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Abstract
Aim—To examine efficacy and predictors of response to a lifestyle intervention for obese youth.

Methods—Retrospective chart review of 214 children and adolescents aged 8-19 years. Linear
regression identified baseline predictors of response (A BMI z-score) at first and ultimate follow-
up visits.

Results—Mean A BMI z-score from baseline was -0.04 (p <0.001) at first follow-up and -0.09 (p
<0.001) at ultimate follow-up (median time 10 mo) among 156 children and adolescents. Higher
baseline BMI z-score predicted poor response at first and ultimate follow-up, explaining 10% of
variance in response. Fasting insulin explained 6% of response variance at first follow-up. A BMI
z-score at the first visit along with baseline BMI z-score explained up to 50% of variance in
response at ultimate visit.

Conclusion—Clinic-based interventions improve weight status. Baseline variables predict only
a small proportion of response; response at the first visit is a more meaningful tool to guide
clinical decisions.
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INTRODUCTION

The development of obesity in childhood and adolescence is influenced by a complex
interplay of behavioral, socio-economic, genetic, and biochemical factors!:2. Behaviors that
promote weight gain, including physical inactivity3, television viewing#, and soda
consumption®, also contribute to insulin resistance®. Adolescence, a period of relative
insulin resistance’, is also accompanied by rapid changes that affect eating behavior8. These
include social-environmental influences, such as eating out with peers and keeping up with
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status foods; access to new physical environments, such as open campus and fast food
outlets; and increasing exposure to societal influences, such as mass media and advertising?®.

Improving weight status in children and adolescents reduces insulin resistance and other
markers of cardiovascular risk10. Recent meta-analyses suggest that lifestyle interventions
including counseling and education aimed at reducing obesity in children and adolescents
have limited short term efficacy, and the authors recommend identifying mediators and
moderators of response to treatment!1:12,

To date, efforts to identify predictors of positive response to lifestyle interventions to reduce
pediatric overweight have been inconclusive. Despite the disproportionate prevalence of
obesity among minority youth, the role of race as a predictor of response has not been
examined in most pediatric studies to date, many of which have been limited by ethnically
homogeneous populations. Additionally, while fasting insulin has recently been implicated
in poor response to pediatric obesity interventions3:14, results have not been consistent®.
Finally, most investigators have dichotomized subjects into responders and non-responders
when attempting to identify significant predictors, which does not characterize the wide
range of responses to obesity interventions. We therefore sought to examine the efficacy of a
multidisciplinary lifestyle intervention and to determine the proportion of variance in
response that could be explained by baseline characteristics among a diverse group of
children and adolescents seen in a pediatric obesity clinic.

PATIENTS AND METHODS

Patient population

Patients aged 8-19 years were seen in the UCSF Weight Assessment for Teen and Child
Health (WATCH) Clinic with an initial visit between August 2003 and February 2006. Data
from patients receiving pharmacotherapy for weight loss were excluded. Follow-up data
were extracted through June 2006. This retrospective chart review was approved by the
UCSF Committee on Human Research.

Clinic intervention

The WATCH Clinic takes place in a hospital-associated outpatient clinic with an
interdisciplinary team including a pediatric endocrinologist, gastroenterologist, preventative
cardiologist, general pediatricians, dietitians, and a psychologist. Primary care physicians
refer patients who are less than 21 years old, with body mass index (BMI) greater than the
95! percentile for age and sex. Approximately 10 new patients are seen monthly. Fasting
laboratory studies include glucose, insulin, hemoglobin A, liver and thyroid function tests,
and a lipid profile.

