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Abstract

Objective: The aim of the current study was to examine to what extent changes in reported
energy intake and physical activity predict changes in body fat during a family-based outpa-
tient treatment of obesity in children. Methods: Total body fat (DXA), reported energy intake
(4-day diet record), and physical activity (accelerometer) was measured in 99 children (age
7-12 years, mean BMI SDS = 2.99) at baseline as well as after 6 months 2 years of treatment.
Repeated measures (GLM), growth modeling, and structural equation modeling (SEM) were
applied in the data analyses. Results: There was significant decrease in body fat, reported
energy intake, and physical activity at both follow-ups (p < 0.001) compared to baseline.
Changes in reported energy intake from baseline to 6 months predicted a decrease in body
fat from baseline to 6 months (B = 0.68, p < 0.001). In addition, changes in reported energy
intake had a strong indirect effect on body fat at 2-year follow-up, mediated by changes in
body fat from baseline to 6 months (indirect 8 = 0.50, p < 0.001). Changes in physical activity
did not predict changes in body fat during treatment. Conclusions: Changes in reported en-
ergy intake significantly affected body fat at 6 months and indirectly predicted the amount
of body fat at 2-year follow-up. The indirect effect was mediated by a decrease in body fat
obtained during the first phase of treatment. Copyright © 2012 S. Karger GmbH, Freiburg
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Introduction

Multi-dimensional interventions which include increased physical activity, reduced
sedentary behavior, and the promotion of healthy eating are the most promising in the
treatment of obesity in children [1]. It is assumed that decreased BMI or changes in body
composition are caused by changes in physical activity and nutrition that are facilitated by
the intervention in question. However, few studies have directly tested the relative merits
of changesin physical activityand inreported energy intake during treatmentin explaining
altered body composition. One way of examining this is to compare the effectiveness of
exercise only, diet only, and exercise plus diet programs. Studies have shown that diet and
exercise, or diet alone, results in a significantly greater decrease in BMI z-scores compared
to exercise-only interventions [2, 3]. These studies suggest that diet might be the most
important component in such programs. However, several links in the causal chain from
behavioral interventions to weightloss need to be established before such a conclusion can
be reached. First, since diet and physical activity are rarely controlled in these studies,
change in one component could be compensated for by a change in the other component.
Thus, although one review concluded that physical activity interventions in pediatric
obesity generally achieved the aim of increasing physical activity [4], we do not know if the
increased activity instigated increased reported energy intake as well. Therefore, one
needs to document that the interventions actually had the intended effects on both dietand
activity. One such study showed that a diet-only intervention had the intended effect on
reduced caloric intake, but also thatan exercise-only intervention led to a similar reduction
in energy intake [5]. Second, one should be able to show, on an individual level, that the
obtained changes in diet explains, i.e. mediates, the weight loss to a greater extent than
increased physical activity - or vice versa. Decomposing the results from intervention
studies by means of such mediation analyses will therefore add to our understanding of the
effectiveness of treatment components [6]. Although the impact of pediatric weight loss
interventions on physical activity and diet have been examined before [4, 5], mediational
analyses have not been undertaken in treatment studies of pediatric obesity. Few studies
have used mediation analysis to determine if changes in the hypothesized mediators were
responsible for changes in the primary outcome of adult interventions as well [6]. However,
there are two studies on internet-based interventions: In a study of weight loss in men,
physical activity, portion size, total energy intake, alcohol intake, and fat intake were
examined as possible mediators of weight change [6]. Interestingly, none of the specific
mediators examined was significantly related to outcome, even though the study partici-
pants lost significant weight and their total reported energy intake decreased by approxi-
mately 3,000 k] during the 6-month study period. Dietary change was also examined as a
potential mediator in a family-based internetintervention for adolescent girls but could not
explain the weight loss obtained [7].

The aim of the current study was hence for the first time to examine to what extent
changesinreported energy intake and physical activity during a 2-year, family-based outpa-
tient treatment of obesity in children could explain changes in body fat.

