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Abstract

We used latent class analysis (LCA) to identify heterogeneous subgroups with respect to
behavioral obesity risk factors in a sample of 4th grade children (7= 997) residing in Southern
California. Multiple dimensions assessing physical activity, eating and sedentary behavior, and
weight perceptions were explored. A set of 11 latent class indicators were used in the analysis. The
final model yielded a five-class solution: “High-sedentary, high-fat/high-sugar (HF/HS) snacks,
not weight conscious,” “dieting without exercise, weight conscious,” “high-sedentary, HF/HS
snacks, weight conscious,” “active, healthy eating,” and “low healthy, snack food, inactive, not
weight conscious.” The results suggested distinct subtypes of children with respect to obesity-
related risk behaviors. Ethnicity, gender, and a socioeconomic status proxy variable significantly
predicted the above latent classes. Overweight or obese weight status was determined based on the
Centers for Disease Control and Prevention BMI (kg/m?)-for-age-and-sex percentile (overweight,
85th percentile <BMI <95th percentile; obese, 95th percentile <BMI). The identified latent
subgroup membership, in turn, was associated with the children’s weight categories. The results
suggest that intervention programs could be refined or targeted based on children’s characteristics
to promote effective pediatric obesity interventions.

INTRODUCTION

Nearly one in three children in the United States faces excess weight and related health
problems (1). Childhood obesity is related to health, psychological, and behavioral problems
(2). Furthermore, childhood obesity is the strongest predictor of adulthood obesity (2). In an
effort to combat childhood obesity, many intervention programs for children and adolescents
have been developed and implemented. These include pharmacological (3), dietary (4),
and/or physical activity interventions (5). A recent meta-analysis suggested that obesity
prevention programs that encourage combined lifestyle changes with targeted family
involvement tend to be most effective (6). However, overall effect sizes of these
interventions were generally small to moderate (6). Unfortunately, the long-term
effectiveness of intervention programs remains unclear (7). Dobbins et a/. (8) conducted a
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systematic review of 26 studies to evaluate the effectiveness of school-based physical
activity intervention programs. They concluded that such intervention had positive effects on
physical activity, television viewing, and blood cholesterol, but not on other health indicators
such as blood pressure, BMI, and pulse rate. Similarly, another meta-analysis showed that
school-based physical activity interventions did not improve BMI among children (9).

Typically school-based obesity prevention programs include all students in order to avoid
stigmatization (10). Here, students assigned to intervention condition groups receive the
same intervention material without regard to individual needs whereas children in the
comparison group condition receive schools’ standard health curriculum. Thus, intervention
condition children with no weight issues may receive the same intervention as those with
excessive weight. Consequently, individual differences in obesity-related behaviors (e.g.,
sedentary behaviors, food intake, and physical activity) are often not taken into account in
intervention research. These individual differences inherently exist in the population but may
not be explicitly observed. Nevertheless, these diverse characteristics might have a
significant impact on success of an intervention program as they could be crucially
associated with children’s risk of obesity. Identifying such heterogeneity would help
tailoring existing intervention programs according to personal levels of these behaviors and
also improve targeting of at-risk groups.

It has been well-documented that risks for excess weight are differentially distributed across
ethnic and socioeconomic groups. Hispanic and African-American children, in particular,
are more likely to be overweight, compared to their nonHispanic white counterparts (11,12).
Similarly, socioeconomically disadvantaged children are also at elevated risk of being
overweight (12). In addition, gender differences among elementary school-aged children
have been observed in overweight/obesity prevalence (13), moderate and vigorous physical
activity levels (14-16) and time spent watching television or playing video games (15).
Thus, examining the extent to which these demographic variables are associated with the
distinct subgroups is important.

