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Abstract: This exploratory clinical case report presents an 87-year-old man who began bodybuilding
at the age of 76 years and was officially recognised as the world’s oldest competitive bodybuilder,
competing until age 83. He has a background of complex health conditions including polio, strokes,
cardiac arrest, atrial fibrillation, prostate disease, osteoarthritis, depression, bowel obstruction, reflux,
and bladder cancer. Assessments of body composition, bone density, muscle performance, and
diet-related practices were performed. The bodybuilder had superior fat-free mass, lower fat mass,
and generally greater muscle performance compared to untrained healthy males of a similar age.
Commencement of bodybuilding in older age appears to be possible, even with ongoing complex
health conditions, and the potential benefits of this practice require systematic investigation in
the future.
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1. Introduction

Aging typically results in the deterioration of physiological function over time, greater
risk of disease, and ultimately increased risk of death [1]. Muscle strength and mass
will decrease 30-50% by ~80 years [2], as accompanied by substantial reductions in bone
density [3]. However, progressive loss of muscle strength and mass with aging (known
as sarcopenia) [4] and bone loss can be rapidly accelerated through inactivity [5], poor
dietary practices [6], and morbidity-associated catabolic factors [7]. Sarcopenia is highly
prevalent among older adults with cardiovascular disease [8], prostate cancer [9], and
middle-aged and older stroke survivors [10]. Additionally, the majority of poliomyelitis
(polio) survivors (60-90%) do not recover full muscle strength due to varying degrees of
paralysis, or may develop post-polio syndrome decades after recovery from the illness [11].
These body composition and muscle function declines lead to an increased risk of adverse
events such as falls, fractures, frailty, disability, and mortality [4].

Evaluations of body composition including fat-free mass index (FFMI) and fat mass
index (FMI) have been used to monitor muscularity and adiposity, respectively [12]. Briefly,
FFEMLI is calculated via fat-free mass (FFM) divided by height2 (kg/ m?), and FMI is calcu-
lated via fat mass (FM) divided by height? (kg/m?). Older compared to younger healthy
Caucasian adults generally have an increased FMI, while surprisingly FFMI appears to
remain relatively stable in men across the lifespan when FFM and FM is derived from
bioelectrical impediance (BIA) [12]. Briefly, FFM derived from BIA has been validated
against dual energy X-ray absorptiometry (DXA) in healthy adults aged 18-94 y [13]. A
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more common method used to define sarcopenia via DXA is appendicular lean mass index
(ALMLI), which is calculated via the sum of lean mass in the upper and lower limbs divided
by height (m) squared. Although, it is recognised that this method overestimates muscle
mass when compared to criterion methods such as multiple-slice magnetic resonance
imaging or creatinine excretion [4,14]. For comparison of muscle performance (i.e., strength
or power) the normalisation of data is strongly encouraged to remove the influence of body
mass, with the allometric normalisation method preferred [15]. Muscle performance can
also be expressed per unit of muscle mass (known as muscle quality—MQ) to evaluate the
muscle function of older adults [16].

Resistance training is effective for older adults to counteract losses of muscle strength
and FFM (i.e., muscle and bone) due to the effects of aging and chronic disease [17,18]. To
maximise these effects, older adults require adequate protein intakes (~1.6 g/kg/day) and
vitamin D levels (>50 nmol/L) [19,20]. Bodybuilding consists of high-intensity resistance
training and dietary manipulation to maximise FFM [21], while minimising increases in
FM. For older adults, bodybuilding may counteract age-related catabolism and promote
better outcomes when managing chronic and complex health conditions. This exploratory
clinical case report presents the body composition, bone density, muscle performance,
and diet-related practices of an 87-year-old male bodybuilder (BB-87y) with a complex
medical history. Comparisons were made between BB-87y and two untrained (UT) older
healthy males of a similar age. The quantification and qualification of potential benefits
from bodybuilding in an older adult in this exploratory clinical case report may assist with
a systematic investigation of this topic in the future.

