
TYPE Original Research

PUBLISHED 25 November 2022

DOI 10.3389/fmed.2022.1023879

OPEN ACCESS

EDITED BY

Elena Vladimirovna Frolova,

North Western State Medical

University, Russia

REVIEWED BY

Mohammad Muzammil,

Aligarh Muslim University, India

Liang-Yu Chen,

Taipei Veterans General

Hospital, Taiwan

*CORRESPONDENCE

Reshma Aziz Merchant

reshmaa@nuhs.edu.sg

SPECIALTY SECTION

This article was submitted to

Geriatric Medicine,

a section of the journal

Frontiers in Medicine

RECEIVED 20 August 2022

ACCEPTED 26 October 2022

PUBLISHED 25 November 2022

CITATION

Merchant RA, Chan YH, Aprahamian I

and Morley JE (2022) Patterns of

participation restriction among older

adults at risk of falls and relationship

with intrinsic capacity: A latent cluster

analysis. Front. Med. 9:1023879.

doi: 10.3389/fmed.2022.1023879

COPYRIGHT

© 2022 Merchant, Chan, Aprahamian

and Morley. This is an open-access

article distributed under the terms of

the Creative Commons Attribution

License (CC BY). The use, distribution

or reproduction in other forums is

permitted, provided the original

author(s) and the copyright owner(s)

are credited and that the original

publication in this journal is cited, in

accordance with accepted academic

practice. No use, distribution or

reproduction is permitted which does

not comply with these terms.

Patterns of participation
restriction among older adults at
risk of falls and relationship with
intrinsic capacity: A latent
cluster analysis

Reshma Aziz Merchant1,2*, Yiong Huak Chan3,

Ivan Aprahamian4 and John E. Morley5

1Division of Geriatric Medicine, Department of Medicine, National University Hospital, Singapore,

Singapore, 2Department of Medicine, Yong Loo Lin School of Medicine, National University of

Singapore, Singapore, Singapore, 3Biostatistics Unit, Yong Loo Lin School of Medicine, National

University of Singapore, Singapore, Singapore, 4Geriatrics Division, Department of Internal Medicine,

Jundiai Medical School, Jundiai, São Paulo, Brazil, 5Division of Geriatric Medicine, Department of

Medicine, Saint Louis University School of Medicine, St. Louis, MO, United States

Introduction: The concept of participation restriction was first described by

the World Health Organization in 2001 as a component of The International

Classification of Functioning, Disability and Health Framework. Both falls

and fear of falling (FOF) are associated with social isolation, depression,

anxiety, poor quality of life and cognitive impairment resulting in participation

restriction. Life-space mobility (LSM) is an important indicator for participation

restriction which depends on multiple inter-related factors. We aimed to

determine participation patterns using latent cluster analysis (LCA) in older

adults at risk of falls, its relationship with intrinsic capacity (IC) and its risk

prediction.

Methods: Cross-sectional study of 154 community dwelling older adults

≥ 60 years with falls or risk of falls was conducted. Questionnaires were

administered on demographics, hearing, LSM, frailty (FRAIL scale), anorexia of

aging (SNAQ), cognition (Montreal Cognitive Assessment, MoCA), FOF (Falls

E�cacy Scale-International), physical function, and assessment for handgrip

strength (HGS), gait speed, 5-times sit to stand (STS), vision and times-up-

and-go (TUG) were performed. Six IC domains (vision and hearing, cognition,

nutrition, mobility and depression) were measured.

Results: Three pattern of participation cluster were identified, high (n = 63,

40.9%), moderate (n = 83, 53.9%) and low (n = 8, 33 5.2%). Individuals

in the high participation cluster were significantly younger, had higher

LSM scores and lower FES-I scores, more robust, fewer ADL and IADL

limitations, lower prevalence of low HGS, higher gait speed and shorter

TUG. In the fully adjusted model compared to the high participation cluster,

moderate participation was significantly associated with low MoCA scores

(OR 4.2, 95% CI 1.7–10.4, p = 0.02), poor STS (OR 7.1, 95% CI 3.0–

17.0, p < 0.001) whereas low participation was associated with anorexia

of aging (OR 9.9, 95% CI 1.6–60.9, p = 0.014), poor STS (OR 19.1, 95%

CI 2.0–187.5, p = 0.011) and hearing impairment (OR 9.8, 95% CI 1.4–

70.8, p = 0.024). Participants with 3 out of 6 IC decline had a probability

of greater than 80% to belong to the low/moderate participation class.
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Discussion: Physical function, cognition, hearing and nutrition were

significantly associated with low and/or moderate participation class. Future

studies are needed to evaluate improvement in participation of those with falls

or at risk for falls through restoration of IC.

KEYWORDS

life-space mobility, participation restriction, latent class analysis, falls, intrinsic

capacity

Introduction

The concept of participation restriction was first described

by the World Health Organization (WHO) in 2001 as a

component of The International Classification of Functioning,

Disability and Health (ICF) Framework (1, 2). The ICF is a

classification system which describes health status, disability,

and functioning in the context of surrounding environment.

