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Abstract: Objectives: This study aims to investigate the complex relationship
between body composition, physical fitness, and academic performance in college
students, focusing on the impact of lifestyle choices related to sleep, diet, and
physical activity on their well-being and academic success. Methods: Involving
405 participants, the study explores the associations between handgrip strength
(HGS) and physical dimensions (height and weight) with academic performance,
as measured by GPA. It seeks to understand how these physical health indicators
correlate with cognitive functions in the academic context. Results: Contrary to
conventional assumptions that link physical strength with higher cognitive
function, our findings reveal an inverse relationship between HGS and GPA. This
relationship persists even when controlling for height, weight, and sex, suggesting
that factors contributing to academic performance are more complex and
multifaceted. Conclusion: The study concludes that there is a counterintuitive
relationship between physical strength and academic performance. It underscores
the importance of adopting a holistic approach to student health and well-being,
which encompasses not only physical but also emotional, psychological, and
academic dimensions. Implications: These findings highlight the critical need for
educational institutions and policymakers to consider a whole-person approach in
their student well-being programs. Such an approach should promote balanced
development across all domains to maximize academic success and overall health
in college students.

Keywords: Student Success, Hand Grip Strength, GPA, BMI, Whole-Person
Education.
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Introduction

The prevalence of obesity within the United States is a well-known
significant public health concern. Over two-thirds of Americans are
overweight corresponding to a Body Mass Index (BMI) of 25 or higher,
with nearly half of all adults falling into the obese (BMI of at least 30) or
severely obese (BMI of 40 or higher) categories. The rate of adolescent
obesity is also alarming, with nearly a third being overweight or obese, with
the percentage of obese adolescents increasing by five percent in the last
two decades (Sanyaolu et al., 2019). These higher BMI values lead to
heightened risks for developing chronic diseases later in life, such as
cardiovascular diseases (CVD), diabetes mellitus (DM), cancer, and
musculoskeletal disorders (American College of Sports Medicine, 2022).

In students attending college environments, weight gain is a
prevalent issue, frequently linked to a combination of factors like staying
up late at night resulting in insufficient sleep, easy access to high-calorie
food options, and a more sedentary lifestyle. These elements together are
significant contributors to the phenomenon commonly known as the
"freshman 15," referring to the common weight gain observed in new
college students. Despite clear evidence that adopting healthy lifestyle
choices—like regular physical activity and balanced diets—can
significantly mitigate the risk of adipose weight gain among college
students (Anderson et al., 2023), there remains a substantial gap in both
awareness and action regarding these risks. As such, many students remain
unaware of the potential consequences of their lifestyle choices (Syed et al.,
2020; Werner & Betz, 2022).

Consequently, the well-documented link between poor sleep
patterns, insufficient exercise, suboptimal eating habits, and elevated BMI
among college students becomes increasingly significant. This connection
underscores the critical need for increased education on fostering healthy
academic communities to bring awareness to healthy and unhealthy habits
and lifestyle modifications. Effective education and intervention strategies
can play a crucial role in mitigating these risks, thereby promoting overall
well-being in the college student population (Anderson et al., 2023; Mishra
et al., 2015; Pilcher et al., 2021; Syed et al., 2020).

Effective health education and communication relies on simple
methods for measuring personal health and fitness. Most college students
do not have access to lab equipment to properly measure percent body fat,
so the BMI was created to predict body fat without any invasive procedures.
However, BMI is insufficient to predict all spheres of health and fitness, so
colleges and college students should seek more simple tools for general
fitness assessment. An alternative approach to measuring overall health and
level of physical activity is Hand Grip Strength (HGS). This method
measures the maximum static force exerted by the hands, and it is routinely
employed for a variety of purposes, including assessing hand function,
determining disease severity, and evaluating the efficacy of treatments.
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Crucially, HGS has been identified as a significant predictor of
cardiovascular health and overall well-being, particularly in older adults.
This cost-effective tool has gained recognition for its wide-ranging health
implications, supported by extensive research. Studies conducted by
Hansen et al. (2013), Leong et al. (2015), Rantanen et al. (1992), Shao et al.
(2023), and Prasitsiriphon and Pothisiri (2018) have underscored the role of
HGS as a vital health marker, underlining its significance beyond mere
physical evaluation.

In younger adults, the relationship between BMI and HGS is
multifaceted. Firstly, those who engage in physical activities, especially
weight training or rock climbing, often exhibit higher HGS values.
Conversely, higher HGS values are also observed in students with elevated
BMIs, which can be indicative of a higher body fat percentage and potential
health risks. This dual association underscores the complexity of using HGS
as a health metric for younger adults, revealing its sensitivity to both fitness
and adiposity. Thus, it becomes evident that HGS readings must be
interpreted within a broader context, taking into account an individual’s
overall health profile and age (Amo-Setién et al., 2020; Xu et al., 2023;
Zaccagni et al., 2020).

