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Abstract

Objectives

To evaluate if depression contributes, independently and/or in interaction with frailty, to loss

of independence in instrumental activities of daily living (ADL) in older adults with frailty.

Methods

Longitudinal cohort study of people aged�75 years living in the community. We used multi-

level linear regression model to quantify the relationship between depression (�5 Geriatric

Depression Scale) and frailty (electronic frailty index), and instrumental activities of daily liv-

ing (Nottingham Extended Activities of Daily Living scale; range: 0–66; higher score implies

greater independence). The model was adjusted for known confounders (age; gender; eth-

nicity; education; living situation; medical comorbidity).

Results

553 participants were included at baseline; 53% were female with a mean age of 81 (5.0

SD) years. Depression and frailty (moderate and severe levels) were independently associ-

ated with reduced instrumental activities of daily living scores. In the adjusted analysis, the

regression coefficient was -6.4 (95% CI: -8.3 to -4.5, p<0.05) for depression, -1.5 (95% CI:

-3.8 to 0.9, p = 0.22) for mild frailty, -6.1 (95% CI: -8.6 to -3.6, p<0.05) for moderate frailty,

and -10.1 (95% CI: -13.5 to -6.8, p<0.05) for severe frailty. Moreover, depression interacted

with frailty to further reduce instrumental activities of daily living score in individuals with mild

or moderate frailty. These relationships remained significant after adjusting for confounders.

Conclusion

Frailty and depression are independently associated with reduced independence in instru-

mental activities of daily living. Also, depression interacts with frailty to further reduce
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independence for mild to moderately frail individuals, suggesting that clinical management

of frailty should integrate physical and mental health care.

Introduction

Globally, populations are rapidly ageing owing to increase in life expectancy and falling fertility

rates. The fastest growing population is the oldest old, those aged 85 years and over. In the UK,

the population of those aged�85 years is set to double to 3.2 million or 4% of the total popula-

tion by mid-2041, and treble by 2066 with profound implications for health and social care ser-

vices [1]. The likelihood of disability and/or experiencing multiple long term conditions, so-

called multimorbidity, increases with age among those aged�65 years, leading to the possibil-

ity of increased time spent in poor health [2]. While there is some evidence that morbidity has

become compressed into later life, in high income countries 50% of disease burden in those

aged�60 years is attributable to long term conditions and there is considerable uncertainty

about the health of future generations of older adults [3].

Using disease based approaches to understanding and managing the complex health needs

of older adults has limited value and using frailty to characterise health status in older adults

has emerged as a worthwhile alternative approach. There are a number of frailty definitions

but there is broad consensus that it is characterised by loss of biological reserves, failure of

homeostatic mechanisms and heightened vulnerability to adverse health outcomes, including

falls, hospitalisations and mortality [4]. Frailty is common in later life and the risk of frailty

increases substantially with age, affecting 1 in 10 people aged�65 years and between 25% and

50% of adults aged�85 years. The urgency to address this growing problem is reflected in UK

health policy which has highlighted the need to develop and implement innovative care models

to support older people with frailty [5].

A recent systematic review with meta-analysis (48 studies; n = 78122 participants) demon-

strated that multimorbidity increased the risk of frailty two fold and in pooled analysis multi-

morbidity was significantly associated with frailty in community-dwelling people (OR 2.27;

95%CI 1.97–2.62) [6]. However, while most people with frailty will have multimorbidity, not

all people with multimorbidity will become frail. While physical and biological factors are pre-

eminent in explaining vulnerability to poor health among those with frailty, mental health is

also implicated in adverse outcomes in older adults with disabling long-term conditions [7, 8].

Depression is longitudinally associated with frailty and those with frailty have a four-fold

increased odds of having depression [9, 10]. Likewise, those with depression have similar odds

of having frailty, pointing to the reciprocal nature between depressive states and frailty. Fur-

thermore, the clinical manifestations of depression overlap with some of the key phenotypic

components of frailty, such as exhaustion, low energy expenditure, weight loss and possibly

slow walking speed owing to lack of motivation. Indeed there is a strong argument to consider

depression and frailty as distinct but over-lapping constructs and as such these two inter-

related syndromes should be evaluated together in efforts to understand how to optimally

manage health and reduce disability in older adults [11].

Frailty predicts functioning and disability in activities of daily living (ADL) in community

dwelling older adults and functioning and disability are better markers of survival and future

health outcomes than disease status and comorbidity [12, 13]. However, it is not known if

depression contributes either independently or in combination with frailty and multimorbid-

ity to disability in older adults with frailty. IADL represent functional competence in everyday

higher level tasks such as shopping or preparing a meal and are known to decline before basic
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ADLs associated with self-care. In this sense IADLs are appropriate markers of loss of indepen-

dence and disability in older adults with a broad range of frailty. We therefore evaluated

whether depression predicts instrumental ADL (IADL) disability in a unique population-

based cohort of adults aged�75 years with a focus on frailty status and frailty trajectories.

Materials andmethods

Ethical approval

The Bradford and Leeds Research Ethics Committee granted ethical approval for the CARE 75

+ study (ref: 14/YH/1120). The CARE 75+ study is registered at ISRCTN16588124.

Study population

The Community Ageing Research 75+ Study (CARE75+) (Trial registration number

ISRCTN16588124) is an on-going, longitudinal population based cohort study of older people.

The data that comprise the analytic sample in this study were collected between January 2014

and December 2018. Community dwelling older people aged�75 years were eligible for inclu-

sion. Exclusion criteria were: care home residents at point of recruitment; bedbound at home;

have terminal cancer; in receipt of the Amber Care Bundle and estimated life expectancy of

three months or less; and in receipt of palliative care services. Potential participants were

recruited via their general practices. Participants undergo a range of cognitive, physical and

psychosocial assessments at baseline, 6 and 12 months. Assessment were conducted face-to-

face in the person’s home, with an optional modified follow-up at 6 months via telephone or

the internet. Full details of the CARE75+ protocol including recruitment, consent and data

collection, entry, coding, security and storage have previously been reported [14]. The protec-

tion and security of CARE75+ data was ensured through an information sharing agreement

between Bradford Teaching Hospitals NHS Foundation Trust and the University of York in

accordance with the Data Protection Act 1998.