2. Case

BB-87y commenced bodybuilding at 76 years of age in an attempt to improve his
health. Prior to commencing bodybuilding, he lived a sedentary lifestyle, smoked tobacco,
and consumed alcohol on a regular basis. He was diagnosed with polio at 21 years, suffered
a minor stroke at 64 years, and required procedures for prostate disease and a twisted
bowel at 65 years. At 66 years, during heart surgery for an aortic valve replacement, he
suffered a cardiac arrest, which resulted in the implantation of a pacemaker. He was
awarded a Guinness World Record in 2009 (age 79 years) as the oldest competitive male
bodybuilder with his last competition at the age of 83 years. He competed in 11 body-
building competitions, and following commencing bodybuilding, suffered a minor stroke
at 79 years, muscle hernia of the leg at 81 years, was diagnosed with bladder cancer at
82 years, and has had ongoing shoulder function limitations due to a rotator cuff tear that
occurred around 82 years. Regular medications from age 83 years included omeprazaole
(proton pump inhibitor for gastro-oseophaegal reflux), tiotropium bromide (bronchodilator
for emphysema), irbesartan (beta-blocker for hypertension), digoxin (atrial fibrillation),
warfarin (anticoagulant for cerebrovascular disease), and celecoxib (anti-inflammatory for
osteoarthritis). The daily supplements used by BB-87y included a multi-vitamin tablet,
vitamin D (1000 IU), and fish oil (2000 mg). He trained approximately 5 days per week
with the duration of sessions being approximately 1 h. His resistance training involved a
split routine performing 1-3 sets of 10-20 repetitions for exercises, and challenging loads
(not causing volitional muscle fatigue). Aerobic exercise was performed each session and
involved walking on a treadmill for 20 min (=5.5 km/h).

For this case study, muscle strength, muscle power, and body composition results
of BB-87y (163 cm, 60.7 kg) were compared to an UT (no history of resistance or high
intensity aerobic training) male of 82 years (UT-82y; 164.8 cm, 66.6 kg) and 87 years (UT-
87y;174.6 cm, 77 .4 kg). The data for these participants were collected from another study
being conducted by the research group focused on older adults. Therefore, the two UT
participants came from a convenience sample, and the selection of the UT participants for
this case report was done retrospectively. The selection criteria for the UT participants
included being within 5 years of BB-87y and with no history of resistance training. From
the previous study dataset, the two UT participants selected were the closest in age to
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BB-87 (i.e., others were younger than 80 years). The physical activity of the UT males
included playing golf twice per week (approximately 12 km walked) with an additional
~2 km of walking on three days per week for UT-82y and ~2.5 km walking every day for
UT-87y. The medical history of UT-82y included atrial fibrillation (pacemaker implanted
at 68 years), coronary artery disease with cardiac stent (at 67 years), hypertension, sleep
apnoea, gastro-oesophageal reflux disease, inguinal hernia (repaired at 68 years), and right
patellofemoral pain. Medications taken by UT-82y included warfarin, sotalol (beta-blocker),
rosuvastatin (statin), pantoprazole (proton pump inhibitor), dutasteride (5-alpha reductase
inhibitor), and tamsulosin (alphala-adrenoreceptor antagonist). The medical history of
UT-87y included benign prostatic hypertrophy, inguinal hernia (repaired at 82 years), and
plantar fasciitis, with no medications reported.

Tests performed in this study are listed below, with protocols previously described [22].
Muscle strength (via one-repetition maximum—I1RM) and peak power (PP) were assessed
using the chest press and recumbent leg press, Keiser A420 pneumatic resistance training
equipment (Keiser Sports Health Equipment, Inc., Fresno, CA, USA). It was identified (via
physician screening) that UT-82y had probable right patellofemoral osteoarthritis (although
no pain during examination), and therefore it was decided that the leg press power test
would not be performed by this participant. Values for 1RM and PP were expressed
relative to body mass to the 2/3 power (kg-0.67) [15]. Upper body muscle quality (MQ)
was calculated by chest press 1RM divided by arms and trunk lean mass (N/kg). Lower
body MQ was calculated by leg press 1RM divided by lower body lean mass (N/kg). The
UT participants were involved in two chest press and leg press 1RM sessions to reduce the
risk of lack of familiarity with the tests influencing performance. The best 1RM result of
the UT participants was recorded and PP testing for the exercises was only performed in
the second testing session.

