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Abstract

Background No previous systematic review has examined the physical health benefits of playing golf or caddying.
Objective To establish the influence of golf participation and physical health in golfers and caddies. More specifically,
the review intended to explore the domains of cardiovascular, metabolic and musculoskeletal health, in addition to body
composition.

Design Systematic review.

Data Sources Electronic literature searches were conducted using PubMed, SPORTDiscus and CINAHL databases in July
2021.

Eligibility Criteria Experimental (randomised controlled trials, quasi-experiment, pre-post) and non-experimental (case—con-
trol, cross-sectional, cohort) articles relating to health and golf, written in English and published in peer-reviewed journals.
Results Of the 572 articles initially identified, 109 full-text articles were assessed for eligibility with 23 meeting the inclu-
sion criteria. Sixteen articles were rated ‘good 'and seven ‘fair’. The influence of golf on physical health was mixed, although
various articles displayed improvements in balance, systolic blood pressure (SBP) and diastolic blood pressure (DBP),
high density lipoprotein-cholesterol (HDL-C) and the ratio of HDL to total cholesterol within golfers. Caddies observed
improvements in bone mineral density (BMD), stiffness index and strength. Most of the findings indicate that playing golf
or caddying does not influence body mass index (BMI); however, playing golf can positively change other body composi-
tion markers such as lean and fat mass.

Conclusion This review demonstrated that golf participation may be an effective method for improving musculoskeletal and
cardiovascular health, although mixed findings were observed. Moreover, limited longitudinal evidence suggests that playing
golf can positively impact metabolic health and the influence on body composition may be parameter dependent. Addition-
ally, the initial evidence suggests that caddying may improve musculoskeletal health. However, the studies included were
limited by their methodological inconsistencies such as: study design, participant demographics and intervention prescription.
PROSPERO Registration CRD42021267664.
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This is the first systematic review of literature having
investigated the influence of golf and caddying on physi-
cal health.

Golf may be beneficial for musculoskeletal, metabolic
and cardiovascular health; however, findings were mixed
and likely dependent on the parameters assessed, in
addition to golfer’s age, baseline health status and the
golf activity performed. Caddying may be effective for
improvements and maintenance of lower limb muscular
strength.

Future research should consider the intervention type
and duration to understand the long-term impact of golf
on physical health.

1 Introduction

The popularity of golf is ever-growing, with a 2.3 million
increase in on-course participation in Great Britain and Ire-
land in 2020 [1], with 2.2% of the population reported to
play golf bi-weekly [2]. More females are participating in
golf [1], which is also a game accessible to people of all
ages, from the young to the old. Beyond golf participation,
caddies contribute to the sport at all levels of the game, from
recreational to professional. Typically, the caddie’s roles
include, but are not limited to, carrying golf bags, attend-
ing to the flag stick, and providing strategic support to the
golfer [3-6].

The average age of registered golfers within the UK
is 41 years [1], with a forecasted 42% of golfers within
Europe being older than 60 years [7]. The World Health
Organisation (WHO) [8] predicts that in less than a dec-
ade, one in six people will be older than 60 years. Whilst
ageing is not a direct cause for cardiovascular diseases
(CVD) [9], it is associated with biological degeneration
and senescence, which heightens the risk for disease and
health complications [10]. In addition, falls are more com-
mon with advancing age and with an increase in frailty
[11]. Furthermore, developing musculoskeletal disorders
within older adults are also rising and are amongst the
most common health issues [12, 13]. Within older adults,
musculoskeletal disorders such as rheumatoid arthritis and
osteoarthritis are associated with increased risk of falls
[13, 14]. While the population is living longer, these extra
years may not be spent in good health [8], thus limiting the
health span—the phase of life without disability and free

from serious illness [15]. A loss of physiological func-
tion attenuates functional status and heightens the risk
of mortality and morbidity [16]. In turn, preservation of
physiological function is paramount in the attainment of
optimal longevity, health span [15] and in delaying future
age-related chronic diseases. Therefore, effective lifestyle-
behavioural strategies, such as physical activity (PA), have
been considered as primary approaches in the attempt to
slow the declines in physical health and functional inde-
pendence, in order to increase health span [16].

