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This study investigated current obesity prevalence and associations between
musculoskeletal fithess test scores and the odds of being underweight, overweight, or
obese compared to having a healthy weight in elementary school children in Corpus
Christi, Texas. The sample analyzed consisted of 492 public elementary school children
between kindergarten and fifth grade. Their ages ranged from 5 to 11 years. Trunk lift,
90° push-up, curl-up, and back saver sit and reach tests were administered. Weight
status was determined using BMI scores and the CDC growth charts. Obesity prevalence
remains high among elementary school-aged children in Corpus Christi, Texas. Higher
90° push-up test scores were most consistently associated with decreased odds of
being obese as compared to being overweight and having healthy weight except in
kindergarten. Conversely, higher trunk lift test scores were associated with increased
odds of being obese in second and fourth grades. When children achieved the minimum
score to be classified in the Healthy Fitness Zone, those with healthy weight had
similarly low musculoskeletal fitness (i.e., abdominal strength and endurance, hamstring
flexibility, and trunk extensor strength and flexibility) as peers with overweight and obesity,
especially in the lower grades. It was concluded that increased obesity prevalence in
higher grades may be precipitated (at least in part) by low musculoskeletal fitness in
the lower grades, especially kindergarten. Given previous associations in the literature,
low musculoskeletal fitness may be symptomatic of poor motor skill competence in
the current sample. These findings suggest a need for early and focused school-based
interventions that leverage both known and novel strategies to combat pediatric obesity
in Corpus Christi.

Keywords: obesity, musculoskeletal fitness, elementary school, healthy fitness zone, physical activity

INTRODUCTION

Overweight and obesity remains a national priority and a pervasive trend in South Texas. Claims
data from Blue Cross and Blue Shield of Texas show high incidence of diabetes with chronic
conditions, e.g., chronic kidney disease, in South Texas, including a 107% increase in diabetes
in 2016 (1). The incidence of childhood overweight and obesity among school-aged children in
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Corpus Christi exceeds national rates. Between 2010 and 2013,
37% of fifth graders in Texas had BMI scores associated with
adverse health outcomes (2). In 2013, 53.36% of elementary
school students assessed using FitnessGram® criteria in Corpus
Christi Independent School District were overweight and obese
(3). Data from the National Health and Nutrition Examination
Survey showed a 35% national prevalence for overweight and
obesity among children aged 6 to 11 years between 2007 and 2008
(4). Obesity prevalence was 19.6% between 2007 and 2008, and
17.7% between 2011 and 2012, among the same age group (4, 5).

Obesity is considered a chronic disease resulting from
excessive fat accumulation and body mass (6). Children who
are obese have increased difficulty controlling their balance
compared to their peers with healthy weight (7). This difficulty
is thought to discourage them from being physically active or
attempting to learn new movements (8). Postural instability is
adverse to movement performance (9), and maintaining postural
balance is fundamental to many dynamic activities of daily living
(7). Two to five year old children with overweight and obesity
are more than four times as likely to become overweight and
obese adults (10). Hispanic children, including 2-5 year olds,
are relatively more affected by overweight and obesity (11).
Hispanic-American children were found to be less active at
home and during recess at school than non-Hispanic White-
American peers (12-15). The case was previously made for
early adoption of integrative neuromuscular training, which
incorporates fundamental movement skills and activities like
plyometric and agility training aimed toward facilitating health-
and skill-related fitness (16).

In light of the astounding health- and cost-related impact
of obesity (2), Texas passed a senate bill (SB 530) requiring
annual health-related physical fitness assessments of public
school students in third through twelfth grades in 2007 (17).
To accomplish this, the Texas Education Agency adopted
FitnessGram® testing (17). FitnessGram® has recommended
standards to evaluate and interpret test scores as a reflection
of children’s positioning on a continuum for health-related
fitness (18). Classifications include Healthy Fitness Zone (HFZ),
Needs Improvement Zone (NI), and Needs Improvement-Health
Risk Zone (NIHRZ). Health-related physical fitness includes
musculoskeletal fitness components, namely muscular strength,
endurance, and flexibility (18). Upper body, posterior trunk, and
abdominal muscle strength and endurance are assessed using the
90° push-up, trunk lift, and curl-up tests, respectively (19). Trunk
lift also tests trunk extensor muscle flexibility (19). Hamstring
flexibility is assessed using the back saver sit and reach test
(19). BMI is recommended as a proxy for body composition,
especially where skinfold and bioelectrical impedance analyses
are less practical (e.g., in schools) (18).

When optimal, measures of health-related physical fitness
are thought to enhance and extend physical activity experience
(20). It has been suggested that motor skill competence mediates
engagement in physical activity (21) and is variably associated
with health-related physical fitness across childhood (i.e., in
children aged 4-13 years) (22). Chen et al. (23) concluded
that health-related physical fitness components, including trunk
lift, push-up, and curl-up tests were linked with students’

engagement in physical activity during physical education,
recess, and sports outside school. Following equivocal findings
on the relationship between pediatric obesity and motor skill
development, Castetbon and Andreyeva (8) explored gross motor
skills including, skipping a minimum of eight consecutive steps,
jumping from a standing start, and hopping unilaterally over five
consecutive repetitions. They found that only motor skills that
involved vertically displacing the center of mass, namely jumping
and hopping, were associated with obesity and standardized
BMI scores. Pereira et al. (24) investigated associations between
health-related physical fitness and factors, including gross motor
coordination, in school-aged Portuguese children. They found
that push-up and curl-up tests had the lowest pass rates, while
trunk lift test had the highest pass rate (24).

