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Abstract

Background

Hospitals in low- and middle-income countries are admitting larger numbers of older people
with disability, multimorbidity and geriatric syndromes. Tanzania — the setting for this
research — has experienced a dramatic increase in life expectancy in recent decades. Despite
this, older people in Tanzania often spend their later years in ill health. Frailty is an age-
related state of multiple health deficits and increased vulnerability. While frailty is known to
be prevalent in the community in northern Tanzania, little is known about its impact in

hospital settings in this context.

Aim
This research aimed to explore the extent, impact and experience of frailty amongst older

people admitted to hospital in northern Tanzania.

Methods

This aim demanded a mixed methods approach. In the quantitative strand, consecutive
people aged >60 years, admitted to four hospitals, were assessed for frailty using multiple
instruments, with exploration of demographic and clinical characteristics. Outcomes,
including mortality, were assessed at 12 months follow-up. Qualitative interviews with a
purposive sample of service users, their caregivers and healthcare providers were conducted

to explore the context of frailty, its outcomes and hospital care experiences.

Results

Regardless of the instrument used, frailty was prevalent and associated with a twofold
increase in mortality. Themes —identified in the analysis of transcribed and translated
qualitative interviews — highlighted the contributors to health in old age in Tanzania, the
needs of hospitalised older people, caregiver roles during admission, and the impacts of

resource limitations on the patient journey.

Discussion
This study was the first to assess frailty amongst hospitalised older people in Tanzania and
demonstrates that frailty instruments can identify those with the greatest risk of adverse

outcomes. Findings are critically discussed with reference to barriers and facilitators to



effective care, and the implications for healthcare services striving to align with the needs of

older people.
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Chapter 1. Introduction

1.1 Chapter introduction and report structure

In this chapter, the key concepts required to understand the context for this thesis are
defined and introduced. Global populations are ageing and older people, particularly in low-
and middle-income countries (LMICs), are facing enormous health challenges. Frailty is one
such challenge and is discussed in reference to Tanzania and the Tanzanian hospital system,
which provides the setting for this research. Chapter 2 reports the results of a systematic
review of the existing literature relating to the prevalence and outcomes of frailty amongst
older people admitted to hospital in LMICs. In conjunction with the present chapter, this
provides the context and justification for the aims and objectives of this research, which are
outlined in Chapter 3. Chapter 4 describes and justifies the mixed methods approach
adopted to meet the aims and objectives, while Chapters 5 & 6 report and discuss the
guantitative and qualitative results respectively. Finally, Chapter 7 summarises the key

findings and discusses the implications for current practice and future research.

1.2 Ageing and the definitions of “older people”

Ageing is a biological process, characterised by fundamental changes occurring throughout
the body at a molecular level, that impair the body’s ability to repair and maintain itself
(Dziechciaz and Filip, 2014). Genetically determined cell senescence and acquired DNA
damage are believed to be major contributing factors to the ageing process, the rate of
which can very between individuals, and between different organ systems within the same

individual (Bulterijs et al., 2015, Dziechciaz and Filip, 2014).

In the absence of an accepted test for biological age, the biomedical literature tends to
define older people based on their chronological age (years since birth). Often these
definitions are based on the statutory retirement age which presents obvious problems as
this varies between nations, over time, and as a result of political, economic and social
pressures (Dziechciaz and Filip, 2014, Orimo et al., 2006). To combat this variation, the
World Health Organization (WHO) attempt to give a biological justification for their

definition. They argue that 60 years of age is the turning point at which morbidity and

1



mortality are more likely to result from impairments related to age and non-communicable
disease, than from trauma or infection (World Health Organization, 2015c). This is still
imperfect as it represents a global average and does not account for disparities in life-
expectancy between nations (Kowal and Dowd, 2001). However, because this definition
maximises comparability between this research and existing literature, throughout this

thesis the term “older people” is used to refer to those aged 60 years and above.

1.3 Global ageing

The global population is ageing rapidly. For the first time in human history, most people can
expect to live into their 60s (World Health Organization, 2016). It is projected that by 2050,
there will be 2.1 billion people aged over 60 and that over two-thirds of them will be living in
LMICs (United Nations, 2019). East and South-East Asia are projected to have the largest
absolute rise in the number of people aged over 60 years, while North Africa, western Asia
and sub-Saharan Africa are expected to see the greatest increase in older people as a share

of their populations (World Health Organization, 2015c, United Nations, 2019).

The biggest drivers of these demographic changes are falling fertility rates and increasing life
expectancy (World Health Organization, 2015c). Life expectancy at birth rose by more than 6
years between 2000 and 2019 (World Health Organization, 2019a). This rise has been
contributed to by unprecedented socioeconomic development, reductions in deaths during
childbirth, falling infant mortality, better management of communicable disease and a
decline in the mortality of older people (World Health Organization, 2015c). As people are
increasingly living to see adulthood and old age, the burden of disease is shifting. While the
proportion of deaths from infectious diseases are in decline, deaths as a result of
noncommunicable disease (such as cardiovascular disease, chronic respiratory conditions,
cancer and diabetes) are increasing (World Health Organization, 2015a). These changes in
the demographic and clinical characteristics of populations pose an unprecedented

challenge for global health, and for the health and social care systems of individual nations.



1.4 The health of ageing populations

Life expectancy may be rising globally, but these extra years are not always passed in good
health. Healthy Life Expectancy is a measure of years spent free from disability and without
major limitations (Organisation for Economic Cooperation and Development, 2019). In 2019,
life expectancy globally at age 60 was 21.1 years, while Healthy Life Expectancy was only
15.8 years (World Health Organization, 2019a). In old age, quality of life may be negatively
impacted by physical factors such as multimorbidity, geriatric syndromes, functional decline
and disability (World Health Organization, 2015c). Moreover, psychosocial factors such as
lower socioeconomic status, small social support networks, low levels of societal
participation and anxiety or depression can also exert a negative influence (Sowa et al.,
2016, Inouye et al., 2007, Cooper et al., 2022). In addition, older people in LMICs still face
high rates of communicable illnesses (such as HIV, tuberculosis, malaria and dengue) and
thus face a “double burden” from noncommunicable and infectious disease (Boutayeb,

2006).

In addition to suffering from multiple medical conditions (referred to as multimorbidity),
older people are also affected by common symptom clusters, or phenotypes, known as
“geriatric syndromes” (Inouye et al., 2007). These may be defined as “multifactorial health
conditions that occur when the accumulated effects of impairments in multiple systems
render [an older] person vulnerable to situational challenges” (Tinneti et al., 1995).
Traditionally the geriatric syndromes (or “Geriatric Giants” to use the popular term coined
by Bernard Isaacs in 1965) have included incontinence, immobility, falls, delirium and
pressure ulcers (Inouye et al., 2007). However, several others have been proposed including
caregiver stress, elder abuse, polypharmacy, anorexia of ageing, sarcopenia and frailty
(Morley, 2017, Cruz-Jentoft et al., 2010, Stevenson et al., 2019). Geriatric syndromes have
often been overlooked in epidemiological research and their complexity poses a major
challenge to healthcare systems, particularly those in which services are orientated towards

the treatment of single-organ disease (World Health Organization, 2015c).

Multimorbidity and geriatric syndromes form part of a picture of functional decline,
disability and dependency that too often affects older people. Between 1990 and 2013, the

number of years lived with disability globally increased from 537.6 million to 764.8 million
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(Global Burden of Disease Study, 2015). Functional decline is usually measured in terms of
Activities of Daily Living (ADLs) — such as eating, bathing, dressing, mobilising and using the
toilet. As populations age in poor health, increasing numbers of older people require
assistance with one or more of these activities. The responsibility for providing this care falls
on informal caregivers, pressured healthcare systems and —in countries where such service

are available — institutional care (World Health Organization, 2015c).

Older people undoubtably have greater healthcare needs than younger adults. However, this
greater need does not invariably translate into higher utilisation of healthcare systems. In
fact, economic and transport barriers, as well as poor community provision of services in
LMICs mean that utilisation of primary and secondary care services is often lower amongst
older people (Mclintyre, 2004). Even in high-income countries (HICs), where healthcare is
accessed at greater rates by older people, the complex multisystem problems associated
with increasing age can lead to disjointed and uncoordinated care (World Health

Organization, 2015b).

1.5 Healthy ageing

Numerous terms and models have been used to describe a desirable state of health in older
age and its determinants. Since around 2005, “healthy ageing” has become the dominant
term in the literature, though others including “active ageing”, “successful ageing” and
“productive ageing” are still in use (Lin et al., 2021). The consensus definition of “healthy
ageing”, from the 2015 WHO World Report on Ageing and Health, is as a “process of
developing and maintaining functional ability that enables well-being in older age” (World
Health Organization, 2015c). This gives rise to a model with the following key elements
(World Health Organization, 2015c):

e “Intrinsic capacity” refers to an individual’s physical and mental abilities, as
determined by their genetics, biological health, psychological health and fixed
personal characteristics.

e  “Environments” are the extrinsic physical and social contexts of older people.

e “Functional ability” is the capability of a person to undertake activities they value,
which shifts according to interactions and changes in their intrinsic capacity or

environment.



e “Resilience” is the capability of a person to conserve their functional ability, despite

changes to their intrinsic capacity and their environment.

The United Nations (UN) have sought to make ageing populations an international health
priority through the Sustainable Development Goals, one of which aims to “ensure healthy
lives and promote well-being for all at all ages” (United Nations: Department of Economic
and Social Affairs, 2015). Utilising healthy ageing as a framework, the United Nations and
WHO have advocated for coordinated government efforts to improve ageing trajectories,
declaring 2021-2030 the Decade of Healthy Ageing (World Health Organization, 2020). Their
baseline report outlines a policy framework advocating for coordinated government efforts
to deliver universal healthcare, improve statistical reporting, tackle ageism and design
integrated, person-centred health and social care services which are better aligned to the
needs of older people (World Health Organization, 2020). The report argues that better
management of physical and mental health (intrinsic capacity), and more age friendly
environments, will lead to maintained functional ability in older age and healthier ageing

trajectories (World Health Organization, 2020).

In addition to these global goals, regional policy frameworks have also sought to establish
strategies to tackle the health challenges of ageing populations. Notable to this thesis is the
African Union Policy Framework and Plan of Action on Ageing, originally published in 2010
with a revised draft in 2022 (African Union, 2022). One of the major vulnerabilities
highlighted in this report is that existing African health systems are oriented towards the
needs of younger people. Services must change if they are to manage the chronic and
complex needs of older populations (African Union, 2022). Proposed policies stress the need
for integrated health services which make the most of older people’s traditional
intergenerational roles, retain norms of family involvement for long-term care, and establish
an African base for ageing research and training (African Union, 2022). While ageing
populations present a global challenge, both the WHO and African Union urge the need to
incorporate older people’s perspectives and locally tailored approaches in the design of

health services to support healthy ageing.



1.6 Tanzania
Tanzania is a large country in East Africa and the setting for this research. This brief
background to the country’s history, healthcare system and selected cultural norms provides

important context for understanding the work described in this thesis.

Figure 1. Map of Tanzania

Adapted from images from Microsoft Bing (2022).

1.6.1 Tanzania: A very brief history

Early communities in the region now known as Tanzania were largely coastal and from as
early as the 11t century there is evidence of trade with and Middle East, with links
developing with Europe in the 15t century. Zanzibar, an archipelago off the coast of
mainland Tanzania, came to be governed by the Arabic Sultanate of Oman and was the base
for East Africa’s international trade, an industry based largely on slavery, ivory and natural
products. Entering the 19t century, the British, French and Germans expanded their
influence in the region with establishment of German colonial rule over both the mainland
and Zanzibar in the 1890s. Following the First World War, the majority of Tanganyika (the

mainland), fell under British rule (Kimambo et al., 2017d, Kimambo et al., 2017c).



A unified African nationalist movement emerged to lead opposition to colonial rule in the
1920s and grew over subsequent decades to become the Tanganyika African National Union
in 1954. Led by Julius Nyerere, after a largely peaceful struggle, this movement achieved
independence on the mainland in 1961. Zanzibar remained under the rule of the Sultan of
Zanzibar and an Arab minority until 1964, when African nationalists seized power in a violent
uprising (Kimambo et al., 2017a). The newly independent Tanganyika and Zanzibar joined to

form the United Republic of Tanzania on 26 April 1964.

In the initial years after independence, Nyerere presided over a single-party state with a
Pan-African socialist ideology. This era was key to the development of modern Tanzania and
the legacy of this ideology remains relevant in the present day. Ujamaa, often translated as
“familyhood”, was the name given to the political philosophy enacted by the newly
independent Tanzania’s first government. They enacted sweeping collectivist agricultural
reforms with households organised into groups of ten, led by a Balozi (ten-cell leader), with
the goal of self-reliance through collective effort (Kimambo et al., 2017b). Many people were
relocated to ujamaa villages in the 1970s — sometimes through coercive means — ostensibly
to improve living standards, as well as access to education, healthcare and essential services
(Kimambo et al., 2017b). Though they achieved some success in promoting rural
development, the policies were extremely socially disruptive and ultimately agricultural
productivity was less than expected leading to food crises in the 1980s. After Nyerere
stepped down in 1985, Tanzania eased state economic control and liberalised free trade
with help from the International Monetary Fund and the World Bank. The country became a
multi-party democracy in 1995 with a President and unicameral legislature (Oxford Business

Group, 2022).

1.6.2 Tanzania in the present-day

The present-day Tanzania has a population of around 67 million people, made up of
hundreds of native tribes and other ethnic groups which migrated during various phases in
the country’s history (World Bank, 2023). Over 100 languages are spoken, though Swabhili
was adopted as the national language following independence. Until recently, Tanzania was
classified as a low-income country by the World Bank, but political stability and steady

economic growth saw it re-classified as a lower-middle-income country in 2020 (The World
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Bank, 2020a). The largest industry is agriculture and in 2020, 65% of the population lived in
rural areas, though this proportion has been in chronic decline with the growth of the major
cities (The World Bank, 2020b). Christianity is the most common religion, followed by Islam

which is observed in greater rates in Zanzibar and coastal communities.

Although Tanzania is now politically a multi-party democracy, Chama Cha Mapinduzi — the
party of Nyerere — has remained in power continuously since independence. Nyerere is still
considered the father of the nation and his portrait, along with the portrait of current
president Samia Hassan, is hung in most public spaces. Power remains concentrated in
central government, with active suppression of opposition parties (including imprisonment
of opposition leaders), accusations of interference in elections, and widespread government
corruption (USAID, 2022). Though they do not operate as they were originally intended, the
structures of the ujamaa era, including ten-cells/Balozi, still exist in many agricultural

communities.

As is true in many African countries, there is a cultural norm of respect for older people in
Tanzania (Oppong, 2006). This is evident from the moment of greeting an older person in
Swabhili when the polite “shikamoo” is used in preference to the less formal “jambo” or
“habari”. Another linguistic example is the term used to refer to an older person, “mzee”,
which denotes not only seniority in years but also has connotations of respect for wisdom,
experience and authority. The current generation of older people were born in the era
surrounding independence, lived through the ujamaa policies and experienced Tanzanian

nation-building firsthand.

Despite this, life for many older Tanzanian’s is filled with challenges. Older people are
around twice as likely as younger Tanzanians to experience poverty and food deprivation
(Mboghoina and Osberg, 2010). The current pensionable age is 60, but these funds are
accessed by only 4-10% of the population (OECD, 2021, The National Security Fund, 2018).
Without pensions, the majority of older Tanzanian’s are dependent on others once they are
unable to work. In a 2010 survey, two thirds were entirely reliant on their children for their

income (Mboghoina and Osberg, 2010). Although there are limited home-based care



initiatives in some areas, the vast majority of long-term care for older people is delivered by

the extended family (Rutagumirwa et al., 2020, Mboghoina and Osberg, 2010).

1.6.3 Tanzanian healthcare

Between 2000 and 2020, life-expectancy at birth in Tanzania rose by 15 years (The World
Bank, 2022). Now, females born in Tanzania can expect to live to 69 and males to 65 years
(United Nations Department of Economic and Social Affiars Poulation Division, 2022).
Moreover, for those who are currently aged 60, life-expectancy is 15.8 years for males and
17.5 years for females (The World Bank, 2020a). Despite this, the provision of specialist
geriatric care in Tanzania, and more broadly in sub-Saharan Africa, has historically been
extremely limited. A 2013 survey demonstrated only a handful of specialist geriatricians
across the African continent, and at that time most African countries had no national

undergraduate or postgraduate geriatric training schemes (Dotchin et al., 2013).

Tanzania’s healthcare system is 73% public, with the remaining services being run by private
or religious organisations (Wang and Rosemburg, 2018). Over one third of the total health
budget is provided by international investors (International Trade Administration, 2021). As
of July 2019, Tanzania spent $40.34 USD per capita on healthcare. This is around 3.83% of
Global Domestic Product which is considerably lower than the average health spending for
sub-Saharan Africa which is $79.43 USD and 4.95% of Global Domestic Product (World
Health Organization, 2019b). Health services in Tanzania are organised in a pyramidal
structure, with community level care providing the base and a series of more specialist

referral centres as one travels up the pyramid (see Figure 2).



Figure 2. The pyramidal organisation of the Tanzanian healthcare system

Privat Publi
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(Aga Khan, Bugando, CCBRT, KCMC) (Level 3
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Source: Health Sector Strategic Plan IV 2015.

Note: ADDOs = accredited drug dispensing outlets; APHFTA = association of private health facilities in
Tanzania; CBO = community cased organizations; CCBRT = comprehensive community based rehabilitation in
Tanzania; CSSC = Christian social services commission; FBO = faith-based organization; KCMC = Kilimanjaro
Christian medical centre; MOI = Muhimbili orthopaedic institute; NGO = nongovernmental organization; ORCI =
Ocean Road cancer institute.

Reproduced from the United Republic of Tanzania Ministry of Health and Social Welfare (2015).

The government has been attempting to expand healthcare coverage over several decades,

a programme in keeping with the United Nations Sustainable Development Goal to “achieve
universal health coverage by 2030” (United Nations, 2015). At the point of access, Tanzanian
public healthcare facilities charge fixed user fees, or “out-of-pocket” payments. These cover

part of the cost of care, while the rest is paid through numerous government funding

streams (Wang and Rosemburg, 2018).

Health insurance, both private and public sector, is available but not widely utilised. In
addition to private health insurance (utilised by less than one percent of the population),
and a pension-linked health insurance programme for private sector workers (called the
National Social Security Fund), there are two main government prepayment schemes (Wang
and Rosemburg, 2018, Tungu et al., 2020, Binyaruka et al., 2023):
e The Community Health Fund, devised for rural areas and first introduced in 1996, is
the oldest scheme. It is a voluntary community-based insurance fund, covering 19.8%
of the population, in which members pay premiums matched by government

contributions. The cost of contributions is around $13.00 USD per year, per six-
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member household. Members of the scheme gain funded access to basic public
health services within the district or accredited private facilities.

e The National Health Insurance Fund was introduced in 2001 and covers 7.2% of the
population. It is more commonly utilised in urban areas and membership is
compulsory for civil servants who contribute by salary deduction with a top-up
government contribution. Non-civil servants can also join voluntarily through paying
premiums. Coverage costs between $23.79 and $36.23 USD per year and the

coverage provided is much more comprehensive.

Despite these schemes, the majority of the population lack health insurance (International
Trade Administration, 2021). Exemptions from user fees in public facilities exist for groups
including children under 5 years, pregnant women, people with specific conditions (including
HIV) and the poorest segments of the population. Since 1994, officially exemption was
extended to include all people aged 60 years and above utilising government healthcare
facilities (Ntahosanzwe and Rwegoshora, 2021). However, a lack of awareness, differing local
procedures and no universal method for identifying poor households has meant that the
implementation of these exemptions has been inconsistent (United Nations: Department of

Economic and Social Affairs, 2015).

1.6.4 COVID-19 in Tanzania

An important consideration when starting this research in early 2022 was the challenge
posed by the COVID-19 pandemic which had such a devastating impact on older people
globally. Data collection took place in the wake of the omicron wave. Though rates of COVID-
19 were low at the time of data collection, it is worth understanding Tanzania’s pandemic

experience as the backdrop for this research.

The nation’s first confirmed case of COVID-19 was in March 2020 (Tarimo and Wu, 2020).
Initially the government responded by implementing a number of the WHO’s
recommendations, though they stopped short of a lockdown for fear of the economic impact
this would have on poorer communities (Mfinanga et al., 2021). In June 2020, the then
President, John Magafuli, denied the ongoing presence of the virus in Tanzania (Buguzi,

2021). At this stage, publication of further COVID-19 data was prevented, speculative herbal
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remedies were promoted, anti-vaccination views were expressed by government officials
and doctors felt unable to diagnose COVID-19 for fear of admonishment (Buguzi, 2021).
After the death of the vice President of Zanzibar from COVID-19, and the death of Magafuli
himself soon after, the new President Samia Hassan oversaw an expansion of testing and the

start of the vaccination programme (Buguzi, 2021).

Due to the political circumstances in the early pandemic, very little has been published
regarding the in-hospital experiences of COVID-19 in Tanzania in 2020 and 2021. As of
December 2023, Tanzania had reported around 43,000 confirmed cases and 846 deaths from
COVID-19, though this is likely a significant underestimate (World Health Organization,
2023). Vaccination rates initially lagged behind other African nations, but by December 2022

close to 100% of eligible adults had received their primary course (Mfinanga et al., 2023).

1.6.5 The Kilimanjaro Region

Located to the north of Tanzania on the border with Kenya, the Kilimanjaro Region is the
setting for this research. The 2022 census reported that the population was 1.8 million, with
the majority of those living rurally (Tanzanian National Bureau of Statistics, 2022). Despite
this, in the long-term Kilimanjaro is seeing the same rural to urban migration trends that are
being experienced across Tanzania. Driven by traditional sector unemployment and higher
incomes in urban centres, the percentage of the population living in urban areas in the

Kilimanjaro Region has risen from 7.5% to 24.2% since 1978 (Aikaeli et al., 2021).

Kilimanjaro is a region of many tribes, but the largest by far are the Chagga who have
traditionally dwelt in agricultural communities around the mountain and use the Kichagga
dialect. Other major groups include the Pare who also have roots in the agricultural areas
around the mountain, and the Maasai whose origins are in semi-nomadic communities that
make a living from the herding of livestock. Christianity (with Lutheran, Anglican,
Pentecostal, Presbyterian and Catholic denominations) is the religion for most people in the
region, with pockets of Islam and other traditional belief systems (Tanzanian National
Bureau of Statistics, 2022). Most people in Kilimanjaro work in agricultural industries

growing crops (the commonest being coffee, bananas, wheat and barley) or herding

12



livestock, but the region is also a major centre in the Tanzanian tourist industry (Local

Government Kilimanjaro Region, 2017).

The largest hospitals in the Kilimanjaro Region are located in municipal centres and along
main highways which are tarmacked. However, most other roads are uneven and potholed
dirt tracks which can be incredibly steep. The rains, which are so important to agriculture in
the region, tend to fall from March to May and again from November to December.
Although, with climate change these are increasingly variable. During the rainy season, the
dirt roads become thick with mud and even four-wheel drive vehicles regularly struggle and

become stuck.

1.6.6 Tanzania: Summary
Albeit a very brief summary, this subsection has hopefully set the scene and provided the
essential details for understanding the setting of this research. The next section considers

frailty and its potential relevance to older people admitted to hospital in Tanzania.

1.7 Frailty
Frailty is the concept at the heart of this thesis. A quick PubMed search, with frail as a
keyword, demonstrates the exponential rise in number of publications relating to frailty that

has been taking place, especially since the early 2000s (see Figure 3).

