
 

 
 

BMJ Open is committed to open peer review. As part of this commitment we make the peer review 
history of every article we publish publicly available.  
 
When an article is published we post the peer reviewers’ comments and the authors’ responses online. 
We also post the versions of the paper that were used during peer review. These are the versions that 
the peer review comments apply to.  
 
The versions of the paper that follow are the versions that were submitted during the peer review 
process. They are not the versions of record or the final published versions. They should not be cited or 
distributed as the published version of this manuscript.  
 
BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of 
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees 
(http://bmjopen.bmj.com).  
 
If you have any questions on BMJ Open’s open peer review process please email 

info.bmjopen@bmj.com 

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-026314 on 25 January 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/


For peer review only
The prevalence of frailty in community-dwelling older adults 
in rural Sri Lanka in comparison to Asian and other middle-

income countries 

Journal: BMJ Open

Manuscript ID bmjopen-2018-026314

Article Type: Research

Date Submitted by the 
Author: 28-Aug-2018

Complete List of Authors: Siriwardhana, Dhammika; University College London, Research 
Department of Primary Care and Population Health; University of 
Kelaniya,  Department of Disability Studies
Weerasinghe, Manuj; University of Colombo Faculty of Medicine, 
Department of Community Medicine
Rait, Greta
Falcaro, Milena; University College London, Research Department of 
Primary Care and Population Health
Scholes, Shaun; University College London, Epidemiology & Public Health
Walters, Kate; University College London, Primary Care and Population 
Health

Keywords: EPIDEMIOLOGY, PUBLIC HEALTH, GERIATRIC MEDICINE

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open
 on M

arch 20, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2018-026314 on 25 January 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

1 

 

The prevalence of frailty in community-dwelling older adults in rural Sri 

Lanka in comparison to Asian and other middle-income countries  

Dhammika Deepani Siriwardhana, MPH, Research Department of Primary Care and 

Population Health, University College London, Rowland Hill Street, London, NW3 2PF, UK 

and Department of Disability Studies, Faculty of Medicine, University of Kelaniya, P.O. Box 

6, Thalagolla Road, Ragama, 11010, Sri Lanka 

Manuj Chrishantha Weerasinghe, MD, Department of Community Medicine, Faculty of 

Medicine, University of Colombo, No. 25, Kynsey Road, Colombo 08, Sri Lanka 

Greta Rait, MD, Research Department of Primary Care and Population Health, University 

College London, Rowland Hill Street, London, NW3 2PF, UK 

Milena Falcaro, PhD, Research Department of Primary Care and Population Health, 

University College London, Rowland Hill Street, London, NW3 2PF, UK 

Shaun Scholes, PhD, Research Department of Epidemiology and Public Health, University 

College London, 1-19 Torrington Place, London, WC1E 7HB, UK 

Kate R Walters, PhD, Research Department of Primary Care and Population Health, 

University College London, Rowland Hill Street, London, NW3 2PF, UK 

Corresponding authorDhammika Deepani Siriwardhana  

Research Department of Primary Care and Population Health,  

UCL Medical School (Royal Free Campus) 

University College London 

Rowland Hill Street 

London, NW3 2PF, UK 

Email: deepani.siriwardhana.15@ucl.ac.uk 

Phone: +44 (0)20 78302393, +94 (0) 715276905 

Word count: (3352) 

 

 

Page 1 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-026314 on 25 January 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

2 

 

Abstract  

Objective 

Our objective was to describe the prevalence of frailty and pre-frailty in community-dwelling 

older adults in rural Sri Lanka and compare this to other Asian and middle income countries 

worldwide. 

Design  

Community-based cross-sectional study. 

Setting 

The study was conducted in rural sector of Kegalle district in Sri Lanka. 

Participants 

A total of 746 community-dwelling older adults aged ≥60 years were included in the study. 

Results 

The prevalence of frailty and pre-frailty in rural Kegalle district was 15.2% (95% CI: 12.3%, 

18.6%) and 48.5% (95% CI: 43.8%, 53.2%) respectively. We found a strong association 

between age and both frailty and pre-frailty. There were strong associations between longest-

held occupation and frailty and education level and pre-frailty. The prevalence of frailty 

across the age categories, except 60-64 years, was higher in Sri Lanka compared with other 

countries included in the comparison. 

Conclusions 

The prevalence of frailty in the rural Sri Lankan older population was high compared to high 

income and upper-middle-income countries. The scale of the problem in Sri Lanka appears 

larger than in other countries across Asia where data are available. The profile of health and 

social care services in Sri Lanka needs to address the high burden of frailty. 
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Strengths and limitations of this study 

• We conducted the first population-based prevalence study on frailty with a 

representative sample of community-dwelling older adults in rural Sri 

Lanka.  

 

• We employed rigorous methodology and measures were taken to ensure 

the validity and reliability of data.  

 

• We compared age-adjusted prevalence of frailty in rural Sri Lanka with 

other Asian countries, and other middle-income countries worldwide. 

 

• Sample only comprised of rural older adults and the majority belonged to 

Sinhalese ethnicity. 

 

• We excluded participants who could not give informed consent (e.g. 

advanced stages of dementia) and terminally ill. This might have 

underestimated the true frailty prevalence.  
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Introduction 

Ageing involves physiological, psychological and social changes that directly affect the 

health and wellbeing of older adults. Frailty is an important age related clinical syndrome 

commonly defined as a state of increased vulnerability to external stressors as a consequence 

of cumulative decline in many physiological systems during a lifetime.
1 2

 It is widely 

recognised as a key issue for ageing populations worldwide, as it is associated with multiple 

adverse outcomes including hospitalisation, institutionalisation/dependency and premature 

mortality.
3
  

Asia is home for the dominant share of the world’s population
4
 and will become the region 

with the largest population of older adults in coming decades. According to recent statistics, 

Thailand, DPR Korea, and Sri Lanka have the highest proportion of older persons (aged ≥60 

years) among the eleven member states that belong to World Health Organization South-East 

Asia region.
5
 In 2012, the percentage of older adults in Sri Lanka was 12.4%.

6
 One out of 

every four persons is predicted to be an older person in Sri Lanka by 2041.
7
 Thus, Sri Lanka 

is considered as one of the fastest growing ageing populations in South-East Asia.
8
  

A recent meta-analysis on epidemiology of frailty in low-income and middle-income 

countries (LMICs) reported a higher prevalence of frailty, 12.3% and pre-frailty, 55.3% in 

middle-income countries compared with high income countries (HICs) (8.2% , 43.9%) 
9
. Few 

studies were found from Asia in general, particularly from South-East Asia and low-income 

and lower middle-income countries.
9
 As a lower middle-income country with per capita gross 

domestic product of USD 3857 (2016)
10

, Sri Lanka needs to consider efficient and effective 

strategies to tackle the health, social and welfare issues of older adults. However, Sri Lanka, 

as with many LMICs that are ageing, has made little preparation to address the issues related 

to increased longevity. Moreover there is a lack of underpinning empirical research to inform 

policy makers on the emerging issues and the needs of the growing older population. 
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Therefore, the main objectives of this study were to estimate the prevalence of frailty and pre-

frailty and describe the associated socio-demographic correlates among community dwelling 

older adults in rural Sri Lanka. We further compared these findings to other Asian countries, 

and to other middle-income countries worldwide. 

 

Methods 

Study setting and study population 

We conducted a population based cross-sectional study in the Kegalle district of Sri Lanka. 

Sri Lanka is divided into nine provinces encompassing 25 districts. The Kegalle district 

includes 4.1% of the Sri Lankan population.
6
 In addition to this administrative division, Sri 

Lanka has been categorised into three sectors (urban, rural and estate) on the basis of 

geographical location and availability of infrastructure facilities.
6
 Of the total population, 

77.4%, 18.2% and 4.4% live in the rural, urban, and estate sectors respectively.
6
 In Kegalle 

district, the majority of people live in the rural sector (91.3%) and the rest in the urban (1.9%) 

and estate (6.8%) sectors.
6
 The ethnic distribution of the district is 85.5% Sinhalese followed 

by Sri Lankan Moor (7.1%), Indian Tamil (5.2%), Sri Lankan Tamil (2.1%) and other 

ethnicities (0.1%).
6
 

 

Study inclusion criteria were being an older adult aged ≥60 years permanently residing in the 

rural sector. Older adults who were unable to give the informed consent were excluded. This 

included people with severe dual hearing and vision impairment, aphasia, severe stages of 

dementia and those with unstable severe mental illness. Terminally ill older adults were also 

excluded.  
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Sampling strategy and recruitment 

The sample size was calculated using the standard formula for prevalence studies.
11

 No 

published literature was found on the prevalence of frailty in Sri Lanka. We therefore used 

the prevalence of frailty in an Indian study of 11.4%
12

 to estimate the expected prevalence of 

frailty in rural Sri Lanka as 11%. The absolute precision required on either side of the 

prevalence estimate was set as 3.5% and the z statistics for the 95% level of confidence was 

1.96. To account for the multi-stage probability sampling technique, we inflated the estimated 

sample size by a design effect of 2.4 
13

, giving a minimum sample of 737 participants. We 

used a complex sampling design: a three stage probability sampling to recruit people 

representing the rural sector of the entire district (supplementary material, appendix I). The 

final sample required was estimated as 750 participants. 

 

Data collection 

Data collection was conducted from 3
rd

 October to 23
rd

 December 2016. Five trained research 

assistants (nursing graduates) collected data, assisted by five field assistants. A pre-tested 

interviewer administered questionnaire collected data on socio-demographic, health related, 

social activity and social support and, life style factors. The questionnaire was available in 

Sinhala and Tamil languages. 

 

Definition and assessment of frailty syndrome 

We used the Fried phenotype to define frailty status.
2
 All five phenotypic components 

proposed in the original study were retained, with small modifications to operationalise the 

shrinking and low physical activity components. Shrinking was defined as a body mass index 

(BMI)˂18.5 kg/m
2
. Poor endurance and energy as indicated by self-reported exhaustion was 

assessed using two questions: “I felt that everything I did was an effort” and “I could not get 
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going” from the Center for Epidemiologic Studies-Depression (CES-D) Scale
14

. If the answer 

was 3 or more days in the last week to either of these two questions, the respondent was 

considered as frail for this component. Falling in the lowest quintile of grip strength after 

adjusting for sex and BMI quartiles of the study population was considered as indicative of 

weakness. Participants’ walking time in the highest time quintile after adjusting for sex and 

median standing height of the study population was considered as indicative of slowness. 

Individuals unable to perform the walking test were also considered as frail for this 

component. Low physical activity level was measured using the International Physical 

Activity Questionnaire (IPAQ) Short Form.
15

 Participants in the lowest quintile of weekly 

kilocalorie expenditure adjusted for sex was considered as frail for this component. A 

detailed description of how we measured the phenotypic components is provided in the 

supplementary material, appendix II. As recommended previously
2
, participants were 

classified as frail if they had 3 or more frailty components, pre-frail (1-2 components) and 

robust/non-frail ( 0 components).  