Physical activity is a cost-effective, non-pharma-
cological method for improving health, supported by a
curvilinear dose-response relationship between PA level
and health benefits [17]. Golf presents an opportunity to
increase PA and provides improvements in risk factors for
CVD and metabolic and musculoskeletal health [18]. The
metabolic cost and heart-rate responses through playing
golf are dependent on numerous factors. Examples include
riding an electric cart compared to carrying clubs or using
a pull cart [19], carrying a bag with one or two straps
[20, 21], and playing on a hilly course, although this is
debated between studies [19, 22]. Additionally, caddies
can be expected to carry a bag of at least 12.5 kg [3],
which presents an additional physical challenge to walking
alone, during an on-course round of golf. General golf is
considered to be a moderate-intensity activity with a meta-
bolic doequivalent (METs) of 4.8 [18, 23], with reports
that a nine-hole golf round elicits 46% of peak MET for a
healthy older (64 + 8 years) population [24]. The relative
intensity of activity varies depending on health status [24]
and also increases progressively with age [25]. A system-
atic review identified that while a single round was suffi-
cient to achieve the American College of Sports Medicine
recommendations for energy expenditure, the mode of club
transportation, age and skill level of golfers all contribute
to variations in PA level [26].

A scoping review was recently conducted to establish
the existing body of literature related to golf and health
[18]. A variety of categories were explored concerning
both physical and mental health, with a recommendation
for a systematic review to be conducted to further the
understanding between golf and health. Moreover, the
focus has long been placed on golfers, while the effect of
golf caddying on health has started to receive attention
[3]. Given the absence of a focused systematic review
on physical health and golf derived from peer-reviewed
academic literature, the present systematic review aimed
to establish the influence of golf participation and physi-
cal health in golfers and caddies. More specifically, we
intended to explore the domains of cardiovascular, met-
abolic and musculoskeletal health, in addition to body
composition.
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2 Methods

This systematic literature review was conducted in accord-
ance with the recommendations for the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA)
statement [27]. The systematic review was registered using
the PROSPERO International database of systematic review
protocols (Registration Number: CRD42021267664).

2.1 Search Terms and Criteria for Inclusion

An electronic literature search was conducted using Pub-
Med, SPORTDiscus and CINAHL databases in July 2021,
to identify available research studies that were related
to golf and health. In all databases, a title and abstract
search was conducted using a string of search terms that
included: (Golf* OR Caddy OR Caddie OR Caddies OR
Caddying) AND (Health OR Physical OR Cardiovascular
OR Musculoskeletal OR MSK OR MSD OR Metabolic).
Additional filters were applied to include studies only pub-
lished in English. Primary source, peer-reviewed articles
were eligible to be included if they contained data relat-
ing to golf and health. Specific inclusion criteria were as
follows:

e Peer-reviewed articles.

e Primary research articles with any study designs (i.e.,
observational, cross-sectional, experimental studies) that
presented a non-golf control group (cross-sectional) or
determined changes (cohort or experimental) with statis-
tical analyses.

¢ Golfers of any age and skill level, including both com-
petitive and recreational golfers.

e (Caddies of any age and level.

e All forms of on-course and off-course golf (18 holes, nine
holes, short-form golf, driving ranges, etc.).

e English language studies.

e Assessed markers of physical health pertaining to the
domains of cardiovascular, metabolic, musculoskeletal
health and body composition.

Conference proceedings, reviews, clinical commentaries,
case reports, theses and dissertations were excluded. Titles
and abstracts were reviewed independently by two authors
(AJB and GGS) for relevance, followed by full-text screen-
ing to assess eligibility based on the inclusion and exclusion
criteria. Reference lists of relevant reviews were screened
for any additional articles that may have been missed from
the electronic database search (AJB and GGS). During the
review process, a third author (AKW) arbitrated any uncer-
tainties in study inclusion.

2.2 Data Extraction

Included articles and relevant data were extracted into
a custom Microsoft Excel sheet (Version 2016) by two
authors independently (AJB and GGS). Extracted data
included: (1) study details, such as authors, date of pub-
lication and study design; (2) participant characteristics,
such as golf status (i.e., golfer or caddie), age, sex and
skill level; (3) cardiovascular measurements including
systolic (SBP) and diastolic blood pressure (DBP), car-
diac function, inflammatory blood markers, maximum
oxygen uptake (VO,, . ) and associations with CVD risk;
(4) musculoskeletal variables including balance, flexibil-
ity, muscle mass, thickness, strength and endurance, bone
mineral density (BMD), bone mineral content (BMC) and
physical competency measures; (5) metabolic variables
including blood lipid profiles, bone metabolic markers and
bone resorption rates; (6) body composition measurements
including body mass index (BMI), fat mass, abdominal
skinfold thickness and waist circumference.

2.3 Data Analysis and Quality Assessment

Narrative data analysis was conducted in each of the four
domains described previously. The National Heart, Lung,
and Blood Institute (NHLBI) risk assessments tools were
used to assess the quality of included articles as per the
NHLBI guidelines [28]. The quality assessment was con-
ducted by one author (AKW) and then confirmed by a sec-
ond author (AJB). If there was any uncertainty regarding
the grade of study quality, the assessors conferred to reach
an agreement. This tool contains 14 items with questions
returning a ‘Yes’, ‘No’ or ‘Not Reported answer’.

