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ABSTRACT 

 

BACKGROUND: 

Frailty is common as people age and is associated with multiple adverse health 

outcomes. With an increasing number of older people worldwide, preventing 

frailty is recognised as a major public priority. The aims of this thesis are to 

examine associations between three potential modifiable lifestyle risk factors, 

smoking, alcohol and fruit and vegetable consumption, and frailty risks among 

community-dwelling older people. 

 

METHODS: 

This thesis used data on community-dwelling older men and women aged >60 

from the English Longitudinal Study of Ageing (ELSA), an ongoing prospective 

panel study of a nationally representative population in England. Frailty was 

defined by modified frailty phenotype criteria. Information on smoking, alcohol 

and fruit and vegetable consumption was self-reported. Subsequent frailty risks 

over 4 years according to the three modifiable lifestyle risk factors at baseline 

were examined using logistic regression models controlling for potentially 

confounding factors. 

 

RESULTS: 

Current smokers had a significantly higher odds of frailty risk compared with 

non-smokers (never and past smokers). Non-drinkers had significantly worse 

health profiles at baseline and had a significantly increased risk of developing 

frailty compared with low drinkers (>0-7 UK units per week). This association 

was fully attenuated after adjusting for self-reported general health. Among 

drinkers, alcohol use (of any amount) was not associated with frailty. 

Consumption of 5-10 portions of fruit and vegetables a day was associated with 

reduced odds of pre-frailty and frailty combined compared to those with low 

consumption (0-2.5portions); however those eating high amounts (>10 portions 

per day) had a similar risk of frailty as those with low consumption. 

 

CONCLUSIONS: 
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The findings suggest that smoking cessation and moderate-high consumption of 

fruit and vegetables (5-10 portions a day) have potential to reduce risk of frailty, 

however they do not support reducing alcohol consumption to prevent frailty 

over a short period of 4 years. 
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IMPACT STATEMENT 

Frailty, a multisystem dysregulation of overall health status due to age-related 

deficit accumulation, has been attracted increasing scientific attention, 

especially in the last two decades. With tremendous impacts on older people 

and ongoing global population ageing, frailty has been recognized as an 

emerging public health priority by researchers, clinicians and policy makers. 

With limited evidence on effective treatments against frailty, it may plausible to 

proactively identify and address modifiable risk factors of frailty.  

 

In this thesis, three modifiable lifestyle risk factors of frailty, specifically smoking, 

alcohol and fruit and vegetable consumption, were focused on.  

 

Given that current smoking was shown to be associated with frailty, likely 

through chronic obstructive pulmonary disease and inflammation and it is 

feasibly possible to quit smoking in old age, smoking cessation may be an 

effective measure decreasing frailty risk among current smokers. Smoking 

cessation can be recommended for older people through public health 

campaigns as well as by clinicians to older patients who smoke. Although high 

alcohol consumption in old age was not shown to be associated with frailty in 

this thesis, non-drinkers were found to have increased frailty risks due to a 

generally poor health status. As alcohol consumption patterns may change over 

time, future research should use life-course history of alcohol use rather than 

one-time information, especially for those classified as non-drinkers in old age. 

These data are rarely collected and missing in the secondary data source used 

in this study, ELSA investigators could consider retrospective tools for life 

history alcohol consumption data collection. My analysis suggests that 5-10 

portions of fruit and vegetable consumption per day was associated with lower 

frailty risk only among robust participants. At least of 5 portions of fruit and 

vegetables may be encouraged for those with insufficient intake or be included 

as a part of lifestyle interventions. Public health campaigns should include the 

potential benefit of higher levels of fruit and vegetables in preventing frailty. A 

note of caution should be given however that the same benefit was not seen for 

very high (>10 portions of fruit and vegetables). Future research should include 

other macro- and micro-nutrients and total calories and use valid measurement 

tools. 
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Although there is uncertainty due to the observational nature of the findings, 

clinicians could potentially decease risk of frailty by advising patients to stop 

smoking and increase fruit and vegetable consumption. These 

recommendations add to similar findings for other health outcomes of major 

public health importance such as the prevalence of cardiovascular disease, and 

could be easily provided and reinforced during regular primary care visits. 

 

These impacts have been and will continue to be achieved through 

dissemination of the 8 papers related to the thesis, some of which are published 

in high impact journals, such as Age and Ageing, and 3 conference papers at 

scientific meetings, such as the British Geriatrics Society meetings or the 

Society of Social Medicine Annual Scientific Meeting. The article of the smoking 

analysis has been picked up as a press release and covered by multiple media, 

which contributed to significant impacts both inside and outside academia. 
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1 INTRODUCTION 

This chapter presents an overview of this thesis and its contents. 

 

1.1 Ageing Population 

Life expectancy has markedly increased worldwide over the past century largely 

due to public health improvements.1 This global population transformation has 

resulted in growing numbers of older people in both developing and developed 

countries.2 The proportion of older people is projected to increase, in part, due 

to the lower mortality at the oldest age.2 Between 2000 and 2050, the proportion 

of the population aged 60 years or older in the world is forecast to double from 

about 11% to 22%, and the number of older people is forecast to increase from 

605 million to 2 billion.1 During the same period, the number of people aged 80 

years or older is expected to almost quadruple to 395 million.1  

 

Japan is one of the countries with the most rapidly ageing population.3 In Japan, 

due to the world’s highest life expectancy and a persistently low birth rate, the 

proportion of people aged 65 years and older has increased from 10% in 1985 

up to 26.7% in 2015,4 which is much higher than in other developed countries: 

22% in Italy, 21% in Germany, 19% in France, 16% in Canada, 14% in the 

United States and 9% in China.5 The United Kingdom is no exception. The 

proportion of people aged 65 years and over increased from 15% in 1985 to 

17% in 2010, and is expected to increase up to 23% by 2035.6 The age group 

increasing at the fastest rate is the “oldest old” who are those aged 85 years 

and over. The proportion of this oldest old group was 2% in 2010 and is forecast 

to be 5% in 2035.6 The similar population changes are expected in other 

European countries.6  

 

People generally develop health problems and become frailer as they age. The 

increasing life expectancy brings with it development of chronic diseases and 

physical and cognitive functional decline, leading to disability or dependency.7 

Care for older patients accounts for the majority of healthcare costs8 and global-

scale ongoing population ageing has just started to have a powerful 
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demographic impact on current healthcare systems. The unprecedented growth 

in the number and proportions of older people requires transformation of 

healthcare and creates the need for effective and sustainable long-term care 

services to meet their demands. Older people are a highly heterogeneous 

population and the trajectories and rates of changes in their health and 

functional status may vary substantially depending on genetic, biological and 

environmental backgrounds. The life course of health status is also influenced 

by other factors, including physical, psychological and social factors. Therefore, 

persons with the same chronological age can have different physiological 

ages.9 It is thus challenging to explain the heterogeneity of the ageing process 

in older people and critical to ensure all enjoy as long as healthy life expectancy 

as possible.10 

 

1.2 Frailty in Older People 

One of the potential concepts that can be used to describe the overall health 

diversity of older people is frailty.11 Frailty as a term was once used 

interchangeably with ageing, comorbidity or disability, partly because of their 

similarities and partly because of their co-existence.12 Advanced age does not 

always mean vulnerability to negative health outcomes.13 Some people live into 

their 90’s in excellent health with preserved physical and cognitive functions and 

independence in activities of daily living (ADL), while others suffer from chronic 

medical conditions with comorbidities, disabilities, decline functionally and 

mentally and die much earlier in life. Disability is usually defined as difficulty or 

dependency in performing activities necessary to live independently and often 

described as ADL (e.g. bathing, dressing, eating, toileting, continence, 

transferring14) and instrumental activities of daily living (IADL: e.g. shopping, 

telephone use, meal preparation, housekeeping, laundry, transportation, 

medication, finances15). Multi-morbidity is generally used to describe having two 

or more medically diagnosed diseases in a single person. Multi-morbidity is 

rather crudely defined and while it increases frailty risk overall, a person can be 

multi-morbid and ‘healthy’ in the sense of being robust, active with good quality 

of life and no functional impairment. Frailty has now been conceptualised more 

clearly as a state of decreased physiological reserve and compromised capacity 

to maintain homeostasis as a consequence of age-related multiple accumulated 
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deficits.11 Common clinical presentations of frailty include fatigue, unexplained 

weight loss, sarcopenia, frequent infection, delirium, fluctuating disability, loss of 

resilience and inability to recover from acute stressors.11, 16 Therefore frail older 

people are predisposed to significant health declines and are highly vulnerable 

to adverse health outcomes when exposed to an internal or external stressor.11 

The adverse health outcomes associated with frailty include but are not limited 

to: falls,17, 18 fractures,19, 20 disability,21, 22 emergency department visits,23 

hospitalisation,24 institutionalisation25 and mortality.26-28 Frailty is also shown to 

be associated with worse psychological or cognitive outcomes, such as poor 

quality of life,29, 30 depression31 and dementia.32 These outcomes can further 

exacerbate frailty, causing a vicious cycle. As a result, the level of frailty as a 

whole tends to progress with age.33, 34 Frailty is not an irreversible one-way 

process to disability or death, but a dynamic process involving improvement as 

well as natural progression.35, 36 Although all entities are closely related to each 

other and become more common as people age, often co-existing and 

overlapping, the frailty concept is clearly distinguishable from ageing, disability 

or multi-morbidity. In fact, among 368 frail older people in the Cardiovascular 

Health Study (CHS) cohort, 21 participants (5.7%) had 1 or more ADL disability, 

170 participants (46.2%) had multi-morbidity and 79 (21.5%) had all (frailty, 

disability and comorbidity).12 However approximately one fourth (n=98, 26.6%) 

were found to have only frailty, without disability or comorbidity. In this regard 

frailty can be considered a distinct entity, different from the other two.12  

 

1.3 Frailty Measurements  

Multiple tools to measure frailty have been developed and validated in 

population-based studies,37 including the CHS criteria, (also known as the 

‘frailty phenotype’),16 the Frailty Index,10 the Edmonton Frail Scale,38 the 

Groningen Frailty Indicator,39 the Tilburg Frailty Indicator,40 the FRAIL scale41 or 

the Kihon Check-list.42 Although the concept of frailty has now been widely 

accepted and agreed, its definition is still controversial and a consensus 

regarding the best definition to operationalise frailty has not been reached.11 

This ongoing controversy on the definition of frailty may be due to its complex 

nature and heterogeneous presentations.43 Lack of standardised definitions to 

operationalise frailty against the other conditions may be another reason why 
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frailty was defined arbitrarily and sometimes confused with disability or 

comorbidity,12, 16, 44 especially until around 2001 when two major frailty 

conceptualisations were articulated, the frailty phenotype and the Frailty Index. 

Among a number of proposed definitions and criteria to operationalise frailty,45 

the most frequently used definition in the literature is the frailty phenotype first 

described by Fried and colleagues using the CHS cohort in 2001.16 They use a 

combination of five physical frailty components: (1) unintentional weight loss, (2) 

self-reported exhaustion, (3) weakness, (4) slow walking speed and (5) low 

physical activity, to define frailty as having three or more of the five criteria.16 An 

individual who meet one or two criteria is classified as pre-frail and an individual 

with no criteria is classified as robust.16 These components used to 

operationalise frailty in the CHS were modified in various ways from study to 

study as a result of the availability of data in different contexts.46  

 

The Frailty Index based on a cumulative deficit model is another 

operationalisation commonly used to define frailty, proposed by Rockwood and 

colleagues in 2001.10 In contrast to the frailty phenotype, this approach regards 

frailty as a state caused by the accumulation of health deficits during the life 

course.10 Therefore the more deficits an individual has, the more likely the 

individual is to be frail.10 The Frailty Index can be calculated as a ratio of the 

number of deficits present to the number of total deficits considered.47 The 

deficits can be symptoms, signs, diseases, disabilities, laboratory, radiographic, 

or electrocardiographic abnormalities and social characteristics.47 Frailty defined 

by the Frailty Index was superior in predicting mortality and other health 

outcome risks to frailty defined by the frailty phenotype.48 Since these frailty 

definitions were published and framed as distinct entities on scientific and 

theoretical bases, frailty has been more clearly recognised as an important 

issue for older people by clinicians, researchers and policymakers,49 and an 

exponentially increasing amount of research has been conducted based on 

these definitions (as well as others) over the past few decades. 

 

Some also argue that the most commonly used two frailty definitions, the frailty 

phenotype and the Frailty Index, may be rather impractical or unfeasible as 

tools especially in a busy clinical setting.50 The frailty phenotype requires 

special equipment for handgrip measurement, space for gait speed 
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measurement, and calculations for population-based lowest 20% of handgrip 

strength, gait speed and low physical activity.16  

 

In contrast, the Frailty Index requires collecting a number of deficits, typically 

more than 30-40,47 and summing and dividing the number of present and 

absent deficits, which may take 20-30 minutes.51 However it may be possible to 

shorten the time to (or automatically) calculate the Frailty Index. A recent study 

demonstrated that an electronic Frailty Index (eFI) can be calculated using 

routinely available primary care health record data and effectively discriminated 

risks of hospitalization, nursing home admission and mortality.52  

 

There are some criticisms however of both the frailty phenotype and the Frailty 

Index. The main concern regarding the frailty phenotype model is that this does 

not adequately cover cognitive and psycho-social elements of frailty in light of 

multidimensionality of frailty.53, 54 In contrast, the Frailty Index consists of a wide 

range of deficits, including disease, disabilities, signs, symptoms, laboratory 

abnormalities, cognitive impairment.47 However, this model does not directly 

measure frailty but only measures risk of frailty, and there are concerns that by 

measuring cumulative deficits, it does not adequately allow for the 

measurement of frailty improvement. 

 

According to the International Association of Nutrition and Aging Task Force, a 

frailty tool should be quick, inexpensive, reliable, and easy to use in clinical 

settings because the identification of frail older people at risk is the important 

initial step, leading to appropriate preventive and/or treatment interventions and 

ultimately to high quality care for this vulnerable population.50 In 2008, based on 

a systematic review of the literature as well as input from a panel of geriatric 

experts, this organisation’s working group advocated a new frailty tool, the 

FRAIL scale.50 This is a simple tool consisting of five yes/no questions: Fatigue, 

Resistance (inability to climb stairs), Ambulation (inability to walk a certain 

distance), Illnesses, and Loss of weight.55 A recent meta-analysis study showed 

frailty defined by the FRAIL scale is a significant predictor of mortality.27 The 

Kihon Checklist is also among relatively new frailty tools.56 The Kihon Checklist 

is a self-reported comprehensive questionnaire consisting of 25 simple yes/no 

questions covering multiple domains of instrumental ADL, physical function, oral 
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function, nutrition status, cognition, social activity, and depressive mood.3 

Although this tool was originally developed by the Japanese Ministry of Health, 

Labour and Welfare in 2005-2006 as a screening tool to identify vulnerable 

older people who are at high risk of dependency,3 it has increasingly been 

recognized as a frailty assessment tool.42 The validation study showed that the 

Kihon Checklist score was highly correlated to frailty status defined by the frailty 

phenotype criteria.42 If the 25 items are considered as deficits, a total score of 

the Kihon Checklist can be treated as a fixed set of the Frailty Index. In a 

prospective cohort study of 1,023 Japanese community-dwelling older people 

aged >65 years, the Kihon Checklist treated as a Frailty Index was validated to 

be consistent with 32-item and 68-item Frailty Indexes in predicting loss of 

independence (composite outcome of either long-term care insurance 

certification or mortality) over 3 years.28 The Canadian Study of Health and 

Aging Clinical Frailty Scale (CSHA CFS) was developed as a frailty tool, which 

is based on clinical judgement and easy to use by practicing clinicians.57 CSHA 

CFS stratified individuals into 7 classes: 1 Very fit, 2. Well, 3. Well, with treated 

comorbid disease, 4. Apparently vulnerably, 5. Mildly frail, 6. Moderately frailty 

and 7. Severely frail.57 This scale has good criterion and construct validity and 

good inter-rater reliability, and can predict mortality.57 These frailty tools are 

brief, simple, and quick, as well as cost-effective as they do not require any 

training, special equipment and such calculations as lowest 20% of the 

population or summing and dividing the number of the deficits, and they take 

less than 10 minutes to complete.51 These newer frailty scales can be easily 

incorporated into comprehensive geriatric assessment or primary care in a busy 

clinical setting to identify frail older individuals. In light of the short lists of simple 

questions, both tools can be administered via phone, mail, or email, and by not 

only physicians but also other healthcare professionals. 

 

Among these frailty definitions, the frailty phenotype was selected for this thesis. 

The frailty phenotype considers frailty as a specific clinical syndrome with the 

typical phenotypic presentations, thus is useful for investigating the underlying 

mechanisms, pathophysiology, and risk factors. This robust foundation of 

biological theory of the frailty phenotype is particularly important when 

examining potential predictors of incident frailty and exploring how lifestyle-

related diseases, such as chronic obstructive pulmonary disease (COPD) 
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caused by smoking, are related to the association between the target lifestyle 

factor and frailty. It uses five components including objective measures and has 

ability to predict adverse outcomes. It has been shown to have good validity and 

reliability in various populations and settings. These features have led to its 

widespread use as the most dominant method of measuring frailty today.58 

 

1.4 Prevalence of Frailty 

According to previous systematic review articles, prevalence of frailty globally 

based on various frailty criteria varies widely, ranging from 4.0% to 59.1%, 

among community-dwelling older people aged 65 and older.34, 59 The overall 

weighted prevalence of frailty and pre-frailty is 10.7% and 41.6%, respectively, 

based on multidimensional frailty definitions, such as the Frailty Index10 or 

FRAIL scale,41 and 9.9% and 44.2%, respectively, based on physical frailty 

criteria.34 Female gender and advanced age were associated with higher 

prevalence of frailty: women were almost twice as frail as men, and frailty 

prevalence was less than 5% among those aged 65-69 while it was over 25% 

among those aged 85 or older (Figure 1.1).34 These factors may have 

contributed the large difference in prevalence of frailty. 
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Figure 1. 1. Weighted prevalence of frailty stratified by age and gender. 

Reused from Collard and colleagues 201247 with permission. 

 

 

Higher prevalence of frailty is observed in selected populations of patients with 

a specific disease or medical condition, such as cancer patients60 (median 

prevalence 42% for frailty and 43% for pre-frailty), patients with end-stage renal 

disease61 (pooled prevalence 36.8% by objectively measured CHS frailty criteria 

and 67.0% by self-reported CHS criteria), patients with heart failure (overall 

estimated prevalence of frailty 44.5%),62 patients with depression (pooled 

prevalence 40.4%),  patients with COPD (pooled prevalence 19%)63 and 

patients with Alzheimer’s disease64 (pooled prevalence 31.9% for frailty). Given 

frailty as a significant predictor of nursing home placement,25 prevalence of 

frailty is extremely high among nursing home patients:65 More than 90% of them 

are pre-frail or frail (pooled prevalence 52.3% for frailty and 40.2% for pre-

frailty).65 

 

1.5 Implementation and Challenges for Frailty 

Frailty places a huge burden on patients, their families, society and healthcare 

systems in various ways and is significantly associated with increased 
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healthcare resource utilisation.66 Compared with non-frail robust individuals, frail 

older people are 1.9 times more likely to have hospital admissions (pooled odds 

ratio (OR)=1.90)24 and 5.6 times more likely to be placed at nursing homes 

(pooled OR=5.58).25 Co-occurrence of frailty, comorbidities and disabilities is 

common,67 and they may make each other worse.30 Frailty itself is shown to be 

a significant predictor of disability by a recent systematic review and meta-

analysis study, in which frail older people have 2 to 4 times higher risks of 

developing or worsening disabilities in ADL (pooled OR=2.76 and pooled 

hazard ratio=2.23) and in IADL (pooled OR=3.62, pooled hazard ratio=4.23).21 

Furthermore, muscle weakness, poor physical balance and impaired gait are 

among major components of frailty,16 and all of them contribute to an increased 

risk of falling. Falling is a leading cause of mortality among older people,68 and 

is associated with serious trauma such as fractures and head injury, disabilities, 

fear of falling and healthcare utilisation.68 Frailty is a significant predictor of 

falling (pooled OR=1.84)18 and fractures (pooled OR=1.70).19 Dementia is 

another major cause of disabilities and dependence in older people.69 Frailty is 

associated with dementia in cross-sectional studies64 and is shown to be a 

significant predictor of dementia, including Alzheimer disease and vascular 

dementia.32 As such, frailty itself and the related secondary and tertiary 

consequences further increase the complexity of care for frail older people and 

the burden on healthcare systems.  

 

It is to be expected that frailty is associated with higher healthcare costs.70-74 

Two longitudinal studies showed that progression from non-frailty to frailty was 

associated with approximately a two-fold increase in total healthcare costs 

during the study periods.70, 71 Once frailty is developed, healthcare costs 

apparently jump up several fold according to a cross-sectional study of German 

older people, which showed the mean total 3-month healthcare costs of a frail 

(defined as having 4 or 5 out of 5 phenotype criteria) individual to be €3659, 

compared with €642 for a non-frail (defined as having none of the phenotype 

criteria) individual.72 Another cross-sectional study of 2,150 community-dwelling 

older women from the Study of Osteoporotic Fractures demonstrated the mean 

total annualised costs were $16,589, $6,632 and $3,781 for frail, pre-frail and 

robust individuals.73 In light of the growing number of older populations 

worldwide and a wide range of devastating impacts of frailty on the healthcare 
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systems, frailty is one of the major public health challenges for all related parties 

of researchers, clinicians and policy makers.75  

 

Although there is no consensus on the standard treatments of choice 

specifically for frailty, high quality cost-effective sustainable healthcare 

interventions against frailty are urgently needed.76 Their successful 

implementation, which would require multidisciplinary contribution from 

researchers, clinicians and policy makers, would have substantial public health 

importance.77 Researchers will need to explore pathophysiology, aetiology and 

risk factors of frailty and develop the best care and treatment models, clinicians 

will need to screen frail patients and directly deliver care and policy makers will 

need to create healthcare systems prepared for upcoming population ageing 

and allocate healthcare resources effectively and efficiently. To date various 

types of intervention models have been proposed and investigated, but with 

inconclusive findings. The major types of interventions that have been studied 

and evaluated so far include (1) exercise interventions, (2) nutritional 

interventions (and combined with exercise and nutrition) and (3) integrated care 

models, which are discussed below. 

 

1.5.1 Exercise Interventions 

Five exercise studies that examined frailty status change as an outcome were 

identified. All of these 5 intervention studies employed multicomponent exercise 

and examined frailty status change or frailty reversal rate as intervention 

outcomes.78-82 The number of participants ranged from 10081 to 610,82 with the 

intervention periods from 3 months79 to 12 months.78 Most of the study 

populations were pre-frail or frail defined by the frailty phenotype criteria, except 

for one study in Japan using the Kihon Checklist.82 All studies consistently 

showed improvement in frailty status, suggesting strong and robust evidence of 

multicomponent exercise intervention for frailty.78-82 In two studies, some small 

additive effects of nutritional supplementation79 and a combination of cognitive 

and nutritional interventions80 to exercise were observed. A multicomponent 

exercise seems the most effective single intervention for frailty and may play an 

important role in treatment.83 Especially the ones combining multicomponent 

exercise and other types of interventions, for example nutritional 
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supplementation, seem plausible.84 A recent systematic review with a focus on 

multi-domain interventions for frailty identified five intervention studies examined 

the impact of multi-domain intervention on frailty status, all of which included at 

least both exercise and nutritional intervention components.85 Four of the five 

studies showed significantly larger improvement in frailty status compared with 

mono-domain or control interventions.85 The authors concluded that physical 

exercise seems to play an essential role in the multi-domain intervention and 

that additional interventions, such as nutritional intervention, may provide further 

improvement.85 None of these intervention studies focused on optimising 

lifestyle factors, such as smoking, alcohol or dietary patterns. 

 

1.5.2 Nutritional Interventions 

Nutrition is a fundamental important factor for healthy ageing but risk of 

malnutrition increases as people age.86 Malnutrition is associated with weight 

loss, which may lead to exhaustion, weakness and slow gait speed, and 

eventually the development of frailty.84 A cross-sectional study of 206 

community-dwelling older men and women in Germany examined associations 

between frailty defined by the frailty phenotype and nutritional status based on 

the Mini Nutritional Assessment tool, and showed that 47% of frail individuals 

were at risk of malnutrition (17-23.5 points on Mini Nutritional Assessment) and 

that as high as 93% of individuals at risk of malnutrition were either pre-frail or 

frail.87  

 

Among various types of macro- and micro-nutrients, adequate intake of dietary 

protein is an essential factor of maintaining muscle mass and function.88 In older 

people, one of the major causes of loss of muscle mass is inadequate amount 

of protein in their diet,89 and amino acid supplementation has been shown to 

increase muscle synthesis in older people.90 Vitamin D deficiency is also 

common among older people and associated with various negative health 

outcomes,91-96 including frailty.97, 98 Vitamin D supplementation was suggested 

to have beneficial effects on muscle strength by systematic review and meta-

analysis studies,99, 100 and may be used as a potential treatment for frailty 

especially among vitamin D deficient individuals.101 Supplementation of caloric, 

protein, and vitamin D is recommended as potential treatments for frailty by the 
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consensus report of major international societies.102 The main focus of 

nutritional interventions has been oral supplementation, which is expensive and 

generally not very palatable. There has been little research that has examined 

benefits of dietary patterns (e.g. Mediterranean diet103) or fortifying normal diets 

to optimise protein and calorie intake. Although nutrition education interventions 

may have potential to improve malnutrition-related outcomes in older people,104 

there is limited evidence for potential benefit of nutrition education on frailty.105 

 

Many cross-sectional and prospective cohort studies have shown significant 

relationships between frailty and dietary factors.106 However, there is limited 

evidence about the value of nutritional interventions for frailty and most of such 

interventions were oral nutritional supplements combined with exercise and 

their outcomes were often individual frailty components or physical functions, 

but not frailty status changes.106 There are few studies that examined effects of 

nutritional interventions alone on frailty status, with mixed results.107  

 

In the two trials described in the previous section on exercise interventions, the 

effectiveness of nutritional intervention alone (without exercise) was also 

examined. The Japanese study’s nutritional-only intervention arm received 1g of 

milk fat globule membrane (MFGM) in a pill form (21.5% protein, 44.0% fat, 

26.5% carbohydrate, 6.4% ash, 1.6% moisture) daily.79 There was no significant 

difference observed in the frailty reversal rates between MFGM and placebo 

arms at both 3-month and 7-months follow-up points (28.1% vs 25.0%, 30.2% 

vs 15.2%, respectively).79 The nutritional intervention arm of the Singapore 

Frailty Intervention Trial provided a commercially-available formula (300 kcal, 

12g of protein, 36.8g of carbohydrate, 11.6g of fat) and supplements (iron, 

folate, vitamins B6, B12 and D, calcium) to be taken daily for 24 weeks. Frailty 

status of the intervention arm improved significantly more than that of control 

group (frailty reduction rate 35.6% vs 15.2%, OR=2.89, 95% confidence interval 

(CI)=1.07-7.82).80 The treatment effect of the nutrition was smaller than that of 

the multicomponent exercise (frailty reduction rate 41.3% vs 15.2%, OR=4.05, 

95%CI=1.50-10.8).80 However, no nutrition intervention studies using fruit and 

vegetables to protect against frailty are found in the literature. Associations 

between fruit and vegetable consumption and frailty risk among community-
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dwelling older people will be examined using the English Longitudinal Study of 

Ageing (ELSA) sample in Chapter 5. 

 

A randomised controlled trial in Australia examined the effects of oral 

testosterone with a high calorie supplement (2108-2416 kJ/day) vs placebo with 

a low calorie supplement control group, on frailty status defined by 3 types of 

the Frailty Index (based on self-report data, lab data and combined data) and 

the frailty phenotype in 53 community-dwelling undernourished older people 

aged 65 or over.108 There was a significant improvement in frailty status in the 

Frailty Index based on the combined self-report and lab data deficits, but not by 

the other Frailty Indices or the frailty phenotype.108 

 

The effects of L-carnitine (naturally occurring amino acid derivative) 

supplementation (1.5g/day for 10 weeks) on frailty status changes were 

examined in a Malaysian randomised double-blind placebo-controlled trial with 

50 men and women who were at least 60 years old and were defined as pre-

frail by the frailty phenotype.109 Frailty status at follow up based on the 

phenotype and the Frailty Index was improved in the L-carnitine 

supplementation group compared with control: 3 participants improved to robust 

in L-carnitine group (11.5%) while only 1 (4.2%) did in control.109 On average 

the Frailty Index decreased (i.e. participants became less frail) by 34.3% in L-

carnitine group while only by 2.1% in control.109 

 

Fish oil supplementation (1.2 g of eicosapentaenoic acid and docosahexaenoic 

acid per day for 6 months) failed to improve frailty status defined by the frailty 

phenotype in a US randomised double-blind placebo study including 126 

postmenopausal women (3% frail, 80% pre-frail, 17% robust at baseline based 

on the frailty phenotype criteria).110  

 

As well as the limited number of studies, a high degree of heterogeneity was 

observed in types of nutritional supplementation, study population (especially in 

terms of nutritional status at baseline), design, setting and frailty definition, and 

the findings were inconsistent. It should also be noted that most of the 

nutritional interventions did not optimise normal diets but used supplementation. 
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More well-designed randomised controlled trials are needed in order to 

elucidate the effects of nutritional interventions on frailty. 

 

1.5.3 Integrated Care 

Frail older people tend to suffer from multiple diseases and medical conditions, 

along with physical, psychological and social problems. Therefore traditional 

organ-specific or disease-specific healthcare delivery models without 

coordination cannot adequately meet multidimensional needs and problems of 

frail older people.111, 112 It is a complex task to adequately address their 

problems and may require a comprehensive care approach with a holistic view 

in order to provide optimal care.113 Integrated care is characterised by 

organisational efforts for sustained holistic care tailored to individual demands 

by coordinating multidisciplinary professionals and services.114-116 This patient-

centred approach has recently been recognised as a potential solution to 

postpone health decline, extend the duration of healthy ageing and improve 

quality of life for frail older people.116, 117 The World Health Organization has 

started the development of evidence-based guidelines on integrated care for 

older people with support from experts in Geriatric medicine.118 According to 

recent systematic reviews on integrated care for community-dwelling frail older 

people, the previous studies employed a various range of interventional 

components and outcomes.113, 116, 117 The interventions used included but were 

not limited to case management, interdisciplinary team assessment (including 

comprehensive geriatric assessment) and care, periodic reassessment, 

physical activity, rehabilitation, referrals and coordination of home-/community-

based health and social services, periodical follow-ups by home visits/phone 

calls/geriatric clinic, caregiver support and health education.113, 116, 117 The major 

outcomes were healthcare utilisation (hospital admission, emergency 

department visit, home service use etc.), disability, physical function, cognition, 

perceived health, satisfaction, medication, depression, quality of life and 

mortality.113, 116, 117 Contrary to the high expectation, only a small number of 

studies demonstrated that integrated care is effective for frail older people 

compared with normal care, while a majority showed no clear benefits on 

patient satisfaction, depressive symptoms, health-related quality of life, physical 

function or healthcare utilisation.113, 116, 117 Only two integrated care trials had a 
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primary outcome of reversing frailty, both of which improved frailty status as 

described below.119  

 

The Frailty Intervention Trial (FIT) was a 12-month prospective assessor-blind 

randomised controlled multifactorial interdisciplinary interventional trial, with 216 

Australian older people with frailty defined by the phenotype criteria.120 The 

intervention was tailored to the participants depending on which of the five frailty 

phenotype criteria they met at baseline: (1) for weight loss, clinical evaluation of 

nutritional intake at home, followed by recommendation of home delivered 

meals and high every high protein nutritional supplementation if necessary, (2) 

for exhaustion, referral to a psychiatrist or psychologist, and greater social 

engagement encouraged if socially isolated, (3) for weakness, slow gait or low 

physical activity, physiotherapist-led home-based physiotherapy sessions and 

home exercise programme. Multidisciplinary delivery of these intervention 

components was facilitated by case management and weekly case 

conferences.120 This intervention successfully decreased prevalence of frailty 

(between-group difference in frailty 14.7%, p=0.02).119 Although this programme 

was resource intensive and costly, employing multiple interdisciplinary 

interventions, it was shown to be cost-effective.121 The unique features of this 

intervention are that all the participants were frail defined by the phenotype 

criteria and that each of the present phenotype criteria components was 

addressed by appropriate measures,119, 120 which may have led to the 

significant effects against frailty. 

 

Another randomised controlled trial study examined the effects of 

comprehensive geriatric assessment and subsequent integrated care, including 

medication adjustment, exercise instruction, nutrition support, physical 

rehabilitation, social worker consultation and specialty referral, in 310 

community-dwelling Taiwanese people aged 65 years or older who were pre-

frail or frail based on the frailty phenotype criteria.122 In the intervention group, 

3.9% became robust and the percentage of frailty remained almost the same 

(from 17.1% to 17.8%) at 6-month follow-up, while 2.1% became robust and 

more participants were frail (from 19.6% to 24.3%) at 6-month follow-up in the 

control group.122  
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Similar features of these two successful integrated care intervention studies 

were (1) pre-frail or frail older people were recruited, excluding the robust, (2) 

exercise and nutritional components were included, (3) frailty was defined by 

the frailty phenotype, which mainly focuses physical aspects and (4) the degree 

of frailty status improvement was somewhat smaller than that of 

multicomponent exercise interventions. Although the exercise interventions 

used by these two studies (physiotherapy and home exercise,120 exercise 

instruction and physical rehabilitation.122) seem less intensive than 

multicomponent exercise interventions, it is possible exercise was the main 

driver of the intervention, not the integrated care per se, which may explain the 

smaller improvement. However, the physically oriented frailty phenotype criteria 

used by the two studies possibly could not fully evaluate the effect of integrated 

care models and detect multidimensional frailty changes. Taking these into 

account, the potentials of the integrated care model should be examined by 

well-designed intervention studies. These multicomponent integrated care 

models did not include lifestyle interventions, such as smoking cessation, 

alcohol reduction or dietary optimization. How smoking and alcohol 

consumption are associated with frailty risk among community-dwelling older 

people will be examined using ELSA sample in Chapters 3 and 4, respectively. 

 

1.5.4 Future Directions 

Frailty will most likely continue to attract scientific attention and will become 

more and more important to public health. However there are still some 

challenges hampering further progress in frailty research and its public health 

implementation.  

 

First of all, gold standard criteria to define frailty are currently lacking. This 

affects all aspects and process of translation from frailty research into practice. 

It may be why a significant number of published papers used “frailty” or “frail 

older adults” in their titles, but they were vague in defining frailty or used non-

valid frailty definitions. The absence of standard criteria means that it remains 

difficult to identify frail individuals, to be followed by prompt management 

decisions or interventions. For the same reason, feasibility or necessity of frailty 

screening cannot be assessed properly, although some experts recommend 
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frailty screening for selected at-risk subgroups of older people, such as those 

aged 80 years or older with subjective fatigue,50 those with some risk factors 

(living alone, memory complaints, history of falls, weight loss, low walking speed 

or sensory dysfunction),50 those aged 70 years or older102 or those with 

significant weight loss (5% or more over the past year) due to chronic 

illnesses.102 In a UK consensus best practice guidance published in 2014 for the 

management of frailty in community and outpatient settings, “Fit for Frailty” 

produced by the British Geriatrics Society in association with Age UK and the 

Royal College of General Practitioners (available online at 

http://www.bgs.org.uk/campaigns/fff/fff_full.pdf and 

http://www.bgs.org.uk/campaigns/fff/fff2_full.pdf), population-level screening for 

frailty was not recommended since it would be expensive and would not result 

in better outcomes or be cost-effective with frailty instruments available at that 

time.123 However later on the eFI was developed in the UK and published in 

2016.52 This index is automatically populated from routinely collected data 

stored in the existing GP primary care electronic health record.52 The eFI can 

quantitatively assess risk of frailty and predict negative health outcomes, such 

as mortality, hospitalization and nursing home admission.52 In 2017 NHS 

England started to require GPs to identify patients aged 65 years or older with 

moderate and severe frailty using validated frailty instruments including eFI For 

initial population screening, supplemented by more detailed assessment in high 

risk groups (moderate and severe frailty) on the eFI. The eFI is now freely 

available at most of GP practices.124, 125 This is probably the first attempt of 

nation-wide population-based frailty risk stratification and healthcare system 

utilisation.126 

 

Second, although various interventions have been developed and evaluated for 

their effectiveness among frail older people as discussed above, it is still 

unclear what the optimal frailty intervention is, due to a great heterogeneity 

among the studies regarding intervention (for example, frequency, intensity and 

duration if exercise intervention) as well as sample size, population, setting, 

frailty status, frailty definition use and outcome. Based on the currently available 

literature, it appears that physical exercise, especially multicomponent exercise 

intervention including resistance training, has the strongest evidence as a single 

intervention component for frail older people.127 Additive benefits may be 

http://www.bgs.org.uk/campaigns/fff/fff_full.pdf
http://www.bgs.org.uk/campaigns/fff/fff2_full.pdf
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expected by the multi-domain interdisciplinary interventions, such as nutritional 

supplementation, cognitive intervention and/or integrated care, but the evidence 

base for these is mixed.  

 

Lastly, it is not known when the best time to initiate frailty interventions is. For 

example, frailty interventions may be most effective if initiated proactively while 

the individuals are still non-frail, or should be started on patients who are found 

to be pre-frail or frail at screening. The interventions may have to be tailored 

according to patients’ frailty status as well as health status and abilities. If these 

concerns are addressed in the future research, widespread application of public 

health approaches would be possible and may result in better care and 

healthier ageing for older people. 

 

1.6 Modifiable Lifestyle Risk Factors of Frailty 

Reflecting the urgent need to develop effective interventions against frailty given 

ongoing global-scale population ageing, numerous interventional studies have 

been conducted targeting frail older people as discussed above. Some models 

or intervention components seem promising but still the majority of the 

intervention studies, except for the multicomponent exercise intervention, yield 

small or no significant effects. Given limited evidence on what the best 

interventions or treatments are against frailty and the fact the natural course of 

frailty transition is mostly progression to worse frailty status rather than 

improvement,35 addressing risk factors of frailty may be a plausible approach to 

proactively prevent frailty.128  

 

Previous observational studies have revealed a number of factors have been 

revealed to be associated with risk of frailty. According to a mounting body of 

evidence, the factors associated with frailty in late life include (but are not 

limited to) advanced age, female gender, some ethnicity minorities (black, 

Hispanic), poor socioeconomic circumstances, less education, reduced 

cognitive function, comorbidities such as depression, diabetes, osteoarthritis, 

chronic lung diseases, stroke, fracture and cardiovascular diseases (CVD), low 

physical activity, low body mass index (BMI)/underweight, polypharmacy, poor 

quality of life, low self-rated health and poor neighbourhood characteristics 
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(such as lack of security, social cohesion or sense of belonging).129-137 A 

systematic review published in 2017 of longitudinal studies searched for risk 

factors and protective factors associated with incident or increase of frailty 

among community-dwelling older people and found that advanced age, obesity, 

depressive symptoms and cognitive impairment were consistently shown by 

multiple studies to predict frailty, while the other factors predicted frailty in few 

studies or in not all studies.138 It should be noted that the included studies used 

different definitions of frailty and methodological approaches and their results 

may have been biased.138 While majority of the included studies (nine out of 23, 

39%) were from the US, only one UK study was included in this review.139 

 

There are fewer studies examining mid-life factors associated with elevated 

frailty risk in later life. One study from Australia of 5,462 middle-aged women 

showed that high or increasing patterns of sedentary time were significantly 

associated with higher risk of frailty defined by FRAIL scale in older age.140 

Studies using two Finnish cohorts, the Helsinki Businessmen Study and Mini-

Finland Health Examination Survey, showed that lower self-rated health, lower 

leisure-time physical activity, overweight (BMI 25-30), obese (BMI>=30) and a 

higher composite risk score for coronary artery disease that takes into account 

age, systolic blood pressure, cholesterol, high alcohol consumption (>196g of 

alcohol/week), but not being abstinent, compared with light consumption (1-98g 

of alcohol/week), smoking and BMI in mid-life significantly predicted frailty risk 

defined by CHS criteria in old age.141-145 In a UK study using the Whitehall II 

cohort, consisting of 6,233 British civil servants, mid-life predictors of frailty 

defined by the CHS criteria in late life were abstinence or high consumption of 

alcohol, current smoking, low daily fruit and vegetable consumption, moderate 

or no physical activity, low lung function measured by Forced Expiratory 

Volume, overweight/obese, depressive symptoms, hypertension and CVD, low 

HDL cholesterol, low ratio of total to HDL cholesterol and high concentrations of 

interleukin-6 and C-reactive protein (CRP).146 

 

Many of these mid-life and late life frailty risk factors are known as well-

established risk factors for CVD and dementia as well. Traditional 

cardiovascular risk factors that also increase frailty risk are advanced age, 

hypertension, diabetes, smoking, high alcohol use, overweight/obesity, low 
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physical activity, ethnicity and poor quality diet.147 According to the summary 

report of the Alzheimer’s Association in 2014, strong or moderate risk factors of 

dementia that are common with frailty risk factors include advanced age, current 

smoking, diabetes, low education and low physical activity in late life and 

obesity and hypertension in mid-life. 

