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Background

 Low vitamin D status and vitamin D deficiency is common in 
the elderly and has been correlated with various cardiovascular risk 
factors and events. Large observational studies demonstrate that low 
and high levels of 25(OH)D were associated with cardiovascular  
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Abstract
Background: A low vitamin D state and vitamin D deficiency is com-
mon in the elderly and has been correlated with various cardiovas-
cular risk factors and events. Vitamin D deficiency has been demon-
strated to play a major role in the pathogenesis of physical frailty 
and hypothesized to contribute to physical frailty through sarcopenia 
(the loss of skeletal muscle mass and function with aging). Sarcope-
nia has been shown to be a major contributor to morbidity in older 
adults. One possible mechanism for this association could be the 
effect of vitamin D on subclinical vascular function (vascular endo-
thelial dysfunction; VED). Recent data highlight the role of increased 
inflammation and oxidative stress coexist in VED and sarcopenic 
modulated frailty which implicates chronic inflammation as a major 
component in the pathogenesis of frailty. Vitamin D supplementation 
has been shown to down-regulate mediators of Vascular Endothelial 
Dysfunction (VED) and correct the associated inflammatory status 

hence may be a simple strategy for the treatment and prevention 
of frailty.

Study objectives: The proposed research study is designed to in-
vestigate anti-inflammatory effects of vitamin D on physical frailty, 
sarcopenia and VED. The 2 main aims of the study are: 1) To es-
tablish a relationship between VED and sarcopenia-related physical 
frailty in a cohort of patient with cardiovascular conditions and 2) To 
investigate the effects of vitamin D supplementation in improving 
vascular endothelial function by correcting inflammatory and oxida-
tive stress profiles and thus improve muscle tone in healthy working 
adults.

Method/design: The proposed study protocol will comprise of two 
inter-related study arms. The first arm of the study is aimed at ad-
dressing the first aim using a single-centred, prospective cross-sec-
tional analytical design. This arm will also investigate the indepen-
dent effects of vitamin D in the relationship of physical frailty and 
sarcopenia with VED. The second arm of the study will address the 
second aim. The second arm will adopt a pilot approach focusing on 
delineating the effects of down-regulation of inflammation-mediated 
pathways affecting muscle strength and function. In particular, the 
impact of vitamin D supplementation on Thrombospondin-1 (TSP-1; 
mediator of VED) and Tumor Growth Factor β1 (TGF-β1: modulator 
of inflammation) will be measured in healthy working adults.

Discussion: The hypothesis that vitamin D deficiency causes frailty 
via its inflammation related VED, which in turn leads to sarcopenia 
and physical frailty, will be explored. Novel frailty management strat-
egies are essential to improve the quality of life of frail people and re-
duce the healthcare cost associated with frailty outcomes. The pro-
posed research study will introduce a frailty management strategy 
via prevention/improvement of inflammatory status and early-stage 
subclinical CVD (VED) by simple and safe treatment strategy, vi-
tamin D supplementation in older frail adults. The outcomes of the 
clinical intervention could be translated to better health outcomes 
by implementing frailty prevention/controlling strategy at early stag-
es, before other CV complications occur by reducing the negative 
impact on patient’s quality of life and the healthcare systems, which 
will assist to reduce socioeconomic burden and improve quality of 
life of older people. This study will further investigate underlining 
mechanisms of association between vascular endothelial dysfunc-
tion and sarcopenia-related physical frailty. Positive outcome of the 
mechanistic study would provide baseline biomedical mechanistic 
insight for further studies to introduce new pharmacological inter-
ventions in frailty.

Clinical trial registration: This trial is registered in Australia New 
Zealand Clinical Trial Registry ACTRN12621000059864. The WHO 
Universal Trial Number (UTN): U1111-1254-3879.

Keywords: Inflammation; Physical frailty; Sarcopenia; Vascular en-
dothelial dysfunction; Vitamin D
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disease, stroke, and acute myocardial mortality in a nonlinear, reverse 
J-shaped manner with the highest risk at lower levels of vitamin D 
[1,2]. Vitamin D deficiency has been demonstrated to play a major 
role in the pathogenesis of physical frailty (aging-associated decline 
in strength and physiological reserve) and it has been hypothesized to 
contribute to physical frailty through sarcopenia (the loss of skeletal 
muscle mass and function with aging). Frailty is a major public health 
problem affecting the aging population. It is associated with poor 
health-outcomes including disability, hospitalization, and mortality 
with significantly higher healthcare utilization and related economic 
cost. Novel frailty management strategies are essential to improve the 
quality of life of frail people and reduce the healthcare cost associated 
with frailty outcomes.

