Frailty as a Predictor of Disabilities among Community-Dwelling Older People: A
Systematic Review and Meta-analysis

Gotaro Kojima, MD!

! Japan Green Medical Centre, London, United Kingdom.

Keywords: frailty, disability, activities of daily living, instrumental activities of daily living,
community-dwelling older people.

ABSTRACT

Background: Frailty has been shown to be associated with disability in the previous studies.
However, it is not clear how consistently or to how much degree frailty is actually associated
with the future disability risks.

Methods: A systematic review of the literature was conducted using Embase, MEDLINE,
CINAHL, PsycINFO and the Cochrane Library for any prospective studies published from
2010 to September 2015 examining associations between baseline frailty status and
subsequent risk of developing or worsening disabilities among community-dwelling older
people. A meta-analysis was performed to synthesize pooled estimates.

Results: Of 7,012 studies identified through the systematic review, 20 studies were included
in the meta-analysis. 12 studies examined ADL disability risks, two studies examined IADL
disability risks, and six studies examined both ADL and IADL disability risks. Overall, frail
older people were more likely to develop or worsen disabilities in ADL (12 studies, pooled
OR=2.76, 95%CI=2.23-3.44, p<0.00001; 5 studies, pooled HR=2.23, 95%CI=1.42-3.49,
p<0.00001) and IADL (6 studies, pooled OR=3.62, 95%CI=2.32-5.64, p<0.00001; 2 studies,
pooled HR=4.24, 95%CI=0.85-21.28, p=0.08). Prefrailty was also associated with incident or
worsening disability risks to a lesser degree in most pooled analyses. High heterogeneity
observed among 12 studies with OR of ADL disability risks for frailty was explored using
subgroup analyses, which suggested methodological quality and mean age of the cohort were
the possible causes.

Conclusion: This systematic review meta-analysis quantitatively showed that frail older
people are at higher risks of disabilities. These results are important for all related parties
given population aging worldwide. Interventions for frailty are important to prevent disability
and preserve physical functions, autonomy, and quality of life.



INTRODUCTION

Frailty and disability were once used interchangeably due to the similarity, the high co-
existence rate, and the lack of standardized definitions to operationalize frailty against
disability.!”* Frailty has now been conceptualized as a distinct state of decreased
physiological reserve and compromised capacity to maintain homeostasis when exposed to a
stressor resulting from age-related multiple accumulated deficits, thereby predisposing frail
individuals to high vulnerability to adverse health outcomes.!” The adverse health outcomes
include falls, fractures, hospitalization, institutionalization, dementia, and mortality.>®
Prevalence of frailty is 10.7% among community-dwelling older people aged 65 and older
and generally increases as people age’ and more than 90% of institutionalized people are
frail.!” Frailty is a dynamic state and can transition to worse as well as better status over
time.!! Given that frailty can be potentially prevented or reversed with interventions, such as
exercise or nutritional supplementation,® it was recommended by a consensus group of
experts from international societies to screen older people aged 70 years or older with
significant weight loss due to chronic disease.!?

Although a number of definitions and criteria for frailty have been proposed, international
consensus has yet to be reached partially because of the multidimensional and heterogeneous
nature of the concept.> Among a number of frailty definitions proposed, the ones described by
Fried et al. in the Cardiovascular Health Study (CHS) have been most frequently used in the
literature.? They defined frailty as a clinical syndrome using a combination of five physical
components: weight loss, exhaustion, weakness, slow walking speed, and low physical
activity.” In their original study, weakness was defined as having grip strength of less than 29-
32 Kg for men and 17-21 Kg for women depending on BMI quartiles, slow walking speed
was defined as taking more than 6-7 seconds to walk 15 feet stratified by gender and height,
and low physical activity was defined as having less than 383 Kcals/week for men and 270
Kcals/week for women for physical activity based on the short version of the Minnesota
Leisure Time Activity questionnaire.? The Frailty Index is another popular conceptualization
of frailty.!*> While CHS criteria involve mainly physical components, this method defines
frailty according to accumulation of much broader health deficits including cognitive,
psychological, and social factors in addition to physical aspects.'*

Multiple studies have examined associations between frailty and disability and mostly found
frail individuals were significantly more likely to develop or worsen disabilities than the non-
frail,>* but a few did not.'>"!” Some researchers even state that frailty may be a physiologic
precursor and etiologic factor in disability.? It may feel obvious and not surprising that frailty
is closely related to disability and predicts disability. However, since no systematic review or
meta-analysis on the association was identified in the literature, it is not clear how
consistently or to how much degree frailty is actually associated with the future disability
risks.

One review paper has examined activities of daily living (ADL) disability risks predicted by
not frailty but frailty components, such as weight loss or gait speed, and showed these frailty
components individually predicted ADL disability.'® As described earlier, frailty is a
multidimensional complex state, and its features of predicting disability risks cannot be
completely evaluated by examining only an individual component of frailty. Furthermore,
this review did not include instrumental activities of daily living (IADL) and did not conduct
a meta-analysis to synthesize pooled risk estimates.'® Therefore, it was considered that
quantifying the disability risks according to frailty by pooling the findings of the previous
studies is new and confirms what was already known. The objectives of the current study



were to perform a systematic review of the literature and to conduct a meta-analysis to
synthesize pooled estimates of future disability risks predicted by baseline frailty status
among community-dwelling older people.