 

Although information on the characteristics of these frailty risk factors and their 

relationships is important fundamental groundwork for future frailty research and 

public health policy making, not all of these risk factors are modifiable or 

amendable. However lifestyle factors, such as smoking, alcohol use, exercise or 

diet, can be theoretically modified, started or stopped even in old age. There is 

a wealth of evidence on the links between exercise and frailty,127 but far less is 

known on smoking, alcohol and diet. 

 

Tobacco is the leading cause of preventable death in the world and kills more 

than 7 million people each year.148 In England the prevalence of smoking has 

been gradually decreasing, however 15.1% of adults aged 18 or older are still 

smoking.149 As people age the smoking prevalence decreases and 8.1% of 

older people >65 years smoked in 2017.149 Generally alcohol consumption 

decreases with age and the proportion of non-drinkers increases.150, 151 

Compared with younger populations, those who are 65 years and older tend to 

drink less amount of alcohol and less frequently, and are less likely to have high 

risk drinking behaviours.150, 151 However, in surveys many older people aged 65 

years and older self-report drinking in the last week in the UK: approximately 

60% of men and 40% of women aged 65 and older, according to the General 

Lifestyle Survey between 2005 and 2011.152 Diet quality of adults (18-75 years) 

in the UK was moderate to relatively high compared with other EU countries, 

depending on diet quality scores used,153 and another study showed that a diet 

quality score increases as people age in the UK. However, malnutrition is 

common in over 10% of older people aged 65 or over, due to various causes 

including underlying diseases, loss of appetite, decreased mobility and social 

factors.154 

 

If modifying smoking, alcohol an diet eventually lead to decreasing risk of 

developing frailty or mitigating its progression, they are a good target of 
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interventions.155 This could easily be translated into clinical practice for better 

care for older people or incorporated into a multidisciplinary intervention as one 

of the interventional components,155 or could be targeted by educational 

programmes, campaigns or consultation services.156 

1.7 Research Objectives 

Rationale: In terms of frailty prevention or intervention, exercise, 

supplementation of protein or calorie or integrated care models have been 

studies in clinical trials and have already contributed to the evidence base of 

frailty research (see above).157 However, other potentially modifiable factors, 

such as smoking, alcohol and fruit and vegetable consumption, were relatively 

under-studied and their potential for reducing the risk of frailty is not yet 

established. Therefore, in this thesis I have decided to focus on these three 

modifiable lifestyle factors for frailty.  

 

The aims of this thesis are to examine associations between the potential 

modifiable lifestyle risk factors and subsequent changes in frailty status among 

community-dwelling older people using the data from ELSA. The specific 

research objectives are: 

 

1. To systematically review the existing evidence on modifiable risk 

factors for frailty in three key areas: i) smoking, ii) alcohol 

consumption and iii) fruit and vegetable consumption, and to conduct 

a meta-analysis if possible. 

 

2. To determine if i) smoking, ii) alcohol consumption and iii) fruit and 

vegetable consumption predict frailty status changes in community-

dwelling older people in the UK, independent of important 

confounders. 
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2 METHODS 

2.1 Introduction 

This thesis consists of systematic reviews and epidemiological analyses for 

each of three modifiable lifestyle factors (alcohol, smoking and fruit and 

vegetable consumption) as potential predictors of incident frailty. ELSA is a 

longitudinal panel study of community-dwelling middle-aged and older people in 

England, and was used for the epidemiological analyses.  

In this chapter I describe the overarching methods employed in my three main 

analyses, including details of ELSA from which I drew study samples, the 

definitions of the key measurements, statistical approaches to analysis and 

handling issues such as missing data and attrition. More detailed information 

regarding the analytical samples, including the number of participants, how they 

were included or the reasons why they were excluded, will be presented in each 

chapter since it was different for the three main analyses. The methods of 

systematic reviews and meta-analysis will be described later in each respective 

chapter. 

2.2 English Longitudinal Study of Ageing (ELSA) 

2.2.1 Description of the Cohort 

ELSA is a multi-centre longitudinal panel study of a nationally representative 

cohort consisting of community-dwelling men and women aged 50 years and 

older in England.158 ELSA was launched in 2002/2003 and designed to 

investigate a broad range of research areas relevant to understanding the 

ageing process.158 The topics covered include physical and mental health, 

cognitive function, social and economic circumstances, social relationships and 

relationships between these factors.158 The initial participants of ELSA were 

recruited from private households that participated in the Health Survey for 

England (HSE) in 1998, 1999 and 2001 (=wave 0). HSE is an annual cross-

sectional survey to collect detailed information on mental and physical health, 

health-related behaviour, and objective physical and biological measures in 

relation to sociodemographic characteristics of people aged 16 years and older 

(the lower age limit was removed later) at private residential addresses.159 In 
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HSE the sample was drawn by postcode sector and stratified by proportion of 

households headed by someone in a non-manual occupation in the last census.  

 

Criteria for eligibility for ELSA were membership of a participating household 

from HSE in which at least one individual had agreed to be re-contacted in the 

future, born before 1 March 1952 and living in a private household in England at 

the time of wave 1 fieldwork. In addition to the target individuals, their partners 

who were aged less than 50 years and those who had joined the household 

since HSE were also invited for interview. The initial sample size was chosen to 

have an adequate number of men and women in 5-year age bands. 

 

The total sample at wave 1 consisted of 11,391 core members, 636 partners 

aged less than 50 years and 72 new partners aged 50 year or older. The 

household response rates of households and individuals were 70% and 67%, 

respectively. ELSA included mostly white British individuals and 

underrepresented black and minority ethnic populations.158 The socio-

demographic characteristics of the ELSA participants were compared with the 

results from the national census, and it was found that the sample was broadly 

representative of the English population aged 50 and over.158 

 

Core members have remained eligible for ELSA interview over the waves as 

long as they have not died or moved out of Great Britain or moved into an 

institution within Great Britain from their original residential address. New 

participants have been recruited as refreshment samples from HSE in order to 

maintain the cohort size and representativeness at waves 3, 4, 6 and 7, in 2006, 

2008, 2012 and 2014, respectively. The refreshment samples at waves 3, 4, 6 

and 7 were aged 50-52 years recruited from HSE in 2001, 2002, 2003 and 

2004, aged 50-74 years recruited from HSE 2006, aged 50-55 years recruited 

from HSE 2009, 2010 and 2011, aged 50-51 recruited from HSE 2011 and 

2012, respectively. The number of core member participants at each wave was 

shown in Figure 2.1. The wave 8 data have recently been published, however, 

they were not available when this thesis was started and therefore were not 

used for this thesis. Core members from wave 1 were used for smoking and 

alcohol analyses while core members and refreshment sample at wave 4 were 
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used for fruit and vegetable consumption analysis. The details of the analytical 

samples will be described in each chapter. 
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Figure 2. 1. Timeline showing the number of core member participants at 

each wave in the English Longitudinal Study of Ageing. 

 

Derived from the English Longitudinal Study of Ageing wave 7 report, available 

at 

https://www.ifs.org.uk/uploads/elsa/docs_w7/ELSA%20Wave%207%20report.p

df 

 

2.2.2 Follow-Up 

The cohort has been followed up every two years. To minimise sample attrition 

it attempted to track participants who had changed their address between 

waves. If participant had consented to be re-contacted in the future waves, 

interviewers attempted either to telephone the participant, find a follow-up 

address, approach the present occupant, neighbours or friends to obtain the 

new address or consider phone books, the electoral register, local shops, letting 

agencies, estate agents or the post office. From wave 3, interviewers also 

attempted to approach the person(s) living at the ‘stable address’ provided by 

the participant previously. At wave 3 the Department of Work and Pensions 

assisted with tracing core members using their state pension databases. At 

https://www.ifs.org.uk/uploads/elsa/docs_w7/ELSA%20Wave%207%20report.pdf
https://www.ifs.org.uk/uploads/elsa/docs_w7/ELSA%20Wave%207%20report.pdf
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waves 3-6 the National Health Service Central Register was also used for the 

tracing.160 

 

Attrition is a common issue for most panel studies and can potentially cause a 

bias due to individuals dropping out of the study non-randomly over time.161 In 

ELSA those lost to follow-up were more likely to be older, less wealthy, less 

educated, in a non-managerial occupation and with a limiting long-standing 

illness than those who stayed in the study.158 Table 2.1 shows the fieldwork 

response rates from waves 1 to 6. In order to reduce any bias caused by 

attrition, weighting was used in all logistic regression models. Please see 

Chapter 2.8.2 Weighting for detail. 

 

Table 2. 1. ELSA Fieldwork response rates by wave 

 

 

2.2.3 Measurements 

Although it was overall intended to collect data on the same topics at each wave 

in ELSA, there were inconsistencies between certain waves. At some waves 

additional data were collected to respond to new areas of enquiry, or at certain 

waves questions were omitted as it was considered not necessary to ask them 

at every wave. In addition, some questions or questionnaires were amended to 

take account of responses provided at the previous waves. Many of the 

questionnaires used in ELSA have been designed to be comparable with those 



42 
 

used in the Health Retirement Study (HRS) in the US and the Survey of Health, 

Ageing and Retirement in Europe (SHARE).160 

 

2.2.3.1 Interview questionnaire 

All participants were asked to have a personal face-to-face computer-assisted 

personal interview (CAPI) and to complete a self-completion questionnaire at all 

waves (the main interview). The interviews were generally started in February 

or March of the designated year and completed in January or February the 

following year. A participant was interviewed individually in their home. If there 

were more than one eligible participant a concurrent interview was offered. A 

proxy interview was conducted if an eligible participant was physically or 

cognitively impaired, hospitalised or temporarily in care for the whole of the 

fieldwork period. Those who refused to participate in person but agreed that 

someone else could take the interview on their behalf were eligible for a proxy 

interview with a responsible adult aged 16 years or older who knew enough 

about the participant’s circumstances to be able to provide information about 

them. 

 

The face-to-face interviews were based on a structured questionnaire on 

individual and household demographics, health (including self-reported general 

health, longstanding illness or disability, specific diagnoses and symptoms, pain 

and ADL), health behaviours (including smoking, alcohol use and physical 

activity), social participation, work and pensions, income and assets, housing, 

expectations of the future, psychosocial health (including depressed mood), 

cognitive function (including memory, speed, mental flexibility and numeracy), 

final questions and consents. Data provided at previous waves were fed forward 

to aid recall and improve consistency of responses across interviews. Gait 

speed was measured by timed walking test only for those aged 60 years or 

older as a part of the interview at any time after the Health module. Five ‘private 

modules’: Cognitive function, Expectations, Effort and Reward, Psychosocial 

health and Final questions, were conducted without the presence of other 

household members wherever possible. Table 2.2 summarises the main 

interview questionnaire modules. 
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Table 2. 2. Main interview questionnaire modules (from User Guide to the 

Main Interview Datasets Waves 1 to 8). 

Code Module Description 

HD Household demographics Basic demographic information on all in the household. 

ID Individual Demographics 

Legal marital status, living children (including adopted, fostered or 

stepchildren), grandchildren and great-grandchildren, number of 

siblings, childhood circumstances, information on parents. 

HE Health 

Self-reported general health, long-standing illness or disability, eye 

sight and hearing, specific diagnoses and symptoms, pain, 

difficulties with activities and instruments of daily living, health 

behaviours. Falls and fractures for those aged 60 or older. Receipt 

of and payment for social care from wave 6. 

SP Social participation 
Public transport, use of services, such as transport provided by 

hospitals or day centres and meals on wheels. 

WP Work and pensions 
Current work activities, current or past pensions. Details of 

pension if retired and receiving a pension. 

IA Income and assets 

Wages, state and private pensions, annuity income, state benefits, 

financial and non-financial assets, income from these assets, 

regular and one-off transfers from non-household members and 

life insurance. 

HO Housing 

Current housing situation, housing-related expenses, ownership of 

durables, cars and pets, expenditure on food, clothes, gifts and 

leisure activities. 

CF Cognitive function Cognitive function. 

EX Expectation 
Expectations about certainty of future events and financial 

decision-making. 

ER Effort and reward 

Motivations for voluntary work, caring for others, relationship 

between effort and reward and provision of care and use of respite 

care services. 

PS Psychosocial health Views on their life across a variety of dimensions. 

FQ Final questions and consents 

Demographic information and stable address contact, consent for 

nurse visit at waves 2, 4, 6 and 8, verbal reminder of data linkage 

consent if already given, otherwise asked for consent to obtain 

health and economic data from administrative sources. 

MM Measurement Modules 
Walking speed for those aged 60 years or older, weight for those 

aged 51 years or older at wave 8 only. 

SC Self-completion questionnaire 

Quality of life, social participation, control at work, life satisfaction, 

social networks, alcohol, fruit and vegetable consumption and 

wellbeing. Work and health questionnaires with vignettes at wave 

3. Sexual activity at waves 6 and 8. 
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2.2.3.2 Self-completion questionnaire 

After the face-to-face interview, a self-completion questionnaire paper was 

provided to a participant. The questionnaire was designed to collect data on 

social circumstances (including participation, network and relationships), 

wellbeing, quality of life, life satisfaction and consumption of alcohol, fruit and 

vegetables. The questionnaire was completed and returned to the interviewer 

on the day of the interview or later by post. 

 

2.2.3.3 Nurse visit 

A participant who completed the main interview in waves 2, 4, 6 and 8 were 

invited to have a follow-up visit by a qualified nurse.162 The nurse visit collected 

physical examination and performance data and also collected biological 

samples for analysis. Additional consent was obtained from a participant who 

underwent the nurse visit. A participant who had the nurse visit had been 

informed in advance about the examinations and asked not to eat, smoke, drink 

alcohol or do any vigorous exercise during 30 minutes before the nurse visit. 

 

The physical examinations included standing and sitting height, weight, waist 

and hip measurement, blood pressure, lung function, drug coding, balance, leg 

raise, chair rise and grip strength. The grip strength measure was taken from 

SHARE. For biological examinations blood (waves 2, 4, 6 and 8), saliva (waves 

2 and 4) and hair sample (wave 6) were obtained. 

 

All participants who gave consent were eligible for blood sampling except for 

those with clotting or bleeding disorders, a history of fits or convulsions or 

consumption of anticoagulant drugs, such as warfarin, protamine or 

acenocoumarol or pregnant.158, 163 In addition, participants under 80 years old 

were asked to fast before the nurse visit for at least 5 hours before the blood 

test so that a fasting blood sample could be obtained. Participants who were 

expected to be fasting for the blood collection were asked not to eat or drink 

anything apart from water on that day if the nurse visit was before 1pm, were 

told that they were allowed to have a light breakfast before 8am but not to eat or 

drink anything apart from water after 1pm if the nurse visit was between 1pm 
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and 6pm and were told that they were allowed to have a usual breakfast and a 

light lunch before 1pm but not to eat or drink anything apart from water after 

1pm if the nurse visit was after 6pm.163 Participants were not eligible to fast if 

they were aged 80 or over, diabetic and on treatment malnourished or unfit to 

fast in nurse’s judgement.163 The blood tests results used as a covariate in this 

thesis were CRP and fibrinogen. Blood pressure, blood test results and lung 

function were shared with their general practitioners. Blood tests that were done 

at one wave or more included total and high-density lipoprotein cholesterol, low 

density lipoprotein cholesterol, CRP, fibrinogen, haemoglobin, ferritin, white 

blood cell count, mean corpuscular haemoglobin, fasting lipids, glucose, 

glycated haemoglobin, immunoglobulin E, insulin-like growth factor 1, 

dehydroepiandrosterone and vitamin D. 

 

2.2.3.4 Life history questionnaire (wave 3) 

A subset of ELSA participants was invited to complete ‘Life History’ interview, 

which was to collect retrospective information on a range of areas regarding 

their whole life including important events that have occurred in their lives and 

what their childhood was like. The collected data included were regarding 

children, fertility, cohabiting and important non-cohabiting relationships, housing 

and geographical mobility, living situation when participants were 10 years old, 

jobs and earnings, health including injuries, childhood health, smoking 

(including year first smoked or frequency of smoking) and gynaecological 

history, relationship with parents when they were a child and other important 

and difficult events in their lives. 

 

2.2.4 Ethical Approval and Funding 

Ethical approval for all the ELSA waves was obtained from NHS Research 

Ethics Committees under the National Research and Ethics Service (NRES), 

and informed consent was obtained from all participants.160 ELSA has been 

funded by the National Institute of Aging in the United States and a consortium 

of UK government departments, including Department of Health, Department of 

Transport, Department for Work and Pensions, Communities and Local 

Government (formerly Office of the Deputy Prime Minister), HM Treasury, 
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Department of Environment, Food and Rural Affairs, HMRC (formerly Inland 

Revenue and HM Customs and Excise and Office for National Statistics.160 The 

data are available through the UK Data Service 

(https://www.ukdataservice.ac.uk/).  

 

Analytical sample 

In this thesis, for smoking and alcohol analyses baseline was wave 2 and 

follow-up was wave 4, and the analytical samples were those who had been 

participating since wave 1. For fruit and vegetable consumption analysis 

baseline was wave 4 and follow-up was wave 6 because data on fruit and 

vegetable consumption were available from wave 3 onwards, and the analytical 

sample was those who had been participating since wave 1 and those who 

participated since wave 4 as a refreshment sample from HSE 2006. There was 

another refreshment sample (aged 50-52 in 2006) at wave 3, however, they 

could not be included in analysis because they were younger than 60 years old 

at the time of wave 4 thus not eligible for nurse visit. 

 

2.3 Definition of Frailty 

In this thesis, frailty is defined using the CHS criteria,16 which were described in 

detail in the previous Chapter 1.3 Frailty measurements. Among data 

necessary to define the frailty status, data on weight, height and handgrip 

strength were measured only during nurse visits, which took place every other 

wave from wave 2. Therefore, the frailty phenotype was able to be composed 

only at wave 2, 4 and 6. In this thesis, the five components are slightly modified 

according availability of the data and are described below. Using these five 

criteria, an individual who met 0, 1-2 and 3-5 criteria was classified as robust, 

pre-frail and frail, respectively.16  

 

2.3.1 Weight loss or ‘shrinking’ 

Anthropometric measures including height and weight were measured during 

the nurse visit. Height and weight were measured while a participant was 

standing, and were not measured the participant was chair-bound, too unsteady 

on their feet or found standing painful. When measuring height a participant was 

https://www.ukdataservice.ac.uk/
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asked to remove their shoes. A portable stadiometer with a sliding head plate, a 

base plate and four connecting rods marked with a measuring scale was used 

to measure height, which was recorded in centimetres and millimetre units 

(0.1cm). When measuring weight a participant was asked to remove their 

shoes, heavy outer garments such as jackets and cardigans, heavy jewellery, 

loose change and keys. Weight was measured using a Soehnle scale at wave 

0, a Tanita THD-305 scale at waves 2 and 4, a Soehnle scale, Seca 850, Seca 

870 or Tanita THD-305 at HSE 2006 and a calibrated Tanita Body Fat Scale at 

wave 6, and recorded in kilograms and 100 gram units (0.1kg). BMI was 

calculated the body weight in kilograms divided by the square of the height in 

meters. 

 

For smoking and alcohol analyses, weight loss at wave 2 (baseline) was 

defined as loss of 5% or more of body weight since wave 0 or BMI of less than 

18.5 kg/m2, and weight loss at wave 4 (follow-up) was defined as loss of 5% or 

more of body weight since wave 2 or BMI of less than 18.5 kg/m2. For fruit and 

vegetable analysis, weight loss at wave 4 (baseline) was defined as loss of 5% 

or more of body weight since wave 2 or BMI of less than 18.5 kg/m2 for those 

who had been involved since wave 1, and loss of 5% or more of body weight 

since HSE 2006 or BMI of less than 18.5 kg/m2 for those who were newly 

recruited at wave 4 as a refreshment sample from HSE, and weight loss at 

wave 6 (follow-up) was defined as loss of 5% or more of body weight since 

wave 4 or BMI of less than 18.5 kg/m2 for both those who had been 

participating since wave 1 and those who were newly recruited from HSE 2006. 

 

2.3.2 Self-reported exhaustion 

During the main interview using CAPI at waves 2, 4 and 6, depressed mood 

during the last week was measured using the 8-item Center for Epidemiologic 

Studies Depression Scale (CES-D).164 A participant was asked to answer ‘yes’ if 

the sentences were true ‘much of the time in the past week’ and ‘no’ if the 

sentences were not true ‘much of the time in the past week’. Exhaustion was 

defined based on responses to two questions, ‘you felt everything you did was 

an effort?’ and ‘you could not get going?’. Exhaustion was considered to be 

present if the participant responded ‘yes’ to one or both of the questions. 
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2.3.3 Weakness 

Grip strength was measured during nurse visit at waves 2, 4 and 6. Those with 

swelling or inflammation, severe pain or recent injury and those with surgery to 

the hand in the last six months were excluded. If there was a problem with one 

of the participant’s hands, grip strength was measured on the other hand only. 

Grip strength measurement procedure was explained and demonstrated and a 

participant was allowed to have a practice with one hand. A participant was 

asked to remove large rings. Grip strength was measured preferably while 

standing but if not possible while sitting in an upright chair. After adjusting the 

lever of the gripometer (Smedley’s dynamo meter) and positioning, a participant 

was asked to squeeze as hard as they could for a couple of seconds. The 

measurement was done up to three times for each hand, with the non-dominant 

hand first and alternating between hands. The value on the scale to the nearest 

whole number was recorded. The highest value of the six measurements was 

used to define weakness.  

 

The sample was initially divided into female and male groups then further 

divided into four groups each by BMI quartiles. Weakness was defined having 

the grip strength values in the lowest 20% in each of the eight groups. Grip 

strength has been shown to be a reliable measure for upper body strength165 

and validated against ADL, IADL and functional abilities.166 

 

2.3.4 Slow walking speed 

Gait speed was measured by interviewers during the personal interview at 

waves 2, 4 and 6. All participants who underwent the main interview and were 

aged 60 or older were eligible. Those who had any problems from recent 

surgery, injury or other health conditions that might prevent them from walking 

were excluded. If the participant was wearing slippers or high-heeled shoes or 

was not wearing shoes, they were asked to change into a pair of low-heeled 

shoes or trainers. 
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Time walk was conducted by measuring the time taken by a participant to walk 

a distance of 8 feet (244cm) at their usual pace on a floor that is level, not 

carpeted and not slippery. Any walking aids, such as a stick or Zimmer frame, 

used were allowed and recorded, but the participant should not rely on the 

support of another person. After demonstration by the interviewer the time was 

measured using a stopwatch and recorded in hundredths of a second. The 

participant was asked to walk the course twice. Criteria for an acceptable test 

were (i) the participant began with both feet together at the beginning of the 

course, (ii) timing was started when either food was placed down on the floor 

across the start line, (iii) the participant walked and did not race, (iv) the 

participant walked all the way past the end of the tape ruler and (v) the 

interviewer stopped timing when either foot was placed down on the floor 

across the finish line. Gait speed used for the frailty phenotype was based on 

the mean of the time taken for the two trials, or the time if one measurement 

was available.  

 

The sample was divided into female and male groups, and then further divided 

into two groups each at the gender-specific height median, creating a total of 

four groups. Those who were in the lowest 20% of gait speed distribution in 

each of the four groups were defined as having slow walking speed. Those who 

were in a wheelchair, who were bedbound or unable to walk without assistance 

were also considered to have slow walking speed. Gait speed at usual pace has 

been shown to have acceptable reliability and validity for estimating physical 

function in older people.167, 168 

 

2.3.5 Low physical activity 

Information about physical activity in daily life was collected during the main 

interview at waves 2, 4 and 6. A participant was asked about frequency for each 

of three different levels of sport and activity participation: vigorous, moderate 

and mild. Four options for the frequency were ‘more than once a week’, ‘once a 

week’, ‘one to three times a month’ and ‘hardly ever, or never’. The questions 

were derived from a validated physical activity interview employed in HSE.169 

Physical activity was ranked based on a combination of the intensity and 

frequency of daily life physical activity. A participant who hardly ever or never 
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engaged in vigorous, moderate and mild activity was classified as sedentary. 

Engaging in mild activity one to three times a month, once a week or more than 

once a week, or engaging in moderate activity one to three times a month was 

classified as low activity. Engaging in moderate activity once a week or more 

than once a week or vigorous activity one to three times a month was classified 

as moderate activity. Engaging in vigorous activity once a week or more than 

once a week was classified as high activity. Low activity for the frailty phenotype 

criterion was defined as being sedentary or low activity. This physical activity 

scoring has been validated against muscle strength, inflammatory markers and 

depressive symptoms in older people.170, 171 

 

Individual components of the modified CHS criteria at ELSA wave 2 were 

compared with ones of the original CHS criteria in Table 2.3. 
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Table 2. 3. Comparison of five components from the modified 

Cardiovascular Health Study criteria at wave 2 and the original criteria. 

Component Original version by Fried and colleagues Modified version at wave 2 

1. Weight 

Loss or 

shrinking 

Answering YES to “In the last year, have you 

lost more than 10 pounds unintentionally 

(i.e., not due to dieting or exercise)?” or 

more than 5% of unintentional weight loss 

since last year. 

Loss of 5% or more of body weight since 

wave 0 or BMI of less than 18.5 kg/m2. 

2. Exhaustion Reporting “a moderate amount of the time 

(3–4 days)” or “most of the time” in the last 

week to either of two questions from the 

Center for Epidemiological Studies-

Depression Scale: “I felt that everything I did 

was an effort” or “I could not get going”. 

Answering YES to either of two questions 

from Center for Epidemiological Studies-

Depression Scale: “(Much of the time 

during the past week), you felt that 

everything you did was an effort?” or 

“(Much of the time during the past week), 

you could not get going?”. 

3. Weakness Lowest 20% of handgrip strength stratified 

by gender and BMI quartiles (Cutoff for men: 

<29kg for BMI< 24, <30kg for BMI 24.1-26, 

<30kg for BMI 26.1-28, <32kg for BMI>28, 

For women: <17kg for BMI<23, <17.3kg for 

BMI 23.1-26, <18kg for BMI 26.1-29, <21kg 

for BMI>29) 

Lowest 20% of handgrip strength stratified 

by gender and BMI quartiles (Cut-off for 

men: <29kg for BMI< 25.04, <31kg for BMI 

25.04-27.20, <32kg for BMI 27.20-30.02, 

<32kg for BMI>30.02, For women: <17kg 

for BMI<24.19, <18kg for BMI 24.19-27.11, 

<18kg for BMI 27.11-30.94, <18kg for 

BMI>30.94) 

4. Slowness Slowest 20% of usual walk speed stratified 

by gender and medium height (Cutoff time to 

walk 15 feet for men: >7 seconds for 

height<173 cm, >6 seconds for height>173 

cm, For women: >7 seconds for height<159 

cm, >6 seconds for height>159 cm) 

Slowest 20% of gait speed at usual pace 

stratified by gender and medium height 

(Cut-off time to walk 8 feet for men: >4.11 

seconds for height<171.6 cm, >3.51 

seconds for height>171.6 cm, For women: 

>4.90 seconds for height<158.4 cm, >3.81 

seconds for height>158.4 cm) 

5. Low 

Physical 

Activity 

Lowest 20% kilocalorie based on the short 

version of the Minnesota Leisure Time 

Activity questionnaire stratified by gender 

(Cutoff for men: <383 Kcal per week, For 

women: <270 Kcal per week) 

Sedentary or low activity based on intensity 

and frequency of physical activity in daily 

life involved. 
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2.4 Definition of Smoking 

For the smoking analysis the baseline was wave 2 and follow-up was wave 4. 

Smoking status was classified based on two questions in the main interview into 

two groups: current smokers and non-smokers. A participant was first asked 

‘Have you ever smoked cigarettes?’ Those who answered no to the first 

question were classified as non-smokers. If answered yes, they were further 

asked ‘Do you smoke cigarettes at all nowadays?’ Those who answered yes to 

the second question were classified as current smokers, and those answered 

no to the same question were classified as current non-smokers.  

 

Self-reported smoking history has been shown to be reliable,172, 173 and its 

validity has been described against biochemical measures, such as cotinine, 

nicotine, thiocyanate or carbon monoxide.174 At ELSA wave 0, salivary cotinine 

level was measured and smoking status was measured using the same 

question ‘Do you smoke cigarettes at all nowadays?’. Salivary cotinine level is 

considered to be one of gold standard measurements of smoking status and 

those with salivary cotinine levels of 15 ng/ml or more are considered to be 

current smokers as recommended by the Society for Nicotine and Tobacco 

Research.175 Among 5376 core member participants who self-reported 

themselves as non-current smokers and had salivary cotinine levels measured 

at wave 0, only 229 (4.3%) had >15 ng/ml of salivary cotinine levels and more 

than 95% of them reported their smoking status accurately. The same question, 

‘Do you smoke cigarettes at all nowadays’, has been used in the Annual 

Population Survey,176 the Opinion and Lifestyle Survey177 (formerly known as 

Office for National Statistics (ONS) Opinions Survey or ONS Omnibus Survey), 

the General Household Survey178 and HSE.159 

 

It was possible to classify three smoking groups: current smokers, past smokers 

and never smokers, using these two questions. However, if those who 

answered yes to the first question ‘Have you ever smoked cigarettes?’ and then 

answered no to the second question ‘Do you smoke cigarettes at all 

nowadays?’ would be classified past smokers, the number of the past smokers 

would be overestimated because a participant who had never smoked regularly 

but smoked just once in the past may be classified as a past smoker, although 
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they should be classified as a never smoker instead.179 Thus the sample was 

divided into two groups; current smokers and current non-smokers. In a 

previous study, current smokers compared with non-smokers had a significantly 

higher risk of non-fatal myocardial infarction.180 

 

However, past smokers may be a different group from never smokers in that 

they may carry higher risks of frailty than never smokers due to accumulated 

effects of smoking even after quitting. To take this matter into account, as a 

supplementary analysis, non-smokers were further divided into two groups: past 

smokers and never smokers, using data on when they quit smoking available 

from life history interview data at wave 3 (please see Chapter 2.2.3.4 Life 

history questionnaire (wave 3)). Those who were not smoking at wave 2 

(non-smokers) and found to have quitted smoking before wave 2 based on the 

data from the life history interview at wave 3 were defined as past smokers, and 

the remainder of the non-smokers were defined as never smokers. The past 

smokers were further divided into another 2 groups: those who quit smoking 

within the last 10 years and those who quit smoking more than 10 years ago.  

 

When smoking was used as a covariate for adjustment, a binary smoking status 

(current smokers and non-smokers) at baseline waves (wave 2 for alcohol 

consumption and wave 4 for fruit and vegetable consumption) was used. 

 

2.5 Definitions of Alcohol Consumption 

Alcohol consumption was described in three ways in this thesis as (1) quantity 

per week, (2) quantity on the heaviest drinking day and (3) frequency of alcohol 

use. As the average amount of alcohol consumption (quantity) has been a 

standard in alcohol epidemiology and has been associated with multiple 

disease conditions,181 the (1) quantitative amount of alcohol consumption per 

week was used in the main analysis. Although (2) quantity of alcohol 

consumption on the heaviest drinking day and (3) frequency of alcohol use 

cannot accurately calculate the overall quantity of alcohol, the patterns of 

alcohol consumption are known to have impacts on health outcomes regardless 

of the total amount of alcohol consumed.182-184 These measures were therefore 

used in supplementary analyses. 
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Binge drinking usually refers to drinking high amounts of alcohol in a short 

period of time or drinking to get drunk; UK researchers commonly define binge 

drinking as consuming 6 units of alcohol in a single session for men and 

women.185 Binge drinking often occurs in young people at weekends and the 

acute consequences are traffic accidents, injuries, homicide, violence, suicide 

attempts, sexual assault, risky sexual behaviours or vandalism.181, 186 Binge 

drinking also affects older people. A US study showed drinking as small as 3.5 

UK units (=2 US units) or more on the heaviest day was significantly associated 

with alcohol-related problems, based on 12 items from the Drinking Problems 

Index,187 among US community-dwelling older people aged 55 to 65 years.188 

 

Frequency of alcohol consumption has been examined in previous studies, 

including ELSA studies.163 The same questionnaire on frequency of alcohol 

consumption in ELSA has been used in other population-based studies, 

including HSE,159 the UK Household Longitudinal Study,189 the Cognitive 

Function and Ageing Studies and the Scottish Health Survey.190 One US 

prospective study showed that those drinking 3 times a week had the lowest 

and those drinking daily had the highest mortality risks, even though the amount 

of alcohol per occasion was moderate at 1 to 2 drinks, in 90,000 community-

dwelling population aged from 18 to 85 years (the National Health Interview 

Survey).191 

 

2.5.1 Quantity of Alcohol Consumption Per Week 

Data on alcohol consumption quantity per week were only available from wave 

0. Quantity of alcohol consumption per week was calculated based on 

frequency over the last 12 months and usual quantity on any one day for 

different types of alcoholic beverage obtained from the main interview. Options 

for frequency were (i) almost every day, (ii) five or six days a week, (iii) three or 

four days a week, (iv) once or twice a week, (v) once or twice a month, (vi) once 

every couple of months, (vii) once or twice in last 12 months and (viii) never in 

last 12 months. The types of alcohol considered were normal strength beer, 

lager, stout, cider or shandy (less than 6% alcohol) excluding bottles\cans of 

shandy, strong beer, lager, stout, cider (6% alcohol or more, such as Tennants 
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Extra, Special Brew, Diamond White), spirits or liqueurs, such as gin, whisky, 

rum, brandy, vodka or cocktails, sherry or martini (including port, vermouth, 

cinzano or dubonnet), wine (including babycham and champagne) and alcoholic 

soft drinks or ‘alcopops’ (such as Hooch, Two Dogs or Alcola). Options for 

quantity consumed on any one day were; a combination of the number of pints, 

large cans or bottles or small cans or bottles for normal strength beer, lager, 

stout, cider or shandy and strong beer, lager, stout, cider; the number of 

glasses for spirits or liqueurs, sherry or martini and wine; and the number of 

small cans or bottles for alcoholic soft drinks or alcopops. For spirits or liqueurs 

and sherry or martini, the number of glasses were counted doubles as 2 

singles. The amount of alcohol consumption from all the types was added and 

converted into the number of UK units (1 UK unit = 8g of pure alcohol). The 

cohort was divided into five groups: (i) 0 (non-drinkers), (ii) >0, <=7 units (low 

drinkers), (iii) >7, <=14 units (moderate drinkers), (iv) >14, <=21 units (high 

drinkers) and (v) >21 units (very high drinkers). The cut-points were decided 

according to the current UK alcohol guidelines that recommend that both men 

and women should not drink more than 14 units per week192 and the fact that 

older people are generally more likely to be affected by alcohol than younger 

people.193 

 

2.5.2 Quantity of Alcohol Consumption on the Heaviest 

Drinking Day of the Last Week 

Quantity of alcohol consumption on the heaviest drinking day of the last week 

was calculated as a sum of consumption of different types of alcoholic 

beverages. On the self-completion questionnaire at wave 2, a participant was 

asked to select all types of alcoholic beverages and the amount consumed on 

the day in the last week on which the participant drank the most. The types of 

beverages were the same as 2.5.1 Quantity of alcohol consumption per 

week above. The cohort was divided into five groups: (i) 0, (ii) >0, <=3 units, (iii) 

>3, <=6 units and (iv) >6 units. The cut-points were decided according to the 

first report of the Older Persons’ Substance Misuse Working Group of the Royal 

College of Psychiatrists in the UK, which states that more than 3 units of alcohol 

per day for older men and women are associated with alcohol-related 

problems.194  



56 
 

 

2.5.3 Frequency of Alcohol Consumption 

Frequency of alcohol consumption was measured at waves 2 and 4 by the self-

completion questionnaire, in which a participant was asked to choose one of 

eight options regarding frequency of alcohol use during the last 12 months: (i) 

almost every day, (ii) five or six days a week, (iii) three or four days a week, (iv) 

once or twice a week, (v) once or twice a month, (vi) once every couple of 

months, (vii) once or twice a year and (viii) not at all in the last 12 months.163 

These responses were classified into four groups: (1) None (viii), (2) once a 

year to once every couple of months (vi, vii), (3) once a month to four times a 

week (iii, iv, v) and (4) five times a week or more (i, ii). 

 

This categorical variable based on frequency of alcohol consumption was used 

for adjustment of alcohol consumption in smoking and fruit and vegetable 

consumption analyses as it was available at both of their baselines, waves 2 

and 4, while quantity of alcohol consumption was not available at waves 2 and 4 

and quantity of alcohol consumption on the heaviest day was not available at 

wave 4. 

 

2.6 Definitions of Fruit and Vegetable Consumption 

Consumption of fruit and vegetables was measured at wave 4 by a self-

completion questionnaire (Figure 2.2), which was derived from the Welsh 

Health Survey.195 The questionnaire asked the number of each kind of fruit and 

vegetables consumed on the previous day. The data of fruit and vegetable 

consumption were converted into portions in accordance with the NHS 5-A day 

campaign.196 Conversion rates are available in Figure 2.2. For example, the 

number of ‘Salad (cereal bowlfuls)’ was multiplied by ‘1’ and the number of 

‘Tablespoons of vegetables (raw, cooked, frozen or tinned)’ was multiplied by 

‘1/3’. The portion of pulses, dried fruit and fruit juice was counted as 1 at most 

even if consuming more than 1 portion, according to the Welsh Health 

Survey.195  
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Figure 2. 2. Self-completion questionnaire for fruit and vegetable 

consumption at English Longitudinal Study of Ageing wave 4,163 and 

conversion rates into portions. 

 

 

When a distribution of each fruit and vegetable category was observed, there 

were some implausibly high values as consumption of fruit or vegetables for 

one day, for example 31 bowlfuls of salad, 95 tablespoons of vegetables, 40 

handfuls of very small fruit, such as grapes or berries, or 50 medium fruit, such 

as apples, bananas or oranges. Implausibly high values were defined as values 

more than mean of the population plus 3 standard deviations in this thesis and 

participants who had one or more implausibly high values were excluded for the 

main analysis. Range, mean and median of fruit and vegetable categories and 

cut-point for implausibly high value are summarized in Table 2.4. 
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Supplementary analyses were conducted to evaluate the impact of excluding 

these participants (see Chapter 5.3 Fruit and Vegetable Consumption and 

Incident Pre-frailty/Frailty (ELSA)). 
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Table 2. 4. Summary of fruit and vegetable categories data (portion/day) 

 Min Max Mean Median 

Cut-point for 

implausibly 

high value 

Very small fruit 0 20 0.5 0.9 3.1 

Small fruit 0 16 0.3 0.6 2.1 

Medium fruit 0 50 1.2 1.3 5.2 

Large fruit 0 20 0.1 0.5 1.6 

Very large fruit 0 11 0.2 0.7 2.3 

Frozen or tinned fruit 0 4 0.1 0.4 1.2 

Dried fruit 0 1 0.3 0.5 n/a 

Other fruit 0 7.7 0.2 0.4 1.4 

Fruit juice 0 1 0.6 0.5 n/a 

Salad 0 31 0.8 1.2 4.5 

Raw, cooked, frozen or 

tinned vegetables 
0 31.7 1.1 1.1 4.4 

Pulse 0 1 0.2 0.3 n/a 

Other vegetables 0 13.3 0.3 0.8 2.6 

 

A total portion of fruit and vegetable consumption was divided into 5 groups (>0 

- 2.5 portions, >2.5 - 5, >5 - 7.5, >7.5 - 10 and >10 portions per day). The cut-

points were chosen based on the 5 A Day campaign and the recent findings on 

beneficial effects of fruit and vegetables with a higher amount than 5 

portions.196, 197  

 

This questionnaire was also used in HSE, in which higher fruit and vegetable 

consumption was shown to be associated with significantly lower all-cause, 

cancer and cardiovascular mortality.198 However, to the best of my knowledge, 

no study was found in the literature that has examined psychometric properties 

of this questionnaire. Based on the well-known fact that fruit and vegetable 

consumption is negatively associated with CVD,199 I explore the criterion validity 

(concurrent validity) of the questionnaire by examining a cross-sectional 

association between fruit and vegetable consumption and prevalence of CVD at 

wave 4 among 5060 participants who were aged 60 or older and had valid data 

of fruit and vegetable consumption (without implausibly high values) and history 

of CVD. CVD was defined as having either angina, a heart attack, congestive 

heart failure or a stroke. Please see Chapter 2.7.9 Chronic Diseases for detail. 
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Three types of fruit and vegetable consumption were considered; (1) five fruit 

and vegetable consumption groups as a categorical variable, (2) five fruit and 

vegetable consumption groups as a continuous variable and (3) portions of fruit 

and vegetables per day as a continuous variable, and separately entered into 

an unadjusted logistic regression model with a history of CVD. Compared with 

the lowest consumption group, the second and third groups had almost 

significantly lower probability of CVD (OR=0.81, 95%CI=0.65-1.00, p=0.051; 

OR=0.81, 95%CI=0.65-1.01, p=0.057, respectively) and the highest group had 

significant and the lowest risk of probability of CVD (OR=0.58, 95%CI=0.36-

0.93, p=0.02), while there was not significant difference in probability of CVD 

between the lowest and the third group (OR=0.82, 95%CI=0.36-0.93, p=0.15). 

Figure 2.3 shows probability of history of CVD according to the five fruit and 

vegetable consumption groups. 
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Figure 2. 3. Probability of history of cardiovascular diseases according to 

fruit and vegetable consumption groups at ELSA wave 4. 

