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Abstract

Objective—The objectives were to identify and predict patterns of weight control behavior in 15
year old (yo) girls and to examine weight control group differences in energy intake.

Method—Subjects included 166 girls assessed every 2 years (ys) from age 5 to 15. Latent class
analysis was used to identify patterns of weight control behaviors. Antecedent variables (e.g.
inhibitory control at 7ys), and concurrent variables (e.g. BMI and dietary intake at 15ys) were
included as predictors. Assessments were a combination of survey, interview, and laboratory
measures.

Results—L CA identified four classes of weight control behaviors, Non-dieters (26%), and three
dieting groups: Lifestyle (16%), Dieters (43%), and Extreme Dieters (17%). Levels of restraint,
weight concerns, and dieting frequency increased across groups, from Non-dieters to Extreme
Dieters. BMI at 5ys and inhibitory control at 7ys predicted weight control group at 15ys; e.g. with
every one-point decrease in inhibitory control, girls were twice as likely to be Extreme Dieters
than Non-dieters. Girls in the Extreme Dieters group were mostly classified as under-reporters,
and had the lowest self-reported intake, but ate significantly more in the laboratory.

Discussion—Among 15yo girls, “dieting” includes a range of both healthy and unhealthy
behaviors. Risk factors for membership in a weight control groups are present as early as 5ys.
Patterns of intake in the laboratory support the view that lower reported energy intake by Extreme
Dieters is likely due under-reporting as an intent to decrease intake, not actual decreased intake.

Dieting to lose or maintain weight is prevalent among both normal weight and overweight
adolescents; estimates indicate that roughly two-thirds of adolescent girls report trying to
lose weight 1. Research has shown that self-reported dieting is often not successful, leading
to greater long-term weight gain 2, and may increase the development of subclinical
disordered eating and clinical eating disorders 3. Multiple individual and psychosocial
factors have been found to impact dieting behavior in childhood and adolescence. These
factors include peer and media influence 4, parent influences such as the modeling of dieting
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behavior ® and direct encouragement to diet, and individual characteristics including
elevated weight status 7 and depression 8. Additionally, while research has shown that
weight concerns and dietary restraint are already present during middle childhood 11, it is
unclear how these early characteristics influence later dieting behavior during adolescence.

However, while dieting is often assessed as a singular behavior, dieting is a
multidimensional construct and can be thought of as the use of weight control behavior(s).
In fact, a wide range of weight control behaviors can be included in self-reports of dieting.
French and colleagues ? established a comprehensive list of weight control behaviors, which
includes both healthy (e.g. increased fruits and vegetables, increased exercise), and
unhealthy (e.g. use of appetite suppressants, skipping meals) weight control behaviors.
However, this information is lost when the data are collapsed into a dichotomous item. By
collapsing the data into a dichotomous measure you lose variability, thereby obscuring or
masking associations of different combinations of weight control behaviors with potential
predictors or consequences. Given that that dieting is implicated as a causal factor for a
number of disorders (e.g. obesity and weight gain, eating disorders) 23, it is necessary to
explore etiological factors that link dieting to these disorders. Therefore, it is necessary to
distinguish between weight control behaviors that are consistent with healthy weight
management (e.g. increase fruits and vegetables) and might be necessary in our obesogenic
environment from those that may constitute subclinical disordered eating (e.g. use of
unhealthy weight control behaviors such as laxative, diuretics, and appetite suppressants) in
order to determine which types of dieters might be at risk.

By definition, dieting is intended to influence dietary intake; however, associations between
reported dieting and dietary intake are mixed, in part due to the inconsistent classification of
dieting. For example, results of research assessing whether self-reported dieters had different
patterns of intake than self-reported non-dieters indicate that dieters consume less nutrient-
dense food 10, and have lower overall diet quality 11. In contrast, in another study where the
researchers classified self-reported dieters into either moderate (use of a method other than
vomiting or use of diet pills) or extreme dieters (use of vomiting or diet pills) 12, moderate
dieters reported consuming more servings of fruits and vegetables and fewer servings of
high fat foods than either non-dieters or extreme dieters. Taken together, this suggests that
more work is needed to explore the influence of dieting on dietary intake, and warrants the
examination of differences in dietary intake by patterns of weight control behavior.

Using girls’ responses to French’s list of weight control behaviors as items in Latent class
analysis (LCA) provides the opportunity to identify distinct groups of patterns of weight
control behaviors that may differ in terms of the number and types of behaviors involved.
These groups may also differ in the predictors of group membership and in both self-
reported and weighed dietary intake. Taken together, this will help provide researchers with
insight into what behaviors adolescent girls are using to help control their weight, and what
the consequences of those behaviors might be. While this technique has not yet been used
with adolescent weight control behaviors, it has been used to examine patterns and
predictors of specific weight control behaviors in adult women 13.14 using the French
Weight Control Scale 2. The present study has 3 aims: 1) to use LCA to identify distinct
patterns of weight control behaviors among 15 year old (yo) girls; 2) to explore weight
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control group differences in antecedent (e.g. BMI at 5 years [ys], inhibitory control at 7ys)
and concurrent (e.g. BMI at 15ys, dietary restraint at 15ys) variables; and 3) to examine
latent class group differences in self-reported dietary intake from 3 24hr multiple-pass
dietary recalls, including the extent of under reporting, and weighed intake at standard lunch
meal and in the eating in absence of hunger protocol (EAH), obtained in a laboratory setting.

