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Once the general decline in muscle mass, muscle strength and physical performance falls
below specific thresholds, the middle or older adult will be diagnosed as having sarcopenia
(a loss of skeletal muscle mass and strength). Sarcopenia contributes to a range of
adverse events in older age including disability, hospitalisation, institutionalisation and
falls. The European Working Group on Sarcopenia for Older People (EWGSOP) framework is
commonly used to better understand factors contributing to sarcopenia and interventions
which may minimise its negative effects. One potentially relevant but understudied
population for sarcopenia researchers would be Masters athletes. Masters sport is
becoming more common as it allows athletes (typically 40 years and older) the opportunity
to participate in individual and/or team sports against individuals of similar age. This study
examined a variety of measures of anthropometric, physical function and general health
markers in the male and female Masters athletes who competed at the 2014 Pan Pacific
Masters Games held on the Gold Coast, Australia. Bioelectric impedance analysis (BIA) was
used to collect body fat percentage, fat mass and fat-free mass; with body mass, height,
body mass index (BMI) and sarcopenic status also recorded. Physical function was
quantified by handgrip strength and habitual walking speed; with general health described
by the number of chronic diseases and prescribed medications. Between group analyses
utilised ANOVA and Tukey’s post-hoc tests to examine the effect of age group (40-49, 50-
59, 60-69 and > 70 years old) on the outcome measures for the entire sample as well as
the male and female sub-groups. A total of 156 athletes (78 male, 78 female; mean age
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55.7 years) provided informed consent to participate in this study. These athletes
possessed substantially better anthropometric, physical function and general health
characteristics than the literature for their less physically active age-matched peers. No
Masters athletes were categorised as being sarcopenic, although one participant had
below normal physical performance and six participants had below normal muscle
strength. In contrast, significant age-related reductions in handgrip strength and increases
in the number of chronic diseases and prescribed medications were observed for the
overall cohort as well as the male and female sub-groups. Nevertheless, even those aged
over 70 years only averaged one chronic disease and one prescribed medication. These
results further support the view that participation in Masters sport helps to maintain
anthropometry, physical function and general health in middle-aged and older adults.
Future research should utilise longitudinal research designs that compare the age-related
changes experienced by Masters athletes and age-matched non-Masters athletes to better
quantify the benefits of Masters sport participation.
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25 Anthropometric, physical function and general health markers of Masters athletes: a cross-

26 sectional study 

27 INTRODUCTION

28 The field of gerontological research has sought to characterize the rate of age-related decline in 

29 physical function and overall health and wellness. For example, it has been found that in 

30 sedentary individuals VO2max decreases by 10% per decade after the age of 30 years (Lepers & 

31 Stapley, 2016). The ageing process is also commonly associated with declines in muscle mass 

32 and strength that subsequently lead to functional declines, physical disability and falls 

33 (Wroblewski, Amati, Smiley, Goodpaster, & Wright, 2011). This age-related decline in muscle 

34 mass and physical function is termed sarcopenia. According to the European Working Group for 

35 Sarcopenia in Older People (EWGSOP), sarcopenia has been defined as ‘the loss of skeletal 

36 muscle mass and strength that occurs with advanced aging’ and represents a diminished state of 

37 health (Cruz-Jentoft et al., 2010). The diagnosis of sarcopenia is based upon an individual’s 

38 muscle mass, muscular strength and physical performance. While the EWGSOP endorsed a 

39 variety of assessments of muscle mass, strength and physical performance, Bioelectric 

40 impedance analysis (BIA), handgrip strength and gait speed are valid assessments that are 

41 commonly used during field based testing (Cruz-Jentoft et al., 2010). 

42 A recent systematic review of studies using the EWGSOP sarcopenia diagnostic criteria has 

43 demonstrated sarcopenia prevalence rates of 1-29% in community dwelling adults over the age 

44 of 50 years, 14-33% in older adults in long-term care and 10% in acute hospital-care older 

45 populations (Cruz-Jentoft et al., 2014). Such results suggest that the rate of sarcopenia increases 

46 with age and the degree of aged care, with data from our group reporting sarcopenia prevalence 
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47 rates of ~40% in Australian aged care settings (Senior, Henwood, Beller, Mitchell, & Keogh, 

48 2015). It is perhaps even more alarming that residential aged care facilities may have up to 85% 

49 of residents below normal thresholds for muscle strength and 97% below the threshold for 

50 physical performance (Keogh, Senior, Beller, & Henwood, 2015). The increased prevalence of 

51 sarcopenic handgrip strength and gait speed is consistent with the study of 415 older adults 

52 between the age of 60 – 99 years, in which the age-related decline in handgrip strength and gait 

53 speed was greater than for muscle mass (Bai et al., 2016). There is also a general age-related 

54 increase in the number of chronic diseases and prescribed medications, with these again often 

55 being greater in residential aged care than community dwelling older adults. Specifically, 

56 Australian residential aged care adults have been reported to have an average of 14–15 chronic 

57 diseases and 11-15 prescribed medications (Fien, Henwood, Climstein, & Keogh, 2016; Keogh 

58 et al., 2015). 

