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ABSTRACT

Background: Hand grip strength is supported as a valid physical capacity measure in older adults. Norma-
tive values for community-dwelling older adult hand grip strength were recently updated. With the major-
ity of community-dwelling older adults identified as sedentary, it is likely that current norms represent a
group that is relatively inactive. A sub-population of senior athletes who actively engage in exercise and
competitive sport have consistently demonstrated superior performance on measures of physical capacity
when compared to the general population. Normative values for hand grip strength have not been estab-
lished for this unique group of aging athletes.

Purpose: To establish hand grip strength norms for senior athletes and to compare these outcomes to avail-
able normative data in community-dwelling older adults.

Study Design: Cross-Sectional Study

Methods: Measures of hand grip strength were taken on 2,333 senior athletes registered to compete in the
National Senior Games between 2011 and 2017. Findings were divided into age and gender categories con-
sistent with community-dwelling norms. Student ¢ tests were used to compare senior athlete means to
community-dwelling norms. Cohen'’s d was calculated to estimate the effect size of each comparison.

Results: Normative values for senior athlete hand grip strength are reported in kilograms by age, gender
and hand dominance. For each age and gender category tested, senior athletes demonstrate dominant
hand grip strength that ranges from 8.6-11.1 kg higher for males and 5.5 to 8.9 kg higher for females
(p values< .0001) than published community-dwelling norms. Non-dominant grip strengths were also sig-
nificantly higher (p values<.0001). Effect sizes were medium to large (Cohen’s ds = 0.44-1.5).

Conclusion: Senior athletes demonstrate hand grip strength that is significantly higher than their commu-
nity-dwelling peers and more similar to a younger community-dwelling population. The population-specific
norms presented here will assist health care providers in more accurately assessing this high-functioning
subset of aging adults.

Levels of Evidence: 2b
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INTRODUCTION

Hand grip strength is a measure of physical capacity
frequently used in the screening or examination of
older adults. This simple measure has been shown
to associate significantly with both upper and lower
body strength.! Strength, as measured by hand grip,
has been shown to decline more rapidly after age
45% and can be used in the diagnosis of sarcopenia?
as well as the prediction of a multitude of health
conditions. Hand grip strength is a useful indica-
tor of potential declines in physical mobility,* cog-
nitive status,® health-related quality of life,® general
physical function” and mortality risk.*!® This mea-
sure has been touted as a more accurate predictor of
mortality than measures of systolic blood pressure?®
and has been supported as a valuable “vital sign”"! of
health in aging adults. With the broad array of seri-
ous health implications associated with this mea-
sure, it becomes critical that scores are interpreted
accurately and with attention to relevant normative
populations.

Normative values were published recently for the
community-dwelling adult population'? and include
grip strength norms for several age groups older
than 50. These norms have appropriately updated
the literature which had been lacking in this area.
However, with significant evidence that the general
population of older adults is inactive,'® these norma-
tive values likely reflect a population that is largely
sedentary and not engaged in regular or purposeful
physical exercise. Unfortunately, a 2019 report by
the Physical Activity Council revealed that the age
group demonstrating the “largest gain in inactivity”
was for those aged 65 and older.™

There is, however, a subset of the aging population
who engages in regular exercise and intense sport
competition on a regular basis. In 2017' more than
10,000 athletes aged 50 and over participated in the
National Senior Games, a biennial event which has
taken place regularly since 1987. This population is
atypical, with self-reported volumes of cardiovascular
exercise averaging four hours each week and strength
training averaging one hour each week.!® Non-exer-
cising older adults have been found to remain sed-
entary for more than 60% of each day.'® Past reports
of senior athlete gait speed,'” leg strength,'® and bal-
ance measures'® have consistently demonstrated

the tendency for these older adults to perform well-
beyond expected community-dwelling norms. When
assessing the health of these athletes it is necessary
to have norms that accurately reflect their physi-
cal capacity and potential range of abilities. A clini-
cian who compares a competitive senior athlete to
community-dwelling norms may encounter a ceiling
effect and inadvertently overestimate their patient’s
results. This highly active population is likely engaged
in more challenging daily activities which pose differ-
ent health risks. Analyses of conditions under which
healthy and active older adults fall, depicts falls that
are more likely to occur with outdoor activity of a
vigorous nature and come with an increased risk for
serious injury.’ These findings support the need for
population-specific norms useful in the screening of
this unique cohort in order to more accurately assess
risks to their health.' The purpose of this study was
to establish normative values for hand grip strength
in competitive senior athletes, stratified by age and
gender, and to compare these outcomes to current
community-dwelling norms. It is hypothesized that
these normative results will exceed those published
for the community-dwelling population.