METHODS

Participants

Participants at study entry included 197 non-Hispanic, white families living in Central
Pennsylvania recruited as part of a longitudinal cohort study of the health and development
of young girls with one of the primary aims to obtain descriptive data on what girls are
doing when they report dieting. Eligibility criteria for girls’ participation at recruitment
included living with the biological mother and father, the absence of severe food allergies or
chronic medical problems affecting food intake, and the absence of dietary restrictions
involving animal products. The sample was not recruited based on weight status. Parents and
their 5yo daughter (mean age: 5.4 + 0.4ys) were recruited for participation into the study
using flyers and newspaper advertisements. In addition, families with age-eligible female
children within a five-county radius received mailings and follow-up phone calls (Metromail
Inc.). Additional details on the study population can be found elsewhere 681516 Families
were assessed at age 5, (N=192) study entry baseline, and then assessed every 2ys at
daughter ages 7 (N=192), 9 (N=183), 11 (N=177), 13 (N=168), and 15 (N=167). Attrition
was primarily due to family relocation outside of the area. One girl had missing weight
control behavior data at 15ys, and thus the final sample had 166 girls and their families.

At study entry, the mean family income was $35,000-$50,000. Parents were well educated,;
mothers’ mean level of education was 14.5 + 2.3ys (range: 12-20ys), and fathers’ mean level
of education was 14.7 £ 2.5ys (range: 12-20ys). When the girls were 5yo, the mean BMI
[wt(kg)/ht(m)2) was 26.4 + 6.1 for mothers and 28.1 + 4.4 for fathers. Only mothers were
measured for height and weight at daughter age 15, and their mean BMI had increased to
28.4 + 6.5. The Pennsylvania State University Institutional Review Board approved all study
procedures, and parents provided consent for their family’s participation before the study
began.

Measures

Antecedent predictors were included at the first time point of measurement in the study
(BM, body satisfaction, and self-competence at age 5, inhibitory control at age 7, fear of fat
of at age 9). Pubertal status was assessed at age 11, as the median age of the onset of breast
development is 10yo 17, and thus this was the first time point of measurement with
variability. All concurrent predictors (BMI, body fat percentage, restraint, disinhibition,
weight concerns, dieting risk, self-esteem, depression, binge eating, dieting frequency) and
concurrent dietary intake variables (self-reported, lunch, EAH) were assessed at age 15.
Cronbach’s alpha was used to assess internal consistency for all subscales with more than 2
items.
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Weight control behaviors for LCA (age 15)

Dieting behavior was examined at age 15 as specific weight control behaviors, assessed by
responses to the question, “Have you ever done any of the follow things to lose weight or to
keep from gaining weight?” In the current study, 20 weight control behaviors from the
comprehensive list developed by French et al. ® were selected as potential items to be used
in the LCA. Behaviors were coded as healthy or unhealthy using French’s classification of
the behaviors . In order to reduce sparseness in the observed data contingency table, which
is particularly important with a sample of this small size, similar items (e.g. eliminate
snacking and eliminate sweets and junk) were combined if their correlation was high
(~0.70). Thus, the following items were combined into superordinate factors: i) eliminating
snacking, sweets, and junk food; ii) reducing the amount of food consumed and calories
eaten. Due to the low prevalence (14%) of using at least one unhealthy behavior in the
current sample, the unhealthy behaviors (use of laxatives/enemas, diuretics, diet pills, or
appetite suppressants, smoking cigarettes, or vomiting) were also combined into a
superordinate factor. Response options for each behavior were: never, rarely, sometimes,
often, and always. Dichotomous indicators of each weight control behavior were created for
use in LCA models for this study: coded two (yes) if they engaged in healthy behaviors
“sometimes” or more often and in unhealthy behaviors “rarely” or more often. To compare
responses between use of weight control behaviors and reports of dieting, girls were also
asked, “Have you ever dieted?”

Anthropometric measurement predictors

Height and weight were measured in triplicate when girls were 5yo and 15yo and were used
to compute BMI scores at each time point. BMI percentiles were calculated using the 2000
CDC Growth Charts; overweight was defined as a BMI > 85! percentile on the basis of a
standardized reference criteria 18. Pubertal status via breast development was measured at
age 11 through visual inspection by a nurse who was trained by Dr. Herman-Giddens using
the published training manual 1°. Ratings were obtained for each breast on a scale of 1-5
(1=no development, 5= mature) using the Tanner rating system 29, and averaged together to
create a mean pubertal status score.

Psychological well-being predictors

Children’s perceived self-competence was measured at age 5 using The Pictorial Scale of
Perceived Competence and Social Acceptance for Young Children for 4-5 year olds 2L,
General competence is the mean of cognitive competence and physical competence. Self-
esteem was measured at age 15 using a 10-item scale developed by Rosenberg 22 and
modified by O’Brien 23 designed to measure global self-esteem. Depression was measured
at age 15 using the Center for Epidemiological Studies Depression Scale (CED-D)
developed by Radloff 24, It is a 20-item self-report questionnaire. Good internal consistency
was observed (a = 0.78) for all psychological well-being predictors.

Temperament predictor

Girls’ inhibitory control was assessed at age 7 by using the parent version of the Children's
Behavior Questionnaire’s Inhibitory Control subscale 25. Inhibitory control is defined as the
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ability to restrain a dominant response and instead perform a subdominant response. Good
internal consistency was observed for inhibitory control (a = 0.74).

