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INTRODUCTION
The World Health Organization’s International Classification 
of Functioning, Disability, and Health (WHO ICF)(1) defines 
disability as “a difficulty in functioning at the body, person, or 
societal levels, in one or more life domains, as experienced by an 
individual with a health condition in interaction with contextual 
factors”.(2) Disability has increasingly become an important 
indicator of disease burden and for evaluating the effectiveness 
of health interventions. However, both defining and measuring 
disability are difficult. The WHO ICF presents a biopsychosocial 
model of functioning and disability that provides a framework 
to assess the consequences of a disease in three dimensions: 
impairments (of functioning), activity limitations (related to tasks) 
and restriction of participation (affecting life experiences). The 
World Health Organization Disability Assessment Schedule 2.0 
(WHODAS 2.0)(3) was created to assess disability based on this 
framework.(4)

The WHODAS 2.0 is a 36-item, multidimensional instrument 
developed by the Assessment, Classification, and Epidemiology 
group of WHO, which was field tested in 16 languages in 14 
different countries to ensure cross-cultural relevance.(5) It has the 
added advantage of being able to identify the consequences of 
any type of disorder that has an impact on functioning, treating all 
disorders at parity when determining level of functioning.(6) Several 

studies have analysed the psychometric properties of the 36-item 
WHODAS 2.0 in different patient populations, including those 
with inflammatory arthritis,(7) systemic sclerosis,(8) psychosis(6) 
and chronic diseases,(9) and those undergoing rehabilitation.(10) 
A shorter version of the instrument with 12 items has also been 
developed(11) and is recommended for epidemiological studies. 
Since the 36-item version of the scale measures six domains, the 
two most significant items from each domain were chosen for 
the 12-item version (Box 1).

The shortened version has been validated in various 
populations, including community samples,(12) people with 
disability,(13) people with Huntington’s disease,(14) primary 
care patients with depression(15) and patients with chronic 
musculoskeletal pain,(16) where the instrument demonstrated high 
internal consistency, moderate-to-good test-retest reliability, and 
good concurrent validity against disease-specific and generic 
disability assessments.

The number of older adults (i.e. those aged 60 years or older) 
has increased in recent years across the world, and this growth is 
projected to further increase in the future. From 2015 to 2030, it 
is projected to grow by 56%, with older adults making up to two 
billion of the world’s population by 2050.(17) This increase in the 
number of older adults is expected to be fastest in Latin America 
and the Caribbean, followed by Asia. The disability burden due 
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to chronic non-communicable disorders such as depression, 
dementia and hearing loss is expected to be considerable in this 
population and, therefore, understanding levels and trends in 
the prevalence and severity of disability is necessary for service 
planning and public policy.(17)

Singapore is a highly urbanised country in Southeast Asia 
with a resident population of 3.8 million,(18) of whom 74.3% are 
Chinese, 13.4% are Malay, 9.0% are Indian and 3.2% are of other 
ethnicities. According to recent population data, the proportion of 
older adults (defined as persons aged ≥ 65 years) in Singapore has 
increased from 8.5% in 2007 to 13.0% in 2017.(19) The average 
life expectancy in Singapore is among the highest in the world, 
with an average of 83.2 years at birth.(20) Generally, in countries 
with higher life expectancies, the number of healthy life years 
lost due to disability also tends to be greater.(17) Thus, given the 
high life expectancy and the rapidly ageing population, valid 
measures of disability are needed for assessment in the older 
adult population. Thus, the aim of the current analysis was to 
explore the psychometric properties and validity of the 12-item 
WHODAS 2.0 in an epidemiological survey of older adults in 
Singapore. We hypothesised that those who have multimorbidity, 
are diagnosed with depression or subsyndromal depression and 
endorse a poor overall health status would be associated with 
higher disability scores, while those who have higher cognitive 
scores would be associated with low disability.