Although the foregoing musculoskeletal fitness measures have
been validated and are widely adopted (25), it is unclear whether
resulting scores invariably and consistently reflect the odds of
being in different weight categories across elementary school
age groups in Corpus Christi, Texas. Considering the lack of
epidemiological studies and pervasive pediatric obesity in Corpus
Christi, it is important to investigate whether elementary school
students’ performance on current health-related physical fitness
assessment criteria reflect the odds of being obese or overweight
compared to having healthy weight. Findings will provide a
cross-sectional reflection of current overweight and obesity
prevalence as well as engender vital discussions on the value of
the information from current health fitness zoning approach,
particularly with regards to health-related physical fitness.

The aims of the current study were to: (i) investigate whether
muscle strength, endurance, and flexibility (i.e., trunk lift, 90°
push-up, curl-up, and back saver sit reach test scores) are
significantly associated with the odds of being overweight or
obese compared to having a healthy weight in elementary school
children, (ii) explore relative percentages of children who achieve
HFZ classification as a function of weight status across each
elementary school grade, and (iii) provide a cross sectional
representation of current overweight and obesity prevalence in
elementary school-aged children in Corpus Christi, Texas.

MATERIALS AND METHODS

Sample

Data were collected from a cross section of 492 public elementary
school children in kindergarten, first, second, third, fourth, and
fifth grades. Their ages ranged from 5 to 11 years (Table 1A).
School demographics consisted of 84.3% Hispanic, 7% African
American, 6.7% White, 1.6% Asian, 0.2% American Indian, and
0.2% Two or More races. Ninety three percent of the student
population is listed as economically disadvantaged. Fifty nine sets
of data were excluded from analysis due to missing fields.

A missing field was defined as the absence/omission of an
entry for age, weight, height, and actual musculoskeletal fitness
test scores, i.e., trunk lift, push-up, curl-up, and back saver
sit and reach. Table 1A outlines the average age, height, and
weight of the data set from 433 students across six grades. Data
was collected under an ongoing agreement with the Corpus
Christi independent school district to assess the prevalence
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TABLE 1A | Descriptive and anthropometric data.

Grade Males Females Age (years) Height(m) Weight (kg)

Kindergarten 39 28 555+05 113+ 0.05 21.42+4.35
1st Grade 49 31 6.60 £0.58 1.19+0.05 24.41+5.95
2nd Grade 30 41 767 £062 1.25+0.07 28.16+7.65
3rd Grade 43 40 8.79+0.57 1.31+£0.18 3529+ 12.12
4th Grade 42 28 9.683+0.68 1.36 +£0.25 47.46 +25.87
5th Grade 38 30 10.95 + 0.71 1.42 £ 019 4491 +16.44

Distribution by sex, and mean and standard deviation for age, height, and weight across
kindergarten through fifth grade. Kinder is kindergarten.

TABLE 1B | Prevalence of each weight category in kindergarten through fifth

grade.

Grade Students Obesity Overweight Healthy Underweight
(%) (%) weight (%) (%)

Kindergarten 67 17.64 17.64 60.30 4.41

1st Grade 80 26.30 8.80 58.80 6.30

2nd Grade 71 18.92 20.27 43.24 4.05

3rd Grade 83 37.30 18.10 42.20 2.40

4th Grade 70 55.70 11.40 30.00 2.90

5th Grade 62 33.82 17.65 45.59 2.94

of movement-related deficits associated with overweight and
obesity among school-aged children. Texas A&M University—
Corpus Christi Institutional Review Board approved the study
protocol (IRB # 122-17). All subjects gave written informed
consent in accordance with the Declaration of Helsinki.

Procedures

Respective protocols and equipment for trunk lift, push-
up, curl-up, and the back saver sit and reach test were
implemented as previously described in the FitnessGram® test
administration manual (19). Height and weight were measured
using a stadiometer and digital scale combination (Tanita,
Tokyo, Japan). The same trained resident physical education
specialist administered the tests across all the grades. The physical
education specialist previously underwent ad hoc training and
had previously administered FitnessGram® testing for several
years in compliance with the Texas state mandate, Senate Bill 530,
which requires testing of school children. The aim of the mandate
is to track overweight and obesity and pre-disposition to chronic
diseases like type 2 diabetes.

Data Analysis

Participants with any missing data were excluded: one data
set was excluded in kindergarten, three were excluded in first
grade, 12 were excluded in second grade, three were excluded
in third grade, 16 were excluded in fourth grade, and 24 were
excluded in fifth grade. Height and weight data were converted
from inches and pounds to meters and kilograms, respectively.
BMI was computed as the quotient of weight (kg) and the

square of height (m). These scores were standardized as z-
scores and used to determine respective percentiles for age
and sex according to the Centers for Disease Control and
Prevention (CDC) growth charts (26). Based on these growth
charts (26), underweight, healthy weight, overweight, and obesity
were defined as BMI < 5th percentile, 5th < BMI < 85th
percentile, 85th < BMI < 95th percentiles, and BMI > 95th
percentile, respectively. Given the unequal distances between the
percentile-based classifications, the weight classes were treated
as categorical data such that underweight was coded as “0,
healthy weight was coded as “1,” overweight was coded as “2)
and obesity was coded as “3.” Although its prevalence is reported,
data for underweight participants were excluded from further
analysis. The occurrence of underweight in the sample was
very low, and its exploration falls outside the scope of current
research aims. Measures of musculoskeletal fitness, i.e., muscle
strength, endurance, and flexibility, were assessed by the resident
physical education specialist at a proxy elementary school in
an underserved predominantly Hispanic community in Corpus
Christi, Texas. Healthy fitness zoning (HFZ) was done for each
student using sex-specific standards specified by FitnessGram®.
Scores on trunk lift and the back saver sit and reach tests were
measured in inches, while push-up and curl-up were simply the
number or repetitions completed.