METHOD

Data Sources and Search Strategy

A systematic review of the literature was conducted by one researcher based on a protocol
developed in accordance with Preferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA)!® and Meta-analysis of Observational Studies in Epidemiology
(MOOSE)? statements using five electronic databases (Embase, MEDLINE, CINAHL Plus,
PsycINFO, and the Cochrane Library) in September 2015. Any prospective studies in any
language published in 2000 or later on associations between baseline frailty status and a
subsequent risk of developing or worsening disabilities among community-dwelling older
people were potentially eligible. Explosion functions were used if available. The Medical
Subject Heading (MeSH) and keywords used were as follows: ((Activities of daily living
(MeSH)) OR (Daily life activity (MeSH)) OR (Disability (MeSH)) OR (Disabilities (MeSH))
OR (ADL disability (MeSH)) OR (Physical disability (MeSH)) OR (Disabled (MeSH)) OR
(Disabled person(s) (MeSH)) OR (Disabled personnel (MeSH)) OR (disable*) OR
(disabilit*) OR (“activities of daily living”’) OR (ADL) OR (IADL)) AND ((Frailty syndrome
(MeSH)) OR (Frail elderly (MeSH)) OR (frailty)). The systematic search was repeated for
update in June 2016 using the same strategy for the newer citations published from 2015 to
June 2016. The reference lists of the retrieved articles were manually reviewed for any
additional studies.

Study Selection
Studies were included if they met following inclusion criteria;

e Involved community-dwelling older people with mean age of 60 and older.

e Prospectively examined a risk of developing new disability or of worsening disability
according to baseline frailty status defined by validated criteria originally designed to
define frailty or its modified versions.

e Defined disability measured by activities of daily living (ADL) or instrumental
activities of daily living (IADL).

e Provided odds ratio (OR) or hazard ratio (HR) as a risk measure for incidence or
worsening of disability.

Studies were excluded with the following exclusion criteria;
e Defined frailty by slow walking speed or being certified for long-term care insurance,
or used individual components of frailty criteria.
e Defined frailty status as a continuous measure, rather than categorizing as frail or non-
frail.
e Review papers, randomized controlled trials, conference abstracts, comments, or
editorials.

When the same cohort was used for the same disability outcome, the study defining three
categories: frail, prefrail, and robust, instead of two: frail and robust, or the study using the
largest number of the individuals was included. When different frailty definitions were used
in one study, the results based on CHS criteria, which is the most frequently used in the
literature,’ or the results from the largest sample size were included. When different follow-
up periods were used, the results of the longest follow-up period were used. These criteria
were defined a priori.



Studies potentially eligible for meta-analysis selected through systematic review of title,
abstract, and full-text were examined for methodological quality using the Newcastle-Ottawa
scale for cohort studies.?! A study was considered to have adequate quality to be included in
the meta-analysis if they met half or more of the criteria.

Data Extraction

Data extracted were first author, cohort name if any, publication year, location (country),
sample size of a cohort used for an analysis of interest or the entire cohort, proportion of
female participants, age (mean or age criterion for inclusion), frailty criteria, disability
outcome, effect measure, and follow-up period. OR and HR with corresponding 95%
confidence intervals (95%CI) of disability risk for frailty and prefrailty compared with non-
frailty were extracted from each study. Adjusted risk measures were preferred to unadjusted
ones.

Statistical Analysis

When two or more studies presented the same disability risk (incident ADL, worsening ADL,
combined ADL, incident IADL, worsening IADL, or combined IADL) using the same type of
risk estimates (OR or HR), the risk measures were combined to synthesize pooled estimates
using the generic inverse variance method. Random-effects models were used since
significant heterogeneity was expected given different methodology and various frailty and
disability definitions used across the included studies.

Studies were pooled according to types of disability (ADL vs. IADL), type of risk (incident
vs. worsening), effect measure (OR vs. HR), and frailty status (frail vs. prefrail) separately.
Effects measures of incident and worsening disability were also pooled for the same type of
disability and effect measure, for which estimates of worsening disability were selected over
incidence disability when a study provided both estimates. Heterogeneity across the studies
was assessed using Cochran’s Q statistic and the degree of the heterogeneity was assessed
using the I° statistic. I? values of 25%, 50%, and 75% were considered as low, moderate, and
high heterogeneity, respectively.?> When high heterogeneity was detected, subgroup analysis,
sensitivity analysis, and random effects meta-regression were conducted according to
location, sample size, female proportion of the cohort, mean age, frailty criteria, adjustment
for an effect measure, follow-up period, and methodological quality to explore the potential
source of heterogeneity. Publication bias was assessed using Begg-Mazumdar’s and Egger’s
tests and visually examining funnel plots.

All analysis were performed using Review Manager 5 (version 5.2, The Cochrane
Collaboration, Copenhagen, Denmark), IBM SPSS Statistics (version 22, IBM Corporation,
New York, USA), and StatsDirect (version 2.8, StatsDirect, Cheshire, UK).

RESULTS

Selection Processes

The initial literature search using the five databases yielded 7,012 studies and 3 additional
studies were identified from reference lists of relevant articles. Of a total of 7,015 studies,
2,892 duplicate studies were excluded and 4,085 studies were excluded because the titles or
abstracts were considered as not relevant, leaving 38 studies for full-text review. Of these, 18
studies were excluded because nine studies did not provide OR or HR of disability risk for
frailty status, three studies did not used ADL or IADL to measure disability, two studies had
cohorts with mean age of less than 60 years, two studies used the same cohorts, and two



studies were review or cross-sectional studies. Twenty studies were left and further assessed
for methodological quality using the Newcastle-Ottawa scale for cohort studies. No
additional studies were identified by the updated systematic review from 2015 to June 2016.
All the 20 studies were considered to have adequate quality (Table 1) and were included in
this review and meta-analysis. Figure 1 shows a flowchart of the study selection with
numbers of studies at each stage.