Participation is defined as the “ability to perform actions,

tasks, and activities related to self-care, home management,

work, community, and leisure roles in both socio-cultural

and environmental contexts” (2). Participation restriction is

associated with financial insecurity, malnutrition, increased

healthcare cost, poor quality of life, frailty, institutionalization,

and mortality (3–5). One of the biggest limitations of the

ICF framework is the lack of a standardized tool to measure

activity limitation and participation restriction (1, 6). Life-

space mobility (LSM) is an important indicator of participation

restriction (7–9). It is defined as the geographical area within

which a person travels over a specified period in daily life,

extent and frequency of movement, and any assistance needed

(9). It depends on multiple complex interrelated factors such as

physical function, ability to transfer, cognition, transportation,

environment accessibility, vision, frailty, depression, nutrition,

hearing impairment, falls, and fear of falling (FOF), which are

all highly prevalent in an aging population (5, 7, 8, 10–13).

Falls and fear of falling (FOF) amongst older adults are

common issues in countries with rapidly aging populations. Up

to one-third of older adults ≥65 years fall each year in Canada

and the United States, half of whom may experience recurrent

falls, and falls accounts for nine in ten of all fractures in older

adults (14, 15). FOF on the other hand affects between 20 and

85% of older adults, with significant threat to autonomy and

participation (16, 17). Both falls and FOF are associated with

social isolation, depression, anxiety, poor quality of life, and

cognitive impairment, which result in participation restriction

that imposes significant burden on the society and healthcare

system at large (15, 18, 19). Risk factors common to both

participation restriction, and falls and FOF are older age, low

socio-economic status, gender where FOF is more prevalent

in females, poor perceived health, frailty, and comorbidities

(15, 20, 21).

Functional status is central to falls, healthy aging, and to

the ability of individuals to move safely within their homes

and across their environment. In 2015, the World Health

Organization (WHO) defined “healthy aging” as “the process

of developing and maintaining functional ability that enables

wellbeing in older age” (22). The ability to function is determined

by a complex relation between older adults’ intrinsic capacity

(IC) and their environment (23). IC is considered as a positive

attribute and physiological reserve. Decline in IC with aging

can lead to vicious cycle of sedentary behavior, loss of muscle

mass, frailty, functional decline, FOF, and falls, all of which

can cause participation restriction (24). The Integrated Care for

Older People (ICOPE) care pathway by the WHO recommends

screening for decline in IC through measurement of vision,

hearing, cognition, nutrition, mobility, and mood, followed by

person-centered assessment and development of personalized

care and a monitoring plan to delay disability and dependency

(22, 25). To enable active aging and participation, the WHO has

also published a guide to Global Age-Friendly Cities for national

stakeholders, emphasizing age-friendly living environments

(transportation, housing, outdoor spaces, and buildings), social

aspects (participation, respect, and inclusion), employment,

community support, and health services (26).

Individual determinants, focusing on single factors such

as activities of daily living (ADL), instrumental activities of

daily living (IADL), gait speed, frailty, handgrip strength

(HGS), falls, and LSM, have been used to assess mobility

and/or participation and are associated with adverse

outcomes. However, in real life, mobility and participation

are dependent on a cluster of multiple independent

interacting factors, most of which may be dynamic, such

as physical function and frailty. Methodologies such as

latent cluster analysis (LCA) profile can be useful to

uncover subpopulations sharing similar characteristics or

outcomes, and this can assist in designing future multi-domain

prevention-intervention measures.

The aim of this study is threefold. First, we used the LCA

to determine participation patterns amongst older adults with

falls or at risk of falls. Second, we examined the association of

participation patterns with the IC domains. Third, we developed

a risk prediction model of IC impairments with the different

participation groups.
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Method

Study design and participants

This was a cross sectional study consisting of 155

community-dwelling older adults with falls or near-falls

recruited for a falls prevention intervention study. Inclusion

criteria were: (1) community-dwelling ≥60 years of age and

(2) history of falls or near-falls in the past 12 months.

Participants had to be able to understand, communicate, and

provide informed consent. Participants were excluded if they

had underlying severe cognitive impairment, were wheelchair

bound, bedridden, or nursing-home residents. We restricted

our analysis to 154 participants with complete information

on all life-space variables. Written consent was obtained

from all recruited participants, and protocol was approved

by the National Healthcare Group (NHG), Domain Specific

Review Board (DSRB), Singapore. The study complies with the

Declaration of Helsinki ethical principles.

Intrinsic capacity

The six IC domains were used to predict participation

patterns amongst older adults at risk of falls. IC framework was

first proposed by the WHO and released as the “Integrated care

for older people: guidelines on community-level interventions

to manage declines in intrinsic capacity” in 2017 (27),

followed by the “Handbook: Guidance on person-centered

assessment and pathways in primary care” in 2019 with a

digital app for community-level screening and intervention

(25). The recommendations include screening for cognition,

vitality (nutrition), mobility [five times sit-to-stand (STS)],

depression, and hearing and vision impairment (28). The

Montreal Cognitive Assessment (MoCA) was used to assess

cognitive status, and a cut off score of <26 was used to define

cognitive impairment (29). Impaired STS was defined as >14 s.