A person-centered analytic approach is an innovative statistical method that allows for such
distinctions (17). In identifying distinct sub-populations, latent class analysis (LCA) uses
categorical and cross-sectional observed indicators to examine varying constellations of
response patterns. In contrast to the traditional, variable-centered approach, LCA yields
unobserved (latent) classes of people in an attempt to arrive at the smallest number of latent
classes (17). LCA is similar to cluster analysis because it categorizes people into separate
groups. However, LCA is based on measurement theory (i.e., true and error scores) and can
quantify the extent to which indicators are not perfectly related to class membership (i.e.,
measurement error) (18). The goal of LCA is to ascertain the most parsimonious and
interpretable set of classes. The resulting categorical latent variable (i.e., latent class
variable) represents the groups of homogeneous individuals within the class to which they
belong. These groups of individuals are heterogeneous across different classes. LCA models
estimate the probabilities of identified classes and probabilities of responses for each
indicator, conditional on class membership. Further, probabilities for each class are also
estimated for each individual (i.e., posterior probabilities) (17).
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Recently, LCA has been used to examine latent subgroups regarding weight loss strategies
used among women (18), parenting characteristics associated with children’s BMI (19), and
maternal pregnancy weight status associated with Attention Deficit Hyperactivity Disorder
symptoms in their offspring (20). These study results have demonstrated that LCA is an
effective and valid approach in categorizing individuals with similar characteristics.

The goal of the current study was to identify distinct subtypes of children with respect to
their eating, physical activity patterns, and weight perceptions. We hypothesized that (i)
distinctive classes of behavioral patterns would be identified, (ii) demographic covariates
(Hispanic/African-American ethnicity, socioeconomic status proxy, and gender) would
significantly predict the classes as identified, and (iii) the classes would be significantly
associated with children’s weight status, measured according to BMI. The third hypothesis
was tested for the purpose of checking the validity of the identified latent classes.

METHODS

Data

This study is part of a larger trial for prevention of childhood obesity, pathways to health
(Pathways). Pathways is a school-based, randomized trial for an obesity prevention program
to promote healthy eating and physical activity in a cohort of 4th grade students followed
through the 6th grade residing in Southern California. Detailed descriptions of the project
are available elsewhere (21,22). Pathways includes a total sample of 1,587 students, of
which 1,005 are tracked over time with full parental consents (hereafter referred to as “panel
sample”). The remaining sample (hereafter referred to as “anonymous sample”) consists of
students from the same class and/or schools tracked as a grade cohort over time (A = 582).
Height and weight of the anonymous sample were not measured because active parental
consents were not obtained. Because cross-sectional indicators are used in LCA, the sample
was restricted to those with data at baseline (before participants began the intervention
program). The study was approved by the University of Southern California Institutional
Review Board.

Sample and measures

For the present study, data from the panel were used (N = 1,005). Our sample consisted of
the 4th grade children measured at baseline (mean age = 9.26 years, s.d. = 0.48). Eight
participants failed to provide ethnicity and/or free lunch information. Thus, the final sample
size for this study was 997. Our sample included slightly more boys (51.86%) than girls. The
sample was ethnically diverse: 29.79% Hispanic, 2.81% African American, 28.08%
nonHispanic Whites, 8.12% Asian, 14.94% mixed/bi-racial, and 16.25% other.
Approximately 25% of the sample received free/reduced lunch.

The measures included 16 physical activity, eating behaviors and attitudes items selected
from a 153-item self-report survey. Height and weight anthropomorphic data were collected
using a standardized protocol. These measures were converted to BMI (kg/m?2). The mean
BMI at baseline was 19.12 (s.d. = 3.82). The Center for Disease Control (CDC)
categorization of BMI percentile-for-age-and-sex was used (underweight, BMI <5th
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percentile; healthy weight, 5th percentile <BMI <85th percentile; overweight, 85th
percentile <BMI <95th percentile; obese, BMI =95th percentile).

Latent class indicators

The latent class indicators were selected to represent theoretically/clinically relevant,
multiple dimensions of obesity risks. Binary latent class indicators were created to best
reflect existing recommendations and/or suggestions by the CDC or other experts (e.g., 15).
These observed variables, used as the latent class indicators, represented the following five
dimensions: (i) physical activity, (ii) sedentary behavior, (iii) unhealthy eating behavior, (iv)
healthy eating behavior, and (v) weight perception and related action. These items are shown
in Table 2.

Physical activity—Two individual items assessing children’s levels of physical activity
were used: (i) frequency and (ii) duration of hard physical activities (i.e., activities that cause
hard breathing and perspiration) were combined to identify children meeting the criteria for
daily hard activities lasting >30 min (23). In addition, one item assessing team sport
participation was used. The children who reported participating in one or more team sports
were distinguished from those who participated in none.

