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Abstract 
Frailty describes a health state related to ageing where people 
become less resilient to health challenges and more likely to have 
adverse outcomes if they become unwell. People experiencing 
homelessness (PEH) are known to have poor health, with research 
suggesting that many become frail at a younger age than the general 
population. Previous research using small-scale primary data 
collection suggests that the prevalence of frailty in homeless 
populations varies widely (16–55%), with variations in sample sizes 
and settings partially accounting for differences in current estimates. 
The prevalence, risks, and outcomes of frailty in PEH are poorly 
understood. We propose to carry out a secondary analysis of existing 
health survey data collected from 2,792 PEH. This will involve creating 
a Frailty Index (FI) to identify frail people within the dataset. 
Regression analyses will be used to identify associations between 
potential risk factors and outcomes of frailty in this population. This 
protocol will: 1) Outline the creation of a FI to assess the frailty 
prevalence within a dataset of health information collected from a 
cohort of PEH and 2) Describe proposed methods of regression 
analysis for identification of associations between frailty and risks 
factors/outcomes of frailty in the cohort of PEH within the dataset. The 
processes described in this paper can inform future development of 
FIs in other datasets. It is expected that the FI created will be an 
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appropriate and robust method for identifying frailty in a cohort of 
PEH and results of the secondary data analysis will provide a more 
robust estimate of the associations between frailty and risk 
factors/outcomes.
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Introduction
Background
Frailty is a health state related to aging where multiple body 
systems gradually lose their reserves and resilience, which 
increase risks of adverse outcomes (e.g. prolonged recovery 
time, disability or death) and health service usage (e.g. hos-
pitalisation, attendance to accident and emergency or greater  
primary care usage)1. There are two theoretical approaches to 
assessing frailty. One is the phenotypic model2 where frailty 
is thought to be represented by the presence of up to five char-
acteristics of frailty (unintended weight loss, reduced muscle 
strength, reduced gait speed, self-reported exhaustion and low 
energy expenditure). The alternative model is that of cumulative 
deficit3 whereby as a person accumulates health deficits (e.g. loss  
of hearing, low mood, falls, various diseases) which can happen 
as they age, the deficits combined then form a “frailty index”. 
It is the model of cumulative deficit that is applied in this 
research protocol, with the FI recognised as strongly associated  
with adverse outcomes including mortality and disability4.

Homelessness can be considered as a continuum, at one extreme 
defining people experiencing homelessness (PEH) solely by 
their absence of shelter, at the other extreme, is the inclu-
sive definition that a PEH can be someone without access 
to shelter that meets the basic criteria considered essential 
for health and social development. For the purpose of this 
study, PEH are defined as fitting the FEANTSA definitions of  
“roofless” (e.g. no fixed abode, living in a public space) and  
“houseless” (e.g. living in hostel, refuge, shelter, temporary  
accommodation)5.

PEH have substantially poorer health than the general population, 
with cohort studies showing 3–6 fold increased mortal-
ity risks, high levels of chronic illness and mental health  
problems6,7. In the general population of England, 8.1  
[95% CI 7.3-8.3]% of people aged >50 years are estimated 
to be frail8. Research suggests prevalence of frailty amongst 
PEH ranges between 16% and 55%9–11, often presenting at a  
younger age. However, frailty in PEH is poorly understood, 
with studies to date exploring it using primary data collec-
tion in specific settings, such as a single homeless hostel, and  
with relatively small sample populations (range n=33–247)9,10. 
PEH are known to have a high need for and usage of health-
care, which frailty may contribute to, so it is important  
to identify frailty in this population. To build on the exist-
ing literature, this research proposes to explore frailty using  
secondary analysis of a dataset of health needs information  
collected from PEH. This will allow for inferences to be made 
from a far larger sample than previous research has achieved.  
Moreover, within this dataset, a broad spectrum of types of  
homelessness is represented, thus allowing for more accu-
rate assessment of prevalence of frailty and associated risk or  
outcomes in PEH and therefore more generalisable results.

Research questions
This protocol describes the plan for a cross-sectional analysis  
of survey data that will address the following research questions:

-   �What is the prevalence of frailty amongst PEH in  
England?

-   �What risk factors and/ or outcomes are associated  
with frailty in this this population?

Hypotheses being tested
The Homeless Link dataset contains a broad spectrum of 
data variables which could be explored for associations with 
frailty. To avoid data dredging12 we have conducted prelimi-
nary exploration of potential variables with a panel of experts 
(including researchers and academics with experience of 
frailty and FI development, medical doctors working in general  
practice, elderly care, drug and alcohol services, homeless-
ness or frailty) familiar with frailty and/ or homelessness and 
patient and public involvement and engagement activities  
(PPIE) with PEH and the staff who care for them to explore, 
discuss and further refine our hypotheses. Table 1 outlines the  
hypotheses that will be tested:

Aims and contribution
The aim of this research is to use an existing dataset of health 
needs audit data, collected from PEH using a one-to-one, inter-
viewer-led survey, to calculate frailty prevalence and identify 
frailty risk factors and outcomes of frailty in that population. 
This study will contribute in two ways. Firstly, it will provide a 
calculation of prevalence of frailty in this population from a 
far larger dataset than any previous research has explored- thus  
improving accuracy and precision of this calculation with 
the potential for supporting investment in services to address 
frailty in PEH. Secondly, it will explore risk factors for and  
outcomes of frailty, potentially supporting targeting of inter-
ventions to those most at risk of frailty or of poor outcomes of  
frailty. The intention is to provide information that can help  
direct resources to prevent and address frailty in PEH rather than  
to determine causality.