Outcomes and predictors

The primary outcome was disability in IADL, measured using the Nottingham Extended ADL

(NEADL) scale [15]. The NEADL scale was first validated in stroke patients and includes sub-

scales for mobility, kitchen and domestic ability, and leisure activity. It is scored between 0 and

66 with higher scores indicating greater independence and less disability.

Our list of potential predictors were based on the frailty literature: age, gender, ethnicity

(white; mixed white/black Caribbean; black Caribbean; Asian Pakistani; Asian Indian; Asian

Bangladeshi; other), education, self-reported medical comorbidities (using Katz index).

Depression was measured using the 15-item Geriatric Depression Scale (GDS) Short-Form

[16]. The GDS-15 is scored from 0 to 15, with a score of�5 is suggestive of depressive symp-

toms and a score� 10 is almost always indicative of depression. In meta-analysis the GDS-15

has an average sensitivity of 0.805 and specificity of 0.750 for identifying cases of major depres-

sive disorder [17]. Frailty was measured using the electronic frailty index (eFI) which is based

on the cumulative deficit model of frailty [18]. The eFI includes 36 equally weighted deficit

variables based on Read codes and recorded routinely in the primary care electronic health

record. The eFI score is derived from the number of deficits present relative to the proportion

of the total possible and identifies four frailty categories: 0–0.12 = fit; 0.13–0.24 = mild frailty;

0.25–0.36 = moderate frailty;>0.36 = severe frailty. The eFI has good convergent validity with

other research standard frailty measures [14]. We also explored if comorbidity predicted

instrumental ADL given their strong association with functional decline in community
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dwelling older adults [19, 20]. Comorbidity data were collected using the self-reported Katz

comorbidity questionnaire that asks questions about the presence of absence of long term

physical and mental conditions that are given a “yes” or “no” response, giving a total number

of comorbidities [21]. Variables were measured at baseline, 6-months and 12-months [22].

Statistical analysis

Regression analyses were conducted with NEADL score as a continuous dependent variable

(range: 0–66, with higher score implying greater independence) and frailty levels (categorical:

no, mild, moderate or severe frailty), depression status (binary variable, based on GDS-15

score of�5) and the interaction between frailty and depression. Other covariates included age,

gender, ethnicity (white vs non-white), level of education (no education; GCSE or AS/A levels;

Higher National Qualification (HNQ), diploma or University degree), living situation (living

alone, with partner/spouse only, with family), comorbidity (measured using self-assessed Katz

scale) and time (baseline, 6-months and 12-months). A multi-level regression model with lin-

ear mixed-effects was used which allows use of all available data at each time point. The model

included individual-level random intercepts to account for repeated measurements nested

within an individual (i.e. repeated observations nested within individual-level). Models were

fitted with increasing complexity, starting first with main effects for frailty and depression and

then introducing interaction effects. The interaction term evaluates whether the effect of frailty

on instrumental daily activities of living is moderated by the level of depression, i.e. does

depression influence the relationship between frailty and daily activities. Finally, based on this

model, marginal (population-averaged) effects were estimated. The analysis was conducted in

Stata v.15.1.

Results

This study is reported in accordance with the Strengthening The Reporting of Observational

Studies in Epidemiology (STROBE) checklist (S1 Checklist). From a total of 1875 potentially

eligible participants we identified baseline data for 553 participants (Fig 1). We recorded a

total of 14 deaths; half of these participants, i.e. 7/14, completed all three waves of the study

(i.e. they died after the 12-month follow-up period). As a result, deaths accounted for only 7

cases of missing data during the study follow-up. We did not collect data on possible transition

to a care home. Of the 553 participants included at baseline just over half (53%) were female

with a mean age of 81 (5.0 SD) years. The majority (89%) were of white ethnicity and 57% had

no formal educational qualifications. A high proportion were either living alone (41%) or liv-

ing with a partner or spouse (44%). The mean baseline total score on the NEADL (50.95;

SD = 15.47) indicated that participants generally had good global instrumental functioning;

this score was lower at follow-up time points (6 months: mean = 46.19; SD = 19.31) and 12

months: mean = 46.27; SD = 18.42). All participants had multimorbidity with a mean of five

long term health conditions. Fifty eight participants had GDS scores that were suggestive of

depression (Table 1). Table 2 shows the number of people with depression at each level of

frailty over time.

Regression results for model 1: Unadjusted main effects analysis

Instrumental ADL, measured by the NEADL scale, was significantly lower at 6 and 12 months

compared to the baseline. Both frailty and depression were independently and negatively asso-

ciated with NEADL score, i.e. depressed and more frail individuals had lower levels of inde-

pendence and higher level of disability (Table 3).
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Regression results for model 2: Unadjusted main and interaction effects
analysis

In model 2, an interaction term for depression and frailty was introduced. This model shows that

there was a statistically significant interaction between depression and mild frailty (-14.2, 95% CI

-25.5 to -2.8, p<0.05) and moderate frailty levels (-11.1, 95% CI -22.0 to -0.24, p<0.05) but not

severe frailty. This implies that, in patients with mild or moderate frailty, depression is associated

with even lower levels of independence in terms of instrumental activities of daily living.

Regression results for model 3: Adjusted main effects analysis

Model 3 adjusted for potential confounders and found that older age, non-white ethnicity,

lower education level, living situation, and higher comorbidity were all significantly associated

Fig 1. STROBE flow diagram.

https://doi.org/10.1371/journal.pone.0243972.g001

Table 1. Characteristics of participants at baseline.

