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Prevention of excess gain
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Obesity prevention trials are designed to promote healthy weight. The success of these trials is often assessed using one of three
metrics—means, incidence or prevalence. In this study, we point out conceptual shortcomings of these metrics and introduce
an alternative that we call ‘excess gain’. A mathematical demonstration using simulated data shows a scenario in which the
statistical power of excess gain compares favorably with that of incidence and prevalence. Prevention of excess gain
communicates an easily understood public health message that is applicable to all individuals regardless of weight status.
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One of the many choices that have to be made by
investigators testing an obesity prevention intervention
is the selection of the primary outcome. This is an important
decision regardless of study design, but takes on added
importance when a randomized trial is planned because
for a trial it is preferable to pre-specify a single primary
outcome to preserve the validity of the probability asso-
ciated with the test of effect. The size of the sample needed
for the trial is dependent on the hypothesized effect size
and the variance characteristics of the proposed primary
outcome, as well as on the certainty specified. Although
a large number of secondary outcomes may be studied
in a randomized trial, it is the primary outcome that is the
major focus.

For projects testing the impact of an intervention on the
prevention of obesity, the outcome usually involves a
measure of body mass or body fatness, such as BMI, BMI
z-score or percent body fat. Feasibility constraints prevent
large-scale studies from measuring fatness through precise
measures such as DEXA, forcing investigators instead to
estimate percent body fat using equations that include
measurements such as height, weight, skin-fold thickness,
bioelectric impedance and other measures that can be
collected in the field. We have commented previously on

Correspondence: Dr | Stevens, Chair, Department of Nutrition, 245 Roseanu
Hall, CB 7461, Gillings School of Global Public Health, University of North
Carolina, Chapel Hill, NC 27599, USA.

E-mail: June_Stevens@unc.edu

Received 18 June 2009; accepted 24 June 2009

strengths and weaknesses of the available measures in field
trials of obesity interventions and recommended that
investigators use a gender, age and race appropriate measure
of percent body fat estimated from an equation that has an
R?>0.8 as assessed against a criterion method." In that paper,
we addressed the measurement to be used as primary
outcome in an obesity prevention trial, but did not examine
the mathematical expression or metric of the outcome.

The most prominent metrics used in obesity trials are
means, incidence and (less often) prevalence. Below we
examine the strengths and weaknesses of these currently
popular metrics and then suggest a new metric: excess gain.
This new metric is compared with the traditional metrics in
an example scenario of a randomized controlled trial in
which differences between a control and intervention group
are tested at the end of the study period.

Strengths and weaknesses of means

Comparison of mean changes in a body measurement is a
common outcome in obesity prevention trials. A strength of
this approach is that, compared with the common alter-
natives, it yields a statistically powerful analysis. One
practical weakness of the comparison of means in obesity
prevention trials is that the mean change can appear small in
magnitude, and might be interpreted as trivial, even when
there is a substantial intervention effect. This limits the
usefulness of the mean to convey messages to the public.
Another limitation is that the mean does not discriminate
between the changes that occur in participants with different
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body sizes. Obesity prevention interventions are not created
with the intent that they will have an equivalent impact
across the full range of body sizes that occur in the
population. Investigators hypothesize that the interventions
they test will promote healthy eating and/or activity patterns
that will prevent or reduce obesity. Implicit in this hypo-
thesis is the belief that participants who gain unhealthy
weight are more likely to have unhealthy diet and activity
patterns than those who do not. An intervention that
prevents obesity would change those with unhealthy habits,
and the expectation is that shifts in the BMI or % fat distri-
bution will not be uniform, but rather focused on the right
hand side of the distribution. In addition, a 5 percentage
point change in percent body fat in an overweight versus an
underweight child would be viewed very differently in terms
of health impact. Nevertheless, when mean change is the
outcome, these changes can contribute to the mean in an
identical way. This raises the question of how well the mean
summarizes the differences that are of most interest to an
investigator studying obesity prevention.

Strengths and weaknesses of incidence and
prevalence

Incidence and prevalence of obesity are heavily focused on
quantification of movement around a single value, which is
(almost always) located on the right hand side of the sample
distribution. Usually, a single cut point is chosen, and the
incidence and prevalence are determined based on whether
an individual’s body mass or body fat measurement is greater
or less than the cut point value. Different from the mean,
changes, regardless of magnitude, do not impact these
estimates if they do not involve a change in status relative
to the designated cut point. Although incidence and
prevalence address the literal meaning of ‘obesity preven-
tion’, they do not successfully capture the full intent of
obesity intervention researchers. For example, if compared
with control an intervention successfully prevented weight
gain in children who were obese at baseline, this outcome
would be very important, yet it would not be captured in a
usual obesity incidence or prevalence analyses.