Methods
Design and setting
The design of this study is an analytical, cross-sectional  
study, using secondary analysis of health needs audit survey data  
collected from PEH. The primary dataset was collected  
from PEH in England between 2015 and 2022. Settings for 
data collection included homeless accommodation services, 
outreach, day centres, night shelters, and specialist support  
services13.

Dataset
The data comprises health information (demographics, physi-
cal health, mental health, drug and alcohol use, health service 
usage, wellbeing and preventative healthcare)13 collected by a 
partnership of service providers, recruited by the audit com-
missioner, homelessness charity Homeless Link. It is impor-
tant to note that although this survey tool contains substantial  
health information relevant to frailty, it was not designed 
with frailty assessments in mind. The data were collected  
between 2015 and 2022 from people across England who were 
either homeless at the time of the survey or had experienced  
homelessness in the preceding 12 months. Data were  
collected in accordance with GDPR (2018) by trained indi-
viduals using the Homeless Health Needs Audit (HHNA), an 
interviewer administered health survey tool. The advantage of 
using this dataset is that all participants were either currently 
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homeless or had recently experienced homelessness leading 
up to the survey. This is important because there are substantial  
problems with identifying PEH from other, more commonly 
used national datasets of health information. For example, 
PEH may be difficult to identify due to non-disclosure of  
homelessness status, providing an address of a relative/ friend, 
or stating a hostel or temporary accommodation as their  
address. To ensure the research team do not have any prior 
knowledge of any patterns or summary statistics of the data 
at this stage of planning, no reports of information relating to  
frailty have been shared with the research team prior to study 
design and protocol registration. Data was accessed by the  
UCL research team on 25th July 2023. Data was sufficiently  
anonymised that no information which made individual  
participants identifiable could be accessed.

Sample size, inclusion, and exclusion criteria of the HHNA  
dataset
The sample contains data from 2,792 participants who 
have consented to their anonymous data being collected,  
analysed, and reported. Inclusion criteria are:

•   �Participant living in England

•   �Participant homeless or experienced homelessness  
within preceding 12 months of survey

•   �Participant provided survey responses to at least  
20/ 43 (46.5%) survey questions

Sample size is determined by the number of people surveyed 
using the HHNA tool and who have provided their consent for 
their anonymous data to be used for research purposes. The 
data were collected before the current protocol was conceived,  

so the sample size can only be based on the available  
data.

Participants and recruitment
Oganisations supporting PEH in England partnered with Homeless 
Link to collect HHNA data. This involved training partner 
organisation staff in how to administer the HHNA survey tool 
in their local area. The recruiting organisations had detailed 
understanding of the services and landscape of homelessness 
in their local area, so could target and reach areas when 
PEH would be, thus optimising opportunities for anyone  
eligible to participate to be surveyed. Anyone experiencing  
homelessness within 12 months of the time of interview was 
invited to participate in the HHNA survey. Informed consent was  
obtained by providing potential participants with an infor-
mation sheet outlining the study and how their data would 
be used. All participants agreeing to be surveyed provided  
written consent to participate and for their data to be analysed 
and reported on. Surveys took approximately 30 minutes to  
complete and were usually undertaken in 1:1 case work  
sessions13.

How materials will be selected and used
For the purposes of research planning, Homeless Link shared 
the HHNA survey tool with our research team, allowing for 
creation of a variables and response list (supplementary file  
1). Although Homeless Link descriptive reports of HHNA 
data are published in the public domain, no secondary analysis 
has previously been carried out in this cohort relating to  
frailty.

A Data Sharing Agreement was created between Home-
less Link (Data Providers) and UCL (Research Project lead) 

Table 1. Hypotheses and null hypotheses to be tested by the proposed research.