Performance of 6/18 or worse in one or both eyes was classified

as vision impairment (30). For vitality, anorexia of aging was

measured using the four-item Simplified Nutritional Appetite

Questionnaire (SNAQ), where a score ≤14 indicated significant

risk of at least 5% weight loss within 6 months (31). Hearing

impairment was assessed by asking “Do you or your family think

you may have hearing loss?”.

Demographic and covariates

The interview questionnaire was administered by trained

research assistants on demographics, chronic diseases,

education, falls, physical function, physical activity, cognition,

frailty, sarcopenia, depression, self-assessed health status,

anorexia of aging, fear of falling, Falls Risk for Older People in

the Community (FROP-Com), and LSM. The FRAIL (fatigue,

resistance, aerobic, number of illnesses, and loss of weight) scale

was used to assess frailty with a maximum score of 5. Pre-frail

was defined as 1–2, frail 3–5, and robust 0 (32). Sarcopenia was

screened using the SARC-F (lifting and carrying 10 pounds,

walking across a room, transferring from bed/chair, climbing a

flight of ten stairs, and frequency of falls in the past year), with

scores ranging from 0 to 10, and ≥4 points was classified as

having sarcopenia (33). ADL was assessed using the Katz ADL

scale and IADL using Lawton’s IADL scale (34, 35). Depression

was assessed using the 15-item Geriatric Depression Scale

(GDS), and a cut-off of ≥5 was used to define depression (36).

Self-assessed health status was rated as excellent, very good,

good, fair, or poor (37).

The Rapid Assessment of Physical Activity tool was used to

assess physical activity (38). Fear of falling was assessed using

the Falls Efficacy Scale-International (FES-I). This is based on

self-reported concern of fear of falling while performing 16

ADLs such as getting dressed and going up or down the stairs).

Each of the ADLs were scored based on “not concerned at all”

to “very concerned”, with total scores ranging from 16 to 64

(39). The FROP-Com screening tool is a comprehensive falls

risk assessment tool developed by the National Aging Research

Institute Australia (40). It includes 13 risk factors with total

scores ranging from 0 to 60, where 19–60 is considered high

risk, 12-18moderate risk, and 0–11 low risk (41). Social isolation

was measured using the six-item Lubben Social Network Scale

(LSNS-6). It measures size, closeness, and frequency of contact

with friends and family members with total scale score ranging

from 0 to 30 obtained by summing the six items, and a score

below 12 was classified as at risk of social isolation (42).

Loneliness was measured using the three-item UCLA scale with

scores ranging from 3 to 9, where those scoring 3–5 were

classified as “not lonely” and 6–9 as “lonely” (43).

Physical performance test included assessment of HGS, gait

speed (4 meters), timed up-and-go (TUG), and short physical

performance battery test (SPPB). HGS was measured using

Jamar hand dynamometer on the dominant arm in the seated

position with elbow flexed at 90◦, and maximum HGS was

recorded. Poor HGS was based on cut-offs of 28 kg for males and

18 kg for female as defined by the 2019 AsianWorking Group for

Sarcopenia (44). The SPPB included three components (balance,

gait speed, and chair stand) with a maximum score of 12 points

(4 points per-component).

Life-space mobility

LSM was measured using the validated University of

Alabama at Birmingham Life-Space Assessment questionnaire

which was developed in 2003. LSM measures the ability of

an individual to move within their own home and across the

environment or region, and is quantified using the life-space
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mobility index (9, 10). The composite score is measured based

on movement within home, neighborhood, or across the region,

frequency (less than once a week, 1–3 times a week, 4–6 times

a week, or daily), and use of assistance (walking aid and/or

human) 4 weeks prior to the assessment. The scores range from

0 to 120, where 0 indicates activity may be limited to bedroom

and 120 which indicates participant was fully mobile without aid

outside his/her city.

Patterns of participation

Patterns of participation of older adults are dependent

on a bundle of variables which share similar outcome

such as sedentary lifestyle, decline in physical function,

institutionalization, and mortality. The participation patterns

were modeled on related but independent factors such as ADL,

IADL, gait speed, HGS, frailty, falls, FOF, education, and self-

assessment of health status.

Statistical analyses

Analyses were performed using STATA 17.0, with statistical

significance set at p < 0.05. LCA was used to explore

the number of participation clusters. The characteristics

of individuals in the different participation clusters were

compared using chi-square test for categorical variables

and T-test for continuous variables. Logistic regression

analysis was performed to assess the association between

each of the IC domain (hearing, vision, cognition, mobility

(poor STS) and nutrition (anorexia of aging)) and the

participation clusters. Odds ratios with 95% confidence

intervals (CI) were reported. Prediction models on participation

typology were explored using ROC curve to evaluate their

discriminative abilities.

Results

Development of participation patterns
using LCA

Variables from previously published studies were used to

explore the number of participation clusters, such as frailty,

perceived health, falls, ADL, IADL, poor HGS, gait speed, LSM,

FES-I, TUG, age, and years of education (4, 9, 13, 45–47).