Mean (continuous variables); no. of
observations (categorical variables)

SD (continuous variables);
percentage (categorical variables)

Females, n (%) 296 53.5

Mean (SD) age, years 81.0 5.05

Ethnicity, n (%)

White 494 89.49

Asian Bangladeshi 3 0.54

Asian Indian 3 0.54

Asian Pakistani 50 9.06

Mixed white/black Caribbean 1 0.18

Black Caribbean 1 0.18

Missing 1 0.18

Education, n (%)

No qualifications 316 57.2

GCSE 79 14.3

AS and A levels 17 3.0

Higher National Certificate 36 6.5

Diploma 35 6.3

Bachelor’s degree 37 6.7

Postgraduate 15 2.7

Missing 17 3.0

Living situation, n (%)

Alone 225 40.8

With family 81 14.7

With partner/spouse 245 44.4

Missing 1 0.18

Nottingham Extended ADL score
(baseline), mean (SD)

50.95 15.5

Geriatric Depression Scale score
(baseline), mean (SD)

2.4 2.5

Comorbidity (based on Katz
comorbidity index), mean (SD)

5.27 1.55

ADL: activities of daily living; AS/A Level: advanced subsidiary/advanced level; GCSE: general certificate of

education; SD; standard deviation

https://doi.org/10.1371/journal.pone.0243972.t001
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with impaired instrumental ADL (Table 2). Coefficients for the association between frailty and

instrumental ADL were smaller after adjusting for confounders but remained significant for

all levels except mild frailty. Compared with no frailty, moderate and severe frailty levels were

associated with about 6 and 10 points lower scores on NEADL, respectively. The coefficient

for depression was also statistically significant and indicate that depressed individuals had6.4

points (95% CI -8.274 to -4.549) lower NEADL score compared with non-depressed

individuals).

Regression results for model 4: Adjusted main effects and interaction
analysis

Finally, model 4 evaluated interaction effect in the adjusted model (i.e. same as model 3 but

with interaction terms). The results showed that after adjusting for potential confounders the

interaction between mild frailty and depression was still statistically significant (-12.5, 95% CI

-24.8 to -0.26, p<0.05). The interaction between moderate frailty and depression was weakly

significant (-11.2, 95% CI -23.1 to 0.71, p<0.1). The interaction term was not significant for

severe frailty (-7.3, 95% CI -19.5 to 5.0).

The results imply that individuals with mild or moderate frailty who also experience depres-

sive symptoms are likely to have higher disability in instrumental ADL compared with non-

depressed individuals with the same level of frailty. This relationship is represented in the mar-

gins plot which shows that the predicted NEADL score in depressed individuals is lower than

non-depressed individuals (Fig 2).

Discussion

Using a large population based cohort of older adults aged�75 years we showed that frailty

status and depression independently predicted disability in instrumental ADL. More severe

frailty and depressive symptoms predicted poorer instrumental ADL respectively. Beta-coeffi-

cients were slightly attenuated when frailty and depression were modelled together but both

variables remained significant predictors even when adjusted for comorbidity and other

known confounders. There was evidence that depression moderates the relationship between

frailty and instrumental ADL, but only in those with mild and moderate frailty. The absence of

an effect in those with more severe frailty might stem from an underpowered analysis owing to

smaller numbers of people with severe frailty with above threshold depressive symptoms.

Table 2. Cross-tabulation of depression and frailty at baseline, 6 months, and 12 months.

Baseline Electronic Frailty Index (EFI)

No frailty Mild frailty Moderate frailty Severe frailty

Not depressed 84 127 116 28

Depressed 0 15 30 20

Electronic Frailty Index (EFI)

6-months No frailty Mild frailty Moderate frailty Severe frailty

Not depressed 47 79 74 21

Depressed 0 8 20 11

Electronic Frailty Index (EFI)

12-months No frailty Mild frailty Moderate frailty Severe frailty

Not depressed 33 52 68 20

Depressed 2 2 10 8

https://doi.org/10.1371/journal.pone.0243972.t002

PLOS ONE Frailty and depression in older adults

PLOSONE | https://doi.org/10.1371/journal.pone.0243972 December 15, 2020 7 / 14

https://doi.org/10.1371/journal.pone.0243972.t002
https://doi.org/10.1371/journal.pone.0243972


Table 3. Results of linear multilevel models with NEADL score as the dependent variable and individual-level random intercepts.

Unadjusted models Adjusted models

Model 1: unadjusted, no
interaction

Model 2: unadjusted, with
interaction

Model 3: adjusted, no
interaction

Model 4: adjusted, with
interaction

VARIABLES Coefficients (95%
CI)

p-
value

Coefficients (95%
CI)

p-
value

Coefficients (95%
CI)

p-
value

Coefficients (95%
CI)

p-
value

Time point (reference: baseline)

6-months -1.017 0.063 -0.991 0.068 -0.966 0.078 -0.961 0.078

(-2.087 to 0.053) (-2.053 to 0.071) (-2.040 to 0.107) (-2.028 to 0.107)

12-months -1.163 0.053 -1.289�� 0.032 -1.282� 0.033 -1.392� 0.020

(-2.343 to 0.017) (-2.466 to -0.112) (-2.461 to -0.103) (-2.568 to -0.215)

EFI: reference (reference: fit)

EFI: mild frailty -3.653�� 0.010 -3.313� 0.019 -1.464 0.223 -1.153 0.340

(-6.423 to -0.883) (-6.088 to -0.538) (-3.818 to 0.891) (-3.519 to 1.213)

EFI: moderate frailty -10.507�� <0.001 -10.407�� <0.001 -6.104�� <0.001 -5.836�� <0.001

(-13.441 to -7.572) (-13.354 to -7.461) (-8.606 to -3.601) (-8.365 to -3.308)

EFI: severe frailty -17.290�� <0.001 -18.058�� <0.001 -10.138�� <0.001 -11.053�� <0.001

(-20.946 to -13.634) (-21.924 to -14.192) (-13.525 to -6.751) (-14.610 to -7.496)

Depressed (based on GDS-15) -6.710�� <0.001 4.213 0.434 -6.411�� <0.001 3.958 0.505

