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Sarcopenia, an aged-related loss of muscle mass, strength and function, is a highly prevalent 

disease in older people [1] and is associated with serious adverse health outcomes including 

falls [2], physical disability [3], reduced quality of life [4], and death [5]. Despite the 

morbidity and mortality burden, it remains a largely under-recognised disease among 

healthcare professionals. This thesis aimed to build on prior knowledge of sarcopenia by 

examining: 1) the roles of genetic, inflammatory and hormonal factors in the pathogenesis of 

muscle strength loss, 2) usefulness of simple bedside tools (bioelectrical impedance analysis 

and anthropometry) for assessment of body composition, especially for estimation of fat-

free/lean and skeletal muscle mass, and 3) clinical determinants of low muscle strength, and 

the association of poor muscle strength with mortality in older adults. This chapter provides a 

summary of the main findings of the studies presented in this thesis and discusses their 

significance and implications for future research. 

 

Main findings and reflections 

Genetic, inflammatory and hormonal factors in the pathogenesis of muscle strength loss  

The pathophysiological process underlying muscle strength loss with age is rather complex 

and comprises of a series of interactions between genetic, environmental and lifestyle factors 

which are difficult to disentangle [6,7]. The genetic contribution to muscle strength is not 

well understood, with a wide range of hereditary estimates reported in the literature ranging 

from about 10 to 50% [8,9]. In Chapter two, we postulated that middle-aged adults with 

genetic predisposition for familial longevity would have superior muscle strength which 

would contribute to their survival advantage later in life. We compared handgrip strength of 

the offspring of nonagenarian from the Leiden Longevity Study to their spouse/partners 

control group, and found no significant association between offspring status and handgrip 

strength after adjustment for potential confounders including body compositions, sum score 



of comorbidities, medication use, smoking and alcohol history. The lack of association 

between offspring status and handgrip strength suggests that longevity genes are likely 

different from the genes influencing muscular strength. Another explanation could be that the 

contribution of heritability components to muscle strength is relatively small, and that 

behavioural and environmental factors such as healthy lifestyle play much larger roles in 

strength determination in midlife. Further studies are needed to provide insights into the 

gene-environment interactions underpinning muscle strength loss with age to enable earlier 

identification of older people with inherent vulnerability to development of sarcopenia.   

In Chapter three, a systematic review was performed to compare patterns of muscle strength 

loss with age in the general population and individuals with chronic inflammatory state (as 

represented by rheumatoid arthritis), and found that middle-aged individuals with rheumatoid 

arthritis had handgrip strength values approximately half that of the general population of 

similar age range. Moreover, an inverse association was demonstrated between disease 

duration and handgrip strength. These results support prior evidence on the detrimental 

effects of inflammation on muscle function [10,11]. Aging is associated with dysregulation of 

the immune system, known as immunosenescence, which results in a chronic pro-

inflammatory state [12].  Pro-inflammatory cytokines such as TNF-α, IL-6, CRP and ESR, 

found in chronic inflammatory diseases have been implicated in the pathogenesis of 

sarcopenia [11,13,14].   More research is needed to determine whether therapeutic 

approaches targeting the inflammatory pathway could help restore muscle function.  

Insulin-like growth factor 1 (IGF1), a major mediator of growth hormone (GH), is an 

important regulator of muscle development [15]. Deficiency in IGF1 can consequently lead 

to unfavourable body composition changes and contribute to loss of muscle mass and 

strength [16,17]. In Chapter four, we examined the associations between IGF1 and its 

binding protein-3 (IGFBP3) with muscle strength and physical performance in 



postmenopausal middle-aged and oldest old subjects. Serum IGF1 and IGFBP3 levels were 

found to be lower in the oldest old compared to middle-aged subjects, consistent with known 

decline in somatotropic hormones with age, a phenomenon referred to as somatopause [18]. 

IGF1 levels were positively associated with handgrip strength in both middle-aged and oldest 

old women, and IGFBP3 levels were associated with handgrip strength and physical 

performance (measured with Groningen Activity Restriction Scale) in the oldest old women. 