Study Characteristics

Study characteristics of the included 20 studies are summarized in Table 1. More than half of
the included studies were published within the last four years (2012-2015).'%172331 Nine
studies were from the USA,>%-32-38 five from Europe,'>"!7-23-3? two from Mexico,?** one each
from Australia®’ and Korea,?® and two studies used cohorts from multiple countries.?®>!
Sample size varies from 226'® to 40,332.%! Six studies used female-only cohorts?”-3!-33:34.36.38
and one study used an all-male cohort.>> Although not provided by all studies, mean age
ranged from 68.7%* to 79.4% years old. Most of the included studies (80%, 16/20) used
modified or original CHS criteria to define frailty.>!>>3242628-38 prevalence of frailty varied
substantially ranging from 4.3%% to 37.2%.?* Disability outcomes were either incident or
worsening ADL or IADL disability. As many as 90% (18/20) of the studies examined ADL
disability risks while IADL was examined by eight studies; two studies used IADL alone?>-*°
and six studies used both ADL and IADL.!>23:242728.33 Tyyelve studies reported adjusted
OR!317:2425.2729.3135-38 and two studies reported only unadjusted OR.!%?¢ All HR reported by
six studies were adjusted for covariates.>?3-%3234 Follow-up periods were from 1 year!®*! to
11 years.**

Frailty as a Predictor of Incident or Worsening ADL Disability

The meta-analysis of the associations between frailty and ADL disability included 12 studies
with QR15-17:24-2931.37.38 an( five studies with HR.>?3:3%3234 Both frailty and prefrailty were
significant predictors of ADL disability (incident, worsening, and combined) persistently in
all meta-analysis. Eight!>17:24.23:28.31.3738 4 5ix 16.17.26-29 gty dies provided effect sizes as OR of
incident and worsening ADL disability, respectively, for frailty compared with non-frailty (8
studies: pooled OR=2.85 95%CI=2.18-3.71, p<0.00001, 6 studies: pooled OR=2.84
95%CI=1.85-4.37, p<0.00001, respectively). There was no significant difference between
these two groups (p=0.99). A pooled risk of combined incident and worsening ADL disability
from 12 studies!>!7242931.3738 \ag also calculated (12 studies: pooled OR=2.76,
95%CI1=2.22-3.44, p<0.00001). High heterogeneity was observed among these three meta-
analysis on incident, worsening, and combined ADL disability risks (1>=84-94%). ADL
disability risks for prefrailty were also calculated and showed to be significantly higher, but
to a smaller degree than frailty, pooled disability risk estimates compared with non-frailty: 8
studies!>!7:2425:28.31.37.38 for incident ADL disability: pooled OR=1.64, 95%CI=1.44-1.87,
p<0.0001, 4 studies'”***? for worsening ADL disability: pooled OR=1.82, 95%CI=1.52-
2.17, p.00001 (p=0.35 for group difference), 10 studies'>!7-2+-26.28:29.31.37.38 51 combined ADL
disability: pooled OR=1.70, 95%CI=1.52-1.91, p<0.0001). Heterogeneity was low to
moderate (I>=30-43%) for these analyses for prefrailty. (Figure 2)

A total of five studies used HR to measure disability risks according to frailty.>23-3%-32.34
Similarly to the studies with OR, among studies with HR, frailty was significantly associated
with all incident, worsening, and combined ADL disability risks (2 studies: pooled HR=2.09,
95%CI=1.56-2.80, p<0.00001, 3 studies: pooled HR=2.38, 95%CI=1.13-4.99, p<0.00001,
and 5 studies: pooled HR=2.23, 95%CI=1.42-3.49, p<0.00001, respectively). Prefrailty was
also shown to be a significant predictor of incident, worsening, and combined ADL disability



risks (2 studies: pooled HR=1.29, 95%CI=1.09-1.53, p=0.004, 2 studies: pooled HR=2.05,
95%CI=1.08-3.90, p=0.01, and 4 studies: pooled HR=1.58, 95%CI=1.24-2.02, p=0.01,
respectively). (Figure 2 A, B)

Frailty as a Predictor of Incident or Worsening IADL Disability

IADL disability risks according to frailty were examined by six studies with OR'>
and two studies with HR.?*? Frailty compared with non-frailty was significantly associated
with higher risk of incident, worsening, and combined IADL disability risks (3 studies'>**23:
pooled OR=2.69, 95%CI=1.12-6.43, p=0.0007, 4 studies*’-**3336; pooled OR=4.57,
95%CI1=2.79-7.47, p<0.00001, and 6 studies'>**?"-28:3336; pooled OR=3.62, 95%CI=2.32-
5.64, p<0.00001, respectively). While a pooled HR of incident IADL disability for prefrailty
did not reach statistical significance (3 studies'>**?%: pooled HR=1.35, 95%CI=0.86-2.10,
p=0.19), prefrailty was significantly associated with worsening and combined [ADL
disability risks (3 studies®®*>3: pooled HR=1.92, 95%CI=1.19-3.09, p=0.007, and 5
studies!>?*28:3536; pooled HR=1.55, 95%CI=1.08-2.21, p<0.00001, respectively). High degree
of heterogeneity was observed among all the six meta-analyses (1>=84-92%). (Figure 2 C, D)

24,27,28,35,36

Subgroup Analysis, Sensitivity Analysis, Random Effects Meta-regression Analysis
Subgroup, sensitivity, random effects meta-regression analyses were performed to explore
possible causes of the high heterogeneity only in a group of 12 studies providing OR of
combined ADL disability for frailty because other groups consisted of small numbers of
studies (n<=6). The subgroup analysis were performed by grouping studies according to
location (USA vs. non-USA), sample size (n>=5000 vs. n<5000), gender proportion (female
only vs. rest), frailty criteria (CHS vs. non-CHS), follow-up period (>=4 years vs. <4 years),
methodological quality (Newcastle-Ottawa scale >=6/8 or 7/9 vs. <=5/8 or 6/9), and risk
estimate adjustment (adjusted vs. unadjusted) (Table 2). Among these subgroups, two groups
were found to have low heterogeneity: four studies'>!”-*>*7 with higher methodological
quality (NOS>=6/8 or 7/9) had I’=0% and six studies'>!7?*2>237 \yith mean age<75 years
had I°=33%. Between-subgroup differences were statistically non-significant in all pairs. In
sensitivity analysis, removing any one or any two studies from 12 did not decrease 1> less
than 75%. Sample size, female proportion, mean age, follow-up period, and methodological
quality scores were examined as a continuous variable for a potential modulator effect using
random effect meta-regression models, which showed none of these factors were significantly
associated with ADL disability risks according to frailty.