 

Covariates 

Socio-demographic covariates of participants included sex, age at last birth day, ethnicity, 

marital status, living arrangements, education level (according to the International Standard 

Classification of Education
16

), longest held income generation activity and subjective 

financial strain
17

. We used the Sri Lanka Standard Classification of Occupation
18

, based on 

the International Standard Classification of Occupations 2008 (ISCO-08),
19

 to classify 

income generation activities. 
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Statistical analyses 

Data were double entered by two independent operators and checked for discrepancies using 

EpiData software version 3.1, and corrected with reference to the original questionnaires. All 

analyses were performed in Stata version 14 accounting for the complex survey design.
20

 

Design weights were computed as the inverse of the inclusion probability of each participant 

to the sample. Subsequently post-stratification weights were obtained by adjusting the design 

weights to match the population age and sex distribution of the district. Post-strata (n=10) 

were defined by five year age categories (60-64; 65-69; 70-74; 75-79; ≥80 years) by sex 

using the information available from the latest census.
6
  

 

We estimated the prevalence and corresponding 95% confidence interval (95% CI) of frailty, 

pre-frailty and robust groups overall and by socio-demographic characteristics. The main 

outcome of interest in our study was ordinal (robust, pre-frail and frail). We initially fitted a 

multivariable ordinal logistic regression model to estimate the association between socio-

demographic factors and frailty status. However, the proportional odds assumption 

underlying this model was not valid for our data, and we therefore used a multinomial logistic 

regression instead. Robust was chosen as the reference category. Crude, age-and sex-adjusted 

and multivariable-adjusted relative risk ratios (RRR) and their corresponding 95% CIs were 

derived. All statistical tests were two sided with a significance level set at 0.05.  

 

The age-specific prevalence of frailty and pre-frailty in our weighted sample was compared 

with the random-effects pooled prevalence of frailty and pre-frailty obtained from meta 

analyses of studies in upper-middle-income Asian countries (N=7555; 3 studies from China 

and one study from Malaysia), Japan-a higher income Asian country (N=10 912; 3 studies) 

and upper-middle-income Latin American countries (N=15 773; 11 studies from Brazil, 3 
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from Colombia and 2 studies from Mexico). The data required for these meta analyses were 

obtained from two published papers.
9 21

 Studies that used the Fried phenotype of frailty with 

five criteria where grip strength and gait speed were measured objectively were included, as a 

valid comparison to our study assessment methods. The details of the included studies are 

presented in supplementary material, appendix III. 

 

Patient and public involvement 

We did not include involvement of Sri Lankan older people in the study design, as the study 

was developed in the United Kingdom as part of a Commonwealth Scholarship, with limited 

resources. We used standard study instruments and physical assessment tests, which had been 

developed elsewhere, and most of these been cross-culturally adapted and validated for Sri 

Lankan population. Prior to our main study, we obtained feedback from ten Sri Lankan older 

people (from a different location) on the study processes, including how to phrase certain 

questions and order of administering the instruments. A plain language summary of overall 

study results will be produced in English and translated into Sinhala and Tamil languages, 

and we will discuss with public representatives the best way to present and disseminate this 

information.  

 

Ethical statement 

Ethical clearance for this study was obtained from ethics review committees at University 

College London (Project ID: 8155/001) and University of Colombo, Sri Lanka (Protocol No. 

EC-16-071). Participation was voluntary and informed written consent was obtained from all 

participants prior to data collection. No incentives were provided.  

This manuscript was written according to the STrengthening the Reporting of OBservational 

studies in Epidemiology (STROBE) statement.
22
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Results 

Socio-demographic characteristics 

Data were collected from 746 out of 750 older adults approached (response rate: 99.5%). The 

age range of the participants was 60 to 94 years. The median (Inter Quartile Range/IQR) age 

was 68 (64, 75) years in both the weighted and unweighted samples. In the weighted sample, 

56.7% were female, 97.4% participants belonged to the Sinhalese ethnicity and 63.8% of 

participants had an education level below upper secondary. Table 1 presents the socio-

demographic characteristics of the unweighted and weighted samples overall and by sex.  
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Table 1. Socio-demographic characteristics of the unweighted and weighted study samples 

Covariate Unweighted sample N, (%) Weighted sample (%) 

All 

N=746  

Men 

N=349  

(46.8 %) 

Women 

N=397  

(53.2%) 

All  

 

Men 

 

(43.3 %) 

Women 

 

(56.7 %) 

Age category (years)       

 60-64  248 (33.2) 100 (28.7) 148 (37.3) 35.7 37.4 34.3 

 65-69 199 (26.7) 99 (28.4) 100 (25.2) 25.3 25.5 25.1 

 70-74  100 (13.4) 50 (14.3) 50 (12.6) 17.0 17.2 16.8 

 75-79  100 (13.4) 50 (14.3) 50 (12.6) 11.2 10.2 11.9 

 ≥80 99 (13.3) 50 (14.3) 49 (12.3) 10.8 9.6 11.8 

Ethnicity       

 Sinhalese 723 (96.9) 338 (96.9) 385 (97.0) 97.4 97.3 97.5 

 Other 23 (3.1) 11 (3.1) 12 (3.0) 2.6 2.7 2.5 

Marital status       

 Never-married/widowed/separated/ 

divorced 

289 (38.7) 45 (12.9) 244 (61.5) 40.4 11.3 62.6 

 Married/ cohabiting 457 (61.3) 304 (87.1) 153 (38.5) 59.6 88.7 37.4 

Living arrangement       

 Children/other family 617 (82.7) 284 (81.4) 333 (83.9) 83.0 82.1 83.6 

 With spouse only 84 (11.3) 54 (15.5) 30 (7.6) 10.7 15.1 7.4 

 Alone 45 (6.0) 11 (3.1) 34 (8.5) 6.3 2.8 9.0 

Education level        

 No formal education/primary 214 (28.7) 87 (24.9) 127 (32.0) 28.6 23.3 32.7 

 Lower secondary  262 (35.1) 129 (37.0) 133 (33.5) 35.2 37.6 33.3 

 Upper secondary/  

post-secondary non-tertiary/tertiary 

270 (36.2) 133 (38.1) 137 (34.5) 36.2 39.1 34.0 

Longest-held occupation        

 Never-employed/skill level 1 316 (42.3) 83 (23.8) 233 (58.7) 43.7 24.7 58.2 

 Skill level 2 293 (39.3) 188 (53.9) 105 (26.4) 38.5 53.1 27.3 

 Skill level 3/4 137 (18.4) 78 (22.3) 59 (14.9) 17.8 22.2 14.5 

Perceived financial strain       

 Finding it difficult/very difficult 152 (20.4) 68 (19.5) 84 (21.2) 20.3 18.9 21.4 

 Just about getting by 406 (54.4) 191 (54.7) 215 (54.1) 55.0 56.8 53.6 

 Living comfortably 188 (25.2) 90 (25.8) 98 (24.7) 24.7 24.3 25.0 

Page 11 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-026314 on 25 January 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

12 

 

Fried phenotypic frailty components 

Of all participants in the unweighted sample, nine did not have measurements of height and 

weight (needed for obtaining BMI) due to medical conditions (they could not stand 

independently). For these participants we also could not use their grip strength data as BMI is 

required for calculating the grip strength cut-offs. Overall, out of the five phenotypic 

components, only unintentional weight loss and weakness were missing for nine participants. 

However, eight of them met the frailty criteria on all three available frailty components, so 

they were classified as frail. The other participant was excluded from subsequent analyses as 

with the partial information available we could not assign a frailty status with certainty.  

For simplicity, from here onwards we will only present the results based on the weighted 

sample. The most prevalent frailty component in the overall sample was self-reported 

exhaustion (37.5%) followed by weakness (23.6%) (Table 2).  

 

Table 2. Prevalence of Fried phenotype frailty components and the total number of frailty 

components in the overall sample and by sex 

 Total (%) Men (%) Women (%) 

Fried’s phenotype of frailty component    

Shrinking (low BMI) 18.2 20.2 16.6 

Self-reported exhaustion 37.5 31.9 41.7 

Weakness (low grip strength) 23.6 19.6 26.6 

Slowness (low gait speed) 19.6 18.7 20.3 

Low physical activity 19.2 17.4 20.5 

 

Total number of frailty components 
   

0 36.2 41.3 32.3 

1 30.8 29.7 31.6 

2 17.8 14.7 20.2 

3 10.5 10.4 10.6 

4 4.2 3.0 5.0 

5 0.5 0.8 0.3 
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Overall prevalence of frailty and pre-frailty  

The prevalences of frailty, pre-frailty and robust among community dwelling rural older 

adults in Kegalle district in 2016 were 15.2% (95% CI: 12.3%, 18.6%), 48.5% (95% CI: 

43.8%, 53.2%) and 36.2% (95% CI: 32.4%, 40.2%) respectively.  

 

Prevalence of frailty and pre-frailty by socio-demographic characteristics 

The prevalence of frailty statuses by socio-demographic characteristics is presented in Table 

3. The prevalence of frailty increased steeply with advancing age. 3.8% of older adults aged 

60-64 years were classified as frail whilst nearly half (47.9%) of those aged 80 years or older 

were considered as frail. The prevalence of frailty by sex did not vary markedly, though more 

women than men were pre-frail. A higher prevalence of frailty was observed in older adults 

with low education, those who have had low skilled occupations or never had employment 

and those who reported higher financial strain.
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Table 3. Distribution of frailty statuses across socio-demographic characteristics 

Covariates Prevalence (95% CI), % 

Robust Pre-frail Frail 

Sex     

 Male 41.3 (36.2, 46.6) 44.4 (39.3, 49.5) 14.3 (10.9, 18.3) 

 Female 32.4 (26.9, 38.2) 51.6 (44.0, 59.0) 16.0 (11.8, 21.1) 

Age group (years)     

 60-64 55.0 (45.2, 64.4) 41.1 (32.3, 50.5) 3.8 (1.7, 7.9) 

 65-69 38.9 (27.6, 51.5) 51.0 (39.6, 62.2) 10.0 (5.6, 17.2) 

 70-74 25.6 (16.4, 37.7) 58.4 (47.7, 68.2) 15.9 (8.6, 27.4) 

 75-79 12.4 (6.3, 22.9) 56.9 (43.0, 69.7) 30.7 (19.3, 44.9) 

 ≥80 9.3 (4.2, 19.3) 42.7 (28.4, 58.3) 47.9 (33.1, 63.0) 

Marital status    

 Married/Cohabiting 42.6 (37.1, 48.3) 45.9 (41.3, 50.5) 11.5 (7.9, 16.2) 

 Never- married/widowed /separated/divorced 26.8 (20.6, 34.0) 52.4 (44.4, 60.1) 20.8 (14.8, 28.4) 

Living arrangement    

 Children/other family 36.0 (32.0, 40.3) 47.9 (42.9, 52.6) 16.1 (12.7, 20.1) 

 With spouse 42.9 (27.5, 59.7) 45.9 (30.4, 62.1) 11.2 (4.7, 24.0) 

 Alone 26.8 (14.6, 43.9) 62.2 (38.1, 81.4) 11.0 (2.1, 41.3) 

Education level    

 No formal education/ primary 21.0 (14.0, 30.0) 55.4 (46.8, 63.7) 23.6 (16.4, 32.6) 

 Lower secondary  35.8 (29.5, 42.5) 49.3 (42.1, 56.3) 14.9 (9.9, 21.8) 

 Upper secondary/ post-secondary non-tertiary/ tertiary ) 48.8 (41.9, 55.7) 42.2 (34.7, 50.1)  8.9 (5.4, 14.2) 

Longest-held occupation     

 Never employed/ skill level 1 29.5 (23.5, 36.3) 49.4 (43.3, 55.4) 21.1 (16.2, 26.8) 

 Skill level 2 38.5 (31.5, 46.0) 49.1 (41.5, 56.6) 12.4 (8.2, 18.2) 

 Skill level 3/4 47.9 (39.2, 56.7) 45.1 (35.8, 54.6) 7.0 (3.3, 14.1) 

Perceived Financial strain     

 Finding it difficult/very difficult 26.7 (18.8, 36.2) 54.0 (44.1, 63.6) 19.3 (13.3, 27.0) 

 Just about getting by 36.1 (31.0, 41.5) 48.7 (42.6, 54.7) 15.2 (11.7, 19.3) 

 Living comfortably 44.5 (35.7, 53.5) 43.5 (32.6, 54.9) 12.0 (6.4, 21.3) 

Page 14 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on March 20, 2024 by guest. Protected by copyright. http://bmjopen.bmj.com/ BMJ Open: first published as 10.1136/bmjopen-2018-026314 on 25 January 2019. Downloaded from 

http://bmjopen.bmj.com/


For peer review only

15 

 

Socio-demographic characteristics associated with frailty and pre-frailty 

Table 4 presents the results from the crude, age-sex adjusted and fully adjusted multinomial 

logistic regression models. 