Figure 3. PubMed results containing the keyword "frail*" over time
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1.7.1 Defining frailty
There remains no consensus definition of frailty, and the nuances of different models are
discussed here. However, most researchers and geriatricians would agree on several core

components which are here summarised:

Frailty is a term, usually applied to older people, which refers to a state of poor health
and reduced resilience. This state is characterised by multiple health problems that may
be related to age, but that are not inevitable consequences of ageing. If an older person
living with frailty develops an acute illness, their underlying vulnerability means they are

more likely to experience a poor outcome, or to die, than somebody of the same age who
is non-frail. Resilience is so diminished that even minor health insults may have fatal

consequences.

1.7.2 Frailty as a phenotype

The Fried frailty phenotype is one of the most widely adopted definitions of frailty (Fried et
al., 2001). The underlying hypothesis is that there is a syndrome, made up of several physical
signs and symptomes, that is a precursor to disability and dependency. Fried characterised
this as a “cycle of frailty”, in which age-related changes, disease and undernutrition produce
sarcopenia with consequences for functional ability, which in turn feed the cycle leading to a

“downward spiral” (Fried et al., 2001).

Based on the “cycle of frailty” hypothesis, Fried et al. (2001) identified five physical health
criteria used to define frailty:

1) Unintentional weight loss of >10 lbs, or > 5% body weight in one year.

2) Hand grip strength in the lowest 20% of cohort by sex and Body Mass Index (BMI).

3) Self-reported exhaustion identified by two questions from the Centre for

Epidemiologic Studies Depression Scale (CES-D).
4) Time taken to walk 15 feet in the lowest 20% of cohort by sex and height.
5) Physical activity in the lowest quintile measured the Minnesota Leisure Time Physical

Activity questionnaire.
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A person was defined as frail if three or more of the criteria were present. Pre-frailty, which
can be considered a state of vulnerability to frailty, was defined by the presence of one or
two of the five items. Fried et al. (2001) applied these criteria retrospectively to a dataset of
more than 5000 people, aged 65 years and over, enrolled in a longitudinal population-based
study looking for risk factors for cardiovascular disease. These criteria produced a definition
that differentiated frailty from the overlapping concepts of multimorbidity and disability,
and independently predicted falls, reduced mobility, hospitalisation and death (Fried et al.,
2001).

Since this work was published in 2001, the frailty phenotype has been applied extensively
around the world, both in hospital and in community settings (Ofori-Asenso et al., 2019,
O'Caoimh et al., 2021). As it focuses entirely on the five physical signs and symptoms listed
above, this definition of frailty tends to produce lower prevalence estimates than other
measures based on a more wide-ranging clinical evaluation (Cesari et al., 2013). Other
limitations include variability in the way different studies apply the criteria and limited utility
in people who are already disabled; both factors affect the phenotype’s ability to predict
adverse outcomes (Cesari et al., 2013, Theou et al., 2015). Nonetheless, the phenotype

remains the most widely used operational definition for frailty in epidemiological studies.

1.7.3 Frailty as deficit accumulation

As we age, the body is incrementally damaged across multiple organ systems. Rockwood and
Mitnitski (2007) argued that rather than a phenotype, frailty should be considered a state of
multiple physiological deficits, that individually are perhaps insufficient to lead to specific
disease, but cumulatively result in a reduced ability to maintain homeostasis in response to a
stressor (e.g. infection). In this conception of frailty, predisposing genetic and environmental
factors, and precipitating cumulative molecular and cellular damage, produce reduced
physiological reserve across multiple organ systems (Clegg et al., 2013). Combined with low
physical activity and undernutrition, accumulated deficits produce the state of frailty, in
which even minor external stressors can lead to greater disability and dependency (Clegg et

al., 2013).
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This model quantifies frailty by use of an index score which provides a count of “deficits in
health” (Searle et al., 2008). Indices have been constructed ranging from 20-70 items,
though 30-40 items tend to provide a balance between practicality and accuracy (Rockwood
and Mitnitski, 2012, Rockwood et al., 2005). Deficits can be symptoms, signs, disabilities or
diseases and to be included in an index they must fulfil five criteria (Searle et al., 2008):

1) They must relate to health status.

2) Their prevalence must increase with age.

3) They must not saturate too early (e.g. presbyopia affects nearly all people over 55).

4) They must cover a range of body systems.

5) If used longitudinally in the same group of people, the items must remain the same.

After the frailty phenotype, the frailty index is the most widely used method by researchers
to assess frailty (O'Caoimh et al., 2021). Despite the fact that no two frailty indices are the
same — they may contain different numbers of items, different deficits and give different
weightings — their ability to predict adverse outcomes is maintained (Kojima et al., 2018).
Their flexibility is a strength, as items can be weighted differently to improve accuracy of
prediction, or for different cohorts and cultures (Rockwood and Mitnitski, 2007, Searle et al.,
2008). Further advantages are that, unlike the frailty phenotype, an index grades older
people on a continuum and it does not require specialist equipment (e.g. dynamometer)
(Dent et al., 2016). On the other hand, frailty indices are time-consuming to construct, and
because they often include items relating to disability and multimorbidity they are not as

accurate at differentiating frailty from these other constructs (Cesari et al., 2013).

1.7.4 Frailty as a social construction

Regardless of which of the above instrumental definitions are used to define it, frailty
demonstrates strong social dimensions. Female sex, low educational attainment, low
socioeconomic status and inadequate housing are all factors which have previously been
associated with increased risk of both frailty and mortality (Andrew et al., 2008, Cooper et
al., 2022, Ouvrard et al., 2019, Andrew et al., 2012). Moreover, older people with smaller
social networks, who feel lonely, or who don’t engage in social activities are also at greater

risk of developing frailty (Andrew et al., 2008, Cooper et al., 2022, Ouvrard et al., 2019,
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Andrew et al., 2012). These factors are often characterised as “social vulnerability”, or

“social frailty” (Bunt et al., 2017, Hayajneh and Rababa, 2021).

On the one hand, it could be argued that understanding of the social dimensions of frailty
has helped to broaden the purpose of geriatric medicine, encouraging clinicians to consider
the wellbeing of older people more holistically. On the other hand, these same social
determinants — distributed through a lifetime — are regarded by others as evidence that
frailty represents the medicalisation of sociopolitical problems, or even the normal spectrum
of ageing (Kaufman, 1994). Through this lens, frailty may be viewed as a social construction
which has evolved to describe problems in a “western” cultural context (Kaufman, 1994). A
good example of this is that “vulnerability”, central to the frailty concept, is often described
in reference to risk of dependency and institutionalisation (Burghardt, 2013). If frailty is a
“western” social construct, rather than a disease, how relevant is it in countries with
different cultural norms in the care of older people? This question has previously been the
subject of qualitative research in Tanzania and is examined further in the final section of this

chapter.

1.7.5 The importance of frailty

One of the main reasons frailty has generated so much research interest in recent years is its
ability to identify older people at the greatest risk of adverse health outcomes. Amongst
older adults living in the community (mainly in studies based in the US and Europe), frailty
predicts healthcare utilisation and is associated with higher healthcare costs (Hoogendijk et
al., 2019). When they are admitted to hospital, older people with frailty experience greater
functional decline, longer hospital stays and higher rates of mortality compared with their
non-frail counterparts (Cunha et al., 2019). Similarly, during the pandemic, frailty was a key
predictor of illness severity, length of hospital stay, Intensive Care Unit admission and
mortality in older adults with COVID-19 (Pranata et al., 2021). It is this predictive power that

has made frailty such a valued clinical tool.

Once older individuals at risk of adverse health outcomes have been identified, how can this
information be used? One of the ways is to target treatments to at-risk individuals. With the

correct intervention, the trajectory of frailty (and its precursor pre-frailty) can be modified.
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The “gold standard” intervention is the Comprehensive Geriatric Assessment (CGA). This is
expanded upon in the next section, but suffice to say CGA for community-dwelling adults
with frailty can reduce the rates of unplanned hospital admission (Briggs et al., 2022). For
those who are admitted to hospital, CGA on admission extends life, prolongs functional
independence, and reduces the need for professional care (Ellis et al., 2017, Pilotto et al.,

2017).

A controversial use of frailty status has been as a tool for triage and the rationing of services.
This has been explored most extensively in decisions around admission to the Intensive Care
Unit (ICU). It is true that frailty is capable of identifying older people who are less likely to
survive Intensive Care Unit admission or who will experience greater functional impairment
on discharge (Wilkinson, 2021). However, there are ethical concerns that rationing care on
this basis alone would discriminate against older people and the disabled, as well as
reinforce sociodemographic inequalities (Wilkinson, 2021, Lewis et al., 2020a). Frailty tools
should therefore be used as an adjunct to clinical judgement and to aid shared decision-

making with each older individual (Oliver, 2021).

1.7.6 Assessment of frailty in clinical practice

Variations on Fried’s phenotype and deficit accumulation indices are the most common
methods used to identify frailty in the research setting (Dent et al., 2016). However, there
are a myriad of other frailty assessment tools that have been developed and there is no
consensus regarding which, if any, is the most appropriate for use in screening and
assessment in clinical practice (Dent et al., 2016). In this section, two methods with

relevance to the present study are discussed.

The first method is the CGA. This is a multidimensional clinical assessment that aims to put
the patient’s priorities at the centre of their care (see Figure 4) (British Geriatrics Society,
2015). The process is multidisciplinary, usually iterative and generates integrated
management plans for older people. It is widely considered to be the “gold standard” for the
clinical assessment of older people and the most effective intervention for frailty (Parker et
al., 2017, British Geriatrics Society, 2015, Ellis et al., 2017). Broken down, CGA considerations

for an older person living with frailty might include (Dent et al., 2019):
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e Slowing the progression of physical features of frailty (e.g. weakness, slow gait)
through reducing sedentary behaviour, encouraging exercise, improving nutrition,
modifying their environment and specific interventions to improve strength and
balance.

e Optimising the medical management of comorbidities and considering the impact of
each of these and the benefits, risks and interactions of their treatments.

e Mitigating the effects of hearing loss and visual impairment.

e Doing all of the above with the individual’s priorities at the centre.

Figure 4. The Comprehensive Geriatric Assessment
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Reproduced from the British Geriatrics Society (2015).

Frailty indices derived from CGA are better than other measures at predicting adverse
outcomes in both clinical and community settings (Dent et al., 2016). The major downside of
CGA is the resource-intensive nature of the process. Furthermore, it traditionally involves
physicians with specialist training in geriatrics, as well as a team of allied health providers

with infrastructure to support this (Lewis et al., 2018c).
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There are several tools that are used to screen for frailty, or to summarise clinical
assessments. One example that is commonly used, and is referred to later in this research, is
the Clinical Frailty Scale (CFS) (see Figure 5). Also developed by Rockwood et al. (2005), the
CFS was originally a seven-point scale, used as a global judgement tool designed to
summarise the results of a CGA. It was first applied to more than 2000 participants of the
Canadian Study of Health and Ageing. In this cohort, the CFS was strongly correlated with a
frailty index, and successfully predicted dependency and mortality at five years (Rockwood
et al., 2005). Following further development, it was expanded to incorporate nine points
ranging from “Very Fit” to “Terminally IlI” with visual accompaniments (Rockwood et al.,

2005).

Figure 5. The Clinical Frailty Scale
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Rockwood et al. (2005), modified in 2007. There is also a 2020 versioh Wh;Ch replaces “Well” with
“Fit”, and “Vulnerable” with “Living with very mild frailty”.

The CFS has been extensively utilised as a screening tool, owing to its simplicity. It has had
numerous translations and adaptations and has proved very popular with specialties outside
of geriatrics (Church et al., 2020, Rodrigues et al., 2021, Chan et al., 2010). During the
pandemic, the National Institute for Health and Care Excellence (2020) in the UK issued

guidance recommending that discussions should be had over the appropriateness of referral
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to Intensive Care Units for older people with a CFS of five or more. The guideline in question
was modified after concerns that it would be applied to younger people (in whom is not
validated) and due to the ethical concerns around rationing care by frailty status already
described (Wilkinson, 2021, Lewis et al., 2020a). Nonetheless, the CFS remains a useful tool
which, when applied correctly, accurately identifies those at risk of adverse outcomes

(Church et al., 2020).

1.8 Frailty on a global scale

Up to this point, the literature discussed in relation to frailty has overwhelmingly been from
HICs. However, increasingly frailty is being applied to settings outside of the “western”
biomedical contexts in which it evolved. Several systematic reviews have sought to estimate
the global prevalence of frailty across different settings. This existing literature is

summarised in Table 1.
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Table 1. Summary of existing systematic reviews relating to global frailty

Authors Scope and summary of the systematic review N included N included Estimated prevalence of pre-frailty (%) Estimated prevalence of frailty (%)
(Year) study cohorts studies Community | Long-term Hospital Community | Long-term Hospital
(N participants) | from LMICs care setting | inpatients care setting | inpatients

Boucher et Meta-analysis of the prevalence and outcomes of 45 (39,041,266 2 (0 from - - - - - 40.0
al. (2023) frailty globally following unplanned hospital admission Africa)

admissions, demonstrating a dose-response events)

relationship between frailty and mortality.
Coelho- Summarised studies reporting the prevalence of 118 (53,134) 118 (0 from | 47.6 29.8 50.7 23.0 55.8 39.1
Junior et al. frailty amongst adults >60 years from South Africa)
(2020) America using a weighted average.
Collard etal. | Summarised studies globally reporting the 21 (61,500) 0 41.6 - - 10.7 - -
(2012) prevalence of frailty amongst community-dwelling

adults >65 years using a weighted average.
Cunhaetal. Meta-analysis demonstrating higher mortality and 19 (9,655) 2 (0 from - - 26.0-58.3 - - 25.0-97.0
(2019) longer hospital stays globally amongst hospitalised Africa)

adults with frailty aged >60 years. This table reports

the ranges of prevalence from included studies.
Dzando et al. | Summarised methods used to screen for frailty in 17 17 (All from - - - 0.7-64.9 - -
(2024) sub-Saharan Africa, which included the frailty sub-Saharan

phenotype, frailty index, Clinical Frailty Scale,
Tilberg Frailty Indicator, Study of Osteoporotic
Fracture Frailty Scale, Short Physical Performance

Battery and the B-FIT.

Africa, 15
community
& 2 hospital
samples: 1

inpatient
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and 1

outpatient)

Doody et al. Meta-analysis of the prevalence of frailty globally 96 (467,779) 5 (0 from - 25.8 - - 47.4
(2022) amongst hospitalised adults aged >65 years which Africa)

found no evidence that prevalence was associated

with national economic indicators.
Gray et al. Summarised the methods used to screen for frailty 70 70 (4 from - - 5.2-37.7 - 33.2-46.5
(2016) in LMICs which mostly included the phenotype and Africa, all

frailty indices; narratively reported the prevalence community

from included studies showing wide variation. samples)
Nguyen et al. | Narratively summarised prevalence, definitions and | 14 14 (0 from - - 5.0-44.0 49.3 32.3
(2015) risk factors for frailty amongst studies from LMICs. Africa)

The prevalence for long-term care and hospital are

each based on single studies (Khandelwal et al.,

2012, Nobrega et al., 2014).
O'Caoimh et Meta-analysis of the prevalence of frailty amongst 240 (1,731,107) | 97 (5 from 46.0 & 49.0 - 12.0&24.0 - -
al. (2021) community-dwelling adults aged >65 years from Africa, all

global population-based studies; they compared community

physical frailty and deficit accumulation methods, samples)

with the latter giving higher overall pooled-

estimates (both presented in this table).
Ofori-Asenso | Meta-analysis of the global incidence of frailty 46 (120,805) 7 (0 from - - - - -
etal. (2019) amongst community-dwelling adults aged >60 Africa)

years, finding a higher incidence in LMICs than in

HICs despite younger populations.
Siriwardhana | Meta-analysis of the prevalence of frailty amongst 47 (75,133) 47 (1 from 49.3 - 17.4 - -
etal. (2018) community-dwelling adults aged >65 years in Africa
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al. (2021)

with a standardised measure, the multidimensional
prognostic index, constructed to define frailty
across studies to maximise comparability. The
number of papers from LMICs was not stated but
authors caution against generalising findings

outside HICs.

LMICs. Authors tentatively suggest prevalence may [Tanzanial,
be higher than in HICs. community
sample)
Veronese et Meta-analysis of the global prevalence of frailty 57 (56,407) Not stated 33.7 20.0 39.3 13.3 51.5 29.8

“N participants” is the number of individuals included in the meta-analysis or weighted average for frailty. LMICs, low- and middle-income countries; HICs, high-

income countries.
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The studies in Table 1 highlight the enormous heterogeneity in frailty research and the huge
variability in prevalence. While this may be because of the different characteristics of
different populations, it may also be due to the lack of consensus definition, and the fact
that tools based on physical models of frailty tend to produce lower estimates of prevalence

than those based on deficit accumulation (O'Cacimh et al., 2021).

The systematic reviews that have used meta-analysis (rather than narrative summaries or
weighted averages) to estimate the global prevalence of frailty have put it at 12.0-24.0%
amongst community-dwelling adults, 51.5% in those living in long-term care settings (e.g.
residential and nursing homes), and at 29.8-47.4% amongst hospital inpatients (O'Caoimh et
al., 2021, Veronese et al., 2021, Doody et al., 2022, Boucher et al., 2023). Compared with the
prevalence of frailty, pooled estimates for pre-frailty indicated that it was generally lower in
long-term care settings (20.0) and perhaps in hospital (25.8-39.3%), but higher amongst
older people living in the community (33.7-49.0%) (Veronese et al., 2021, O'Caoimh et al.,
2021, Doody et al., 2022). Given the characteristics of frailty outlined in this chapter, this is

unsurprising: the greater the frailty, the more likely a person is to become institutionalised.

Systematic reviews which have focussed specifically on LMICs have found high rates of frailty
(Coelho-Junior et al., 2020, Ofori-Asenso et al., 2019, Siriwardhana et al., 2018). However,
there is a striking paucity of data when compared with the number of studies from HICs,
particularly with regard to the prevalence of pre-frailty and frailty in hospital settings and

their association with clinical outcomes.

1.9 Frailty in Tanzania

Returning the focus to Tanzania, previous work by Lewis et al. (2021) has investigated the
cross-cultural relevance of frailty in qualitative interviews with older people in the Hai
District of the Kilimanjaro Region. This qualitative investigation found a congruence between
the phenotype model from the medical literature, and existing Tanzanian ideas around
“udhaifu wa wazee” or “weakness of the elderly” (Lewis et al., 2021). However, there were a
few key differences. First, amongst those interviewed, the physical changes associated with
frailty were more likely to be seen as a natural part of the ageing process. Second, problems

arising from frailty were more likely to be attributed to social determinants of healthy
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ageing, particularly scarcity of resources and undernutrition. Finally, fears for the future
were less about loss of autonomy and more about material scarcity, and lacking the

resources or care to support “rest in old age” (Lewis et al., 2021).

In addition to this qualitative investigation, Lewis et al. (2018a) also used a version of the
phenotype to assess the prevalence of frailty amongst 235 people aged >60 years across five
villages. In this cohort, 9.3% of older participants were living with frailty, a figure that
increased to 19.1% when measured by CGA which considers the broader psychosocial
context (Lewis et al., 2018c, Lewis et al., 2018a). This same cohort of older people was also
used to externally validate a screening tool, known as the Brief-Frailty Instrument for
Tanzania (B-FIT 2). This incorporates items relating to cognition, mobility, ADLs, nutrition,
sensory impairment and social support and was designed to model a more Tanzanian
conception of frailty, in a tool that could be utilised by non-experts in a low-resource setting

(Gray et al., 2017, Lewis et al., 2020b).

Despite what appears to be a reasonably high prevalence of frailty in the community, no
existing studies have assessed the prevalence of frailty amongst hospitalised older adults in
Tanzania. Moreover, very little is known about the lived experiences of people with frailty

and those caring for them in the Tanzanian hospital system.

1.10 Summary and key messages

The world’s population is ageing and the increasing burden of complex health problems
poses challenges to healthcare systems around the world. This is particularly acute in LMICs,
such as Tanzania, where demographic changes are occurring at the fastest rate and where
existing healthcare services are often orientated to the needs of younger populations. Frailty
is an age-associated syndrome that is a strong predictor of poor clinical outcomes and high
healthcare costs. Though there are many different ways of identifying frailty, underpinned
by different conceptual models, it appears that all of these have their utility and are capable
of accurately identifying those at risk of death, disability and dependency. Identifying frailty
is important because these outcomes are preventable, through social and public health
interventions to mitigate risk factors, and through specialist geriatric healthcare services.

Frailty is prevalent amongst community-dwelling older people globally and in HICs this
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translates into an even greater prevalence amongst hospital inpatients. However, the extent,
impact and experience of frailty amongst older hospital inpatients in LMICs, including
Tanzania, remains uncharacterised. Understanding this is essential if we are to design future

interventions and healthcare services capable of meeting the needs of older people.
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Chapter 2. Systematic review: The prevalence of frailty amongst older

hospitalised adults in low- and middle-income countries

2.1 Chapter introduction

This chapter presents a systematic review of the prevalence of frailty amongst older
hospitalised adults in LMICs, structured according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyss (PRISMA) guidelines (Page et al., 2021). The methods
are presented and explored, followed by the meta-analysis and narrative synthesis of the
results along with a discussion of their implications. Conducting a rigorous systematic review
cannot be achieved by a single researcher alone and where others contributed this is clearly
stated in the text. This chapter provides part of the background for the work that followed
and is thus a snapshot of the literature at the start of this PhD in 2022. The content of this

review was updated in 2024 and published in Age and Ageing (Davidson et al., 2025).

2.2 Rationale for this review

The prevalence of frailty may be defined as the number of people with frailty (numerator),
as a proportion of the total population that is assessed (denominator). As discussed in the
previous chapter, there are several existing reviews relating to the prevalence of frailty.
However, the vast majority of studies included in these reviews report the prevalence
amongst community-dwelling adults (Collard et al., 2012, Nguyen et al., 2015, O'Caoimh et
al., 2021, Ofori-Asenso et al., 2019, Siriwardhana et al., 2018, Gray et al., 2016). Those that
do focus on hospital inpatients provide pooled estimates overwhelmingly based on data
from HICs (Doody et al., 2022, Veronese et al., 2021, Cunha et al., 2019, Boucher et al.,
2023). Establishing the prevalence of frailty amongst older hospital inpatients in LMICs is
important for planning of services and the potential need for future provision of specialist
geriatric care. A systematic review methodology was selected to summarise existing
literature on this topic. This methodology seeks to provide a comprehensive summary of the
literature in a transparent and replicable way, with in-built quality assessment, which
minimises the risk of selection bias which can occur with traditional narrative reviews

(Siddaway et al., 2019).
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2.3 Aims and objectives
The aim of this review was to identify and summarise existing literature regarding the
prevalence of frailty amongst older people admitted to hospital in LMICs with reference to
the following objectives:
1) To conduct a systematic review of literature relating to the prevalence of frailty
amongst people aged 60 years and over admitted to hospitals in LMICs.
2) To synthesise these data in meta-analyses to produce pooled estimates for the
prevalence of frailty, and where possible pre-frailty, in this setting.
3) Where the frailty prevalence was reported in the context of a prospective cohort

study, to summarise the all-cause mortality of older adults by frailty status.

2.4 Methods

This systematic review was registered on the International Prospective Register of
Systematic Reviews (PROSPERO, reference: CRD42022340466) and conducted in accordance
with PRISMA guidelines (Page et al., 2021). Ethical approval was not required as it only

provided a secondary summary of existing data.

2.4.1 Eligibility criteria
To be considered eligible for inclusion, studies had to meet the following criteria:

1) Cross-sectional or cohort design. These are the standard methods adopted in
epidemiology in order to establish the numerator and denominator required to
assess disease prevalence (Munn et al., 2015).

2) Report data from LMICs. This was according to the World Bank’s classification of
countries by Gross National Income (GNI) per capita as of 1%t July 2022 (World Bank,
2022). This defined low-income as less than $1,086 USD, lower-middle income as
$1,086-4,255 and upper-middle income as $4,256-13,205 GDI per capita.