Hypothesis Null hypothesis

Prevalence of 
frailty in PEH

Prevalence of frailty in PEH in England is greater than 
prevalence reported in the general population (based on 
comparative literature)

Prevalence of frailty in PEH in England is the same as 
the prevalence reported in the general population 
(based on comparative literature)

The mean age of PEH identified as frail in England is 
younger than the mean age of people identified as frail in 
the general population (based on comparative literature)

The mean age of PEH identified as frail in England is the 
same as the mean age of people identified as frail in the 
general population (based on comparative literature)

Risks factors of 
frailty in PEH

Frailty in PEH is positively associated with addiction (e.g. 
problematic drug or alcohol use)

There is no association between frailty and addiction 
(drugs or alcohol) in PEH

Frailty in PEH is positively associated with impaired 
cognitive development (e.g. learning disability or autistic 
spectrum disorders)

There is no association between frailty and impaired 
cognitive development (e.g. learning disability or autistic 
spectrum disorders)

Frailty in PEH is positively associated with 
sociodemographic factors (e.g. prison, sex work, 
childhood experience of the care system)

There is no association between frailty and 
sociodemographic factors (e.g. prison, sex work, 
childhood experience of the care system)

Outcomes of 
Frailty in PEH

Frailty in PEH is positively associated with health care 
usage (e.g. hospital admission, ambulance, accident and 
emergency use and General practice)

There is no association between frailty and health care 
usage (e.g. hospital admission, ambulance, accident 
and emergency use and General practice)

Frailty in PEH is negatively associated with preventative 
health care (e.g. vaccination)

There is no association between frailty and preventative 
health care (e.g. vaccination)
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prior to sharing of data. Also, to comply with the consent pro-
vided by participants, all researchers who will access the data 
were awarded honorary contracts of employment by Homeless 
Link. The dataset was anonymised by Homeless Link before 
it was shared with UCL, so no names, unique identification  
numbers, participants’ dates of birth or any other personally 
identifying information was shared. Data will be used to sum-
marise the characteristics of the survey population, create a 
frailty index, calculate the prevalence of frailty, and identify 
associations between risk and outcome variables and frailty. 
The HHNA dataset has been shared with the research team in  
its raw data form, with cleaning currently being undertaken.

Research processes
The dataset will be cleaned to remove variables irrelevant to 
the scope of this study. Anomalies in categorisation will be 
identified and incorrect or incorrectly formatted data will be  
removed or corrected.

Descriptive statistics will be used to summarise the character-
istics of the sample population, including: Age, gender, sexual 
orientation, ethnicity, immigration status, employment, his-
tory of prison, domestic violence, being in the armed forces, 
local authority care, disability, housing status, mental health  
conditions, cognitive condition, alcohol consumption, drug use, 
smoking, GP registration, average meals per day consumed,  
perceived health, physical health conditions and healthcare  
utilisation.

Creation of Frailty Index
Procedures for creating a FI for datasets is outlined by Searle  
et al.14 and Theou et al.15 who describe step-by-step procedures 
for FI creation. It is recommended that inclusion of variables in  
an FI, is based on the following criteria14,15:

1)   �Variable must be health-related14,15

2)   �Variable must increase with age14,15

3)   �Variable must not saturate too early (e.g. not be  
universal in the adult population by midlife)14

4)   �The total included variables must cover a range of  
physiological systems and processes14,15.

5)   �Variable must be present in at least 1% of study  
population14,15

6)   �Variable must have no more than 5% missing data14,15

7)   �Highly correlated screen variables (r>0.95) will be 
excluded by removing the variable with the lowest  
response rate15

Modified Delphi for FI creation
In recognition that there is a degree of subjectivity regard-
ing which variables from the HHNA dataset should/ should not 
be included in the FI, a modified Delphi process was adopted 
for creation of the FI. The Delphi method is a structured 
method of developing consensus amongst a panel of experts 
and is an accepted approach for this purpose16. A panel of  
ten experts working in the field of frailty and/or inclusion health 
in the UK or Canada were invited by the research team to  
contribute (six agreed to participate). All who agreed to  
participate were then invited via email, then met online for a  
preliminary meeting to determine the nature of their  
contribution, including agreeing how they would inform the 
selection of variables. The adapted Delphi method is outlined  
in Figure 1.

A spread sheet of all 117 potential variables was circulated 
amongst the expert panel, with each member independently 
reviewing the variables and stating on the spreadsheet whether 
each variable should be included in either the FI, based on the 

Figure 1. Outline of modified Delphi Method for identification of variables.
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stated inclusion criteria (e.g. whether they are health related; 
increase in prevalence with age; and whether they did not  
saturate early) or considered a risk factor/ outcome for the sec-
ondary data analysis. A deadline was set for return of completed 
spreadsheets to the lead author (JD), whereupon she collated 
responses, identifying areas of consensus and disagreement. 
A second meeting was convened to share the findings of the 
first round and to discuss/ agree any differences of opinion with 
the panel. After two Delphi rounds with the expert panel, of the  
potential 117 variables in the HHNA, 41 were viewed as 
potentially viable for inclusion in a FI for this dataset. Searle  
et al. suggest that 30–40 variables are optimal.

After the dataset is cleaned and reviewed, missing data will 
be identified, the reason for missingness considered and how 
missing data may impact inclusion of each variable in the FI 
and data analysis. Following completion of data scoping, the 
lead author will determine if the proposed variables cover a  
range of physiological systems and processes. The final vari-
able list will be circulated with the expert panel, providing 
an opportunity to review the FI as a whole and comment on 
its appropriateness to identify frailty in a homeless cohort,  
including any concerns they have about its likely accuracy.

