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Abstract

Obijective:This study examines the International Classification of Functioning,
Disability, and Health model (ICF) using a data set of 2,563 community-dwelling
elderly with disease-independent measures of mobility, physical activity, and
social networking, to represent ICF constructs. Method: The relationship
between chronic disease and disability (independent and dependent variables)
was examined using logistic regression. To demonstrate variability in activity
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performance with functional impairment, graphing was used. The relationship
between functional impairment, activity performance, and social participation
was examined graphically and using ANOVA. The impact of cognitive deficits
was quantified through stratifying by dementia. Results: Disability is strongly
related to chronic disease (Wald 25.5, p < .001), functional impairment with
activity performance (F = 34.2, p < .001), and social participation (F= 43.6,
p < .001). With good function, there is considerable variability in activity
performance (inter-quartile range [IQR] = 2.00), but diminishes with high
impairment (IQR = 0.00) especially with cognitive deficits. Discussion:
Environment modification benefits those with moderate functional impairment,
but not with higher grades of functional loss.
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Introduction

In the International Classification of Functioning, Disability, and Health
model (ICF), pre-existing health conditions in an individual can give rise to
functional impairments, which in turn cause activity limitation and restriction
in social participation (Grimby & Smedby, 2001; World Health Organization,
2011). Disability in turn results from the interaction between these factors in
the individual and the surrounding environment. In general, no attempt is
made by the ICF to distinguish between cognitive and physical causes of dis-
ability, which often interact. The World Mental Health Survey Initiative has
demonstrated that mental disorders were more likely to be associated with
severe disability than physical ones (Scott et al., 2009).

The key improvement from the earlier disability model, the International
Classification of Impairments, Disabilities, and Handicaps (ICIDH), was a
shift from a purely medical to a bio-psycho-social framework reflecting the
interaction between an individual’s health status and ambient factors, both
personal and environmental. In addition, there was an emphasis on viewing
disability as an expression of the aforementioned interaction, rather than as a
characteristic of the individual (World Health Organization, 2011).

Previously, a person with paralysis after a stroke was deemed to be dis-
abled due to loss of limb function. When viewed through the lens of the ICF
model, the stroke is a chronic disease that gives rise to functional impairment
(limb paralysis), which limits activity performance (driving), which in turn
restricts social participation (going to play poker). The stroke itself may also
limit activity performance and social participation directly by making it
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harder to retain a driving license or getting fewer invitations to play poker.
Personal factors such as motivation (loves to play poker), and environmental
factors (poker buddy who can drive) enable the affected person to still partici-
pate in his favorite social activity in spite of significant functional impair-
ment or activity limitation. The interaction of all these elements thus gives
rise to a certain level of disability in that person.

Although the above example was simplified for clarity, it can be observed
that disability originates from the underlying chronic disease as it directly
gives rise to functional impairment, and affects activity performance and
social participation both directly and indirectly. In older people especially,
multiple chronic diseases may co-exist contributing to disability, although
not everyone with a high chronic disease burden is necessarily disabled.
Hence, this relationship may not be as clear as one might assume.

The next observation is that for a certain degree of functional impairment,
the level of restriction in activity and participation is variable depending on
the personal and environmental factors surrounding the individual. The last
observation is that functional impairment directly impacts on activity and
participation, and although the correlation between them may be lessened by
the aforementioned personal and environmental factors, it is still likely to be
fairly strong.

Earlier studies on the ICF were restricted to examining disability in a par-
ticular disease-specific context or outcome, rather than looking at the general
validity of the model as a whole (Dale et al., 2012; Faria-Fortini, Michaelsen,
Cassiano, & Teixeira-Salmela, 2011; Jonsson, Ekholm, & Schult, 2008;
Pollard, Johnston, & Dieppe, 2011). These disease-specific studies may also
have limited generalizability to the elderly population, where there are often
significant and concurrent co-morbidities contributing to disability. The use
of a single large data set in examining the ICF model has the advantage of
analyzing the connections between ICF constructs simultaneously, thus
allowing a comparison of strengths between these inter-relationships. It
would also be useful to determine how cognitive factors contribute to dis-
ability in the ICF model.