There is also a well-documented link between increased physical
activity and improved academic performance, including higher GPA scores
(Broaddus et al., 2021). Engaging in regular physical activity is associated
with numerous psychological benefits, such as improved mood, decreased
symptoms of anxiety and depression, and enhanced emotional stability
(Churchill et al., 2022; Goldstein et al., 2018; Klaperski & Fuchs, 2021;
Leuchter et al., 2022). This intricate web of relationships between physical
health, mental well-being, and academic achievement highlights the
multifaceted role of physical activity in the lives of young adults.

Our study investigates this area by focusing on college students and
examining how HGS relates to academic performance, with a particular
emphasis on GPA. This approach addresses a notable gap in existing
literature, which has extensively explored the connection between HGS and
cognitive function in older adults (Dercon et al., 2021; Jiang et al., 2022;
Kim & Kim, 2022; Kim et al., 2021; Lu et al., 2021; McGrath et al., 2020;
Yang et al., 2018), but has not sufficiently investigated this dynamic in
younger populations. Our objective is to bridge this gap by exploring the
interplay between HGS, BMI, physical activity, and academic success
among college students. Through this investigation, we aim to provide a
comprehensive understanding of the correlations between physical health,
academic performance, and overall well-being in this demographic. The
findings from this study are expected to be instrumental in developing
targeted interventions that support not just the physical health but also the
academic success of college students.
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Methods

Handgrip Procedures

Handgrip strength and BMI were measured by trained personnel on
N = 405 predominantly first-year college students enrolled in required
health and fitness classes, (168 males; 41%) and (237 females; 59%)
between September 2022 and November 2023. A calibrated Jamar Plus+,
digital hand dynamometer was used to measure HGS according to the
manufacturer instructions. Subjects were tested in a seated position, with
the arm held next to the body, and the elbow flexed at 90 degrees, with the
wrist extended between 0 and 30 degrees. Each subject performed 3
maximal effort trials per hand, alternating between right and left hands, with
one-minute rest between each trial. Upon completion of the participant’s
testing, the test average, standard deviation, and coefficient of variation was
calculated automatically by the dynamometer and recorded for further
analysis.

Dataset Preparation

The HGS dataset from the N =405 predominantly first-year college
students were joined with end-of-semester grade point average (GPA),
height in meters (m), and body mass in kilograms (kg). The anthropometric
measures were collected as part of the institution's regular health and
physical exercise assessment procedures. Using the height and weight data,
we computed the BMI for each student. From the HGS values we calculated
the Maximum Average Handgrip Strength (MaxAvgHGS), which
represents the highest average HGS over three trials. This was determined
by comparing the mean HGS values for the left and right hands of each
participant. To further refine our analysis, we incorporated the Normalized
MaxAvgHGS into our dataset. This normalization was performed using
allometric scaling, a method that has been extensively validated in prior
studies (Kocher et al., 2019; Neto et al., 2017; Vanderburgh, 1995), where
the scaling coefficients bl and b2 in Equation 0 below were determined
using regression in R-4.3.2 (R Core Team, 2023):
(0) Normalized MaxAvgHGS = — In(MaxAvgHGS) — bl x In(body
mass) — b2 x In(height)
The research presented in this paper forms part of a larger project, which
has been approved and is covered under the Institutional Review Board with
the reference IRB#: F2018-14. The dataset is available under a CCO license
from figshare (Albaugh et al., 2024).

Results
Investigating the relationship between HGS and academic
performance, as gauged by semester GPA, necessitated a thorough
consideration of several confounding variables. For instance, both sex and
body size are known to influence HGS (Amo-Setién et al., 2020; Xu et al.,
2023; Zaccagni et al., 2020) and, in the case of sex as well as healthy and
physically active lifestyles, have a documented impact on academic
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performance (Broaddus et al., 2021). This complexity highlights the need
for a nuanced approach in exploring the interplay between physical
strength, body composition, and educational outcomes.

HGS and BMI: Controlling for Sex

Our initial analysis explored the connection between maximum
average HGS (MaxAvgHGS) and BMI while controlling for Sex. The
results revealed a significant and positive relationship between
MaxAvgHGS and BMI (B = .608, ¢ = 3.735, p <.001). Sex, as anticipated,
emerged as a significant predictor of HGS (p < .001). The relationships
between all variables can be found in Equation 1, which accounted for
49.3% of the variance in MaxAvgHGS (Adjusted R’ = 493, F=197.5,p <
.001):

(1) MaxAvgHGS = 48.233 + .608 x BMI + 33.817 x Sex (male)

HGS in Relation to Body Mass and Height: Dissecting BMI

Next, we separated BMI into its constituent elements—mass (kg)
and height (m)—reassessing their relationship with MaxAvgHGS while
continuing to control for Sex. Body mass exhibited a significant positive
association with MaxAvgHGS (B = .260, r =4.842, p <.001), as did height
(B = 57.569, t = 5.314, p < .001), see Equation 2. Sex maintained its
significance as a predictor in this model, which surpassed the previous one
in overall performance, explaining 56% of the variance in MaxAvgHGS
(Adjusted R’ =.560, F=172.3, p <.001):

(2) MaxAvgHGS = —49.065 + .260 x body mass + 57.569 x height +
23.355 x Sex (male)

These results not only underscore the importance of considering
various measures of body size but also advocate for splitting BMI into its
constituent elements to attain a more comprehensive and nuanced
understanding of their relationship with HGS rather than using the standard
BMI measurement.

