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Abstract
Objective—Family-based treatments for pediatric obesity were developed over 25 years ago. Over
that time, youth have become more obese and the environment more obesiogenic, which may
influence efficacy of pediatric weight control. Mixed-effects regression models were used to compare
the efficacy of programs initiated 20 to 25 years ago to current programs through 24-month follow-
up, as well as to reanalyze 10-year outcomes of previous research using contemporary measures and
analytic strategies.

Main outcome measures—z-BMI and percent overweight.

Results—Results showed significant reductions over time, with no differences in z-BMI change
for older versus contemporary studies. Age was a predictor of z-BMI up to 24 months, with younger
children showing larger change. Mixed-effects regression models replicated previous long-term
effects of family-based interventions. Gender was a predictor of long-term z-BMI change, with girls
benefiting more over time than did boys.

Conclusion—The efficacy of the family-based behavioral approach to treating pediatric obesity
replicates over a 25-year period. Challenges in evaluating treatment effects over time are discussed.
Ideas for studying choice of treatments that vary in effect size and for strengthening family-based
behavioral treatments are noted.
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Family-based behavioral pediatric obesity treatment programs were developed over 25 years
ago, and both short- and long-term results support their efficacy (Epstein, Myers, Raynor, &
Saelens, 1998; Epstein, Valoski, Wing, & McCurley, 1990, 1994; Jelalian & Saelens, 1999).
Obesity runs in families (Whitaker, Wright, Pepe, Seidel, & Dietz, 1997), and it has been
hypothesized that targeting eating and activity change in the child and parent, along with
teaching parents behavioral skills to facilitate child behavior change, could mobilize family
resources to improve the efficacy of childhood obesity treatments. Simultaneously treating the
parent and child benefits both, and creates positive relationships between child and parent
weight change (Wrotniak, Epstein, Paluch, & Roemmich, 2004, 2005).

The efficacy of family-based treatments has been replicated many times since the late 1970s
(Epstein, 2003), but there has been no attempt to evaluate changes in efficacy over time. Several
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variables have changed over that period that may influence the effectiveness of family-based
treatments. These include changes in the characteristics of youth who are being treated for
pediatric obesity, changes in the environment and family structure that may require conceptual
changes in components of family-based treatment, and changes in the analysis and reporting
of clinical trials.

There has been an increase in the incidence and prevalence of pediatric obesity over the last
20 years (Ogden, Flegal, Carroll, & Johnson, 2002; Troiano, Flegal, Kuczmarski, Campbell,
& Johnson, 1995). The body mass index (BMI) distribution is positively skewed; the average
overweight child today is more overweight than the average overweight child in the 1970s and
1980s. More overweight youth may show greater decreases in percentage overweight. It is also
possible that the more overweight the child is, the more the environment has influenced the
child and the poorer the child’s eating and exercise habits may be. Thus, treatment effectiveness
may suffer.

There is general agreement that the increase in obesity is due in part to changes in the
environment (Hill, Wyatt, Reed, & Peters, 2003) that can lead to decreased energy expenditure
and increased food intake (French, Story, & Jeffery, 2001). Almost all homes have at least one
television, and there has been an increase in the percentage of homes with multiple televisions
(Neilsen Media Research 2000, 2000) and in the percentage of children with televisions in their
bedrooms (Dennison, Erb, & Jenkins, 2002). Television watching has been associated with
obesity in youth (Crespo et al., 2001; Gortmaker et al., 1996). Eating is often paired with
television watching in youth (Matheson, Killen, Wang, Varady, & Robinson, 2004; Saelens et
al., 2002), and television watching is related to energy intake (Epstein, Roemmich, Paluch, &
Raynor, 2005b; Taras et al., 1989). Television watching may shift time away from physical
activity (Durant, Baranowski, Johnson, & Thompson, 1994; Epstein, Roemmich, Paluch, &
Raynor, 2005a; Taras, Sallis, Patterson, Nader, & Nelson, 1989), reducing energy expenditure.
Youth make the choice to be active or sedentary, and developments in behavioral choice theory
provide a theoretical framework for interventions to reduce sedentary behaviors (Epstein &
Roemmich, 2001; Epstein & Saelens, 2000). Two recent studies in our research program have
focused on behavioral economic approaches to modify sedentary behavior as part of a
comprehensive treatment for pediatric obesity (Epstein, Paluch, Gordy, & Dorn, 2000; Epstein,
Paluch, Kilanowski, & Raynor, 2004).