 

 

When fruit and vegetable consumption group as a continuous variable and fruit 

and vegetable consumption in portions were separately entered in the model, 

both variables of fruit and vegetable consumption were inversely associated 

with history of CVD (OR=0.93 per 1 group increase, 95%CI=0.86-1.00, p=0.046; 

OR=0.96 per 1 portion increase, 95%CI=0.94-0.99, p=0.01, respectively). It was 

potentially possible to assess test-retest reliability as fruit and vegetable 

consumption had been measured using the same questionnaire with the same 

individuals at wave 3, 2 years before wave 4. However, the interval of 2 years 

was felt to be too long and the test-retest reliability assessment was not 

conducted. 

 

2.7 Definitions of Covariates 

Various variables can potentially confound the association between smoking, 

alcohol and fruit and vegetable consumption, respectively, and frailty risk. 

These variables were used as covariates for adjustment to assess independent 

associations. The covariates covered a wide range of socio-demographic and 

health characteristics relevant to the associations between each of three 

lifestyle factors and frailty risk. Each of the covariates is described especially 
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focusing on how the original data were collected in ELSA, definitions, reliability 

and validity. 

 

2.7.1 Age 

When a participant entered the study date of birth was recorded. Age was 

computed from data of birth and date of ELSA interview. Age of those aged 

over 90 years old were not available for confidentiality reasons due to the small 

number of people in this category. Therefore, instead of using age itself as a 

continuous variable, 5 age groups were created: 60-64 years, 65-69 years, 70-

74 years, 75-79 years and 80 years or older, and used as categorical variables 

in analyses. This 5-year grouping has been used in other ELSA papers163 and 

other international studies such as the Global Burden of Disease Study, which 

showed those in older age groups had a significantly higher mortality risk than 

younger age groups.200 

 

2.7.2 Gender 

Information on self-reported definitive gender (male or female) was obtained in 

the main interview. If it was not available, information from the household 

demographics module was used. Women have consistently been found to be 

more frail than men in previous studies, using different frailty instruments.11, 34, 

201, 202 

 

2.7.3 Education 

Education was measured as the highest education qualification achieved by the 

main interview. During the main interview a participant was asked to choose 

their highest educational qualifications obtained from as follows:  

i. degree/degree level qualification (including higher degree) 

ii. teaching qualification 

iii. nursing qualification (State Registered Nurse (SRN), Sate Certified 

Midwife (SCM), State Enrolled Nurse (SEN), Registered General Nurse 



63 
 

(RGN), Registered Midwife (RM), Registered Health Visitor (RHV), 

Midwife) 

iv. Higher National Certificate (HNC)/ Higher National Diploma (HND), 

Business Education Council (BEC)/ Technology Education Council 

(TEC) higher, Business & Technology Education Council (BTEC) 

higher/Scottish Technical Education Council (SCOTECH) higher 

v. Ordinary National Certificate (ONC) /Ordinary National Diploma (OND) / 

BEC / TEC / BTEC not higher 

vi. City and Guilds Full Technology Certificate 

vii. City and Guilds Advanced/Final Level 

viii. City and Guilds Craft/Ordinary Level 

ix. A-levels/Higher School Certificate 

x. Advanced Subsidiary (AS) level 

xi. Scottish Leaving Certificate (SLC) / Scottish Certificate of Education 

(SCE) / Scottish University Preliminary Examination (SUPE) at Higher 

Grade or Certificate or Sixth Year 

xii. O-level passes taken in 1975 or earlier 

xiii. O-level passes taken after 1975 GARDES A-C 

xiv. O-level passes taken after 1975 GARDES D-E 

xv. General Certificate of Secondary Education (GCSE) GRADES A-C 

xvi. GCSE GRADES D-G 

xvii. (Certificate of Secondary Education) CSE GRADE 1 / SCE BANDS A-C / 

Standard Grade LEVEL 1-3 

xviii. CSE GRADES 2-5 / SCE Ordinary BANDS D-E 

xix. CSE Ungraded 

xx. SLC Lower 

xxi. SUPE Lower or Ordinary 

xxii. School Certificate of Matric 

xxiii. National Vocational Qualification (NVQ) Level 5 

xxiv. NVQ Level 4 

xxv. NVQ Level 3 / Advanced level General National Vocational Qualification 

(GNVQ) 

xxvi. NVQ Level 2 / Intermediate level GNVQ, (xxvii) NVQ Level 1 / 

Foundation level GNVQ 

xxvii. Recognised Trade Apprenticeship completed 
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xxviii. Clerical or Commercial Qualification (e.g. typing/book-

keeping/commerce) 

xxix. other qualification 

xxx. None of these 

These educational categories were divided into 3 groups: (1) higher education 

(i, xxiii, xxiv), (2) intermediate education (ii, iii, iv, v, vi, vii, viii, ix, x, xi, xii, xiii, 

xiv, xv, xvi, xvii, xviii, xx, xxi, xxii, xxv, xxvi, xxvii, xxviii, xxix) and (3) no 

qualification (xix, xxx). Higher education has been shown to be associated with 

lower frailty risk.135 

 

2.7.4 Wealth 

Detailed information regarding income and financial and physical assets of the 

household over the last 12 months was obtained during the interview from one 

participant from each household. Wealth was represented as quintiles of total 

net primary housing non-pension wealth (housing value minus housing debts), 

net physical wealth (values of farm property, business property, business, 

second home and other property) and net financial wealth (savings, Individual 

Saving Account savings, Tax-exempt special savings account savings, joint 

assets, Premium Bonds, National Savings account savings, Personal Equity 

Plan values, shares, trusts, bonds, gilts and life insurance savings components) 

deducting financial debt (credit card debt, other loans and debt and amount 

owed to friends, relatives or other private individuals) and mortgage debt for the 

household, excluding pension wealth. Wealth was used as a socioeconomic 

measure instead of income, as income in old age is often low but those with 

high wealth may still be able to keep high living standards. Higher wealth has 

been shown to be negatively associated with frailty risks.135 This total non-

pension wealth measure has been used by other ELSA papers,203, 204 and was 

shown to be the most robust indicator of socioeconomic circumstances in ELSA 

and to be more strongly associated with mortality than other socioeconomic 

indicators at old age.205 Each missing value was imputed by the ELSA team 

using the conditional hot-deck imputation procedure, which chooses a random 

observation from all observations with matching characteristics in a number of 

conditioning variables.163 The conditioning variables at the benefit unit level 
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were broad age bands (50 to state pension age, state pension age to 75 and 

75+; for couples the age of the male was used or for single-sex couples, the 

age of the older was used) and benefit unit type (couple, single man or single 

woman). The conditioning variables at the individual level were age and gender. 

 

2.7.5 Living Alone 

Living status was defined based on the number of people in a household, which 

was obtained during the main interview. If the number of people in the 

household was one the participant was considered to be living alone, and if the 

number was two or more the participant was considered to not live alone. This 

variable was used in analysis of fruit and vegetable consumption. Previous 

research has identified associations between living alone and multiple adverse 

health outcomes, such as social isolation, functional impairment and 

mortality.206 Dietary behaviours are also affected by living alone and older 

people who live alone are shown to have a lower consumption of fruit and 

vegetables.206 Marital status could have been used, however marital status may 

not reflect actual living arrangements, for example a participant could live alone 

even if in a marital relationship or a participant could live with a partner but not 

in a marital relationship. 

 

2.7.6 Cognitive Function 

Cognitive function has been argued to be one of the important components of 

frailty and been shown to be negatively associated with frailty risks.207 In this 

thesis cognitive function was represented as a composite score of four cognitive 

function tests conducted during the main interview (Verbal-fluency task, letter-

cancellation task, immediate word-recall task and delayed word-recall task) 158  

as these tests cover three important key domains of cognitive functioning 

(executive function, processing speed and memory).208 All four scores in ELSA 

were normally distributed with no evidence of floor and ceiling effect.209 The 

higher score indicates better cognitive function. This composite score has been 

used by a previous ELSA paper and was validated in association with 

mortality.208 The details of four cognitive function tests are described below. 
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2.7.6.1 Verbal-fluency task 

This is a test of how quickly a participant can think of words from a certain 

category. In ELSA, the participant was asked to name as many different kinds 

of animal as possible in 1 minute. The score is the number of animals named. 

The reliability and validity of the animal-naming test are well documented.210 

 

2.7.6.2 Letter-cancellation task 

This test examines attention, visual search and mental speed. The participant 

was asked to cross out as many target alphabet letters (P and W) from a total of 

65 random alphabets written on a page. The score is the number of alphabets 

correctly assessed (theoretical range: 0-65). This test was shown to have good 

reliability and validity.211 

 

2.7.6.3 Immediate word-recall task 

This and the following tests examine verbal learning and recall. Initially ten 

common words were aurally presented by a computer using a taped voice to a 

participant. Four different versions of word lists, originally developed for the 

HRS, were used. A word list was assigned at random by the computer, 

excluding the list that the participant had heard in wave 1. The participant was 

immediately asked to recall all words. The score is the number of words 

recalled (theoretical range: 0-10). 

 

2.7.6.4 Delayed word-recall task 

Five minutes after the immediate word-recall task, the participant was again 

asked to recall all words. The participant did other cognitive tests during the 

delay. The score is the number of words recalled (theoretical range: 0-10).  

 

Immediate and delayed recall tests have been shown to have good consistency 

and construct validity.212 
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2.7.7 Depressed Mood 

During the main interview a participant was asked to answer 8-item CES-D 

questionnaire. As described in Chapter 2.3 Definition of frailty 2. Self-

reported exhaustion, two items were used to construct the frailty phenotype. 

Among the remainder of six items, five items representing depressed affect 

were used to create a depressed mood subscale.213 Questions for the five items 

are (Much of the time during the past week), ‘you felt depressed?’, ‘you were 

happy?’, ‘you felt lonely?’, ‘you enjoyed life?’ and ‘you felt sad?’ (the question 

that was not used is ‘your sleep was restless?’). Although 8-item CES-D has 

been shown to be a reliable and valid instrument of depression among older 

people,214 the 5-item depressed mood subscale has yet to be validated. 

 

2.7.8 Loneliness 

Loneliness was assessed using a 3-item short version questionnaire of the 

Revised UCLA Loneliness Scale.215 The 3 questions were (1) How often the 

respondent feels they lack companionship, (2) How often the respondent feels 

left out and (3) How often the respondent feels isolated from others. A 

participant was asked to choose from 3 options: ‘Hardly ever or never’ (1 point), 

‘Some of the time’ (2 points) and ‘Often’ (3 points) to answer. One to three 

points were given accordingly, and the total score ranged from 3 (the least 

lonely) to 9 (the most lonely). The 3-item UCLA Loneliness Scale showed 

satisfactory reliability and both concurrent and discriminant validity in middle-

aged and older people from HRS and the Chicago Health, Aging and Social 

Relations Study.215 Higher loneliness measured by the 3-item UCLA Loneliness 

Scale was associated with a higher frailty risk in English community-dwelling 

older people from ELSA.216 

 

2.7.9 Chronic Diseases 

During the interview at wave 1, a participant was asked if he or she had had or 

had been told by a doctor that he or she had any of the following chronic 

diseases:  

(1) high blood pressure or hypertension 
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(2) angina 

(3) heart attack (including myocardial infarction or coronary thrombosis) 

(4) congestive heart failure 

(5) heart murmur 

(6) abnormal heart rhythm 

(7) diabetes or high blood sugar 

(8) stroke (cerebral vascular disease) 

(9) chronic lung disease such as chronic bronchitis or emphysema 

(10) asthma 

(11) arthritis (including osteoarthritis or rheumatism) 

(12) Osteoporosis or thin or brittle bones 

(13) cancer or a malignant tumour (excluding minor skin cancers) 

(14) Parkinson’s disease 

(15) Any emotional, nervous or psychiatric problems 

 

The information was fed forward at later waves. (16) High cholesterol was first 

added to the list at wave 3 and the information was fed forward at later waves 

as the other chronic diseases. Those who were taking medication for diabetes 

or using insulin were considered to have diabetes. (17) CVD was defined as 

having either one or more of (2) angina, (3) a heart attack, (4) congestive heart 

failure or (8) a stroke. A comorbidity index was calculated as the number of any 

comorbidity present in a participant out of the 15 comorbidities. This list of 

chronic diseases seems to have been created for ELSA and does not include 

multiple potentially relevant chronic diseases, such as liver, gastro-intestinal 

diseases, kidney or autoimmune diseases. Previous studies of older people 

showed that self-reported diagnosis of the chronic diseases listed here had 

moderate to good agreement with information from medical records, which is 

considered as the gold standard for diagnosis of chronic diseases.217-219 

 

2.7.10 Self-reported General Health 

A participant was asked to choose one of five options; excellent, very good, 

good, fair and poor, to describe their health during the main interview. Self-

reported general health is a good proxy measure for morbidity and mortality and 
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has been used in various large population-based studies or surveys.220 It has 

been shown to have good reliability and validity.220 

 

2.7.11 Blood Tests 

Blood samples were drawn during the nurse visit from participants who gave 

written consent. Details of blood test procedures were described in the precious 

section 2.2.2.3 Nurse visit. CRP and fibrinogen were used as covariates in the 

ELSA smoking analysis. 

 

2.8 Statistical analysis 

StataSE 14 (StataCorp LP, College Station, Texas, USA) was used to analyse 

ELSA dataset. Statistical analysis for a meta-analysis on alcohol and frailty will 

be explained later in the alcohol chapter. All statistical analyses were conducted 

based on 2-tailed significance with the level of significance set at p<0.05. Data 

of analytical samples were explored by checking the lowest five and high five 

values, mean, median, skewness and the number of missing values. 

Distribution was examined by visually inspecting a histogram. 

 

2.8.1 Main analysis 

In order to examine selection bias, those who were included in the analytical 

samples were compared with those who were excluded from analyses due to 

loss to follow-up or missing data. The reasons for exclusions were classified as 

either (1) death, (2) being ill, (3) refusal by participants or proxies, (4) being 

unable to be contacted, (5) missing data for frailty at follow-up wave or (6) other 

reasons. Variables compared between the included and excluded participants 

were age, gender, smoking, alcohol, wealth, education, baseline frailty status 

and other variables used in analyses using t-test for continuous variables and 

chi-square test for categorical variables. 

 

The main statistical analysis for each of three modifiable lifestyle risk factors of 

frailty, smoking, alcohol and fruit and vegetable consumption, was multivariable 

logistic regression models. Outcome variables were either incident frailty, 
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defined as those who were robust or pre-frail at baseline and became frail at 

follow-up, or incident pre-frailty/frailty, defined as those as those who were 

robust at baseline and became pre-frail or frail at follow-up, or both. Predictor 

variables were smoking, alcohol and fruit and vegetable consumption, the 

details of which were described in each of their chapters. Covariates used for 

adjustment in this thesis were age, gender, smoking, alcohol, wealth, education, 

cognition, depressed mood, loneliness, comorbidities, CRP and fibrinogen. 

Appropriate covariates were chosen a priori with reference to literature on 

known potential confounders and entered in the models separately for smoking, 

alcohol and fruit and vegetable analyses. The details of covariates, including 

which covariates were selected, and other statistical methodologies used 

specifically for each of smoking, alcohol and fruit and vegetable analyses are 

described in detail in each chapter. While logistic regression models consider 

cumulative incidence in a given time period, proportional hazards regression 

models consider incidence rate per unit time and might have been used in this 

thesis. However the frailty status was only measured at the waves of data 

collection in set four year intervals, and the information on when frailty was 

newly developed between the waves was not available. Therefore the 

proportional hazards regression models, which require this time to an event 

data, could not be used. 

 

2.8.2 Weighting 

Several weighting codes are available for ELSA to reduce any bias caused by 

non-response and to ensure representativeness.221 The weights available at 

waves 4 and 6 are cross-sectional weight, longitudinal weight, self-completion 

weight, weight for nurse data and weight for blood sample analyses.163 Given 

that all the analytic samples for this thesis had nurse visits, where necessary 

data for constructing frailty (weight, height and handgrip strength) were 

measured, weights for nurse visit (the weight for nurse visit at wave 4 ‘w4nurwt’ 

for smoking and alcohol analyses, and the one at wave 6 ‘w6nurwt’ for fruit and 

vegetable analysis) were used. 
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2.8.3 Multiple imputation by chained equations 

Since there were missing data in the majority of the covariates and given that 

complete case analysis may decrease power and result in biased results,222 

multiple imputation by chained equations (MICE) was used to address this issue 

based on the assumption of missing at random where the probability of missing 

data does not depend on unobserved data but on observed data. MICE imputes 

missing values based on the observed values for a given individual and the 

relationships observed in the data for other individuals, generating multiple 

complete datasets.223 MICE was chosen for several reasons. First, compared 

with single imputations MICE can account for the statistical uncertainty in the 

imputation and calculate accurate standard errors, by creating multiple 

predictions for each missing value.223 Second, MICE can flexibly impute various 

types of variables, such as continuous, binary and ordinal variables.223 Third, 

MICE can include auxiliary variables, which can reduce estimation bias due to 

missing not at random and can partially restore lost power due to 

missingness.224 Auxiliary variables are variables that are not part of the model 

but are highly correlated with the variables in the model. Fourth, while other 

imputation methods were only available in special software, MICE is available in 

StataSE 14, which was used for all ELSA data analyses in this thesis.  

 

When MICE was used, continuous variables were imputed using predictive 

mean matching, binary variables were imputed using logistic regression, ordinal 

variables were imputed using ordinal logistic regression and nominal variables 

were imputed using multinomial logistic regression. Twenty sets of data with 

imputation were generated. In this thesis, auxiliary variables were the same 

covariates in the previous wave, for example in the smoking analysis, an 

auxiliary variable for the imputation of the wealth quintile at wave 2 was the 

wealth quintile at wave 1. 
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3 SMOKING 

This is the first of three chapters exploring modifiable lifestyle risk factors for 

frailty. In each chapter I introduce the topic, then report my systematic review of 

the literature followed by my empirical analysis, including the topic specific 

methods, my findings and a brief discussion of their interpretation with reference 

to other literature. This chapter focuses on smoking as a risk factor for frailty. 

The findings from this chapter have been published225, 226 and presented.227 

(Please see 8 Appendices for details) 

3.1 Introduction 

Smoking increases the risk of developing a number of diseases, such as 

COPD, cancers, coronary heart disease, stroke and peripheral vascular 

disease, all of which can potentially have negative effects on the physical, 

psychological and social health of smokers and contribute to mortality.228 When 

national surveys on smoking started in the UK in 1974, 51% of men and 41% of 

women were smokers.229 Although the overall prevalence of smoking has been 

declining since then, smoking is still common with the latest prevalence of 

17.7% for men and 14.1% for women in 2016,229 and is the single most 

preventable cause of morbidity and mortality in the UK.230 In light of the 

negative health impacts, smoking may be a risk factor of frailty.  

 

Smoking has been examined in relation to frailty in population-based studies as 

an important modifiable lifestyle factor.226 However, in many studies, smoking 

was used as a covariate for adjustment in order to examine independent risks of 

target outcomes, and only a limited number of studies have focused on 

associations between smoking and frailty.226 Findings of previous cross-

sectional studies that examined associations between smoking and frailty were 

mixed, and some unexpectedly showed that smoking was associated with being 

less frail.132, 231 A cross-sectional study design limits causal interpretation, 

whereas prospective observational studies appropriately controlling for 

confounding factors are required to assess the direction of the relationship. 

 

A previous systematic review reported the evidence on the association between 

frailty and various health-related and socio-demographic factors including 
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smoking.135 This review was limited to only studies using the Fried phenotype 

criteria16 and did not include other studies using different criteria.135 It is 

important to include studies using frailty criteria other than Fried’s given that no 

consensus has been reached on how best to operationalise frailty.207 Although 

ten articles examining smoking and frailty were identified,135 most of them had a 

cross-sectional study design and only two articles examined smoking 

longitudinally as a predictor of frailty changes.232, 233 One of them showed that 

current and past smoking were both significantly associated with increased risks 

of incident frailty over three years compared with never smoking, however the 

effect measures were unadjusted. The other study showed that those who had 

“ever smoked” had a higher number of the five CHS criteria, in a linear 

regression model adjusted for age, gender, education, marital status, financial 

strain, comorbidities, BMI and the number of positive CHS criteria at baseline, 

but did not examine incident frailty. Therefore, the independent association of 

smoking with incident frailty has not been convincingly established. This chapter 

pursues the possibility that smoking is a risk factor of frailty by reporting a 

systematic review of the literature and a prospective analysis using ELSA data. 

 

3.2 Systematic Literature Review 

3.2.1 Objective 

The objective of this section of the chapter is to systematically review the 

literature for evidence on smoking as a predictor of subsequent frailty status 

changes in longitudinal studies of the community-dwelling elderly population. 

 

The ‘PICO’ for the systematic review is as follows: 

Population: community-dwelling older people 

Intervention/exposure: current smoking 

Comparison: never or past smoking 

Outcome: Frailty status changes 
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3.2.2 Methods 

3.2.2.1 Data source and search strategy 

This systematic review was conducted according to a protocol developed with 

adherence to Preferred Reporting Items for Systematic Review and Meta-

Analyses (PRISMA) statement (Appendix 1a).234 A systematic search of the 

literature was conducted in May 2015 using three electronic databases 

(MEDLINE, Embase and Scopus) without language restriction using an 

explosion function and Medical Subject Heading terms (MeSH) if available from 

2000 through May 2015. Validated definitions of frailty were not generally used 

prior to 2000, and the two most widely accepted definitions and measurements 

for frailty, the CHS criteria16 and the FI10 were first published in 2001. The 

search terms included (“Smoking (MeSH)” OR “Smoking cessation (MeSH)” OR 

“Smoking cessation program (MeSH)” OR “Smoking habit (MeSH)” OR 

“Tobacco (MeSH)” OR “Smokeless Tobacco (MeSH)” OR “Tobacco products 

(MeSH)” OR “Tobacco Consumption (MeSH)” OR “Tobacco dependence 

(MeSH)” OR “Tobacco smoker (MeSH)” OR “Nicotine (MeSH)” OR “Nicotine 

derivative (MeSH)” OR “Nicotine gum (MeSH)” OR “Nicotine lozenge (MeSH)” 

OR “Nicotine Patch (MeSH)” OR “Nicotine replacement therapy (MeSH)” OR 

“Cotinine (MeSH)” OR “Smok*” OR “Tobacc*” OR “Nicotin*” OR “Cotinin*” OR 

“Cigarett*”) AND “Frail*”. Additional sources included reference lists of relevant 

articles and included studies, articles shown as related citations in PubMed of 

the included studies and articles citing the included studies displayed under 

Cited by in Google Scholar. 

3.2.2.2 Study selection and data extraction 

Studies were considered to be potentially eligible for inclusion if they were 

prospective observational studies investigating smoking status as a predictor 

and subsequent frailty status as an outcome in the community-dwelling 

population aged 50 or older. In addition, in order to be considered for inclusion, 

frailty must have been defined using criteria originally designed to measure 

frailty and validated in population-based studies or its modified versions, such 

as CHS criteria or FI. Studies were excluded if they substituted other measures, 

such as disability or nursing home placement, to define frailty or used selected 

samples with specific diseases or conditions. All potentially eligible studies 

identified were searched for duplicates using the Endnote duplicate finding 



75 
 

function and manually, followed by title, abstract and full-text reviews. Data 

extracted from eligible studies were first author, publication year, location, 

sample size, proportion of women, age (mean or range), smoking measure, 

frailty criteria, follow-up period and findings. 

 

3.2.2.3 Methodological quality assessment 

Methodological quality of the eligible studies were examined using the 

Newcastle-Ottawa Scale for cohort studies (Appendix 3).235 This scale is 

designed to evaluate the methodological quality of a cohort study based on nine 

items over three domains: Selection (representativeness of the exposed cohort; 

selection of the non-exposed cohort; ascertainment of exposure; and 

demonstration that outcome of interest was not present at start of study), 

Comparability (comparability of cohorts on the basis of the design or analysis) 

and Outcome (assessment of outcome; was follow-up long enough for 

outcomes to occur; and adequacy of follow-up of cohorts). Each of the included 

studies was assessed using this scale and considered to have adequate quality 

if it met five or more of the nine items. 

3.2.2.4 Data analysis 

It was planned to assess heterogeneity of the study findings and to perform 

meta-analysis to synthesise pooled estimates from the included studies if 

possible, otherwise a narrative review would be pursued. 

3.2.3 Results 

3.2.3.1 Selection processes 

A PRISMA flowchart of the literature search and study selection with the 

number of studies at each stage is presented in Figure 3.1. Of the 1,020 

citations identified from the literature search using three electronic databases 

and other sources, 536 duplicate studies were excluded, and 431 and 41 

studies were also excluded through title and abstract review, respectively, 

leaving 12 studies for potential inclusion. Full-texts of these 12 studies were 

assessed and seven studies were further excluded because smoking status 

was not used as a predictor (n = 3), study designs were cross-sectional (n = 2), 

a selected population was used (n = 1) or non-validated frailty criteria were used 
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(n = 1). Five studies130, 232, 233, 236, 237 were confirmed to meet the inclusion 

criteria and were included in this systematic review. 

 

Figure 3. 1. PRISMA Flowchart (Smoking and frailty) 

 

 

3.2.3.2 Study characteristics 

The included studies were assessed for methodological quality using the 

Newcastle-Ottawa quality assessment scale for cohort studies. All five studies 

met at least five criteria and were considered to have adequate methodological 

quality (Table 3.1). Characteristics of the five studies are summarised in Table 

3.2. Two studies were from the US232, 233 and China,130, 236 respectively, and one 

study used populations from 11 European countries.129 The largest study 

involved 28,181 women from the Women’s Health Initiative Observational 

Study, which was conducted in the US in 1990’s.233 The other studies used 
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cohorts consisting of almost half men and half women.130, 232, 236, 237 Three 

studies defined three smoking status categories: ‘never’, ‘past’ and ‘current’ 

smoking130, 233, 237 and two studies defined two categories: ‘never/past’ versus 

‘current’ smoking232 and ‘never’ versus ‘past/current smoking’,236 respectively. 

Four studies used the Fried phenotype frailty criteria;130, 232, 233, 237 one study 

used the Frailty Index.236 Although only two types of criteria were used, how the 

changes in frailty status were measured as outcomes at follow-up were different 

across the included studies. The outcomes used were the development of 

frailty,233 follow-up frailty status scores based on the frailty phenotype criteria232 

and the Frailty Index236 and changes in frailty categories based on the frailty 

phenotype.129, 130 The follow-up periods ranged widely from two years to 15 

years. In terms of statistical analysis, three studies used logistic regression 

models130, 233, 237 and two studies used linear regression models.232, 236 As the 

included studies used different methodology in terms of predictors, outcomes 

and statistical analyses, a meta-analysis was not possible. Four studies 

conducted multivariable regression models controlling for at least age and 

gender,130, 232, 236, 237 which are important confounding factors for both smoking 

and frailty, and one study showed only the results of unadjusted models.233  
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Table 3. 1. Methodological quality assessment using the Newcastle-

Ottawa Quality Assessment Scale for cohort studies. 

The Newcastle-Ottawa Quality Assessment Scale for cohort studies 

 Selection Comparability Outcome  

 1 2 3 4 1a 1b 1 2 3 total 

Woods 2005 1 1 0 1 0 0 1 1 0 5/9 

Ottenbacher 2009 1 1 0 n/a 1 1 1 1 0 6/8 

Wang 2013 1 1 0 n/a 1 1 1 1 0 6/8 

Lee 2014 1 1 0 n/a 1 0 1 1 0 5/8 

Etman 2015 1 1 0 n/a 1 1 1 1 0 6/8 

Appendix 3 for detail. 

  

3.2.3.3 Study findings 

As described above, due to the considerable heterogeneity between studies, 

findings of the included studies are reported in narrative form (Table 3.2). 

 

Etman 2014 

Etman and colleagues investigated associations between smoking status 

(never, former and current) at baseline and frailty status at two-year follow-up 

using a large cohort of 14,082 middle-aged and older community-dwelling men 

and women from 11 European countries using SHARE.237 Using modified Fried 

phenotype criteria (either from robust to pre-frail/frail or from pre-frail to frail), 

the authors showed that current smokers had a 16 % increased risk of 

worsening frailty status two years after baseline, compared to those who never 

smoked; multivariable logistic regression models were adjusted for age, gender, 

educational level, baseline frailty state and country (OR = 1.16, 95 % CI = 1.02–

1.32, p < 0.05). 

 

Ottenbacher 2009 

In the Hispanic Established Populations for Epidemiologic Studies of the 

Elderly, among 777 Hispanic Americans aged 65 or older, those who ever 

smoked were significantly more likely to have a worse frailty status at follow-up 

than those who never smoked.232 In this study, a summary frailty score, defined 

as the total number of five components of Fried phenotype criteria ranging from 
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0 to 5, was created and used as a continuous variable in multivariable linear 

regression models adjusted for age, gender, BMI, education, marital status, 

financial strain, chronic diseases and baseline frailty score to examine frailty 

status changes over 10 years (unstandardised coefficient = 0.36, standard 

error = 0.15, p < 0.05). 

 

Lee 2014 

A Chinese study of 3,018 community-dwelling older people examining changes 

in frailty status over two years according to smoking status is the only study that 

failed to show significant findings.130 Although not reaching statistical 

significance, directions of the associations between smoking and frailty appear 

consistent with the other included studies in that frailty status of (male) current 

smokers were more likely to worsen and less likely to improve than it was for 

those who never smoked in age-adjusted logistic regression models (OR = 1.53, 

95 % CI = 0.73–3.23 for pre-frail worsening; OR = 1.29, 95 % = 0.75–2.23 for 

robust worsening; OR = 0.63, 95 % = 0.33–1.21 for pre-frail improvement; 

OR = 0.21, 95 % = 0.02–1.80 for frail improvement). No trends were observed 

among women. There is a possibility that the statistical power may have been 

lost as a result of dividing the cohort by gender and further by three Fried frailty 

categories (robust, pre-frail and frail) at baseline as well as using three smoking 

statuses as predictors (never, past and current) and using four different frailty 

transition states (pre-frail worsening, pre-frail improvement, robust worsening 

and frail improvement). 

 

Woods 2005 

A US study involving 28,181 women aged 65 to 79 from the Women’s Health 

Initiative Observational Study who were free from frailty at baseline examined 

risk of newly developing frailty and pre-frailty with modified Fried phenotype 

criteria over three years according to baseline smoking status and using 

unadjusted multinomial logistic regression models.233 Past smoking was 

associated with significantly higher odds of frailty (OR = 1.12, 95 % = 1.02–

1.23), but not of pre-frailty (OR = 0.95, 95 % CI = 0.89–1.02), and current 

smoking was significantly associated with higher odds of frailty (OR = 2.90, 

95 % CI = 2.35–3.57) and pre-frailty (OR = 1.76, 95 % CI = 1.49–2.09). The 

findings of this study need to be interpreted cautiously because important 
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confounding factors including age, socioeconomic status, education and alcohol 

use, were not controlled for in the models. 

 

Wang 2013 

Only one study employed a frailty index and assessed frailty status among 

3,257 Chinese community-dwellers aged ≥ 55. Men and women were analysed 

separately using multivariable linear regression models adjusted for age, 

education and baseline frailty index.236 Current and past male smokers showed 

a worsening in their frailty status over the 15-year follow-up, significantly more 

than men who never smoked (standardised coefficient = 3.643, standard 

error = 1.621, p = 0.026) while there was no such difference observed in women 

(p = 0.529). In this study, the frailty index was constructed based on 28 

variables excluding respiratory health deficits such as chronic tracheitis or 

cough, which are directly related to smoking. The analyses were also repeated 

with a frailty index using 25 variables without three non-respiratory smoking-

related variables (hypertension, CVD and cerebrovascular disease), providing 

similar results. 

 

In summary, most studies demonstrated current, past (or both) smoking status 

at baseline predicted subsequent incident or worsening of frailty status at follow-

up.232, 233, 236, 237 One study failed to show any significant associations between 

baseline smoking status and frailty trajectories.130 It is of note however that 

most of the estimate measures were either unadjusted or only adjusted for a 

limited number of important covariates. A meta-analysis was not possible due to 

the methodological diversity of the included studies. 
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Table 3. 2. Summary of included studies on associations between smoking and subsequent frailty status change among 

community-dwelling older people. 

Author, year 

Location 

N* 

female 

(%)* 
age** 

smoking 

definition 
Frailty outcome 

Follow-

up 
Findings (unadjusted) Findings (adjusted) 

Woods 2005 

USA 

28,181 

100% 65-79 
never, past, 

current smoking 

Incident frailty by 

modified frailty 

phenotype 

3 years 

Unadjusted multinomial logistic regression 

models for incident frailty. 

OR=1.12, 95%CI=1.02-1.23 for past smokers 

OR=2.90, 95%CI=2.35-3.57 for current smokers  

 

Unadjusted multinomial logistic regressions for 

incident pre-frailty 

OR=0.95, 95%CI=0.89-1.02 for past smokers 

OR=1.76, 95%CI=1.49-2.09 for current smokers 

Not reported 

Ottenbacher 2009 

USA 

777 

 

56.4% 82.5 
never, past, 

current smoking 

Frailty phenotype score 

(range: 0-5) 
10 years 

Not reported Linear regression model adjusted for age, 

gender, education, married, financial strain, 

diabetes, hip fracture, cancer, stroke, cardiac 

diseases, arthritis, body mass index and base 

frailty. 

“Ever smoked” was associated with increase in 

frailty score (beta=0.36, SE=0.15, p<0.05). 
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Author, year 

Location 

N* 

female 

(%)* 
age** 

smoking 

definition 
Frailty outcome 

Follow-

up 
Findings (unadjusted) Findings (adjusted) 

Wang 2013 

China 

3,257 

51.1% 70.1 

never, 

current/past 

smoking 

Frailty Index 15 years 

Not reported Linear regression adjusted for age, education, 

base Frailty Index. 

Current/past smoking was associated with 

increase in frailty index (beta=3.64, SE=1.62, 

p=0.03) in men. 

No such association was observed in women. 

 

Lee 2014 

China 

3,018 

49.7% 73.6 
never, past, 

current smoking 

Change in frailty 

Category change by 

frailty phenotype 

2 years 

Not reported Gender-stratified age-adjusted logistic regression 

models for frailty status changes. 

No significant association was observed. 

Etman 2015 

11 European 

countries 

14,082 

54.3% >55 
never, past, 

current smoking 

Worsening in frailty by 

frailty phenotype 

(robust>pre-frail/frail or 

pre-frail>frail) 

2 years 

Not reported Logistic regression adjusted for age, gender, 

education, base frail and country. 

Current smoking was associated with worsening 

of frailty status (adjOR=1.16 95%CI=1.02-1.32, 

p<0.05). 

Past smoking was not significantly associated 

with worsening of frailty status (adjOR=1.07, 

95%CI=0.96-1.19). 

* Cohort used for analysis of interest, or entire cohort. 

** Mean age, age range, or age for inclusion. 

95%CI: 95% confidence interval, OR: Odds ratio, SE: Standard error. 
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3.2.4 Discussion 

This systematic review identified five prospective cohort studies that examined 

associations between smoking and subsequent frailty changes. Although the studies 

employed different methodology and frailty criteria, most studies demonstrated that 

baseline smoking predicted significant worsening of frailty status at follow-up.  

 

Some further studies have examined cross-sectional associations between smoking 

and frailty status. In a large older female sample from the Women’s Health Initiative 

Observational Study from the US, prevalence of frailty, defined by the frailty 

phenotype criteria, of never, past and current smokers was 15.7%, 16.4% and 

21.9%, respectively.233 A previous study using the ELSA data showed that 12.0% of 

non-smokers and 13.9% of current smokers were frail based on the frailty 

phenotype.132 Three studies using the Frailty Index showed inconsistent findings. A 

German study showed never smokers had the lowest frailty index (the least frail) of 

0.205 and past and current smokers had higher values of 0.258 and 0.239 (more 

frail), respectively,238 while little or no difference in the Frailty Index was observed 

across smoking categories in two studies from China (0.12 in both male smokers 

and non-smokers and 0.14 in both female smokers and non-smokers)236 and 

Canada (0.14 in heavy smokers, 0.14 in light smokers and 0.15 in never smokers). 

One large European study showing cross-sectional associations between smoking 

and frailty by age groups.231 In those in their 50’s current smoking status was 

associated with a higher frailty risk, but, on the contrary, associated with a lower 

frailty risk for those in their 70’s.231 Given the higher morbidity and mortality risks in 

smokers, these paradoxical findings may have resulted from reverse causality (frailty 

leads to an older person quitting smoking) or a healthy survivor effect; frail smokers 

having died early, therefore smoking may diminish in the very old. 

 

Although It is well known that smoking increases risks of death,148 some other 

outcomes, such as quality of life, disabilities and functional decline, were also shown 

to be associated with smoking. In a review paper of 54 relevant studies on smoking 

and quality of life, smoking was associated with lower quality of life and the 

magnitude of the association was related to the number of cigarettes smoked.239 

This review also showed a possibility that smoking cessation improves quality of 
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life.239 Smoking has been shown to be a risk factor of increased risks of disabilities 

and functional decline in a number of previous studies.240 

 

As this systematic review was originally completed in 2015, an update search has 

been conducted in March 2019 by using PubMed with search terms “smoking” and 

“frailty” and reading relevant papers. Six new papers examining smoking at baseline 

and subsequent frailty changes were identified, which broadly confirm the findings of 

the papers in my original review. Three studies examined transitions of frailty status 

defined by modified frailty phenotype criteria.130, 241, 242 Two of them showed that 

current smokers were more likely to worsen and less likely to improve their frailty 

status compared with never smokers,241, 242 while one study showed no significant 

association.130 Two studies examined frailty trajectories using the Frailty Index and 

showed that smokers were shown to have significantly higher degree of frailty 

compared with their counterparts.243, 244 A study using data from the Whitehall II 

study examined midlife smoking status at the age of 45-55 years and subsequent 

frailty status approximately 18 years later at a mean age of 69 among 6233 British 

civil servants.146 Compared with never smokers, current smokers were significantly 

more likely to be frail at follow-up (OR=1.69, 95%CI=1.27-2.25) while there was no 

significant difference in frailty risk in past smokers (OR=0.85, 95%CI=0.67-1.07).146  

 

My systematic review has some limitations. First, the systematic literature search, 

study selection, data extraction and methodological quality assessment were 

conducted by one researcher (Gotaro Kojima), therefore there may have been a 

possibility that relevant studies would have been missed. Second, a relatively limited 

number of studies were identified, and some studies may have been missed that 

were not referenced on the three main data sources searched, were published 

earlier than in 2000, or if unpublished were in the grey literature. Nonetheless, four 

out of the five included studies consistently showed evidence that smoking was a 

predictor of frailty status. Third, partly because an accepted standard definition of 

frailty has not yet been achieved, the study designs and methodologies of the 

included studies varied widely therefore meta-analysis was not possible. Fourth, a 

protocol of the systematic review was not registered on PROSPERO prior to the 

review.  
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This systematic review demonstrated that only limited amounts of evidence existed 

in the literature on smoking as a predictor of frailty among community-dwelling 

people.226 Although most of the included studies suggest smoking predicts 

worsening or incident frailty, not all of them were originally designed to examine the 

associations between smoking232, 233 and frailty and some studies failed to adjust for 

important confounding factors, such as age, gender, alcohol use, education or 

socioeconomic status.130, 233, 237 This review demonstrated a need for further 

research, in particular a longitudinal study designed to explore the relationship 

between smoking and incident frailty, controlling for important confounders. 

 

3.3 Smoking and Incident Frailty (ELSA) 

3.3.1 Objective 

The objective of the second section of the chapter is to examine if smoking is 

associated with increased risk of incident frailty in community-dwelling older people. 

3.3.2 Study Population  

The ELSA population is described in detail in Chapter 2.1 English Longitudinal 

Study of Ageing (ELSA). The participants who were aged 60 years or older at wave 

2 (baseline) and with information regarding frailty at waves 2 and 4 and smoking 

status at wave 2 were used for the smoking and incident frailty analyses in this 

chapter. 

 

A total of 8,781 core members had an interview at wave 2, among which 2,598 were 

younger than 60 years old and were excluded. Among 6,183 participants aged 60 or 

older, 1,688 and 2 were excluded due to missing data at wave 2 for frailty and 

smoking status, respectively. In order to examine incident frailty risk, 575 participants 

who were frail at wave 2 were also excluded. Between waves 2 and 4, 1,376 were 

loss to follow-up for various reasons, including death (n=139), being ill (n=58), 

refusal (n=640), being unable to contact (n=79), no frailty data at wave 4 (n=198) 

and other (unspecified) reasons (n=262). Therefore, the final analytic sample for this 

chapter was 2,542 participants (Figure 3.2) 
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Figure 3. 2. ELSA final analytic population for smoking analyses. 
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3.3.3 Predictor Variable − Smoking 

Self-reported smoking status (current smokers versus non-smokers) was used as a 

predictor variable in the main analysis. Please see Chapter 2.4 Definition of 

Smoking for detail. 

 

3.3.4 Outcome Variable − Incident Frailty 

The outcome variable in the main analysis was incident frailty, which was defined as 

development of frailty (the frailty phenotype score >3) in those who were pre-frail or 

robust (the frailty phenotype score 0-2) at baseline. Frailty was defined by the frailty 

phenotype including the five characteristics of weight loss or ‘shrinking’, exhaustion, 

weakness, slow walking speed and low physical activity.16 Please see Chapter 2.3 

Definition of Frailty for detail. 

 

3.3.5 Covariates 

Baseline covariates considered for the main analyses in this chapter were age, 

gender, alcohol, education, wealth, depressive mood, cognitive function and 

loneliness. These factors were chosen because they are closely related to both 

smoking and frailty but are not on the causal pathways. For supplementary analyses, 

COPD, CVD, cancers, CRP and fibrinogen were used (see rationale below). Please 

see Chapter 2.6 Definitions of Covariates for detail. 

