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Abstract

Background/Objective: Muscle strength and balance decrease with age, particularly in
those over 80. Playing golf is associated with greater strength and balance in 65-79 year-
olds, but it is not known if this occurs in the over 80s. Methods: Strength and balance of
golfers aged over 80 years were assessed and compared with data obtained by the same
research group on golfers and non-golfers aged 65-79 years. Results: Over 80 golfers
(n=38) had similar normalised grip strength, single leg balance and leg power calculated
from the 30s sit to stand test, to the 65-79 non-golfers (n=17). Composite Y Balance Test
and anterior reach distances were significantly lower (right and left p<0.001) for the over 80
golfers compared to the 65-79 non-golfers. The over 80 golfers had significantly lower reach
distances for the Y Balance Test, single leg stance times, lower limb power and grip strength
on the left side than the 65-79 golfers (n=62). Conclusion: Playing golf may help slow the
decline in grip strength, lower limb power, and static balance associated with ageing but this
needs to be determined in a prospective trial. Dynamic balance, however, does not appear
to be maintained, as it was significantly lower in the golfers over 80 compared with the 65-79
golfers and non-golfers. Significance/Implications. Although golfers over 80 had similar
strength and static balance scores compared to the 65-79 non-golfers, prospective
intervention studies are needed to ascertain whether preservation of strength and balance

were due to playing golf or other factors.

Keywords:

physical activity, healthy ageing, leg power.
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Introduction
Muscle strength and balance are known to decrease with ageing (Curcio et al., 2019; Howe
et al., 2011; Stel et al., 2003; Sugiura et al., 2013; Takeshima et al., 2014) which increases
the risk of falling for many older adults (World Health Organization., 2018). The World Health
Organisation (WHO) recommends that people over 65 years undertake activities to enhance
strength and balance on at least two days a week (World Health Organization., 2018).
Maintaining muscle strength is particularly important in those over 80 years to reduce
morbidity and mortality (Granic et al., 2016). However, Marzuca-Nassr et al. (2023)
suggested there is limited research on strength training in adults over 80 years. Although
age is a factor in decreasing strength and balance, Peterson et al. (2010) suggested that
reduced physical activity could have more of an effect than ageing. Being physically active
and maintaining muscle strength and balance throughout life and in older age has the
potential to reduce the risk of falls and frailty in older adults (Power et al., 2014, Strain et al.,
2016), especially those over 80 years in whom the decline in function is greater (Dodds et
al., 2014; Dombrowsky, 2023).

Golf is a popular physical activity among older adults (Murray et al., 2017). According
to The R&A (2023) there were 5.6 million on-course adult golfers in 2022 in Great Britain and
Ireland. A recent systematic review of golf and physical health (Sorbie et al., 2022)
presented some evidence for the benefits of playing golf on strength and balance in older
people but there was limited research in those over 80 years (Sorbie et al., 2022; Tsang &
Hui-Chan, 2010). In relation to the WHO strength and balance recommendations mentioned
above, playing golf could facilitate older adults over 80 to meet these requirements but
evidence is required. A measure of strength and balance is the 30 second chair sit to stand.
In relation to golf, the number of repetitions during the 30-s sit to stand test increased by
15.9% following a 12-week golf training programme in military veterans with a mean age of

70 years (Du Bois et al., 2021). There is some evidence that golf can improve performance
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in tests that assess strength and balance. However, further research is needed in both
males and females over 80 years.

Hand grip strength is commonly used as a measure of overall strength, which
decreases with age and is a key component of sarcopenia and frailty (Cai et al., 2021;
Navarrete-Villanueva et al., 2021). Maximal grip strength in golfers aged 65-79 was reported
significantly higher than in age-matched sedentary non-golfers (right, p=0.042, r? = 0.06 left,
p=0.047, r? = 0.05; (Wilson et al., 2022)). Similarly, in those over 80 years, grip strength
normalised to body weight was greater in female golfers over 80 years (0.33 + 0.06 kg/kg)
than non-golfers (0.29 + 0.06 kg/kg; (Stockdale et al., 2017)). However, the difference was
not statistically significant (p=0.051) (Stockdale et al., 2017). There is a need to examine the
association between playing golf and grip strength in both males and females aged over 80
years.