Statistical Analyses

Data normality was explored using the Shapiro-Wilk significance
value on Kolmogorov-Smirnov test of normality. All data were
explored for outliers using box plots. Pearson’s correlations were
calculated to evaluate associations between students’ scores on
trunk lift, push-ups, curl-ups, and the back saver sit and reach
test. This allowed the determination of multicollinearity. A series
of multinomial logistic regression analyses were implemented
to estimate odd ratios (ORs) and 95% confidence intervals for
kindergarten through fifth grade. The healthy weight group was
the referent category when exploring odds of being overweight
or obese compared to having a healthy weight. A second set of
multinomial logistic regression analyses were then implemented
switching the referent category to the obese group, in order
to explore the odds of being overweight compared to being
obese. Although each grade level was analyzed individually,
grades were also combined, in order to help account for any
effects of sample size on confidence level. Third, fourth, and fifth
grades were combined due to increased prevalence of obesity
in these grades. Similarly, kindergarten, first, and second grades
were combined. Finally, all grade levels were combined, and
the same associations were explored. Sex and age were input as
covariates in the statistical models, when grades were combined.
The magnitudes of associations were presented as ORs and 95%
confidence intervals (CIs). Significant two-tailed tests were set at
5% (i.e., p < 0.05).

RESULTS

Thirteen percent of the original 496 data sets was excluded due
to missing data field(s). Therefore, 432 (87%) of the original
data were deemed intact. The characteristics of the sample
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FIGURE 1 | Mean (SD) musculoskeletal fitness scores in: (A) kindergarten,
(B) 1st grade, (C) 2nd grade, (D) 3rd grade, (E) 4th grade, and (F) 5th grade.
Scores on trunk lift and the back saver sit and reach tests were measured in
inches, while push-up and curl-up are the number of repetitions completed.

considered intact are presented in Table 1A. An additional 17 of
the intact data set was excluded from further analysis, because
they were classified as underweight. Logistic regression results
are presented separately for each grade and for combined grade
levels. Mean test scores are displayed in Figure 1.

Prevalence

The prevalence of overweight in kindergarten, first, second,
third, fourth, and fifth grades was 17.6, 8.8, 20.3, 18.1, 114,
and 17.7%, respectively (Table 1B). The prevalence of obesity
in kindergarten, first, second, third, fourth, and fifth grades was
17.6, 26.3, 18.9, 37.3, 55.7, and 33.8%, respectively (Table 1B).

Association Between Musculoskeletal
Fitness and Weight Status in Kindergarten

There were no significant, i.e., p > 0.05, associations between
being overweight, healthy weight or obese, and scores on trunk
lift, push-ups, curl-ups, and sit and reach in kindergarten
(Tables 2A,B).

Association Between Musculoskeletal
Fitness and Weight Status in First Grade

The only significant associations in first grade were between
push-ups (p = 0.002; OR = 0.641) and being obese such that
the odds of being obese as compared to having healthy weight
decreased by 36% for every unit increase in the magnitude of
push-ups performed (Table 3A). The odds of being overweight as
compared to being obese increased by 47% for every unit increase
in the magnitude of push-ups performed (Table 3B). There were
no significant associations between trunk lift, push-ups, curl-ups,
and being overweight (Tables 3A,B).

Association Between Musculoskeletal
Fitness and Weight Status in Second Grade

In second grade, there was a significant association between trunk
lift (p = 0.016; OR = 2.151) and being obese such that the odds
of being obese as compared to having healthy weight increased
by 115% for every unit increase in the magnitude of trunk
lifts performed (Table 4A). The odds of being overweight as
compared to being obese weight increased by 107% for every unit
increase in the score for the sit and reach (Table 4B). There were
no other significant associations between measures of muscle
fitness and weight status (Tables 4A,B).

Association Between Musculoskeletal
Fitness and Weight Status in Third Grade

There was a significant association between push-ups (p = 0.000;
OR = 0.719) and being obese such that the odds of being obese
as compared to having healthy weight decreased by 28% for
every unit increase in the magnitude of push-ups performed
(Table 5A). The odds of being overweight as compared to being
obese increased by 33% for every unit increase in the magnitude
of push-ups performed (Table 5B). Similarly, the odds of being
overweight as compared to being obese increased by 33% for
every unit increase in the sit and reach score (Table 5B). There
were no significant associations between trunk lift, curl-ups, or
sit-and-reach and weight status when healthy weight was the
referent group (Table 5A). There were no significant associations
between push-ups, curl-ups, or sit-and-reach and weight status
when the referent group was obese (Table 5B).
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TABLE 2A | Fitness associations in kindergarten (reference group: healthy weight).