Sarcopenia-related physical frailty and subclinical cardio-
vascular disease

 Frailty is strongly associated with adverse cardiovascular out-
comes; however, the mechanisms underlying the pathophysiology of 
this association remain largely unknown. Recent data has demonstrat-
ed a positive association between Vascular Endothelial Dysfunction 
(VED: the earliest form of subclinical cardiovascular diseases) and 
physical frailty [3,4]. These studies suggest that VED may signifi-
cantly contribute to the development of sarcopenia (characterised by 
loss of skeletal muscle mass and function with advancing age), a ma-
jor contributor to physical frailty and morbidity in older adults [5].

Cross-linking common underlying mechanisms of inflam-
mation and oxidative stress in VED and physical frailty

 Aging has been associated with an inflammatory state and oxi-
dative stress. The advancing age-associated elevated inflammatory 
state has been reported to coexist in both sarcopenia related frailty 
status and VED. Nitric Oxide (NO) signalling pathway is mainly re-
sponsible for vasodilation and vascular function [6]. Decreased NO 
(endothelial-derived vasodilator) availability, increased inflammation 
and oxidative stress are reported as key elements in the impairment 
of vascular endothelial function associated with advancing age. A 
heightened inflammatory state and oxidative stress have also been 
related to elevated levels of inhibitors of NO signalling pathway via 
Endothelial Nitric Oxide Synthase (eNOS) (the enzyme critical for 
the generation and bioavailability of NO and endothelial function). 
Increased inflammatory states and oxidative stress inhibit enzymes 
responsible for clearance of inhibitory plasma substances of eNOS 
activity, such as Asymmetric Dimethylarginine (ADMA), a methylat-
ed arginine residue, which are a strong mediator and marker of VED.  
Dimethylarginine Dimethylaminohydrolase (DDAH) is the enzyme 
involved in hydrolytic degradation of the ADMA to citrulline and 
methylamines. Literature showed that inhibition of DDAH caused an 
accumulation of intracellular ADMA and thereby indirectly inhibited 
the activities of eNOS [7]. Elevated levels of inflammation and oxi-
dative stress can impair the normal activities of DDAH, which leads 
to an elevation of serum ADMA levels and inhibition of endotheli-
um-derived synthesis of NO [8].

Association of low plasma vitamin D (25(OH)D3) with 
VED, sarcopenia-related physical frailty and inflammation

 Low vitamin D status or vitamin D deficiency (defined generally 
as a 25(OH)D3 level < 20 ng/ml/50 nmol/l) is common in older per-
sons. The 25(OH)D3 (circulating form of vitamin D) is considered the 
best biomarker of vitamin D status in the clinical setting. Increased 
oxidative stress and impaired vascular endothelial function have been 
suggested to be partly responsible for the adverse cardiovascular  

outcomes associated with low vitamin D in both animal and human 
studies [9-11]. A number of previous experimental findings raise the 
possibility that vitamin D may increase the activity and expression of 
eNOS (or nitric oxide synthase III), the enzyme critical to the gener-
ation and bioavailability of NO. For example, treatment of endotheli-
al cells with calcitriol significantly reversed advanced glycation end 
product-induced down-regulation of endothelial NO synthase mRNA 
and activity [12]; aortic eNOS expression and urinary nitrate/nitrite 
excretion were reduced in vitamin D receptor knockout mice [11]. 
An animal study carried out in spontaneously hypertensive rats found 
that chronic treatment with active vitamin D metabolite reduced the 
endothelium-dependent vascular contractions in the aorta, resulting in 
reduction of blood pressure, basal reactive oxygen species and COX-
1 expression [13]. Furthermore, Vitamin D Receptor (VDR) expres-
sion and 1α-hydroxylase (enzyme responsible for activating 25OHD3 
to active form) mRNA and protein expressions have been described 
in endothelial cells [14]. Collectively, these results indicate positive 
role of vitamin D in regulating NO bioavailability in endothelial cells. 
Clinically, vitamin D levels positively correlated with vascular en-
dothelial function. Randomised controlled studies demonstrated the 
positive effects of vitamin D supplementation on vascular function 
[9,15,16]. It was demonstrated in an ageing population (n=254), that 
low 25(OH)D3 levels are associated with increased plasma concentra-
tions of ADMA (Ngo, D.T. et al., 2010). This relationship persisted 
even after adjustments for season, age, Body Mass Index (BMI) and 
other cardiovascular risk factors. Vitamin D may down regulate the 
inflammation and oxidative stress [17,18] by increasing the activity 
and mRNA expression of eNOS, the enzyme critical for the gener-
ation and bioavailability of NO and endothelial function, and down 
regulate the inflammation and oxidative stress. Despite the positive 
outcomes of vitamin D in VED and inflammation/oxidative stress, 
some studies demonstrated negative or nil effects of vitamin D on 
vascular function and inflammation/oxidative stress [19,20].

