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Introduction
As the world’s population keeps ageing, a corresponding 
increase in older adults with frailty occur.1 In the UK, it is esti-
mated that close to a fifth (18%) of the population are 65 years 
and over, out of which 7% are known to be severely frail.2,3 
Indeed, the House of Lords report, considers healthy ageing as 
one of the 4 cross cutting ‘grand challenges’ in the UK,4 thus 
emphasising the importance of addressing matters related to 
ageing and frailty.

Frailty as a geriatric syndrome, is associated with an 
increased risk of adverse outcomes,5,6 such as falls, reduced 
mobility and independence, increased hospitalisations, 

cognitive decline, disability and death.7 It is known to be a risk 
factor of cardiovascular disease and when coupled with arterial 
stiffness, potentiates this risk.8,9 The association between 
frailty and arterial stiffness is well known.8,10 In a cross- 
sectional study involving 2171 community-dwelling partici-
pants aged 60 years and over, arterial stiffness was noted to be 
strongly associated with pre-frail and frail status.11 Although 
this association exists, arterial stiffness does not uniformly 
correlates with the various stages of frailty12-14 though it is 
considered to be the hall mark of vascular ageing.8

In the mechanism of vascular ageing, inflammation and oxi-
dative stress have been observed as predominant underlying 
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ABSTRACT

OBjeCTIve: There is an association between frailty and arterial stiffness. However, arterial stiffness does not uniformly correlate with the 
spectrum of frailty states. Both oxidative stress and inflammaging contribute to vascular ageing. There are no human studies exploring links 
between arterial stiffness, oxidative stress, inflammaging and frailty. Our objective is to investigate arterial stiffness and inflammaging as pre-
dictors of frailty states.

MeThOdS: An observational longitudinal cohort study will be used to examine the association between arterial stiffness, oxidative stress 
and inflammation in 50 older adults (⩾70 years) with clinical frailty scores (CFS) ⩽6 over 6 months. All study measurements will be taken at 
baseline. Frailty assessment will include hand-grip strength, timed-up and go test, mini-mental state examination, geriatric depression scale 
and sarcopenia using body composition measurements with Tanita®. Arterial stiffness measurements will include carotid-femoral pulse wave 
velocity (cfPWV) and carotid-radial pulse wave velocity (crPWV) using Complior (Alam Medical, France). CAVI device will measure Cardio-
ankle vascular index and ankle brachial index (ABI). Oxidative stress blood markers nitrotyrosine (NT) and 8-hydroxy-2’-deoxyguanosin 
(8-oxo-dG) and inflammation markers high-sensitive C-reactive protein (hs-CRP) and interlukin-6(IL-6) will be measured at baseline and 
6 month along with lipid profile and glycated haemoglobin.

ReSulTS (dATA AnAlySIS plAn): Descriptive statistics for continuous data using means and standard deviations for normality distrib-
uted variables or medians and inter-quartile ranges for skewed variables will be used. Participants will be categorised into CFS 1-3, and CFS 
4-6. Categorical data will use frequencies and comparison between groups. Change in frailty between the groups over 6 months will be com-
pared using paired t-test. Simple linear regression will be done between frailty measures, arterial stiffness, inflammation and oxidative stress 
biomarkers. Significance will be at P < .05.

COnCluSIOn: This study data will inform a larger, multi-centre study exploring further the interplay between frailty, biomarkers and arterial 
stiffness parameters.

KeywORdS: Frailty, older adults, inflammation, inflammaging, oxidative stress, vascular stiffness, vascular ageing, nitrotyrosine, 8-hy-
droxy-2’-deoxyguanosin, c-reactive protein, interlukin-6, biomarkers.
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factors aside others such as genomic instability.15-17 Studies have 
shown strong association between oxidative stress and inflamma-
tion with frailty.18-21 Two oxidative biomarkers malondialdehyde 
(MDA) and protein carbonylation were noted to have strong 
association with frail elderly people in 742 adults studied, com-
pared to the pre-frail and non-frail.22 In a prevalent-case control 
study of 55 adults greater than 65 years, compared to healthy 
controls, frail adults had a higher percentage of circulating 
8-isoprostane (P = .001), a validated oxidative stress marker.23 A 
significant increase in 8-hydroxy-2’-deoxyguanosine (8-OHdG) 
and 8-isoprostane levels, together with higher levels of interleu-
kin-6, were noted to be present in the prefrail and frail elderly 
adults in contrast to the non-frail in a study of 140 patients with 
Alzheimer’s.24 Similarly, another study in 2019 examining the 
relationship between inflammation and frailty among 817 adults 
65 years and older, showed 2 inflammatory markers (Erythrocyte 
sedimentation rate-ESR and Neutrophil to lymphocyte ratio-
NLR) to be significantly elevated in the frail group compared to 
the non-frail groups.25 In a systematic review with meta-analysis 
on the association of inflammatory biomarkers and frailty, there 
was a strong association between these markers (Interlukin-6 – 
IL-6, and C-reactive protein – CRP) and frailty status (pre-frail 
and frail), a proof of the role of inflammation in frailty.26