Determining frailty using FI
To calculate each participant’s FI score, the sum of the deficit  
scores will be divided by the total number of deficits measured:

            
N of deficits present within the individualFI

N of deficits meaasured for that individual
=

Although any FI score ranges from 0 to a theoretical maxi-
mum of 1, it is noted that they consistently show a sub-maximal 
limit at around 2/3 of the deficits considered. For example, if 
a frailty index is composed of 60 items, the most items that any 
participant will likely indicate as being relevant to them is up 
to 4014,17. For the purposes of analysis, there is debate regarding 
the determination of a cut off value of a dichotomous “frail” or  
“not frail”18, whereas keeping the FI sores as a continuous 
variable, allows for analysis to determine how frailty scores 
change with associated risk factors or outcomes. However, 
for identifying prevalence of frailty, a cut off figure is required, 
with different studies citing different values. A systematic 
review of prevalence of frailty in community-dwelling 
older people described a FI with a cut off of 0.319. Whereas 
Rockwood et al. suggest 0.25 is generally considered  
of value20. The Fried Phenotypic model classifies people 
as “not frail”, “pre-frail” and “frail”2. To reflect these sub-
groups, Song et al.21 proposed scores of FI ≤ 0.08 as ‘non-frail’, 
FI ≥ 0.25 as ‘frail’, and the rest as ‘pre-frail’21. For the pur-
poses of this research we will follow the work of Song et al.21  
to determine non-frail, pre-frail and frail people in the dataset, 
since we believe the inclusion of a pre-frail category is likely 
to be useful in a cohort of PEH, whose age range is younger 
than many groups where frailty has been researched (the  
predominant age range is 25–54 years in the HHNA dataset).  
This decision is supported by the work of Gordon et al.18  
whose systematic scoping review indicated 0.25 as the most  
commonly used score to determine frailty.

Coding individual variables in FI
All binary variables will be coded using ‘0’ for no deficit and 
‘1’ for presence of a deficit. Ordinal and continuous vari-
ables will be accommodated by grading the continuum into 
a rank or score between 0 (where there is no deficit) and 1 
(where there is a deficit). For example, a continuous score  
(such as, rate your health out of 100, where 100 is best health  
and 0 is worst health) a score of 100 will be rated 0, and a score  
of 50 would be rated 0.5 etc.

Analysis Plan for identification of associated risks and outcomes 
of frailty
Public and Patient Involvement and Engagement (PPIE)
In recognition that people who are affected by research 
should have a say in how it is designed, undertaken and dis-
seminated22, people with lived experience of homelessness and 
frailty and those involved in their care, have contributed to a 
series of PPIE activities informing this research to date. Firstly, 
in June 2021, an online session was run in partnership with  
“Expert Focus”, an organisation that supports PEH to engage 
with research activities, by minimising the impact of digital 
exclusion. During the session we discuss conceptual ideas 
for the research proposal and funding application and the  
attendees provided feedback on our Plain English Summary of  
the research, which had been circulated in advance.

After successfully securing of research funding, two further 
workshops were carried out in November 2022 (one with PEH  
and one with clinicians working with PEH) which allowed for  
more detailed consideration of this research. A recommen-
dation from PEH that emerged addressed the importance of  
language of frailty, with attendees suggesting that using words 
such as “wellbeing” or “general health” might be more effec-
tive for communicating research with PEH, stating that the term  
“frailty” carried unappealing connotations of weakness and  
illness that PEH may not wish to identify with.

Finally, review of the survey tool and dataset highlighted 
many variables which could be considered appropriate for 
exploration of associations with frailty. It is considered poor 
research practice to simply explore all potential variables for  
associations, as this risks generating misleading results12. So, 
in October and November 2023, to understand which variables  
should be prioritised for statistical exploration of associa-
tion with frailty, two PPIE workshops (one in person and one 
via video call) were held with health and social care outreach 
clinicians working with frail PEH. Additionally, a day of  
outreach PPIE was held with PEH who themselves were frail to  
discuss these. Through informal and accessible discussions 
about the key areas of health in the HHNA, the research team  
were able to refine their hypotheses and variables of interest.

Statistical models
Descriptive statistics (proportions, means, standard devia-
tions, medians and interquartile ranges depending on whether 
a variable is categorical or continuous numeric—normally 
distributed or skewed) will be used to summarise the popu-
lation characteristics and state the prevalence (proportion of 
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sample population) of frailty and pre-frailty in the cohort. 
The creation of an FI for this data allows for it to be expressed 
both continuously and categorically (not frail, pre-frail, frail).  
Univariable and multivariable logistic regression analysis 
will be used to assess the factors associated with frailty when 
describing associations with frailty expressed categorically 
and linear regression will be used when expressing frailty on 
a continuous scale. Regression coefficients and 95% confi-
dence intervals will be reported. In the cases of some  variables,  
it might be debatable whether they are a risk factor, an out-
come or risk factor and/or an outcome of frailty. For exam-
ple, if a relationship between alcohol or drug use and frailty 
is identified, the cross-sectional nature of this research means 
it will not be possible to determine the direction of that  
relationship, i.e., does increased alcohol or drug use issues 
result in increased frailty? Or does the presence of frailty 
cause someone’s alcohol or drug use to be altered? Directional  
acyclic graphs (DAGs) will be used to identify potential  
confounding factors that should be accounted for in the multi-
variable models designed to test associations between different  
relevant variables and frailty amongst PEH.