3) Report data from adults aged 60 years and over. As discussed in the first chapter, 60
years is considered by the World Health Organization to be the turning point at which
morbidity and mortality are more likely to result from age-related impairments and
non-communicable disease, than trauma or infection (World Health Organization,

2015¢).
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4) Report data from hospital inpatients. Hospital inpatients were defined as those
admitted to medical and surgical ward environments and expected to stay in hospital
overnight. Studies which assessed frailty amongst a subpopulation based on an index
disease (e.g. acute coronary syndrome or COVID-19) were excluded on the basis that
the prevalence of frailty in these groups might not necessarily reflect the prevalence
in the general hospital inpatient population. To minimise the risk of selection bias,
included studies had to at least attempt to assess all members (e.g. whole hospital,
ward or department), or a random sample, of the target clinical population. Studies
relating to community, primary care, outpatient, emergency department or short-
stay settings were excluded.

5) Report frailty prevalence using clearly defined and validated methods. A 2016
systematic review summarised methods for frailty assessment in studies from LMICs
(Gray et al., 2016), finding that a majority utilised tools based on Fried’s frailty
phenotype (Fried et al., 2001), and deficit accumulation indices (Jones et al., 2004,
Searle et al., 2008). In addition to these, studies were also considered for inclusion if
they used CGA (Jones et al., 2004), multidimensional clinical measures including the
Edmonton Frail Scale (Rolfson et al., 2006), or global clinical assessment tools

including the CFS (Rockwood et al., 2005).

Given the international scope of this review, it was deemed important to include studies
which were not available in the English language. Professional translation was unavailable
due to financial constraints. As a result Google Translate® was used to translate non-English-
language studies; this is increasingly recognised as a viable and accurate tool for use in

systematic reviews (Jackson et al., 2019).

2.4.2 Search strategy and information sources

In developing a search strategy, guidance was sought from librarians Jenny Richardson and
Heather Anderson at the Northumbria Healthcare NHS Foundation Trust. Medline (OVID),
Embase (OVID), CINAHL (EBSCO) and Psychinfo (ProQuest) were searched from their
inception to the 29th of July 2022. Titles and abstracts were searched for the terms “frail”,
“frailty” or “frail elderly” as a keyword and/or subject heading or the truncated keyword

“frail*”. They were combined with every country listed as an LMIC by the World Bank as of
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July 2022, also as a keyword and/or subject heading (World Bank, 2022)*. No additional
filters or limits were used. In addition to this primary database search, the reference lists of
previous systematic reviews and included studies were also manually reviewed, and relevant

titles that were not captured in the initial literature search were included.

2.4.3 Selection process

Database search results were imported to Endnote 20 reference management software
where duplicates were removed. Remaining records were then exported to Rayyan, an open
access cloud-based programme in which records could be accessed and screened by multiple
authors blinded to one another (Ouzzani et al., 2016). Further duplicates were removed at
this stage. The titles and abstracts of all articles were then screened for eligibility for
inclusion according to the set criteria. All records were screened by two people; the author
(SD) screened all records. Meanwhile MRes students Luke Emmence, Emily Bickerstaff and
George Rayers, as well as Psychiatry Registrar Doctor Elizabeth Parrott, provided the second

screen. Disagreements were resolved by discussion and consensus.

Once the final list of eligible studies was agreed upon, full-text articles were sought through
the Newcastle University library and the inter-library loan service. For conference abstracts,
the corresponding authors of each record were contacted to ascertain whether their work

was available in a full-text journal article and they were given 30 days to respond.

1 Afghanistan, Albania, Algeria, Angola, Argentina, Armenia, Azerbaijan, Bangladesh, Belarus, Belize, Benin,
Bhutan, Bolivia, Bosnia, Botswana, Brazil, Bulgaria, Burkina Faso, Burundi, Cabo Verde, Cambodia, Cameroon,
Central African Republic, Chad, China, Columbia, Comoros, Congo (Dem. Rep./ Rep.), Costa Rica, Cote d'lvoire,
Cuba, Djibouti, Dominica, Dominican Republic, Ecuador, Egypt, El Salvador, Equatorial Guinea, Eritrea, Eswatini,
Ethiopia, Fiji, Gabon, Gambia, Georgia, Ghana, Grenada, Guatemala, Guinea, Guinea-Bissau, Haiti, Herzegovina,
Honduras, India, Indonesia, Iran, Iraq, Jamaica, Jordan, Kazakhstan, Kenya, Kiribati, Korea (Dem. Rep.), Kosovo,
Kyrgyz Republic, Laos, Lebanon, Lesotho, Liberia, Madagascar, Malawi, Malaysia, Maldives, Mali, Marshall
Islands, Mauritania, Mauritius, Mexico, Micronesia (Fed. Sts.), Moldova, Mongolia, Montenegro, Morocco,
Mozambique, Myanmar, Namibia, Nepal, Nicaragua, Niger, Nigeria, North Macedonia, Pakistan, Palestine,
Palau, Papua New Guinea, Paraguay, Peru, Philippines, Russia, Rwanda, Samoa, Sdo Tomé, Senegal, Serbia,
Sierra Leone, Solomon Islands, Somalia, South Africa, South Sudan, Sri Lanka, St. Lucia, St Vincent, Sudan,
Suriname, Syria, Tajikistan, Tanzania, Thailand, Timor-Leste, Togo, Tonga, Tunisia, Turkey, Turkmenistan,
Vanuatu, Venezuela, Vietnam, Yemen, Zambia and Zimbabwe.
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2.4.4 Data items, risk of bias assessment and extraction process
A data extraction template was developed and trialled by the author (SD) in Excel to aid data

collection and the risk of bias assessment.

The Joanna Briggs Institute (JBI) critical appraisal checklist for studies reporting prevalence
data was used to guide the risk of bias assessment (Munn et al., 2015). This tool was
selected because a 2020 systematic review concluded that the JBI checklist addressed the
most important factors relating to methodological quality in prevalence studies, and was
developed with greater rigour than other available quality assessment tools for this purpose
(Migliavaca et al., 2020). The JBI checklist consists of nine questions with four tick-box
responses: 1) “yes” if quality standards are met, 2) “no” if they are not, 3) “unclear”, or 4)
“not applicable”. The final item is an overall appraisal based on the rater’s judgement in
which the study may be included, excluded, or further information sought. Comments are
then recorded justifying this global assessment of quality. It is worth noting that the terms
“methodological quality assessment” and “risk of bias assessment” have previously been
used interchangeably in the literature despite referring to different concepts (Furuya-
Kanamori et al., 2021). In this systematic review, the JBI checklist was used both to assess
the scientific rigour of each study (its methodological quality) and to consider the potential
impact of methodological decisions on the frailty prevalence estimates produced (risk of

bias).

All eligible full-text articles were examined by the author (SD), and Doctor Jim Lee (JL), a
Specialist Foundation Doctor. Both independently extracted the data and conducted a
methodological quality assessment, blinded to one another. The full list of data items and
methodological quality assessment questions included in the Excel template are presented
in Table 2. If a data item was not calculable from the article, or the information presented
was unclear, this was recorded as “unavailable” and no assumptions or imputations were
made. Where there was disagreement between the author (SD) and JL over whether or not
to include a study, supervisors Professor Richard Walker (RW) and Doctor Catherine Dotchin

(CD) were given the final say as to whether a study was included.
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Table 2. Data items for extraction and methodological quality assessment

Data items

Notes

i. Authors

ii. Year of publication

iii. Country

iv. World Bank income status

v. Study design

E.g. cross-sectional or prospective cohort

vi. Sampling method

E.g. consecutive, random or convenience

vii. Hospital setting

E.g. small regional hospital or large referral centre

viii. Ward/ clinical population

E.g. hospital wide or geriatric ward

ix. Dates of data collection

X. Age criteria for inclusion

xi. Frailty assessment method

Noting cut-offs used to define “frail” versus “pre-

frail” versus “robust”, or “frail” versus “non-frail” for

studies lacking a pre-frail category

xii. Sample size

xiii. Mean or median age

With standard deviation or interquartile range

xiv. Sex makeup of participants

Including number and percentage of total sample

xv. Frailty prevalence!

Including number and percentage of total sample

xvi. Length of follow-up

Only for studies also reporting all-cause mortality

xvii. Dropout rate over follow-up

Only for studies also reporting all-cause mortality

xviii. All-cause mortality by frailty status?

Including number and percentage of total in each
frailty status category

Joanna Briggs Institute critical appraisal che

cklist for studies reporting prevalence data?

1. Was the sample frame appropriate to
address the target population?

“Yes”, “No”, “Unclear” or “Not applicable”

2. Were study participants sampled in an
appropriate way?

“Yes”, “No”, “Unclear” or “Not applicable”

3. Was the sample size adequate?

“Yes”, “No”, “Unclear” or “Not applicable”

5. Was the data analysis conducted with
sufficient coverage of the identified
sample?

“Yes”, “No”, “Unclear” or “Not applicable”

6. Were valid methods used for the
identification of the condition?

“Yes”, “No”, “Unclear” or “Not applicable”

7. Was the condition measured in a
standard, reliable way for all participants?

“Yes”, “No”, “Unclear” or “Not applicable”

8. Was there appropriate statistical
analysis?

“Yes”, “No”, “Unclear” or “Not applicable”

9. Was the response rate adequate, and if
not, was the low response rate managed
appropriately?

“Yes”, “No”, “Unclear” or “Not applicable”

Overall appraisal

“Include”, “Exclude” or “Seek further info”

Comments

Including reasons for exclusion

1While some studies report frailty status as “frail” versus “pre-frail” versus “robust”, others lack a pre-
frail category. These typically amalgamate participants who are robust and pre-frail into one

33




category referred to as “non-frail”. During data extraction, frailty status of participants was recorded
in whichever format the authors used. 2(Munn et al., 2015).

Data items regarding country and World Bank income status were collected to establish
where existing research on this topic was from and to highlight regions where there were
gaps in existing knowledge. Furthermore, data items relating to hospital setting and clinical
population were collected because existing literature suggests that frailty prevalence varies
depending on clinical setting, for example it has previously been shown to be more
prevalent in medical and geriatric environments than on surgical wards (Doody et al., 2022).
This was also why the dates of data collection were of interest, as COVID-19 dramatically
affected the clinical and demographic composition of hospital inpatients (Rennert-May et al.,
2021). Age and sex were recorded as two of the most important risk factors for frailty in
existing literature (Qin et al., 2023) and were therefore also useful when assessing the

clinical heterogeneity amongst the populations across studies.

2.4.5 Synthesis of extracted data

All data items were presented in tabular form with a brief narrative analysis in the text. For
frailty and pre-frailty, meta-analyses were performed to synthesise the data and give pooled
estimates for prevalence. All-cause mortality data by frailty status were collected from
included studies that were of prospective cohort design. Due to a small number of studies

with considerable methodological heterogeneity these data were summarised narratively.

2.4.6 Meta-analysis of frailty and pre-frailty

Meta-analysis was chosen over narrative synthesis as it provides a robust way to summarise
guantitative data, assess statistical heterogeneity between studies and can provide a more
precise estimate of prevalence with greater statistical power than any single study alone
(Siddaway et al., 2019). Studies were included in the meta-analysis if they were deemed to
be of sufficient quality and methodological homogeneity. In practice, this was considered
during the risk of bias assessment stage (guided by the JBI checklist) and subsequent
discussions between the author (SD), JL, CD and RW. Not all studies reported prevalence of

III

pre-frailty, instead they reported “frail” versus “non-frail” status. Thus, to allow all included

studies to feed into the pooled estimate for the prevalence of frailty, in preparation for data
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synthesis “pre-frail” and “robust” categories were combined under the banner of “non-frail”.
A second separate meta-analysis was performed to give a pooled estimate of pre-frailty and

this analysis was restricted to studies which reported this value.

The meta-analysis was conducted using the MetaXL plugin for Excel version 16. Considerable
variation in the true prevalence of frailty between studies was anticipated because of
differences in the time and place that studies were conducted, as well as the sample size,
local population demographics, socioeconomic circumstances and health systems. In
anticipation of this methodological heterogeneity, a random-effects model was chosen over
a fixed-effects model because this approach assumes that the true prevalence could vary

between studies as a result of such methodological heterogeneity (Dettori et al., 2022).

In a standard meta-analysis, studies with the smallest variance are given the greatest
weighting and vice versa. This usually means that studies with larger sample sizes are given
greater weighting. However, for meta-analyses involving prevalence data, a transformation
must be applied to avoid undue weight being given to studies where the prevalence is high
or low, as these scenarios can produce an artificially low variance (Barendregt et al., 2013).
However, there is disagreement in the literature regarding which is the best method of
transformation for studies reporting single proportions. Probably the most popular method
is the double arcsine transformation, however this can be misleading when data are back-
transformed to help with interpretation, particularly in extreme scenarios where there are
big differences in sample size or very low prevalence figures (Barendregt et al., 2013, Lin et
al., 2022). Generalised linear modelling is an alternative, but similarly can create problems
when sample sizes are small, or when prevalence is very high or very low (Schwarzer et al.,
2019, Lin et al., 2022). Logit transformation is another method used less frequently than the
other two because of a tendency to produce nonsensical Confidence Intervals that fall
outside of the zero to one (0-100%) range (Barker et al., 2021). In practice, more often than
not, all of these methods produce similar prevalence estimates (Lin et al., 2022). Therefore,
taking a pragmatic approach, in this meta-analysis the double arcsine transformation was
applied with a sensitivity analysis to assess the robustness of this method of synthesis.

Pooled estimates of frailty and pre-frailty are presented with the 95% Confidence Intervals.
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Results of meta-analyses were displayed in forest plots, with all studies ordered by

prevalence.

2.4.7 Assessment of statistical heterogeneity

Statistical heterogeneity was assessed using Higgins 1%, the output of which is a number
between zero and one and represents the percentage of the variance that is due to
methodological differences between studies, as opposed to random sampling error (Higgins
et al., 2003). A value of 0-25% is regarded as low, 50-74% as moderate and 75-100% as high
statistical heterogeneity (Higgins et al., 2003). However, this statistic was developed for use
in comparative data and it must be remembered that in the case of frailty prevalence, due to
the vastly different contexts in which studies are conducted, high levels of statistical

heterogeneity are to be expected (Barker et al., 2021).

2.4.8 Sensitivity analysis

To assess the robustness of this synthesis and whether any single study was having an
outsized effect on the pooled prevalence estimate, a sensitivity analysis was conducted. This
function in MetaXL repeated the primary analysis multiple times with the removal of one
study each round. Changes in the pooled estimates of frailty and pre-frailty were observed
giving an idea of which studies had the greatest influence on the pooled estimate and

statistical heterogeneity.

2.4.9 Reporting of risk of bias

Though MetaXL does have a function that considers the risk of bias assessment in the
weighting of studies in a meta-analysis, the JBI checklist is essentially qualitative and does
not produce a numerical score so cannot be used in this way. Therefore, risk of bias from
included studies was summarised narratively. Additionally, funnel plots, and all other
statistical tests for publication bias, are not recommended for use in proportional meta-
analyses (Barker et al., 2021). The reason for this is that they were developed for
interventional and comparative studies and make the assumption that positive results are
more likely to be published (Barker et al., 2021). This assumption is meaningless in the

context of studies reporting frailty prevalence.
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2.5 Results

2.5.1 Study selection

Searches identified 5726 records and 2250 remained after removal of duplicates. After title
and abstract screening, 55 were identified as potentially eligible for inclusion, with a further
13 identified from references. After retrieval, full-text review and methodological quality
assessment, 22 studies were included in the review and 20 in the meta-analysis for frailty.

Figure 6 demonstrates the selection process for included studies and reasons for exclusion.

Figure 6. Flow diagram demonstrating the selection process of included studies with main

reasons for exclusion detailed at each step

Records identified from:

+  OVID Medline/ Embase (n=4296) Records hefore screening (1=3476);
‘ - * Duplicate records removed in Endnote
g * EBSCO Cinahl (n=1118) (n=3087)
€ * ProQuest Psychinfo (n=312) * Duplicate records removed in Rayyan
3 (n=389)

Total records identified (n=5726)

|

Screen of all records by SD (n=2250)

Records excluded (n=2195) for main reasons:

F I S * Wrong population (n=1287)

2 s * Wrong study design (n=397)
. ;EB((I:-QG?Z)) »| * Wrong publication type (n=387)
s (n-'566) * Wrong outcome (n=76)
i * Missed duplicate (n=50)
« EP(n=121)

l

Reports sought for retrieval (n=55)
« Full-text articles (n=41) »| Reports not retrieved (n=13) for main reasons:

* Conference abstract and author contacted
but did not respond with the full-text article
l within 30-days (n=6)
* Conference abstract but no author contact
Reports retrieved (n=42) details (n=4)
Conference abstract and author responded
but did not progress to full-text article (n=2)

* Conference abstracts (n=14)

Screening

Additional reports * Conference abstract reported data from a
identified through search [—» full-text article already retrieved (n=1)
of references (n=13)

Reports excluded following review of full-text

(n=33) for main reasons:

* Recruitment based on index disease (n=12)

* Reports data from same cohort as another

> included study (n=8)

* Frailty prevalence not reported (n=5)

* Inappropriate sampling method (n=5)

* Emergency Department or outpatient study
(n=3)

Full-text reports assessed for
eligibility and quality (n=55)

|

Studies included in review (n=22)

Studies included in the frailty meta-
analysis (n=20)

Studies included in the pre-frailty
meta-analysis (n=12)
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Of the 55 reports that appeared to meet inclusion criteria after title and abstract screening,
42 full-text articles were retrieved. As outlined in Figure 6, one abstract (Liang et al., 2019a)
reported data from a full-text article that had already been retrieved (Zheng et al., 2020) and
12 could not be obtained for one of the following reasons:

1) Authors were contacted but did not respond with the full-text article within 30-days
(Contreras and Barragan Berlanga, 2019, Hasmuk et al., 2020, Soric et al., 2017,
Taniguchi et al., 2018, Catikkas et al., 2022, Zribi et al., 2019).

2) Author contact details could not be found (Chen et al., 2016, Jl et al., 2021, Popescu,
2020, Taniguchi et al., 2018).

3) Authors responded but the abstract did not progress to a full-text article (Avelino-

Silva et al., 2018, Deffune et al., 2020).

After independent review and methodological quality assessment of the 55 retrieved full-
text articles, the author (SD) and JL disagreed regarding the inclusion/ exclusion of two
studies (Kizilarslanoglu et al., 2017, Lv et al., 2022b) which were then adjudicated by RW and
CD. There were 34 reports which were excluded after full-text review. The main reasons for
exclusion are listed below (where there was more than one reason for exclusion, only the
main reason is reported):

1) The commonest rationale underlying exclusion was a focus on the prevalence of
frailty among participants recruited on the basis on an index condition. Conditions
included: cardiovascular disease (Aggarwal et al., 2020, Meng et al., 2021, Kang et
al., 2015, Diaz-Toro et al., 2017, Nguyen et al., 2019b, Yalinkilic et al., 2020); COVID-
19 (Aliberti and Avelino-Silva, 2021, Ma et al., 2020, Thiam et al., 2021); community-
acquired pneumonia (Lv et al., 2022a, Luo et al., 2020); an multimorbidity (Lv et al.,
2022b).

2) Several studies did not report frailty prevalence, but rather the cohort’s average
frailty scores and thus could not be included (An et al., 2015, de Fatima Santos
Antunes et al., 2015, Essam Behiry et al., 2019, Gu et al., 2021, Roopsawang et al.,
2020).

3) Sampling method was another reason for exclusion and in these cases it was either
unclear (Bhurchandi et al., 2021), or based on convenience (Han et al., 2019, Diaz et

al., 2020, Oliveira Crossetti et al., 2018, Storti et al., 2013).
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4) Closer examination of three studies revealed there were in outpatient (Ajayi et al.,
2021, Garcia-Delgado et al., 2020) and Emergency Department populations
(Aprahamian et al., 2019) rather than hospital inpatients.

5) The remaining studies were excluded because they analysed data from other studies
that had already been included (Chehrehgosha et al., 2021a, Nguyen et al., 20193,
Nguyen et al., 2020b, Li et al., 2021, Zheng et al., 2020, Zhang et al., 2021, Zhang et
al., 2022, Xu et al., 2021).

2.5.2 Characteristics and extracted variables for included studies
The characteristics and prevalence data from the 22 included studies are displayed in Table
3. For studies which used multiple tools to assess frailty, the prevalence by each measure is

reported in the rows below the initial study characteristics.
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Table 3. Characteristics of included studies and extracted frailty and pre-frailty prevalence data

Authors Country | World Setting Clinical Study N Female | Mean age of Age range Frailty Frailty and Non-frail/ Pre-frailty Frailty
(year) Bank population design N (%) participants (years) measure pre-frailty cut- | robust prevalence | prevalence
Income (years +/-SD) offs prevalence | N (%) N (%)
status N (%)
Adebusoye et | Nigeria Lower- | University Internal medical | Prospective | 450 234 71.5(8.0) 60-101 Canadian Frail if “mild”, 65 (14.4) 100 (22.2) 285 (63.3)
al. (2019a) middle | hospital in wards cohort (52.0) Study of “moderate” or
Ibadan Health and “severe”
Ageing frailty;
(CHSA) Pre-frail if
Clinical “apparently
Frailty Scale | vulnerable”
Chehrehgosh Iran Lower- | General Geriatric, Prospective | 304 225 75.7 (6.3) 65-85 Frailty Frail if >3.0; 167 (54.9) 102 (33.6) 35 (11.5)
aetal middle | hospital In internal medical | cohort (74.0) index Pre-frail if
(2021b) Tehran and coronary >0.21 to <0.30
care wards
dos Santos Brazil Upper- | University Internal medical | Cross- 255 99 68.7 (6.6) >60 Fried frailty | Frail if >3; 52 (20.4) 136 (53.3) 67 (26.3)
Tavares et al. middle | hospitalin and surgical sectional (38.8) phenotype Pre-frail if 2-3
(2015) Uberaba wards
Hao et al. China Upper- | University Geriatric ward Prospective | 271 55 81.1(6.6) 60-101 Frailty Frail if >0.25; 138 (50.9) - 133 (49.1)
(2019) middle | hospital in cohort (20.3) index No pre-frail
Chengdu category
Hong et al. China Upper- | University Geriatric ward Cross- 380 193 83.1(7.8) >65 Fried frailty | Frail if >3; 140 (36.8) 81(21.3) 159 (41.9)
(2019) middle hospital in sectional (50.8) phenotype Pre-frail if 1-2
Hangzhou
Jietal. (2022) | China Upper- | Tertiary Internal medical | Cross- 667 326 Unavailable 60-90 Fried frailty | Frail if >3; 160 (24.0) 386 (57.9) 121(18.1)
middle | hospital in ward sectional (48.9) phenotype Pre-frail if 1-2
Shandong
Province
Jiao et al. China Upper- | Six tertiary All inpatient Cross- 9996 4218 72.5(5.8) 65-97 FRAIL Scale Frail if >3; 8195 - 1801
(2020) middle | hospitals wards sectional (42.2) Pre-frail if 1-2 (82.0) (18.0)
across China
Khandelwal India Lower- University Internal medical | Cross- 250 96 66.4 (6.3) >60 Fried frailty | Frail if >3; 167 (66.8) - 83(33.2)
etal. (2012) middle | hospitalin wards sectional (38.4) phenotype No pre-frail
Delhi category
Kizilarslanogl Turkey Upper- | University Intensive care Prospective | 122 60 Median 71 60-101 Frailty Frail if >0.4 59 (48.4) 37 (30.3) 26 (21.3)
uetal. (2017) middle | hospitalin unit cohort (49.2) (no IQR) index Pre-frail if
Ankara 0.25-0.40
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Lietal. China Upper- | Tertiary All inpatient Cross- 260 121 68.7 (7.1) >60 Fried frailty | Frail if >3; 74 (28.4) 103 (39.6) 83(31.9)
(2020) middle | hospital in wards sectional (46.5) phenotype Pre-frail if 2-3
Beijing
Liang et al. China Upper- | Tertiary Cardiology, Cross- 1000 485 75.2 (6.7) >65 Multiple - - - -
(2019b) middle | hospital medical and sectional (48.5) (see below)
Beijing surgical wards
As above As As As above As above As above As As As above As above Clinical Frail if >5; 638 (63.8) - 362 (36.2)
above above above above Frailty Scale | No pre-frail
category
As above As As As above As above As above As As As above As above FRAIL Scale Frail if >3; 808 (80.8) - 192 (19.2)
above above above above No pre-frail
category
As above As As As above As above As above As As As above As above Fried frailty | Frail if >3; 677 (67.7) - 323 (32.3)
above above above above phenotype No pre-frail
category
As above As As As above As above As above As As As above As above Edmonton Frail if >8; 748 (74.8) - 252 (25.2)
above above above above Frail Scale No pre-frail
category
As above As As As above As above As above As As As above As above Frailty Frail if 20.25 649 (64.9) - 351 (35.1)
above above above above index No pre-frail
category
Ling et al. China Upper- | Tertiary All inpatient Cross- 550 190 74.6 (7.3) >65 Fried frailty | Frail if >3; 429 (78.0) 73 (13.3) 48 (8.7)
(2019) middle | hospital in wards sectional (34.5) phenotype Pre-frail if 2-3
Wuhan
Nguyen et al. Vietnam | Lower- General Geriatric ward Prospective | 364 212 74.9 (9.4) >60 Clinical Frail if >5; 4(1.1) 160 (44.0) 200 (54.9)
(2020a) middle hospital in cohort (58.2) Frailty Scale | Pre-frail if 3-4
Ho Chi Minh
Oliveira et al. Brazil Upper- | Tertiary Internal medical | Cross- 99 50 74.5 (6.8) >65 Fried frailty | Frail if >3; 4(4.0) 49 (49.5) 46 (46.5)
(2013) middle | hospital in wards sectional (50.5) phenotype Pre-frail if 2-3
Sdo Paulo
Oztiirk et al. Turkey Upper- | University Internal medical | Cross- 420 208 71.9(6.3) 65-98 Fried frailty | Frail if >3; 35(8.3) 110(26.2) 275 (65.5)
(2017) middle hospital in wards sectional (49.5) phenotype Pre-frail if 2-3
Gaziantep
Pinheiro et al. | Brazil Upper- | University Admissions Prospective | 206 87 Median 71 >60 Clinical Frail if >5; 79 (38.3) - 127 (61.7)
(2021) middle | hospital in from cohort (42.2) (IQR 66 — 78) Frailty Scale | No pre-frail
Belo Emergency category
Horizonte Department
Vu et al. Vietnam | Lower- National Internal medical | Cross- 461 262 76.2(8.9) >60 Multiple - - - -
(2017) middle Geriatric wards sectional (56.8)
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Hospital in