In relation to balance, older male golfers had significantly longer single leg stance
(SLS) times compared to non-golfers (28.1 + 3.6 s, vs 17.1 + 11.9 s; p=0.020 (Tsang & Hui-
Chan, 2010)). Maximal single leg stance times were also significantly longer in golfers aged
65-79 compared to non-golfers (right, p=0.021, r?2 = 0.07 ; left, p=0.001, r? = 0.13; (Wilson et
al., 2022)). Considering dynamic balance, the Y Balance Test (YBT) has been shown to be a
valid and reliable assessment with older adults (Sipe et al., 2019). In participants aged 65-
79, significantly higher composite normalised reach distances on the YBT were found in
golfers compared to non-golfers on both the right (p = 0.005, r? = 0.10) and left (p = 0.002, r?
= 0.13) sides (Wilson et al., 2022). Further research is warranted on the association between

playing golf, and static and dynamic balance in golfers over 80 years.

Aim
To examine the grip strength, leg power, and static and dynamic balance of recreational
golfers aged over 80 years who play a minimum of 18 holes per week. To compare data

5



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

from the golfers over 80 with existing data obtained by the same research group from golfers
and non-golfers aged 65-79 years.

Null Hypothesis

There will be no difference in strength and balance between the over 80 golfers and the 65-
79 non-golfers.

Alternative Hypothesis

Strength and balance will be lower in the over 80 golfers that the 65-79 non-golfers.

Methods
A cross-sectional design was used to examine the association between playing golf and
various aspects of strength and balance in healthy people aged 80 years and over. The
intention was to compare golfers with age-matched non-golfers, therefore golfers were
recruited first. Recruitment of non-golfers was challenging and incomplete when the Covid-
19 pandemic halted the project. Comparator data were therefore used for the same tests
obtained previously by the same research group (Wilson et al., 2022) for golfers and non-
golfers aged (65-79 years), to assess functional decline in golfers over 80 years. The
methods are outlined briefly below and further details can be found in an earlier study
(Wilson et al., 2022).

A convenience sample of 38 recreational golfers aged over 80 years (20 females; 18
males) was recruited from golf clubs in Hampshire, United Kingdom (Wilson et al., 2022) To
qualify as golfers, for the purposes of the present study, participants were required to play a
minimum of 18 holes per week and walk the course rather than use a buggy, and were
permitted to take part in other activities, so they were representative of this group
(Department of Health, 2009). Exclusion criteria (Wilson et al., 2022) were: musculoskeletal

injury or surgery in the last five years involving immobility for more than one week;
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uncontrolled diabetes or blood pressure; known neurological disorder; arthritis restricting
everyday activities; undergoing treatment for cancer; taking medication affecting muscle
function, total hip replacement surgery (due to the potential risk of dislocation with the
movements required for testing dynamic balance).

Ethical approval was obtained and all participants provided written informed consent.

All data collection took place at participating golf clubs, using portable equipment, as
described by Wilson et al. (Wilson et al., 2022). Briefly, physical activity was assessed using
the self-reported General Practice Physical Activity Questionnaire (GPPAQ) (Department of
Health, 2009). Body mass and height were measured to calculate Body Mass Index (BMI;
kg/m?). Procedures were carried out in standardised order: grip strength, single leg balance,
Y Balance Test (YBT) and 30 second chair sit to stands (STS) Grip strength was measured
using a MIE digital grip analyser (MIE®, Medical Research, Leeds, UK) on the right and then
left side, with the participant seated (Wilson et al., 2022)The best of three maximal efforts
was used in the analysis (Wilson et al., 2022). Static single leg balance was measured with
the participant standing barefoot with the arms folded across the chest (Springer et al.,
2007). The test ended when either the maximum of 60 seconds was reached or balance
had been lost, indicated by the participant: 1) uncrossing their arms; 2) using the raised foot
(moving it toward or away from the standing limb or touching the floor); 3) moving the
weight-bearing foot. The longest of two efforts on each lower limb was used for analysis.

The Y Balance Test (YBT) was carried out using a YBT kit (Move2 perform,
Evansville, IN USA) with the participant bare foot to eliminate additional stability from shoes
(2022). A maximum of three practice trials in each direction and on each leg was
permitted, prior to three trials being recorded in a set order of direction (Lee et al., 2015;
Plisky et al., 2009; Sipe et al., 2019; Wilson et al., 2022). Reach distance was

normalised within participants using the mean of the right and left lower limb length. A

normalised composite maximised distance (%MAXD) incorporating all three reach directions
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was calculated for each side, using the formula: (3 excursion distances/lower-limb length x
3) x 100 = %MAXD.