Transformations
Data transformation is a technical statistical process that can 
be used to make data better meet distributional assumptions 
for parametric tests. It is expected that not all variable data will 
be normally distributed, so transformations may be required.  
Transformations will be guided using the Tukey’s Transformation 
Ladder23.

Inference criteria
Linear and logistic regression analysis will be used to identify 
associations between dependent and independent variables. 
In the case of risk factor analysis (for example past adverse 
experiences) the exposure would be the independent variable  
and frailty would be the dependent variable.

Data exclusion
Assessment for exclusion of variables was carried out based 
on the most recent iteration of the survey tool. Prior to receiv-
ing the dataset, it was possible to identify 14 variables that 
would not be useful to this research, such as variables with 
limited responses that only applied to participants limited by 
sex and age range (e.g. uptake of cervical smear, uptake of  
mammogram, access to free sanitary products) and there-
fore were not shared by Homeless Link (supplementary file 2).  
Following creation of the FI a further 22 variables were  
identified through the PPIE process with clinicians that were 
not relevant to risk factor or outcome analysis, and so could be 
excluded. Once the dataset is cleaned, we will identify if any 
further data needs to be excluded. For example, some variables  
within the HHNA were only collected in more recent itera-
tions of the survey tool. In these cases, where there are  
substantial levels of missing data, the variables may need to  
be excluded from the frailty index and/or the regression  
analysis.

Missing data
Once the dataset is cleaned and basic summarises of variables 
and observations made, we will gauge the volume and pat-
terns of missing data. Where possible, we will determine the 
likely reason for missing data (completely missing at random, 
missing at random or missing not at random) by observ-
ing patterns in the missingness and communicating with our  
colleagues at Homeless Link who have detailed insights into the 
data collection processes. Data might be missing at random if 
some data collectors failed to ask all questions on the survey 
tool, or missing not at random if some variable questions do 
not exist in survey waves or responses to contentious topics, 
such as sexuality or connection to criminal activity. There are 
established strategies to deal with missing data. For example,  
with variables selected to be in the FI, it may be possible to 
address missing data by coding the variable to binary, with 
1= known to have condition x and 0= not known to have  
condition x, where 0 will also be the code for missing data. 
However, a limitation of this could be an underestimation of 
prevalence of conditions contributing to the FI, thus potentially  
underestimating levels of frailty in the cohort. After identify-
ing all complete cases from the dataset, we will determine 
if multiple imputation, complete case analysis or coding  
“missing” as a variable category, may be an appropriate 
strategy depending on the extent, patterns, and causes of  
missingness.

Exploratory analysis
Exploratory descriptive statistics (frequency, calculation of 
means and Standard Deviations) will be reported to show  
the characteristics of the participant sample and identify if any 
of the variables are sufficiently uncommon within the dataset 
(>1%) or have >5% missing data, leading to removal from the 
FI. When the FI is finalised, prevalence of frailty in the popu-
lation will be calculated by selecting all participants with a 
minimum of 80% complete observation data (Theou et al.15  
state that a frailty index score should not be calculated for indi-
viduals missing more than 20% of the frailty index items) and 
determining their individual frailty score. Once calculated, the 
frailty scores for each individual participant will become an 
additional continuous variable that can be used, to carry out  
linear regression to explore the associations between frailty  
in PEH and risks and outcomes.

Data management plans
The data comprises anonymised human health information, 
gathered from people who were homeless at or within 12 
months of the data being collected. Data is currently securely 
stored and processed by Homeless Link (data owner) and 
UCL (research group, data controller and processor). A Data  
Sharing Agreement (DSA) between Homeless Link and UCL is 
place. The data is stored in the UCL Data Safe Haven (DSH), a  
secure server suitable for the safe storage and analysis of 
healthcare data. The dataset contains sensitive data (special 
category data, e.g. ethnicity, health and sex life or sexual  
orientation)24 however, the data were anonymised by Homeless 
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Link before transfer to UCL, so the risk of deductive  
identification of any individual is extremely low. The UCL policy 
on retention and deletion of data states that data must be 
stored for 10 years following completion of the project  
(e.g., publication of final report). After this point the data will  
be deleted from the UCL DSH25.