One to four participation clusters were examined and based

on the lowest Consistent Akaike Information Criterion (AIC)

and Bayesian-Schwarz Information Criterion (BIC) (9); a three-

cluster solution was considered to be optimal (Table 1). Lower

AIC and BIC values indicate a better model fit.

TABLE 1 Latent class analysis: Akaike’s information criterion (AIC) and

Bayesian information criterion (BIC).

Number of clusters AIC BIC

1 6,750 6,808

2 6,550 6,650

3 6,430 6,567

4 6,494 6,670

Bold implies statistical significance.

Co-variates, LCA, and participation
patterns

One hundred and fifty-four participants were divided into

three participation clusters: high (n = 63, 40.9%), moderate (n

= 83, 53.9%) and low (n = 8, 5.2%) (Table 2). Mean age was

74.62± 7.96 years, 35.7% were male, and average education was

5.57 ± 4.62 years. For functional status, 9.1% were frail and

50.0% pre-frail, 68.2% had poor HGS, 39.0% had ≥ 1 IADL,

and 18.2% ≥ 1 ADL impairments. Mean LSM score was 63.60

± 23.06, gait speed 0.83 ± 0.30 m/s, FES-I 21.73 ± 6.60, and

TUG 13.75 ± 8.68 s. The high participation group compared

with moderate and low participation groups were significantly

younger: 71.19 ± 6.71, 77.00 ± 7.76, and 77.00 ± 10.12 years,

respectively. Education level was highest in the low participation

(7.75 ± 1.98 years) and high participation group (6.96 ± 4.68),

followed by moderate participation group (4.27 ± 4.39). Half

of the low participation group were frail, and the remaining

half were pre-frail. On the other hand, there were no frail

participants in the high participation group, where 41.3% were

pre-frail and 58.7% robust. Functionally, three-quarters of the

low participation group had at least one ADL and/or IADL

limitation. Amongst the high participation group, only 17.5%

had at least one ADL limitation and 4.8% at least one IADL

limitation. There were no significant gender differences between

the groups.

Low HGS prevalence was highest in the low participation

group (87.5%), followed by moderate participation (84.3%) and

high participation groups (44.4%). High participation group had

the highest LSM score (81.41± 16.51) compared with moderate

participation (52.91 ± 17.74) and low participation groups

(34.19 ± 17.94). FOF depicted by FES-I score was significantly

higher in the low participation group compared with moderate

or high participation groups: 38.50 ± 12.62, 21.70 ± 5.11, and

19.65 ± 3.82, respectively. Gait speed was significantly lower in

the low participation group compared with moderate and high

participation groups: 0.32± 0.13 m/s, 0.69± 0.20 m/s, and 1.06

± 0.22, respectively. TUG was significantly prolonged in the low

participation group. Other variables included in the LCA, but

non-significant, included general health status and ≥ 1 falls.
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TABLE 2 Latent class analysis co-variates by participation group.

Variables All subjects

(n = 154)

Participation group P-value

High

(n = 63; 40.9%)

Moderate

(n = 83; 53.9%)

Low

(n = 8;5.2%)

Age (years)

(range)

74.62± 7.96

(60 to 100)

71.19± 6.71

(60 to 87)

77.00± 7.76

(60 to 100)

77.00± 10.12

(64 to 93)

<0.001

Education years

(range)

5.57± 4.62

(0 to 19)

6.96± 4.68

(0 to 19)

4.27± 4.39

(0 to 16)

7.75± 1.98

(6 to 10)

0.001

Frailty <0.001

Robust 63 (40.9) 37 858.7) 26 (31.3) 0 (0.0)

Pre-frail 77 (50.0) 26 (41.3) 47 (56.6) 4 (50.0)

Frail 14 (9.1) 0 (0.0) 10 (12.0) 4 (50.0)

General Health 0.051

Good 110 (71.9) 51 (81.0) 55 (67.1) 4 (50.0)

Fair/Poor 43 (28.1) 12 (19.0) 27 (32.9) 4 (50.0)

Falls 99 (64.3) 38 (60.3) 58 (69.9) 3 (37.5) 0.126

≥1 IADL limitation 60 (39.0) 11 (17.5) 45 (51.8) 6 (75.0) <0.001

≥1 ADL limitation 28 (18.2) 3 (4.8) 19 (22.9) 6 (75.0) <0.001

Poor handgrip strength 105 (68.2) 28 (44.4) 70 (84.3) 7 (87.5) <0.001

Gait speed (m/s)

(range)

0.83± 0.30

(0.14 to 1.72)

1.06± 0.22

(0.65 to 1.72)

0.69± 0.20

(0.15 to 1.23)

0.32± 0.13

(0.14 to 0.49)

<0.001

Life-space mobility

(range)

63.60± 23.06

(6 to 120)

81.41± 16.51

(46 to 120)

52.91± 17.74

(21 to 110)

34.19± 17.94

(6 to 69)

<0.001

Falls-efficacy scale

(range)

21.73± 6.60

(16 to 61)

19.65± 3.82

(16 to 31)

21.70± 5.11

(16 to 37)

38.50± 12.62

(24 to 61)

<0.001

Timed up-and-go

(range)

13.75± 8.68

(3.39 to 75.61)

9.18± 2.36

(8.31 to 30.72)

14.68± 4.03

(3.39 to 75.61)

43.93± 16.76

(26.58 to 75.61)

<0.001

Values are n (%), mean± sd. IADL, instrumental activity of daily living; ADL, activity of daily living.

