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Abstract

Background: The BMI z-score is a standardized measure of weight status and weight change
in children and adolescents. BMI z-scores from various growth references are often considered
comparable, and differences among them are underappreciated.

Methods: This study reanalyzed data from a weight management clinical study of liraglutide in
pubertal adolescents with obesity using growth references from CDC 2000, CDC Extended, World
Health Organization (WHO), and International Obesity Task Force.

Results: BMI z-score treatment differences varied 2-fold from —0.13 (CDC 2000) to -0.26
(WHO) overall and varied almost 4-fold from —-0.05 (CDC 2000) to —0.19 (WHO) among
adolescents with high baseline BMI z-score.

Conclusions: Depending upon the growth reference used, BMI z-score endpoints can produce
highly variable treatment estimates and alter interpretations of clinical meaningfulness. BMI
z-scores cited without the associated growth reference cannot be accurately interpreted.
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Introduction

Methods

The change in BMI z-score is considered to be a standardized measure of weight change

in children and adolescents.! Studies have attempted to quantify a threshold of BMI z-score
change required for meaningful improvements in obesity-related biomarkers and health
outcomes, 2> although no consensus has yet emerged. The US FDA and the European
Medicines Agency (EMA) recommend a primary endpoint based on BMI for clinical studies
of anti-obesity medications in pediatric populations, and the EMA specifically recommends
the change in BMI z-score as the primary endpoint.5:”

Several national and international BMI-for-age growth references have been developed

for applications in diverse populations and settings, resulting in a variety of reference
populations and statistical methods being used for describing BMI distributions. BMI
z-scores from different growth references are often considered comparable. For example,
meta-analyses of obesity interventions*> often pool results from studies in which BMI
z-scores are reported from a variety of different growth references without a critical
evaluation of the implications. The US Preventive Services Task Force (USPSTF) relied,
in part, on a meta-analysis of studies that used diverse growth references, such as CDC
2000, World Health Organization (WHO), and International Obesity Task Force (IOTF),
for its recommendations for obesity screening and for comprehensive, intensive behavioral
interventions in children and adolescents aged 6 years and older. The USPSTF concluded
that a 0.15-0.25 reduction in BMI z-score is associated with improvements in cardiovascular
and metabolic risk factors without citing any particular growth reference.

The comparability among growth references for children and adolescents with obesity

is uncertain. The goal of this study was to evaluate the impact of using BMI z-scores

from different growth references on clinical study results by reanalyzing data from a

single weight management clinical study in pubertal adolescents with obesity. Study results
were compared using CDC 2000, CDC Extended, WHO, and I0OTF BMI-for-age growth
references. Percentile and z-score reference curves, as well as plots showing the relationship
between BMI and BMI z-score using these four growth references, were explored to help in
explaining the observed variability.

This was a secondary analysis of a clinical study (Clinical-Trials.gov number
NCT02918279) comparing liraglutide 3.0 mg once daily with placebo over 56 weeks among
251 adolescents aged 12-17 years with obesity.8 The primary endpoint of the original

study was treatment difference in terms of BMI z-score (using the WHO growth reference)
between liraglutide and placebo groups. For the current study, baseline weight status and
change in BMI were expressed in terms of BMI (kg/m?) and BMI z-score with respect

to four growth references: CDC 2000,° CDC Extended,9 WHO,! and I0TF.12 Although
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the primary analysis did not evaluate efficacy stratified by baseline weight status, the
current analysis used the overall mean baseline BMI z-score (WHO) of 3.17 to divide
study participants into high (=3.17) baseline BMI z-score and low (<3.17) baseline BMI
z-score subgroups to evaluate differences in the four growth references at high versus

low BMI ranges. Differences between BMI change in liraglutide and placebo groups were
calculated using mixed-effects models for repeated measurements according to intention-to-
treat principles and included visit, treatment assignment, sex, region, baseline glycemic
category, stratification factor for Tanner stage and interaction between baseline glycemic
category and stratification factor for Tanner stage, baseline BMI z-score, and baseline age.
All these factors and covariates were nested under visit, which is technically the same

as introducing the corresponding interaction terms in the model. A compound symmetry
covariance matrix for the BMI z-score measurements within the subject was used.

To better understand how the four different growth references lead to different BMI z-score
changes, graphic growth charts were shown with reference curves at overweight and obesity
cutoffs [i.e., 85th and 95th percentiles for CDC 2000 and CDC Extended, z-scores 1 (Z1)
and 2 (Z2) for WHO, and 10TF-25 and I0TF-30 for IOTF] and Z2 through Z5 in accordance
with the methods for each growth reference.®-12 Although the CDC 2000 reference is

not recommended for use in children and adolescents with obesity,1? it is included here

to illustrate the potential measurement bias in previously published meta-analyses that
incorporated studies using the CDC 2000 reference. The four growth references span
different age ranges: CDC 2000 and CDC Extended from 2 to 20 years, WHO from 5

to 19 years, and IOTF from 2 to 18 years. The relationships between BMI and BMI z-score
using each of the four growth references were plotted for boys and girls at age 14.5 years
(174 months), the mean baseline age of study participants.8 Treatment differences were
considered statistically significant at a = 0.05.

