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ABSTRACT 

International Journal of Exercise Science 9(3): 306-317, 2016. Examining the 

correlates of muscular strength and endurance in children from low-income families will provide 
evidence for interventions to improve these parameters. The purpose of this study was to 
determine the predictors and trends of muscular strength and endurance in at-risk school-aged 
children. The sample included 1,232 children (Mean age = 8.8 ± 1.6 years; 625 girls, 607 boys; 60% 
Hispanic) recruited from three U.S. low-income schools. Children performed health-related 
fitness testing and wore pedometers for one school week. A stratified random subsample (n = 
533) also wore accelerometers to record sedentary behaviors, MVPA, and vigorous physical 
activity. Generalized linear mixed models were employed to calculate odds ratios (OR) for 
achieving FITNESSGRAM’s push-up and curl-up standards (met standard = HFZ) from various 
predictors and to determine odds of achievement across grade levels. A student who achieved 
the HFZ for VO2 Peak had an OR = 1.66 (p < 0.001) for achieving the HFZ for pushups and an OR = 
1.99 (p < 0.01) for achieving the HFZ for curl-ups. Additionally, students whose vigorous physical 
activity was 1% higher had an OR = 3.25 (p < 0.05) for achieving the HFZ for curl-ups. For cohorts 
of students separated by one grade level, the OR = 0.48 (p < 0.01) for achieving the HFZ for push-
ups and OR = 0.71 (p < 0.01) for achieving the HFZ for curl-ups. The results suggest that VO2 Peak, 
vigorous physical activity, and grade level are significant predictors of muscular strength and 
endurance in at-risk children. 
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INTRODUCTION 
 
Given the evidence supporting the benefits 
of resistance training, muscular strength 
and endurance is becoming an increasingly 
researched component of health-related 
fitness (HRF) in children (26). Optimal 
levels of muscular strength and endurance 
may help improve motor development (6), 

athletic performance (25), and may have a 
protective effect on the incidence of sport-
related injuries such as low back pain (27, 
33). It has recently been shown that 8-weeks 
of resistance training can significantly 
improve body composition parameters in 
overweight and obese children (23). 
Additionally, some studies have linked 
optimal muscular strength and endurance 
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to decreases in the incidence and 
prevalence of cardio-metabolic disease risk 
factors (30). In school settings, these 
components of HRF are assessed in primary 
and secondary schools in the U.S. using the 
FITNESSGRAM fitness test battery. 
Specifically, upper body muscular strength 
and endurance is assessed using the 
dynamic push-up, and abdominal muscular 
strength and endurance is assessed using 
the dynamic curl-up (32). 
 
The push-up is a common assessment in 
physical education classes in the U.S. and 
around the world. It is easy to administer, 
practical, and is recommended by the U.S. 
Centers for Disease Control as one of the 
modes of exercise to help children 
strengthen their musculature (37). The 
push-up is currently scored using 
FITNESSGRAM’s age and sex specific 
criterion-referenced standards. Although 
the specificity of the movement is limited to 
the pectoral, triceps, and deltoid 
musculature (9), it is still considered a valid 
assessment of overall upper body strength 
and endurance (12). The push-up exercise 
may be especially useful in younger 
children because bodyweight can serve as a 
base resistance to progress to more advance 
movements involving heavier external 
weight loads (20). There has been limited 
research focusing on the predictors of push-
up performance in young elementary 
school aged children, and no research 
examining the predictors and trends of the 
push-up in samples of at-risk children in 
the U.S.  
 
The FITNESSGRAM curl-up is an 
assessment of abdominal strength and 
endurance. Research suggests that optimal 
abdominal muscular endurance aids in 

increasing athletic performance (2) and 
attenuates risk of lower back injuries by 
improving core stability (5, 16). Although 
recent research has devised effective school 
interventions to increase abdominal 
muscular endurance in children (3), no 
research has examined correlates of 
FITNESSGRAM curl-up achievement in 
children from low-income families.  
 