3 Results
3.1 Study Selection

Of the 572 articles identified, 109 full-text articles were
assessed for eligibility with 23 meeting criteria and included
in the full-text review (Fig. 1). Sixteen articles were rated
as good quality and seven fair, and no articles were consid-
ered to have any research fatal flaws. Most articles included
musculoskeletal measures (N=16) along with body compo-
sition measures (N=15). Fewer studies included measures
of a cardiovascular nature (N=15) and metabolic markers
(N=6), whereby the focus was predominantly on blood lipid
profile. There was a total of 14 non-experimental studies and
nine intervention studies (Table 1). See Table 2 for summary
details of the interventions employed.
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Fig.1 PRISMA flow diagram
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No health markers (n = 18)
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S (=3)
Methods articles (n = 3)
) Review articles (n = 4)
v No statistical analyses (n = 1)
3
g Studies included in review
E (n=23)
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3.2 Musculoskeletal Effects

An overview of results is shown in Table 1. Sixteen studies
included measures of a musculoskeletal nature, including
strength and endurance measures [29-36], BMD or BMC
[29, 34, 37, 38], balance and stability measures [30, 36,
39-42], muscle mass and thickness [35, 37, 43], flexibil-
ity and mobility [36], or physical competency measures
[30, 32, 33, 44]. Musculoskeletal strength and endurance
results were mixed, particularly amongst cross-sectional
studies, where Stockdale et al. [33] observed no statisti-
cally significant differences in grip (golfers: 0.33 +0.06 N/
kg; non-golfers: 0.29 +0.06 N/kg) or quadriceps strength
between golfers and non-golfers (golfers: 2.78 +0.74 N/
kg; non-golfers: 2.69 +0.83 N/kg). Chang et al. [29] also
identified no significant difference in grip strength in golf-
ers in comparison to control subjects. Mixed results were
observed for intervention studies, whereby no significant
changes were observed in grip strength in age-matched

participants (golf mean difference =0.85 kg, 95% confidence
interval (CI): 0.04—1.67); control mean difference =1.26 kg,
95% CI 0.40-2.13) [32]. Positive changes were, however,
noted in one golf-training study where static back-extension
time increased in the golf training group (from 93 to 101 s),
whereas no change was observed for controls (91-89 s) [36].

BMD results were mostly non-significant; Chang et al.
[29] noted 6.7% greater lumbar BMD in golfers than con-
trol—however, total body and hip BMD were similar.
Other studies with golfers found no significant differences
in BMD [37, 38]. Stability and balance measures were
largely positive for golfing groups, whereby improvements
were shown after training (8.9% improvement on step test
[30]) and when analysed cross-sectionally in comparison
to a control population [39, 41, 42]. Despite a low number
of papers with muscle mass and thickness measures, results
were largely positive, with increased muscle mass noted in
the arms [37] and increased muscle thickness in golfers in
comparison to non-golfers [43]. Mixed results were shown
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for physical competency measures, where no change was
observed in walking speed after a golf programme [32];
however, improvements in timed up-and-go (TUG) tests
were observed [33] or were greater than in non-golfers
(13.3%) [30].

Studies in caddies mostly showed positive results, with
Achilles tendon stiffness index greater in caddies across
three age groups in comparison to control participants [35].
Additionally, caddies demonstrated increased quadriceps
strength [34, 35], with improvements in BMD also observed
[34].

3.3 Cardiovascular Effects

Five studies considered cardiovascular measures (Table 1),
including DBP and SBP [36, 45, 46], resting heart rate and
aerobic performance [36, 47], and risk of cardiovascular
disease [48, 49]. In the large cohort study conducted by
Miiller-Riemenschneider et al. [46], golf was associated with
increased DBP in both models evaluated (Model 1: Effect
size=2.04, 95% CI 0.44-3.64; Model 2: Effect size =1.85,
95% CI 0.28-3.42). In other studies where SBP and DBP
reduced after a golf intervention [45], it should be noted that
the quality of the study was only fair, or there was a trend
towards reducing a high DBP only when subjects with a
pre-intervention high DBP were considered (between group
differences of — 3 mmHg in favour of golf intervention) [36].
Both studies that observed a cardiovascular disease found
golf was not associated with disease incidence [48, 49]. It
is, however, to be noted that the cross-sectional study only
made this comparison as a single time point, and thus cannot
determine causality [49]. In addition, aerobic performance
determined through VO, .. [45] or 6-min walking test did
not differ between golfers and controls [50], while submaxi-
mal exercise performance improved after golf training with
lower SBP, HR at 100 W [45], and lower oxygen consump-
tion, HR and lactate at 7 METs [36].