Thus, our study aimed to examine in a cohort of community-dwelling
older adults some of the observations or hypotheses stemming from the ICF
model, which are that (a) chronic disease burden is strongly related to dis-
ability as a whole; (b) for a given level of functional impairment, individuals
vary significantly in performance of activities; and (c) functional impairment
is strongly related to activity performance, which in turn correlates with
social participation (World Health Organization, 2011). We also studied
where relevant, the impact of dementia status on disability as well as the
relationships between the ICF constructs.
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Method

This study was based on the “Determinants of Wellness among Older
Malaysians: A Health Promotion Perspective” survey conducted by trained
interviewers from Universiti Putra Malaysia and the Malaysian Ministry of
Health in 2008 to 2009. The questions were set in English and Malay, and
translated into the primary language of the respondents by interviewers who
were native speakers where necessary. It was not feasible to pre-translate into
all the local languages due to the large number of tribes and ethnic groups
especially in East Malaysia. The interviewers read out the individual ques-
tions and noted the responses in a set of printed study forms.

The study was approved by the Malaysian Ministry of Health Ethics
Review Board (approval reference P08-219) in accordance with current
guidelines on Good Clinical Practice and the Declaration of Helsinki. Specific
informed consent was not required by the Ethics Review Board as the data
were analyzed anonymously.

This study used a geographical cluster sampling design based on the
World Health Organization STEPwise approach to Surveillance (STEPS),
with clusters represented by enumeration blocks (EBs) determined by the
Malaysian Department of Statistics (Department of Statistics Malaysia, 2010;
World Health Organization, 2012). The inclusion criteria were above the age
of 60 years, a Malaysian citizen, and willing to be interviewed. They were
excluded from the study if mobility, mental functions, or hearing was suffi-
ciently impaired to prevent them from completing the survey. Each EB had a
target recruitment of eight people, but less could have been recruited if suit-
able residents were not found in the allocated houses.

The World Health Organization Disability Assessment Schedule II
(WHODAS-II) was developed to assess disability based on the ICF (World
Health Organization, 2001b). It has been validated across different cultures for
use in subjects with chronic diseases, older people, and is literacy-independent
(Garin et al., 2010; Sousa et al., 2010). In our study, we used simple percentile
sum scoring. Severe disability was defined as a WHODAS-II score above the
90th percentile for the population (Scott et al., 2009).

Dementia status was defined using the Malaysian version of the 30-item
Folstein mini-mental state examination (MMSE-M). The sample was strati-
fied into two groups (with and without dementia) based on locally validated
cutoffs, with good sensitivity (88%-97%) and specificity (75%-93%) in clas-
sifying dementia against Diagnostic and Statistical Manual of Mental
Disorders (4th ed.; DSM-1V; American Psychiatric Association, 1994) crite-
ria. The question testing attention and calculation was repeated using serial
7’s, serial 3’s, and spelling the word “WORLD” backwards, and was scored
according to the best performance. The respective MMSE-M cutoffs for
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dementia classification were 21/22, 18/19, and 17/18, respectively, depend-
ing on the question used (Ibrahim et al., 2009).

Respondents were asked whether they had any of the chronic non-communi-
cable disease groups, which may contribute to disability: cancer (all types), respi-
ratory (asthma, obstructive airways disease, pulmonary tuberculosis), uncorrected
visual or hearing impairment, renal, gastrointestinal-urinary (dyspepsia, consti-
pation, incontinence), musculoskeletal (joint pain, gout, arthritis), and cardiovas-
cular (hypertension, diabetes mellitus, heart disease, stroke). They were also
questioned whether the diagnoses had been medically confirmed. Although pul-
monary tuberculosis is not strictly a chronic non-communicable disease, it was
included in the list as it can cause long-term impairment of lung function, and is
commonly found among the elderly in Malaysia. Each of the seven chronic dis-
ease groups and dementia were marked as either present (1) or absent (0).

The Timed Get-Up and Go Test (GUGT), short International Physical
Activity Questionnaire (IPAQ), and Lubben Social Network Scale (LSNS-6)
are measures of basic functional mobility, physical activity, and social support
(Bauman et al., 2009; Lubben, 2003; Podsiadlo & Richardson, 1991). They are
feasible to perform, valid, and reliable in the elderly (Forsen etal., 2010;
Hurtig-Wennlof, Hagstromer, & Olsson, 2010; Nordin, Lindelof, Rosendahl,
Jensen, & Lundin-Olsson, 2008; Wall, Bell, Campbell, & Davis, 2000).

Unless specified in the original definition, missing values were replaced
by the mean of the remaining values in the scale provided internal consis-
tency was demonstrated to be high (Cronbach’s a > .7). Up to one missing
value could be replaced in this way and further missing values invalidated the
score for that respondent.

