
Appendix I: Sampling design 

We used complex sampling design; a three stage probability 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 2 494 (2.0%), 115 663 (92.5%) and 6 912 (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 two 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Schematic diagram representing the stages of sampling design 

 

 

Kegalle district-11 Divisional 

secretariat areas (comprised of 573 
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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 



Appendix II: Methods used to operationalise 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) Scale3, using the validated Sinhala version4 

and Tamil translation. 

 

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

for adult grip strength measurement was followed.5 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 



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 also 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 seven days. From this the metabolic equivalent 

(MET) minutes per week were calculated8 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-off 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-off points of respective frailty component. Participants who have assessed for ≥3 

frailty components were used to evaluate the frailty and pre-frailty status.  

 

 

 

 

 

 

 



Comparison between the Fried phenotypic components and respective cut-off points 

used in our study and Cardiovascular Health Study (CHS)9 

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 

 

 

 

 

 

 



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, 201510 

China Two cities; 

Chengdu 

and Suining, 

Southwest 

China 

Uncertain ≥60  604 57.9 70.6 12.7 56.5 

Dong et 

al, 201711 

China Jinan City, 

Shandong 

Province, 

Eastern 

China 

Urban ≥60  1188 69.1 69.5 3.9 45.9 

Wu et al, 

201712 

China 28 provinces 

in China 

Nationally 

representative 

sample 

≥60  5290 49.0 69.2 6.3 51.3 

Badrasawi 

et al, 

201713 

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, 201514 

Japan Local town 

Sasaguri 

located in 

the east of 

Fukuoka 

Uncertain ≥65 1565 60.1 73.3 9.5 43.9 

Shimada, 

201515 

Japan Obu or 

Nagoya city 

Uncertain ≥65 8864 52.0 73.4 8.4 51.0 

Shirooka 

et al, 

201616 

Japan - Uncertain ≥65 483 68.3 73.3 8.3 65.2 

Upper middle income Latin American countries (N=15773) 

 

Tribess et 

al, 201217 

Brazil Uberaba, 

MG 

Uncertain ≥60 622 65.0 71.0 19.9 49.8 

Pegorari 

et al, 

201418 

Brazil City of 

Uberaba, 

MG 

Urban ≥60 958 64.4 73.7 12.8 54.5 

Corona et 

al, 201519 

Brazil City of São 

Paulo 

Uncertain ≥60 1171 65.0 - 11.3 50.6 

Santos et 

al, 201520 

Brazil Municipality 

of 

Jequie/BA 

Uncertain ≥60 136 75.5 72.3 16.9 61.8 

Closs et 

al, 201621 

Brazil - Uncertain ≥60 521 64.3 68.5 21.5 51.1 

Ocampo-

Caparro et 

al, 201322 

Colombia Commune 

18, city of 

Cali 

Urban ≥60 314 64.3 - 12.7 71.3 

 



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, 

201423 

Colombia Andes 

mountains 

Rural ≥60 1878 52.2 70.9 12.2 53.0 

Samper-

Ternent et 

al, 201624 

Colombia Bogota 

 

Both ≥60 1442 61.0 70.7 9.4 52.4 

Sanchez-

Garcia et al, 

201725 

Mexico Mexico 

city 

 

Uncertain ≥60 1252 59.9 68.5 11.2 50.3 

de 

Albuquerque 

Sousa et al, 

201226 

Brazil Zone of 

Santa Cruz 

city 

Urban ≥65 391 61.4 74.0 17.1 60.1 

Moreira et 

al, 201327 

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 28 

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, 

201429 

Brazil Barueri 

and 

Cuiaba 

Urban ≥65 761 64.3 71.9 9.7 48.0 

Silveira et 

al, 2015 30 

Brazil Uberaba, 

Minas 

Gerais 

Uncertain ≥65 54 59.3 72.9 11.1 46.2 

Ferriolli et 

al, 2017 (3 

cities)31 

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, 201732 

Mexico Rural 

settings 

Rural ≥65 657 52.9 76.3 11.9 51.9 
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