Body composition was assessed fasting via a whole-body dual energy X-ray absorp-
tiometry scanner, (Lunar Prodigy, GE Medical Systems, Madison, WI, USA). Both FFMI and
FMI were calculated (using the equations reported earlier). FFMI and FMI of BB-87y and
UT older males were compared to percentiles on the basis of findings from Schutz et al. [12].
Serum 25-hydroxy-vitamin D was assessed via analysis of blood samples during January
(estimated solar irradiance = 1089 W/m?), April (estimated solar irradiance = 993 W/m?),
and June (estimated solar irradiance = 916 W/m?) for UT-82y, BB-87y, and UT-87y, respec-
tively. BB-87y documented all his food, fluid, and supplements consumed over a 7-day
period using a diary, and this was analysed using the FoodWorks program (Version 8; Xyris
Software, Brisbane, Australia).

On the basis of the reference values for FEMI in Caucasian males >75 years [12], BB-87y
was at the 90th percentile and the UT older males were at the 5th percentile (Figure 1). The
FMI was at the 5th percentile for BB-87y (9.3% body fat) compared to the 75th percentile for
UT-82y (33.1% body fat) and 90th percentile for UT-87y (37.6% body fat) in terms of males
>75 years (Figure 1). BB-87y had superior muscle mass and substantially less fat mass
compared to the UT older males. Appendicular lean mass index (ALMI) was calculated
as the sum of lean mass in the upper and lower limbs divided by height (m) squared.
The ALMI cut-off for low muscle mass threshold was <7 kg/ m? [4]. The ALMI of BB-87y
(8.1 kg/m?) was above the low muscle mass threshold, compared to being at (UT-82y:
7kg/ m?) or below (UT-87y: 6 kg/ m?) this threshold for the UT older males.

For bone mineral density (BMD), BB-87y had osteoporosis (T score < —2.5) on the
femoral neck (T score = —3.1) and osteopenia (T score —2.5 to —1) of the hips and lumbar
spine (T score = < —1.5) (Table 1) [23]. In comparison UT-87y had osteopenia of the femoral
neck and right hip (T score = < —1.8) while UT-82y had ideal BMD (T score > —1) [23].
Serum 25-hydroxy-vitamin D was within the normal range (50-140 nmol /L) for BB-87y
(106 nmol/L), UT-82y (74 nmol/L), and UT-87y (61 nmol/L). The diet analysis showed
that BB-87y had an average daily energy intake of 9344 k] (macronutrient distribution of
36.1% carbohydrates, 47.7% fats, and 16.2% protein), and his protein intake represented
1.47 g/kg/day.
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Figure 1. Comparison between the 87-year-old bodybuilder and untrained older males of a sim-
ilar age for (a) fat-free mass and (b) fat mass indices. UT-82y = untrained male aged 82 years;
UT-87y = untrained male aged 87 years; BB-87y = bodybuilder aged 87 years; FFMI = fat-free mass
index; FMI = fat mass index; P95 = 95th percentile; P5 = 5th percentile.

Table 1. Differences in bone mineral density and T score for the lumbar spine, total hip, and femoral neck between the
87-year-old bodybuilder and untrained older males of a similar age.

Parameter UT-82y UT-87y BB-87y  Diff BB-87y vs. UT-82y (%)  Diff BB-87y vs. UT 87y (%)

Lumbar spine (L2-L4) (g/ cm?) 1.21 1.28 1.06 —14.2 —20.8
Right hip total (g/cm?) 0.97 0.84 0.77 —26 -9

Left hip total (g/cm?) 1 0.93 0.79 —26.6 -17.7
Right femoral neck (g/cmz) 0.95 0.81 0.67 —41.8 —209
Left femoral neck (g/cmz) 0.98 0.84 0.67 —46.3 —254
Lumbar spine T score -0.3 0.3 -15 —80 —120
Right hip total T score -0.9 -1.9 —24 —63 —20.8
Left hip total T score —0.7 -1.2 -2.3 —69.6 —47.8
Right femoral neck T score -09 -2 =31 -71 -35.5
Left femoral neck T score -0.7 -1.8 -3.1 —774 —419

UT-82y = untrained male aged 82 years; UT-87y = untrained male aged 87 years; BB-87y = bodybuilder aged 87 years; Diff = difference.
Bone mineral density was measured via a dual energy X-ray absorptiometry scanner (Lunar Prodigy, GE Medical Systems, Madison,
WI, USA).