Participants and Methods

Participants

Participants were 99 children (48 girls, 51 boys) with a mean (= SD) age of 10.3 = 1.7 years and a
mean BMI Standard Deviation Score (BMI SDS) of 2.99 + 0.46. All but two of the children were ethnic
Norwegians (Caucasian): one child was of African origin and the other of Latin-American origin. Measured
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Table 1. Characteristics of the

sample at baseline Total (N =99)

Mean age, years (SD) 10.3 (1.7)
Mean weight, kg (SD) 62.7 (16.3)
Mean height, cm (SD) 146.8 (11.3)
Mean BMI, kg/m? (SD) 28.60 (4.1)
Mean BMI SDS (SD) 2.99 (0.5)
Mean % body fat 40.55 (4.1)
Mean mother’s BMI (N = 91), kg/m? (SD) 31.86 (7.3)
Mean father’s BMI (N = 48), kg/m? (SD) 29.88 (3.6)
Parents’ occupation*, %

Unskilled workers 5.2

Farmers/fishermen 31

Skilled workers 47.4

Lower professionals 22.7

Higher professionals 11.3

Leaders 10.3
The child’s caregiving situation, %

Living with both parents 60.2

Living with a single parent 16.3

Single parent and her/his new partner 16.3

Half time with each parent 5.1

Foster parents 2.0

*Classification of parents’ occupation is based on the International
Standard of Classification of Occupations (ISCO-88).

height and weight records for the children’s parents showed that their fathers (N = 54) had a mean BMI of
29.9 + 3.6 kg/m? and their mothers (N = 91) a mean BMI of 31.9 + 7.3 kg /m? at baseline. Baseline char-
acteristics are presented in table 1.

Procedure

Children referred to outpatient obesity treatment at St. Olav Hospital, the general hospital in
Trondheim, Norway, between April 2005 and February 2008, wererecruited after meetingthe following
three inclusion criteria: a BMI SDS = 2 [8]; the participation of at least one parent; and the ability to
participate in a group setting. 80% of those who met the inclusion criteria joined the treatment
program, resulting in a study population of 99 children (48 girls and 51 boys). The majority of the
remaining 20% of the children initially referred withdrew because they did not want treatment after
all. Body composition data was missing for two of the children at baseline. Of the 99 participants, 2
dropped out after pre-treatment assessment, and 8 dropped out during the first 6-month treatment
period, yielding a 6-month follow-up sample of 89 children. Nine additional children dropped out
between the 6-month and 2-year follow-up. Reasons given for the drop-outs were as follows: an inability
to continue to participate in the treatment program because of a family situation (n = 8); a lack of moti-
vation for treatment (n = 1); no further need of treatment (n = 1); and inability to continue to participate
in the treatment program because the family moved away (n = 2). Seven families did notreportareason
for dropping out.

Data was collected in a hospital setting by the members of the treatment staff, before onset of
treatment, after 6 months, and after 2 years of treatment. Body fat was measured by trained personnel
notinvolved in the treatment. Written informed consent was obtained from all parents, and the study was
approved by the Regional Ethical Committee for Medical Research. The treatment program was not adver-
tised, and no payment was required for participation.
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Treatment Program

The treatment program aimed to increase the families’ daily level of physical activity, reduce their
sedentary behavior, and establish healthy dietary habits with proper nutrition for the entire family.
Based on international and national recommendations [9, 10], the intervention focused on regular
mealtimes, increased intake of fruits and vegetables, less sugar and fat, more fiber-dense food, at least
1 h of moderate physical activity per day, and reduced sedentary behavior. Daily physical activity
involved walking instead of riding in a car, taking the stairs rather than using an elevator, playing
outside, bicycling, and general exercising. The intervention aims were accomplished by arranging for
the children to have positive experiences with physical activity and to increase the nutritional
knowledge of both parents and children. In addition, the program was designed to strengthen the
parents’ competence and skills required to accomplish the necessary lifestyle changes. Behavioral
change techniques, such as monitoring, goal-setting, modeling, self-talk and reward, were applied. The
treatment was family-based and took place in an outpatient hospital setting, where parents partici-
pated in a parent group and children participated in age-specific child groups. In the group sessions,
the children participated in different activities such as climbing, ball games and swimming as well as
education and tasks related to healthy eating. All groups met every 2nd week for 10 2-hour sessions
during the first 6-month treatment period. In addition, each family met once a month with a physio-
therapist and a clinical dietician for individual consultations (30 min) in order to discuss the family’s
lifestyle changes and define new goals. Over the remaining 18 months of the 2-year intervention
program, the groups met 5 times at the hospital.