Although oxidative stress and inflammaging (the chronic state 
of inflammation in ageing) are known to be associated with frailty 
and considered to be underlying vascular ageing, there are no 
observational studies in human, on the effects of these 3 on frailty. 
Frailty is thought to be potentially reversible especially in its early 
stages.27-34 Therefore, its early detection and management is key 
to prevent and reduce its impact on older adults.26,35,36 Thus, a 
major rationale for this pilot study is to be able to offer an objec-
tive measure based on arterial stiffness for frailty, incorporating 
the roles oxidative stress and inflammation play.

This would help ultimately in the early detection of frailty, 
and subsequently contribute to the body of evidence-based 
medicine where clinicians may in the medium-to-long term, 
use these bio-markers to help assess degrees of frailty, and aid 
in slowing down progression of frailty, by addressing issues of 
inflammation and oxidative stress.

Study aim

To study the mediating roles of oxidative stress, inflammation 
and arterial stiffness in the pathogenesis of frailty.

Study objective

To undertake a pilot study exploring the use of markers of 
inflammation, oxidative stress and arterial stiffness as an objec-
tive measure for frailty.

Hypotheses

Frail older adults with arterial stiffness have a corresponding 
increase in biomarkers of oxidative stress and inflammation.

Research Question:
Is oxidative stress and inflammation associated with arterial 

stiffness in frail older people?

Study Design
This is an observational longitudinal cohort study looking at 
the association between oxidative stress and inflammation 
among older adults with varying frailty status and arterial stiff-
ness over a period of 6 months. The main goal of this pilot 
study is to provide preliminary data to inform a follow-up 
larger, national, multi-centre study exploring further the links 
between frailty and vascular parameters.

Study Methods: Participants, Interventions and 
Outcomes
Study setting

The study will be undertaken at the University Hospitals 
Sussex NHS Foundation Trust, Clinical Research Facility 
(CRF). Participants will be invited for recruitment from out-
patients at University Hospitals Sussex NHS Trust.

Eligibility criteria

Inclusion criteria:

1. Age 70 years and above with a Clinical Frailty score ⩽6/
Electronic Frailty Index ⩽0.36.

2. Patients who have capacity to give informed consent.

Exclusion criteria:

1. Malignancy, with current active treatment
2. Patient unable to give informed consent
3. Patient with a Rockwood Frailty score 7 to 9 or Electronic 

Frailty Index in the severe frailty group (>0.36).

Should a participant loose capacity during the study, they will be 
excluded from further involvement in the study, however the 
data collected up until the time of loss of capacity will be used. 
Initially, capacity to participate in the study will be assessed prior 
to consent by a member of the research team, and again by the 
research team member over the phone prior to the study visit.

Measurements

At recruitment and at follow up, frailty status of participants 
would be assessed using the Rockwood/Clinical Frailty score 
(CFS) and the electronic Frailty index (eFI) score. The 
Rockwood/CFS is a frailty assessment spectrum grouped from 
1 (very fit) to 9 (terminally ill). The electronic frailty index 
(eFI) classifies frailty into 4 groups spanning from fit 
(eFI < 0.12) to severely frail (eFI > 0.36). Participants in this 
study, would be categorised based on their scores as no-mild 
frailty (CFS ⩽ 3, eFI ⩽ 0.24) and moderate frailty (CFS 4-6, 
eFI 0.24-0.36). The choice of stratifying the study participants 
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into a spectrum of frailty states from not-frail to mildly frail 
and moderately frail is based on the knowledge that progres-
sion towards advanced frailty states can be delayed and/ or 
reversed if the right intervention is implemented.31,33,37

Arterial stiffness will be measured in 2 ways: using 
Complior®38 and CAVI®.39 Assessment of arterial stiffness will 
be done at room temperature with the patient supine and after 
having rested for 10 minutes. Patients will be asked to refrain 
from smoking, eating or drinking caffeinated drinks for 3 hours 
before measurements and to avoid consuming alcohol for 
10 hours before measurements. Participants will be offered 
reimbursement for travel expenses.

(a) The Complior® is a non-invasive device which measures 
Pulse Wave Velocity and central pressures. The carotid, femoral 
and radial pulses are palpated and marked, and measurements 
are taken between them. The wave forms are then measured 
and recorded on the Complior® programme using small sen-
sors. We will perform at least 2 measurements, and if similar 
will use the mean of these. If these differ by more than 0.5 m/s, 
a third measurement will be performed. The PWV value 
should be the median of these measurements.