The STS test involved the participant being seated in an armless chair, without
leaning on the chair back and their arms crossed with hands placed on the opposite
shoulders (Lee et al., 2022). When instructed to “Go”, the participant stood up fully and then
sat down again, then repeated the cycle as many times as possible in 30 seconds. The time
taken to perform the first 10 sit to stands was used to calculate the Muscle Quality Index

(Takai et al., 2009). This gave a power output (P) in Watts and was calculated as:

(L — CH) xbody mass x gx 10

P sit — stand =
sit — stan T

In this equation, L represented leg length, CH chair height, g the acceleration of gravity (9.81

m/s?) and T the time taken to achieve 10 sit to stands.

Data Analysis
Data were analysed using SPSS version 26. Median and interquartile ranges were used for
descriptive statistics. Due to the difference in number of participants between the groups, the

non-parametric Mann-Whitney U test was used for comparison. Effect size was calculated
2
using the formula r? = % where Z = Z-score, n = total number of observations on which the

Z-score is based. (Tomczak & Tomczak, 2014). According to Cohen (1992) r? 0.2 should be
considered a 'small' effect size, 0.5 represents a 'medium’ effect size and 0.8 a 'large' effect

size.

Results

The 38 golfers over 80 years studied were aged between 80 and 90 years and their

demographic characteristics are shown in Table 1. Apart from age and body mass, their

8
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characteristics did not differ significantly from those of younger non-golfers and golfers aged
65-79 years from an earlier study (Wilson et al., 2022), with whom data from some of the

present outcome measures were also compared.

When categorised as either inactive or active using the GPPAQ, the over 80 golfers
and 65-79 years non-golfers had similar proportions of inactive and active participants, with
<40% active (Table 2). However, the 65-79 golfers were more active than the other two

groups, with 50% of the younger golfers being active.

Normalised grip strength was significantly lower on both right and left sides in golfers
over 80 than 65-79 years (Table 3). However, the r> were below 0.32, indicating a small
effect size. Golfers over 80 years had slightly higher grip strength than the 65-79 non-golfers

on both sides, but this was not statistically significant (Table 3).

Single Leg Stance times were significantly lower in golfers over 80 than those aged
65-79 years but were not statistically different from non-golfers 65-79 years, despite lower
times notably on the left side (Table 4). The r>were below 0.61 indicating a moderate effect
size for the significant difference in single leg stance times for the over 80 golfers compared

to those aged 65-79 years.

Y Balance Test reaches normalised to lower leg length were significantly lower in
golfers over 80 than 65-79 non-golfers for composite scores and in the anterior reach
direction (Table 5) but were only lower than non-golfers 65-79 for composite and anterior
reach scores (Table 5). The r?for the significant differences between the over 80 golfers and
65-79 golfers ranged between 0.40 and 0.59, indicating medium effect sizes. All golfers 65-
79 years were able to complete measurements for all reach directions. One non-golfer (6%)
aged 65-79 was unable to successfully record a measured reach in all the directions for the
YBT due to being able to maintain their balance during the test. More golfers over 80 were

9
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unable to record distances (8-24%) in various directions (Table 6). Of the three directions,
the posterior reach had the highest number of participants unable to record a reach score in

the over 80 golfers (Table 6).

Similar lower limb power for the STS test was estimated from both the number of
repetitions completed in 30 seconds (STS-30) and time taken (seconds) to complete 10
repetitions (STS-10) in each age group (Table 7). Lower limb power was lowest in the over
80 golfers, which was significantly lower than the 65-79 golfers, but was not significantly
lower compared with 65-79 non-golfers (Table 7). The r2was below 0.34 for the significant
differences between the over 80 golfers and 65-79 years golfers, indicating a small effect

size.

Discussion
The present study indicated that recreational golfers over 80 years had similar grip strength,
leg power and static balance to younger non-golfers aged 65-79 years. However, compared
with golfers aged 65-79, golfers over 80 had significantly poorer static and dynamic balance,
and lower grip strength. The findings between the two age groups of golfers are consistent
with the expected decline in function with ageing but comparison with the younger non-
golfers indicated some preservation of function in the golfers over 80, apart from dynamic
balance.