(-8.684 to -4.735) (-6.343 to 14.769) (-8.274 to -4.549) (-7.677 to 15.592)

Interaction: Frailty X Depression

Interaction: mild frailty X depressed -14.189�� 0.014 -12.526�� 0.045

(-25.526 to -2.851) (-24.790 to -0.262)

Interaction: moderate frailty X
depressed

-11.143� 0.045 -11.200 0.065

(-22.042 to -0.244) (-23.115 to 0.714)

Interaction: severe frailty X
depressed

-8.469 0.144 -7.281 0.244

(-19.829 to 2.892) (-19.536 to 4.974)

Age (in years) -0.703�� <0.001 -0.713�� <0.001

(-0.899 to -0.507) (-0.909 to -0.517)

Female -0.634 0.517 -0.772 0.430

(-2.550 to 1.283) (-2.688 to 1.145)

Ethnicity: white 15.274�� <0.001 15.315�� <0.001

(12.189 to 18.359) (12.233 to 18.396)

Education (reference: no formal
qualification)

GCSE or AS/A levels 3.795�� 0.002 3.705�� 0.003

(1.351 to 6.240) (1.255 to 6.156)

Higher National Certificate or
diploma

4.251�� 0.003 4.205�� 0.003

(1.453 to 7.048) (1.409 to 7.001)

University degree 3.120 0.062 2.876 0.086

(-0.156 to 6.395) (-0.405 to 6.156)

Living situation (reference: living
alone)

With family -7.143� <0.001 -7.132�� <0.001

(-10.108 to -4.178) (-10.095 to -4.168)

With partner/spouse -2.284� 0.036 -2.460� 0.024

(-4.415 to -0.154) (-4.591 to -0.330)

Comorbidity (Katz comorbidity
index)

-0.930�� <0.001 -0.936�� <0.001

(-1.428 to -0.433) (-1.432 to -0.439)

(Continued)
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Another possible explanation is that severe frailty in itself is so debilitating for ADL that no

moderating effects are observed.

Previously, Lohman et al. have shown that rapid increases in both frailty and depression

predict nursing home admission and serious falls in community dwelling adults aged 51 years

and over [23]. Furthermore, as with our analysis, when modelled together the effects of depres-

sion and frailty were attenuated suggesting that both frailty and depression explain vulnerabil-

ity to adverse health outcomes. Indeed there is accumulating evidence to suggest that

depressive symptoms contribute significantly to observed vulnerability to poor health in older

people with frailty and that targeting depression might mitigate the negative effects of frailty

on functioning and other health outcomes [24]. While the precise mechanisms that might

explain such mediation are not yet clear, it is possible that disability in instrumental ADL is

exacerbated in older people with frailty because depression is a disabling condition in older

adults and is associated with increased number and severity of medical comorbidities and clus-

ters of health-risk behaviours such as sedentary lifestyles [25, 26]. There is also the prospect

that the relationship between depression and functioning is bi-directional. Low grip strength,

a marker of physical functioning, is associated both cross-sectionally and longitudinally with

depression [27]. Grip strength is highly correlated with upper body strength and predicts

future ADLs [28]. Considered together, treating depression is likely to be an effective way to

delay or reduce the likelihood of frailty progression in older adults.

Implications for research and practice

There is a persuasive argument that the management of frailty can be optimised if it is concep-

tualised as a long-term condition. In this sense, frailty can be used to identify target groups of

people with multimorbidity with complex needs such as those with combinations of mental

and physical conditions and functional impairment [29]. Here, engaging proactive approaches

that draw on the chronic care model and behaviour change interventions may have some util-

ity [30]. While there is good evidence that integrated collaborative care interventions that tar-

get depression in people with long term conditions are effective, even in people with high

levels of disability and multimorbidity, these approaches have yet to be proven effective in

older adults with frailty [31, 32]. Similarly, there is evidence that behavioural activation for

Table 3. (Continued)

Unadjusted models Adjusted models

Model 1: unadjusted, no
interaction

Model 2: unadjusted, with
interaction

Model 3: adjusted, no
interaction

Model 4: adjusted, with
interaction

Constant 58.426��� <0.001 58.388��� <0.001 43.033��� <0.001 43.083��� <0.001

(56.020 to 60.831) (55.987 to 60.789) (39.018 to 47.048) (39.072 to 47.095)

Random effects parameters

Patient-level (SD) 11.690 11.693 8.099 8.097

(10.820–12.631) (10.824–12.631) (7.360 to 8.912) (7.360–8.909)

Residual 6.040 5.990 6.140 6.099

(5.637–6.472) (5.591–6.418) (5.719 to 6.592) (5.680–6.548)

AS/A Level: advanced subsidiary/advanced level; CI: confidence interval; EFI: electronic frailty index; GCSE: general certificate of education; GDS: geriatric depression

scale; SD; standard deviation
��� p<0.001
�� p < .001
� p<0.05

https://doi.org/10.1371/journal.pone.0243972.t003
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depression in older adults is effective but trials to date have historically been small with signifi-

cant methodological limitations [33]. Additionally, trials in behavioural activation have nar-

rowly focused on depression rather than looking to impact both physical functioning and

mental health outcomes in older adults.

There is also scope to go beyond traditional medical approaches and consider public health

strategies that can delay or slow physical decline in older adults with frailty and depression.

Here the natural environment as a community health asset could play a critical role in the

management of frailty by making a positive impact on functioning and mental health. Green

spaces in rural and urban areas have been shown in the general population to be highly benefi-

cial to health and wellbeing and enhance social interaction [34]. There is also emerging evi-

dence that exposure to the natural environment can confer health benefits in older adults.