Two individual items assessing the levels of sedentary behaviors were combined. The
American Academy of Pediatrics recommends no >2 h of television viewing and/or
videogame playing (15,16). Thus, those who engaged in >2 h of screen time per day (i.e.,
watching television and/or playing video game) were coded as “high-sedentary”.

High-fat and/or high-sugar snacking—We define “high-fat and/or high-sugar (HF/HS)
snacking” as reported HF/HS snack consumption at least once per day and/or soda
consumption more than four to six times a week (24). Specific servings or portions were not
available in this data set. Instead, two items were combined to assess consumption of salty,
HF snacks (e.g., corn chips, French fries, crackers) at least once per day. Similarly,
additional two items were combined to assess daily consumption of HS snacks (e.g.,
doughnuts, candy, cookies) at least once per day. Drinking soda more than four to six times a
week (15.3%) was also considered HS snacking.

Healthy eating behavior—The CDC recommends daily four to five servings of vegetable
and fruits for an average, active 4th grade child (25). Neither portions nor daily frequency of
consumption were measured in the current data set. It has been previously found that daily
fruit and vegetable intakes assessed by brief frequency questionnaires (e.g., Brief Risk
Factor Surveillance System) yielded similar estimates of daily servings measured by more
extensive dietary assessments (26,27). In the present study, children were asked to indicate
how often per week they consumed (i) green salad, (ii) any other vegetable, and (iii) any
fruit. The first two items were combined to assess daily vegetable consumption. The third
item was used to measure daily fruit consumption. Therefore, children who reported daily
consumption of vegetables and who reported daily consumption of fruits were identified as
exhibiting healthy eating behavior.
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Weight perception and related behaviors—Three individual items were used to
measure the children’s weight perception and attitudes about eating and exercise (28); these
items were dichotomously coded. Specifically, children who thought they were overweight
were assigned a code of “1” whereas others who thought they were underweight or normal
weight were coded as “0”. Additionally, children who reported they were “trying to lose
weight” were coded as “1” vs. to stay the same or gain weight as “0”. Also, children who
indicated that they “exercised to lose weight” were coded as “1”.

Statistical analysis

RESULTS

LCA is an optimal strategy for identifying unobserved (latent) sub-populations represented
in a heterogeneous sample. The Mplus Version 5.0 software program (Mplus, Los Angeles,
CA) was used (29). To identify a finite number of latent classes (i.e., hypothesis 1), a series
of latent class models were conducted. Several model-fit indexes including Pearson 2,
likelihood ratio le Akaike information criterion and Bayesian information criterion were
evaluated. As the number of classes increased, Akaike information criterion and Bayesian
information criterion decreased, indicating improved model fit. Lo-Mendell-Rubin
likelihood ratio compares nvs. /71 class models (i.e., reject the null hypothesis that -1
class is better than /7 class model, £< 0.05) (30). The Lo-Mendell-Rubin likelihood ratio test
clearly favored the five-class model as better fitting model than the six-class model (Table
1). Content and distinctiveness of each class were also carefully considered to arrive at the
best fitting model. The major distinction between four-class and five-class models was that
the group characterized as high-sedentary behavior and HF/HS snack consumption in the
four-class model were further classified into “high-sedentary, HF/HS sugar snacks, weight
conscious” and “high-sedentary, HF/HS snacks, not weight conscious.”

To test hypothesis 2, demographic covariates (African American/Hispanic vs. others, gender,
reduced/free lunch) were used as predictors for class categories. Item-response probabilities
for each class are represented in Table 2 and Figure 1. Thereafter, hypothesis 3 was tested
descriptively by examining the association between latent classes and observed weight
status.

