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Abstract  Background: Physical fitness tests are often administered as a battery, allowing for several different 
fitness scores. Furthermore, fitness scores are generally considered outcome variables, with no one test causing the 
performance of another. Therefore, using loglinear models to examine the relationship between fitness test 
performances is appropriate. Methods: This study used data from a campus-based fitness study of college students. 
Four physical fitness measures were used in the analysis. Cardiorespiratory fitness (CRF) was assessed by a  
multi-stage running test (VO2max, ml/kg/min). Lower-body power was assessed by a countermovement vertical  
jump (VJ) test (inches). Muscular endurance was assessed by a maximal push-up (PU) test (repetitions). Muscular 
strength was assessed by a 1RM bench press (BP) test. Participants were categorized into high or low fitness groups 
using each sex-specific fitness score median. Results: Results of the initial hierarchical loglinear models indicated 
no significant four-way or three-way interactions. A simplified loglinear model with all two-factor interactions 
provided adequate fit to the data. The odds of high BP performance were much greater with high PU (OR=3.2) and 
VJ (OR=2.3) performance. The odds of high CRF performance were also greater with high PU (OR=2.4) and VJ 
(OR=2.7) performance. Finally, odds of high PU performance were much greater with high VJ (OR=3.6) 
performance. CRF and BP were statistically independent. Conclusion: Results from this study indicate that the 
performance on a fitness test can be related to at least one other fitness test performance. 
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1. Introduction 

Many physical fitness tests are administered as a 
collective group and produce several performance measures 
on specific populations, such as adults [1,2], elderly [3,4], 
children [5,6], military [7,8], and officers [9,10]. Physical 
fitness is a set of attributes that relate to one’s ability to 
perform physical tasks [11]. These fitness attributes  
are often divided into five health-related components or 
six skill-related components [12]. Health-related fitness 
components are (1) cardiorespiratory endurance, (2) muscular 
strength, (3) muscular endurance, (4) body composition, 
and (5) flexibility. Whereas skill-related components are 
(1) agility, (2) balance, (3) coordination, (4) power,  
(5) speed, and (6) reaction time.  

It is generally agreed that in order to increase an 
individual’s fitness performance, a training program 
should be designed for that individual using the principles 
of specificity and overload [13]. It is also generally agreed 
that performance on a single fitness test is caused by an 
individual’s natural ability and physical training [14] and 
is not caused by the performance of another fitness test.  

Thus, fitness test performances can all be considered 
outcome variables, with no single test performance causing 
the performance of another. However, understanding the 
associations among fitness test performances can still be 
useful in both practice and research. Given this 
background, a statistical model that analyzes a set of 
variables without regard to their ability to predict could be 
useful for investigating the relationship among fitness test 
performances. Therefore, the purpose of this study was to 
employ loglinear models to examine the associations 
among a set of physical fitness test performances. 

2. Methods 

2.1. Participants and Design 
Data for this research came from a cross-sectional 

fitness assessment study where N=87 male and N=44 
female college students attending a rural public university 
volunteered to participate [15]. Students were recruited by 
campus flyers and word-of-mouth and offered free fitness 
evaluation in exchange for their participation. Study 
components and protocols were reviewed and approved by 
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the university system’s institutional review board (IRB). 

2.2. Variables Utilized 
The main outcome variables used in this research were 

cardiorespiratory fitness (CRF), vertical jump (VJ) height, 
maximal push-up (PU) repetition, and 1RM bench press 
(BP) load. 

2.3. Assessment of Fitness Tests 
CRF was assessed by a multi-stage running test, where 

participants continually ran a 20 meter distance within a 
period bound by starting and ending audio beeps [16]. The 
CRF test was stopped when the participant failed to reach 
the 20 meter mark before the ending beep twice in a row. 
The number of shuttles and levels completed were 
converted to maximal oxygen consumption (VO2max, 
ml/kg/min). Lower-body power was assessed by a 
countermovement VJ test, where participants jump 
forcefully next to a wall and with dominant hand up and 
marking the wall with chalked fingers [17]. VJ scores 
were computed as the differences (inches) between 
participant jump height and pre-determined reach. 
Muscular endurance was assessed by a maximal PU test 
according to ACSM guidelines [18]. PU scores were 
computed as the total number repetitions (repetitions) 
completed with proper form. Muscular strength was 
assessed by a 1RM BP test according to ACSM guidelines 
[19]. The heaviest load (pounds) successfully lifted by the 
participant was recorded as their 1RM BP score. 