(b) Cardio-Ankle Vascular Index (CAVI®) is another index 
which assesses arterial stiffness, this time it uses measurements 
in all 4 limbs. CAVI® then equates the stiffness using the pulse 
wave between the heart and the ankles. Complior and CAVI 
measurements will be done by the same person to ensure con-
sistency. These 2 measurements will be done only once at base-
line and not at follow up since we do not expect any changes 
within 6 months.

(c) A blood sample will be obtained by a trained research 
nurse or doctor. The participant will be asked to give approxi-
mately 20 mls of blood (one and a half tablespoons), plasma 
samples will then be stored at −80°C until they are tested. All 
participants will have samples taken to measure markers of 
oxidative stress and inflammation in the clinical research lab-
oratory at the University of Sussex. Inflammatory markers to 
be measured would include high sensitivity C-reactive pro-
tein (hs-CRP) and Interlukin-6 (IL-6). Markers for oxidative 
stress to be measured would include nitrotyrosine (NT) and 
8-hydroxy-2’-deoxyguanosin (8-oxo-dG). Inflammation and 
oxidation profiles will be measured by ELISA using commer-
cially available assay kits. Samples would be handled by the 
research nurse or doctor for storage before being transported 
to the research laboratory at the University of Sussex to be 
assayed together.

(d) Other biochemistry measurements would be recorded 
from the hospital computer system which would include lipid 
profile, thyroid function and full blood count. Other routine 
clinical observations to be checked would be blood pressure, 
body mass index (BMI) and random blood sugar (RBS).

(e) At recruitment and follow up, cognition of participants 
would be assessed using the Abbreviated Mental Test Score 
(AMTS) and Montreal Cognitive Assessment (MoCA). These 

readings would be taken from the patients’ file. Patients with 
scores less than 8 on the AMTS and 23 on MOCA will be 
excluded from the study.

(f ) Measures of frailty to be assessed will include hand grip 
strength using the hand dynamometer, timed up and go test 
(TUGT) and body impedance with the Tanita.

(g) Participants will be followed up at 6 months for second 
measurements to be taken. Prior to follow up visit, participants 
would be contacted via telephone call for booking of appoint-
ment. All measurements taken during baseline/recruitment 
would be repeated except for the arterial stiffness. Snacks will 
be provided for the participants after their participation both 
at recruitment and follow up and their transportation bill 
catered for.

Sample size

This is a pilot study with no formal sample size calculation 
done. We aim to recruit 40 participants who fit the eligibility 
criteria, but this number will be adjusted upwards to 50 partici-
pants to account for an expected dropout rate of 20%. We aim 
to recruit at least 2 participants per week within 5 months. The 
selected sample size is considered reasonable for a pilot/feasi-
bility study by NIHR.40,41 Similarly, this is in line with Browne’s 
rule of thumb for pilot study sample size calculations which 
recommends at least 30 subjects for pilot studies to estimate 
differences between 2 groups.42 It is further supported by 
Julious43 who suggests that a minimum of 12 subjects per treat-
ment arm /group is relevant to reduce imprecision around the 
estimates of a standard deviation. The chosen sample size of 50 
is a pragmatic approach considering previous studies which 
used similar numbers, where 28 frail older adults were com-
pared with 27 robust non-frail older adults assessing the differ-
ences in oxidative stress markers between both groups.23 
Participants would be stratified into 2 groups based on their 
frailty status as group 1 having no-mild frailty (ie, having a 
Rockwood frailty score ⩽3) and group 2 made up of moderate 
frailty with a Rockwood frailty score >3 in line with the study’s 
inclusion criteria. We would aim to have an equal number of 25 
participants in each group.

Recruitment and obtaining consent

Potential participants for the study will be highlighted to the 
research team by clinical staff within the hospital. Most of 
these potential participants will be identified on the care of the 
elderly wards and clinics. The potential participants will be 
invited to listen to an initial explanation of the study and asked 
if they would like to be considered as a participant, at this stage 
a participant information sheet (PIS) will be provided. This 
will happen whilst the potential participant is in hospital. 
Interested individuals will be advised to spend at least 24 hours 
considering involvement in the study. Following at least 
24 hours, interested individuals will discuss the study again and 
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any questions will be answered by a trained member of the 
research team. If the person wishes to be involved, an appoint-
ment will be made at which time formal written consent will be 
given prior to assessment. An appointment will be made for the 
follow up visit in 6 months post discharge. Participants trans-
port fares would be catered for by the team.