 

3.3.6 Statistical Analyses 

3.3.6.1 Main analysis 

In order to examine selection bias, the participants who were included in analyses 

and the participants who were excluded due to loss to follow-up and missing data 

were compared for frailty status, smoking status, age, gender, alcohol, wealth, 

education, COPD, CVD and cancers at wave 2 using a chi-square test, and 

cognition, depressed mood and loneliness using a t-test.  
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Baseline characteristics were compared according to smoking status (current 

smoker versus non-smoker) using a t-test for continuous variables and a chi square 

test for categorical variables. 

 

Multivariable logistic regression models were then used to examine risks of incident 

frailty for those currently smoking compared with non-smoking (past smokers and 

non-smokers combined). Please see Chapter 2.8 ELSA Statistical Analysis for 

detail. 

 

3.3.6.2 Supplementary analysis - smoking-related diseases and inflammatory 

markers 

Supplementary analyses were conducted in order to explore the degrees to which 

smoking-related diseases and inflammatory markers explained the association 

between current smoking and subsequent incident frailty risk. The smoking-related 

diseases considered were COPD, CVD (angina, myocardial infarction, congestive 

heart failure or stroke) and cancers. The inflammatory makers were CRP and 

fibrinogen. Smoking is known to increase risks of these diseases and 

inflammation,245-247 which may increase frailty risk. These diseases and inflammatory 

markers were separately added to the final fully-adjusted model and changes in the 

OR and p values before and after the additions were compared. 

 

3.3.6.3 Supplementary analysis - three smoking groups 

In order to explore whether there is a difference between past smoker and never 

smokers (exploring for a ‘sick quitter’ effect), the multivariable logistic regression 

models were repeated using three smoking groups, which were classified based on 

data from waves 1 and 2. Those who were classified as non-smokers at wave 2 were 

further divided into past smokers, if at wave 1 they were current smokers or said that 

they had ever smoked in the past, and never smokers if otherwise. Multivariable 

logistic regression models were used to examine incident frailty risks for current and 

past smokers compared with never smokers. 
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3.3.6.4 Supplementary analysis - multiple imputation by chained equations 

My main analysis was a complete case analysis. There were some limited missing 

data on some covariates, and as a supplementary analysis I used multiple 

imputation to impute these and conducted a further analysis using the imputed 

datasets. Please see Chapter 2.8 ELSA Statistical Analysis for detail. 

 

3.3.7 Results 

3.3.7.1 Main analysis 

Among 3,918 participants who were aged 60 or older, with data on frailty and 

smoking and non-frail (robust or pre-frail, but not frail) at wave 2, 2,542 participants 

had frailty data at wave 4 and were included in the analyses. The remainder of 1,376 

participants were not included due to various reasons. Please see Chapter 3.3.2 

Study Population above and Figure 3.2 for detail.  

 

On comparison, those who were excluded were found to have overall worse health 

profile in the majority of the variables. Those who were excluded were significantly 

more likely than those who were included to be frailer, current smokers, older, and to 

have lower wealth, lower education, lower cognitive function score, higher 

prevalence of COPD, CVD and cancers, higher CRP and higher fibrinogen. There 

were no significant associations between those included and excluded for gender, 

alcohol, depressive mood subscale and loneliness score (Table 3.3) 
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Table 3. 3. Comparisons between those included in the analyses (n=2,542) and 

those excluded due to missing data (n=1,376). 

Variables at wave 2* 
Included 

n=2,452 

Excluded 

n=1,376 
P value 

Frailty status    

  Robust 1,430 (56.3%) 624 (45.4%) <0.001 

  Pre-frail 1,112 (43.8%) 752 (54.7%)  

smoking status    

  Non-smoker 2,281 (89.7%) 1,188 (86.3%) 0.001 

  Current smoker 261 (10.3%) 188 (13.7%)  

Age group    

  60-64 611 (24.0%) 264 (19.2%) <0.001 

  65-69 825 (32.5%) 377 (27.4%)  

  70-74 542 (13.9%) 284 (20.6%)  

  75-79 354 (21.3%) 229 (16.6%)  

  80+ 210 (8.3%) 222 (16.1%)  

Gender    

  Male 1,150 (45.2%) 640 (46.5%) 0.45 

  Female 1,392 (54.8%) 736 (53.5%)  

Alcohol    

  None 223 (9.4%) 140 (11.5%) 0.26 

  1/y-2/m 690 (29.0%) 344 (28.2%)  

  1/w-4/w 877 (36.8%) 445 (36.5%)  

  5/w-daily 592 (24.9%) 292 (23.9%)  

Wealth quintile    

  Richest 661 (26.3%) 251 (18.4%) <0.001 

  2nd 569 (22.7%) 309 (22.6%)  

  3rd 523 (20.8%) 301 (22.0%)  

  4th 446 (17.8%) 260 (19.0%)  

  Poorest 312 (12.4%) 245 (17.9%)  

Education    

  Higher education 322 (12.7%) 115 (8.4%) <0.001 

  Intermediate 1,314 (51.7%) 623 (45.3%)  

  No qualification 906 (35.6%) 637 (46.3%)  
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Variables at wave 2* 
Included 

n=2,452 

Excluded 

n=1,376 
P value 

Depressive mood 

subscale 
0.5 + 1.1 0.6 + 1.1 0.11 

Cognitive function score 48.9 + 10.4 45.0 + 11.8 <0.001 

Loneliness score 3.9 + 1.4 4.0 + 1.5 0.11 

COPD 153 (6.0%) 117 (8.5%) <0.01 

CVD 406 (16.0%) 273 (19.8%) <0.01 

Cancers 213 (8.4%) 146 (10.6%) 0.02 

CRP (mg/L) 3.5 + 5.8 5.0 + 10.2 <0.001 

Fibrinogen (g/L) 3.2 + 0.7 3.4 + 0.8 <0.001 

*t-test and chi-square test were used for continuous and categorical variables, 

respectively. Percentages may not sum up to 100% due to rounding. Mean + 

standard deviation or n (%). 

COPD: Chronic obstructive pulmonary disease 

CRP: C-reactive protein 

CVD: Cardiovascular diseases (angina, myocardial infarction, congestive heart 

failure or stroke) 

 

Table 3.4 presents the baseline characteristics of 2,542 participants, comparing 

variables according to smoking status. At baseline, 2281 participants were non-

smokers and 261 were current smokers. Current smokers were significantly frailer, 

younger, less educated, less wealthy, more depressed, with lower cognitive function 

scores and lonelier compared with non-smokers. There were no significant 

associations between current smokers and non-smokers in gender, ethnicity and 

alcohol use between these two groups. As for chronic diseases, only COPD was 

more prevalent in current smokers than in non-smokers. Both inflammatory markers 

of CRP and fibrinogen were significantly higher in current smokers than in non-

smokers. 
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Table 3. 4. Baseline characteristics of ELSA participants in smoking and 

incident frailty analysis. (N=2,542) 

Variable* Entire cohort Non-smoker Current smoker P value 

Number of participants 

(%) 
2,542 2,281 (89.7%) 261 (10.3%)  

Incident frailty, n (%) 271 (10.7%) 232 (10.2%) 39 (14.9%)  

Frailty status     

  Robust 1,430 (56.3%) 1,319 (57.8%) 111 (42.5%) <0.001 

  Pre-frail 1,112 (43.7%) 962 (42.2%) 150 (57.5%)  

Age group     

  60-64 611 (24.0%) 526 (23.1%) 85 (32.6%) <0.01 

  65-69 825 (32.5%) 739 (32.4%) 86 (33.0%)  

  70-74 542 (21.3%) 498 (21.8%) 44 (16.9%)  

  70-79 354 (13.9%) 320 (14.0%) 34 (13.0%)  

  80+ 210 (8.3%) 198 (8.7%) 12 (4.6%)  

Gender    0.02 

  Male 1,150 (45.2%) 1,032 (45.2%) 118 (45.2%)  

  Female 1,392 (54.8%) 1,249 (54.8%) 143 (54.8%)  

Alcohol     

  None 223 (9.4%) 192 (9.0%) 31 (13.0%) 0.15 

  1/y-2/m 690 (29.0%) 617 (28.8%) 73 (30.5%)  

  1/w-4/w 877 (36.8%) 794 (37.1%) 83 (36.8%)  

  5/w-daily 592 (24.9%) 541 (25.2%) 52 (21.8%)  

Education     

  Higher education 322 (12.7%) 306 (13.4%) 16 (6.1%) <0.001 

  Intermediate 1,314 (51.7%) 1,201 (52.7%) 113 (43.3%)  

  No qualification 906 (35.6%) 774 (33.9%) 132 (50.6%)  

Wealth quintile     

  Richest 661 (26.3%) 619 (27.5%) 42 (16.3%) <0.001 

  2nd 569 (22.7%) 528 (23.4%) 41 (16.0%)  

  3rd 523 (20.8%) 474 (21.0%) 49 (19.1%)  

  4th 446 (17.7%) 393 (17.4%) 53 (20.6%)  

  Poorest 312 (12.4%) 240 (10.7%) 72 (28.0%)  

Depressive mood 

subscale 
0.5 + 1.1 0.5 + 1.0 0.7 + 1.3 <0.01 
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Variable* Entire cohort Non-smoker Current smoker P value 

Cognitive function score 48.9 + 10.4 49.2 + 10.3 46.9 + 10.8 <0.001 

Loneliness score 3.9 + 1.4 3.9 + 1.3 4.3 + 1.6 <0.001 

COPD 153 (6.0%) 113 (5.0%) 40 (15.3%) <0.001 

CVD 406 (16.0%) 365 (16.0%) 41 (15.7%) 0.90 

Cancers 213 (8.4%) 191 (8.4%) 22 (8.4%) 0.98 

CRP (mg/L) 3.5 + 5.8 3.3 + 5.8 4.9 + 5.9 <0.001 

Fibrinogen (g/L) 3.3 + 0.7 3.2 + 0.7 3.5 + 0.8 <0.001 

*t-test and chi-square test were used for continuous and categorical variables, 

respectively. Percentages may not sum up to 100% due to rounding. Mean + 

standard deviation or n (%). 

COPD: Chronic obstructive pulmonary disease 

CRP: C-reactive protein 

CVD: Cardiovascular diseases (angina, myocardial infarction, congestive heart 

failure or stroke) 

 

 

Table 3.5 shows the results of multivariable logistic regression models. In Model 1 

adjusting for age and gender, current smokers were twice more likely to develop 

frailty at follow-up 4 years later than non-smokers (OR=2.11, 95%CI=1.35-3.29, 

p=0.001). Further adjusting for alcohol use made almost no change in OR (OR=2.17, 

95%CI=1.33-3.36, p<0.01). Although adding wealth and education for adjustment in 

Models 3 and 4, respectively, decreased ORs of frailty risk, the association between 

current smoking and increased frailty risks remained significant (Model 3: OR=1.71, 

95%CI=1.08-2.71, p=0.02. Model 4: OR=1.62, 95%CI=1.05-2.52, p=0.03). 

Depressive mood, cognition and loneliness were added for adjustment in Model 5, 

which made little change in the association (OR=1.58, 95%CI=1.00-2.50, p=0.05).  
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Table 3. 5. Multivariable logistic regression models examining associations between smoking status and 4-year incident 

frailty. (N=2,542). 

 Model 1  Model 2  Model 3  Model 4  Model 5  

Variable 
Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Smoking           

  Non-smoker ref  ref  ref  ref  ref  

  Current smoker 2.11 (1.35-3.29) 0.001 2.11 (1.33-3.36) <0.01 1.71 (1.08-2.71) 0.02 1.62 (1.05-2.52) 0.03 1.58 (1.00-2.50) 0.05 

Age group           

  60-64 ref  ref  ref  ref  ref  

  65-69 1.26 (0.72-2.19) 0.42 1.23 (0.70-2.18) 0.47 1.16 (0.66-2.05) 0.60 0.97 (0.56-1.68) 0.90 0.87 (0.48-1.59) 0.66 

  70-74 3.08 (1.84-5.16) <0.001 3.00 (1.76-5.10) <0.001 2.63 (1.54-4.48) <0.001 2.34 (1.38-3.94) 0.001 2.22 (1.28-3.88) <0.01 

  75-79 5.48 (3.26-9.22) <0.001 5.59 (3.25-9.60) <0.001 4.76 (2.78-8.16) <0.001 4.23 (2.50-7.15) <0.001 3.83 (2.17-6.75) <0.001 

  80+ 13.92 (8.07-24.03) <0.001 13.30 (7.53-23.48) <0.001 10.76 (6.03-19.18) <0.001 9.16 (5.22-16.07) <0.001 7.33 (3.99-13.45) <0.001 

Female 1.65 (1.23-2.21) 0.001 1.76 (1.28-2.43) 0.001 1.72 (1.24-2.39) 0.001 1.68 (1.21-2.33) <0.01 1.87 (1.32-2.64) <0.001 

Alcohol           

  None -  ref  ref  ref  ref  

  1/year-2/month -  0.56 (0.35-0.89) 0.02 0.56 (0.34-0.91) 0.02 0.54 (0.34-0.87) 0.01 0.59 (0.36-0.97) 0.04 

  1/week-4/week -  0.61 (0.38-0.97) 0.04 0.64 (0.40-1.05) 0.08 0.63 (0.39-1.01) 0.06 0.71 (0.43-1.19) 0.20 

  5-7 times/week -  0.41 (0.24-0.69) 0.001 0.50 (0.29-0.87) 0.01 0.49 (0.28-0.85) 0.01 0.54 (0.30-0.96) 0.04 

Wealth quintile           

  Richest -  -  ref  ref  ref  

  2nd -  -  1.56 (0.95-2.57) 0.08 1.39 (0.85-2.27) 0.20 1.28 (0.77-2.14) 0.34 

  3rd -  -  1.35 (0.80-2.29) 0.26 1.25 (0.74-2.11) 0.41 1.06 (0.62-1.83) 0.82 

  4th -  -  1.79 (1.07-2.99) 0.03 1.61 (0.96-2.69) 0.07 1.26 (0.73-2.16) 0.40 

  Poorest -  -  3.09 (1.79-5.33) <0.001 2.79 (1.62-4.81) <0.001 2.20 (1.25-3.87) <0.01 
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Education           

  Higher education -  -  -  ref  ref  

  Intermediate -  -  -  1.20 (0.63-2.31) 0.58 1.24 (0.61-2.53) 0.55 

  No qualification -  -  -  1.97 (1.01-3.85) 0.05 1.78 (0.85-3.71) 0.13 

Depressive mood -  -  -  -  1.17 (1.02-1.36) 0.03 

Cognition -  -  -  -  0.97 (0.95-0.99) 0.001 

Loneliness -  -  -  -  1.13 (1.00-1.28) 0.05 

Model 1: Adjusted for age and gender. 

Model 2: Further adjusted for alcohol. 

Model 3: Further adjusted for wealth. 

Model 4: Further adjusted for education. 

Model 5: Further adjusted for depressive mood, cognition and loneliness. 
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3.3.7.2 Supplementary analysis - smoking-related diseases and inflammatory 

markers 

COPD, CVD, cancers, CRP and fibrinogen were separately added to the final model 

(Model 5, adjusted for age, gender, alcohol, wealth, education, depressive mood, 

cognition and loneliness).  

 

When COPD, CRP and fibrinogen were separately added to the final model, current 

smoking was no longer significantly associated with frailty and ORs decreased by 

13.3%, 13.3% and 5.7%, respectively. Adding CVD and cancers made little 

difference in OR of current smoking. In each of the models, COPD and CRP were 

significantly associated with higher odds of frailty (COPD: OR=2.58, 95%CI=1.59-

4.20, p<0.001. CRP: OR=1.02 (95%CI=1.00-1.04, p=0.04), while CVD, cancers and 

fibrinogen were not (Table 3. 6) 

 

Table 3. 6. Odds ratios of incident frailty for current smoking and its changes 

when adding COPD, CVD, cancers, CRP and fibrinogen to Model 5.  

 
Odds Ratio 

(95%CI) 

P 

value 

Chang

e 

Model 5 1.58 (1.00-2.50) 0.05 - 

Model 5 + COPD 1.37 (0.85-2.20) 0.19 -13.3% 

Model 5 + CVD 1.60 (1.02-2.51) 0.04 +0.6% 

Model 5 + cancers 1.59 (1.01-2.50) 0.05 +0.0% 

Model 5 + CRP 1.37 (0.80-2.34) 0.25 -13.3% 

Model 5 + 

Fibrinogen 
1.49 (0.87-2.55) 0.15 -5.7% 

COPD: Chronic obstructive pulmonary disease 

CRP: C-reactive protein 

CVD: Cardiovascular diseases (angina, myocardial infarction, congestive heart 

failure or stroke) 

 

3.3.7.3 Supplementary analysis - three smoking groups 

At wave 2, 2,281 participants were classified as non-smokers and 261 were 

classified as current smokers. Non-smokers were re-classified into past smokers 
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(n=1271) if they stated at wave 2 that they had stopped smoking between waves 1 

and 2, or stated at wave 1 that they had ever smoked cigarettes in the past or that 

were currently smoking. The remainder of non-smokers was re-classified into never 

smokers (n=1,010).  

 

The multivariable logistic regression models were repeated for OR of frailty for 

current and past smokers with never smokers as reference. Current smokers were 

significantly more likely to develop frailty compared with never smokers in Models 1 

and 2, but the association became non-significant in Models 3, 4 and 5. There was 

no significantly association between past smoking and frailty risk in all Models 

compared with never smoking. (Table 3.7) 

 

Table 3. 7. Odds ratios of incident frailty for current and past smoking 

compared with never smoking. (N=2542)* 

 
Never smokers 

(n=1,010) 

Past smokers 

(n=1,271) 
 

Current smokers 

(n=261) 
 

Model 1 ref 0.74 (0.54-1.02) 0.07 1.80 (1.12-2.88) 0.01 

Model 2 ref 0.79 (0.56-1.13) 0.20 1.87 (1.15-3.06) 0.01 

Model 3 ref 0.80 (0.56-1.14) 0.21 1.52 (0.93-2.48) 0.10 

Model 4 ref 0.79 (0.56-1.12) 0.19 1.43 (0.90-2.29) 0.13 

Model 5 ref 0.79 (0.55-1.14) 0.21 1.40 (0.86-2.28) 0.18 

*Odds ratio (95% confidence interval) and p value 

Model 1: Adjusted for age and gender. 

Model 2: Further adjusted for alcohol. 

Model 3: Further adjusted for wealth. 

Model 4: Further adjusted for education. 

Model 5: Further adjusted for depressive mood, cognition and loneliness. 

 

 

3.3.7.4 Supplementary analysis - multiple imputation by chained equations 

Table 3.8 shows the numbers of participants who had missing data of covariates 

used for adjustments in the multivariable logistic regression models. While there 
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were no missing data for age, gender and education, up to 6% of missing data were 

found in other covariates: alcohol, wealth, depressive mood, cognition and 

loneliness. 

 

Table 3. 8. Numbers of participants missing data of covariates used for 

adjustments. (N=2,542) 

 

Number of participants 

with missing data at wave 

2 

Age group 0 (0.0%) 

Gender 0 (0.0%) 

Alcohol 160 (6.3%) 

Wealth 31 (1.2%) 

Education 0 (0.0%) 

Depressive mood 6 (0.2%) 

Cognition 29 (1.1%) 

Loneliness 163 (6.4%) 

 

Missing data for alcohol, wealth, depressive mood, cognition and loneliness were 

imputed using MICE. Auxiliary variables were the same from wave 1 except for 

alcohol and loneliness, for which auxiliary variables were obtained from wave 3. The 

alcohol variable at wave 1 was different from the ones at waves 2 and 3, and the 

loneliness was not measured at wave 1 but at waves 2 and 3. Results of Model 5 

with the imputation were essentially the same as those of Model 5. (Table 3.9) 

 

Table 3. 9. Comparison between Model 5 (complete case analysis) and Model 5 

with missing data imputed using multiple imputation by chained equations 

(MICE). 

 
Odds Ratio 

(95%CI) 

P 

value 

Model 5 1.58 (1.00-2.50) 0.05 

Model 5 (MICE) 1.57 (1.01-2.43) 0.05 
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3.3.8 Discussion 

The analyses using 2,542 English community-dwelling men and women aged 60 

years or older free of frailty at baseline showed that current smokers were 1.6 times 

more likely to develop frailty than non-smokers over 4 years and that the risk was 

independent of a wide range of potential confounders; age, gender, alcohol, wealth, 

education, depressive mood, cognition and loneliness. 

 

The association between current smoking and an increased risk of incident frailty 

suggests that smoking may play a role in the pathogenesis of frailty. The underlying 

mechanism by which smokers are predisposed to frailty is not clear but is likely to be 

multifactorial given the detrimental effects of smoking on a wide range of organs and 

tissues.245 Smoking is associated with COPD, CVD and cancers,245 all of which 

could cause morbidities and disabilities (both physical and mental), and potentially 

contribute to increased risks of frailty status. Another possibility is inflammation. 

Cigarette smoke contains various toxic chemicals and has been shown to be 

associated with increased levels of inflammatory mediators.248 Chronic inflammation 

causes muscle wasting249 and leads to weight loss, exhaustion, weakness or slow 

walking speed; these are all major components of frailty.16 This possible link between 

smoking and frailty via inflammation is further supported by population-based studies 

reporting that elevated inflammatory markers are associated with a higher 

prevalence and incidence of frailty.250-252 

 

Therefore, COPD, CVD, cancers and inflammation were considered to be on the 

causal pathway from smoking to the development of frailty, and to explain at least 

partially the increased risk of incident frailty in smokers. When COPD, CVD, cancers 

and two inflammatory markers were separately added to the final models, the 

significant association between smoking and incident frailty risk was attenuated and 

became non-significant for COPD, CRP and fibrinogen. The results with CVD or 

cancers did not show significant changes, which suggests that CVD and cancers 

were not related to the associations between current smoking and development of 

frailty. 
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The analysis was repeated using three smoking groups (never, past and current 

smoking) using the data from a previous wave in addition to baseline wave data, and 

showed that using this further categorisation neither current nor past smoking was 

associated with increased risk of incident frailty compared with never smoking. The 

lack of association of past smokers and frailty does not support a ‘sick quitter’ effect 

that people who are becoming frailty quit smoking. The discrepancy of findings 

between two and three smoking groups may be due to imprecise measurement of 

smoking in ELSA into crude categories at both waves. For example, current smokers 

can range from a person who smokes a few cigarettes a day to a person who has 

been smoking two packs per day for five decades, and past smokers can be a fit 

person who temporarily smoked when he/she was a teenager or can be a frail 

person who had to quit smoking recently because of severe COPD due to life-long 

heavy smoking. It may also be attributed to the nature of self-reporting, which is 

subject to response bias and could lead to misclassification.253 However, as the self-

reported smoking history in the ELSA has been validated against salivary cotinine 

level in Chapter 2.4 Definition of Smoking, this bias should have had a minimal 

effect on this analysis. It would have contributed to more precise analysis if the 

smoking exposure was quantified over time by pack-years of smoking (a quantitative 

measurement of exposure to tobacco calculated by multiplying the number of packs 

of cigarettes smoked per day by the number of years that person has smoked.), 

however this information is not available in the data source. Given ORs of past 

smoking for frailty compared with never smoking in all logistic regression models 

ranged from 0.74 to 0.80 without statistical significance, it was speculated that most 

of the past smokers were those who smoked temporarily and quit a long time ago, 

without any current significant smoking-related risks to frailty. Therefore, past 

smokers and never smokers were combined and treated as one group in the 

analyses. 

 

Fifteen data sets were newly generated, imputing missing values of alcohol, wealth, 

depressive mood, cognition and loneliness using MICE, and the final model was 

repeated. The results with imputed data were almost identical to the complete case 

analysis. 
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In conclusion, among community-dwelling older people in England, current smokers 

compared with non-smokers were significantly more likely to develop frailty over four 

years.225 This result is in line with the findings of the systematic review.226 Given 

smoking is a modifiable lifestyle factor, smoking cessation may potentially prevent 

developing frailty or improve frailty status even in old age. 

 

I discuss the strengths and limitations of this analysis and further discuss the 

meaning and implications of the findings in my final Chapter 6 OVERALL 

DISCUSSION. 
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4 ALCOHOL 

This is the second of three chapters exploring modifiable lifestyle risk factors for 

frailty. This chapter explores associations between alcohol consumption and risk of 

frailty. Here I introduce the topic and report my systematic review of the literature. My 

empirical analysis, findings and a discussion of the interpretation with reference to 

other literature follow. The findings from this chapter have been published254, 255 and 

presented as a poster.256 (Please see 8 Appendices for details) 

 

4.1 Introduction 

Alcohol consumption, especially in large quantities, is known to have immediate and 

long term negative effects on the human body and has been shown to be a cause of 

more than 200 diseases, particularly, liver cirrhosis, CVD and various cancers.257 

Health risks associated with alcohol use also include alcohol dependence, potential 

alcohol-drug interactions, falls and related injuries.257 Its harmful use has been 

reported to result in 3.3 million deaths over the world each year.257 In older people 

alcohol consumption may be more harmful, even at a low level, compared with a 

younger population, especially when they take certain medications, have health 

problems or drink heavily.258 Older people can have higher blood alcohol 

concentration and experience the effects of alcohol more seriously than when they 

were younger, which predisposes older people at higher risks for falls, car accidents 

and other unintentional injuries due to drinking.258 Heaving drinking can worsen 

existing health problems, including diabetes, hypertension, congestive heart failure, 

liver disease, cognitive and mood disorders.258 Many older people take medications 

for their health problems, and alcohol use can potentially cause alcohol-drug 

interactions and be hazardous.258  

 

The Low Risk Drinking Guidelines issued by the UK Chief Medical Officer state that it 

is safest for adults (both men and women) not to drink more than 14 units a week on 

a regular basis .192 Drinking a large amount of alcohol on one occasion increases 

immediate risks of harm, injury, accident and even death.192 Although they don’t 

provide a specific threshold of alcohol quantity for safe drinking on a single occasion, 

it is recommended to drink slowly with food and limit the total amount of alcohol on 
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any single occasion.192 The National Institute of Alcohol Abuse and Alcoholism 

(NIAAA) shows drinking guidelines for older people recommending that people aged 

65 or older who are healthy and do not take medications should not have more than 

3 drinks on a given day and 7 drinks in a week and that older people with a health 

problem or taking certain medications should drink less or should not drink at all.258 

 

A number of observational cohort studies have examined the association between 

alcohol consumption and health outcomes including all-cause mortality, and many of 

these have shown U- or J-shaped relationships in which light-to-moderate drinkers 

have the lowest risk compared with non-drinkers and heavy drinkers.259, 260 This 

protective effect has been long debated and is still controversial.261 Although the 

mechanisms underlying this potential beneficial effect of light-to-moderate alcohol 

consumption are not clear and lack underpinning robust scientific evidence, it has 

been speculated that light-to-moderate alcohol intake may improve insulin sensitivity, 

increase high-density lipoprotein cholesterol, decrease inflammation and increase 

adiponectin.262 Some recent studies attributed the lower mortality in light-to-

moderate drinkers to various biases. Such biases include (1) misclassification as 

abstainers of former drinkers who reduce alcohol consumption when they were ill, 

known as the ‘sick quitters’ effect, (2) inappropriate selection of reference group, and 

(3) poor study designs or inadequate adjustment for important confounders.263-265 

Some argued that low-to-moderate drinkers appear to have health benefits because 

they are compared with non-drinkers, who can include ‘sick quitters’ and are more 

likely to have worse socio-demographic and health related factors than drinkers.259, 

264, 265  

 

Controlling for these factors attenuates or eliminates the apparent protective effect of 

alcohol.263-265 However, it is difficult to determine causal inferences using 

conventional statistical methods. A recent Mendelian randomisation analysis using 

261,991 European individuals concluded that increased alcohol consumption is 

associated with increased risk for coronary heart disease among drinkers of any 

alcohol quantity, including light-to-moderate drinkers.266 This suggests that there are 

no such protective effects for coronary heart disease. 
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Alcohol consumption may potentially contribute to the development of frailty by 

accumulating health deficits due to alcohol-related medical conditions. Conversely, 

alcohol may exert protective effects as described above to prevent developing frailty. 

Habitual alcohol consumption is one of the most common modifiable lifestyle factors, 

even in older populations.267 Therefore it is beneficial to know the relationships 

between alcohol consumption and frailty as alcohol may be a modifiable risk factor 

for frailty and an important target in preventative frailty interventions. 

 

There has been little research on prospective associations between alcohol use and 

frailty. The earlier systematic review135 mentioned in the smoking chapter found only 

one prospective study233 on this topic based on their search for publications between 

2001 and 2013. In this study233 that examined incident frailty defined by the CHS 

criteria according to self-reported alcohol consumption among 28 thousand women 

from the Women’s Health Initiative Observational Study, women who consumed <1 

drink (14g of pure alcohol)/week and 1-14 drinks (14-196g)/week were significantly 

less likely to develop frailty over three years (OR=0.87, 95%CI=0.77-0.79, OR=0.69, 

95%CI=0.61-0.77, respectively) compared with non-drinkers. My thesis therefore 

aimed to address this gap in knowledge by conducting a more extensive systematic 

review with meta-analysis and analyzing the nationally representative cohort of older 

people in England for prospective associations between alcohol consumption and 

incident frailty. 

 

In this chapter, a systematic review was performed of currently available evidence on 

the associations of alcohol consumption with subsequent frailty risk, and effect 

measures obtained from the original studies included in the systematic review were 

pooled in a meta-analysis. A prospective analysis using the ELSA data was 

conducted to investigate how alcohol consumption was related to the development of 

frailty. The findings of both the systematic review255 and ELSA analysis254 have been 

published and are reproduced in 8 Appendices. 
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4.2 Systematic Review and Meta-Analysis 

4.2.1 Objectives 

The objective of this section of the chapter is to conduct a systematic review of the 

literature for prospective associations between alcohol consumption and subsequent 

changes in frailty status, and to perform a meta-analysis to synthesise pooled 

estimates among the community-dwelling older population. 

 

The ‘PICO’ for the systematic review is as follows: 

Population: community-dwelling older people 

Intervention/exposure: any alcohol consumption 

Comparison: no or low alcohol consumption 

Outcome: Frailty status changes 

 

4.2.2 Methods 

4.2.2.1 Data source and search strategy 

This systematic review was conducted according to a protocol developed with 

adherence to PRISMA statement234 (Appendix 1b). Five electronic databases 

(Embase, Scopus, MEDLINE, CINAHL Plus and PsycINFO) were searched for 

studies published between 2000 and July 2016. Validated definitions of frailty were 

not generally used prior to 2000, and the two most widely accepted definitions and 

measurements for frailty, the CHS criteria16 and the FI10 were first published in 2001. 

The search was performed with an explosion function when available and without 

language restriction, using a combination of MeSH terms and text keywords as 

follows: (“Alcohols (MeSH)” OR “Alcohol drinking (MeSH)” OR “Drinking behavior 

(MeSH)” OR “Alcohol consumption (MeSH)” OR “Alcohol drinking patterns (MeSH)” 

OR “Ethanol (MeSH)” OR “alcohol*” OR “drink*” OR “ethanol”) AND (“frailty 

syndrome (MeSH)” OR “frail*”). A full search results using Medline is summarised in 

Appendix 4a. Reference lists of the relevant articles were also hand searched for 

additional studies. Forward citation search of the included studies was performed 

using Google scholar in December 2016. Authors of potentially eligible studies were 
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contacted for additional data necessary for a meta-analysis. The protocol was 

registered with PROSPERO (Registration number: CRD42016045445). 

 

4.2.2.2 Study selection and data extraction 

Any prospective studies were considered potentially eligible if they examined 

baseline alcohol use, including both quantity or frequency, and subsequent changes 

in frailty status among general population in the community. Randomised controlled 

trials, reviews, conference abstracts, editorials and comments were not considered. 

When the same cohort was used by two or more studies, the study with the largest 

size was included. Titles, abstracts and full-texts of the studies identified by the 

systematic literature search were independently screened for eligibility by myself and 

the second reviewer (Dr Ann Liljas). Any disagreement was solved by discussion. 

The data extracted from each eligible study were; first author, study cohort name if 

any, publication year, location, sample size, proportion of women, age (mean and 

range), alcohol measure, frailty criteria, follow-up period and findings, which included 

effect measures and covariates for adjustment. 

 

4.2.2.3 Methodological quality assessment 

Methodological quality of the eligible studies were examined using the Newcastle-

Ottawa Scale for cohort studies,235 as in the previous chapter. Please see Chapter 

3.2.2.3 Methodological Quality Assessment for detail. 

 

4.2.2.4 Data analysis 

When two or more studies provided the same or equivalent effect measures, such as 

ORs or hazard ratios, alcohol variables and frailty outcomes, it was attempted to 

combine the effect measures to calculate pooled risk estimates. Necessary data 

were enquired for by contacting authors of the original studies. The presence and 

degree of heterogeneity across the studies were examined using the chi-square test 

and I2 statistic, respectively. The I2 values of 25%, 50% and 75% were considered as 

low, moderate and high heterogeneity, respectively.268 A random-effects model if 

heterogeneity was present, or a fixed-effects model if heterogeneity was absent, 

were used to calculate pooled risk estimates using the generic inverse variance 
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method. Publication bias was examined using Begg-Mazumdar’s269 and Egger’s270 

tests. All meta-analyses were conducted using Review Manager 5 (version 5.2, The 

Cochrane Collaboration, Copenhagen, Denmark). p<0.05 was considered as 

statistically significant. 

 

4.2.3 Results 

4.2.3.1 Selection processes 

Figure 4.1 is a PRISMA flowchart showing study selection with the number of 

studies at each stage. The systematic search of the five databases yielded 926 

studies. Of these studies, 473 duplicates were excluded and 444 studies were 

excluded by title and abstract screening, leaving nine studies for full-text review. Five 

of the nine studies were further excluded because they did not use measured alcohol 

consumption (n=2), or used a non-validated frailty definition (n=1), or used the same 

cohort with a smaller number of participants (n=1) or was cross-sectional (n=1). Four 

studies233, 237, 271, 272 remained and were included in this review. 
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Figure 4. 1. PRISMA Flowchart (Alcohol and frailty) 

 

 

4.2.3.2 Study characteristics 

All four studies were considered to have adequate methodological quality based on 

the Newcastle-Ottawa Quality Assessment Scale. The scores ranged from 5 to 8, 

with a mean of 6.5. (Table 4.1) Table 4.2 presents the characteristics and findings of 

interest of the four studies included in this systematic review. Three studies237, 271, 272 

were published recently (2014-16) and one study233 was published in 2005. One 
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study was from the US233 and three studies237, 271, 272 were from European countries. 

The study size ranged from 840272 to 28,003.233 One study233 included only female 

participants from the Women’s Health Initiative Observational Study and the other 

three studies237, 271, 272 used mixed cohorts with a female proportion of 52.2-57.3%. 

Age ranges of the participants were >55 years,237 >60 years,271 65-70 years272 and 

65-79 years.233 Follow-up periods ranged from 2237 to 3.3 years.271 All four studies233, 

237, 271, 272 used modified versions of the CHS criteria16 to define frailty. One study271 

provided adjusted OR of frailty for alcohol quantity, and three studies233, 237, 272 

provided sufficient data, in the text or from the authors on request, to calculate crude 

OR of frailty for alcohol quantity233, 272 or frequency.237  

 

Table 4. 1. Methodological quality assessment using the Newcastle-Ottawa 

Quality Assessment Scale for cohort studies. 

The Newcastle-Ottawa Quality Assessment Scale for cohort studies 

 Selection Comparability Outcome  

 1 2 3 4 1a 1b 1 2 3 total 

Ortola 2016 1 1 0 1 1 1 1 1 1 8/9 

Etman 2014 1 1 0 n/a 1 1 1 1 0 6/8 

Seematter-Bagnoud 

2014 
1 1 0 1 1 1 1 1 0 7/9 

Woods 2005 1 1 0 1 0 0 1 1 0 5/9 

Appendix 3 for detail.  

 

4.2.3.3 Study findings 

Ortola 2016 

Ortola and colleagues used data of 2,086 Spanish community-dwelling men and 

women aged 60 and older to examine incident frailty risk according to alcohol 

consumption.271 Compared with non-drinkers, heavy drinkers (defined as consuming 

alcohol >40g/day for men and >24g/day for women) had a significantly lower risk of 

developing frailty over 3.3 years (adjusted OR=0.24, 95%CI=0.10-0.56. See Table 

4.2 for covariates for adjustment).271 Odds of frailty for moderate drinkers (defined as 

consuming alcohol <40g/day for men and <24g/day for women) and past drinkers 
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compared with non-drinkers were non-significant (OR=0.90, 95%CI=0.65-1.25; 

OR=1.04, 95%CI=0.64-1.68, respectively).271 

 

Etman 2014 

A large multinational study from 11 European countries including nationally 

representative samples aged 55 and older classified participants as frail, pre-frail and 

non-frail according to modified CHS criteria and examined the risk of worsening in 

frailty status (from non-frail to pre-frail or frail, or from pre-frail to frail) over two 

years.237 Compared with hardly ever/never alcohol consumption, consuming alcohol 

for 1-2 days, 3-4 days and 5-7 days per week was associated with 12-21% 

decreased risk of worsening frailty status (adjusted OR=0.84, 95%CI=0.73-0.96; 

adjusted OR=0.88, 95%CI=0.73-1.06; and adjusted OR=0.79, 95%CI=0.71-0.88, 

respectively. See Table 4.2 for covariates for adjustment) although drinking for 3-4 

days per week did not reach statistical significance.237 

 

Woods 2005 

The Women’s Health Initiative Observational Study from the US followed 28,003 

women aged 65-79 free of frailty at baseline for three years for incident frailty using a 

nominal multinomial logistic regression models.233 Compared with non-drinkers, 

decreased risk was observed in women who consumed less than 1 drink per week 

(unadjusted OR=0.87, 95%CI=0.77-0.97) and 1-14 drinks per week (unadjusted 

OR=0.69, 95%CI=0.61-0.77) while the risk of incident frailty was not significantly 

different in women who consumed more than 14 drinks per week (unadjusted 

OR=0.93, 95%CI=0.74-1.16).233 

 

Seematter-Bagnoud 2014 

In a prospective study from Switzerland, 840 robust community-dwelling older people 

in a narrow age range of 65-70 years without any of the five Fried’s phenotype 

components at baseline were observed three years later for new development of any 

of the five components.272 Non-drinkers were found to have twice the risk of 

developing any of the five components (adjusted OR=2.00, 95%CI=1.02-3.91, 

p=0.04) and heavy drinkers, defined as consuming >20 drinks for men and >12 

drinks for women per week, had non-significant risk (adjusted OR=0.73, 

95%CI=0.34-1.58, p=0.43), compared with light-to-moderate drinkers, defined as 
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consuming up to 14 drinks for men and 7 drink for women per week, controlling for 

potential confounders, including age, gender, education, smoking, self-rated health, 

comorbidity, cognitive impairment, functional status, previous alcohol-related 

problem and significant changes in alcohol during the follow-up.272 
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Table 4. 2. Summary of included studies on alcohol consumption associated with subsequent frailty status change among 

community-dwelling older people. 

Author, Year 

Location 

N* 

Female 

(%)* 
Age** 

Follow-up 

period 
Findings (unadjusted) Findings (adjusted) 

Ortola 2016 

Spain 

2,086 

52.2%† 68.5† 3.3 years 

Unadjusted logistic regression models for incident frailty 

(nondrinkers as reference) 

 

 

 

 

 

OR=1.10, 95%CI=0.72-1.68 for ex-drinker 

OR=0.65, 95%CI=0.50-0.85 for <40g (men) or <24g 

(women) of alcohol/day 

OR=0.19, 95%CI=0.09-0.42 for >40g (men) or >24g 

(women) of alcohol/day 

Logistic regression models for incident frailty adjusted for 

age, gender, education, smoking, time watching TV, leisure-

time physical activity, household physical activity, 

Trichopoulou index, BMI, cardiovascular disease, diabetes, 

respiratory disease, musculoskeletal disease, depression, 

IADL, SF-12 physical and mental component summary 

scores (nondrinker as reference) 

adjOR=1.04, 95%CI=0.64-1.68 for ex-drinker 

adjOR=0.90, 95%CI=0.65-1.25 for <40g (men) or <24g 

(women) of alcohol/day 

adjOR=0.24, 95%CI=0.10-0.56 for >40g (men) or >24g 

(women) of alcohol/day 
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Author, Year 

Location 

N* 

Female 

(%)* 
Age** 

Follow-up 

period 
Findings (unadjusted) Findings (adjusted) 

Etman 2014 

11 European 

countries‡ 

14,082 

 

54.3% >55 2 years 

Not reported Logistic regression models for worsening frailty compared 

with no change in frailty status adjusted for age, gender, 

education, baseline frailty and country (hardly ever/never 

drinker as reference) 

adjOR=0.84, 95%CI=0.73-0.96 for drinking for 1-2 days/week  

adjOR=0.88, 95%CI=0.73-1.06 for drinking for 3-4 days/week  

adjOR=0.79, 95%CI=0.71-0.88 for drinking for >5 days/week 

Unadjusted logistic regression models for incident frailty 

(calculated, no drinker as reference, N=12,905) 

OR=0.45, 95%CI=0.37-0.55 for drinking for 1-2 days/week  

OR=0.35, 95%CI=0.25-0.49 for drinking for 3-4 days/week  

OR=0.63, 95%CI=0.54-0.75 for drinking for >5 days/week 

Seematter-

Bagnoud 2014 

Switzerland 

840 

57.3% 65-70 3 years 

Unadjusted logistic regression models for incident frailty 

(calculated, no drinker as reference) 

OR=0.72, 95%CI=0.15-3.37 for 1-14 drinks (men) or 1-7 

drinks (women)/week 

OR=0.33, 95%CI=0.05-2.35 for >14 drinks (men) or >7 

drinks (women)/week 

Not reported 
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Author, Year 

Location 

N* 

Female 

(%)* 
Age** 

Follow-up 

period 
Findings (unadjusted) Findings (adjusted) 

Woods 2005 

USA 

28,003 

100.0% 65-79 3 years 

Unadjusted multinomial logistic regression models (no 

drinker as reference) 

OR=0.87, 95%CI=0.77-0.97 for <1 drink/week 

OR=0.69, 95%CI=0.61-0.77 for 1-14 drinks/week 

OR=0.93, 95%CI=0.74-1.16 for >14 drinks/week 

Unadjusted logistic regression models for incident frailty 

(calculated, no drinker as reference) 

OR=0.80, 95%CI=0.74-0.78 for <1 drink/week 

OR=0.54, 95%CI=0.49-0.58 for 1-14 drinks/week 

OR=0.69, 95%CI=0.58-0.81 for >14 drinks/week 

Not reported 

All studies used modified frailty phenotype criteria. 