 Previously, vitamin D supplementation has been introduced in 
clinical interventions to reduce sarcopenia related physical frailty 
[21]. However, the role of vitamin D in sarcopenia has also been con-
troversial, as some observational studies have reported negative out-
comes of vitamin D replacement on sarcopenia and physical function 
[22]. Moreover, vitamin D deficiency / insufficiency play a major role 
in secondary hyperparathyroidism, which may also indirectly affect 
VED and sarcopenia/muscle function via elevated levels of inflam-
mation. Literature demonstrates a correlation between elevated Para-
thyroid Hormone (PTH) levels and VED in an aged obese-diabetic 
cohort with significant inflammatory status [23].

Underlining mechanisms of association between sarcope-
nia and VED - role of anti- inflammatory effects of vitamin 
D

 Higher plasma concentrations of inflammatory markers (Interleu-
kin-6 (IL-6) and Tumor Necrosis Factor-α (TNF-α)) are associated 
with lower muscle mass and lower muscle strength even in healthy 
older persons without significant cardiovascular diseases [24]. Ele-
vated inflammatory cytokine levels, as often observed in healthy old-
er persons, is proposed to contribute to the loss of muscle mass and 
strength that accompanies aging, even before other comorbidities are 
involved in the process. These results are consistent with the report-
ed recent observations on the association of sarcopenia-related frailty 
and initial stage vascular dysfunction/VED, both conditions are char-
acterised by elevated inflammation and oxidative stress.
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Are ADMA and TSP-1 novel biomarkers of sarcopenia and 
physical frailty?

 Asymmetric Dimethylarginine (ADMA) and Thrombospondin-1 
(TSP-1) are potent inhibitors of NO signalling pathway via Endothe-
lial Nitric Oxide Synthase (eNOS) (the enzyme critical for the genera-
tion and bioavailability of NO and endothelial function). Asymmetric 
Dimethylarginine (ADMA) is a methylated arginine residue, which 
has been characterized as an endogenous, competitive inhibitor of 
eNOS [25]. Vallance et al., [26] were the first to report that ADMA 
acts as endogenous inhibitors of eNOS. ADMA inhibits vascular NO 
production in pathophysiological concentrations by competitive in-
teraction with L-arginine for eNOS enzyme. Dimethylarginine Dime-
thylaminohydrolase (DDAH) is the enzyme involved in hydrolytic 
degradation of the ADMA to citrulline and methylamines. DDAH 
activity in endothelial cells is decreased in elevated inflammato-
ry status and high oxidative stress [7] which causing accumulation 
of ADMA. TSP-1 is large, trimetric, glycoprotein, which has been 
shown to be a negative regulator of NO signalling [27,28]. TSP-1 has 
been shown to be an inhibitor of Soluble Guanylate Cyclase (sGC), 
main component of NO signaling pathway thus blocking NO-cGMP 
signaling [29]. Small concentrations of TSP-1 have been reported to 
inhibit NO-stimulated activation of sGC in platelets [28]. ADMA and 
TSP-1 are mediators and strong plasma markers of many aspects of 
VED. High inflammatory status and oxidative stress associated with 
advancing age have been related to elevated levels of ADMA and 
TSP-1, which could contribute to further worsening of the related ad-
verse conditions including frailty and CVD. Our previous study [30] 
demonstrated for the first time, a significant inverse correlation be-
tween plasma vitamin D levels and TSP-1 concentrations in relatively 
healthy subjects with mildly hypovitaminosis condition. In this study, 
vitamin D intervention for 12 weeks significantly increased the plas-
ma vitamin D levels and down-regulated the TSP-1 concentrations 
by 2.5 folds together with both systolic and diastolic blood pressure 
levels. Therefore, it is entirely possible that the effects of vitamin D 
in suppressing TSP-1 could have dual beneficial effects: 1) improving 
vascular NO signalling and 2) prevention of TSP-1 activation of Tu-
mor Growth Factor β1 (TGF-β1)-mediated pro-inflammatory signal-
ling. In skeletal muscles, TGF-β1 plays several roles including stim-
ulation of inflammatory response by inducing the synthesis of Tumor 
Necrosis Factor-α (TNF-α) in monocytes. Overproduction of TGF-β1 
causes weaknesses in muscle function. Figure 1 explains the path-
ways for possible association between sarcopenia-related physical 
frailty and VED, in the presence of low vitamin D levels or vitamin D 
deficiency.

