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ABSTRACT

Background/Aim: Tennis is a sport played in nearly every
country and is one of the top participation sports in the
world. It is considered a sport for a lifetime due to the ability
to play from a very young age to very late in life. As global
society is facing more physical inactivity, increases in many
preventable diseases, limited funding from private and public
sources for physical activity, it is important to understand
the many health, wellness and cognitive performance ben-
efits of tennis. Methods: This review focuses on the health,
cognitive and wellness aspects of tennis play in different
population groups. Results: Tennis participation provides
positive health benefits on aerobic capacity, body fat, morbid-
ity, mortality, blood pressure, cholesterol, diabetes, obesity,
and bone health. Conclusions: Regular participation in tennis
play provides a multitude of health, cognitive and wellness
benefits from a young age to late in life.
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INTRODUCTION

world and is played by millions of people. One great bene-
fit of tennis is that many people who play tennis maintain
the sport throughout life (as can been seen by competitions

Termis is one of the most popular sports throughout the

organized for individuals over the age 80 and even some coun-
tries have national championships in the 90 and over age group').
In 2007 and 2009 two reviews were published looking at the
health benefits of tennis?® and in 2006 a review focused specifi-
cally on the health benefits of veteran (senior) players*. In 2013,
the International Tennis Federation (the world governing body of
tennis) established the Health Benefits of Tennis Taskforce to help
increase awareness of the health, wellness and cognitive perfor-
mance benefits of tennis participation and to develop materials to
help bring greater understanding around the many health ben-
efits of playing tennis. The purpose of this review is to highlight
the relevant research surrounding these benefits.

CURRENT PUBLIC HEALTH RECOMMENDATIONS &
CONSEQUENCES OF PHYSICAL INACTIVITY

Men and women of all ages, socioeconomic groups, and eth-
nicities are recommended to undertake at least 150 minutes per
week of moderate-intensity aerobic physical activity, such as
brisk walking®. Muscular strengthening physical activities are
also recommended for health improvement®. Physical activity
was recently considered a cornerstone for combating noncom-
municable diseases by the United Nations®. The World Health
Organization (WHO) recognizes physical inactivity as one of the
leading global risk factors for morbidity and premature mortal-
ity”. The WHO estimates that four of every five adolescents aged
13-15 years do not meet present physical activity guidelines.
These adolescents are at increased risk of coronary heart disease,
diabetes, some types of cancer, and premature death?®. In 2011 the
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WHO recognized physical inactivity as one of the leading global
risk factors for morbidity and premature mortality”. Compared
with inactive individuals, those who were active (about 1.5h

per week) lived 3 years longer®. The American College of Sports
Medicine and the American Heart Association recommend

that to promote and maintain health, adults aged 18 to 65 years
should partake in a minimum of 150 minutes per week (ie, 30
minutes for 5 days) of moderate-intensity physical activity as
well as at least 2 days per week of muscle-strengthening activi-
ties that work the major muscle groups®.

Tennis, as an exercise form, is one of the best examples of inter-
mittent moderate /high intensity exercise. In a review of heart
rate measurements in tennis players it was found that mean (SD)
heart rate during singles play ranged from 141 (SD+16) to 182
(SD—+12) beats/ minute, equating to 70-90% of maximum heart
rate?. Mean oxygen consumption (VO2) during play ranged from
23.1 (SD +3.1) to 40.3 (SD+5.7) ml/kg/min, reflecting 50% to 80%
of VO2max?®. As a result, tennis singles play can be categorized as
a vigorous intensity exercise (>6 METS).

While low intensity activities (<4 METs) were not associated
with reduced mortality rates, moderate activities (4 — <6
METs) appeared somewhat beneficial, and vigorous activities
(=6 METs), such as tennis, clearly predicted lower mortality
rates'. As a moderate or vigorous activity, tennis offers greater
protection from physical impairment and mortality than does
moderate activity'.