Frailty versus robust 

In the fully adjusted model, the relative risk of being frail compared with robust increased 

with advancing age. Similarly the relative risk of being frail compared with robust was 3.4 

times higher in older adults who have never been employed or who had an occupation in the 

lowest skill level rather than the highest skill level. 

 

Pre-frailty versus robust 

In the fully adjusted model, the relative risk of being pre-frail compared with robust was two-

thirds lower for participants aged 60-64 years relative to those aged 70-74 years. Conversely, 

older adults in the lowest education group compared to those in the highest education group 

had an approximately 2.4 times higher risk of being pre-frail compared with robust. 
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Table 4. Univariable, “age and sex adjusted” and multivariable adjusted multinomial logistic regression results 

Covariates Relative Risk Ratio  (95% CI) 

Pre-frailty versus Robust Frailty versus Robust 

Crude  “Age and sex” 

adjusted 

Multivariable
†
 Crude  “Age and sex” 

adjusted 

Multivariable
†
 

Sex        

 Male 1.00 1.00 1.00 1.00 1.00 1.00 

 Female 1.48 (1.00, 2.18) 1.45 (0.96, 2.20) 1.31 (0.80, 2.15) 1.43 (0.91, 2.23) 1.34 (0.77, 2.35) 0.96 (0.48, 1.89) 

Age group (years)        

 60-64 0.32 (0.16, 0.65) 0.32 (0.16, 0.66) 0.33 (0.16, 0.71) 0.11 (0.02, 0.41) 0.11 (0.02, 0.41) 0.10 (0.02, 0.43) 

 65-69 0.57 (0.27, 1.20) 0.57 (0.27, 1.21) 0.59 (0.27, 1.30) 0.41 (0.11, 1.45) 0.41 (0.11, 1.45) 0.38 (0.09, 1.50) 

 70-74 1.00 1.00 1.00 1.00 1.00 1.00 

 75-79 2.01 (0.87, 4.64) 1.99 (0.86, 4.60) 2.05 (0.86, 4.87) 3.98 (1.46, 10.84) 3.94 (1.44, 10.75) 4.07 (1.43, 11.56) 

 ≥ 80 1.99 (0.69, 5.74) 1.96 (0.67, 5.71) 1.81 (0.55, 5.94) 8.20 (2.24, 30.0) 8.09 (2.20, 29.75) 7.42 (1.79, 30.67) 

Living arrangement       

 Children/other family 1.00 1.00 1.00 1.00 1.00 1.00 

 With spouse 0.80 (0.37, 1.73) 0.87 (0.38, 1.98) 0.80 (0.39, 1.64) 0.58 (0.18, 1.82) 0.75 (0.20, 2.78) 0.75 (0.24, 2.33) 

 Alone 1.75 (0.74, 4.13) 1.58 (0.56, 4.49) 1.32 (0.42, 4.11) 0.91 (0.17, 4.75) 0.90 (0.18, 4.54) 0.72 (0.13, 3.89) 

Education level        

 Upper secondary/ post-secondary 

non-tertiary/ tertiary ) 

1.00 1.00 1.00 1.00 1.00 1.00 

 Lower secondary  1.59 (1.02, 2.47) 1.57 (0.98, 2.52) 1.49 (0.78, 2.83) 2.28 (1.13, 4.60) 2.30 (1.09, 4.88) 1.38 (0.56, 3.42) 

 No formal education/ primary 3.05 (1.71, 5.42) 2.63 (1.51, 4.56) 2.38 (1.19, 4.79) 6.15 (2.66, 14.23) 4.04 (1.67, 9.77) 2.12 (0.73, 6.18) 

Longest-held occupation        

 Skill level 3/4 1.00 1.00 1.00 1.00 1.00 1.00 

 Skill level 2 1.35 (0.83, 2.18) 1.48 (0.89, 2.46) 0.87 (0.42, 1.76) 2.20 (0.84, 5.70) 2.92 (1.12, 7.62) 1.69 (0.54, 5.24) 

 Never employed/ skill level 1 1.77 (1.04, 3.02) 1.77 (1.07, 2.94) 0.96 (0.46, 2.00) 4.88 (2.27, 10.46) 6.33 (2.84, 14.13) 3.43 (1.31, 8.98) 

Perceived Financial strain        

 Living comfortably 1.00 1.00 1.00 1.00 1.00 1.00 

 Just about getting by 1.37 (0.80, 2.36) 1.54 (0.93, 2.54) 1.35 (0.83, 2.21) 1.55 (0.74, 3.22) 2.11 (0.85, 5.23) 1.61 (0.62, 4.18) 

 Finding it difficult/very difficult 2.07 (1.08, 3.96) 2.23 (1.16, 4.28) 1.70 (0.89, 3.26) 2.66 (1.24, 5.73) 3.53 (1.35, 9.19) 2.27 (0.77, 6.67) 
† 

adjusted for sex, age group, living arrangement, education level, longest held occupation and perceived financial strain.
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Cross country comparision of prevalence of frailty and pre-frailty 

Figure 1 compares the age-specific prevalence of frailty in the rural sector of Kegalle district 

of Sri Lanka with the pooled prevalence of frailty in other comparable countries with data 

available: upper middle income Asian countries (China and Malaysia), high income Asian 

country (Japan) and upper middle income Latin American countries (Brazil, Colombia, and 

Mexico). Except for the 60-64 years age group, prevalence of frailty across all the other age 

groups was higher in Sri Lanka. The prevalence was higher in the older 75-79 years and ≥80 

years age categories. With regard to pre-frailty, the prevalence rates were relatively similar 

across countries (Figure 2).  

 

 

(Figure 1 here) 

Figure 1. Comparison of age specific prevalence of frailty in Sri Lanka with the pooled 

prevalence estimates of upper middle income Asian countries, Japan, and upper middle 

income Latin American countries  

(Figure 2 here) 

 

 

Figure 2. Comparison of age specific prevalence of pre-frailty in Sri Lanka with the pooled 

prevalence estimates of upper middle income Asian countries, Japan, and upper middle 

income Latin American countries  
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Discussion 

Summary of main findings 

To our knowledge, this is the first study conducted in Sri Lanka to investigate the 

epidemiology of frailty using the frailty phenotype.
2
 The prevalence of frailty and pre-frailty 

among community dwelling rural older adults aged ≥60 years in Kegalle district in 2016 was 

estimated as 15.2% (95% CI: 12.3%, 18.6%) and 48.5% (95% CI: 43.8%, 53.2%) 

respectively. Nearly half of those aged ≥80 years were frail. We found no evidence of an 

association between sex and being frail or pre-frail in any regression model. In the 

multivariable adjusted model, increasing age and having never been employed or having had 

a low-skilled occupation increased the relative risk of being frail compared to being robust. 

Being in the lowest education level increased the relative risk of being pre-frail comapred to 

robust. The prevalence of frailty was higher in Sri Lanka across all the age categories except 

60-64 years when compared with the pooled prevalence of upper middle-income Asian 

countries, Japan, and upper middle-income Latin American countries. 

 

Comparison with existing literature 

Frailty is an important clinical syndrome which predicts numerous adverse health outcomes 

in later life, however there is a paucity of epidemiological research from Asian countries 

compared to the West. The majority of Asian studies are from high income economies with 

few from South-East Asia. India was a study site of two multi-country studies
12 23

  and there 

are three small studies from Pune, India
24

 Nepal
25

, and Nakhon Pathom, Thailand
26

. The 

reported prevalence of frailty in these studies ranged from 56.9% (frailty index)
23

 to 11.4% 

(Fried phenotype with 4 components).
12

 The use of different frailty assessment methods and 

heterogeneity in the minimum recruitment age make it difficult to compare the prevalence of 
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frailty between studies. A small community-based study of older adults (≥65 years) in Pune, 

India,
24

 used Fried phenotype, a similar assessment method to ours but with Cardiovascular 

Health Study (CHS) cut-offs
2
 for grip strength and gait speed and found a prevalence of 

frailty and pre-frailty of 26.0% and 63.6% respectively.
24

 The corresponding prevalence of 

frailty and pre-frailty in our study after restricting the sample to those aged ≥65 years and 

after applying the same CHS grip strength and gait speed cut-offs was 34.6% (95% CI: 

29.3%, 40.4%) and 49.7% (95%: 44.6%, 54.9%). This difference may be due to the shorter 

life expectancy in India
27

 compared with Sri Lanka
28

 and more highly educated people living 

in an urbanised area in the Indian study. 
24

 

In our study, the prevalence of frailty in older adults aged ≥65 years in Sri Lanka, was 21.5% 

using population-specific grip strength and gait speed cut-offs. This is similar to a small study 

in Thailand (22.7%)
26

, however, much higher than the pooled prevalence of frailty reported in 

high income (8.2%) and upper middle income (11.8%) countries using the same frailty 

assessment method and the same minimum recruitment age.
9
 This finding supports existing 

literature showing a strong relationship between national economic indicators and a country’s 

level of frailty and fitness. 
29

  

In addition to the true variation of frailty prevalence rates across different populations, these 

differences could also depend on methodological issues e.g. how phenotypic components are 

operationalised, which cut-offs are used, inclusion and exclusion criteria used to define the 

study population, and the way missing data of frailty components are handled. In keeping 

with many studies using the Fried phenotype 
30

 we used a low BMI to operationalise 

‘shrinking’, as we did not have access to serial weight measurements to objectively assess 

weight loss. For physical activity we used the culturally adapted IPAQ as suitable for a Sri 

Lankan population unlike the original measure.
31

 The instrument used could be sensitive to 

cultural effects when translated into different languages and interpretation.
32

 Many studies 
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included in the Latin American upper-middle-income countries meta-analyses of this paper 

applied more restrictive inclusion criteria, which might have underestimated the true 

prevalence rates.  

Age and female sex are two well-known biological risk factors of frailty 
33

, however we 

found an age but no sex difference in pre-frailty or frailty. A strong association between 

longest-held occupation and frailty and education level and pre-frailty was found. A recent 

systematic review based on longitudinal studies found studies reporting both positive and no 

association between level of education and frailty
33

.  

Strengths and limitations 

We conducted the first large population-based study on frailty with a representative sample of 

community-dwelling older adults in rural Sri Lanka. We followed rigorous methodology and 

measures were taken to improve the validity and reliability of data. The response rate was 

extremely high 99.5%. The analyses involved a cross-country comparison of frailty across 

income classification and geographic regions. Limitations include that the sample only 

comprised of rural older adults and the majority belonged to Sinhalese ethnicity. Therefore, 

the results may not be generalisable to urban and estate sectors and other ethnicities. The 

prevalence of frailty could be underestimated as we excluded participants who could not give 

informed consent and also excluded those who were terminally ill. However, the number of 

excluded participants was very small and we were less restrictive than other studies. Some 

questions e.g. physical activity and self-reported exhaustion could be affected by recall bias.  