Study Objectives
Primary objective - anti-inflammatory effects of vitamin D

 The overall objective of our study is to examine the role of vitamin 
D in modulating the association between sarcopenia-related physical 
frailty and VED. As described in background section of this paper, 
vitamin D is reported to play major role in physical frailty and sar-
copenia as well as in VED. Both these conditions are mediated by 
inflammation, hence our primary focus will be the anti-inflammatory 
effects of vitamin D in this association. We will primarily focus on the 
anti-inflammatory effects of vitamin D on the TGF-β1 - TSP-1 axis. 
To the best of our knowledge, this will be the first study to examine 
the role of plasma vitamin D in this emerging concept of VED and 
physical frailty and sarcopenia.

 The research questions are 1) Does inflammation mediate the as-
sociation between sarcopenia/physical frailty and VED in elderly or 
does VED act as an independent physiological correlate of sarcope-
nia/frailty; 2) What is the role of vitamin D in relation to prevention 
of frailty/sarcopenia.

Research hypothesis

 In this proposed research, we hypothesise that; (1) the reported as-
sociation between sarcopenia-related physical frailty and VED, could 
be partly mediated through the TSP-1 - TGF-β1 pathway; (2) vitamin 
D supplementation could prevent TGF-β1 induced increase in TSP-1 
in subjects with vitamin D deficiency, and prevent inflammation-in-
duced VED and sarcopenia-related physical frailty.

Secondary objective - association between physical frailty 
and cognitive frailty

 As a secondary objective, this study will investigate association 
between physical frailty and cognitive frailty. Cognitive frailty is a 
new emerging concept in frailty research. Cognitive frailty is a condi-
tion recently defined by operationalised criteria describing coexisting 
physical frailty and Mild Cognitive Impairment (MCI). The cognitive 
frailty status is stratified into 2 subtypes; (a) potentially reversible 
cognitive frailty (physical frailty plus MCI); (b) reversibles cognitive 
frailty (physical frailty plus pre-MCI subjective cognitive decline). 
MCI is generally defined as significant memory loss without the loss 
of other cognitive functions. People with MCI are able to function 
independently and do not show other signs of dementia, such as im-
paired reasoning or judgment. Although patients with MCI are at 
greater risk of developing dementia compared with the general pop-
ulation, there is currently substantial variation in risk estimates (from 
<5% to 20% annual conversion rates), depending on the population 
studied. MCI is defined as a “symptomatic, pre-dementia phase” of 
the trajectory of cognitive decline [31].

 A growing body of epidemiological evidence suggests that phys-
ical frailty may increase the risk of cognitive decline. Similarly, cog-
nitive impairment may increase the risk of physical frailty, which  

Figure 1: Possible association between sarcopenia-related physical frailty 
and ED.

ADMA: Asymmetric Dimethylarginine, cGMP: Cyclic Guanosine Mo-
nophosphate, eNOS: Endothelial Nitric Oxide Synthase, FSTL3: Follista-
tin-like 3, IL-6: Interleukin-6, PKG: Protein Kinase G, PTH: Parathyroid 
Hormone, sGC: Soluble Guanylyl Cyclase, TSP-1: Thrombospondin-1, 
TGF-β1: Tumor Growth Factor β1, TNF-α: Tumor Necrosis Factor-α) - It 
is possible that inflammation-induced TGF-β1 - TSP-1 axis (in blue colour 
in the diagram) could be one of the mechanisms links ED to sarcopenia-re-
lated physical frailty (hypothesis of the proposed research program)
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suggests that physical frailty and cognitive frailty interact at advanc-
ing age [32]. The proposed research study will investigate the associ-
ation of cognitive frailty with physical frailty and VED, as secondary 
end points.

Ethical considerations

 The study is approved by the Human Research Ethics Commit-
tee (HREC) and governance of Western Sydney Local Health Dis-
trict (WSLHD), Sydney, Australia (2020/ETH01551) on 18th August 
2020 and HREC of Western Sydney University, Sydney, Australia 
has recognised external ethics approval for the proposed project by 
WSLHD HREC;s (RH14015) on 21st August 2020. The study will be 
conducted in accordance with the declaration of Helsinki in its cur-
rent applicable version and the guidelines of the International Confer-
ence on Harmonization of Good Clinical Practice (ICH-GCP) and the 
NHMRC (National Health and Medical Research Council, Australia), 
National Statement on ethical Conduct in Human Research (2007). 
Written informed consent will be taken from all participants before 
the study participation. All investigators and supporting staff will be 
ICH-GCP trained and certified. The trial will be monitored according 
to the ICH-GCP guidelines. This trial is registered in Australia New 
Zealand Clinical Trial Registry ACTRN12621000059864.