2.4. Statistical Analyses 
Descriptive statistics were computed for all study 

variables, both overall and by sex. Sex-specific median 
fitness scores were used to create four new dichotomous 
(high/ow) fitness performance measures. Hierarchical 
loglinear models were run by first examining the saturated 
four-factor (2 × 2 × 2 × 2) model and examining the  
four-way interaction. The next series of loglinear models 
concerned testing the fit with the three-way and then  
two-way interactions. Both the specific interaction tests as 
well as the model likelihood ratio (G2) statistics were  
used to determine model fit. Odds ratios (ORs) were 
computed using the loglinear estimates in the following 
way: exp(4 × estimate). To aid in OR interpretation, 
negative model estimates resulting in an OR < 1.00 were 

inverted. Mosaic plots were constructed to examine the 
four-way loglinear predicted value distribution. Finally, a 
multiple correspondence analysis (MCA) was conducted 
as an alternative procedure to examine and display the 
relationships among the fitness performance variables. All 
analyses were performed using SAS version 9.4 [20,21]. 
All p-values are reported as 2-sided and statistical 
significance was defined as p-values < 0.05. 

3. Results 

Table 1 contains descriptive statistics of all study variables, 
overall and by sex. Males had significantly (ps < .05) 
higher mean scores than females for CRF (36.9 vs. 30.6 
ml/kg/min), VJ (23.5 vs. 15.2 inches), PU (35.4 vs. 26.3 
repetitions), and BP (232.0 vs. 95.6 pounds). Median 
fitness scores used to create dichotomous (high/low) 
fitness groups are also presented. Table 2 contains results 
from the simplest best fitting loglinear model. A four-way 
cross-classification loglinear model with only two-way 
interactions provided the best fit to the sample data (G2 = 
5.29, p = .382) . All two-way interactions were significant 
(ps < .05), except for CRF*BP (Wald χ2 = 0.01, p = .918). 
The G2 statistic was not improved with CRF*BP omitted 
and therefore was left in the model. 

Table 1. Descriptive statistics of study variables 

Variable Mean Median SD Min Max 
Overall      

CRF 34.8 34.8 8.3 18.1 57.5 
VJ 20.7 21.0 5.7 6.0 36.5 
PU 32.3 30.0 15.1 2.0 83.0 
BP 186.2 185.0 85.9 31.5 450.0 

      
Males      
CRF 36.9 35.8 8.1 20.2 57.5 
VJ 23.5 23.5 4.4 13.0 36.5 
PU 35.4 32.0 16.0 8.0 83.0 
BP 232.0 225.0 67.4 31.5 450.0 

      
Females      

CRF 30.6 30.3 7.4 18.1 47.3 
VJ 15.2 16.0 3.7 6.0 23.5 
PU 26.2 25.0 11.1 2.0 45.0 
BP 95.6 95.0 23.6 45.0 155.0 

Note. CRF is cardiorespiratory fitness in ml/kg/min. VJ is counter 
movement vertical jump in inches. PU is maximal push-up test in 
repetitions. BP is 1RM bench press in pounds. Males had significantly 
(p<.05) higher scores than females on all fitness variables. 

Table 2. Loglinear analysis of four-way cross-classification fitness data 

Parameter Group Group Estimate SE χ2 p OR OR' 
Intercept   1.8952 0.1037 333.88 <.001   CRF Low  0.0266 0.0941 0.08 .778   VJ Low  -0.0325 0.1000 0.11 .745   PU High  -0.0506 0.1013 0.25 .617   BP Low  -0.0648 0.0951 0.46 .495   BP*PU Low High -0.2908 0.1021 8.12 .004 0.31 3.20 
BP*VJ Low Low 0.2086 0.1024 4.15 .042 2.30 0.43 

CRF*PU Low High -0.2220 0.1027 4.67 .031 0.41 2.43 
PU*VJ High Low -0.3204 0.1034 9.61 .002 0.28 3.60 