59 One segment of the middle-aged and older community dwelling community that would appear of 

60 interest to sarcopenia researchers are Masters athletes (McKean, Manson, & Stanish, 2006; 

61 Pantoja, De Villarreal, Brisswalter, PeyrÉ-Tartaruga, & Morin, 2016; Ransdell, Vener, & 

62 Huberty, 2009; Wroblewski et al., 2011).  Masters athletes are typically individuals aged 40 

63 years or older who systematically train and compete in one or more individual or team sports 

64 (Lepers & Stapley, 2016). With an ageing of the population and the growing interest in 

65 prolonging health and wellbeing there has been a rise in the number of Masters athletes, with 

66 recent data for the New York marathon indicating that more than 50% of the total male finishers 

67 and more than 40% of female finishers were Masters athletes (Lepers & Stapley, 2016). As some 

68 Master athletes may have extensive training backgrounds for many decades, they may be an 

69 ideal population for gerontological and sarcopenic research. Given their continued levels of 
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70 sports and activity participation, it would be hypothesised that Masters athletes would have better 

71 health than their same aged, but less active peers. To this end, Masters athletes may allow 

72 researchers to better understand the true magnitude of the age-related decline in physical 

73 function (Geard, Reaburn, Rebar, & Dionigi, in press; Young, Weir, Starkes, & Medic, 2008). 

74 Typically, studies of Masters athletes demonstrate age-related decline in anthropometry, physical 

75 function and general health markers, but that these declines are less pronounced and typically 

76 occur at an older age than in the wider population (Borges, Reaburn, Driller, & Argus, 2016). 

77 For example, in a cross sectional study of 40 high level Masters athletes (20 males and 20 

78 female, aged 40 to 81 years) who trained 4-5 times week, age was significantly correlated to 

79 body mass index (BMI) and body fat percentage (Wroblewski et al., 2011).  When all 40 

80 participants were pooled together, significant declines in quadriceps peak torque were only 

81 observed for the participants 60 years and older (Wroblewski et al., 2011). In another study of 35 

82 Masters athletes aged 30-35, 35-45 and >45 years, anaerobic capacity was assessed with the 

83 Wingate anaerobic test as well as lower body and upper body isoacceleration dynamometry. The 

84 major results of this study was that 30-35 and 35-45 year old groups were not significantly 

85 different across any of the anaerobic parameters; with significant decrements only being 

86 observed in those aged over 45 years. It was also observed that these age-related decline in 

87 muscular power for the Masters athletes 45 years and older was greater than that for muscular 

88 strength or velocity (Gacesa, 2017). Body mass index has also been used as an indicator of 

89 general health in several studies of Masters athletes (Climstein et al., in press; Walsh et al., 2011; 

90 Walsh, Climstein, Heazlewood, Kettunen, et al., 2013). The largest of these studies examined the 

91 BMI of 6,071 master’s athletes (51.9% male and 48.1% female) aged 25 to 91 years of age 

92 competing in the Sydney World Masters Games in 2009 (Walsh et al., 2011).  While a 
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93 significant positive correlation was found between age and BMI, Masters athletes demonstrated 

94 significantly lower BMI than age-matched controls (Walsh et al., 2011). 

95 While a number of studies have described the BMI and performance of Masters athletes, little is 

96 known about Masters Athletes wider anthropometric, functional and general health 

97 characteristics; how these factors may change with ageing and how they compare to age-

98 matched, community dwelling controls. The aims of this cross-sectional study were to: 1) 

99 characterize the body composition, muscle strength, physical function, number of chronic 

100 diseases and medications in Masters athletes; and 2) gain some insight into how these factors 

101 might be influenced by the age and gender of the Masters athletes. It was hypothesized that; 1) 

102 Masters athletes across multiple age groups will exhibit high levels of muscle mass, handgrip 

103 strength, gait speed and lower levels of chronic disease and prescribed medication usage; and 2) 

104 these outcomes will be significantly greater in male than female and younger rather than older 

105 Masters athletes. Masters athletes in this context may provide a suitable research model to look 

106 at the true physiological changes associated with age.