Publication Bias Assessment

Any study groups for the meta-analyses including four or more studies were examined for
publication bias. No obvious asymmetry was observed in the funnel plots and Begg-
Mazumdar’s and Egger’s tests showed no evidence of publication bias in all of the six groups
including the studies with 1) OR of incident ADL disability (n=8), 2) OR of worsening ADL
disability (n=6), 3) OR of combined ADL disability (n=12), 4) HR of combined ADL
disability (n=5), 5) OR of worsening IADL disability (n=4), and 6) OR of combined IADL
disability (n=5). (Figure 3 A-F)

DISCUSSION

This systematic review and meta-analysis provides the first pooled evidence that frailty is a
significant predictor of ADL and IADL disability among community-dwelling older people.
Those who were classified as frail had roughly two-fold or higher risks of incident,
worsening, and combined ADL and TADL disability using OR and HR compared with those



who were classified as non-frail. These disability risks were observed in prefrail individuals
to a lesser degree.

Among the studies included in this review, 80% (16/20) used CHS criteria to define frailty.
All of these studies, except for the original paper, modified the original criteria slightly,
presumably depending on the availability of data.*® These modifications might have had
impacts on their results and possibly contributed to the high heterogeneity across the studies.
However, the heterogeneity remains among both subgroups using CHS criteria (n=8, 1>’=82%,
p<0.00001) and non-CHS criteria (n=4, 1°=83%, p=0.0004) in the subgroup analysis. Some
studies employed FI to define frailty status and examined risks of future disabilities.***!
Although this continuous index can capture frailty status in a graded manner, it is not usually
categorized into frail, prefrail, or robust as do the CHS criteria. For this reason, these studies
could not be included in the meta-analysis to pool risk estimates.***' However, the findings
of these studies are in line with the current meta-analysis and support frailty as a predictor of
future disability risks.*%*!

Most of the included studies provided risk estimates adjusted for potential confounders, at
least age and gender (age only in male-only or female-only cohorts), except for two
studies'®?$ which provided only unadjusted estimates. As included in the criteria of the
Newcastle-Ottawa scale, it is important to control for the potential confounding factors to
examine independent associations between frailty and disability. Factors known to be
associated with frailty include advanced age, female gender, low socioeconomic status, or
low education.>?

A wide range of functional measures were employed by the included studies to define
disability (Table 3). In addition to six functions described by Katz; bathing, dressing, going
to the toilet, transferring, continence, and feeding,*? and other functions used were
walking,?**-? grooming,?*=*? and cutting up food.?®. A few studies just mentioned “activities
of daily living”>!” or “self-care and usual activities (work, school, family)3! without
specification. The studies examining [ADL disability risks used all or some of eight [ADL
functions proposed by Lawton and Brody, namely using the telephone, shopping, food
preparation, housekeeping, laundry, mode of transportation, responsibility for own
medications, and ability to handle finances.** One study** used all of the eight functions and
four!'>2428:33 ysed some of the eight in addition to grooming!>?** or using a map?®. Three
studies simply stated “modified Lawton”?” or “5 IADLs™*>%. The different sets of ADL and
IADL functions used as an outcome may possibly have yield different disability risks as well
as the high degree of heterogeneity across the studies.

This review included two types of disability changes: incidence and worsening. Pooled
estimates of worsening ADL and IADL disabilities were relatively higher than those of
incidence (OR, ADL, prefrail vs. robust: 1.82 vs. 1.64, HR, ADL, frail vs. robust: 2.38 vs.
2.09, HR, ADL, prefrail vs. robust: 2.05 vs. 1.29, OR, TADL, frail vs. robust: 4.57 vs. 2.69,
OR, TADL, prefrail vs. robust: 1.92 vs. 1.35), except for one pooled OR for ADL disability
for frailty (2.84 vs. 2.85). Although none of these group differences were statistically
significant, these findings may suggest that the elderly with disability are more likely to
develop more disabilities compared with those without. Two studies provided both incidence
and worsening of disability risks using the same cohorts.!”?® Macklai et al. examined risks of
incident and worsening ADL and TADL disabilities according to frailty and prefrailty defined
by modified CHS criteria®® using the Survey of Health, Ageing and Retirement in Europe



(SHARE), a large cross-national panel database. They found four adjusted OR of incident and
worsening ADL, and IADL disabilities were all comparable for frailty (aOR range: 5.11-5.59)
and for prefrailty (aOR range: 1.65-2.27).

This study has some limitations and the findings should be interpreted with caution. First,
high heterogeneity was observed in most of the meta-analyses. This may be attributed to
differences in methodologies and various definitions for frailty and disability used by the
included studies. Although frailty criteria did not explain the heterogeneity, the studies with
higher scores n methodological quality showed low heterogeneity in the subgroup analyses,
which may suggest that the studies with a poorer methodology are potentially one of the
causes of heterogeneity. The other characteristic suggested by the subgroup analysis was age.
A substantial decrease in heterogeneity (from 1>=83% to 1°=33%) was observed when
including six studies with mean age<75 years, while high heterogeneity (1>=90%) remained
among three studies with mean age of 75 years or older. Advanced age may have contributed
to the heterogeneity in the disability risks according to frailty across the included
studies.Second, the systematic review and data extraction were conducted by one researcher
and it would have been more decent if conducted by two independently.

The major strength of this study is the large number of included studies identified through
systematic review of the literature in five electronic databases using an extensive and
reproducible search strategy without language restriction. Furthermore, methodological
quality, heterogeneity, and publication bias were examined. Subgroup and sensitivity analyses
were also performed to explore the cause of high heterogeneity and found that poor
methodological quality and higher mean age may have contributed to the heterogeneity.