Measures

Anthropometry and Body Composition

Anthropometry was measured with the children wearing light clothing and no shoes. Weight was
obtained using a digital scale (Seca 930; Vogel & Halke, Hamburg, Germany) and height was measured
using a stadiometer (Hyssna Limfog AB, Strémkulla, Sweden). BMI was calculated in kg/m? and BMI SDS
was computed. Due to lack of Norwegian norms at the initialization of the current treatment study, British
reference values were applied [11, 12]. Dual energy X-ray absorptiometry (DXA) (Discovery QDR; Holo-
logic, Huddinge, Sweden), which is one of the most accurate methods to measure body composition [13],
was used to estimate % total body fat.

Energy Intake

A 4-day food record was used to estimate each child’s reported energy intake. This food record
covered 3 consecutive weekdays and 1 weekend day, beginning on either a Wednesday or a Sunday. The
parents received the dietary record forms by post, and it was not specified whether the parents or the
child should be responsible for the food intake registration. They were instructed to register everything
the child ate and drank during the 4-day food record period. Recording food intake both at each meal and
between meals was emphasized in the written material the families were given along with the food record
forms. Toimprove the participants’accuracy inreporting portion sizes, an evaluated photographic booklet
with a photograph series of 13 food items of known portion size was used [14]. Foods could also be
compared to household measures or the standard weights of food items. Before calculating food intake, a
clinical dietitian met with the family to clarify details about the food record in order to make the record
as accurate as possible. Total caloric intake (kcal) was calculated by a clinical dietitian using ‘Food on the
Internet’ version 5.1., a web-based dietary analysis program based on the Norwegian Food Composition
Table 2006 (MVT-06) [15]. A 4-day food record was conducted at baseline, after 6 months and at the end
of 2 years of treatment.

Physical Activity

Physical activity was measured using an Actigraph GT1M accelerometer (ActiGraph LLC, Pensacola,
FL, USA) worn around the waist. Children were instructed to wear the monitor for 7 consecutive days,
except when they were sleeping, swimming, and showering or bathing. Activity data were recorded in
1-min epochs and processed using accelerometer analysis software (MAHUffe) [16]. In the current study,
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analyses were carried out using general physical activity (GPA), reported in mean counts/min. GPA
appears to be a robust parameter that is not affected by epoch length and can be compared between
studies [17]. Only data from children who had registered activity data for atleast 480 min a day, for atleast
3 days were included in the study. These criteria are comparable to those used in other studies [18]. 80, 56
and 54 children fulfilled these criteriaat baseline, at the 6-month assessmentand at the 2-year assessment,
respectively.

Statistical Analysis

Repeated measures (general linear models), using PASW 17.0, were applied to analyze changes in
total body fat, reported energy intake, and physical activity at baseline, at 6 months, and at the end of the
2 years of treatment. Growth modeling, a technique for modeling within-person change across repeated
measures and between-person differences in those changes [19], was used to capture individual differ-
ences in change during treatment. In order to enable growth analysis using only two observation points,
residuals were fixed to zero. Thus, growth factors were treated as observed variables. Growth analysis
yields two factors. The firstis the intercept, which was defined in the present study as the growth starting
point. Because we used only two measurement points in the growth analysis, the intercept is identical to
the baseline value. The second factor is the slope, which represents the change from baseline to 6 months
inthe currentstudy. Growth factors were calculated usinga Bayesian estimation [20]. In Bayesian analysis,
modeling with missing data gives asymptotically the same results as maximum-likelihood estimation
[21]; thus information from all 99 subjects were used to estimate the coefficients.