Five latent classes

The final solution yielded a five-class model. The response pattern characterized by high
probabilities of engaging in two or more screen hours per day, HF/HS snack food intake, and
notably high probability of “trying to lose weight” is identified as latent class 1 “high-
sedentary, HF/HS snacks, weight conscious.” As can be seen in Table 2, 15.9% of the
children were expected to belong to latent class 1. The response pattern characterized by low
probability of engaging in hard activities, high probabilities for negative weight perception
and exercise to lose weight was identified as latent class 2 “dieting without exercise, weight
conscious.” About 25% of the children were expected to belong to latent class 2. Similar to
latent class 1, response pattern identified as class 3 showed relatively high probabilities of
HF/HS snhack consumption and low healthy food. Despite similar HF/HS snhacks
consumption and inactivity patterns, the response pattern identified as class 3 (13.3%) was
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differentiated by low probabilities of being weight conscious, hence “high-sedentary, HF/HS
snacks, not weight conscious.” The children reporting high probability of being active and
showing high probabilities of daily fruits and vegetable consumption and low unhealthy food
intake were expected to belong to latent class 4 “active, healthy eating” (13.7%). Lastly, the
response pattern characterized by low probability of being active, low probability of healthy
or HF/HS snacks intake, moderately sedentary, low probability of weight consciousness was
identified as latent class 5 and labeled “low healthy and snack food, inactive, not weight
conscious.” latent class 5 was the most prevalent category (32.1%).

Covariates predicting latent class membership

Association

The majority of the children (32.1%) were most likely to be members of class 5, “low
healthy and snack food, inactive, not weight conscious.” Relative to this “normative” latent
category, Hispanic/African-American children were significantly more likely to be classified
as “high-sedentary, HF/HS snacks, weight conscious (class 1)” (odds ratio (OR) = 3.04, P<
0.001) or “High-sedentary, HF/HS shacks, not weight conscious (class 3)” (OR = 2.10, P=
0.012); they were marginally more likely to be classified as “dieting without exercise,
weight conscious (class 2)” (OR = 1.76, P= 0.053; Table 3). Similarly, those receiving free/
reduced lunch were more likely to be classified as class 1 (OR =2.07, £=10.024) or class 3
(OR =2.18, £=0.010). Further, relative to class 5, girls were significantly less likely than
boys to be categorized as class 3 (OR = 0.43, A= 0.032).

Relative to “active, healthy eating (class 4)”, Hispanic/African American children were
marginally more likely to be classified as class 1 (OR = 2.10, £ = 0.060). Girls were
significantly less likely than boys to belong to class 3 (OR = 0.34, A= 0.005). Relative to
class 4, those receiving free/reduced lunch were significantly more likely to be categorized
asclass 1 or class 3 (OR =3.79, P=0.002; OR = 4.00, A= 0.001, respectively).

of the latent classes with weight status

Based on the sex-and-age adjusted BMI cutoff percentile, 168 children (17.0%) were
overweight and 238 children (24.1%) were obese in our sample (n= 986). BMI for 19
children could not be calculated due to one or more points of missing data.

A significant association between latent classes and weight status was revealed (XZ =
279.852, P<0.001). It is important to determine whether the latent classes are associated
with actual weight status of children. For example, obesity intervention programs targeting
class 1 would be beneficial if and only if members of class 1 are actually overweight.

In fact, weight status was disproportionately distributed across the five latent classes.
Specifically, obesity (BMI =95th percentile) was much more frequently observed in class 1
and class 2. As expected, more than two thirds of children in class 1 (68.5%) were
overweight or obese. However, even more children in class 2 (72.0%) were overweight or
obese, despite reporting dieting to control weight (see Figure 2). Healthy weight (5th < BMI
<85th percentile) was equally prevalent in class 3 (79.5%) and class 5 (82.6%). Substantially
smaller proportions of children classified in classes 3, 4, and 5 were identified as overweight
or obese (17.4, 38.2, 14.2%, respectively).
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DISCUSSION

Five distinct subtypes of children were identified using multiple dimensions of obesity risks,
providing support for our first hypothesis. Furthermore, important demographic
characteristics significantly predicted these latent classes. The latent subtypes, in turn, were
significantly associated with the weight categories defined by BMI. Thus, children who
reported greater HF/HS snack food consumption, lower physical activity, and overweight
perception were in fact likely to be overweight or obese, with the exception of class 3 “high-
sedentary, HF/HS snacks, not weight conscious”. Initially, there were concerns about
considering children’s weight perceptions as they are susceptible to biases. To the contrary,
weight perceptions of our sample were found to be more accurate than expected. For
instance, a majority of the children expected to belong to class 1 or class 2 showed a range
of problematic BMIs. In contrast, the distribution of BMI of the children expected to belong
to class 3 did indeed contain a wide range of healthy weight.