The WATCH clinic lifestyle intervention is modeled after a low glycemic load diet as
developed by Ludwig and colleagues®, which has been shown in a randomized trial to
reduce BMI and fat mass among adolescents over a 1-year periodl’. A registered dietitian
delivers a 1-hour group teaching breakfast at the intake visit that conveys the following
specific recommendations: 1) Eliminate all sugared beverages, including soda and juice. 2)
Reduce refined carbohydrates, substituting high-fiber whole grains instead. 3) Increase fruits
and vegetables. 4) Include a lean protein or low-fat dairy product with meals and snacks. A
visual plate model reinforces this lesson in which one quarter of the plate depicts whole
grains, one quarter depicts lean protein, and one half of the plate depicts fruits and
vegetables. Other key messages include waiting 20 minutes for second portions, in order to
allow satiety cues to develop; and reducing television time to no more than 2 hours per day
and removing televisions from children's rooms. Attention is also given to reduced portion
sizes and increased physical activity. Parents are encouraged to allow children and
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adolescents to earn TV time, minute-for-minute, with moderate to vigorous physical
activity. Based on the youth's physical activity preferences, an exercise prescription is
provided individually during the physician segment of the intake visit. Written educational
materials reinforcing the plate model and the dietary and physical activity recommendations
are provided.

Patients and families are seen individually by members of the interdisciplinary team at
follow-up visits, which are scheduled at 3-month intervals unless additional visits are
necessary to manage serious co-morbidities, or for behavioral reinforcement. The lifestyle
intervention is continually reinforced, individualized nutrition and physical activity goals are
refined and monitored, and barriers to implementation are addressed.

Statistical analysis

All analyses were performed using STATA version 9.2 (Statacorp LP, College Station, TX).

Primary dependent variable—Our primary outcome was change in BMI z-score, used
because BMI z-score standardizes an individual's size, adjusting for age and sex. We
examined change in BMI z-score at the first follow-up visit (approximately 3 months from
baseline) and the ultimate follow-up visit during the period covered by chart review.

Predictor variables—Based on a thorough review of the literature, the following
potential predictors were included in the model: sex, race (African American, Asian,
Caucasian, Latino, and Other), age, BMI z-score, fasting insulin, insulin resistance (HOMA-
IR calculated as: fasting insulin [uU/ml]*fasting glucose [mmol/1]/22.5), and a surrogate
measure of socio-economic status (median income for zip code). Self-reported variables
included parental BMI (parent-reported); average daily calories from sugared beverages
(estimated from ounces of sodas and juice consumed per day, assuming 12.5 kcal/oz);
number of times breakfast is eaten per week; number of days per week patient exercises
(estimated from a single question); average hours of TV viewing per day (estimated from a
single question); and quality of life from PedsQL18 (possible range is from 0-100; higher
scores reflect better quality of life). Change in BMI z-score at first follow-up was included
as a predictor of response at ultimate follow-up.

Univariate and multivariate regression models examined the association between predictor
variables and change in BMI z-score at first and ultimate follow-up visits. In order to easily
compare the predictive ability of variables of different units, the correlations presented are
standardized beta coefficients (B). In univariate models, Bs are identical to Pearson's R; the
square of a predictor variable's B is directly interpreted as the proportion of variance in
response (change in BMI z-score) it explains. This interpretation is similar in multivariate
models. We used ANOVA to examine differences by race in the dependent variables and
included interaction terms to explore race (both categorical and dichotomous) as a potential
mediator of the effect of other baseline variables. ‘Response’ to the intervention was defined
as a decrease in BMI z-score at follow-up.

RESULTS

A total of 214 patients between 8 and 19 years of age presented for an initial WATCH clinic
visit during the study period (excluding 11 patients receiving pharmacotherapy), 156 (73%)
of whom returned for at least one follow-up visit. The group was ethnically diverse (28%
Non-Hispanic White, 26% Hispanic, 13% Non-Hispanic Black, 14% Asian/Pacific Islander,
10% mixed race, and 8% declined to state) and severely overweight and insulin resistant
(Table 1). Baseline age, weight status, and fasting laboratory values did not differ by race/
ethnicity. However, African-American youth reported consuming 379 kcal/day in sugared
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beverages compared to 199 kcal/day among other patients (p <0.01), and families of
Caucasian youth reported lower quality oflife (65 vs 81 on PedsQL, p <0.01).