Category Variable p-value Odds ratio 95% CI

Overweight Trunk lift 0.197 1.372 (0.849, 2.218)
Push-ups 0.797 1.050 (0.725, 1.521)
Curl-ups 0.270 0.748 (0.446, 1.253)
Sit and Reach 0.160 0.677 (0.393, 1.167)

Obese Trunk lift 0.102 1.482 (0.925, 2.374)
Push-ups 0.557 0.881 (0.576, 1.346)
Curl-ups 0.522 1.106 (0.813, 1.504)
Sit and Reach 0.166 0.691 (0.410, 1.165)

TABLE 2B | Associations between musculoskeletal fithess and weight status in
kindergarten (reference group: obese).

Category Variable p-value Odds ratio 95% CI

Overweight Trunk Lift 0.778 0.926 (0.541, 1.585)
Push-ups 0.500 1.192 (0.716, 1.986)
Curl-ups 0.172 0.676 (0.386, 1.186)
Sit and Reach 0.952 0.980 (0.504, 1.906)

TABLE 4A | Associations between musculoskeletal fitness and weight status in
second grade (reference group: healthy weight).

Category Variable p-value Odds ratio 95% CI

Overweight Trunk lift 0.637 0.868 (0.481, 1.565)
Push-ups 0.482 1.072 (0.883, 1.302)
Curl-ups 0.224 0.893 (0.744,1.072)
Sit and Reach 0.250 1.312 (0.826, 2.084)

Obese Trunk lift* 0.016 2.151 (1.156, 4.001)
Push-ups 0.167 0.807 (0.595, 1.094)
Curl-ups 0.715 0.962 (0.784,1.181)
Sit and Reach 0.100 0.653 (0.398, 1.086)

*Indicates statistical significance at the level of p < 0.05.

TABLE 4B | Associations between musculoskeletal fithess and weight status in
second grade (reference group: obese).

Category Variable p-value Odds ratio 95% ClI

Overweight Trunk Lift* 0.019 0.398 (0.184, 0.862)
Push-ups 0.085 0.960 (0.9683, 1.865)
Curl-ups 0.527 0.723 (0.752, 1.181)
Sit and Reach* 0.024 2.049 (1.100, 3.817)

TABLE 3A | Associations between musculoskeletal fitness and weight status in
first grade (reference group: healthy weight).

Category Variable p-value Odds ratio 95% CI

Overweight Trunk lift 0.741 0.923 (0.575, 1.483)
Push-ups 0.648 0.943 (0.731,1.215)
Curl-ups 0.420 1.116 (0.855, 1.458)
Sit and Reach 0.761 0.935 (0.606, 1.442)

Obese Trunk lift 0.350 0.915 (0.760, 1.102)
Push-ups* 0.002 0.641 (0.488, 0.850)
Curl-ups 0.305 1.112 (0.908, 1.361)
Sit and Reach 0.096 0.743 (0.5283, 1.055)

*Indicates statistical significance at the level of p < 0.05.

TABLE 3B | Associations between musculoskeletal fitness and weight status in
first grade (reference group: obese).

Category Variable p-value Odds ratio 95% CI

Overweight Trunk Lift 0.974 1.008 (0.614, 1.657)
Push-ups* 0.032 1.470 (1.034, 2.090)
Curl-ups 0.979 1.004 (0.740, 1.361)
Sit and Reach 0.372 1.259 (0.759, 2.088)

*Indicates statistical significance at the level of p < 0.05.

Association Between Musculoskeletal
Fitness and Weight Status in Fourth Grade

The only significant associations in fourth grade were between
trunk lift (p = 0.016; OR = 1.480) and being obese such that
the odds of being obese as compared to having healthy weight

*Indicates statistical significance at the level of p < 0.05.

increased by 48% for every unit increase in the magnitude of
trunk lifts performed (Table 6A). The odds of being overweight
as compared to being obese increased by 107% for every unit
increase in the score for the sit and reach (Table 6B). There were
no other significant associations between measures of muscle
fitness and weight status when the referent groups were healthy
weight and obese (Tables 6A,B, respectively).

Association Between Musculoskeletal
Fitness and Weight Status in Fifth Grade

The only significant associations in fifth grade were between
push-ups (p = 0.003; OR = 0.722) and being obese such that
the odds of being obese as compared to having healthy weight
decreased by 28% for every unit increase in the magnitude of
push-ups performed (Table 7A). The odds of being overweight as
compared to being obese increased by 31% for every unit increase
in the magnitude of push-ups performed (Table 7B). There were
no significant (p > 0.05) associations between trunk lift, curl-up,
or sit and reach and weight status when healthy weight was the
referent group (Table 7A). There were no significant associations
between trunk lift, curl-ups, or sit-and-reach and weight status
when the referent group was obese (Table 7B).

Association Between Musculoskeletal
Fitness and Weight Status in Third Through
Fifth Grades

When third, fourth, and fifth grades were combined (n = 183),
there was a significant association between push-ups (p =
0.000; OR = 0.832) and being obese such that the odds of
being obese as compared to having healthy weight decreased

Frontiers in Public Health | www.frontiersin.org

May 2018 | Volume 6 | Article 142


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Ajisafe et al.

Musculoskeletal Fitness Associations Vary

TABLE 5A | Associations between musculoskeletal fitness and weight status in
third grade (reference group: healthy weight).

TABLE 6A | Associations between musculoskeletal fitness and weight status in
fourth grade (reference group: healthy weight).