Structural equation modeling (SEM) was used to examine both the relationship between the growth
factors and the relationship between the growth factors and total body fat at the end of treatment. In our
model we hypothesized, on biological grounds, that changes in reported energy intake and energy expen-
diture (i.e. activity level) cause changes in body fat during the treatment period, and not vice versa. All
intercepts were allowed to correlate, whereas all slopes were regressed on all intercepts. Finally, body fat
at 2 years wasregressed on all intercepts and slopes. Both growth modeling and SEM was conducted using
Mplus Version 6.0 [21]. Posterior Predictive Model Checking (PPMC) was used to evaluate the goodness of
fit of the overall model. PPCM is based on the rationale that, if a model fits the data, the observed data
should look like replicated data generated from the posterior distribution of the model parameters [22].
Differences between the observed and generated data in discrepancy measures incorporated in PPMC are
evaluated by the Posterior Predictive P (PPP) value [22]. PPP values near 0.5 indicate that a realized
discrepancy measure value looks similar to the posterior predictive values, indicating the goodness of fit
of the model, whereas PPP values near 0 or 1 indicate misfit [22]. A 95% confidence interval (95% CI) was
applied. To test the statistical significance of mediation, Sobel’s Test was used [23].

The size of the sample in the current study was equal to the number of patients receiving obesity
treatment for a certain period of time, and therefore was not based on prospective power analysis. The
current sample size enabled us to detect standardized beta weights of 0.28, in multiple regressions with
a power of 0.80.

Results

There was a significant decrease in body fat, reported energy intake, and physical
activity from baseline to 6 months and 2 years of treatment, as can be seen in table 2.

As shown in table 3, the slope of body fat, viz. change in body fat, was significantly
predicted by the slope of reported energy intake, but not by the slope of physical activity. In
addition, the intercept of body fat, viz. body fat at intake, was significantly correlated with
the intercept of reported energy intake (r=0.37,95% CI = 0.17-0.53, p < 0.001), but not with
the intercept of the physical activity variable (r=0.13,95% CI =-.0.08 t0.0.30, p = 0.16). This
trend was also evident in analyses of the 2-year follow-up data (table 4).

Although the change in reported energy intake observed from baseline to 6 months
(i.e. the slope of reported energy intake) did not directly predict the body fat measured at
the 2-year follow-up, there was a strong indirect effect, mediated by the decreased body fat
observed from baseline to 6 months (the slope of body fat) (indirect 3: 0.68 x 0.74 = 0.50,
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Table 2. Total body fat, reported energy intake and physical activity during treatment. Repeated measures

Baseline (n =97), 6 months (n=289), 2 years (n = 80),

Baseline - 6 months Baseline - 2 years

mean (SD) mean (SD) mean (SD) dfF p d* df F P d*
% body fat 40.54 (4.08) 38.33(4.94) 38.50 (5.59) 1 64.33 0.00 0.49 1 17.83 0.00 0.42
Reported energy 1,771.51 (381.25) 1,572.17 (346.03) 1,601.43 (322.93) 1 19.10 0.00 0.55 1 22.66 0.00 0.48

Physical activity,

intake, kcal

Cmin

670.73 (278.45)

517.71 (147.17)

486.14 (152.73)

1 15.93 0.00 0.69

1 25.10 0.00 0.82

*Cohen's d was used to estimate effect size.