Follow-up duration and changes in weight status are shown in Table 2. Other than having
slightly higher HDL-cholesterol (42 vs 39 mg/dl), children who returned for follow-up were
not significantly different from those who did not return. However, patients reporting lower
quality of life tended to be less likely to return (p = 0.07) as did those reporting greater soda
consumption at baseline. Median time to first follow-up was 3.2 months (interquartile range
3.2-4.1 months); while 90% of children with a follow-up visit returned within 6 months, five
children returned one year or more after their initial visit (maximum 20 months).

At the first follow-up visit, 110 patients (71%) decreased their BMI z-score an average of
0.08 units (responders) while 46 increased their BMI z-score by 0.05 units (non-responders).
Among patients with two or more follow-up visits, 64 patients had decreased their BMI z-
score at the ultimate visit (mean -0.19 units), which corresponded to a 1.3 kg/m? decrease in
BMI, and 30 increased their BMI z-score by a mean of 0.06 units (Table 2).

Better initial weight status, defined as lower baseline BMI and BMI z-score, significantly
predicted greater reductions in BMI z-score at first and ultimate follow-up visits (Table 3) in
univariate analyses and after adjusting for age, sex, and time elapsed from intake visit;
weight status explained 4-10% of variance in response. Higher fasting insulin at baseline
explained approximately 6% of the increase in BMI z-score at first follow-up, but did not
predict change in BMI z-score at the ultimate visit. Including both baseline BMI z-score and
insulin in the model explained only 7% of the variance in response at first follow-up.
Similarly, higher triglycerides (which, when accumulated in muscle, have been shown to be
correlated with insulin resistance 1920 significantly predicted poorer response at the first
but not ultimate follow-up visit. Females showed greater response at ultimate follow-up than
did males. In univariate analyses only, higher sugared beverage consumption at baseline
showed a trend to predict poorer response at first follow-up, and eating breakfast more often
significantly predicted better response at ultimate follow-up.

While race/ethnicity did not significantly predict response to the intervention using ANOVA
(p = 0.28), because of the exploratory nature of this study, we examined differences between
races using t-tests and found that African-American patients showed smaller improvements
in BMI z-score at first follow-up visit than did all other patients combined (mean -0.003 vs
-0.046, p = 0.07). Nonetheless, race did not modify the relationship between baseline BMI z-
score (or insulin) and response to the intervention.

Change in BMI z-score at the first follow-up visit explained 18% of the ultimate change in
BMI z-score for patients with >2 follow-up visits. A model with baseline BMI z-score and
change in BMI z-score at first follow-up explained 24% of the variance in ultimate response.
Figure 1 shows this relationship and highlights two patients who showed significant
decreases in BMI z-score at first and ultimate follow-up visits. These two data points were
highly influential and, therefore, were not included in the above model predicting ultimate
response, nor were they included in Table 3 correlations. Including these patients in the
above model would increase the variance explained to almost 50%. Adding insulin to the
model did not improve its predictive ability.

Because of varying lengths of follow-up, all multivariate models predicting change in BMI
z-score included time as a predictor. Duration of follow-up did not correlate with response.
Sensitivity analyses excluding patients with first follow-up later than 10 months from intake
did not alter these findings.
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DISCUSSION

There is a growing body of literature on the efficacy of clinical interventions to address child
and adolescent obesity. Consistent with what has been reported, we demonstrate an
improvement in weight status in response to a multidisciplinary intervention aimed at
changing diet and physical activity behaviors. Recent studies suggest that clinic-based
interventions such as the WATCH clinic that focus on lifestyle modification can decrease
BMI z-score by 0.03-0.05 over approximately 1 year of follow-up13:21,

