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ABSTRACT

Objective Older people in rural areas are possibly

more frail due to the limited medical resources and
lower socioeconomic status. Given the negative healthy
outcomes caused by frailty, knowing the epidemiology

of frailty in rural areas is of great importance. We tried to
synthesise the existing evidences for the prevalence and
risk factors of frailty in rural areas.

Design A systematic review and meta-analysis.

Data sources PubMed, Embase, MEDLINE, Cochrane
Library, Web of Science and Scopus were used to identify
the articles from inception to 30 April 2019.

Eligibility criteria Observational studies providing cross-
sectional data on the prevalence of frailty in rural elderly
were extracted.

Data extraction and synthesis Two independent
investigators selected studies, extracted data and
assessed the methodological quality of included studies.
The pool prevalence of frailty was calculated by the
random effects model and the OR and 95% Cl were used
to calculate the risk factors.

Results The literature search yielded 2219 articles, of
which 23 met the study criteria and were included in this
analysis. The pooled prevalence of frailty and pre-frailty
were 18% (95% Cl 15% to 21%, 1°=98.5%, p<0.001)
and 50% (95% Cl 45% to 56%, I°=98.4%, p<0.001),
respectively. The pooled frailty prevalence was 15%

for the Fried Phenotype, 18% for the Frailty Index and
23% for other criteria. The pooled prevalence of frailty
was 17% for males and 26% for females. The pooled
prevalence of frailty was 17% in developing countries and
23% in developed countries. Age, cognitive impairment,
depressive symptom, risk of malnutrition, activity of daily
living (ADL) disability and poor self-perception of health
were associated with frailty. There was no publication bias.
Conclusions Frailty influences almost one in five older
people in rural areas, and increasing age, cognitive
impairment, depressive symptom, risk of malnutrition,
ADL disability and poor self-perception of health were all
risk factors for frailty. We should be cautious about the
research results due to the heterogeneity between studies.

INTRODUCTION

An ageing population is a common phenom-
enon experienced by all countries in the
world,! which brings considerable chal-
lenges for the planning and delivery of
healthcare services internationally. The

! Feifei Guo," Maoni Zhao,? Luyao Zhang'

Strengths and limitations of this study

» In this study, we conducted a comprehensive sys-
tematic literature search.

» This study focused on the frailty of older people in
rural areas that are easily neglected.

» The data are mainly from Asia and North and South
America, and lack of data from Europe.

» The main limitation is the heterogeneity among
studies of this meta-analysis.

» Stratified meta-analyses cannot explain all sources
of heterogeneity.

most problematic manifestation of popula-
tion ageing is frailty.” Frailty is an age-related
medical syndrome, which is characterised by
diminished strength, endurance and reduced
physiological function that increases an indi-
vidual’s vulnerability for developing increased
dependency and/or death.” Frailty has been
proved to be associated with negative healthy
outcomes, such as hospitalisation, institution-
alisation/dependency and premature mortal-
ities." Ahmad® found that the transition
towards greater frailty states were more likely
(22.9%) than transition toward lesser frailty
states (19.9%) during a 12-month follow-up
through the survey of 2324 elderly and it
proved that frailty was potential reversible
and this reversibility made it a cornerstone to
delay frailty progression. Pre-frailty is an inter-
mediate state between frailty and robustness,
which can predispose to the development of
frailty and other adverse health and social
care outcomes and it is necessary to identify
the state of pre-frailty.’

With the continuous expansion of the study
population, more and more researches begin
to pay attention to the frail elderly in rural
areas. From high-income countries to sub-
Saharan Africa, under the guidance of city-
oriented development path, the gap between
urban and rural areas continues to expand.7
The elderly person in the rural context, in
addition to the peculiarities of the ageing
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process,” shows a series of environmentrelated charac-
teristics, such as limited educational resources, limited
accessibility of healthcare services and resources, lower
socioeconomic status, and all of these potential factors
may cause the emergence or advancement of frailty.” '°
Many countries have explored the prevalence of frailty
in rural elderly and the results are quite different, for
example the prevalence of frailty is 43.4% in Brazil,”
15.2% in Sri Lanka,'! 38.8% in India,'? 18.8% in France'®
and even in the same country, the prevalence of frailty
varies greatly due to differences in assessment tools,
research environments and so on. A recent meta-analysis
on prevalence of frailty including 62 countries across the
world reported the prevalence of frailty and pre-frailty
were 12% and 46%, respectively, using the tool of Fried
phenotype (FP)."* However, the included people were
from cities, towns and villages, and the data of rural areas
is absent.