METHODS
The present study comprised secondary data analysis of the Well-
being of the Singapore Elderly (WiSE) study. The WiSE study is a 
comprehensive single-phase, cross-sectional survey to determine 

the prevalence of dementia among older adults (aged ≥ 60 years) 
in Singapore that was conducted between August 2012 and 
December 2013. The protocol designed by the 10/66 dementia 
research group was adopted for the study.(21) Inclusion criteria 
for the WiSE study comprised Singapore residents (including 
Singapore citizens and permanent residents) aged ≥ 60 years who 
were living in Singapore at the time of the survey. The study was 
a household survey and all respondents were contacted at their 
household addresses. However, if the interviewer was informed 
by the family members that the potential respondent was in a 
day care centre during the day or in a nursing home or had 
been hospitalised, these cases were also followed up. For those 
attending day care centres, interviews were conducted during 
the weekend or later in the evening at the convenience of the 
respondent. For those who were hospitalised, interviews were 
scheduled after their discharge. For older adults in nursing homes, 
if the families provided the contact details and permission to 
interview them and if the respondents were subsequently willing 
to participate, the interviews were done in the nursing home.

A target sample size of 2,500 was estimated to be adequate 
for the study. Respondents were randomly selected via a national 
registry that maintains the names and sociodemographic details 
such as age, gender, ethnicity and addresses of all residents in 
Singapore. The study also included an informant who was defined 
as the person who knew the older adult best. If respondents were 
unable to answer the questions, the informant would then be 
asked the questions. All respondents and informants provided 
written informed consent. In the case of respondents who were 
unable to provide informed consent, written informed consent 
was taken from their legally acceptable representative/next of 
kin. The study was approved by the relevant institutional ethics 
review boards (National Healthcare Group  Domain Specific 
Review Board and SingHealth Centralised Institutional Review 
Board). The study has been described in further detail in an 
earlier article.(22)

Respondent data from the following questionnaires were 
included for analysis.
1.	 Sociodemographic questionnaire: This questionnaire 

collected information about age, gender, ethnicity, marital 
status, employment status and educational level.

2.	 The 12-item WHODAS 2.0: The 12-item interviewer-
administered version of the WHODAS 2.0 was used to assess 
disability in the study.(11) For each item, individuals had to 
estimate difficulties due to health problems during the previous 
30 days from ‘none = 1’ to ‘extreme/cannot do = 5’.

3.	 Cognitive test battery: The battery comprised the Community 
Screening Instrument for Dementia (CSI ‘D’),(23) which 
incorporated the Consortium to Establish a Registry for 
Alzheimer’s Dementia (CERAD) animal naming verbal 
fluency task. The test also included the modified CERAD ten-
word list learning task with delayed recall.(24) This generated 
the global cognitive score (COGSCORE), an item-weighted 
total score of the cognitive test.

4.	 Assessment of depression: Depression was assessed via 
a standardised interview and a computerised diagnostic 

Box 1. The 12-item version of the WHODAS 2.0 includes: 

1. Cognition: understanding and communicating 

˗ �Item 3: Learning a new task, e.g. learning how to get to a new 
place

˗  Item 6: Concentrating on doing something for ten minutes

2. Mobility: moving and getting around 

˗ Item 1: Standing for long periods, e.g. 30 minutes

˗ Item 7: Walking a long distance e.g. 1 km (or equivalent)

3. Self-care: hygiene, dressing, eating and staying alone

˗ Item 8: Washing your whole body

˗ Item 9: Getting dressed

4. Getting along: ability to get along with other people 

˗ Item 10: Dealing with people you do not know

˗ Item 11: Maintaining a friendship

5. Life activities: domestic responsibilities, leisure, work and school 

˗ Item 2: Taking care of your household responsibilities

˗ Item 12: Your day-to-day work

6. Participation: joining in community activities 

˗ �Item 4: How much of a problem did you have joining in 
community activities  (e.g. festivities, religious or other 
activities) in the same way as anyone else?

˗ �Item 5: How much have you been emotionally affected by your 
health problems?
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system – the Automated Geriatric Examination for Computer 
Assisted Taxonomy (AGECAT).(25) Similar to an earlier 
study by Guerra et al,(26) we used the Stage 1 Geriatric 
Mental State (GMS)-AGECAT depression syndrome for 
diagnosis. Accordingly, study participants were classified 
into depression (cases), subsyndromal depression (subcases) 
and non-cases. The assessment of depression in this study 
is described in detail in an earlier article.(27)

5.	 Health status questionnaires: This included a chronic 
conditions checklist, wherein respondents were asked 
whether they had any of the following chronic medical 
conditions: high blood pressure; heart trouble (including 
heart attack, angina, heart failure and valve disease); stroke; 
transient ischaemic attacks; diabetes mellitus; arthritis 
or rheumatism; chronic obstructive pulmonary disease; 
breathlessness or asthma; and cancer. Multimorbidity was 
defined as two or more of these chronic conditions being 
present in that one person at the same time.(28)

6.	 Overall health status: This was measured by asking the 
respondents a single question, “How would you rate your 
overall health in the past 30 days?” The five-point response 
scale ranged from 0 to 4, where 0 = very good, 1 = good, 
2 = moderate, 3 = bad and 4 = very bad. Higher scores 
indicated poor health status.