107 METHODS

108 Study design

109 This research utilized cross-sectional observational study design to characterize the body 

110 composition, muscle strength, physical function and overall health and wellness of Masters 

111 athletes competing at the 2014 Pan Pacific Masters Games, Gold Coast, Australia. This study 

112 received approval by the Bond University Human Research Ethics Committee (RO1823) in 

113 accordance with the ethical standards of the Helsinki Declaration of 1975 (revised in 2008).  
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114 Sample

115 Eligible participants for this study included all competitors (national and international) who were 

116 participating in at least one sport (out of 43 sports available at the 2014 Pan Pacific Masters 

117 Games. Following attainment of informed consent (verbal and written) to participate all 

118 participants initially completed a brief questionnaire, which included basic demographics (age, 

119 sport(s), and training time) and a medical health history questionnaire (chronic disease(s) and 

120 prescribed medications).   

121 Anthropometry 

122 Height was assessed using a stadiometer to an accuracy of 0.5cm. Body mass and body 

123 composition was assessed using a Tanita BIA body composition analyzer (Model MC-980MA, 

124 Illinois, USA) (Kelly & Metcalfe, 2012). The BIA analyzer was calibrated each morning prior to 

125 any assessments.  Participants were to have avoided strenuous exercise for the previous 24 hours, 

126 bladder void and be hydrated prior to body composition assessment. The subjects were instructed 

127 to remove footwear, step onto the BIA machine and follow the directions of the machine whilst 

128 holding the electrodes in each hand.  The BIA uses an algorithm based on the relative electrical 

129 resistance in lean tissue, fat and water to calculate body composition measures.  The Tanita uses 

130 four reference points in the body, both hands and both feet and then produces a complete report 

131 of fat and muscle percentage. The Australian general population data was used (aged 35 years 

132 and older) available from the 2011-2012 Australian Bureau of Statistics Australian Health 

133 Survey were used for comparative purposes (Australian Bureau of Statistics, 2012). 

134 The anthropometric data collected allowed for each participant to be screened for sarcopenia 

135 according to EWGSOP guidelines (Cruz-Jentoft et al., 2010).  The EWGSOP screening 
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136 algorithm consisted of assessing gait speed, handgrip strength and muscle mass (i.e., lean mass). 

137 Figure 1 depicts the EWGSOP tests.

138 Insert figure 1 about here

139 Handgrip strength

140 Handgrip strength was assessed on the dominant hand using a hand-held dynamometer (Jamar 

141 handgrip dynamometer, Sammons Preston Roylan, Bolingbrook, IL, USA). The dynamometer 

142 handle grip width was individualized for each participant. Individuals performed the handgrip by 

143 holding their preferred hand in front of the shoulder, with the elbow bent at a 90° angle and 

144 instructed to squeeze the dynamometer as hard as possible for three seconds. Two attempts were 

145 allowed with the maximum force (kg’s) recorded (Reijnierse et al., 2017).  Participants were 

146 allowed a brief rest period (~1min) between the two trials, with the maximum force produced 

147 across the two attempts utilised for statistical purposes.

148 Gait speed

149 Gait speed was recorded using a computer interfaced electronic system (GaitMat II, EQInc; 

150 Model GaitMat II, USA), which required participants to walk across a 3.66 m (11.91 ft.) long 

151 pressure mat system(McDonough, Batavia, Chen, Kwon, & Ziai, 2001). Participants completed 

152 two trials at their habitual gait speed in regular footwear. All participants were provided the 

153 following instructions: “Walk towards the end of the room in the center of the mat at a pace that 

154 is comfortable for you”.  All participants initiated from a standing start 2 m (6.56 ft.) from the 

155 gait analysis platform in order to minimize the effects that either acceleration or deceleration 

156 may have on the outcome measures (Kressig et al., 2004). Participants were permitted to have as 
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157 much rest as was required between measures, with rest times typically being up to one minute. 

158 The fastest of each participant’s two trials was kept for statistical analysis.

159 Self-reported data

160 Participants in this study were also asked a series of questions regarding their number of years 

161 participating in Master sports, the number of hours training they would average in a typical 

162 training week as well as their number of chronic diseases and prescribed medications.

163 Statistical analysis

164 All data was initially inspected for normality by investigating kurtosis, skewness, Q-Q plots, as 

165 well as the Kolmogorov-Smirnov test with the Lilliefors significance correction. 

166 Heteroscedasticity was also assessed using Levene’s test for the equality of variances. Overall 

167 group data were presented as means and standard deviations for continuous measures and counts 

168 (percentages) for categorical data. Between group comparisons were conducted on the basis of 

169 gender (male and female) and age (40-49 years; 50-59 years; 60-69 years; or ≥ 70 years) using 

170 one-way ANOVA and Tukey post-hoc tests. As many significant gender-related differences were 

171 observed and as there were some gender-related variation in the proportions of athletes across the 

172 age groups, data is presented for the entire sample as well as for females and males separately. A 

173 single sample t-test was performed to compare the height, mass and BMI of the Masters athletes 

174 (genders combined) to Australian Bureau of Statistics (2012). All statistical analyses were 

175 performed with SPSS (Ver. 22.0.0.0), with statistical significance for all analyses accepted at p 

176 <0.05. 