Grip strength (normalised to body mass) was slightly higher, but not significantly, for
the over 80 golfers compared to the 65-79 non-golfers, suggesting that grip strength was
preserved in the older golfers in the current study, who might have been expected to decline
in strength over 80 years due to the consensus that strength, including grip strength

decreases with age (Kozakai, 2017). Therefore, it could be expected that the over 80 golfers

10
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would have lower grip strength than the younger 65-79 non-golfers. The present findings are
similar to those of previous studies, suggesting that playing golf is associated with higher
grip strength in older adults (Stockdale et al., 2017; Wilson et al., 2022). While this is the
case for grip strength, Samuel et al. (2012) suggested that quadriceps strength may
decrease more rapidly than grip strength with ageing, so greater grip strength in the golfers
may not correspond with lower limb strength (see leg power findings below). Similarly,
playing golf may purely train grip strength, therefore intervention studies are required to
compare changes in grip and lower limb strength that may be attributed to playing golf.

The chair STS test is one method of assessing functional strength which is linked to
frailty (Millor et al., 2013). The over 80 golfers had the lowest leg power of the three groups
compared in the present study, although they were not statistically weaker than the non-
golfers aged 65-79. The lower power in the over 80 golfers is consistent with Alcazar et al.
(2021) who reported that power decreased with ageing. However, it is not possible to
compare power outputs between the data obtained in the present study and Alcazar et al.
(2021) due to the different formulae used to calculate power. Playing golf may not slow the
decline in lower limb power due to ageing as much as it appears to do for grip strength.
Examining 30 sec STS power following an intervention study of novice older golfers could
examine this relationship between changes in lower limb power and grip strength.

Similar maximal SLS times in the present over 80 golfers and 65-79 non-golfers
contrasts with the significant differences found between maximal SLS times (p<0.001, mean
difference 12.1s) in the 80-99 year old group vs 70-79 year old group reported by Springer et
al. (2007). The maximal SLS times for the over 80 golfers (right 11.0s, left 10.3s, Table 4)
were similar to those reported by Springer et al. (2007) for the 80-99 year old group (mean =
9.4s). However, the SLS times for the 65-79 non-golfers (right 11.0s, left 21.0s, Table 4)
appear to be lower than the mean of both the 60-69 and 70-79 groups; 32.1s and 21.5s
respectively (Springer et al., 2007). A potential reason for the higher normative values
reported by Springer et al. (Springer et al., 2007) could be that their participants may have
been more active than the general population due to being staff, patients and family

11
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members who worked or presented to the United States military medical centre. However, it
is not possible to be certain, as no physical activity levels were reported by Springer et al.
(Springer et al., 2007). In relation to SLS, playing golf appears to be associated with better
balance in over 65-79 year olds but not over 80.

The importance of dynamic postural control was highlighted by Howe et al. (2011) as
it may be more important than static balance in relation to falls prevention. In contrast to
static balance, results for the YBT composite and anterior reaches were significantly lower in
the over 80 golfers than the 65-79 non-golfers (Table 5). The over 80 golfers had
significantly lower reach distance in all directions compared to the 65-79 golfers (Table 5). In
agreement Lee et al. (2015) reported middle-aged females (53.9£5.0 years) having
significantly greater reach distances than older females (77.5+£2.7 years). Lee et al. (2015)
reported significantly lower strength in lower limb muscles in the older females vs the middle-
aged group which the authors suggested could explain the corresponding decreased YBT
scores. Similarly, in the present study, lower limb power was lower in the over 80 golfers
compared to the 65-79 non-golfers. The YBT and lower limb power results of the present
study, combined with those from Lee et al. (2015) , suggest a correlation between strength
and balance. Therefore, assessing dynamic balance in those over 65 years is important and
may be more sensitive to detect deficits in balance than static tests, such as the SLS.

The amount of golf played was not measured in either the present study or other
studies on older golfers, other than being a minimum of 18 holes per week (Gao et al., 2011,
Stockdale et al., 2017; Tsang & Hui-Chan, 2010). Future studies on strength and balance
should report the amount of golf and physical activity to aid comparisons between studies.

Playing golf appears to be beneficial for strength and balance in those under 80.
However, given that balance, particularly dynamic balance, is poor in those over 80, despite
playing golf, additional balance exercises or activities (such as Tai Chi) could be

recommended, before reaching 80 years to help slow the decline.