At-risk children may especially benefit 
from optimal levels of muscular strength 
and endurance. At-risk children, in the 
current context defined as disadvantaged 
children from low-income families, may not 
have access to before or after school 
physical activity opportunities that include 
resistance training exercises, may have low 
self-efficacy for resistance exercise and may 
also have a greater disposition to early 
onset health risk factors that can be 
attenuated employing resistance exercise 
(19, 24). Given the importance of optimal 
strength and endurance levels in children, 
and the lack of research examining the 
correlates of this domain of HRF in the 
current literature in the at-risk pediatric 
population, it is imperative that research 
focuses on the predictors of muscular 
strength and endurance to identify 
measures to be targeted to increase the 
odds of improvement. Therefore, the 
purpose of this study was to examine the 
predictors and trends of muscular strength 
and endurance achievement in a sample of 
at-risk elementary school-aged children in 
the U.S. It was hypothesized that achieving 
standards for aerobic capacity (VO2 Peak), 
body mass index (BMI), and moderate-to-
vigorous physical activity (MVPA) will 
associate with an increase in the odds of a 
child achieving optimal levels of muscular 
strength and endurance. It was also 
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hypothesized that the prevalence of 
achievement of the age and sex specific 
standards for push-ups and curl-ups will be 
lower in older grade cohorts compared to 
younger grade cohorts. 
 
METHODS 
 
Participants 
Participants were a convenience sample of 
1,232 school-aged children recruited from 
three low-income or “Title I” elementary 
schools located in low socio-economic 
status neighborhoods from the Mountain 
West Region of the U.S. The majority of the 
sample was of Hispanic/Latino Ethnicity 
(60.60%), followed by Pacific Islander 
(13.70%), Caucasian (10%), African 
American (7.80%), Asian (3.50%), and 
approximately 4% was characterized as 
“Other”. Children were recruited from the 
1st−6th grades. The mean age of the sample 
was 8.8 ± 1.6 years and there were 625 girls 
and 607 boys who participated. The 
number of participants per grade was as 
follows: 214 first graders, 259 second 
graders, 227 third graders, 212 fourth 
graders, 218 fifth graders, and 102 sixth 
graders. Written assent was obtained from 
the students and consent was obtained 
from the parents prior to data collection. 
The University Institutional Review Board 
approved the protocols employed in this 
study. 
 
Protocol 
FITNESSGRAM’s Push-up test was 
administered using an audio compact disk 
providing a cadence of 20 pushups per 
minute. Students were required to assume 
the standard push-up position (i.e. hands 
and toes on the mat, back flat, hands placed 
at shoulder width) and then required to 

bend their elbows to an angle of 90° 
followed by full extension in accordance to 
the given cadence. The test was terminated 
if a student either twice stopped to rest, did 
not achieve the required 90° bend in the 
elbow, or did not fully extend their elbows 
in accordance to the cadence. The 90° push-
up has been shown to be a reliable measure 
with r > 0.80 (13). Push-up scores were 
recorded as total number of correctly 
performed repetitions with a maximum 
number of 80 repetitions (32).  
 
FITNESSGRAM’s Dynamic Curl-up 
consisted of having the students curl-up 
and down sliding their fingers across a 
distance of 3 inches (5 to 9 years old) or 4.5 
inches (older students) at a specific cadence 
of 20 repetitions per minute provided by a 
recorded compact disk. The heels were to 
be on contact with the ground at all times 
with a 120° bend in the leg. On each curl-
up, participants had to touch their back and 
head on a mat. Only 2 errors were allowed 
before the test was terminated. The test was 
terminated if a student twice stopped to 
rest, did not touch their back and head on 
the mat, or did not slide their fingers across 
the specified distance. The maximum 
number of curl-ups was 80 repetitions. 
Curl-up scores were recorded as total 
number of correctly performed repetitions. 
The reliability of this test has been 
established in the pediatric population with 
r > 0.85 for both girls and boys (29). These 
procedures are in accordance to those 
recommended by FITNESSGRAM (31). 
 Physical activity was measured using 
Yamax DigiWalker CW600 pedometers 
(Tokyo, Japan) and ActiGraph wGT3X-BT 
triaxial accelerometers (Pensacola, FL, 
USA). Each student in the sample (N = 
1,232) wore a pedometer for one school 
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week, and a stratified randomly selected 
sub-sample of 533 students (277 girls, 256 
boys) also wore accelerometers. Only a 
randomly selected sub-sample of children 
wore accelerometers because of device 
availability. Both devices were worn for 5 
school days between the hours of 8am and 
3pm. Each pedometer and accelerometer 
was given an identification number and 
assigned to a student with the 
corresponding identifier. The devices were 
worn above the knee at the level of the iliac 
crest. Pedometers were worn on the left 
side of the body and accelerometers worn 
on the right side of the body. The 
pedometers used in this study included a 
seven-day memory that was used to record 
steps each day of the school week. Yamax 
DigiWalker models have been shown to 
provide an accurate recording of steps 
within ± 3% of actual steps (35) and have 
been shown to be a valid measure of free-
living physical activity (11). Accelerometer 
data were recorded in 5-second epochs at 
100 Hertz and processed using Evenson et 
al. (14) cut-points to classify behaviors as 
sedentary, light, moderate, or vigorous 
physical activity. The moderate and 
vigorous physical activity classifiers were 
aggregated for time in MVPA. Participants 
were included in the analysis if they had 
recorded data for the majority of the school 
week (4 days; 96% of the sub-sample; 512 
children). The ActiLife 6.11.5 software 
program (Pensacola, FL, USA) was used to 
initialize, download, process, and store 
accelerometer data.       Aerobic capacity 
was estimated using the 20-meter 
Progressive Aerobic Cardiovascular 
Endurance Run (PACER). The PACER was 
conducted on a marked gymnasium floor 
with background music provided by a 
compact disk. Each student was instructed 