Education level, net monthly income, smoking, alcohol consumption, ethnic-
ity, marital status, and religion were classified according to standard census crite-
ria (Department of Statistics Malaysia, 2010). Fall status was determined as
whether the respondent had any falls resulting in injury in the previous 6 months.

Body mass index (BMI) and waist circumference were obtained using a sta-
diometer (206CM Bodymeter Measuring Tape, SECA, Hamburg, Germany)
and electronic weight scale (HD-314 Digital Weight Scale, Tanita, Arlington
Heights, Illinois, USA). Dietary adequacy was assessed using a Dietary Diversity
Score (DDS; Kant, Schatzkin, Harris, Ziegler, & Block, 1993).

Analysis

The overall contribution of chronic disease to severe disability was modeled
using population attributable risk (PAR). PAR was calculated for each
chronic disease group along with a total PAR for their combined effect
(Sousa et al., 2009). The combined PAR for all (n) disease groups is shown
below (Cole & MacMahon, 1971).
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PAR(n)zl— (1—PARi).
i=1
A composite chronic disease score (CDBS) for all (n) disease groups
including dementia was derived for each respondent, weighted based on the
PAR of each group as shown below. A composite chronic disease score with-
out dementia (CDBS-ND) was also derived using the same method.

n

D (Dix PAR;)
CDBS(n)=E

(PAR;)
i=l
where CDBS is expressed as a percentage and D, represents the presence (1)
or absence (0) of the chronic disease group “i.”

To test the first observation that chronic disease burden is strongly related
to disability, a multivariate approach was used, including covariates that
could potentially act as confounders. Subjects were divided into two groups
based on the presence or absence of severe disability.

The initial list of covariates screened were age, gender, marital status,
race, religion, years of formal education, net income, smoking and alcohol
use, DDS, fall status, BMI, and waist circumference. To reduce the number
of covariates, they were tested against the grouped WHODAS-II score using
a Pearson’s chi-square test for categorical covariates, and either an unpaired
T test or Mann—Whitney test for continuous covariates (Table 1).

Significant covariates were then entered into binary logistic regression
analysis, with the CDBS as the main independent variable and the grouped
WHODAS-II score as the binary dependent variable. The same analysis was
also repeated excluding subjects with dementia on the MMSE-M, utilizing
CDBS-ND as the main independent variable.

To test the second observation that individuals vary significantly in perfor-
mance of activities for a given level of functional impairment, we plotted
IPAQ activity levels (activity performance) for each GUGT functional status
category (functional impairment) to illustrate the degree of variability in activ-
ity performance. As a comparison, LSNS-6 scores (social participation) were
divided into quartiles and similarly charted against GUGT (functional impair-
ment). The dispersion for [IPAQ and LSNS-6 scores in each GUGT category
was quantified using the inter-quartile range (IQR).

For the third observation, we tested the relationship between functional
impairment and activity performance by comparing IPAQ energy expenditure
(activity performance) with GUGT (functional impairment) using Spearman’s
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Table I. Baseline Characteristics of Respondents, Selected Summary Data From
the Malaysia 2010 Census, and Key Outcome Measures.

Categorical covariates

Distribution

Gender
Ethnicity

Gender (Malaysia 2010 census)
Ethnicity (Malaysia 2010 census)

Marital status
Religion
Smoking

Alcohol use
Fall status

45.0% males, 55.0% females

55.4% Malays, 13.9% Chinese, 5.3% Indians,

25.4% Indigenous and Others

48.1% males, 51.9% females

65.9% Malays, |1.8% Chinese, 2.2% Indians,

20.1% Indigenous and Others

2.1% not married, 58.3% married, 2.2% divorced, 37.4%
widowed

71.1% Islam, 12.1% Christianity, |1.3% Buddhism,

4.4% Hinduism, 1.1% no religion and others

84% not current smoker, 16% current smoker

95.8% no current alcohol use, 4.2% current alcohol use

87% no falls, 13% fell with injury

Continuous covariates

M (SD)/distribution

Age
Years of formal education
Net income

Dietary Diversity Score
Body mass index
Waist circumference

63.2% (60-69 years), 29.9% (70-79 years), 7.0% (>80 years)

3.4 years (3.7)

RMé616 (1,329; approx. US$170, early 2015 conversion
rates)

4.3 (0.8) (max 5.0)

24.2 (4.8)

83.9 (15.0) cm

Key outcome measures?