Category Variable p-value Odds ratio 95% CI Category Variable p-value Odds ratio 95% CI

Overweight Trunk lift 0.246 1.249 (0.858, 1.817) Overweight Trunk lift 0.699 1.091 (0.702, 1.695)
Push-ups 0.552 0.955 (0.821,1.111) Push-ups 0.676 0.964 (0.813, 1.144)
Curl-ups 0.835 0.991 (0.912,1.077) Curl-ups 0.262 0.934 (0.830, 1.052)
Sit and Reach 0.284 1.210 (0.854, 1.714) Sit and Reach 0.204 0.794 (0.556, 1.133)

Obese Trunk lift 0.100 1.374 (0.941, 2.005) Obese Trunk lift* 0.016 1.480 (1.077, 2.033)
Push-ups* 0.000 0.719 (0.597, 0.866) Push-ups 0.108 0.904 (0.799, 1.022)
Curl-ups 0177 0.953 (0.888, 1.022) Curl-ups 0.299 0.956 (0.879, 1.040)
Sit and Reach 0.112 0.725 (0.488, 1.078) Sit and Reach 0.108 0.804 (0.617, 1.049)

*Indicates statistical significance at the level of p < 0.05.

TABLE 5B | Associations between musculoskeletal fitness and weight status in
third grade (reference group: obese).

Category Variable p-value Odds ratio 95% CI

Overweight Trunk Lift 0.664 0.909 (0.591, 1.399)
Push-ups* 0.007 1.329 (1.080, 1.635)
Curl-ups 0.407 1.040 (0.948, 1.142)
Sit and Reach* 0.029 1.668 (1.055, 2.637)

*Indicates statistical significance at the level of p < 0.05.

by 17% for every unit increase in the magnitude of push-
ups performed (Table8A). The odds of being overweight
as compared to being obese increased by 15% for every
unit increase in the magnitude of push-ups performed
(Table 8B).

There was a significant association between trunk lift (p =
0.006; OR = 1.319) and being obese such that the odds of being
obese as compared to having healthy weight increased by 32%
for every unit increase in the magnitude of trunk lift performed
(Table 8A).

The odds of being overweight as compared to being obese
increased by 24% for every unit increase in the sit and reach
score (Table 8B). There were no significant associations between
curl-ups or sit-and-reach and weight status when healthy weight
was the referent group (Table 8A). There were no significant
associations between trunk lift or curl-ups and weight status
when the referent group was obese (Table 8B). There were
no significant differences in the odds of being overweight as

compared to having a healthy weight on any of the measures
(Table 8A).

Association Between Musculoskeletal
Fitness and Weight Status in Kindergarten
Through Second Grades

When kindergarten, first, and second grades were combined (n
= 214), there was a significant association between push-ups and
being obese (p = 0.001; OR = 0.764) such that the odds of being
obese as compared to having healthy weight decreased by 24%
for every unit increase in the magnitude of push-ups performed

*Indicates statistical significance at the level of p < 0.05.

TABLE 6B | Associations between musculoskeletal fithess and weight status in
fourth grade (reference group: obese).

Category Variable p-value Odds ratio 95% ClI

Overweight Trunk Lift 0.139 0.737 (0.492, 1.104)
Push-ups 0.442 1.067 (0.905, 1.257)
Curl-ups 0.673 0.977 (0.877, 1.089)
Sit and Reach 0.934 0.987 (0.727,1.341)

TABLE 7A | Associations between musculoskeletal fithess and weight status in
fifth grade (reference group: healthy weight).

Category Variable p-value Odds ratio 95% ClI

Overweight Trunk ift 0.641 1.094 (0.749, 1.599)
Push-ups 0.499 0.944 (0.800, 1.115)
Curl-ups 0.491 0.967 (0.879, 1.064)
Sit and Reach 0.155 1.311 (0.908, 1.905)

Obese Trunk lift 0.225 1.279 (0.859, 1.904)
Push-ups* 0.008 0.722 (0.583, 0.894)
Curl-ups 0.572 0.975 (0.891, 1.066)
Sit and Reach 0.620 0.921 (0.664, 1.276)

*Indiicates statistical significance at the level of p < 0.05.

TABLE 7B | Associations between musculoskeletal fitness and weight status in
fifth grade (reference group: obese).

Category Variable p-value Odds ratio 95% ClI

Overweight Trunk Lift 0.493 0.855 (0.547,1.337)
Push-ups* 0.023 1.307 (1.038, 1.647)
Curl-ups 0.886 0.992 (0.894, 1.101)
Sit and Reach 0.097 1.424 (0.938, 2.163)

*Indicates statistical significance at the level of p < 0.05.

(Table 9A). The odds of being overweight as compared to being
obese increased by 31% for every unit increase in the magnitude
of push-ups performed (p = 0.006; OR = 1.308) (Table 9B).
There was a significant association between sit and reach and
being obese (p = 0.029; OR = 0.786) such that the odds of being
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TABLE 8A | Associations between musculoskeletal fitness and weight status in
third through fifth grades (reference group: healthy weight).

TABLE 9A | Associations between musculoskeletal fitness and weight status in
kindergarten through second grades (reference group: healthy weight).

