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Objectives—Demographic changes are requiring people to work longer. No previous studies, 

however, have focussed on whether the ‘frailty’ phenotype (which predicts adverse events in the 

elderly) is associated with employment difficulties. To provide information, we assessed 

associations in the HEAF study, a population-based cohort of 50-65 year-olds.

Methods—Subjects, who were recruited from 24 English general practices, completed a baseline 

questionnaire on ‘pre-frailty’ and ‘frailty’ (adapted Fried criteria) and several work outcomes, 

including health-related job loss (HRJL), prolonged sickness absence (>20 days vs. less, past 12 

months), having to cut down substantially at work and difficulty coping with work’s demands. 

Associations were assessed using logistic regression and population attributable fractions (PAFs) 

were calculated.

Results—In all, 3.9% of 8,095 respondents were classed as ‘frail’ and 31.6% as ‘pre-frail’. 

Three-quarters of the former were not in work, while 60% had left their last job on health grounds 

(odds ratio (OR) for HRJL, vs. non-frail subjects, 30.0 (95% Confidence Interval 23.0-39.2). 

Among those in work, ORs for prolonged sickness absence, cutting down substantially at work 

and struggling with work’s physical demands ranged from 10.7 to 17.2. The PAF for HRJL when 

any frailty marker was present was 51.8% and that for prolonged sickness absence was 32.5%. 

Associations were strongest with slow reported walking speed. Several associations were stronger 

in manual workers than in managers.

Conclusions—Fried frailty symptoms are not uncommon in mid-life and are strongly linked 

with economically important adverse employment outcomes. Frailty could represent an important 

target for prevention.
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By 2060, 30% of the European population will be aged over 65 years. Increasingly, 

therefore, western governments have been implementing policies to encourage people to 

remain in work longer, to support themselves and others [1]. However, for people with 

chronic disease extended working life may be infeasible, particularly if their jobs require 

substantial physical effort. Strategies may be needed to identify workers at particular risk of 

health-related job loss when older, and to assist them – for example through interventions to 

promote their fitness in middle and later life.

In elderly care medicine, a phenotype of physical frailty has been found to be a useful target 

for interventions [2,3]. ‘Frailty’ thus defined is characterized by age-related declines in 

functional reserves across a range of physiological systems. Frail elderly people are at 

heightened risk of many adverse outcomes including dependency, institutionalization, falls, 

fractures, hospitalization, and mortality, and they have higher rates of comorbidity and 

disability [2–7]. Clinical trials have suggested that the frailty status may be reversible and 

that some of these events may thereby be avoidable [8–10].

Whilst frailty is generally regarded as a problem of old age, the symptoms by which the 

phenotype is identified can also occur in younger people. However, ‘frailty’ has seldom been 

studied in people of working age [11] and never to our knowledge investigated in relation to 
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work incapacity. Conceivably, symptoms of frailty could be useful markers for employment 

difficulties in late middle age, in which case, by analogy with advances in elderly care, there 

could be scope to intervene to prevent health-related job loss and premature retirement.

To provide initial information in this area, we used baseline data on people aged 50-65 years 

who were enrolled into the Health and Employment After Fifty (HEAF) study [12] to assess 

the prevalence and interrelationship of symptoms of physical frailty, and to explore their 

associations with various adverse employment outcomes.

In previous research ‘frailty’ has been defined in more than 20 separate ways [13], among 

which the criteria of Fried et al [2] are widely used. These comprise five items of 

unintentional weight loss, self-reported exhaustion, slow walking speed, low physical 

activity levels and weakness of grip. We assessed: (1) whether ‘frailty’, defined by these 

criteria, was associated with adverse employment outcomes (worklessness, health-related 

job loss, prolonged sick leave, having to cut down a lot and failing to cope at work); (2) how 

much it contributed to the population burden of such outcomes; (3) whether findings varied 

by the nature of a person’s occupation; and (4) whether different elements of the case 

definition were more importantly associated with work difficulties than others.