Hence, it is necessary to synthesise the existing body
of evidence and offer a perspective on the prevalence
of frailty in rural areas, which are critically important
to developing strategies and disease prevention. The
objectives of this systematic review were to synthesise the
pooled prevalence and risk factors of frailty in rural areas
through conducting a meta-analysis.

METHODS

Protocol

This review was conducted according to the MOOSE
statement which was for the meta-analysis of observa-
tional studies in epidemiology."”

Search strategy

We conducted a comprehensive search of the litera-
ture using six electronic databases. PubMed, Embase,
MEDLINE, Cochrane Library, Web of Science and Scopus
were searched from their dates of inception through 30
April 2020 with languages restricted to English. A combi-
nation of title/keyword/abstract and Medical Subject
Headings were used and the following key words were
used: “frailty”, “frail”, “frail*”, “rural”, “village”, “country-
side” and “rural*”. Reference lists of relevant literatures
were hand-searched for addition studies. The search
strategy in PubMed is available in online supplemental
table 1.

Eligibility criteria

Condition

We considered studies reporting the prevalence (or
enough data to compute this estimate) of frailty or pre-
frailty. The measurement of frailty or pre-frailty was
based on the assessment tools used. For example, the
FP contained five components (weight loss, exhaustion,
weakness, slowness and low physical activity) and subjects
who were positive for three or more components were
defined as frailty, those with one or two component(s)
were defined as pre—frailty.16 In the studies where frailty or

pre-frailty were not defined using the FP, we considered
the definition used by authors.

Context

We considered studies conducted in people living in the
rural areas. We found that there is no unified definition
of rural areas by reviewing the literature. Some studies
think that rural areas are the places with the relatively
backward economic development,10 while others think
that rural areas are far away from cities.” Therefore, we
will include studies as long as it clearly points out that it
conducts in rural contexts.

Population
We considered studies conducted in older adults (=60
years). Studies that limited the study population to specific
population such as lung cancer and kidney disease were
excluded.

Study design

Study designs were observational providing cross-
sectional data on the prevalence of frailty or pre-frailty.
Review, editorial, comment and conference abstract were
excluded.

Data extraction

Two investigators extracted data independently and
disagreements were resolved by discussion. Data were
recorded in the Microsoft Excel file format from each
eligible study including the following variables: first
author, year and country of publication, study design,
sample size, mean or median age of the population,
proportion of female, assessment tools of frailty, preva-
lence of frailty and pre-frailty and risk factors mentioned.
We asked for the missing data by sending emails to the
corresponding author of the included articles.

Methodological quality assessment

All eligible articles were subjected to a quality assessment
by two investigators independently through the criterion
proposed by Loney et al'’ which was designed to criti-
cally assess studies about the prevalence. Each study was
assigned a summative quality score ranging from 0 to 8,
which was obtained by scoring a point for each of random
sample or whole population, unbiased sampling frame
(ie, census data), adequate sample size (>300 subjects),
measures were the standard, outcomes measured by
unbiased assessors, adequate response rate (70%), Cls,
subgroup analysis and study subjects described. Only
studies that scored three or above were deemed eligible
for inclusion and studies which met more than four
criteria were thought to have adequate quality.'® A third
author resolved quality disagreements.