Median, IQR, non-response rate

WHODAS-II

CDBS®

CDBS-ND®

GUGT time (s)

IPAQ energy expenditure
(MET-min/week)

LSNS-6

Median 14.6, IQR 4.2-31.3, non-response 3.4%
Median 13.0, IQR 13.0-25.0, non-response <0.1%
Median 14.0, IQR 14.0-29.0, non-response <0.1%
Median 17.0, IQR 13.0-21.0, non-response 20.4%
Median 1233, IQR 0-3947, non-response <0.1%

Median 15.0, IQR 10.0-19.0, non-response 0.4%

Note. IQR = inter-quartile range; WHODAS-II = World Health Organization Disability Assessment
Schedule Il; CDBS = composite chronic disease score; CDBS-ND = composite chronic disease score
without dementia; GUGT = Get-Up and Go Test; IPAQ = International Physical Activity Questionnaire;

LSNS-6 = Lubben Social Network Scale; MET = Metabolic Equivalent Task.
“The key outcome measures were shown as medians and IQRs as most of them were non-normal in distribution.
bPearson’s correlation coefficient = .93 between CDBS and CDBS-ND.

rank correlation coefficient, the Kruskal-Wallis non-parametric ANOVA, and
also graphing the comparison. The relationship between activity performance
and social participation was tested by comparing the LSNS-6 score (social par-
ticipation) and IPAQ activity levels (activity performance) in a similar manner.
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Malaysia (52877 EB, 2.25 million 60+ years)

h.

EB Provided (480 EB, 3840 subjects) 100%

EB Sampled (406 EB, 3248 subjects) 84.6%

+ Some EB could not be sampled for
various reasons (geographical isolation,
army camp, etc.)

Actual Response (406 EB, 2563 subjects) 66.7%

+ Non-response mainly due to failure to locate a
suitable older person in the allocated houses
and language barriers especially with older
Chinese. Refusal to be interviewed formed
only a small proportion of the non-response

[Sampling } [ Allocation } [Sampling Frame }

[ Response J

Figure |. Flowchart showing recruitment process.
Note. EB = enumeration block.

This analysis was repeated stratifying by dementia status on the MMSE-M. As
a comparison, we quantitatively tested the relationship between functional
impairment and social participation in a similar manner.

Sample size was calculated using the STEPS Sample Size Calculator from
the World Health Organization (2012). Based on a 95% confidence level, 5%
margin of error, an estimated prevalence of risk factors of 50%, a design
effect correction of 3, an expected response rate of 60%, the calculated sam-
ple size was 3,840 subjects, translating to 480 EBs of eight subjects each.

All computations were performed using SPSS for Windows version 20.0
(IBM Corp., Armonk, New York, USA). Statistical tests were two-tailed and
conducted at 5% level of significance.

Results

The sample included a total of 2,563 respondents with an overall response
rate of 66.7%, which was more than the expected response rate of 60%
(Figure 1). Baseline characteristics of respondents are detailed in Table 1,
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along with selected equivalent summary data from the Malaysia 2010 census
(Department of Statistics Malaysia, 2010). The gender and ethnic distribution
approximates that from the census data, with the exception of having less
Malays and more Indigenous people.

The responses for medically confirmed diagnoses essentially followed
the same pattern as self-reported conditions (Pearson’s correlation coeffi-
cient » = .68), and hence were not analyzed separately. Median values and
non-response rates for the key outcome measures are summarized in Table
1; 21.5% were classified as having dementia using the locally validated
cutoffs for MMSE-M. The non-response rate for GUGT testing (20.4%)
was disproportionately higher than for other outcome measures, and mostly
attributable to lack of proper equipment or space (7.7%) and refusal (5.5%).
There was a significant difference in WHODAS-II scores between respon-
dents who refused GUGT testing and those who agreed, with those who
refused having higher scores (mean 4.4 points, 95% CI = [0.6, 8.1], p =
.02). Cronbach’s alpha for WHODAS-II, DDS, LSNS-6, CDBS, and
CDBS-ND were .92, .46, .83, .28, and .28, respectively. Replacement of
missing values occurred in 8% of WHODAS-II scores but not for the DDS,
LSNS-6, CDBS, or CDBS-ND.