177

178 RESULTS
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179 A total of 156 individuals (78 males (aged 40 to 86 years) and 78 females (aged 40 to 77 years) 

180 Pan Pacific Master Games sports athletes volunteered to participate in this study. One hundred 

181 and forty-nine individuals competed in one sport at the Games, with the remaining seven 

182 competing in multiple sports. With regard to chronic diseases, a total of 40 participants (25.4%) 

183 reported having one or more chronic diseases, the most common of which was hypertension 

184 (55%), followed by diabetes mellitus (35%).  A total of 18 participants reported having two or 

185 more chronic diseases, most commonly hypertension and dyslipidemia. The majority (77.6%) of 

186 the Masters athletes had no prescribed medications; with the majority of the remaining athletes 

187 (~11%) having one medication. There was no difference between genders with regard to the 

188 number of athletes being prescribed medications (males 16, females 19).  The most commonly 

189 prescribed medications were anti-hypertension (55%) followed by oral hypoglycaemic agents 

190 (35%).

191 The anthropometric, functional, training and health descriptors of the overall sample is provided 

192 in Table 1. The only anthropometric variable where age-related differences were observed was 

193 height, where the 50 to 59 year-old athletes were significantly taller than the 60 to 69 year-old 

194 athletes (p = 0.003). From a functional perspective, there was a significant age-related decline in 

195 handgrip strength (p = 0.003) but no significant difference in habitual gait speed (p = 0.673). 

196 There was a significant age-related increase in the number of chronic diseases (p = 0.017) and 

197 prescribed medications (p = 0.015). 

198 Please insert table 1 about here

199 With regard to comparison to the Australian general population, as a group the Masters athletes 

200 were significantly taller (+2.9%, p<0.001), slightly lighter (-2.7%) and a significantly lower BMI 
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201 (-8.5%, p<0.001).  Figure 2 provides a representation of the proportion of individuals defined as 

202 underweight, normal weight, overweight or obese by sample and sex. 

203 Please insert figure 2 about here

204 Due to their high level of lean muscle mass, no participants were described as being sarcopenic. 

205 However, the number of participants who were identified as having handgrip muscle strength (n 

206 = 6) or physical performance outcomes (n = 1) below the sarcopenic cut-points (Cruz-Jentoft et 

207 al., 2010) are included in Figure 3. 

208 Please insert figure 3 about here

209 The anthropometric, functional, training and health descriptors of the 78 male Masters athletes 

210 are provided in Table 2. No significant age-related differences were observed for any 

211 anthropometric variables. Inspection of the functional outcomes revealed a significant age-

212 related decline in handgrip strength (p < 0.001) but no significant differences in habitual gait 

213 speed (p = 0.930). There was a significant age-related increase in chronic diseases (p < 0.001) 

214 and prescribed medications (p < 0.001).

215 Please insert table 2 about here

216 The anthropometric, functional, training and health descriptors of the 78 female Masters athletes 

217 are provided in Table 3. There were typically no significant age-related differences observed for 

218 any anthropometric variables. The only exception was height which was found to be significantly 

219 greater in the 50 to 59 year than 60 to 69-year-old age group (p = 0.003). Inspection of the 

220 functional outcomes revealed a significant age-related decline in handgrip strength (p = 0.003) 

221 but no significant differences in habitual gait speed (p = 0.673). There was a significant age-
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222 related increase in chronic diseases (p = 0.017) and prescribed medications (p = 0.015). 

223 Please insert table 3 about here

224 DISCUSSION

225 The primary results of this study indicated that the male and female Masters athletes who 

226 participated in this study possessed substantially better anthropometric, functional and health 

227 characteristics than their physically less active age-matched peers. Our data indicated that when 

228 the anthropometric, functional and health characteristics were compared for the Masters athletes 

229 across the 10 year age groups, almost no significant age-related differences were observed. In 

230 contrast, our data indicated significant age-related reductions in handgrip strength and increases 

231 in the number of chronic disease and prescribed medications. 