Implications for public health 

The Sri Lankan health system is a well-known example of the provision of good health care 

at low cost.
34

 Around 70% of the disease burden in the country is due to non-communicable 

diseases (NCDs)
35

. The rapidly ageing population is contributing to increases in the 
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prevalence of NCDs which is a huge challenge to the country’s health system. Frailty and 

multi-morbidity (multiple co-existing NCDs) are closely linked. Recently guidelines have 

been introduced for the management of frailty in Asia-Pacific.
36

 Therefore, findings of this 

study are important to health care planners to quantify the extent of frailty and be prepared 

for establishing appropriate health and social services for older adults with frailty and 

multiple NCDs. The existing profile of health and social care services in Sri Lanka need 

adjustments to meet the needs of age related illness and care. Further improvements in 

geriatrics and gerontology disciplines are an urgent need. Investing in elderly health is 

important to mitigate the medical and social implications of ageing.  

 

Conclusion 

The prevalence of frailty in the rural Sri Lankan older population was high in comparison to 

both higher income and upper middle-income countries. There has been less research 

conducted on frailty in low-income and lower middle-income countries, and the burden of 

frailty with associated societal and healthcare costs is higher than anticipated. Identifying the 

scale of the problem will help these growing economies to prepare and respond to the 

challenges associated with increasing longevity.  
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Appendix I: Sampling design 

We used complex sampling design; three stage sampling to recruit the participants for this 

study representing the entire district. Population data from Sri Lankan Census of Population 

and Housing 2011 was used for this purpose 1. Total number of older adults aged ≥60 years in 

the entire Kegalle district was 125 069. The population distribution by urban, rural and estate 

sectors was 2494 (2.0%), 115 663 (92.5%) and 6912 (5.5%). However, sector wise data at 

micro level (divisional secretariat level and GN level) was not available at the time of 

protocol writing. Hence, aggregated data was used considering the dominant share of 

population in the rural sector. 

Divisional secretariat area was considered as the primary sampling unit (PSU) and Grama 

Niladhari area was considered as secondary sampling unit (SSU). Grama Niladhari area is the 

smallest administrative division in the country. During the stage one, of 11 PSUs six were 

select from probability proportional to size technique. There were 327 SSUs in the selected 

six PSUs. In stage two, 50 SSUs were selected from total SSUs (327) using probability 

proportional to size. Fifteen participants were recruited from each SSU using stratified 

random sampling at the third stage. Sampling frame was constructed using the information 

(birth year was identified using the national identity card number, sex) available in the 

electoral register of each SSU. Based on the age and sex distribution of the older population 

in the district following number of participants were recruited from each sex and age 

category. Three female and 2 male participants were selected from 60-64 years age category. 

Two participants each from males and females were selected from 65-69 years age category. 

For the other three age categories (70-74, 75-79, ≥80) one participant each selected from 

males and females per age category. Only one participant was selected from each household. 

Therefore, the final sample required for the study was determined as 750 participants (15 

participants from each SSU*50 SSUs). Figure 1 illustrates the sampling strategy. 
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Figure 1: Schematic diagram representing the stages of sampling design 
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Total study sample (50*15) = 750 
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Appendix II: Methods used to operationalised the Fried phenotypic components to our 

study 

 

Shrinking was evaluated using the body mass index (BMI) of the participant. Weight was 

measured to the nearest 0.1 kg using calibrated electronic scale (seca 874). Height was 

measured to the nearest 0.1 cm using stadiometer (seca 213). Both measurements were taken 

when participants were in standing position and barefoot. Weight and height measurements 

were taken in triplicate and the mean of those measurements were used to calculate BMI. The 

World Health Organization’s BMI cut-off point for under nutrition (less than 18.5 kg/m2) was 

used to classify the participants as frail for this component.2 

 

Poor endurance and energy was assessed using two questions “I felt that everything I did 

was an effort” and “I could not get going” (3 or more days in the last week) from the Center 

for Epidemiologic Studies-Depression (CES-D) Scale 3, using the validated Sinhala version  

4 and Tamil translation. 

 

Weakness was measured using isometric grip strength in kilograms. Southampton protocol 

for adult grip strength measurement was followed5. Grip strength measurements were taken 

in triplicate in both hands using JAMAR hydraulic hand dynamometer model 5030J1. 

Maximum of six grip strength measurements was taken for the analysis. Falling in the lowest 

quintile of the grip strength after adjusting for sex and BMI quartiles were considered as 

indicative of weakness. 

 

Slowness was operationalised in terms of gait speed, using the mean time taken to walk 

fifteen feet from two attempts, using walking aids if needed. Falling within the highest time 
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quintile after adjusting for sex and median standing height of the study population was 

considered as indicative of slowness. Individuals who were unable to perform the walking 

test were classed as frail for this component. 

 

Low physical activity was measured using the validated Sri Lankan (Sinhala) version6 and 

its Tamil translation of the International Physical Activity Questionnaire (IPAQ) Short 

Form.7 The questionnaire assesses the time spent on overall vigorous and moderate physical 

activities, walking and sitting over the last 7 days. From this the metabolic equivalent (MET) 

minutes per week were calculated 8 and converted to kilocalories, measuring the amount of 

energy expended on physical activities and walking. The lowest quintile of weekly 

kilocalorie expenditure adjusted for sex was considered as frail for this component. 

 

Cut-points for the weakness, slowness and low physical activity level were computed based 

on the anthropometry of our study sample where appropriate to account for the complex 

sampling strategy. Participants with missing values were excluded while calculating the cut-

points of respective frailty component. Participants who have assessed for ≥3 frailty 

components were used to evaluate the frailty and pre-frailty status.  
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Comparison between the Fried frailty components and respective cut-points used in our 

study and Cardiovascular Health Study (CHS) 

Our study CHS 

Unintentional weight loss 

 

BMI<18 (kg/m2) Unintentional weight loss of ≥10 pounds in 

prior year (self-reported) 

Self-reported exhaustion  

 

Two questions in the Center for 

Epidemiologic Studies- Depression (CES-

D) Scale 

Two questions in the Center for 

Epidemiologic Studies- Depression (CES-D) 

Scale 

Weakness (assessed by grip strength) 

 

Sex, BMI (kg/m2) Estimate (kg) Sex, BMI (kg/m2) Estimate (kg) 

Female, BMI < 19.7 ≤13 Female, BMI ≤ 23.0 ≤17.0 

Female, BMI 19.8 – 22.1 ≤14 Female, BMI 23.1 – 26.0 ≤17.3 

Female, BMI 22.2 – 24.7 ≤16 Female, BMI 26.1 – 29.0 ≤18.0 

Female, BMI ≥ 24.7 ≤16 Female, BMI > 29.0 ≤21.0 

Male, BMI < 18.8 ≤20 Male, BMI ≤ 24.0 ≤29.0 

Male, BMI 18.9 – 20.8 ≤20 Male, BMI 24.1 – 26.0 ≤30.0 

Male, BMI 20.9 – 23.3 ≤18 Male, BMI 26.1 – 28.0 ≤30.0 

Male, BMI ≥ 23.3 ≤27 Male, BMI > 28.0 ≤32.0 

Slowness (assessed by gait speed) 

 

Sex,  Height (cm) Estimate (s) Sex, Height (cm) Estimate (s) 

Female, ≤146.5 ≥10 Female, ≤159 ≥7 

Female, >146.5 ≥8 Female, >159 ≥6 

Male, ≤160 ≥8 Male, ≤173 ≥7 

Male, >160 ≥7 Male, >173 ≥6 

Low physical activity (Kcals/week) 

 

Using IPAQ (short form) Minnesota Leisure Time Activity 

Questionnaire 

Female <552 Female <270 

Male <528 Male <383 
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Appendix III: Studies included in the cross country comparison of frailty and pre-frailty  

Study Country Study 

recruitment 

age 

Effective 

sample 

size 

Female 

(%) 

Mean 

age 

(in 

years) 

Frailty 

(%) 

Pre-frailty 

(%) 

Upper middle income Asian countries (N=7555) 

 

Chen et al, 20159 China ≥60 years 604 57.9 70.6 12.7 56.5 

Dong et al, 201710 China ≥60 years 1188 69.1 69.5 3.9 45.9 

Wu et al, 201711 China ≥60 years 5290 49.0 69.2 6.3 51.3 

Badrasawi et al, 

201712 

Malaysia ≥60 years 473 55.6 68.2 8.9 61.7 

Higher income Asian country (N=10 912) 

  

Chen et al, 201513 Japan ≥65 years 1565 60.1 73.3 9.5 43.9 

Shimada, 201514 Japan ≥65 years 8864 52.0 73.4 8.4 51.0 

Shirooka et al, 201615 Japan ≥65 years 483 68.3 73.3 8.3 65.2 

Upper middle income Latin American countries (N=15 773) 

 

Tribess et al, 201216 Brazil ≥60 years 622 65.0 71.0 19.9 49.8 

Pegorari et al, 201417 Brazil ≥60 years 958 64.4 73.7 12.8 54.5 

Corona et al, 201518 Brazil ≥60 years 1171 65.0 - 11.3 50.6 

Santos et al, 201519 Brazil ≥60 years 136 75.5 72.3 16.9 61.8 

Closs et al, 201620 Brazil ≥60 years 521 64.3 68.5 21.5 51.1 

Ocampo-Caparro et 

al, 201321 

Colombia ≥60 years 314 64.3 - 12.7 71.3 

Curcio et al, 201422 Colombia ≥60 years 1878 52.2 70.9 12.2 53.0 

Samper-Ternent et al, 

201623 

Colombia ≥60 years 1442 61.0 70.7 9.4 52.4 

Sanchez-Garcia et al, 

201724 

Mexico ≥60 years 1252 59.9 68.5 11.2 50.3 

de Albuquerque 

Sousa et al, 201225 

Brazil ≥65 years 391 61.4 74.0 17.1 60.1 

Moreira et al, 201326 Brazil ≥65 years 754 66.9 76.6 9.5 47.5 

Neri et al, 2013 (7 

cities)27 

Brazil ≥65 years 3413 67.6 - 9.0 51.9 

Ricci et al, 201428 Brazil ≥65 years 761 64.3 71.9 9.7 48.0 

Silveira et al, 2015 29 Brazil ≥65 years 54 59.3 72.9 11.1 46.2 

Ferriolli et al, 2017 (3 

cities)30 

Brazil ≥65 years 556 

412 

481 

70.6 

69.6 

67.9 

73.9 

74.2 

74.8 

12.1 

15.5 

10.4 

66.9 

63.1 

63.6 

Moreno-Tamayo et 

al, 201731 

Mexico ≥65 years 657 52.9 76.3 11.9 51.9 
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2

1 Abstract 

2 Objective

3 Our main objective was to describe the prevalence and associated socio-demographic factors 

4 of frailty and pre-frailty in rural community-dwelling older adults in Kegalle district of Sri 

5 Lanka.

6 Design 

7 Community-based cross-sectional study.

8 Setting

9 The study was conducted in rural areas of Kegalle district in Sri Lanka.

10 Participants

11 A total of 746 community-dwelling older adults aged ≥60 years were included in the study.

12 Results

13 The prevalence of frailty and pre-frailty in rural Kegalle district was 15.2% (95% CI: 12.3%, 

14 18.6%) and 48.5% (95% CI: 43.8%, 53.2%) respectively. We found a strong association 

15 between age and both frailty and pre-frailty. There were strong associations between longest-

16 held occupation and frailty and education level and pre-frailty. 