In contrast, an inverse association was noted between IGF1 levels and walking speed in the 

oldest old men. The findings of significant associations between IGF1 and IGFBP3 with 

handgrip strength and physical performance in women, support previous evidence on the 

important role of IGF1 in maintaining muscle function [19]. However, contrary to 

expectation, these associations were not observed in men, suggesting gender differences in 

IGF1 signalling in muscle, the mechanism of which requires further clarification. Future 

studies should be directed to investigating threshold level of IGF1, below which clinically 

important manifestations of muscle dysfunction is evident, and explore the potential use of 

IGF1 therapy to counteract sarcopenia. 

 

Bedside techniques for body composition assessment 

Muscle mass assessment is one of the key components in the diagnostic workup for 

sarcopenia. Second part of the thesis focused on the usefulness of simple bedside tools for the 

assessment of body compositions, especially for estimation of fat-free/lean and skeletal 

muscle mass. Although there are various techniques available for body composition analyses 

such as computed tomography (CT), magnetic resonance imaging (MRI) and dual energy X-

ray absorptiometry (DEXA), these tests are often limited by costs, radiation exposure or lack 

of access to equipment or expertise. Direct segmental bioelectrical impedance analysis 

(DSM-BIA) has emerged as a simple and non-invasive bedside device capable of making fast 



body composition estimates. In Chapter five, we examined the accuracy of DSM-BIA in 

assessing different body composition parameters in middle-aged subjects using DEXA as a 

reference standard, and found excellent agreements between DSM-BIA and DEXA for the 

estimations of lean body mass (LBM), fat mass (FM) and percentage fat mass (%FM). 

Underestimation of LBM and overestimation of FM and %FM occurred particularly at higher 

body mass index (BMI). Significant, albeit lower agreements were also demonstrated 

between the two techniques for the estimations of segmental lean mass. These results support 

the potential utility of DSM-BIA as a convenient clinical tool for muscle quantity assessment, 

but further testing may be required to confirm accuracy, especially in subjects with high BMI. 

Future studies should examine the validity of DSM-BIA for muscle quantification in diverse 

populations of older adults, including those with altered body geometry and fluid 

compartmentalization.   

Another readily available bedside method for body composition assessment is anthropometry, 

but the usefulness of this technique in estimating muscle mass in older people in clinical 

setting is unknown. In Chapter six, we examined the associations between anthropometric 

measures with body composition (measured with DSM-BIA) and physical function in a 

cohort of geriatric outpatients, and found statistically significant associations between several 

anthropometric measures including BMI, waist-to-height ratio, mid-upper arm, waist, hip and 

calf circumferences with body fat mass in women, and between BMI, waist-to-hip ratio, 

waist-to-height ratio and waist circumference with body fat mass in men. Of the 

anthropometric measures, only BMI and mid-upper arm circumference in women, and calf 

circumference in men showed significant associations with fat-free and skeletal muscle mass. 

However, the associations between these measures (mid-upper arm and calf circumferences) 

and physical function were weak. Higher BMI and central body fat anthropometric measures 

(i.e. waist-to-hip ratio, waist-to-height ratio and waist circumference) were associated with 



poorer physical performance (measured with Short Physical Performance Battery and Timed 

Up and Go test), consistent with previous finding of lower physical ability in older people 

with greater body fat [20]. This study demonstrated the potential use of mid-upper arm and 

calf circumferences as proxies for muscle mass in geriatric outpatient setting, but these 

measures are poor indicators of physical function, suggesting involvement of other factors 

affecting patients’ physical ability, such as cognitive functioning [21-23]. Further research is 

warranted to validate the accuracy and investigate clinical utility of anthropometry for muscle 

mass measurements in other geriatric settings. 