Ethical considerations and declarations
Ethical approval for this study was provided by the Research 
Ethics Committee, University College, London [Project ID: 
25071/001] on 7 June 2023. This secondary analysis of exist-
ing data, originally collected by a partnership of homeless-
ness service providers recruited by the audit commissioner, 
Homeless Link, then anonymised by Homeless Link prior to  
sharing with UCL carries very low risk ethically. Because  
the data has already been collected, it carries no additional 
time burden or cost to participants. There is no conflict of 
interest between the research team, Homeless Link or the  
participants who have provided data for the research. The  
presence of a robust DSA agreement between Homeless Link 
and UCL minimises the risk of data breaches. Additionally, in 
the reporting of research results, all findings will be reported  
using a minimum cell size of 10, with specific identifiers,  
such as age bands location kept broad in reporting.

When balancing the risks and benefits of this research the 
benefits far outweigh the risks. Although there is unlikely to 
be direct benefit of this research to any individual who pro-
vided their data, the benefits in the long term could highlight a 
health need in this otherwise vulnerable population and inform  
policy, practice, investment in services and targeting of services  
to improve the health landscape for PEH.

Status and timeline of study
At the point of protocol submission, all ethical approv-
als, data sharing agreements and data transfer are complete. 
Data review and cleaning are currently underway. For frailty 
index creation, the modified Delphi process with the expert 
panel is complete and a preliminary proposed list of variables  
for inclusion exists. The next phase for the FI will involve 
screening of these variables in line with recommendations 
of Searle et al.14 and Theou et al.15 to exclude any proposed  
variables which do not meet the inclusion criteria. PPIE activi-
ties are underway to prioritise variables for exploration of risk 
and outcomes of frailty. Data analysis to report prevalence 
of frailty and risk factor/ outcome associations is expected  
to be complete by May 2024.

Discussion
A strength of this proposed research is that it will provide a 
new level of understanding of frailty amongst PEH in Eng-
land. By using a large dataset of healthcare data collected 
entirely from people who were homeless within a 12-month 
period prior to undertaking the survey, this study enables accu-
rate representation of the population on a far larger scale  
than has been possible in previous small-scale studies explor-
ing frailty. Another strength is the robust approach to develop-
ment of the Frailty Index. By using an established framework  
for considering which variables should contribute to frailty  

indexes and an adapted Delphi method, undertaken in a sys-
tematic way and by inviting input from clinical and academic 
experts in the fields of frailty and homelessness, the devel-
opment of the FI is well informed. Finally, involving, and 
engaging people with lived experience of homelessness and  
being frail and the staff who care for them in prioritising 
which variables should be considered for exploration of asso-
ciations with frailty and stating hypotheses in advance of 
data analysis means that the risk of type one errors and poor  
statistical practices, such as data dredging are removed.

Limitations of this research must also be acknowledged. Firstly, 
the development of the FI for this research can only be applied 
to the Homeless Link dataset. So, although the principles of 
how the FI is developed can be mirrored by other research-
ers, the FI itself cannot be transferred to a different database 
which has not collected the variables included in the index.  
However, it will be made public and shared, so any future 
research related to frailty and using the Homeless Link  
database or other databases with relevant data, can harness 
the knowledge gained from this proposal and benefit future 
research. Also, this cross-sectional observational study does not  
have a comparison group for the assessment of prevalence of 
frailty, so we will make comparisons with findings of preva-
lence in the literature- recognising that this will likely have 
differences in population characteristics and how frailty was 
determined. These limitations will be noted in reporting.  
Additionally, we cannot identify temporal associations of 
risk factors and outcomes with frailty status, thus it is not  
possible to make any interpretations of the findings related 
to causality. It must be noted that due to data collection and  
anonymisation processes, it is not possible to identify repeat  
observations from the dataset, for example, if participants  
have completed the HHNA survey on more than one occasion,  
or how that may impact analysis. Amendments to the pro-
posed study will be dealt with appropriately depending on 
the nature of the amendment. For example, amendments 
related to ethics will be submitted to the UCL Research Ethics  
Committee.

This research will have a broad dissemination plan, which 
will be widely accessible to a variety of audiences. We intend 
for PEH to learn about this research and/or engage with it in 
the future, by publicising it in an accessibly written format in a 
nationally published magazine widely viewed by PEH, such 
as Pavement or the Big Issue. We also intend to reach a wide 
range of staff working in the field of inclusion health, includ-
ing those involved in commissioning of inclusion health services  
(e.g. Integrated Care Boards) or policy regarding PEH (e.g. 
OHID or UKHSA or DHSC or DLUCH) by communicating 
through peer reviewed publications, relevant conferences, staff 
training and webinars. We anticipate that there will be a degree 
of snowballing with this approach- as staff working in Inclusion 
Health learn about our findings, in turn it should reach many 
PEH through communication in their places of accommoda-
tion, support services or healthcare. We do not anticipate any  
ethical issues to arise from this. By sharing our research there 
are important implications, including a greater understand-
ing of the issue of frailty in PEH a topic which is widely 
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acknowledged as important within the community of those 
with lived experience of homelessness and people who care  
for them. By quantifying the prevalence of frailty, we  
create an objective advocacy tool for policy change and by 
identifying associations with frailty, we gain insights into 
how interventions and future research should be targeted to  
address this important health issue.

