed
(Figure 1, Panel A; 12=88.5% [95% CI: 72.6%, 97.2%]). The variability of BMI reduction
was highest with MBS (range: —50.2% to —13.3%) while both lifestyle and pharmacotherapy
had individuals who reduced as well as gained BMI, (range: —25.4% to 5.0% and range:
-10.8% to 12.9%, respectively). Similar change and heterogeneity (Figure 1, Panel B) were
observed when percent of the 951" BMI-percentile or absolute change in BMI (12=90.4 [95%
Cl: 74.8%, 98.5%]) (Figure S1) were used as the primary outcome.

Changes in cardiometabolic risk factors exhibited even greater heterogeneity within and
between interventions (Figure 2). Insulin resistance estimated by the homeostatic model
assessment of insulin resistance (HOMA-IR) demonstrated a range of —85.7% to 159.1%
(Figure 2, Panel A). The components which were used to calculate HOMA-IR, insulin
(Figure S6) and glucose (Figure S7), displayed similar distributions and heterogeneity, with
nearly equal distributions of individuals who experienced increases a decrease in
concentrations of these analytes. Similar distributions were found for lipids including the
atherogenic non-high-density lipoprotein (non-HDL) cholesterol (Figure 2, Panel B), HDL-
cholesterol (Figure S2), LDL-cholesterol (Figure S3), total cholesterol (Figure S4), and
triglycerides (Figure S5). Systolic blood pressure (SBP) represented the greatest relative
reduction in the MBS group (-10.1% [10.2]). However, despite many individuals having
significant reductions in SBP, several MBS participants (11 out of 73 increased) also had
increases in SBP (Figure 2, Panel C). This contrast in outcomes is also well illustrated by
individuals who underwent LMT (17 out of 44 increased) and pharmacotherapy (16 out of
40 increased) showing similar heterogeneity within groups for individuals with reductions
and gains in SBP.

Discussion

The present study highlights wide variation in treatment responses among adolescents with
severe obesity using the three most common approaches. Within each treatment (LMT,
pharmacotherapy, and MBS) heterogeneous responses in weight loss and clinical variables
were noted. Despite weight loss in every participant who underwent MBS, and despite the
fact that the greatest mean reduction in BMI was seen following MBS, a high degree of
heterogeneity in cardiometabolic risk factor changes was observed. By contrast, LMT and
pharmacotherapy demonstrated significantly less mean weight loss compared to MBS yet a
similar degree of variability in response with some participants gaining weight. Similar to
MBS, LMT and pharmacotherapy demonstrated a high degree of heterogeneity in terms of
cardiometabolic risk factor changes

Adult recommendations for weight loss suggest that 3-5% weight reduction may lead to
clinically meaningful improvements in cardiometabolic risk factors and practice guidelines
suggest an initial goal of 5-10% reduction from baseline weight over 6-months.(25) As
such, results of clinical trials have traditionally reported mean reductions in body weight
without much attention paid to variability in response. However, it is now becoming more
common that in addition to mean changes, the proportion of persons achieving specified
weight loss milestones (e.g. >5% and >10% weight-loss) are being reported as key
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outcomes. This way of reporting the outcome tends to capture the wide variability better
than traditional descriptions of central tendency such as mean or median and is consistent
with FDA decision-making regarding drug approval. For example, in a 52-week randomized
control trial of liraglutide, a glucagon-like peptide-1 analogue, Pi-Sunyer and colleagues
reported a mean weight loss of 8.4+7.3kg with 63.2% achieving >5% weight loss and 33.1%
achieving 10% weight loss.(26) Thus, while heterogeneity was clearly present, the
likelihood of achieving target goals of >5% and >10% was reported as a metric by which
healthcare providers can categorically assess treatment response in individual patients
against a published reference group for a particular treatment approach. However, a
proportion of individuals fail to achieve clinically meaningful weight-loss and this means of
outcome reporting does not fully capture the degree of heterogeneity observed. We strongly
encourage future clinical trials, interventions and longitudinal studies to report individual
data (e.g., individual trajectories and/or histogram figures), along with means, to help
researchers and clinicians better understand the degree of variability in a given outcome
variable.