Limitations

12
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The main limitation in aiming to assess the association of playing golf in people over
80 years with over 80 non-golfers available to enable direct comparison within the age
group. Using the data from younger golfers and non-golfers aged 65-79 only allowed indirect
comparisons. No definitive conclusion could therefore be drawn from the present findings
and only indications of association could be found. Future research could look at a larger
sample involving participants with varying levels of physical activity. Some of the golfers over
80 and most of the non-golfers over 80 found the YBT too challenging to complete, so a
more feasible measure of dynamic balance that would be appropriate for those with a wider
range of abilities needs to be found for future studies. Recruitment of older non-golfers
proved difficult and strategies for improving uptake among sedentary older adults need to be
considered for future studies. The cross-sectional design of the present study did not enable
cause and effect to be examined, which would require a longitudinal intervention design, but

the findings indicate that such a study is warranted.

Conclusions

Playing recreational golf over the age of 80 years may help slow the decline in grip strength,
lower limb power and static balance with ageing. However, dynamic balance was
significantly lower in the over 80 golfers compared with the 65-79 non-golfers, suggesting
specific balance activity in addition to playing golf is required to reduce loss of balance
ability. A prospective interventional study is warranted to investigate the impact of playing

golf on preserving or improving strength and balance in people over 80 years.

Acknowledgements

The authors thank the participants for their time in taking part in the project. We thank
Simon Brown (now retired) for helping with data collection and analysis of the data. We
thank the golf clubs (GC) that hosted the study, in particular: Cams Hall GC, Corhampton

GC; Hayling Island GC, Rowlands Castle GC, Southwick Park GC. We are very grateful to

13



the following representatives from golf clubs and the public for their support and enthusiasm
in recruiting participants: Chris Cheesman, Moira Hoath, Claire Kane, Sarah Moore, Irene
Reed, Joyce Warburton, Susie Wilkinson, Neil Blackey, Roger Thompson. We thank The
R&A for funding the project, and the Centre for Sport, Exercise and Osteoarthritis Research
Versus Arthritis for providing support for members of the Centre at the University of

Southampton.

14



oL WN

e
= O

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

References

Alcazar, J., Aagaard, P., Haddock, B., Kamper, R. S., Hansen, S. K., Prescott, E., Ara, |., Alegre, L. M.,
Frandsen, U., & Suetta, C. (2021). Assessment of functional sit-to-stand muscle power:
Cross-sectional trajectories across the lifespan. Experimental gerontology, 152, 111448.

Cai, Y., Lui, L., Wang, J., Gao, Y., Guo, Z., & Ping, Z. (2021). Linear association between grip strength
and all-cause mortality among the elderly: results from the SHARE study. Aging clinical and
experimental research, 33, 933-941.

Cohen, J. (1992). Quantitative methods in psychology: A power primer. Psychological bulletin,

Curcio, F., Liguori, ., Cellulare, M., Sasso, G., Della-Morte, D., Gargiulo, G., Testa, G., Cacciatore, F.,
Bonaduce, D., & Abete, P. (2019). Physical activity scale for the elderly (PASE) score is related
to sarcopenia in noninstitutionalized older adults. Journal of geriatric physical therapy, 42(3),
130-135.

Department of Health. (2009). The General Practice Physical Activity Questionnaire: A Screening tool
to assess adult physical activity levels, within primary care. Retrieved from
[https://www.gov.uk/government/uploads/system/uploads/attachment data/file/192453/
GPPAQ - guidance.pdf

Dodds, R. M., Syddall, H. E., Cooper, R., Benzeval, M., Deary, |. J., Dennison, E. M., Der, G., Gale, C. R.,
Inskip, H. M., & Jagger, C. (2014). Grip strength across the life course: normative data from
twelve British studies. PLoS One, 9(12), e113637.

Dombrowsky, T. (2023). Trajectories of functional decline in older adults: A latent class growth curve
analysis. Western Journal of Nursing Research, 45(8), 715-725.

Du Bois, A. M., Marcione, N. A., Powers, C. M., Flanagan, S. P., Schroeder, E. T., Castle, S. C., Moore,
J. L., & Salem, G. J. (2021). The effects of a comprehensive golf training program on
measures of physical performance and dynamic balance in older military veterans. J
International Journal of Golf Science, 9(1).

Gao, K. L., Hui-Chan, C. W., & Tsang, W. W. (2011). Golfers have better balance control and
confidence than healthy controls. Eur J Appl Physiol, 111(11), 2805-2812.
https://doi.org/10.1007/s00421-011-1910-7

Granic, A., Davies, K., Jagger, C., Kirkwood, T. B., Syddall, H. E., & Sayer, A. A. (2016). Grip strength
decline and its determinants in the very old: longitudinal findings from the Newcastle 85+
study. PLoS One, 11(9), e0163183.