Hanoi
As above As As As above As above As above As As As above As above Fried frailty | Frail if >3; 298 (64.6) - 163 (35.4)
above above above above phenotype No pre-frail
category
As above As As As above As above As above As As As above As above Reported Frail if >8; 314 (68.1) - 147 (31.9)
above above above above Edmonton No pre-frail
Frail Scale category
Xu et al. China Upper- | University Geriatric wards Cross- 656 275 83.3(8.3) 65-100 Clinical Frail if >5; 368 (56.1) - 288 (43.9)
(2020) middle hospital in sectional (41.9) Frailty Scale | No pre-frail
Hangzhou category
Yang and China Upper- | Three Internal medical | Cross- 1400 812 75.5(9.3) 60-99 Fried frailty | Frail if >3; 690 (49.3) 458 (32.7) 252 (18.0)
Chen (2018) middle | general wads sectional (58.0) phenotype Pre-frail if 2-3
hospitals in
Chongging
and Zunyi
Yin et al. China Upper- | Tertiary Inpatients on all | Cross- 587 131 79.8 (9.3) 65-99 FRAIL Scale | Frail if >3; 146 (21.9) 245 (41.7) 196 (33.4)
(2018) middle | hospitaland | wards admitted | sectional (22.3) Pre-frail if 2-3
three >7 days
general
hospitals in
Shanghai
Yu et al. China Upper- | Tertiary All inpatient Cross- 1170 534 71.5 (8.5) 60-98 Multiple - - - -
(2022) middle | hospitalin wards sectional (45.6) (see below)
Xi'an
As above As As As above As above As above As As As above As above FRAIL Scale Frail if >3; 524 (44.8) - 646 (55.2)
above above above above No pre-frail
category
As above As As As above As above As above As As As above As above Tilburg Frail if >5; 262 (22.4) - 908 (77.6)
above above above above Frailty No pre-frail
Indicator category
Zou et al. China Upper- | General Geriatric wards Cross- 411 146 75.9 (8.1) 60-97 FRAIL Scale Frail if >3; 73 (17.8) 116 (28.2) 222 (54.0)
(2018) middle | hospitalin sectional (35.5) Pre-frail if 2-3
Chengdu
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Figure 7. World map demonstrating number of included studies by country. Created using MapChart.net (2024).
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2.5.3 Geographical distribution and income status of included studies

As is displayed in Figure 7, reports of the prevalence of frailty amongst hospital inpatients in
LMICs were generally sparse, the notable exception being in China which accounted for
more than half of included studies (n=12) (Hao et al., 2019, Hong et al., 2019, Ji et al., 2022,
Jiao et al., 2020, Li et al., 2020, Liang et al., 2019b, Ling et al., 2019, Xu et al., 2020, Yang and
Chen, 2018, Yin et al., 2018, Yu et al., 2022, Zou et al., 2018). Only one study from sub-
Saharan Africa — and indeed the whole African continent — met the criteria for inclusion
(Adebusoye et al., 2019a). All included studies were from Middle-Income Countries, with
only a minority of those coming from Lower-Middle-Income settings (n=5) (Adebusoye et al.,
2019a, Chehrehgosha et al., 2021b, Khandelwal et al., 2012, Nguyen et al., 2020a, Vu et al.,
2017).

2.5.4 Clinical environments of included studies

Though there were four studies which included participants from general hospital settings
(Chehrehgosha et al., 2021b, Nguyen et al., 2020a, Yang and Chen, 2018, Yin et al., 2018),
the vast majority surveyed inpatient populations admitted to university hospitals and
tertiary referral centres. These were invariably in urban settings though their catchment

areas likely also encompassed rural populations.

Study populations were drawn from a wide range of clinical environments. Five studies
assessed the prevalence of frailty across all inpatient wards (Jiao et al., 2020, Li et al., 2020,
Ling et al., 2019, Yin et al., 2018, Yu et al., 2022). The remaining studies focussed on one or
more specific environments, with internal medical wards being the most commonly
surveyed (n=10) (Adebusoye et al., 2019a, Chehrehgosha et al., 2021b, dos Santos Tavares et
al., 2015, Ji et al., 2022, Khandelwal et al., 2012, Liang et al., 2019b, Oliveira et al., 2013,
Oztiirk et al., 2017, Vu et al., 2017, Yang and Chen, 2018), followed by geriatrics (n=6)
(Chehrehgosha et al., 2021b, Hao et al., 2019, Hong et al., 2019, Nguyen et al., 2020a, Xu et
al., 2020, Zou et al., 2018), cardiology (n=2) (Chehrehgosha et al., 2021b, Liang et al., 2019b),
general surgery (n=2) and intensive care (n=1) (Kizilarslanoglu et al., 2017). Pinheiro et al.
(2021) recruited participants in the Emergency Department, though only included those who

were admitted for at least one night.
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2.5.5 Participant demographic characteristics

There were notable disparities in the basic demographic characteristics of included
participants between studies. The proportion of females ranged from just 20.3% in one
study from China (Hao et al., 2019) to 74.0% in a study from Iran (Chehrehgosha et al.,
2021b).

With regards to age, nine studies used 65 years and over, rather than 60 year and over, as
the age criterion for inclusion (Chehrehgosha et al., 2021b, Hong et al., 2019, Jiao et al.,
2020, Liang et al., 2019b, Ling et al., 2019, Oliveira et al., 2013, Oztiirk et al., 2017, Xu et al.,
2020, Yin et al., 2018). The study with the youngest population was Khandelwal et al. (2012)
from Delhi, India, where the mean age of participants was 66.4 (+6.3) years. By contrast, Xu
et al. (2020) found a mean age of 83.3 (+8.3) amongst inpatients in a hospital in Hangzhou
on the east coast of China, a 16.9 year difference. In 12 studies, the mean or median age of
participants was 65-74 years and in nine it was 75-84 years. One did not report the mean age

of the sample as a whole (Ji et al., 2022).

2.5.7 Frailty measures

A range of tools were used in the assessment of frailty. The Fried frailty phenotype was the
most commonly used instrument (n=11) (dos Santos Tavares et al., 2015, Hong et al., 2019, Ji
et al., 2022, Khandelwal et al., 2012, Li et al., 2020, Liang et al., 2019b, Ling et al., 2019,
Oliveira et al., 2013, Oztiirk et al., 2017, Vu et al., 2017, Yang and Chen, 2018), followed by
the FRAIL Scale which is based upon the same domains (n=5) (Jiao et al., 2020, Liang et al.,
2019b, Yin et al., 2018, Yu et al., 2022, Zou et al., 2018). A number of studies utilised tools
with origins in a deficit accumulation model of frailty including the frailty index (n=4)
(Chehrehgosha et al., 2021b, Hao et al., 2019, Kizilarslanoglu et al., 2017, Liang et al., 2019b),
CFS (n=4) (Liang et al., 2019b, Nguyen et al., 20203, Pinheiro et al., 2021, Xu et al., 2020), and
its older version the Canadian Study of Health and Ageing CFS (n=1) (Adebusoye et al.,
2019a). Other measures used included the Edmonton Frail Scale (Liang et al., 2019b), its
updated version the Reported Edmonton Frail Scale (Vu et al., 2017), and the Tilburg Frailty
Indicator (Yu et al., 2022).
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There were three studies which utilised more than one tool to measure the prevalence of
frailty (Liang et al., 2019b, Vu et al., 2017, Yu et al., 2022). For the purposes of the meta-
analysis, in these cases only the measure that allowed the greatest comparison with other
included studies was used. The Fried frailty phenotype was used from Liang et al. (2019b)
and Vu et al. (2017), while the FRAIL Scale was used from Yu et al. (2022).

2.5.8 Meta-analysis of the prevalence of frailty

A total of 20 studies, comprising data from 19,570 older adults admitted to hospital,
demonstrated a pooled estimate of the prevalence of frailty of 37.3% (95% Cl 29.0 — 46.0%).
The summary estimate for each study and a visual depiction of the pooled estimate can be
found in the forest plot in Figure 8. Estimates of frailty ranged widely between studies from
8.7% to 65.5%. This was reflected in the 12 test which at 99.2% indicated high levels of
statistical heterogeneity. Sensitivity analysis (through repetition of the primary analysis with
the removal of each study individually) did not indicate that any one study was exerting an
outsized influence on the pooled estimate or statistical heterogeneity. The results of this

sensitivity analysis can be found in Table 4.

46



Figure 8. Forest plot depicting the prevalence of frailty and pooled prevalence estimate with

studies ordered by ascending prevalence

Study . I Prev (95% CI) % Weight

Oztidrk et al. (2017) — 0.65 ( 0.61, 0.70) 5.0
Adebusoye et al. (2019) ! —_— 0.63 ( 0.59, 0.68) 5.0
Pinheiro et al. (2021) i — 0.62 ( 055, 068) 49
Yu et al. (2022) —— 0.55 ( 0.52, 0.58) 5.1

Nguyen et al. (2020a) | —_—a 0.55 ( 0.50, 060) 5.0
Zou et al. (2018) i —a 0.54 ( 0.49, 059) 5.0

Hao et al. (2019) | —_— 0.49 ( 043, 055) 5.0
Oliveira et al. (2013) -—_— 046 ( 0.37, 0.56) 48
Xu et al. (2020) —_—— 0.44 ( 040, 048) 50

Hong et al. (2019) - 0.42 ( 0.37, 047) 50

Vu etal. (2017) — 035 ( 0.31, 040) 5.0
Khandelwal et al. (2012) —_— 0.33 ( 027, 039) 50
Liang et al. (2019b) —- 032 ( 0.29, 0.35) 5.1

Li et al. (2020) —.—— 032 ( 0.26, 0.38) 5.0

dos Santos Tavares et al. (2015) —_— ! 0.26 ( 0.21, 032) 50
Jietal. (2022) —— I 0.18 ( 0.15, 0.21) 50

Yang and Chen (2018) —- i 0.18 ( 0.16, 0.20) 5.1
Jiao et al. (2020) - f 0.18 ( 0.17, 0.19) 5.1
Chehrehgosha et al. (2021b) —a— | 0.12 ( 0.08, 0.15) 5.0
Ling etal. (2019) | —m— i 0.09 ( 0.07, 0.11) 5.0
Overall —etlil 0.37 ( 0.29, 0.46) 100.0

12=99% :
02 04 06
Prevalence

95% Cl, 95% Confidence Interval. Prevalence figures are reported as a proportion of the total sample.
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Table 4. Sensitivity analysis for the meta-analysis of frailty prevalence

Pooled estimate of frailty 95% Confidence
Excluded study prevalence (%) Interval (%) Higgins |2
Ozturk et al. (2017) 35.9 27.8-443 99.1
Adebusoye et al. (2019a) 36.0 27.9-445 99.1
Pinheiro et al. (2021) 36.1 27.8-449 99.2
Yu et al. (2022) 36.4 28.4-4438 99.0
Nguyen et al. (2020a) 36.4 28.1-45.2 99.1
Zou et al. (2018) 36.5 28.1-45.3 99.1
Hao et al. (2019) 36.7 28.3-45.6 99.2
Oliveira et al. (2013) 36.9 28.4—-45.38 99.2
Xu et al. (2020) 37.0 28.4—-46.0 99.2
Hong et al. (2019) 37.1 28.5-46.2 99.2
Vu et al. (2017) 37.4 28.8—-46.5 99.2
Khandelwal et al. (2012) 37.6 28.9-46.6 99.2
Liang et al. (2019b) 37.6 28.7-46.9 99.2
Li et al. (2020) 37.6 29.0-46.7 99.2
dos Santos Tavares et al. (2015) 37.9 29.3-47.0 99.2
Jietal. (2022) 38.5 29.7-47.7 99.2
Yang and Chen (2018) 38.5 29.5-479 99.2
Jiao et al. (2020) 38.5 299-47.4 98.7
Chehrehgosha et al. (2021b) 38.9 30.3-47.9 99.2
Ling et al. (2019) 39.2 30.6-48.1 99.1

Each row represents the results of the meta-analysis if that study were excluded.

2.5.9 Meta-analysis of the prevalence of pre-frailty

The 12 studies included in the meta-analysis of the prevalence of pre-frailty comprised 5560
older adults admitted to hospital. This gave rise to a pooled estimate of the prevalence of
pre-frailty of 36.3% (95% Cl 19.9 — 49.9%). Again, statistical heterogeneity was high,
indicated by an the 12 of 99.3%. On sensitivity analysis, removal of each study one-by-one
resulted in less than 4% variation the overall pooled estimate and no major change in the |

statistic. This analysis can be found in Table 5.
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Figure 9. Forest plot depicting the prevalence of pre-frailty and pooled prevalence estimate

with studies ordered by ascending prevalence

Study Prev (95% Cl) % Weight

Jietal. (2022) — 058 ( 0.54, 0.62) 8.4

dos Santos Tavares et al. (2015) R 053 (047, 059) 8.3

Oliveira et al. (2013) . 3 0.49 ( 0.40, 0.59) 8.1

Nguyen et al. (2020a) . 044 ( 039, 049) 83

Li et al. (2020) ——— 0.40 ( 0.34, 0.46) 8.3

Chehrehgosha et al. (2021b) S 034 ( 028, 039) 83

Yang and Chen (2018) —a— 033 (030, 0.35) 84

Zou et al. (2018) — 028 ( 0.24, 0.33) 84

Oztork et al. (2017) — 026 ( 0.22, 0.31) 84

Adebusoye et al. (2019) —_— 022 ( 0.18, 0.26) 84

Hong et al. (2019) - 021 ( 017, 0.26) 83

Ling et al. (2019) [ —m— 0.13 ( 0.11. 0.16) 84

Overal | e B— 0.36 ( 0.20, 0.50) 100.0
12=99% }
0.2 0.4 06
Prevalence
Cl, Confidence Interval. Prevalence figures are reported as a proportion of the total sample.
Table 5. Sensitivity analysis for the meta-analysis of pre-frailty prevalence
Pooled estimate of pre-frailty | 95% Confidence
Excluded study prevalence (%) Interval (%) Higgins |2

Jietal. (2022) 34.2 16.5-49.5 99.3
dos Santos Tavares et al. (2015) 34.7 17.5-49.2 99.3
Oliveira et al. (2013) 34.8 18.3-49.2 99.2
Nguyen et al. (2020a) 35.1 20.0-48.1 99.1
Li et al. (2020) 36.0 18.4—-50.6 99.3
Chehrehgosha et al. (2021b) 36.3 19.2-50.9 99.2
Yang and Chen (2018) 36.5 18.7-51.6 99.1
Zou et al. (2018) 37.1 19.3-51.8 99.3
Oztiirk et al. (2017) 37.2 20.2-51.2 99.2
Adebusoye et al. (2019a) 37.7 20.0-52.2 99.2
Hong et al. (2019) 379 19.8-52.7 99.3
Ling et al. (2019) 38.3 23.7-50.2 98.9

Each row represents the results of the meta-analysis if that study were excluded.

2.5.10 All-cause mortality and frailty status

The majority of included studies were cross-sectional by design so did not report follow-up

outcomes. However, there were eight prospective cohort studies of that did follow-up
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patients and report outcomes by frailty status. Two of these did not report mortality, only
rates of readmission (Chehrehgosha et al., 2021b, Nguyen et al., 2020a). With only six
studies and due to a high degree of methodological heterogeneity (especially in the duration
of follow-up), meta-analysis was not possible. It was not possible to calculate standardised
mortality rates because all studies reported outcomes at different durations of follow-up
and only two reported median survival time. The extracted variables are summarised in

Table 6.

Table 6. All-cause mortality by frailty status in included prospective cohort studies

Author (year) Participants Follow-up All-cause mortality N (%)>
followed-up duration Non-frail/ Pre-frail Frail
N (%)* robust
Adebusoye et al. | 450 (100.0) In-hospital 11 (16.9) 16 (16.0) 72 (25.3)
(2019a) mortality
dos Santos 247 (96.9) In-hospital 0(0.0) 5(3.7) 3(4.5)
Tavares et al. mortality
(2015)
Hao et al. (2019) | 271 (86.6) 36 months 20 (14.5) - 38 (28.6)
Khandelwal et al. | 250 (100%) In-hospital 0(0.0) - 5(6.0)
(2012) mortality
Kizilarslanoglu et | 122 (100%) 6 months 27 (45.8) 23 (62.2) 19 (73.1)
al. (2017)
Pinheiro et al. 204 (99%) 6 months 9(11.4) - 52 (40.9)
(2021)

1Percentage is equivalent to the follow-up rate, the proportion of the original cohort for whom follow-
up data were available. °The percentage of participants who died as a proportion of the total in that
group (e.g. number of frail participants who died/ number of frail participants x 100).

Although the rates could not be calculated, the absolute number of deaths from any cause
was higher in the frail (range 4.5 — 73.1%) than in non-frail/ robust (range 0.0 — 45.8%) and
pre-frail groups (3.7 — 62.2%). The differences between frail and non-frail groups were more
pronounced in the studies with longer follow-up durations than in those that only looked at
in-hospital mortality. Kizilarslanoglu et al. (2017) found the highest mortality overall which is
unsurprising given that their study was based in an Intensive Care Unit and likely represents
a generally more unwell population. Median survival time from admission to death in this
particular study was 23 days amongst older people with frailty compared with 31 days and

140 days in the pre-frail and non-frail groups respectively (Kizilarslanoglu et al., 2017).
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Adebusoye et al. (2019a) also reported the overall median survival time from admission to
hospital for their cohort of older adults (36 days) but did not give a breakdown by frailty

status.

2.5.11 Risk of bias in included studies

Two articles met inclusion criteria for this systematic review, but were excluded from the
meta-analysis for the prevalence of frailty due to methodological heterogeneity and
concerns they were not clear enough comparators for the other included studies:

1) The study by Kizilarslanoglu et al. (2017) was excluded from the meta-analysis on the
basis it used an unusually high cut-off (>0.4 rather than the more usual >0.25) to
define frailty in the index. Furthermore, this was the only study that looked solely at
patients in ICU. All patients on specialty wards are in some senses “selected” from
the general inpatient population based on their clinical characteristics and thus is it
expected that rates of frailty will vary from ward-to-ward. Though older people
admitted to the Intensive Care Unit were not excluded from this review per se,
without any other comparable studies there was a concern that this Kizilarslanoglu et
al. (2017) may represent an outlier.

2) The study by Yin et al. (2018) did meet the inclusion criteria for this systematic review
but only recruited older people with a hospital stay of greater than seven days. There
was concern that this may have led to an overestimation of the prevalence of frailty
compared with the general inpatient population and thus it was excluded from the

meta-analysis.

For the remaining studies which were included in the meta-analysis of the prevalence of
frailty and pre-frailty, the risk of bias assessment highlighted several factors which could

potentially impact prevalence estimates in individual studies.

Six studies were highly inclusive in their recruitment, only excluding older people who were
haemodynamically unstable, had reduced conscious level, refused to participate or were
completely unable to communicate and lacked an informant (Adebusoye et al., 2019a, Hao
et al., 2019, Jiao et al., 2020, Kizilarslanoglu et al., 2017, Pinheiro et al., 2021, Yang and Chen,

2018). On the other hand, several of the remaining studies had a risk of selection bias due to
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restrictive inclusion criteria. Most of the exclusions were for practical reasons around

consent or ability to complete assessments; however they may have led to an

underestimation of the prevalence of frailty. Such exclusion criteria included:

Terminal illnesses (Chehrehgosha et al., 2021b, dos Santos Tavares et al., 2015, Hong
et al.,, 2019, Nguyen et al., 20203, Oliveira et al., 2013, Pinheiro et al., 2021, Vu et al.,
2017), in some cases excluding older people with cancer specifically (Nguyen et al.,
20204, Yu et al., 2022, Hong et al., 2019).

Cognitive impairment, either acute, or as a result of an established diagnosis of
dementia was also a common criterion for exclusion (dos Santos Tavares et al., 2015,
Hong et al., 2019, Ji et al., 2022, Li et al., 2020, Liang et al., 2019b, Oztiirk et al., 2017,
Xu et al., 2020, Yin et al., 2018, Zou et al., 2018). Reasons for this were concerns
around consent, inability to answer questions and inability to follow instructions
required for assessments. Other studies circumvented the first and second of these
issues by using proxies/ informants.

Mobility problems were another common reason for exclusion, either because the
older person was acutely unwell and bedridden (Ling et al., 2019, Oztiirk et al., 2017,
Yin et al., 2018, Yu et al., 2022), or because they had longstanding mobility problems
due to stroke (dos Santos Tavares et al., 2015, Hong et al., 2019, Khandelwal et al.,
2012, Li et al., 2020), Parkinson’s Disease (dos Santos Tavares et al., 2015,
Khandelwal et al., 2012, Li et al., 2020, Oztiirk et al., 2017), other neurological disease
(Oliveira et al., 2013, Oztiirk et al., 2017), amputation (Oliveira et al., 2013, Xu et al.,
2020) or other causes of disability (dos Santos Tavares et al., 2015, Hong et al., 2019,
Oliveira et al., 2013).

Sensory impairments, either of hearing or of vision, were also a common reason for
exclusion (dos Santos Tavares et al., 2015, Hong et al., 2019, Ji et al., 2022, Liang et
al., 2019b, Vu et al., 2017, Zou et al., 2018).

