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Obijective: To determine which clinical measure of childhood obesity should be monitored to best reflect
change in adiposity in a weight management programme and estimate the degree of change needed to be
relatively certain of fat reduction.

Subjects: 92 obese children with a mean (range) age of 12.8 (6.9-18.9) years and a mean body mass index
standard deviation score (BMI SDS) of +3.38 (+2.27 to +4.47) attending a hospital-based clinic on a regular,
3 monthly basis.

Measurements: Pairs of weight and height measured up to 2.41 years apart used to derive BMI as kg/m?,
and adjusted for age and gender to give weight and BMI SDS (BMI-z score) using British 1990 Growth
Reference Data. Contemporaneous adiposity estimated by fatness measured by a bioimpedance segmental
body composition analyser.

Results: Changes in BMI-z scores, compared to BMI, weight and weight SDS, most accurately reflected loss of
fat. Reductions of 0.25, 0.5, 0.75, and 1 BMI SDS equate to expected mean falls in total body fat percentage
of 2.9%, 5.8%, 8.7% and 11.6%. Approximate 95% prediction intervals indicated that a fall in BMI SDS of at
least 0.6 over 612 months (or 0.5 over 06 months) is consistent with actual fat loss.

Conclusion: Change in BMI-z score best reflects percentage fat loss compared to BMI, weight and weight
SDS. The wide variation in likely percentage fat loss for a given BMI SDS reduction means a loss of 0.5-0.6 is
required to be relatively certain of definite percentage fat reduction.

increasing prevalence of childhood obesity in the United

Kingdom, together with the stated government aim to
reduce the year on year increase of obesity in under 11 year
olds' by 2010, will inevitably focus attention in this country on
the development of community, primary care and school-based
weight management programmes for treating childhood
obesity. The paucity of randomised trials in this area and the
absence of sufficiently powered interventions so far reported”
will inevitably necessitate a thorough evaluation of future
interventions to identify which have the greatest efficacy at
least economic cost. Many of these interventions are likely to be
conducted in areas with very basic clinical evaluation tools,
allowing simply an estimate of height and weight rather than
more sophisticated measures such as skinfold thickness. We
have used our data from a hospital-based clinic, which
experiences a wide spectrum of success in weight management,
to explore the best measure of body composition to represent
actual loss of adiposity as percentage fat mass reduction, as
determined by bioimpedance. We sought a simple, empirical
relationship that could be used to indicate the likely reduction
in percentage fat. When evaluating success in weight manage-
ment for obesity, the evidence points to the need to reduce
adiposity (fat mass as a percentage of whole body weight)
rather than any other measures such as improved fitness.” *
Adiposity or fat mass is intimately linked to both blood pressure
and insulin sensitivity in childhood populations, whereas
fitness is probably associated with any improvements through
its modulating effect on adiposity. For this reason, it is likely
that a reduction in the level of adiposity is required to improve
morbidity and long-term health, while still acknowledging the
importance and positive benefits of regular exercise through
improved skeletal muscle function.” ¢

C hildhood obesity is now a significant global problem. The

The Care of Childhood Obesity Clinic is a hospital-based
intervention aimed solely at children with International Obesity
Task Force (IOTF) defined obesity. Through a diet and exercise
lifestyle modulation scheme, 83% of our patients attending the
clinic for a year or more reduce body mass index (BMI)-z
scores, with 28% achieving a loss of greater than 0.5 BMI
standard deviation score (SDS).”

METHODS

Weight was measured on a digital scales (Seca, Hamburg,
Germany) in light clothing with shoes removed and height was
measured using a Harpenden stadiometer (Holtain, Crymych,
UK).* BMI was calculated as kg/m?® and adjusted for age and
gender to give a BMI standard deviation score (SDS) using
British 1990 Growth Reference Data from the Child Growth
Foundation.” A relatively recent addition to our evaluation of
obese children over 7 years of age has been an estimate of
adiposity using the Tanita bioimpedance segmental body
composition analyser (model BC-418MA; Tanita, Yiewsley,
UK). This model has been validated against more complex
and expensive investigations to assess adiposity.” ' More
recently, it has been further validated across the pubertal age
range (11+3.6 (males) and 11+3.0 (females) years) against
DXA and air-displacement plethysmography (BOD POD)."* At
each 3 monthly standard clinic visit, bioimpedance is therefore
estimated as a measure of adiposity and we used this as our
““gold standard”” measure.

