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INTRODUCTION 

Osteoporosis and sarcopenia share similar risk factors, highlighting muscle-bone interactions, which 

may result in debilitating consequences such as falls, fractures and hospitalizations.1 Despite the 

effectiveness of treatments for osteoporosis,2 pharmacological agents for sarcopenia are lacking.3 

The FREEDOM study investigating the anti-fracture efficacy of denosumab (Dmab) in 7,868 older 

women, found significant reductions in falls. However, potential mechanisms have not been 

elucidated.4 Recently, a study among 18 postmenopausal women found 3 years of Dmab 

prescription improved lean mass, muscle strength and bone mineral density (BMD).5 As such, we 

compared Dmab de novo to an established treatment (zoledronic acid) to examine changes in 

muscle strength, balance and function of older adults at risk of falls and fractures.  

METHODS 

A longitudinal study of 79 community-dwelling older adults presenting for falls and fracture risk 

assessment in Melbourne, Australia. Inclusion criteria included a history or risk of falls and/or 

fractures, age ≥65 years, ability to mobilize independently or with gait aids, and no cognitive 

impairment.  

Medical history, self-reported number of falls (past year) and fractures (past 5 years) was obtained 

by a nurse. BMD was assessed by a densitometrist via dual x-ray absorptiometry (DXA) (Hologic Inc., 

Bedford, MA, USA). An exercise physiologist assessed physical performance by handgrip strength 

(Jamar hydraulic dynamometer; Sammons Preston Inc) using the best of 3 trials, Short Physical 

This article is protected by copyright. All rights reserved.



 3 

Performance Battery (SPPB) incorporating three timed components: standing balance, 4-m gait 

speed and five time sit-to-stand test,6 timed up and go (TUG) and four-square step test (FSST).7 

Posturography was assessed using the Balance Rehabilitation Unit (Medicaa, Uruguay)8 which 

evaluated limits of stability (LoS), center of pressure (CoP) and sway velocities. Subjective measures 

for fear of falling included the Falls Efficacy Scale International (FES-I) and Activities-specific Balance 

Confidence scale (ABC).9 

Medical history, biochemistry and DXA results were reviewed by a geriatrician (GD), with 

participants prescribed either Dmab (n=51) or zoledronic acid (ZOL) (n=28) combined with vitamin D 

supplementation following Australian medical guidelines to maximize adherence to intervention. 

After 6-months, participants returned for a follow-up assessment, with all measures (excluding DXA) 

repeated. 

Baseline comparison of Dmab and ZOL groups was performed using rank sum test and Fisher’s exact 

test. Baseline characteristics are presented as median (interquartile range) and frequency 

(percentage). Paired samples t-test evaluated changes over time, while ANCOVA compared the 

effect of Dmab and ZOL at 6 months adjusting for baseline values. Presented are mean differences 

with 95% confidence intervals (CI). Data was analyzed using Stata 15.1 (StataCorp. 2017. Stata 

Statistical Software: Release 15. College Station, TX: StataCorp LP.) with statistical significance set 

at p<0.05 a priori. 

RESULTS 

Dmab had a greater proportion of women (86%) compared to ZOL (64%). No other differences were 

observed at baseline (Supplementary Table S1).  
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At follow up, Dmab improved gait speed [0.06m/s (0, 0.1 p=0.041)], TUG [1.7 sec (-3.4, -0.1 p=0.041)] 

and FSST [1.7 sec (-2.7, -0.6 p=0.003)]. Fear of falling reduced in FES-I [3.1 points (-5.5, -0.8 p=0.01)], 

and improved in ABC [7.8% (1.0, 14.6 p=0.025)]. A trend towards improvements were found in SPPB 

score [1.1 points (-0.04, 2.3 p=0.058)] and LoS [11.9 cm2(-0.4, 24.3 p=0.058)]. ZOL improved gait 

speed [0.1 m/s (0.04, 0.2, p=0.004)] and TUG [1.6 sec (-3.3, 0.1 p=0.061]. Compared to ZOL, Dmab 

showed lower FSST [14.4 % (-26.8%, 0.1%, p=0.052)] and FES-I [4.3 points (-8.6, 0.0, p=0.051)] at 6 

months (Figure 1). No differences in falls or fractures were evident. 

 

 

DISCUSSION 

Dmab conferred clinically significant improvements in gait speed,10 while enhancing multidirectional 

agility7 as highlighted by TUG and FSST scores. Taken in context, these findings may explain the 

declines in falls observed in the FREEDOM study.  

Despite improvements in measures of physical performance with Dmab, the underlying biological 

mechanisms are unclear and require further investigation. A recent study found overexpression of 

RANKL in mice resulted in impairments to muscle structure including loss of strength and mass, 

which may be a possible mechanism by which Dmab acts.5  

Limitations include a lack of randomization between Dmab and ZOL groups resulting in a skewed 

distribution of participants. Increasing the sample size in each group would increase the power and 

findings in the study. Secondly, we did not control for physical activity as a confounder. Third, given 
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the short 6-month follow-up period, there is potential for greater effects to be seen on falls and 

especially fracture rates. 

In conclusion, Dmab displayed positive effects on balance, function and fear of falling, which may 

underlie reductions in falls rates. Larger studies are warranted to clarify these effects and identify 

potential mechanisms. 
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TABLES AND FIGURES 

Figure 1. Comparison between Dmab and ZOL groups for outcome measures including strength, 
balance and physical performance. Data presented as mean differences with 95% confidence 
interval. Significant results shown in red. SPPB – Short Physical Performance Battery, TUG – Timed 
Up and Go, FSST – Four Square Step Test, FESI – Falls Efficacy Scale International, ABC – Activities 
Specific Balance Confidence Scale, BRU LoS – Balance Rehabilitation Unit Limits of Stability. 

Supplementary Table S1. Baseline characteristics of participants in each group. Data presented as 
median (IQR). For assessments with missing data, number of participants analyzed is indicated. 
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