Background characteristics of study
participants

Background characteristics of participants are shown in

Table 3. Almost three-quarters (73.4%) of the participants

were of Chinese ethnicity, and one-third (35.7%) was male.

Amongst the participants, 10.4% were still working, 71.9% rated

health status as good, and 64.3% had had one or more falls.

For self-reported chronic diseases, 40.4% had diabetes, 70.8%

hypertension, and 18.2% high cholesterol. The prevalence of

sarcopenia based on SARC-F was 16.9%. Mean SPPB was 8.53

± 2.73 and FROP-COM 10.56± 5.35.

There were significant demographic differences between the

three participation groups, where 22.2% of the high participation

group were still working, 2.4% in the moderate participation and

none in the low participation groups. Sarcopenia prevalence was

50% in the low participant group compared with 25.3% in the

moderate and 1.6% in the high participation groups. For chronic

diseases, hypertension prevalence was highest in the moderate

participation group, followed by low participation and high

participation groups: 82.1, 66.7, and 60%, respectively. Similarly,

diabetes prevalence was highest in the moderate participation

group (55.2%) and lowest in the high participation group

(22.2%). SPPB scores were highest in the high participation

group (10.51 ± 1.49) and lowest in the low participation group

(3.38 ± 1.30). The low participation group had significantly

higher FROP-Com scores compared with the high participation

group (17.38± 5.85 vs. 7.78± 4.61, respectively).

Relationship between participation
groups and intrinsic capacity

Table 4 shows the prevalence of each IC component and its

relationship with the latent participation classes. The prevalence

of low cognition defined by MoCA<26 was 59.9%, anorexia

of aging 29.9%, poor STS 57.2%, hearing loss 21.6%, visual

impairment 78.5%, and depression 27.9%. In the unadjusted

model with high participation as a reference category, moderate

participation was associated with MoCA <26 (OR 8.1, 95% CI

3.8–17.3; p < 0.001), poor STS (OR 8.2, 95% CI 3.8–17.3; p

< 0.001), hearing loss (OR 3.6, 95% CI 1.4–9.4; p = 0.010),
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TABLE 3 Demographic co-variates by participation group.

Variables n All Participation group P-value

High Moderate Low

Males 154 55 (35.7) 23 (36.5) 29 (34.9) 3 (37.5) 0.975

Ethnicity 154 0.300

Chinese 113 (73.4) 53 (84.1) 55 (66.3) 5 (62.5)

Malay 18 (11.7) 4 (6.3) 13 (15.7) 1 (12.5)

Indian 20 (13.0) 5 (7.9) 13 (15.7) 2 (25.0)

Others 3 (1.9) 1 (1.6) 2 (2.4) 0 (0.0)

Still married 154 51 (33.1) 19 (30.3) 29 (34.9) 3 (37.5) 0.195

Still working 154 16 (10.4) 14 (22.2) 2 (2.4) 0 (0.0) <0.001

Lonely 154 30 (19.5) 6 (9.5) 21 (25.3) 3 (37.3) 0.024

Social isolation 154 79 (51.3) 26 (41.3) 50 (60.2) 3 (37.5) 0.050

Sarcopenia 154 26 (16.9) 1 (1.6) 21 (25.3) 4 (50.0) <0.001

Hypertension 128 92 (70.8) 33 (60.0) 55 (82.1) 4 (66.7) 0.025

High cholesterol 120 85 (18.2) 31 (64.4) 50 (75.8) 4 (66.7) 0.421

Diabetes 109 44 (40.4) 10 (22.2) 32 (55.2) 2 (33.3) 0.003

Stroke 90 13 (14.4) 5 (11.9) 6 (14.0) 2 (40.0) 0.238

BMI (kg/m2)

(range)

151 24.58± 4.71

(13.77 to 46.83)

24.02± 4.41

(13.77 to 34.52)

25.11± 5.04

(15.40 to 46.83)

23.73± 3.23

(19.38 to 29.95)

0.344

SPBB

(range)

154 8.53± 2.73

(0 to 12)

10.51± 1.49

(6 to 12)

7.52± 2.32

(0 to 12)

3.38± 1.30

(1 to 5)

<0.001

FROP-COM

(range)

154 10.56± 5.35

(1 to 26)

7.78± 4.61

(1 to 26)

12.01± 4.67

(4 to 24)

17.38± 5.85

(7 to 26)

0.001

Values are n (%), mean± sd.