Eating and weight-related characteristics

Children’s body satisfaction at age 5 was measured using an amended Body Satisfaction
Scale 26, The Body Satisfaction Scale originally consisted of a list of 16 body parts, half
involving the head and the other half involving the body. The amended version contains an
additional 10 items concerning various body parts and reduced the response set to: “too
little,” “too big,” “just right.” Fear of fat in children was assessed at age 9 using the personal
fear of fat scale (5 items) on the Fear of Becoming Fat 27. Dietary restraint and disinhibition
were measured at age 15 using the original Dutch Eating Behavior Questionnaire

(DEBQ) 28, For this study, overall total disinhibition, defined as the sum of external and
emotional disinhibition, was used as the measure of disinhibition. Weight concerns at age 15
were measured using the Weight Concerns scale 2. Dieting risk at age 15 was assessed
using the dieting subscale on the Eating Attitudes Test (EAT-26), the summarized version of
the EAT-40 30. A higher dieting risk score indicates increased dieting behaviors and
practices, concern about weight, and food avoidance. Binge eating at age 15 was assessed
using the Binge Eating Scale 31, designed to assess the behavioral aspects of binge eating
episodes as well as the feelings and thoughts associated with this behavior. Good internal
consistency was observed for all eating and weight-related characteristics (all a = 0.74).
Dieting frequency was assessed at age 15 by a one-item measure, “During the past year, how
often did you diet (by diet, we mean changing the way you eat to control your weight)?”
Response options were: never, less than once a month, 1 to 3 a month, 2 to 6 times per week,
and every day.

Dietary intake

All dietary intake data was collected when girls were 15yo. Girls’ self-reported intakes were
measured using three 3 24-hr recalls, 2 weekdays and 1 weekend day, randomly selected
over a 2-wk period. Interviews were conducted by trained staff using computer-assisted
Nutrition Data System for research (NDS-R, Nutrition Coordinating Center, University of
Minnesota, Minneapolis, MN). Nutrient data were averaged across three days to obtain an
estimate of energy and nutrient intakes and are based on food only. Physiologically plausible
reports of energy intake were determined by comparing reported energy intake with
predicted energy requirements using procedures outlined by Huang et al. 32. A detailed
description of this procedure is described elsewhere 32, Briefly, sex- and age-specific
standard deviation (SD) cutoffs were created for reported energy intake as a percent of
predicted energy requirement 33, A girl was considered a plausible reporter if reported
energy intake as a percent of predicted energy requirements was within the £1 SD cutoff (at
15ys). Those with values exceeding the upper bounds were categorized as “over-reporters,”
and those with values below the lower cutoff value were categorized as “under-reporters.”

Weighed intake was measured in the laboratory for both a standardized lunch and the Eating
in the Absence of Hunger (EAH) protocol. For lunch, each girl was given a 12 inch (580
kcal) Subway sandwich (choice of turkey, ham, or cheese), a Subway mustard packet, a
Subway mayonnaise packet (35 kcal), a 12 oz. can of Minute Maid Lemonade (150 kcal), a
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Rice Krispies Treat (90 kcal), and 1.5 oz. (160 kcal) bag of Synder’s of Hanover pretzels,
for a total of 1,015 kcal. The EAH protocol was developed to measure children’s snack food
consumption in the presence of palatable foods while in the absence of hunger 34,
Approximately 70 min after lunch, each girl was given a preload of a Dannon Frusion
yogurt smoothie (260 kcal). Approximately 20 min following the preload, girls were
presented with generous portions of 5 snack foods: 75g (375 kcal) of Frito Lay Nacho
Cheese Doritos, 849 (480 kcal) of Pringles potato chips, 1129 (520 kcal) of Nabisco Nutter
Butter Sandwich Cookies, 96g (495 kcal) of Keebler Fudge Shoppe Stripe Cookies, and 659
(365 kcal) of Hershey’s Milk Chocolate Nuggets, and were asked to rate their preference
and liking of each food. Each girl was offered a total of 2,235 kcal.

Statistical analyses

All data analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).
Descriptive statistics were computed for all predictor and all dietary variables. Chi-square
was used to examine differences in weight status and plausibility of reporting by weight
control group. Statistical significance was defined as p < 0.05.

Latent class analysis (LCA) is a person-centered measurement method used to identify an
underlying latent grouping variable that is not observed but can be inferred from a set of
measured indicators, individual weight control behaviors assessed at age 15 in this case. A
detailed description of this procedure is described elsewhere 35. Parameters estimated in
LCA include class membership probabilities, defined as the proportion of a population
expected to belong to each latent class and sum to one, and item-response probabilities,
defined as the probability of endorsing each item given class membership 3°. Probabilities of
items close to one indicate that the item is characteristic of membership in that latent class
and that those in that latent class are likely to have tried it as a weight control behavior.
Probabilities of items close to zero indicate that individuals in that latent class are not likely
to have tried the behavior. In order to reduce sparseness in the observed data contingency
table, which is particularly important with a sample of this small size, similar items (e.g.
eliminate snacking and eliminate sweets and junk) were combined if their correlation was
high (~0.70). Thus, the following items were combined into superordinate factors: i)
eliminating snacking, sweets, and junk food; ii) reducing the amount of food consumed and
calories eaten. Due to the low prevalence (14%) of using at least one unhealthy behavior in
the current sample, the unhealthy behaviors (use of laxatives/enemas, diuretics, diet pills, or
appetite suppressants, smoking cigarettes, or vomiting) were combined into a superordinate
factor. Items that did not discriminate among groups (e.g. eat a low carbohydrate diet, join
diet centers, join weight loss groups) were not included in the final models. Thus, from the
original set of 20 weight control behaviors, a final set of 9 weight control behaviors was
selected for use in the latent class models.