As has been discussed elsewhere in this thesis, older people with frailty were particularly

vulnerable to COVID-19 and were more likely to suffer from severe illness requiring

admission. Studies that did not exclude older people with COVID-19 in the early phase of the

pandemic, or at least did not report the proportion with the disease, risk overestimating the

frailty burden. Three studies had data-collection periods which coincided with phases of the
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pandemic prior to vaccine rollouts. Ji et al. (2022) recruited participants from June 2020 to
January 2021, and Yu et al. (2022) from March 2020 to February 2021 though neither paper
makes any reference to COVID-19. Pinheiro et al. (2021) collected data from December 2019
to May 2020, then again from November 2020 to January 2021, with an interruption due to
the pandemic. However, they excluded patients on the respiratory support unit which

included all of those with COVID-19 (Pinheiro et al., 2021).

Coverage bias is a common feature of cross-sectional studies using consecutive sampling.
This occurs when people who are admitted for shorter periods are missed because they are
well and discharged, are transferred for specialist care, or because they die early in their
admission. In this context, this could result in prevalence figures which do not include the
most robust and the frailest individuals. To some extent, this is unavoidable, and it is
therefore best practice to report the number of participants included as a proportion of total
admissions. This figure was provided only in a minority of the included articles (dos Santos
Tavares et al., 2015, Liang et al., 2019b, Pinheiro et al., 2021, Vu et al., 2017, Xu et al., 2020,
Yang and Chen, 2018).

2.6 Discussion

This systematic review identified 22 eligible studies which have examined the prevalence of
frailty and pre-frailty amongst hospital inpatients aged 60 years and over in LMICs. Pooled
estimates of the prevalence of frailty and pre-frailty were 37.3% and 36.3% respectively, and
amongst the handful of studies that reported outcomes, all-cause mortality tended to be
higher in the frail groups. This review has also highlighted the relative paucity of data, as
included studies were all conducted in middle-income countries, and more than half were

from China.

There are a number of existing reviews that have sought to estimate frailty prevalence
amongst hospital inpatients. Perhaps the most comprehensive was performed by Doody et
al. (2022), whose meta-analysis included 460,000 geriatric inpatients. This produced pooled
estimates for the prevalence of frailty and pre-frailty of 47.4% (95% Cl 43.7-51.1%), and
25.8% (95% Cl 22.0-29.6%) respectively (Doody et al., 2022). In both Doody et al.’s review

and the present investigation, over 70% of older inpatients were on the spectrum of frailty.
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However, they found that a greater proportion of these were frail rather than pre-frail.
There are a few major differences between the studies included in that review and the
present investigation which may go some way towards explaining this difference. First, most
studies in the present review which reported prefrailty used the phenotype (n=8/12), or
FRAIL scale (n=2/12), both measures which tend to produce lower prevalence estimates than
other tools. If more studies had utilised multidimensional or global assessment tools, it is
quite likely the estimates of prefrailty prevalence would have been higher. Second, the
participants in the 96 studies included in Doody et al.’s review — 91 of which were from HICs
— were considerably older that those in the present review, thus potentially skewing more

towards the frail end of the spectrum.

High heterogeneity was present in this investigation and is a common theme amongst other
meta-analyses on this topic (Doody et al., 2022, Boucher et al., 2023). Given the array of
tools for frailty assessment, and the vastly different contexts in which they have been
applied, this is hardly surprising. Heterogeneity can even be considerable between studies
which utilise the same tool to assess frailty prevalence, depending on how that tool is
operationalised. For example, the frailty phenotype is often modified, affecting both
prevalence estimates and its ability to predict adverse outcomes (Theou et al., 2015). The
lack of a consensus definition for frailty certainly poses a major challenge when synthesising
evidence and is sometimes decried as a weakness of the construct. However, this diversity in
the understanding of frailty may also prove to be a major advantage when applying it to new

settings, allowing for its adaptation for different sociocultural contexts.

In clinical practice, one of the strengths of frailty as a construct has been its ability to predict
who is at greatest risk of adverse outcomes. In this systematic review of older inpatients in
LMICs, the absolute number of deaths was higher amongst those with frailty, than those
without, in the studies that reported this outcome. However, only six studies reported
mortality. There are two other existing reviews that have looked at outcomes in relation to
frailty status amongst inpatients, with both finding that it is associated with greater all-cause
mortality (Boucher et al., 2023, Cunha et al., 2019). In these two studies, the relative risk of
dying was two to three times higher for frail individuals than for their non-frail counterparts,

and up to eight times higher during hospital admission (Boucher et al., 2023, Cunha et al.,
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2019). However, once again these data overwhelmingly reflect the experiences in high-
income settings and the present review highlights how little is known about outcomes

amongst older inpatients in LMICs.

There are a number of limitations to this systematic review and meta-analysis. Firstly there
were several limitations to the search and inclusion criteria. LMICs were searched by name
based on their World Bank classification as of July 2022 and this raises the possibility that
studies which has changed status may have been missed. The eligibility criteria were
restricted to whole ward populations, thus excluding many articles where participants were
recruited on the basis of a specific disease. Though this was done out of concern that the
prevalence of frailty differs in different conditions, cumulatively these data may have been
informative. Similarly, the focus on observational studies may also have led to missing

experimental research in which frailty prevalence was assessed pre-intervention.

Furthermore, during the screening process a number of potentially eligible articles could not
be obtained and thus potentially informative data were not included. For the full-texts that
were obtained, Google Translate software was used to convert three in to English to assess
eligibility, risk of bias and to extract data (Ling et al., 2019, Yalinkilic et al., 2020, Diaz-Toro et
al., 2017). This was done in the interests of inclusivity but introduces a greater risk of error
than there would be with the gold standard of professional translation which was not

performed due to resource limitations.

The small number of included studies were highly heterogeneous and the Confidence
Intervals for the pooled prevalence of frailty and pre-frailty were broad. There was huge
disparity in sample sizes between studies with the largest being almost 10,000 (Jiao et al.,
2020) and the smallest consisting of just 99 individuals (Oliveira et al., 2013). While the
inverse variance method of meta-analysis would have heavily weighted in favour of this

largest study, the double arcsine transformation produced nearly equal weightings.

Due to the low number of included studies, it was not possible to conduct further subgroup
analyses that may have provided further useful information, for example examining the

relationships between frailty prevalence and age, sex, method of assessment, specialty ward
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and whether patients were admitted on an unplanned or elective basis. The aim of this
review was to summarise existing literature regarding the prevalence of frailty amongst
older people admitted to hospital in LMICs. However, due to the paucity of literature, the
pooled estimates of frailty and pre-frailty prevalence reflect only the experiences of middle-

income settings and China in particular.

2.7 Summary

This chapter has reported the systematic review and meta-analysis of the prevalence of
frailty amongst older hospitalised adults in LMICs. While the pooled estimates produced
suggest that frailty and pre-frailty are prevalent, this estimate is based on literature that is
concentrated in China, and to a lesser extent Brazil. This review highlights the paucity of
studies from sub-Saharan Africa, and the lack of outcomes data. With this in mind, the next

section outlines the research question, aims and objectives guiding this thesis.
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Chapter 3. Research questions and study aims

3.1 Overall research question
The overarching question this mixed methods PhD research sought to answer was: “What is
the extent of frailty amongst older adults admitted to hospital in northern Tanzania, and

what are the experiences and implications of admission in this context?”

Arising from this were several sub-questions, some of which were best answered using
quantitative methods, others with qualitative approaches, and some through the synthesis

of data of both kinds.

3.2 Quantitative research questions

What is the prevalence of frailty amongst older adults in this setting?

What are the demographic and clinical characteristics of older adults with frailty?

What are the outcomes for older adults with frailty in this setting?

The aim of this portion of the study was therefore to establish the prevalence, demographic
characteristics, clinical characteristics and outcomes of older people with frailty admitted to

hospital in northern Tanzania.

3.3 Qualitative research questions

How is the journey of hospital admission experienced by older people with frailty and those
caring for them?

What are the needs of older people in hospital in this context, and to what extent are they
being met?

What elements of hospital care for older people work well, and what could be improved?
The associated aims were 1) To explore the context of clinical outcomes with reference to
the experiences and needs of hospitalised older people with frailty, from the perspectives of
both service users and service providers; and 2) To identify barriers and facilitators to

effective care.
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3.4 Mixed research questions

These final sub-questions were best answered by the triangulation and synthesis of both
guantitative and qualitative data. Their practical focus reflects both the author’s clinical
background, and the priorities of local clinical leaders consulted throughout this research.
Can, and should, frailty screening and assessment be used in this setting?

What might interventions to improve care look like, now within current resource constraints,
and in the future?

The associated aim was to synthesise quantitative and qualitative strands, and to share
findings with local Tanzanian stakeholders, in order to identify potential areas for

intervention and future research needs.
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Chapter 4. Methodology and methods

4.1 Chapter introduction

In this chapter, the methodology and methods adopted to answer the research question are
described. This begins with a discussion of the theoretical principles that guided this
research including the philosophical standpoint of critical realism, the use of systems
thinking and a mixed methods approach. This is followed by a description and justification of
the specific techniques and tools used to collect, analyse and interpret the quantitative and

qualitative data.

4.2 Philosophical standpoints

As researchers, our assumptions about the nature of reality (ontology), and how knowledge
is acquired (epistemology), are fundamental to our study designs and interpretations of the
data. Failing to explicitly recognise and acknowledge our philosophical positions, or applying
pragmatism uncritically, can lead to incoherence and threaten the validity of the resulting
arguments (Lipscomb, 2008). What follows is a brief exploration of reasoning behind the
adoption of a mixed methods approach and the ontological and epistemological standpoints

that have guided this research.

4.3 Rationale for mixed methods

Mixed methods research is an approach that seeks to answer questions through the
collection and synthesis of both quantitative and qualitative data (Allison and Joanna, 2017).
It was adopted early within the social sciences, particularly anthropology, and has become
increasingly popular in the health sciences since the 1990s (O'Cathain, 2009). The integration
of qualitative and quantitative techniques is intended to draw upon the strengths of both
methods whilst mitigating the weaknesses of the other, in order to provide a more

comprehensive understanding of a research topic (Shorten and Smith, 2017).

As is outlined in the introduction of this thesis, frailty is a complex entity encompassing
elements related to ageing, multimorbidity, disability, dependency and social vulnerability.

Linda Fried and Kenneth Rockwood, who are from the United States and Canada
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respectively, are credited with popularising the frailty construct (Fried et al., 2001,
Rockwood et al., 2005). Its application and evolution over the last 20 years has mostly
occurred in healthcare systems in “western” countries. This PhD research considers frailty in
a completely different cultural, socioeconomic and healthcare landscape to that in which it
originated. To understand the extent and experience of frailty amongst older people
admitted to hospital in northern Tanzania — a context in which frailty has not previously

been applied — this study demanded a mixed methods approach.

Therefore, this PhD research incorporated both quantitative and qualitative elements.
Quantitative assessment of the prevalence, characteristics and outcomes of frailty provided
a way to understand the scale of the problem, to draw comparisons with existing literature
and reflect on the use of frailty tools in this setting. Meanwhile complementary qualitative
data collection regarding the experience of frailty gave the opportunity to triangulate this
with the understandings and theories of local stakeholders, and to contextualise clinical
outcomes through the experiences of participants (Timans et al., 2019, Shorten and Smith,
2017). Crucially for considering frailty in a new setting, the use of mixed methods also

allowed for the emergence and exploration of unanticipated phenomena (Schrauf, 2017).

4.4 Critical realism

In conducting mixed methods research, one must also be mindful of its potential challenges.
The process of synthesising and integrating quantitative and qualitative data can be
particularly complex, requiring careful attention during study design to ensure proportionate
weighting and ontological compatibility (Shorten and Smith, 2017, Lipscomb, 2008, Johnson
and Onwuegbuzie, 2004). In considering how best to address these challenges in relation to
this research, critical realism provided the most suitable framework. To understand why, it is
important to outline the philosophical criticisms of mixed methods and the ways in which

they have been addressed.

At one extreme, quantitative research may be underpinned by positivism. This philosophical
standpoint emphasises an external objective reality. This leads to the conclusion that
phenomena are best investigated through hypothetico-deductive cycles of value-neutral,

and empirical data collection, with the aim of establishing causality and universal laws
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(Sukamolson, 2007). At the other extreme, interpretivism holds that there are multiple
realities which are socially constructed by individuals, and thus observations can only be
understood qualitatively through interpretation within this subjective context (Alharahsheh
and Pius, 2020). It has been argued by some that quantitative and qualitative approaches are

therefore fundamentally incompatible (Howe, 1988, Lipscomb, 2008).

Nonetheless, mixed methods research has gained wide acceptance as a valid method of
enquiry. To effectively sidestep ontological and epistemological concerns, mixed methods
researchers have frequently adopted a pragmatic approach. Sometimes known as Peircean
pragmatism (after Charles Sander Peirce who first proposed a version of it in the late 1800s),
this proposes a third way between positivism and interpretivism by emphasising the
importance of the reality of the natural world and of human experience (Peirce, 1905). This
allows researchers to focus on whatever produces a desired outcome, whilst setting aside
concepts that do not make a practical difference and selecting the methodologies which
hold the best chance of answering their question (Allmark and Machaczek, 2018). However,
this approach can feel unsatisfactory as it does little to address the challenges of integrating
different types of data, and can lead to the selection of incommensurate methods

(Lipscomb, 2008, Teddlie and Tashakkori, 2010).

Therefore, in this thesis, a critical realist approach was adopted. Critical realism, takes the
view that reality is arranged in three levels (see Figure 10) (Bhaskar, 1979). Unlike the
interpretivism, critical realism incorporates “the real”, a reality that is external to human
perception (ontological realism) (Mukumbang, 2023). However, unlike positivism, this
approach also holds that knowledge is a human product, mediated through theories and
interpretations (epistemological relativism) (Fletcher, 2017, Lipscomb, 2008). While the
causal structures and mechanisms of reality result in a variety of phenomena, termed “the
actual”, our knowledge of these is restricted to the proportion that we can observe and
interpret, known as “the empirical” (Lipscomb, 2008, Fletcher, 2017). This stratified ontology
is particularly applicable to cross-cultural research because it acknowledges an independent
reality but also values a multiplicity of contributions in the interpretation of observed

events.
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Figure 10. The ontological levels of critical realism

Reality existent independent of human
perception, and contains the causal
structures and mechanisms with
potential to generate phenomena

Phenomena which actually occur and
may go observed or unobserved

Events that are observed and
understood through human
interpretation

Adapted from (Fletcher, 2017, Mukumbang, 2023).

Methodological pluralism is fundamental to a critical realist approach (Lipscomb, 2008). In its
stratified ontology, it is recognised that underlying causal mechanisms may produce
different phenomena depending on the physical, social and environmental conditions and
that these can be interpreted in different ways depending on the observer (Mukumbang,
2023). This supports the incorporation of multiple perspectives, methods and analytical
techniques (Connelly, 2001). Hence, critical realism provides a highly suitable approach for
mixed methods research and for the exploration of phenomena in different cultural settings,

whilst overcoming many of the drawbacks of a pragmatic paradigm.

4.5 Systems-based approaches in healthcare research

In thinking about how to practically apply critical realism in the design of this study, systems-
based thinking proved a valuable framework. The acute hospital admission of an older
person is a complex system; that is to say it is composed of multiple interconnected
elements, interacting in dynamic ways, to produce emergent outcomes that cannot be
understood by examining components in isolation (Clarkson et al., 2017). Like critical
realism, systems-based thinking emphasises the complexity of reality and the need to
understand the interactions between underlying structures that shape the outcomes that
are observed. This approach also encourages the use of mixed methods in this pursuit.

Engineering Better Care (Clarkson et al., 2017) was a report produced in a collaboration
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between the Royal College of Physicians and the Royal Academy of Engineering in the UK.
This report, and subsequent toolkit, outline practical approaches to understanding complex
systems in healthcare (Clarkson et al., 2018). These tools were particularly valuable during
the development of the qualitative strand of this study and their application is discussed

further in Section 4.9.

4.6 Study design overview

In the design of mixed methods research, careful consideration must be given to the
integration of quantitative and qualitative elements. This can occur at the level of the study
design, methods and in the interpretation and reporting (Fetters et al., 2013). To establish
the extent and experience of frailty amongst older people admitted to hospital in Tanzania,
this study used an explanatory sequential design which is displayed in Figure 11 (Shorten and
Smith, 2017). In the first phase, quantitate data were collected from a cross-section of older
people recruited from four hospital sites: Kilimanjaro Christian Medical Centre (KCMC),
Mawenzi Regional Referral Hospital (MRRH), Hai District Hospital (HDH) and Machame
Lutheran Hospital (MLH). After the analysis of these data, participants were followed up to
establish their longer-term quantitative outcomes and a purposive sample were recruited
for semi-structured interviews, to explore the context of quantitative findings and give voice

to the experiences of participants.
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Figure 11. Overview of the mixed methods explanatory sequential (QUAN-qual) design
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In addition to integration at the level of design, quantitative and qualitative data were also
linked through the methods. This was achieved through connecting, which refers to shared
sampling, and building, in which one dataset informs the collection of the other (Fetters et
al., 2013). Service users interviewed for the qualitative strand were participants in the
guantitative study, and service providers were healthcare professionals from participating
wards. The quantitative analysis, which took place between the two phases, informed both
the characteristics of interest for purposive sampling and the development of topic guides
for the interviews. In the reporting and interpretation of the data, a narrative contiguous
approach was used in which qualitative and quantitative results were presented and
discussed in different chapters, with the overall key findings summarised together in the

final chapter.

4.7 Research team recruitment, training and roles
This was a complex and ambitious study, involving collaboration between international

institutions, and the recruitment of participants spread over a large geographical area. Given
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the multi-centre nature of the baseline quantitative data collection, and the simultaneous
collection of quantitative and qualitative data during follow-up, it was often necessary to be
in more than one place at a time. These factors necessitated the building of relationships
with local clinical leaders and ward teams at participating hospitals, as well as the
involvement of other researchers beyond author (SD). Tanzanian research colleagues played
an important role, providing local expertise, language translation and acting as cultural
brokers to ensure research tools and interactions were appropriate within the local context.
In addition, intercalating medical students on the MRes programme at Newcastle University
were engaged to support data collection and assist with the daily running of the study. While
these individuals contributed meaningfully to the acquisition of data and ensured the
smooth running of the project, author (SD) coordinated and led at every stage, and was
independently responsible for all other aspects of the study, including the conceptualisation
of research questions, development of data collection tools, data analysis, interpretation,

synthesis and discussion of the work contained in this PhD thesis.

Tanzanian research colleagues were recruited by the author (SD), on the recommendations
of Doctor Jane Rogathi, a Senior Lecturer at Kilimanjaro Christian Medical University College
with whom UK supervisors had a longstanding research relationship. All Tanzanian research
colleagues had previous experience of research collaborations between KCMC, the Hai
District, Northumbria Healthcare NHS Foundation Trust and Newcastle University. MRes
students were involved in the collection of data during baseline quantitative assessments in
2022 (Emily Bickerstaff, Luke Emmence, Sara May Motraghi-Nobes and George Rayers) and
in 2023 during quantitative follow-up and qualitative interviews (James Hardy, Amie Murray

and Theo Randall).

Training for all researchers was provided by the author (SD). This involved structured
teaching sessions to give a grounding in frailty, the overall study design and the specific
instruments that were to be used at each stage. Standard operating procedures for the
completion of the various questionnaires and anthropometric measurements were taught,
and both index and follow-up assessments were rehearsed with one another and volunteers.
The standardised instructions for each questionnaire and anthropometric measurement

were incorporated into the data collection tool, completed on an Android tablet, in an
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attempt to standardise measurements and ensure all participants received the same
instructions. During practice, researchers became familiar with the data collection tools and
became efficient in their use. It was also an opportunity to smooth out any problems with

translations and the order and flow of assessments.

For the baseline cross-sectional study, a member of the clinical team on the wards at each
site (namely Mary Chuwa, Fortunatus Kisheo and Elibariki Kisaruni) reported the number of
new admissions each day to allow efficient allocation of the research teams’ time. Two
research teams travelled between sites to recruit participants and collect data. Having two
teams allowed simultaneous data collection at multiple hospitals which were geographically
distant. The first team covered KCMC and MLH, while the other covered MRRH and HDH.
Two teams, rather than four, were used because of limitations in equipment, vehicles and
research team members. Due to differences in the numbers of admissions between sites,
the larger urban hospitals (KCMC and MRRH) were visited five days per week. Rural hospital
sites (HDH, MLH), where there were fewer admissions, were visited roughly three times per

week, with some flexibility built-in to account for fluctuations in the number of admissions.

For baseline assessment, each of the two teams consisted of a Tanzanian researcher
(Godrule Lyimo, or Joseph Kilasara) who conducted the consent process and questionnaires
with participants in Swahili. They were accompanied by one to two of the MRes students
who provided transport and equipment, completed anthropometric measurements and
uploaded data at the end of each day. Author SD liaised daily with each hospital, allocated
where time would be spent, and alternated between teams to provide some overall

consistency and quality control.

During follow-up, quantitative telephone interviews and questionnaires were conducted in
Swahili by Godrule Lyimo and Joseph Kilasara based on a standardised data collection tool
on an Android tablet. The training process for this new tool, and for the new MRes students,
was the same as for the previous year. Author SD, and MRes students, managed the follow-
up process by determining which participants should be called and when, and recording

whether a participant had completed follow-up, or was lost to follow-up.
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During the quantitative follow-up phone calls, SD and MRes students also identified service
users with characteristics of interest during their baseline assessments to recruit to the
qualitative study. Service providers for qualitative interviews were recruited by the same
members of the clinical teams on participating wards in each hospital who had reported
admission numbers (Mary Chuwa, Fortunatus Kisheo and Elibariki Kisaruni). Godrule Lyimo,
Joseph Kilasara and Wema Msangi interviewed participants based on preset topic guides
created by the author (SD). Author SD, or one of the MRes students, was present at each
interview, driving to participant’s homes, participating occasionally through intermittent
translation and managing the recordings. Interviews and the translation process are

described in more detail in section 4.9.

4.8 Quantitative methods

A multicentre cross-sectional design, with a follow-up phase, was chosen for the quantitative
strand of this mixed methods research. This was selected so that the prevalence of frailty
could be assessed and related sociodemographic and clinical characteristics could be
explored. After this, participants could be followed up to assess clinical outcomes by frailty
status. A multi-centre approach was taken to increase generalisability of findings by
reflecting a range of hospitals, both large and small, private and public, urban and rural.
Older people were then consecutively recruited from these hospital sites. Data from this
stage of the study, and thus some of the content from this methods section, has been
published in Davidson et al. (2024a) and has appeared in conference presentations
(Davidson et al., 2023b, Davidson et al., 2023a, Davidson et al., 2023c, Davidson et al.,
2024d, Moore et al., 2024).

4.8.1 Setting
Participants were recruited from four hospital sites selected to reflect the range of
healthcare settings and resources available in Tanzania (see Figure 12). These were:
1. Kilimanjaro Christian Medical Centre (KCMC), a large Zonal Level University hospital
on the outskirts of the town of Moshi (population approximately 220,000 people),
owned by a private non-profit organisation called the Good Samaritan Foundation

and supported by Lutheran and Catholic denominations. It benefits from significant
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international input and investment. The two participating male and female medical
wards had a total capacity of 75 beds.

Mawenzi Regional Referral Hospital (MRRH), a large government-run Regional Level
hospital in the urban centre of Moshi. Participating male and female medical wards
comprised a total of 49 beds.

Hai District Hospital (HDH), a small urban government-run District Level facility in the
small, but rapidly growing, town of Boma Ng’ombe (population approximately
13,000). Participating male and female general wards totalled 60 beds.

Machame Lutheran Hospital (MLH), a small District Level rural facility in the foothills
of Kilimanjaro, owned and operated by the Evangelical Lutheran Church of Tanzania.