BMI, body mass index; SPPB, short physical performance battery test; FROP-COM, Falls Risk for Older People in the Community.

and depression (OR 4.5, 95% CI 1.9–10.7; p = 0.001). In the

adjusted model, only low MoCA scores (OR 4.2, 95% CI 1.7–

10.4; p = 0.02) and poor STS (OR 7.1, 95% CI 3.0–17.0, p =

<0.001) remained significant. In the unadjusted model with

high participation as a reference category, low participation was

associated with anorexia of aging (OR 5.3, 95% CI 1.1–25.0; p <

0.034), poor STS (OR 17.5, 95% CI 2.0–187.5; p < 0.011), and

hearing loss (OR 9.3, 95% CI 1.8–47.2; p= 0.07). In the adjusted

model, low participation was associated with anorexia of aging

(OR 9.9, 95%CI 1.6–60.9; p= 0.014), poor STS (OR 19.1, 95%CI

2.0–187.5; p= 0.011), and hearing loss (OR 9.8, 95%CI 1.4–70.8,

p= 0.024).

Prediction model for relationship
between participation groups and
intrinsic capacity

Three prediction models were investigated: model A, using

the saved probabilities of the six IC domains from a logistic

regression on low participation; model B, using the odds

ratios from model A as the weighted scores and a simple

model C, using 1 point for each positive IC (Table 5). There

was no statistical significance across the three models. For

simple clinical usage, Model C (named MASHED: MocA < 26,

Anorexia of aging, Poor STS, Hearing Loss, Eye, Depression)

was used (Table 6A). A participant with a decline in at least

three out of the six IC domains had a probability of greater than

80% (72/88) to belong to the low/moderate participation group,

with area under the curve (AUC) of 0.828 (95% CI 0.761–0.894,

p < 0.001) (Table 6B).

Discussion

Using LCA, we were able to classify older adults at

risk of falls as belonging to one of the three participation

groups—high, moderate, and low. Participants in the

high participation group were significantly younger, had

less functional limitations, were more robust, and had

better LSM and lower fear of falling. Compared to the

high participation group, the low participation group was

significantly associated with anorexia of aging, poor STS, and

hearing loss, whereas the moderate participation group was

significantly associated with poor STS and low cognition.

Participants with at least three IC-domain impairments had

a higher probability of belonging to the moderate or low

participation groups.
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TABLE 4 Intrinsic capacity and association with participation group.

Variables All

subjects

Participation group

High Moderate Low

Unadjusted

OR (95%

CI)

P-value Adjusted

OR (95%

CI)

P-value Unadjusted

OR (95%

CI)

P-value Adjusted

OR (95%

CI)

P-value

MocA <26 91/142

(59.9)

21/63

(33.3)

65/81

(80.2)

8.1

(3.8–17.3)

<0.001 4.2

(1.7–10.4)

0.002 5/8

(62.5)

3.3

(0.73–15.3)

0.122 2.0

(0.32–12.9)

0.457

Anorexia 46/154

(29.9)

15/63

(23.8)

26/83

(31.3)

1.5

(0.70–3.1)

0.318 1.7

(0.65–4.6)

0.269 5/8

(62.5)

5.3

(1.1–25.0)

0.034 9.9

(1.6–60.9)

0.014

Poor STS 87/152

(57.2)

18/63

(28.6)

62/81

(76.5)

8.2

(3.8–17.3)

<0.001 7.1

(3.0–17.0)

<0.001 7/8

(87.5)

17.5

(2.0–152.6)

0.010 19.1

(2.0–187.5)

0.011

Hearing impairment 33/153

(21.6)

6/62

(9.7)

23/83

(27.7)

3.6

(1.4–9.4)

0.010 2.1

(0.65–7.0)

0.215 4/8

(50.0)

9.3

(1.8–47.2)

0.007 9.8

(1.4–70.8)

0.024

Visual impairment 113/144

(78.5%)

43 /60

(71.7)

65/76

(57.5)

2.3

(0.99–5.5)

0.051 1.7

(0.60–5.1)

0.308 5/8

(62.5)

0.66

(0.14–3.1)

0.595 0.34

(0.05–2.2)

0.262

Depression 43/154

(27.9)

8/63

(12.7)

33/83

(39.8)

4.5

(1.9–10.7)

0.001 1.8

(0.63–5.3)

0.266 2/8

(25.0)

2.3

(0.39–13.4)

0.357 1.0

(0.14–7.4)

0.998

Reference category: high participation.

Bold implies statistical significance.
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Prior studies on participation have focused mainly on LSM

with an arbitrary cut off of LSM <60 or ADL and/or IADL

limitation to define low participation, which may be associated

with a higher false negative rate compared with LCA used in

our study (8). LSM is an important indicator for participation

restriction and is shown to correlate with physical performance

including activity of daily living (ADL), cognition, FOF, falls,

quality of life, frailty, healthcare utilization, undernutrition, and

mortality (4, 45–47). A recent study published byWatanabe et al.

showed an L-shaped relationship between LSM and mortality

over 5 years with dose–response relationship up to a score

of 60 points (13). In our study, both the moderate and low

participation groups had a mean LSM score of below 60. Falls

lead to FOF, social isolation, depression, declining physical

function, institutionalization, and mortality, all of which are

risk factors for participation restrictions. Based on FROP-COM

scores, both the low and moderate participation groups were

categorized as at a moderate fall risk and would benefit from

targeted personalized interventions (48).