The instruments were available in Chinese and Tamil, and 
translated into Malay.(22) For the three dialects (i.e.  Hokkien, 
Teochew and Cantonese), each question was transcribed 
using an amalgamation of hanyu pinyin and original notation 
to guide interviewers on how the questions should be asked. 
The transcription was done and refined by a panel of expert 
dialect speakers. As the trained interviewers who conducted 
these interviews were also fluent in the dialect, the transcripts 
served as guides to how the questions were asked. The choice of 
language was left to the respondents, who were asked to choose 
the language that they were most comfortable conversing in.

The field interviewers were trained extensively for the study. 
For the first week, they received training on the study procedures 
and administration of the questionnaires in English. This was 
followed by two days of training in the three local languages, 
and another day of training for those conducting interviews 
in dialects. Inter-rater reliability was not conducted; however, 
interviewers were trained to ask questions and follow-up probes 
in exactly the same way using a combination of demonstrations 
by the research staff and video-recorded interviews conducted 
by clinicians (for training purposes), and through assessing the 
interviewers for consistency and understanding by asking each 
of them to administer part of the questionnaire section by section 
in small groups. Interviewers who did not display the required 
competency were not allowed to proceed with the field work. 
Field observations were also carried out by the research staff to 
ensure standards were maintained during respondent interviews.

Statistical analyses were carried out using the SAS Software 
version  9.2 (SAS Institute Inc, Cary, NC, USA) and Mplus 
version  7.2.(29) To ensure that the survey findings were 
representative of the older adult population in Singapore, all 

estimates were analysed using survey weights to adjust for 
oversampling, non-response and post-stratification according to 
age and ethnicity of the Singapore population (aged ≥ 60 years) 
for the year 2013. Weighted mean and standard error of mean 
were calculated for continuous variables, while frequencies and 
percentages were calculated for categorical variables. In order to 
determine the dimensionality of the instrument, the participants 
were randomly divided into two halves for the purpose of cross-
sample validation. We analysed the data using exploratory factor 
analysis (EFA) among a random half of the sample (n = 1,282) 
in order to identify the number of underlying factors, with all 
rotated loadings freely estimated using an oblique geomin rotation 
method. EFA was performed on polychoric correlation matrix 
using Mplus version 7.0 with the weighted least squares with 
mean and variance adjusted estimator, which is considered a 
robust estimator for handling ordinal indicators such as Likert-type 
ratings. Monte Carlo simulations have found that the weighted 
least squares estimator performed well in models with ordinal 
indicators with highly skewed distribution, including high ceiling 
effects, due to many zeros.(30-33) This was followed by confirmatory 
factor analysis (CFA) (n = 1,282) to confirm the factor structure 
yielded by EFA with the second half of the sample.