* Cohort used for analysis of interest, or entire cohort. 

** Mean age, age range, or age for inclusion. 

95%CI: 95% confidence interval, adjOR: Adjusted odds ratio. 

† Calculated from available data 

‡ Sweden, Denmark, Germany, the Netherlands, Belgium, Switzerland, Austria, France, Italy, Spain and Greece 
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4.2.3.4 Alcohol consumption and incident frailty risk 

Three studies233, 271, 272 measured quantity of alcohol consumption and one study237 

used a frequency measurement according to the number of days they were 

consuming alcohol drinks. Adjusted and unadjusted OR of frailty for the highest or 

the most frequent alcohol use categories compared with no drinking were used for a 

meta-analysis. ORs of the three studies with quantity of alcohol measurements233, 271, 

272 were pooled using a fixed-effects model due to the absence of high heterogeneity 

(I2=67%, p=0.05), and showed a 34% reduced odds of frailty for the highest alcohol 

use (3 studies: pooled OR=0.66, 95%CI=0.56-0.78, p<0.001). Adding the other study 

using frequency of alcohol use did not change the result significantly (4 studies: 

pooled OR=0.63, 95%CI=0.53-0.74, p<0.001). (Figure 4.2) Begg-Mazumdar’s and 

Egger’s tests were able to assess publication bias only for the latter study group 

including four studies, which showed no evidence of publication bias (p value>0.10 

for both tests), but not for the former group including three studies due to the small 

number of the included studies. 

 

Figure 4. 2. Forest plots of odds ratio of incident frailty risk according highest 

alcohol use (quantity and frequency) compared with no alcohol use. 

 

Permission for this figure obtained from Oxford Academic. 
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I conducted a further dose-response meta-analysis273 using ORs of frailty according 

to quantitative alcohol consumption provided by the three studies,233, 237, 272 which 

showed a significant non-linear association. Figure 4.3 presents the U-shaped curve 

showing that the frailty risk decreased until around 15 g/day of alcohol consumption 

(corresponding to approximately 13 UK units/week) and increased thereafter. 

 

Figure 4. 3. Dose-response linear and non-linear relationships between alcohol 

consumption and incident frailty risk. CI: confidence interval. (The same figure 

used in a paper, Non-linear association between alcohol and incident frailty 

among community-dwelling older people: A dose-response meta-analysis. 

Kojima G, Iliffe S, Liljas A, Walters K. Biosci Trends 2017 (Open access)) 

 

 

Another very recent study involving older business executives in Finland examined 

3-year incident frailty defined by the frailty phenotype according to alcohol 

consumption groups and showed that non-drinkers had a non-significant 41% higher 

odds of frailty (OR=1.41, 95%CI=0.62-3.21) compared with those drinking 1-98g of 

alcohol/week (>0-7 UK units/week, as in this thesis), which supports the findings of 

this thesis. 
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4.2.4 Discussion 

This systematic review identified four prospective cohort studies examining 

associations between alcohol consumption according to quantity and frequency and 

subsequent frailty risk. The findings of the included studies were mixed, showing 

high alcohol consumption was significantly associated with decreased risk of incident 

frailty compared with abstinence in two studies, however this association was not 

found in the remaining study. None of the included studies showed alcohol 

consumption significantly increased risk of incident frailty, compared with abstinence. 

The pooled estimates suggested that the highest alcohol use was associated with 

lower risk of incident frailty compared with no alcohol use. All included studies used 

non-drinkers as their reference group. 

 

The significantly lower risk of incident frailty among drinkers in the highest alcohol 

use categories compared with non-drinkers could be due to possible protective 

effects of alcohol against frailty. However it is more likely to be due to the ‘sick 

quitters’ effect, which artificially generated lower frailty risks among drinkers by using 

non-drinkers as a reference group, who might have quit drinking because of ill 

health.274, 275 Another possibility is healthy survivors effect, where those with high 

alcohol consumption injuries to their health had died early and those who drinking 

healthily (or in some other way protected from the effects of high alcohol 

consumption) survived. More in-depth interpretations of the findings will follow in the 

Discussion chapter. 

 

 

Possible U- or J-shaped associations were observed in two studies.233, 237 One study 

created four groups based on the number of drinks per week, and moderate drinkers 

(1-14 drinks/week) had a lower risk of frailty than non-drinkers, light drinkers (<1 

drink/week) or heavy drinkers (>14 drinks/week).233 Another study used the number 

of drinking days per week to create four groups (hardly ever/never, 1-2 days/week, 

3-4 days/week and 5-7days/week) and showed that those drinking 1-2 days a week 

had the lowest risk of worsening frailty and those drinking 3-4 days a week had the 

lowest risk of incident frailty.237 
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In my current review studies measuring alcohol consumption in quantity or frequency 

were included and examined, however the nature or patterns of alcohol consumption 

may also affect subsequent frailty status.276 One of the included studies examined 

two drinking patterns: a Mediterranean drinking pattern defined as moderate alcohol 

intake with >80% wine, and a pattern of drinking alcohol only with meals, and 

showed both patterns were significantly associated with lower incident risk of frailty 

adjusting for multiple confounders (OR=0.68, 95%CI=0.47-0.99; OR=0.53, 

95%CI=0.31-0.92, respectively).271 A further study not included in my review has 

examined trajectories of frailty status over eight years using the Frailty Index in 

12270 older people.243 While this study did not measure alcohol quantity or 

frequency, it showed that those reporting concerns about alcohol use themselves or 

reported by relatives/friends were more likely to have worse frailty status at baseline 

and to belong to the worse frailty trajectory pattern.243 In this context, alcohol use 

may potentially increase risks of frailty. 

 

Although alcohol consumption may have some theoretical benefits against frailty, in 

general, the evidence is limited and with some methodological concerns. First, non-

drinkers were used as a reference group by all included studies, which may be 

problematic due to the ‘sick quitters’ effect.274, 275 Second, the pooled estimate was 

based on the mostly unadjusted risk estimates and there were likely to be important 

confounders, such as age, gender, education, socioeconomic status, smoking, 

depressive symptoms and cognitive function. Third, alcohol quantity cut-points used 

by the included studies for defining the highest alcohol consumption groups were 

>280g/week (men) and >168g/week (women),271 and >196g (=14 drinks)/week.233, 

272 Therefore extreme drinkers or binge drinkers, who may be at high risk of incident 

frailty, were not well delineated, leading to the apparently protective effect of alcohol 

against frailty. The other limitations include that a relatively small number of studies 

(four) were found by the systematic review, probably because the association 

between alcohol consumption and frailty has not yet been extensively studied. In 

addition, due to different cut-points or types of alcohol measurements employed by 

the studies, it was not possible to examine using a simple meta-analysis if there 

were U- or J-shaped associations between alcohol use and frailty, as those found 

between alcohol use and mortality. 
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Although alcohol consumption may have some theoretical benefits against frailty, the 

evidence is limited and with some methodological concerns. There is no clear 

evidence to support therapeutic use of alcohol for non-drinkers and it cannot be 

advocated that non-drinkers should start drinking, especially given the potential 

harms from alcohol. The decreased risk of incident frailty with heavier consumption 

suggested in the meta-analysis of the current review may not be a true finding, for 

methodological reasons mentioned above. A well-designed study that addresses 

these methodological concerns is therefore needed. 

 

4.3 Alcohol Consumption and Incident Frailty (ELSA) 

The systematic review demonstrated that few studies had been conducted which 

had methodological limitations and no studies were identified conducted in a UK 

setting. 

 

4.3.1 Objective 

The objective of the second section of this chapter is therefore to examine the 

association of alcohol consumption with the risk of incident frailty in community-

dwelling older people, controlling for important confounders and addressing 

methodological limitations of an appropriate comparator group. 

 

4.3.2 Study Population 

The ELSA population is described in detail in Chapter 2.1 English Longitudinal 

Study of Ageing (ELSA). The population used for the alcohol and incident frailty 

analyses in this chapter was the participants who were aged 60 years or older at 

wave 2 (baseline) and with information on frailty status at waves 2 and 4 and alcohol 

consumption at waves 0 or 2. 

 

A total of 8,781 core members had an interview at wave 2, among which 2,598 were 

younger than 60 years old and were excluded. Among 6,183 participants aged 60 or 
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older, 1,688 who did not have valid data for frailty at wave 2 and 575 who were frail 

at wave 2 were excluded.  

 

Between waves 2 and 4, a total of 1,376 dropped out: n=139 for death, n=58 being 

ill, n=640 for refusal, n=79 for being unable to contact, N=198 for no available data 

for frailty at wave 4 and other reasons (n=262), leaving the final analytic sample of 

2,544 participants. (Figure 4.4) 
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Figure 4. 4. ELSA final analytic population for alcohol analyses. 
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4.3.3 Predictor Variable - Alcohol 

Predictor variable of the main analysis was quantity of alcohol consumption per week 

in UK units. Quantity of alcohol consumption on the heaviest drinking day of the last 

week and frequency of alcohol consumption were also used in supplementary 

analysis. Please see Chapter 2.5 Definition of Alcohol Consumption for detail. 

 

4.3.4 Outcome Variable - Incident Frailty 

Outcome variable in the main analysis was incident frailty, which was defined as new 

development of frailty (the frailty phenotype score >3) in those who were pre-frail or 

robust (the frailty phenotype score 0-2) at baseline. Frailty was defined by the frailty 

phenotype including the five characteristics of weight loss or ‘shrinking’, exhaustion, 

weakness, slow walking speed and low physical activity.16 Please see Chapter 2.3 

Definition of Frailty for detail. 

 

4.3.5 Covariates 

In this chapter, baseline covariates for adjustment in the main analyses were age, 

gender, smoking, education and wealth. These variables influence both alcohol 

consumption and frailty and are therefore chosen as covariates for adjustment, a 

priori based on evidence from the literature11, 135, 193 and discussion with my 

supervisors. In addition, cognitive function, depressed mood, self-reported general 

health and comorbidities were also considered as potential confounders. However, 

these four factors were considered to be potentially in the causal pathway from 

alcohol consumption to development of frailty and thus were not used in the main 

analysis because alcohol can cause cognitive impairment, depressed mood, 

comorbidity, and poor health status267 which in turn can cause frailty.138 In 

supplementary analyses, baseline self-reported general health and a comorbidity 

index were additionally added in the fully adjusted model in order to explore ‘sick 

quitters’ effect, where non-drinkers may be those who had quit drinking due to health 

reasons, such as ill-health due to multi-comorbidity. Please see Chapter 2.6 

Definitions of Covariates for detail of how each covariate was measured. 
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4.3.6 Statistical Analyses 

4.3.6.1 Main analyses 

As in the smoking chapter the participants who were included in the alcohol analyses 

and the participants who were excluded due to loss to follow-up and missing data 

were compared for frailty status, alcohol-related variables, age, gender, smoking, 

wealth, education and self-reported general health using a chi-square test and for 

comorbidity index using a t-test. 

 

Baseline characteristics were compared across five groups based on quantity of 

alcohol consumption per week as described in Chapter 2.5.1. Quantity of Alcohol 

Consumption Per Week.  

 

Multivariable logistic regression models were used to examine risks of incident frailty 

for the alcohol consumption groups. Although a non-drinker group has been used as 

a reference group in many studies in the past, this group is known to have a worse 

health profile than drinkers and may not be or have quit drinking due to ill health, 

known as the ‘sick quitters’ effect’.274, 275 Therefore, in order to avoid this problem, 

low drinkers (>0, <=7 units) were used as a reference. Please see Chapter 2.8.1 

Main Analysis for detail. 

 

4.3.6.2 Supplementary analysis 

I conducted a series of supplementary analyses to explore how comorbidity and self-

reported general health mediated associations between alcohol consumption and 

incident frailty, and if quantity of alcohol consumption on the heaviest drinking day 

and frequency of alcohol consumption were associated with incident frailty risks. I 

also explored possible non-linear associations between alcohol consumption and 

incident frailty using restricted cubic spline. 

 

4.3.6.2.1 Comorbidity index and self-reported general health 
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Non-drinkers have been shown to have worse health profile than drinkers, which 

may be due to ‘sick quitters’ effects.274, 275 I explored the possibility of confounding 

resulting from a worse baseline health profile of non-drinkers than drinkers by adding 

the comorbidity index and self-reported general health separately to the final 

multivariable logistic regression model because comorbidity index and self-reported 

general health can be a good marker of overall health status. 

 

4.3.6.2.2 Quantity of alcohol consumption on the heaviest drinking day 

Instead of quantity of alcohol consumption per week, quantity of alcohol consumption 

on the heaviest day was used as a predictor of incident frailty. The multivariable 

logistic regression models were the same as the main analysis. Among 2544 

participants in the main analysis, 246 (9.7%) had missing data for the alcohol 

consumption on the heaviest drinking day, leaving 2298 participants for this 

supplementary analysis. For the same reason in Chapter 4.3.6.1 Main analyses, 

those who drank >0, <3 units/day were used as a reference group. Please see 

Chapter 2.5.2 Quantity of Alcohol Consumption on the Heaviest Drinking Day 

of the Last Week for detail. 

 

4.3.6.2.3 Frequency of alcohol consumption 

Frequency of alcohol consumption was used as a predictor variable to predict risk of 

incident frailty in the same multivariable logistic regression models as the main 

analysis. Among 2544 participants used in the main analysis, 162 (6.4%) had 

missing data for the frequency of alcohol consumption and were removed, leaving 

2382 for this supplementary analysis. Those who drank alcohol ‘once a year to once 

every couple of months’ (one category above a group drinking ‘none’) were used as 

a reference. Please see Chapter 2.5.3 Frequency of Alcohol Consumption for 

detail. 

 

4.3.6.2.4 Multiple imputation by chained equations 

Please see Chapter 2.8 ELSA Statistical Analysis for detail. 
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4.3.6.2.5 Restricted cubic spline 

In order to explore the potential of non-linear associations between alcohol 

consumption and incident frailty, fully multivariable logistic regression models with 

restricted cubic spline function with 5 knots were conducted for quantity of alcohol 

consumption per week and incident frailty. The locations of the knots were 

determined by 5%, 27.5%, 50%, 72.5% and 95% percentiles of the cohort, 

recommended by Harrell.277 Given non-drinkers (n=219) were found to have different 

socio-demographic and health-related characteristics from drinkers, only drinkers 

(n=2,325) were included in this analysis. 

 

4.3.7 Results 

4.3.7.1 Main analyses 

There were 3,920 non-frail participants who were 60 years old or over at wave 2 and 

had data on frailty and alcohol quantity per week, among which 2,544 participants 

with data on frailty status at wave 4 were included as an analytical sample, and 

1,376 were excluded for reasons described in Chapter 4.3.2 Study Population and 

Figure 4.3. 

 

There were significant differences between those who were excluded and included. 

Those who were excluded were significantly frailer, older, likely to be current 

smokers and more likely to have lower wealth, education and self-reported general 

health and higher comorbidity index. This may generate a bias and cause the 

findings towards no effects of alcohol on incident frailty risk. No statistically 

significant differences were observed in gender and alcohol consumption. (Table 

4.3) 
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Table 4. 3. Comparisons between those included in the analyses (n=2,544) and 

those excluded due to missing data (n=1,376). 

Variables at wave 2* 
Included 

n=2,454 

Excluded 

n=1,376 
P value 

Frailty status    

  Robust 1,431 (56.3%) 624 (45.4%) <0.001 

  Pre-frail 1,113 (43.8%) 752 (54.7%)  

Alcohol (wave 0)    

  non-drinkers 219 (8.6%) 131 (9.5%) 0.61 

  >0, <=7 units/week 1,225 (48.2%) 673 (48.9%)  

  >7, <=14 units/week 467 (18.4%) 258 (18.8%)  

  >14, <=21 units/week 268 (10.5%) 129 (9.4%)  

  >21 units/week 365 (14.4%) 185 (13.4%)  

Age group    

  60-64 611 (24.0%) 264 (19.2%) <0.001 

  65-69 826 (32.5%) 377 (27.4%)  

  70-74 543 (21.3%) 284 (20.6%)  

  75-79 354 (13.9%) 229 (16.6%)  

  80+ 210 (8.3%) 222 (16.1%)  

Gender    

  Male 1,150 (45.2%) 640 (46.5%) 0.43 

  Female 1,394 (54.8%) 736 (53.5%)  

smoking status    

  Never/past 2,281 (89.7%) 1,188 (86.3%) 0.001 

  Current 261 (10.3%) 188 (13.7%)  

Wealth quintile    

  Richest 662 (26.3%) 251 (18.4%) <0.001 

  2nd 570 (22.7%) 309 (22.6%)  

  3rd 523 (20.8%) 301 (22.0%)  

  4th 446 (17.8%) 260 (19.0%)  

  Poorest 312 (12.4%) 245 (17.9%)  

Education    

  Higher education 322 (12.7%) 115 (8.4%) <0.001 

  Intermediate 1314 (51.7%) 623 (45.3%)  

  No qualification 908 (35.7%) 637 (46.3%)  
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Variables at wave 2* 
Included 

n=2,454 

Excluded 

n=1,376 
P value 

Comorbidity index 1.6 (1.3) 1.8 (1.4) <0.001 

Self-reported general 

health 
   

  Excellent 366 (14.4%) 148 (10.8%) <0.001 

  Very good 838 (33.0%) 346 (25.2%)  

  Good 873 (34.3%) 507 (36.9%)  

  Fair 394 (15.5%) 306 (22.2%)  

  Poor 72 (2.8%) 69 (5.0%)  

*t-test and chi-square test were used for continuous and categorical variables, 

respectively. Percentages may not sum up to 100% due to rounding. Mean + 

standard deviation or n (%). 

 

The distribution of alcohol consumption per week was skewed to the right with the 

maximum value of 140 units (Figure 4.5), with 219 non-drinkers. The mean and 

median were 9.5 and 4.9 units of alcohol consumed per week (standard 

deviation=12.6, interquartile range=13.3).   
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Figure 4. 5. Distribution of alcohol consumption per week in UK units. 

 

 

 

The baseline characteristics of 2,544 participants are shown in Table 4.4, compared 

across the alcohol consumption groups. The number of non-drinkers, low drinkers, 

moderate drinkers, high drinkers and very high drinkers were 219 (8.6%), 1,225 

(66.5%), 467 (16.4%), 268 (5.4%) and 365 (2.2%), respectively. Two-thirds of the 

cohort consumed 7 units of alcohol or less per week (n=1,225, 66.5%). 

Approximately a quarter (633, 24.9%) consumed more than 14 units of alcohol per 

week, the threshold for low-risk drinking recommended in the recently published 

guidelines of the UK Chief Medical Officer.192 At baseline non-drinkers were more 

likely to be pre-frail rather than robust, older, women, current smokers, with no 

educational qualification, in the lowest wealth quintile and to have a higher 

comorbidity index. 

 

  



129 
 

Table 4. 4. Baseline characteristics of ELSA participants in alcohol 

consumption and incident frailty analysis. (N=2,544) 

Variable* Entire sample  Non-drinker 
>0 - 7 units/week 

(low drinkers) 

>7 - 14 units/week 

(moderate drinkers) 

>14 - 21 units/week 

(high drinkers) 

>21 units/week 

(very high drinkers) 

Number of 

participants (%) 
2,544 219 (8.6%) 1,225 (66.5%) 467 (16.4%) 268 (5.4%) 365 (2.2%) 

Incident frailty, n 

(%) 
271 (10.7%) 43 (19.6%) 140 (11.4%) 41 (8.8%) 26 (9.7%) 21 (5.8%) 

Frailty status       

  Robust 1,431 (56.3%) 101 (7.1%) 686 (47.9%) 261 (18.2%) 161 (11.3%) 222 (15.5%) 

  Pre-frail 1,113 (43.8%) 118 (10.6%) 539 (48.4%) 206 (18.5%) 107 (9.6%) 143 (12.9%) 

Age group       

  60-64 611 (24.0%) 40 (6.6%) 270 (44.2%) 133 (21.8%) 52 (8.5%) 116 (19.0%) 

  65-69 826 (32.5%) 69 (8.4%) 406 (49.2%) 132 (16.0%) 99 (12.0%) 120 (14.5%) 

  70-74 543 (21.3%) 54 (9.9%) 266 (49.0%) 94 (17.3%) 60 (11.1%) 69 (12.7%) 

  75-79 354 (13.9%) 34 (9.6%) 179 (50.6%) 66 (18.6%) 37 (10.5%) 38 (10.7%) 

  80+ 210 (8.3%) 22 (10.5%) 104 (49.5%) 42 (20.0%) 20 (9.5%) 22 (10.5%) 

Gender       

  Male 1,150 (45.2%) 73 (6.4%) 412 (35.8%) 233 (20.3%) 155 (13.5%) 277 (24.1%) 

  Female 1,394 (54.8%) 146 (10.5%) 813 (58.3%) 234 (16.8%) 113 (8.1%) 88 (6.3%) 

BMI, median (IQR) 27.1 (24.7-30.1) 27.4 (24.3-31.5) 27.1 (24.5-30.3) 26.7 (24.5-29.5) 26.8 (25.0-29.2) 27.1 (25.1-30.0) 

Smoking       

  Non-smoker 2,281 (89.7%) 188 (8.2%) 1,110 (48.7%) 424 (18.6%) 239 (10.5%) 320 (14.0%) 

  Current smoker 261 (10.3%) 31 (11.9%) 114 (43.7%) 43 (16.5%) 28 (10.7%) 45 (17.2%) 

Wealth quintile       

  Richest 662 (26.3%) 24 (3.6%) 267 (40.3%) 146 (22.1%) 94 (14.2%) 131 (19.8%) 

  2nd 570 (22.7%) 51 (9.0%) 275 (48.3%) 107 (18.8%) 69 (12.1%) 68 (11.9%) 

  3rd 523 (20.8%) 39 (7.5%) 284 (54.3%) 90 (17.2%) 43 (8.2%) 67 (12.8%) 

  4th 446 (17.7%) 56 (12.6%) 219 (49.1%) 75 (16.8%) 37 (8.3%) 59 (13.2%) 

  Poorest 312 (12.4%) 46 (14.7%) 168 (53.9%) 41 (13.1%) 23 (7.4%) 34 (10.9%) 

Education        

  Higher education 322 (12.7%) 9 (2.8%) 113 (35.1%) 67 (20.8%) 45 (14.0%) 88 (27.3%) 

  Intermediate 1,314 (51.7%) 91 (6.9%) 617 (47.0%) 258 (19.6%) 159 (12.1%) 189 (14.4%) 

  No qualification 908 (35.7%) 119 (13.1%) 495 (54.5%) 142 (15.6%) 64 (7.1%) 88 (9.7%) 

Cognition, mean 

(SD) 
13.9 (1.3) 13.3 (3.2) 13.9 (3.2) 14.2 (3.2) 13.8 (3.3) 13.9 (3.3) 

Comorbidity index 1.6 (1.3) 1.8 (1.4) 1.6 (1.3) 1.6 (1.3) 1.5 (1.3) 1.5 (1.2) 

Self-reported 

general health 
      

  Excellent 366 (14.4%) 21 (5.7%) 159 (43.4%) 82 (22.4%) 39 (10.7%) 65 (17.8%) 

  Very good 838 (33.0%) 51 (6.1%) 436 (52.0%) 145 (17.3%) 95 (11.3%) 111 (13.3%) 

  Good 873 (34.3%) 92 (10.5%) 402 (46.1%) 156 (17.9%) 96 (11.0%) 127 (14.6%) 

  Fair 394 (15.5%) 46 (11.7%) 194 (49.2%) 74 (18.8%) 28 (7.1%) 52 (13.2%) 

  Poor 72 (2.8%) 9 (12.5%) 33 (45.8%) 10 (13.9%) 10 (13.9%) 10 (13.9%) 
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BMI: body mass index, IQR: Interquartile range, SD: standard deviation 

* Median + interquartile range, mean (standard deviation) or n (%). 

The first column reports column percentages and the rest report row percentages. 

The percentages may not sum up to 100% due to rounding. 

Table 4.5 shows the results of multivariable logistic regression models examining 

incident frailty risks according to alcohol consumption group with a low drinker group 

(>0 - 7 units/week) as the reference group. In age- and gender-adjusted model 

(Model 1) non-drinkers were significantly more likely to develop frailty compared with 

low drinkers (OR=1.88, 95%CI=1.25-2.84, p<0.01) while risks of incident frailty 

among moderate drinkers (>7 - 14 units/week), heavy drinkers (>14 - 21 units/week) 

and very heavy drinkers (>21 units/week) were not significantly different from those 

of low drinkers (ORs=0.62-0.89, all p>0.08). The elevated incident frailty risk for non-

drinkers remained significant after further adjusting for smoking, wealth and 

education in Models 2 to 4, respectively. The risks of moderate, heavy and very 

heavy drinkers did not change significantly in Models 2 to 4.  
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Table 4. 5. Multivariable logistic regression models examining associations between alcohol consumption groups and 4-

year incident frailty. (N=2,544). 

 Model 1  Model 2  Model 3  Model 4  

Variable 
Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Alcohol         

  Non-drinkers 1.88 (1.25-2.84) <0.01 1.79 (1.19-2.69) <0.01 1.76 (1.16-2.67) <0.01 1.71 (1.12-2.60) 0.01 

  >0 – 7 units/week ref  ref  ref  ref  

  >7 – 14 units/week 0.89 (0.60-1.33) 0.57 0.88 (0.59-1.33) 0.55 0.97 (0.63-1.49) 0.89 0.97 (0.64-1.49) 0.90 

  >14 – 21 units/week 0.83 (0.50-1.39) 0.48 0.81 (0.49-1.36) 0.43 0.95 (0.57-1.60) 0.85 1.01 (0.60-1.70) 0.98 

  >21 units/week 0.62 (0.36-1.06) 0.08 0.59 (0.34-1.03) 0.07 0.62 (0.36-1.10) 0.10 0.64 (0.37-1.13) 0.12 

Age group         

  60-64 ref  ref  ref  ref  

  65-69 1.16 (0.67-2.02) 0.60 1.21 (0.70-2.12) 0.49 1.23 (0.70-2.15) 0.47 1.16 (0.66-2.03) 0.60 

  70-74 2.73 (1.64-4.56) <0.001 2.93 (1.75-4.93) <0.001 2.80 (1.65-4.74) <0.001 2.64 (1.56-4.47) <0.001 

  75-79 4.98 (2.96-8.39) <0.001 5.28 (3.11-8.96) <0.001 4.80 (2.81-8.21) <0.001 4.43 (2.59-7.58) <0.001 

  80+ 12.15 (7.12-20.71) <0.001 13.47 (7.81-23.25) <0.001 12.05 (6.88-21.11) <0.001 11.26 (6.43-19.70) <0.001 

Female 1.52 (1.18-2.06) <0.01 1.51 (1.11-2.05) <0.01 1.46 (1.07-2.01) 0.02 1.41 (1.03-1.94) 0.03 

Smoking         

  Non-smoker -  ref  ref  ref  

  Current smoker -  2.08 (1.35-3.20) 0.001 1.72 (1.11-2.66) 0.01 1.67 (1.08-2.56) 0.02 

Wealth quintile         

  Richest -  -  ref  ref  

  2nd -  -  1.60 (0.99-2.59) 0.05 1.51 (0.93-2.43) 0.09 

  3rd -  -  1.49 (0.91-2.44) 0.12 1.35 (0.81-2.24) 0.25 

  4th -  -  1.91 (1.18-3.10) <0.01 1.70 (1.04-2.80) 0.04 
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  Poorest -  -  3.07 (1.85-5.08) <0.001 2.54 (1.50-4.29) 0.001 

Education         

  Higher education -  -  -  ref  

  Intermediate -  -  -  0.99 (0.54-1.82) 0.99 

  No qualification -  -  -  1.60 (0.86-2.98) 0.14 

Model 1: Adjusted for age and gender. 

Model 2: Further adjusted for smoking. 

Model 3: Further adjusted for wealth. 

Model 4: Further adjusted for education. 

CI: Confidence interval 
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4.3.7.2 Supplementary analysis – comorbidity index and self-reported general health 

Non-drinkers consist of those who have never drunk (never drinkers) and those who 

have quit drinking (past drinkers) and are known to have worse health profile.265 In 

order to examine how the elevated incident frailty risk among non-drinkers changes, 

Model 4 adjusting for age, gender, smoking, wealth and education were further 

adjusted for comorbidity index and self-reported general health (Table 4.6). When 

comorbidity index was added in Model 4, OR of incident frailty risk slightly decreased 

by 2.3% but remained significant. However, in Model 4 with self-reported general 

health, ORs decreased by 13.5% and became non-significant (p value = 0.09). 

Comorbidity index and self-reported general health were significant in the models. 

No significant changes were observed in incident frailty risks of moderate, heavy and 

very heavy drinkers in any models in this supplementary analysis. 

 

Table 4. 6. Odds ratios of incident frailty for alcohol consumption and its 

changes when adding COPD, CVD, cancers, CRP and fibrinogen to Model 5.  

 
Odds Ratio 

(95%CI) 
P value Change 

Model 4 1.71 (1.12-2.60) 0.01 - 

Model 4 + comorbidity index 1.67 (1.08-2.58) 0.02 -2.3% 

Model 4 + self-reported health 1.48 (0.95-2.30) 0.09 -13.5% 

CI: Confidence interval 

 

4.3.7.3 Supplementary analysis - quantity of alcohol consumption on the heaviest 

drinking day 

The distribution of alcohol consumption on the heaviest drinking day was skewed to 

the right with the maximum value of 40 units (Figure 4.6), with 890 participants 

reporting zero. The mean and median were 2.2 and 1.0 units (standard 

deviation=3.02, interquartile range=3.0).  

 

Figure 4. 6. Distribution of alcohol consumption on the heaviest drinking day 

in UK units. 



134 
 

 

 

The same set of multivariable logistic regression models as used in the main alcohol 

analysis (Models 1 to 4) calculated ORs of incident frailty risks according to alcohol 

consumption on the heaviest drinking day (Table 4.7). The odds of frailty for non-

drinkers and those who drank >3 – 6 units on the heaviest day were significantly 

higher than that of those who drank >0 – 3 units on the heaviest day in Models 1 and 

2 (ORs=1.66-1.71) but became non-significant in Models 3 and 4 with further 

adjustment for wealth and education, respectively. There were no significant 

difference between the risks of those who drank more than 6 units on the heaviest 

day and those who drank >0 – 3 units on the heaviest day in any models.  
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Table 4. 7. Multivariable logistic regression models examining associations between alcohol consumption (quantity on the 

heaviest day) groups and 4-year incident frailty. (N=2,298). 

 Model 1  Model 2  Model 3  Model 4  

Variable 
Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Alcohol consumption 

on the heaviest day 
        

  0 units/occasion 1.71 (1.21-2.42) <0.01 1.66 (1.16-2.36) <0.01 1.41 (0.98-2.05) 0.07 1.32 (0.91-1.93) 0.15 

  >0 – 3 units/occasion ref  ref  ref  ref  

  >3 – 6 units/occasion 1.70 (1.02-2.82) 0.04 1.66 (1.00-2.77) 0.05 1.57 (0.95-2.62) 0.08 1.62 (0.97-2.70) 0.07 

  >6 units/occasion 1.22 (0.58-2.57) 0.60 1.14 (0.55-2.36) 0.73 1.07 (0.50-2.30) 0.85 1.08 (0.51-2.28) 0.84 

Age group         

  60-64 ref  ref  ref  ref  

  65-69 1.37 (0.76-2.46) 0.29 1.45 (0.81-2.62) 0.21 1.45 (0.80-2.61) 0.22 1.33 (0.74-2.40) 0.34 

  70-74 3.10 (1.79-5.39) <0.001 3.39 (1.94-5.92) <0.001 3.19 (1.81-5.63) <0.001 2.93 (1.66-5.18) <0.001 

  75-79 5.96 (3.37-10.52) <0.001 6.37 (3.60-11.28) <0.001 5.75 (3.23-10.24) <0.001 5.24 (2.93-9.37) <0.001 

  80+ 13.73 (7.65-24.62) <0.001 15.36 (8.47-27.86) <0.001 13.39 (7.27-24.66) <0.001 12.34 (6.69-22.77) <0.001 

Female 1.54 (1.11-2.13) 0.01 1.52 (1.10-2.11) 0.01 1.48 (1.06-2.06) 0.02 1.41 (1.01-1.96) 0.05 

Smoking         

  Non-smoker -  ref  ref  ref  

  Current smoker -  2.15 (1.37-3.39) 0.001 1.81 (1.15-2.85) 0.01 1.73 (1.11-2.70) 0.02 

Wealth quintile         

  Richest -  -  ref  ref  

  2nd -  -  2.00 (1.20-3.34) <0.01 1.51 (0.93-2.43) 0.02 

  3rd -  -  1.65 (0.98-2.79) 0.06 1.41 (0.82-2.44) 0.21 

  4th -  -  2.17 (1.29-3.67) <0.01 1.82 (1.06-3.14) 0.03 
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  Poorest -  -  3.52 (2.05-6.04) <0.001 2.68 (1.52-4.71) 0.001 

Education         

  Higher education -  -  -  ref  

  Intermediate -  -  -  1.14 (0.59-2.20) 0.70 

  No qualification -  -  -  2.09 (1.05-4.15) 0.04 

Model 1: Adjusted for age and gender. 

Model 2: Further adjusted for smoking. 

Model 3: Further adjusted for wealth. 

Model 4: Further adjusted for education. 

CI: Confidence interval 
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4.3.7.4 Supplementary analysis - frequency of alcohol consumption 

The number of participants who drank no alcohol, once a year to once every couple 

of months, once a month to four times a week and five times a week or more were 

223 (9.4%), 690 (29.0%), 877 (26.8%) and 592 (24.9%), respectively. 

 

Compared with those drinking once a year to twice a month, those who had not 

consumed alcohol had a significantly elevated odds of frailty in Model 1 (OR=1.81, 

95%CI=1.21-2.42, p=0.01), which slightly decreased as further adjusting for 

smoking, wealth and education in Models 2 to 4, respectively, but remained 

statistically significant (OR=1.73, 95%CI=1.06-2.82, p=0.03) in Model 4. There were 

no significantly increased odds of frailty in those who consumed alcohol 1-4 days a 

week and those who consumed 5-7 days a week in any model. (Table 4.8) 
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Table 4. 8. Multivariable logistic regression models examining associations between frequency of alcohol consumption 

and 4-year incident frailty. (N=2,382). 

 Model 1  Model 2  Model 3  Model 4  

Variable 
Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Frequency of alcohol 

consumption 
        

  Not at all 1.81 (1.21-2.42) 0.01 1.79 (1.12-2.86) 0.02 1.79 (1.10-2.90) 0.02 1.73 (1.06-2.82) 0.03 

  once/year - twice/ month ref  ref  ref  ref  

  1-4 days/week 1.06 (0.73-1.53) 0.78 1.09 (0.75-1.59) 0.66 1.15 (0.78-1.70) 0.48 1.14 (0.77-1.68) 0.52 

  5-7days/week 0.73 (0.46-1.14) 0.17 0.73 (0.46-1.16) 0.18 0.89 (0.55-1.44) 0.63 0.96 (0.59-1.55) 0.86 

Age group         

  60-64 ref  ref  ref  ref  

  65-69 1.17 (0.66-2.07) 0.58 1.23 (0.70-2.18) 0.47 1.16 (0.66-2.05) 0.60 1.09 (0.62-1.92) 0.76 

  70-74 2.77 (1.64-4.67) <0.001 3.00 (1.76-5.10) <0.001 2.63 (1.54-4.48) <0.001 2.43 (1.42-4.16) 0.001 

  75-79 5.17 (3.03-8.81) <0.001 5.59 (3.25-9.60) <0.001 4.76 (2.78-8.16) <0.001 4.38 (2.55-7.50) <0.001 

  80+ 11.87 (6.81-20.67) <0.001 13.30 (7.53-23.48) <0.001 10.76 (6.03-19.18) <0.001 9.77 (5.49-17.38) <0.001 

Female 1.76 (1.27-2.42) 0.001 1.76 (1.28-2.43) 0.001 1.72 (1.24-2.39) 0.001 1.61 (1.16-2.24) <0.01 

Smoking         

  Non-smoker -  ref  ref  ref  

  Current smoker -  2.11 (1.33-3.36) <0.01 1.71 (1.08-2.71) 0.02 1.64 (1.04-2.59) 0.03 

Wealth quintile         

  Richest -  -  ref  ref  

  2nd -  -  1.56 (0.94-2.57) 0.08 1.44 (0.88-2.36) 0.15 

  3rd -  -  1.35 (0.80-2.29) 0.26 1.19 (0.70-2.02) 0.53 

  4th -  -  1.79 (1.07-2.99) 0.03 1.52 (0.90-2.56) 0.11 
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  Poorest -  -  3.09 (1.79-5.33) <0.001 2.47 (1.42-4.32) 0.001 

Education         

  Higher education -  -  -  ref  

  Intermediate -  -  -  1.30 (0.67-2.52) 0.44 

  No qualification -  -  -  2.15 (1.09-4.26) 0.03 

Model 1: Adjusted for age and gender. 

Model 2: Further adjusted for smoking. 

Model 3: Further adjusted for wealth. 

Model 4: Further adjusted for education. 

CI: Confidence interval 
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4.3.7.5 Supplementary analysis - multiple imputation by chained equations 

The number of participants who had missing data in covariates used for adjustments 

in the main analysis is summarised in Table 4.9. Although age, gender and 

education had no missing data, smoking and wealth had 2 and 31 missing values, 

respectively.  

 

Table 4. 9. Numbers of participants missing data of covariates used for 

adjustments. (N=2,544) 

 
Number of participants with 

missing data at wave 2 

Age group 0 (0.0%) 

Gender 0 (0.0%) 

Smoking 2 (0.1%) 

Wealth 31 (1.2%) 

Education 0 (0.0%) 

 

Missing data for smoking and wealth were imputed using MICE and Model 4 of the 

main analysis was repeated. Auxiliary variables were smoking (current vs non-

smokers) and wealth quintiles at wave 1. Table 4.10 compares the results of Model 4 

(left column) and Model 4 repeated with MICE (right column) and the associations 

between alcohol consumption and frailty risks essentially did not change by the 

imputation. 
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Table 4. 10. Comparison between Model 4 (complete case analysis) and Model 

4 imputed using multiple imputation by chained equations (MICE). 

 Model 4  Model 4 (MICE)  

Variable 
Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Alcohol     

  Non-drinkers 1.71 (1.12-2.60) 0.01 1.63 (1.08-2.45) 0.02 

  >0 – 7 units/week ref  ref  

  >7 – 14 units/week 0.97 (0.64-1.49) 0.90 0.88 (0.59-1.30) 0.51 

  >14 – 21 units/week 1.01 (0.60-1.70) 0.98 1.12 (0.69-1.80) 0.65 

  >21 units/week 0.64 (0.37-1.13) 0.12 0.74 (0.44-1.23) 0.25 

MICE: Multiple imputation by chained equations. 

 

4.3.7.6 Supplementary analysis - restricted cubic spline 

The values of alcohol consumption at the five knots were 0.06, 1.58, 6.26, 14 and 35 

units per week. Table 4.11 shows multivariable logistic regression models with 

restricted cubic spline function predicting incident frailty over 4 years according to 

alcohol consumption. In any of Models 1 to 4, alcohol consumption was not 

significantly associated with incident frailty. No significant non-linear association was 

observed between alcohol consumption and odds of incident frailty in Models 1 to 4. 

Figure 4.7 presents the fully adjusted restricted cubic spline regression curve (Model 

4) of associations between alcohol consumption and incident frailty. There were wide 

95% CIs, suggesting no significant association between alcohol consumption and 

incident frailty. There were few participants who drank more than 35 units per week, 

and the findings beyond this point should be treated with caution.
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Table 4. 11. Multivariable logistic regression models with restricted cubic spline function predicting incident frailty over 4 

years according to alcohol consumption (N=2,325 drinkers). 