Chest press and leg press 1RM and PP was expressed with allometric scaling and
calculated via 1RM load or PP (W) divided by scaled body mass (kg~"¢7). All of the IRM
performances were greater for BB-87y compared to UT older males (ranging from 13.6%
to 55.8%) with a trend towards increased differences in performances when compared
to UT-87y (Table 2). Chest press PP for BB-87y was slightly lower compared to UT-82y
(—5%) but greater compared to UT-87y (+20.6%). Leg press PP was also greater for BB-87y
compared to UT-87y (+30.8%), but no comparison could be made to UT-82y since he did not
perform this measure. Chest press and leg press 1IRM performances were also expressed
relative to upper and lower body lean mass, respectively, to provide an indication of MQ.
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Upper body MQ was greater for BB-87y compared to the UT older males, while lower body
MQ for BB-87y was greater than UT-87y but not UT-82y (—1.1%).

Table 2. Comparisons between the 87-year-old bodybuilder and untrained older males of a similar age for strength, power,

and muscle quality.

Parameter UT-82y UT-87y BB-87y Dgfri];;g; )V s Dllf],frigysz)}; )V s
1RM chest press 19.2 N/kg67 13.8 N/kg®” 31.2 N/kg?¢” +38.4 +55.8
PP chest press 14.8 W/kg¢7 11.2 W/kg¢7 14.1 W/kg¢7 -5 +20.6
1RM leg press 120 N/kg%¢” 89.5 N /kg¢7 138.9 N /kg67 +13.6 +35.6
PP leg press DNP 48.6 W/kgo” 70.2 W /kg?67 - +30.8
Upper body MQ 12.6 N/kg 8.6 N/kg 142 N/kg +11.2 +39.4
Lower body MQ 1429 N/kg 120.2 N/kg 141.4 N/kg -1.1 +15

UT-82y = untrained male aged 82 years; UT-87y = untrained male aged 87 years; BB-87y = bodybuilder aged 87 years; 1RM = one-repetition
maximum; PP = peak power; DNP = did not perform; MQ = muscle quality; Diff = difference. Diff BB-87y versus UT calculated via [(BB-87y
minus UT) divided by UT] multiplied by 100.

3. Discussion

This exploratory clinical case report presents novel insights into an older male who
commenced bodybuilding at the age of 76 years following a history of complex health
conditions and his continuation of this lifestyle despite ongoing health problems. On the
basis of normative data of Caucasian males aged >75 years, we found that BB-87y was in
the top 10% for FEMI and FMI, which was superior to the UT males who were in the bottom
25% for these indices [12]. However, despite BB-87y not showing any signs of sarcopenia,
confirmed with a normal ALMI, he had poorer bone quality compared to the UT males in
terms of his lower BMD. Resistance training is one of several preventive and therapeutic
interventions for counteracting the loss of bone and muscle [24]. However, the effectiveness
is dependent on using high mechanical loads (=80% 1RM) and performing exercises that
target large muscles that cross the hip and spine such as squats and deadlifts [25]. It is
possible that BB-87y had not been following these resistance training recommendations for
improving bone health. Since BB-87y had a history of low body fat following diet practices
conducive for fat loss, this also may have negatively impacted his bone health [26]. No data
were available to determine the body mass index (BMI) of BB-87y prior to commencing
training. If he had a low BMI before bodybuilding, this could explain the low BMD
observed [27]. Additionally, he had a long history of smoking, excess alcohol intake, and
used certain medications (e.g., anticoagulants) and treatments for his previous bladder
cancer, all of which would have negatively impacted his bone health.

Despite BB-87y having osteoporosis, he had no history of falls or osteoporotic fractures,
potentially due to his avoidance of sarcopenia, which is known to contribute significantly to
fracture risk (by more than 70% compared to individuals without sarcopenia) [28]. Notably,
his diet appeared to be conducive for optimising muscle mass, with his protein intake close
to the recommendation of ~1.6 g/kg/day for resistance training-induced gains in FFM in
healthy adults [20]. Additionally, although the participants had serum 25-hydroxy-vitamin
D values within the normal ranges, measurements were taken in months with different
estimated solar irradiances, which may have confounded these results.