Higher coverage of urban green space is associated with reduced risk of all cause mortality, cir-

culatory system-caused mortality, and stroke-caused mortality in community dwelling older

adults aged�65 years [35]. Moreover, the frailty status of older adults living in neighbour-

hoods with higher levels of green space is more likely to improve over two years than in those

Fig 2. Margins plot showing interaction between depression status (measured by GDS-15) and electronic frailty index in predicting NEADL score.

https://doi.org/10.1371/journal.pone.0243972.g002
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living in neighbourhoods with less green space [36]. The pathway to such frailty improvements

might be through improving mental health. Recent analysis of the Whitehall II cohort has

shown that higher residential greenness and proximity to any natural environment slows

decline in walking speed and grip strength and this association is party mediated by mental

health [37]. Nature based interventions can benefit both physical and mental health and could

confer health benefits for older adults across the frailty trajectory. Well designed and robust

studies are needed to test the effectiveness of public mental health interventions that can be

mapped to frailty status and promote healthy ageing in older people.

Strengths and limitations

A key strength of this study is the use of the CARE75+ cohort as a highly phenotyped primary

care cohort with a recruitment rate of approximately 40%, comparable with other contempo-

rary UK-based cohorts recruiting similar populations [38]. Findings are therefore likely to be

representative of older adults recruited from primary care populations. However the sample

was predominately white precluding exploration of whether ethnicity potentially explains vari-

ation in frailty and depression in older adults. Additionally, while the CARE75+ cohort

includes an extensive range of health, social and economic outcome data it does not actively

recruit older people from care homes, limiting opportunities to explore the impact of frailty

and depression in older adults with the worst functioning. However, if people transitioned to a

care home during the course of the study attempts are made to follow these people up. Further-

more, because we found that depression moderated the impact of frailty on instrumental ADL

in only those with mild and moderate frailty it is likely that therapeutic interventions to man-

age depression in these groups will be delivered outside of care homes.

The CARE 75+ cohort study is an on-going study that started in January 2014 and not all

participants in this study had reached the 6 month and 12 month follow-up assessment point

at the time of the data extraction and analysis. As a result 214 participants were not included at

6-months, and an additional 117 participants were not included at 12 moths. These do not

qualify as loss to follow-up but represent a lag in data accrual which is a feature of longitudinal

studies. However we were able to collect sufficient outcomes on cases at follow-up to under-

take suitably powered analyses. Other limitations relate to the instruments used to collect out-

come data. The GDS-15 is not diagnostic but it does have proven capacity to screen for

depressive symptoms across genders and age groups, from the young-old to the oldest-old

[39]. Furthermore, the GDS has been shown to have predictive validity for mortality in popula-

tions aged�65 years with chronic heart failure, disability and cognitive impairments, suggest-

ing it does have some utility in measuring depression in older adults [40]. However, there

remains a debate about the performance of the GDS in people with cognitive impairment [41].

Depression and cognitive impairment often overlap. The study did not include a measure of

cognitive impairment. Future studies should seek to clarify the independent contribution of

depressive symptoms to outcome controlling for cognitive impairment. Finally, while grip

strength is included in measures of frailty captured by CARE75+ we chose to use instrumental

ADL as a proxy for physical functioning. Instrumental ADLs are essential to the maintenance

of autonomy and independence and decrements in instrumental ADL are critical markers of

progression of disability [42].

Conclusion

We have shown using data from a large population-based cohort of older adults that frailty

and depression independently predict disability in instrumental ADL. Depression moderated
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the impact of frailty on instrumental ADL pointing to the potential for innovative solutions

that target both physical and mental health in the management of frailty.

Supporting information

S1 Checklist. STROBE statement—checklist of items that should be included in reports of

cohort studies.

(DOCX)

Author Contributions

Conceptualization: Peter A. Coventry, Andrew Clegg.

Data curation: Lesley Brown.

Formal analysis: Shehzad Ali.

Funding acquisition: Peter A. Coventry, Dean McMillan, Andrew Clegg, Simon Gilbody.

Methodology: Shehzad Ali.

Writing – original draft: Peter A. Coventry.

Writing – review & editing: Dean McMillan, Andrew Clegg, Lesley Brown, Christina van der

Feltz-Cornelis, Simon Gilbody, Shehzad Ali.

References
1. Office for National Statistics. Living longer: how our population is changing and why it matters. Overview

of population ageing in the UK and some of the implications for the economy, public services, society
and the individual. 2018.

2. Prince MJ, Wu F, Guo Y, Gutierrez Robledo LM, O’Donnell M, Sullivan R, et al. The burden of disease
in older people and implications for health policy and practice. Lancet. 2015; 385(9967):549–62. Epub
2014/12/04. https://doi.org/10.1016/S0140-6736(14)61347-7 PMID: 25468153.

3. Chatterji S, Byles J, Cutler D, Seeman T, Verdes E. Health, functioning, and disability in older adults—
present status and future implications. Lancet. 2015; 385(9967):563–75. Epub 2014/12/04. https://doi.
org/10.1016/S0140-6736(14)61462-8 PMID: 25468158; PubMed Central PMCID: PMC4882096.

4. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. Lancet. 2013; 381
(9868):752–62. Epub 2013/02/12. https://doi.org/10.1016/S0140-6736(12)62167-9 PMID: 23395245;
PubMed Central PMCID: PMC4098658.

5. NHS England. Five Year Forward View. 2014.

6. Vetrano DL, Palmer K, Marengoni A, Marzetti E, Lattanzio F, Roller-Wirnsberger R, et al. Frailty and
Multimorbidity: A Systematic Review and Meta-analysis. The Journals of Gerontology: Series A. 2018;
74(5):659–66. https://doi.org/10.1093/gerona/gly110 PMID: 29726918

7. Blakemore A, Dickens C, Guthrie E, Bower P, Kontopantelis E, Afzal C, et al. Depression and anxiety
predict health-related quality of life in chronic obstructive pulmonary disease: systematic review and
meta-analysis. Int J Chron Obstruct Pulmon Dis. 2014; 9:501–12. Epub 2014/05/31. https://doi.org/10.
2147/COPD.S58136 PMID: 24876770; PubMed Central PMCID: PMC4035108.