Changes in the environment also influence energy intake (French et al., 2001). There has been
an increase in added fats and oils to the food supply (Kantor, 1999). Cheese and pizza
consumption (Putnam & Gerrior, 1999) and soda consumption (Tippett & Cleveland, 1999)
have increased while milk intake has decreased (Tippett & Cleveland, 1999). In combination
with the increase in the number of working mothers and single-parent families (Bowers,
2000), there has been an increase in meals in restaurants (National Restaurant Association,
1998) and energy consumed from eating out (Biing-Hwan, Guthrie, & Frazao, 1999). As people
eat out, they experience greater portion sizes (Rolls, 2003), which increases consumption.
Behavioral economics also provides ideas for new approaches to reducing energy intake in
obese youth. On the basis of research showing that obese youth and adults (Legerski & Epstein,
2006; Saelens & Epstein, 1996) are more motivated to eat than are their leaner peers, in one
of our recent studies we attempted to identify nonfood alternatives to compete with the
reinforcing value of food (Epstein, Roemmich, Stein, Paluch, & Kilanowski, 2005).

There have been changes in the family since the 1950s. The divorce rate more than doubled
from 1950 to 1970 (15/1,000 to 40/1,000 per year) and remained stable from 1970 to 1988
(Shiono & Quinn, 1994). The number of families in which both parents work has increased
(Anderson & Butcher, 2006), which has resulted in greater income but made it more
challenging for parents to allocate enough time for children in family-based behavioral
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treatment interventions that focus on teaching behavioral principles and modification of the
environment. Changes in family life may increase parents’ distress, which also may affect
treatment effectiveness (Zeller, Saelens, Roehrig, Kirk, & Daniels, 2004). We tested an
intervention that taught problem-solving skills that may be useful in coping with changes in
family life that have evolved over time (Epstein, Paluch, Gordy, Saelens, & Ernst, 2000).

There are methodological reasons for reexamining studies completed in the 1970s and early
1980s. Older studies used height and weight charts for children (Jelliffe, 1966). When children
became older than 18, their overweight status was evaluated with the use of adult height and
weight charts (Metropolitan Life Insurance Company, 1959, 1983), which were derived using
different methods from a different sample than the youth charts. BMI charts were introduced
in 1991 (Must, Dallal, & Dietz, 1991) and have been updated (Kuczmarski et al., 2002). BMI
charts use the same methods for parents and children, and the BMI curves represent smooth
functions between child and young adult age ranges. It is possible that results obtained using
older standards, or even different versions of BMI charts, would show different efficacy when
current standards are applied.

There have been changes in the reporting of randomized clinical trials in obesity during the
last 25 years. Studies completed over 2 decades ago generally reported data for study
completers, along with the rate of attrition. It is now common to consider intention to treat,
whereby everyone who is randomized and begins the study is accounted for. There have also
been changes in the analytical approaches to longitudinal data. Mixed-effects regression
models can be used to analyze differences in the patterns of between-groups change over time,
as well as predictors of the pattern of change over time (Bryk & Raudenbush, 1987; Goldstein,
1995). Mixed-effects regression models use all the data that are available, as these models do
not delete participants with missing data and can analyze data obtained at different time points
across studies. Mixed-effects regression models take into account serial correlation between
repeated observations and changes in the variability over time, which is relevant because
increases in variability for weight control over time are commonly observed in obesity
treatment studies.

The aims of this study included assessment of changes over time for treatments implemented
25 years ago or current family-based treatments across eight studies (Epstein, Paluch, Gordy,
& Dorn, 2000; Epstein, Paluch, Gordy, Saelens, & Ernst, 2000; Epstein, Paluch, Kilanowski,
& Raynor, 2004; Epstein, Wing, Koeske, Andrasik, & Ossip, 1981; Epstein, Wing, Koeske,
& Valoski, 1984, 1985, 1986; Epstein, Wing, Valoski, & Gooding, 1987) using the same
dependent measures (Kuczmarski et al., 2002) and the identification of participant
characteristics related to treatment success. The family-based behavioral treatment program
for overweight youth is well standardized, with a common core used across all the studies,
facilitating the comparison of treatment effects over time. The research program represents a
systematic approach to the design of family-based treatments that has focused on different
aspects of treatment, including the influence of the family and parent weight, comparison of
lifestyle and programmed aerobic activity, the influence of problem solving on treatment
outcome, and the influence of methods to reduce sedentary behaviors such as watching
television and playing computer games (Epstein, 2003). In addition to evaluating the period
during which the study was implemented, we reevaluated long-term (10-year) results for the
earlier studies using z-BMI standards and contemporary analytic methods. To identify clinical
significance, we also assessed differences in the dichotomous outcomes of achieving BMI
values below the overweight (95th BMI percentile) and at risk for overweight (85th BMI
percentile) values, as well as reductions greater than 0.5 or 1.0 standard deviation units. This
article is unique in the ability to (a) compare a standardized treatment for effectiveness over a
long period that overlapped periods of environmental changes that have been hypothesized to
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increase the prevalence of obesity and to (b) use a large data set to assess how participant
characteristics may be related to treatment outcome.