For the first observation, the 90th percentile for WHODAS-II scores used
to define severe disability was 50 points. Significant covariates obtained
after initial testing against WHODAS-II were gender, marital status, smok-
ing, fall status, age, years of formal education, and net income (Table 2).
Binary logistic regression using these covariates gave a good model fit with
a non-significant Hosmer and Lemeshow statistic (p = .26), —2 log-likeli-
hood of 1,184, overall correct classification percentage of 92.4%, and
Nagelkerke R-square of .78. The Wald statistic and significance level for the
CDBS were 25.5 and p <.001. The other significant covariates from regres-
sion analysis were gender, age, education status, and social support (Table
3). When the analysis was repeated excluding subjects with dementia, the
Wald statistic and significance level for the CDBS-ND were 28.5 and p <
.001, with a Nagelkerke R-square of .78. The combined PAR for chronic
disease was 53.8%, whereas the PAR for dementia alone was 15.3%.

For the second observation, bar charts of IPAQ activity levels for each
GUGT functional status category clearly showed that at low levels of func-
tional impairment, activity performance varied considerably with a large
IQR (2.00; Figure 2, right panel). However, at higher levels of functional
impairment, activity performance was consistently low with a small IQR
(0.00; Figure 2, left panel). In contrast, significant variability was present in
social participation throughout all levels of functional impairment (IQR =
9-10; Figure 3).
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Table 2. Covariates Tested Against WHODAS-I| Scores Using Pearson’s Chi-
Square for Categorical Covariates and Unpaired T Test for Continuous Covariates.

Categorical covariates %2 Odds ratio (95% Cl) b
Gender (M/F) 18.0 2.0[1.4,27] <.001
Marital status 25.0 n/a? <.001
Ethnicity 29 n/a? 407
Religion 4.2 n/a? 515
Smoking (Y/N) 45 1.7 [1.0,2.7] .033
Alcohol use (Y/N) 1.2 1.6 [0.7, 4.1] 281
Fall status (Y/N) 42 1.511.0,2.2] .041
Continuous covariates T test/z score p
Age —7.25 <.001
Years of formal —6.3b <.001
education

Net income —5.1° <.001
Dietary Diversity Score —0.4° .705
Body mass index —0.6° .527
Waist circumference -0.6° .581

Note. WHODAS-II = World Health Organization Disability Assessment Schedule II;

Cl = confidence interval. Boldfaced values have p<0.05.

2Categorical covariate with more than two categories.

5The z score for the Mann—Whitney Test was used where the variables were non-normal in
distribution.

Table 3. Relevant Statistics for the Logistic Regression Analysis From the First
Observation (CDBS Only).

Covariates B Wald Significance Exp(B) (95% ClI)
Gender 0.431 6.22 013 1.54 [1.01,2.16]
Age 0.024  58.06 <.001 1.03 [1.02, 1.03]
Years of formal education ~ 0.118 18.27 <.001 1.13[1.07, 1.19]
CDBS 1.874 2548 <.001 6.52 [3.15, 13.49]
LSNS-6 0.070  35.04 <.001 1.07 [1.05, 1.10]

Note. CDBS = composite chronic disease score; Cl = confidence interval; LSNS-6 = Lubben
Social Network Scale. Boldfaced values have p<0.05.

For the third observation, ANOVA showed a highly significant difference
(x> =253.3, p<.001) in IPAQ energy expenditure between GUGT functional
status groups, and the bar chart showed a clear rise in energy expenditure
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GUGT Functional Status
Immobile and
impaired mobility Variable mobility Adequate mobility
700— QR =0.00 IOR = 1.25 IQR = 2.00
600~ I
500— T
T 400 i 1
=
o
Q
300~ T
1
200
T
T
100~ I RS
0 T T T T T T T T
Low  Moderate High Low  Moderate  High Low  Moderate High
IPAQ Activity Levels
Error bars: 95% Cl

Figure 2. Bar charts of IPAQ activity levels for each GUGT functional status
category.

Note. IPAQ = International Physical Activity Questionnaire; GUGT = Get-Up and Go Test;
IQR = inter-quartile range; Cl = confidence interval.

with improving functional status (Spearman’s tho = 0.33, p < 0.001). When
analyzed according to dementia status, the trends were generally similar
although it could be seen that those without dementia were able to maintain a
higher level of activity even with moderately reduced ambulatory function
(Figure 4, bottom panel).

Similarly, ANOVA showed a highly significant difference (3> = 83.8, p <
.001) in LSNS-6 scores between IPAQ activity levels, whereas the bar chart
demonstrated improving social participation with better activity performance
(Spearman’s tho = 0.18, p < .001). The presence of dementia was shown to
substantially reduce social participation, and those with concurrent low phys-
ical activity and dementia had the lowest scores (median LSNS-6 = 11.0;
Figure 5, middle panel).