Analyses were performed using R13 and SAS Enterprise Guide (v8.3). BMI z-score (WHO)
was calculated using the AnthroPlus R package.4

The study included 251 adolescents (125 liraglutide and 126 placebo), of which 59.4% were
female. The mean age was 14.5 years, with a mean BMI of 35.6 kg/m? and a mean BMI
z-score (WHO) of 3.17 (>99.9th percentile) at baseline.8 Over the 56-week observation
period, the average absolute BMI change was —1.4 kg/m? (-4.4%) in the liraglutide group
and 0.4 kg/m? (0.9%) in the placebo group (Table 1), with a treatment difference of —1.8
kg/mZ2. The treatment difference was —1.5 kg/m? in the high baseline BMI z-score group and
-1.9 kg/m? in the low baseline BMI z-score group.

Figure 1 shows mean baseline BMI z-scores overall and for adolescents in high and low
baseline BMI z-score groups. The mean baseline BMI z-score ranged from 2.3 (CDC
2000) to 3.2 (WHO) overall. The spread of baseline BMI z-scores across the four growth
references was different between the high and low baseline BMI z-score groups. In the high
baseline BMI z-score group, the BMI z-score value was lowest at 2.6 (CDC 2000) and was
highest (WHO) at 3.7 (a spread of 1.1 kg/m?2), whereas, in the low baseline BMI z-score
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group, the BMI z-score was lowest at 2.0 (CDC Extended) and highest (WHO) at 2.7 (a
spread of 0.7 kg/m?).

Change in BMI z-score from baseline to week 56 ranged from —0.23 (WHO and IOTF) to
-0.14 (CDC Extended) in the liraglutide group and from —0.03 (CDC 2000 and IOTF) to
0.06 (CDC Extended) in the placebo group (Fig. 2). The four growth references showed
different patterns of BMI z-score change from baseline to week 56 in the high baseline
BMI z-score group compared with adolescents with low baseline BMI z-score and in the
liraglutide group compared with the placebo group. For the placebo group, the BMI z-score
change was negative for CDC 2000 and IOTF, and it was positive for CDC Extended and
WHO overall and in the high baseline BMI z-score group.

Overall treatment difference in terms of BMI z-score between liraglutide and placebo
groups (/.e., the primary endpoint) varied from —0.26 (WHO) to —0.21 (CDC Extended)

to —0.19 (IOTF) and to —0.13 (CDC 2000) (Fig. 2). Treatment difference for all four
growth references were statistically significant (p < 0.05). The highest magnitude treatment
differences occurred with the WHO BMI z-score in the high and low baseline BMI z-score
groups, (-0.19 and —-0.30, respectively), and the lowest magnitude occurred with the CDC
2000 BMI z-score (—0.05 and -0.19, respectively). All treatment differences in the lower
baseline BMI z-score were statistically significant, whereas in the higher baseline BMI
z-score group, only the CDC Extended treatment difference was statistically significant.

To illustrate the underlying differences in the four growth references, Figures 3A-D

present four graphical BMI-for-age growth charts for boys and girls, with reference curves
indicating cutoffs for overweight and obesity as well as z-scores 2 through 5 and a vertical
reference line at age 14.5 years indicating the mean age of study participants. Subplots of
the relationship between BMI and BMI z-score for each of the growth references at age 14.5
years are shown above each chart. Compression of z-scores at high values is observed for the
CDC 2000 (Fig. 3A) and IOTF (Fig. 3D) growth references. Curves for Z4 in the WHO (Fig.
3C) and I0TF (Fig. 3D) references illustrate paradoxically decreasing values with increasing
age in late adolescence.

Discussion

In this reanalysis of a clinical study evaluating the effectiveness of an anti-obesity
medication among adolescents, variation in BMI z-score change in liraglutide and placebo
groups resulted in BMI z-score treatment differences that varied 2-fold from —0.13 (CDC
2000) to —0.26 (WHO), depending on the growth reference used. Among adolescents with
high baseline BMI z-score, the treatment difference varied almost 4-fold from —-0.05 (CDC
2000) to —-0.19 (WHO).

Visual inspection of the four growth charts reveals highly variable patterns in z-score
reference curves with increasing z-score. Although most growth references are constructed
using data from cross-sectional studies, they are routinely interpreted as growth trajectories
in practice. For example, a child with a BMI z-score of 3.2 at one visit will be reevaluated
against the same z-score with increasing age. This reevaluation may involve a qualitative
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assessment using visual inspection of the child’s BMI on a growth chart relative to
percentile or z-score reference curves in routine clinical settings, or it may be quantified
in the setting of observational studies or clinical studies. Therefore, the trajectory of the
reference curve determines the interpretation of weight status at follow-up. Given that
reference curves are used in this way, the observation that WHO and IOTF BMI z-score
reference curves decrease with increasing age during adolescence is counterintuitive.