Method
Participants

Participants included 437 overweight children studied in eight randomized, controlled outcome
studies initiated in 1978, with studies continuing through the present. The first four studies
were completed in Pittsburgh, Pennsylvania (n = 176), with the final four studies completed
in Buffalo, New York (n = 261). The description of each study group is presented in Table 1.
The number of treatment sessions was similar across all groups in each study. Percentage of
attrition relates to how many participants could not be measured at the final follow-up.

Commonalities and Differences Across Studies
There are several common features to the studies. In each study, a parent was treated along
with a child, with the exception that in Study 1 (Study Groups 1.1–1.3), parent participation
was the independent variable, and only one group had both the parent and child targeted for
behavior change and weight loss. All families had a weigh-in and individual meeting with a
therapist, followed by separate parent and child groups. All families were provided treatment
manuals that included information on dietary changes based on the Traffic Light Diet, a
physical activity program, and information on parenting. There have been some changes in
content over time, including a shift from the Basic 4 to the Food Guide Pyramid to organize
foods in the Traffic Light Diet and a shift from the Cooper Clinic physical activity program in
Study 1 to a lifestyle activity program in subsequent studies.

All studies were conceptualized as efficacy studies, and participants who had psychopathology,
who could not read the materials, and who could not complete behavioral tasks during screening
that were similar to those the youth would do during treatment were excluded from treatment.
The upper limit to the degree of adiposity has shifted over time as youth have become more
overweight. In general, older studies used an upper cutoff of 100% overweight, whereas the
contemporary studies used a cutoff of 120% overweight.

Characteristics of the Pittsburgh and Buffalo communities in 1980 and 2000 were similar. For
example, between 1980 and 2000, the population of Pittsburgh decreased from 423,938 to
334,563, whereas Buffalo’s population decreased from 357,870 to 292,648 over the same
period. The percentage of racial/ethnic minorities in Pittsburgh and Buffalo was 25.6% and
30.2%, respectively, in 1980 and 24.8% and 24.8%, respectively, in 2000. The average
temperature in Pittsburgh in 1980 and 2000 was 50° and 51°, respectively, whereas the average
temperatures for Buffalo in those years was 47° and 48°, respectively. Buffalo did have more
snow, with 64 in. and 146 in. (162 cm and 371 cm) in 1980 and 2000, respectively, compared
with 48 in. and 32 in. (122 cm and 81 cm) during those years in Pittsburgh.1

Measurement
BMI (in kilograms per square meter) was calculated from height and weight. Entry criteria for
participants in the initial studies were greater than 20% overweight, whereas entry criteria for
contemporary studies were greater than the 85th BMI percentile (Kuczmarski et al., 2002). The
primary dependent measure was z-score BMI (z-BMI), calculated on the basis of the mean and
standard deviation from the sample (Kuczmarski et al., 2002) that was used to develop the BMI
percentiles (BMI – BMI 50th percentile/BMI SD). Percentage overweight was also calculated
with the following formula: [(BMI – BMI 50th percentile/BMI 50th percentile) × 100].2,3

1Weather data were obtained from the National Weather Service Forecast Offices in Pittsburgh and Buffalo, respectively.
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Analytic Plan
Analysis of variance (ANOVA) and chi-square were used to compare differences in participant
characteristics between studies done in the 1970s (Studies 1–4) and late 1990s–2000s (Studies
5–8). Mixed-effects regression models (Bryk & Raudenbush, 1987; Goldstein, 1995) were
used to assess z-BMI values up to 24 months across all studies, with months as the time-variant
Level 1 variable and gender, age, and older and contemporary studies (studies in the 1970s–
1980s and 1990s–2000s) as time-invariant Level 2 predictor variables. The models included a
random intercept, with other variables entered as fixed effects. The first step in the analysis
was to use linear and quadratic models to explore significant changes. Subsequent models
added gender, age, older and contemporary studies, and parental z-BMI change as predictors
of the linear and quadratic changes in child z-BMI. Both significant improvements in the log-
likelihood ratios and significant effects for new terms in the model were used to determine
what model should be used. Nonsignificant covariates were removed from final models. We
used only participants with at least baseline and two of the three subsequent data points (6, 12,
and 24 months), which included 389 of the 437 participants who were initially randomized
(89%).

Separate mixed-effects regression models were used to compare treatments within each of the
initial long-term studies (Studies 1–4) to provide analysis of long-term changes using intention
to treat, contemporary dependent measures, and newer analytic approaches that may be better
suited to the analysis of longitudinal data than ANOVA. Treatment was dummy coded in each
model to make comparisons between study groups. Each model also tested whether gender and
age interacted with time to influence z-BMI. The data were combined across studies to assess
the best predictors of z-BMI over the 10 years of observation across the studies, including child
gender, age, and parental z-BMI change.