Howe, T. E., Rochester, L., Neil, F., Skelton, D. A., & Ballinger, C. (2011). Exercise for improving
balance in older people. Cochrane database of systematic reviews(11).

Kozakai, R. (2017). Grip strength and healthy aging. The Journal of Physical Fitness and Sports
Medicine, 6(3), 145-149.

Lee, D.-K., Kang, M.-H., Lee, T.-S., & Oh, J.-S. (2015). Relationships among the Y balance test, Berg
Balance Scale, and lower limb strength in middle-aged and older females. Brazilian journal of
physical therapy, 19(3), 227-234.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4518576/pdf/rbfis-19-03-0227.pdf

Lee, Y.-C., Chang, S.-F., Kao, C.-Y., & Tsai, H. C. (2022). Muscle strength, physical fitness, balance, and
walking ability at risk of fall for prefrail older people. J BioMed research international, 2022.

Martinez, B. P., Gomes, I. B., Oliveira, C. S. d., Ramos, I. R., Rocha, M. D. M., Forgiarini Junior, L. A,,
Camelier, F. W. R., & Camelier, A. A. (2015). Accuracy of the Timed Up and Go test for
predicting sarcopenia in elderly hospitalized patients. Clinics, 70(5), 369-372.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4449469/pdf/cln-70-05-369.pdf

Marzuca-Nassr, G. N., Alegria-Molina, A., SanMartin-Calisto, Y., Artigas-Arias, M., Huard, N., Sapunar,
)., Salazar, L. A., Verdijk, L. B., & van Loon, L. J. (2023). Muscle Mass and Strength Gains
Following Resistance Exercise Training in Older Adults 65—75 Years and Older Adults Above
85 Years. J International Journal of Sport Nutrition Exercise Metabolism, 34(1), 11-19.

15


https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/192453/GPPAQ_-_guidance.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/192453/GPPAQ_-_guidance.pdf
https://doi.org/10.1007/s00421-011-1910-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4518576/pdf/rbfis-19-03-0227.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4449469/pdf/cln-70-05-369.pdf

OCoOoONOOULLE WN K

e
= O

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

Millor, N., Lecumberri, P., Gédmez, M., Martinez-Ramirez, A., & lzquierdo, M. (2013). An evaluation of
the 30-s chair stand test in older adults: frailty detection based on kinematic parameters
from a single inertial unit. Journal of neuroengineering and rehabilitation, 10(1), 86.

Murray, A. D., Daines, L., Archibald, D., Hawkes, R. A., Schiphorst, C., Kelly, P., Grant, L., & Mutrie, N.
(2017). The relationships between golf and health: a scoping review. Br J Sports Med, 51(1),
12-19. https://doi.org/10.1136/bjsports-2016-096625

Navarrete-Villanueva, D., Gdmez-Cabello, A., Marin-Puyalto, J., Moreno, L. A., Vicente-Rodriguez, G.,
& Casajus, J. A. (2021). Frailty and physical fitness in elderly people: a systematic review and
meta-analysis. Sports Medicine, 51, 143-160.

Peterson, M. D., Rhea, M. R., Sen, A., & Gordon, P. M. (2010). Resistance exercise for muscular
strength in older adults: a meta-analysis. Ageing research reviews, 9(3), 226-237.

Plisky, P. J., Gorman, P. P., Butler, R. J., Kiesel, K. B., Underwood, F. B., & Elkins, B. (2009). The
reliability of an instrumented device for measuring components of the star excursion
balance test. North American journal of sports physical therapy: NAJSPT, 4(2), 92.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953327/

Power, V., Van De Ven, P., Nelson, J., & Clifford, A. M. (2014). Predicting falls in community-dwelling
older adults: a systematic review of task performance-based assessment tools. J
Physiotherapy Practice, 35(1), 3-15.

Samuel, D., Wilson, K., Martin, H. J., Allen, R., Sayer, A. A., & Stokes, M. (2012). Age-associated
changes in hand grip and quadriceps muscle strength ratios in healthy adults. Aging clinical
and experimental research, 24, 245-250.