Improvements in weight status, such as those demonstrated herein, have been associated
with improvements in lipid profiles?!. However, larger decreases in BMI z-score may be
necessary for additional cardiovascular benefit, particularly improved insulin sensitivity. In
a follow-up study among 7-15 year-old obese children. and adolescents, Reinehr et al. found
that only patients who decreased their BMI z-score by 0.5 units improved insulin
sensitivity22. Interventions that have achieved this magnitude of improvement in weight
status have involved more frequent visits, structured family programs, and delivery of a
group exercise component10:23:24 These programs represent best-practice for the treatment
of severe obesity in youth and are consistent with the current guidelines, which recommend
weekly visits for a minimum of 8-12 weeks with subsequent monthly visits?>. However,
they have required NIH funding for enactment10:23:24 and are difficult to replicate in the
clinical setting. Interventions such as the WATCH clinic would be more easily replicated
but, because they are constrained by clinical revenues that limit follow-up to every 1-3
months13:15:21 are likely to show more modest improvements in weight status. Further
research will be needed to assess the impact of lower-intensity clinics on measures of
cardiovascular risk.

Given what can be accomplished in ‘real-life’ clinic-based obesity programs, it is important
to determine which patients will require more intensive treatment. While many studies have
attempted to identify baseline characteristics that predict response, most have dichotomized
patients into responders versus non-responders (generating odds ratios for predictors).
Instead, we used a linear regression model for two reasons. First, a continuous outcome
variable better represents the spectrum of response seen in pediatric obesity clinics, in which
many patients make small changes; dichotomizing is more appropriate when dealing with a
cohort of patients with extreme responses. Second, when both predictor and outcome are
naturally continuous, correlations are the preferred method for determining the amount of
variance in the outcome that can be explained by the predictor. This is particularly important
when examining predictors from a clinical practice perspective. A variable may significantly
predict response, but still explain only a small portion of it.

We found that response at the first visit was the strongest predictor of response at the
ultimate visit, accounting for approximately 20% of the variance. This is similar to studies
with follow-up ranging from 1 to 10 years23:26-28 demonstrating that initial response was a
strong predictor of long-term success. Initial success may generate some self-confidence and
beget greater self-efficacy for adhering to clinic recommendations, as was seen by Braet in
an in-patient treatment program2’. Alternatively, environmental, familial, or behavioral
factors may preclude some patients from adhering to recommendations at the first visit, and
such barriers are likely to continue to exert an effect at subsequent visits. Our data suggest
that the first follow-up visit is an important visit at which to re-examine strategy and
consider moving to more aggressive therapy, such as pharmacotherapy or compUlsory
physical activity, particularly for adolescents who were severely overweight at baseline.

Unlike information available at the first follow-up, baseline characteristics are much less
consistent in the literature in their ability to predict response. We found that greater obesity
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at baseline was associated with poorer response at first and ultimate follow-up, explaining
up to 10% of response to the intervention. While Eliakim et al.2® and Pinhas-Hameil et al.13
also found greater baseline obesity predicted poor response to a lifestyle intervention, other
investigators found the opposite?3:27. Among these studies, no single feature related to study
participants (such as age, race, or obesity severity) or the intervention itself (such as visit
frequency or intervention components) appears unique to either those showing a positive or
negative impact of baseline weight status on response. Therefore, it is unclear what factor
might modify the effect of baseline weight status on response, and thereby explain the
inconsistency of these results.

Our study also implicates insulin resistance in poor initial response to the lifestyle
intervention. While insulin resistance was no longer predictive at ultimate follow-up, two
other studies have suggested that greater insulin resistance may predict poorer responsel3:14,
Conversely, a recent study found greater insulin resistance predicted better response;
however, this study was short (12 weeks) and overall, patients tended to increase their BMI
z-scorel®. While further research may confirm the relationship between greater insulin
resistance and poor response, insulin alone explained only 6% of the variance in response in
our diverse cohort, similar to results from another clinic-based intervention!3. From the
clinician's perspective, knowing a patient's insulin resistance is unlikely to change
recommended treatment at the outset. As the new Endocrine Society guidelines suggest,
although obtaining fasting insulin is optional, it is an expensive test that is not necessary to
establish the need for weight loss30. Further, while insulin resistance has been proposed as a
means of identifying children at high-risk for diabetes mellitus and cardiovascular disease,
its use as a screening tool for therapy will require the development of effective options
specific to insulin resistant youth.