17 Conclusions

18 The prevalence of frailty in this rural Sri Lankan older population was high compared to high 

19 income and upper-middle-income countries. The profile of health and social care services in 

20 Sri Lanka needs to address frailty and its consequences.

21

22

23

24

25

26
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Strengths and limitations of this study

 We conducted the first population-based prevalence study on frailty using a 

representative sample of community-dwelling older adults in rural areas of 

Kegalle district of Sri Lanka. 

 We employed a rigorous methodology and measures were taken to ensure 

the validity and reliability of data. 

 We compared age-adjusted prevalence of frailty in rural Sri Lanka with 

other Asian countries, and other middle-income countries worldwide.

 Sample only comprised of rural older adults and the majority belonged to 

Sinhalese ethnicity.

 We excluded participants who could not give informed consent (e.g. 

advanced stages of dementia) and terminally ill. This might have 

underestimated the true frailty prevalence. 
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4

1 Introduction

2 Ageing involves physiological, psychological and social changes that directly affect the 

3 health and wellbeing of older adults. Frailty is an important age related clinical syndrome 

4 commonly defined as a state of increased vulnerability to external stressors as a consequence 

5 of cumulative decline in many physiological systems during a lifetime.1 2 It is widely 

6 recognised as a key issue for ageing populations worldwide, as it is associated with multiple 

7 adverse outcomes including hospitalisation, institutionalisation/dependency and premature 

8 mortality.3 

9 Asia is home for the dominant share of the world’s population4 and will become the region 

10 with the largest population of older adults in coming decades. According to recent statistics, 

11 Thailand, DPR Korea, and Sri Lanka have the highest proportion of older persons (aged ≥60 

12 years) among the eleven member states that belong to World Health Organization South-East 

13 Asia region.5 In 2012, the percentage of older adults in Sri Lanka was 12.4%.6 One out of 

14 every four persons is predicted to be an older person aged 60 years or above in Sri Lanka by 

15 2041.7 Thus, Sri Lanka is considered as one of the fastest growing ageing populations in 

16 South-East Asia.8 

17 A recent meta-analysis on prevalence of frailty in low-income and middle-income countries 

18 (LMICs) reported a higher prevalence of frailty, 12.3% and pre-frailty, 55.3% in middle-

19 income countries compared with high income countries (HICs) (8.2% , 43.9%).9 Few studies 

20 were found from Asia in general, particularly from South-East Asia and low-income and 

21 lower middle-income countries.9 The prevalence of frailty was 19.6% (95% CI: 15.4%, 

22 24.3%), in the Latin America and the Caribbean with a range of 7.7% to 42.6% in the studies 

23 reviewed in another systematic review and meta-analysis.10 As a lower middle-income 

24 country with per capita gross domestic product of USD 3857 (2016)11, Sri Lanka needs to 

25 consider efficient and effective strategies to tackle the health, social and welfare issues of 
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1 older adults. However, Sri Lanka, as with many LMICs that are ageing, has made little 

2 preparation to address the issues related to increased longevity. Moreover there is a lack of 

3 underpinning empirical research to inform policy makers on the emerging issues and the 

4 needs of the growing older population. Therefore, the main objectives of this study were to 

5 estimate the prevalence of frailty and pre-frailty and describe the associated socio-

6 demographic correlates among community dwelling older adults in rural areas of Kegalle 

7 district of Sri Lanka. We further explored how these compared to findings from other Asian 

8 countries, and to other middle-income countries worldwide.

9

10 Methods

11 Study setting and study population

12 We conducted a population based cross-sectional study in rural areas of Kegalle district of Sri 

13 Lanka. Sri Lanka is divided into nine provinces encompassing 25 districts. The Kegalle 

14 district includes 4.1% of the Sri Lankan population.6 In addition to this administrative 

15 division, Sri Lanka has been categorised into three sectors (urban, rural and estate) on the 

16 basis of geographical location and availability of infrastructure facilities.6 Of the total 

17 population, 77.4%, 18.2% and 4.4% live in the rural, urban, and estate sectors respectively.6 

18 In Kegalle district, the majority of people live in the rural sector (91.3%) and the rest in the 

19 urban (1.9%) and estate (6.8%) sectors.6 The ethnic distribution of the district is 85.5% 

20 Sinhalese followed by Sri Lankan Moor (7.1%), Indian Tamil (5.2%), Sri Lankan Tamil 

21 (2.1%) and other ethnicities (0.1%).6

22

23 Study inclusion criteria were being an older adult aged ≥60 years permanently residing in the 

24 rural areas. Older adults who were unable to give the informed consent were excluded. This 

25 included people with severe dual hearing and vision impairment, aphasia, severe stages of 
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1 dementia and those with unstable severe mental illness. Terminally ill older adults were also 

2 excluded. 

3

4 Sampling strategy and recruitment

5 The sample size was calculated using the standard formula for prevalence studies.12 No 

6 published literature was found on the prevalence of frailty in Sri Lanka. We therefore used 

7 the prevalence of frailty in an Indian study of 11.4%13 to estimate the expected prevalence of 

8 frailty in rural Sri Lanka as 11%. The absolute precision required on either side of the 

9 prevalence estimate was set as 3.5% and the z statistics for the 95% level of confidence was 

10 1.96. To account for the multi-stage probability sampling technique, we inflated the estimated 

11 sample size by a design effect of 2.4 14, giving a minimum sample of 737 participants. We 

12 used a complex sampling design: a three stage probability sampling to recruit people 

13 representing the rural areas of the entire district (supplementary material, appendix I). The 

14 final sample required was estimated as 750 participants.

15

16 Data collection

17 Data collection was conducted from 3rd October to 23rd December 2016. Five trained research 

18 assistants (nursing graduates) collected data, assisted by five field assistants. A pre-tested 

19 interviewer administered questionnaire collected data on socio-demographic, health related, 

20 social activity and social support and, life style factors. The questionnaire was available in 

21 Sinhala and Tamil languages.

22

23 Definition and assessment of frailty syndrome

24 We used the Fried phenotype to define frailty status.2 All five phenotypic components 

25 proposed in the original study were retained, with small modifications to operationalise the 
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1 shrinking and low physical activity components. Shrinking was defined as a body mass index 

2 (BMI)˂18.5 kg/m2. Poor endurance and energy as indicated by self-reported exhaustion was 

3 assessed using two questions: “I felt that everything I did was an effort” and “I could not get 

4 going” from the Center for Epidemiologic Studies-Depression (CES-D) Scale15 16. If the 

5 answer was 3 or more days in the last week to either of these two questions, the respondent 

6 was considered as frail for this component. Falling in the lowest quintile of grip strength after 

7 adjusting for sex and BMI quartiles of the study population was considered as indicative of 

8 weakness. Participants’ walking time in the highest time quintile after adjusting for sex and 

9 median standing height of the study population was considered as indicative of slowness. 

10 Individuals unable to perform the walking test were also considered as frail for this 

11 component. Low physical activity level was measured using the International Physical 

12 Activity Questionnaire (IPAQ) Short Form.17 18 Participants in the lowest quintile of weekly 

13 kilocalorie expenditure adjusted for sex were considered as frail for this component. A 

14 detailed description of how we measured the phenotypic components is provided in the 

15 supplementary material, appendix II. As recommended previously2, participants were 

16 classified as frail if they had 3 or more frailty components, pre-frail (1-2 components) and 

17 robust/non-frail ( 0 components). 

18

19 Covariates

20 Socio-demographic covariates of participants included sex, age at last birth day, ethnicity, 

21 marital status, living arrangements, education level (according to the International Standard 

22 Classification of Education19), longest-held income generation activity and subjective 

23 financial strain20. We used the Sri Lanka Standard Classification of Occupation21, based on 

24 the International Standard Classification of Occupations 2008 (ISCO-08),22 to classify 

25 income generation activities.
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1 Statistical analyses

2 Data were double entered by two independent operators and checked for discrepancies using 

3 EpiData software version 3.1and, if necessary, corrected with reference to the original 

4 questionnaires. All analyses were performed in Stata version 14 accounting for the complex 

5 survey design.23 Design weights were computed as the inverse of the inclusion probability of 

6 each participant to the sample. Subsequently post-stratification weights were obtained by 

7 adjusting the design weights to match the population age and sex distribution of the district. 

8 Post-strata (n=10) were defined by five-year age categories (60-64; 65-69; 70-74; 75-79; ≥80 

9 years) by sex using the information available from the latest census.6 

10

11 We estimated the prevalence and corresponding 95% confidence interval (95% CI) of frailty, 

12 pre-frailty and robust groups overall and by socio-demographic characteristics. The main 

13 outcome of interest in our study was ordinal (robust, pre-frail and frail). We initially fitted a 

14 multivariable ordinal logistic regression model to estimate the association between socio-

15 demographic factors and frailty status. However, the proportional odds assumption 

16 underlying this model was not valid for our data, and we therefore used a multinomial logistic 

17 regression instead. Robust was chosen as the reference category. Unadjusted, age- and sex-

18 adjusted and multivariable-adjusted relative risk ratios (RRR) and their corresponding 95% 

19 CIs were derived. All statistical tests were two sided with a significance level set at 0.05. 

20

21 Exploratory cross-country comparison

22 The age-specific prevalence of frailty and pre-frailty in our weighted sample was compared 

23 with the random-effects pooled prevalence of frailty and pre-frailty obtained from meta 

24 analyses of studies in upper-middle-income Asian countries (N=7555; 3 studies from China 

25 and one study from Malaysia), Japan-a higher income Asian country (N=10912; 3 studies) 
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1 and upper-middle-income Latin American countries (N=15773; 11 studies from Brazil, 3 

2 from Colombia and 2 studies from Mexico). The data required for these meta analyses were 

3 obtained from two published papers.9 24 Studies that used the Fried phenotype of frailty with 

4 five criteria where grip strength and gait speed were measured objectively were included, as a 

5 valid comparison to our study assessment methods. The details of the included studies are 

6 presented in supplementary material, appendix III.

7

8 Patient and public involvement

9 We did not include involvement of Sri Lankan older people in the study design, as the study 

10 was developed in the United Kingdom as part of a Commonwealth Scholarship, with limited 

11 resources. We used standard study instruments and physical assessment tests, which had been 

12 developed elsewhere, and most of these been cross-culturally adapted and validated for Sri 

13 Lankan population. Prior to our main study, we obtained feedback from ten Sri Lankan older 

14 people (from a different location) on the study processes, including how to phrase certain 

15 questions and order of administering the instruments. A plain language summary of overall 

16 study results will be produced in English and translated into Sinhala and Tamil languages, 

17 and we will discuss with public representatives the best way to present and disseminate this 

18 information. 

19

20 Ethical statement

21 Ethical clearance for this study was obtained from ethics review committees at University 

22 College London (Project ID: 8155/001) and University of Colombo, Sri Lanka (Protocol No. 

23 EC-16-071). Participation was voluntary and informed written consent was obtained from all 

24 participants prior to data collection. No incentives were provided. 
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1 This manuscript was written according to the STrengthening the Reporting of OBservational 

2 studies in Epidemiology (STROBE) statement.25

3

4 Results

5 Socio-demographic characteristics

6 Data were collected from 746 out of 750 older adults approached (response rate: 99.5%). The 

7 age range of the participants was 60 to 94 years. The median (Inter Quartile Range/IQR) age 

8 was 68 (64, 75) years in both the weighted and unweighted samples. In the weighted sample, 

9 56.7% were female, 97.4% participants belonged to the Sinhalese ethnicity and 63.8% of 

10 participants had an education level below upper secondary. Table 1 presents the socio-

11 demographic characteristics of the unweighted and weighted samples overall and by sex. 