Sipe, C. L., Ramey, K. D., Plisky, P. P., & Taylor, J. D. (2019). Y-balance test: a valid and reliable
assessment in older adults. Journal of aging and physical activity, 27(5), 663-669.
https://journals.humankinetics.com/view/journals/japa/27/5/article-p663.xml

Sorbie, G. G., Beaumont, A. J., Williams, A. K., & Lavallee, D. (2022). Golf and physical health: a
systematic review. J Sports Medicine, 52(12), 2943-2963.

Springer, B. A., Marin, R., Cyhan, T., Roberts, H., & Gill, N. W. (2007). Normative values for the
unipedal stance test with eyes open and closed. Journal of geriatric physical therapy, 30(1),
8-15.

Stel, V. S., Smit, J. H., Pluijm, S. M., & Lips, P. (2003). Balance and mobility performance as treatable
risk factors for recurrent falling in older persons. Journal of clinical epidemiology, 56(7), 659-
668.

Stockdale, A., Webb, N., Wootton, J., Drennan, J., Brown, S., & Stokes, M. (2017). Muscle strength
and functional ability in recreational female golfers and less active non-golfers over the age
of 80 years. Geriatrics, 2(1), 12.

Strain, T., Fitzsimons, C., Kelly, P., & Mutrie, N. (2016). The forgotten guidelines: cross-sectional
analysis of participation in muscle strengthening and balance & co-ordination activities by
adults and older adults in Scotland. J BMC Public Health, 16(1), 1-12.

Sugiura, Y., Tanimoto, Y., Watanabe, M., Tsuda, Y., Kimura, M., Kusabiraki, T., & Kono, K. (2013).
Handgrip strength as a predictor of higher-level competence decline among community-
dwelling Japanese elderly in an urban area during a 4-year follow-up. Archives of
gerontology and geriatrics, 57(3), 319-324.

Takai, Y., Ohta, M., Akagi, R., Kanehisa, H., Kawakami, Y., & Fukunaga, T. (2009). Sit-to-stand test to
evaluate knee extensor muscle size and strength in the elderly: a novel approach. Journal of
physiological anthropology, 28(3), 123-128.
https://www.jstage.jst.go.jp/article/jpa2/28/3/28 3 123/ pdf

Takeshima, N., Islam, M. M., Rogers, M. E., Koizumi, D., Tomiyama, N., Narita, M., & Rogers, N. L.
(2014). Pattern of age-associated decline of static and dynamic balance in community-
dwelling older women. Geriatrics & gerontology international, 14(3), 556-560.

The R&A. (2023). Participation growth in Great Britain and Ireland.
https://www.randa.org/en/articles/participation-growth-in-great-britain-and-ireland

16


https://doi.org/10.1136/bjsports-2016-096625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953327/
https://journals.humankinetics.com/view/journals/japa/27/5/article-p663.xml
https://www.jstage.jst.go.jp/article/jpa2/28/3/28_3_123/_pdf
https://www.randa.org/en/articles/participation-growth-in-great-britain-and-ireland

OCoOoONOOULLE WN K

e
= O

12

13

14

15

16

17

18

19

Tomczak, M., & Tomczak, E. (2014). The need to report effect size estimates revisited. An overview
of some recommended measures of effect size. J Trends in Sport Sciences, 1(21), 19-25.

Tsang, W., & Hui-Chan, C. (2010). Static and dynamic balance control in older golfers. Journal of
Aging Physical Activity, 18(1), 1-13.
https://journals.humankinetics.com/view/journals/japa/18/1/article-p1l.xml

Wilson, D. A., Brown, S., Muckelt, P. E., Warner, M. B., Agyapong-Badu, S., Glover, D., Murray, A. D.,
Hawkes, R. A., & Stokes, M. (2022). Strength and Balance in Recreational Golfers and Non-
Golfers Aged 65-79 Years in Community Settings. Journal of Aging Physical Activity, 1(aop),
1-8.

World Health Organization. (2018). Falls. Retrieved 16/09/2020 from https://www.who.int/news-
room/fact-sheets/detail/falls

Table 1: Demographic characteristics of the study group (golfers >80 years), two
comparator groups (non-golfers and golfers aged 65-79 years) from a previous
study (Wilson et al., 2022) (median, IQR)

Age (years) Body Mass (kg) Height (cm) BMI (kg/m?)