to run from one floor marker to another 
floor marker across a 20-meter distance 
within an allotted time frame. The allotted 
time given to reach the specified distance 
incrementally shortened as the test 
progressed. If the student twice failed to 
reach the other floor marker within the 
allotted time frame, the test was 
terminated. The final score was recorded in 
laps (32).                                                                         
 
The HRF and physical activity measures 
were collected during separate weeks at 
each of the three schools. During PE, 
students completed assessments in the 
following order: anthropometric 
assessments (i.e. height and weight), curl-
ups, and push-ups, and PACER. At least 5 
minutes was given in between consecutive 
fitness tests to allow for recovery. A trained 
member of the research team (PI, research 
associate, or graduate research assistant) 
collected all measures to maintain testing 
accuracy and consistency. Pedometers and 
accelerometers were administered no less 
than one week and no more than three 
weeks following HRF testing at each school 
using the procedures described previously.  
 
Statistical Analysis 
All HRF and MVPA continuous variable 
scores were stratified into a binary 
classification scheme based on 
FITNESSGRAM’s age and sex specific 
criterion-referenced standards and current 
MVPA guidelines recommended by the 
Institutes of Medicine (8, 18). The two levels 
for push-ups, curl-ups, aerobic capacity, 
and BMI represented the Healthy Fitness 
Zone (HFZ or “met standard”) and a Needs 
Improvement Zone (NIZ or “not met 
standard”). The pedometer step count cut-
point was set at 6,000 steps per school day 
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(one half of the 12,000 steps per day 
recommended by Colley et al. (10); 0 = not 
met standard, 1 = met standard).  A 
dichotomous variable was calculated from 
accelerometer data using an average MVPA 
per school day cut-point of ≥ 30 minutes 
per day recommended by the Institutes of 
Medicine (18, 32).  
 
The main analysis consisted of employing 
generalized linear mixed models 
(GLMMS’s; logit link function) using 
classroom-level and school-level random 
intercepts to calculate odds ratios for 
meeting age and sex specific push-up and 
curl-up standards. GLMMs were used to 
account for the clustering of individual 
measurements within classrooms, as there 
were a total of 70 classrooms among the 
three schools. Separate model predictors 
included achievement of the age and sex 
specific VO2 Peak and BMI standards 
(dichotomous variables), step count 
achievement (dichotomous variable), daily 
MVPA achievement (dichotomous 
variable), %sedentary behavior (continuous 
variable), and %vigorous physical activity 
(continuous variable). Results were 
reported as adjusted odds ratios for each of 
the aforementioned predictors.                                                         
 