Category Variable p-value Odds ratio 95% CI Category Variable p-value Odds ratio 95% CI

Overweight Trunk lift 0.146 1.185 (0.943, 1.488) Overweight Trunk lift 0.694 0.969 (0.831, 1.131)
Push-ups 0.305 0.952 (0.867, 1.046) Push-ups 0.992 0.999 (0.877,1.139)
Curl-ups 0.255 0.967 (0.913, 1.024) Curl-ups 0.635 0.972 (0.866, 1.092)
Sit and Reach 0.359 1.099 (0.899, 1.343) Sit and Reach 0.825 0.974 (0.772,1.230)

Obese Trunk lift* 0.006 1.319 (1.082, 1.606) Obese Trunk lift 0.536 0.976 (0.904, 1.054)
Push-ups* 0.000 0.832 (0.762, 0.908) Push-ups* 0.001 0.764 (0.650, 0.899)
Curl-ups 0.278 0.976 (0.934, 1.020) Curl-ups 0.346 1.055 (0.944,1.180)
Sit and Reach 0.151 0.883 (0.745,1.047) Sit and Reach* 0.029 0.786 (0.633,0.975)

*Indicates statistical significance at the level of p < 0.05.

TABLE 8B | Associations between musculoskeletal fithess and weight status in
third through fifth grades (reference group: obese).

Category Variable p-value Odds ratio 95% CI

Overweight Trunk Lift 0.360 0.898 (0.714, 1.130)
Push-ups* 0.010 1.145 (1.033, 1.269)
Curl-ups 0.762 0.991 (0.936, 1.050)
Sit and Reach* 0.037 1.244 (1.013, 1.527)

*Indicates statistical significance at the level of p < 0.05.

obese as compared to having healthy weight decreased by 21%
for every unit increase in the magnitude of the sit and reach score
(Table 9A). There were no significant differences in the odds of
being overweight as compared to having a healthy weight on any
of the measures (Table 9A).

Association Between Musculoskeletal
Fitness and Weight Status in Kindergarten

Through Fifth Grades

When kindergarten through fifth grades were combined
(n = 415), there was a significant association between push-
ups and being obese (p = 0.000; OR = 0.845) such that the
odds of being obese as compared to having healthy weight
decreased by 16% for every unit increase in the magnitude of
push-ups performed (Table 10A). The odds of being overweight
as compared to being obese increased by 16% for every unit
increase in the magnitude of push-ups performed (p = 0.001; OR
= 1.157) (Table 10B).

There was a significant association between trunk lift
(p = 0.009; OR = 1.179) and being obese such that the odds
of being obese as compared to having healthy weight increased
by 18% for every unit increase in the magnitude of trunk lift
performed (Table 10A).

There was a significant association between sit and reach and
being obese (p = 0.001; OR = 0.826) such that the odds of being
obese as compared to having healthy weight decreased by 18%
for every unit increase in the sit and reach score (Table 10A).
The odds of being overweight as compared to being obese
increased by 25% for every unit increase in the sit and reach score

*Indicates statistical significance at the level of p < 0.05.

TABLE 9B | Associations between musculoskeletal fitness and weight status in
kindergarten through second grades (reference group: obese).

Category Variable p-value Odds ratio 95% ClI

Overweight Trunk Lift 0.933 0.993 (0.845, 1.167)
Push-ups* 0.006 1.308 (1.080, 1.583)
Curl-ups 0.263 0.921 (0.798, 1.063)
Sit and Reach 0.129 1.239 (0.939, 1.636)

*Indicates statistical significance at the level of p < 0.05.

(Table 10B).There were no significant differences (p > 0.05) in
the odds of being overweight as compared to having a healthy
weight on any of the measures.

DISCUSSION

This study investigated associations between musculoskeletal
fitness scores, i.e., muscle strength, endurance, and flexibility,
assessed using trunk lift, 90° push-up, curl-up, and back saver
sit and reach, and weight status, in elementary school children
in Corpus Christi, Texas. The mean obesity prevalence, across all
six grades, of 31.6% observed in the current study, exceeds the
previously reported national average of 17.7% among children
aged 6-11 years (5). In fact, obesity was consistently more
prevalent in this study than the national average except among
kindergarteners and second graders where they were comparable
(17.64 and 18.92 %, respectively). Similar to previous reports of
37% obesity in fifth grade in Texas (2), 34% of fifth graders in this
study were obese.

Trunk Lift Test

The lack of associations in kindergarten, first, third, and fifth
grades, and the observed pattern of associations in second
and fourth grades between trunk lift test scores and the odds
of belonging to specific weight categories suggest a pervasive
trend: children with overweight and obesity fared just as well
or scored higher than peers with healthy weight in some
grade levels. Those with overweight did not fare better than
those with obesity. Children with obesity had higher trunk
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TABLE 10A | Associations between musculoskeletal fithess and weight status in
kindergarten through fifth grades (reference group: healthy weight).

TABLE 11 | Percentage of children who achieved Healthy Fitness Zone scoring in
all grades.