8. Coventry P, Gemmell I, Todd CJ. Psychosocial risk factors for hospital readmission in COPD patients
on early discharge services: a cohort study. BMC PulmMed. 2011; 11:49. Epub 2011/11/08. https://doi.
org/10.1186/1471-2466-11-49 [pii]. PMID: 22054636; PubMed Central PMCID: PMC3217878.

9. Feng Z, Lugtenberg M, Franse C, Fang X, Hu S, Jin C, et al. Risk factors and protective factors associ-
ated with incident or increase of frailty among community-dwelling older adults: A systematic review of
longitudinal studies. PLoS One. 2017; 12(6):e0178383. Epub 2017/06/16. https://doi.org/10.1371/
journal.pone.0178383 PMID: 28617837; PubMed Central PMCID: PMC5472269.

10. Soysal P, Veronese N, Thompson T, Kahl KG, Fernandes BS, Prina AM, et al. Relationship between
depression and frailty in older adults: A systematic review and meta-analysis. Ageing Res Rev. 2017;
36:78–87. Epub 2017/04/04. https://doi.org/10.1016/j.arr.2017.03.005 PMID: 28366616.

PLOS ONE Frailty and depression in older adults

PLOSONE | https://doi.org/10.1371/journal.pone.0243972 December 15, 2020 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243972.s001
https://doi.org/10.1016/S0140-6736%2814%2961347-7
http://www.ncbi.nlm.nih.gov/pubmed/25468153
https://doi.org/10.1016/S0140-6736%2814%2961462-8
https://doi.org/10.1016/S0140-6736%2814%2961462-8
http://www.ncbi.nlm.nih.gov/pubmed/25468158
https://doi.org/10.1016/S0140-6736%2812%2962167-9
http://www.ncbi.nlm.nih.gov/pubmed/23395245
https://doi.org/10.1093/gerona/gly110
http://www.ncbi.nlm.nih.gov/pubmed/29726918
https://doi.org/10.2147/COPD.S58136
https://doi.org/10.2147/COPD.S58136
http://www.ncbi.nlm.nih.gov/pubmed/24876770
https://doi.org/10.1186/1471-2466-11-49
https://doi.org/10.1186/1471-2466-11-49
http://www.ncbi.nlm.nih.gov/pubmed/22054636
https://doi.org/10.1371/journal.pone.0178383
https://doi.org/10.1371/journal.pone.0178383
http://www.ncbi.nlm.nih.gov/pubmed/28617837
https://doi.org/10.1016/j.arr.2017.03.005
http://www.ncbi.nlm.nih.gov/pubmed/28366616
https://doi.org/10.1371/journal.pone.0243972


11. Mezuk B, LohmanM, Dumenci L, Lapane KL. Are depression and frailty overlapping syndromes in mid-
and late-life? A latent variable analysis. Am J Geriatr Psychiatry. 2013; 21(6):560–9. Epub 2013/04/10.
https://doi.org/10.1016/j.jagp.2012.12.019 PMID: 23567406; PubMed Central PMCID: PMC3424389.

12. Crocker TF, Brown L, Clegg A, Farley K, Franklin M, Simpkins S, et al. Quality of life is substantially
worse for community-dwelling older people living with frailty: systematic review andmeta-analysis.
Quality of life research: an international journal of quality of life aspects of treatment, care and rehabilita-
tion. 2019. Epub 2019/03/16. https://doi.org/10.1007/s11136-019-02149-1 PMID: 30875008.

13. Kojima G. Frailty as a predictor of disabilities among community-dwelling older people: a systematic
review and meta-analysis. Disabil Rehabil. 2017; 39(19):1897–908. Epub 2016/08/26. https://doi.org/
10.1080/09638288.2016.1212282 PMID: 27558741.

14. Brundle C, Heaven A, Brown L, Teale E, Young J, West R, et al. Convergent validity of the electronic
frailty index. Age Ageing. 2019; 48(1):152–6. Epub 2018/10/16. https://doi.org/10.1093/ageing/afy162
PMID: 30321256.

15. Gladman JRF, Lincoln NB, Adams SA. Use of the Extended ADL Scale with Stroke Patients. Age and
Ageing. 1993; 22(6):419–24. https://doi.org/10.1093/ageing/22.6.419 PMID: 8310887

16. Yesavage JA. Geriatric Depression Scale. Psychopharmacology bulletin. 1988; 24(4):709–11. Epub
1988/01/01. PMID: 3249773.

17. Wancata J, Alexandrowicz R, Marquart B, Weiss M, Friedrich F. The criterion validity of the Geriatric
Depression Scale: a systematic review. Acta Psychiatr Scand. 2006; 114(6):398–410. Epub 2006/11/
08. https://doi.org/10.1111/j.1600-0447.2006.00888.x PMID: 17087788.

18. Clegg A, Bates C, Young J, Ryan R, Nichols L, Ann Teale E, et al. Development and validation of an
electronic frailty index using routine primary care electronic health record data. Age Ageing. 2016; 45
(3):353–60. Epub 2016/03/06. https://doi.org/10.1093/ageing/afw039 PMID: 26944937; PubMed Cen-
tral PMCID: PMC4846793.

19. Ryan A, Wallace E, O’Hara P, Smith SM. Multimorbidity and functional decline in community-dwelling
adults: a systematic review. Health and quality of life outcomes. 2015; 13(1):168. https://doi.org/10.
1186/s12955-015-0355-9 PMID: 26467295

20. Perissinotto CM, Stijacic Cenzer I, Covinsky KE. Loneliness in Older Persons: A Predictor of Functional
Decline and DeathLoneliness in Older Persons. JAMA Internal Medicine. 2012; 172(14):1078–84.
https://doi.org/10.1001/archinternmed.2012.1993 PMID: 22710744

21. Katz JN, Chang LC, Sangha O, Fossel AH, Bates DW. Can comorbidity be measured by questionnaire
rather than medical record review?Med Care. 1996; 34(1):73–84. Epub 1996/01/01. https://doi.org/10.
1097/00005650-199601000-00006 PMID: 8551813.