To model the cross-sectional trends in HRF 
and MVPA, separate GLMM models (logit 
link function) with school-level random 
intercepts were employed. Each binary 
HRF and MVPA variable was used as the 
criterion in separate models. The predictor 
variable in each of the models was grade 
level. Sex was entered into each model to 
control for a possible modifying effect and 
the results were reported as grade level 
adjusted odds ratios. Chi-square tests were 
used to validate the use of GLMMs by 

examining the likelihood ratio null 
hypothesis that the fraction of variance due 
to differences among the panels (clusters) is 
equal to zero (i.e. Rho = 0).  Less than 5% of 
the sample was missing for each variable, 
therefore missing data was assumed not to 
have biased any of the parameter estimates 
and no imputation was required. An a 
priori power analysis for logistic regression 
was conducted using G*Power 3.1 (15) and 
it was determined that a sample size of 204 
was needed to achieve sufficient power (1 – 
β = 80%). Therefore, this study was 
determined to have sufficient sample size 
for the aforementioned analyses. Alpha 
level was set at p ≤ 0.05 and all analyses 
were carried out using STATA 13.0 
statistical software package (College 
Station, TX, USA).   
 
RESULTS 
 
The descriptive data for HRF and physical 
activity are presented in Table 1 for the 
total sample and within each sex and grade 
group. Boys in this sample had higher 
pushup scores compared to girls (t(1230) = 
4.07, Mean Δ = 1.84 reps , p < 0.001), higher 
curl-up scores compared to girls (t(1230) = 
3.32, Mean Δ = 4.12 reps, p < 0.001),  higher 
estimated VO2 Peak compared to girls (t(1230) 
= 2.83, Mean Δ = 0.85 ml.kg-1.min-1, p = 
0.001), more minutes in daily MVPA 
compared to girls (t(510) = 2.83, Mean Δ = 
3.33 min, p = 0.005), and greater percentage 
of time spent in vigorous physical activity 
compared to girls (t(510) = 3.69, Mean Δ = 
0.17%, p < 0.001). There were no differences 
between sexes in BMI (p = 0.747), step 
counts (p = 0.06) and no differences 
between sexes in % sedentary behavior (p = 
0.215). Table 2 shows the adjusted odds 
ratios for meeting push-up and curl-up 
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standards across the dichotomous and 
continuous predictors. If a child achieved 
the age and sex-specific standard for VO2 

Peak, the OR =1.66 (95%CI: [1.09, 2.53], p < 
0.05) for achieving the HFZ for push-ups 
and OR = 1.99 (95%CI: [1.24, 3.19], p < 0.05) 
for achieving the HFZ for curl-ups. 
Additionally, if a child achieved at least 
6,000 steps during the school day the OR = 
2.40 (95%CI: [1.06, 5.44], p < 0.05) for 

achieving the HFZ for curl-ups. Finally, for 
every 1% increase in vigorous physical 
activity, the OR = 3.25 (95%CI: [1.05, 9.92], p 
< 0.05) for achieving the HFZ for curl-ups. 
Being classified in the HFZ for BMI, 
achieving standards for MVPA, or 
achieving standards for % sedentary 
behaviors did not associate with any 
change in odds.

 
Table 1. Descriptive statistics for the total sample and within sex groups. 

Note: * statistical differences between sexes, p < 0.01; ** statistical differences compared to first grade, p < 0.01; † 
statistical differences compared to first and second grade, p < 0.01. 
 
 
 
 
 
 
 
 
 
 

 Total 
Sample 

Girls Boys 1st Grade 
2nd 

Grade 
3rd 

Grade 
4th 

Grade 
5th 

Grade 
6th 

Grade 

Pushups 
(N = 1232) 

12.8 ± 
7.9 

11.9 ± 
7.2 

13.7* ± 
8.5 

8.9 ± 
6.2 

14.2** ± 
8.5 

12.5** ± 
7.1 

15.9** ± 
9.4 

12.2** ± 
6.5 

12.3** ± 
7.1 

 
Curl-ups 
(N = 1232) 

 
34.5 ± 
21.7 

 
32.4 ± 
20.5 

 
36.6* ± 

22.8 

 
22.8 ± 
13.5 

 
28.1 ± 
16.5 

 
31.2 ± 
19.1 

 
45.0† ± 

25.6 

 
43.2† ± 

24.3 

 
42.1† ± 

19.0 

 
VO2 Peak 

(ml.kg-1.min-1) 
(N = 1232) 