The difference in LSNS-6 scores between GUGT groups was also signifi-
cant (*> = 26.3, p <.001) showing improving social participation with better
functional status (Spearman’s rho = 0.11, p <.001).
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GUGT Functional Status

Immobile and
impaired mobility Variable mobility Adequate mobility

500— IGR =10 IGR = 10 IR =9

M o

200

“nsea Mol DA

T T
Q1 [+3] Q2 (o] Qd
Lubben Social Network Scale 6 Quartiles
Error bars: 95% Cl

Count

Figure 3. Bar charts of LSNS-6 quartiles for each GUGT functional status
category.

Note. LSNS = Lubben Social Network Scale; GUGT = Get-Up and Go Test; IQR = inter-
quartile range; Cl = confidence interval.

Discussion

For the first observation that examined the relationship between chronic dis-
ease burden and disability, the model used for regression analysis had a good
fit and high correct classification percentage. Hence, the highly significant
Wald statistic for CDBS indicates that chronic disease burden is strongly
related to disability, even after accounting for significant confounding vari-
ables and dementia status. The large Nagelkerke R-square value shows that
most of the variability in disability between individuals was accounted for by
chronic disease and socio-demographic characteristics such as gender, age,
education level, and social support. In addition, the PAR calculations indicate
that chronic disease accounted for more than half of prevalent disability, with
dementia causing a large proportion of it.

These findings are all consistent with results from the multi-national 10/66
Dementia Research Group, which reported that the significant covariates
were chronic disease, age, gender, and education level. Similar to our study,
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Figure 4. Bar chart of mean energy expenditure against GUGT functional status
category stratified according to dementia status (Total, Yes, No).
Note. GUGT = Get-Up and Go Test; Cl = confidence interval; MET = Metabolic Equivalent Task.

PAR for chronic disease accounted for two thirds of disability with dementia
also being the largest contributor (Sousa et al., 2009).

The second observation states that for a given level of functional impair-
ment, activity performance varies significantly between individuals due to
the effect of factors such as motivation, self-esteem, and a conducive envi-
ronment. However, we found that this holds true only for individuals with
relatively little functional impairment (Figure 2, right panel). With worsening
function, the role of environmental factors diminishes as the ability to
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Figure 5. Bar chart of mean LSNS-6 scores against IPAQ activity levels stratified
according to dementia status (Total, Yes, No).

Note. LSNS = Lubben Social Network Scale; IPAQ = International Physical Activity
Questionnaire; Cl = confidence interval.

perform activities becomes limited (Figure 2, left panel). The reduction of
variability in activity performance is evidenced by a corresponding diminu-
tion of the IQR. This means that once an individual’s physical function dete-
riorates beyond a certain point, modification of the environment cannot
meaningfully improve that person’s disability.

In contrast, functional impairment does not seem to be a major limiting factor
for social participation, and it is likely that individuals retain their pre-existing
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Health Condition Wald 25.5, p<0.001
(CDBS)

DISABILITY (WHODAS-I)

Functional Impairment o | Activity Performance | Social Participation
263.3, p<0.001 83.8, p<0.001

1
1
1
1
|
: (GUGT) Chi-square” | (IPAQ) Chi-square” (LSNS-6)
1
1
1
]
1

Chi-square 26.3, p<0.001

Environmental
and Personal Factors

Figure 6. Diagram showing the International Classification of Functioning,
Disability, and Health constructs, the instruments representing these constructs,
and the relationships examined in this study.

Note. CDBS = composite chronic disease score; WHODAS-II = World Health Organization
Disability Assessment Schedule Il; GUGT = Get-Up and Go Test; IPAQ = International
Physical Activity Questionnaire; LSNS = Lubben Social Network Scale.

social networks even after their functional status worsens (Figure 3). This relates
very well to Antonucci’s support bank theory, which postulates that social capi-
tal built up when a person is younger carries over into old age in the form of
social support (Antonucci & Jackson, 1990).

Figures 4 and 5 and the highly significant ANOVA tests all show a clear
relationship between functional impairment, activity performance, and social
participation, thus validating the third observation. The relative weakness of
the relationship between functional impairment and social participation (y> =
26.3) compared with the other two relationships (y? = 253.3 and 83.8) sug-
gests that activity performance is the intermediary construct in this model
(Figure 6). A path analysis could provide more clarity although this is out of
the scope of the present study.