Methods

The HEAF cohort is nested within the Clinical Practice Research Datalink (CPRD), a British 

primary care research database. Details of recruitment and data collection have been 

published elsewhere [12]. In brief, in 2013-14, a sampling frame was drawn up of patients 

born between 1948 and 1962 (target ages 50-64 years) who were registered with 24 English 

general practices contributing data to the CPRD. Questionnaires were mailed to 39,359 

people (97.5% of those identified, and excluding those who had illness or recent 

bereavement, or had de-registered during the interval between sampling and mailing). In all 

8,134 subjects returned a valid questionnaire (some of whom were aged 65 by the time they 

completed the form).

Relevant to this analysis were a panel of questions about physical function, health and 

employment outcomes. To assess frailty we adapted the Fried criteria using questionnaire 

items on:

(1) Weight loss: in the past 12 months, weight loss of more than 10lbs (4.5 kg) 

unintentionally, i.e. without dieting and exercise (yes vs. no);

(2) Exhaustion: in the past seven days, everything being an effort or not being able 

to “get going" (either or both, for most or all of the time);

(3) Slowness: normal walking speed described as “unable to walk” or “very slow”;

(4) Weakness of grip strength: moderate or severe difficulty in opening jars that had 

never previously been opened;

(5) Inactivity: in an average week, and outside any paid jobs, doing no physical 

activity sufficient to make the respondent hot or sweaty.
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Questions 1 and 2 were those used by Fried et al [2]. Questions 3 to 5 approximated the 

corresponding criteria, which were originally based on the bottom fifths of measured 

walking speed, measured grip strength, and self-reported weekly physical activity. 

According to the Fried case definition, an elderly person meeting three or more of the five 

criteria would be counted as ‘frail’, while a person meeting one or two of the criteria would 

be classed as ‘pre-frail’. As in Fried’s original report, we excluded subjects with three or 

more missing responses to the frailty items (39 subjects), leaving 8095 people in the 

analysis.

Employment-related questions in the HEAF baseline questionnaire included current 

employment status and, if not working, whether the previous job had been surrendered for a 

health reason (analysed as not in work vs. in work and left for a health reason vs. not); 

occupation or last held occupation (used to classify subjects’ jobs according to the Standard 

Occupational Classification 2010 (SOC 2010) [14] as higher managerial, intermediate 

occupation or routine/manual occupation); and for those in work: total sickness absence in 

the past 12 months (0, <5, 5-20, or >20 days, analysed as ‘any absence vs. none’ and ‘>20 

vs. ≤20 days of absence’); needing to cut down at work in the past 12 months because of 

health (not at all, a little or a lot, analysed as ‘any vs. none’ and ‘a lot vs. not’); current 

coping with work’s physical and mental demands (with some/great difficulty vs. easily); 

expecting to be physically and mentally able still to carry out the same kind of work in two 

years’ time (no/not sure vs. yes); perceived job security (rather/very insecure vs. secure/very 

secure); ever lying awake at night, worrying or angry about work (often vs. sometimes/

rarely/never). These items (other than social class) were assessed as outcomes in relation to 

markers of frailty.

Also, information was collected on several potential confounders of associations, namely: 

low well-being, according to the 14-item Warwick-Edinburgh Mental Well-being Scale 

(WEMWBS) [15] (bottom fifth of scores vs. the rest); and pain for a month or longer in the 

past 12 months which affected back or neck, arms or shoulders, or legs and which made it 

difficult or impossible to get washed or dressed or do household chores (‘persistent’ pain at 

0, 1, 2-3 sites, analysed as pain at least at one site vs. no pain).

Data were described using basic summary statistics and cross-tabulations were used to 

assess their overlap and association with one another. Associations between components of 

the Fried frailty criteria and employment variables were assessed by logistic regression and 

summarised by odds ratios (ORs) with 95% confidence intervals (95%CIs). Analyses were 

repeated separately for strata of social class defined from current or last held occupation. For 

measures of work loss, we also estimated the population attributable fractions (PAFs) 

associated with the presence of different numbers of Fried symptoms. A PAF represents the 

proportion of cases in a population that would be eliminated if all people had the same risk 

as those in the reference category. Finally, in a sensitivity analysis, we assessed the further 

impact of adjustment for low well-being and persistent musculoskeletal pain, these being 

other markers of ill-health that might confound associations of frailty with the work 

outcomes. All analyses were conducted for men and women combined with adjustment for 

age (as a continuous measure) and gender and using Stata statistical software, release 14.
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Results