The final latent class model was identified by comparing latent class models with one to five
latent classes to select the model with the optimal fit and best model interpretation using
criterion specified by Lanza et al, which are the Akaike’s Information Criterion (AIC),
Bayesian Information Criterion (BIC), entropy, and the G2 fit statistic. 3° After the best
model was identified, the next step was to explore differences between the weight control
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groups on a number of individual concurrent (e.g. BMI at 15ys) and antecedent (e.g. BMI at
5ys) characteristics. This was first done directly in the LCA model to help maximize power.
Each variable was included separately, one at a time, in the latent class model to examine
the estimation of odds ratios that describe the increase in odds of membership in a particular
latent class relative to a reference class corresponding to a one-unit change in the variable.
In order to aid with the interpretability of the data, differences among weight control
behavior groups on individual variables were also tested using ANOVA with Tukey’s
honestly significant difference post hoc tests. In order to examine this outside the LCA
model, each girl was assigned to the latent weight control group corresponding to her
maximum posterior probability of membership using the classify-analyze approach
described by Bray et al. 36. Self-reported intake and lunch intake data were adjusted for
girls’ estimated energy requirement (EER) to account for differences in energy needs based
on height and weight.

Identification of the latent class model

The fit statistics for one to five class models are shown in Table 1. The BIC indicated that
the two class solution was the best-fitting model; however, the AIC indicated that the four-
class solution was the best-fitting model. Next, we evaluated the entropy of the two to four
class models. Both the two and four class models yielded entropies exceeding the
recommended .85, however, the three class model did not and thus was no longer
considered. Lastly, we evaluated the interpretability of the two and four class models. The
two-class solution collapsed all of the dieters into one group, whereas the four class model
separated the dieters into three dieting classes that upon investigation were meaningful,
qualitatively distinct groups. In addition, the four class model yielded average posterior
probabilities of 0.98, 0.88, 0.93, and 0.91, all together indicating that the four-class model
provided a good fit to the data.

Four class model of weight control behaviors

As shown in Table 2, twenty-six percent of the sample was predicted to belong in latent
class 1. This group was named the “Non-dieters” group as it is characterized by a low
probability of endorsing all of the 9 weight control behaviors. Three “dieting” weight
control groups were identified, and varied in the number and type of weight control
behaviors they endorsed. Sixteen percent of the sample was predicted to belong to latent
class 2, and is named the “Lifestyle” group since it is characterized by a high probability of
reporting increasing exercise and eating more fruits and vegetables for weight control, both
health-promoting lifestyle changes. Forty-three percent of the sample was predicted to
belong to latent class 3, named the “Dieters” group since it is characterized by a high
probability of reporting increasing exercise, increasing fruits and vegetables, eating less fat,
eliminate snacks, sweets, and junk, reducing calories and amount of food, and eating low
calorie food, behaviors that are all consistent with dieting. Fifteen percent of the sample was
predicted to belong to latent class 4. This group is named the “Extreme Dieters” group, and
is characterized by a high probability of having used all 9 weight control strategies,
including over 50% of the class expected to report using at least one unhealthy weight
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control behavior. Of the girls in the Extreme Dieters group, 12 girls (48%) did not report
using any unhealthy weight control behaviors, 7 girls (28%) reported using 1 unhealthy
weight control behavior, 4 girls (16%) reported using 2 unhealthy weight control behaviors,
and 2 girls (8%) reported using 4 unhealthy weight control behaviors. Figure 1 depicts the
item-response probabilities for each of the weight control groups.

For comparison, 21% of the Non-dieters responded “yes” to having ever dieted. Of the
Lifestyle group, 65% responded “yes” to having ever dieted. Of the Dieters, 86% responded
“yes” to having ever dieted. Of the Extreme Dieters, 95% responded “yes” to having ever
dieted.

Antecedent characteristics predicting latent class membership

As shown in Table 3, BMI at 5ys, fear of fat at 9ys and pubertal development at 11ys were
all significant predictors of weight control behavior group membership at age 15, and
inhibitory control at 7ys was a marginally significant predictor of group membership at age
15. To provide additional information to help with interpretation of the weight control
groups, mean values for the antecedent predictor variables are shown by weight control
group in Table 4.

Girls in the Extreme Dieters group had higher BMI percentiles at 5ys and lower levels of
inhibitory control at 7ys than girls in the other three groups, and had higher fear of fat at 9ys
than girls in the Lifestyle or Non-dieters groups. With every one-point decrease in inhibitory
control, girls were twice as likely to be in the Extreme Dieters group than to be in the Non-
dieters group, and girls in the Extreme Dieters group had significantly lower inhibitory
control at 7ys than girls in the other three groups. Similarly, with every one-point increase in
BMI at 5ys, girls were 1.5 times more likely to be in the Extreme Dieters group than to be in
the Non-dieters group, and girls in the Extreme Dieters group had significantly higher BMIs
at 5ys than girls in the other three groups. The proportion of girls classified as normal weight
vs. overweight at 5yo differed by group membership (p < .05). At 5ys, 12% of Non-dieters
were overweight or obese, 8 % of the girls in the Lifestyle group were overweight or obese,
20 % of Dieters were overweight or obese, and 38 % of Extreme Dieters were overweight or
obese.

Concurrent characteristics predicting latent class membership

As shown in Table 5, all concurrent covariates, measured at 15ys, were significant
predictors of weight control group membership. Percent body fat, restraint, weight concerns,
self-esteem, depression, binge eating, and dieting frequency independently predicted
membership in all three dieting groups (Lifestyle, Dieters, Extreme Dieters) relative to the
Non-dieters group. Using percent body fat as an example, with every one-point unit increase
in percent body fat, girls were 1.09 times more likely to be in the Lifestyle group, 1.12 times
more likely to be in the Dieters group, and 1.24 times more likely to be in the Extreme
Dieters group than to be in the Non-dieters.