Muscle strength (chest press and leg press 1RM) and MQ (upper and lower body)
were mostly greater for BB-87y compared to the UT males. Additionally, muscle power was
greater for BB-87y compared to UT-87y, although not compared to UT-82y for chest press
PP. Previous research has demonstrated that upper extremity muscle power declines more
rapidly than strength during aging [29]. However, it should also be noted that BB-87y had
ongoing rotator cuff muscle problems for 4 years, which likely reduced the effectiveness of
his training and his willingness to exert maximal force and velocity during testing, hence
negatively impacting his chest press PP. Since the UT participants were less experienced
with the resistance training testing procedures compared to BB-87y, their performance
may not be a ‘true’ reflection of their muscle performance capacities. However, the UT
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participants were provided with two testing sessions to determine their 1IRM with the
best result being record, although the PP testing was only performed once. Therefore, it is
possible that the muscle strength and power of the UT participants may have been slightly
greater than documented in this case report.

4. Conclusions

Commencement of bodybuilding in older age appears to be possible, even with
ongoing complex health conditions. However, the direct effect of bodybuilding on the
health and muscle performance of BB-87y in this case study cannot be made due to the
absence of data prior to him commencing bodybuilding. A future randomised controlled
trial and case—control studies are warranted to enable conclusions about the efficacy and
safety of bodybuilding in older adults.

Author Contributions: Conceptualisation, D.A.H. and M.ES.; methodology, D.A H.; formal analysis,
D.A.H.; investigation, D.A.H., LM., G.C.W.,, M.H,, and T.V.; writing—original draft preparation,
D.A.H.; writing—review and editing, D.A.H., LM., G.C.W.,, M.H,, T.V,, and M.ES.; funding acquisi-
tion, D.A.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Collaborative Research Network for Advancing Exercise
and Sports Science (CRN-AESS) Capacity Building Seeding Grant Scheme, Australia.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by The University of Sydney Human Research Ethics
Committee (approval number: 2015/7/06, approval date 9 November 2015), and written informed
consent was obtained from all participants.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: This paper is dedicated to our inspirational friend (older bodybuilding partici-
pant) who sadly passed away on 6 January 2020 (aged 90 years).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  MacNee, W.; Rabinovich, R.A.; Choudhury, G. Ageing and the border between health and disease. Eur. Respir. ]. 2014, 44, 1332.
[CrossRef]

2. Akima, H.; Kano, Y.; Enomoto, Y.; Ishizu, M.; Okada, M.; Oishi, Y.; Katsuta, S.; Kuno, S. Muscle function in 164 men and women
aged 20-84 yr. Med. Sci. Sports Exerc. 2001, 33, 220-226. [CrossRef] [PubMed]

3. Riggs, B.L.; Melton Iii, L.J., 3rd; Robb, R.A.; Camp, ].].; Atkinson, E.J.; Peterson, ].M.; Rouleau, P.A.; McCollough, C.H.; Bouxsein,
M.L.; Khosla, S. Population-based study of age and sex differences in bone volumetric density, size, geometry, and structure at
different skeletal sites. J. Bone Miner. Res. 2004, 19, 1945-1954. [CrossRef]

4. Cruz-Jentoft, A.].; Bahat, G.; Bauer, |.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F; Rolland, Y.; Sayer, A.A.; et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2018, 48, 16-31. [CrossRef] [PubMed]

5. Steffl, M.; Bohannon, R.W.; Sontakova, L.; Tufano, ].J.; Shiells, K.; Holmerova, I. Relationship between sarcopenia and physical
activity in older people: A systematic review and meta-analysis. Clin. Interv. Aging 2017, 12, 835-845. [CrossRef]

6. Bloom, I.; Shand, C.; Cooper, C.; Robinson, S.; Baird, J. Diet Quality and Sarcopenia in Older Adults: A Systematic Review.
Nutrients 2018, 10, 308. [CrossRef]

7. Ebner, N.; Sliziuk, V.; Scherbakov, N.; Sandek, A. Muscle wasting in ageing and chronic illness. ESC Heart Fail. 2015, 2, 58-68.
[CrossRef] [PubMed]

8.  Kamiya, K.; Hamazaki, N.; Matsuzawa, R.; Nozaki, K.; Tanaka, S.; Ichinosawa, Y.; Maekawa, E.; Noda, C.; Yamaoka-Tojo, M.;
Matsunaga, A.; et al. Sarcopenia: Prevalence and Prognostic Implications in Elderly Patients with Cardiovascular Disease. JCSM
Clin. Rep. 2017, 2, 1-13. [CrossRef]