3.4 Metabolic Effects

Six studies included measures of a metabolic nature
(Table 1). This included measures of blood lipid profile
(total, high-density lipoprotein cholesterol [HDL], low-
density lipoprotein cholesterol [LDL] and triglycerides)
[36, 46, 47, 49] or within a caddy population, measures
of bone metabolic markers [34] or bone resorption rates
through urinary pyridinoline and deoxypyridinoline lev-
els [35]. Mixed results were observed for blood lipid
profiles, including no significant associations with golf
[46], significantly higher odds of ever having high choles-
terol — although not when controlled for age [49], positive
results for HDL levels (training effect-adjusted mean dif-
ference between groups 0.05 mmol/L (95% CI 0.00-0.10);

Model adjusted for age, light-intensity sport score, moderate-intensity sport score, strenuous-intensity sport score, muscle strengthening score, walking score, and lifestyle physical activity
Model adjusted for ‘*’ in addition to risk factors for falls

score. Lifestyle physical activity score includes functional activities, such as light housework, heavy housework, lawn and yard care, caregiving, and paid or volunteer work

hs CRP high-sensitivity C-reactive protein, hs TnT high-sensitivity troponin T, /L-6 interlukin-6, IQR interquartile range, /RR incidence rate ratios, LDL low-density lipoprotein, LV-Tei left

ventricular Tei Index, N number of participants, NR not reported, NA not applicable, NT-proBNP N-terminal-pro B-type natriuretic peptide, PVCs/h premature ventricular contractions per hour,
SBP systolic blood pressure, SBP ,y systolic blood pressure at 100 watts, SD standard deviation, SOT sensory organisation test, TUG timed up and go, VO, ., maximum oxygen uptake, W, .

maximum power output

P

phosphokinase, CVD cardiovascular disease, DBP diastolic blood pressure, E/e’ ratio of early mitral inflow velocity-to-early diastolic tissue velocity, FGF-21 fibroblast growth factor-21, HbAlc
glycated haemoglobin, HDL high-density lipoprotein, HOMA-IR homeostatic model assessment for insulin resistance, HR heart rate, HR,y heart rate at 100 watts, HR,,,. maximum heart rate,

24 h-HRmean mean heart rate by 24-h ECG, ApoAl apolipoprotein A1, BBS Berg balance scale, BMC bone mineral content, BMD bone mineral density, BMI body mass index, CPK creatine

Table 1 (continued)



G. G. Sorbie et al.

9[qe1desoe se paIapISUu0d 9q UBd YoIym
‘9,G/ sem Sururen JjoS oY) 03 90UAISYPE [[I0A0)

(syuedronaed ¢6/16) %7 96 swwerdoid jjon

SUOISSas Jul
-uren} Oz 2yl Jo g1 Ise9] Je papuane juedonred yoeyg
SOSSEB[O UTW-()6 ‘G| PUSNE O} Pey| JUIPNIs AIoAT

(Poom 1d 4 4 F01)
oo 12d Jj03 Jo spunoi '] F G g Jo 93eIoAy

YooMm UOTIUSAIUI 9Y) SuLInp

Jjo Aep & oye) 0 2213 21om sjuedionred ‘pariodar JoN
oM UOTIUSAIUI Y} SuLInNp

o Kep & oxe) 03 901 o10M sjuedionred ‘peyrodor 0N
syjuowr 71 jo porrad

®© J0J Suniodar %00 yim Answopad jo piodar A[req
SUOISSIs

9} JO %G/ JO WNWIUIW B PAPUNY "% 6 JO 9FeIoAY

paSueyoun sanIAnoE sy1ods
pue 9[A1s9y1] 119y dooy 0] paysy :dnoi3 jonuo)
a3uer
SUIALIP 9} J& SUOISSAS G pue suoIssas aonoerd g1
Uru ()9 paIse[ SuoIssag "yoom rod
SUOISSAS X ¢ JO PalsIsuod Sururer) Jjon :dnoi3 jjon
potrad Apms
9y Surmp uonjowoid ) eAY UO PIsNO0) SISSB[D
uoneoNpa YI[eay urw-(g omJ, :dnoid jonuo)
(yoea ur ()7 ]—(6 :uoneInp) suoIssas
9sIn02 J[03 ()] pue suorssas donoeid 41 :dnois jjon
SANIANOR Qwed
uowrwod pue ‘Surpear ‘uorssnosip dnoid Jurpnjout
Suneawr uonEdIUNWWOD [e100§ :dnoI3 jonuo))
SUOISSAS (g UI POI[NSAI YOIyM
Y T 10J Joam ® 201M) Sururen jjoon :dnoin jon
(wnumum) G X SISSe[d J[03 urw-g
aredar owoy pue
SuruopIes se Yons SONIATIOR JOWWNS PINUNUOD)
*91K159J1] ATRIuopas panunuo)) :dnoin onuo)
95In09 J103 ay) payem sjuedronred [y
Yoom B 901M] J[03 JO punoi 9[oy-8] :dnoin jjon
Kep 10d 4 84 Jo o3eI10AY
Yoom 1od y ¢ ¢¢
Kep 12d 4 g4 Jo o8eI10AY
Yoom 1od y G'¢¢