The characteristics of the study participants are summarised in Table 1: 46% were male, the 

average age was 58.7 years (standard deviation 4.4 years, range 50 to 65), and 27.3% of men 

and 36.4% of women reported that they were no longer working. Among those not in work, 

37.6% of men and 32.6% of women reported that they had left their last employment wholly 

or partly because of a health problem. Musculoskeletal disorders and mental illness were the 

most commonly cited health reasons for stopping work. In addition, many of the 2,682 men 

and 2,804 women who were still in work reported reduced participation in, or difficulties 

with, their employment. For example, 6.2% of the men and 7.2% of the women had taken 20 

or more days sick leave in the past 12 months, and 28.9% of the men and 30.2% of the 

women reported some or great difficulty in coping with work’s physical demands. About 

one in five reported their job to be insecure or very insecure.

Table 2 shows the prevalence of symptoms used to define frailty, overall and by gender. By 

our adapted case definition, 313 (3.9%) of the 8,095 eligible respondents were classified as 

‘frail’ (3-5 symptoms present) and, within this subgroup, low physical activity, weakness of 

grip, and slow walking speed were reported by 77%, 87% and 82% of subjects respectively. 

Some 2,560 (31.6%) subjects were counted as ‘pre-frail’ (1 or 2 symptoms present) by our 

adapted Fried criteria. Women were more likely than men to report symptoms, both 

individually and in combination, with 4.9% of women but 2.7% of men reporting ≥3 

symptoms.

Certain symptoms associated with one another particularly strongly, notably slow walking 

speed with weak grip (OR 11.9) and exhaustion (OR 10.5), but also slow walking speed with 

low physical activity (OR 6.1) and weak grip with exhaustion (OR 6.1). By contrast, 

associations of unintentional weight loss and low physical activity with other frailty 

indicators tended to be weaker (online supplementary Table 1).

Table 3 presents the associations between number of frailty symptoms and work outcomes, 

and provides estimates of the relevant PAFs. Relationships with employment status, 

including whether the previous job was surrendered for a health reason, were explored in all 

subjects, whereas those with sickness absence, needing to cut down a lot at work, and 

various perceptions about work (e.g. self-reported coping, future expectations, worry over 

work, job dissatisfaction) were restricted to the 5,486 respondents in paid work.

Three-quarters of those classed as ‘frail’ were no longer working, and 60% reported leaving 

their last job for a health reason; corresponding proportions among the ‘non-frail’ (those 

with no Fried symptoms) were 28% and 5% respectively (p≤0.001 for differences). The odds 

of not being in paid work were elevated 10.5-fold in ‘frail’ vs. ‘non-frail’ subjects, and the 

OR for health-related job loss was even higher (OR 30.0, 95%CI 23.0-39.2). Adverse work 

outcomes were also more frequent in those classed as ‘pre-frail’, although associations were 

weaker (ORs vs. ‘non-frail’, 1.4 and 3.7 respectively).

Among the 5,486 people in paid work, 78 (1.4%) met our criteria for ‘frailty’ while 1,654 

(30.2%) were classed as ‘pre-frail’. Relative to those with no Fried symptoms, the former 

group had much higher odds of prolonged sickness absence in the past year (OR 10.7, 
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95%CI 6.5-17.7), needing to cut down a lot on work in the past 12 months (OR 17.2, 95%CI 

10.5-28.4), difficulty coping with work’s physical demands (OR 14.8, 95%CI 8.2-26.6), and 

being unsure whether they would be able to cope with work in two years’ time (OR 14.5, 

95%CI 8.2-25.4). Even for ‘pre-frailty’, many ORs were of the order of 2 to 3 (p<0.001).