12

13

14

15

16

17

18

19

20

21

22
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1 Table 1. Socio-demographic characteristics of the unweighted and weighted study samples

Unweighted sample N, (%) Weighted sample (%)Covariate
All

N=746 
Men

N=349 
(46.8 %)

Women
N=397 
(53.2%)

All Men

(43.3 %)

Women

(56.7 %)
Age category (years)

60-64 248 (33.2) 100 (28.7) 148 (37.3) 35.7 37.4 34.3
65-69 199 (26.7) 99 (28.4) 100 (25.2) 25.3 25.5 25.1
70-74 100 (13.4) 50 (14.3) 50 (12.6) 17.0 17.2 16.8
75-79 100 (13.4) 50 (14.3) 50 (12.6) 11.2 10.2 11.9
≥80 99 (13.3) 50 (14.3) 49 (12.3) 10.8 9.6 11.8

Ethnicity
Sinhalese 723 (96.9) 338 (96.9) 385 (97.0) 97.4 97.3 97.5
Other 23 (3.1) 11 (3.1) 12 (3.0) 2.6 2.7 2.5

Marital status
Never-married/widowed/separated/
divorced

289 (38.7) 45 (12.9) 244 (61.5) 40.4 11.3 62.6

Married/ cohabiting 457 (61.3) 304 (87.1) 153 (38.5) 59.6 88.7 37.4
Living arrangement

Children/other family 617 (82.7) 284 (81.4) 333 (83.9) 83.0 82.1 83.6
With spouse only 84 (11.3) 54 (15.5) 30 (7.6) 10.7 15.1 7.4
Alone 45 (6.0) 11 (3.1) 34 (8.5) 6.3 2.8 9.0

Education level 
No formal education/primary 214 (28.7) 87 (24.9) 127 (32.0) 28.6 23.3 32.7
Lower secondary 262 (35.1) 129 (37.0) 133 (33.5) 35.2 37.6 33.3
Upper secondary/ 
post-secondary non-tertiary/tertiary

270 (36.2) 133 (38.1) 137 (34.5) 36.2 39.1 34.0

Longest-held occupation 
Never-employed/skill level 1 316 (42.3) 83 (23.8) 233 (58.7) 43.7 24.7 58.2
Skill level 2 293 (39.3) 188 (53.9) 105 (26.4) 38.5 53.1 27.3
Skill level 3/4 137 (18.4) 78 (22.3) 59 (14.9) 17.8 22.2 14.5

Perceived financial strain
Finding it difficult/very difficult 152 (20.4) 68 (19.5) 84 (21.2) 20.3 18.9 21.4
Just about getting by 406 (54.4) 191 (54.7) 215 (54.1) 55.0 56.8 53.6
Living comfortably 188 (25.2) 90 (25.8) 98 (24.7) 24.7 24.3 25.0
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1 Fried phenotypic frailty components

2 Of all participants in the unweighted sample, nine did not have measurements of height and 

3 weight (needed for obtaining BMI) due to medical conditions (they could not stand 

4 independently). For these participants we also could not use their grip strength data as BMI is 

5 required for calculating the grip strength cut-offs. Overall, out of the five phenotypic 

6 components, only unintentional weight loss and weakness were missing for nine participants. 

7 However, eight of them met the frailty criteria on all three available frailty components, so 

8 they were classified as frail. The other participant was excluded from subsequent analyses as 

9 with the partial information available we could not assign a frailty status with certainty. 

10 For simplicity, from here onwards we will only present the results based on the weighted 

11 sample. The most prevalent frailty component in the overall sample was self-reported 

12 exhaustion (37.5%) followed by weakness (23.6%) (Table 2). 

13

14 Table 2. Prevalence of Fried phenotype frailty components and the total number of frailty 

15 components in the overall sample and by sex

Total (%) Men (%) Women (%)

Fried’s phenotype of frailty component

Shrinking (low BMI) 18.2 20.2 16.6
Self-reported exhaustion 37.5 31.9 41.7
Weakness (low grip strength) 23.6 19.6 26.6
Slowness (low gait speed) 19.6 18.7 20.3
Low physical activity 19.2 17.4 20.5

Total number of frailty components
0 36.2 41.3 32.3
1 30.8 29.7 31.6
2 17.8 14.7 20.2
3 10.5 10.4 10.6
4 4.2 3.0 5.0
5 0.5 0.8 0.3

16

17
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1 Overall prevalence of frailty and pre-frailty 

2 The prevalences of frailty, pre-frailty and robust among rural community dwelling older 

3 adults in Kegalle district in 2016 were 15.2% (95% CI: 12.3%, 18.6%), 48.5% (95% CI: 

4 43.8%, 53.2%) and 36.2% (95% CI: 32.4%, 40.2%) respectively. 

5

6 Prevalence of frailty and pre-frailty by socio-demographic characteristics

7 The prevalence of frailty status by socio-demographic characteristics is presented in Table 3. 

8 The prevalence of frailty increased steeply with advancing age. 3.8% of older adults aged 60-

9 64 years were classified as frail whilst nearly half (47.9%) of those aged 80 years or older 

10 were considered as frail. The prevalence of frailty by sex did not vary markedly, though more 

11 women than men were pre-frail. A higher prevalence of frailty was observed in older adults 

12 with low education, those who have had low skilled occupations or never had employment 

13 and those who reported higher financial strain.
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Table 3. Distribution of frailty statuses across socio-demographic characteristics

Prevalence (95% CI), %Covariates
Robust Pre-frail Frail

Sex 
Male 41.3 (36.2, 46.6) 44.4 (39.3, 49.5) 14.3 (10.9, 18.3)
Female 32.4 (26.9, 38.2) 51.6 (44.0, 59.0) 16.0 (11.8, 21.1)

Age group (years) 
60-64 55.0 (45.2, 64.4) 41.1 (32.3, 50.5) 3.8 (1.7, 7.9)
65-69 38.9 (27.6, 51.5) 51.0 (39.6, 62.2) 10.0 (5.6, 17.2)
70-74 25.6 (16.4, 37.7) 58.4 (47.7, 68.2) 15.9 (8.6, 27.4)
75-79 12.4 (6.3, 22.9) 56.9 (43.0, 69.7) 30.7 (19.3, 44.9)
≥80 9.3 (4.2, 19.3) 42.7 (28.4, 58.3) 47.9 (33.1, 63.0)

Marital status
Married/Cohabiting 42.6 (37.1, 48.3) 45.9 (41.3, 50.5) 11.5 (7.9, 16.2)
Never- married/widowed /separated/divorced 26.8 (20.6, 34.0) 52.4 (44.4, 60.1) 20.8 (14.8, 28.4)

Living arrangement
Children/other family 36.0 (32.0, 40.3) 47.9 (42.9, 52.6) 16.1 (12.7, 20.1)
With spouse 42.9 (27.5, 59.7) 45.9 (30.4, 62.1) 11.2 (4.7, 24.0)
Alone 26.8 (14.6, 43.9) 62.2 (38.1, 81.4) 11.0 (2.1, 41.3)

Education level
No formal education/ primary 21.0 (14.0, 30.0) 55.4 (46.8, 63.7) 23.6 (16.4, 32.6)
Lower secondary 35.8 (29.5, 42.5) 49.3 (42.1, 56.3) 14.9 (9.9, 21.8)
Upper secondary/ post-secondary non-tertiary/ tertiary ) 48.8 (41.9, 55.7) 42.2 (34.7, 50.1) 8.9 (5.4, 14.2)

Longest-held occupation 
Never employed/ skill level 1 29.5 (23.5, 36.3) 49.4 (43.3, 55.4) 21.1 (16.2, 26.8)
Skill level 2 38.5 (31.5, 46.0) 49.1 (41.5, 56.6) 12.4 (8.2, 18.2)
Skill level 3/4 47.9 (39.2, 56.7) 45.1 (35.8, 54.6) 7.0 (3.3, 14.1)

Perceived Financial strain 
Finding it difficult/very difficult 26.7 (18.8, 36.2) 54.0 (44.1, 63.6) 19.3 (13.3, 27.0)
Just about getting by 36.1 (31.0, 41.5) 48.7 (42.6, 54.7) 15.2 (11.7, 19.3)
Living comfortably 44.5 (35.7, 53.5) 43.5 (32.6, 54.9) 12.0 (6.4, 21.3)
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1 Socio-demographic characteristics associated with frailty and pre-frailty

2 Table 4 presents the results from the unadjusted, age-sex adjusted and fully adjusted 

3 multinomial logistic regression models.

4 Frailty versus robust

5 In the fully adjusted model, the relative risk of being frail compared with being robust 

6 increased with advancing age. Similarly the relative risk of being frail compared with being 

7 robust was 3.4 times higher in older adults who have never been employed or who had an 

8 occupation in the lowest skill level rather than the highest skill level.

9

10 Pre-frailty versus robust

11 In the fully adjusted model, the relative risk of being pre-frail compared with being robust 

12 was two-thirds lower for participants aged 60-64 years relative to those aged 70-74 years. 

13 Conversely, older adults in the lowest education group compared to those in the highest 

14 education group had an approximately 2.4 times higher risk of being pre-frail compared with 

15 being robust.

16

17

18

19

20

21

22
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Table 4. Unadjusted, “age and sex adjusted” and multivariable adjusted multinomial logistic regression results

Relative Risk Ratio  (95% CI)
Pre-frailty versus Robust Frailty versus Robust

Covariates

Unadjusted “Age and sex” 
adjusted

Multivariable† Unadjusted “Age and sex” 
adjusted

Multivariable†

Sex 
Male 1.00 1.00 1.00 1.00 1.00 1.00
Female 1.48 (1.00, 2.18) 1.45 (0.96, 2.20) 1.31 (0.80, 2.15) 1.43 (0.91, 2.23) 1.34 (0.77, 2.35) 0.96 (0.48, 1.89)

Age group (years) 
60-64 0.32 (0.16, 0.65) 0.32 (0.16, 0.66) 0.33 (0.16, 0.71) 0.11 (0.02, 0.41) 0.11 (0.02, 0.41) 0.10 (0.02, 0.43)
65-69 0.57 (0.27, 1.20) 0.57 (0.27, 1.21) 0.59 (0.27, 1.30) 0.41 (0.11, 1.45) 0.41 (0.11, 1.45) 0.38 (0.09, 1.50)
70-74 1.00 1.00 1.00 1.00 1.00 1.00
75-79 2.01 (0.87, 4.64) 1.99 (0.86, 4.60) 2.05 (0.86, 4.87) 3.98 (1.46, 10.84) 3.94 (1.44, 10.75) 4.07 (1.43, 11.56)
≥ 80 1.99 (0.69, 5.74) 1.96 (0.67, 5.71) 1.81 (0.55, 5.94) 8.20 (2.24, 30.0) 8.09 (2.20, 29.75) 7.42 (1.79, 30.67)

Living arrangement
Children/other family 1.00 1.00 1.00 1.00 1.00 1.00
With spouse 0.80 (0.37, 1.73) 0.87 (0.38, 1.98) 0.80 (0.39, 1.64) 0.58 (0.18, 1.82) 0.75 (0.20, 2.78) 0.75 (0.24, 2.33)
Alone 1.75 (0.74, 4.13) 1.58 (0.56, 4.49) 1.32 (0.42, 4.11) 0.91 (0.17, 4.75) 0.90 (0.18, 4.54) 0.72 (0.13, 3.89)

Education level 
Upper secondary/ post-secondary 
non-tertiary/ tertiary )

1.00 1.00 1.00 1.00 1.00 1.00

Lower secondary 1.59 (1.02, 2.47) 1.57 (0.98, 2.52) 1.49 (0.78, 2.83) 2.28 (1.13, 4.60) 2.30 (1.09, 4.88) 1.38 (0.56, 3.42)
No formal education/ primary 3.05 (1.71, 5.42) 2.63 (1.51, 4.56) 2.38 (1.19, 4.79) 6.15 (2.66, 14.23) 4.04 (1.67, 9.77) 2.12 (0.73, 6.18)

Longest-held occupation 
Skill level 3/4 1.00 1.00 1.00 1.00 1.00 1.00
Skill level 2 1.35 (0.83, 2.18) 1.48 (0.89, 2.46) 0.87 (0.42, 1.76) 2.20 (0.84, 5.70) 2.92 (1.12, 7.62) 1.69 (0.54, 5.24)
Never employed/ skill level 1 1.77 (1.04, 3.02) 1.77 (1.07, 2.94) 0.96 (0.46, 2.00) 4.88 (2.27, 10.46) 6.33 (2.84, 14.13) 3.43 (1.31, 8.98)

Perceived Financial strain 
Living comfortably 1.00 1.00 1.00 1.00 1.00 1.00
Just about getting by 1.37 (0.80, 2.36) 1.54 (0.93, 2.54) 1.35 (0.83, 2.21) 1.55 (0.74, 3.22) 2.11 (0.85, 5.23) 1.61 (0.62, 4.18)
Finding it difficult/very difficult 2.07 (1.08, 3.96) 2.23 (1.16, 4.28) 1.70 (0.89, 3.26) 2.66 (1.24, 5.73) 3.53 (1.35, 9.19) 2.27 (0.77, 6.67)

† adjusted for sex, age group, living arrangement, education level, longest-held occupation and perceived financial strain.

