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Abstract

Background: Esports players, like traditional athletes, practice for long hours and, thus, are vulnerable to the negative health effects of prolonged
sitting. There is a lack of research on the physical activity and the health ramifications of prolonged sitting by competitive players. The purpose
of this study was to investigate activity levels, body mass index (BMI), and body composition in collegiate esports players as compared to age-
matched controls.

Methods: Twenty-four male collegiate esports players and non-esports players between 18 and 25 years of age signed a written consent to partic-
ipate. Physical activity was examined using daily activity (step count) with a wrist-worn activity tracker. A questionnaire assessing physical
activity was also administered. Secondary outcomes included body-fat percentage, lean-body mass, BMI, and bone mineral content measured
using dual X-ray absorptiometry.

Results: The step count in the esports players was significantly lower than the age-matched controls (6040.2 4 3028.6 vs. 12843.8 £ 5661.1;
p=0.004). Esports players exhibited greater body-fat percentage (p=0.05), less lean body mass (p =0.003), and less bone mineral content
(»=10.03), despite no difference in BMI between the esports and non-esports players.

Conclusion: As compared to non-esports players, collegiate esports players were significantly less active and had a higher body-fat percentage,
with lower lean body mass and bone mineral content. The BMIs showed no difference between the 2 groups. Esports athletes displayed signifi-
cantly less activity and poor body composition, which are all correlated with potential health issues and risk of injury. BMI did not capture this
difference and should not be considered as an accurate measure of health in competitive esports players.
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1. Introduction competitive esports players, including behavioral problems,
sleep abnormalities, digital eye fatigue, musculoskeletal inju-
ries, metabolic disorders, and central obesity. 1,35

Lack of physical activity as well as obesity, in conjunction
with or independent of each other, are both major risk factors
for many chronic diseases.” However, recent literature sug-
gests that lack of physical activity and low lean body mass
(LBM) may have more of a health detriment than a higher
body fat percent.”* Low skeletal muscle mass independently
can be associated with insulin resistance, diabetes, metabolic
syndrome, and musculoskeletal injuries.”*

Body mass index (BMI) is a standardized formula that is
widely used to classify an individual as being underweight,

The average collegiate esports player can spend 3—4 h a
day sitting and practicing in front of a screen. That number can
go as high as 8—10 h a day before a tournament or competi-
tion." This does not include other forms of screen time, such as
mobile phone or television use, which can add significantly
more hours of sedentary screen time.” This frequent video
game play has been linked to negative health effects in
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normal weight, overweight, or obese by using height and
weight (weight (kg)/height® (m?)).” However, it can be an
inaccurate measure of health because it does not take into
consideration body composition. Body composition includes
body fat, LBM, and bone mineral content (BMC). BMI is
rarely accurate in elite athletes because it is typically overesti-
mated due to a larger percentage of LBM, and it may be a poor
indicator of obesity in adolescent athletes.” In 2012 the Interna-
tional Olympic Committee released the BMIs of some of its
top competitors. One of the players on the men’s French gold
medal Olympic team—clearly a fit individual—had a BMI of
26.8, which is categorized as overweight, and another—also
clearly fit—had a BMI of 28, which is approaching obesity. A
female silver medalist in the 400-meter dash had a BMI over
27, which is categorized as being overweight. Thus, the Inter-
national Olympic Committee deemed BMI to be an unreliable
and invalid tool for measuring health in athletes. It is all too
common for athletes to be labeled as overweight or obese using
BMI because it does not account for increased muscle mass.

Conversely, in sedentary individuals, it is possible to pres-
ent with a normal BMI while having high body fat mass and
low LBM. As we age, LBM can decrease up to 10% per
decade if precautions are not taken to preserve it.'”'" If this
loss is significant enough, it is labeled sarcopenia. This term
refers to significant muscle loss and is found predominantly in
older adults.'™'" Individuals with both low LBM and high
body fat are characterized as having sarcopenic obesity.'*"”
Sarcopenia obesity is associated with metabolic changes and
decreased function and is an indicator of early morbidity in
older adults."” '® These definitions are now carrying over to a
younger population of individuals who sit for prolonged peri-
ods of time and have a lack of physical activity.