Conclusion

This systematic review and meta-analysis has provided comprehensive and quantitative
evidence that frailty is a significant predictor of future ADL and IADL disability risks among
community-dwelling older people. These results may become of more importance for
clinicians, researchers, and policymakers because there will be more older people as world
populations age and developing interventions for frailty is increasingly a pressing priority to
prevent disability and preserve older people’s physical functions as well as their autonomy
and quality of life.**
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Table 1. Summary of included studies on frailty and disabilities among community-dwelling

older people.

. Sample | Female Frailty | disability Effect Follow-
Author/Study Year Location size* (%) Age criteria | outcome measure | up period NOS
Aguilar-Navarro et
al.19 . 2,509 N Incident ADL
Mexican Health and 2015 Mexico 2.542 53.6% 68.7 mCHS Incident IADL aOR 11 years 6/9
Aging Study
Paulson et al.24 4 vears
Health and Retirement | 2015 USA 8,844 58.8% | 74.5 mCHS | Worsening ADL | aOR ] zears 5/8
Study
Forti et al.12 .
Consclice Study of | 2014 | Ttaly 46 5349 | 736 | msop | IMCdentADL ) op 3 vears [ 89
Brain Aging 601 Worsening ADL
Jung et al.21
I;if;ﬁﬁﬁlﬁld;ﬁzl 2014 | Korea | 621 508% |759 | mCHS | WorseningADL | uOR | 5.6 years | 5/8
Aging
Abizanda et al.1®
Frailty and . 756 o Worsening ADL
Dependence in 2013 Spain 742 60.5% | 794 mCHS Worsening IADL aHR 1.5 years | 6/8
Albacete Study
e e O
Survey of Health, 2013 Multiplef ] 4;9 5 - >60 mCHS Incident IgADL aOR 2 years 6/9
Ageing and Retirement 10,177 Worsening IADL
Tom et al.26
gﬁ’;ﬂ%‘g‘itgxiis 2013 | Multiple} | 40332 | 100% |>55 | mCHS |IncidentADL | aOR | lyear | 6/9
in Women
Bilotta et al.!! 2012 Italy 226 71.3% | 81.5 mSOF | Worsening ADL | uOR 1 year 4/8
glzlzzdoe LeonGonzalez | 515 | Mexico | 2537 | 534% | 684 | mSOF | IncidentADL | aOR | 2years | 89
Lopes et al.22
Australian . o FRAIL | Worsening ADL
Longitudinal Study on 2012 Australia | 8,646 100% 77.8 scale Worsening TADL aOR 6.8 years | 5/8
Women’s Health
Solfrizzi et al.25 2193 3 vears
Italian Longitudinal 2012 Italy 2’1 )1 452% | 73.1 mCHS | Worsening ADL | aHR 7 years 6/8
Study of Aging ’ y
Al Snih et al.27
Hispanic Established
Populations for the 2009 USA 1,645 57.7% | 74.3 mCHS | Incident ADL aHR 10 years | 7/9
Epidemiologic Study
of the Elderly
Ensrud et al.30
Osteoporotic Fractures | 2009 USA 2,891 0% 76.4 mCHS | Worsening IADL | aOR 1.2 years | 4/8
in Men Study
Avila-Funes et al.10 5,449 N Incident ADL
Three-City Study 2008 France 5.029 61.3% | 74.1 mCHS Incident TADL aOR 4 years 7/9
Ensrud et al.3!
Study of Osteoporotic | 2008 USA 5,386 100% 76.7 mCHS | Worsening IADL | aOR 4.5 years | 5/8
Fractures
Sarkisian et al.32
MacArthur Study of 2008 USA 1,118 55% 74 mCHS incident >2 ADL | aOR 4years 7/9
Successful Aging
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Author/Study Year Location S.ample Foemale Age Frgllty disability Effect Follow- NOS
size* (%) criteria | outcome measure | up period

Bandeen-Roche et al.28 .

Women’s Health and 2006 USA 612 100% >65 mCHS mc%dent >3ADL aHR 3 years 6/9
. . 698 incident >3IADL

Aging Studies

Boyd et al.29

Women’s Health and 2005 USA 749 100% 78.0 mCHS | Incident ADL aHR 3 years 7/9

Aging Studies

Woods et al.33

Women’s Health 2005 | USA 39911 | 100% |>65 | mCHS |IncidentADL | aOR | 3years | 6/9

Initiative Observational

Study

Fried et al.2 3 years

Cardiovascular Health | 2001 USA 5,317 57.9% | >65 CHS Worsening ADL | aHR 7 zears 6/8

Study

* Cohort used for analyses of interest or entire cohort if not available.
1 Australia, Belgium, Denmark, France, Germany, Greece, Italy, the Netherlands, Spain,
Sweden, and Switzerland.

I Australia, Belgium, Canada, France, Germany, Italy, the Netherlands, Spain, the United

Kingdom, and the Unites States

aHR: Adjusted hazard ratio

a/uOR: Adjusted/Unadjusted odds ratio
(DADL: (Instrumental) activities of daily living
mCHS: Modified Cardiovascular Health Study frailty index

mSOF: Modified Study of Osteoporotic Fractures frailty index

NOS: Newcastle-Ottawa scale
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Table 3. Types of measured ADL (A) and IADL (B)
A