9.  Ohtaka, A.; Aoki, H.; Nagata, M.; Kanayama, M.; Shimizu, F,; Ide, H.; Tsujimura, A.; Horie, S. Sarcopenia is a poor prognostic
factor of castration-resistant prostate cancer treated with docetaxel therapy. Prostate Int. 2019, 7, 9-14. [CrossRef]

10. Ryan, A.S,; Ivey, EM.; Serra, M.C.; Hartstein, J.; Hafer-Macko, C.E. Sarcopenia and Physical Function in Middle-Aged and Older
Stroke Survivors. Arch. Phys. Med. Rehabil. 2017, 98, 495-499. [CrossRef] [PubMed]

11. Neumann, D.A. Polio: Its impact on the people of the United States and the emerging profession of physical therapy. J. Orthop.
Sports Phys. Ther. 2004, 34, 479-492. [CrossRef] [PubMed]

12.  Schutz, Y.; Kyle, U.U.G.; Pichard, C. Fat-free mass index and fat mass index percentiles in Caucasians aged 18-98 y. Int. ]. Obes.

2002, 26, 953-960. [CrossRef] [PubMed]


http://doi.org/10.1183/09031936.00134014
http://doi.org/10.1097/00005768-200102000-00008
http://www.ncbi.nlm.nih.gov/pubmed/11224809
http://doi.org/10.1359/jbmr.040916
http://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
http://doi.org/10.2147/CIA.S132940
http://doi.org/10.3390/nu10030308
http://doi.org/10.1002/ehf2.12033
http://www.ncbi.nlm.nih.gov/pubmed/28834653
http://doi.org/10.17987/jcsm-cr.v2i2.41
http://doi.org/10.1016/j.prnil.2018.04.002
http://doi.org/10.1016/j.apmr.2016.07.015
http://www.ncbi.nlm.nih.gov/pubmed/27530769
http://doi.org/10.2519/jospt.2004.0301
http://www.ncbi.nlm.nih.gov/pubmed/15373011
http://doi.org/10.1038/sj.ijo.0802037
http://www.ncbi.nlm.nih.gov/pubmed/12080449

Medicina 2021, 57, 664 70f7

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kyle, U.G.; Genton, L.; Karsegard, L.; Slosman, D.O.; Pichard, C. Single prediction equation for bioelectrical impedance analysis
in adults aged 20-94 years. Nutrition 2001, 17, 248-253. [CrossRef]

Evans, W.].; Hellerstein, M.; Orwoll, E.; Cummings, S.; Cawthon, PM. D(3) -Creatine dilution and the importance of accuracy in
the assessment of skeletal muscle mass. J. Cachexia Sarcopenia Muscle 2019, 10, 14-21. [CrossRef] [PubMed]

Jaric, S.; Mirkov, D.; Markovic, G. Normalizing physical performance tests for body size: A proposal for standardization. J.
Strength Cond. Res. 2005, 19, 467-474. [CrossRef]

Lees, M.].; Wilson, O.].; Hind, K.; Ispoglou, T. Muscle quality as a complementary prognostic tool in conjunction with sarcopenia
assessment in younger and older individuals. Eur. |. Appl. Physiol. 2019, 119, 1171-1181. [CrossRef]

Fragala, M.S.; Cadore, E.L.; Dorgo, S.; Izquierdo, M.; Kraemer, W.].; Peterson, M.D.; Ryan, E.D. Resistance Training for Older
Adults: Position Statement From the National Strength and Conditioning Association. . Strength Cond. Res. 2019, 33, 2019-2052.
[CrossRef]

McLeod, J.C.; Stokes, T.; Phillips, S.M. Resistance Exercise Training as a Primary Countermeasure to Age-Related Chronic Disease.
Front. Physiol. 2019, 10, 645. [CrossRef]

Aspell, N.; Laird, E.; Healy, M.; Lawlor, B.; O’Sullivan, M. Vitamin D Deficiency Is Associated With Impaired Muscle Strength
And Physical Performance In Community-Dwelling Older Adults: Findings From The English Longitudinal Study Of Ageing.
Clin. Interv. Aging 2019, 14, 1751-1761. [CrossRef]

Morton, RW.; Murphy, K.T.; McKellar, S.R.; Schoenfeld, B.J.; Henselmans, M.; Helms, E.; Aragon, A.A.; Devries, M.C.; Banfield, L.;
Krieger, ] W.; et al. A systematic review, meta-analysis and meta-regression of the effect of protein supplementation on resistance
training-induced gains in muscle mass and strength in healthy adults. Br. J. Sports Med. 2018, 52, 376. [CrossRef]