Although the cognitive aspect of disability was not studied in depth, it
could clearly be seen that the presence of dementia significantly worsened
both physical activity and social participation. Furthermore, cognitively
intact individuals with a moderate level of functional impairment retained a
significant level of activity performance, implying that this group may have
the potential for further improvement with appropriate rehabilitation (Figure
4 and 5). In contrast, concurrent low physical activity and poor cognitive
function identify individuals who are at risk of social isolation (Lubben
et al., 20006).
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For the first observation, because chronic non-communicable disease is so
strongly tied to disability, every effort should be made to identify the major
conditions in each population, which contribute to it. These conditions should
then be targeted with effective preventive care programs to reduce the even-
tual occurrence of end organ functional impairments in the community.
Dementia is an especially good candidate to focus on due to its prevalence in
community-dwelling elderly and the high PAR for severe disability (Hamid,
Krishnaswamy, Abdullah, & Momtaz, 2010). In addition to these primary
health conditions, attention should be paid to the secondary and co-morbid
conditions that arise from them, the provision of adequate health care, and
removing barriers to performance and participation (World Health
Organization, 2011).

For the second observation, it can be seen that modification of the envi-
ronment will be most effective in increasing activity performance in indi-
viduals with moderate functional impairment. In Japan, the Heart Building
Law (1994), Barrier Free Transport Law (2000), and the Barrier Free Law
(2006) provide a formal legal framework to enhance accessibility for the
aged and disabled. Although these regulations have greatly improved facili-
ties for the physically disabled, this study suggests that cognitive disablement
is also an important issue that needs to be considered. For example, signage
needs to be written in clear simple language with unambiguous universal
symbols to aid understanding.

For those with high levels of functional impairment especially with con-
current cognition issues, this study shows that mobility is much harder to
improve even with the best barrier-free environment. Resources would be
better targeted in enhancing their support network, and hence social partici-
pation with interventions such as community social worker assistance and
programs for organized home visits by school children and voluntary welfare
organizations.

For the third observation, the strong linkages between functional impair-
ment, activity performance, and social participation, mean that success in
improving any one of these will have secondary benefits for the downstream
components, hence reducing overall disability. Logically this means that
resources would be better spent on areas that have the most potential to ben-
efit each individual, rather than dealing with all aspects of disability simulta-
neously. From this study, the implication is that younger people are best
targeted with prevention programs to reduce the risk of developing disability,
whereas older people with milder disability should focus on removing barri-
ers to activity performance, and those with more severe disability should be
provided more support to improve their social participation (Loke, Abdullah,
Chai, Hamid, & Yahaya, 2011).
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It can be seen from Figures 4 and 5 that the presence of dementia has an
important effect on the relationships between the ICF constructs. Moreover,
data from this study and the 10/66 Dementia Research Group show that
dementia contributes significantly to disability in the community-dwelling
elderly (Sousa et al., 2009). Seen together, there would seem to be good rea-
son to investigate the cognitive aspects of disability in greater detail that what
was achieved in this study.

Study Considerations and Limitations

We opted to study disability in community-dwelling older people as very little
work has been done locally in this population aside from the National Health
and Morbidity Survey, which was based on the ICIDH (Institute for Public
Health, 2008). Mindful of the need to establish the external validity of the
model, we chose instruments that were developed separately from the ICF
when testing the second and third observations. The relevant domains of the
WHODAS-II (cognition, mobility, life activities, and participation) were
unsuitable for this role as they were co-developed with the ICF. Moreover, the
high level of internal consistency (Cronbach’s a = .94-.96 within domains, .98
across domains) virtually guarantees that the domains will cross-correlate
with each other, thus defeating the intent of the study (World Health
Organization, 2001b).

In addition, the instruments used focused on important aspects of an older
person’s life, such as mobility (GUGT), overall physical activity and energy
expenditure (IPAQ), and social networking (LSNS-6). There is very little
overlap between these instruments, thus enabling the constructs to be clearly
distinguished (Badley, 2008). The instruments are also not disease specific,
thus allowing generalization across a variety of conditions.

The choice of instruments was made to reflect the conceptual framework
behind the ICF model. For example, mobility (GUGT) was chosen to repre-
sent body functions and structures (ICF “b” and “s” codes, respectively) as
the majority of impairments (mental, sensory, cardio-respiratory, metabolic,
and neuro-musculoskeletal, corresponding to ICF chapters 1, 2, 4, 5, and 7,
respectively) will result in reduced mobility. Similarly, physical activity
(IPAQ) and social networking (LSNS-6) were chosen to represent activities
and participation (ICF “d” codes) as these are consequent manifestations of
an individual’s mobility in relation to the ICF model (World Health
Organization, 2001a).