 Model 1  Model 2  Model 3  Model 4  

Variable Coefficient (95%CI) 
p 

value 
Coefficient (95%CI) 

p 

value 
Coefficient (95%CI) 

p 

value 
Coefficient (95%CI) 

p 

value 

Alcohol units per 

week 
        

  First segment ref  ref  ref  ref  

  Second segment -0.26 (-0.57, 0.04) 0.09 -0.25 (-0.56, 0.05) 0.10 -0.24 (-0.55, 0.06) 0.12 -0.22 (-0.54, 0.09) 0.16 

  Third segment 15.18 (-6.24, 36.59) 0.17 14.45 (-7.00, 35.90) 0.19 14.19 (-7.29, 35.65) 0.20 14.59 (-7.23, 36.41) 0.19 

  Fourth segment -20.91 (-51.04, 9.23) 0.17 -19.91 (-50.11, 10.30) 0.20 -19.54 (-49.77, 10.68) 0.21 -20.35 (-51.04, 10.35) 0.19 

  Fifth segment 6.25 (-3.78, 16.29) 0.22 5.96 (-4.13, 16.04) 0.25 5.84 (-4.24, 15.92) 0.26 6.42 (-3.80, 16.63) 0.22 

  Overall significance - 0.09 - 0.08 - 0.20 - 0.36 

  P for non-linearity - 0.39 - 0.43 - 0.50 - 0.61 

Age group         

  60-64 ref  ref  ref  ref  

  65-69 0.12 (-0.46, 0.72) 0.67 0.16 (-0.43, 0.74) 0.60 0.08 (-0.51, 0.67) 0.79 0.14 (-0.46, 0.73) 0.65 

  70-74 1.00 (0.45, 1.54) <0.001 1.04 (0.50, 1.59) <0.001 0.92 (0.36, 1.47) 0.001 0.92 (0.35, 1.48) 0.001 

  75-79 1.63 (1.08, 2.19) <0.001 1.66 (1.11, 2.22) <0.001 1.52 (0.96, 2.08) <0.001 1.49 (0.93, 2.06) <0.001 

  80+ 2.37 (1.79, 2.94) <0.001 2.43 (1.86, 3.01) <0.001 2.29 (1.70, 2.87) <0.001 2.22 (1.62, 2.82) <0.001 

Female 0.38 (0.06, 0.71) <0.001  0.38 (0.05, 0.70) 0.02 0.32 (-0.01, 0.65) 0.06 0.35 (0.01, 0.69) 0.04 

Smoking status -        

  Never/ex-smoker -  ref  ref  ref  

  Current smoker -  0.63 (0.16, 1.11) 0.01 0.53 (0.07, 1.00) 0.03 0.38 (-0.10, 0.85) 0.12 

Education         

  Higher education -  -  ref  ref  
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  Intermediate -  -  0.06 (-0.51, 0.64) 0.83 -0.11 (-0.71, 0.49) 0.72 

  No qualification -  -  0.78 (0.20, 1.36) <0.01 0.45 (-0.16, 1.07) 0.15 

Wealth quintile         

  Richest -  -  -  ref  

  2nd -  -  -  0.45 (-0.07, 0.96) 0.09 

  3rd -  -  -  0.48 (-0.06, 1.01) 0.08 

  4th -  -  -  0.69 (0.16, 1.21) 0.01 

  Poorest -  -  -  1.08 (0.52, 1.64) <0.001 

Model 1: Adjusted for age and gender. 

Model 2: Further adjusted for smoking. 

Model 3: Further adjusted for wealth. 

Model 4: Further adjusted for education. 
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Figure 4. 7. Fully adjusted odds ratio (solid line) with 95% confidence interval 

(dash line) for association between alcohol consumption and incident frailty in 

restricted cubic spline regression model. 
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4.3.8 Discussion 

The main analysis of this chapter involving 2,544 English non-frail community-

dwelling men and women aged 60 or older showed that non-drinkers had overall 

worse health profile and worse socioeconomic status and were associated with an 

increased odds of frailty over 4 years than low drinkers, after controlling for various 

potential confounders.  The odds of frailty for moderate (>7 - <14 units/week), heavy 

(>14 - <21 units/week) and very heavy (>21 units/week) drinkers were not 

significantly different from that of low drinkers in the fully adjusted model. 

 

The worse health profile and increased frailty risk observed in non-drinkers in this 

chapter is in line with previous studies.145, 255, 278 The non-drinkers category is likely 

to include those who have never consumed alcohol274 or who had quit drinking for 

health reasons, for example cognitive decline or ill-health due to multi-morbidity (‘sick 

quitters’),275 and this may affect the alcohol-frailty association.255 The supplementary 

analysis using frequency of alcohol consumption also showed that non-drinkers 

(never in the last 12 months) had a significantly higher odds of frailty compared with 

those who consumed alcohol rarely (once a year to twice a month). This is the 

reason that the low drinker category (>0 - 7 units/week) was used as a reference to 

address this issue. The raised risk in non-drinkers decreased and became 

statistically non-significant when further adjusting for self-reported general health. 

While non-drinking was no longer significantly associated with frailty in the model, 

lower self-reported general health was significantly associated with higher odds of 

frailty. Adding comorbidity index score to the fully adjusted model also attenuated the 

association between alcohol and frailty. Given these findings, it is suggested that the 

elevated odds of frailty risk among non-drinkers compared with low drinkers may be 

in part explained by non-drinkers’ worse health status. 

 

As a supplementary analysis, two different measurements of alcohol use, quantity on 

the heaviest drinking day and frequency, were examined to explore the impact of 

drinking patterns on frailty risk. In both analyses, as in the main analysis non-drinking 

was associated with significantly increased odds of frailty in models adjusted for age, 

gender and smoking (Models 1 and 2). In fully adjusted models (Model 4), while the 

increased odds of frailty for non-drinking remained statistically significant in the 
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frequency analysis, it attenuated and became non-significant in the analysis of 

quantity on the heaviest drinking day. There were no apparent harmful effects on 

frailty risk from both binge drinking (>6 units per occasion) and almost daily drinking 

(5-7 days of drinking per week) in old age. In another supplementary analysis, a 

possible non-linear association between alcohol consumption and frailty was 

explored, however no significant association was observed.  

 

Most of the previous studies on alcohol and frailty used non-drinkers as the 

reference group.255 There is only one study in the literature not using such a 

reference.145 This study examined associations between alcohol intake in midlife and 

frailty in old age by following male businessmen in Finland for almost 30 years, and 

found that heavy alcohol intake (>196g/week) in mid-life (mean age 49 years) was 

associated with a significantly higher risk of developing frailty and pre-frailty 26 years 

later, compared with light intake (1-98g/week), while heavy use in old age (mean age 

74 years) was not associated with frailty risk three years later, 145 as in my analysis. 

This study’s findings support ‘sick quitter’ effects. It should be noted that some 

important factors, such as education and socioeconomic status, were not adjusted 

for and a rather selected population (male businessmen) was used in Strandberg’s 

study.145 

 

There is a similarity between the findings of alcohol and frailty in this alcohol chapter 

and that of alcohol and mortality. Multiple epidemiological studies have shown 

mortality benefit with moderate alcohol use until recently,265 when more studies have 

revealed that the supposed benefit disappears when potential biases are avoided.263-

265 Similarly in frailty research, initial studies showed alcohol’s beneficial effects 

against frailty.255 However recent studies that took potential biases into 

consideration, including my paper written based on the analysis in this chapter 

(please see 8 Appendices), have negated it.145, 254 

 

Fifteen data sets were newly generated with missing values of smoking and wealth 

imputed using MICE, and the fully adjusted model was repeated, which did not 

change the results significantly. The essentially same results by the multiple 

imputation, which can decrease biases and loss of power and precision due to 

missing data, underpins the findings of the main (complete case) analysis. 
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In conclusion, non-drinkers were more likely than low drinkers to develop frailty after 

adjusting for socio-demographic factors among community-dwelling older people in 

England. In a supplementary analysis, however, this relationship attenuated and 

became non-significant after accounting for baseline self-reported general health. No 

evidence was found of an association between becoming frail and high levels of 

alcohol consumption at old age.254  

 

I discuss the strengths and limitations of this analysis and further discuss the 

meaning and implications of the findings in my final Chapter 6 OVERALL 

DISCUSSION.  
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5 FRUIT AND VEGETABLE CONSUMPTION 

This is the last of three chapters exploring modifiable lifestyle risk factors for frailty. 

This chapter examines associations between fruit and vegetable consumption and 

risk of frailty. In this chapter I describe the background of this topic and the findings 

of my systematic review of the literature. Then I report my empirical analysis, 

findings and discussion regarding their interpretation. The findings reported in this 

chapter have been published279 and presented as a poster.280 (Please see 8 

Appendices for details) 

5.1 Introduction 

There has been growing evidence on relationships between frailty and diet.88, 281 

Healthy dietary patterns (e.g. the Mediterranean diet), high-quality diet measured by 

the Diet Quality Index-International and some nutrients (e.g. protein or vitamin D) are 

associated with lower frailty risks.88, 102, 103, 282, 283 A balanced diet is one of the most 

important factors for maintaining good health, and poor dietary patterns may lead to 

malnutrition, obesity and chronic diseases, such as diabetes, CVD and cancers.196, 

284  

 

Among various dietary components, fruit and vegetables have been recognised as 

key to a healthy diet due to their high concentrations of nutrients, including vitamins, 

antioxidants, dietary fibre and minerals.285 The World Health Organization and the 

Food and Agriculture Organization of the United Nations launched a joint initiative in 

2003 to recommend that people should eat at least 400g of fruit and vegetables per 

day to promote good health.199 In the UK, the US, France, Germany and many other 

countries, consumption of at least five portions of fruit and vegetables (approximately 

80g/portion) per day has been recommended by “5 A Day” campaigns. In some 

countries, consumption even higher than 400g/day of fruit and vegetable is 

recommended. A recent dose-response meta-analysis revealed that fruit and 

vegetable consumption higher than 400g/day is associated with health benefits; 

consumption up to 600g (7.5 portions) per day is associated with decreased risk for 

cancer, and consumption up to 800g (10 portions) per day is associated with 

decreased risks for coronary heart disease, stroke, CVD and all-cause mortality.197 

However most of the studies used in the dose-response meta-analysis included 
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young and middle-aged populations and only a few studies focused on only older 

people, and the authors did not stratify by age or examine an interaction with age.197 

Therefore, lack of evidence relevant to older people is a limitation of this review. 

 

Based on the most recent data from the European Health Interview Survey, which is 

a survey providing information on health status, health determinants and healthcare 

activities of general population aged at least 15 and living in private households in 28 

member countries of the European Union (EU),286 on average 14.1% of the 

population aged >15 years consumed more than 5 portions of fruit and vegetables a 

day while 51.4% consumed 1 to 4 portions a day and 34.4% did not consume fruit or 

vegetables daily.287 In the UK approximately one third (33.1%) of the population 

consumed more than 5 portions of fruit and vegetable, which was the highest 

percentage among the EU countries followed by 25.9% in Denmark and 25.0% in the 

Netherlands, and 45.6% and 21.3% consumed 1 to 4 portions a day and did not 

consume fruit and vegetables daily, respectively.287 Among older people aged 65 

years or above in the UK, slightly more people consumed 5 portions or more (36.5%) 

and less people did not consume daily (14.9%).287 

 

In light of the possible beneficial effects of fruit and vegetable consumption on health 

in later life, fruit and vegetable consumption may be associated with a lower risk of 

frailty.106 However, there is limited evidence regarding associations between fruit and 

vegetable consumption and frailty with mixed findings reported in the literature.138 A 

recent systematic review on risk factors of frailty found only two papers on this topic 

and therefore could not draw a clear conclusion.138 For this chapter I investigated the 

association between fruit and vegetable consumption and incident frailty among 

community-dwelling older people by conducting a systematic review on the currently 

available evidence and prospectively analysing ELSA data. 
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5.2 Systematic Literature Review 

5.2.1 Objective 

The objective of this section of the chapter was to conduct a systematic review of the 

literature searching for evidence on fruit and vegetable consumption and risk of 

incident frailty among community-dwelling older people. 

 

The ‘PICO’ for the systematic review is as follows: 

Population: community-dwelling older people 

Intervention/exposure: fruit and vegetable consumption 

Comparison: no or low fruit and vegetable consumption 

Outcome: Incident frailty 

 

5.2.2 Methods 

5.2.2.1 Data source and search strategy 

This systematic review was conducted in August 2017 based on a protocol 

(PROSPERO registration number: CRD42017057165) generated according to the 

PRISMA statement (Appendix 1c).234 Ms Sophie Pattison, a clinical support librarian 

at the Royal Free Hospital Medical Library, kindly supported the development of the 

systematic review search strategy. Four electronic databases (Embase, MEDLINE, 

CINAHL Plus and PsycINFO) were systematically searched with explosion functions 

if available between 2000 and August 2017. Validated definitions of frailty were not 

generally used prior to 2000, and the two most widely accepted definitions and 

measurements for frailty, the CHS criteria16 and the FI10 were first published in 2001.  

No language restriction was imposed. A combination of MeSH terms and text 

keywords were used: “Fruit (MeSH)” OR “Vegetables (MeSH)” OR “Fruit 

Vegetable(s) (MeSH)” OR “Fruit and Vegetable Juice(s) (MeSH)” OR “Fruit Juice(s) 

(MeSH)” OR “Vegetable Juice (MeSH)” OR “Antioxidant(s) (MeSH)” OR “Diet(s) 

(MeSH)” OR “Diet Therapy (MeSH)” OR “Nutrition (MeSH)” OR “Nutrition Therapy 

(MeSH)” OR “fruit*” OR “vegetable*” OR “anti-oxidant*” OR “antioxidant*” OR “diet*” 

OR “nutrition*” AND frailty related terms, including “Frail Elderly (MeSH)” OR “Frailty 

Syndrome (MeSH)” OR “frail*”. A full search results using Medline is summarised in 
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Appendix 4b. The reference lists of related papers and included studies were 

manually searched for additional studies. Forward citation-tracking of the included 

studies was conducted using Google Scholar (http://scholar.google.com/).  

 

5.2.2.2 Study selection and data extraction 

Any original observational population-based studies allowing analysis of cross-

sectional or prospective associations between fruit and vegetable consumption and 

frailty were considered. Studies with selective samples unrepresentative of 

community-dwelling people in general, such as patients with diabetes or hospitalised 

patients, were excluded. Studies that reported fruit and vegetable consumption as a 

quantity or the consumption frequency of fruits alone, vegetables alone or fruits and 

vegetables combined were included. Studies including a specific type of fruit or 

vegetable only, or studies concerned with dietary patterns including fruit and 

vegetable consumption as part of a wider diet including other nutrients (e.g. the 

Mediterranean diet) were excluded unless the studies separately reported the 

associations between fruit and vegetable consumption and frailty. Studies had to 

define frailty by using original or modified version of validated criteria designed to 

measure frailty in order to be included. Randomised controlled trials, reviews, 

conference abstracts, editorials and comments were not considered. All study titles, 

abstract and full texts were screened for eligibility by me. Another researcher (Dr 

Christina Avgerinou) independently screened the full-texts for eligibility, as a second 

reviewer. We solved any disagreement by discussion. First author, study cohort 

name if any, publication year, location, sample size, proportion of women, age (mean 

and range), frailty criteria, follow-up period, fruit and vegetable measurement method 

and findings were extracted from each of the eligible studies. 

 

5.2.2.3 Methodological quality assessment 

Methodological quality of the eligible prospective studies were examined 

independently by me and a second reviewer (Dr Kenji Sekiguchi) using the 

Newcastle-Ottawa Scale for cohort studies,235 as described in the previous chapters. 

Please see Chapter 3.2.2.3 Methodological Quality Assessment for detail. 
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5.2.2.4 Data analysis 

I planned to conduct a meta-analysis to combine findings of the included studies if 

possible; otherwise however, I would conduct a narrative review. 

 

5.2.3 Results 

5.2.3.1 Selection processes 

Results of the literature search and study selection processes, with the number of 

studies at each stage, are shown in a PRISMA flowchart in Figure 5.1. The 

electronic search using the four databases identified a total of 6251 studies. After 

excluding duplicates and studies that were considered not eligible through screening 

of the titles and abstracts, full-texts of nine studies were reviewed. Two of them were 

excluded because these studies did not examine fruit and vegetable consumption 

but dietary patterns, leaving seven studies288-292 to be included in this review. 
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Figure 5. 1. PRISMA Flowchart (Fruit and vegetable consumption and frailty) 

 

 

5.2.3.2 Study characteristics 

The five included studies were assessed for methodological quality using the 

Newcastle-Ottawa quality assessment scale for cohort studies. Three studies were 

considered to have adequate methodological quality.289-291 The remaining two 

studies were considered to have suboptimal quality.288, 292 (Table 5.1) Table 5.2 

shows the characteristics of the five included studies.288-292 One study each was from 

Spain,290 France,291 the US292 and the UK.288 One study used a combination of three 

cohorts (Three-City Study, the Senior-ENRICA and the integrated multidisciplinary 
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approach cohorts).289 The Three-City Study and the Senior-ENRICA cohorts were 

also used individually by Rahi and Leon-Munoz, respectively.290, 291 The sample 

sizes ranged from 432292 to 2,926.289 The proportion of female participants was from 

27.9%288 to 63.2%.291 All studies used middle-aged and elderly populations; the 

mean age varied considerably from 50’s to 80’s. The modified versions of the CHS 

frailty criteria16 were used in four studies288-291 to define frailty, while FRAIL scale was 

used in one study.292 The data collection methods of fruit and vegetable consumption 

were based on questionnaires, either self-reported 288, 291, 292 or given by a research 

personnel.289, 290 Different measurements of fruit and vegetable consumption were 

employed: the number of times per day,291, 292 quantity in grams per day,290 whether 

consuming daily or not (YES/NO)288 or the number of portions per day.289 Due to the 

various measurements of fruit and vegetable consumption and the definitions of 

frailty as well as differing statistical methodologies, a meta-analysis was judged not 

to be possible, and a narrative synthesis was conducted.  

 

Table 5. 1. Methodological quality assessment using the Newcastle-Ottawa 

Quality Assessment Scale for cohort studies. 

The Newcastle-Ottawa Quality Assessment Scale for cohort studies 

 Selection Comparability Outcome  

 1 2 3 4 1a 1b 1 2 3 total 

Rahi 2017 1 1 1 1 1 1 1 1 1 9/9 

Garcia- 2016 1 1 1 1 1 1 1 1 0 8/9 

Ribeiro 2016 1 1 0 n/a 0 0 0 1 0 3/8 

Leon-Munoz 2014 1 1 0 1 1 1 1 1 1 8/9 

Bouillon 2013 0 1 0 0 0 0 1 1 1 4/9 

Appendix 3 for detail. 

 

5.2.3.3 Study findings 

Prospective studies (adequate methodological quality) 

Leon-Munoz 2014 

In a supplementary analysis of a study using 1,815 Spanish older people from the 

Seniors-ENRICA study, consuming the median amount of fruits and nuts or more 
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was associated with lower incident frailty risk over a 3.5-year period (OR=0.59, 

95%CI=0.39-0.91) compared with less than the median. However consuming three 

or more servings of fruit per day was not (OR=0.73, 95%CI=0.45-1.16). Neither 

consuming two servings of vegetables or more per day (OR=0.82, 95%CI=0.44-1.50) 

nor consuming the median amount of vegetables or more (OR=0.73, 95%CI=0.48-

1.11) were associated significantly with frailty risk. The median amounts of fruit and 

nuts and vegetables were not shown in this paper. All models were adjusted for age, 

gender, education, smoking, BMI, energy intake, CVD, diabetes, cancer, 

asthma/chronic bronchitis, musculoskeletal disease, depression, number of 

medications and the other components of the Mediterranean Diet Score or 

Mediterranean Diet Adherence Screener Score. 

 

Rahi 2017 

This study followed 560 non-frail French older people from the Three-City study and 

found that higher Mediterranean diet adherence based on Mediterranean Diet Score 

at baseline was associated with lower risks of incident frailty during 2-year follow-up. 

As a supplementary analysis, baseline values of nine components of the 

Mediterranean Diet Score at baseline, namely mean numbers of weekly servings of 

(1) “legumes”, (2) cereals, (3) seafood, (4) meat, (5) dairy products, (6) fruits (7) and 

vegetables, “frequent” or “all the time” use of (8) olive oil and “mild-to-moderate” 

consumption of (9) alcohol, were retrospectively examined according to follow-up 

frailty status (frail versus non-frail) using t-test or chi-square tests. There were no 

statistical differences in mean numbers of weekly servings for fruit (Men: those who 

developed frailty 12.0 servings versus those who did not 13.4 servings, Women: 

those who developed frailty 14.4 servings versus those who did not 13.8 servings) 

and vegetables (Men: those who developed frailty 9.8 servings versus those who did 

not 9.6 servings, Women: those who developed frailty 8.5 servings versus those who 

did not 9.6 servings). Legumes were significantly more frequently consumed by non-

frail men than by frail men while no such associations were observed in women. 

(Men: those who developed frailty 0.5 versus those who did not 0.9, Women: those 

who developed frailty 0.6 versus those who did not 0.6). It should be noted that 

statistical power may have been lowered by dividing the cohort into smaller four 

groups: 19 men and 60 women who developed frailty and 187 men and 294 women 

who did not. 
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Garcia-Esquinas 2016 

Risks of Incident frailty according to fruit and vegetable consumption at baseline 

were investigated in 2,926 non-frail older men and women from three different 

cohorts (Three-City Bordeaux cohort and the Integrated Multidisciplinary Approach 

cohort from France and Seniors-ENRICA cohort from Spain). The Senior-ENRICA 

and the Three-City cohorts were used by Leon-Munoz and Rahi above, respectively, 

although fruit and vegetable consumption measurements were all different. Frailty 

was defined using the modified CHS frailty criteria. Those who consumed higher 

amounts of fruit, vegetables and both combined had a significantly lower risk of 

developing frailty over 2.5 years. OR of frailty controlled for age, gender, education, 

BMI, smoking, CVD, diabetes, cancer, asthma or chronic bronchitis, musculoskeletal 

disease, cognition, depression, number of medications, modified Mediterranean Diet 

Score and energy intake were: for those consuming 1, 2 or >3 portions of fruit/day (1 

portion=120g of fruits), compared with those consuming <1 portion/day, 0.59 

(95%CI=0.27-0.90), 0.58 (95%CI=0.29-0.86) and 0.48 (95%CI=0.20-0.75), 

respectively (p for trend=0.04); for those consuming 1, 2 or >3 portions of 

vegetables/day (1 portion=150g of vegetables), compared with those consuming <1 

portion/day, 0.69 (95%CI=0.42-0.97), 0.56 (95%CI=0.35-0.77) and 0.52 

(95%CI=0.13-0.92), respectively (p for trend<0.01); and for those consuming 2, 3, 4 

and >=5 portions of fruits and vegetables combined/day, compared with those 

consuming <=1 portion, 0.41 (95%CI=0.21-0.60), 0.47 (95%CI=0.25-0.68), 0.36 

(95%CI=0.18-0.53) and 0.31 (95%CI=0.13-0.48), respectively. The effects were 

dose-dependent (p for trend<0.01). 

 

Prospective studies (suboptimal methodological quality) 

Ribeiro 2016 

A US study by Ribeiro and colleagues examined fruit and vegetable consumption at 

baseline and changes in frailty status measured by the FRAIL scale over a 6-year 

period between 2004 and 2010 in 432 middle-aged and older African American men 

and women. The reasons for suboptimal quality were lack of objective measurement 

of fruit and vegetable consumption, adjustment for important confounders, clear 

description of frailty measurements and details of those who were lost for follow-up. 

Frequencies of five categories of fruit and vegetable intakes (average number of 
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times eaten per day) were measured in 2006 based on a questionnaire: (1) fruit 

juices such as orange, grapefruit or tomato, (2) fruit, (3) green salad, (4) carrots and 

(5) vegetable different from carrots, potatoes or salad (defined as “other non-potato 

vegetables”). All these fruit and vegetable variables, physical activity levels, age, 

gender and baseline FRAIL scale were initially entered into a multivariable residual-

change score linear regression model to predict FRAIL scale score at follow-up. After 

backward stepwise elimination of non-significant variables, the final model included 

other non-potato vegetables, fruit juices, leisurely walking, sitting and baseline FRAIL 

scale score (adjusted R2=0.33). Higher intake of other non-potato vegetables was 

significantly associated with lower risk of frailty (B=-0.20 (standard error=0.08), 

Beta=-0.12 (standard error=0.04), p=0.01) while higher consumption of fruit juices 

was significantly associated with higher risk of frailty (B=0.15 (standard error=0.07), 

Beta=0.09 (standard error=0.04), p=0.04). Important confounding factors, such as 

education or socioeconomic status, were not considered in the models. 

 

Bouillon 2013 

Bouillon and colleagues used the Whitehall II study cohort consisting of 2,707 

middle-aged and older civil servants aged 45-69 in the UK to examine the frailty risk 

over a long follow-up period of 10.5 years. Those who answered that they did not 

consume fruits and vegetables daily in a self-reported questionnaire at baseline were 

more likely to be pre-frail/frail at follow-up, compared with those who reported that 

they did daily (adjusted OR=1.51, 95%CI=1.26-1.82). There are some limitations to 

be noted. First, the cohort used was a selected sample of civil servants, and may not 

be generalisable to the overall population. Second, frailty was measured at follow-up 

but not at baseline. Baseline frailty status should have been considered in the 

analysis, or frail participants at baseline should have been excluded if incident frailty 

had been examined, otherwise there is potential for reverse causality. Lastly, the 

presence or absence of daily fruit and vegetable consumption is limited as a 

predictor variable. 
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Table 5. 2. Summary of included studies on associations between fruit and vegetable consumption and frailty among 

community-dwelling older people. 

Author, Year 

Location 

N* 

Female 

(%)* 
Age** 

Frailty 

criteria 

Follow-

up 

Fruit and vegetable 

measure 
Findings (unadjusted) Findings (adjusted) 

adequate quality        

Leon-Munoz 

2014 

Spain 

1,815 

 

-  >60 mCHS 
3.5 

years 

Gram per day and 

number of servings per 

day, by computerized 

diet history or 

semiquantitative food-

frequency questionnaire 

by a trained research 

assistant 

Not reported Logistic regression models for Incident frailty adjusted for 

age, gender, education, smoking, BMI, energy intake, 

cardiovascular disease, diabetes mellitus, cancer, asthma or 

chronic bronchitis, musculoskeletal disease, depression, 

number of medications, and remaining of MDS or MEDAS 

components. 

adjOR=0.59 (95%CI=0.39-0.91) for fruits and nuts > median 

consumption (gram/day) 

adjOR=0.73 (95%CI=0.45-1.16) for fruit > 3 servings per day 

adjOR=1.06 (95%CI=0.67-1.68) for nuts > 3 times a week 

adjOR=0.73 (95%CI=0.48-1.11) for vegetables > median 

consumption 

adjOR=0.82 (95%CI=0.44-1.50) for vegetables > 2 servings 

per day 

adjOR=0.80 (95%CI=0.54-1.18) for legumes > median 

consumption 

adjOR=0.85 (95%CI=0.49-1.46) for legumes > 3 times a 

week 
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Author, Year 

Location 

N* 

Female 

(%)* 
Age** 

Frailty 

criteria 

Follow-

up 

Fruit and vegetable 

measure 
Findings (unadjusted) Findings (adjusted) 

Rahi 

2017 

France 

560 

 

 

63.2% 81.7 mCHS 2 years 
semi-quantitative food-

frequency questionnaire 

T-tests to compare each consumption between those who 

developed frailty 2 years later and those who did not, there 

were no significant differences in mean number of servings 

per week at baseline for fruit (Men: those who became frail 

12.0 vs. those who did not 13.4, Women: those who became 

frail 14.4 vs. those who did not 13.8) and vegetable (Men: 

incident frailty 9.8 vs. non-frailty 9.6, Women: incident frailty 

8.5 vs. non-frailty 9.6). 

Men who became frail had consumed significantly lower 

number of legume servings per week than men who did not 

become frail (0.5 vs. 0.9), but no association was observed 

in women (0.6 vs 0.6).   

Not reported 
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Author, Year 

Location 

N* 

Female 

(%)* 
Age** 

Frailty 

criteria 

Follow-

up 

Fruit and vegetable 

measure 
Findings (unadjusted) Findings (adjusted) 

Garcia-Esquinas 

2016 

Spain 

France 

2,926 

37.8-63.5% 68.7-81.8 mCHS 
2.5 

years 

Number of portions per 

day (120g for fruit, 150g 

for veg), by 

computerized diet history 

or semi-quantitative 

food-frequency 

questionnaire by a 

trained research 

assistant. 

 

Not reported Logistic regression models for Incident frailty adjusted for 

age, gender, education, BMI, smoking, cardiovascular 

disease, DM, cancer, asthma or chronic bronchitis, 

musculoskeletal disease, MMSE, depression, number of 

meds, modified Trichopoulou index and energy intake. 

 

- Fruit: compared with fruit <1 portion/day 

adjOR=0.59 (95%CI=0.27-0.90) for fruit 1 portion/day 

adjOR=0.58 (95%CI=0.29-0.86) for fruit 2 portions/day 

adjOR=0.48 (95%CI=0.20-0.75) for fruit >3 portions/day   p 

for trend=0.04 

 

- Vegetable: compared with vegetable <1 portion/day 

adjOR=0.69 (95%CI=0.42-0.97) for vegetable 1 portion/day 

adjOR=0.56 (95%CI=0.35-0.77) for vegetable 2 portions/day 

adjOR=0.52 (95%CI=0.13-0.92) for vegetable >3 

portions/day   p for trend <0.01 

 

- Fruit and vegetable: compared with fruit+ vegetable <1 

portion/day 

adjOR=0.41 (95%CI=0.21-0.60) for fruit + vegetable 2 

portions/day 

adjOR=0.47 (95%CI=0.25-0.68) for fruit + vegetable 3 

portions/day 

adjOR=0.36 (95%CI=0.18-0.53) for fruit + vegetable 4 

portions/day 

adjOR=0.31 (95%CI=0.13-0.48) for fruit + vegetable >5 

portions/day   p for trend <0.01 

suboptimal quality        
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Author, Year 

Location 

N* 

Female 

(%)* 
Age** 

Frailty 

criteria 

Follow-

up 

Fruit and vegetable 

measure 
Findings (unadjusted) Findings (adjusted) 

Ribeiro  

2016 

US 

432 

63% 59.2 FRAIL 6 years 

Average number of times 

consuming per day, by 

2005 Behavioral Risk 

Factor Surveillance 

System questions at 

wave 8 (approximately 4 

years after baseline) 

Not reported A multivariable residual-change score linear regression 

model, including FRAIL scale at wave 4 (baseline), Leisurely 

walking and sitting, showed that other non-potato vegetables 

was negatively (B(SE)=-0.20 (0.08), Beta(SE)=-0.12 (0.04), 

p=0.01) and fruit juices was positively (B(SE)=0.15 (0.07), 

Beta(SE)=0.09 (0.04), p=0.04) related to FRAIL scale at 

wave 10 (follow-up) (adjusted R2=0.33). 

Bouillon  

2013 

UK 

2,797 civil servants 

27.9% 55.0 mCHS 
10.5 

years 

Whether consuming 

fruits and vegetables 

daily (YES/NO), by self-

reported questionnaire 

Not reported Multivariable logistic regression model for being pre-frail/frail 

at follow-up adjusted for age, gender and physical activity. 

adjOR=1.51 (1.26-1.82) for not consuming fruits and 

vegetables daily. 

* Cohort used for analysis of interest, or entire cohort. 

** Mean age, age range, or age for inclusion. 

95%CI: 95% confidence interval, adjOR: Adjusted odds ratio, FRAIL: FRAIL Scale, mCHS: Modified Cardiovascular Health Study 

criteria, OR: Odds ratio, SE: Standard error, TFI: Tilburg Frailty Indicator.
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5.2.4 Discussion 

The systematic review identified five studies that examined prospective associations 

between fruit and vegetable consumption and frailty in middle-aged and older 

people. Among three prospective studies with adequate methodological quality, only 

one study primarily examined fruits and vegetables and showed that higher intakes 

of fruits, vegetables and fruit and vegetable combined were significantly associated 

with lower odds of frailty in a dose-response manner.289 The main focus of the other 

two studies was a Mediterranean diet,290, 291 and fruit and vegetable consumption 

was examined only as supplementary analysis, which showed only fruit and nuts 

consumption greater than the median amount was associated with lower odds of 

frailty in one study.290 The findings of two prospective studies with suboptimal quality 

were consistent: one study showed a higher non-potato vegetable intake was 

associated with lower frailty risks,292 and the other one showed that those who 

consumed fruits and vegetables daily had lower frailty risks at follow-up compared 

with those who did not.288 The study by Ribeiro and colleagues292 also showed fruit 

juice intake at baseline was associated with worse frailty status at follow-up. This 

could be because “fruit juice” in this study was not restricted to 100% pure fruit juice 

but could refer to drinks with lower fruit content or with added sugar.  

 

Although not included in this systematic review, one study that did not examine fruit 

and vegetable consumption specifically but instead examined dietary patterns 

including fruits and vegetables in their association with frailty. This is a cross-

sectional study of 923 elderly Taiwanese aged 65 or older, which explored a dietary 

pattern associated with frailty using reduced rank regression analysis and found that 

fresh fruit had the highest factor loading value (-0.48) and vegetables had the fourth 

highest one (-0.33), both suggesting strong inverse associations with frailty.293 

 

This systematic review has some limitations. The research area of diet, especially 

fruit and vegetable consumption, in relation to frailty is relatively new, and only a 

limited number of studies were found through the systematic review. In addition, 

because the included studies used different measures of fruit and vegetable 

consumption and different statistical methods, a meta-analysis was not possible. All 

included studies used self-report measures of fruit and vegetables, which could be 
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subject to recall bias. It should also be noted that all included studies did not take 

into account important potential confounders, including socioeconomic status or 

education. I did not explore the grey literature, such as conference abstracts, as 

methodological quality could not be assessed properly due to missing details of 

methods used. 

 

In conclusion, the overall evidence regarding the associations between fruit and 

vegetable consumption and frailty is limited in the literature. In addition, the study 

settings, statistical methods and findings were heterogeneous and some of the effect 

measures were not adjusting for important confounders. Nonetheless there is some 

suggestion from limited evidence that higher fruit and vegetable consumption may be 

associated with a lower risk of frailty. There were no studies showing that fruits or 

vegetables worsen frailty. More high-quality research is needed to further enhance 

our understanding of the association between fruit and vegetable consumption and 

frailty risks. 
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5.3 Fruit and Vegetable Consumption and Incident Pre-

frailty/Frailty (ELSA) 

5.3.1 Objective 

The objective of the second section of the chapter was to examine association 

between fruit and vegetable consumption and risks of incident pre-frailty/frailty in 

community-dwelling older people in England. 

 

5.3.2 Study population 

The ELSA population is described in detail in Chapter 2.1 English Longitudinal 

Study of Ageing (ELSA). The population used for the fruit and vegetable 

consumption analyses in this chapter included ELSA participants who were aged 60 

years or older at wave 4 (baseline) and with information on frailty status at waves 4 

and 6 and fruit and vegetable consumption at waves 4. Fruit and vegetable 

consumption was measured at waves 3, 4, 5, 6 and 7 but not at wave 2. Therefore, 

baseline was wave 4 and follow-up was wave 6 for fruit and vegetable consumption 

analysis. 

At wave 4, 9,886 core members had a main interview, of which 7,595 were from 

ELSA wave 3 and 2,291 were from HSE 2006 as a refreshment sample. There was 

another refreshment sample recruitment at wave 3 from HSE 2001/2002/2003/2004. 

Those participants were aged 50-52 on 1 March 2006, were still aged less than 60 at 

wave 4 in 2008, therefore, were not included in this fruit and vegetable consumption 

analysis. A total of 2,895 participants were aged 59 or younger and were excluded. 

Among 6,991 participants who were 60 years or older at wave 4, 2,184 participants 

who had missing data for frailty at wave 4, 540 participants who had missing data for 

fruit and vegetable consumption and 454 participants who had one or more 

implausibly high values of fruit or vegetable consumption were excluded. The 

implausibly high values were defined as values of > three standard deviations from 

mean values. The cut-points for the implausibly high values were described in detail 

in Chapter 2.6 Definitions of Fruit and Vegetable Consumption. A supplementary 

analysis was done including those with the implausibly high values. A further 367 

participants who were frailty at wave 4 were excluded, in order to examine incident 
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frailty at wave 6. Between waves 4 and 6, 812 were loss to follow-up. The reasons 

for loss to follow-up at wave 6 were not known at the time of analysis, except for 

except for 30 participants who died between waves 4 and 5. The final analytic 

sample for fruit and vegetable consumption analysis was 2,634 participants (Figure 

5.2). 
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Figure 5. 2. ELSA final analytic population for fruit and vegetable consumption 

analyses. 
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5.3.3 Predictor variable - Fruit and vegetable consumption 

In the main analysis, a categorical variable of fruit and vegetable consumption was 

used as a predictor variable. The fruit and vegetable consumption was calculated as 

a sum in portions per day and was divided into five categories with cut-points of 2.5, 

5, 7.5 and 10 portions. Categorical variable was chosen based on possible non-

linear associations between fruit and vegetable consumption and frailty risk.197 

Please see Chapter 2.6 Definitions of Fruit and Vegetable Consumption for 

detail.  

  

5.3.4 Outcome variable - Incident frailty and incident pre-

frailty/frailty 

The outcome variable in the main analysis was incident frailty and incident pre-

frailty/frailty, which were defined as new development of frailty (the frailty phenotype 

score >3) in those who were pre-frail or robust (the frailty phenotype score 0-2) and 

new development of pre-frailty or frailty (the frailty phenotype score >1) in those who 

were robust (the frailty phenotype score=0), respectively. Frailty was defined by the 

frailty phenotype including the five characteristics of weight loss or ‘shrinking’, 

exhaustion, weakness, slow walking speed and low physical activity.16 Please see 

Chapter 2.3 Definition of Frailty for detail. 

 

5.3.5 Covariates 

Covariates that were used for adjustment in this chapter were age, gender, smoking, 

alcohol, wealth, education, living alone, cognitive function, depressed mood, 

diabetes and hyperlipidemia.  

These variables influence both fruit and vegetable consumption and frailty and are 

therefore chosen as covariates for adjustment, a priori based on evidence on 

independent associations with frailty from the literature11, 135, 193 and discussion with 

my supervisors. Please see Chapter 2.7 Definitions of Covariates for detail. 
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5.3.6 Statistical Analyses 

5.3.6.1 Main analysis 

Participants who were included in the fruit and vegetable consumption analysis and 

participants who were excluded due to loss to follow-up and missing data were 

compared for frailty status, fruit and vegetable consumption, age, gender, smoking, 

alcohol, wealth, education, living alone, cognitive function, depressed mood, 

diabetes and hyperlipidemia, using chi-square tests or t-tests. 

 

Baseline characteristics were compared across five fruit and vegetable consumption 

groups as described in Chapter 2.6 Definition of Fruit and Vegetable 

Consumption. 

 

Multivariable logistic regression models were used to examine risks of incident frailty 

and incident pre-frailty/frailty for the fruit and vegetable consumption groups with the 

lowest consumption group (0-2.5 portions/day) as a reference. P for trend was 

calculated by entering the five fruit and vegetable consumption groups into models 

as a continuous variable. Please see Chapter 2.8.1 Main Analysis for detail. 

 

5.3.6.2 Supplementary analysis - separate consumption of fruit and vegetables  

The fully adjusted model was repeated with fruit consumption and vegetable 

consumption one at a time as a predictor variable to examine how consumption of 

fruit and vegetables separately affects subsequent risks of incident frailty and 

incident pre-frailty/frailty. Cut-points for fruit and vegetable consumption were 1.5, 3, 

4.5 and 6, and 1, 2, 3 and 4, respectively. 

 

5.3.6.3 Supplementary analysis - implausibly high values 

In the main analysis implausibly high values of fruit or vegetable consumption were 

excluded from the main analysis (please see Chapter 2.6 Definitions of Fruit and 

Vegetable Consumption for definitions). To explore the impact of excluding these 

values, in a supplementary analysis the final model was repeated with a ‘worse case’ 
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and ‘best case’ scenario: with implausibly high values treated as 0, and with the 

implausibly high values retained, assuming that the values were still true. 

 

5.3.6.4 Supplementary analysis - multiple imputation by chained equations 

Please see Chapter 2.8 ELSA Statistical Analysis for detail. 

 

5.3.7 Results 

5.3.7.1 Main analysis 

There were 3,446 participants who were aged 60 or older at wave 4, were non-frail 

(robust or pre-frail) and had complete data on fruit and vegetable consumption. 

Among them 812 participants were excluded due to lost for follow-up (including 30 

deaths) and 2,634 participants were in the analytic sample. 

 

Several variables were different between those who were included and excluded. 

Those who were excluded were significantly frailer, older, current smoker, non-

drinkers and more likely to be male, living alone, depressed, have lower wealth, 

lower education and lower cognitive function. There were no significant differences in 

fruit and vegetable consumption, prevalence of diabetes and hyperlipidemia. (Table 

5.3) 
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Table 5. 3. Comparisons between those included in the analyses (n=2,634) and 

those excluded due to missing data (n=812). 