Study 1 provided follow-up data at 8, 21, 60, and 120 months; Study 2 at 6, 12, 60, and 120
months; Study 3 at 6, 12, 36, 60, and 120 months; and Study 4 at 6, 12, 24, 60, and 120 months.
The four recent studies provided data at 6, 12, and 24 months.4 End censored data points were
replaced by returning the participant to baseline or to the highest values obtained during
treatment. The usual pattern of change is for participants to show maximal change at 6 months,
and missing values at 6 months were replaced by the last measurement taken during treatment.
Missing values between 6 months and a final value were replaced with the linear imputation
of that time point based on follow-up data points that were available, as z-BMI changes
generally deteriorate from 6 months through subsequent follow-up. These methods were based
on research comparing alternative methods of imputing missing data (Engels & Diehr, 2003).

The percentage of youth below the 95th (overweight) and 85th (at risk for obesity) BMI
percentiles and reductions of 0.5 and 1.0 z-BMI units were determined at 6, 12, 24, 60, and
120 months using chi-square analyses. Effect size for each study group was calculated. The
typical method to calculate effect sizes is to compare treatments to a common control. The
studies reported used different active control conditions, which precludes meaningful
comparison of different treatments to different controls. One alternative is to standardize the
treatment response for each group by dividing the treatment response by the pooled standard
deviation of the pre- and postvalues, as follows: {[z-BMI at time point (6, 12, 24, 60, 120

2The standard deviations referred to are based on traditional standard deviation units, lambda mu sigma z-BMI units that do not increase
linearly as obesity increases (Cole, 1990; Cole, Faith, Pietrobelli, & Heo, 2005).
3We have established that both percentage overweight and z-BMI are linearly related to weight loss, whereas the lambda mu sigma z-
BMI values are not linear across levels of change for overweight youth and are not recommended as a dependent measure to evaluate
pediatric obesity treatments (Cole et al., 2005).
4Data collection for the first four studies began over 25 years ago, and some of these data, which were not on retrievable computer files,
were recreated from archived computer databases and archived patient records. Given the use of archival files, there may be some slight
differences in analyses reported for the initial studies and the analyses used in the newer analyses.

Epstein et al. Page 5

Health Psychol. Author manuscript; available in PMC 2008 May 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



months) – baseline z-BMI]/pooled SD of baseline and follow-up z-BMI values}. This is the
effect size for a within-subject comparison across conditions, with the effect sizes standardized
on the basis of within-group variability. Analyses were conducted with SYSTAT (SYSTAT
Software, 2004).

Results
Baseline Characteristics

The specifics of participants in the older versus contemporary studies, including sample size,
baseline percentage overweight and z-BMI, gender distribution, parental age and percentage
overweight, are shown in Table 2. Children in the contemporary studies were 9.3 lb (4.2 kg)
heavier, had 0.9 greater z-BMI units, had 2.4 BMI units, and were 15.3% more overweight
than children in the older studies (ps < .0001). The percentage of boys participating increased
from 25.6% in the older studies to 39.1% in the contemporary studies (p < .003). Mothers and
fathers in the contemporary studies were heavier, with a greater percentage overweight and
with greater z-BMI units (ps < .01). Although mothers and fathers in contemporary studies
were heavier, there were no significant differences in weight, percentage overweight, BMI, or
z-BMI for parents who participated in treatment. The percentage of participating fathers
decreased from 26.1% in the older studies to 14.6% in contemporary studies, χ2(1, N = 437) =
9.07, p = .003.

Comparison of Changes Through 24 Months
The best-fitting mixed-effects regression model to predict the pattern of change in z-BMI values
over 2 years included the linear (estimate = −.435, z = 8.94, p < .001) and quadratic (estimate
= .016, z = 8.07, p < .001) function for months, as well as the main effect for age (estimate =
−.248, z = 5.25, p < .001) and parental weight (estimate = .431, z = 11.36, p < .001), the
interactions of age with the linear (estimate = −.026, z = 5.69, p < .001) and quadratic (estimate
= −.001, z = 5.19, p < .001) functions of months, and the interactions of parental weight with
the linear (estimate = .016, z = 3.17, p = .015) and quadratic (estimate = −.0007, z = 3.40, p < .
001) functions of months. As shown in Figure 1, younger children (less than or equal to the
median age of 10.33) showed reductions of 1.46 and 1.08 z-BMI units at 6 and 12 months,
respectively, versus 1.14 and 0.86 z-BMI units for the older (greater than 10.33 years of age)
children. Youth who had parents with greater z-BMI change had larger decreases in z-BMI.
Neither child gender nor older or contemporary studies were predictors of z-BMI values over
time.