Differences among the growth references arise from their selection of reference population
as well as the statistical methods®-12:15.16 ysed to describe BMI distributions in these
populations, as summarized in Table 2. Values of BMI z-score at baseline, change in BMI
z-score from baseline to week 56, and treatment differences were similar for the CDC 2000
and CDC Extended growth references in the lower baseline BMI z-score group because
the two references are similar in this range, but results diverge in the higher baseline BMI
z-score group (Fig. 2) because of differences in data source and methods at higher BMI
z-score values.

There is no single “best” growth reference for every study, and the selection of growth
reference for a given study depends on factors such as the BMI distribution and geographic
origin of the study population as well as the intended use of study results. Investigators
conducting a study in a single country will naturally use the official growth reference for
that country. However, this practice makes it challenging to pool results from different
countries. Studies conducted in multiple countries may use an international growth reference
or select a single country’s growth reference. Comparing studies that include children and
adolescents with more severe obesity, where differences among the growth references are
the most apparent, can be particularly challenging. Comparing results from diverse studies
could be facilitated by reporting study results using BMI z-scores adopting multiple growth
references.l’ Finally, identifying the growth reference when citing z-score or percentile
results is important for reducing inappropriate comparisons among different studies.

Conclusions

The results of this reanalysis of a weight management clinical study in pubertal adolescents
with obesity illustrate the potential pitfalls of assuming comparability of BMI z-scores
from different growth references, which occurs in meta-analyses and when z-scores are
cited without the associated growth reference.! Despite all growth references producing

the same overall conclusion of statistically significant weight loss, the magnitude of the
treatment effect varied widely. Depending upon the reference population used, the BMI
z-score can produce highly variable treatment estimates and alter interpretations of clinical
meaningfulness. BMI z-scores cited without the associated growth reference cannot be
accurately interpreted.
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Data Sharing Statement

Data will be shared with bona fide researchers who submit a research proposal approved
by an independent review board. Individual patient data will be shared in datasets in a
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-identified and anonymized format. Data will be made available after research completion
d approval of the product and product use in the European Union and the United States.

Information about data access request proposals can be found at novonordisk-trials.com.
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Impact Statement

Although BMI z-scores from different growth references are often considered
comparable, reanalysis of a study of liraglutide in adolescents showed 2-fold differences
in overall treatment effect and 4-fold differences among adolescents with higher baseline
BMI. Our findings challenge current assumptions of BMI z-score comparability by
highlighting discordant interpretations of clinical meaningfulness.
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Higher baseline BMI z-score®
CDC 2000
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Lower baseline BMI z-score®
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CDC Extended
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3 Error bars indicate standard deviation above and below the mean
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—
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Mean BMI z-score

b Based on baseline BMI z-score (WHO) above or below 3.17.
BMI, body mass index; CDC, Centers for Disease Control and Prevention; IOTF, International Obesity Task Force; WHO, World Health Organization.

Figurel.

38 43 4.8

Mean BMI z-score at baseline, by high or low baseline BMI z-score. @Error bars indicate
standard deviation above and below the mean. PBased on baseline BMI z-score (WHO)
above or below 3.17. IOTF, International Obesity Task Force; WHO, World Health

Organization.
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Treatment Difference

Overall BMl z-score (95% CI)
CDC 2000 - - - -0.13 (-0.18, -0.09)°
CDC Extended —— —_—— -0.21 (-0.31, -0.10)¢
WHO —— —_—— -0.26 (-0.39, -0.13)¢
I0TF -&- - - -0.19 (-0.25, -0.13)¢
Higher baseline BMI z-score®
CDC 2000 —=y— -0.05 (-0.17, 0.06)
CDC Extended —_— ——— -0.18 (-0.34, -0.03)¢
WHO —_— -0.19 (-0.39, 0.02)
IOTF — = -0.10 (-0.25, 0.06)
Lower baseline BMI z-score®
CDC 2000 —— —_—— -0.19 (-0.30, -0.08)¢
CDC Extended - _ -0.20 (-0.35, -0.06)°
WHO — _ -0.30 (-0.49, -0.11)
IOTF —— —_—— -0.27 (-0.42, -0.12)¢
06 0.5 0.4 0.3 -0.2 0.1 0 0.1 0.2 0.3
Change in BMI z-score from baseline to week 56
2Error bars indicate standard error above and below the mean @ Liraglutide 4 Placebo

bBased on baseline BMI z-score (WHO) above or below 3.17
< Statistically significant (p<0.05)

BMI, body mass index; Cl, confidence interval; CDC, Centers for Disease Control and Prevention; IOTF, International Obesity Task Force; WHO, World Health Organization.

Figure2.

Change in BMI z-score from baseline to week 56 and treatment difference by baseline
BMI z-score. Error bars indicate standard error above and below the mean. Based on
baseline BMI z-score (WHO) above or below 3.17. PStatistically significant (p < 0.05). Cl,

confidence interval.
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