Kim et al.'” were among the first researchers to establish
that low LBM in non-obese young adults (19—39 years of age)
is associated with metabolic syndrome. Below-average LBM
has often been overlooked in youth as a risk factor to health. In
recent years, prolonged sitting due to electronic use and televi-
sion viewing has been shown to increase risk of cardiovascular
and other chronic diseases, independent of exercise.” Having
low LBM in conjunction with low physical activity can also
negatively influence BMC."* 2 Muscle and bone are inextri-
cably linked, both molecularly and mechanically. The mecha-
nostat theory explains how bone adapts to the mechanical
loads it is chronically exposed to by changing its structure to
become more resilient to the load; hence, high-impact activi-
ties and sport are widely recognized as leading to increases in
BMC."® %" Studies have suggested that both muscle and bone
release compounds that mediate an intercellular relationship.
Dorsey et al.'” demonstrated that greater skeletal muscle mass
was associated with higher BMC in children 6—18 years of
age, independent of body-fat percentage.'” The combination
of low LBM and low physical activity in youth can negatively
influence bone health in children and young adults.”*' Osteo-
porosis in younger adults is typically associated with sedentary
behavior, poor diet, or disease.'® Among young athletes, osteo-
porosis is a concern primarily when their sports require a large
volume of exercise and emphasize low body weight.””
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Physical activity during adolescence and growth periods dur-
ing the life course are important in bone development so as to
prevent bone loss later in life.'® Hence, prolonged sitting and
lack of physical activity serve as a prelude to low LBM and
reduced BMC.'®'” The lifestyle associated with the average
esports player may result in low LBM and BMC; however,
there appears to be a gap in knowledge about this topic.

The first specific aim of this study was to compare body
composition of esports players (LBM, body fat (%), and
BMC) to healthy age-matched controls. The second aim was
to compare physical activity levels of collegiate esports play-
ers with their non-esports counterparts, utilizing a wrist-worn
activity tracker. We hypothesized that esports players would
be less active and present with higher body fat, lower LBM,
and lower BMC, which would translate misleadingly to lower
BMIs in esports players than in non-esports players.

2. Methods
2.1. Participants and study design

This age-matched subject design study was approved by the
New York Institute of Technology Institutional Review Board
in Old Westbury, NY, USA, and conducted on the New York
Institute of Technology campus in Old Westbury, NY, USA.
Subjects were a convenience sample of 24 male volunteers
who signed a written consent to be in this study and who were
from the same geographic area and commuter university. All
subjects were born male and identified as such. A total of 13
competitive collegiate esports players (age =20.2 £ 1.7 years)
and 11 age-matched controls (age=19.2 £+ 1.3 years) who
were not esports players or self-reported gamers participated
(Table 1). The choice to use the same university campus to
recruit controls was made in order to minimize bias between
subjects who might live in a dormitory or who might commute
by motorized transportation. All subjects used public transpor-
tation or personal vehicles to commute to campus. Inclusion
criteria for subjects included: (1) being a woman or man
18—30 years of age, (2) being a competitive member of the
campus esports team, if not acting as a control, and (3) having

Table 1
Subject data (n =24, mean £ SD).

Variable Esport (n=13) Control (n=11) p

Age (year) 202+ 1.7 19.2+1.3 0.09

Height (cm) 172.7+ 6.4 1745+ 69 0.63

Weight (kg) 71177 77.4+10.8 0.14

Sleep (min) 388.0 £98.0  441.0 £103.0 0.07

Playing esports daily (h) 4.6+2.6 N/A N/A

Playing esports without break 4.0£32 N/A N/A
daily (h)

Computer recreational/school use 43+19 1.7+£1.0 0.001*
daily (h)

Exercise (day/week) 1.7+£1.9 48+1.2 0.001*

Exercise (min/session) 39.5+40.4 56.7 £26.8 0.29

* Significant difference between Esport group and Control group.
Abbreviation: N/A= not applicable.
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a Smartphone. Exclusion criteria for subjects included: (1)
having any contraindication for having a dual-energy X-ray
absorptiometry scan performed, based on the American Col-
lege of Radiology’s practice guidelines® and (2) being a con-
trol subject who was a self-proclaimed competitive video
gamer. Esports players were members of the American Colle-
giate East Coast Esports League, which competes competi-
tively in Tespa, the East Coast Conference, and the Overwatch
Open Division. The team is ranked as “high platinum/low dia-
mond” in the Overwatch and Platinum 1/Diamond 4 for Multi-
player Online Battle Arenas. All data on the esports players
were collected during peak season. Although some universities
offer physical training services or nutritional counseling to
their esports teams, these services were not provided for our
participants at the time of data collection. To avoid seasonal
weather influences on physical activity, data for the control
subjects and for the esports subjects were collected at the same
time.