Abbreviations: AIC, Akaike information criterion; BMI, body mass index;
IOTF, Infernational Obesity Task Force; MCMC, Markov chain Monte
Carlo; PI, prediction interval; SDS, standard deviation score
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Figure 1 %Fat in relation to (a) BMI, (b) BMI SDS, (c) weight (kg) and (d) weight SDS. Pairs of results for the same child are connected with a line; open

circles denote measurements made at the very first clinic visit and closed circles represent measurements made at subsequent visits.

RESULTS

Repeated Tanita data over time were available on 92 obese
children and young people (41 male). At first assessment the
mean (range) age was 12.8 (6.9-18.9) years. All patients were
obese by IOTF guidelines (BMI SDS >2.25 for females and
>2.37 for males)"” with a mean BMI SDS of +3.38 (+2.27 to
+4.47) and a mean percentage total body fat of 44.7% (27.7% to
62.4%). Eighty six (93%) patients were of white ethnic origin
(two Black, two South-Asian, two mixed race) and 19% were
pre-pubertal. The first and most recent Tanita measurements
were used, with a median interval between them of 0.83 years
(range 0.01-2.41 years).
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Fall in BMI SDS

Figure 2 Relationship between simple fall in %fat and fall in BMI SDS.
Pairs of results which were less than 0.5 years apart, between 0.5 and

1 year apart and more than 1 year apart are shown, respectively, as open
circles, cﬁ)sed circles and triangles. The solid black line indicates the
predicted values and approximate 95% prediction intervals (Pls)* for the
three respective subgroups are shown with dotted, short-dashed and long-
dashed lines. *The 95% prediction intervals were estimated from the
predicted mean fall in %E}ti 1.99x{(1.155xfall in BMI SDS)%+V}, where
V is the variance estimated for the relevant subgroup (see text).
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Which measure of adiposity best predicts reduction in
percentage fat mass over this period?

Exploratory analyses were carried out to investigate the
relationships between percentage fat and BMI, BMI SDS,
weight and weight SDS (see fig 1 for the raw data), firstly using
one result per child, then using both results but allowing for
correlated results for each child (data not shown). The
relationships between percentage fat and both BMI SDS and
weight SDS were approximately linear, with a slight improve-
ment in the model for BMI SDS if adjustment was made for
age. The relationships between percentage fat and BMI and
weight were more complex; the former was approximately
quadratic in BMI, requiring adjustment for age, while the latter
required square root transformation of weight and adjustment
for both age and sex. In general, as better fits were obtained (in
terms of the residual variation) for BMI and BMI SDS than for
weight or weight SDS, only the former were explored in the
following analysis.

Estimation of the fall in percentage fat from the fall in
BMI SDS

The linear relationship between percentage fat and BMI SDS
suggested to us that the change in percentage fat (defining
’change” as ”initial minus final’) should be linearly related to
the corresponding change in BMI SDS, with a possible
adjustment for the increase in age, that is, the time interval
(in decimal years) between the two measurements, as follows:
change in %fat =b; xchange in BMI SDS+b, xtime interval+e,
where b, and b, were coefficients to be estimated and e was the
residual for the individual, assumed to be approximately
normally distributed with mean 0 and variance ¢?. The variance
o would be expected to vary according to the time interval
between the two measurements; for a given individual, pairs of
percentage fat results closer in time would be expected to be
more highly correlated than those further apart in time, and
therefore the variance of the difference would be smaller. The
children were divided arbitrarily into three subgroups according
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Table 1  Predicted mean (SE)* loss in percentage fat using change in BMI and BMI? over time intervals of (a) 0.75 years
and (b) 1.25 years

(b) Over 1.25 years

30 2.9% (SE 0.5%) (PI+8.4%) 4.9% (SE 0.6%) (Pl +8.4%)
35 2.6% (SE 0.5%) (PI+8.4%) 4.2% (SE 0.5%) (Pl +8.4%)
40 2.2% (SE 0.5%) (PI+8.4%) 3.5% (SE 0.6%) (PI+8.4%)
45 1.9% (SE 0.6%) (PI+8.4%) 2.9% (SE 0.8%) (PI+8.4%)