Author/Study bath dress toilet transfer continence feed walk groom cut;(l)tz)% up others
Aguilar-Navarro et al. X - - X X X X - -
Paulson et al. X X - X - X X - -
Forti et al. - - - - - - - - - “activities of daily living”
Jung et al. X X X X - X - - -
Abizanda et al. X X X - - X - X -
Macklai et al. X X X X - X - - X
Tom et al ) ) . ) ) ) ) ) ) “self-care, usual ac'tivities
’ (work, school, family)”
. “Basic Activities of Daily
Bilotta et al. - - - - - - - - - Living (BADL)”
Diaz de Leon Gonzalez et al. - - - - - - - - - “ADL”
Lopes et al. - - - - - - - - - “modified Katz”
Solfrizzi et al. X X X X X X - - -
Al Snih et al. X X X X - X X X -
Avila-Funes et al. X X X X - X - - -
Sarkisian et al. - - - - - - - - - “Katz’ 7 ADL”
Bandeen-Roche et al. X X X X - X - - -
Boyd et al. X X X X - X - - -
Woods et al. X X - X - X - - -
Fried et al. - - - - - - - - - “ADL”
B
Author/Study phone shop pre;z(r):tion housekeeping laundry transportation medication money groom map others
Aguilar-Navarro et al. - X - - - - X X X -
Abizanda et al. X X X X X X X X - -
Macklai et al. X X X X - - X X - X
Lopes et al. “modified Lowton”
Ensrud et al. “5 IADLs”
Avila-Funes et al. X X - X X X X X X -
Bandeen-Roche et al. - X X X - - - X - -
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Figure 1. Flow chart of systematic literature review

7,012 studies identified through database searching 3 additional studies identified through
Embase (n=2,883) other sources

MEDLINE (n=2,573)
CINAHL Plus (n=1,105)
PsycINFO (n=311)
Cochrane Library (n=90)

h 4 A 4

Total of 7,015 studies identified

\ 4

2892 duplicate studies excluded

A

4123 studies screened for titles and abstracts

_ | 4085 studies excluded by title and
"| abstract screening

A 4

38 articles for full-text review

18 studies excluded by full-text review
OR/HR for frailty not provided (n=9)
ADL/IADL not used (n=3)

Mean age<60 years (n=2)
Same cohort used (n=2)
Review article (n=1)
Cross-sectional study (n=1)

A

20 studies for methodological quality assessment

A 4

20 studies for meta-analysis

y

12 studies for sensitivity analysis and
meta-regression analysis
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Figure 2A: Forest plots of incident, worsening, and combined ADL disability risks according
to frailty and prefrailty compared with non-frailty among studies using odds ratios.

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Incident ADL disability Frail vs. Robust
Aguilar-Mavarro 20145 0524729 0192806 146% 1.69[1.16, 2.47]
Forti 2014 0425268 0471314  58% 1.583[0.61, 3.85] ]
Macklai 2013 1.635106 0190187 147% 513 [3.53 7.49]
Torn 2013 0.828552 0.046714 20.2% 229208 2.51]
Diaz de Leon 2012 1121678 0.283141 108% 3.07 [1.76,5.35]
Awila-Funes 2008 1.1631581 0.363214  83% 3.20[1.57 6.52]
Sarkizian 2008 1.481605 0.38234 T.8% 4.40[2.08,5.31]
‘Woods 2005 1.147402 0124251 17.6% 315247 4.07]
Subtotal (95% CI) 100.0% 2.85[2.18,3.71]

Heterogeneity: Tau?= 0.09; Chi*= 29.50, df= 7 (F = 0.0001); F= 76%
Testfor averall effect £=7.73 (P = 0.00001}

1.1.2 Worsening ADL disability Frail vs. Robust

Paulson 2014 0.828552 0100707 227% 2290188 2.79
Forti 2014 0688135 0392773 135% 1.99[0.92, 4.30] 7
Jung 2014 3021887 1.095377  3.4% 20.53[2.40,175.70]
Macklai 2013 1.720974 01734 206% 6.59[3.93, 7.95]
Bilotta 2012 0.058268 0288623 16.9% 1.06 [0.60,1.87] 1
Lopes 2012 1.289233 0.0883056 220% JBI[3.05,4.37]
Subtotal (95% CI) 100.0% 2.84[1.85, 4.37]

Heterogeneity: Tau?= 0.20; Chi*= 40.96, df= 5 (F = 0.00001); F= 88%
Testfor overall effect: £=4.76 (P = 0.00001)

1.1.3 Combined ADL disability Frail vs. Robust

Aguilar-Mavarro 2015 0.524728 0192806 96% 1.69[1.16, 2.47]
Paulson 2014 0.828552 0100707 121% 2290188 279
Forti 2014 0688135 0392773 51% 1.99[0.92, 4.30] 7
Jung 2014 3021887 1.095377  1.0% 20463 [2.40,175.70]
Macklai 2012 1.720979 01794 10.0% 5.49[3.93,7.99]
Tom 20132 0.828552 0.046714 131% 2.29[2.09, 2.51]
Bilotta 2012 0.058268 0288623 71% 1.06 [0.60,1.87] ]
Diaz de Leon 2012 1121678 0283141 7.3% 2307 [1.768, 5.38]
Lopes 2012 1.289233 0.088805 12.4% 363 [3.05, 4.3
Avila-Funes 2008 11631481 0363214 56% 320[1.57,6.52]
Sarkisian 2008 1.481605 038234 53% 4.40[2.08,9.31]
Waods 2005 1.147402 0124251 11.58% 216[2.47,4.07]
Subtotal (95% CI) 100.0% 2.76]2.22,3.44]

Heterogeneity: Tau?= 0.09; Chi*= 64.87, df= 11 (P = 0.00001); F=83%
Testfor averall effect: £=9.02 (P = 0.00001}

1.1.4 Incident ADL disability Prefrail vs. Robust

Aguilar-Mavarro 2015 0.307485 0171508 10.9% 1.36[0.97,1.80]
Forti 2014 0887787 022982 T.0% 1.80[1.15,2.82]
Macklai 2013 0.500775 014071 142% 1.65[1.25,2.17]
Torn 2013 0615186 0042731 31.9% 1.85[1.70, 2.01]
Diaz de Leon 2012 0512824 0.285573 40% 1.67 [0.95, 2.92]
Avila-Funes 2008 -0.223744 0289143 48% 0.80[0.45,1.41] 7
Sarkisian 2008 0.587787 020887 83% 1.80[1.20,2.70]
Woods 2005 0.494696 011288 181% 1.64[1.31,2.08]
Subtotal (95% CI) 100.0% 1.64 [1.44, 1.87]