An alternative metric: excess gain

Given the weaknesses in comparisons of means, incidence
and prevalence, we propose an alternative metric, which we
call ‘excess gain’. To be classified as a case of excess gain, a
participant would need to meet the following two criteria at
the end of a trial: (1) a body measurement (for example, BMI,
BMI z-score and percent body fat) that is greater than the pre-
designated cut point (for example, a level consistent with
obesity) and (2) a gain of >3% in the body measurement
compared with baseline (in adults) or with the expected
maintenance value (in youth). As growth and changes in
body composition are expected in children, normal increases
in size and fatness need to be considered in the calculation,
whereas in adults this type of adjustment is usually not
needed. The intention of the second criteria is to identify
participants who have gained an amount more than the
maintenance value in the selected body size measurement.
The 3% minimum gain was chosen based on our previous
work? in which we suggested that changes in body measure-
ments of < +3% are consistent with weight maintenance in
adults. Changes smaller than 3% could be the result of
measurement error, fluctuations in fluid balance or other
diurnal variations, and are unlikely to be clinically important.

Table 1 and Figure 1 contrast excess gain with incidence and
prevalence. Table 1 shows six weight gain scenarios, and an
example of each of these scenarios is shown in the figure.
Studies examining incidence exclude from the analysis
scenarios E and F in which participants were obese at baseline,
and classify as cases the participants fitting scenarios C and D.
Studies examining prevalence would classify four of the
scenarios (C, D, E and F) as cases. Note that even though C
shows a change in BMI z-score that is within the bounds of
weight maintenance, participants with this change would be
classified as incident and prevalent cases. Large versus
negligible changes in BMI z-score are not systematically treated
differently for either incidence or prevalence. The excess gain
identification of cases has the advantage that participants who
just eek over the cut point with a very small change are not
counted as cases. In addition, participants classified as obese at
baseline remain in the analysis, and a substantial weight gain
in an obese participant constitutes a case.

Table 1 Classification of incident, prevalent and excess gain cases for six weight change scenarios

Scenario Weight change scenario Incidence case Prevalent case Excess gain case
Baseline Follow-up Magnitude of
weight status weight status weight change (%)

A Not obese Not obese <3 No No No

B Not obese Not obese >3 No No No

C Not obese Obese <3 Yes Yes No

D Not obese Obese >3 Yes Yes Yes

E Obese Obese <3 No? Yes No

F Obese Obese >3 No? Yes Yes

?Excluded from the analysis.
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Figure 1 Six weight change scenarios (A-E) illustrated using the distribution

of BMI z-scores in sixth grade girls in the TAAG study. Scenarios A, C and E
indicate 3% changes and are not shown precisely to scale.

lllustration to compare metrics

As one form of evaluation of excess gain as an outcome, we
analyzed the statistical power required to detect differences in
excess gain compared with differences in the mean, pre-
valence and incidence. For this illustration, we constructed a
fictitious example that mimicked what might be observed in
actual data. As a basis for our calculations we used data from
the Trial of Activity in Adolescent Girls (TAAG) study, a multi-
center study of sixth and eighth grade girls. The primary
hypothesis of the TAAG study was that an intervention that
links schools and community partners will result in higher
levels of moderate-to-vigorous physical activity in middle
school girls.® In the TAAG longitudinal cohort, percent body
fat was measured at sixth and eighth grades and the
intervention did not impact the change in percent body fat.*>

For this demonstration, the ‘control group’ was assigned
the percent body fat levels of the control girls in sixth and
eighth grade in TAAG (n=582). Data were simulated for the
‘intervention group’ that showed a reduction in mean
percent body fat of the magnitude suggested in the meta-
analysis by Katz et al.® (—0.29 standardized mean difference)
of school-based interventions for obesity. In TAAG, the
—0.29 standardized mean difference was equivalent to —2.7
change in percent body fat.

Part 1 of the excess gain definition requires a pre-
designated cut point chosen to indicate an unhealthy level.
In this study, we chose 32% body fat.” For part 2 of the excess
gain definition, we needed to account for the fact that it is
normal for girls in the age range studied here to increase in
percent body fat. We arbitrarily defined the expected
maintenance level to be the median amount of gain in
fatness among girls who were between the 40th and 60th
percentiles of BMI z-score in both sixth and eighth grades.
Thus, for this demonstration, we estimated the maintenance
value in eighth grade to be an increase of 3.4 percentage
points above the baseline percent body fat (sixth grade).
Girls who increased in percent body fat by 3% more than the
expected maintenance value were judged to have had a
meaningful increase in body fatness and to meet criteria 2, as
described above in the definition of excess gain.
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For each simulation iteration, we selected 582 girls from
the control data set randomly with replacement. Rather than
assume that the mean change in percent body fat was the
same in all girls, we arbitrarily set the intervention effect to
be three times larger in girls with a baseline percent body fat
that was above compared with that below the mean, and
assumed that the intervention effect had a linear association
with baseline percent body fat. As a girl could be selected
more than once per iteration, we added a random amount of
error to the eighth grade value. The error ranged from —2.5
to 2.0 percentage points, which is consistent with the
amount of measurement error for percent body fat calculated
from an equation derived from work in girls similar to those
in TAAG.® The simulation was repeated 500 times and the
average of the means, variances and percentages were used.