HGS and GPA

One strategy to mitigate the effects of body size variations on Hand
Grip Strength (HGS) is the implementation of allometric normalization, a
technique well-documented and validated in previous research (Kocher et
al., 2019; Neto et al., 2017; Vanderburgh, 1995). To comprehensively
assess the relationship between HGS and GPA while addressing the
influence of body size, we adopted a dual-model approach.

In the first model, we incorporated body size adjustments directly
into the HGS measurements through allometric normalization. This method
enabled us to create a normalized HGS variable that accounted for
variations in body size, providing a more accurate reflection of an
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individual's strength capacity. We then performed linear regression of the
normalized HGS values with GPA, controlling for Sex.

In the second model, we took a different tack, choosing to juxtapose
the raw, non-normalized HGS values with separate quantifications of body
mass and height. This approach allowed us to dissect the contributions of
these fundamental components of body size, offering a granular perspective
on how each aspect uniquely interacts with and influences HGS. We then
performed linear regression of the non-normalized HGS values with GPA,
controlling for body mass, height, and Sex.

The results of our first model indicated a significant negative
association between term GPA and normalized MaxAvgHGS (B = —.260, ¢
= —3.391, p < .001), suggesting that higher grip strength correlates with
lower academic performance. Sex remained significant (p < .001).
However, this model, see Equation 3, accounted for only 15.7% of the
variance in normalized MaxAvgHGS (Adjusted R’ = .157) but was overall
still statistically significant (F = 38.47, p <.001).

3) Normalized MaxAvgHGS = 5.759 — .260 x GPA + .902 x Sex
(male)

The results of our second model, examining the relationship
between BMI components—body mass in kilograms and height in meters
(instead of BMI)—alongside term GPA and MaxAvgHGS, once again
controlling for Sex, revealed significant positive associations between
MaxAvgHGS and both body mass (f =.240, t =4.442, p <.001) and height
(B = 63.027, t = 5.722, p < .001). Term GPA maintained a significant
negative relationship with MaxAvgHGS (B =—2.564, t =—-2.372, p = .018),
again suggesting that higher hand grip strength corresponds to lower GPAs.
This model, see Equation 4, explained a much more substantial 56.5% of
the variance in MaxAvgHGS (Adjusted R’ = .565) and exhibited an
excellent overall fit (F = 132.1, p <.001).

4) MaxAvgHGS =—47.763 — 2.564 x GPA + 22.465 x Sex (male)
+.240 x body mass + 63.027 X height

Thus, we identified a significant negative relationship between HGS
and academic performance, irrespective of the method used to account for
body size, and even after adjusting for Sex—a recognized confounding
factor for both HGS and GPA. The second, more comprehensive model,
which incorporated both mass and height, demonstrated considerably
greater explanatory power. However, it only slightly surpassed that of its
equivalent predecessor, which did not include the GPA factor (Adjusted R’
=.560).

Discussion
In the context of older adults, low HGS is often associated with
declining cognitive function, as highlighted by Jiang et al. (2022), Kim and
Kim (2022), and others cited in our introduction. However, our current
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research emphasizes that this connection may predominantly apply to older
populations. Among college-age individuals, the relationship between
physical health indicators and academic performance appears more
complex. Our study reveals a negative correlation between HGS and GPA
for college-age students. This observation indicates that students with
higher HGS might prioritize strength training and physical development at
the expense of academic pursuits, diverging from the conventional belief
that muscle strength and cognitive function, assessed here via GPA, are
unconnected in the younger demographic. Regardless, our research
identifies a unique relationship between high HGS and lower GPA for
college-age students, suggesting that HGS might be an indicator of lifestyle
choices rather than cognitive abilities.

Limitations

Some of the limitations of this study include the cross-sectional
design and a convenience sample. A portion of the participants were in a
weight training class, which may have included college students who had
increased levels of strength compared to those who de-emphasize strength
training as part of the healthy lifestyle choices one can make. Future studies
should employ controlled experimental designs with diverse samples to
enhance generalizability and consider measuring and controlling for
additional variables, such as exercise and dietary habits.

Conclusion

This study contributes a novel perspective on the relationship
between HGS, academic performance, and gender in college students. The
negative correlation challenges existing findings, emphasizing the
importance of considering lifestyle factors in investigating physical strength
and academic success. Practical applications include tailored interventions
for individuals that promote a more holistic fitness approach, emphasizing
a variety of health behaviors that contribute to improved academic
performance and health. Continued investigation is critical to better
understanding the complex dynamics between physical health, academic
success, and lifestyle choices among college students.
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