Category Variable p-value Odds ratio 95% CI Grade Trunk lift (%) Push-up (%) Curl-up (%) Sit and reach (%)
Overweight Trunk ift 0.326 1.078 (0.928, 1.253) KINDERGARTEN
Push-ups 0.524 0.978 (0.913, 1.047) Healthy weight 95 39 61 96
Curl-ups 0.857 0.996 (0.953, 1.041) Overweight 100 46 55 100
Sit and Reach 0.678 1.030 (0.896, 1.184) Obese 100 al 83 92
1ST GRADE
Obese Trunk lift* 0.009 1.179 (1.042, 1.335) Healthy weight 89 70 68 94
Push-ups* 0.000 0.845 (0.791, 0.904) Overweight 100 57 86 100
Curl-ups 0.234 1.022 (0.986, 1.059) Obese 86 19 67 86
Sit and Reach* 0.001 0.826 (0.736,0.926) 2ND GRADE
*Indicates statistical significance at the level of p < 0.05. Healthy weight 95 39 61 96
Overweight 100 46 55 100
Obese 100 42 83 92
TABLE 10B | Associations between musculoskeletal fitness and weight status in 3RD GRADE
kindergarten through fifth grades (reference group: obese). )
Healthy weight 97 69 80 97
Category Variable p-value Odds ratio 95% Cl Overweight 100 75 62 100
Obese 100 16 35 74
Overweight Trunk Lift 0.272 0.914 (0.780, 1.073) 4TH GRADE
Push-ups* 0.001 11567 (1.064, 1.257) Healthy weight 9% 82 87 96
Curl-ups 0.290 0.975 (0.929, 1.022) Overweight 100 60 60 90
Sit and Reach* 0.004 1.248 (1.072, 1.452) Obese 88 49 71 75
*Indicates statistical significance at the level of p < 0.05. 5TH GRADE
Healthy weight 52 81 78 84
Overweight 67 67 67 92
Obese 65 18 39 63

lift test scores than those with healthy weight in second
and fourth grades (Figures 1C,E). This finding persisted when
third, fourth, and fifth grades were combined and when all
grade levels were combined. One way to interpret this finding
is that being obese did not preclude children from having
comparable or in some cases better trunk extensor strength
and flexibility than peers with healthy weight. It is plausible
that it is easier to be obese and achieve HFZ scoring on the
trunk lift test owing to factors such as lower requisite vertical
displacement and/or larger physiological cross-sectional area
of the muscles involved, compared to other movements in
the test battery. Trunk extensors are involved in maintaining
an upright trunk. Considering that a child with obesity likely
has greater trunk rotational inertia, the resulting increased
demand to maintain an upright trunk in the sagittal plane
may engender greater relative trunk extensor strength and
flexibility.

FitnessGram® standards require scores between 6-12 inches
in children aged 5-9 years (i.e., Kindergarten through third
grade) and 9-12 inches in children aged 10-12 years (i.e., fourth
through fifth grade), in order to achieve HFZ on the trunk lift test.
Although upwards of 85% of students achieved HFZ on the trunk
lift test across all grades and weight categories except fifth grade
(Table 11), scores hovered around the lower end of the standards,
even among children with healthy weight. No students achieved
the higher ends of the standards for their respective age groups.
Mean trunk lift test scores reported by Pereira et al. (24) are more
than twice those observed in this study. This suggests children
with healthy weight in the current sample did not have stronger

or more flexible trunk extensors than peers with overweight and

obesity.

90° Push-Up Test

Each unit increase in push-up test scores was associated with
decreased odds of being obese in first, third, and fifth grades
compared to being overweight and having healthy weight. This
finding persisted when the different grade levels were combined
This suggests that both the children with healthy weight and
overweight fared better than those with obesity in these grades.
FitnessGram® standards require scores between 3-8, 4-10, 5-13,
6-15, 7-15 repetitions for children aged 5-6, 7, 8, 9, and 10-11
years, respectively, in order to achieve HFZ on the 90° push-up
test. Compared to 75% reported by Chen et al. (23), an average of
66.5% of fifth graders in the current sample achieved HFZ. Only
18% of students with obesity achieved HFZ in fifth grade.
Interestingly, Chen et al. (23) reported an average score of
15 push-ups, while the current study recorded 10 repetitions.
Students in the current sample (even when they achieved HFZ)
tended to score on the lower end of the HFZ standards (Figure 1).
Although the odds were not individually significant possibly
due to smaller sample size, the same trend was observed in
kindergarten, second, and fourth grades, i.e., children who
achieved HFZ scored on the lower end of the FitnessGram®
HFZ standards regardless of their weight status. Differences
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in socioeconomic status and ethnicity may contribute to the
tendency toward lower scores in this sample’s musculoskeletal
fitness test scores. As mentioned earlier, participants in this
study included 84% of Hispanic origin and 93% reported as
economically disadvantaged (27). Additionally, although there is
a dearth of studies specifically reporting the physical activity level
of Hispanic children, it has been found that pre-school Hispanic
children may have lower levels of physical activity than non-
Hispanic White children (12-15). This may be due in part to a
lack of access to safe areas to play and exercise in lower income
communities (28). The ethnic breakdown and socioeconomic
status of the samples in the Chen et al. (18) study, however,
were not provided for comparison. Further, unlike trunk extensor
muscles, which are involved in maintaining an upright trunk,
the primary muscles involved in executing a 90° push-up often
have to be deliberately engaged. This engagement commonly
occurs during physical activity. Therefore, decreased physical
activity levels would expectedly be reflected in upper extremity
and shoulder muscle strength.

Test scores were comparable between children with
overweight and healthy weight in the current sample and a
sample of age-matched Portuguese children (24). This suggests
that the 90° push-up test most consistently differentiates
between weight status. Castetbon and Andreyeva (8) previously
concluded that only gross motor skills that involved translating
the body’s weight vertically appeared to be inversely associated
with obesity. Importantly, there is increased odds of being
overweight rather than obese for every increase in push-up score.