Iraki, J.; Fitschen, P; Espinar, S.; Helms, E. Nutrition Recommendations for Bodybuilders in the Off-Season: A Narrative Review.
Sports 2019, 7, 154. [CrossRef] [PubMed]

Hackett, D.A.; Wilson, G.C.; Mitchell, L.; Haghighi, M.M.; Clarke, J.L.; Mavros, Y.; O’Connor, H.; Hagstrom, A.D; Slater, G.J.;
Keogh, J. Effect of Training Phase on Physical and Physiological Parameters of Male Powerlifters. Sports 2020, 8, 106. [CrossRef]
Henry, M.].; Pasco, J.A.; Pocock, N.A.; Nicholson, G.C.; Kotowicz, M.A. Reference ranges for bone densitometers adopted
Australia-wide: Geelong osteoporosis study. Australas. Radiol. 2004, 48, 473-475. [CrossRef]

Hong, A.R.; Kim, S.W. Effects of Resistance Exercise on Bone Health. Endocrinol. Metab. 2018, 33, 435—444. [CrossRef] [PubMed]
Harding, A.T.; Weeks, B.K.; Lambert, C.; Watson, S.L.; Weis, L.].; Beck, B.R. A Comparison of Bone-Targeted Exercise Strategies
to Reduce Fracture Risk in Middle-Aged and Older Men with Osteopenia and Osteoporosis: LIFTMOR-M Semi-Randomized
Controlled Trial. J. Bone Miner. Res. 2020, 35, 1404-1414. [CrossRef] [PubMed]

McGrath, C.; Sankaran, J.S.; Misaghian-Xanthos, N.; Sen, B.; Xie, Z.; Styner, M.A.; Zong, X.; Rubin, J.; Styner, M. Exercise
Degrades Bone in Caloric Restriction, Despite Suppression of Marrow Adipose Tissue (MAT). J. Bone Miner. Res. 2020, 35, 106-115.
[CrossRef]

Barrera, G.; Bunout, D.; Gattas, V.; de la Maza, M.P,; Leiva, L.; Hirsch, S. A high body mass index protects against femoral neck
osteoporosis in healthy elderly subjects. Nutrition 2004, 20, 769-771. [CrossRef] [PubMed]

Yeung, S.S.Y.; Reijnierse, E.M.; Pham, V.K.; Trappenburg, M.C.; Lim, W.K.; Meskers, C.G.M.; Maier, A.B. Sarcopenia and its
association with falls and fractures in older adults: A systematic review and meta-analysis. J. Cachexia Sarcopenia Muscle 2019, 10,
485-500. [CrossRef]

Metter, E.J.; Conwit, R.; Tobin, J.; Fozard, ].L. Age-associated loss of power and strength in the upper extremities in women and
men. J. Gerontol. A Biol. Sci. Med. Sci. 1997, 52, B267-B276. [CrossRef]


http://doi.org/10.1016/S0899-9007(00)00553-0
http://doi.org/10.1002/jcsm.12390
http://www.ncbi.nlm.nih.gov/pubmed/30900400
http://doi.org/10.1519/R-15064.1
http://doi.org/10.1007/s00421-019-04107-8
http://doi.org/10.1519/JSC.0000000000003230
http://doi.org/10.3389/fphys.2019.00645
http://doi.org/10.2147/CIA.S222143
http://doi.org/10.1136/bjsports-2017-097608
http://doi.org/10.3390/sports7070154
http://www.ncbi.nlm.nih.gov/pubmed/31247944
http://doi.org/10.3390/sports8080106
http://doi.org/10.1111/j.1440-1673.2004.01351.x
http://doi.org/10.3803/EnM.2018.33.4.435
http://www.ncbi.nlm.nih.gov/pubmed/30513557
http://doi.org/10.1002/jbmr.4008
http://www.ncbi.nlm.nih.gov/pubmed/32176813
http://doi.org/10.1002/jbmr.3872
http://doi.org/10.1016/j.nut.2004.05.014
http://www.ncbi.nlm.nih.gov/pubmed/15325685
http://doi.org/10.1002/jcsm.12411
http://doi.org/10.1093/gerona/52A.5.B267

	Introduction 
	Case 
	Discussion 
	Conclusions 
	References