SurAppeo uoym sdais e (g Jo o5eIone Uy

uorssas 1od urw (g 10 APfeom 20IM,

Sururen J[o3 jo SunSISUOD UOTIUSAIIUI JIOM-TT

SUOISSIS J[0F JO FUNSISUOD UOTIUIAINUI JoIM-

swwresgoxd
Sururen JjoS jo SunsISUOD UOIUIAINUT Yoom-()|

(SyIuow G) I0)SaWas AJISIOATUN B SSOIOR SASSE[D JJOD)

Aed 9510095 J03 JO UOTIUSAIUI YoaMm-()T
Aed 95109 JJO3 JO UOTIURAIIUT oM~
Kerd 981005 J[0S JO UOTIUSAIDUT Yoom-]

SurAppes jo syjuow g |

swwrer3oxd Sururen Jjo3 aArsuayaIdwod yoam-g |

[0S] 'Te 30 ure[ye0ns

[z€] 'Te 10 epruys

[0ot] 'Te 10 uayoRYOS
[1€] Te 10 ysmeispoq

[9€] ‘Te 10 Lreypireg

[£+] ‘Te 10 IAewnaN

[SH] Tows[yoa] pue JABWNON
[#€] Te 19 010D

[0€] Te 19 stog n@

OUAIYPY

Kouanbaig

UONUAIANU]

Apms

yi[eay pue JjoS 0) Sure[al UONBWLIOJUT APNIS UONUAIUI JO Arewwing g 3jqel



Golf and Physical Health

HDL-C improvement of 5 mg/dL) and the ratio of HDL to
total cholesterol (training effect-adjusted mean difference
between groups 1.2% (95% CI 0.2-2.2)) [36, 47]. Urinary
pyridinoline and deoxypyridinoline levels were found to
not increase in caddies in comparison to controls pre- and
post-menopause [35]. However, no significant trends were
identified in bone metabolic markers [34].

3.5 Body Composition Effects

BMI data were included in 12 studies (Table 1). Mixed
results were observed with no differences in BMI when
considered cross-sectionally [33, 35, 39, 46, 49, 51],
with only Herrick et al. [43] noting lower BMI in golf-
ers (24.8+2.5 kg-m~2) in comparison to controls
(27.9 +3.5 kg-m~2). Longitudinal studies showed similar
outcomes for BMI measurements, with significant reduc-
tions noted in fewer studies [36] than those that had no
change or differences between groups [33, 34, 45, 47]. Stud-
ies that measured lean or fat mass largely found positive
results, including a— 8% change in abdominal skin fold
measurement [36, 37] rather than no change [29].

4 Discussion

This systematic review investigated the effects that golf
participation has on physical health, specifically muscu-
loskeletal, cardiovascular and metabolic health and body
composition. Although a previous scoping review has
outlined the physical health benefits that golf can provide
for an individual, further research was required to system-
atically describe the relationship between golf participation
and physical health [18]. To our knowledge, this is the first
systematic review addressing the impact that golf participa-
tion, including golf play and caddying, has on cardiovascu-
lar, metabolic and musculoskeletal health, as well as body
composition. Overall, the review highlighted that golf play
can, in some instances, positively impact measures of physi-
cal health; however, findings across domains were mixed.
Furthermore, when considering the population of golf cad-
dies, findings highlighted that caddying may positively affect
musculoskeletal health, although research remains limited
in this population.

4.1 Musculoskeletal Effects

4.1.1 Muscular Strength and Size

Golf may be beneficial for the preservation of muscle mass
and thickness. However, it must be noted that findings con-

flicted regarding the lower limbs, with one article observing
similar muscle mass in young male golfers (29 + 1 years)

and controls [37]. In contrast, a later study demonstrated
that older female golfers (69 +4 years) had larger relative
quadriceps muscle thickness than non-golfers [43]. The
latter observation is of particular importance, since age is
associated with sex-independent reductions in the muscle/
body weight ratio [52]. Sarcopenia, an age-related loss of
skeletal muscle mass and strength [53], has been demon-
strated through meta-analytical study to be associated with
increased falls and fractures in older adults [54].