Significant estimates are displayed in bold.

Page 16 of 37

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-026314 on 25 January 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

17

1 Supplementary exploratory analysis: Cross-country comparision of prevalence of frailty 

2 and pre-frailty

3 Figure 1 compares the age-specific prevalence of frailty in the rural areas of Kegalle district 

4 of Sri Lanka with the pooled prevalence of frailty in other comparable countries with data 

5 available: upper middle income Asian countries (China and Malaysia), high income Asian 

6 country (Japan) and upper middle income Latin American countries (Brazil, Colombia, and 

7 Mexico). Except for the 60-64 years age group, prevalence of frailty across all the other age 

8 groups was higher in the rural areas of Kegalle district of Sri Lanka. The prevalence was 

9 higher in the older 75-79 years and ≥80 years age categories. With regard to pre-frailty, the 

10 prevalence rates were relatively similar across countries (Figure 2). 

11

12

13 (Figure 1 here)

14 Figure 1. Comparison of age specific prevalence of frailty in Sri Lanka with the pooled 

15 prevalence estimates of upper middle income Asian countries, Japan, and upper middle 

16 income Latin American countries 

17 (Figure 2 here)

18

19

20 Figure 2. Comparison of age specific prevalence of pre-frailty in Sri Lanka with the pooled 

21 prevalence estimates of upper middle income Asian countries, Japan, and upper middle 

22 income Latin American countries 

23
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1 Discussion

2 Summary of main findings

3 To our knowledge, this is the first study conducted in Sri Lanka to investigate the 

4 epidemiology of frailty using the frailty phenotype.2 The prevalence of frailty and pre-frailty 

5 among rural community dwelling older adults aged ≥60 years in Kegalle district in 2016 was 

6 estimated as 15.2% (95% CI: 12.3%, 18.6%) and 48.5% (95% CI: 43.8%, 53.2%) 

7 respectively. Nearly half of those aged ≥80 years were frail. We found no evidence of an 

8 association between sex and being frail or pre-frail in any regression model. In the 

9 multivariable-adjusted model, increasing age and having never been employed or having had 

10 a low-skilled occupation increased the relative risk of being frail compared to being robust. 

11 Being in the lowest education level increased the relative risk of being pre-frail compared to 

12 robust. In exploratory analyses the prevalence of frailty appeared to be higher in Sri Lanka 

13 across all the age categories except 60-64 years when compared with the pooled prevalence 

14 of upper middle-income Asian countries, Japan, and upper middle-income Latin American 

15 countries.

16

17 Comparison with existing literature

18 Frailty is an important clinical syndrome which predicts numerous adverse health outcomes 

19 in later life, however there is a paucity of epidemiological research from Asian countries 

20 compared to the West. The majority of Asian studies are from high income economies with 

21 few from South-East Asia. India was a study site of two multi-country studies13 26  and there 

22 are three small studies from Pune, India27 Nepal28, and Nakhon Pathom, Thailand29. The 

23 reported prevalence of frailty in these studies ranged from 56.9% (frailty index)26 to 11.4% 

24 (Fried phenotype with 4 components).13 The use of different frailty assessment methods and 
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1 heterogeneity in the minimum recruitment age make it difficult to compare the prevalence of 

2 frailty between studies. A small community-based study of older adults (≥65 years) in Pune, 

3 India,27 used Fried phenotype, a similar assessment method to ours but with Cardiovascular 

4 Health Study (CHS) cut-offs2 for grip strength and gait speed and found a prevalence of 

5 frailty and pre-frailty of 26.0% and 63.6% respectively.27 The corresponding prevalence of 

6 frailty and pre-frailty in our study after restricting the sample to those aged ≥65 years and 

7 after applying the same CHS grip strength and gait speed cut-offs was 34.6% (95% CI: 

8 29.3%, 40.4%) and 49.7% (95%: 44.6%, 54.9%). This difference may be due to the shorter 

9 life expectancy in India30 compared with Sri Lanka31 and more highly educated people living 

10 in an urbanised area in the Indian study. 27

11 In our study, the prevalence of frailty in older adults aged ≥65 years in Sri Lanka, was 21.5% 

12 using population-specific grip strength and gait speed cut-offs. This is similar to a small study 

13 in Thailand (22.7%)29, however, much higher than the pooled prevalence of frailty reported in 

14 high income (8.2%) and upper middle income (11.8%) countries using the same frailty 

15 assessment method and the same minimum recruitment age.9 This finding supports existing 

16 literature showing a strong relationship between national economic indicators and a country’s 

17 level of frailty and fitness. 32 

18 We conducted our study in rural areas of Kegalle district. However, in Sri Lankan context, 

19 rural classification is itself problematic to some extent since semi-urban areas where people 

20 have access to many facilities and good infrastructure are also classified as rural. This applies 

21 to Kegalle district too. Lower prevalence of frailty was found among three studies conducted 

22 in rural areas of coffee-growing zones of the Colombian Andes mountains (12.2%)33, Mexico 

23 (10.7%)34 and Turkey (7.1%)35 compared with our study with similar frailty assessment 

24 method. However, both the Colombian and Turkish studies used non-probability sampling 

25 techniques (voluntary participation and convenience sampling). Voluntary participation 
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1 might have underestimated the true prevalence; particularly if people with mobility 

2 limitations were less likely to take part in the study. The minimum recruitment age of the 

3 participants of these studies were ≥6033, ≥7034 and ≥6535 years respectively.

4 In addition to the true variation of frailty prevalence rates across different populations, and 

5 differences in setting (urban/rural) these differences could also depend on methodological 

6 issues e.g. how phenotypic components are operationalised, which cut-offs are used, 

7 inclusion and exclusion criteria used to define the study population, and the way missing data 

8 of frailty components are handled. In keeping with many studies using the Fried phenotype 36 

9 we used BMI˂18.5 kg/m2 to operationalise ‘shrinking’, as we did not have access to serial 

10 weight measurements to objectively assess weight loss. For physical activity we used the 

11 culturally adapted IPAQ as suitable for a Sri Lankan population unlike the original measure.37 

12 The instrument used could be sensitive to cultural effects when translated into different 

13 languages and interpretation.38 Many studies included in the Latin American upper-middle-

14 income countries meta-analyses of this paper applied more restrictive inclusion criteria, 

15 which might have underestimated the true prevalence rates. 

16 Age and female sex are two well-known biological risk factors of frailty 39, however we 

17 found an age but no sex difference in frailty or pre-frailty. A recent systematic review of 

18 longitudinal studies also found both an association and no association between sex and 

19 incident or increased risk of frailty 39. In this review, two studies reported female sex as a risk 

20 factor for frailty40 41 while two studies reported no association42 43. A strong association 

21 between longest-held occupation and frailty and education level and pre-frailty was found in 

22 our study. A recent systematic review based on longitudinal studies found studies reporting 

23 both positive and no association between level of education and frailty39. 

24
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1 Strengths and limitations

2 We conducted the first large population-based study on frailty with a regional representative 

3 sample of rural community-dwelling older adults in Kegalle district of Sri Lanka. We 

4 followed rigorous methodology and measures were taken to improve the validity and 

5 reliability of data. The intra-rater reliability of anthropometric measurements (height and 

6 weight) and physical performance tests (grip strength and walking time) were excellent 

7 (Intra-class correlation (ICC)>0.9). The response rate was extremely high (99.5%). Our 

8 analyses involved a cross-country comparison of frailty across income classification and 

9 geographic regions. Limitations include that the sample only comprised of rural older adults 

10 and the majority belonged to Sinhalese ethnicity. Therefore, the results are likely not 

11 generalisable to urban and estate sectors and other ethnicities. The prevalence of frailty could 

12 be underestimated in our study as we excluded participants who could not give informed 

13 consent and those who were terminally ill. However, the number of excluded participants was 

14 very small and we were less restrictive than other studies. Some questions e.g. physical 

15 activity and self-reported exhaustion could be affected by recall bias. 

16 With regard to our cross-country comparison it should be noted that our findings are based on 

17 a rural sample, and whilst the population of Sri Lanka is predominantly rural, this may not 

18 reflect the prevalence of frailty in urban and estate sectors in Sri Lanka. Furthermore in the 

19 comparator country samples, it would be ideal if we had representative country level data on 

20 the prevalence of frailty for this analysis. However, with the exception China we were unable 

21 to find any nationally representative samples, and we therefore calculated pooled estimates of 

22 frailty and pre-frailty from studies conducted with regional samples. Moreover, studies 

23 included in this comparison have used both urban and rural samples. We have indicated the 

24 exact study setting and whether the sample is urban/rural/both/uncertain in supplementary 
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1 material, appendix III. We performed this analysis for exploratory purposes only and hence 

2 needs to be interpreted cautiously.

3 Implications for public health

4 The Sri Lankan health system is a well-known example of the provision of good health care 

5 at low cost.44 Around 70% of the disease burden in the country is due to non-communicable 

6 diseases (NCDs)45. The rapidly ageing population is contributing to increases in the 

7 prevalence of NCDs which is a huge challenge to the country’s health system. Frailty and 

8 multi-morbidity (multiple co-existing NCDs) are closely linked. Recently guidelines have 

9 been introduced for the management of frailty in Asia-Pacific.46 Therefore, findings of this 

10 study are important to health care planners to quantify the extent of frailty and be prepared 

11 for establishing appropriate health and social services for older adults with frailty and 

12 multiple NCDs. The existing profile of health and social care services in Sri Lanka need 

13 adjustments to meet the needs of age related illness and care. Further improvements in 

14 geriatrics and gerontology disciplines are an urgent need. Investing in elderly health is 

15 important to mitigate the medical and social implications of ageing. 

16

17 Conclusion

18 The prevalence of frailty in this rural Sri Lankan older population was high in comparison to 

19 both higher income and upper middle-income countries. There has been little research 

20 conducted on frailty in low-income and lower middle-income countries.. Identifying the scale 

21 of the problem will help these growing economies to prepare and respond to the challenges 

22 associated with increasing longevity. 