Class 3, in particular, deserves further discussion. This class may represent a category of
obesity risk behavior/response patterns that have not yet resulted in excessive weight,
nonetheless, still place children at elevated risk of obesity in near future. In other words,
primary prevention might be most opportune and effective with children with such
behavioral/response patterns. It remains to be seen whether the children expected to belong
to this latent class would be most likely to benefit from the intervention focusing on healthy
eating and promoting physical activities. These results support the use of LCA. Thus, the
person-centered analytic approach has once again been shown to be an effective and valid
method to organize patterns of responses.

Our findings call for refinement of obesity intervention programs to account for
heterogeneous characteristics of the children. As shown in our study, such distinctions can
be achieved by a person-centered empirical approach such as LCA. In addition to universal
intervention, a more targeted approach may be necessary. Also, a sequential approach might
be an alternative in which children initially engage in a universal prevention program for
healthy eating and physical activity, followed by self-prescribed applications through
homework and extracurricular activities (31). For example, children in class 4 (“active,
healthy eating”) might be assigned homework to raise self-awareness about how they can
continue to maintain healthy eating and activity patterns if they are in situations where
opportunities for both are few. This sequential approach may have an advantage over
recruitment or assignment of children into client-specific interventions involving excessive
weight, which may inadvertently result in stigmatization among peers. Thus, the use of
tactful recruitment methods and appropriate study designs may be crucial to delivering
obesity prevention programs that are likely to engage the largest range of children possible.

Future research needs to further evaluate the usefulness of tailoring intervention objectives
based on response patterns as classified in this study, both in the short-term and over the
long-term. Several shifts in class membership could occur over time not associated with
intervention, which would indicate a need for a change in intervention strategy. For example,
children in the “active, healthy eating” class in fourth grade might decrease their physical
activity once they reach puberty; the decreasing pattern might be particularly pronounced for
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girls (32). Intervention applications for this group might then be focused on how to maintain
the value or positive meaning of physical activity rather than finding continued opportunities
for activity (33).

In addition to informing intervention programs, the findings also have implications for
clinical practice, particularly for tailoring screening and health recommendation protocols in
pediatric and family practice. Results suggest, for example, that a recommendation for a
parent or child to be regularly conscious of the child’s weight may be contraindicated
(classes 1 and 2). Rather, a practitioner might recommend regular healthy eating in
moderation, in combination with exercise (classes 4 and 5). The results also suggest that an
emphasis on food restriction and weight monitoring, without adequate attention to physical
activity, may be insufficient, to reduce weight gain (class 2).

Limitations and strengths

The sample may be representative of children residing in Southern California. However, the
extent of generalizability of the findings is unknown. Moreover, results obtained by LCA
tend to be highly data-driven. Therefore, results of the current study will need to be
replicated with other independent samples with similar characteristics. The data relied on
children’s self-report for food intake and physical activity. Additional objective measures to
assess caloric intake and energy expenditure of these children were not part of this field-
based study. In addition, the institutional review board protocol for this study did not include
approval for assessment of Tanner stages (34) at this early age. Thus, we were unable to
determine whether the latent classes are robust when pubertal stage is taken into account.
Tanner stages will be assessed at following data collection waves as Pathways cohort
become older.

Nonetheless, a population-based sampling strategy was employed in Pathways, targeting 28
schools in two large public school districts. Our sample represents normal age distributions
for BMI, eating, physical activity, and diverse ethnic groups. To our knowledge, this is one
of the first attempts in obesity research to estimate latent subtypes of eating behaviors and
physical activity in children. Evaluating the impact of an intervention program is
complicated because the extent to which participants differ in levels of individual risk factors
is unknown. Such variations are not manifest but can have significant impact on success of a
program. Incorporating these distinct subtypes of pediatric obesity-related factors may
improve the design and implementation of the existing obesity intervention programs.
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Figurel.
Probability of responding “yes” to obesity risk items conditional on class membership (7=

997).
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