While hormonal changes are in part responsible for sar-
copenia, environmental declines in PA are also contribu-
tory [53]. Golf offers the possibility for increasing PA of a
light-moderate intensity [26], which may contribute towards
the PA guidelines published by the WHO [55]. Thus, golf
participation can be encouraged in order to achieve PA rec-
ommendations [26]. It is possible that with increasing PA
that is likely to occur with on-course golf activity [56], golf
may provide a stimulus for lower limb muscular hypertro-
phy. While this proposal relates to muscle thickness from
limited research, the potential benefits of golf did not extend
to muscular strength. From the four studies that investigated
muscular strength in golfers, the consensus was that there
was similar grip strength between golfers and non-golfers.
Similarly, specific to lower body muscular strength, only
two studies have been conducted and both found that golf
was not beneficial for either quadriceps strength [33] or
peak hip abductor force [30]. Golfers were reported to have
walked the course, with one study describing that clubs were
transported using a pushcart [30], which was outlined within
the original methodological protocol article [57]. Although
the METs for walking and pulling clubs with a cart (5.3
METs) are greater than walking while carrying clubs (4.3
METs) [23], the latter mode may require an additional effort.
Indeed, caddies can be expected to carry a bag of at least
12.5 kg [3], and this may, in part, explain contrasting obser-
vations in the golfing literature, since hand grip and quadri-
ceps strengths were greater in caddies than in non-caddies
[34, 35]. Through cross-sectional observations, Hoshino
et al. [35] reported in a small sample of long-term golf cad-
dies who carry clubs that quadriceps strength was greater in
caddies by 18.1 kg (difference in means) than in controls.
The consequential benefits that may arise from carrying an
additive load rather than solely walking are promising, and
are likely to also contribute towards the PA guidelines, with
the inclusion of strength-based exercise on at least 2 days
per week [17, 55].

Additionally, drawing comparisons between golfers and
caddies is challenging as the conflicting findings may be
due, but not limited to, the differences in the transporta-
tion of clubs, the volume of activity completed, and/or the
participant demographics. Indeed, the exercise stimulus
may not have been sufficient in the longitudinal study [30]
and the older aged population used by Stockdale et al. [33]
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(see Tables 1 and 2 for descriptions). Moreover, previous
research has indicated that the step count completed by
golfers was 11,948 + 1,781 per round [58], while caddies
have been reported to complete 20,499 + 812 per round [34].
While the variation in activity is noteworthy, it is of course
important to note that the golf course and skill level would
influence this.

4.1.2 Balance

Most studies that investigated balance demonstrated a posi-
tive influence from golf. Proactive balance tests, described
as anticipation of predicted disturbances [59], including
functional reach, were greater in golfers [39], and the TUG
test was faster in golfers than in non-golfers [33], improving
by 13.3% after 12 weeks of golf practice [30]. As noted by
Stockdale et al. [33], physical performance from the TUG
test indicated that non-golfers were below the threshold and
consequently classed as sarcopenic, whereas the golfers
exceeded this threshold for the prediction of sarcopenia. As
a test of functional ability [60], the TUG test is an important
predictor of falls in seniors [61], and the potential benefits
from golf for superior functional ability are welcomed. Other
performance tests, such as the Berg Balance Scale (BBS),
considered the gold-standard for balance assessments [59,
62], indicated further benefits of golf. Schachten and Jansen
[40] found that 10 weeks of golf training improved BBS in
middle-aged stroke survivors. Still, similar improvements
were also noted for the parallel social communications
group, although this study lacked randomisation into each
treatment arm. In contrast, a two-group pre-test post-test
golf intervention for 20 weeks suggested static and dynamic
balance did not differ [36]. Thus, more intervention stud-
ies are required with adequate randomisation to determine
the influence of golf on functional balance tests. One study
reported a significantly lower incidence rate ratio (IRR) of
falls for golfers compared with other leisure-time physical
activities (LTPAs) when PA of multiple intensities was con-
sidered [44]. Although this association was dampened after
controlling for LTPA and history of falls, this may suggest
that a prominent element of golf (i.e., PA) is an important
and mediating factor in the risk of falls. This information is
of significant clinical relevance, since falls are the second
leading cause of unintentional mortality [63]. The number of
deaths from falls within England during 2019 increased with
age and totalled 6,138 in those > 40 years of age [64]. The
ramifications for golf to aid in the preservation of muscular
performance and balance are promising, with the intention
of maintaining functional ability and, by extension, healthy
ageing [65].

4.1.3 Bone Mineral Density

Studies identified within the review highlight that playing
golf has minimal effects on total body BMD or BMC [29,
37, 38]. The influence of regional BMD is contradictory,
however, with Chang et al. [29] reporting 6.7% greater lum-
bar spine BMD in female elite golfers compared to controls.
However, Jang et al. [38] and Dorado et al. [37] reported no
differences in spine BMD when comparing male golfers par-
ticipating in screen golf against control subjects. It should be
noted that screen golf does not take into consideration walk-
ing on the golf course and the transportation of golf clubs;
therefore, this may explain the conflicting findings. How-
ever, the reporting of transportation of clubs in other studies
was lacking, thus it is not clear at present whether walking
a course whilst carrying is influential. Sex differences may
also be contributory, since the rate of production and loss in
BMD differs between women and men [66]. This may help
to provide some insight as to why Chang et al. [29] observed
greater spine BMD in golfers, while male golfers [38] of a
similar and younger age were comparable to controls.