232 When compared to the Australian Bureau of Statistics (2012) BMI data, it was apparent that the 

233 Masters athletes had better body composition. In particular, while only 29% of the general 

234 population have a BMI indicative of underweight or normal body composition, approximately 

235 49% of the Masters athletes were in these categories. Further, while ~32% of the Australian adult 

236 population was classified as obese (BMI >30.0kg/m2), only ~13% of the Masters athletes were 

237 obese. Such results were consistent with previous research that demonstrated that a high 

238 proportion of Masters athletes maintain a healthy BMI even into older age (Climstein et al., in 

239 press; Walsh et al., 2011; Walsh, Climstein, Heazlewood, Kettunen, et al., 2013). As obesity is a 

240 well-recognized risk factor for many chronic diseases including hypertension (resting blood 

241 pressure > 140/90mmHg), cardiovascular disease, type 2 diabetes mellitus, obstructive sleep 

242 apnea and a number of cancers (Lavie, Milani, & Ventura, 2009; Pi-Sunyer, 2009), it would 

243 appear that long-term Master sports participation minimizes the age-related increase in body fat 
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244 and the risk for many chronic diseases (Climstein et al., in press; McKean et al., 2006; Pratley, 

245 Hagberg, Rogus, & Goldberg, 1995). 

246 Subgroup analyses within the current study indicated that the differences in BMI and obesity 

247 rates between the Masters athletes and the wider Australian population were more pronounced 

248 for females than males. Specifically, ~63% of the female compared to ~35% male Masters 

249 athletes were classified as being underweight or normal weight; with only ~8% of female and 

250 19% of male Masters athletes being obese. This tendency for the female Masters athletes to 

251 report greater relative benefits than the male Masters athletes in terms of their BMI and obesity 

252 rates appeared consistent with Climstein and colleagues (in press) for the rates of chronic 

253 disease. Such results may suggest that middle-aged and older females may obtain significantly 

254 greater body composition and chronic disease benefits from participation in Masters sport than 

255 men of similar age.

256 Another important aspect of maintaining health and function in ageing is the ability to maintain 

257 muscle mass. None of the 114 Masters athletes aged 50 years and older (48 of who were 60 years 

258 or older) in the current study were diagnosed as having sarcopenia, based upon the EWGSOP 

259 criteria. Such prevalence rates for sarcopenia in the current study are substantially lower than the 

260 1-29% rates reported for community dwelling adults over the age of 50 years in a systematic 

261 review of 15 studies assessing sarcopenia prevalence rates using the same EWGSOP criteria 

262 used in the current study (Cruz-Jentoft et al., 2014). Inspection of the other components of the 

263 sarcopenia diagnosis (muscle strength and physical performance) indicated that only 3.8% of the 

264 participants were below the sarcopenic handgrip strength cutpoints and 0.6% were below the 

265 sarcopenic gait speed cutpoints. As ~85% and ~97% of Australian aged care residents may be 

266 below the sarcopenic handgrip strength and gait speed thresholds, respectively (Keogh et al., 

PeerJ reviewing PDF | (2017:05:17871:0:0:CHECK 9 May 2017)

Manuscript to be reviewed











To a certain degree this statement is true. Based on the author’s findings, those who are older (longer Master sport participation) had significantly higher chronic diseases and more medications. Please reword to support study results.

change to “females”

This sentence is not clear. I would suggest something to the effect of:  “This tendency for the female Master athletes to report lower BMI measures than male Master athletes…”

This statement is a “reach” considering the statistical analysis conducted. However, it provides a valid alternative for comparison (Gender x Age Group).



267 2015), our data suggest that Master athletes levels of muscular strength and physical function 

268 place them at very low risk of adverse health events and entry into residential aged care (Abellan 

269 van Kan et al., 2009).

270 Results of the current study also indicated a very low prevalence of chronic diseases and 

271 medications in the Masters athletes. Such a result was consistent with Climstein and colleagues 

272 (in press) who observed a low rate of cardiovascular disease in Masters athletes. While the 

273 current study observed a significant age-related increase in the number of chronic diseases and 

274 prescribed medications, even those Masters athletes who were 70 years old or older only 

275 reported an average of one chronic disease and one prescribed medication per individual. This 

276 number of chronic diseases and medications was consistent with Climstein and colleagues (in 

277 press) and is substantially less than community dwelling older adults of similar age, especially 

278 those in residential aged care. This is exemplified by recent Australian data in which older adults 

279 living in residential aged care may average 14–15 chronic diseases and 11-15 prescribed 

280 medications per individual (Fien et al., 2016; Keogh et al., 2015).