High Intensity Interval Training (HIIT) involves short peri-

ods of intense exercise interspersed with periods of recovery
involving lower intensity exercise and has become a major area
of research over the past few years® 4. HIIT training describes

a wide variety of work:rest ratios, from as little as 6 seconds of
work to as long as 4 minutes with different length rest periods.
In a recent review it was found that HIIT promotes superior
improvements in aerobic fitness and similar improvements in
some cardiometabolic risk factors in comparison to Continuous
Moderate Exercise (CME), when performed by healthy subjects
or clinical patients for at least 812 weeks'®. For a more in-depth
review of HIIT see'®!*. In tennis, it has been reported that HIIT as
well as Repeated Sprints Training (RST) generate improvement
in general aerobic fitness. HIIT i.e., 3x (3 x 90 seconds), 90-95%
HRmax, with 3-minute rest between each set), induced greater
improvements in tennis-specific endurance than RST i.e., 3x
(10x5-second) shuttle sprints, with 20-second rest between repe-
titions, 3 minutes between sets'®. Although more research is still
needed in this area over longer periods with work:rest ratios that
more closely represent tennis play, these findings lend support
to the benefits of typical tennis play. As the work to rest ratios in
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tennis range between 1:2-1:5 during matches", future research
should focus on HIIT with these similar ratios. Like most exer-
cise forms, tennis does have a potential risk of injury, and this
should be assessed before starting any new physical activity
program to allow for appropriate and progressive volume and
intensity changes.

Tennis players have been reported to have a wide range of mean
VO:2max values 272, These ranges are due to factors such as
gender, age and training level. Despite these differences, tennis
players have higher levels of aerobic fitness compared with nor-
mative data for active controls of the same age and gender?' 2.
In a longitudinal study, sedentary, middle aged volunteers who
exercised three times a week for 30 minutes per session for 20
weeks found that tennis produced increases in endurance capac-
ity (5.7%), compared with no change for the control group?.
This was despite the duration of each training session being only
30-50% of a typical tennis practice or match session. Although
many studies have shown aerobic capacity improvements using
exercise modalities, intensities, and work:rest ratios that are
similar to tennis, a paucity of research currently exists looking
specifically at the influence of consistent tennis play on changes
in aerobic capacity.

Although there is clear evidence that regular physical activ-

ity has powerful positive health and fitness effects?, most
middle-aged to elderly people are classified as sedentary. For
example, only 25% of adults in the United States report engaging
in the recommended amounts of physical activity (i.e., 30 min-
utes of moderate-intensity activity on 5 or more days per week,
or 20 minutes of vigorous-intensity activity on 3 or more days
per week), while 29% report engaging in no leisure-time regular
physical activity®. This lack of physical activity, in combination
with poor diet are the major causes of an epidemic of obesity
that is affecting the elderly as well as middle-aged and younger
populations®. Data from a study of 9,704 middle-aged and
elderly women showed that any increase in physical activity is
beneficial®. Tennis provides a unique combination of benefits

to the older population in addition to the physical benefits
(which many of exercise modalities may not be able to offer)
such as strategy, hand-eye co-ordination, reactions to multiple
different stimuli, varied scenarios/conditions, competition, and
social interactions with opponents and doubles partners. As the
population continues to age, more work should be performed
evaluating the effect of tennis participation in these populations.
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A longitudinal study of 1,019 male medical students’ physical
activities between 1948 and 1964 with a follow-up between 22
and 40 years later found that individuals who rated tennis as

a sport in which they had relatively high ability and played
during medical school was associated with a lower risk of cardi-
ovascular disease in later life. After adjustment for confounding
variables, the relative risk of developing cardiovascular disease
was 0.56 (95% confidence interval, 0.35—0.89) in the high tennis
ability group and 0.67 (0.47-0.96) in the low tennis ability group,
compared with the no ability group?. One likely reason for this
beneficial health outcome is that tennis was the sport most often
played throughout the mid-life years. Many of the other sports
(American football, baseball and basketball) that individuals
participated in during medical school were not an activity that
they continued throughout their life?.

It is well understood that lack of physical fitness contributes to
premature death. The highest all-cause death rate in a prospec-
tive study of 9,777 men was in individuals who were unfit, while
the lowest death rate was in men who were physically fit*®. Com-
pared with being inactive, achievement of activity levels that
approximate the recommendations for moderate activity was
associated with a 27% and 32% decreased mortality risk, respec-
tively?. This was also confirmed in one of the landmark studies
by Paffenbarger et al (1993) which showed that tennis, as well

as other similar forms of exercise, results in lower premature
mortality rates®. Even with a reduction in total time of exercise,
vigorous-intensity is associated with a decrease in mortality risk.
This lends significant support to tennis play (and specifically
singles play) as a highly desirable activity as it is considered
vigorous exercise?, and most individuals typically play tennis
between 60-120 minutes due to the length of matches and avail-
able court time.