Should a participant loose capacity during the study, they will 
be excluded from further involvement in the study, however the 
data collected up until the time of loss of capacity will be used.

Data Collection, Management and Analysis
Assessment and collection of outcome, baseline and 
other study data

The research staff performing assessments of arterial stiffness 
will be trained and validated in the approved methods of using 
the various pieces of equipment. The following machines are 
being used to assess arterial stiffness and the corresponding 
links to information on validity and reliability are provided.

Complior®: http://www.complior.com/info-center44

CAVI®: http://www.fukuda.co.jp/english/products/special_
features/vasera/cavi.html45

Participants will be followed up at 6 months following the ini-
tial study visit. Prior to follow up visit, research staff will check 
if the participant is currently in hospital or if the participant is 
deceased. In the unlikely event that the participant has died or 
that they are currently an inpatient, the follow-up telephone 
call will not be made. Participants will be asked to provide an 
email address if they would like to be contacted via email to 
arrange the timing of the follow-up visit.

Data entry, coding, security and storage

Data will be reviewed quarterly and at mid-point through the 
study to check for normality and ranges of data values. The 
data collected will be entered into a computer database by a 
nurse or doctor in the research team and will be checked by 
supervising members of the team to ensure high data quality.

The data collected for each participant in the study will be 
recorded in a case report form (CrF). Each CrF will be identified 
by the study number of the subject concerned. Each participant 
will be assigned a study number in sequential order (eg,: FRAXIS 
001 through to FRAXIS 050). All information obtained during 
the study (with the exception of data given in the informed con-
sent form) shall be entered into a password-protected computer 
database in compliance with the Data Protection Act (2018) and 
stored on a secured University approved server.

Statistical analysis plan

Results will be imported into STATA for data cleaning and 
statistical analysis. Since this is a pilot study, analysis will be 

mainly descriptive. Descriptive statistics for continuous data 
will be assessed using means and standard deviations for nor-
mally distributed variables, or medians and interquartile ranges 
for skewed continuous variables. Analysis would involve look-
ing at missing data, drop- out rate which would inform sample 
size calculation for a future larger study. Categorical data will 
be summarised using frequencies and percentages and com-
parison between the 2 groups (moderate frailty and no-mild 
frailty) done using the chi-squared or Fishers exact test.

Where data are not normally distributed these will be log 
transformed and presented as geometric means with their 95% 
confidence interval. Where data are not normally distributed 
even after transformation, these will be presented as median 
(IQR) and comparisons between groups done using the 
Wilcoxon rank-sum test.

The Primary outcome (change in frailty status) will be 
compared between the 2 groups using the 2-sample inde-
pendent t test or a simple linear regression. Other outcome 
measures will be analysed in a similar way except if these are 
skewed when the Wilcoxon rank-sum test will be used. 
Similarly, a linear mixed models approach will be used to 
study the 2 study time points (baseline and follow up) in the 
2 groups. All tests will be 2 sided and significance will be set 
at P < .05.

Dissemination Policy
a. Patient and Public Involvement (PPI): We secured 

PPI input from the Pre-sponsorship review panel 
(PSRP), incorporating their views in the formulation 
of the study protocol, taking them on-board before 
ethical clearance and subsequent recruitment of par-
ticipants. Our PPI rationale is to ensure the pres-
ence of older adults with frailty’s voices throughout 
the study from design onwards, so the research stays 
meaningful and quality optimised. The PPI advisory 
group will provide this information throughout the 
study. The PPI advisory group will optimise our dis-
semination strategy through online and printed ma-
terial which will be written for non-specialist audi-
ence to assist lay people in understanding the results 
of the study. We will also seek to publicise the study 
through printed press and radio interviews. Liaising 
with KSS- geriatric research network and the BGS, 
will ensure that the study findings are disseminated. 
This strategy will help the planning and recruitment 
of a larger definitive multi-centre study.

b. Publications: We will publish the findings in high im-
pact journals. All publications will be published open 
access or made freely available through the Universi-
ties’ website.

c. Conferences: We will present the study at the high-
est impact conferences (eg, British Geriatrics Soci-
ety annual conference). We will participate in local 
events, seminars and conferences. Presentations will 

http://www.complior.com/info-center
http://www.fukuda.co.jp/english/products/special_features/vasera/cavi.html
http://www.fukuda.co.jp/english/products/special_features/vasera/cavi.html
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be offered to interested local older adults’ community 
groups.

We will ensure that the findings of the pilot study are shared 
with all study participants who request this information. A 
study report summarising the main findings will be sent to the 
participants through their chosen means (either by post or by 
email), using non-technical language which would make it easy 
to understand. Participants will be given the opportunity to 
request further clarification if they do wish to do so after 
receiving the study report.
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