To provide additional information to aid in interpretation of the weight control groups, mean
values for the concurrent predictor variables are shown by weight control group in Table 5.
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Levels of restraint, weight concerns, and self-reported dieting frequency increased on an
ordinal scale across groups, from Non-dieters to Extreme Dieters. As shown in Table 6,
girls in the Extreme Dieters group had significantly higher values for all of the measured
covariates (with the exception of self-esteem, which was significantly lower) than girls in
the other 3 groups; girls in the Dieters group had higher values than girls in Lifestyle or
Non-dieters on disinhibition, depression, dieting risk, and had lower self-esteem.

The proportion of girls classified as normal weight vs. overweight/obese at age 15 differed
by group membership (p <.001); 17% of Non-dieters were overweight/obese, 8 % of the
girls in the Lifestyle group were overweight/obese, 16 % of Dieters were overweight/obese,
and 56 % of Extreme Dieters were overweight/obese.

Concurrent weight control group differences in dietary intake

Mean self-reported intake is shown by weight control group in Figure 2a. Self-reported
intake based on 3 24hr recalls differed by weight control group (p < 0.0001). Girls in the
Extreme group reported that they consumed significantly fewer calories than girls in the
other weight control groups (p < .05); these girls reported an average of 1263+405 calories
per day, compared to 1668+395, 1789+325, and 15531401 calories by girls in the Non-
dieters, Lifestyle, and Dieters groups, respectively. The plausibility of reporting of self-
reported intake also differed by group membership (p <.05). In the Non-dieters group, 60%
were identified as under-reporters, 38% as plausible reporters, and 2% as over-reporters. In
the Lifestyle group, 58% were identified as under-reporters, 38% as plausible reporters, and
4% as over-reporters. In the Dieters group, 75% were identified as under-reporters, 22% as
plausible reporters, and 3% as over-reporters. In the Extreme Dieters group, 96% were
identified as under-reporters and 4% as plausible reporters.

In contrast, as shown in Figure 2b, the weighed intake data obtained at the standardized
lunch consumed in the laboratory revealed a very different pattern of findings. Overall, the
groups differed in their lunch intake (p < 0.01); girls in the Non-dieters, Lifestyle, Dieters,
and Extreme Dieters groups consumed 603+£186, 661+148, 606+140, and 721+171 calories,
respectively. Girls in the Extreme Dieters group consumed significantly more calories than
girls in the Non-dieters and Dieters groups (p < .05). A similar pattern emerged in the EAH
protocol (p < 0.05); girls in the Non-dieters, Lifestyle, Dieters, and Extreme Dieters groups
consumed 247+86, 269+86, 291+109, and 335164 calories, respectively. Girls in the
Extreme Dieters group consumed more calories in EAH than girls in Non-dieters or
Lifestyle groups (p <0.05), and marginally significantly more than girls in the Dieters (p <.
10). When total weighed intake in the laboratory was examined as a combination of lunch
and EAH, girls in the Extreme Dieters group consumed significantly more (1049 + 306)
calories than girls in the other three groups (850 + 230, 909 + 179 and 908 + 211 for girls in
the Non-dieters, Lifestyle, and Dieters, respectively).

DISCUSSION

These findings underscore the view that dieting is not a singular behavior; but is an umbrella
term for a wide range of both healthy and unhealthy weight control behaviors. The results
revealed four groups using distinct patterns of weight control behaviors in the current
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sample of adolescent girls: Non-dieters, and three groups of self-reported dieters, Lifestyle,
Dieters, and Extreme Dieters. The dieting groups increased in the number and severity of
reported weight control behaviors from Lifestyle to Extreme Dieters. These groups were
also qualitatively different on a number of psychosocial and weight characteristics, with
levels of dietary restraint, weight concerns, and self-reported dieting frequency increasing
across groups, from non-dieters to Extreme Dieters. Results from the current study expand
on the literature using LCA to identify patterns of weight control behaviors in women 13.14
to a sample of adolescent females. These findings are similar to those obtained with the
women, with appropriate differences noted due to the discrepancy in developmental stage,
such as the absence of use of decreased alcohol as a weight control behavior. Risk factors
for membership in the Extreme Dieters group were noted as early as 5ys; with every one-
point decrease in inhibitory control, girls were twice as likely to be in the Extreme Dieters
group than to be in the Non-dieters group, and with every one-point increase in BMI, girls
were 1.5 times more likely to be in the Extreme Dieters group than to be in the Non-dieters
group. Girls in the Extreme Dieters group were more likely to be under-reporters, and had
lowest self-reported intake, but ate significantly more in the laboratory.

Predictors of dieting group membership were apparent as early as age 5. This is consistent
with previous work indicating that early overweight status is a risk factor for later weight
concerns and eating pathology. It was shown in prior work in this sample that the girls who
were overweight at 5ys had higher levels of disinhibited eating, dietary restraint, weight
concern, body dissatisfaction 1°, and dieting at 9ys /, which puts them at risk for continued
overweight and dieting attempts, as seen in the current study. The current findings add to the
literature that weight status at 5ys also predicts an increased frequency of self-reported
dieting and use of unhealthy weight control behaviors at 15ys. Thus early weight
management may help prevent later weight gain, which may help decrease early attempts at
dieting and later use of unhealthy weight control behaviors. While inhibitory control
increases from middle childhood to adolescence 37, rank-order differences in inhibitory
control are relatively stable over time 38, Inhibitory control is an important factor in dieting
success 39 and in early weight gain 40. Thus, it is possible that initial attempts to control
weight might not be successful for girls with low inhibitory control and thus they turn to the
more unhealthy weight control behaviors in their later attempts. While the results from the
current study indicate this as a possibility, future work is needed to confirm this finding.
Given that risk factors for later membership in the Extreme Dieters group were present as
early as 5yo, these findings suggest that there is a need to start prevention interventions in
the areas of self-regulation and weight management early, in childhood, to prevent the later
use of unhealthy weight control behaviors.