Reanalysis of Long-Term z-BMI Change
The mixed-effects regression model for Study 1 showed significantly greater reduction in z-
BMI for the group comparing parent plus child targeted for behavior and weight change (Study
Group 1.1) versus the nonspecific control group (Study Group 1.3) through 10 years (estimate
= −.009, z = 2.99, p = .003), as well as a significant difference in the pattern of change over
time for Study Group 1.1 versus the child-only group (Study Group 1.2; estimate = −.008, z =
2.50, p < .012). Intention-to-treat analyses also showed differences in the pattern of change
over 10 years for Study Group 1.1 versus Study Group 1.3 (estimate = −.008, z = 2.95, p = .
003), as well as a significant difference in the pattern of change over time for Study Group 1.1
versus Study Group 1.2 (estimate = −.007, z = 2.47, p = .014). Similarly, significant differences
in the pattern of z-BMI were observed between lifestyle (Study Group 4.2; estimate = −.01, z
= 2.50, p = .013) and programmed aerobic activity (Study Group 4.1; estimate = −.01, z = 2.41,
p = .016) versus the calisthenics control group, with no differences between the exercise
protocols. Intention to treat also showed that lifestyle exercise (estimate = −.008, z = 2.40, p
= .017) and programmed aerobic activity (estimate = −.008, z = 2.36, p = .018) had significantly
greater reductions than the calisthenics control group. Gender or age did not influence the
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pattern of change over time in either study. No significant between-groups differences were
observed for groups in Studies 2 or 3, consistent with previous analysis of these studies using
ANOVA (Epstein et al., 1994).

When considering Studies 1–4, we found that mixed-effects regression models showed a
significant linear (estimate = .0053, z = 2.88, p = .0039) change over time and an interaction
of child gender with linear change (estimate = −.0053, z = 3.09, p = .0020), as well as a
relationship between parental weight and child weight (estimate = .50, z = 9.27, p < .001) and
an interaction of parent weight by time (estimate = −.0027, z = 4.57, p < .001). As shown in
Figure 2, although the z-BMI changes were similar during the initial stages of treatment, girls
showed z-BMI decreases of −.80 and −.85 at 5 and 10 years, respectively, whereas boys showed
z-BMI decreases of −.27 and −.38 at 5 and 10 years, respectively. Children who had parents
with the largest z-BMI changes had larger z-BMI changes than children who had parents with
smaller z-BMI changes.

Comparison of Effect Sizes
Effect sizes and the 95% confidence intervals for each group across all eight studies are shown
in Figure 3. There was wide variability in effect size, with twofold differences between groups.
In general, effect sizes decreased over time (−1.20, −1.02, −0.82, −0.55, and −0.67 at 6, 12,
24, 60, and 120 months, respectively).

Comparing Percentages of Youth With Different Degrees of Success After Treatment
As shown in Table 3, at 6 months, χ2(1, N = 361) = 12.69, p < .001, and 24 months, χ2(1, N =
280) = 10.88, p = .001, a greater percentage of children in the earlier studies achieved a BMI
value below the 95th BMI percentile. Similarly, at 6 months, χ2(1, N = 410) = 25.19, p < .001;
12 months, χ2(1, N = 343) = 10.48, p = .001; and 24 months, χ2(1, N = 304) = 5.85, p = .016,
a greater percentage of children in the older studies achieved a BMI value below the 85th BMI
percentile. The pattern was reversed when the magnitude of z-BMI changes was considered.
At 6 months, χ2(1, N = 410) = 11.48, p = .001, and at 12 months, χ2(1, N = 343) = 5.48, p = .
019, a greater percentage of children in the contemporary studies achieved at least 1.0 z-BMI
unit reduction.

Discussion
This article shows that the degree of obesity in children participating in a childhood weight
control program has increased over the last 2 decades, consistent with the increase in the
prevalence of obesity during this period (Ogden et al., 2002; Strauss & Pollack, 2001). Despite
the increases in degree of overweight, there have been no differences in the pattern of z-BMI
over the first 2 years of treatment for programs that were implemented over 2 decades ago
versus contemporary programs. Because children are becoming more overweight, it is not
surprising that more children in the earlier studies were below the criteria for being at risk for
overweight or overweight after treatment.

The similarity in treatment effects over such an extended time interval suggests that the
treatments that were implemented in the 1970s and 1980s were at least as powerful as the
treatments used today. However, youth today are heavier and may live in a more obesiogenic
environment. Taking these things into account, we think it is possible that the contemporary
studies are in fact more powerful, as new interventions were designed in part in response to
changes in the environment that may be related to pediatric obesity. Overweight youth of today
are faced with temptations to eat larger portion sizes (Rolls, Morris, & Roe, 2002) and to be
sedentary (Crespo et al., 2001), compared with youth in the environment of over 20 years age.
Because these variables are also related to the increase in overweight, it is difficult to
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disentangle the correlated effects of an obesiogenic environment and greater degree of obesity.
The best way to compare the treatments would be to test the protocols used in older versus
contemporary studies in environments that are equivalent to the 1970s and early 1980s versus
contemporary environments. Without access to a time machine, this comparison will have to
involve analyses using data collected across the two periods.