>80 Golfers 82.0 (4.0 67.6 (16.7 164.5 (16.0) 25.2 (3.9)
(n=38); 20 females
65-79 Golfers 71.0 (5.0) 74.0 (25.0) 165.0 (16.0) 26.4 (6.3)
(n=62)/ 31 females
65-79 Non-Golfers 71.0 (8.0) 73.8 (21.4) 167.0 (15.0) 26.4 (4.2)

(n=17)/ 9 females

Table 2: General Practice Physical Activity Questionnaire (GPPAQ) scores for all
three groups of participants

Inactive Active
>80 Golfers (n = 38) 23 (62%) 14 (38%)
65-79 Golfers (n=62) 31 (50%) 31 (50%)
65-79 Non-Golfers (n=17) 11 (65%) 6 (35%)
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Table 3. Grip strength normalised to body weight in aged 80 and over and golfers

and non-golfers aged 65-79 years (median (IQR)

>80 Golfers 65-79 p Vs 65-79 Non-  p vs >80
(n=35%) Golfers >80 Golfers Golfers
(n=57%) Golfers (n=17)
Normalised Right 3.65(1.05) 4.33(1.19) 0.054 3.32 (1.93) 1.0
grip strength
(N/kg) Left 3.35(1.38) 4.05(1.33) 0.008 3.04 (1.88) 1.0

*due to a fault with the hand grip dynamometer, data from five of the 62 golfers aged 65-79 were not
recorded, plus 3 of the >80 golfers.

Table 4. Single leg stance times (secs) in golfers >80 years and golfers and non-

golfers aged 65-79 years (median, IQR)

>80 Golfers 65-79 Golfers p vs >80 65-79 Non- Golfers p vs >80

(n=38) (n=62) Golfers (n=17) Golfers
Right 11.0 (22.75) 32.0 (42.3) <0.001 11.0 (33.5) 0.853
Left 10.3(13.5) 37.0 (38.3) <0.001 21.0 (24.5) 0.426

Table 5. Y Balance Test distance as a percentage of leg length for all directions in

golfers > 80 years compared to golfers and non-golfers aged 65-79 years

(median, IQR)
>80 Golfers  65-79 Golfers p vs >80 65-79 Non- p vs >80
(n=29-35%) (n=62) Golfers  Golfers (n=16%) Golfers
_ Right 68.6 (18.6) 81.7 (13.3) <0.001 74.4 (14.9) 0.021*
Composite
Left 69.6 (14.3) 82.9 (9.6) <0.001 75.4 (14.3) 0.024*
Anterior Right 51.9 (13.3) 59.3 (10.8) <0.001 58.6 (13.0) 0.033*
Left  55.7 (11.7) 61.3 (8.6) <0.001 61.4 (10.5) 0.017*
Postero- Right 66.7 (24.4) 89.1 (16.9) <0.001 74.6 (17.3) 0.110
medial Left 69.9 (17.0) 89.4 (14.2) <0.001 77.3 (13.5) 0.068
Postero- Right 81.8 (17.1) 96.7 (14.1) <0.001 87.5(9.4) 0.084
lateral Left 84.3 (13.2) 98.9 (14.0) <0.001 86.9 (19.1) 0.382

TComposite scores excluded if a participant failed to complete at least one test for that leg

al female 65-79 non-golfer was unable to carry out YBT so removed from analysis.
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Table 6. Number and percentage of participants unable to complete sections of Y-

Balance Test

>80 Golfers 65-79 Golfers 65-79 Non-
n=38 (n=62) Golfers (n=17)

Composite R 7 (18%) 0 1 (6%)

L 19 (24% 0 1 (6%
Anterior R 3 (8%) 0 1 (6%

L 4 (11%) 0 1 (6%
Posteromedial R 6 (16%) 0 1 (6%

L 8 (21%) 0 1 (6%)
Posterolateral R 6 (16%) 0 1 (6%)

L 6 (16% 0 1 (6%)
tComposite scores excluded if a participant failed to complete at least one test for that leg
Table 7. Lower limb power during the 30 sec sit to stand test (STS)
Power >80 Golfers 65-79 Golfers p vs >80 65-79 Non- p vs >80
(watts) Golfers Golfers Golfers
STS-30 282.4 (166.5) 412.3 (205.5) <0.001 346.1 (175.4) 0.515
STS-10 290.2 (162.2) 401.1 (224.5) 0.001 363.1 (207.0) 0.377

STS-30: reps completed in 30 seconds, STS-10: time taken (secs) to complete ten reps.
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