LSM is vital for participation in social life and social

inclusion, which was evident from our study, where individuals

in the low participation group were three times more likely to be

lonely compared with high participation group. Although not

statistically significant, six in ten of the moderate participation

group were at risk of social isolation compared with four in

ten of the high participation group. LSM is also associated with

TABLE 5 Prediction models.

Model AUC (95% CI) P-value

A 0.795 (0.719–0.870) Compared to A

B 0.792 (0.717–0.868) 0.484 Compared to B

C 0.781 (0.707–0.855) 0.138 0.165

Model A: Using the saved probabilities of the six intrinsic variables on low participation.

Model B: Using the odds ratios of Model A as weighted scores.

Model C: Adding up the number of positive intrinsic variables.

poor health-related quality of life which was evident in our

study participants, where only half of the low participation group

rated their health as good compared with more than three-

quarters of the high participation group (49). Frailty is a state

of decreased physiological reserve, dynamic, multidimensional,

and is associated with negative outcomes including falls,

hospitalization, institutionalization, and mortality (50). Similar

to other studies, frailty was significantly more prevalent in the

low and moderate participation groups (51). Constricted LSM

is a risk factor for frailty, and frailty predicts steeper decline

in LSM. As frailty is reversible before the onset of disability,

upstream screening and intervention is recommended before

the onset of disability (46, 49, 51).

The prevalence of at least one IC impairment in our study

population was 96.1%. In another study where the participants

were mainly those with memory complaints, the prevalence of

TABLE 6B Prediction model and participation group.

Cut offs Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Prediction for low participation (AUC = 0.692, 95% CI 0.550–0.834,

p = 0.068)

1 100 4.1 5.4 100

2 100 24.7 6.8 100

3 (Youden Index) 87.5 44.5 8.0 98.5

4 50.0 75.3 10.0 96.5

5 12.5 88.4 5.6 94.9

Prediction for moderate/low participation (AUC = 0.828, 95% CI 0.761–0.894,

p < 0.001)

1 100 9.5 61.5 100

2 93.4 47.6 72.0 83.3

3 (Youden Index) 79.1 74.6 81.8 71.2

4 40.7 95.2 92.5 52.6

5 17.6 96.8 88.9 44.9

Values are n (%).

PPV, Positive Predictive Value; NPV, Negative Predictive value.

TABLE 6A MASHED score (from intrinsic capacity) and participation group.

MASHED Score (no. of

intrinsic capacity domains)

All subjects

(n = 154)

Participation group

High (n = 63) Moderate (n = 83) Low (n = 8) P-value

0 6 (3.9) 6 (9.5) 0 (0.0) 0 (0.0)

1 30 (19.5) 24 (38.1) 6 (7.2) 0 (0.0)

2 30 (19.5) 17 (27.0) 12 (14.5) 1 (12.5)

3 48 (31.2) 13 (20.6) 32 (38.6) 3 (37.5)

4 22 (14.3) 1 (1.6) 18 (21.7) 3 (37.5)

5 17 (11.0) 2 (3.2) 14 (16.9) 1 (12.5)

6 1 (0.6) 0 (0.0) 1 (1.2) 0 (0.0)

Mean± SD 2.68± 1.37 1.76± 1.13 3.30± 1.17 3.50± 0.93 p < 0.001
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one IC impairment was 89.3% (52). The WHO ICOPE pathway

recommends screening for IC, which has proven to be both

feasible and practical and can be performed within a fewminutes

by trained community partners and/or healthcare professionals.

It serves as a trigger for comprehensive assessment of underlying

causes and intervention. ICOPE screening tools have shown to

be able to identify older adults at high risk of progressing to

frailty, ADL, and/or IADL disability (24, 53).

There is still ongoing debate on the ideal measurement

model for intrinsic capacity, and there are no standardized

assessment tools or intrinsic capacity composite score, e.g., IC

index for clinical or research use (28). A recent scoping review

highlighted that published studies use either a “formative” or

“reflective” approach to conceptualize IC (54). The authors

suggested that IC should be interpreted as a “system, which

depends on the quantity and quality of the dynamical

interrelations between its elements (capacities)”. The different

domains could be interpreted as being separate but interacting

entities that form an aggregated construct for physical and

mental health, as decline in one domain can also affect impact

on decline in another domain (54). González-Bautista et al.

showed that impairment of each additional domain over 5 years

increased risk of incident frailty by 47%, ADL impairment by

23%, and IADL impairment by 27% (53). Our study showed

that participants with a decline in at least three out of the

six intrinsic capacity domains had a probability of >80% of

belonging to the low/moderate participation group. The benefits

of prognostic scoring generated in our study can serve as a tool

to stratify and prioritize risk interventions based on type and

number of IC domains affected, which is relevant in clinical

practice. Our study has further added to the literature that

interventions to improve IC should target the different domains

concurrently through multidomain interventions as suggested

by the WHO (55).

Physical performance limitations defined by low gait speed,

longer five times STS, and/or longer TUG was more prevalent

in the low followed by moderate participation groups. Poor

STS was significantly associated with moderate and low

participation. The five times STS test is considered as a proxy-

tool for physical performance and muscle strength in many

international sarcopenia guidelines, although recent studies

show that it is a better proxy of gait speed (physical performance)

than HGS (muscle strength) (56).