Table 2 shows the means and frequencies for control and
‘intervention’ girls for the metrics of interest. To calculate
incidence, participants who were not ‘at risk’ must be
excluded. In this study, approximately one-third of the sixth
grade girls were over our designated cut point, and therefore
were excluded from the incidence calculations. As would be
expected, the prevalence was higher than the incidence in
both the control and intervention groups, but the differ-
ences were similar at —11.2 and —10.2%. The percentage of
girls with excess gain in the control and intervention groups
was lower than the prevalence and incidence; however, the
difference between the groups was similar to that seen for
incidence and prevalence at —11.0%.

Given the values found in Table 2, all four metrics had
over 90% power to detect significant differences (P<0.05)
between the groups given a sample of 582 per group. If the
sample was reduced to 150 girls per group (Table 3), there
was 99.8% power to detect a difference in mean change
between the groups and 88.2% power for excess gain. The
power was much lower for incidence and prevalence. The
mean change required the smallest study size for 90% power
(63 participants per group), and was decidedly the most
powerful of the outcomes examined. However, among the
dichotomous metrics, excess gain provided the most power
and required about half the number of subjects needed for
incidence and prevalence for 90% power.

Conclusions

Obesity prevention trials compare changes in the mean,
incidence or prevalence of the chosen outcome in the
treatment and control arms, and these three metrics are
supported by decades of precedence. In fact, the precedence
of these metrics is so strong that their weaknesses are rarely
fully considered. Nevertheless, they are not without flaws
and do not completely capture the intent of investigators
studying obesity interventions. In this work, we have
suggested an alternative metric, excess gain, which addresses
some of the shortcomings of the currently used metrics. In a
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Table 2 Simulated results from an obesity prevention intervention in girls in
sixth grade at baseline and eighth grade at follow-up

Metric Control Intervention  Difference
Sixth grade % body fat 27.9 (9.3) 28.0 (9.2) 0.1
Eighth grade % body fat 31.3 (8.4) 28.6 (7.2) -2.7
Change in % body fat 3.4 (4.7) 0.7 (5.6) 2.7
Prevalence of % body fat >32.0% 45.4% 34.2% -11.2%
Incidence of % body fat >32.0% 22.8% 12.6% -10.2%
Excess gain 18.7% 7.7% -11.0%

Table 3 Estimated power given a sample size of 150 girls per group and the
estimated number of girls (per group) needed for 90% power for four metrics

Metric Estimated power
given 150 girls
per group (%)

Estimated study
size for
90% power

Change in % body fat 99.8 63
Prevalence of % body fat >32.0% 63.3 325
Incidence of % body fat >32.0%° 59.8 357
Excess gain 88.2 160

“Based on data from TAAG, two-thirds of the girls would be eligible for the
incidence analysis.

study using BMI and standard obesity cut points, excess gain
would prevent identifying as cases participants who actually
maintained their BMI and instead include as cases obese
individuals who gained weight. These attributes seem in
keeping with the intent of trials that promote healthy
weight. Further, prevention of excess gain communicates an
easily understood public health message that is applicable to
both normal weight and obese individuals.

The most important attribute of a study endpoint is not its
statistical power, but its ability to capture the conceptual
intent of the investigator. For instance, incidence is often
preferred over prevalence because of its capacity to indicate
change regardless of any differences in power. Nevertheless, a
comparison of the statistical power associated with different
outcomes is of practical interest because it impacts study size
and therefore study costs. In one example in which we
compared the statistical power of several metrics, excess gain
performed surprisingly well. However, we are acutely aware
of the shortcomings of the example presented here and
readily admit that the results of this exercise were entirely
dependent on the assumptions that were made. Never-
theless, this work has inspired us to recommend that future
work be conducted to compare the performance of excess
gain with conventional metrics using actual data from
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obesity prevention trials. An extension of the excess gain
concept would be to compare the mean amounts of excess
gain rather than to examine the counts of those with excess
gain. Other metrics could also be proposed and studied. We
urge investigators to carefully consider the weaknesses of the
currently used metrics in obesity prevention research and
remain open to new options.
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