Statistical analysis

Heterogeneity among studies was tested using x” testand
the I” statistic. Studies were considered to have signifi-
cant heterogeneity if the p value was less than 0.1. The I’
statistic was used to assess the degree of heterogeneity,
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with I? values of 25%, 50% and 75% being considered to
indicate low, moderate and high heterogeneity, respec-
tively. Random-effects model was used to calculate the
pooled prevalence of frailty if significant heterogeneity
was present; otherwise a fixed-effects model was used.
We tried to explore the potential reasons for hetero-
geneity by conducting stratified meta-analyses. In strati-
fied meta-analyses, the literature data were divided into
subgroups according to frailty criteria, gender and level
of development, and pooled estimates of frailty preva-
lence with 95% CIs were calculated. The prevalence of
frailty and pre-frailty were extracted from all included
studies in order to calculate the pooled prevalence and
the ORs and associated 95% CIs were extracted to assess
the risk factors of frailty in rural elderly. Begg’s test and
Egger’s test were used to assess publication bias.

Statistical analyses were conducted using Stata SE V.12.0
(Stata Corp, College Station, Texas, USA), and a p value
<0.05 was considered significant.

Patient and public involvement
There was no direct patient or public involvement in this
study.

RESULTS

Study process

The systematic search of the six databases retrieved 2219
articles. After 1345 duplicate studies were excluded, a
further 783 studies were excluded through screening the
title and abstract. Of the 91 studies left, 68 were excluded
from the full-text review due to non-data-based article
(eg, editorial, commentary, review, conference abstract)
(n=15), same sample (n=11), non-English (n=7), no data
of frailty in rural elderly (n=25), sample from a specific
population (eg, patients with cancer, disabled individuals)
(n=6), one more form of frailty assessment (n=4). Finally,
23 published articles,” ** "% involving a total of 32478
older adults in rural areas, were eligible and included in
the meta-analysis (figure 1). Of all the studies included,
17 studies have adequate quality (score >4). The charac-
teristics of studies were showed in table 1. One of these
studies included data from four countries.”

Prevalence of frailty and pre-frailty

The prevalence of frailty and pre-frailty in included
studies range from 5.4% to 43.4%,®* and from 23% to
67.8%,%* * respectively. Meta-analysis showed the pooled
prevalence of frailty 18% (95% CI 15% to 21%, 1°=98.5%,
p<0.001) in rural elderly, with the pooled prevalence
of pre-frailty of 50% (95% CI 45% to 56%, 1°=98.4%,
p<0.001) based on a random-effects model (figures 2
and 3). Heterogeneity statistics () test=1644.51; p<0.001;
’=98.5%) indicated significant variability among studies.
According to the results of Begg’s test (Pr=0.659>0.05)
and Egger’s test (p=0.059>0.05), there was no evidence
of publication bias.

2219 records identified through
database searching

PubMed (n=307)

Web of science (n=645)
Embase (n=380)

Cochrane (n=39)

Medline (n=286)

Scopus (n=553)

Additional articles identified

through other sources (n=9)

w
i

1345 of records after duplicates

removed
874 of records 783 of records excluded
screened based on titles and abstracts
68 of full-text articles excluded, with reasons:
non-data-based article (e.g. editorial,
commentary, review, conference abstract)
(n=15)
91 of full-text same sample (n=11)
articles d non-English (n=7)
For eligibility no date of frailty in rural elderly (n=25)
sample from a specific population (e.g.
\L patients with cancer, disabled individuals)
(n=6)
23 of studies included one more form of frailty assessment (n=4)
in qualitative synthesis

(meta-analysis)

Figure 1 Flow chart of systematic review.

Stratified prevalence of frailty according to frailty criteria,
gender and level of development

The pooled estimates of frailty prevalence based on the
FP, FI and other criteria were 15%, 18% and 32%, respec-
tively. The estimated pooled prevalence of frailty was
26% in females and 17% in males. The estimated pooled
prevalence of frailty was 17% in developing countries and
23% in developed countries. Results of subgroup analyses
are shown in table 2.

Risk factors

We identified six potential risk factors including age,
cognitive impairment, depressive symptom, risk of malnu-
trition, activity of daily living (ADL) disability and poor
self-perception of health, which were associated with
frailty in rural elderly for the pooled analysis (table 3).