 
44.3 ±  

5.1 

 
43.9 ± 

4.8 

 
44.7* ± 

5.4 

 
45.0 ±  

3.0 

 
45.3 ± 

4.2 

 
45.7 ± 

5.4 

 
44.7 ± 

4.9 

 
42.8 ± 

4.9 

 
44.0 ±  

8.2 

 
BMIa (kg.m2) 

(N =1232) 

 

18.3 ±  
5.0 

18.3 ± 
4.8 

18.3 ± 
5.1 

16.7 ± 
 3.3 

17.4 ± 
3.6 

18.9 ± 
3.9 

19.0** ± 
4.4 

21.7** ± 
7.7 

20.6** ± 
4.8 

Average Steps 
(N = 1232) 

 

4285 ± 
1535 

4149 ± 
1444 

4442 ± 
1620 

4562 ± 
1480 

4291 ± 
1571 

4173 ± 
1500 

4529 ± 
1599 

4266 ± 
1444 

3630** ± 
1407 

% MVPAb 

(n = 512) 

1.8 ± 
1.0 

1.7 ± 
0.9 

2.0* ±  
1.1 

2.4 ± 
1.1 

1.8** ± 
1.0 

1.8** ± 
0.8 

1.6** ± 
1.2 

1.8** ± 
0.8 

1.4** ±  
0.9 

 
% Sedentary 

(n = 512) 

 
92.0 ±  

3.5 

 
92.2 ± 

3.4 

 
91.8 ± 

3.6 

 
89.7 ±  

3.5 

 
92.1 ± 

3.4 

 
92.1 ± 

2.6 

 
93.0 ± 

4.0 

 
92.4 ± 

2.8 

 
93.9 ±  

3.3 

 
% Vigorous 

(n = 512) 

 
0.8 ± 
0.5 

 
0.7 ± 
0.4 

 
0.9* ±  

0.5 

 
1.1 ± 
0.5 

 
0.7 ± 
0.5 

 
0.7 ± 
0.4 

 
0.7 ±  
0.6 

 
0.8 ±  
0.5 

 
0.6 ± 
0.5 
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Table 2. Adjusted odds ratios (ORs) from generalized linear mixed models. 

Note: a 95% C.I. stands for the 95% Confidence Interval; b Rho is the proportion of variance explained by classroom 
affiliation; c MVPA stands for moderate-to-vigorous physical activity; d HFZ stands for the Healthy Fitness Zone; e 

BMI stands for Body Mass Index; Boldface indicates statistical significance (**p < 0.001). 

 
Table 3 shows the grade level parameter 
estimates (cross-sectional tracking) from the 
GLMMs using various criterion 
(dependent) variables. Older cohorts 
separated by one grade level displayed an 
OR = 0.48 (95%CI: [0.42, 0.54], p < 0.05) and 
OR = 0.71 (95%CI: [0.55, 0.92], p < 0.05) for 
achieving the HFZ for push-ups and curl-
ups, respectively. Additionally, OR = 0.48 
(95%CI: [0.45, 0.51], p < 0.05), OR = 0.82 

(95%CI: [0.78, 0.88], p < 0.05), and OR = 0.73 
(95%CI: [0.55, 0.94], p < 0.05) of achieving 
the HFZ for VO2 Peak, the HFZ for BMI, and 
meeting the daily standard for MVPA for 
cohorts who were in one successively older 
grade level, respectively. Only pedometer 
step count achievement did not associate 
with grade level (p = 0.665). 
 
 

 Odds Ratio 95% C.I.a p-value Rhob 

Criterion is   
HFZ Push-ups 

    

HFZd VO2 Peak 1.66** 1.09, 2.53 0.018 0.18** 

HFZd BMIe 1.10 0.76, 1.60 0.600 0.19** 

Steps ≥ 6,000/school day 1.22 0.74, 2.10 0.423 0.20** 

MVPA ≥ 30 min/day 1.06 0.59, 1.89 0.834 0.25** 

%sedentary  1.04 0.94, 1.15 0.384 0.23** 

%vigorous 1.15 0.69, 1.91 0.299 0.40** 

Criterion is   
HFZ Curl-ups 

    

HFZd VO2 Peak 1.99** 1.24, 3.19 0.004 0.16** 

HFZd BMIe 1.58 0.77, 3.23 0.208 0.25** 

Steps ≥ 6,000/school day 2.40** 1.06, 5.44 0.035 0.23** 

MVPA ≥ 30 min/day 3.88 0.97, 15.46 0.054 0.14** 

%sedentary  0.98 0.83, 1.16 0.825 0.20** 

%vigorous 3.25** 1.05, 9.92 0.039 0.17** 
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Table 3. Adjusted grade level odds ratios from 
generalized linear mixed models. 