METHODS

For this observational cohort study, senior athletes
who were registered to compete in the National
Senior Games between 2011 and 2017 were recruited
within the athlete village of the games. Each partici-
pant signed a written informed consent approved by
the Institutional Review Board of the University of
South Dakota prior to data collection. In order to par-
ticipate, the senior athlete had to be (1) registered
to compete in a National Senior Games event at the
time of testing, and (2) at least 50 years of age during
the year of competition. No other inclusion or exclu-
sion criteria were applied. In order to register for
the National Senior Games, all athletes participated
in state games events and successfully qualified via
place or time standards. The National Senior Games
does not require any pre-participation screening,
nor do they collect any health metrics on partici-
pating athletes. Sports represented by the athletes
tested can be found in Table 1.

Participants included 2,333 senior athletes. Average
age was 68.07 (SD 9.25) with a range of 50-100 years.
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Table 1. National Senior Games Events.

Archery Racquetball
Badminton Roadrace (5K, 10K)
Basketball Shuffleboard
Bowling Softball

Cycling Swimming

Field Events Only  Table Tennis

Golf (with cart) Tennis

Horseshoes Track

Pickleball Triathlon
Racewalking Volleyball

Men accounted for 40.6 % of the participants (N =948),
while women accounted for 59.4% (N=1,385). Par-
ticipants were queried to determine their current
age, gender, exercise habits and competitive sport.
Their hand grip strength was tested in a seated posi-
tion with a Jamar hydraulic hand grip dynamometer
(Performance Health Supply, Inc., Cedarburg, WI).
The Jamar dynamometer has been shown to have
high inter-rater (r=0.98)% and test-retest (r>0.80)*
reliability and has been referred to as the gold stan-
dard for assessment of hand grip strength.? The hand
grip setting was standardized to the second position
on the device to allow for replication of the protocol
used by the normative population.'? Participant posi-
tion was also identical'? thus, participants kept their
arm at their side with the elbow bent to 90 degrees, as
shown in Figure 1. Grip testing was performed in an
alternating fashion between the right and left sides
for a total of three trials on each side. Participants
were asked to squeeze maximally for 3-5 seconds
and their results were recorded in kilograms (kg).
The higher average of the two sides was assigned
dominance. To stay as consistent as possible with the
comparative normative group and to facilitate future
clinical application, the second of the three grip trials
was used for data analysis.

STATISTICAL METHODS

All analyses were performed using SAS version 9.4.
Descriptive statistics were computed for normative
tables and participant demographics. For compari-
sons, participant results were divided into the same
age and gender groups as available comparative
norms,'? with the addition of one group for those over
85, which was not represented in the comparative

Figure 1. Hand grip strength testing. Participants were
seated with their arm by their side and elbow bent to 90
degrees. The hydraulic hand grip dynamometer was set at
position 2 for all subjects.

study. Age groups were: 50-54, 55-59, 60-64, 65-69,
70-74, 75-79, 80-85 and 86 +.

Student’s ¢ tests were used to compare mean hand
grip in kg between the senior athlete mean and the
community-dwelling published mean for men and
women within each age group, with comparisons
made for both dominant and non-dominant sides.
Alpha was set at <0.05. Cohen'’s d was calculated for
effect size of all comparisons.

To support the use of the second grip trial for use
in comparison purposes, an ANOVA was applied to
the change scores between each of the three trials
to determine any meaningful clinical difference
between the trials. The suggested minimal clinically
important difference for hand grip strength (5.0 to
6.5 kg)* was utilized for comparison. The differ-
ences between the three successive grips ranged
from 0.12 kg to 0.61 kg, and thus supported the use
of the second grip for purposes of comparison.
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RESULTS

Senior athletes reported 4.64 (SD 1.76) days of pur-
poseful exercise each week with an average of 335
(SD=261) minutes per week of cardiovascular exer-
cise and 66 (SD=127) minutes per week of strength
training.

Table 2 displays the results of each age group by gen-
der for dominant hand grip strength in kg and Table
3 displays non-dominant side results. In each age
group, by each gender and for both dominant and
non-dominant sides, senior athletes demonstrated

significantly higher hand grip strength than pub-
lished community-dwelling norms (ps<.0001).
The effect size for these relationships ranged from
medium to large with Cohen’s ds ranging from .44-
1.50. Male senior athlete dominant grip strength was
8.6-11.1 kg higher than community-dwelling norms
while female athlete strength was 5.5-8.9 kg higher.