A prospective questionnaire-based study examined the asso-
ciation between recreational physical activity and mortality in
middle-aged and older women and measured levels of physical
activity via a questionnaire in 1980 that was updated every 2 to
4 years between 1980 and 1996°. The authors examined physical
activity in hours per week rather than in metabolic equivalent
task units (METs). Physical activity duration was found to be
inversely associated with mortality risk®.

A prospective study of postmenopausal women found a con-
sistent, graded, inverse association between frequency of leisure
physical activity and total mortality®. Women in the highest
level of physical activity had approximately 30% lower risk of
death, compared with those in the lowest level. In this study,
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playing tennis was considered one of the best physical activity
exercises to lower the risk of death®. In a separate study, it was
found that males who became inactive had a 72% increased
risk of mortality compared with men who remained active, and
that their risk did not differ significantly from that of men who
remained inactive. This study confirmed the hypothesis that
decreased physical activity might be associated with increased
mortality risk®. Such data highlight the need to perform activi-
ties that can be performed throughout life and lends support to
activities that are able to be performed into old age. As tennis
has structured competitions that in many countries include a
national championships from as young as 12 and under to indi-
viduals who are 90 years and older, it is one of the few sports
that can realistically be performed into old age. Although some
debate exists as what is optimum intensity during exercise and
how different levels of exercise (low, moderate, high, vigorous
etc) contribute to mortality rates, it is clear that less active indi-
viduals are at a higher risk of premature mortality than active
individuals into old age®?*. Becoming or remaining sedentary
was significantly associated with increased mortality risk in
comparison with remaining physically active®. A study compar-
ing elite male tennis players (40 to 60+ years of age) with active
age-matched controls reported that the tennis players expended
more energy during recreation, work, and exercise, engaged in
more vigorous activity, and consequently scored significantly
higher on the Yale Physical Activity Survey®. This suggests that
tennis players are more active in other activities throughout the
day that also aids in the reduction of mortality risk above and
beyond just the exercise performed during tennis play.

Although few studies of blood pressure in tennis players have
been performed, one such study showed that tennis play
provided similar benefits in blood pressure readings between
senior male tennis players and moderately active age matched
controls®. Women who performed even small to moderate
amounts of physical activity (2-12 times per month, 0.5-2
hours per week) and of moderate-to-vigorous activity (=5kcal/
kg /h) had significantly lower systolic blood pressure (-1.8%)
values than sedentary women®. The researchers concluded that
habitual physical activity in older women is associated with

the clinically important benefit of lower systolic and diastolic
blood pressures, and that this benefit is independent of physical
activity-related changes in obesity and plasma insulin®. In a
recent study comparing tennis players to weightlifters and non-
trained volunteers, systolic blood pressure differed significantly
among the three study groups, independently of age, body
mass index (BMI), frequency, duration and intensity of exercise.
Flow-mediated dilation was significantly lower in weightlifters
than tennis players, while mean carotid intima-media thickness
(IMT)—widely used in observational studies and trials as an
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intermediate or proxy end point for cardiovascular disease—
was significantly higher in weightlifters as compared to tennis
players and the control group. Tennis play showed a positive
response to endothelial function®.

As far back as 1926, tennis has been shown to help reduce insulin
needs in diabetics as well as blood sugar levels’. More recently, a
study of 12 tennis players with Type II diabetes, who performed
90 minutes of tennis play twice a week for six weeks, showed

a reduction (SD) in mean glucose concentration from 188.0
(72.7) mg/dl at baseline to 156.7 (52.2) mg/dl after the 6 weeks
of training* —nearly a 20% reduction. This study included
beginner tennis players who participated twice a week with a
modified ball for six weeks. Future studies should investigate
the effects of a similar protocol extended over months or years
on individuals with Type II diabetes.

When matched for age, sex and education, tennis players com-
pared favorably to sedentary controls in having significantly
higher high density lipoprotein (HDL) cholesterol—men, 1.39
(0.30) v 1.17 (0.31) mmol/1; women, 1.72 (0.22) v 1.56 (0.29)
mmol/1 4. However, not all studies show a greater improve-
ment in cholesterol when compared to appropriately matched
controls®. The higher HDL cholesterol concentrations associated
with a lower risk of cardiovascular disease implies that individ-
uals who play tennis may be at a reduced risk of cardiovascular
events®?. Compared to sedentary individuals, physically active
women had significantly lower levels of total serum cholesterol,
LDL and oxidized LDL cholesterol, triglycerides, apolipoprotein
B, and higher levels of HDL cholesterol and apolipoprotein
A1%. When comparing cholesterol levels of tennis players to
sedentary individuals, the tennis players compare favorably.
However, more research needs to look at long-term tennis play
and changes in cholesterol over time.