In studies with large sample sizes, the variability in outcome might be as important as the
overall effect observed. For instance, the HERITAGE family study demonstrated that for
individuals who participated in a 20-week endurance exercise training program, changes in
insulin sensitivity, exercise capacity, lipids, and blood pressure responses varied widely.(27,
28, 29, 30, 31) The power of this study was how their data were displayed. Rather than only
reporting means, ranges, or target metrics, the authors displayed individual response on the
abscissa to a given metric (health outcome) on the ordinate. When reporting on individual
changes, this simple, yet powerful tool provides a graphic representation of the proportion of
individuals who improve, get worse, or remain stable in response to treatment. We utilized a
similar approach to present our findings. Our reported outcomes of HOMA-IR produce a
similar S-shaped pattern of response that was observed in the HERITAGE family study
using more robust measures of insulin sensitivity (intravenous glucose tolerance test).(27)
The same pattern is observed in many other outcomes including lipids and blood pressure.
Collectively, these findings support the notion that that not all individuals improve following
intervention and that a proportion of individuals will decompensate over the course of the
trial.

Data depicting heterogeneity in weight loss and BMI response in pediatric obesity trials are
sparse, thus the impetus for this secondary analysis. Indeed, only reporting mean changes
unnecessarily limits the interpretation of findings and can lend to misinterpreting the data
and potentially erroneous conclusions being drawn. Data from Chanoine et al. in the largest
trial evaluating orlistat in an adolescent population with obesity concluded that the addition
of orlistat to lifestyle modification significantly improved 1 year weight loss as compared to
placebo. While the mean BMI response compared to placebo supported their conclusion
(mean BMI change = —0.55kg/m? orlistat vs +0.31kg/m? placebo, p=0.001), the mean
weight loss responses (mean weight loss = +0.53kg orlistat vs +3.14kg, p<0.001) and
percent achieving clinically meaningful weight loss (19% with >5% weight loss and 10%
with >10% weight loss) support the conclusion that neither treatment is effective for
supporting clinically meaningful weight loss in the majority (81%) of individuals. Moreover,
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only means without standard deviation were reported, creating further bias and limitation in
utility for outcomes reporting.

The importance of reporting heterogeneity in clinical trials is not confined to obesity
interventions. A proposal by Kent and colleagues offers a framework for assessing and
reporting multivariate risk-based heterogeneity in treatment effects that can be applied to a
wide variety of conditions.(32) Although this framework has yet to be applied widely,(33)
there is increasing support for updating the conventional methods for evaluating treatment
efficacy in order to appreciate the known heterogeneity in clinical trials.(34) The manner in
which data are presented and interpreted are vital to understanding variability in response
and may help differentiate statistically significant findings from clinically meaningful
outcomes. Standard approaches to summarizing data, such as presenting only the mean and
standard deviation, may obfuscate important clinical heterogeneity in individual response to
a given treatment. There is increasing recognition that heterogeneity may be a biologically
derived phenomenon which necessitates characterization of biological factors (e.g.
genomics, metabolomics, microbiome) which is still in its infancy for evaluation in obesity
trials.(13) Furthermore, in order to help expedite the process of transitioning from a “one-
size-fits all” treatment approach towards a precision medicine based approach for obesity
treatment and management, reporting of individual variation in treatment response using
various biological factors will be essential.