Heterogeneity: Tau®= 0.01; Chi*=11.71, df= 7 (P =011}, F= 40%
Testfor averall effect 2= 7.31 (P = 0.00001}

1.1.5 Worsening ADL disability Prefrail vs. Robust

Paulson 2014 0524728 0069453 542% 1.69[1.47,1.84]
Forti 2014 0432426 0210586 15.0% 1.62[1.07,2.45]
Jung 2014 1.890085 1.0458791 0.7% 6.62[0.85,51.71] T
Macklai 2013 0.760806 013062 30.0% 214 [1.66, 2.76]
Subtotal (95% CI) 100.0% 1.82[1.52, 2.17]

Heterogeneity: Tau®=0.01; Chi*=4.31,df =3 (P=0.23), F= 30%
Testfor overall effect: 2= 6.61 (P = 0.00001)

1.1.6 Combined ADL disability Prefrail vs. Robust

-+H-+l\+' »+l+- S .+\\+\l‘*|\+* mw .+HM\*

Aguilar-Mavarro 2014 0307435 0171508 81% 1.36 [0.97,1.90]
Paulson 2014 0524728 0069453 21.0% 1.69[1.47,1.84]
Forti 2014 0432426 0210586 59% 1.62[1.07,2.45]
Jung 2014 1.890085 1.048731 0.3% 6.62[0.85,581.71] T
Macklai 2013 0.760806 013062 11.7% 214 [1.66, 2.76]
Torn 2013 0615186 0042731 261% 1.85[1.70, 2.01]
Diaz de Leon 2012 0512824 0.285573 345% 1.67 [0.95, 2.92]
Awila-Funes 2008 -0.223744 0289143 24% 08010045 1.41] 7
Sarkisian 2008 0.587787 020887 B1% 1.80[1.20,2.70]
Woods 2005 0.494696 011288 139% 1.64[1.31,2.08]
Subtotal (95% CI) 100.0% 1.70[1.52, 1.91]

Heterogeneity: Tau®= 0.01; Chi*= 1579, df=9{FP =0.07), F= 43%

Testfor averall effect: £=9.37 (P = 0.00001}

0.05 0.2 5 20
Decreased Risk Increased Risk
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Figure 2B: Forest plots of incident, worsening, and combined ADL disability risks according
to frailty and prefrailty compared with non-frailty among studies using hazard ratios.

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Incindent ADL disability Frail vs. Robust
Al Snih 2008 0708036 018927 61.8% 2.03[1.40,2.94] —-
Boyd 2005 0.788457 0.240934 38.2% 2.20[1.37,3.53] —a—
Subtotal (95% CI) 100.0% 2.09 [1.56, 2.80] ’
Heterogeneity: Tau®= 0.00; Chi®= 0.07 df=1(P=0.74); F=0%
Test for overall effect 2= 4. 86 (P = 0.00001)
1.2.2 Worsening ADL disability Frail vs. Robust
Abizanda 2013 2028148 0.288048 300%  FBO[4.32,13.37] —
Fried 2001 0.14842 01460581 345% 116 [0.87,1.54] .
Solfrizzi 2012 0582216 0.099353 355% 1.79[1.47, 2.17] -
Subtotal (95% CI) 100.0% 2.38[1.13, 4.99] -*-
Heterogeneity; Tau?= 0.38; Chi*= 33.97, df= 2 (P = 0.00001); F= 94%
Test for overall effect 2= 230 {F = 0.02)
1.2.3 Combined ADL disability Frail vs. Robust
Abizanda 2013 2028148 0288048 171% T.BO[4.32,13.37] —
Al Snih 2008 0708036 018927 20.3% 2.03[1.40,2.94] —=—
Boyd 2005 0.788457 0.240034 187% 2.20[1.37,3.53] —
Fried 2001 0582216 0.099353 225% 1.79[1.47, 2.17] -
Solfrizzi 2012 014842 0146051  21.4% 116 [0.87,1.54] T
Subtotal (95% CI) 100.0% 2.23[1.42,3.49] e
Heterogeneity: Tau®= 0.22; Chi®= 3511, df=4 (P = 0.00001}), F=89%
Test for overall effect: 2= 3.49 {F = 0.000%)
1.2.4 Incident ADL disability Prefrail vs. Robust
Al Snih 2008 0231112 0.094367 865% 1.26[1.05,1.52] -
Boyd 2005 0405465 0.239354 13.5% 1.80[0.94, 2.40] T
Subtotal (95% CI) 100.0% 1.29[1.09, 1.53] L
Heterogeneity, Tau®= 0.00; Chi®= 046, df=1 (P =0.80); F=0%
Testfor averall effect: Z=2.90 (P =0.004)
1.2.5 Worsening ADL disability Prefrail vs. Robust
Abizanda 2013 1.088612 0260625 426% 3.00[1.80,5.00] —a—
Fried 2001 0438255 0.060595 57.4% 1.55[1.38,1.75] | ]
Subtotal (95% CI) 100.0% 2.05[1.08, 3.90] i
Heterogeneity, Tau®= 0.18; Chi*=6.09, df=1 (P =0.01);, F= 84%
Testfor averall effect £2=2.20 (P=0.03)
1.2.6 Combined ADL disability Prefrail vs. Robust
Abizanda 2013 1.088612 0260625 144% 3.00[1.80,5.00] —
Al Snih 2009 0231112 0.094367 327% 1.26[1.05,1.52] il
Boyd 2005 0405465 0239354 160% 1.50[0.94, 2.40] T
Fried 2001 0.438255 0.060595 36.9% 1.55([1.38,1.75] =
Subtotal (95% CI) 100.0% 1.58[1.24, 2.02] L 2
Heterogeneity, Tau®= 0.04; Chi*=10.78, df= 3 (P=0.01); F=72%
Testfor averall effect 2= 3.74 (P=0.0002)

0.05 0.z g 20
Decreased Risk Increased Risk
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Figure 2C: Forest plots of incident, worsening, and combined IADL disability risks
according to frailty and prefrailty compared with non-frailty among studies using odds ratios.