2.2. Instruments

2.2.1. Activity and sleep

Daily activity was monitored for 24 h for 14 consecutive
days by a Fitbit Charge (Fitbit, San Diego, CA, USA). The Fit-
bit activity monitor is a quantitative tool used to assess steps
per day/week, exercise, sleep duration, and quality of sleep.
The Fitbit uses sensors to track heart rate, activity, steps, and
sleep.”” Information regarding compliance, sleep latency,
sleep time, and awakenings were recorded as well as the num-
ber of steps each subject took each day. This tracker works
with most mobile devices. All participants had a Smartphone
with the Fitbit application. The monitor was placed on the non-
dominant wrist of each subject, and each subject was
instructed to wear the device all day and night, including dur-
ing sleep. Fitbit is engineered to detect motion patterns and to
look for intensity that may indicate someone is walking or
being active. For example, the unit may inaccurately interpret
abrupt arm motion as physical activity.”” For this reason, the
esports players were asked to remove the watch only while
they were gaming.

Recreational computer use does not involve the action
moves and intensity of gaming; therefore, the controls and
esports subjects were permitted to wear the device during rec-
reational computer use. The Fitbits were synced to a web-
based dashboard designed for collecting data from this particu-
lar Fitbit (Fitabase, 2015 Small Steps Labs).

The number of days performing intentional exercise and the
duration of exercise was recorded using a self-reported question-
naire. The mode of exercise was not investigated. The subjects
were also asked specifically how many hours they played their
esports games daily, how many hours they played this game
before taking a break, and how many hours they spent doing rec-
reational activities on the computer that did not involve gaming.

2.2.2. Body composition
All participants underwent body composition testing on a
General Electric Lunar dual-energy absorptiometry machine
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(Lunarl-Dexa General Electric, Atlanta, GA, USA) located in
the Academic Health Care Center on the campus of the New
York Institute of Technology. Testing was performed by a
licensed X-ray technician. This machine routinely goes
through a quality control procedure every 3 days before scan-
ning any participants. This unit analyzes whole-body composi-
tion that includes total mass, lean mass, fat mass, fat percent,
and visceral fat. The unit has the ability to perform individual
region analysis. This was separated into left and right arms,
left and right legs, and trunk region. Two established methods
for defining sarcopenia were conducted. The first method,
defined by the International Working Group on Sarcopenia,
was calculated using appendicular lean body mass (ALM)
divided by height® (kg/m?).”® The cut-off point for defining
sarcopenia was < 7.23 kg/m? for males. The second equation
used was ALM/body mass and was expressed as a percentage
of a cut-off score of < 27.1% for males.”’ Although females
were included in the protocol, there were no female volunteer
participants.

2.3. Statistical analysis

An a priori power analysis utilizing G*power (Version
3.1.2; Heinrich Heine Universitat, Dusseldorf, Germany),
based on preliminary Lean Body Mass pilot data (SD =+ 8.5)
(Lean Body Mass SD =+ 8.5), indicated that a sample size of
10 subjects in each group would provide sufficient power
(80%) to observe differences, assuming a moderate effect size.
Outcome data were analyzed using IBM’s Statistical Package
for Social Sciences (SPSS Version 25; IBM, Armonk, NY,
USA). Data normality on each variable was tested using a
Shapiro-Wilk test, and an independent ¢ test was conducted to
analyze and compare outcomes between the variables
recorded. Results were considered statistically significant
when a p value was less than or equal to 0.05. All data are
reported as mean and SD. Given the documented ways to ana-
lyze low muscle mass, analysis was done using 2 formulas:
(ALM/height?(kg/m?)) and (ALM/weight (%)).”’

3. Results

Activity measured by weekly step count was significantly
higher in the control group than in the esports group
(»p=0.004), and there was no difference in sleep time between
the groups (p = 0.07). The control group exercised significantly
more than the esports group on a weekly basis (days
p=0.001). Recreational computer use outside of esports game
play was higher among esports players (p =0.001) (Table 1).