Table 3. Path model: changes in body fat, reported energy intake and physical activity from baseline to 6
months regressed on intercepts and slopes of body fat, reported energy intake, and physical activity?®

Predictors Outcomes: slopes - changes from baseline to 6 months
body fat reported energy intake physical activity

Body fat

Intercept -0.36%** NM NM

Slope NA NM NM
Reported energy intake

Intercept 0.53%** -0.57%** 0.24%**

Slope 0.68*** NA NM
Physical activity

Intercept 0.16 —0.24%** -0.76%**

Slope -0.05 NM NA

NA = Not applicable, NM = not specified in the model.
*p <0.05, **p < 0.01, **p < 0.001.
2Estimates denote standardized regression coefficients.

Table 4. Path model: body fat, reported energy intake and physical activity at 2 years follow-up regressed

on intercepts and slopes of body fat, reported energy intake, and physical activity®

Predictors Outcomes: status at 2 years follow-up
body fat reported energy intake physical activity

Body fat

Intercept 0.46%** -0.32%** 0.09

Slope 0.74%x* 0.64*** -0.23
Reported energy intake

Intercept -0.37%* 0.59%** 0.02

Slope -0.27 0.36 0.06
Physical activity

Intercept -0.12 0.18 0.62%*

Slope 0.09 0.08 0.54**

*p < 0.05, **p < 0.01, **p < 0.001.
3Estimates denote standardized regression coefficients.
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p<0.001, see table 4). As expected, both the intercept and the slope of body fat significantly
predicted body fat at end of treatment. With respect to physical activity, in contrast, there
was neither a direct nor an indirect effect of the growth factors on body fat at the end of
treatment. However, the results did show that the slope of physical activity significantly
predicted comparatively higher levels of physical activity at 2 years of treatment.
Furthermore, as can be seen in table 4, there was a negative relationship between reported
energy intake at baseline and body fat measured at the 2-year follow-up. In addition,
reported energy intake at 2 years was strongly predicted by baseline-reported energy
intake levels. Overall, our model fitted well with the data, PPP = 0.46 (PPMC = -19.42 to
33.50).

Discussion

The main purpose of the current study was to examine how changes in physical activity
and diet predict changes in body fat during an outpatient, family-based treatment of obesity
in children. There was a significant decrease in total body fat, reported energy intake, and
physical activity both at 6 months and at the end of 2 years of treatment. The results showed
that the decrease in body fat observed after 6 months of treatment could be explained by
changes in reported energy intake, but not by changes in physical activity over the same
period. In addition, there was a strong indirect effect of altered energy intake on body fat
at the 2-year follow-up, which was mediated by changes in body fat from baseline to 6
months. This indicates that the dietary changes made in the first 6 months of treatment had
a sustained effect on body fat at 2 years. However, body fat was neither directly nor indi-
rectly affected by changes in physical activity at the end of treatment. Physical activity was
also unrelated to body fat at baseline, whereas reported energy intake was correlated with
body fat.

The decrease obtained in body fat and reported energy intake from baseline to the end
of treatment is comparable with those of other studies [5, 24]. However, the use of mediation
analysis to identify the possible mechanisms through which the intervention achieves its
effects is novel in family-based treatment of obesity. Although pediatric obesity interven-
tions have been shown to affect energy intake, the current study expands this knowledge
by statistically testing whether changes in reported energy intake were actually respon-
sible for changes in body fat. We found that reduced reported energy intake predicted a
decrease in body fat. A study of a school-based obesity prevention program showed similar
findings; the effect of the implemented intervention on BMI was mediated by the changes in
fruit, fat and oil intakes, but physical activity was not a significant mediator [25]. Further,
adult obesity studies report that most weightloss occurred as aresult of decreased reported
energy intake [26]

In agreement with the current results, studies have shown that the rate of weight loss
decreases over time and that changes during the first phase of treatment predict changes at
the end of treatment [27]. The fact that changes in reported energy intake during the first 6
months of treatment indirectly predict body fat at 2 years of treatment indicates that, even
though the direct effect of the changes are only short-term, they are influential in sustaining
a decrease, or at least in reducing a potential increase, in body fat at the 2-year follow up.
From a clinical standpoint, it is reasonable to assume that children who are able to change
their diet significantly during the first phase of treatment will have the largest body fat
decreases, and even though the children’s reported energy intake does not decrease any
further, the effect of the changes will be sustained. As our results show, there is no signif-
icant relationship between changes in reported energy intake from baseline to 6 months
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and reported energy intake at the end of treatment. In addition, our findings suggest that
those children who reduce their reported energy intake the most during the first 6 months
oftreatmentare not necessarily those who have the relatively lowestreported energy intake
at the end of treatment.