Our diverse population allowed us to explore differences in response by race. While each
subgroup was relatively small, African-American patients tended to show a lesser response
to the intervention at both initial and ultimate follow-up than did their peers. This may
suggest that our intervention lacks cultural relevance for African-Americans, or that these
adolescents face greater barriers to adherence. Alternatively, the differential response by
race may reflect underlying physiological differences, as some research suggests31-34,
Further work should be done to design and evaluate culturally appropriate therapies to
ensure that children and adolescents of all ethnic backgrounds receive the best possible care.

We report modest correlations between behavioral variables, such as sugared beverage and
breakfast consumption, and response to this intervention. Actual correlations might well be
higher; behaviors were generally assessed using single questions at the intake clinic, which
likely decreases response accuracy and underestimates the relationship between behaviors
and response. Unfortunately, behavioral variables are difficult to assess in the clinical
setting, as most measures of behavior are self-reported and prone to social desirability
bias3®.

We recognize additional limitations of our study. Poor follow-up is a common problem in
weight management programs38, and while duration of follow-up did not predict response, it
is likely that patients with no follow-up are different from those who return for follow-up.
Additionally, our average follow-up time of 10 months is inadequate to describe the
persistence of short-term treatment effects. Some data exist on the long-term impact of high-
intensity obesity treatment programs23:26, but to our knowledge, none currently exist for
‘real-life” obesity clinics. Longer follow-up will be essential to better elucidate the
comparative efficacy of different approaches to obesity treatment.
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The current study may have lacked the statistical power to identify other predictors of
response, such as interactions between race and other potential predictors of therapeutic
response. Further, we did not directly assess socio-economic status, nor did we examine
other potential predictors, such as degree or compartment of adiposity, or leptin level.

Our findings demonstrate that response at first follow-up visit is likely to be a valuable
means of identifying children in need of more intensive therapy. Severely overweight youth
who did not respond to the initial lifestyle counseling in the present study were unlikely to
change their trajectory. While evidence is mounting to describe the most efficacious
interventions, identifying funding mechanisms for these strategies in the real-world will be
critical to addressing the problem of pediatric obesity.
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The 2 data points in the lower left quadrant were excluded from the

correlation shown, the correlations in Table 3, and from muitivariate model

predicting ultimate change in BM/ z-score.

Fig. 1.

Ultimate versus initial change in BMI z-score, by quartile of baseline BMI z-score.
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TABLE 1

Baseline characteristics

Children with follow-up n = 156

BMI z-score 2.43+0.37
Age (yr) 13.0+27
BMI (kg/m?) 36.4+10.1
Fasting Insulin (uU/ml) 259+18.3
HOMA-IR 5743
Triglycerides (mg/dl) 108 £ 70
HDL-cholesterol (mg/dl) 423+9.2
AST (1U/1) 27.6+136
ALT (1Un) 335+29.3
Maternal BMI (kg/m?) 29.8+79
Paternal BMI (kg/m?) 295+5.8
Sugared beverages (kcal/d) 219+234
Breakfast (days/wk) 48+27
Physical activity (days/wk) 32+23
TV viewing (h/day) 3.0+19
PedsQL total 75+ 18
Average income ($000s) 58 + 16
Female 80 (51%)
Race
Non-Hispanic Black 17 (11%)
Asian or Asian/Pl 25 (16%)
Non-Hispanic White 49 (31%)
Hispanic 37 (24%)
Mixed/Unknown 28 (18%)

Fasting insulin and glucose were available for 126 children with follow-up.
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