 At the time of enrolment to the study, the participants will be given 
a unique study identification number, which will be used to identi-
fy the participants throughout the study, until study completion. No 
identifiable information will be used in the records. Study master list 
with identifiers will be securely kept separately from the list of unique 
study IDs given to the participants and study data records.

 Participation in this study is entirely voluntary and the participants 
are not obliged to be involved. If the participant decides to withdraw 
their consent, they can withdraw at any time without the need to pro-
vide a reason. Should a participant become distressed during any time 
of the study, they would be provided with the option to exit study 
and they will be provided with the contact details of free confiden-
tial counselling services. All this information will be clearly outlined 
in the Participant Information Sheet (PIS) which will be provided to 
each participant.

Method/Design

 The present study protocol consists of inter-related two sub-stud-
ies. The study 1 is a prospective cross-sectional analytical study to 
establish the newly identified association between physical frailty 
and sarcopenia with VED in patients with cardiovascular risk factors. 
The study 2 is single-armed, vitamin D intervention to investigate the 
independent effects of anti-inflammatory role of vitamin D on this 
association. Figure 2 represents the study flow. The sample size cal-
culation and research methodology development have been carried 
out with the consultation of biostatistician and local health districts’ 
human research ethics/governance office.

Sample size calculation

Study 1: To detect the true difference of sarcopenia-related frailty in 
frail vs. non-frail individuals with 80% power and moderately large 
effect size 0.7, p=0.05, 2-tailed, total of 108 individuals with cardio-
vascular comorbidities (age>45 years) will be required to enrol at 
screening stage. This number will allow for a potential 20% drop-out 
rate.

Study 2: This pilot study will recruit 75 healthy working adults from 
university hospital.

Participants and settings
Study 1 participants’ inclusion and exclusion criteria and re-
cruitment

 Study 1 participants will be patients diagnosed with cardiovascu-
lar disease condition and referred to cardiology outpatient clinics of 
tertiary acute hospital. Participants will be invited to participate via 
poster/flyer displayed at the site and first consecutive patients, whose 
age ≥45 years, who are willing participate the study will be recruit-
ed. Consecutive recruitment will be carried out. Exclusion criteria 
include, diagnosed renal/liver diseases or musculoskeletal disorders, 
severe cognitive impairment (i.e., dementia/alzheimer’s disease) or 
pregnant or breastfeeding at the time of screening. This study will 
establish the relationship between VED and sarcopenia-related phys-
ical frailty in cardiovascular patient cohort and will investigate the 
independent effects of vitamin D in this relationship.

Study 2 participants’ inclusion and exclusion criteria and re-
cruitment

 For the second arm of the study, age-matched healthy participants 
will be recruited. Study 2 will investigate the effects of vitamin D 
intervention in improving vascular endothelial function by correct-
ing inflammatory and oxidative stress profiles and improving mus-
cle weakness in healthy working adults. This arm of the study will 
examine if down-regulation of TSP-1: TGF-β1 pathway by vitamin 
D supplementation could affect parameters of muscle strength and 
function. The participants will be healthy working adults, whose age  

Figure 2: The D-frail study flow:
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≥ 45 years and free from other cardiovascular risk factors, which 
could otherwise mask the pure effects of the vitamin D intervention. 
The participants will be recruited from the same tertiary university 
hospital as the study 1. The healthy working adults from the institu-
tion will be invited to participate via posters/flyers displayed at the 
site. Potential participants will be invited to contact study coordinat-
ing principal investigator if they are interested to take a part in this 
study. The aim would be to recruit consecutive 75 healthy working 
adults who express the willingness to participate. Previous allergies to 
vitamin D supplementation also considered as an exclusion criterion 
in addition to the exclusion criteria applied in study 1.

Study variables and data collection procedure
Study 1 data collection

Medical history, vitamin D intake and health related quality 
of life

 Detailed medical history (self-reported or Electronic Medical Re-
cords/eMR) including medical history and current medication will be 
collected at the time of study enrolment. Questionnaires and physical 
assessments will be carried out during the routine clinic visits. Vali-
dated dietary vitamin D intake questionnaire and sun exposure ques-
tionnaire will be used to collect data regarding daily sun exposure and 
dietary intake of vitamin D. Data relevant to Health-Related Quality 
Of Life (HRQoL) will be collected using validated 12-Item Short 
Form Survey (SF-12) tool. Data relevant to fall incidents and related 
admissions to health care settings will be collected by reviewing hos-
pital records and self-reported information. Demographic information 
and physical assessment (height and weight) will be carried out in the 
clinic at the time of enrolment.