DISCUSSION
The higher hand grip strength scores found in this
population of senior athletes are consistent with

Table 2. Dominant normative hand grip strength of senior athletes

with comparisons to community dwelling normative data'* by gender
and age.

Male
Age Population N Mean (kg) SD Cohen’s d
Senior Athlete 52 52.9% 7.71
50-54 Community Dweller | 46 44.0 10.3 975
Senior Athlete 97 51.8% 8.84
3339 | Community Dweller | 27 40.7 10.4 113
Senior Athlete 155 48.9* 9.25
60-64 Community Dweller | 33 38.4 10.3 1.07
Senior Athlete 181 46.2% 7.72
65-69 Community Dweller | 22 36.8 10.5 1.02
Senior Athlete 187 43.7* 8.03
70-74 1 Community Dweller | 39 347 9.0 1.06
Senior Athlete 125 41.3* 8.34
7379 Community Dweller | 24 32.7 10.1 933
Senior Athlete 97 38.9% 7.43
80-85 Community Dweller | 38 28.1 9.1 131
Senior Athlete 54 33.1 6.81
8o+ Community Dweller | NA NA NA NA
Female
Age Population N Mean (kg) SD Cohen’s d
Senior Athlete 127 35.5% 5.6
30-34 Community Dweller | 65 28.2 6.3 122
Senior Athlete 226 33.5% 5.6
33-39 Community Dweller | 30 25.1 6.2 1.42
Senior Athlete 253 31.5% 5.13
60-64 Community Dweller | 58 23.6 6.5 135
Senior Athlete 286 31.0% 6.57
65-69 Community Dweller | 29 22.1 6.6 1.36
Senior Athlete 234 29.2% 5.26
70-74 Community Dweller | 43 21.5 5.1 1.48
Senior Athlete 136 27.9% 5.07
7579 Community Dweller | 17 19.6 6.0 150
Senior Athlete 81 25.4* 6.54
80-85 | Community Dweller | 46 19.9 44 987
Senior Athlete 42 22.2 4.61
86+ Community Dweller | NA NA NA NA
*Student’s ¢ test was significant at p<.0001
kg= Kilograms
SD= Standard deviation
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Table 3. Non-Dominant normative hand grip strength of senior

athletes with comparisons to community dwelling normative data**
by gender and age.

Male
Age Population N Mean (kg) SD Cohen’s d
Senior Athlete 52 47.9* 7.34
50-34 Community Dweller | 46 423 10.6 623
Senior Athlete 97 46.9% 8.62
33-39 Community Dweller | 27 38.5 9.6 A19
Senior Athlete 155 44.0%* 9.03
60-64 Community Dweller | 33 37.2 9.1 733
Senior Athlete 181 41.5* 7.72
65-69 Community Dweller | 22 35.4 10.3 672
Senior Athlete 187 39.5% 8.37
70-74 Community Dweller | 39 34.0 9.5 613
Senior Athlete 124 36.9* 9.4
7379 Community Dweller | 24 30.3 9.9 688
Senior Athlete 97 35.2% 7.58
80-85 Community Dweller | 38 27.1 9.4 931
Senior Athlete 54 29.89 6.43
8o+ Community Dweller | NA NA NA NA
Female
Age Population N Mean (kg) SD Cohen’s d
Senior Athlete 127 31.9*% 5.35
30-34 Community Dweller | 65 26.5 6.5 901
Senior Athlete 223 30.0% 5.74
5339 Community Dweller | 30 23.6 6.4 1.05
Senior Athlete 250 28.2% 5.54
60-64 Community Dweller | 58 22.9 6.3 200
Senior Athlete 285 27.8* 6.02
65-69 Community Dweller | 29 21.0 6.6 1.08
Senior Athlete 233 26.0%* 5.05
70-74 Community Dweller | 43 20.2 5.5 1.09
Senior Athlete 136 24.5% 4.88
7579 Community Dweller | 17 18.7 5.8 1.08
Senior Athlete 81 21.9* 691
80-85 Community Dweller | 46 19.4 4.0 A4
Senior Athlete 42 19.7 4.28
86+ Community Dweller | NA NA NA NA
*Student’s ¢ test was significant at p<.0001
kg= Kilograms
SD= Standard deviation