In EFA, several criteria were used to determine the number 
of factors such as eigenvalue-based procedures, including the 
number of eigenvalues > 1 and scree plot, pattern of loadings 
on each factor (i.e. number of non-loading or double-loading 
items), and interpretability of each solution. We also used several 
criteria to determine the best-fit model in both EFA and CFA. 
We chose 0.4 as a cut-off for size of loading to be interpreted 
as acceptable.(34) Overall model fit was measured using a range 
of goodness-of-fit statistics based on the following criteria: the 
comparative fit index (CFI), Tucker-Lewis index (TLI) and root 
mean square error of approximation (RMSEA). The cut-off values 
suggested by Hu and Bentler(35) were used ‒ a cut-off value of 
close to 0.95 for TLI and CFI, and values < 0.08 or < 0.06 for 
the RMSEA support acceptable and good model fit, respectively.
(36) The best-fitting model from CFA was further analysed using 
a multigroup CFA to examine measurement invariance across 
gender, the three ethnic groups (Chinese, Malay and Indian) 
and age groups (60–74, 75–84 and 85+ years). We used a series 
of nested multigroup  CFA models with increasing parameter 
constraints to test for configural, metric and scalar invariance. 
Configural invariance was tested in a model where the factorial 
structure was invariant across groups with no equality constraints 
imposed, relying on common model fit indices. Metric invariance 
was tested by fitting models where factor loadings on respective 
items were constrained to be equal across groups. Scalar 
invariance was tested by additionally constraining intercepts 
to be equal across groups.(34) Cronbach’s alpha coefficient was 
computed to assess the internal consistency of the questionnaire. 
Convergent and divergent validity was examined using simple 
linear regression followed by multiple linear regression analyses 
after controlling for sociodemographic variables, including age, 
gender, ethnicity, marital status, employment and education 
status.
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RESULTS
The sociodemographic characteristics of the respondents are 
shown in Table I. A total of 2,564 respondents were included in 
the present study. Of these, 18 respondents completed the study 
while they were in nursing homes. The sample comprised 55.9% 
female and 44.1% male respondents. The majority of the sample 
were aged 60–74 years (75.1%), of Chinese ethnicity (83.3%) and 
currently married/cohabiting (64.0%).

Inspection of the scree plot and eigenvalues > 1.0 indicated 
that a one-factor solution was appropriate (the first to fourth 
eigenvalues were 9.10, 0.85, 0.51 and 0.47). Table II shows the 
factor loadings and model fits for the EFA and CFA models with 
one-factor model solution. In EFA, all 12 items loaded strongly 
on the factor, with all factor loadings > 0.6. The fit indices were 
an excellent fit: χ2

(df) = 119.25(22), CFI = 0.986, TLI = 0.992, 
RMSEA = 0.059, with high factor loadings (λ range 0.66-0.96). 
The internal consistency for the overall scale was 0.92.

Table III shows the results of the model indices for 
measurement invariance across gender, ethnicity (Chinese vs. 
Malay, Chinese vs. Indian and Malay vs. Indian) and age groups 
(60-74, 75-84 and 85+ years). We used the best-fitting factorial 

structure derived from EFA and CFA modelling to examine 
measurement invariance across gender, ethnicity and age groups. 
Multiple-group CFA (MG-CFA) demonstrated good data fit for 
configural invariance across gender, ethnicity and age groups, 
indicating that the best-fitting factorial structure was confirmed 
within these subgroups. Furthermore, we found full metric and 
scalar invariance with satisfactory model indices. MG-CFA 
findings confirmed full configural, metric and scalar invariance 
for the 12-item WHODAS 2.0 score in this sample.

Table IV shows the correlation coefficients between the 
WHODAS 2.0 score and other scales. The WHODAS 2.0 score 
positively correlated with multimorbidity, perceived overall 
health status, depression and subsyndromal depression. There 
was a significant inverse association between the WHODAS 2.0 
score and COGSCORE. After adjustment for all sociodemographic 
variables in the multiple linear regression analysis, these measures 
remained significantly associated with the WHODAS 2.0 score.

DISCUSSION
The study found a one-factor model solution for WHODAS 2.0, 
with a high internal consistency of all items, which confirms the 

Table I. Sociodemographic characteristics of the sample (n = 2,564). 

Demographic characteristic No. %

Unweighted Weighted

Age group (yr)

60–74 1,494 58.3 75.1

75–84 668 26.1 19.4

85+ 402 15.7 5.5

Gender

Male 1,116 43.5 44.1

Female 1,448 56.5 55.9

Ethnicity

Chinese 1,011 39.4 83.3

Malay 745 29.1 9.3

Indian 772 30.1 6.0

Others 36 1.4 1.4

Marital status

Never married 136 5.3 8.0

Married/cohabiting 1,483 57.9 64.0

Widowed 836 32.6 22.5

Divorced/separated 107 4.2 5.5

Education

None 511 20.0 16.5

Some (did not complete primary) 620 24.3 23.9

Completed primary 640 25.1 24.8

Completed secondary 517 20.3 22.4

Completed tertiary 262 10.3 12.4

Employment

Paid work (part-time/full-time) 688 27.2 33.9

Unemployed (includes those looking for work) 32 1.3 1.5

Homemaker 808 31.9 26.3

Retired 1,006 39.7 38.3
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findings of other studies that have validated WHODAS 2.0.(12,15,37,38) 
However, Saltychev et al(16) identified two retained factors with 
eigenvalues > 1 after EFA, with the main factor being responsible 
for more than 81% of the variation. Similar to the studies by Luciano 
et al(15) and Schiavolin et al,(39) we found the lowest loadings for 
Items 5 (‘How much have you been emotionally affected by your 
health problems?’) and 11 (‘Maintaining a friendship’).