These data are based on a consistent pattern of results for efficacy studies over an extended
period, which is the first step in translation of randomized, controlled clinical trials into clinical
protocols for widespread use. Efficacy research is needed to guide effectiveness studies, which
extend the interventions tested in efficacy research on a broader base of participants, which
may be more overweight, have greater diversity, have lower income and educational levels,
and consist of youth and parents who may have comorbid psychological problems.
Effectiveness research may indicate that the treatments are ready for broad application or may
indicate characteristics of participants who do not benefit from treatment. These problems
would be addressed in more efficacy research that may tailor the treatment or devise new
treatments for populations who are less responsive to established interventions.

Evaluation of Long-Term Treatment Effectiveness Using z-BMI and Intention-to-Treat
Methods

A secondary goal of the present study was to assess long-term changes in treatment
effectiveness using more contemporary dependent measures and analytic approaches. Results
for the mixed-effects regression models show the same pattern as previous analyses using
ANOVA methods. Targeting both parents is superior to a nontargeted control group, and both
lifestyle and aerobic physical activity programs are superior to a calisthenics control group
(Epstein et al., 1994).

Variability in Treatment Effects
One unique aspect of this analysis was the opportunity to compare effect sizes for groups within
studies in one research program. Effect sizes can provide a guide to the choice of effective
interventions. There are group differences in both the magnitude and variability of change,
which provide the opportunity for considering multiple factors in choosing treatments. The
choice of a treatment must be balanced by considering the magnitude of change and the
variability in treatment response. For example, compare Study Groups 1.1 and 3.2 after 6
months of treatment. They had similar magnitude of change (−1.21 vs. −1.18), but the standard
deviation of Study Group 1.1 was greater than that of Study Group 3.2 (1.00 vs. 0.79), which
resulted in differences in effect sizes of 1.20 versus 1.50. The lower variability in treatment
response for Study Group 3.2 than for Study Group 1.1 might suggest this would be the
preferred treatment, because the response for youth would be more predictable given the similar
change in z-BMI. Consider two treatments with the same effect sizes, Study Groups 1.1 and
5.1. In this case, the magnitude of change was 26% greater for Study Group 5.1 versus Study
Group 1.1 (1.62 vs. 1.21), whereas the standard deviation was 34% larger (1.35 vs. 1.01). From
the perspective of a family who is considering entering a treatment program, would it be
preferable to enter a treatment that may produce a larger response but is riskier because the
variability in treatment effects is greater?

Comparing treatments with similar effect sizes, but one treatment has double the degree of
change and double the variability, represents a choice between a treatment that produces
smaller but more reliable change for most people provided the treatment and a treatment that
can produce greater but more variable change. This is similar to choosing between treatments
that differ in their degree of risk (Armstrong, Schwartz, Fitzgerald, Putt, & Ubel, 2002;
Mayhorn, Fisk, & Whittle, 2002). To our knowledge, there has been no research evaluating
how overweight families or their therapists would decide which treatment to choose, but as
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more is known about the magnitude and variability of different pediatric obesity treatments,
this type of evaluation may become increasingly important.

Clinical Significance of Treatment Effects
The usual analysis of treatment effectiveness over time is based on inferential statistics that
provide limited insight into clinical effectiveness. Two different ways to evaluate clinical
effectiveness were presented. First, the percentage of youth who do not meet diagnostic criteria
of being overweight or at risk for being overweight was higher for the earlier studies that treated
less overweight children. At 5 and 10 years after treatment, over 40% of the youth did not meet
obesity criteria, and 18.5% to 22% did not meet the more restrictive requirement of not at risk
for obesity. It is worthwhile to consider the use of the more restrictive criteria, because when
youth become adults they will be evaluated by the more restrictive criteria, and a 17-year-old
who would be labeled at risk for obesity would be labeled an obese adult if he or she maintained
the same degree of z-BMI status. Using the most restrictive criteria, about 9% of youth treated
in the contemporary studies met criteria for not at risk for obesity 2 years after treatment.

A second criterion is to compare treatments by amount of change. Treatment success in adults
can be conceptualized as a reduction in body weight of 5% to 10% of initial weight (NHLBI
Obesity Education Initiative Expert Panel, 1998). Adults who achieve these amounts of weight
loss may still be very obese and may not be satisfied with these outcomes (Foster et al.,
2004). To our knowledge, there has been no theoretical or experimental work to indicate how
much weight for height change should be the goal in pediatric treatment programs. We
arbitrarily chose to evaluate treatments that were associated with 0.5 and 1.0 standard deviation
units of change, and a large percentage of youth met these goals. Because the 95th BMI
percentile is equivalent to about 2.0 standard deviations above the mean (see Footnote 2), a
change of 1.0 standard deviation unit for a child who is 3.0 standard deviations above the mean
moves them from above to below the 95th BMI percentile, but a change of 1.0 standard
deviation represents only a small degree of change in youth overweight for a child who may
be 4.0 or more z-BMI units over the mean z-BMI values for children of the same age and
gender. There are likely to be health advantages to youth who show a 1.0-standard deviation
reduction even if they remain well above the 95th BMI percentile. However, the long-term
benefits of reducing a child from 5.0 to 4.0 z-BMI units is unknown, if the change means that
child would enter adulthood 50 lb (23 kg) or more overweight. It is likely that the benefits
would be greater if children could reduce their BMI to below the 85th percentile, into the not-
at-risk-for-overweight group, and thus become adults who are not obese.