281 The results of this current study and the remainder of the somewhat limited literature regarding 

282 Masters athletes strongly support the promotion of physical activity and sport across the lifespan. 

283 This promotion of a lifetime engagement in physical activity and sport may provide middle-aged 

284 and older individuals as well is the wider community a host of benefits. Physical activity and 

285 sport participation can have a variety of physiological benefits that reduce or even reverse the 

286 age-related declines in muscle mass, strength and performance (Fien et al., 2016; Kanamori et 

287 al., 2012). Sports participation also provides a range of social benefits (Kanamori et al., 2012), 

288 with this especially important for older adults who may experience declines in the size and 

289 quality of their social networks that accelerated when they retire from full-time employment 
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290 (Julien, Gauvin, Richard, Kestens, & Payette, 2013). From an economic perspective, older adults 

291 typically utilise a very high proportion of most nations’ health care expenditure due to the 

292 number of their chronic diseases, prescribed medications and falls-related injuries (Manini & 

293 Pahor, 2009). Of particular concern is that the 20% of older adults who are no longer 

294 independent due to functional limitations have been shown to account for 46% of the health care 

295 expenditure (Manini & Pahor, 2009). In absolute terms, this represents a $5,000 per year greater 

296 healthcare expenditure for each older adult with functional limitations compared to those who 

297 have maintained their physical independence (Manini & Pahor, 2009). Such savings in 

298 healthcare expenditure compared to dependent older adults, may be even greater in Masters 

299 athletes than that reported for independent older adults. Specifically, data from the present study 

300 indicating that the 48 Masters athletes over the age of 60 years typically averaged only one 

301 chronic disease and one prescribed medication. This contrasts with Australian data in which over 

302 half of Australian adults aged 65 years and older have at least five chronic diseases (Australian 

303 Institute of Health and Welfare, 2014).

304 The primary strength of the study was the sample size of 156 Masters athletes. While a few 

305 studies of Masters athletes have had sample sizes that exceeded 400 participants (Climstein et al., 

306 in press; Walsh et al., 2011; Walsh, Climstein, Heazlewood, Debeliso, et al., 2013; Walsh, 

307 Climstein, Heazlewood, Kettunen, et al., 2013), all of these studies with the exception of 

308 Climstein and colleagues (in press) only collected BMI and used this to estimate obesity rates. In 

309 comparison, Masters athlete studies that involved a greater number of outcome measures or 

310 utilised more advanced data collection approaches have typically obtained much smaller sample 

311 sizes (n = 6–40) than that used in our study (Gacesa, 2017; Pantoja et al., 2016; Power et al., 

312 2016; Pratley et al., 1995; Wroblewski et al., 2011; Young et al., 2008).

PeerJ reviewing PDF | (2017:05:17871:0:0:CHECK 9 May 2017)

Manuscript to be reviewed





313 The major limitation of this study was that the study was cross-sectional rather than longitudinal 

314 in design. This meant that while age-related differences between the age groups could be 

315 described, true age-related changes that would be observed in individuals as they age could not 

316 be quantified (Young et al., 2008). Nevertheless, the data did indicate the favorable 

317 anthropometry, functional and health characteristics of the Masters athletes compared to data 

318 reported for less physically active, age-matched individuals. There was also some imbalance in 

319 the male and female ratios for 50-59 and 60-69 year old age groups which may have 

320 contaminated the overall sample data. Age-related analyses for the 78 male and 78 female 

321 Masters athletes were therefore performed separately in addition to data presented for the overall 

322 cohort of 156 athletes. It is also unclear how the athletes who participated in the study may differ 

323 to the athletes who did not participate in the study and if there was any recruitment bias whereby 

324 the more functional and healthy Masters athletes would be more likely to participate than their 

325 less functional or healthy peers.

326

327 CONCLUSIONS 

328 The results of this study indicate that Masters athletes possess more favourable anthropometric, 

329 functional and health characteristics than the age-matched general community who are typically 

330 much less physically active. Further, comparisons of the decade age groups also indicated that 

331 the majority of these characteristics were well maintained from middle to older age in the 

332 Masters athletes. Such data supports the promotion of a lifespan physical activity and sport 

333 public health message, with such participation having a range of physical, social and economic 

334 benefits for the individual and the wider community. Future research in this area should look to 

335 include a wider range of health and functional outcomes and utilize longitudinal case-control 

PeerJ reviewing PDF | (2017:05:17871:0:0:CHECK 9 May 2017)

Manuscript to be reviewed



336 research designs to better compare the age-related changes in these outcomes between Masters 

337 Athletes and their less active age-matched peers.
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Table 1(on next page)

Anthropometric, Functional, Training and Health Characteristics of Total Sample.

All values are mean±SD except sarcopenic status whereby count is the number of individuals

with sarcopenia in each category. a = significantly different to 50-59 years old group; b =

significantly significant to 60-69 years old group; c = significantly significant to 70-79 years

old group.
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1 Table 1. Anthropometric, Functional, Training and Health Characteristics of Total Sample.  