No difference was found between groups in BMI (p =0.35).
Despite there being no difference in BMI, the esports players
had significantly higher total body fat percentage (p=0.05).
Additionally, the esports team demonstrated significantly
lower total lean mass (p=0.003). ALM/height® (kg/m?) was
significantly lower among the esports players (p =0.002), and
ALM/weight (%) was also significantly lower among the
esports players (p=0.002). BMC among the esports players
was significantly lower as well (p =0.03) (Table 2).
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Table 2
Outcome measures (n =24, mean £ SD).

Variable Esport (n=13) Controls (n=11) D

BMI (kg/m?) 23.7£33 249+21 0.35
Body fat (%) 24.0£6.7 19.1 £ 6.0 0.05*
Visceral fat (kg) 0.34+0.24 0.20£0.13 0.07
Total lean mass (kg) 50.8 £4.0 59.8 £8.5 0.003*
ALM/height? (kg/m?) 137+14 168 +2.5 0.002*
ALM/weight (%) 30.0£0.0 38.0 £ 0.0 0.002*
BMC (kg) 29+03 32404 0.03*

Step count (2 weeks) 6040.2 £ 3028.6 12843.8 £ 5661.1 0.004*

* Significant difference between Esport group and Control group.
Abbreviations: ALM = appendicular lean mass; BMC = bone mineral content;
BMI =body mass index.

4. Discussion

Our findings are consistent with our hypothesis that this
cohort of collegiate esports players was significantly less
active and had higher body fat percentage, lower LBM, and
lower BMC than non-esport players; nonetheless, the esports
players displayed normal BMIs. Furthermore, a significant dif-
ference in recreational computer use between esport players
and non-esport players was found (4.3 = 1.9hvs. 1.7+ 1.0 h,
p = 0.001). This may also be a contributing factor to the
difference seen in physical activity.

4.1. BMI, body composition, and clinical relevance

In the current study, when BMI was used to classify obesity,
18% of esports participants compared to 55% of the controls
would be classified as obese. However, when body fat percentage
was examined, the results looked considerably different. Although
there are no universally accepted norms for body-fat percentage,
researchers have typically considered > 25% in males and > 30%
in females as being overly fat or obese.”**’ Observing these guide-
lines, 30% of the esports participants would be classified as obese,
whereas none of the controls would be. Thus, low muscle mass
and high body fat percent that results in a normal BMI can give a
false clinical interpretation of health in sedentary individuals.

Low LBM is a growing health concern among a sedentary
population, and the body of evidence concerning its negative
consequences is growing. Recently, research has started to
establish age- and sex-specific percentiles of total LBM using
the same instrument utilized in this study (General Electric dual
X-ray absorptiometry machine).”’ *? When comparing the
results of our study to age- and sex-specific norms of the general
population, as defined by Imboden et al.,*” the esports players
are categorized below the 10th percentile for LBM, whereas the
control subjects are categorized in the 30th percentile for LBM.

Interestingly, from these results, using BMI as the clinical
interpretation places both groups in the “normal range” cate-
gory and at a reduced risk of disease. When we interpret body
fat percentage according to the American College of Sports
Medicine guidelines, the esports players (for sex and age)
would be in the 15th to 20th percentile and classified as “very
poor” and at an increased risk of disease. The control group
would be categorized as “fair” and in the 40th percentile, with
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less risk of disease.”” If the BMI measure were used as an indi-
cator, the esports players in our study would not be classified
as being at risk for disease. However, if LBM and lack of phys-
ical activity were used, the esports players would be classified
as being at higher risk of disease and injury than the general
population. Thus, clinicians and researchers should evaluate
esports athletes with caution, and multiple measures should be
utilized in examining their health status.

4.2. Prolonged sitting and sedentary behavior

Prolonged sitting and lack of physical activity has indepen-
dently been shown to result in a significantly higher risk of
mortality, regardless of muscle strength.’” Kim and col-
leagues'’ were the first to demonstrate the relationship
between low lean body mass and metabolic syndrome in young
adults, independent of being overly fat or obese.