The current family-based treatments have a strong evidence base, and the translation of these
research-based programs to clinical interventions is long overdue. However, it may be
worthwhile to conceptualize different treatment programs or intensities of treatment for youth
who are more overweight and who are overweight in combination with comorbidities, such as
diabetes (Fagot-Campagna et al., 2000). One option is to have longer treatments, as longer
treatments are associated with better treatment outcome in both adults and children (Goldfield,
Raynor, & Epstein, 2002; Perri, Nezu, Patti, & McCann, 1989). However, longer treatments
create challenges in maintaining participants in treatment. In adults, the longer the treatment,
the greater the proportion of participants who do not attend (Wing, Blair, Marcus, Epstein, &
Harvey, 1994), and this problem may be magnified with families, who may have more
challenges in scheduling than individual adults, and because there are multiple people who
may want to drop out of treatment. A second option is to consider more powerful treatments,
such as portion-controlled foods and pharmacological interventions (Berkowitz, Wadden,
Tershakovec, & Cronquist, 2003; Wadden, Berkowitz, Sarwer, Prus-Wisniewski, & Steinberg,
2001). As the intensity of treatments is increased, it may be the time to consider inpatient
treatments for selected obese youth (Braet, Tanghe, Decaluwe, Moens, & Rosseel, 2004), in
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which intensive state-of-the-art interventions can be used to drastically reduce weight and
provide the opportunity for entering adulthood within a normal weight range. Likewise, it may
be possible to develop intensive year-round interventions that use local summer camp programs
for the initial intensive intervention and supplemental booster sessions and camps during
weekends and school vacations to maintain treatment effects. Finally, traditional clinical
treatments that focus on the child and family may need to be combined with public health
approaches that focus on the school and the community to change the environment that
promotes unhealthy eating and activity behaviors.

If current trends are predictive of the future, there is likely to be an increase in prevalence of
very overweight youth who require more powerful interventions than those that are currently
available. Replication of the treatment effects observed in efficacy studies to clinical
populations in effectiveness studies and development of more powerful treatments for pediatric
obesity represent challenges for the future. These new treatments may be stimulated by changes
in the environment and advances in biobehavioral theory that further our understanding of how
to change behavior and maintain those changes (Epstein, 1992).
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Figure 1.
z-body mass index (z-BMI) change (M ± SEM) for younger (≤ 10.33 years of age) or older (>
10.33 years of age) children in Studies 1–8.
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Figure 2.
z-body mass index (z-BMI) change (M ± SEM) for boys and girls in Studies 1–4.
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Figure 3.
Forest plot of effect sizes and 95% confidence intervals for studies that provided 6-, 12-, 24-,
60-, and 120-month follow-up.
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Table 1
Characteristics of Interventions

Reference Study group Description Sessions % Attrition

Studies 1–4
(Epstein et al., 1981) 1.1 Parent and child targeted for behavior change

and weight loss
14 24

1.2 Child targeted for behavior change and weight
loss

1.3 Nonspecific target
(Epstein et al., 1984) 2.1 Diet and activity information 15 8

2.2 Diet and targeted lifestyle activity
(Epstein et al., 1986) 3.1 Positive family history for obesity 18 7

3.2 Negative family history for obesity
(Epstein et al., 1985) 4.1 Diet and aerobic exercise 18 15

4.2 Diet and lifestyle activity
4.3 Diet and calisthenics

Studies 5–8
(Epstein, Paluch,
Gordy, & Dom, 2000)

5.1 Increase activity/low dose 20 16

5.2 Reduce sedentary/low dose
5.3 Increase activity/high dose
5.4 Reduce sedentary/high dose

(Epstein, Paluch,
Gordy, Saelens, &
Ernst, 2000)

6.1 Parent and child problem solving 18 18

6.2 Child problem solving
6.3 No problem solving

(Epstein et al., 2004) 7.1 Restrict sedentary behavior 20 5
7.2 Reinforce for reduced sedentary behavior

(Epstein et al., 2005) 8.1 Reinforce dietary changes 16 15
8.2 Reinforce alternatives to food

Health Psychol. Author manuscript; available in PMC 2008 May 20.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Epstein et al. Page 18
Ta

bl
e 

2
Pa

rti
ci

pa
nt

 C
ha

ra
ct

er
is

tic
s a

t B
as

el
in

e 
in

 S
tu

di
es

 1
–4

 a
nd

 5
–8

St
ud

ie
s

n
%

 m
al

e
%

 fe
m

al
e

A
ge

 (y
ea

rs
)

H
ei

gh
t (

cm
)

W
ei

gh
t (

kg
)

%
 o

ve
rw

ei
gh

t
B

M
I

z-
B

M
I

C
hi

ld
1–

4
17

6
25

.6
*

74
.4

*
10

.4
 ±

 1
.5

14
6.