40-49 years
(n=42)

50-59 years
(n=66)

60-69 years
(n=30)

70-79 years
(n=18)

Total 
(n=156)

Anthropometric Characteristics

Height (cm) 172.6 ± 8.4 173.6 ± 7.9 b 167.9 ± 11.0 171.1 ± 11.7 171.9 ± 9.3

Mass (kg) 76.6 ± 14.4 77.5 ± 15.8 73.3 ± 13.7 77.1 ± 17.7 76.4 ± 15.2

Fat % 22.9 ± 8.3 22.2 ± 9.1 26.9 ± 9.7 27.1 ± 10.3 23.8 ± 9.3

Fat mass (kg) 17.5 ± 7.3 17.6 ± 9.5 19.7 ± 8.7 21.2 ± 10.1 18.4 ± 8.9

FFM (kg) 59.1 ± 13.1 59.8 ± 11.3 53.5 ± 12.6 55.8 ± 13.7 57.9 ± 12.5

BMI (kg/m2) 25.5 ± 3.5 25.6 ± 4.3 25.9 ± 4.7 26.3 ± 5.7 25.7 ± 4.3

Sarcopenic 
Status (Count)

0 0 0 0 0

Functional Characteristics

Grip strength 
(kg)

43.9 ± 13.2 
b,c

43.8 ± 11.7 
b,c

35.1 ± 12.4 31.9 ± 8.5 40.8 ± 12.7

Gait speed (m/s) 1.25 ± 0.18 1.28 ± 0.21 1.27 ± 0.19 1.26 ± 0.22 1.27 ± 0.20

Training and Health Characteristics

Participation 
(years)

5.9 ± 5.9 a,c 10.4 ± 8.5 11.1 ± 10.6 15.8 ± 10.5 9.9 ± 9.0

Training (hours) 6.0 ± 3.7 4.5 ± 3.3 4.3 ± 3.9 6.8 ± 5.1 5.1 ± 3.8

Chronic diseases 
(number)

0.1 ± 0.2 b,c 0.2 ± 0.6 b,c 0.8 ± 1 1.0 ± 1.0 0.4 ± 0.8

Prescribed 
medications 

(number)

0.1 ± 0.2 b,c 0.2 ± 0.7 c 0.6 ± 1.0 1.2 ± 1.2 0.4 ± 0.8

2 All values are mean±SD except sarcopenic status whereby count is the number of individuals with 
3 sarcopenia in each category. a = significantly different to 50-59 years old group; b = significantly 
4 significant to 60-69 years old group; c = significantly significant to 70-79 years old group. 
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Table 2(on next page)

Anthropometric, Functional, Training and Health Characteristics of Male Sample.

All values are mean±SD except sarcopenic status whereby count is the number of individuals

with sarcopenia in each category. a = significantly different to 50-59 years old group; b =

significantly significant to 60-69 years old group; c = significantly significant to 70-79 years

old group.
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1 Table 2. Anthropometric, Functional, Training and Health Characteristics of Male Sample.

40-49 years 
(n=19)

50-59 years 
(n=39)

60-69 years 
(n=11)

70-79 years
(n=9)

Total 
(n=78)

Anthropometric Characteristics

Height (cm) 180.1 ± 6.2 176.7 ± 6.7 177.2 ± 12.6 178.3 ± 10.2 177.8 ± 8.0

Mass (kg) 88.3 ± 10.5 83.7 ± 15.7 83.3 ± 11.2 87.5 ± 12.7 85.2 ± 13.6  

Fat % 18.2 ± 7.0 18.4 ± 8.2 20.3 ± 6.4 23.2 ± 5.6  19.2 ± 7.5  

Fat mass (kg) 16.4 ± 7.5 16.4 ± 10.6 16.6 ± 4.8 20.6 ± 7.4 16.9 ± 8.9

FFM (kg) 71.9 ± 7.7 67.3 ± 7.4 66.7 ± 11.6 66.9 ± 8.7  68.3 ± 8.4

BMI (kg/m2) 27.2 ± 3.1 26.8 ± 4.5 26.6 ± 3.2 27.4 ± 2.8 26.9 ± 3.8

Sarcopenic 

Status (Count)

0 0 0 0 0

Functional Characteristics

Grip strength 
(kg)

55.2 ± 9.4 b,c 51.3 ± 8.5 c 45.6 ± 14.0 37.5 ± 5.9 49.9 ± 10.7

Gait speed (m/s) 1.25 ± 0.19 1.25 ± 0.19 1.29 ± 0.14 1.24 ± 0.21  1.26 ± 0.18

Training and Health Characteristics

Participation 
(years)

6.2 ± 6.3 c 12.6 ± 9.7 14.2 ± 11.0 19.6 ± 12.8 12.1 ± 10.2

Training (hours) 6.6 ± 4.2   4.1 ± 3.6 5.3 ± 4.3  7.2 ± 6 5.2 ± 4.3

Chronic diseases 
(number)

0.0 ± 0.0 b,c 0.1 ± 0.3  b,c 1.2 ± 1.0 1.0 ± 0.9  0.3 ± 0.7

Prescribed 
medications 

(number)

0.1 ± 0.2 b,c 0.1 ± 0.3 b,c 0.9 ± 1.2 1.1 ± 0.9 0.3 ± 0.7

2 All values are mean±SD except sarcopenic status whereby count is the number of individuals with 

3 sarcopenia in each category. a = significantly different to 50-59 years old group; b = significantly 
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4 significant to 60-69 years old group; c = significantly significant to 70-79 years old group.
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Table 3(on next page)

Anthropometric, Functional, Training and Health Characteristics of Female Sample.