Biochemical parameters

 Venous blood samples will be collected for the determination of 
biochemical parameters (plasma vitamin D (25(OH)D3), Parathyroid 
Hormone (PTH), plasma markers to determine VED such as ADMA 
and TSP-1), plasma inflammatory markers (Interleukin-6 (IL-6), Tu-
mor Necrosis Factor α (TNF-α), Tumor Growth Factor β1 (TGF-β1), 
High-sensitive C-Reactive Protein (hs-CRP)), biochemical markers 
of frailty/sarcopenia (plasma albumin, Procollagen Type III N-termi-
nal Peptide (P3NP), hemoglobulin), urinary function (including cre-
atinine and Glomerular Function Rate (eGFR) and liver function. The 
blood samples will be analysed in an accredited clinical laboratory in 
the research institute (for parameters ADMA, TSP-1, IL-6, TNF-α, 
TGF-β1, P3NP) and in hospital pathology department (for parameters 
25(OH)D3, PTH, hs-CRP, albumin, creatinine, hemoglobulin, eGFR 
and liver enzymes).

Blood pressure

 Resting blood pressure (systolic/diastolic) will be measured after 
subjects are rested for a minimum of 30 minutes. All measurements 
will be performed using the same electronic blood pressure machine 
(RIESTER blood pressure monitor), three times by keeping five- min-
ute time gap between the measurements and the average of the three 
measurements will be utilized for analysis.

Sarcopenia-related physical frailty

 This study will use frailty assessments tools to assess and stratify 
the frailty status of the participants. Australian modified Karnofsky 
Performance Scale (AKPS) [33], Edmonton frailty scale [34] and 
Rockwood Clinical frailty scale [35] will be used as frailty tools in  

this study. Furthermore, Hand Grip Strength (HGS) will be measured 
by JAMA digital hand dynamometer (Jamar Plus Digital Hand Dyna-
mometer S.N. 2019030003). The European Working Group on Sar-
copenia in Older People (EWGSOP) defined grip strength as a “good 
simple measure of muscle strength, and it correlates with incident 
disability for Activities of Daily Living (ADL) and leg strength. Grip 
strength measured in standard conditions with a well-studied model 
of a handheld dynamometer with reference populations can be a reli-
able surrogate for more complicated measures of muscle strength in 
the lower arms or legs [36].

 In this study, the grip strength will be measured in a standing po-
sition with the forearm away from the body at the levels of the thigh. 
The participants will be asked to apply maximum strength of both left 
and right hands three times. Between each measurement at least 30 
seconds of resting interval will be allowed. The grip strength will be 
defined as the maximally measured grip strength of the three readings 
of the dominant hand [37].

Cut-off value of HGS to determine sarcopenia

 The European Working Group on Sarcopenia in Older People 
(EWGSOP) recommends the use of normative value (of healthy 
young adults) rather than other predictive reference populations with 
cut-off values of muscle strength, at 2 standard deviations below the 
mean reference value [36]. Currently, reference data for a normative 
Australian population were unavailable for determining the cut-off 
values. To overcome this limitation, aged matched healthy population 
from the study 2 will be selected to determine the sarcopenic status. 
Their gender specific quintile points (lowest 20%) will be used as 
reference value.

Cognitive function assessment

 Mini-Cog tool (Mini-Cog©; Screening for Cognitive Impairment 
in Older Adults) will be used for detecting mild cognitive impairment. 
Permission has been granted for Research Use. The Mini-Cog is a 
3-minute instrument that can increase detection of cognitive impair-
ment in older adults. It consists of two components, a 3-item recall 
test for memory and a simply scored clock drawing test. Mini-Cog 
has been used in clinical settings for detecting mild cognitive impair-
ments in old adults due to its sensitivity and specificity, and validat-
ed against the standardised cognitive assessment tools [38,39]. Table 
1 represents the enrolment, screening, and assessment schedule of 
study 1.

 Study 1 will establish the relationship between subclinical Vascu-
lar Endothelial Dysfunction (VED) and sarcopenia-related physical 
frailty. Importantly the study will clarify the independent correlation 
of inflammatory makers (IL-6, TNF-∞ and TGF-β1) and plasma vita-
min D level on the link between VED and frailty syndrome/sarcope-
nia.