22. De Jong Gierveld J, Van Tilburg T. The De Jong Gierveld short scales for emotional and social loneli-
ness: tested on data from 7 countries in the UN generations and gender surveys. Eur J Ageing. 2010; 7
(2):121–30. Epub 2010/08/24. https://doi.org/10.1007/s10433-010-0144-6 PMID: 20730083; PubMed
Central PMCID: PMC2921057.

23. LohmanM, Mezuk B, Dumenci L. Depression and frailty: concurrent risks for adverse health outcomes.
Aging Ment Health. 2017; 21(4):399–408. Epub 2015/10/22. https://doi.org/10.1080/13607863.2015.
1102199 PMID: 26488225; PubMed Central PMCID: PMC4840081.

24. LohmanM, Dumenci L, Mezuk B. Depression and Frailty in Late Life: Evidence for a Common Vulnera-
bility. The journals of gerontology Series B, Psychological sciences and social sciences. 2016; 71
(4):630–40. Epub 2015/01/27. https://doi.org/10.1093/geronb/gbu180 PMID: 25617399; PubMed Cen-
tral PMCID: PMC4903031.

25. Verger P, Lions C, Ventelou B. Is depression associated with health risk-related behaviour clusters in
adults? European Journal of Public Health. 2009; 19(6):618–24. https://doi.org/10.1093/eurpub/ckp057
PMID: 19403786

26. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of multimorbidity and
implications for health care, research, andmedical education: a cross-sectional study. The Lancet.
2012; 380(9836):37–43. http://dx.doi.org/10.1016/S0140-6736(12)60240-2

27. Fukumori N, Yamamoto Y, Takegami M, Yamazaki S, Onishi Y, Sekiguchi M, et al. Association between
hand-grip strength and depressive symptoms: Locomotive Syndrome and Health Outcomes in Aizu
Cohort Study (LOHAS). Age Ageing. 2015; 44(4):592–8. Epub 2015/02/26. https://doi.org/10.1093/
ageing/afv013 PMID: 25712514.

28. Rantanen T, Guralnik JM, Foley D, Masaki K, Leveille S, Curb JD, et al. Midlife hand grip strength as a
predictor of old age disability. JAMA. 1999; 281(6):558–60. Epub 1999/02/18. https://doi.org/10.1001/
jama.281.6.558 PMID: 10022113.

29. Farmer C, Fenu E, O’Flynn N, Guthrie B. Clinical assessment and management of multimorbidity: sum-
mary of NICE guidance. BMJ. 2016; 354:i4843. https://doi.org/10.1136/bmj.i4843 PMID: 27655884.

PLOS ONE Frailty and depression in older adults

PLOSONE | https://doi.org/10.1371/journal.pone.0243972 December 15, 2020 13 / 14

https://doi.org/10.1016/j.jagp.2012.12.019
http://www.ncbi.nlm.nih.gov/pubmed/23567406
https://doi.org/10.1007/s11136-019-02149-1
http://www.ncbi.nlm.nih.gov/pubmed/30875008
https://doi.org/10.1080/09638288.2016.1212282
https://doi.org/10.1080/09638288.2016.1212282
http://www.ncbi.nlm.nih.gov/pubmed/27558741
https://doi.org/10.1093/ageing/afy162
http://www.ncbi.nlm.nih.gov/pubmed/30321256
https://doi.org/10.1093/ageing/22.6.419
http://www.ncbi.nlm.nih.gov/pubmed/8310887
http://www.ncbi.nlm.nih.gov/pubmed/3249773
https://doi.org/10.1111/j.1600-0447.2006.00888.x
http://www.ncbi.nlm.nih.gov/pubmed/17087788
https://doi.org/10.1093/ageing/afw039
http://www.ncbi.nlm.nih.gov/pubmed/26944937
https://doi.org/10.1186/s12955-015-0355-9
https://doi.org/10.1186/s12955-015-0355-9
http://www.ncbi.nlm.nih.gov/pubmed/26467295
https://doi.org/10.1001/archinternmed.2012.1993
http://www.ncbi.nlm.nih.gov/pubmed/22710744
https://doi.org/10.1097/00005650-199601000-00006
https://doi.org/10.1097/00005650-199601000-00006
http://www.ncbi.nlm.nih.gov/pubmed/8551813
https://doi.org/10.1007/s10433-010-0144-6
http://www.ncbi.nlm.nih.gov/pubmed/20730083
https://doi.org/10.1080/13607863.2015.1102199
https://doi.org/10.1080/13607863.2015.1102199
http://www.ncbi.nlm.nih.gov/pubmed/26488225
https://doi.org/10.1093/geronb/gbu180
http://www.ncbi.nlm.nih.gov/pubmed/25617399
https://doi.org/10.1093/eurpub/ckp057
http://www.ncbi.nlm.nih.gov/pubmed/19403786
http://dx.doi.org/10.1016/S0140-6736(12)60240-2
https://doi.org/10.1093/ageing/afv013
https://doi.org/10.1093/ageing/afv013
http://www.ncbi.nlm.nih.gov/pubmed/25712514
https://doi.org/10.1001/jama.281.6.558
https://doi.org/10.1001/jama.281.6.558
http://www.ncbi.nlm.nih.gov/pubmed/10022113
https://doi.org/10.1136/bmj.i4843
http://www.ncbi.nlm.nih.gov/pubmed/27655884
https://doi.org/10.1371/journal.pone.0243972


30. Harrison JK, Clegg A, Conroy SP, Young J. Managing frailty as a long-term condition. Age Ageing.
2015; 44(5):732–5. Epub 2015/07/16. https://doi.org/10.1093/ageing/afv085 PMID: 26175349.

31. KatonWJ, Lin EHB, Von Korff M, Ciechanowski P, Ludman EJ, Young B, et al. Collaborative Care for
Patients with Depression and Chronic Illnesses. New England Journal of Medicine. 2010; 363
(27):2611–20. https://doi.org/10.1056/NEJMoa1003955 PMID: 21190455.