6 
± 

11
.4

55
.7

 ±
 1

3.
1**

49
.9

 ±
 1

7.
2**

25
.6

 ±
 3

.2
**

2.
8 

± 
1.

1**
5–

8
26

1
39

.0
61

.0
10

.3
 ±

 1
.3

14
5.

8 
± 

8.
1

56
.0

 ±
 1

1.
2

65
.2

 ±
 1

6.
8

28
.0

 ±
 3

.1
3.

7 
± 

1.
1

M
ot

he
r

1–
4

17
6

39
.1

 ±
 6

.2
*

16
3.

1 
± 

6.
3

74
.0

 ±
 1

5.
4**

28
.0

 ±
 2

4.
7**

27
.8

 ±
 5

.4
**

1.
0 

± 
1.

1**
5–

8
26

1
40

.4
 ±

 5
.1

16
3.

8 
± 

6.
1

79
.7

 ±
 1

8.
2

36
.3

 ±
 2

8.
4

29
.6

 ±
 6

.2
1.

4 
± 

1.
3

Fa
th

er
1–

4
17

2
41

.6
 ±

 7
.1

17
6.

3 
± 

6.
6

91
.5

 ±
 1

5.
1**

27
.6

 ±
 1

8.
7**

29
.4

 ±
 4

.3
**

1.
6 

± 
1.

1**
5–

8
26

1
42

.2
 ±

 6
.5

17
6.

8 
± 

6.
6

96
.9

 ±
 1

7.
7

34
.5

 ±
 2

1.
2

30
.9

 ±
 4

.9
2.

0 
± 

1.
3

Pa
rti

ci
pa

tin
g 

pa
re

nt
1–

4
17

6
26

.1
**

73
.9

**
40

.0
 ±

 6
.5

16
7.

1 
± 

9.
1

84
.1

 ±
 1

6.
8

36
.0

 ±
 2

1.
7

30
.0

 ±
 4

.8
1.

6 
± 

1.
1

5–
8

26
1

14
.6

85
.4

40
.9

 ±
 5

.9
16

5.
9 

± 
7.

6
83

.4
 ±

 1
9.

1
37

.7
 ±

 2
6.

6
30

.2
 ±

 5
.9

1.
6 

± 
1.

3

N
ot

e.
 B

M
I =

 b
od

y 
m

as
s i

nd
ex

; z
-B

M
I =

 B
M

I z
-s

co
re

.

* p 
< 

.0
5.

**
p 

< 
.0

1,
 fo

r t
he

 d
iff

er
en

ce
 b

et
w

ee
n 

St
ud

ie
s 1

–4
 a

nd
 S

tu
di

es
 5

–8
.

Health Psychol. Author manuscript; available in PMC 2008 May 20.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Epstein et al. Page 19
Ta

bl
e 

3
Pe

rc
en

ta
ge

 o
f C

hi
ld

re
n 

W
ho

 M
et

 S
uc

ce
ss

 C
rit

er
ia

St
ud

y 
gr

ou
p

St
ud

y 
gr

ou
p

M
on

th
1–

4
5–

8
p

1–
4

5–
8

P

< 
95

th
< 

85
th

6
52

.3
33

.2
.0

01
27

.5
8.

8
< 

.0
01

12
39

.1
28

.1
.0

60
23

.7
10

.5
.0

01
24

41
.3

20
.7

.0
01

19
.0

8.
9

.0
16

80
42

.1
18

.5
12

0
47

.5
22

.2

> 
0.

5 
SD

> 
1 

SD
6

79
.5

85
.8

.1
0

48
.5

65
.3

.0
00

7
12

73
.7

75
.5

.7
1

46
.5

59
.8

.0
19

24
65

.8
68

.4
.6

7
45

.6
43

.6
.7

6
60

59
.3

38
.9

12
0

66
.7

44
.4

N
ot

e.
 B

M
I =

 b
od

y 
m

as
s i

nd
ex

; z
-B

M
I =

 B
M

I z
-s

co
re

. S
uc

ce
ss

 c
rit

er
ia

 w
er

e 
< 

95
th

 o
r <

 8
5t

h  
B

M
I p

er
ce

nt
ile

 o
r c

ha
ng

e 
> 

0.
5 

or
 1

.0
 z-

B
M

I u
ni

ts
.

Health Psychol. Author manuscript; available in PMC 2008 May 20.