All of the concurrent descriptive variables were significant predictors of group membership,
with self-reported dieting frequency, restraint, and weight concerns increasing on an ordinal
scale across groups, from non-dieters to Extreme Dieters. The relationship between weight
concerns and group membership is consistent with past findings that weight concerns are
one of the strongest correlates of dieting and weight control practices among adolescents and
adults 2941, The current study adds that greater weight concerns are related to the use of an
increased number of and more unhealthy weight control behaviors. The increase in percent
overweight and body fat at age 15 across the groups is consistent with previous research that
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adolescents who are overweight and obese are more likely to diet ® and use unhealthy weight
control behaviors 41, Girls in the Extreme Dieters group have the lowest inhibitory control
and greatest disinhibition, which may make it harder for these girls to sustain both healthy
and unhealthy weight control behaviors, and may lead to loss of control and subsequent
weight gain 42. Taken together, this suggests that for those who would likely benefit from
weight reduction or maintenance, physicians and other health professionals should
emphasize the importance of using health-promoting weight control behaviors (e.g.
increasing physical activity and fruit and vegetable consumption and decreasing
consumption of high energy-dense food) as part of a lifestyle change without emphasizing it
as dieting. It is necessary that health care providers not only provide adolescents with the
knowledge of why this is important, but also with the skills and support to help successfully
implement these behaviors.

Psychological well-being, examined in the current study as both decreased self-esteem and
increased depression, decreased on an ordinal scale across the three dieting groups, from
Lifestyle to Extreme Dieters. This is consistent with previous findings that both self-
esteem 43 and depression 8 are associated with dieting, disordered eating and the use of
unhealthy weight control behaviors 44 in children and adolescents, and suggests that
successful weight control interventions might include treatment for depression and
components aimed at increasing self-esteem, which may help mitigate the use of unhealthy
weight control behaviors. Dieting and disordered eating persist and increase 4° into young
adulthood, suggesting that the girls in the study who are using unhealthy weight control
behaviors at age 15 will continue to do so. This is a problem because the use of unhealthy
weight control behaviors increases the risk for disordered eating and clinical eating
disorders 3, could inhibit proper growth and development 4, and many of the unhealthy
weight control behaviors, such as smoking, increase health risks in other domains 47.

Examining associations between dieting and measures of food intake such as self-reported
intake and the EAH protocol provides an opportunity to look at possible consequences of
dieting on food intake. In the current study, weight control group differences for self-
reported intake and weighed intake measures show strikingly different patterns. Previous
associations between reported dieting and nutrient intake have been mixed, likely due to
differences in dietary assessment (e.g., food frequency questionnaires vs. dietary recall) and
inconsistent categorization (e.g., yes/no dieting vs. specific weight control behaviors) of
dieting and weight control behaviors!0-11, A comparison of self-reported intake from dietary
recalls across groups shows that girls in the Extreme Dieters group are, based on their self-
reports, consuming the fewest calories, which is consistent with their greatest frequency of
dieting attempts. However, weighed intake in the laboratory indicates that girls in the
Extreme Dieters group are actually eating significantly more, even after adjusting for
potential differences in energy requirements. Taken together, this suggests that the group
differences in self-reported intake may reflect differences in the extent to which girls are
underreporting, which is reflected in differences of plausible reporters, and might not
accurately reflect differences in actual intake.

Extreme Dieters had the highest average BMI percentile, the greatest levels of restraint, and
most were classified as under-reporters. This is consistent with previous research, given that
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increased weight status is one of the strongest predictors of underreporting in children 16,
and research indicates that those high in restraint are more likely to underreport their

intake 48. Dietary restraint reflects a cognitive desire and intent to restrict intake 4. Thus,
particularly in those who are overweight and high in restraint, self-reported intake might
reflect intended, but not actual, intake. Girls in the Extreme Dieters group might have a
greater tendency to underreport their intake given their higher levels of restraint and
increased weight status, but have greater reactivity and actually consume the most calories
when presented with food, as shown in the current study. While the current findings need to
be replicated in another sample with both self-reported and weighed intake, these findings
support the recent expert report by the Energy Balance Measurement Working Group 50 that
self-reported intake can be inaccurate and does not necessarily portray actual patterns of
intake. Thus, results from studies relying on self-reported intake in dieters or those high in
dietary restraint and/or reactivity need to be interpreted with caution, as this data might
reflect intended intake and not actual intake. Future studies should include both self-reported
and weighed intake to gain insight into multiple aspects of eating behavior in this
population.

The current study is not without limitations. The current sample was homogenous — white
adolescent females from middle-class families, and thus the results may not generalize to
other populations. Additionally, much of the data, including the use of specific weight
control practices, is self-reported data, which might have resulted in reporting and social
desirability bias. However, this is a limitation of the field as a whole, and future research
should focus on developing tools that assess aspects of weight control behavior that do not
rely on self-report. Another limitation is that due to the exploratory nature of this paper,
weight control behavior was assessed at only one time point. Future work should assess
weight control behavior at repeated time points to capture the dynamic nature of weight
control behavior. While one limitation of LCA is that it can create artificial subtypes in a
data set, this study used LCA in an exploratory manner to tease apart and describe multiple
naturalistic patterns of health-promoting weight control behaviors.