A total of 873 ‘pre-frail’ subjects were classed as such solely because they did not report 

physical exercise or sports in an average week sufficient to make them hot or sweaty. In case 

this criterion lacked specificity, we repeated the analyses for Table 3 for an alternative case 

definition of pre-frailty requiring the presence of two symptoms. In this sensitivity analysis, 

ORs for adverse work outcomes were strengthened, although below those for frailty (e.g. the 

OR for health-related job loss was 9.6 (95%CI 7.6-12.0, vs. 3.7) and that for sick leave >20 

days in the past 12 months was 6.2 (95%CI 4.5-8.6 vs. 2.5)).

Assuming causal relationships, PAFs for health-related job loss were 20.3% for the presence 

of ≥3 Fried symptoms and 34.9% for 1-2 symptoms (Table 3), while among those in paid 

work, 6.2% and 26.3% of prolonged sickness absence would be attributable to these factors 

on the same basis. PAFs for other employment outcomes are recorded in Table 3.

Further adjustment for low well-being and persistent musculoskeletal pain, in addition to age 

and gender, reduced these risk estimates somewhat. However, those for ‘frailty’ all remained 

significantly and in most cases substantially elevated, and the OR for health-related job loss 

was still greater than 14 (online Supplementary Table 2).

To explore whether the associations presented in Table 3 differed by socio-economic status, 

the analyses were repeated within strata of social class determined from the current or last 

held job (higher managerial, intermediate, or manual/routine). Associations with not being 

in work, taking any sick leave, and not coping with work’s demands were about 2-3 times 

greater amongst those from the lowest versus the highest social class, but no differential was 

apparent for health-related job loss, prolonged sick leave, cutting down at work, or perceived 

job insecurity (Table 4). However, ‘frailty’ was strongly associated with these adverse 

outcomes, even in higher managerial workers (e.g. OR for health-related job loss, 29.4 

(95%CI 17.5-49.3)).

Finally, Table 5 considers the same employment outcomes but with symptoms of ‘frailty’ 

treated as individual risk factors. Almost all outcomes were more strongly associated with 

slow walking speed than with the other symptoms, resulting, for example, in ORs of 9.6 to 

14.8 for health-related job loss, cutting down a lot at work, and difficulty coping with work’s 

physical demands, vs. 1.9 to 7.4 for the remaining symptoms. Strong, albeit weaker, 

associations were found for poor grip strength and exhaustion, and the latter had the 

strongest relationship to not coping mentally at work. By contrast, unintentional weight loss 

and our index of low physical activity were only weakly associated with the employment 

outcomes.

Discussion

In this analysis of over 8,000 people aged 50-65 years from English general practices, we 

assessed frailty using questionnaire items adapted from the Fried criteria. Almost one in 
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three subjects was ‘pre-frail’ by our definition and 3.9% were ‘frail’. Our case definition for 

frailty was associated strongly with being out of work, health-related job loss, prolonged 

sickness absence, having to cut down a lot on work activities, self-reports of not coping with 

work’s demands, and negative perceptions about work, including job insecurity and worry 

over work with loss of sleep. PAFs were relatively high and, for the presence of any of the 

frailty symptoms, exceeded 50% for health-related job loss and reached almost one-third for 

prolonged sickness absence.

Our study had a number of strengths, including its novel focus on frailty indicators and 

employment outcomes, its large sample size and its geographically dispersed population-

based sampling strategy. Almost everyone in Britain registers with a general practice for 

healthcare that is free at the point of delivery, so patient lists from general practices offer a 

comprehensive sampling frame. The sampling frame also allowed us to calculate PAFs, 

providing an estimate of the potentially avoidable burden of work incapacity and loss as 

judged from a population perspective.

A limitation was the relatively low response rate at baseline. The prevalence of frailty could 

have been underestimated if those with more Fried symptoms were less likely to return a 

questionnaire. A differential response of that sort would not of itself bias associations 

between Fried symptoms and employment outcomes, which would be unrepresentative only 

if the association with employment differed between responders and non-responders. If frail 

non-responders were more handicapped than frail responders, this might lead to an under-

estimation of frailty’s impact on employment. Conversely, over-estimation could arise if frail 

individuals with greater work handicap participated more readily in the survey; but bias of 

this second kind seems less likely as the items we used to assess frailty formed only a small 

part of a much larger question set and were dispersed through the questionnaire, helping to 

disguise this focus of interest from participants. Nonetheless, it will be important to confirm 

findings longitudinally in a cohort with good follow-up rates. (The HEAF study is well 

placed in this respect, as response rates at follow-up have exceeded 80%.)