DISCUSSION

Based on 23 studies involving a total of 32478 participants
living in rural areas, the estimated pooled prevalence of
frailty and pre-frailty of older people in rural areas are
18% and 50%, respectively. However, this result has to be
cautiously interpreted because of the substantial hetero-
geneity between studies. When assessing potential risk
factors associated with frailty in rural elderly, six factors
including increasing age, cognitive impairment, depres-
sive symptom, risk of malnutrition, ADL disability and
poor self-perception of health were associated with frailty.
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Study %
D ES (95% Cl) Weight
Llano2019 i —+— 0.43(0.40, 0.47) 3.82
Manrique-Espinoza2016 - 0.09 (0.06, 0.11) 3.92
Gu2019 . , 0.07 (0.06, 0.08) 4.01
Siriwardhana2019 - 0.15(0.13, 0.18) 3.90
Dasgqupta2019 ' —— 0.39(0.31, 0.46) 3.21
Ahmad2018 . 0.09 (0.08, 0.11) 3.99
Huang2020 - 0.18 (0.15, 0.20) 3.92
Nguyen2019 e 0.22 (0.18, 0.25) 3.80
Yoon2018 —— 0.17 (0.09, 0.24) 3.26
Li2018 L] 0.16 (0.15, 0.17) 3.99
Del,Brutto2016 . 0.31(0.26, 0.36) 3.59
Dent2016 | - 0.25(0.23, 0.27) 3.93
Cakmur2015 - 0.07 (0.03, 0.11) 3.76
Kim2019 I - 0.35(0.32, 0.39) 3.83
Boulos2016 ' - 0.36 (0.34, 0.39) 3.88
Zhu2016 - 0.12(0.10, 0.14) 3.97
Curcio2014 - | 0.12 (0.11, 0.14) 3.98
QOcampo-Chaparro2019 e 0.21(0.18, 0.24) 3.86
Wu2017 . ! 0.08 (0.07, 0.09) 4.00
Abe2019 - 0.21(0.19, 0.23) 3.95
Ma2018 -, 0.13(0.12, 0.14) 3.99
Jung2016 — 0.17 (0.14, 0.21) 3.77
Llibre2018 - 0.17 (0.14, 0.20) 3.85
- 0.16 (0.13, 0.18) 3.93
- ' 0.05 (0.04, 0.07) 3.98
- 0.15 (0.13, 0.18) 3.93
Overall (l-squared = 98.5%, p = 0.000) 0.18 (0.15, 0.21) 100.00
1
NOTE: Weights are frorln random effects analysis 4 i
-468 0 468

Figure 2 Forest plot of prevalence of frailty.

The pooled prevalence of frailty in rural elderly
from this meta-analysis was 18% (95% CI 15% to 21%),
higher than the global estimate (10.7%; 95% CI 10.5%
to 10.9%) which published in 2012.%° Differences in
frailty prevalence estimates between rural areas and the
global average may be due to the characteristics of studies
included. Most of the people included in the global
study came from cities and towns, however the partic-
ipants of our meta-analysis came from the rural areas.
Frailty was more common among rural areas, which may
be explained by these reasons: (1) lower socioeconomic
status among residents living in rural communities, (2)
limited accessibility of healthcare services and resources,
(3) relatively unhealthy lifestyle and limited healthcare
awareness.'? * Frailty has been proved to be associated
with negative healthy outcomes,* 738 and studies from
Canada, China and Korea found that frail rural elderly

Table 2 Subgroup analyses by frailty criteria, gender and
level of development

Frailty

Subgroups Prevalence (%) 95%ClI 12(%) P value
Frailty criteria

FP 15 12% to 18% 97.7  <0.001

Fl 18 12% t024% 97.6  <0.001

Other criteria 32 24% to 40% 96.4  <0.001
Gender

Female 26 20% to31% 98.4  <0.001

Male 17 13% to 22% 97.4  <0.001
Level of development

Developing 17 14% to 20% 98.4  <0.001

countries

Developed 23 18% t029% 94.5  <0.001

countries

Fl, Frailty Index; FP, Fried phenotype.

have higher mortality than that in the city or town.*™*!