Although the WHODAS-II has been superseded by the more recent
WHODAS 2.0, the 12-item instrument used is virtually identical in wording
with the updated version (World Health Organization, 2015). This means that
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the findings and conclusions made in this article equally apply to the newer
instrument and the ICF in general.

Conservative values were chosen for sample size calculation as a signifi-
cant proportion of the survey was conducted in sparsely populated rural
areas. A design effect correction of 3 was used rather than the recommended
value of 1.5 as a study demonstrated that in such circumstances this value can
range from 1 to 5 (Rowe, Lama, Onikpo, & Deming, 2002). The expected
response rate was also reduced as certain allocated EBs were impossible to
access due to geographical isolation. Considering this, the overall non-
response rate for the study was within expectation. The individual item
response rates were very good aside from GUGT, which was likely because
some older people can be fairly averse to physical testing.

Whereas the complete ICF model depicts the interplay between disease
states, human functioning, and environmental factors, this study is primarily
scoped toward disease states and human functioning. A related study by the
authors examined the contribution of environmental factors (ICF “e” codes)
in greater detail (Hamid et al., 2010).

Some limitations of the study are worth highlighting. There is a systematic
bias against severe disability due to the sampling method, which excluded
people who were unable to complete the survey because of this. However,
there is no good way of working around this issue as the alternative would be
to rely on secondary information from caregivers, which would be vulnerable
to confirmation bias. Although there may have been under-sampling of the
Chinese population due to language barriers, the proportion of ethnic Chinese
in the study is similar to that from the census data, suggesting that the magni-
tude of under-sampling was small (Table 1). Moreover, this should only give
rise to minimal bias as WHODAS-II scores in this ethnic group are fairly simi-
lar to the other major races (Malays and Indians). Although there was possibly
some minor element of bias from the GUGT non-response, this should not
have affected the conclusions drawn as the results were all highly significant
with large effect sizes. Most of the instruments used in this study were vali-
dated in English, and there were no validation studies either in Malay or the
many languages and dialects used locally. Once again there is no realistic way
around this issue, and this study should be interpreted with this in mind.

Although the validation article for MMSE-M recommended that serial 7’s
or serial 3’s be tried as a first choice, followed by the spell backwards method,
we found that most of the elderly in rural communities could not cope with
this due to low levels of education. The MMSE-M was validated in city hos-
pitals with subjects who had much better educational exposure, so the project
team made a decision to use the best result of the three methods as a compro-
mise (Ibrahim et al., 2009). Although this may potentially alter the diagnosis
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of dementia to a small degree, this risk was judged to be acceptable as cogni-
tion was not the main focus for the study.

Lastly, certain aspects of the study were either abbreviated or simplified to
keep the questionnaire time to less than an hour. Although extending the time
or using a multi-stage interview might have allowed collection of additional
data, there was a strong likelihood that those with high levels of functional
impairment would drop out or refuse in a developing country setting (Prince,
2000). This would introduce significant bias, particularly in a study focusing on
disability. The cognitive aspect of disability was also not examined in depth, as
other parallel studies by the authors will address this issue separately in greater
detail (Hamid et al., 2010; Loke et al., 2011). It would have been desirable to
examine the impact of each disease group individually, but the CDBS was used
in this study as a compromise between survey time and greater detail. In any
case, the relationship between CDBS and WHODAS-II was still found to be
highly significant on logistic regression testing (p < .001), suggesting that this
instrument was adequate for the limited purposes of this study.

Conclusion

Our study builds upon the body of evidence from earlier disease-specific
studies by demonstrating the validity of the earlier observations based on the
ICF model using empirical data from a large sample of community-dwelling
older adults with a broad range of medical diagnoses. Consistent with earlier
studies, our results confirm that disability is strongly related to chronic dis-
ease burden, and that functional impairment correlates with activity perfor-
mance and consequently with social participation.

The novel finding from our study is that at low levels of functional impair-
ment, there is considerable variability in the relationship between functional
impairment and activity performance, but this diminishes at high impairment
levels especially when complicated by cognitive deficits. This suggests that
modification of the environment benefits those with moderate levels of func-
tional impairment, but not those with higher grades of functional loss.
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