Study 2 intervention and data collection
Intervention

 This is a 6-month vitamin D intervention in healthy working 
adults. The participants who are willing to participate the study will 
be screened for their eligibility against inclusion and exclusion crite-
ria before enrol into the study. This study will be conducted in 3 study 
visits (Visit 1: baseline screening, Visit 2: 3 months’ follow-up, Visit 
3: 6 months’ follow-up), each visit will take approximately 30-60 min 
time. Eligible participants will be recruited, and study procedures will  
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be carried out at baseline visit and follow up visits at 3 months and 
6 months. The participants will be assessed for the same parameters 
mentioned in the study 1 above (medical history, vitamin D intake 
and health related quality of life, biochemical parameters, blood 
pressure, sarcopenia-related physical frailty and cognitive function 
assessment). At the baseline visit and the 3-months follow up visit, 
participants will be given 3 months’ vitamin D supplement (Black-
mores™ Vitamin D 1000IU capsules, Blackmores Ltd). The vitamin 
D capsules will be dispensed by the qualified clinical research phar-
macist at hospital pharmacy. The participants will be asked to take 
2000 IU (2 capsules) per day (consistent time of the day, preferably 
in the morning) for 6-month period. However, considering the reverse 
J-shaped association between vitamin D and cardiovascular risk, vi-
tamin D levels will be re-assessed at 3 months and daily dose will be 
adjusted according to participants’ 3 months’ plasma 25(OH)D3 level 
(participant who are low in vitamin D, (25(OH)D3<75 nmol/L will 
continue with the same initial dose, participants at or above sufficient 
level, 25(OH)D3≥75 nmol/L, will continue with 1000 IU (one cap-
sule) per day). A daily diary will be given to complete, information 
regarding their vitamin D capsule intake, daily outdoor activities in-
cluding duration of sun exposure, dietary vitamin D intake/intake of 
dietary products with vitamin D, any changes to their usual health and 
any new medication they start and changes to their usual medication 
regimen. The participants will be asked to return their completed dai-
ly diary and product bottles with remaining capsules at the 3 months 
and 6 months follow up visits. The diary notes and left-over capsule 
count will be recorded and used for assessing study adherence/com-
pliance. End of study survey will be conducted at the last visit (at 
6 months) to gather a feedback from the participants regarding the 
pilot phase of the intervention, which will support the next step of the 
study, randomised control intervention. Table 2 represents schedule of 
enrolment, intervention, and assessments of the study 2.

Adverse reaction monitoring

 No serious adverse reactions are anticipated in the trial, but these 
will be monitored closely. The participants will be informed to con-
tact study coordinating clinician if they develop any adverse reaction. 
The adverse reaction/serious adverse reaction form will be utilized if 
any adverse reaction recorded.

Study adherence monitoring

 At 3 months and 6 months visits, participants will be asked to 
hand over their daily diary and product bottles with leftover capsules. 
The diaries and leftover capsules will be reviewed to calculate the 
percentage compliance to the treatment. Positive outcomes of study 2 
will provide evidence for introducing vitamin D supplementation in 
frailty management to correct the initial stages of subclinical CVD. 
This could be used to prevent development of frailty in elderly before 
other comorbidities are involved in the process, reducing the impact 
on the patient’s quality of life and the healthcare system.

Data storage, synthesis and analysis

 The collected data will be stored securely on paper based CRFs 
and de-identified coded data will be stored electronically in Research 
Electronic Data Capture (REDCap) database, which is customized to 
have password protection. Only the investigators will get the access 
to the stored data files and the access is authenticated using staff ID 
and password. Descriptive analysis will be carried-out to assess the 
demographic and situational data. Data from study 1, sarcopenic and 
non-sarcopenic subgroups will be evaluated by t-tests (un-paired)/
Mann-Whitney U test, data from study 2 will be analysed by paired 
t-test/Wilcoxon signed-rank test. The data will be analysed using 
statistical models of logistic regression and multivariate analysis, to 
identify the correlations between parameters of sarcopenia-related 
physical frailty and VED. Linear regression analysis will be carried 
out to evaluate the relationships between variables and controlled 
multivariate logistic regression analysis will be used to evaluate the 
relationship of Vascular Endothelial Dysfunction (VED) and sarcope-
nia-related physical frailty, independent from patients’ demographic 
characteristics, medical history, medication and other confounding 
factors and independent correlation of vitamin D with the inflamma-
tory markers and the physical frailty and sarcopnia. Moreover, multi-
variate logistic regression analysis also will be carried out to analyse 
the relationship between cognitive frailty and physical frailty (inde-
pendent from other confounding factors).