The rising prevalence of obesity worldwide is a major global
health concern. This rise is due in part to sedentary behavior,
and exercise is one of the most promoted and recommended
activities to combat obesity*. Tennis has been shown to be an
excellent way of burning calories and specifically reducing

fat mass. Young adult tennis players engaged in singles play
could expend between 7.8 and 10.1 kcal /min**. Similar results
were found for senior athletes. Increased mortality has been
observed with weight gain*. Fitness and body mass index were
strong, and independent predictors of all-cause mortality in
adults 60 years or older”. Tennis is an effective form of physical
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activity that has been shown to limit excess body fat*, and male
and female tennis players have been reported to have below-av-
erage body fat compared with normal controls * %2 Tennis
players had 3-4% less body fat than appropriately matched con-
trols®®2 It has also been shown that elite level competitive tennis
players aged over 40 are more physically active throughout the
day than matched controls®. This potential carry-over influence
of tennis play, on a more active daily life (or individuals who are
more active are more likely to play tennis) is another benefit that
may contribute to lower body fat percentages in tennis athletes.

Bone health has been well researched in tennis players. Over
two dozen studies have analyzed bone health in tennis players
at many different levels. Some of the major findings that were
well summarized by Pluim et al (2007) showed that bone min-
eral content (BMC) and bone density (BMD) were consistently
greater in the dominant arm compared with the non-dominant
arm of the tennis player. This finding is consistent with the
increased loading that occurs on the dominant arm compared to
the non-dominant arm as a result of repeated ball contacts. Also,
BMC and BMD were greater in the hip and lumbar spine of
tennis athletes compared to controls®. Some more recent research
on elite youth tennis athletes supports a strong influence of mus-
cular action on bone adaptation. The researchers suggest factors
other than local muscle size also contribute to bone strength®.
BMC, bone area and lean mass in dominant arm has been shown
to be related to the number of weekly hours devoted to tennis®.
The exercise-induced change in muscle cross-sectional area was
predictive of BMC in prepubertal and peripubertal tennis play-
ers. Both pre/peri- and postmenarcheal tennis players showed
significant exercise-induced skeletal benefits within a year, with
greater benefits in cortical bone geometry in pre/perimenarcheal
girls®. As long-term bone health is a major concern in the female
population, participation in tennis at a young age should be
considered to aid in the development strong bone health. It is
interesting to note that the same research group® found a differ-
ent response to loading in young boys compared to the findings
in young girls. The osteogenic response to loading was greater in
peri- compared with pre-pubertal boys®, which was in contrast
to their findings in girls®. The authors suggested the difference
may be caused by differences in training history and that the
windows of opportunity to improve bone mass and size through
exercise may be longer in boys than in girls*. Playing tennis
before during and immediately after puberty has direct benefits
to bone growth, but long term tennis play in adulthood also
shows benefits and continued improvements in bone health®.
BMD during pregnancy typically are decreased and although
limited research is available on tennis play during pregnancy,
one study has shown that individuals who participate in tennis
play during pregnancy had less of a reduction in BMD than
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individuals who did not play tennis®. This initial study suggests
that tennis participation during pregnancy may be advisable
from a bone health perspective. It is recommended that the
individual would be accustomed to tennis prior to pregnancy™.
In summary, playing tennis leads to healthier bone structure in
both genders and across the age spectrum. This conclusion sup-
ports the exercise recommendations in the “Physical activity and
bone health” position stand produced by the American College
of Sports Medicine (ACSM)®. For more in-depth analysis of bone
health studies in tennis please refer to Pluim et al (2007).

COGNITIVE PERFORMANCE

Research has demonstrated that physical activity can slow
down or prevent functional decline associated with aging