Data availability
This study used third party data made available under licence 
that the author does not have permission to share. Requests 

to access the data should be directed to Homeless Link at:  
www.homeless.org.uk or email: info@homelesslink.org.uk.
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Your Report 
 
Please provide a full report, expanding on your answers to the questions above. In particular, if 
you answered “no” or “partly” to any of the questions, please give constructive and specific details 
as to how the authors can address any criticisms. Please indicate clearly which points must be 
addressed to make the article scientifically sound. (50 words min.) 
 
Thank you for the opportunity of reviewing this protocol.  
 
Summary: People Experiencing Homelessness (PEH) have poorer health than the general 
population. They appear particularly prone to mental health issues (see - Barry R, Anderson 
J, Tran L, et al. Prevalence of Mental Health Disorders Among Individuals Experiencing 
Homelessness: A Systematic Review and Meta-Analysis. JAMA Psychiatry. 2024;81(7):691–699). 
The two stated research questions for this work are what is the prevalence of frailty 
(defined here as a state of age-related vulnerability to adverse health outcomes and health 
care utilization ) in England and what risk factors and/or outcomes are associated with 
frailty in this population (see Research Questions on page 3 of 9 in the text and Table 1). To 
address these questions the research team plan to perform a cross-sectional secondary 
analysis of an existing relevant anonymised dataset. The Homeless Health Needs Audit that 
included demographic, physical health, mental health, drug and alcohol use, health service 
usage, well-being and preventative health care utilization information) is to be used. Data 
was collected by trained interviewers between 2015 and 2022 on consenting PEH living in 
England who had experienced homelessness in the previous 12 months and responded to at 
least 20/43 survey questions (n=2,792; predominant age range is 25-54). Frailty will be 
measured using a frailty index (FI). Seven criteria (one of which is that the items selected 
must increase with age) for item/ variable selection were noted but a modified Delphi 
method was used for selection of 41 items for potential inclusion. It is unclear if those 
selected met all the proposed criteria. 
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Strengths: This is well-written protocol proposal. Other than the points raised below I felt it 
presented a reasoned approach to their research project 
 
Questions/Concerns:

The literature review contained in the Introduction is limited, especially for frailty. For 
example, there are well more than two approaches to its identification (e.g., Clinical 
Frailty Scale, gait speed, PRISMA-7 – see the following for other options: 
https://ihub.scot/media/6732/20170131-frailty-tools-table-v50.pdf), though I admit the 
phenotype and FI approaches are ones that are commonly used. A minor change in 
the text to indicate this should be considered.

1. 

While I agree that PEH are a vulnerable group, I don’t know why the research team 
wants to use the term “frailty” as their chosen measure of vulnerability. As they 
themselves state, frailty is typically associated with increasing age. A criterion they 
propose to use is that selected items in the FI “must” increase with age. But the 
predominant age range of study participants is 25-54 (I examined the reference 
provided and found that only 11% of the total population was 55+ - I do note in the 
Introduction the authors state frailty may occur earlier among PEH but the proportion 
of participants 55+ is quite low and numbers only 310). In Table 1 several of the 
hypothesized risk factors do not, as far as I know, likely increase with age (and would 
be expected to have a low prevalence in the general population making PEH/ general 
population comparisons suspect). On page 6 of the submission (PPIE section) they note 
that “… the term ‘frailty’ carried unappealing connotations of weakness and illness 
that PEH may not wish to identify with.” Why would they then plan to retain the term? 
Some explanation should be provided. I think the authors could consider omitting the 
increasing age criterion, otherwise use the same methodology, and re-name their 
measure PEH vulnerability. I appreciate this will then not allow comparisons with the 
frailty prevalence in the general population, but I think this is the least interesting of 
the questions they are addressing.

2. 

I’m uncertain how the items for the tentative FI for PEH will be finally determined. The 
expert panel whittled the 117 variables collected to 41 after two Delphi rounds (i.e., 76 
excluded). While the listed criteria for item selection was to be used, the text also 
states “… or considered a risk factor/ outcome for the secondary data analysis” (page 
6). Which is predominant? Would they include an item in the final FI that meets all 
criteria other than being age-related? Several potential items were also excluded 
(n=22) during the PPIE process. I don’t fully understand how this was done (“… not 
relevant to risk factor or outcome analysis” isn’t precise enough) and the degree of 
overlap (if any) with the exclusions made by the expert panel. A flow diagram starting 
with the 117 variables, noting when and why variables were excluded, and ending 
with the final proposed FI for PEH might make it easier to understand the steps taken 
to date and those that are still yet to be done in developing the FI for PEH (I didn’t find 
Figure 1 adequate).

3. 

The extent of PEH in England appears to be increasing over recent years as far as I can 
tell. Possibly the underlying reasons for homelessness have also changed over time, 
which raises questions about combining data from 2015 and 2022 and the relevance of 
their findings for the future. I also don’t know how well participants represented the 
entire PEH population in England. I don’t believe the authors can do anything about 
these concerns, but I would consider listing these points as limitations.