Besides, in the context of the COVID-19 pandemic, study
found that frailty can predict disease outcomes better in
a large population of patients with COVID-19 than age or
comorbidity and it is also meaningful to know the frailty
of older people in rural areas.*” Hence, it is time to focus
and improve the healthcare in rural areas, expect for
improving the distribution of medical resources, strate-
gies including support services, nutritional supplemen-
tation, exercise interventions and health education may
also be useful to prevent and delay the occurrence and
development of frailty.** The pooled prevalence of pre-
frailty in this meta-analysis was found to be 50% (95% CI
45% to 56%). Pre-frailty is a transitional and potentially
reversible risk state before the onset of frailty, and the fact
that half of the rural elderly were pre-frail indicates that it
is urgent to establish and implement early frailty preven-
tion strategies among rural areas.

This analysis found that pooled prevalence of frailty
varied based on the assessment tools used. In this

Study %
D ES (95% CI) Weight
Liano2019 - 037024,040) 596 Table 3 Pooled risk factors of frailty
ki I oo & No. Risk factors OR 95%ClI I (%) P value
Siriwardhana2019 a 0.49(0.45,052) 594
Anmad2018 I+ 058(056,080) 605 1 Age 1.05 1.03to 1.08 0.0 <0.001
b e e 2 Cognitive 1.97 141t0254 00  <0.001
Yoon2018 —— 050040059 508 impairment
Li2018 i # 0.68 (0.66, 0.69) 6.06 )
Del,Brutto2016 —_- E 023(0.18,028) 582 & Depresswe 1.24 1.1410 1.34 68.5 <0.001
Cakmur2015 —O-i— 0.47 (0.40, 0.55) 543 Sym ptom
Boulos2016 - ¥ 030(0.28,033) 6.01
Zhu2016 -~ 043(040,045) 602 4 Risk of 2.49 1.511t03.48 62.0 <0.001
Curcio2014 :’ 0.53 (0.51, 0.55) 6.03 oy
Ocampo-Chaparro2019 E -+ 064(061,068) 594 maInUtrItlon
Al It pnes 8 5 ADL disability 2.59 1.71to 3.48 0.0 <0.001
Jung2016 - 0.53 (0.48, 0.58) 579
Overall (-squared = 98.4%, p = 0.000) <> 050(0.45,056)  100.00 6 Poor self- 2.42 1.39to 3.45 0.0 <0.001
NOTE: Weights are from random effects analysis perception of
—6‘97 [ 6;7 health
. . ADL, activity of daily living.
Figure 3 Forest plot of prevalence of pre-frailty. y yving
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meta-analysis, studies using the FP reported lower preva-
lence of frailty than those using the Frailty Index (FI) and
other criteria, consistent with many other studies,14 % and
this suggests that researchers around the world recognised
the definition of FP. The benefits of the FP include its
relative ease of application, and another benefit is the
minimal amount of data required for its calculation,
making it a potential tool for screening.* However, the
FP has its roots in Canadian population surveys, and it
is better to verify its applicability or to make an adjust-
ment when used in other populations. The FI is another
commonly used criterion, based on a deficit accumula-
tion model,44 and study found that the the electronic
FI (eFI) overestimates the frailty status of community-
dwelling older people compared with the Clinical Frailty
Scale which is a validated measure of frailty based on
clinical presentation.*” Hence, we need to consider care-
fully when using the FI and further work should also be
conducted to identify a uniform scale that can be used to
accurately identify frailty among populations.

Our stratified analysis of gender revealed that females
were more likely to be frail than males among the older
people in rural areas, which was consistent with previous
reports.'* ** Females have a longer life expectancy, and
this survival effects may result in a greater accumulation
of frailty-associated deficits over time.*® Another possible
explanation is that postmenopausal women have lower
average amounts of lean body mass and muscle because
of vitamin D deficiency,"” and the relationship between
frailty and sarcopenia has been confirmed in previous
research.”