The lack of a direct relationship between reported energy intake changes from baseline
to 6 months and body fat at 2 years may be related to the time and intensity of the treatment.
During the first 6 months of treatment, the families met at the hospital twice a month for 10
sessions, whereas for therest ofthe treatment period, only 5 booster sessions were arranged.
The effect of weight loss interventions declines over time [27], and higher intensity of the
intervention predict better outcomes [28]. Furthermore, in the current study high reported
energy intake at baseline predicted lower body fat at 2-year follow-up. One possible expla-
nation is that children with a very high reported energy intake at baseline have the greatest
potential to decrease their reported energy intake and, therefore, reduce their body fat the
most through treatment. One may suspect that overweight children with a comparatively
low reported energy intake at baseline may already have made changes to their diets prior
to treatment. Such ‘early starters’ may be more inclined to revert back to a higher energy
intake because this low baseline intake is difficult to maintain through treatment. As a
result low reported energy intake at the beginning of treatment may be predictive of higher
body fat at the end of treatment.

In the current study, changes in physical activity were unrelated to body fat at baseline,
during treatment, and at end of treatment. Contrary to the aims of the intervention, physical
activity was reduced from start to the end of treatment. The fact that there was a decrease
at the group level is immaterial to explanation of individual differences. The lack of asso-
ciation between changes in physical activity and later adiposity imply that those who
became more physically active did not become less obese compared to those who reduced
their physical activity. The variability in mean scores and in changes indicates that there
were indeed children who increased their physical activity, atleast compared to the others,
even though the intervention was not successful in altering the mean level of physical
activity. One would thus still expect those children who did increase their physical activity
to attain comparatively reduced body fat. One possible explanation for the lacking effect
might be that the changes made in energy expenditure were not large enough to translate
into detectable changes in energy reserve, i.e. body fat, given the current sample size. The
main aim of the physical activity component of the current intervention was to increase
dailylife physical activity,and supervised exercise was notincluded as partofthe treatment.
It has been shown that physical activity, in order to affect body fat in overweight indi-
viduals, has to be of high intensity [29], which possibly explains the current results. This
decrease in activity is in contrast to a comparable study of Scottish children with obesity,
where physical activity measured increased during treatment [30]. One reasonable
conclusion is that the physical activity component of the current intervention was inef-
fective. However, the decrease in the mean level of physical activity during the 2-year inter-
vention may also be related to a general decline in physical activity during the adolescent
years [31]. The lack of a control group makes it difficult to conclude whether the decline is
less than would be expected, but it is comparable to the decline in the level of physical
activity found in Norwegian 8- to 15-year-olds [32]. In addition, the obese children of the
current study had baseline levels of physical activity comparable to that found in the
general population of children. This is contrary to earlier findings showing that overweight
and obese children are less physically active than their normal-weight peers [33, 34].
Starting out with a relatively high baseline level of physical activity, it might be more chal-
lenging to achieve an increase and more likely to get a decrease in the level of physical
activity. The decline in activity from baseline to 6 months might further be related to
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seasonal differences in physical activity. Riddoch et al. [35] found a summer-winter
difference of 108 counts/min in 11-year-old children. In the current study, baseline data
was collected from April to May, and 6-month data was collected from October to November.
However, the positive relationship between changes in physical activity and the level of
physical activity at 2 years indicates that those who comparatively changed their level of
activity the most at the beginning of the study were those who were the most physically
active at end of treatment, suggesting some stabilization of physical activity levels during
the 2 years of treatment.