Study or Subgroup log[Odds Ratio] SE

Odds Ratio
Weight IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

2.1.1 Incident IADL disability Frail vs. Robust
Aguilar-Mavarra 2015 -0.040822 0777242
Macklai 2013 1.708378 0195777
Avila-Funes 2008 0741937 0.201794
Subtotal (95% CI)

Testfor averall effect: Z= 222 (P =0.03)

2.1.2 Worsening IADL disability Frail vs. Robust
Macklai 2013 1.631189 0.158858
Lopes 2012 1.589235 0147384
Ensrud 2009 2017566 0.194556
Ensrud 2008 0.891998 0113272
Subtotal (95% CI)

Testfor overall effect: Z= 6.05 (P = 0.00001)

2.1.3 Combined IADL disability Frail vs. Robust

Aguilar-Mavarro 2015 -0.040822 0777242
Macklai 2013 1.631199 0158858
Lopes 2012 1.588235 0.147384
Ensrud 2009 2017566 0194556
Avila-Funes 2008 0741937 0.201794
Ensrud 2008 0891998 0113272

Subtotal (95% CI)

Testfor averall effect: Z=5.69 (P = 0.00001)

2.1.4 Incident IADL disability Prefrail vs. Robust
Aguilar-Mavarro 2015 -0.879818 0372459
Macklai 2013 0.683097 0108734
Avila-Funes 2008 0.357674 0111442
Subtotal (95% CI)

Testfor overall effect Z=1.32 (P =019)

2.1.5 Worsening IADL disability Prefrail vs. Robust
Ensrud 2008 0.81978 01016
Ensrud 2009 0.958935 0.16579

Macklai 2012 0.207014 0.094958
Subtotal (95% CI)

Testfor overall effect: Z= 2,69 (P =0.007)

2.1.6 Combined IADL disability Prefrail vs. Robust

Aguilar-Mavarra 2015 -0.579818 0.372459
Macklai 2013 0.81978 01016
Ensrud 2009 0.95935 016579
Avila-Funes 2008 0357674 0111442
Ensrud 2008 0.207014 0.094958

Subtotal (95% CI)

Testfor overall effect: Z=240{FP =002

18.8% 0.96 [0.21, 4.40]
40.7% 5.52 [3.76,8.10]
40.5% 210[1.41,312]
100.0% 2.69[1.12,6.43]

Heterogeneity: Tau®= 0,45, Chi®=14.44, df= 2 (P = 0.0007), I*= 36%

24.9% 5.11[3.74, 6.98]
25.2% 490 [3.67,6.54]
237%  7.82[5.14,11.01]
26.2% 2.4411.95 3.05]
100.0% 4.57 [2.79,7.47]

Heterogeneity: Tau®=0.23; Chi®= 33.80, df= 3 (P = 0.00001); F=81%

6.0%  0.96[0.21,4.40]
18.9% 511 [3.74,6.98]
19.2%  4.90 [3.67, 5.54]
181%  T.A2[E.14,11.01]
17.9%  210[1.41,3.17]
19.9%  2.44[1.95 3.05]

100.0%  3.62[2.32,5.64]

Heterngeneity: Tau?= 0.24; Chi = 45.37, df = § (P < 0.000013; F= 89%

20.1% 0.56 [0.27,1.16]
40.0% 1.98 [1.60, 2.46]
39.9% 1.43[1.15,1.78]
100.0% 1.35[0.86, 2.10]

Heterogeneity, Tau*=012; Chif=1272, df=2 (P=0.002); F= 54%

34.3% 2271186, 277]
2% 2.61[1.89, 3.61]
34.5% 1.23[1.02,1.48]
100.0% 1.92[1.19, 3.09]

Heterogeneity: Tau®= 016, Chi®= 26.16, df= 2 (P = 0.00001); F=92%

121%  0.56[0.27,1.16]
226%  2.27 [1.86,2.77]
202% 2,61 [1.89, 3.61]
223%  1.43[1.15,1.78]
22.8%  1.23[1.02,1.48)

100.0%  1.55[1.08,2.21]

Heterogeneity: Tau®=0.14; Chi®=37.09, df= 4 (P = 0.00001); F=89%

_

S

0.05

0.2 5
Decreased Risk Increased Risk
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Figure 2D: Forest plots of combined IADL disability risks according to frailty and prefrailty
compared with non-frailty among studies using hazard ratios.

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Rand 95% CI IV, Random, 95% CI
2.2.1 Combined IADL disability Frail vs. Robust
Abizanda 2013 0693147 0250212 54.5% 200[1.22,3.27] ——
Bandeen-Roche 2006 2345645 0555707 455% 1044351, 31.03] ——
Subtotal (95% CI) 100.0%  4.24[0.85, 21.28] e R——
Heterogeneity: Tau®=1.18; Chi*=7.35, df=1 (P = 0.007); F= 86%
Testfar overall effect Z=1.76 (P = 0.08)
2.2.2 Combined IADL disability Prefrail vs. Robust
Abizanda 2013 0182322 0162242 61.8% 1.20[0.87, 1.65]
Bandeen-Roche 2006 1.261298 0549658 38.2%  3.53[1.20,10.37)] — &
Subtotal (95% CI) 100.0% 1.81[0.65, 5.06]
Heterogeneity: Tau®=0.42; Chi*= 3.584, df=1 (P =0.06);, F=72%
Testfar overall effect Z=113 (P =0.26)
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