A second limitation is that we had no face to face contact with subjects and so were unable 

to perform a physical examination or conduct tests of performance. Fried’s criteria are 

usually based on answers to two questions (reproduced in our questionnaire) in combination 

with measures from tests of physical performance performed according to standardised 

protocols. In this large cross-sectional study across England, we depended on questions 

about symptoms to gauge functional elements (e.g. grip strength) that we were unable to 

measure directly. We do not know how accurately our proxy questions reflected what would 

have been found had objective measurements been available. However, as yet there is no 

international consensus on how best to assess frailty in older people for research purposes 

[13], and the Fried scale has been adapted successfully in other research using proxy 

information when components could not be ascertained in the manner originally specified 

[11,16,17]. Moreover, data from another cohort study of older workers, the 10-country 

Survey of Health, Aging and Retirement in Europe (SHARE), which did include objective 

measures of physical function, estimated a broadly similar prevalence of ‘frailty’ and ‘pre-

frailty’ among people of similar age to those in our study [11]. Even if the ascertainment of 

Fried components was accurate, the phenotype that they represent in late middle age may 
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not be the same as in the elderly. Nevertheless, they showed consistent and strong 

associations with poor employment outcomes in our study sample.

Those classified as ‘frail’ by our study were about five times more likely to report low well-

being and persistent pain, which like frailty were possible risk factors for health-related job 

loss, sickness absence and reduced work capacity. Adjustment for these potential 

confounders somewhat reduced associations between frailty and adverse work outcomes, 

although they remained robust and strong.

We know of no other study that has explored frailty’s relations to work. However, the Work-

Ability Index (WAI) is another measure that has been linked with poor employment 

outcomes as well as predicting poorer long-term health [18]. It assesses seven domains, all 

self-reported: current work capacity relative to lifetime best; work ability in relation to the 

physical and mental demands of the job; work impairment because of health; amount of sick 

leave in the past 12 months; expectations about work ability in two years’ time; number of 

current physician-diagnosed diseases; and ‘mental resources’ (enjoyment, energy and hope 

for the future). It may be seen that none of these matches the Fried frailty criteria, although 

the domain of ‘mental resources’ partially overlaps Fried’s criterion for exhaustion. An 

important point of contrast between the two scales is that most of the WAI’s domains are 

intended for application only in those in work, whereas the Fried criteria can be used 

without such restriction; this in turn enabled us to treat several elements of WAI (work 

ability in relation to the physical and mental demands of the job, sick leave, impaired work 

productivity, expectations of future working) as adverse work outcomes (Tables 3-5), rather 

than as predictors of adverse work outcomes. The Fried criteria therefore offer a flexible 

alternative to WAI, capable of use against a number of additional economically important 

end-points.

Associations between frailty and poor work outcomes appeared to be driven principally by 

slow walking speed, weak grip strength and exhaustion, suggesting that poor motor function 

could be an important underlying factor (as perhaps it may be for some people with a poor 

WAI score); and if so, that future interventions might focus on improving motor function. It 

might be supposed that heavy manual work would help to build and preserve physical 

strength, but paradoxically, for measured hand grip strength, there is evidence to the contrary 

[19,20], perhaps reflecting social inequalities in health that outweigh any advantages of 

physical effort at work [20]. In the current analysis, associations with not being in work, 

taking sick leave and not coping were strongest in manual/routine occupations. This 

differential could arise because of their generally poorer physical health or, more simply, a 

greater mismatch between physical capability and job demands – the ability of manual 

workers to carry out their jobs being more likely to be compromised by a given impairment 

of physical function.

Because our analysis was cross-sectional, interpretation of the associations is necessarily 

limited, particularly as all of the data were self-reported. However, the HEAF study includes 

a prospective component, and it has the capacity to link questionnaire responses with 

personal primary care medical records providing details of medical diagnoses, hospital care 

and prescribed treatments. In future, therefore, we plan to assess longitudinal relationships 
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between frailty elements in middle life and medically-recorded health and health change, 

and between frailty and changes in employment status. We hope also to assess physical 

function in face to face interviews. Opportunity exists, therefore, to characterise people with 

multiple Fried symptoms in our study in greater clinical detail and to follow their progress 

over time.