In conclusion, findings from the current study advance our understanding of what weight
control behaviors adolescent girls use when they diet. The current study found that there
were three patterns of self-reported dieting in 15yo girls, increasing in the number of
reported weight control behaviors used and distinct in antecedent and concurrent descriptive
characteristics, the majority of which increased pursuant to the dieting groups. Early weight
status and inhibitory control were identified as early risk factors for membership in the
Extreme Dieters group at age 15. Analysis of the dietary data supports the theory that under-
reporting in those high in restraint reflects intended restriction, not actual restricted

intake 4°. These findings underscore the view that adolescent dieting is an umbrella term
representing a wide range of both healthy and unhealthy weight control behaviors. Thus, it is
necessary to not just assess dieting, as there are significant discrepancies around this term,
but also any weight control behaviors used. Given that dieting is implicated as a causal
factor for a number of disorders (e.g. obesity, eating disorders 2:3), in order to identify
etiological factors it is necessary to distinguish between patterns of weight control
behaviors. Future work should focus on using this information to help target interventions
for girls who have early risk factors for membership in the Extreme Dieters group to help
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reduce the later use of unhealthy weight control behaviors. Given the observed relationship
between the use of unhealthy weight control behaviors and aspects of health (e.g. lower
psychological well-being), health professionals should start screening for the use of
unhealthy weight control behaviors. Including this as a regular screening in well-child visits
could help identify girls who might be at an elevated risk of developing a later eating
disorder.
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Probability of reporting each weight-control behavior, conditional on membership in weight

control group (N=166)
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ab

® Non-dieters
Lifestyle
m Dieters

u Extreme Dieters

Self-Reported Intake: Dietary Recall

= Non-dieters
Lifestyle
m Dieters

B Extreme Dieters

Weighed Intake: Lunch Weighed Intake: EAH

Self-reported and weighed dietary intakes are shown by weight control group. Self-reported
intake (A) based on 3 24h multiple-pass dietary recalls. Percent underreporting differed by
group (61% for Non-dieters, 58% for Lifestyle, 75% for Dieters, and 96% for Extreme
Dieters). Weighed intake (B) was measured at lunch and the Eating in Absence of Hunger
(EAH) paradigm. 1,015 kcal were offered at the lunch, and 2,235 kcal were offered during
EAH. Data are shown as means plus standard error. Means sharing the same superscript are
not significantly different from each other (P<0.05).
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Table 1

Fit statistics for latent class models with one to five classes

1 class 660 688 1.00 642 502
2classes 245 304 0.93 207 492
3 classes 219 309 0.83 161 482
4 classes 204 325 0.86 126 472
5classes 212 365 0.82 114 462

lAIC = Akaike’s Information Criterion

2

BIC = Bayesian Information Criterion
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Probability of girls reporting using each weight-control behavior given latent class membership

Table 2

Latent class

Non-dieters  Lifestyle Dieters Extreme Dieters
(26%) (16%) (43%) (15%)

Weight control behavior

Increase exercise (72%)l 0.26 0.69 0.98 0.84
Eat more fruits and vegetables (67%) 0.03 0.94 0.85 1.00
Eat less fat (60%) 0.02 0.34 0.90 1.00
Eliminate snacking, sweets, and junk (63%) 0.01 0.47 0.93 0.99
Reduce calories and amount of food (57%) 0.09 0.15 0.87 0.97
Eat low calorie food (42%) 0.02 0.11 0.62 0.83
Eat less meat (19%) 0.05 0.00 0.08 0.90
Skip meals (42%) 0.12 0.03 0.54 0.94
Unhealthy behavior (14%) 0.02 0.00 0.11 0.54

Unhealthy behavior refers to use of laxatives/enemas, diuretics, diet pills, or appetite suppressants, smoking cigarettes, or vomiting

1 . . .
Percent of total sample reporting use of each weight control behavior
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Table 3

Odds ratios for individual effects of antecedent predictors of membership in the 3 dieting groups relative to the
Non-dieters group

P value Lifestyle Dieters Extreme Dieters
(16%) (43%) (15%)

BMI (5y5) 1.05 112 151

(0.81,1.36) (0.92,137) (120, 1.90)
Self-competence (5y5)" " (0.591',8 19.47) (0.713',0363) (0.4%,711.12)
Body satisfaction (5ys)° N (0,3%5',22.23) (0.3%,8301) (0.1(;.,4 17.30)
Inhibitory control (7ys)° (0.617',221.21) (0.7%..119.86) (0.301',5 3.91)
Fear of fat 9ys)"* (o.e%i,s Z.os) (1.7%,6?.52) (2.161,'?%.35)
Pubertal status (11ys)° ** (0.812',8 31.98) (0.9%,15.85) (1.4?9’3',2?13)

Non-dieters group was used as reference class. Predictors entered in separate logit models. Reference latent class has odds of ratio 1.0. Increase in
log-odds of membership in latent class relative to membership in reference class corresponding to one-unit change in predictor.