Male and female general wards participating in this study had 49 beds in total.
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Figure 12. Location and photographs of participating hospital sites

Mount
Kilimanjarc
National Park

Gilman's Point

Nunge
© Zanriow

P
Naweseko

5

. Kibosho
oo Lmae Magharibi

aMarogee O Dar s Salaam

Umbwe Mwela

Shy

Namro

Participating hospital sites: 1. Kilimanjaro Christian Medical Centre (one of several courtyards with

surrounding wards); 2. Mawenzi regional Referral Hospital (main concourse and laboratory); 3. Hai
District Hospital (female ward); 4. Machame Lutheran Hospital (central courtyard with surrounding
wards).
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4.8.2 Participants and recruitment

All consecutive adults aged >60 years, admitted to selected medical and general wards at the
four hospital sites, over a period of six months, were invited to participate. Those with
capacity were included if they agreed to participate, while those lacking capacity were still
eligible for inclusion if an informant assented on their behalf. An informant was defined as a
person aged 218 years, who knew the patient well, and was not acting in a paid or
professional capacity. People were excluded if they were less than 60 years of age, refused
to participate, or lacked capacity and an informant. It was the aim that all participants be
seen and assessed within the first 72 hours of admission. For individuals who met inclusion
criteria but did not participate, the main reason for non-participation was recorded.
Furthermore, limited non-identifiable data (age and sex) were also recorded about older
people who were eligible but not included to ensure those enrolled in the study were

representative of the broader eligible population.

A power calculation was performed using the following standard formula for the estimation
of required sample size in prevalence studies (Daniel and Cross, 2018):

Z2p(1-P)
"t

Variables in the equation were the 37% pooled estimate for the prevalence of frailty from
the systematic review in this thesis (P), a desired precision of + 5% (d) and a Confidence
Interval of 95% (for which Z=1.96). This led to a target sample size of 359 individuals. Based
on prior admission figures from a study which screened for delirium across all wards in
KCMC, it was estimated there may be up to 1200 admissions of people aged 60 years and

over across the four hospital sites over a six month period (Lewis et al., 2016).

4.8.3 Data collection: baseline assessment

Data were collected on handheld Android tablets using Kobo Toolbox (Kobo Inc, Cambridge,
MA, USA). This open-source software has been widely used by global health researchers and
humanitarian organisations. It was used to build a standardised proforma, with questions

and answers in a consistent format which could be switched between English and Swahili.
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Compulsory fields, drop-down menus and restrictions on what could be entered were used

to minimise the risk of variability and input errors.

Participants were assessed using a standardised proforma based around the domains of the
Comprehensive Geriatric Assessment (CGA). This included the collection of
sociodemographic and clinical characteristics pertinent to Tanzania and to frailty. The
components of this multi-dimensional assessment, and how they relate to elements of the
CGA, are summarised in Figure 13. Existing Swahili translations were already available for all
guestionnaires used. However, other elements of the Kobo Toolbox proforma were

translated specifically for this project.

Recruitment was timed for the six-month period from March to August 2022. This was
primarily due to the availability of research team members during this time. In Tanzania, the
seasonal rains are heaviest between March and June, September and November. The rest of
the year is relatively dry and temperatures peak in February. Clinical leaders at participating
hospitals anecdotally reported periods of lower hospital attendances during harvests
(important periods economically, varying throughout the year depending on crop) and rainy
seasons (due to access problems). Many communicable diseases from malaria, to respiratory
and gastrointestinal infections are also climate-sensitive and may affect admission rates
through the year (Bishop-Williams et al., 2018). Although little has been published in the
literature regarding seasonal trends in hospital attendance in Tanzania, in the similar climate
of neighbouring Uganda admission rates tend to be higher during the dry season (Bishop-

Williams et al., 2018).

71



Figure 13. Components of the baseline multi-dimensional assessment
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Dotted lines indicate which component of the multi-dimensional assessment corresponded to each
domain of the Comprehensive Geriatric Assessment. Frailty measures are not linked to specific
domains because they span all of them to varying degrees. IDEA-Cog; Identification and Intervention
for Dementia in Elderly Africans Cognitive screen. IDEA-IADL; Identification and Intervention for
Dementia in Elderly Africans Instrumental Activities of Daily Living scale. CAM, Confusion Assessment
Method.

Frailty was assessed using three different instruments. A variety were selected to maximise
comparability with existing literature and to compare and contrast different frailty
constructs in this setting. The three selected were:

1. The Frailty phenotype, a measure of physical frailty, was chosen because variations of
Fried’s original are the most widely used in studies of prevalence worldwide (Doody
et al., 2022, Fried et al., 2001). A version of the FP has previously been successfully
used in the community in the Hai District, an area served by the hospitals in the
present investigation (Lewis et al., 2018a). The details of the operational criteria used
for the phenotype can be found in Table 7. As in Fried’s original, it was intended that
number of items for which frailty criteria were fulfilled would determine frailty

classification with 0-1 as “Robust”, 2 as “Pre-frail”, and 3-5 as “Frail”.
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2. The Clinical Frailty Scale (CFS), a judgement-based visual instrument, was chosen
because of its extensive use around the globe, particularly in hospital settings, and its
previous use in the community in Tanzania (Church et al., 2020, Rockwood et al.,
2005, Lewis et al., 2019). It was of particular interest because of its successful
application in acute settings. The 2007-2009 version of the phenotype, (depicted in
Figure 5) was used because this version had an existing Swabhili translation and had
been applied in the community study in Tanzania. For the purposes of analysis,
participants were dichotomised so that those scoring 0-4 were categorised as “Non-
frail” and 5-9 as “Frail” in a manner that is common in the comparable literature
(Pinheiro et al., 2021, Nguyen et al., 2020a, Xu et al., 2020, Liang et al., 2019b). Note
that this method of dichotomisation does include “Terminally ill” within the “Frail”
category to maximise comparability with other tools which do not have an
equivalent. Though it may be argued that one can be terminally ill without being frail,
individuals with a CFS score of 9 typically exhibit profound functional decline and
physiological vulnerability that can be a challenge to differentiate from frailty as it is
conceptualised in both clinical practice and research.

3. The Brief Frailty Instrument for Tanzania version 2 (B-FIT2) is a tool developed
specifically for screening older adults in the community in Tanzania (Gray et al., 2017,
Lewis et al., 2020b). It was derived from a 40-item frailty index based on data from
1,198 adults from the Hai District Surveillance Site. The original B-FIT consisted of the
Barthel Index and the IDEA-Cog scales and was correlated with mortality and
dependency over a three-year follow-up period (r=0.502, p<0.001) (Gray et al., 2017).
During external validation in a separate frailty-weighted sample of 235 community-
dwelling older adults, the diagnostic accuracy of the B-FIT (compared with CGA) was
improved by the addition of three further items. These were calf circumference,
distance vision and a question about community activities. The optimal cut-off score
(>8/20) gave the tool 86.2% sensitivity and 88.8% specificity (Lewis et al., 2020b). The

items and scoring of the B-FIT2 are summarised in Table 8.

Although researchers were not formally blinded to participant frailty status according to
each scale, when conducting assessments, care was taken to try and keep the

measurements independent. The CFS was conducted by researchers at the end of the multi-
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dimensional assessment based on their global impression and inevitably this was influenced
by other components of the multi-dimensional assessment. However, the quintiles used to
define the frailty criteria for hand grip strength and gait speed items of the phenotype were
set later at the analysis stage, so phenotypic frailty status was unknown. Furthermore, the
components of the B-FIT2 were dispersed, with the overall scores only being calculated

during analysis to limit any effect on the CFS.
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Table 7. Frailty phenotype methods and criteria, reproduced from Davidson et al. (2024a)

Phenotype item

Description and frailty criteria

Weak hand grip strength

Hand grip-strength (HGS) was assessed with the participant sat with
their arm in 90 degrees of flexion by use of a JAMAR hydraulic hand
dynamometer (Model J000105, Lafayette Instruments, Lafayette, IN,
USA). The highest reading from a total of three measurements on
each side was recorded. The lowest quintile (<9 kg for males, <4kg for

females) was used to define frailty.

Slow walking speed

The time taken for participants to walk 4.5m, at their usual pace and
with their usual walking aids, was recorded. The slowest quintile (>22

seconds) was classified as frail for this item.

Self-reported exhaustion

Participants were read verbatim Swabhili translations of the
statements “I felt everything | did was an effort” and “I could not get
going” from the CES-D (Orme et al., 1986). They were asked to give
one of a range of prescribed responses considering a usual week,
rather than the last week, to avoid the confounding acute illness
effect. This frailty criterion was met if participants answered either “a
moderate amount of the time” or “most of the time” to either

statement.

Weight loss

A verbatim Swabhili translation of the question “Have you lost weight
during the last 3 months?” from the Mini-Nutritional Assessment
Short-Form (MNA-SF) was read to participants (Rubenstein et al.,
2001). This frailty criterion was met if they answered: “Weight loss

greater than 3kg”, or “Weight loss between 1 and 3kg”.

Low physical activity

Participants were asked a translation of the question “On how many
days do you do moderate physical activities like gardening, cleaning,
bicycling at a regular pace, swimming or other fitness activities?” from
the International Physical Activity Questionnaire (Craig et al., 2003).
As with the CES-D, participants were asked to consider a usual week,
rather than the last week. This frailty criterion was met if participants

answered “0”.
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Table 8. Components and scoring of the B-FIT2

B-FIT2 component description Categories Scoring
Modified Barthel Index: This measure of ADLs is 19-20 Mild/ no disability 0
described in more detail below. 15-18 Moderate disability 3

0-14 Severe disability 9
IDEA-Cog: This cognitive test is described in more 8-12 No impairment 0
detail below. 5-7 Possible impairment 1

0-4 Probable impairment 2
Calf circumference: Maximum circumference >31cm 0
measured with a tape measure to nearest 0.1cm 31cm 3

over bare skin with the participant standing where

possible (Kaiser et al., 2009).

Community activities: Question from the WHO No, mild or moderate problems | 0

Disability Assessment Schedule “In the past 30 days, | Severe or extreme problems 5
how much of a problem did you have in joining in
community activities (for example, festivities,
religious or other activities) in the same way as

anyone else can?” (Ustiin et al., 2010).

Distance vision: Question from the WHO Disability No difficulties 0

Assessment Schedule “In the last 30 days, how much | Difficulties 1
difficulty did you have in seeing and recognizing a

person you know across the road (i.e. from a

distance of about 20 meters)?” (Ustiin et al., 2010).

Brief Frailty Instrument for Tanzania v2 weightings reproduced from (Lewis et al., 2020b); IDEA-Cog,
Identification and Intervention for Dementia in Elderly Africans Cognitive screen.

Several clinical variables were assessed to build a picture of the characteristics of the older
people being admitted. These included the diagnoses documented by the admitting
physician, and whether these were communicable, or non-communicable, diseases. It also
included COVID-19 status as index assessment took place in 2022 in the wake of the omicron
wave, though by this stage lateral flow and polymerase chain reaction testing were widely
available and rates of vaccination had improved since the early pandemic. Finally,
participants were asked “What medical diagnoses/conditions did you have before coming to

hospital?” from a list of 16 categories from the Study of Global AGEing and Adult Health
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Questionnaire (diabetes, hypertension, cataracts, stroke, heart disease, chronic respiratory,
tuberculosis, arthritis, stomach bowel or liver problems, dementia, depression, epilepsy,
chronic renal failure, cancer, HIV or other diagnoses) (Kowal et al., 2012). Self-reported
multimorbidity was defined as the presence of two or more conditions from this list. While
multimorbidity was primarily self-reported, triangulation was undertaken using the notes of
the admitting physician and participant’s medication lists. Using this information, conditions
that participants did not recall, but were present in the medical notes, could be added to

improve accuracy.

To assess participants functional status, two questionnaires were used. The first was the
Modified Barthel Index, a scale in which participants, or their informants, rated their level of
independence for 10 Activities of Daily Living (including mobility, dressing, bathing etc.)
(Collin et al., 1988). Scores range from 0-20, with lower scores indicating greater
dependency. This tool has an existing Swahili translation which has previously been used in
Tanzania (Lewis et al., 2018a). In this version, the item “Is the older person able to walk
upstairs?” was adapted to include “or a steep hill?”, as most people in Tanzania do not have
stairs in their homes. To aid aspects of the analysis, ADL disability was defined as scoring a

zero for one or more items.

The second questionnaire used to measure functional status was the Identification and
Intervention for Dementia in Elderly Africans Instrumental Activities of Daily Living scale
(IDEA-IADL). This was developed locally through focus groups, with older people living in the
community, to assess culturally specific aspects of social functioning that may be impacted
by impaired cognition. Examples of these IADLs include settling conflicts, teaching traditions
and supervising children (Collingwood et al., 2014). Each of the 11 items is scored from 0-3
with responses ranging from “Cannot do this” to “Can do this with no difficulty”. Total scores
range from 0-33 with lower scores indicating greater difficulties. For both the Barthel and
the IDEA-IADL, participants and their informants were asked to rate their usual function 30-
days prior to admission to try and establish a baseline, rather than the effects of the acute
iliness. To aid aspects of the analysis, IADL disability was defined as having a zero for one or

more items on the IDEA-IADL.
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Cognition was measured using the Identification and Intervention for Dementia in Elderly
Africans Cognitive screen (IDEA-Cog) (Gray et al., 2014). This scale was developed in the
community in Tanzania, before external validation in inpatients and outpatients in Nigeria
and Tanzania (Paddick et al., 2015, Paddick et al., 2018). It requires participants to
remember ten words (delayed recall), describe a bridge (abstract reasoning), name animals
(verbal fluency), name the village leader (long-term memory) and provide the day of the
week (orientation). An additional item involving the arrangement of matchsticks (praxis) was
in the original scale, but this was omitted from the B-FIT2 and in the present study. This was
because of concerns about the practicalities of performing this in the hospital environment
and the potential to disadvantage posed to older people with visual impairment (Gray et al.,
2017, Lewis et al., 2020b). The IDEA-Cog was conducted near the beginning of the multi-

dimensional assessment to ensure participant’s attention and limit the effects of fatigue.

Though the IDEA-Cog demonstrates no educational bias, in previous studies it has not
differentiated well between delirium and dementia (Paddick et al., 2018). Thus, the
Confusion Assessment Method (CAM) was also conducted. This well-established tool is
based on the diagnostic criteria for delirium from the Diagnostic and Statistical Manual of
Mental Disorders, and has previously demonstrated good sensitivity and specificity for the

detection of delirium in hospitals in Tanzania (Inouye et al., 1990, Paddick et al., 2018).

The assessment of depression in Tanzania, in the acute hospital setting, represents a
challenging prospect. Though bespoke tools are being developed, these have not yet been
externally validated (Howarth-Maddison et al., 2022). To try and capture at least some
elements of potential depressive symptoms, the EURO-D was used (Prince et al., 1999).
Although this was originally developed in Europe, it has been applied in a variety of LMICs
including previously in the community in Tanzania (Guerra et al., 2015, Lewis et al., 2022,
Lewis et al., 2018a). The scale comprises 12 questions based upon the Diagnostic and
Statistical Manual of Mental Disorders criteria for depression. Examples include “Have you
been sad recently?”, and “How is your concentration?”. Each item is marked as present or
absent, with a score of four or more indicating clinically significant symptoms (Guerra et al.,

2015).
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4.8.4 Data collection: follow-up

Follow-up was planned for all participants approximately 12-months after their index
admission. The primary outcome was all-cause mortality. Secondary outcomes included
length of stay and number of re-admissions to hospital during the follow-up period. It was
hypothesised, based on existing literature from other settings, that older adults with frailty
would have higher rates of mortality, longer hospital stays and greater rates of readmission

(Cunha et al., 2019).

Existing literature demonstrates strong evidence that acute hospital admission is a risk factor
for functional decline and for disability, particularly in older people with frailty (Cunha et al.,
2019, Gill et al., 2010). However, frailty and disability are also dynamic processes and while
many older adults experience a decline in function following admission, others experience
improvement (Gill et al., 2010, Amblas-Novellas et al., 2022). Therefore, during follow-up
assessment the Modified Barthel Index and IDEA-IADL were repeated to explore disability

transitions amongst participants with and without frailty.

A nexus of factors including resource limitations, the challenging geography of the
Kilimanjaro Region and concerns regarding the community transition of COVID-19, meant
that in-person follow-up assessments were not feasible. As a result, follow-up assessments
were conducted over the telephone with the older person, or their informants. During a
community study in the Hai District in 2016, 73.6% of older people who participated owned
a mobile phone (which, at the time, was greater than the 63.0% national average) (Macha
and Massawe, 2023, Cooper et al., 2022). By 2023 and the start of data collection for this
study, it was estimated that 93.0% of the adult population nationally had access to a mobile
phone (Macha and Massawe, 2023). Mobile phones are increasingly being used for clinical
applications in Tanzania, and have been used as a feasible and acceptable form of follow-up
in similar research in this setting (Mmbali and Chillo, 2017, Cooper et al., 2022).
Unfortunately, it was not possible to repeat frailty assessments over the phone, so frailty
transitions could not be examined. Participants and their informants were called a maximum
of three times, on different days, with care taken to change the times of day to maximise
chances of success. If they did not answer or respond after three attempts, they were not

included.
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4.8.5 Statistical analysis

Data were exported from Kobo ToolBox to Microsoft Excel. After cleaning, analysis was
conducted in IBM SPSS Statistics version 28.0 (IBM, New York, NY, USA). Descriptive statistics
were presented as “mean (#standard deviation [SD])”, or “median (+interquartile range
[IQR])” for non-parametric variables. No imputations were made for missing data. Two-
tailed p-values were reported to quantify the strength of evidence against the null
hypothesis. No fixed threshold (e.g. p<0.05) was applied to define statistical significance.
Instead, p-values were interpreted as continuous measures of the strength of evidence, with
smaller values indicating stronger support against the null hypothesis (Sterne and Davey

Smith, 2001).

Univariate analyses were conducted to compare the age and sex distributions of included
participants with those who were eligible but not included, to assess the representativeness
of the sample. For age these two groups were compared using the independent samples t-

test, and for sex distribution the Chi-squared test was used.

The prevalence of frailty was calculated as a percentage of the total number of participants,
with 95% Confidence Intervals derived from bootstrapping based on 1000 samples to control
for clustering by hospital site. The degree of agreement between the three frailty
instruments was displayed visually in proportional Venn diagrams, which were also used to
assess overlap with disability and multimorbidity. Agreement was assessed statistically using
the Kappa statistic (Cohen’s for comparing two tools and Fleiss’ for comparing all three). This
gives an output between zero and one which can be labelled from “poor” to “very good”
with higher numbers indicating greater agreement (Altman, 1990). Linear regression was

also used to further explore the relationship between scores on the different scales.

Binary logistic regression was used to investigate the sociodemographic and clinical
predictors of frailty status. In existing literature from sub-Saharan Africa and LMICs, factors
associated with frailty have included increasing age, female sex, increasing disability, being
unmarried, low levels of schooling, multimorbidity, depression and delirium (Siriwardhana et

al., 2018, Adebusoye et al., 2019b, Kasa et al., 2024a, Lewis et al., 2018a, Payne et al., 2017).
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Therefore, these variables were selected for the regression models for each frailty
instrument. These were chosen a priori to avoid selection bias and overfitting of the model.
Both crude and adjusted odds rations were presented in tabular form with the 95%

Confidence Intervals.

All-cause mortality data are presented as a proportion of the full baseline population, with a
range reflecting the minimum and maximum possible mortality estimates assuming all
participants lost to follow-up were deceased, or alive, respectively. To determine the effect
of frailty status on the probability of survival, multivariable Cox Proportional Hazards models
were applied, with output displayed visually in Kaplan-Meier curves. For each frailty
instrument, adjusted and unadjusted models were presented with the Hazard Ratios and
95% Confidence Intervals. Cox regression models were adjusted for age, sex and educational
status, as these variables are all known to be associated with mortality in Tanzania (Narh-
Bana et al., 2012). Two methods were used to allow statistical comparison of different frailty
instruments ability to accurately predict mortality. First, Harrell’s C statistic was used as a
measure of concordance between frailty and mortality, and the absence of concordance
between frailty and survival. Values range from 0.5 to 1.0, with higher values indicating
greater discriminatory power (Schneider et al., 2022). Second, Receiver Operator
Characteristics (ROC) were calculated giving the Area Under the Curve as an additional
measure of accuracy, and ROC coordinates were examined to understand how variations in
the cut-off scores used might affect the sensitivity and specificity of each tool when

predicting mortality.

Regarding secondary outcomes, the length of index hospital stay (days from admission to
discharge or death) of participants with and without frailty, was compared using the Mann-
Whitney U test. It was originally intended that Cox regression models be applied to
readmission data, but events were too infrequent to allow meaningful statistical analysis.
For disability transitions, a repeated measures ANOVA was conducted to examine changes in
Barthel Index and IDEA-IADL over time, with comparison between participants with and
without frailty. This analysis was adjusted for age, and baseline scores to account for ceiling
effects. the difference in Barthel Index and IDEA-IADL scores for each respondent were

calculated by subtracting baseline scores from those at follow-up. Differences were then
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time-adjusted by dividing by the number days to follow-up and groups were compared using
the independent samples t-test. Transitions between states of dependency were displayed

visually in Sankey diagrams.

4.9 Qualitative methods

Within this study’s explanatory sequential design, qualitative elements were incorporated to
provide context to quantitative findings, and to give voice to the experiences, attitudes and
needs of hospitalised older people with frailty and those caring for them. It was also an
objective to identify barriers and facilitators to effective care. These objectives have
elements that are exploratory (involving the description of phenomena) and explanatory
(involving attempts to identify the likely underlying causal mechanisms) (Fryer, 2022). A
model from the Engineering Better Care Toolkit was used to break down these objectives
further and inform the development of qualitative methods. This systems-based approach
considers four perspectives: 1) People; 2) Systems; 3) Design; and 4) Risk (Clarkson et al.,

2018) (see Figure 14).

Figure 14. A systems-based approach to understanding the hospital admissions of older

people with frailty

Becoming unwell at home
* Transport to hospital
* The admission process
Being on the ward
1 Discharge to the community 1

Systems: What
elements make
up the older
person’s
admission
journey?

Older people
* Their families and carers
People: Who |* Healthcare providers |
are the key
stakeholders
during an

older person’s

Risk: What ital Design: What * Needs of the older person
works well hospital stay? needs do older Needs carers to support

currently, what
could be better
and what could
go wrong?

people have in

hospital, and to
what extent are
they being met?

1 them to deliver care 1

* Good and bad experiences
* Views on areas that could
| be improved |

This systems-based model was used as a thinking tool to help break down objectives and translate
them into qualitative methods. Adapted from the Engineering Better Care Toolkit, (Clarkson et al.,
2018)
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This model was used as a guide when considering participant selection, sampling methods
and topic-guide development. What follows is a detailed description of these qualitative
methods, elements of which have previously been presented elsewhere (Davidson et al.,

2024b, Davidson et al., 2024c).

4.9.1 Participant recruitment

Participants were recruited using a purposive sampling strategy, a technique which involves
the deliberate selection of individuals based on their characteristics and the judgement of
the researcher (Malterud et al., 2016). This method was chosen over alternative approaches
because it complemented the quantitative strand, allowing the selection of participants
based on characteristics of interest which were identified from quantitative analyses. This
purposive sampling was guided by the principle of maximal variation, which seeks to capture
the full spectrum of diversity in participant experiences, and explore commonalities and
differences within the data (Patton, 1990). Along with the guide outlined in Figure 14, it was
with this in mind that the following groups of participants were recruited for the qualitative
strand:

1. Service users: Older people, aged 60 year and over, admitted to hospital during the
guantitative phase were recruited at the time of follow-up phone calls. Though those
with frailty were preferred, participants from across the frailty spectrum were
considered based on other factors. Namely, these were the use of health insurance,
or exemption, which were relatively rare in the quantitative strand and highlighted as
characteristics of interest for a maximal variation sample. Interviews were arranged if
the older person verbally consented to participate, though formal consent forms
were completed in person.