The present findings should be interpreted in the context of some strengths and limita-
tions. Obesity is due to excessive body fat, and the use of body fat as an outcome measure is
therefore an advantage of the current study. Using body fat rather than BMI as an outcome
measure is especially important when addressing both physical activity and diet, because
of the possibility that a rise in lean mass will mask a decrease in body fat [36]. DXA is widely
used and has the benefit of accurately quantifying body fat [13]. The use of an accelerometer
to objectively measure physical activity further strengthens the findings, and the outcomes
used in the current study (counts/min) have been shown to have good validity and reli-
ability [37]. Furthermore, the dietary assessment in the current study was based on a
dietary food record rather than dietary recall. Even though dietary intake cannot be esti-
mated without error, the use of prospective methods of assessment has the advantage of not
relying on memory [38], thereby increasing accuracy. Nevertheless, validation studies of
energy intake data indicate that much of the dietary data from children and adolescents is
prone to reporting error, mostly through underreporting [39]. In addition, higher weight
individuals tend to underreport energy intake to a greater degree [40]. In order to increase
the accuracy of the reported portion sizes, an evaluated photographic booklet was used in
the current study [14]. Another limitation of the dietary assessment is the lack of a specific
instruction in regard to who should be responsible for the food intake registration. We can
therefore not be sure whether the child or the parent completed the records. Further, since
the children aged 2 years between the first and the last registration, it might well be that
parents registered food intake at baseline, whereas the child was responsible for regis-
tration at the end of treatment. This may represent a random error.

Another possible measurementlimitation of the current study is that data was collected
by the treatment staff. However, body composition, the main treatment outcome, was
measured by staff not involved in the intervention, and is therefore not prone to bias. In
addition, the use of an accelerometer and the food record method imply that treatment staff
were only involved in study logistics (i.e. distribution of accelerometers) and technical
handling (i.e. food calculations) of the data, but not in the data collection itself. Another limi-
tation of the present study is the assumption that changes in reported energy intake and
physical activity during treatment predict changes in body fat during treatment, not vice
versa. This assumption is reasonable based on biological reasons, but, hypothetically,
changes in weight may also predict changes in reported energy intake and activity for
psychological reasons. If a person experiences weight gain, he/she (or the parents) might
instigate a reduction of reported energy intake, and increase the level of physical activity in
order to reverse the increase in body fat.

A strength of the present study is the representativeness of the sample; which included
nearly all of the children referred to outpatient obesity treatment at the hospital over
several years, and the drop-out rate was relatively small compared to other studies [41]. It
should be noted though that the sample differs from Norwegian official statistics in regard
to parents’ occupation and children’s caregiving situation. This difference is probably due
to the fact that national numbers include the whole workforce ranging from age 18 years,
and the clinical sample contains a selective group of adults, namely parents of children aged
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7-12 years. In addition, childhood obesity is associated with low socioeconomic status
(SES) [42, 43]. We can therefore not expect the sample of the current study to be represen-
tative for the Norwegian population in regard to SES. With regard to the low drop-out rate,
parent reports of confidence in doing well in treatment have shown to predict treatment
completion in addition to early treatment response [44]. It might be that the relatively
intensive treatment during the first 6 months of the current intervention and the high level
of parental involvement strengthened parental confidence and facilitated early treatment
response. Having no alternative treatment options might also explain the relatively low
drop-out rate.

Conclusions

In summary, changes in children’s reported energy intake when engaged in obesity
treatment significantly reduced their body fat in the short term and indirectly over a 2-year
span. The obtained changes in physical activity, however, did not affect body fat. The finding
that changes in reported energy intake, but not changes in physical activity, can predict
body fat reduction expands our knowledge about the relative importance of the different
components of pediatric obesity interventions. This appears to be the first study using
mediation analysis to examine the relationship between diet, physical activity, and body fat
during obesity treatment in children, and the results are therefore in need of replication.
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