6.5% (SE 0.7%) (Pl +6.6%)
5.5% (SE 0.5%) (PI+6.5%)
4.5% (SE 0.6%) (PI+6.5%)
3.5% (SE 1.0%) (Pl +6.7%)

Fall in BMI
Initial BMI 1 2 3
(a) Over 0.75 years
30 2.5% (SE 0.3%) (PI+6.5%) 4.5% (SE 0.5%) (Pl +6.5%)
35 2.2% (SE 0.3%) (PI+6.5%) 3.8% (SE 0.4%) (Pl +6.5%)
40 1.8% (SE 0.4%) (PI+6.5%) 3.1% (SE 0.5%) (PI+ 6.5%)
45 1.5% (SE 0.4%) (P1+6.5%) 2.4% (SE 0.7%) (PI+6.6%)

6.9% (SE 0.7%) (Pl +8.4%)
5.9% (SE 0.6%) (PI+8.4%)
4.9% (SE 0.7%) (PI+8.4%)
3.9% (SE 1.0%) (Pl +8.5%)

8.6% (SE 0.9%) (PlI+6.7%)
7.3% (SE 0.6%) (PlI+6.5%)
5.9% (SE 0.8%) (PI+6.6%)
4.6% (SE 1.2%) (PI+6.9%)

9.0% (SE 1.0%) (PI+8.5%)
7.7% (SE 0.7%) (Pl +8.4%)
6.3% (SE 0.8%) (PI+8.5%)
5.0% (SE 1.3%) (PI+8.7%)

10.8% (SE 1.2%) (PI+6.8%)
9.1% (SE 0.8%) (Pl +6.6%)
7.4% (SE 0.9%) (Pl+6.7%)
5.7% (SE 1.5%) (Pl +7.0%)

11.2% (SE 1.2%) (PI+8.6%)
9.5% (SE 0.8%) (PI+8.5%)
7.8% (SE 1.0%) (Pl +8.5%)
6.1% (SE 1.5%) (PI+8.8%)

Approximate 95% Pls are shown in parentheses.

in BMIxtime interval}+(0.000312 xfall in BMI?xtime interval)}.

*Predicted mean loss in percentage fat calculated from 3.90 xfall in BMI—0.0339 xfall in BMI?+0.818 xtime interval.
Standard error (SE) calculated from ({(0.990 x(fall in BMI)?)+(0.000209 x(fall in BMI?)?)+(0.199 x time interval)?)—(0.02836 xfall in BMIxfall in BMI?>—(0.07752 xfall

to the time interval between each child’s pair of measurements:
up to 0.5 year (median 0.23 years; n =27), from 0.5 to 1 year
(median 0.71 year; n = 28) and over 1 year (median 1.22 year;
n = 37). The model above was fitted using REML in the SAS
PROC MIXED procedure (SAS release 8.2; SAS, Cary, NC, USA),
with the same regression coefficients (b; and b,) for the three
subgroups but different variances. The time interval coefficient
(by) was not statistically significant (p = 0.400) and this term
was dropped from the model. The coefficient for the model
using change in BMI SDS alone (b,) was estimated to be 11.60
(SE 1.155) and the variances for the three subgroups were 7.68,
11.69 and 19.80, respectively. The mean predicted change in
percentage fat, for a given fall in BMD SDS, thus could be
estimated from 11.60xchange in BMI SDS and the standard
error (SE) of this estimate was J{(1.155xchange in BMI
SDS)?}. Figure 2 shows the data for the three subgroups, the
predicted changes and approximate 95% prediction intervals
(PIs).