Our study has many strengths including standardized collection of anthropometrics and
cardiometabolic risk factors within each study pooled, use of random allocation to lifestyle
and pharmacotherapy, and a large sample size focused exclusively of adolescent severe
obesity. Limitations in the fact that the interventional time period was different for each
cohort and we were unable to match for pubertal maturation; thus, this may have contributed
to differences in changes in outcomes, particularly HOMA-IR. However, it should be noted
that the purpose of this secondary analysis was simply to describe the treatment
heterogeneity observed rather than conduct a comparative effectiveness evaluation. Since
studies were conducted across different sites, possible differences in measurement
techniques may have contributed to some of the heterogeneity observed. However, the fact
that heterogeneity was observed for BMI measures, which are likely uniformly captured
across studies supports the notion that treatment heterogeneity is operationally important.
The retrospective nature of the study design does not allow us to infer the causality of the
heterogeneity observed. Formal statistical testing for heterogeneity of all outcomes, both at
baseline and change over treatment, were considered using Cochran’s Q and 12 statistics
based on meta-analyses for pooled estimates. However, the small number of studies and
available outcome data for each study makes estimation of these parameters challenging, so
only the changes in BMI, which had no missing observations, were determined. Future
summaries comparing more studies will enable formal comparisons of heterogeneity. Lastly,
our study was limited to more traditional clinical measures across all studies; future studies
should explore novel or nontraditional measures and body composition.
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Conclusion.

Treatment of adolescent severe obesity results in significant heterogeneity in response. This
individual variation in response is observed within and across lifestyle, pharmacotherapy,
and metabolic and bariatric surgery but is often not captured in most studies that only report
mean changes as the primary analysis of outcomes. In order for the field of pediatric obesity
medicine to improve treatment outcomes, it will be essential to begin characterizing and
understanding factors responsible for this heterogeneity to pave the way for precision
medicine approaches to treatment. It is therefore our recommendation that future studies
report individual data, along with means, in order for the field to better understand the
degree of individual variation and heterogeneity in response to a given outcome of interest.
We further recommend that, when possible, authors attempt to identify predictors of
treatment response in order to advance work in the area of precision obesity medicine.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this subject?
. Treatment of adolescent severe obesity is challenging

. Heterogeneity in treatment response is often present in terms of both
weight/BMI and risk factor response

What does this study add?

. We describe and present the degree of heterogeneity in treatment response
among the primary interventions for pediatric severe obesity

. Variation in treatment response is significant within and between differing
treatment modalities

. Understanding the heterogeneity in treatment response will be important for
future studies to improve outcomes

. Reporting individual responses, along with mean data, will be important in
advancing our knowledge of treatment response
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Figure 1.
Relative (%) change in BMI (Panel A) and absolute change in percent of the 951" BMI

percentile (Panel B) for each individual from baseline to last visit.
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Figure 2.
Absolute change in HOMA-IR (Panel A), non-HDL cholesterol (Panel B), and systolic

blood pressure (Panel C) for each individual from baseline to last visit.
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Table 1.

Baseline descriptive and clinical characteristics of each cohort

Measurement Lifestyle Pharmacotherapy = Metabolic and Bariatric Surgery
(N=53) (N=40) (N=78)

Mean Follow-up Duration (baseline to last visit, days) 144 (102.1) 138 (61.4) 370 (47.1)
Age (Years) 15.2 (1.06) 14.5 (1.88) 17.3 (1.67)
Sex (n [%)] Male) 26 (49.1%) 13 (32.5%) 25 (32.1%)
BMI (kg/m?) 39.2 (5.95) 40.2 (5.99) 55.8 (11.0)
Percent of 95th BMI Percentile 143 (23.6) 149 (20.6) 195 (41.1)6
Total Cholesterol (mg/dL) 153 (30.4)8 154 (22.1) 167 (32.5)%
Triglycerides (mg/dL) 141 (72.1)8 124 (82.8) 105 (39.4)%
HDL-Cholesterol (mg/dL) 39.9 (7.44)8 38.6 (7.23) 40.0 (8.59)%°
Non-HDL-Cholesterol (mg/dL) 113 (30.0)8 115 (22.3) 101 (49.9)%
LDL-Cholesterol (mg/dL) 84.9 (22.3) 91.6 (18.2)! 108 (29.1)%
Fasting Glucose (mg/dL) 93.3 (7.73)11 79.7 (9.71) 83.0 (14.6)%
Fasting Insulin (U/L) 31.8 (37.1)12 25.0 (17.0)! 22.3 (11.2)%
HOMA-IR 7.47 (9.05)12 5.02 (3.6)! 4,78 (2.87)%°
Systolic BP (mmHg) 127 (14.7)8 122 (11.5) 125 (13.0)
Diastolic BP (mmHg) 73.8 (8.55)8 67.9 (9.66) 73.5 (9.71)°

Values expressed are mean (SD) or N (%) where indicated.