The result of our level of development-stratified analysis
revealed that older people in rural areas from developed
countries were more likely to be frail than older people
from developing countries, and this is not consistent with
another meta-analysis which found that the prevalence
of frailty appeared higher in community-dwelling older
adults in upper middle-income countries compared with
high-income countries.*” This may be because older rural
people in developed countries live longer than those in
developing countries and further work should also be
conducted to identify the differences in the incidence of
frailty in countries at different levels of development.

The potential risk factors associated with frailty esti-
mated in rural elderly were increasing age, cognitive
impairment, depressive symptom, risk of malnutrition,
ADL disability and poor self-perception of health. Ageing
can be conceptualised as a deficit accumulation process
of each physiological system, taking place in different
individuals in different ways, with a variety of rates for
different organ systems, making it necessary to find
out prevalence and associated factors of different age
groups of the elderly in rural areas.”’ Limited data made
it difficult to conduct a subgroup of age in this meta-
analysis, but evidence from rural elderly in Sri Lanka had
found the prevalence of frailty has almost doubled with
the increasing of age (group: 75-79 years vs >80 years;
RR (Relative Risk): 4.07 vs 7.02)." Park and Yu"' found

that different age groups had different risk factors of
frailty by analysing the data of 22868 elderly people, so
targeted interventions for frailty prevention can reduce
the pressure in rural areas with limited medical resources.

Cognitive impairment was associated with frailty in the
rural elderly, consistent with results among the world that
poor cognitive function is strongly closed associated with
pre-frailty and frailty subgroups in older populations.”
Many factors are involved in the relationship between
cognitive function and frailty, such as neuropathology,
cardiovascular disease, inflammation, hormonal changes,
nutrition, social isolation, social vulnerability and so on.%
As cognitive function contains several cognitive domains,
it might be useful and necessary to determine which
individual experienced cognitive deficits are most signifi-
cantly associated with frailty scores.

Depression was associated with frailty among older
people in rural areas, and this is due to that frailty and
depression share the same pathophysiological mecha-
nism.”* Besides, individuals with depressive symptoms
usually have less physical activity, which will increase the
probability of frailty.”” Risk of malnutrition was another
risk factors associated with frailty, as weight loss, reduced
intake of calorie and specific dietary pattern may change
the body composition and physical function, which can
increase the risk of frailty.”

ADL disability means the decreased ability of self-
care, affecting eating ability and physical activity, further
causing malnutrition and muscle decline, eventually
leading to frailty.”® Self-perception of health has been
identified as a highly sensitive variable in elderly health
estimations and a valid predictor of morbidity,” and Jylha
et aP” found self-appraisal has biological and cognitive
underpinnings, existing as a predictor of frailty. Actually,
rural older persons are exposed to a greater inequitable
and precarious socioeconomic and health conditions
throughout their life courses, and as a result, perception
of the elderly regarding adverse experiences may predis-
pose them to frailty.

The strength of this study is to focus on the frailty of
elderly in rural areas that are easily neglected. However,
there are still several limitations. The main limitation is
the heterogeneity among studies. Moreover, the included
articles mainly from Asia, South and North America,
lacking studies from Europe and Africa, perhaps due to
the difference in number and distribution of rural popu-
lation. Third, the quality of the studies included was
moderate, and we should be careful with research results.

CONCLUSION

The urban—rural gap is the main problem in the distribu-
tion of medical resources in various countries, and there
are a large number of older people in rural areas who are
the key populations to achieve equalisation of basic public
health services. As a relatively neglected elderly group, a
better insight of frailty and its risk factors will have wide-
scale implications for healthcare policy and practice in
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rural-dwelling populations. This meta-analysis found
that the pooled prevalence of frailty of older people was
18% in rural areas and many factors were associated with
frailty, including age, cognitive impairment, depressive
symptom, risk of malnutrition, ADL disability and poor
self-perception of health. Hence, it is time to focus the
frailty of older people in rural areas. In order to prevent
and reduce the frailty of the older adults in rural areas, we
can try to establish a frailty screening mechanism for the
elderly in rural areas, pay attention to the key groups, and
establish nutrition, exercise, diet and other interventions.
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