In consideration of golf caddies, positive findings were
observed in relation to BMD and Achilles stiffness index
[34, 35]. Specifically, Goto and colleagues [34] reported that
female golf caddies, at a pre-menopausal stage, significantly
increased lumbar spine BMD at 6 and 12 months and proxi-
mal femur BMD following 12 months of caddying. When
taking into consideration the activity levels of these two
groups, caddies walked over threefold the distance of the
desk workers. Moreover, since oestrogen deficiency plays
a key role in a net loss of bone [67], bone production in the
pre-menopausal state may be important for the preservation
of BMD, facilitated by caddying.

4.2 Cardiovascular Effects

From the limited literature exploring the influence of golf
on blood pressure, the findings may be conditional on both
the training intervention and baseline blood pressure. Two
studies observed reductions in SBP and DBP [45, 47], which
represent beneficial changes since high blood pressure is
a modifiable risk factor for CVD [68]. However, the par-
ticipants completed the golf training as a vacation, and thus
stress may confound the association between golf training
and markers of health, as suggested by the authors, concomi-
tant with reduced fibroblast growth factor 21 (FGF-21) [47].
In contrast, a longer intervention of 20 weeks, which may
better represent the influence of sustained golf play, sug-
gested that blood pressure did not change based on group
data [36]. However, subgroup analysis in those with the
highest blood pressures observed -3 mmHg in DBP in the
golf group compared to controls. While this observation is
not supported by cross-sectional research having shown a
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positive association between golf and DBP [46], it may sup-
port the proposition through meta-analysis that those with
hypertension may benefit the most from endurance training
[69]. Moreover, the long-term impact of golf on CVD risk
requires further substantiation, since one article identified no
significant association with CVD incidence [48]. Additional
work, whilst not included in the review due to a lack of a
no-golf comparator/reference group, suggests that mortal-
ity is approximately 60% compared to that of the estimated
general population [70]. Thus, future work is required to
determine the long-term health implications and associated
risk for CVD following golf participation.

Cardiorespiratory fitness (VO, . ) is a strong predic-
tor of mortality in men and women [71]. However, VO, ...
did not change after 1 week [45] or 20 weeks [36] of golf
training, and nor did maximum power output (W_,,,) [45].
It is possible that the intensity of golf was not sufficient to
induce central adaptations in left ventricular function [45]
and/or peripheral adaptation to elicit changes in aerobic fit-
ness. However, low volume, high-intensity interval exercise
in older men has yielded benefits in VO, ., [72] and peak
power output [73]. Nonetheless, studies in this review did
observe improvements in submaximal exercise performance
[36, 45] and, thus, this suggests less cardiovascular demand
with superior exercise economy after the golf training,
despite no changes in VO, ..

4.3 Metabolic Effects

Several metabolic variables were investigated (Table 1) but
with mixed findings, making it challenging to propose a con-
sensus concerning metabolic health parameters. However,
more frequently investigated was the blood lipid profile, with
reports of no association with golf and triglycerides, HDL
cholesterol and LDL cholesterol [46]. Intervention studies,
however, reported increased HDL-C [47] and the ratio of
HDL to total cholesterol [36] following golf training. This
is encouraging since HDL is an important predictor of CVD
risk and higher HDL is inversely associated with coronary
heart disease [74, 75]. However, although cross-sectional
analysis golfers were at greater odds of being diagnosed with
high cholesterol than non-golfers [49], this difference was
abolished when controlling for both age and physical activ-
ity, which may be stronger determinants of total cholesterol
than golf participation.

The disparity in results relating to blood lipid profile
may be due in part to study designs. Both intervention stud-
ies, irrespective of duration, provided positive results after
golf training, whereas the cross-sectional studies, which are
likely influenced by confounding between-subject variables,
were negligible or negative. Thus, additional confirmatory
studies concerning long-term golf play and metabolic health
are required.

4.4 Body Composition Effects

Most cross-sectional [33, 39, 46, 49, 51] and intervention
[45, 47] studies indicated that playing golf or caddying [34,
35] does not impact BMI. Some studies, however, have sug-
gested the contrary, that BMI was lower in golfers than con-
trols [43], reduced following a 20-week golf season [36], or
increased by 0.7% following at least 15 X 90-min golf classes
over a 5-month period [31]. Nevertheless, the true physi-
ological significance of a 0.17 kg'm? increase as reported in
the latter warrants mention. These studies observing changes
in BMI were in the minority, but the contradiction may arise
from the methodological inconsistencies of the golf inter-
ventions and participant demographics, making it difficult to
draw sound conclusions in relation to the impact of within-
subject long-term golf play and BMI. Indeed, BMI is associ-
ated with all-cause mortality in a J-shaped relationship [76],
and an apparent lack of evidence to suggest golf produces
a universal change in BMI, which could be inferred as both
beneficial and deleterious depending on baseline BMI.