2. Service users: The caregivers of the older people with frailty were eligible if they were
aged 18 years and over and were directly involved in the older person’s day-to-day
care (i.e. living in the same household). They were excluded if they were working in a
paid capacity.

3. Service providers: Hospital employees, over the age of 18 years, were recruited from
across the four participating sites. To be eligible they had to work in clinical roles and

have direct experience of caring for older patients for a period of 6-months or more.
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Service providers with different job roles (e.g. doctors, nurses, healthcare assistants
etc.) were sought to maximise variation. Contacts working on participating wards at
each hospital site recommended service providers who were eligible to participate

and expressed willingness.

Saturation is the point at which new data no longer produces new themes and is the most
commonly used method to determine sample size in qualitative research (Vasileiou et al.,
2018). However, saturation is often poorly defined and is not necessarily compatible with all
research designs (Malterud et al., 2016). In the present study, the objectives were not to
exhaustively describe all aspects of a phenomena — an expectation not aligned with
exploratory research — but rather to offer a range of new insights. Therefore, sample size
was determined instead by the principle of information power. This approach focuses on
quality and depth rather than the exhaustion of all available patterns (Malterud et al., 2016).
Analysis began while data were being collected and there was continuous assessment of the
strength of the dialogue, the richness of the narratives and the relevance of this material to
the aims (Malterud et al., 2016). The decision to stop recruitment was based on discussions

of these factors between the lead researcher (SD) and the supervisory team.

When applied, the principles of information power determined that a smaller number of
service providers were needed compared with service users. This was because in the
analyses that were taking place during data collection, service providers’ narratives were less
varied, with more focused dialogue and greater specificity for the study aims. By contrast,
the information power was lower for service users, who were demographically more diverse,
with less prior knowledge of the hospital system, and were considered in a broader context

(including both pre- and post-admission).

4.9.2 Semi-structured interviews

Data were collected using semi-structured interviews. The advantages of using this format
for this research were that conversations remained efficient and focussed around areas
relevant to aims and objectives, whilst still allowing the exploration of tangents not
anticipated by the researcher at the outset (Kallio et al., 2016). This was particularly

important in this context due to the author’s “outsider” status.
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Service users were generally interviewed as a dyad, with the older person and caregiver
interviewed simultaneously, at a time and location of their preference. In practice, all opted
to be interviewed in their own homes to negate the need for them to travel. Tanzanian
research colleagues Godrule Lyimo, Joseph Kilasara and Wema Msangi all had prior
experience of qualitative interviews, as well as experience of working with foreign research
staff. Consequently, they were able to draw upon these experiences not just to translate
language, but meaning, context and traditions in both directions. This is sometimes referred
to as bicultural competency (Hennink, 2008). They conducted the interviews in Swahili based

around flexible topic guides which are discussed in the next section.

From arrival, care was taken to observe cultural norms and protocols. This began with dress,
which was generally formal and modest. Initially, research team members introduced
themselves in Swahili and used age-appropriate greetings. Examples of this include the use
of the respectful “shikamoo”, as opposed to the less formal “habari” to show greater
deference when greeting an older interviewee, and the use of the terms “Mzee” to refer to a
respected older male, or “Bibi” for an older female. Sometimes greetings involved meeting
all members of the household, or neighbours, including the Balozi/ ten cell/ household
leader. An important consideration when visiting participants at home was the etiquette of
gift-giving, and within the ethics application, provision was made for a token gift, with a
value of up to 3,000 Tanzanian Shillings (approximately one Pound Sterling). This was usually
a bag of rice. After formal greetings, researchers took the lead from participants as to
whether they would like to be interviewed inside, or outside. Once written informed consent
was obtained, interviews were conducted based around the topic guides and audio-recorded

on an encrypted Dictaphone (Phillips PocketMemo DPM8000).

Service providers were interviewed in rooms within the hospitals that they worked in. One-
to-one interviews were conducted, rather than alternative approaches such as focus group
discussions. This was because of concerns that cultural norms of respect for authority, and
hierarchical work environments, may inhibit a participant’s responses. In other respects,
consent processes for service providers were conducted in a similar manner to service users.

Rather than gifts, service providers were offered a range of refreshments of the same value.
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The interviews themselves differed in that they each began with a case vignette. Vignettes
come in a variety of different forms, but often include short stories about individuals which
are designed to make the topic more relatable for interviewees and encourage them to
share their attitudes and beliefs (Barter and Renold, 1999). In this study, an account of a
fictional patient with frailty (based on data from the quantitative baseline assessment) was

constructed to illustrate the patients of interest.

4.9.3 Topic guide development

A topic guide is a series of questions around which semi-structured interviews are
conducted, with room for deviation and the exploration of unanticipated areas (Kallio et al.,
2016). The quality of the topic guide has a knock-on impact on the quality of interviews and
the credibility of analyses (Kallio et al., 2016). For this study, two topic guides were created:
one for service users and one for service providers. The process of their development
considered the overall aims and objectives of the study, the systems-based framework for
thinking about these objectives (see Figure 14) and questions that had arisen from the

analysis of data from the quantitative strand.

Good topic guides give clearly worded questions, which avoid leading the interviewee and
provide space for new topics to arise (Kallio et al., 2016). The guides created were therefore
structured around a series of open questions, with follow-up prompts to encourage
interviewees to expand on aspects relevant to the study objectives. For service users,
interviews began with broad questions about their backgrounds to establish rapport, before
moving on to topics related health in old age and finally focussing more narrowly on hospital
experiences. The vignette created for service providers described the case of Amina Mushi,
an older patient with a background of frailty admitted acutely. This fictional character was
created from the modal demographic and clinical characteristics of participants from the
guantitative strand (e.g. age 75 years, female, child main caregiver, admitted acutely with

non-communicable disease etc.).

Initial topic guides were drafted by the author (SD), after reflexive discussion of the
guantitative findings with supervisors and Tanzanian research colleagues. English versions of

the topic guides were revised based on feedback from supervisors. They were then
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translated into Swahili by Lucy Mariki, before review by Tanzanian research colleagues
Joseph Kilasara, Godrule Lyimo and Wema Msangi. In discussions between these researchers
and the author (SD), the meaning of translated questions was interrogated, often with
backtranslation, to ensure all were well-formulated and relevant to the study’s objectives.
This process also provided an opportunity for feedback and discussion about cultural
considerations, and areas that the author may have missed as an outsider from the UK. This
is best illustrated through an example. Close to the end of the interview, the guide contained
the question: “What will you do if you become ill again in future?”. This was intended to
elicit responses about expectations for future health, attitudes regarding a potential return
to hospital, or lead to discussions about death and dying. Follow-up questions included
“What are your wishes for the end of life ?”. However, when reviewing the translated text,
Tanzanian research colleagues raised concerns about this line of questioning, in particular
the follow-up questions regarding death and dying. As is the case in many cultures around
the world, death and dying are not subjects that are discussed openly in many African
societies (Ekore and Lanre-Abass, 2016). In the Kilimanjaro Region, the majority of the
population identify as Christian, but elements of traditional systems of spirituality are
enmeshed with understandings of the afterlife (Clack, 2005). Death remains a taboo topic
and there remains a prevalent superstition that discussion of ill health and death can cause
these events to occur. After discussion of these concerns with supervisors, a broader initial
question of “How do you feel about the future?” was adopted with follow-up questions
about future ill health, and death, asked in an impersonal way, for instance: “How do people
where you are from usually think about the end of life?”. After translation, Tanzanian
research colleagues deemed this more acceptable, though all interviewers were still
encouraged to use their discretion and not follow this line of enquiry if they felt it was

inappropriate.

The resulting topic guides were then field-tested in initial interviews. Further cycles of
revisions were made based on feedback from Tanzanian research colleagues, and review of
the data. An example of a change that was made was the reduction in the number of follow-
up questions, as interviewers found that there were too many and it was hard to scan for

those that may be appropriate.
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4.9.4 Translation

One of the greatest challenges in cross-cultural qualitative research is the process of
translation, in which there is a risk of the original meaning of participant’s responses being
lost (van Nes et al., 2010). Far from being a technical or neutral process, translation is a
series of subjective judgements influenced by the views, perspectives and background of the
translator (Yunus et al., 2022). Metaphor, humour and specific cultural references are all
aspects of language that are notoriously challenging to translate (Yunus et al., 2022). To
preserve the validity of the data, and credibility of the qualitative research process, careful
consideration must be given to minimising the gap between the intended meanings of
language used by participants, and the language of the final analysed transcripts (van Nes et

al., 2010).

The most commonly used method to tackle this challenge is back-translation, in which the
translated texts are converted back into their original language. However, the validity of this
method has been questioned, as it is often implemented uncritically, with translation
regarded as a technical process that can be outsourced (Ozolins et al., 2020). Instead,
numerous reviews now recommend the inclusion of translation experts within the research
team, and the use of a transparent and reflective process (Ozolins et al., 2020, van Nes et al.,
2010, Hennink, 2008). As a result, in this study a process of consultation was adopted.
Translation was an iterative process, based on back-and-forth discussions between
researchers and translators. This served to familiarise researchers with the data, and formed
the first stage of its interpretation (Yunus et al., 2022). This process is described in more

detail below and is summarised in Figure 15.
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Figure 15. The consultation process of translation

“Pale alipopelekwa kulikuwa na mtu mwingine
ambaye alikuwa ni mahututi hapo wilayani. Ndio
wakawekwa kwenye ambulance wakapelekwa.
Sasa mimi sikuweza kwenda.”

Verbatim transcription of
Swahili audio-recording

“When he was taken there was also another
person from the district who was critical, so they
used one ambulance to take them. So | didn’t go.”

Initial translation from
Swahili to English

Researcher familiarisation
with transcript and
formulation of queries

Translator review of Meeting between
audio-recordings and researcher and translator
revision of transcript to discuss queries

“When he was taken there was also another
person from the district who was seriously unwell,
so they used one ambulance to take them. So |
couldn’t go.”

Final agreed upon
transcript for analysis

Yellow boxes demonstrate the stages of the translation process, while quotations (taken from an
interview with participant HO017 and their caregiver), demonstrate the evolution of the transcript.

After each interview, professionally accredited translators Wema Msangi and Lucy Mariki
transcribed interviews verbatim from Swahili into English. These initial translations were
then examined and areas of ambiguity were highlighted areas for discussion. The author (SD)
then led meetings in which each transcript was discussed by the whole team (including
translators, Tanzanian research colleagues and MRes students), with the emphasis always
being on the preservation of the original meaning of the interviewee. This often involved the
translators going back and listening to portions of the audio-recordings again. This process

was repeated until a final transcript was agreed.

To give an example of how this worked, consider the quotation in Figure 15. After
researchers had familiarised themselves with the transcript, there were two queries brought
to the team discussion. The first was the term “mahututi”, which generally translates as

“critical” or “serious”, but is only used in the context of someone who is unwell. Of the
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potential English options, the team felt “seriously unwell” captured the essence of
“mahututi” better. This was because “critically unwell”, in English, is more medicalised and
would be an odd term for a lay person to use. The second phrase highlighted was “Sasa mimi
sikuweza kwenda”, initially translated as “So | didn’t go”. This was a question of tone: said in
a matter-of-fact way, this would be an appropriate translation. However, with a tone of
bitterness, or resentment, this would not quite capture the meaning. After the translator
reviewed the recordings, it was judged that “So I couldn’t go” better captured the tone of
resentment. In this way, each final transcript was an integration of inputs from interviewee,

translators and researchers (Lewis et al., 2021, Bjork Bramberg and Dahlberg, 2012).

4.9.5 Reflexive thematic analysis

Thematic analysis is a step-by-step process by which meaningful patterns in the data, that
are relevant to the research question, can be identified (Braun and Clarke, 2006). These
“themes” can then be described and summarised. Philosophically, it is not tied to any
particular tradition, is generally considered to be epistemically and ontologically flexible, and
compatible with critical realism (Wiltshire and Ronkainen, 2021). This study used a reflexive
thematic approach for the analysis of qualitative data (Byrne, 2022, Braun and Clarke, 2019).
This subtype of thematic analysis encourages the consideration of the subjectivity of the
researcher (Olmos-Vega et al., 2023). Reflexivity is a process in which the researcher
acknowledges that they are an active participant in data production, and critically examines
the extent to which they impact this process and resulting analysis (Braun and Clarke, 2019).
In the context of this thesis, there have already been many methodological decisions which
were influenced by the views of the researcher. A prime example of this is the subjective
judgements that were made during the iterative translation process which influenced the
production of the final transcripts. This serves to demonstrate the importance of the critical
examination of one’s own perspectives and biases when making such methodological

decisions, especially in cross-cultural research (Braun and Clarke, 2019).

Due to the layer of interpretation already applied by the act of translation, qualitative data
were coded semantically based on participant’s explicit statements, rather than attempting
to identify deeper levels of meaning (Byrne, 2022). Coding was inductive, again reflecting

what was explicitly said, and not any pre-determined theory or framework (Byrne, 2022).
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Reflexivity was practically embedded through the use of reflexive fieldnotes which were kept
by members of the research team (Olmos-Vega et al., 2023). The process of reflexivity has
previously been likened to an eternal hall of mirrors: it is likely that there is no such thing as
“enough” (Olmos-Vega et al., 2023, Lynch, 2000). For the purposes of this thesis, the
reflexive account focuses on the positionality and impact of the author (SD) (section 4.10).
Although it is represented in this chapter by a discrete account, reflexivity was a continuous
process embedded throughout this research, with frequent discussions amongst the
research team and supervisors. The influence of these critical reflections can be seen in

many of the discursive elements of this thesis.

The process of reflexive thematic analysis comprises six stages (Braun and Clarke, 2006,
Byrne, 2022):

1) Familiarisation with the data

2) Generating initial codes

3) Generating themes

4) Reviewing potential themes

5) Defining and naming themes

6) Producing the report

In practice, familiarisation with the data occurred during the translation process described
above. NVivo 14 was used to aid in the generation of codes and themes. Each transcript was
worked through systematically and all statements relevant to the objectives of this research
were given a brief descriptive label, or code. Codes evolved throughout this process through
standardisation and consolidation. In standardisation, statements within each code were
examined to ensure they all described the same phenomenon, while in consolidation codes
were compared and contrasted with one another to ensure they described different
phenomena (Fryer, 2022). Once all transcripts had been coded, a conceptual map was used
to help visualise links between codes and to help coalesce those that were strongly
interlinked into potential themes (see Figure 16). Codes and potential themes were
reviewed, discussed and revised in regular meetings with supervisors until the final themes

could be named and defined. These results are described in Chapter 6.
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Figure 16. A conceptual map used to help consider links between codes and to form potential

themes
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This conceptual map was not intended to make sense to anyone other than the author and the boxes
do not include the final code names. However, it is included to demonstrate the methods used when
thinking about the connections between codes when developing initial themes. Codes were arranged
in the boxes around the perimeter, and ideas linking them were then added as directional arrows.
Codes were iteratively rearranged, with connections added and removed, until they began to form
clusters which were more strongly connected to one another than to other groups of codes. These
groups (here colour coded) formed the potential themes.

In the process of defining and naming themes, conceptual models were produced. These
were abstract visual representations of each theme, designed to provide a visual overview of
the key concepts and relationships that could get lost in the more granular description of the
data. Like all models of this kind, they are simplifications of real-world complexity. However,
they are a valuable tool for summarising the key ideas and for beginning to form theories
about the underlying mechanisms influencing the phenomena that are observed (Fryer,

2022).

4.10 Reflexive account

There are many aspects of my personal background, identity and professional development
which have impacted this research. It is a challenging to consider every possibility, however
in this section | will attempt to give an overview of my personal influence as lead researcher
on the production of the data and its interpretation (Fletcher, 2017, Olmos-Vega et al.,

2023).
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| applied for this PhD, and for the job of Teaching and Research Fellow at Northumbria
Healthcare NHS Foundation Trust, in 2021. By this stage, | had been practicing medicine for
just under six years and was planning to pursue a mixed clinical/ academic career in internal
medicine. | was drawn to this area of research because of a growing clinical interest in
geriatrics, as well as a somewhat naive excitement at the opportunity to travel and work in
Tanzania, a country which | had never previously visited. | had just spent 18 months working
in Aotearoa, New Zealand, in a service which implemented a Maori health model, an
experience that ignited an interest in differing cultural understandings of health. At this
stage, my research experience was entirely quantitative and was underpinned by a (largely
unexamined) positivist philosophy. Furthermore, my experience of frailty was entirely
clinical, and | considered it within the biopsychosocial medical framework in which | was

educated. | had not yet considered frailty’s evolution in social, or cultural, terms.

This was the academic context in which this PhD began. During the first four months | was
based in the UK. | spent the time learning about Tanzania, learning Swahili, reviewing the
literature, preparing ethics renewal applications and developing the quantitative baseline
data collection materials. Though most of the measures used were well established, and had
previously been used in Tanzania, it is fair to say that the index assessment collection tool
was made from the perspective of an “outsider”. Having not yet been in a hospital in
Tanzania, | leaned heavily on the experience and advice of my UK-based supervisors.
Although | was also in frequent contact with research colleagues in Tanzania, we had not yet
met in-person and it was a struggle to build effective working relationships remotely. Thus,
much of the planning for the quantitative baseline assessment was implicitly shaped by my
own medical education, evolving understanding of frailty and experiences of working in

geriatric medicine in the UK.

During the follow-up and qualitative stages, the influence of these factors was diluted by
practical experience of conducting research in Tanzania, and through the formation of
relationships with local clinicians and research colleagues. My preconceptions of the
Tanzanian hospital system, and the daily challenges faced by service users and service

providers in this context, were modified by this experience. In some respects, | found
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contrasting the workings of UK and Tanzanian wards to be a useful tool. For example, in
Tanzania | was struck by how often family members were present during the admission of an
older person, and the extent to which they were involved in their care. This later formed a
line of questioning when | was developing topic guides for the qualitative interviews. In this
way, my previous knowledge and new experiences came together to help shape the

qualitative research agenda and the interpretation of these data.

Having previously worked in Aotearoa, New Zealand, a country with a history of British
colonisation, | anticipated some challenging power dynamics when | embarked upon this
research. In Tanzania, | was often treated with a degree of respect and deference that felt
unearned for an early career researcher. | was a white, male, British doctor in a former
British colony, and this gave me outsized credibility and influence. Although most of my
Tanzanian research colleagues were at similar stages in their careers to me, in most cases
our relationships fell into an employee-employer dynamic. To flatten this hierarchy, and
incorporate perspectives other than my own, at several stages in this research | invited
questions, feedback and suggestions on data collection tools and topic guides. However, |
think these attempts were at best only partially successful. It did lead to several minor
changes (e.g. the refinement of topic guide questions related to death and dying), but
overall, | was still left with the impression that my Tanzanian colleagues felt compelled to

agree with me and were reluctant to express dissenting views.

In meetings with hospital leaders, and when presenting at local research meetings, | faced
much greater scrutiny. KCMC and MRRH are engaged in a lot of international research
collaborations and | picked up on a sense of frustration at the lack of translation and tangible
benefits from these collaborations. Understandably, my meetings with clinical leaders
focussed on how this research could be applied practically to improve outcomes for patients.
This was rooted in their deep understanding of the local context, and a pragmatic interest in
real-world benefits. Although these meetings were more balanced interactions, they also
made me acutely aware of my outsider status and challenged me to remain focussed on the
practical and immediate implications of the work. They also led me to ask uncomfortable
questions of myself, including whether | was deserving of the privilege of conducting

research in this setting, and whether my grant would not have been better used in the hands
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of a local researcher? Born of this discomfort, throughout this research | often asked myself

“What could be done now within current resource constraints?”.

My relationship with the service users was shaped by several factors that likely influenced
how they responded during interviews. Most were living in poverty, in rural agricultural
communities and had limited educational opportunities. This contrasted starkly with my own
position as a wealthy outsider. | was also much younger that the older people interviewed,
some of whom were old enough to have lived under British colonial rule. These factors were
ameliorated slightly by the fact that | had met many of them during their index hospital
admissions, that we took care to respect cultural protocols and used Swahili where possible.
Nonetheless, this outsider status, and affiliation with the institution of KCMC, may have
meant that older people and their caregivers were more hesitant to express critical opinions.
This dynamic likely extended to service providers as well, who may have been reluctant to
speak negatively about hospital care in the presence of a foreign researcher. Amongst both
service users and service providers, religious faith was the norm. This was another way in
which we contrasted. Although my family come from an Irish Catholic background, | am not
religious. This difference in faith may have influenced how I interpreted their responses and
in the analysis of interviews, and | tried to remain mindful that | may be overlooking

important spiritual elements that shaped participant’s views.

In writing this passage | did not initially consider my gender at all. This in itself was
interesting, as being male is something that | am often very conscious of in my day-to-day
clinical practice. In a Tanzanian context, | was so conscious of the cultural, linguistic and
economic distances between myself and participants that being male felt comparatively
insignificant. As a result, | failed to consider how the experience of frailty and of
hospitalisation for older people in Tanzania may be different for males and females. | was
rarely conscious of my gender during interviews, and yet, given the gendered dynamics of
caregiving roles, and many other power structures in Tanzania it is likely that my being male
did influence my interactions, particularly with female participants. An older female speaking
with a younger male may have been more reluctant to share information regarding topics
like incontinence, menopause, family violence, or caregiving burdens. Gendered power

dynamics may have influenced the degree to which female participants felt able to speak
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critically about care experiences, caregiving relationships or broader issues. As a result of my
omission, this research may have neglected gender differences in the experiences of frailty

and hospitalisation.

In this section | have considered some of the major ways in which my own personal,
academic and social identity may have influenced this research. The next section discusses
some similar themes in reference to ethical considerations, and the challenges of global

health research partnerships.

4.11 Ethical considerations
Formal ethical approval for this research was granted by relevant institutions in the UK and
in Tanzania. This section does not replicate these ethics applications but provides a brief
overview of some of the main issues that were considered. Formal ethical approval was
originally sought by the supervisory team in 2019 and annual applications for renewal were
submitted by the author (SD). The reference numbers for these were:
e Newcastle University Faculty of Medical Sciences Research Ethics Committee:
Registration No. 1836/17436/2019.
e Kilimanjaro Christian Medical University College Research Ethics Committee:
Registration No. 2543,
e National Institute for Medical Research of Tanzania: Project No. NIMR/HQ/R.8a/Vol.
IX/377.

4.11.1 Capacity and consent

Older people, particularly those with frailty or acute illness, may suffer from impairments of
cognition and of consciousness. Excluding them from participation in research on this basis
risks compromising real-world generalisability, and ultimately discriminating against this
important and vulnerable section of the hospital inpatient population. In accordance with
best practice frameworks for the inclusion of people with cognitive impairment in research,
the older people admitted to hospital in this study were presumed to have capacity, and
supported to make their own decision as to whether or not to participate (Thorogood et al.,

2018, Novek and Wilkinson, 2019, Murphy et al., 2015b). All researchers were trained in the
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assessment of capacity outlined in the UK Mental Capacity Act (United Kingdom
Government, 2005) and Tanzanian Mental Health Act (United Republic of Tanzania
Government, 2008). In this four-step test, capacity was dependent on the older person’s
ability to understand, retain, weigh-up and communicate their decisions in relation to the
study. Written information regarding the study was provided and read aloud in Swahili by
Tanzanian researchers. Participants provided written informed consent by way of a
signature, or thumbprint for those who were unable to write. Informants were able to
assent on the behalf of older people lacking capacity so that those with dementia or
transient impairments of consciousness were not systematically excluded. Consent was
viewed as time and decision specific, and as a continuous process with the option for
withdrawal at any time (United Kingdom Government, 2005). Participation was voluntary,

with no incentives offered.

4.11.2 Confidentiality and privacy

Preserving the confidentiality and privacy of participants, many of whom lived in small
communities, was a high priority. To ensure their identities were protected, anonymisation
occurred at source and every participant was given a unique alphanumeric key. A password-
protected document linking names to the relevant key was kept separately. All quantitative
and qualitative data were kept on password-protected and encrypted digital devices or
stored on a secure server. Data presented in this research, including quotes from qualitative
interviews, were anonymised as far as possible by the removal of identifying information
such as names and places. This was a particularly important consideration during qualitative
interviews with service providers to allow them to express themselves freely without fear of

discrimination from their employer.