while improving health in older individuals® ©2. Evidence for
connections between physical activity and brain biology is
significant®®”2 It has been shown that older tennis athletes’
performance on simple, choice, and movement time tasks were
substantially better than the older sedentary adults”. Smaller
benefits were observed for young adults. Similar results (i.e. bet-
ter performance by older high-fit than older low-fit individuals),
have been found in a large number of cross-sectional studies—
see™ for a review. A growing body of literature indicates that
physical activity is associated with improvements in brain func-
tion and cognition during childhood and through adulthood”.
Individuals who play tennis show evidence of increased cerebral
activity with eye movement tracking®, along with improved
stress reduction®. In another study it was reported that older
active men were able to react to stimuli and move their forearms
as quickly as young sedentary men®’. Young and old tennis play-
ers have shown to have significantly quicker reaction times than
their non-active age matched peers®. In a more recent study,
similar findings have been shown (better reaction times) when
comparing tennis players to swimmers or sedentary controls®.
The researchers concluded that tennis athletes had superior tem-
poral processing®. Tennis players have also been shown to have
superior capabilities in motion detection, speed discrimination,
and backward masking compared to triathletes or non-athletes®.
Speed processing and temporal processing is often faster and
more accurate in tennis players®. The researchers also indicated
that tennis players perform better in general than triathletes and
non-athletes under conditions of strong time limitations®. This
would be expected due to the differences in the type of activities
and training differences.

WELLBEING & REDUCTION IN PSYCHOLOGICAL
DISTRESS

Strong associations exist between physical activity levels and
levels of psychological distress®. Mental health benefits occur
when individuals exercise at least 20 min/week, although a
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dose-response pattern with greater risk reduction is apparent

at a higher volume and/ or intensity". Tennis players (male and
female) have a reduced likelihood of psychological distress com-
pared to lower volume and lower intensity types of exercise®.
Young tennis players perceived greater autonomy due to the
ability to use effective coping strategies such as active planning,
cognitive restructuring, emotional calmness and seeking of social
support®. Results in this study confirmed also that the greater
perceived autonomy was explaining athletes high levels of psy-
chological well-being®.

Engaging in physical and leisure activities affects not only cogni-
tive function but also emotional satisfaction and quality of life®.
The association between exercise participation and well-being
was assessed in approximately 8,000 adults aged 18 to 65 years
from the Netherlands Twin Registry. Exercisers were more satis-
fied with their life and happier than non-exercisers at all ages®.
However, more research is needed specifically looking at tennis
participation in this area.

Table 1: A Sampling of Overall Benefits of Tennis Participation In
Addition To Typical Health Benefits

A non-collision sport

A great way to meet people and spend time with friends

Involves cognitive function (strategy, tactics, reaction time, coordination)

Provides low lactic acid buildup, resulting in low levels of perceived exertion

*List compiled by members of the ITF Health Benefits of Tennis Taskforce

Table 2: Potential Benefits of Consistent Participation in Tennis
Increased Aerobic Capacities 23541:91:92
Lower Resting Heart Rate and Blood Pressure #!
Increased Bone Density ?
Improved Reaction Times *°

Lower Body Fat 41 %

Improved Muscle Tone, Strength & Flexibility 34192

Increased Reaction Times 73 77:%%

Reduced Stress &

Lower Cardiovascular Risk & Mortality Rates 27-3°
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LIMITATIONS AND FUTURE RESEARCH

Most tennis studies involve small sample sizes, very few are
longitudinal in nature and there is the potential for selection
bias. Also, it must be noted that in most parts of the world tennis
is associated with higher socioeconomic status. Most early tennis
studies attributing positive health benefits to tennis participation
have been limited because of their inability to control for various
confounding factors?. Due to these limitations future research is
needed with larger samples, such as longitudinal and prospec-
tive studies in youth and older adults. As the population ages in
most Western countries, more research is needed in older tennis
athletes, especially how degrees of participation affects various
health, fitness, and cognitive functions in older adults new to the
sport of tennis.

SUMMARY AND CONCLUSIONS

As tennis is one of the most popular sports worldwide, and

can be performed throughout an entire lifespan, it is one of

very few physical activities that can be recommended to nearly
all individuals who wish to participate in sport for life due to
the numerous benefits (see Table 1). The purpose of this article
was to highlight the many studies that have linked tennis to
better health, wellness and cognitive performance markers

in youth, adult and senior populations. Additionally, some
salient features of improving societal health through tennis
participation are discussed. It is well understood that personal
investment, enjoyment, involvement opportunities, and social
support are significant predictors of commitment to ongoing
tennis participation, and this commitment significantly predicts
participation frequency®. This is an important finding, as much
of the challenge in improving health metrics in society lies in
the continuation of exercise habits and behaviors. Playing tennis
contributes to increased aerobic capacity, lower resting heart
rate and blood pressure, improved metabolic function, increased
bone density, lower body fat, improved muscle tone, greater
strength and flexibility, and improved reaction times and overall
cognitive function (Table 2). All of this occurs while decreasing
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