Values for clinical usefulness

In the above model, reductions of 0.25, 0.5, 0.75, and 1 BMI
SDS equate to expected mean (SE) falls in total body fat
percentage of 2.9% (0.3%), 5.8% (0.6%), 8.7% (0.9%) and 11.6%
(1.2%). If these reductions are observed over an interval of time
from 6 months to 1 year, then the approximate 95% PIs are
—3.9% to 9.7%, —1.1% to 12.7%, 1.7% to 15.7% and 4.4% to
18.8%, respectively. One can calculate that the minimum BMI
SDS change to be consistent with a fat reduction (ie, with the
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Figure 3 Alternative Bayesian MCMC estimation of the relationship
between fall in %fat and %ll in BMI SDS. Median posterior predicted values
are shown together with 95% credible regions, shown as dotted, short-
dashed and long-dashed lines, respeciiveiJ , for pairs of results which were
0.25, 0.75 and 1.25 years apart.

lower limit of the 95% PI >0) over this period is 0.60-7% (95%
PI 0.0% to 13.9%). Over a shorter interval (less than 6 months),
the equivalent value BMI SDS change would be 0.49-mean
percentage fat reduction 5.7% (95% PI 0.1% to 11.3%)

Estimation of the fall in percentage fat from the fall in
BMI

If only raw BMI data, and not BMI SDS data, are available,
preliminary work (above) suggested that fall in percentage fat
might also be predicted from changes in BMI, the square of the
BMI and increase in age, that is, the time interval, as follows:

Change in %fat = b, xchange in BMI+b, xchange in BMI*+bs
time interval+e

The model fitted using REML, with the same three variance
subgroups as before (ie, time intervals <0.5, 0.5-1 and
>1 year). Although the coefficient for the time interval was
not significant in this case (p =0.070), the term was retained
because of its impact on the Akaike information criterion (AIC;
ie, 494.8 compared with 498.2), which assessed the goodness of
fit of the model while taking into account the number of
parameters. This model fitted slightly better than the model
using BMI SDS above (AIC =498.3). The estimates of the
coefficients by, b, and bs were 3.90 (SE 0.995), —0.0339 (SE
0.0145) and 0.818 (SE 0.446), respectively, and the variances of
the three subgroups were 6.61, 10.44 and 17.43.

Table 1 gives examples of the fall in percentage fat estimated
from the fall in BMI and BMI?, for time intervals of 0.75 years
and 1.25 years, respectively. Falls in BMI of between 1 and 5
units are used for illustration and are shown separately for
initial BMI values of 30, 35, 40 and 45 units, since the change in
BMI? depends on the initial BMI.

DISCUSSION

We believe this study makes some important observations
regarding measuring changes in adiposity in the clinical setting
and how much we should aim for to be relatively certain of
beneficial effects.

In clinical terms the change in BMI-z score appears to give
the simplest surrogate measure of percentage loss in fat mass or
adiposity. In a setting where BMI SDS scores are not available,
a model derived from changes in BMI and BMI? could be used.
This model fitted our data slightly better but was more
cumbersome to use than the change in BMI-z score.

In 2005, Cole et al presented data suggesting that BMI might
be a slightly better measure of adiposity change over time than
BMI-z scores.'* However, there are a number of important
differences between our study and that of Cole ef al. Their study
was observational and examined reproducibility of measures

www.archdischild.com



402

N
o
|

o

o

Posterior predicted fall in fat (%)

Posterior predicted fall in fat (%)

Fall in BMI from 40 k/m?2

Hunt, Ford, Sabin, et al

Posterior predicted fall in fat (%)

o
!

o

O,

o
T

&

Posterior predicted fall in fat (%)

Fall in BMI from 45 k/m?2

Figure 4 Alternative Bayesian MCMC estimation of the relationship between fall in %fat and fall in BMI and increase in age. Separate plots are shown for
BMI changes from 30, 35, 40 and 45 k/m?2. Median posterior predicted values (in darker type) are shown together with 95% credible regions (in lighter
type). The dotted, short-dashed and long-dashed lines, respectively, connect results for time intervals of 0.25, 0.75 and 1.25 years apart.

over 9 months, thereby not assuming a downward trend over
time, while our children were mainly “improving” in a weight
management programme. Furthermore, we have been able to
study changes in BMI/BMI SDS in relation to a validated
measure of actual percentage fat loss. Although we acknowl-
edge that bioimpedance is slightly less accurate than more
sophisticated research tools such as DXA or MRI scans, and is
incapable of differentiating visceral (central) from subcuta-
neous fat which is of great relevance to obesity co-morbidities,"
its ease of use and cost made serial measurements affordable
and simple for regular clinical use.