****P <.0001
*
P <0.10,

*

*
P <0.05,
*kk
P<0.01,
1 . Lo . . .
Meausred using The Pictorial Scale of Perceived Competence and Social Acceptance for Young Children
2 . . .
Measured using an amended Body Satisfaction Scale
3 .
Measured using mothers’ reports on CBQ

4 .
Measured using Fear of Fat Scale

5 . .
Measured using tanner staging of breast development
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Table 4

Descriptive characteristics for antecedent covariates for the weight control behavior groups

Latent Class

Non-dieters Lifestyle Dieters Extreme Dieters
(26%0) (16%) (43%) (15%)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

b
BMipercentile (sys)> 552 (243" 564 (221)" 585(204) 743 (226)

Self-competence (5ys)2 70007  6.9(1L0)®  7.1(0.7)2 6.7 (1.3)°
Body satisfaction (5ys)° 27 (0-5)° 27(03)*  26(057 25(0.4)
Inhibitory control (7ys)” 30 (09" 52(06)  51(0.7)* 46(08)°
Fear of fat (9ys)° 13(05°%  14(05°F  18(07) 2.0 (1.0
pubertal status (11ys) L9 @87 2308 23(08P 2.6 (0.8)0

Means sharing the same superscript are not significantly different from each other (P<0.05).

1While BMI was included as a covariate, data are shown here as BMI percentiles to aid in interpretation.

2Meausred using The Pictorial Scale of Perceived Competence and Social Acceptance for Young Children; range 1(low) to 8(high)
3Measured using an amended Body Satisfaction Scale; range 1(low) to 3(high)

4Measured using mothers’ reports on CBQ; range 1(low) to 7 (high)

5Measured using Fear of Fat Scale; range 1(low) to 4(high)

6Measured using tanner staging of breast development at 11y; range 1(low) to 5(high)
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Table 5

Odds ratios for individual effects of concurrent (age 15) predictors on membership in the 3 dieting groups
relative to the Non-dieters group

P value Lifestyle Dieters Extreme Dieters

(16%) (43%) (15%)
BMI  *xxx 0.97 1.09 127
(86,1.10) (101, 1.18) (114, 1.39)
Body fat %" (1.011',0 19.17) (1.0%5',112.19) (114, 1%324‘;
Restain®® (1.4?,'5133.95) (9.3297.7282.88) (35.41, 41726?2887)
Disinhibition® (0.3%',617.50) (1.327',4 izﬁ) (2.35, 8‘.‘9573
Weight concerns® (1.896,'3271.44) (6.825?55’.88) (34.61, 7115162%
Dieting risk” (0.612',0 f.?g) (1.117',65.40) (184, 42.6763)
Self-esteem® (0.7%',8 3.01) (0.7%.,73.88) (059, o(.)%
Depression’ (1.011',0 18.16) (1.0%5',113.20) (.13, 1%320%
Binge eating” (0.917',0 5.21) (1.0%',1529) (1.23, 1%531(;
Dieting frequency” (1.4;2%.26) (2.688,227.72) (.78, 4122.23)‘)1

Non-dieters as reference class. Reference latent class has odds of ratio 1.0. Predictors entered in separate logit models. *P < 0.10, **P < 0.05, ***P
<0.01,

o P <.0001

lBody fat percentage was measured using Dual-energy X-Ray absorptiometry (DXA).
2Measured using the restraint subscale from the DEBQ

3Measured using the disinhibition subscale from the DEBQ)

4Measured using the Weight Concerns Scale

5Measured using the Dieting subscale on the EAT

6Measured using the Rosenberg Self-Esteem Scale

7Measured using the CES-D

8Measured using the Binge Eating Scale

9Dieting frequency is self-reported, measured as the frequency of dieting during the past year.
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Table 6

Descriptive characteristics and concurrent (age 15) covariates for the weight control behavior groups

Latent Class

Non-dieters Lifestyle Dieters Extreme Dieters
(26%) (16%) (43%) (15%)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)
BMI percentile® 555 (28.2)8 52.1(21.9)% 63.1(22.4)° 81.2 (17.9)¢
Body fat 062 246 (6.02 26.9(5.0% 284 (5.0)P° 32.5(6.2)°
Restraints 1.3 (0.4)2 1.7 (0.5)° 2.6 (0.6)° 3.4 (0.7)d
Disinhibition™ 2.1(0.6)2 1.9(05°  25(0.6) 2.8 (0.7)°
Weight concerns® 0.4 (0.5)2 1.0 (0.4)° 15 (0.7)¢ 2.5 (0.7)¢
Dieting risk® 0.3 (0.8) 02(0.7)*  13(L8)P 6.1 (3.9)°
Self-esteem” 36.8(35)° 349(35)° 32.2(4.9)P 26.8 (6.0)
Depression® 6.5 (5.9)2 9.8(6.5°  14.1(8.1)° 22.2 (12.9)¢
Binge eatingg 4.4 (3.8) 6.3 (4.4) 8.3 (5.4)° 18.8 (8.9)¢
Dieting frequency10 1.1 (0.3) 1.6 (1.1)° 2.1 (L.1)° 2.6 (1.2)d

Means sharing the same superscript are not significantly different from each other (P<0.05).

1While BMI was included as a covariate, data are shown here as BMI percentiles to aid in interpretation.

2Body fat percentage was measured using Dual-energy X-Ray absorptiometry (DXA).

3Measured using the restraint subscale from the DEBQ; range 1(low) to 5(high)

4Measured using the disinhibition subscale from the DEBQ; range 1(low) to 5(high)

5Measured using the Weight Concerns Scale; range 0(low) to 5(high)

6Measured using the Dieting subscale on the EAT; range 0(low) to 27(high)

7Measured using the Rosenberg Self-Esteem Scale; range 10(low) to 40 (high)

8Measured using the CES-D; range 0 (low) to 60 (high)

9Measured using the Binge Eating Scale; range 0(low) to 46 (high)

10Dieting frequency is self-reported, measured as the frequency of dieting from never (1) to everyday (5) during the past year.
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