4. 

On page 4 the authors list as a criterion for inclusion the provision of responses for at 5. 
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least 20/43 of HHNA survey questions, but they later refer to 117 variables in the 
HHNA. I don’t understand what underlies the difference between 43 and 117, but I’m 
sure this could be easily dealt with by the authors.
This is a small point but on page 6 they mention “… a day of outreach PPIE was held 
with PEH who themselves were frail.” How were they identified?

6. 

The dataset that is being used is not available without the permission of Homeless 
Link.

7. 
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expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Reviewer Report 04 September 2024

https://doi.org/10.3310/nihropenres.14703.r32572

© 2024 Collard R. This is an open access peer review report distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Rose Collard  
Radboud University Medical Center, Nijmegen, The Netherlands 

Thank you for the opportunity to review this study protocol about the development of a frailty 
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index in a population of people experiencing homelessness (PEH), and the proposed methods for 
analyzing associations between frailty and both risk factors and outcomes of frailty in this cohort 
of PEH.  
 
- The rationale for developing a frailty index for this specific population can be described more 
elaborately. Why do you expect a different set of variables in this population of PEH than in other 
populations?  
- Consensus exists about what frailty is, but not about how it should be measured. There are 
narrow definitions of frailty, consisting of solely physical symptoms (e.g. Fried et al. 2001 physical 
frailty index), and more broad measures, also including psychological, social and health care use 
measures. The authors describe this in the Introduction, however the reason for choosing the 
cumulative deficit model remains unclear. In a homeless population psychiatric disorders are 
prevalent and may inflate a broad cumulative deficit index.  
- Creating a frailty index should also be part of the research questions and aims.  
- The dataset seems appropriate for the secondary analysis because it is a large dataset and 
includes relevant variables.  
- The rationale for including a prefrailty category is clear.  
- How will the authors distinguish between risk factors and outcomes of frailty, since this is a 
cross-sectional study? I suggest studying associations between frailty and its determinants.  
 
 
Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Yes
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Peter Hanlon  
University of Glasgow, Glasgow, Scotland, UK 

This manuscript describes the protocol for developing a frailty index using survey data pertaining 
to people experiencing homelessness.  
 
This is important work and the protocol well described. The high prevalence of frailty, despite the 
relatively younger age, or people experiencing homelessness is a clear reason for needing to 
explore this in greater depth. This dataset appears to provide a great opportunity to do this.  
 
Methods for constructing a frailty index are well established, and the authors clearly follow these 
and describe how they will be applied to this dataset.  
 
The PPIE process including external input on the selection of variables and the proposed analyses 
is a real strength.  
 
I have a few comments, mostly as a 'frailty index pedant', which may be of some interest. None of 
them fundamental.  
 
 
1. Inclusion criteria: “Participant provided survey responses to at least 20/ 43 (46.5%) survey 
questions” – was this a criterion you applied to the data (i.e. to the 2792 available), or was this a 
criterion for inclusion in the dataset? If the latter, do you know how many were excluded for this 
reason? 
 
2. The “variable must have no more than 5% missing data” is quite a stringent requirement. This is 
presented as a requirement early in the manuscript, before later describing potential approaches 
to missing data. Consistency here would help (e.g. highlighting under the criteria for inclusion in 
the FI that in some circumstances this would be relaxed). 
 
3. You correctly highlight that there is lots of inconsistency in "cut-offs" applied to define "frailty". I 
think there's no right answer! As you rightly highlight, the FI is a continuum by definition. 
However, I think there is wisdom in Theou et al's recent update to the guidance on frailty index 
creation stating "Use the frailty index as a continuous variable. If your research requires a 
categorical variable, maximise the number of categories (e.g. frailty groups in 0.1 increments)." I 
think they are correct that smaller increments are most informative, and would then allow easier 
comparison with papers that choose different cut offs.  
 
4. You describe categorising frailty as a three category variable, and then discussing using logistic 
regression for the categorical analysis (which presumably would require a binary variable). Do you 
mean multinomial regression? Or are you planning to dichotomise? I would suggest the latter 
would be the least informative/most open to criticism. Whatever is chosen some clarification may 
be helpful. 
 
5. It would be useful to pre-specify the variables of interest and what will be considered as 
potential risk factors/confounders. The PPI section suggests this consultation has taken place and 
variables selected. The proposed use of directional acyclic graphs is great – but would usually be 
at the analysis planning stage. If there is scope to pre-specify the assumptions (here or elsewhere) 

NIHR Open Research

 
Page 14 of 15

NIHR Open Research 2024, 4:9 Last updated: 25 NOV 2024



that would strengthen the findings when they are available. 
 
6. Transformations: presumably the issue is rather whether there is a need to transform variables 
for regression against the frailty index (rather than simply whether they are normally distributed 
or not… as normally distributed variables may have non-linear relationships with frailty, and non-
normally distributed variables may not require transformation if the residuals are normally 
distributed once the model is fit? 
 
 
Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Not applicable
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