32. Coventry P, Lovell K, Dickens C, Bower P, Chew-GrahamC, McElvenny D, et al. Integrated primary
care for patients with mental and physical multimorbidity: cluster randomised controlled trial of collabo-
rative care for patients with depression comorbid with diabetes or cardiovascular disease. BMJ. 2015;
350:h638. https://doi.org/10.1136/bmj.h638 PMID: 25687344.

33. Orgeta V, Brede J, Livingston G. Behavioural activation for depression in older people: systematic
review and meta-analysis. Br J Psychiatry. 2017; 211(5):274–9. Epub 2017/10/07. https://doi.org/10.
1192/bjp.bp.117.205021 PMID: 28982660.

34. Hartig T, Mitchell R, Vries Sd, Frumkin H. Nature and Health. Annual Review of Public Health. 2014; 35
(1):207–28. https://doi.org/10.1146/annurev-publhealth-032013-182443 PMID: 24387090.

35. Wang D, Lau KK, Yu R,Wong SYS, Kwok TTY,Woo J. Neighbouring green space andmortality in com-
munity-dwelling elderly Hong Kong Chinese: a cohort study. BMJ open. 2017; 7(7):e015794. Epub
2017/08/03. https://doi.org/10.1136/bmjopen-2016-015794 PMID: 28765127; PubMed Central PMCID:
PMC5642810.

36. Yu R,Wang D, Leung J, Lau K, Kwok T, Woo J. Is Neighborhood Green Space AssociatedWith Less
Frailty? Evidence From the Mr. and Ms. Os (Hong Kong) Study. J AmMed Dir Assoc. 2018; 19(6):528–
34. Epub 2018/02/07. https://doi.org/10.1016/j.jamda.2017.12.015 PMID: 29402649.

37. de Keijzer C, Tonne C, Sabia S, Basagana X, Valentin A, Singh-Manoux A, et al. Green and blue
spaces and physical functioning in older adults: Longitudinal analyses of theWhitehall II study. Environ
Int. 2019; 122:346–56. Epub 2018/12/07. https://doi.org/10.1016/j.envint.2018.11.046 PMID:
30503316.

38. Clegg A, Relton C, Young J, WithamM. Improving recruitment of older people to clinical trials: use of
the cohort multiple randomised controlled trial design. Age Ageing. 2015; 44(4):547–50. Epub 2015/04/
11. https://doi.org/10.1093/ageing/afv044 PMID: 25857552.

39. Chiesi F, Primi C, Pigliautile M, Baroni M, Ercolani S, Boccardi V, et al. Is the 15-itemGeriatric Depres-
sion Scale a Fair Screening Tool? A Differential Item Functioning Analysis Across Gender and Age.
Psychological Reports. 2018; 121(6):1167–82. https://doi.org/10.1177/0033294117745561 PMID:
29298589.

40. Testa G, Cacciatore F, Galizia G, Della-Morte D, Mazzella F, Gargiulo G, et al. Depressive symptoms
predict mortality in elderly subjects with chronic heart failure. Eur J Clin Invest. 2011; 41(12):1310–7.
Epub 2011/05/28. https://doi.org/10.1111/j.1365-2362.2011.02544.x PMID: 21615393.

41. Chiesi F, Primi C, Pigliautile M, Baroni M, Ercolani S, Paolacci L, et al. Does the 15-itemGeriatric
Depression Scale function differently in old people with different levels of cognitive functioning? J Affect
Disord. 2018; 227:471–6. Epub 2017/11/21. https://doi.org/10.1016/j.jad.2017.11.045 PMID:
29156360.

42. Dunlop DD, Hughes SL, Manheim LM. Disability in activities of daily living: patterns of change and a
hierarchy of disability. Am J Public Health. 1997; 87(3):378–83. Epub 1997/03/01. https://doi.org/10.
2105/ajph.87.3.378 PMID: 9096537; PubMed Central PMCID: PMC1381008.

PLOS ONE Frailty and depression in older adults

PLOSONE | https://doi.org/10.1371/journal.pone.0243972 December 15, 2020 14 / 14

https://doi.org/10.1093/ageing/afv085
http://www.ncbi.nlm.nih.gov/pubmed/26175349
https://doi.org/10.1056/NEJMoa1003955
http://www.ncbi.nlm.nih.gov/pubmed/21190455
https://doi.org/10.1136/bmj.h638
http://www.ncbi.nlm.nih.gov/pubmed/25687344
https://doi.org/10.1192/bjp.bp.117.205021
https://doi.org/10.1192/bjp.bp.117.205021
http://www.ncbi.nlm.nih.gov/pubmed/28982660
https://doi.org/10.1146/annurev-publhealth-032013-182443
http://www.ncbi.nlm.nih.gov/pubmed/24387090
https://doi.org/10.1136/bmjopen-2016-015794
http://www.ncbi.nlm.nih.gov/pubmed/28765127
https://doi.org/10.1016/j.jamda.2017.12.015
http://www.ncbi.nlm.nih.gov/pubmed/29402649
https://doi.org/10.1016/j.envint.2018.11.046
http://www.ncbi.nlm.nih.gov/pubmed/30503316
https://doi.org/10.1093/ageing/afv044
http://www.ncbi.nlm.nih.gov/pubmed/25857552
https://doi.org/10.1177/0033294117745561
http://www.ncbi.nlm.nih.gov/pubmed/29298589
https://doi.org/10.1111/j.1365-2362.2011.02544.x
http://www.ncbi.nlm.nih.gov/pubmed/21615393
https://doi.org/10.1016/j.jad.2017.11.045
http://www.ncbi.nlm.nih.gov/pubmed/29156360
https://doi.org/10.2105/ajph.87.3.378
https://doi.org/10.2105/ajph.87.3.378
http://www.ncbi.nlm.nih.gov/pubmed/9096537
https://doi.org/10.1371/journal.pone.0243972