Variables at wave 4* 
Included 

n=2,634 

Excluded 

n=812 
P value 

Frailty status    

  Robust 1,577 (59.9%) 383 (47.2%) <0.001 

  Pre-frail 1,057 (40.1%) 429 (52.8%)  

Fruit 3.1 + 1.7 3.1 + 1.8 0.92 

Vegetable 2.1 + 1.3 2.1 + 1.3 0.53 

Fruit and veg combined 5.2 + 2.4 5.2 + 2.6 0.69 

Age group    

  60-64 941 (35.7%) 200 (24.6%) <0.001 

  65-69 645 (24.5%) 188 (23.2%)  

  70-74 606 (23.0%) 163 (20.1%)  

  75-79 275 (10.4%) 124 (15.3%)  

  80+ 167 (6.3%) 137 (16.9%)  

Gender    

  Male 1,163 (44.2%) 398 (49.0%) 0.02 

  Female 1,471 (55.9%) 414 (51.0%)  

smoking status    

  Never/past 2,398 (91.7%) 706 (87.6%) <0.001 

  Current 218 (8.3%) 100 (12.4%)  

Alcohol    

  None 205 (7.8%) 94 (11.7%) <0.01 

  1/y-2/m 694 (26.5%) 218 (27.1%)  

  1/w-4/w 1,043 (39.9%) 280 (34.7%)  

  5/w-daily 673 (25.7%) 214 (26.6%)  

Wealth quintile    

  Richest 702 (27.2%) 177 (22.4%) <0.01 

  2nd 620 (24.0%) 184 (23.3%)  

  3rd 568 (22.0%) 168 (21.3%)  

  4th 423 (16.4%) 150 (19.0%)  

  Poorest 273 (10.6%) 110 (13.9%)  

Education    

  Higher education 468 (17.8%) 132 (16.3%) <0.001 
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Variables at wave 4* 
Included 

n=2,634 

Excluded 

n=812 
P value 

  Intermediate 1,524 (57.9%) 422 (52.0%)  

  No qualification 642 (24.4%) 258 (31.8%)  

Living alone 610 (23.2%) 216 (26.6%) 0.05 

Cognitive function score 51.8 + 10.5 47.8 + 11.4 <0.001 

Depressed mood 0.5 + 1.0 0.6 + 1.1 0.01 

Diabetes 239 (9.1%) 89 (11.0%) 0.11 

Hyperlipidemia 1,077 (40.9%) 303 (37.3%) 0.07 

*t-test and chi-square test were used for continuous and categorical variables, 

respectively. Percentages may not sum up to 100% due to rounding. Mean + 

standard deviation or n (%). 

 

The distribution of consumption of fruit and vegetable combined was depicted in 

Figure 5.3, ranging from 0 to 17 portions per day. The mean and median were 5.2 

and 5.0 portions per day, respectively (standard deviation=2.4, interquartile 

range=3.0).  
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Figure 5. 3. Distribution of fruit and vegetable consumption (portions/day) 

 

 

The baseline characteristics of 2,634 participants are shown in Table 5.4 and 

variables were compared across the fruit and vegetable consumption groups. The 

number of participants were 323 (0 - <2.5 portions/day), 913 (2.5 - <5 portions/day), 

971 (5 - <7.5 portions/day), 329 (7.5 - <10 portions/day) and 98 (10 or more 

portions/day). Approximately a half of the sample (51.0%) consumed 5 or more 

portions of fruit and vegetables per day. The lower fruit and vegetable consumption 

group tended to have higher prevalence of current smokers and non-drinkers, lower 

prevalence of being in the highest wealth quintile group and the highest education 

group and lower cognitive function scores. 
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Table 5. 4. Baseline characteristics of ELSA participants in fruit and vegetable 

consumption and incident frailty analysis. (N=2,634) 

Variable* 
Entire cohort 

N=2,634 

0 - <2.5 

portions 

2.5 - <5 

portions 

5 - <7.5 

portions 

7.5 - <10 

portions 

>10 - 17 

portions 

Number of participants (%)  323 (12.3%) 913 (34.7%) 971 (36.9%) 329 (12.5%) 98 (3.7%) 

Frailty status       

  Robust 1,577 (59.9%) 174 (53.9) 556 (60.9) 581 (59.8) 212 (64.4) 54 (55.1) 

  Pre-frail 1,057 (40.1%) 149 (46.1) 357 (39.1) 390 (40.2) 117 (35.6) 44 (44.9) 

Incident frailty, case/total (%) 
189/2,634 

(7.2%) 

31/323 

(9.6%) 

72/913 

(7.9%) 

60/971 

(6.2%) 

20/329 

(6.1%) 

6/98  

(6.1%) 

Incident pre-frailty/frailty, 

case/total (%) 

500/1,577 

(31.7%) 

68/174 

(39.1%) 

187/556 

(33.6%) 

169/581 

(29.1%) 

54/212 

(25.5%) 

22/54 

(40.7%) 

Age group        

  60-64 941 (35.7%) 129 (39.9%) 345 (37.8%) 319 (32.9%) 121 (36.8%) 27 (27.6%) 

  65-69 645 (24.5%) 82 (25.4%) 211 (23.1%) 236 (24.3%) 89 (27.1%) 27 (27.6%) 

  70-74 606 (23.1%) 60 (18.6%) 206 (22.6%) 248 (25.5%) 72 (21.9%) 20 (20.4%) 

  75-79 275 (10.4%) 33 (10.2%) 95 (10.4%) 110 (11.3%) 24 (7.3%) 13 (13.3%) 

  80+ 167 (6.3%) 19 (5.9%) 56 (6.1%) 58 (6.0%) 23 (7.0%) 11 (11.2%) 

Gender       

  Male 1,163 (44.1%) 166 (51.4%) 423 (46.3%) 386 (39.7%) 138 (41.9%) 50 (51.0%) 

  Female 1,471 (55.9%) 157 (48.6%) 490 (53.7%) 585 (60.3%) 191 (58.1%) 48 (49.0%) 

BMI, median (IQR) 27.4 (24.9-30.5) 27.7 (25.3-31.7) 27.4 (24.9-30.5) 27.4 (24.8-30.3) 27.3 (24.9-30.5) 27.3 (24.9-29.7) 

Smoking       

  Non-smoker 2,398 (91.7%) 265 (82.6%) 814 (89.8%) 913 (94.5%) 317 (97.5%) 89 (91.8%) 

  Current smoker 218 (8.3%)  56 (17.5%) 93 (10.3%) 53 (5.5%) 8 (2.5%) 8 (8.3%) 

Alcohol       

  None 205 (7.8%) 39 (12.2%) 70 (7.7%) 73 (7.6%) 17 (5.2%) 6 (6.2%) 

  1/y-2/m 694 (26.5%) 82 (25.6%) 247 (27.3%) 248 (25.7%) 90 (27.5%) 27 (27.8%) 

  1/w-4/w 1,043 (39.9%) 117 (36.6%) 352 (38.8%) 386 (40.0%) 143 (43.7%) 45 (46.4%) 

  5/w-daily 673 (25.7%) 82 (25.6%) 238 (26.2%) 257 (26.7%) 77 (23.6%) 19 (19.6%) 

Living alone 610 (23.2%) 84 (26.1%) 183 (20.0%) 235 (24.2%) 83 (25.2%) 25 (25.5%) 

Wealth quintile       

  Richest 702 (27.2%) 52 (16.5%) 219 (24.4%) 295 (31.0%) 109 (33.8%) 27 (28.1%) 

  2nd 620 (24.0%) 52 (16.5%) 233 (26.0%) 246 (25.8%) 77 (23.8%) 12 (12.5%) 

  3rd 568 (22.0%) 73 (23.1%) 207 (23.1%) 194 (20.4%) 71 (22.0%) 23 (24.0%) 

  4th 423 (16.4%) 80 (25.3%) 143 (15.9%) 141 (14.8%) 38 (11.8%) 21 (21.9%) 

  Poorest 273 (10.6%) 59 (18.7%) 96 (10.7%) 77 (8.1%) 28 (8.7%) 13 (13.5%) 

Education       
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Variable* 
Entire cohort 

N=2,634 

0 - <2.5 

portions 

2.5 - <5 

portions 

5 - <7.5 

portions 

7.5 - <10 

portions 

>10 - 17 

portions 

  Higher education 468 (17.8%) 30 (9.3%) 160 (17.5%) 183 (18.9%) 75 (22.8%) 20 (20.4%) 

  Intermediate 1,524 (57.9%) 169 (52.3%) 539 (59.0%) 578 (59.5%) 182 (55.3%) 56 (57.1%) 

  No qualification 642 (24.4%) 124 (38.4%) 214 (23.4%) 210 (21.6%) 72 (21.9%) 22 (22.5%) 

Depressive mood 0.5 + 1.0 0.6 + 1.2 0.4 + 0.9 0.5 + 1.0 0.5 + 1.1 0.6 + 1.3 

Cognitive function 51.8 + 12.3 50.1 + 10.6 51.6 + 10.4 52.2 + 10.0 52.8 + 11.1 50.9 + 12.3 

Diabetes 239 (9.1%) 40 (12.4%) 87 (9.5%) 75 (7.7%) 26 (7.9%) 11 (11.2%) 

Hyperlipidemia 1,077 (40.9%) 132 (40.9%) 387 (42.4%) 401 (41.3%) 119 (36.2%) 38 (38.8%) 

BMI: body mass index, IQR: Interquartile range, SD: standard deviation 

* Median + interquartile range, mean (standard deviation) or n (%). 

The first column reports column percentages and the rest report row percentages. 

The percentages may not sum up to 100% due to rounding. 

 

Table 5.5 shows associations between fruit and vegetable consumption and incident 

frailty risks using multivariable logistic regression models among 2,634 participants 

who were robust or pre-frail at baseline, with the lowest consumption group as a 

reference. In Model 1 adjusted for age and gender, higher consumption of fruit and 

vegetables was associated with lower odds of frailty (p for trend=0.02) although only 

a group of 5-7.5 portions per day reached a statistical significance (OR=0.58, 

95%CI=0.35-0.98, p=0.04). However, there were no significant associations between 

any fruit and vegetable consumption groups and frailty risks in Models 2-5 with 

further adjustments. 

 

The same multivariable logistic regression models were used to examine incident 

pre-frailty/frailty risks according to fruit and vegetable consumption among 1577 

robust participants at baseline (Table 5.6). There are dose-response associations 

between higher consumption of fruit and vegetables and lower risk of pre-frailty/frailty 

among the lower four consumption groups, where ORs decreased with higher fruit 

and vegetable consumption in all Models. In Model 5 with full adjustments, ORs for 

groups consuming 2.5 - <5 portions, 5 - <7.5 portions and 7.5 - <10 portions were 

0.77 (955CI=0.52-1.15, p=0.21), 0.56 (95%CI=0.37-0.85, p<0.01) and 0.46 

(95%CI=0.27-0.77, p<0.01), respectively, compared with those consuming 0 - <2.5 

portions. The highest consumption group of 10-17 portions, however, had odds of 

pre-frailty/frailty not significantly different from the lowest (0 - <2.5 portions) 
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consumption group’s in all Models (OR=0.89-1.16, p=0.66-0.84). Although p for trend 

was calculated and was shown in Table 5.6, the shape of the association between 

fruit and vegetable consumption and pre-frailty/frailty risks was clearly not linear but 

seemed J-shaped, so p for trend was not interpreted.
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Table 5. 5. Multivariable logistic regression models examining associations between fruit and vegetable consumption 

groups and 4-year incident frailty among 2,634 non-frail community-dwelling older people in England. 

 Model 1  Model 2  Model 3  Model 4  Model 5  

Variable Odds Ratio (95%CI) P value Odds Ratio (95%CI) p value Odds Ratio (95%CI) p value Odds Ratio (95%CI) p value Odds Ratio (95%CI) p value 

Fruit and vegetable           

  0 - <2.5 portions ref  ref  ref  ref  ref  

  2.5 - <5 portions 0.77 (0.46-1.28) 0.32 0.94 (0.57-1.56) 0.82 1.06 (0.63-1.79) 0.82 1.06 (0.63-1.80) 0.83 1.22 (0.68-2.17) 0.50 

  5 - <7.5 portions 0.58 (0.35-0.98) 0.04 0.73 (0.44-1.22) 0.23 0.88 (0.51-1.50) 0.63 0.87 (0.51-1.50) 0.62 1.03 (0.58-1.84) 0.91 

  7.5 - <10 portions 0.56 (0.28-1.12) 0.10 0.75 (0.37-1.51) 0.42 0.93 (0.45-1.96) 0.86 0.93 (0.44-1.96) 0.86 1.19 (0.54-2.65) 0.67 

  10 - 17 portions 0.44 (0.17-1.17) 0.10 0.46 (0.17-1.22) 0.12 0.53 (0.19-1.47) 0.22 0.51 (0.18-1.42) 0.20 0.60 (0.21-1.77) 0.36 

  P for trend  0.02  0.06  0.23  0.22  0.56 

Age group           

  60-64 ref  ref  ref  ref  ref  

  65-69 2.03 (1.14-3.64) 0.02 2.05 (1.15-3.68) 0.02 2.23 (1.23-4.04) <0.01 2.21 (1.22-4.01) <0.01 1.68 (0.89-3.18) 0.11 

  70-74 3.68 (2.17-6.23) <0.001 3.38 (1.96-5.83) <0.001 3.57 (2.03-6.28) <0.001 3.46 (1.96-6.11) <0.001 2.91 (1.58-5.37) 0.001 

  75-79 6.60 (3.69-11.79) <0.001 6.69 (3.67-12.17) <0.001 6.55 (3.53-12.17) <0.001 6.38 (3.43-11.89) <0.001 5.25 (2.71-10.15) <0.001 

  80+ 18.02 (10.38-31.28) <0.001 19.05 (10.77-33.70) <0.001 18.67 (10.26-33.98) <0.001 18.73 (12.24-34.28) <0.001 14.91 (7.58-29.35) <0.001 

Female 1.65 (1.23-2.21) 0.001 0.96 (0.69-1.35) 0.83 0.88 (0.62-1.25) 0.48 0.85 (0.60-1.21) 0.37 0.96 (0.65-1.41) 0.84 

Smoking           

  Non-smoker ref  ref  ref  ref  ref  

  Current smoker 1.13 (0.81-1.58) 0.48 2.24 (1.32-3.79) <0.01 1.94 (1.13-3.34) 0.02 1.90 (1.10-3.28) 0.02 1.54 (0.85-2.76) 0.15 

Alcohol           

  None -  ref  ref  ref  ref  

  1/year-2/month -  0.37 (0.22-0.63) <0.001 0.39 (0.23-0.67) 0.001 0.39 (0.23-0.67) 0.001 0.44 (0.24-0.78) <0.01 

  1/week-4/week -  0.40 (0.24-0.66) <0.001 0.46 (0.28-0.77) <0.01 0.46 (0.28-0.77) <0.01 0.52 (0.30-0.92) 0.03 

  5-7 times/week -  0.34 (0.20-0.59) <0.001 0.46 (0.26-0.82) <0.01 0.47 (0.27-0.85) 0.01 0.61 (0.33-1.16) 0.13 
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Wealth quintile           

  Richest -  -  ref  ref  ref  

  2nd -  -  1.05 (0.60-1.85) 0.85 0.94 (0.53-1.67) 0.84 0.85 (0.46-1.58) 0.61 

  3rd -  -  1.54 (0.89-2.69) 0.13 1.35 (0.77-2.38) 0.29 1.13 (0.62-2.08) 0.68 

  4th -  -  1.77 (0.98-3.20) 0.06 1.52 (0.82-2.82) 0.18 1.52 (0.79-2.93) 0.21 

  Poorest -  -  3.33 (1.84-6.02) <0.001 2.88 (1.58-5.27) 0.001 2.43 (1.26-4.67) <0.01 

Education           

  Higher education -  -  -  ref  ref  

  Intermediate -  -  -  2.20 (1.10-4.38) 0.03 2.29 (1.07-4.89) 0.03 

  No qualification -  -  -  1.95 (0.91-4.16) 0.09 1.87 (0.80-4.37) 0.15 

Living alone -  -  -  -  0.99 (0.64-1.51) 0.95 

Cognition -  -  -  -  0.96 (0.94-0.98) <0.001 

Depressive mood -  -  -  -  1.32 (1.15-1.52) <0.001 

Diabetes -  -  -  -  1.57 (0.90-2.74) 0.11 

Hyperlipidemia -  -  -  -  1.20 (0.82-1.75) 0.35 

Model 1: Adjusted for age and gender. 

Model 2: Further adjusted for smoking and alcohol 

Model 3: Further adjusted for wealth. 

Model 4: Further adjusted for education. 

Model 5: Further adjusted for living alone, cognition, depressed mood, diabetes and hyperlipidemia 

CI: Confidence interval 
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Table 5. 6. Multivariable logistic regression models examining associations between fruit and vegetable consumption 

groups and 4-year incident pre-frailty/frailty among 1,577 robust community-dwelling older people in England. 

 Model 1  Model 2  Model 3  Model 4  Model 5  

Variable Odds Ratio (95%CI) P value Odds Ratio (95%CI) p value Odds Ratio (95%CI) p value Odds Ratio (95%CI) p value Odds Ratio (95%CI) p value 

Fruit and vegetable           

  0 - <2.5 portions ref  ref  ref  ref  ref  

  2.5 - <5 portions 0.76 (0.52-1.11) 0.20 0.78 (0.53-1.15) 0.21 0.86 (0.58-1.27) 0.45 0.89 (0.60-1.33) 0.58 0.77 (0.52-1.15) 0.21 

  5 - <7.5 portions 0.54 (0.37-0.79) <0.01 0.56 (0.38-0.83) <0.01 0.64 (0.43-0.95) 0.03 0.66 (0.44-0.99) 0.04 0.56 (0.37-0.85) <0.01 

  7.5 - <10 portions 0.43 (0.27-0.68) <0.001 0.46 (0.28-0.73) 0.001 0.52 (0.32-0.86) 0.01 0.55 (0.34-0.91) 0.02 0.46 (0.27-0.77) <0.01 

  10 - 17 portions 0.93 (0.47-1.84) 0.84 0.89 (0.46-1.75) 0.74 1.08 (0.55-2.11) 0.82 1.16 (0.59-2.29) 0.66 1.10 (0.54-2.26) 0.79 

  P for trend  <0.01  <0.01  0.03  0.05  0.02 

Age group           

  60-64 ref  ref  ref  ref  ref  

  65-69 1.36 (1.01-1.84) 0.04 1.32 (0.98-1.79) 0.07 1.31 (0.97-1.78) 0.08 1.28 (0.94-1.74) 0.12 1.23 (0.89-1.69) 0.22 

  70-74 1.88 (1.38-2.54) <0.001 1.85 (1.36-2.53) <0.001 1.85 (1.35-2.52) <0.001 1.77 (1.29-2.42) <0.001 1.65 (1.19-2.28) <0.01 

  75-79 3.25 (2.17-4.85) <0.001 3.38 (2.23-5.11) <0.001 3.23 (2.13-4.90) <0.001 3.07 (2.02-4.68) <0.001 2.91 (1.86-4.56) <0.001 

  80+ 7.46 (3.97-1.4.02) <0.001 8.08 (4.22-15.48) <0.001 8.19 (4.14-16.20) <0.001 7.94 (4.01-15.72) <0.001 7.00 (3.37-14.55) <0.001 

Female 1.66 (1.31-2.10) <0.001 1.57 (1.23-1.99) <0.001 1.54 (1.20-1.96) 0.001 1.45 (1.13-1.87) <0.01 1.59 (1.22-2.08) 0.001 

Smoking           

  Non-smoker -  ref  ref  ref  ref  

  Current smoker -  1.46 (0.95-2.23) 0.08 1.44 (0.93-2.22) 0.10 1.34 (0.87-2.09) 0.19 1.43 (0.91-2.26) 0.13 

Alcohol           

  None -  ref  ref  ref  ref  

  1/year-2/month -  0.61 (0.37-1.03) 0.06 0.68 (0.40-1.14) 0.15 0.68 (0.41-1.15) 0.15 0.77 (0.45-1.31) 0.33 

  1/week-4/week -  0.63 (0.39-1.04) 0.07 0.73 (0.44-1.21) 0.22 0.77 (0.46-1.26) 0.30 0.87 (0.52-1.45) 0.59 

  5-7 times/week -  0.47 (0.28-0.78) <0.01 0.60 (0.35-1.01) 0.05 0.64 (0.38-1.07) 0.09 0.71 (0.41-1.21) 0.21 
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Wealth quintile           

  Richest -  -  ref  ref  ref  

  2nd -  -  1.11 (0.80-1.53) 0.54 1.05 (0.76-1.46) 0.78 1.11 (0.79-1.56) 0.54 

  3rd -  -  1.40 (1.01-1.95) 0.05 1.27 (0.90-1.79) 0.17 1.34 (0.93-1.91) 0.11 

  4th -  -  1.65 (1.12-2.44) 0.01 1.46 (0.98-2.17) 0.06 1.38 (0.90-2.10) 0.14 

  Poorest -  -  1.73 (1.05-2.86) 0.03 1.50 (0.89-2.52) 0.12 1.52 (0.90-2.57) 0.12 

Education           

  Higher education -  -  -  ref  ref  

  Intermediate -  -  -  1.18 (0.84-1.66) 0.34 1.08 (0.75-1.54) 0.69 

  No qualification -  -  -  1.67 (1.10-2.54) 0.02 1.20 (0.77-1.88) 0.42 

Living alone -  -  -  -  0.98 (0.71-1.34) 0.90 

Cognition -  -  -  -  0.98 (0.96-0.99) 0.001 

Depressive mood -  -  -  -  1.20 (1.00-1.44) 0.05 

Diabetes -  -  -  -  1.51 (0.95-2.40) 0.08 

Hyperlipidemia -  -  -  -  1.18 (0.92-1.52) 0.19 

Model 1: Adjusted for age and gender. 

Model 2: Further adjusted for smoking and alcohol 

Model 3: Further adjusted for wealth. 

Model 4: Further adjusted for education. 

Model 5: Further adjusted for living alone, cognition, depressed mood, diabetes and hyperlipidemia 

CI: Confidence interval 
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5.3.7.2 Supplementary analysis - separate consumption of fruit and vegetables  

Models 1-5 were repeated with consumption of fruit and vegetables separately as a 

predictor variable for risks of frailty and pre-frailty/frailty. Fruit consumption ranged 

from 0 to 11 portions per day with mean and median of 3.1 and 3 portions, 

respectively. Vegetable consumption ranged from 0 to 9 portions per day with mean 

and median of 2.1 and 2 portions, respectively. Please see Chapter 5.3.6.2 

Supplementary analysis - separate consumption of fruit and vegetables for 

detail. 

 

Table 5.7 shows results of multivariable logistic regression models for incident frailty 

according to consumption of fruit and vegetable, respectively. In all Models there 

were no significant associations between fruit and vegetable consumption, 

respectively, and incident frailty, except those consuming 3 - <4.5 portions and 4.5 - 

<6 portions of fruit had significantly lower risks of incident frailty compared with those 

consuming 0 - <1.5 portions of fruit (OR=0.56, 95%CI=0.23-0.92, p=0.02; OR=0.56, 

95%CI=0.31-0.99, p=0.05, respectively). This association became non-significant in 

later Models with further adjustments. 

 

Results of multivariable logistic regression models examining risks of incident pre-

frailty/frailty according to fruit and vegetable consumption separately are summarised 

in Table 5.8. For fruit consumption, 3 - <4.5 and 4.5 - <6 portions per day were 

significantly associated with lower odds of pre-frailty/frailty compared with 0 - <1.5 

portions per day in all Models. 1.5 - <3 portions and 6 - 11 portions were not 

associated with pre-frailty/frailty in any Models. For vegetable consumption, 1 - <2 

portions of vegetable was significantly associated with lower odds of pre-frailty/frailty 

in all Models. 2 - <3 portions, 3 - <4 portions and 4 - 9 portions were all significantly 

associated with lower odds of pre-frailty/frailty compared with 0 - <1 portion in Model 

1, and in the final Model 5 2 - <3 portions and 4 - 9 portions remained significant 

while 3 - <4 portions became non-significant.  
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Table 5. 7. Multivariable logistic regression models examining associations between consumption of fruit and vegetable, 

respectively, and 4-year incident frailty among 2,634 non-frail community-dwelling older people in England. 

 Model 1  Model 2  Model 3  Model 4  Model 5  

Variable Odds Ratio (95%CI) P value Odds Ratio (95%CI) p value Odds Ratio (95%CI) p value Odds Ratio (95%CI) p value Odds Ratio (95%CI) p value 

Fruit           

  0 - <1.5 portions (n=423) ref  ref  ref  ref  ref  

  1.5 - <3 portions (n=727) 0.71 (0.44-1.15) 0.16 0.88 (0.55-1.42) 0.60 0.94 (0.57-1.54) 0.81 0.94 (0.57-1.54) 0.81 1.07 (0.63-1.82) 0.79 

  3 - <4.5 portions (n=917) 0.56 (0.23-0.92) 0.02 0.69 (0.42-1.14) 0.15 0.76 (0.45-1.29) 0.31 0.77 (0.45-1.31) 0.33 0.93 (0.53-1.65) 0.81 

  4.5 - <6 portions (n=402) 0.56 (0.31-0.99) 0.05 0.68 (0.38-1.22) 0.19 0.77 (0.42-1.40) 0.38 0.77 (0.42-1.40) 0.39 1.05 (0.55-2.01) 0.87 

  6 - 11 portions (n=165) 0.92 (0.47-1.80) 0.80 1.21 (0.60-2.43) 0.59 1.40 (0.69-2.82) 0.35 1.42 (0.69-2.92) 0.34 1.98 (0.93-4.22) 0.08 

Vegetable           

  0 - <1 portion ref  ref  ref  ref  ref  

  1 - <2 portions 0.79 (0.47-1.32) 0.37 0.96 (0.56-1.66) 0.90 1.10 (0.63-1.93) 0.74 1.10 (0.63-1.92) 0.75 1.24 (0.67-2.28) 0.49 

  2 - <3 portions 0.97 (0.58-1.63) 0.92 1.15 (0.67-1.98) 0.60 1.34 (0.76-2.35) 0.31 1.33 (0.76-2.34) 0.32 1.54 (0.84-2.84) 0.16 

  3 - <4 portions 0.65 (0.34-1.24) 0.19 0.81 (0.41-1.59) 0.54 0.97 (0.48-1.94) 0.93 0.95 (0.47-1.90) 0.88 1.05 (0.49-2.22) 0.90 

  4 - 9 portions 0.46 (0.20-1.04) 0.06 0.51 (0.22-1.18) 0.12 0.58 (0.24-1.39) 0.22 0.57 (0.24-1.36) 0.20 0.53 (0.20-1.36) 0.19 

Model 1: Adjusted for age and gender. 

Model 2: Further adjusted for smoking and alcohol 

Model 3: Further adjusted for wealth. 

Model 4: Further adjusted for education. 

Model 5: Further adjusted for living alone, cognition, depressed mood, diabetes and hyperlipidemia 

CI: Confidence interval 
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Table 5. 8. Multivariable logistic regression models examining associations between consumption of fruit and vegetable, 

respectively, and 4-year incident pre-frailty/frailty among 1,577 robust community-dwelling older people in England. 

 Model 1  Model 2  Model 3  Model 4  Model 5  

Variable Odds Ratio (95%CI) P value Odds Ratio (95%CI) p value Odds Ratio (95%CI) p value Odds Ratio (95%CI) p value Odds Ratio (95%CI) p value 

Fruit           

  0 - <1.5 portions (n=423) ref  ref  ref  ref  ref  

  1.5 - <3 portions (n=727) 0.82 (0.58-1.18) 0.28 0.83 (0.58-1.19) 0.31 0.93 (0.65-1.34) 0.70 0.96 (0.67-1.38) 0.83 0.86 (0.59-1.26) 0.45 

  3 - <4.5 portions (n=917) 0.55 (0.39-0.78) 0.001 0.56 (0.39-0.80) <0.01 0.64 (0.45-0.92) 0.02 0.66 (0.46-0.95) 0.02 0.58 (0.40-0.84) <0.01 

  4.5 - <6 portions (n=402) 0.56 (0.37-0.83) <0.01 0.54 (0.36-0.82) <0.01 0.61 (0.40-0.94) 0.02 0.64 (0.42-0.98) 0.04 0.52 (0.33-0.81) <0.01 

  6 - 11 portions (n=165) 0.82 (0.48-1.39) 0.46 0.86 (0.51-1.46) 0.58 1.04 (0.62-1.75) 0.89 1.12 (0.66-1.90) 0.67 1.17 (0.67-2.02) 0.58 

Vegetable           

  0 - <1 portion ref  ref  ref  ref  ref  

  1 - <2 portions 0.57 (0.39-0.84) <0.01 0.58 (0.39-0.85) <0.01 0.62 (0.42-0.92) 0.02 0.64 (0.43-0.95) 0.03 0.57 (0.38-0.86) <0.01 

  2 - <3 portions 0.57 (0.39-0.84) <0.01 0.60 (0.41-0.89) 0.01 0.70 (0.47-1.03) 0.07 0.71 (0.48-1.05) 0.09 0.64 (0.43-0.96) 0.03 

  3 - <4 portions 0.64 (0.41-0.99) 0.05 0.67 (0.43-1.05) 0.08 0.74 (0.47-1.17) 0.20 0.75 (0.48-1.18) 0.21 0.70 (0.44-1.11) 0.13 

  4 - 9 portions 0.52 (0.31-0.87) 0.01 0.53 (0.31-0.89) 0.02 0.60 (0.25-1.01) 0.06 0.62 (0.37-1.06) 0.08 0.53 (0.30-0.93) 0.03 

Model 1: Adjusted for age and gender. 

Model 2: Further adjusted for smoking and alcohol 

Model 3: Further adjusted for wealth. 

Model 4: Further adjusted for education. 

Model 5: Further adjusted for living alone, cognition, depressed mood, diabetes and hyperlipidemia 

CI: Confidence interval 
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5.3.7.3 Supplementary analysis - implausibly high values 

Implausibly high values were excluded from the main analysis. In this supplementary 

analysis, the fully adjusted Model 5 was repeated with implausibly high values 

treated as 0 (Model 5a) and treated as were without being changed or excluded 

(Model 5b). Results of Models 5a and 5b are not significantly different from those of 

Model 5 (Tables 5.9 and 5.10). 

 

5.3.7.4 Supplementary analysis - multiple imputation by chained equations 

There were missing values for some covariates, including smoking (n=18), alcohol 

(n=19), wealth (n=48), cognitive function score (n=183) and depressed mood (n=11) 

while all analytic sample had complete data for the rest of the covariates of age, 

gender, education, living alone, diabetes and hyperlipidemia. Models 5 for incident 

frailty and incident pre-frailty/frailty were repeated imputing the missing values of 

covariates using MICE. Imputing missing covariates did not significantly change the 

results of Model 5 (Tables 5.9 and 5.10). 

 

 

Table 5. 9 Fully adjusted logistic regression models for incident frailty with 

implausibly high values treated as 0 (Model 5a), treated as were (Model 5b) and 

with missing covariates imputed by multiple imputation by chained equations 

(MICE). 

Total Model 5  Model 5a  Model 5b  MICE  

Variable 
Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Fruit and vegetable         

  0 - <2.5 portions ref        

  2.5 - <5 portions 1.22 (0.68-2.17) 0.50 1.25 (0.73-2.16) 0.42 1.22 (0.69-2.17) 0.49 1.10 (0.66-1.85) 0.71 

  5 - <7.5 portions 1.03 (0.58-1.84) 0.91 1.09 (0.63-1.89) 0.76 1.05 (0.60-1.86) 0.86 0.94 (0.56-1.60) 0.83 

  7.5 - <10 portions 1.19 (0.54-2.65) 0.67 1.08 (0.51-2.30) 0.84 0.98 (0.45-2.11) 0.96 0.94 (0.45-1.97) 0.87 

  10 - 17 portions 0.60 (0.21-1.77) 0.36 0.59 (0.21-1.62) 0.31 0.96 (0.46-2.03) 0.92 0.54 (0.20-1.47) 0.23 

CI: Confidence interval. 

MICE: Multiple imputation by chained equations. 
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Table 5. 10 Fully adjusted logistic regression models for incident pre-

frailty/frailty with implausibly high values treated as 0 (Model 5a), treated as 

were (Model 5b) and with missing covariates imputed by multiple imputation 

by chained equations (MICE). 

Total Model 5  Model 5a  Model 5b  MICE  

Variable 
Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Odds Ratio 

(95%CI) 

p 

value 

Fruit and vegetable         

  0 - <2.5 portions ref        

  2.5 - <5 portions 0.77 (0.52-1.15) 0.21 0.69 (0.48-1.01) 0.06 0.80 (0.53-1.19) 0.26 0.86 (0.58-1.27) 0.44 

  5 - <7.5 portions 0.56 (0.37-0.85) <0.01 0.55 (0.38-0.81) <0.01 0.59 (0.40-0.89) 0.01 0.66 (0.44-0.98) 0.04 

  7.5 - <10 portions 0.46 (0.27-0.77) <0.01 0.48 (0.30-0.77) <0.01 0.55 (0.33-0.90) 0.02 0.53 (0.32-0.87) 0.01 

  10 - 17 portions 1.10 (0.54-2.26) 0.79 0.80 (0.42-1.54) 0.50 0.97 (0.58-1.63) 0.91 1.12 (0.55-2.27) 0.75 

CI: Confidence interval. 

MICE: Multiple imputation by chained equations. 

 

5.3.8 Discussion 

In this chapter, risks of 4-year incident frailty and incident pre-frailty/frailty according 

to fruit and vegetable consumption were examined among 2,634 non-frail (robust or 

pre-frail) and 1,577 robust English community-dwelling men and women aged 60 or 

older, respectively. There were no significant association between fruit and 

vegetable consumption and incidence of frailty among robust or pre-frail participants, 

after adjusting for potential confounding factors. Interestingly, however, consuming 

5-10 portions of fruit and vegetables per day was associated with approximately half 

the odds of pre-frailty/frailty compared with 0-2.5 portions per day among robust 

participants. No potential protective effect for incident pre-frailty/frailty were observed 

among participants consuming 10 or more portions per day; the incidence of pre-

frailty/frailty was similar in this very high consuming group, as those with very low 

consumption (0 - <2.5 portions). 

 

The reason why fruit and vegetable consumption was associated with incident pre-

frailty/frailty but not with incident frailty is not clear. This may suggest that fruit and 

vegetable consumption is beneficial more for preventing the development of pre-

frailty/frailty than for delaying or reversing changes in already pre-frail individuals. 
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Another interesting finding is that the potentially beneficial effects of consuming 5 to 

10 portions disappeared for those consuming 10 or more portions. This may be 

attributable to a possible ceiling effect of health benefits from consumption of fruit 

and vegetables, or unmeasured characteristics of those who consumed that high 

amount of fruit and vegetables. The dose-response meta-analysis study described in 

Chapter 5.1 Introduction showed that more than 10 portions of fruit and vegetable 

consumption failed to show additional benefits against mortality and CVD.197 Another 

possible explanation is that a very high amount of fruit and vegetable consumption 

may hinder consuming sufficient calories or other important nutrients, such as 

protein, and result in an unbalanced poor quality diet. Fruit and vegetables contain 

multiple micro-nutrients, but are not high calorie or protein-rich food, except for 

legumes. Low intake of calories or protein has been shown to be associated with 

increased risks of frailty.282, 283, 294 

 

 

Adequate consumption of fruits and vegetables may be protective against frailty. 

One of the possible mechanisms is anti-oxidative effects. A recent systematic review 

has shown that frailty appears to be associated with higher oxidative stress and 

lower anti-oxidant-related measurements.295 Fruits and vegetables are rich in natural 

anti-oxidants, such as vitamin C, vitamin E, carotenoids and selenium and may 

prevent frailty by decreasing reactive oxygen species, which cause damage to DNA, 

lipids and proteins and induce mitochondrial dysfunction and apoptosis.88 Another 

explanation is that legumes and beans are potential source of proteins. Adequate 

dietary protein intake is essential to increase muscle protein synthesis and improve 

physical function, and counteract sarcopenia, which is the age-related loss of muscle 

mass and strength and a core feature of frailty. Therefore those with adequate, but 

not too large, intakes of fruits and vegetables may obtain more plant-based proteins 

and have lower frailty risk than those with low intake.84 Another possible explanation 

is that a high fruit and vegetable consumption may be a marker of healthy 

characteristics that were unmeasured or accounted for. Those who consumed a 

sufficient amount of fruit and vegetable may be more health conscious and motivated 

for healthy behaviours, such as physical exercise or trying to have a balanced diet. 
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Supplementary analyses examined individual consumption of fruit and vegetable and 

showed similar findings to the main analyses with fruit and vegetable combined: 

moderate consumption was associated with lower odds of pre-frailty/frailty but higher 

consumption was not. The other supplementary analyses imputing missing values of 

covariates and keeping implausibly high values of fruit and vegetable consumption or 

treating them as 0 did not change the findings significantly. 

 

In conclusion, moderate consumption of fruit and vegetable (5 to 10 portions per 

day) was significantly associated with lower risks of developing pre-frailty/frailty 

among robust older people in England. Older people, especially those who are 

robust, can be advised that it may be beneficial to consume sufficient amounts of 

fruit and vegetables for frailty prevention as well as for health in general. In light of 

scarce information available on this topic in the literature, more high-quality studies 

are warranted, in particular to further examine our findings of reduced benefit for 

those eating more than 10 portions of fruit and vegetables per day. 

 

I discuss the strengths and limitations of this analysis and further discuss the 

meaning and implications of the findings in my final Chapter 6 OVERALL 

DISCUSSION. 
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6 OVERALL DISCUSSION 

This thesis considers the potential of three modifiable lifestyle factors, (i) smoking, (ii) 

alcohol and (iii) fruit and vegetable consumption, as risk factors for frailty by 

reviewing the evidence and examining the prospective associations between them, 

at baseline and subsequent frailty risks over 4 years using a representative sample 

of community-dwelling older people in England (ELSA). 

 

In this chapter the key findings are summarised and discussed in comparison with 

previous studies, followed by a discussion of the strengths and limitations of the 

methods used. Clinical and research implications of the findings and directions for 

future research are also highlighted before the conclusion. 

 

6.1 Key Findings 

6.1.1 Systematic reviews 

Three systematic reviews on smoking, alcohol consumption and fruit and vegetable 

consumption as risk factors of incident frailty revealed that there was only limited 

evidence in the literature. The number of eligible prospective studies identified by the 

systematic reviews was small, ranging from 4 to 5. Some of the included studies 

were not originally designed to examine the three factors of my thesis’s interest as 

risk factors of frailty, and others had suboptimal methodological quality. A meta-

analysis was conducted only for alcohol analysis but this was not possible for 

smoking and fruit and vegetable consumption due to different methodologies 

regarding predictors, outcomes and statistical analyses. For smoking, most of the 

included studies showed that current smoking at baseline predicted worsening of 

frailty status at follow-up. For alcohol, a meta-analysis suggested a significantly 

lower odds of frailty in the highest amount of alcohol consumption. However, this 

finding was questioned mainly because non-drinkers were used as a reference. For 

fruit and vegetable consumption, two of three studies with adequate methodological 

quality showed associations between higher fruit and vegetable consumption and 

lower frailty risks.  
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6.1.2 Smoking 

Chapter 3 demonstrated that current smokers had 58% higher odds of frailty 

compared with non-smokers (OR=1.58, 95%CI=1.00-2.50, p=0.05) controlling for 

potential confounders. This association was attenuated and became non-significant 

after further adjusting for COPD, CRP and fibrinogen, respectively, which suggests 

that these three factors may partially explain the association between smoking and 

frailty. Smoking is the main risk factor for COPD and is responsible for 40-70% of the 

cases.296 Typical symptoms of COPD include cough, wheezing, shortness of breath, 

especially with exercise, which could cause fatigue, low physical activity and 

function, including slow walking speed, and predispose patients with COPD to 

developing frailty. The OR for Model 5 decreased by 13.3% to 1.37 and p values 

changed from 0.05 to 0.19 when COPD was added to the model. Toxic compounds 

included in cigarette smoke cause inflammatory reactions through a number of 

inflammatory mediators.248 Chronic inflammation can cause muscle wasting,249 

which is a core component of frailty. When CRP and fibrinogen were added 

separately, ORs decreased from 1.58 to 1.37 and 1.49, respectively, and p values 

changed from 0.05 to 0.25 and 0.15, respectively.  

 

Based on the systematic review of the literature (Chapter 3.2),226 only one previous 

study examined risks of 3-year incident frailty defined by the frailty phenotype 

according to baseline smoking status, in American older women from the Women's 

Health Initiative Observational Study.233 Past smokers and current smokers had 12% 

and 76% higher risks of developing frailty compared with never smokers in a 

multinomial logistic regression model. According to my calculation using available 

data in the paper, the unadjusted OR of frailty for current smokers compared with 

non-smokers (never and past smokers combined) was 1.80 (95%CI=1.56-2.08, 

p<0.001), which is smaller than but comparable to findings of this thesis’s age- and 

gender adjusted model (OR=2.11, 95%CI=1.35-3.29, p=0.001). Another comparable 

study examining smoking and incident frailty was found in the updated literature 

search.146 This study showed that current smoking at mid-life (45-55 years old) was 

significantly associated with a higher odd of frailty at old age (mean age=69).146 Their 

OR adjusted for age, age-squared, gender, time of frailty measure and ethnic origin 

was 1.69 (95%CI=1.27-2.25) was similar to the age- and gender- adjusted OR for 
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current smokers (OR=1.80, 95%CI=1.12-2.88) in the supplementary analysis using 

three smoking groups.  