other findings of significantly elevated physical
capacity in aging athletes.!®'® The dominant hand
grip strength of male senior athletes aged 80-85 was
most closely aligned with the norm for community-
dwelling adults aged 60-64. Similarly, female senior
athletes aged 80-85 demonstrated a mean closer to
community-dwelling females aged 55-59. This phe-
nomenon of senior athletes manifesting greater
physical capacity, or a younger functional age has
been seen before. Jordre et al.'® found senior athletes
consistently exceeded general population norms on
the Five Times Sit to Stand Test with senior athletes

aged 80-89 scoring better than normative data from
60-69 year-old community dwellers. Glenn et al."”
found significantly higher maximal gait speed in
those who engaged in competitive sport, even when
compared to older adults who exercised regularly.
Athletes engaged in the World Masters Games*
were found to have smaller waist circumferences,
lower blood pressure and lower cholesterol than
the general population. Collectively, these find-
ings point to a population that may be at decreased
risk for adverse health events. In fact, senior ath-
letes have been found to enjoy a lower prevalence
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of cardiovascular disease and diabetes* and a sig-
nificantly lower incidence of falls.’® In light of the
strong links already established between hand grip
strength and health, it could be surmised that senior
athletes enjoy superior physical health and may
function more similarly to a younger population.

It is important to note that the differences reported
here are not only statistically significant but are clin-
ically meaningful as well. Richard Bohannon’s? 2019
systematic review aimed to establish a minimal clin-
ically important difference (MCID) associated with
hand grip dynamometry. He reported difficulty in
determining an exact MCID due to limited research
in the area but suggested an initial range of 5.0-6.5
kg as meaningful, based on four studies of adults
with varied diagnoses.” One study not included in
Bohannon’s review addressed MCID for hand grip
dynamometry in a cohort more closely aligned
with the participants in this study: healthy elderly
women aged 60-89.° Those findings designated a
value of only 2.69 kg as the MCID.* Thus, it could
be that even smaller changes in grip strength are
needed to demonstrate a difference in healthy older
adults. When these values are compared to the large
differences seen in this study the unique physical
capacity of senior athletes is clearly supported.

Despite the stark differences seen with this popula-
tion, these findings are consistent with others that
demonstrate a gradual decline in hand grip strength
with age'*??® and findings that men consistently
maintain higher grip scores than women.'*? In the
general population, hand grip strengths of less than
30 kg for men or less than 20 kg for women are associ-
ated with sarcopenia.®* Community-dwelling norms for
both men and women fall into this range by the 80-85-
year age group.'? Senior athlete norms never drop into
this range, even when considering the 86 + age group.
Health care providers have grown accustomed to the
typical decline seen in aging adults and many have
not been exposed to this unique population. Thus, the
results presented here will inform providers and pre-
pare them for interactions with more active seniors.

Limitations & Future Research

The method utilized here for assigning hand domi-
nance differed slightly from the comparative popu-
lation.!? Dominance was assigned based on strength

rather than subjective handedness. However, past
studies have consistently found greater strength on
the dominant side'#?**" and current recommenda-
tions®® suggest utilization of the highest score from
all trials, regardless of hand. Thus, the assignment of
dominance becomes less critical than the outcome
of grip. The grip tables in this study should reflect
maximal ability in this cohort and clinicians should
refer to the dominant hand tables when interpreting
maximum grip potential.

The observational nature of this study may speak to
a self-selected population of high-functioning, moti-
vated senior athletes as all senior athletes tested
were volunteers. While the large number of senior
athletes in this analysis should provide more con-
fidence in these findings, the potential effects of
self-selection bias cannot be ignored. Additionally,
self-report exercise volumes may be inflated and
could not be verified.

Consequently, more research needs to be performed
with regard to the effects of training volume, train-
ing type, regular competition, sport choices and the
effects that these factors have on habits of daily living
as well as psychological variables and correlations.
Further, research is needed to relate grip strength
to other measures of fitness and health in this pop-
ulation to determine if this increased grip strength
expression is indicative of actual health outcomes or
if it could mask underlying health conditions.

CONCLUSIONS

Senior athletes, a population engaged in high vol-
umes of purposeful exercise, demonstrate hand
grip strength values that are distinctly higher than
those reported for the community-dwelling popula-
tion with statistically and clinically significant dif-
ferences. Normative values presented in this article
should be useful when assessing senior athletes or
older adults engaged in similar volumes of exercise.
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