The American Heart Association and the American College
of Sports Medicine both have similar activity guidelines for
adults and set them at a minimum of 150 min of moderate
exercise a week, including 2 or more days of strength training.**
This translates into a minimum of 30 min of moderate exercise
daily at least 5 days/week. The non-gaming control subjects in our
study attained these guidelines (4.8 + 1.2 days/week; 56.7 & 26.8
min/day), whereas the esports players were significantly less
active than the recommended minimum requirements (1.7 + 1.9
days/week; 39.5 + 40.4 min/day). Kari et al.”> recently showed
that professional esports athletes practice gaming approximately
5 h/day, year-round, and participate in approximately 1 h of
physical exercise every day (5 h/week or 350 min/week).”” The
motivation behind the physical activity was for overall health,
although a majority of the players felt that it helped their gaming
performance as well.” Interestingly, Rudolf et al.*® showed similar
findings. They found that 50% of German professional male
gamers participated in more than 5 h per week of physical activity,
whereas 35% of amateur players participated in 2.5—5 h per week
of physical activity.”® DiFrancisco-Donoghue et al." demonstrated
that, on a collegiate level, the average gamer plays approximately
5.5 h daily, and 40% did not participate in any physical activity.
The differences reported on a professional level and an amateur
level are not surprising. Professional teams often have more struc-
ture in their routines, have access to more resources, and are more
incentivized to stay healthy by a team of coaches and health profes-
sionals.”® Esports is expanding rapidly on the collegiate level and
the types of health services available to these players varies greatly
across colleges and universities. Some collegiate teams have health
services available, but most collegiate esport teams do not have
access to the same resources as professional teams or the same
time to commit to physical exercise.

The American Heart Association has publicly announced
that exercise might not be enough to undo the negative health
effects of sitting.”> As Kari and colleagues® have demon-
strated, although an individual may fulfill the recommended
exercise guidelines, sitting for prolonged periods of time may
negate any health benefits.”> Ekelund and colleagues® have
found that moderate activity for 60—75 min/day seemed to
eliminate the increased risk of death associated with prolonged
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sitting. However, 60—75 min a day may not be scheduled rea-
sonably for many individuals. Researchers and health profes-
sionals in the esports community should address the issue of
how to increase physical activity in conjunction with reason-
able breaks during prolonged game play.

A major strength of this study is that it is the first to describe
the separate health concerns that need to be addressed for
esports players and excessive video gamers. Although qualita-
tive data exist on lifestyle behaviors of esports players, this is
the first study to collect objective data from competitive
esports players and demonstrate the differences that exist in
physical activity among this younger population compared to
age-matched peers. Furthermore, we examined the effects of
decreased physical activity and prolonged sitting on body
composition and demonstrated that weight and BMI are not
appropriate assessment tools for health in this population.

Some limitations to our study that need to be addressed
include the lack of research on women esports players and the
lack of muscle-quality assessment. The study protocol did not
exclude women esports players; however, on some campuses
women esports players at the collegiate level are a minority or
nonexistent. Unfortunately, these circumstances resulted in
there being no female volunteers in our study. Women were
not included, so we cannot assume that the same differences
that existed among men would occur in women. Because of
the large differences normally seen in LBM, abdominal vis-
ceral fat, and subcutaneous fat between sexes, experimentation
should be performed with a female cohort only. Muscle quality
is defined as muscle strength per power per unit of muscle
mass.”” We failed to collect muscle strength data in our sub-
jects and, therefore, cannot truly define muscle quality among
these players. Last, this was a small cohort of subjects from a
commuter university in 1 geographic area. Our results may not
reflect the results that would be found for esports players from
other collegiate teams who have access to trainers and nutri-
tionists or from the larger esports community.

This study identifies many issues for clinicians and for
future research. Coaches, therapists, and physicians should use
caution when utilizing standardized measures of health for the
general population. The consequences of a sedentary lifestyle
on health, mobility, and function among esports players are
just starting to be explored, and we simply do not know the
ramifications that their sedentary behavior will have on their
future health. Henriksson and colleagues,”® using a cohort of
1.2 million men, found that muscular weakness in adolescent
males was associated with disability 30 years later. There have
been few, if any, guidelines set forth for esports players
because insufficient research has been conducted to provide
the basis for such guidelines. This study establishes a frame-
work for much-needed research in this population and for
health professionals who wish to establish esports guidelines
that promote healthy behaviors.

5. Conclusion

Research on esports is still in its infancy. This study sug-
gests that playing esports on a collegiate level is associated
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with sedentary behavior, low LBM, low BMC, and high body
fat. Even if the esports players in our study attained the mini-
mal recommended guidelines for physical activity set forth by
health organizations, we simply do not know whether meeting
these guidelines would negate the effects of prolonged sitting
that result from esports gaming.
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