 

6.1.3 Alcohol 

In Chapter 4 non-drinkers had a 73% higher risk of developing frailty over 4 years 

compared with low drinkers who drank >0 - 7 units of alcohol per week (OR=1.71, 

95%CI=1.12-2.60, p=0.01) in the fully adjusted model controlling for age, gender, 

smoking, wealth and education. The odds of frailty of moderate, heavy and very 

heavy drinkers who consumed >7 - 14, >14 - 21 and >21 units per week, 

respectively, were not significantly different from that of low drinkers (ORs=0.64-

1.01, all p>0.12). When the model was further adjusted for self-reported general 

health, the OR for non-drinkers decreased from 1.71 to 1.48 by 13.5% and became 

non-significant with the p value changing from 0.01 to 0.09. This suggests that non-

drinkers’ increased incident frailty risk can partially attributable to their worse health 

status at baseline. Non-drinkers may have included ‘sick quitters’, who had quit 

drinking due to ill health from alcohol and other diseases.275 At baseline non-drinkers 

had worse health profiles, such as worse baseline frailty status, advanced age, 

current smoking, lower wealth and lower education. 

 

6.1.4 Fruit and vegetable consumption 

Chapter 5 analysed the associations between fruit and vegetable consumption and 

frailty risks. Fruit and vegetable consumption of ELSA participants (mean 5 portions) 

was found to be higher than that of general and older populations (mean around 3 

portions).198, 287 Prospective associations between fruit and vegetable consumption 

at baseline and risk of incident frailty and incident pre-frailty/frailty over 4 years were 

examined. Although there was no significant association with incident frailty among 

robust and pre-frail participants, consumption of 5-10 portions of fruit and vegetable 

per day was significantly associated with 44-54% decreased odds of pre-frailty/frailty 

among robust participants (OR=0.56, 95%CI=0.37-0.85, p<0.01 for 5-7.5 portions 

per day; OR=0.46, 95%CI=0.27-0.77, p<0.01 for 7.5-10 portions per day). However, 

consuming more than 10 portions of fruit and vegetables showed no potential 
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protective effects against incident pre-frailty/frailty compared with consuming fewer 

than 2.5 portions/day.  

 

Only one study was found by the systematic review (Chapter 5.2) that focused 

mainly on the association between fruit and vegetable consumption and incident 

frailty.279 This study by Garcia-Esquinas and colleagues examined 2926 non-frail 

community-dwelling older people from three cohorts (two from France and one from 

Spain) and showed that consumption of fruit, vegetables and fruit and vegetables 

combined was inversely associated with incident frailty over 2.5 years in a dose-

response manner.289 Although 1 portion of both fruit and vegetable was defined as 

80g according to WHO199 in this thesis, Garcia-Esquinas’s study defined 1 portion as 

120g for fruit and 150g for vegetables.289 Therefore it is not possible to compare the 

findings precisely because of the different amount of fruit and vegetables per portion. 

Garcia-Esquinas’s study showed significant associations with incident frailty 

controlling for age, gender, education, BMI, smoking, comorbidities, cognition, 

depression, number of medications, modified Mediterranean Diet Score and energy 

intake, while significant associations were observed not with incident frailty but only 

with incident pre-frailty/frailty in this thesis. Garcia-Esquinas’s study showed a dose-

response inverse relationship between fruit and vegetable consumption and incident 

frailty risk, while this thesis’s analysis showed a dose-response decrease in incident 

pre-frailty/frailty risks as fruit and vegetable consumption increases until 10 portions 

per day, after which there was no significant association compared with consuming 

fewer than 2.5 portions. Garcia-Esquinas’s study’s highest category is ‘5 portions’ or 

more. Their ‘5 portions’ can range from 600g to 750g of fruit and vegetables, which is 

lower than this thesis’s highest category of 800g, therefore they may have failed to 

categorise the very high end of consumption. Alternatively, dietary choices in terms 

of what types of fruit and vegetable were eaten might be different in different 

countries. 

 

6.2 Frailty as an Outcome Measure 

Frailty has been chosen as the main outcome measure in this thesis over the wide 

range of other possible outcome measures because it is an important issue for older 
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people and is associated with a range of adverse health consequences and 

increased health and social costs.74, 157 The International Consortium for Health 

Outcomes Measurement (ICHOM) organised the Older Person Working Group, 

consisting patient representatives, measurement experts, clinical, social and 

psychological researchers, and the Group agreed with a standard set of important 

outcome measures that matter to older people. The set includes frailty and the other 

outcomes are participation in decision making, autonomy and control, mood and 

emotional health, loneliness and isolation, pain, activities of daily living, frailty, time 

spent in hospital, overall survival, carer burden, polypharmacy, falls and place of 

death.297 Although there are various important outcome measures for older people 

included in the set, such as disability, frailty is important in that it is a reversible 

process35, 36 and can potentially be prevented or improved by interventions (please 

see Chapter 1.5) Frailty has been shown to be closely related to most of the 

included outcome measures,11, 216, 298-303 and to predict some of them, including 

disability,21, 22 falls,18 hospitalisation24 and mortality.26, 27 It is also noted that frailty 

has not been studied extensively until recently thus there is relatively less evidence 

on frailty than the other outcome measures, especially regarding modifiable lifestyle 

risk factors. One of other important outcome measures for older people is physical 

performance, which is closely related to frailty. However, it was not chosen because 

there was no good validated performance battery in ELSA. 

 

6.3 Strengths 

Major strengths of the use of ELSA include that the data are from a large nationally 

representative cohort of community-dwelling older men and women in England. 

Furthermore, risks of incident frailty and incident pre-frailty/frailty over 4 years were 

prospectively examined controlling for a wide range of important confounders, 

including socio-demographic and lifestyle and health variables. The longitudinal 

weights were used to address biases caused by attrition. Although the main 

analyses were all complete case analyses, which included participants with complete 

data, the models were repeated, in supplementary analyses with missing values of 

covariates imputed using MICE. For all three modifiable lifestyle risk factors of frailty, 
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systematic reviews were performed to search for currently available evidence and a 

meta-analysis was conducted for the alcohol analysis. 

 

6.4 Limitations 

There are several limitations that should be considered when interpreting the 

findings of systematic reviews, meta-analyses and analyses using ELSA data.  

 

6.4.1 Systematic reviews and meta-analyses 

A MeaSurement Tool to Assess systematic Reviews (AMSTAR) checklist was used 

to assess methodological quality of the three systematic reviews.304 This instrument 

was developed to assess methodological quality of systematic reviews and has good 

face and content validity.304 According to the AMSTAR checklist, all three systematic 

reviews had moderate quality (Appendices 2a-c). Methodological limitations 

suggested by the checklist included: 1. only one investigator, but not two, extracted 

data; 2. I did not report the source of funding of the included studies; 3. I did not 

search trial/study registries, did not consult experts in the field and did not pursue 

grey literature; and 4. a protocol was not registered (only for smoking review). 

However, all three reviews were conducted with robust methodology in accordance 

with the PRISMA statement, including comprehensive and extensive search using a 

combination of MeSH and text terms in multiple electronic databases. 

 

6.4.2 ELSA analyses 

6.4.2.1 Selection bias 

Participants of the ELSA cohort were recruited from HSE rather than directly from 

general population. Although the ELSA cohort is considered to be a representative 

sample of community-dwelling men and women in England,158 they may not be in 

that they had elected to participate twice, first in HSE then in ELSA. This may have 

led to selection bias and the ELSA participants may be healthier and more health 

conscious due to a healthy user effect,305 which could be further amplified in older 

populations,306 as well as attrition over time. It should also be noted that the non-
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responders from the ELSA cohort were sicker than the responders therefore my 

ELSA analytic sample might be healthier than the total ELSA population. This may 

explain why fruit and vegetable consumption in the ELSA cohort than average UK 

population (Chapter 5.3 5.3 Fruit and Vegetable Consumption and incident Pre-

frailty/Frailty (ELSA)). 

 

Non-respondents in ELSA tended to be older with worse health profiles,307 and those 

who could not be followed in all the analyses in this thesis were also more likely to 

be older, frailer, current smokers, non-drinkers and have lower education, wealth and 

cognitive function (see results sections of each analysis). This may generate a 

selection bias towards the null hypothesis (i.e. no significant association between 

each of three modifiable lifestyle risk factors and frailty) The reasons for loss to 

follow-up were available between waves 2 and 4 for the smoking and alcohol 

analyses, but reasons were not available those between waves 4 and 6 in the fruit 

and vegetable consumption analysis. The main analyses of this thesis were based 

on complete case analysis, therefore, those who were excluded may be at a higher 

risk of incident frailty, which may have attenuated the population incident frailty risks. 

 

The ELSA cohort does not represent the ethnic minority population of England, 

including few non-white British respondents. Therefore, the findings may not be 

generalizable to other populations. However, the ELSA sample was broadly 

representative of the English population based on comparisons of the 

sociodemographic characteristics of the ELSA participants against results from the 

national census.158 

 

6.4.2.2 Measurement bias 

The three modifiable lifestyle risk factors - smoking, alcohol consumption and fruit 

and vegetable consumption - were all self-reported and may be subject to recall bias 

to varying degrees. There is a tendency of underestimation when smoking 

prevalence is based on self-reported information compared with that based on 

cotinine measurement,308 which may bias the findings towards the null hypothesis 

(no effect of smoking on risk of incident frailty). Alcohol consumption and fruit and 

vegetable consumption were more likely to be subject to the recall bias, because 
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participants needed to recall detail on types and amounts for fruit and vegetables 

and on types, amounts, frequency over the last 12 months for alcohol consumption, 

while participants needed to answer their current status for smoking. All the three 

alcohol measures used in this thesis are self-reported. A recent systematic review 

showed that self-reported alcohol consumption in both quantity and frequency 

demonstrated good\adequate test-retest reliability, criterion validity, hypothesis 

validity and convergent validity.309 

 

Self-reported smoking history has been validated172-174 and the ELSA questionnaire 

of smoking status was shown to accurately distinguish more than 95% of non-current 

smokers at wave 0 against salivary cotinine levels (Chapter 2.5 Definition of 

Alcohol Consumption).  

 

The ELSA wave 4 cohort was used for the fruit and vegetable analysis, and it was 

shown that mean and median fruit and vegetable consumption were 5.2 and 5.0 

portions, respectively, and with 51.0% of participants consuming 5 or more portions 

per day. Data of fruit and vegetable consumption were collected through a self-

completion questionnaire (Figure 2.2). The same questionnaire was used at wave 3. 

However, in waves 5, 6, 7 and 8 the questionnaire had been changed to two simple 

self-completion questions: ‘How many portions of vegetables - excluding potatoes - 

do you eat on a typical day?’ and ‘How may portions of fruit - of any kind - do you eat 

on a typical day?’ (Figure 6.1). 

 

Figure 6. 1. Self-completion questionnaire for fruit and vegetable consumption 

at English Longitudinal Study of Ageing wave 8. 
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A previous study using the ELSA cohort aged 52 or older showed that median 

portions of fruit and vegetable consumption were 4.3, 5.3, 5.0, 5.0 and 5.0 portions 

per day at waves 3, 4, 5, 6 and 7,310 using the different method of ascertainment, 

which are compatible with this thesis’s findings.  

 

These values are higher than those of the general population in the UK, derived from 

other sources. According to data from the Eurostat (the statistical office of the EU) in 

2014,287 36.5% of British people aged 65 or older living in private households 

consumed 5 or more portions of fruit and vegetables. Although the questionnaire at 

wave 4 might be over-reporting the intake of fruit and vegetables, a study using the 

HSE 2001 cohort (>35 years old, mean age=56.6) showed that mean daily portion of 

fruit and vegetable consumption was 3.8 portions based on the same questionnaire 

as used at ELSA wave 4 (Figure 2. 2),198 which was lower than the mean of fruit and 

vegetable consumption in this thesis. Moreover, fruit and vegetable consumption 

was shown to be linearly associated with CVD risks cross-sectionally at ELSA wave 

4 (Chapter 2.7 Definition of Fruit and Vegetable Consumption). Therefore, the 

higher fruit and vegetable consumption than the general population in the UK may be 

attributable to the specific population characteristics of the ELSA cohort. 

 

It was not possible to confirm reliability or validity of the quantity of alcohol 

consumption at wave 0, which was used in this thesis, due to lack of data such as 

blood alcohol concentration. In addition, the alcohol quantity was calculated based 
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on participants’ responses to multiple questions regarding amount and frequency of 

different alcoholic beverages, and studies using the same methodology to quantify 

alcohol consumption could not be identified, while the same methodologies of 

smoking and fruit and vegetable consumption were used by previous studies.176, 177, 

195 Amount of alcohol consumption was not available at baseline wave 2 but 

measured only at one time point at wave 0 (HSE 1998, 1999 and 2001) 3-7 years 

before wave 2. (Chapter 2 METHODS). These measurement error in the three 

modifiable lifestyle factors may lead to underestimation of the true effects. 

 

It should also be noted that the three modifiable lifestyle risk factors were measured 

once at baseline, and changes during follow-up periods or past history during mid-life 

were not considered in this thesis. Given cumulative effects on health during life 

course and possible ‘sick quitter’ effects in alcohol consumption,311 it would have 

been ideal to take a life-long history of the three lifestyle risk factors into account. In 

smoking analysis, data on reasons for smoking cessation among past smokers were 

not available. In alcohol analysis, non-drinkers included never drinkers and past 

drinkers. Those who are in poor health tend to avoid drinking, decrease alcohol 

consumption or quit drinking.274, 275 However, no data were available regarding never 

drinkers and past drinkers or reasons for abstaining from alcohol intake. For fruit and 

vegetable consumption, data on the consumption in mid-life were not available. 

Amount of fruit and vegetable consumption may have changed over time as people 

tend to eat more fruit and vegetables when they age.287, 312 

 

This thesis adopted the frailty phenotype criteria16 to define frailty. Currently this is 

the most commonly used frailty definition in the literature and has been well validated 

in various populations and settings.11, 51 A potential limitation of this model is that it 

includes only physical components. Some experts argue that the multidimensional 

approaches, including social, psychological, and cognitive factors rather than only 

physical components, should be included to define frailty.207, 313 It was demonstrated 

that adding cognitive impairment to the frailty phenotype criteria improved predictive 

ability for different adverse health outcomes, including incident disability, 

hospitalisation, dementia and mortality over 4 years in a prospective study of more 

than 6000 French older people.53 The Frailty Index, a multidimensional approach to 

define frailty, was shown to have a better discriminative ability for mortality than the 
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frailty phenotype.314 However, the Frailty Index model does not directly measure 

frailty but risk of frailty, while the frailty phenotype presents frailty as a specific 

clinical syndrome and enables to investigate the underlying mechanisms, 

pathophysiology, and risk factors. 

 

A slightly modified version of the frailty phenotype criteria was used due to 

availability of ELSA data (Table 2.4. Comparison of five components from the 

modified Cardiovascular Health Study criteria at wave 2 and the original 

criteria). There were some important differences in weight loss and low physical 

activity criteria while the criteria of exhaustion, weakness and slowness were almost 

identical to the original ones. The original version defined unintentional weight loss 

by asking participants, however the ELSA version defined weight loss by calculating 

actual changes in weight or BMI and did not confirm whether it was unintentional or 

not. Low physical activity was defined based on kilocalorie consumption in the 

original version but was defined by intensity and frequency of physical activity in 

daily life in the ELSA version. Although such modifications are common in other 

previous studies, they may have affected the comparability to existing findings.46 In 

this thesis, regardless of these differences, prevalence of frailty in the ELSA cohort is 

compatible with that of the original version.16 

 

6.4.2.3 Chance and multiple testing 

There are multiple ways of classifying alcohol consumption. In this thesis, three 

alcohol consumption measurements were used (quantity per week, quantity on the 

heaviest drinking day and frequency) and there is a risk of multiple testing. This risk 

was addressed by choosing the standard of alcohol epidemiology (quantity per 

week)181 as a primary predictor and using the others as supplementary supportive 

analyses. Similarly, consumption of combined fruit and vegetables was used in the 

main analysis, and fruit and vegetables were examined separately in the 

supplementary analysis. 
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6.4.2.4 Unmeasured confounders 

As is always the case with observational studies like ELSA, there may be 

unmeasured confounding factors which I could not account for in my analysis. 

Lifespan history regarding quantity and frequency of smoking and alcohol 

consumption was not available in ELSA and may have affected this thesis’s findings. 

In particular, a ‘sick quitters’ effect could have influenced the smoking and alcohol 

analyses. Regarding fruit and vegetable analysis, their consumption may be a 

marker of an overall healthier lifestyle, which may be beneficial against frailty, 

independently of fruit and vegetable consumption. It is also of note that data on total 

calorie or intake of other nutrients, such as protein or fat, were not available and that 

only a small range of co-morbidities were recorded. 

 

6.5 Implications 

This thesis has demonstrated that there are modifiable lifestyle factors that are 

associated with an increased risk of frailty and addressing these might potentially 

prevent or delay the onset of frailty. 

 

6.5.1 Smoking 

It was shown in the ELSA analysis that COPD and inflammation may at least 

partially explain the association between current smoking and increased incident 

frailty risk. Smoking cessation can decrease risk of COPD315 and reduce systemic 

inflammation.316 Therefore, although no study was found in the literature regarding 

effects of smoking cessation on frailty, smoking cessation may be recommended for 

current smokers for alleviating risk of developing frailty as well as for general health. 

 

6.5.2 Alcohol 

This thesis’s analysis did not show evidence that high alcohol consumption in old 

age is a risk factor of frailty. Although alcohol consumption is a modifiable lifestyle 

factor, from a clinical point of view, the findings do not currently support targeting 

reduction in alcohol consumption in older people as a key factor aiming to reduce the 
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development of frailty over the short-medium term (4 years). It did not show evidence 

that alcohol consumption is beneficial for frailty, either, and does not support the 

view that non-drinkers should start drinking alcohol in order to prevent the 

development of frailty. Non-drinkers may have increased incident frailty due to a 

generally poor health status. 

 

6.5.3 Fruit and vegetable consumption 

There is currently limited evidence regarding effects of fruit and vegetable 

consumption on frailty.279 If fruit and vegetables are beneficial in preventing or 

reversing frailty, it may be a promising target for intervention against frailty as fruit 

and vegetable consumption is a modifiable lifestyle factor that can be relatively easily 

addressed without significant side effects or costs, especially for those who were 

robust. However, a possible ceiling effect was observed for 10 or more portions of 

fruit and vegetable per day. From a clinical perspective, therefore, those with 

insufficient intake of fruit and vegetables can be encouraged to have a balanced diet 

with at least 5 portions of fruit and vegetables per day. For those who are consuming 

10 or more of fruit and vegetables, it should be confirmed that they also consume 

other nutrients and sufficient calories. 

 

6.5.4 Lead Time 

These analyses showed that modification of lifestyle factors, such as smoking and 

fruit and vegetable consumption, may potentially be beneficial even in old age of 60 

years or older. Whether a lead time exists regarding the associations between frailty 

and these lifestyle factors is not known, and this thesis evaluates the associations 

over a relatively short time period in later life (four years). Further research should 

explore if these relationships remain over longer time periods. As the findings of this 

thesis are based on the secondary data analysis of an observational cohort study 

(ELSA), it cannot be inferred that changing the lifestyle factors is causal in 

decreasing the risk of incident frailty in later life. A randomised controlled trial of 

smoking cessation or increasing fruit and vegetable consumption would provide 

further insights on whether the lifestyle modification in old age would be effective. In 
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addition, age stratification of the randomised controlled trial would elucidate when it 

is too late to change the lifestyle factors to gain health benefits against frailty. 

 

6.6 Future Directions 

Based on the currently available evidence in the literature found through the 

systematic reviews and this thesis’s findings by analysing the ELSA cohort, there are 

some suggestions for future research. 

 

6.6.1 Smoking 

Given that smoking cessation can be feasibly and effectively implemented in old 

age,317 the findings of this thesis highlights the potential of smoking cessation as a 

plausible intervention against frailty for older smokers. Future research could be 

designed to evaluate the effectiveness of smoking cessation in preventing the onset 

of frailty or delaying progression to frailty. 

 

6.6.2 Alcohol 

Alcohol consumption patterns and frailty status change over time,11, 275, 318 and these 

associations seem complex and possibly bidirectional. They are also affected by 

various factors. For example, alcohol consumption patterns in old age may not be 

the same as in mid-life, and current non-drinkers or light drinkers may have been 

heavy drinkers in the past. Those who are in the process of developing frailty due to 

alcohol-related or other health issues may be reducing their intake or may no longer 

tolerate alcohol. Such changes in people’s drinking behaviours are likely to mask the 

harmful effects of alcohol on frailty. In contrast to the findings that alcohol 

consumption in old age was not associated with increased frailty risks shown in this 

thesis and previous studies,251, 252 alcohol consumption in mid-life significantly 

increased risk of incident frailty in old age in one study.145 In this regard, future 

studies with information on life-course history of alcohol use rather than one-time 

alcohol use information, especially for those classified as non-drinkers in old age, are 

warranted. 
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6.6.3 Fruit and vegetable consumption 

As described in Chapter 5, a very high amount of fruit and vegetable consumption, 

10 portions per day or more, may not be as effective as moderate amount of 5-10 

portions per day, possibly because it hinders sufficient intake of other nutrients or 

calories. Future research on fruit and vegetable consumption and frailty should take 

into consideration other macro- and micro-nutrients and total calories rather than fruit 

and vegetables alone. More studies are needed to assess benefits of dietary 

patterns and changing diet as a part of multi-domain intervention against frailty.   

 

6.7 Conclusions 

With global population ageing and extended life expectancy, there are a growing 

number of older people worldwide as well as in the UK. Frailty, one of the geriatric 

syndromes, has increasingly been gaining scientific attention and recognised as a 

public health priority. This thesis has examined associations of three modifiable 

lifestyle factors, smoking, alcohol and fruit and vegetable consumption, respectively, 

with incident frailty risks. The findings of the thesis demonstrated that in the ELSA 

sample (i) current smoking was a significant risk factor for incident frailty, (ii) alcohol 

consumption in old age was not associated with incident frailty except for non-

drinkers who had poor health profile and a higher risk of incident frailty and (iii) 

moderate amount of fruit and vegetable consumption (5-10 portions per day) was 

associated with lower incident pre-frailty/frailty while 10 portions or more per day 

were not as potentially beneficial. These findings highlight the importance of current 

smoking and low fruit and vegetable consumption in old age as risk factors for frailty 

and the possibility that modifying these lifestyle factors may decrease the risk of 

developing frailty as well as subsequent negative health outcomes related to frailty, 

thereby promoting of healthy ageing and enhancing the quality of life of older people. 
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8 APPENDICES 

Appendix 1a. PRISMA checklist (smoking) 

Section/topic  # Checklist item  
Reported 

on page 

TITLE  

Title  1 Identify the report as a systematic review, meta-analysis, or both.  ✓ 

ABSTRACT  

Structured 

summary  
2 

Provide a structured summary including, as applicable: background; objectives; 

data sources; study eligibility criteria, participants, and interventions; study 

appraisal and synthesis methods; results; limitations; conclusions and implications 

of key findings; systematic review registration number.  

✓ 

INTRODUCTION  

Rationale  3 Describe the rationale for the review in the context of what is already known.  ✓ 

Objectives  4 
Provide an explicit statement of questions being addressed with reference to 

participants, interventions, comparisons, outcomes, and study design (PICOS).  
✓ 

METHODS  

Protocol and 

registration  
5 

Indicate if a review protocol exists, if and where it can be accessed (e.g., Web 

address), and, if available, provide registration information including registration 

number.  

✓ 

Eligibility criteria  6 

Specify study characteristics (e.g., PICOS, length of follow-up) and report 

characteristics (e.g., years considered, language, publication status) used as 

criteria for eligibility, giving rationale.  

✓ 

Information 

sources  
7 

Describe all information sources (e.g., databases with dates of coverage, contact 

with study authors to identify additional studies) in the search and date last 

searched.  

✓ 

Search  8 
Present full electronic search strategy for at least one database, including any 

limits used, such that it could be repeated.  
✓ 

Study selection  9 
State the process for selecting studies (i.e., screening, eligibility, included in 

systematic review, and, if applicable, included in the meta-analysis).  
✓ 

Data collection 

process  
10 

Describe method of data extraction from reports (e.g., piloted forms, independently, 

in duplicate) and any processes for obtaining and confirming data from 

investigators.  

✓ 

Data items  11 
List and define all variables for which data were sought (e.g., PICOS, funding 

sources) and any assumptions and simplifications made.  
✓ 

Risk of bias in 

individual 

studies  

12 

Describe methods used for assessing risk of bias of individual studies (including 

specification of whether this was done at the study or outcome level), and how this 

information is to be used in any data synthesis.  

✓ 

Summary 

measures  
13 State the principal summary measures (e.g., risk ratio, difference in means).  n/a 
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Synthesis of 

results  
14 

Describe the methods of handling data and combining results of studies, if done, 

including measures of consistency (e.g., I2
) for each meta-analysis.  

n/a 

Risk of bias 

across studies  
15 

Specify any assessment of risk of bias that may affect the cumulative evidence 

(e.g., publication bias, selective reporting within studies).  
n/a 

Additional 

analyses  
16 

Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, 

meta-regression), if done, indicating which were pre-specified.  
n/a 

RESULTS  

Study selection  17 
Give numbers of studies screened, assessed for eligibility, and included in the 

review, with reasons for exclusions at each stage, ideally with a flow diagram.  
✓ 

Study 

characteristics  
18 

For each study, present characteristics for which data were extracted (e.g., study 

size, PICOS, follow-up period) and provide the citations.  
✓ 

Risk of bias 

within studies  
19 

Present data on risk of bias of each study and, if available, any outcome level 

assessment (see item 12).  
✓ 

Results of 

individual 

studies  

20 

For all outcomes considered (benefits or harms), present, for each study: (a) 

simple summary data for each intervention group (b) effect estimates and 

confidence intervals, ideally with a forest plot.  

✓ 

Synthesis of 

results  
21 

Present results of each meta-analysis done, including confidence intervals and 

measures of consistency.  
n/a 

Risk of bias 

across studies  
22 Present results of any assessment of risk of bias across studies (see Item 15).  n/a 

Additional 

analysis  
23 

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, 

meta-regression [see Item 16]).  
n/a 

DISCUSSION  

Summary of 

evidence  
24 

Summarize the main findings including the strength of evidence for each main 

outcome; consider their relevance to key groups (e.g., healthcare providers, users, 

and policy makers).  

✓ 

Limitations  25 
Discuss limitations at study and outcome level (e.g., risk of bias), and at review-

level (e.g., incomplete retrieval of identified research, reporting bias).  
✓ 

Conclusions  26 
Provide a general interpretation of the results in the context of other evidence, and 

implications for future research.  
✓ 

FUNDING  

Funding  27 
Describe sources of funding for the systematic review and other support (e.g., 

supply of data); role of funders for the systematic review.  
n/a 
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Appendix 1b. PRISMA checklist (alcohol) 

Section/topic  # Checklist item  
Reported 

on page 

TITLE  

Title  1 Identify the report as a systematic review, meta-analysis, or both.  ✓ 

ABSTRACT  

Structured 

summary  
2 

Provide a structured summary including, as applicable: background; objectives; 

data sources; study eligibility criteria, participants, and interventions; study 

appraisal and synthesis methods; results; limitations; conclusions and implications 

of key findings; systematic review registration number.  

✓ 

INTRODUCTION  

Rationale  3 Describe the rationale for the review in the context of what is already known.  ✓ 

Objectives  4 
Provide an explicit statement of questions being addressed with reference to 

participants, interventions, comparisons, outcomes, and study design (PICOS).  
✓ 

METHODS  

Protocol and 

registration  
5 

Indicate if a review protocol exists, if and where it can be accessed (e.g., Web 

address), and, if available, provide registration information including registration 

number.  

✓ 

Eligibility criteria  6 

Specify study characteristics (e.g., PICOS, length of follow-up) and report 

characteristics (e.g., years considered, language, publication status) used as 

criteria for eligibility, giving rationale.  

✓ 

Information 

sources  
7 

Describe all information sources (e.g., databases with dates of coverage, contact 

with study authors to identify additional studies) in the search and date last 

searched.  

✓ 

Search  8 
Present full electronic search strategy for at least one database, including any 

limits used, such that it could be repeated.  
✓ 

Study selection  9 
State the process for selecting studies (i.e., screening, eligibility, included in 

systematic review, and, if applicable, included in the meta-analysis).  
✓ 

Data collection 

process  
10 

Describe method of data extraction from reports (e.g., piloted forms, independently, 

in duplicate) and any processes for obtaining and confirming data from 

investigators.  

✓ 

Data items  11 
List and define all variables for which data were sought (e.g., PICOS, funding 

sources) and any assumptions and simplifications made.  
✓ 

Risk of bias in 

individual 

studies  

12 

Describe methods used for assessing risk of bias of individual studies (including 

specification of whether this was done at the study or outcome level), and how this 

information is to be used in any data synthesis.  

✓ 

Summary 

measures  
13 State the principal summary measures (e.g., risk ratio, difference in means).  ✓ 

Synthesis of 

results  
14 

Describe the methods of handling data and combining results of studies, if done, 

including measures of consistency (e.g., I2
) for each meta-analysis.  

✓ 
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Risk of bias 

across studies  
15 

Specify any assessment of risk of bias that may affect the cumulative evidence 

(e.g., publication bias, selective reporting within studies).  
✓ 

Additional 

analyses  
16 

Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, 

meta-regression), if done, indicating which were pre-specified.  
n/a 

RESULTS  

Study selection  17 
Give numbers of studies screened, assessed for eligibility, and included in the 

review, with reasons for exclusions at each stage, ideally with a flow diagram.  
✓ 

Study 

characteristics  
18 

For each study, present characteristics for which data were extracted (e.g., study 

size, PICOS, follow-up period) and provide the citations.  
✓ 

Risk of bias 

within studies  
19 

Present data on risk of bias of each study and, if available, any outcome level 

assessment (see item 12).  
✓ 

Results of 

individual 

studies  

20 

For all outcomes considered (benefits or harms), present, for each study: (a) 

simple summary data for each intervention group (b) effect estimates and 

confidence intervals, ideally with a forest plot.  

✓ 

Synthesis of 

results  
21 

Present results of each meta-analysis done, including confidence intervals and 

measures of consistency.  
✓ 

Risk of bias 

across studies  
22 Present results of any assessment of risk of bias across studies (see Item 15).  ✓ 

Additional 

analysis  
23 

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, 

meta-regression [see Item 16]).  
n/a 

DISCUSSION  

Summary of 

evidence  
24 

Summarize the main findings including the strength of evidence for each main 

outcome; consider their relevance to key groups (e.g., healthcare providers, users, 

and policy makers).  

✓ 

Limitations  25 
Discuss limitations at study and outcome level (e.g., risk of bias), and at review-

level (e.g., incomplete retrieval of identified research, reporting bias).  
✓ 

Conclusions  26 
Provide a general interpretation of the results in the context of other evidence, and 

implications for future research.  
✓ 

FUNDING  

Funding  27 
Describe sources of funding for the systematic review and other support (e.g., 

supply of data); role of funders for the systematic review.  
n/a 
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Appendix 1c. PRISMA checklist (fruit and vegetable consumption) 

Section/topic  # Checklist item  
Reported 

on page 

TITLE  

Title  1 Identify the report as a systematic review, meta-analysis, or both.  ✓ 

ABSTRACT  

Structured 

summary  
2 

Provide a structured summary including, as applicable: background; objectives; 

data sources; study eligibility criteria, participants, and interventions; study 

appraisal and synthesis methods; results; limitations; conclusions and implications 

of key findings; systematic review registration number.  

✓ 

INTRODUCTION  

Rationale  3 Describe the rationale for the review in the context of what is already known.  ✓ 

Objectives  4 
Provide an explicit statement of questions being addressed with reference to 

participants, interventions, comparisons, outcomes, and study design (PICOS).  
✓ 

METHODS  

Protocol and 

registration  
5 

Indicate if a review protocol exists, if and where it can be accessed (e.g., Web 

address), and, if available, provide registration information including registration 

number.  

✓ 

Eligibility criteria  6 

Specify study characteristics (e.g., PICOS, length of follow-up) and report 

characteristics (e.g., years considered, language, publication status) used as 

criteria for eligibility, giving rationale.  

✓ 

Information 

sources  
7 

Describe all information sources (e.g., databases with dates of coverage, contact 

with study authors to identify additional studies) in the search and date last 

searched.  

✓ 

Search  8 
Present full electronic search strategy for at least one database, including any 

limits used, such that it could be repeated.  
✓ 

Study selection  9 
State the process for selecting studies (i.e., screening, eligibility, included in 

systematic review, and, if applicable, included in the meta-analysis).  
✓ 

Data collection 

process  
10 

Describe method of data extraction from reports (e.g., piloted forms, independently, 

in duplicate) and any processes for obtaining and confirming data from 

investigators.  

✓ 

Data items  11 
List and define all variables for which data were sought (e.g., PICOS, funding 

sources) and any assumptions and simplifications made.  
✓ 

Risk of bias in 

individual 

studies  

12 

Describe methods used for assessing risk of bias of individual studies (including 

specification of whether this was done at the study or outcome level), and how this 

information is to be used in any data synthesis.  

✓ 

Summary 

measures  
13 State the principal summary measures (e.g., risk ratio, difference in means).  n/a 

Synthesis of 

results  
14 

Describe the methods of handling data and combining results of studies, if done, 

including measures of consistency (e.g., I2
) for each meta-analysis.  

n/a 
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Risk of bias 

across studies  
15 

Specify any assessment of risk of bias that may affect the cumulative evidence 

(e.g., publication bias, selective reporting within studies).  
n/a 

Additional 

analyses  
16 

Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, 

meta-regression), if done, indicating which were pre-specified.  
n/a 

RESULTS  

Study selection  17 
Give numbers of studies screened, assessed for eligibility, and included in the 

review, with reasons for exclusions at each stage, ideally with a flow diagram.  
✓ 

Study 

characteristics  
18 

For each study, present characteristics for which data were extracted (e.g., study 

size, PICOS, follow-up period) and provide the citations.  
✓ 

Risk of bias 

within studies  
19 

Present data on risk of bias of each study and, if available, any outcome level 

assessment (see item 12).  
✓ 

Results of 

individual 

studies  

20 

For all outcomes considered (benefits or harms), present, for each study: (a) 

simple summary data for each intervention group (b) effect estimates and 

confidence intervals, ideally with a forest plot.  

✓ 

Synthesis of 

results  
21 

Present results of each meta-analysis done, including confidence intervals and 

measures of consistency.  
n/a 

Risk of bias 

across studies  
22 Present results of any assessment of risk of bias across studies (see Item 15).  n/a 

Additional 

analysis  
23 

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, 

meta-regression [see Item 16]).  
n/a 

DISCUSSION  

Summary of 

evidence  
24 

Summarize the main findings including the strength of evidence for each main 

outcome; consider their relevance to key groups (e.g., healthcare providers, users, 

and policy makers).  

✓ 

Limitations  25 
Discuss limitations at study and outcome level (e.g., risk of bias), and at review-

level (e.g., incomplete retrieval of identified research, reporting bias).  
✓ 

Conclusions  26 
Provide a general interpretation of the results in the context of other evidence, and 

implications for future research.  
✓ 

FUNDING  

Funding  27 
Describe sources of funding for the systematic review and other support (e.g., 

supply of data); role of funders for the systematic review.  
n/a 
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Appendix 2a. AMSTAR checklist (smoking) 
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Appendix 2b. AMSTAR checklist (alcohol) 
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Appendix 2c. AMSTAR checklist (fruit and vegetable consumption) 
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Appendix 3. Newcastle-Ottawa quality assessment scale for cohort studies 

(available at http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp) 

 

  

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
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Appendix 4a. A full search result of systematic review for alcohol and frailty 

using Medline. 

1 exp Alcohols/ 593997  

2 limit 1 to yr="2001 -Current" 207206  

3 exp Ethanol/ 99290  

4 limit 3 to yr="2001 -Current" 40305  

5 exp Drinking Behavior/ or exp Alcohol Drinking/ 64315  

6 limit 5 to yr="2001 -Current" 35523  

7 

alcohol*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, 

rare disease supplementary concept word, unique identifier] 

352743  

8 limit 7 to yr="2001 -Current" 188750  

9 

ethanol.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, 

rare disease supplementary concept word, unique identifier] 

133484  

10 limit 9 to yr="2001 -Current" 67701  

11 

drink*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, 

rare disease supplementary concept word, unique identifier] 

158175  

12 limit 11 to yr="2001 -Current" 94512  

13 2 or 4 or 6 or 8 or 10 or 12 433503  

14 

frail*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, 

rare disease supplementary concept word, unique identifier] 

16422  

15 limit 14 to yr="2001 -Current" 13191  

16 13 and 15 207  
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Appendix 4b. A full search result of systematic review for fruit and vegetable 

consumption and frailty using Medline. 

 Searches Results Type 

1 exp Diet/  249198  Advanced 

2 limit 1 to yr="2000 -Current"  136999  Advanced 

3 exp Enteral Nutrition/ or exp Nutrition Therapy/  95577  Advanced 

4 limit 3 to yr="2000 -Current"  45908  Advanced 

5 
exp "Fruit and Vegetable Juices"/ or exp Antioxidants/ or exp Fruit/ 

or exp Vegetables/  
514989  Advanced 

6 limit 5 to yr="2000 -Current"  315466  Advanced 

7 

diet*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept 

word, unique identifier, synonyms]  

657217  Advanced 

8 limit 7 to yr="2000 -Current"  379354  Advanced 

9 

nutrition*.mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept 

word, unique identifier, synonyms]  

338583  Advanced 

10 limit 9 to yr="2000 -Current"  195385  Advanced 

11 

fruit*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept 

word, unique identifier, synonyms]  

97850  Advanced 

12 limit 11 to yr="2000 -Current"  78833  Advanced 

13 

vegetable*.mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept 

word, unique identifier, synonyms]  

55788  Advanced 

14 limit 13 to yr="2000 -Current"  39254  Advanced 

15 
antioxidant*.mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, keyword heading word, protocol 
187207  Advanced 



245 
 

supplementary concept word, rare disease supplementary concept 

word, unique identifier, synonyms]  

16 limit 15 to yr="2000 -Current"  160650  Advanced 

17 

anti-oxidant*.mp. [mp=title, abstract, original title, name of 

substance word, subject heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary 

concept word, unique identifier, synonyms]  

8817  Advanced 

18 limit 17 to yr="2000 -Current"  7859  Advanced 

19 2 or 4 or 6 or 8 or 10 or 12 or 14 or 16 or 18  869652  Advanced 

20 

frail*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept 

word, unique identifier, synonyms]  

19144  Advanced 

21 limit 20 to yr="2000 -Current"  16174  Advanced 

22 exp Frail Elderly/  9272  Advanced 

23 limit 22 to yr="2000 -Current"  7501  Advanced 

24 21 or 23  16174  Advanced 

25 19 and 24  1711  Advanced 
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8.1 Related publications 

8.1.1 Smoking 

8.1.1.1 Smoking systematic review (Open access) 
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8.1.1.2 Smoking ELSA analysis 

This is a pre-copyedited, author-produced version of an article accepted for 

publication in Age and Ageing following peer review. The version of record (Kojima 

G, Iliffe S, Jivraj S, Liljas A, Walters K. Does current smoking predict future frailty? 

The English longitudinal study of ageing. Age and ageing. 2017 Aug 17;47(1):126-

31. doi: 10.1093/ageing/afx136) is available online at: 

https://academic.oup.com/ageing/article-

abstract/47/1/126/4062212?redirectedFrom=fulltext. 

https://academic.oup.com/ageing/article-abstract/47/1/126/4062212?redirectedFrom=fulltext
https://academic.oup.com/ageing/article-abstract/47/1/126/4062212?redirectedFrom=fulltext
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8.1.2 Alcohol 

8.1.2.1 Alcohol systematic review 1 

This is a pre-copyedited, author-produced version of an article accepted for 

publication in Age and Ageing following peer review. The version of record (Kojima 

G, Liljas A, Iliffe S, Jivraj S, Walters K. A systematic review and meta-analysis of 

prospective associations between alcohol consumption and incident frailty. Age and 

ageing. 2017 May 25;47(1):26-34. doi: 10.1093/ageing/afx086) is available online at: 

https://academic.oup.com/ageing/article-

abstract/47/1/26/3854659?redirectedFrom=fulltext. 

https://academic.oup.com/ageing/article-abstract/47/1/26/3854659?redirectedFrom=fulltext
https://academic.oup.com/ageing/article-abstract/47/1/26/3854659?redirectedFrom=fulltext
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8.1.2.2 Alcohol systematic review 2 (Open access) 
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8.1.2.3 Alcohol ELSA analysis 

This is an epubed version of an article accepted for publication in Journal of 

American Medical Directors Association following peer review (Kojima G, Jivraj S, 

Iliffe S, Falcaro M, Liljas A, Walters K. Alcohol Consumption and Risk of Incident 

Frailty: The English Longitudinal Study of Aging. 2018 2018 Nov 28. pii: S1525-

8610(18)30584-X. doi: 10.1016/j.jamda.2018.10.011) available online at: 

https://www.jamda.com/article/S1525-8610(18)30584-X/fulltext 

I retain the right to include in a thesis provided not published commercially as per 

Elesvier’s policies on journal author rights. 

https://www.jamda.com/article/S1525-8610(18)30584-X/fulltext
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8.1.3 Fruit and vegetable 

8.1.3.1 Fruit and vegetable systematic review (Open access) 
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Supplementary Figure 
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Supplementary Table 
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PRISMA Checklist 
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8.1.3.2 Fruit and vegetable ELSA analysis 

Manuscript is currently under review. 