4.11.3 Global health research partnerships

This study took place in the context of a research partnership of more than 20 years
between Northumbria Healthcare NHS Foundation Trust, KCMC and the Hai District. Despite
this longstanding and productive collaboration, academic global health is a constantly
evolving field which requires dynamic reappraisal of its ethical complexities. Operating at

their best, global health research partnerships are peer-to-peer collaborations for sharing
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expertise and addressing health problems which transcend national boundaries (Murphy et
al., 2015a). However, at their worst they can perpetuate semi-colonial approaches, in which
outsider’s maintain control over research funding and agendas, while local experts are
marginalised (Bhakuni and Abimbola, 2021). Such approaches do little to help address
inequities between the Global North and Global South (Larkan et al., 2016). This section
briefly outlines some of the major ethical considerations that were encountered when
planning and conducting this research, with reference to proposed standards for “good”
global health research collaborations (Emilie, 2022, Murphy et al., 2015a, Parker and Kingori,
2016).

Power imbalances were central to nearly all ethical issues encountered in the context of this
international research. That is power imbalances between the UK and Tanzanian institutions,
UK and Tanzanian researchers, and between researchers and participants. At the level of the
institutions, one of the reasons that organisations in LMICs (like KCMC) partner with foreign
universities is that existing structures (such as research funders and medical journals) tend
to reflect the agendas of the dominant group, in this case “western” medical researchers. As
a result, researchers in LMICs can be marginalised by perceptions that their institutions are
illegitimate, or uncredible, without this patronage (Bhakuni and Abimbola, 2021, Emilie,
2022). In the case of this research, the agenda was conceived and negotiated with clinical
leadership at all of the participating hospitals and at the Hai District level. However, after the
broad brushstrokes of the project were agreed upon, most of the smaller and more detailed
methodological decisions were made by the author and UK supervisory team. Similarly,
ethics renewals and grant applications were reviewed and revised by members of all
participating institutions but were drafted and submitted by the author and UK supervisory
team. Funding for the research was entirely provided by British institutions and overall

budgets were managed by the author and UK supervisory team.

Aside from the clinical leaders who negotiated the overall agenda, Tanzanian research
colleagues contributed to this study in the refinement of questionnaires, the review of topic
guides, the collection of quantitative and qualitative data and in the discussions around
translation. These contributions were valuable opportunities to incorporate the perspectives

and interpretations of local experts. However, the opportunities to have any major influence
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on the research methods at this stage were more limited, as it was bound by protocols that
had already been through the process of ethical approval. Fundamentally, the relationships
between UK and local researchers were transactional, as Tanzanian research colleagues
were paid salaries set and negotiated by other local members of the research team. As
described in the reflexive account above, the limited opportunities for more major
contribution, and an employee-employer relationship, created an inescapable hierarchy

within these interactions.

In the context of global health research, testimonial injustice refers to the marginalisation of
the knowledge and experiences of local people, based on prejudicial assumptions about
their credibility (Bhakuni and Abimbola, 2021, Fricker, 2007). In this research, a mixed
methods approach was adopted explicitly to allow qualitative exploration of the knowledge
and experiences of the older people, their caregivers and local healthcare providers. This
was intentionally included to counterbalance tendencies to overlook, or dismiss, local
perspectives. On the other hand, interviews were structured around a topic guide drafted by
the author, thus potentially limiting participants ability to express themselves beyond these

expected parameters.

This research was observational, rather than interventional. Observational studies are
typically seen as carrying fewer ethical concerns and minimal risk to participants. However,
in the context of high levels of need, such as LMICs, conducting research without offering
intervention also poses questions (Norris et al., 2012). In this study, there were concerns
that the older people and their caregivers might perceive participation as a means of
accessing additional care. Therefore, during the informed consent process it was made clear
that there were no direct benefits to participants. During quantitative assessment, if any
clinical needs were identified by researchers, they could be flagged to the treating team.
However, in the qualitative strand, where older people were interviewed in the community,
encountering an acute clinical need would raise more significant concerns. Fortunately, no
such situations arose. However, the research team did encounter numerous chronic issues
such as falls risks, inadequate clothing and undernutrition. While participants could be
referred to community health services, the ability of these organisations to provide

meaningful assistance was limited and could incur costs to the older person. This created a
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situation in which UK-based researchers, despite a stark and obvious wealth disparity

between themselves and participants, were relatively powerless to help.

The analysis and dissemination of research findings from global health research partnerships
pose another layer of ethical complexity. Failure to include the perspectives and
interpretations of local experts in the analysis of the data is known as interpretive injustice,
and it comes with the risks of marginalising local knowledge and perpetuating cultural
misunderstandings (Fricker, 2007, Bhakuni and Abimbola, 2021). Data from this study were
interpreted by the author, rather than local stakeholders. In the case of the qualitative data,
this necessitated translation into English, potentially losing some of the original meaning.
This was done with the intention of reaching a wider global audience through dominant
English-language journals. Thus far, all output from this research has been presented at
international conferences or published in open-access English-language journals. Though this
widens access to its findings beyond Tanzania to other LMICs, it also serves to perpetuate
the hegemony of the English-language in this arena. On a more positive note, findings were
also disseminated locally in meetings with clinical leaders, and at Grand Rounds at each
hospital. Furthermore, Tanzanian colleague Joseph Kilasara also presented findings at
meetings at KCMC and Mwanza, and (as of Feb 2025) is using a part of the data for the

statistics module of his own PhD.

The process of conducting this study highlighted a number of ethical complexities. Although
many attempts were made to address some of the inherent power imbalances, there were
several ways in which these methods fell short of evolving standards to support ethical
practice (Bhakuni and Abimbola, 2021, Murphy et al., 2015a, Emilie, 2022). The Discussion
section of this thesis considers how these could be addressed in future studies resulting

from this research.

4.12 Summary

This chapter has critically discussed the philosophical orientation, and the specific methods
used in the process of conducting this mixed methods research. The next two chapters
report the results of the quantitative and qualitative strands respectively, with discussion of

the findings.
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Chapter 5. Quantitative results: The prevalence, characteristics and outcomes

of frailty amongst older hospital inpatients in Tanzania

5.1 Chapter introduction

In this chapter, the quantitative results are presented in accordance with the Strengthening
the Reporting of Observational studies in Epidemiology (STROBE) guidelines (Cuschieri,
2019). The sociodemographic and clinical characteristics of participants, and their outcomes,
are explored in relation to frailty status with reference to the phenotype, the Clinical Frailty
Scale (CFS) and the Brief Frailty Instrument for Tanzania. These findings and the limitations
of these data are discussed in relation to the Tanzanian hospital setting and existing
literature. Data relating to the frailty phenotype and CFS included in this chapter have

previously been published elsewhere (Davidson et al., 2024a).

5.2 Participant recruitment

Between 24 of March and 19t of August 2022, 540 people aged =60 years were admitted
across the four participating hospital sites. People aged over 60 years accounted for
approximately 37.5% of total admissions to participating wards during the study. The
guantitative baseline assessment was completed for 308 individuals, with an informant
present in 232 (75.3%) cases. Data collection teams were primarily based in the urban
hospital sites in Moshi and had to travel to Machame Lutheran Hospital (MLH) and Hai
District Hospital (HDH). Consequently, the rates of inclusion were higher at Kilimanjaro
Christian Medical Centre (KCMC) and Mawenzi Regional Referral Hospital (MRRH) (57% and
69% respectively), than in the more rural sites (50% at HDH and 34% at MLH). The most
common reason for non-inclusion was discharge prior to researcher attendance. Figure 17

depicts participation rates for each site and reasons for non-inclusion.

A de-identified minimum dataset, including age and sex, was available for individuals who
were eligible but not included in the study. Univariate analyses suggested that included
participants were representative of this wider eligible population. The mean age was 74.9

years for both included participants and those who were eligible but not included
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(t[538]=0.07, p=0.947). For sex distribution, 50.3% of included participants were female,
compared with 53.9% of those who were eligible but not included (x?[1] =0.67, p=0.434).

Figure 17. Flow chart of participant recruitment and reasons for non-inclusion

540 individuals aged 260 years admitted over 6-month study period

Reasons for non-inclusion

159 Discharged before researcher attendance

35 Died before researcher attendance

23  Lacked capacity and an informant
10 Declined to participate

5 Unavailable during researcher attendance

Number and proportion of participants by site

118/208 (57%) Kilimanjaro Christian Medical Centre
116/169 (69%) Mawenzi Regional Referral Hospital
57/113 (50%) Hai District Hospital

17/50 (34%) Machame Lutheran Hospital

308 individuals completed quantitative index assessment

5.3 Sociodemographic characteristics of participants

Amongst the 308 participants who completed assessment, 155 (50.3%) were female and the
mean age was 74.9 years (SD 9.9). They belonged to 11 ethnic tribal groups, though there
were likely several more, as a further 25 individuals stated their ethnicity as “other”. The
most common ethnic group was Chagga — the most numerous in the Kilimanjaro Region —

accounting for 218 (70.8%) participants.

Only 35 (11.4%) participants lived alone, while the average number of household members
was 3.7 (SD 2.2) and the maximum number was 15. Most participants were married (n=158,
51.2%), or widowed (n=126, 40.9%). For 263 (85.1%) individuals, assistance was required for
some aspect of their daily activities and this was most often provided by their children

(n=190, 61.7%), or their spouses (n=116, 37.7%). Whilst care was shared equally between
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daughters and sons, amongst spouses and children-in-law there was around a 5:1 female

predominance.

It is notable that only 25 participants (8.1%) had a pension despite all being above the
national pensionable age. Only a minority had any form of health insurance (n=100, 32.5%)
and only 14 individuals (4.5%) utilised an exemption from user fees. There was a broad
spread in the educational status of participants which, in addition to the other
characteristics of participants displayed in Table 9, is explored in relation to frailty status

later in this chapter.

Table 9. Sociodemographic characteristics of participants

Sociodemographic variable ‘ Value
Age (years)
Mean (+ SD) 74.9 (9.9)
60-69, N (%) 105 (34.1)
70-79, N (%) 99 (32.1)
>80, N (%) 104 (33.8)
Sex
Female, N (%) 155 (50.3)
Male, N (%) 153 (49.7)
Tribe
Chagga 218 (70.8)
Pare 30(9.7)
Maasai 17 (5.5)
Other! 43 (14.0)
Marital status
Married, N (%) 158 (51.2)
Widow/ widower, N (%) 126 (40.9)
Divorced/ separated, N (%) 13 (4.2)
Never married, N (%) 11 (3.6)
Provider(s) of care and assistance with ADLs
Mean number of caregivers, N (+ SD) 1.6 (1.0)
Child, N (%) 190 (61.7)
Spouse, N (%) 116 (37.7)
Grandchild, N (%) 34 (11.0)
Child-in-law, N (%) 32 (10.4)
Paid caregiver, N (%) 5(1.6)
Other?, N (%) 77 (25.0)
Education
Secondary or higher, N (%) ‘ 45 (14.6)
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Primary complete, N (%) 143 (46.4)
Some primary, N (%) 36 (11.7)
No formal, N (%) 82 (26.6)
Don’t know/ refused, N (%) 2 (0.6)
Literacy
Read/write well, N (%) 125 (40.6)
Read/write with difficulty, N (%) 69 (22.4)
Unable to read/ write, N (%) 113 (36.7)
Don’t know/ refused, N (%) 1(0.3)
Pension
No, N (%) 281 (91.2)
Yes, N (%) 25 (8.1)
Don’t know/ refused, N (%) 2 (0.6)
Health insurance
No insurance, N (%) 208 (67.5)
National Health Insurance Fund, N (%) 96 (31.2)
Community Health Fund, N (%) 2 (0.6)
Other scheme, N (%) 2 (0.6)
Exemption from user fees granted
Yes 14 (4.5)
No 294 (95.5)

10ther tribes included: Haya (n=1), Meru (n=7), Mbulu (n=1), Nyanwezi (n=1), Nyaturu (n=1), Rangi
(n=4), Sandawe (n=1), Warusha (n=2), and other (n=25). Other caregivers included: other relatives
(n=51), neighbours (n=17), friends (n=5), and other (n=4). SD, standard deviation.

5.4 Clinical characteristics of participants
Before exploring clinical variables by their relationship to frailty status, it is first worth giving
a brief overview of these data for the sample population as a whole (displayed in Table 10)

as they do help to paint a picture of who was being admitted and why.

Just under half of the older people who were admitted to hospital were multimorbid (n=135,
43.8%). Table 11 shows the number of participants reporting each diagnostic category of the
WHO SAGE questionnaire. Hypertension and diabetes were the most common diagnoses in
this group. In contrast, depression was not reported by any participants which is
unsurprising given the differences in cultural expressions of mental distress and also
highlights the limitations of using standardised tools like the WHO SAGE questionnaire in a
uniform way across different cultural settings. Interestingly, the proportion with HIV was

lower than the background population prevalence, which may reflect survivor bias.
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A majority of participants were dependent for one or more of their ADLs according to the
Barthel (n=209, 67.9%). A slightly smaller proportion of participants (118, 38.3%) were
unable to perform one or more of the usual expected cultural roles of an older person
according to the IDEA-IADL. Non-communicable disease was responsible for most admission
episodes according to the recorded diagnoses of the admitting physicians (n=214, 69.5%),
while infectious diseases only accounted for a small proportion (n=47, 15.3%). It was feared
that COVID-19 may impact results as data collection took place in the wake of the omicron
wave. However, only four (1.3%) participants tested positive despite both lateral flow and
polymerase chain reaction testing being widely available. Smoking status was also recorded
and in total 15 (4.9%) of participants currently smoked tobacco, whilst 76 (24.7%) had given
up after smoking in the past. Around a third of participants drank alcohol on a regular basis
(n=105, 34.4%). The full details of the clinical characteristics of the overall sample population

are displayed in Table 10 and are explored in relation to frailty status later in this chapter.

Table 10. Clinical characteristics of participants

Clinical variable ‘ Value
Number of self-reported chronic conditions
0-1, N (%) 142 (46.1)
2, N (%) 92 (29.9)
>3, N (%) 43 (14.0)
Don’t know, N (%) 31(10.1)
Physician recorded admission diagnoses
Communicable disease, N (%) 47 (15.3)
Non-communicable disease, N (%) 214 (69.5)
Both, N (%) 38(12.3)
Undifferentiated/ unclear, N (%) 9(2.9)
COVID-19 status
Positive test, N (%) 4 (1.3)
Negative test, N (%) 105 (34.1)
Suspected case with test result awaited, N (%) 8(2.6)
Not suspected and not tested, N (%) 191 (62.0)
Barthel Index
Median score (+ IQR) 12.0(4.0-19.0)
0 ADLs disability, N (%) 99 (32.1)
>1 ADLs disability, N (%) 209 (67.9)
IDEA-IADL

Median score (+ IQR)

11.0 (8.0 -18.0)
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0 IADLs disability, N (%)

183 (59.4)

>1 IADLs disability, N (%) 118 (38.3)

Incomplete data, N (%) 7(2.3)
IDEA-Cog

Median score (+ IQR) 5.0(0.0-9.0)

0-4 poor cognition, N (%) 144 (46.8)

5-7 moderate cognition, N (%) 63 (20.5)

8-12 good cognition, N (%) 101 (32.8)
EURO-D depression scale

0-3 depressive symptoms, N (%) 54 (17.5)

24 depressive symptoms, N (%) 249 (80.8)

Incomplete data, N (%) 5(1.6)
Confusion Assessment Method

Positive for delirium, N (%) 39 (12.7)

Negative for delirium, N (%) 254 (82.5)

Incomplete data, N (%) 15 (4.9)

>1 ADL disability according to the Barthel Index was defined as scoring a zero (indicating dependency)
for one of more items. 21 IADL disability according to the IDEA-IADL was defined as scoring a zero
(“cannot do this”) for one or more items. Number of chronic conditions was self-reported. SD,
standard deviation. IQR, interquartile range. IDEA-IADL Identification and Intervention for Dementia
in Elderly Africans Instrumental Activities of Daily Living screen. IDEA-Cog, Identification and
Intervention for Dementia in Elderly Africans Cognitive screen.

Table 11. Morbidities by WHO SAGE category, ordered by prevalence

Morbidity categories N=277 Percentage
Hypertension 131 47.3
Diabetes 69 24.9
Chronic respiratory disease 50 18.1
Other 49 17.7
Heart disease 45 16.2
Stomach, bowel or liver problems | 34 12.3
Chronic renal failure 25 9.0
Stroke 22 7.9
Cancer 11 4.0
HIV 10 3.6
Tuberculosis 9 3.2
Cataracts 7 2.5
Arthritis 7 2.5
Dementia 3 11
Epilepsy 3 1.1
Depression 0 0.0
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5.5 Frailty prevalence

The prevalence of frailty was lowest according to the phenotype at 57.0% (95% CI 49.0 —
61.1%), and highest when using the B-FIT 2 at 71.1% (95% Cl 66.1 — 75.8%). While it was
possible to apply the CFS to all participants, missing data meant that 10 older people could
not be classified using the B-FIT2 and over half of all participants (n=159, 51.6%) had too
many missing items to calculate their phenotypic frailty status. Table 12 displays the frailty
prevalence according to each tool and the number of participants and percentage for whom

valid data were available (feasibility).

Table 12. Summary of frailty prevalence

Frailty instrument Total valid, Non-frail® Frail®

N (%) N % (95% Cl) N % (95% ClI)
Frailty phenotype 149 64 43.0 85 57.0

(48.4%) (34.9-51.0) (49.0-165.1)
Clinical Frailty Scale 308 103 334 205 66.6

(100%) (28.2 - 38.6) (61.4-71.8)
Brief Frailty Instrument | 298 86 28.9 212 71.1
for Tanzania v2 (96.8%) (24.2 -33.9) (66.1 —75.8)

!Data have been dichotomised so that pre-frail and robust categories are amalgamated and termed
“non-frail”. Cut-off scores used to define frailty: >3 for the frailty phenotype, 25 for the Clinical Frailty
Scale, 28 for the B-FIT2. 95% Cl, 95% Confidence Interval.

The feasibility was highest for the CFS which was successfully applied to all participants and
was closely followed by the B-FIT2. There were considerable problems experienced in
operationalising the frailty phenotype which was applied to less than half of the participants

and is discussed in detail in the next section.

For the 142 participants for whom the results of all three tools were available, statistical
agreement between the different frailty constructs was good (Fleiss’ k=0.624, 95% Cl 0.529 —
0.719, p<0.001). If the frailty phenotype is removed from the picture (due to the high
proportion of missing data), agreement between the CFS and B-FIT2 was even stronger
(Cohen’s k=0.699, 95% Cl 0.612 — 0.778, n=298, p<0.001). The degree of agreement is
displayed visually in the Venn diagram in Figure 18 which shows the overlap in older people
classified as “frail” according to the three tools, and in Figure 19 which shows the overlap

between those considered “non-frail”. In addition, linear regression analysis (visualised in
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Figure 20) demonstrated strong evidence that B-FIT2 score was associated with CFS score

(R2=0.645, F(1,296)=539.0, p<0.001; B=0.803, p<0.001).

Figure 18. The overlap between “frail” status according to phenotype, CFS and B-FIT2

B-FIT2 CFS
N=212 N=205

N=130 (42.2%)

N=17 B2
(5.5%) (3.9%)
N=54 (17.5%)
N=11 (3.6%)/ \N=9 (2.9%)
N=11 (3.6%)

Frailty phenotype
N=85

Cut-off scores used to define frailty: 23 for the frailty phenotype, 25 for the CFS, 28 for the B-FIT2.
Percentages displayed as a proportion of the total sample n=308. B-FIT2, Brief Frailty Instrument for
Tanzania v2; CFS, Clinical Frailty Scale.
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Figure 19. The overlap between “non-frail” status according to phenotype, CFS and B-FIT2

B-FIT2 o
> N=103
N=27 (8.8%)
N N=22
= 7.1
(2.9%) =
N=6 (1.9%)

N=8 (2;6%) :

Frailty phenotype
N=64

Cut-off scores used to define frailty: >3 for the frailty phenotype, >5 for the CFS, >8 for the B-FIT2.
Percentages displayed as a proportion of the total sample n=308. B-FIT2, Brief Frailty Instrument for

Tanzania v2. CFS, Clinical Frailty Scale.

Figure 20. Jitter plot demonstrating the linear regression between B-FIT2 and CFS scores

o8
o ° 8o o
° @gq ©
s ° o ", . * !'.’ R2=0.645

CFS score

0
10 15 20

B-FIT2 score

The SPSS jitter function has been applied here to help better visualise the relationship between these
categorical variables. CFS, Clinical Frailty Scale. B-FIT2, Brief Frailty Instrument for Tanzania v2.
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5.5.1 Frailty prevalence by phenotype

The frailty phenotype proved problematic to apply in this setting and there was a high
proportion of missing data, too high to consider imputation. However, it was possible to
make some inferences without imputation to make phenotypic classifications for just under
half of participants. In this section, these inferences are outlined and the reasons for missing

data are explored.

Fried’s original thresholds consider 0 “robust”, 1-2 “pre-frail”, and 3-5 “frail”. However,
where there are large amounts of missing data, participants could still be classified and
included if they had 23/5 concordant items (all positive for frailty, or all negative for frailty).
Those with >3/5 items positive may be classified as “frail”, and those with >3/5 items
negative as “non-frail”. This method has previously been used in cases where there is a high
proportion of missing data because it avoids the need for any imputation (Payne et al.,

2017).

Figure 21. The classification of participants with missing frailty phenotype data items

Fried’s original classification method F = item complete and frailty
criterion met

5 items complete 4 items complete 3 items complete 0-2 items complete

N = item complete and frailty
FFFFF FFFFX FFFXX FFXXX criterion not met
FFFFN FFFNX FFNXX FNXXX
FFFNN FFNNX FNNXX NNXXX X = missing data for item
— NNNXX FXXXX
NNNNX NXXXX = Frail
NNNNN XXXXX
_ = Pre-frail
Phenotype classification using 23/5 concordant items -

5 items complete 4 items complete 3 items complete 0-2 items complete = Non-frail
FFFFF FFFFX FFFXX FFXXX = Not classifiable
FFFFN FFFNX FFNXX FNXXX
FFFNN FFNNX FNNXX NNXXX
FFNNN FNNNX NNNXX FXXXX
FNNNN NNNNX NXXXX
NNNNN XXXXX

This figure displays all the possible combinations for the five frailty phenotype items along
with how they would be classified without imputation using Fried’s original phenotype, and
how this would differ using the >3/5 concordant items method. Items may be positive and

indicative of frailty (F), negative for frailty (N), or there may be missing data for an item (X).
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To be classified as frail, at least three items must be positive (FFF) and it does not matter
whether the remaining items are negative (NN) or missing (XX), this is sufficient data to
make the classification. Likewise, a person is definitely not frail if three of five items are
negative (NNNXX), but they could still be pre-frail or robust depending on the value of the
missing items (X). However, if the distinction between pre-frail and robust is dropped, and
instead all participants re categorised in a binary manner, as either frail or non-frail then
data from more individuals can be included. Even using this method, it is not possible to

classify those with fewer than three concordant items without imputation.

Table 13 demonstrates the prevalence of frailty (and pre-frailty) using the methods outlined
above. Using the >3/5 concordant items method allowed the inclusion of 18 more
individuals and consequently led to a reduction in the prevalence of frailty when compared

with Fried’s original method.

Table 13. Prevalence of frailty according to Fried’s classification method versus the >3/5

concordant items method

Frailty Total Robust or non-frail Pre-frail Frail
phenotype valid, | N % (95% Cl) N % (95% Cl) N % (95% Cl)
method N

Fried’s original 131 1 0.8 45 34.4 85 64.9
method (0.0-2.3) (26.7-42.7) (