Subject stratification: Subjects will be stratified to “low muscle 
strength” and “normal” groups, based on their recorded Hand Grip 
Strength (HGS) values, according to gender and age strata, at the 
screening stage, for data collection and reporting purposes. The defi-
nition and diagnosis of Sarcopenia from the Report of the European 
Working Group on Sarcopenia in Older People [36,40]. The stratifi-
cation only will be used for reporting purposes. Data will be analysed 
in such a way to identify the independent relationships of the param-
eters.

Study outcome dissemination

 Study outcomes will be disseminated through publication accord-
ing to the SPIRIT statement and will be presented at scientific confer-
ences.

Discussion
 Study 1 will establish the relationship between subclinical Vascu-
lar Endothelial Dysfunction (VED) and sarcopenia-related physical  

Enrolment Screening Close-out

Timepoint -30d to 0d 0d 90d

Enrolment:

Project Advertisement X   

Eligibility screen X   

Informed consent X   

Appointment Schedule X   

Screening and Assessments:

Socio-demographics and situational infor-
mation

 X  

Medical history and current medication  X  

Physical Assessment  X  

pressure (Systolic/diastolic)  X  

Physical Frailty/sarcopenia assessment  X  

Cognitive function/frailty assessment  X  

Biochemical parameters  X  

Dietary vitamin D intake and sun exposure 
questionnaire

 X  

Fall incidents and related health care ad-
missions

 X  

Data analysis and dissemination:

Data analysis   X

Reporting/outcome dissemination   X

Table 1: The schedule of enrolment, screening and assessments of study 1.
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frailty. Importantly the study will clarify the independent correlation 
of inflammatory makers (IL-6, TNF-∞ and TGF-β1) and plasma vi-
tamin D level on the link between VED and frailty syndrome/sarco-
penia. Positive outcomes of study 2 will provide evidence for intro-
ducing vitamin D supplementation in frailty management to correct 
the initial stages of subclinical CVD. This could be used to prevent 
development of frailty in elderly before other comorbidities are in-
volved in the process, reducing the impact on the patient’s quality of 
life and the healthcare system.

 This study is carried out in area of high multicultural and rapidly 
ageing population. Multiculturalism has also been shown to be a sig-
nificant risk-factor for vitamin D deficiency, frailty and other adverse 
cardiovascular health outcomes in the area. Aging-associated physi-
cal frailty is associated with poor health-outcomes including disabil-
ity, hospitalization, and mortality with significantly higher healthcare 
utilization and related economic cost. Therefore, it is essential to im-
plement novel frailty management strategies to improve the quality 
of life of frail people and reduce the healthcare cost associated with 
frailty outcomes. The study will investigate the association of vitamin 
D deficiency and frailty in this highly vulnerable population to better  

inform prevention strategies. The study findings will be used to im-
plement frailty prevention/controlling strategies at early stages. Suc-
cess of the study would also form the basis for a larger intervention-
al study to determine the feasibility of early intervention strategies. 
Thus, results from this study will be aimed at reducing emergency 
department re-visits, hospital admissions/re-admissions, and longer 
hospital length of stay through potential new strategies to improve 
the quality of life of patients with cardiovascular comorbidities thus 
reducing associated health costs. Positive outcome of the mechanistic 
study would provide baseline biomedical mechanistic insight for fur-
ther studies to introduce new pharmacological interventions in frailty.
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Table 2: Schedule of enrolment, intervention and assessments of study 2.

Study period

Timepoint Visit/month
Visit 1:

(Screening)/1m
Visit 2:

Follow-up/3m
Visit 3:

Follow-up/6m
Close-out

Assessment window -8w to 0w 0w 12w 24w 24w

Enrolment:

Project advertisement X

Eligibility screen X

Informed consent X

Appointment Schedule X

Allocation X

Intervention:

Vitamin D supplementation 2000 IU/day

Vitamin D supplementation 2000 IU/day (if 25(OH)D3<75 nmol/L)
1000 IU/day (if 25(OH)D3≥75 nmol/L)

Daily diary

Assessments:

Socio-demographics and situational information X

Medical history and current medication X

Change in medication/medical condition X X

Physical Assessment (Height/weight) X X X

Blood pressure (Systolic/diastolic) X X X

Physical Frailty/sarcopenia assessment X X X

Cognitive function/frailty assessment X X X

Biochemical parameters X X X

Dietary vitamin D intake and sun exposure questionnaire X X X

Fall incidents and related health care admissions X X X

Renal function/liver function X X X

Attendance X X X

Compliance/Adherence (product count and diary review) X X

End-of-study survey X

Data Analysis And Reporting:

Data analysis X X

Reporting/outcome dissemination X
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