Cognitive impairment was significantly associated with

the low and moderate participation groups in our study

population. Similar findings were shown in a systematic review,

where prevalence of cognitive impairment was much higher in

those with lower LSM (5). Cognition and participation share

a complex and bidirectional relationship. It is known that

participation may help preserve cognitive function and reduce

the risk of dementia, and declining cognition is associated with

low participation (5). Physical activity, gait speed, and social

network are known to alter the trajectory of cognition and are

also known risk factors for participation restriction.

Anorexia of aging is defined as decrease in food intake

and/or appetite. It is a well-recognized precursor for

malnutrition, loss of muscle mass, and frailty. Those who

screened positive for anorexia of aging need to be evaluated

for depression, loneliness, polypharmacy, access to food or

inability to feed, swallowing disorder, or other chronic medical

problems, all of which can be the cause or consequence of

participation restriction (31). Earlier studies have shown

significant association of LSM with nutrition (7, 10). Various

recommendations to optimize dietary intake have been

suggested in older adults at risk, including vitamin D

supplementation, protein supplementation, and/or dietary

modification to enhance nutrient density in combination with

exercise, with positive impacts on frailty reversal, physical

outcomes, and mobility (57).

Hearing impairment is known to affect many aspects of daily

functioning and is a risk factor for disability, depression, activity

limitation, and participation restriction mainly in those with

severe/major hearing loss (58). Hearing impairment is prevalent

in almost two-thirds of older adults and often under-reported in

the old-old (59, 60). Compared with audiometric classification,

93.2% of participants ≥80 years old under-estimated hearing

impairment when self-reporting (59). In our study individuals,

prevalence of self-reported hearing loss was 21.6% and shown to

be independently associated with low participation. Polku et al.

similarly reported lower LSM scores in participants with major

hearing difficulties, and those with mild or major hearing loss

at baseline had significantly higher odds for restricted LSM at 2

years (61). While more studies are needed on the role of hearing

aids in improving participation, the perceived benefit from

hearing aids has been shown to be associated with better LSM

scores (62). There was no significant difference in prevalence of

vision impairment between the groups, possibly explained by

the selection of participants with falls and/or near-falls where

prevalence of vision impairment is known to be high. (14).

Prevalence of depression was highest in the moderate

participation group, but its association was lost in the fully

adjusted model suggesting that depression was secondary to

other factors. Hill et al. showed that depressive symptoms

associated with self-perceptions of memory problems

contributed to lower physical and social participation (63).

The low prevalence of depression in the low participation

group and lack of association with participation group

could be due to small sample size. Furthermore, depression

is known to be highly prevalent in those with falls and

near-falls (14).

Our study includes validated assessment tools for functional

measures and targeted older adults with falls and near-falls.

Unlike other studies which used LSM as an independent

variable, our study used LCA comprising of factors associated
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with participation restriction. However, several limitations

warrant mention. First and foremost, we acknowledge the small

number of participants in the low participation group, which

reflects the real-life scenario where they are the “extremes”. It

is not known if intervention for anorexia of aging or hearing

impairment may reduce the prevalence of low participation.

For the exploratory analysis and prediction model, the low

and moderate participation groups were combined. Other

limitations include lack of objective hearing assessment using

audiometry tests. Perceived health, demographics, history of

falls, and life-space mobility measurement using questionnaire

can be subject to recall bias (9). Objective vital parameters

such as blood pressure together with self-reporting may

be better indicators of perceived health. The study was

conducted during the Covid-19 pandemic, which may have

had an impact on overall life-space mobility. The cross-

sectional study limits the causality association. In addition,

our study population involved only those with falls or near-

falls, and the findings from our study cannot be generalized

to the population. We have no information on impact of

environment on overall life-space mobility scores. However,

most older adults in Singapore live in high-rise units in well-built

neighborhoods. Lastly, there are no validated questionnaires

to measure IC domains, and IC in this study was measured

using a simple questionnaire which may be subject to

recall bias.

Our study suggests that screening for impairments in IC in

those with falls or at risk of falls will help identify older adults

at risk of participation restriction especially those with poor

STS, hearing impairment, cognitive impairment, and anorexia

of aging. Although we have no data on interventions to improve

participation and outcomes, most of the IC impairments may

be reversible with targeted interventions. The recently published

World Guidelines for Falls Prevention and Management for

Older Adults have recommended multifactorial risk assessment,

which includes all the IC domains with targeted interventions

(64). Future longitudinal studies are needed at population

level and to determine if interventions for IC decline will

lead to improved participation and reduction in disability

and frailty.

Conclusion

Three distinct participation clusters were identified. The

largest group was moderate participation, followed by high and

low participation groups. Cognitive impairment and poor STS

were significantly associated with moderate participation, while

hearing impairment, anorexia of aging, and poor STS were

associated with the low participation group. Screening for IC in

those at risk of falls is important to develop a person-centered

approach to promote increased participation. Future studies are

needed at population level to assess the association of IC with

participation and the impact of a personalized management plan

on overall participation.
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