CRF*VJ Low Low 0.2489 0.1009 6.09 .014 2.71 0.37 
CRF*BP Low Low -0.0104 0.1016 0.01 .918 0.96 1.04 

Note. CRF is cardiorespiratory fitness in ml/kg/min. VJ is counter movement vertical jump in inches. PU is maximal push-up test in repetitions. BP is 
1RM bench press in pounds. Group represents fitness classification. Final model provided adequate fit G2 = 5.29, p = .382. The G2 statistic was not 
improved with CRF*BP omitted. χ2 is Wald chi-square test. OR is odds ratio. OR' is the OR inverse for easier interpretation. A series of hierarchical 
loglinear models indicated no significant (p<.05) four-way or three-way interactions. 
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Figure 1. Mosaic plots of the four-way loglinear model predicted fitness frequencies (Note. Vertical axis represents PU fitness classification. Horizontal 
axis represents BP fitness classification. Each of the four plots represent a different CRF and VJ fitness classification.) 

 
Figure 2. Multiple correspondence analysis (MCA) plot of first two dimensions relating all fitness categories (Note. MCA resulted in 70% explained 
variance from the first two dimensions.) 
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Results from the fitted loglinear model showed that  
the odds of high BP performance were much greater for 
those with high PU (OR=3.2) and high VJ (OR=2.3) 
performance. Additionally, the odds of high CRF 
performance were greater for those with high PU (OR=2.4) 
and high VJ (OR=2.7) performance. Finally, odds of high 
PU performance were much greater for those with high VJ 
(OR=3.6) performance. Figure 1 displays the distribution 
of predicted frequencies produced from the four-way 
loglinear analysis. It is apparent, for example, that 
individuals performing high on PU are more likely to have 
performed high on VJ (top red blocks, left vs. right). For 
another example, individuals performing high on BP are 
more likely to have performed high on PU (left blocks, top 
vs. bottom). Figure 2 displays the first two dimensions 
from the MCA plotted against each other. The first two 
dimensions explained a total of 70% of the variance in 
fitness performance. Similar to the loglinear analysis 
results, the MCA results showed strong relationships 
between pairs of fitness performance variables. For 
example, high PU and high BP were associated (bottom 
left quadrant). Additionally, high CRF and high VJ were 
associated (upper left quadrant). Although high PU is in 
the bottom left quadrant, it is close in proximity to the 
upper right quadrant – thus, it too is associated with high 
CRF. Also noteworthy, is the separation between CRF and BP. 

4. Discussion 

The purpose of this study was to examine the 
associations among four different physical fitness performance 
measures, without regard to causation. Loglinear models 
were used in a novel way to show that measures of 
cardiorespiratory endurance, lower body power, muscular 
endurance, and muscular strength are in fact related to one 
another. Furthermore, the loglinear analysis showed that 
only pairs of fitness performance measures interacted with 
each other. Said differently, no pair of fitness variables 
had different associations across any third or fourth fitness 
variable. Therefore, generalizations used in any two-way 
comparison can be considered valid. 

The current study does have limitations worth noting. 
The most significant limitation is its cross-sectional design. 
Cross-sectional designs are a result of collecting data at 
one point in time [22]. Thus, associations reported from this 
study should not be interpreted as cause-and-effect. That is, it 
is not correct to infer that changing a college student’s fitness 
performance on one test will change their performance on 
any other fitness test. It is suggested, that an experimental 
research design be implemented, in order to study such 
cause-and-effect associations. An additional limitation is 
this study’s use of field tests to measure physical fitness 
performance. Although field tests are less accurate in 
measuring each physical fitness trait and possibly suffer 
from greater measurement error, lab testing of four different 
fitness traits on a large sample was impractical in this scenario. 

5. Conclusions 

Results from this study indicate that the performance on 
either a cardiorespiratory, lower body power, muscular 

endurance or muscular strength test is associated with at 
least one other test performance. The only pair of fitness 
outcomes not related were tests of cardiorespiratory 
endurance and muscular strength. Researchers and 
practitioners should be aware of these fitness-related 
associations among college students. 
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