Note: a 95% C.I. stands for the 95% Confidence 
Interval; b Rho is the proportion of variance 
explained by school affiliation; c HFZ stands for the 
Healthy Fitness Zone; d BMI stands for Body Mass 
Index; e MVPA stands for moderate-to-vigorous 
physical activity; Boldface indicates statistical 
significance (*p < 0.05, **p < 0.001). 

 
DISCUSSION 
 
The purpose of this study was to examine 
the predictors and trends of muscular 
strength and endurance achievement in a 
sample of at-risk elementary school-aged 
children. The results indicate that aerobic 
capacity achievement, step count 
achievement, vigorous physical activity, 
and grade level all associate with odds of 
achieving optimal levels of muscular 
strength and endurance in at-risk children. 
At-risk children have additional burdens 
for achieving optimal muscular strength 
and endurance and its associated benefits. 
Aerobic capacity, steps per school day, 
vigorous physical activity, and grade level 
associated with the odds of achieving 
FITNESSGRAM’s age and sex specific 

standards for push-ups and curl-ups and 
thus should be a priority in future 
intervention strategies targeting at-risk 
children. 
 
Performance on the push-up and curl-up 
assessment were strongly related to 
estimated VO2 Peak. Cardiorespiratory 
endurance (i.e. aerobic capacity or VO2 
Peak) and muscular strength and 
endurance are separate domains of HRF 
(38), however the results from this study 
indicate that a complementary relationship 
exists. Research has shown strong 
relationships between these two domains in 
the pediatric population (21) and this study 
provides evidence that the domains are also 
related in the at-risk pediatric population. 
Many Title I school programs do not 
integrate resistance-training exercises with 
aerobic exercises due to time limitations 
and a lack of educator expertise in how to 
properly resistance train children (8). In the 
at-risk population there is often a lack of 
support and equipment to perform 
resistance-training movements needed to 
elicit improvements in muscular 
development. 
 
However, Allen et al. (3) shown that a 6-
week equipment-free intervention 
improved abdominal and core parameters 
in grade-school children. These types of 
equipment-free interventions, when 
complemented with an aerobic training 
component, may increase the odds of a 
student achieving optimal muscular 
strength and endurance. The shared 
“endurance” component of these 
assessments may play a significant role of 
why these two domains of HRF are 
strongly related, possibly due to the 
activation of Type I fiber musculature (29). 

Criterion 
Grade 
Level 
Odds 
Ratio 

95% C.I.a 
p -

value 
Rhob 

HFZ Push-ups 
0.48** 0.43, 0.54 < 0.001 0.04** 

HFZ Curl-ups 
0.71* 0.55, 0.92 0.010 0.00 

% HFZ VO2 Peak  
0.48** 0.45, 0.51 < 0.001 0.09** 

% HFZc BMId 

0.82** 0.78, 0.87 < 0.001 0.08** 

% Steps ≥ 
6,000/school 

day 
  

1.02 0.92, 1.14 0.665 0.08** 

% MVPAe ≥ 30 
min/school 

day  
0.73* 0.55, 0.96 0.020 0.19** 
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Nevertheless, future research needs to be 
conducted examining the combination of 
cardiorespiratory and resistance exercise 
(concurrent training) to optimize the 
strength and endurance potential of the at-
risk child.                                                         
 