All values are mean±SD except sarcopenic status whereby count is the number of individuals

with sarcopenia in each category. a = significantly different to 50-59 years old group; b =

significantly significant to 60-69 years old group; c = significantly significant to 70-79 years

old group.
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1 Table 3. Anthropometric, Functional, Training and Health Characteristics of Female Sample.

40-49 years 
(n=23)

50-59 years 
(n=27)

60-69 years 
(n=19)

70-79 years
(n=9)

Total 
(n=78)

Anthropometric Characteristics

Height (cm) 166.4 ± 3.9 169.1 ± 7.1 b 162.6 ± 5 164 ± 8.6  166.1± 6.5  

Mass (kg) 67.2 ± 9.9 68.6 ± 11 67.5 ± 11.7  66.6 ± 16.1  67.7 ± 11.3

Body Fat % 27.4 ± 6.7  27.7 ± 7.5  30.7 ± 9.4  31.0 ± 12.6   28.7 ± 8.4  

Fat mass (kg) 18.9 ± 7 19.5 ± 7.5 21.6 ± 10 21.9 ± 12.7 20.1 ± 8.6  

FFM (kg) 48.3 ± 4.3 49 ± 5.7 45.9 ± 3.8  44.7 ± 6.8  47.6 ± 5.2

BMI (kg/m2) 24.3 ± 3.3  24 ± 3.7 25.7 ± 5.4 25.2 ± 7.6  24.6 ± 4.6

Sarcopenic 
Status (Count)

0 0 0 0 0

Functional Characteristics

Grip strength 
(kg)

34.1 ± 6.4 b,c 33 ± 5.3 c 29.2 ± 5.9 26.4 ± 7.0 31.6 ± 6.5  

Gait speed (m/s) 1.24 ± 0.17 1.31 ± 0.23 1.26 ± 0.20 1.27 ± 0.23  1.27 ± 0.21

Training and Health Characteristics

Participation 
(years)

5.7 ± 6.0  7.3 ± 5.2  9.4 ± 10.2 12.1 ± 6.3  7.9 ± 7.2   

Training (hours) 5.4 ± 3.2 5.2 ± 2.8 3.8 ± 6.7  6.4 ± 4.4 5.1 ± 3.4

Chronic diseases 
(number)

0.1 ± 0.3 c   0.5 ± 0.8  0.6 ± 1.1  1.1 ± 1.2 0.5 ± 0.9

Prescribed 
medications 

(number)

0.1 ± 0.3 c 0.5 ± 1.1 0.5 ± 0.9 1.3 ± 1.5 0.5 ± 1

2 All values are mean±SD except sarcopenic status whereby count is the number of individuals with 

3 sarcopenia in each category. a = significantly different to 50-59 years old group; b = significantly 

4 significant to 60-69 years old group; c = significantly significant to 70-79 years old group.
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Figure 1(on next page)

EWGSOP algorithm for diagnosis of sarcopenia (Cruz-Jentoft, 2010).
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Figure	1.			EWGSOP	algorithm	for	diagnosis	of	sarcopenia	(Cruz-Jentoft,	2010).		
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Figure 2(on next page)

Body Mass Index (BMI) classifications of overweight and obesity for the overall sample
of Masters athletes as well as compared to Australian Bureau of Statistics (2012) data.
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Figure	2.	Body	Mass	Index	(BMI)	classifications	of	overweight	and	obesity	for	the	overall	

sample	of	Masters	athletes	as	well	as	male	and	female	Masters	athletes	separately,	

compared	to	Australian	Bureau	of	Statistics	(2012)	data.	
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Figure 3(on next page)

Proportion and total number of Masters athletes who were below the EWGSOP gait
speed and handgrip strength thresholds for the male and female Masters athletes
across the 10 year age groups.
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Figure	3:	Proportion	and	total	number	of	Masters	athletes	who	were	below	the	EWGSOP	

gait	speed	and	handgrip	strength	thresholds	for	the	male	and	female	Masters	athletes	

across	the	10	year	age	groups.	
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Please address the numbers on these figures. The n’s and %’s do not agree. For example, a n=2 in the 60-69 age group (n=30) is not 18%.