A future goal may be to develop simple screening tests to identify components of physical 

frailty in older workers and then to devise interventions that could improve their physical 

function. A screening tool becomes particularly attractive if it is positive in only a small 

proportion of the population but accounts for a substantial proportion of that population’s 

adverse outcomes: in this respect, the findings reported here (the low prevalence of ≥3 frailty 

symptoms but their high associated PAF) encourage us to explore this issue further in future 

research, especially as interventions to combat frailty in the elderly have enjoyed some 

success [8–10].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What this paper adds

• In elderly care medicine, a phenotype of physical ‘frailty’ has been found to 

predict many adverse health outcomes and has proved a target for intervention

• The potential impact of the phenotype on employment has not been studied 

previously however

• Using a symptom checklist adapted from previous research, we have found 

that ‘frailty’ symptoms are not uncommon in people aged 50-65 years in the 

English general population and are very strongly associated cross-sectionally 

with worklessness, health-related job loss, sickness absence and not coping at 

work

• Our findings need to be corroborated longitudinally, and the physical function 

and clinical features of those with multiple symptoms characterised, as a 

possible prelude to developing instruments to screen for frailty in employment
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Table 1
Characteristics of the participants

Men Women

N %a %a

Whole sample 3,689 4,406

Age (mean (SD)) 58.7 (4.4) 58.6 (4.4)

Social class

       Higher managerial 1,543 42.5 1,699 39.1

       Intermediate occupations 795 21.9 1,437 33.0

       Routine and manual occupations 1,291 35.6 1,215 27.9

Employment status

       In work 2,682 72.7 2,804 63.6

       Not in work 1,007 27.3 1,602 36.4

       - Retired (not for health reason) 517 14.0 927 21.0

       - Unemployed (not for health reason) 111 3.0 152 3.4

       - Left for health reason (unemployed or retired) 379 10.3 523 11.9

Current workers

Any sick leave, past 12 months 1,003 37.8 1,346 48.4

≥ 20 days sick leave, past 12 months 163 6.2 200 7.2

Cutting down at work to any extent, past 12 months 669 25.1 770 27.6

Cutting down at work a lot, past 12 months 142 5.3 170 6.1

Not coping with work’s physical demands 763 28.9 837 30.2

Not coping with work’s mental demands 779 29.5 937 33.8

Expecting not to be able to cope at work in 2 years’ time 551 21.0 791 28.5

Often lying awake worrying about work 291 11.0 412 14.8

Job insecure/very insecure 532 20.2 509 18.4

a
for current workers, percentages relate to those in work

Occup Environ Med. Author manuscript; available in PMC 2018 January 01.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Palmer et al. Page 13

Table 2
Prevalence of Fried symptoms

Symptoms All
N (%)

Men
N (%)

Women
N (%)

‘Pre-frail’a individuals
N (%)

‘Frail’a individuals
N (%)

Low physical activity 1,355 (18.8) 589 (17.5) 766 (20.0) 1,161 (51.5) 194 (77.0)

Weakness of grip 1,001 (12.5) 192 (5.3) 809 (18.6) 730 (28.8) 271 (87.1)

Unintentional weight loss 753 (9.4) 327 (8.9) 426 (9.7) 605 (23.7) 148 (47.7)

Slow walking speed 536 (6.6) 233 (6.3) 303 (6.9) 278 (10.9) 258 (82.4)

Exhaustion 526 (6.5) 194 (5.3) 332 (7.6) 333 (13.1) 193 (61.7)

Number of frailty symptoms:

None 5,222 (64.5) 2597 (70.4) 2625 (59.6)

1-2 symptoms (‘pre-frail’) 2,560 (31.6) 993 (26.9) 1567 (35.5)

≥3 symptoms (‘frail’) 313 (3.9) 99 (2.7) 214 (4.9)

a
‘Pre-frail’, 1-2 symptoms; ‘frail’, 3-5 symptoms
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