Superscripts represent number of observations missing.
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Table 2.

Mean absolute” and relative “ change in clinical characteristics from baseline to last visit for each treatment.
Values expressed are mean (SD).

Lifestyle Modification Therapy = Pharmacotherapy Bariatric and Metabolic Surgery

Measurement
(N=53) (N=40) (N=78)

BMI

- Absolute change (kg/m?) -0.65 (2.11) -0.96 (1.71) -19.1(7.13)

- Relative change (%) -1.77 (4.79) -2.35(4.38) -33.8(9.4)
Percent of 95th BMI Percentile

- Absolute change -3.99 (7.24) -5.21 (6.33) -72.0 (25.5)13
Total Cholesterol

- Absolute change (mg/dL) -11.2 (18.3)° -0.69 (18.3)® -4.9 (30.9)%8

- Relative change (%) -6.96 (11.1)° -0.25 (11.9)8 -2.37 (16.5)%8
Triglycerides

- Absolute change (mg/dL) -17.8 (60.0)° -18.5 (43.6)8 8.8 (89.9)%8

- Relative change (%) -3.3(35.8)° -4,57 (35.7)8 19.0 (77.3)%8
HDL-Cholesterol

- Absolute change (mg/dL) -2.57 (5.59)° 2.36 (5.07)7 4.7 (12.4)%8

- Relative change (%) -5.72 (13.8)° 7.44 (14.2) 10.8 (27.4)%8
Non-HDL-Cholesterol

- Absolute change (mg/dL) -7.58 (16.1)10 -3.0 (17.1) -10.5 (35.7)%8

- Relative change (%) -5.66 (13.3)10 -2.41 (15.6)8 -7.6 (26.1)%
LDL-Cholesterol

- Absolute change (mg/dL) -3.7 (11.8)10 -0.03 (14.0)® -14.3 (24.3)%8

- Relative change (%) -3.76 (14.0)10 -0.44 (16.3)® -11.8 (22.1)%8
Fasting Glucose (mg/dL)

- Absolute change (mg/dL) -0.19 (5.66)13 -2.15 (11.0)7 -3.51 (12.9)%8

- Relative change (%) 0.01 (6.06)13 -1.9 (14.6)7 -2.05 (17.0)%8
Fasting Insulin

- Absolute change (U/L) -3.84 (10.9)4 -2.25 (9.48)10 -8.35 (11.6)%°

- Relative change (%) -2.11 (38.4) -7.24 (47.8)10 -30.4 (60.1)%°
HOMA-IR

- Absolute change -0.98 (2.86)14 -0.55 (2.22)10 -1.85 (2.78)%°

- Relative change (%) -0.88 (41.4)* -7.73 (52.2)10 -26.6 (70.4)%°
Systolic BP

- Absolute change (mmHg) -0.75 (13.8)° -2.65 (10.5) -13.5 (13.9)°

- Relative change (%) 0.3 (10.8)° -1.7 (8.38) -10.1 (10.2)°
Diastolic BP

- Absolute change (mmHg) -2.53 (9.4)° -1.2(7.83) ~7.6 (10.4)°

- Relative change (%) -2.43 (11.0)° -0.86 (11.7) -9.03 (13.7)°

Absolute change determined as last visit value minus baseline visit value.
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*
Percent change determined as last visit value minus baseline visit value divided by baseline multiplied by 100%.

Superscripts represent number of observations missing.
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