Interestingly, step count achievement and 
vigorous physical activity were strongly 
related to curl-up achievement but not to 
push-up achievement. Research has shown 
numerous benefits of MVPA in the 
pediatric population (7), however research 
has also shown that the cross-sectional 
relationships between MVPA and HRF are, 
at best, weak-to-moderate (4). Although 
optimal MVPA levels itself may decrease 
blood pressure, improve cholesterol, and 
improve functional daily living 
performance, vigorous physical activity 
behaviors more strongly relate to HRF 
parameters. Vigorous physical activity may 
elicit a greater physiological response 
compared to MVPA needed to improve 
cardiorespiratory and musculoskeletal 
performance. In this study, only curl-ups 
strongly related to vigorous physical 
activity and step count achievement in at-
risk children. Performance on the push-up 
was independent of step count achievement 
or vigorous physical activity levels. 
Anecdotally, the curl-up may have a 
greater ‘endurance” component compared 
to the push-up because core musculature is 
primarily comprised of aerobic Type I 
muscle fibers; in contrast, the push-up may 
have a greater “strength” component as 
musculature in the chest and triceps are 
primarily comprised of anaerobic Type 2 
fibers. The average push-up score was 
approximately 13 repetitions; therefore the 
assessment lasted on average for 
approximately 40 seconds. In contrast, the 

average curl-up score was approximately 
34 repetitions; therefore the assessment 
lasted on average for approximately 102 
seconds. These estimates are based on the 
20 repetitions per minute cadence provided 
by the audio compact disk for each 
assessment. Given these assessment 
durations, the push-up test would require a 
greater anaerobic energy system compared 
to the curl-up, which is more aerobic and 
more likely to be developed via ambulatory 
physical activity (29).                                                         
 
There were significant decreases in 
muscular strength and endurance 
achievement between first and sixth grade 
students in this sample. There have been 
several studies showing decreases in 
physical activity behaviors in children, 
especially as they approach the 
developmental years (28). However, this 
study provides evidence that both 
cardiorespiratory and muscular strength 
and endurance levels negatively tracks in 
separate cohorts of at-risk children from the 
first through sixth grades. This is a 
concerning finding given that these 
children are already burdened when it 
comes to having ample opportunities for 
cardiorespiratory and resistance exercise 
after-school hours. The drastically lower 
prevalence of HRF achievement in at-risk 
children gives them additional risk for poor 
motor development, poor athletic 
performance, and increases odds for the 
incidence of musculoskeletal injury when 
they do engage in physical activity. 
Researchers and practitioners engaged in 
intervention work need to be aware of these 
trends and devise strategies to attenuate the 
decline in achievement in at-risk children. 
Health agencies have recommended 
Comprehensive School Physical Activity 
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Programming (CSPAP) to foster a school 
environment conducive to optimal physical 
activity and HRF achievement (8). 
However, the long-term efficacy of these 
types of interventions has not been 
documented and their specific effect on 
muscular strength and endurance levels in 
at-risk children is non-existent.                        
 
There are limitations to this study that must 
be considered before generalizations can be 
made. First, the sample consisted of first 
through sixth grade students recruited from 
three low-income Title I schools from the 
Mountain West Region of the U.S., 
therefore the external validity of the results 
is questionable if generalized to other grade 
cohorts, regions of the U.S., or to samples 
with different ethnic and socio-economic 
representation. Future research should 
compare the predictive trends between 
low-income children and national 
representative samples using NYHFS or 
NHANES data.  Second, this study used a 
cross-sectional correlational/predictive 
research design; therefore the longitudinal 
effects at the student level could not be 
addressed resulting in greater between-
subject error. Future research examining 
trends of muscular strength and endurance 
achievement in at-risk children should 
employ prospective/longitudinal research 
designs to more adequately address the 
research question. Third, although the 
assessments employed to evaluate upper 
body and abdominal strength and 
endurance are widely used due to 
FITNESSGRAM being the U.S.’s national 
fitness test battery (38), they are only 
specific to the anterior 
deltoid/pectoral/triceps and the rectus 
abdominus (9), respectively, and do not 
effectively evaluate musculature of the back 

(latissimus dorsi, trapezius) or the internal 
and external obliques. Finally, this study 
only evaluated muscular strength and 
endurance and not muscular power, 
therefore the results do not generalize to 
the latter domain.                                                                                            
 
In conclusion, aerobic capacity 
achievement, step count achievement, 
vigorous physical activity, and grade level 
all associate with the odds of achieving age 
and sex specific muscular strength and 
endurance standards in at-risk elementary 
school-aged children. These parameters 
should be a priority for intervention work 
in order to improve the odds that a child 
can perform optimally on the push-up and 
curl-up assessments. This study provides 
unique insights on the predictors and 
trends of muscular strength and endurance 
achievement in a disadvantaged population 
of children in the US. 
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