Curl-Up Test

There were no significant associations between curl-up test
scores and the odds of belonging to specific weight categories.
FitnessGram® standards require scores between 2-10, 414, 6-
20, 9-24, 12-24 repetitions for children aged 5-6, 7, 8, 9, and
10-11 years, respectively, in order to achieve HFZ on the curl-
up test. It is important to point out that except in third and
fifth grades, more than 60% of students who are obese achieved
HFZ (Table 8). Previously, an average of 82% of fifth graders
recruited from the second year of a three-year intervention
project comprising innovative physical education curriculum,
mileage club recess, and family community events, achieved HFZ
on the curl up test (23). Although a total of 71% of fifth grade
students achieved HFZ, only 39% of fifth graders with obesity
achieved HFZ on the curl up test in the current sample. Chen
etal. (23) did not articulate percentages of HFZ relative to weight
status; therefore, the percentage of fifth graders with obesity who
achieved HFZ on the curl-up test in their study is unclear.

Back Saver Sit and Reach Test

There were no significant associations between back saver sit
and reach test scores and the odds of belonging to specific
weight categories. More children with obesity achieved the
requisite score for FitnessGram® HEFZ on the back saver sit
and reach test in kindergarten through second grade than
third through fifth grades (Table 8) (18). This may suggest that
relative hamstring flexibility deficits emerge in children with
obesity after seven years of age. The back saver sit and reach

test is especially interesting, because there is no upper limit
standard. Unitary scores of 8 inches, for boys, and between 9
and 10 inches, for girls depending on age, are required, in order
to achieve HFZ. Therefore, it is challenging to comment on
children’s performance on a continuum. The lack of associations
in kindergarten suggest that children with healthy weight
musculoskeletal had just as low scores as those with overweight
and obesity. Although obesity was less prevalent in kindergarten,
current results may be indicative of poor motor skill competence
and inadequate physical activity among in this grade level.
Incidentally, Texas schools are not mandated to test children
prior to starting the third grade. Considering that children who
were overweight and obese between 2 and 5 years of age were
more than four times as likely to become overweight and obese
adults (10), it is important to address low musculoskeletal fitness
among children in kindergarten and pre-kindergarten in Corpus
Christi.

Strengths and Limitations

There were several strengths as well as limitations of this study
to be noted. The cross-sectional design of the study allowed
for inexpensive and very useful analysis of data from a small,
but representative sample of the larger population of children
in Corpus Christi, Texas. This population of children, 84.3%
Hispanic, and 93% economically disadvantaged, well represented
the overall high number, 63.5%, of Hispanic people in Corpus
Christi, and the median household income of $52,154 (29).
This data on FitnessGram® testing and its components’ various
relationships with child weight categories was not previously
available in Corpus Christi, to our knowledge, and thus helps
to inform future municipal and state strategies to combat the
continuing problem of childhood overweight and obesity in the
South Texas area. A further strength of the study is the relative
confidence in the accuracy and reliability of the data collected.
As described earlier, all data were collected by a single, physical
education specialist, trained to collect these data and experienced
over several years of FitnessGram® testing cycles.

Limitations of the study findings included the overall small
sample size and the high incidence of Hispanic ethnicity and
low socioeconomic status in this sample, which decreased
generalizability to all populations. This sample, consisting of
children from one of the larger elementary schools in the
city, was further decreased in size by missing data, consisting
primarily of height and weight data, which made it difficult
to compare characteristics of the children excluded to those
included. Additionally, the rather unexpected finding of a
decrease in obesity prevalence from the fourth to the fifth grade
cannot be explained by missing data; as stated above, missing
data tended to be height and weight measures and there was
not a disproportionate number of missing data in the fifth
grade that could account for the difference. We theorize that
because organized sports often become much more strenuous
through elementary and into middle school, increased metabolic
demands may have accounted for some of the differences. It
is also true that schools in the Corpus Christi area have has
been adopting pilot programs focused on district-wide healthy
lifestyle initiatives to combat obesity. These initiatives are widely
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supported by the community and school officials, especially at the
elementary school level. Further longitudinal research, including
middle and high school data is needed to document the results of
these innovative and much needed interventions. Future studies
should examine relationships between geographic areas and
measures of socioeconomic status, respective park densities and
amenities, and average health-related physical fitness measures in
schools.

CONCLUSIONS

Overweight and obesity remain highly prevalent among
elementary school-aged children in Corpus Christi, Texas. Some
children with obesity in the current sample achieved isolated
HFZ scoring. Children with healthy weight, especially in the
lower grades, tended to have similarly low musculoskeletal
fitness as peers with overweight and obesity. It is plausible that
spikes observed in obesity prevalence in third through fifth
grades are at least in part symptomatic of poor musculoskeletal
fitness earlier on, especially in kindergarten. Therefore, greater
attention should be paid to the scores themselves, especially
among children who score adequately but on the lower end
of the HFZ standards. The 90° push test was most consistent
at showing significant odds of being obese relative to having a
healthy weight. Additional research including a larger and more
diverse sample size, longitudinal design, and possibly qualitative
data may help further explain the interesting and significant
findings of this study.

As noted earlier, there is often a lack of opportunities for
physical activity, particularly in economically disadvantaged
communities. Since children spend upwards of eight daily hours
at school in a presumably safe environment, it would seem
optimal that they achieve most, if not all, of the recommended
60 daily minutes of physical activity in that setting. Increasing
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