 

Clinical determinants of poor muscle strength, and the association of low handgrip 

strength with mortality in the oldest old 

In Chapter seven, we examined the clinical determinants of low muscle strength (using 

handgrip strength as proxy) in a cohort of oldest old population, and found statistically 

significant association between functional performance (assessed with Groningen Activity 

Restriction Scale) and handgrip strength in female participants at baseline, age 85 years. 

Stronger baseline cognitive performance (based on Mini-Mental State Examination score) 

was associated with lesser handgrip strength decline in men during the four-year follow-up. 

Besides body size, there were no other notable clinical determinants of low handgrip strength. 

The findings of positive associations between functional and cognitive performance with 

handgrip strength corroborate with results from previous studies [24,25], and highlight the 

dynamic and complex relationships between these factors. More research is needed to 

establish causality and determine whether maintaining cognitive and physical function could, 

in turn, help to preserve muscle function. Moreover, the overall lack of reversible clinical 

determinants of low muscle strength and its decline in the oldest old emphasizes the 



importance of routine monitoring of handgrip strength in the older population, given its 

prognostic significance for multiple adverse health outcomes [2,3,5] . 

Finally, in the same study cohort, we showed that low handgrip strength at ages 85 and 89 

years, and a greater handgrip strength decline over time were associated with increased all-

cause mortality, with stronger association noted at older age (Chapter eight). These findings 

further highlight the importance of early identification and intervention for low muscle 

strength to minimise the occurrence of serious adverse events. It is not possible to ascertain 

whether muscle strength has direct effect or represents a surrogate marker for other factors 

underpinning mortality.  Future interventions studies such as resistance training and protein 

supplement, aiming to preserve muscle strength [26], may help clarify the mechanisms 

underlying the link between strength and mortality. 

 

Conclusion and future perspectives 

With increase in life expectancy and rapid growth in global aging population, prevalence of 

sarcopenia is expected to rise which, in turn, imposes significant health, social and economic 

burden on individuals and societies. This thesis attempted to address three main objectives, 

with the overarching aim to increase knowledge that will help facilitate diagnosis and 

development of preventive and treatment strategies for sarcopenia. The first objective was to 

explore the underlying pathophysiological mechanisms by examining the roles of genetic, 

chronic inflammation and IGF1/IGFBP3 on muscle strength. The second objective was to 

investigate the usefulness of two simple bedside techniques, DSM-BIA and anthropometry in 

muscle mass measurements for assessment of sarcopenia. Finally, the clinical determinants of 

poor muscle strength and association of low handgrip strength with mortality were examined 



to identify potentially reversible risk factors and highlight the burden of disease from 

sarcopenia. 

Regarding the hereditary component of muscle strength, our study found that the genetic 

influence on longevity was different to that of muscular strength. This result calls for more 

research to identify genetic variants of sarcopenia, to enable early detection and management 

of at-risk individuals. The associations found between chronic inflammatory state and 

IGF1/IGFBP3 with muscle strength provided insights into the inflammatory and hormonal 

process involved in the pathogenesis of sarcopenia and offered important opportunities to 

explore these pathways as potential therapeutic targets.  

Although various techniques are available for body composition assessment, identification of 

simple and easily accessible diagnostic tools will help promote timely detection of low 

muscle mass and thereby, early intervention to reduce the detrimental effects of sarcopenia. 

Our research demonstrated potential utility of DSM-BIA and anthropometric measures, 

specifically the mid-upper arm and calf circumferences for muscle mass assessment. Further 

studies are required to verify the accuracy and utility of these techniques in diverse settings, 

prior to recommendation of their use in clinical practice.  

Our study on clinical determinants of low muscle strength found significant associations 

between cognitive and physical function with muscle strength, but causal relationships were 

not established, and it remains to be elucidated if maintaining cognition and physical 

functional status would protect against muscle strength loss. Moreover, the finding of an 

overall lack of reversible determinants of poor muscle strength further emphasized the 

importance for integration of strength measurement in the routine assessment of older people. 

Finally, a positive association was demonstrated between low handgrip strength and mortality 



in the oldest old, providing compelling evidence on the devastating consequence of poor 

muscle strength.   
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