23

24
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Appendix I: Sampling design 

We used complex sampling design; three stage sampling to recruit the participants for this 

study representing the entire district. Population data from Sri Lankan Census of Population 

and Housing 2011 was used for this purpose 1. Total number of older adults aged ≥60 years in 

the entire Kegalle district was 125 069. The population distribution by urban, rural and estate 

sectors was 2494 (2.0%), 115 663 (92.5%) and 6912 (5.5%). However, sector wise data at 

micro level (divisional secretariat level and GN level) was not available at the time of 

protocol writing. Hence, aggregated data was used considering the dominant share of 

population in the rural sector. 

Divisional secretariat area was considered as the primary sampling unit (PSU) and Grama 

Niladhari area was considered as secondary sampling unit (SSU). Grama Niladhari area is the 

smallest administrative division in the country. During the stage one, of 11 PSUs six were 

select from probability proportional to size technique. There were 327 SSUs in the selected 

six PSUs. In stage two, 50 SSUs were selected from total SSUs (327) using probability 

proportional to size. Fifteen participants were recruited from each SSU using stratified 

random sampling at the third stage. Sampling frame was constructed using the information 

(birth year was identified using the national identity card number, sex) available in the 

electoral register of each SSU. Based on the age and sex distribution of the older population 

in the district following number of participants were recruited from each sex and age 

category. Three female and 2 male participants were selected from 60-64 years age category. 

Two participants each from males and females were selected from 65-69 years age category. 

For the other three age categories (70-74, 75-79, ≥80) one participant each selected from 

males and females per age category. Only one participant was selected from each household. 

Therefore, the final sample required for the study was determined as 750 participants (15 

participants from each SSU*50 SSUs). Figure 1 illustrates the sampling strategy. 
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Figure 1: Schematic diagram representing the stages of sampling design 

 

 

 

 

 

 

Kegalle district-11 Divisional 
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6 Divisional secretariat areas (comprised 

of 327 Grama Niladhari areas) 

(Population aged ≥60 years 72 704) 

 

50 Grama Niladhari areas 

(Population aged ≥60 years 12 185) 

 

15 participants stratified by age and sex 

from each Grama Niladhari areas were 

selected randomly 

Total study sample (50*15) = 750 

 

Number of respondents = 746 

(99.5%) 

Probability proportional to size technique 

Probability proportional to size technique 
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Appendix II: Methods used to operationalised the Fried phenotypic components to our 

study 

 

Shrinking was evaluated using the body mass index (BMI) of the participant. Weight was 

measured to the nearest 0.1 kg using calibrated electronic scale (seca 874). Height was 

measured to the nearest 0.1 cm using stadiometer (seca 213). Both measurements were taken 

when participants were in standing position and barefoot. Weight and height measurements 

were taken in triplicate and the mean of those measurements were used to calculate BMI. The 

World Health Organization’s BMI cut-off point for under nutrition (less than 18.5 kg/m2) was 

used to classify the participants as frail for this component.2 

 

Poor endurance and energy was assessed using two questions “I felt that everything I did 

was an effort” and “I could not get going” (3 or more days in the last week) from the Center 

for Epidemiologic Studies-Depression (CES-D) Scale 3, using the validated Sinhala version  

4 and Tamil translation. 

 

Weakness was measured using isometric grip strength in kilograms. Southampton protocol 

for adult grip strength measurement was followed5. Grip strength measurements were taken 

in triplicate in both hands using JAMAR hydraulic hand dynamometer model 5030J1. 

Maximum of six grip strength measurements was taken for the analysis. Falling in the lowest 

quintile of the grip strength after adjusting for sex and BMI quartiles were considered as 

indicative of weakness. 

 

Slowness was operationalised in terms of gait speed, using the mean time taken to walk 

fifteen feet from two attempts, using walking aids if needed. Falling within the highest time 
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quintile after adjusting for sex and median standing height of the study population was 

considered as indicative of slowness. Individuals who were unable to perform the walking 

test were classed as frail for this component. 

 

Low physical activity was measured using the validated Sri Lankan (Sinhala) version6 and 

its Tamil translation of the International Physical Activity Questionnaire (IPAQ) Short 

Form.7 The questionnaire assesses the time spent on overall vigorous and moderate physical 

activities, walking and sitting over the last 7 days. From this the metabolic equivalent (MET) 

minutes per week were calculated 8 and converted to kilocalories, measuring the amount of 

energy expended on physical activities and walking. The lowest quintile of weekly 

kilocalorie expenditure adjusted for sex was considered as frail for this component. 

 

Cut-points for the weakness, slowness and low physical activity level were computed based 

on the anthropometry of our study sample where appropriate to account for the complex 

sampling strategy. Participants with missing values were excluded while calculating the cut-

points of respective frailty component. Participants who have assessed for ≥3 frailty 

components were used to evaluate the frailty and pre-frailty status.  
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Comparison between the Fried frailty components and respective cut-points used in our 

study and Cardiovascular Health Study (CHS) 

Our study CHS 

Unintentional weight loss 

 

BMI<18 (kg/𝐦𝟐) Unintentional weight loss of ≥10 pounds in 

prior year (self-reported) 

Self-reported exhaustion  

 

Two questions in the Center for 

Epidemiologic Studies- Depression (CES-

D) Scale 

Two questions in the Center for 

Epidemiologic Studies- Depression (CES-D) 

Scale 

Weakness (assessed by grip strength) 

 

Sex, BMI (kg/𝐦𝟐) Estimate (kg) Sex, BMI (kg/m2) Estimate (kg) 

Female, BMI < 19.7 ≤13 Female, BMI ≤ 23.0 ≤17.0 

Female, BMI 19.8 – 22.1 ≤14 Female, BMI 23.1 – 26.0 ≤17.3 

Female, BMI 22.2 – 24.7 ≤16 Female, BMI 26.1 – 29.0 ≤18.0 

Female, BMI ≥ 24.7 ≤16 Female, BMI > 29.0 ≤21.0 

Male, BMI < 18.8 ≤20 Male, BMI ≤ 24.0 ≤29.0 

Male, BMI 18.9 – 20.8 ≤20 Male, BMI 24.1 – 26.0 ≤30.0 

Male, BMI 20.9 – 23.3 ≤18 Male, BMI 26.1 – 28.0 ≤30.0 

Male, BMI ≥ 23.3 ≤27 Male, BMI > 28.0 ≤32.0 

Slowness (assessed by gait speed) 

 

Sex,  Height (cm) Estimate (s) Sex, Height (cm) Estimate (s) 

Female, ≤146.5 ≥10 Female, ≤159 ≥7 

Female, >146.5 ≥8 Female, >159 ≥6 

Male, ≤160 ≥8 Male, ≤173 ≥7 

Male, >160 ≥7 Male, >173 ≥6 

Low physical activity (Kcals/week) 

 

Using IPAQ (short form) Minnesota Leisure Time Activity 

Questionnaire 

Female <552 Female <270 

Male <528 Male <383 
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Appendix III: Studies included in the cross-country comparison of frailty and pre-frailty  

Study Country Location 

 

Urban/rural Study 

recruitment 

age 

(years) 

Effective 

sample 

size 

Female 

(%) 

Mean 

age 

(in 

years) 

Frailty 

(%) 

Pre-

frailty 

(%) 

Upper middle income Asian countries (N=7555) 

 

Chen et 

al, 20151 

China Two cities; 

Chengdu 

and Suining, 

Southwest 

China 

Uncertain ≥60  604 57.9 70.6 12.7 56.5 

Dong et 

al, 20172 

China Jinan City, 

Shandong 

Province, 

Eastern 

China 

Urban ≥60  1188 69.1 69.5 3.9 45.9 

Wu et al, 

20173 

China 28 provinces 

in China 

Nationally 

representative 

sample 

≥60  5290 49.0 69.2 6.3 51.3 

Badrasawi 

et al, 

20174 

Malaysia Areas in 

Klang 

Valley 

Both ≥60 473 55.6 68.2 8.9 61.7 

Higher income Asian country (N=10912) 

  

Chen et 

al, 20155 

Japan Local town 

Sasaguri 

located in 

the east of 

Fukuoka 

Uncertain ≥65 1565 60.1 73.3 9.5 43.9 

Shimada, 

20156 

Japan Obu or 

Nagoya city 

Uncertain ≥65 8864 52.0 73.4 8.4 51.0 

Shirooka 

et al, 

20167 

Japan - Uncertain ≥65 483 68.3 73.3 8.3 65.2 

Upper middle income Latin American countries (N=15773) 

 

Tribess et 

al, 20128 

Brazil Uberaba, 

MG 

Uncertain ≥60 622 65.0 71.0 19.9 49.8 

Pegorari 

et al, 

20149 

Brazil City of 

Uberaba, 

MG 

Urban ≥60 958 64.4 73.7 12.8 54.5 

Corona et 

al, 201510 

Brazil City of São 

Paulo 

Uncertain ≥60 1171 65.0 - 11.3 50.6 

Santos et 

al, 201511 

Brazil Municipality 

of 

Jequie/BA 

Uncertain ≥60 136 75.5 72.3 16.9 61.8 

Closs et 

al, 201612 

Brazil - Uncertain ≥60 521 64.3 68.5 21.5 51.1 

Ocampo-

Caparro et 

al, 201313 

Colombia Commune 

18, city of 

Cali 

Urban ≥60 314 64.3 - 12.7 71.3 
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Appendix III: Studies included in the cross-country comparison of frailty and pre-frailty cont. 

Study Country Location 

 

Urban/rural Study 

recruitment 

age 

Effective 

sample 

size 

Female 

(%) 

Mean 

age 

(in 

years) 

Frailty 

(%) 

Pre-

frailty 

(%) 

Curcio et al, 

201414 

Colombia Andes 

mountains 

Rural ≥60 1878 52.2 70.9 12.2 53.0 

Samper-

Ternent et 

al, 201615 

Colombia Bogota 

 

Both ≥60 1442 61.0 70.7 9.4 52.4 

Sanchez-

Garcia et al, 

201716 

Mexico Mexico 

city 

 

Uncertain ≥60 1252 59.9 68.5 11.2 50.3 

de 

Albuquerque 

Sousa et al, 

201217 

Brazil Zone of 

Santa Cruz 

city 

Urban ≥65 391 61.4 74.0 17.1 60.1 

Moreira et 

al, 201318 

Brazil Northern 

area of the 

city of Rio 

de Janeiro 

Uncertain ≥65 754 66.9 76.6 9.5 47.5 

Neri et al, 

2013 19 

Brazil (Seven 

cities) 

Belem 

Parnaiba 

Campina 

Grande 

Pocos de 

Caldas 

Ermelino 

Matarazzo, 

Sao 

Paulo 

Campinas 

Ivoti 

Uncertain ≥65 3413 67.6 - 9.0 51.9 

Ricci et al, 

201420 

Brazil Barueri 

and 

Cuiaba 

Urban ≥65 761 64.3 71.9 9.7 48.0 

Silveira et al, 

2015 21 

Brazil Uberaba, 

Minas 

Gerais 

Uncertain ≥65 54 59.3 72.9 11.1 46.2 

Ferriolli et 

al, 2017 (3 

cities)22 

Brazil Recife 

Juiz de For 

a 

Fortaleza 

Uncertain ≥65 556 

412 

481 

70.6 

69.6 

67.9 

73.9 

74.2 

74.8 

12.1 

15.5 

10.4 

66.9 

63.1 

63.6 

Moreno-

Tamayo et 

al, 201723 

Mexico Rural 

settings 

Rural ≥65 657 52.9 76.3 11.9 51.9 
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