BMI may not be suitable for differentiating fat mass from
lean mass, especially when assessing BMI change [77]. The
influence of golf on body composition from cross-sectional
studies was equally undecided as to whether golf is benefi-
cial [29, 37, 38, 46]. From intervention studies, fat mass did
not differ between golfers and controls in two intervention
studies; however, they were only 1 week in duration [45,
47]. In contrast, a more substantial intervention period of
20 weeks yielded reductions in abdominal skinfold thick-
ness and waist circumference [36]. These observations are of
particular importance since central adiposity/waist circum-
ference is a key component of the metabolic syndrome [78],
which represents a constellation of risk factors associated
with greater risk for developing CVD and type 2 diabetes
mellitus [79]. Before a stronger conclusion can be eluci-
dated, however, more intervention studies that are of suf-
ficient duration are necessary.

4.5 Strengths and Limitations

The current review provides valuable insight into the health
benefits of playing golf and caddying; however, there are
some noteworthy limitations to consider. Whilst efforts were
made to ensure a rigorous and thorough search process, it
is possible that some articles may have been missed, which
may include peer-reviewed journal articles not written in
English. The reviewed studies provided a variety of study
designs and wide heterogeneity. Additionally, the golfers and
caddies differed in sex, age and sample size, and, as a result,
a meta-analysis was not feasible at this moment in time. The
review was limited to four outcome-measure categories in
relation to health; therefore, there may be other outcome
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measures relevant to the health benefits of golf and caddy-
ing. However, the intention was to focus on physical health;
other studies should continue to establish the influence of
golf on mental health and wellbeing.

The NHLBI risk assessments tools demonstrated that the
quality of included studies was ‘fair’ to ‘good’. In relation to
intervention studies, approximately 70% were rated ‘good’,
suggesting the current evidence is strong. While many lon-
gitudinal studies were rated ‘good’, these studies varied con-
siderably with regard to: heterogeneity of participants, dura-
tion of the intervention (1 week to 12 months), golf activity
performed, and frequency of activity. It is, therefore, difficult
to draw sound recommendations regarding duration, activ-
ity and frequency of golf interventions to improve health.
A limited number of studies (N =2) investigated the health
benefits of caddying; nevertheless, the initial evidence sug-
gests that golf caddying may have a positive impact on mus-
culoskeletal health. To draw stronger conclusions within this
area, however, additional longitudinal research is required,
particularly within the male population. Furthermore, a
limited number of studies (N=5) reported specifically that
golfers or caddies walked the course [30, 33, 34, 36, 48], and
only two studies indicated the golfers’ club transportation
method [30, 48, 57]. As previously discussed, the metabolic
demand of golf varies depending on the golfer’s club trans-
portation choice and if they walk the course or use a motor-
ized golf cart [23, 26]. Therefore, future golf course partici-
pation-related studies should take into consideration golfers’
and caddies’ mode of transportation (e.g., walking or using a
motorised cart) and club transportation (e.g., carrying clubs,
pulling or pushing a cart) on the golf course, when initially
recruiting their sample. In addition, this information should
be reported within studies to improve clarity, which will
enable appropriate between-study key findings. Moreover,
whilst beyond the direct scope of this review, interest has
increased relating to the adverse effects of golf participation
pertaining to injuries and musculoskeletal and cardiovascu-
lar risks, in addition to skin-related issues associated with
golf participation [3, 18, 80, 81]. Accordingly, more studies
are required to fully understand the depth and breadth of the
impact that golf has on both players and caddies [3].

Beyond the limitations, this review is the first to system-
atically collate the literature in relation to the health benefits
of playing golf and caddying. Thus, this review advances our
understanding of the potential impact that playing golf and
caddying can have on body composition and musculoskel-
etal, cardiovascular and metabolic health.

4.6 Conclusions
Golf may be an effective method for improving musculo-

skeletal, cardiovascular and metabolic health. Additionally,
most of the evidence suggests that playing golf does not

influence body composition (BMI). Yet, there was also evi-
dence to suggest that golf was not beneficial for the domains
studied, although this may be dependent on: the sample of
golfers, study design, the length of the intervention, and the
frequency of activity. Consequently, the influence of playing
golf on physical health requires further study with considera-
tion of such methodological factors. Furthermore, the initial
evidence suggests that golf caddying may positively impact
musculoskeletal health; however, it would be appropriate
to conduct further investigations within this area due to the
limited literature at present.
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