We have developed equations that could be used prospec-
tively. While the variability in percentage fat loss for a given
BMI or BMI SDS reduction is wide, our data do suggest that
any intervention in childhood obesity needs to be able to
demonstrate a fall of at least 0.6 BMI SDS to be more or less
certain of reducing adiposity. This is interesting because other
researchers have identified a minimum reduction of 0.5 as
being required to produce significant improvements in indices
of blood pressure, lipid profile and measures of insulin
resistance.' '” Furthermore, others have identified that a rise
in BMI SDS around the 0.5 level increases the risk of developing
metabolic syndrome.'”®* We believe it likely that the almost
certain improvement in adiposity associated with this level of
BMI SDS reduction leads to the documented improvement in
cardiovascular and endocrine outcome measures. When plan-
ning intervention studies for treating childhood obesity, we
suggest that this should be the level at which success is defined
as the basis for working out statistical power.

In deriving our equations we used arbitrary subgrouping of
the time intervals. We further explored a Bayesian approach
that allowed us to relate the variance with the actual time
interval between the two measurements. Although the variance
model was not casily validated, this approach led to similar
findings. Details of this approach are given in the Appendix and
figs 3 and 4.
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What is already known on this topic

o Childhood obesity prevalence continues fo increase in the
UK.

o Effective management strategies are urgently needed.

What this study adds

® For a given reduction in BMI SDS or BMI, the range of
percentage fat loss is wide.

® For BMI SDS, a reduction of between 0.5-0.6 is required
to be relatively certain of actually reducing adiposity.

In essence, we believe that we have shown that it is possible
to use either measurement of BMI or BMI-z scores to predict
actual changes in percentage fat. In purely clinical terms,
however, it is likely that staff may have to rely on BMI
estimates to evaluate success. We believe this provides a useful,
additional tool to evaluate clinical success, although our
equations will need validation for different ages, racial groups
and longer time intervals than those used in this study.
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APPENDIX

ALTERNATIVE BAYESIAN APPROACH

In the methods described in this paper, uncertainty in the
estimation of the three variances was not taken into account in
the prediction. This was achievable using a Bayesian approach,
and as an alternative approach we explored the use of Markov
chain Monte Carlo (MCMC) methods, using WinBUGS V.1.4.1
(Imperial College and MRC, London, UK). The variance ¢* was
assumed to be related to the time interval between a child’s
pairs of measurements (t) in the following way: ¢ =1/
oy x(1—0'), but limited exploratory analysis did seem to
support this. Posterior distributions were obtained for o, and
oy, as well as for the regression coefficients (the b’s.). Wide
normal priors were used for the regression coefficients, a
gamma prior for a;, a uniform prior for o, and a long burn-in
of 10 000 iterations (despite quite rapid convergence).

For the first model, to estimate the fall in percentage fat from
the fall in BMI SDS, median posteriors after a further 40 000
iterations were calculated to be 11.03 (95% credible interval
8.46-13.58), 0.053 (0.035-0.074) and 0.0082 (0.0002-0.0912)
for by, a; and a,, respectively. Posterior predicted values were
obtained for the changes in percentage fat associated with
incremental changes of 0.1-0.9 in BMI SDS, over intervals of
0.25 and 0.75 years, and the median posteriors are plotted in
fig 3. The 95% credible intervals are expected to be wider than
the PIs in fig 2, because in the Bayesian analysis the predicted
values incorporated uncertainty in all three coefficients.
Figure 3 suggested a fall in BMI SDS of 0.7 or more over 9+
months would be consistent with percentage fat reduction, and
a smaller change (0.6) over 3 months.

For the second model, which used change in BMI, BMI? and
the time interval, median posteriors (and 95% credible region)
for the coefficients b;, b, and b; were 3.83 (1.56 to 6.05),
—0.0339 (—0.0663 to —0.0010) and 0.796 (—0.134 to 1.726),
respectively, and for the coefficients o, and o, were 0.060
(0.041 to 0.084) and 0.0048 (0.0001 to 0.0640). Median
posterior predicted values (and 95% credible regions) are
shown in fig 4 for integral changes in BMI from 1 to 5, and
over time intervals of 0.25, 0.75 and 1.25 years.
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