The current study is one of the few that has validated the 
WHODAS 2.0 in older adults. Sousa et al,(38) who evaluated the 
scale among older adults living in seven low- and middle-income 
countries as part of the 10/66 study, similarly identified a one-
factor solution in most sites; however, data from a few countries 
(Cuba, Dominican Republic, rural China and rural India) 
supported a two-factor solution. The authors concluded that 
the underlying constructs could not be interpreted other than 
that based on the item difficulty of the associated items. Internal 
consistency in the 10/66 study ranged from 0.90 to 0.97 by site, 
which is similar to that identified in the current study (i.e. 0.92).

We also found full configural, metric and scalar invariance 
for the 12-item WHO-DAS 2.0 in this sample. Measurement 
invariance determines the extent to which a measure demonstrates 
construct comparability across different groups such as age, gender 
and ethnicity, and is therefore a prerequisite for making meaningful 
comparisons between independent groups. Measurement 
invariance of the WHODAS 2.0 was also demonstrated by Sousa 
et al(38) among older adults, both in terms of item calibration and 
for underlying factor structure and factor loading. The invariance 

identified in our study has practical utility for clinicians and 
researchers who are interested in using the WHODAS 2.0 to 
assess disability among older adults in Singapore’s multiethnic 
population.

The current study also found support for the convergent 
validity of the 12-item WHODAS 2.0. The WHODAS 2.0 score 
was positively correlated with perceived overall health status 
scores, multimorbidity, depression, as well as subsyndromal 
depression. Older adults with higher disability reported poorer 
overall health. Other studies have found a significant negative 
association between disability and health-related quality of 
life.(7,8,15) Luciano et al(15) found a significant negative association 
between disability scores and EuroQoL-5 Dimensions (EQ-
5D),(40) while Hudson et al(8) found that the WHODAS 2.0 
was moderately and negatively associated with the physical 
and mental component of the Medical Outcomes Short Form-
36 questionnaire.(41) Carlozzi et al(14) also found evidence for 
convergent validity, with the WHODAS 2.0 demonstrating 
moderately significant correlations with other general measures 
of health-related quality of life, including the EQ-5D.(40) The 
prevalence of multimorbidity was 51.5% in this sample as 
established by a previous study,(28) and the current study found 
a significant positive association between multimorbidity, as 
measured by the count of chronic medical conditions, and 
disability. Not many studies have examined disability among 
those with multimorbidity; Garin et al(42) reported similar results 
when assessing the association between multimorbidity and 

 Table II. Means, standard deviations (SDs), Cronbach’s alpha, factor loadings and fit indices of the WHODAS 2.0 (n = 2,564).

12-item WHODAS 2.0 Mean ± SD Corrected item-
total correlations

EFA factor 
loadings

CFA factor 
loadings

1. Standing for long periods such as 30 minutes? 0.60 ± 1.27 0.75 0.93 0.87

2. Taking care of your household responsibilities? 0.49 ± 1.18 0.81 0.93 0.96

3. Learning a new task, for example, learning how to get to a new 
place?

0.74 ± 1.42 0.69 0.87 0.86

4. How much of a problem did you have joining in community activities 
(e.g. festivities, religious or other activities) in the same way as 
anyone else can?

0.64 ± 1.37 0.66 0.85 0.81

5. How much have you been emotionally affected by your health 
problems?

0.30 ± 0.75 0.47 0.60 0.66

6. Concentrating on doing something for 10 minutes? 0.14 ± 0.66 0.62 0.88 0.85

7. Walking a long distance such as a kilometre (or equivalent)? 0.75 ± 1.38 0.75 0.92 0.89

8. Washing your whole body? 0.22 ± 0.84 0.78 0.97 0.96

9. Getting dressed? 0.21 ± 0.80 0.77 0.94 0.93

10. Dealing with people you do not know? 0.19 ± 0.75 0.62 0.85 0.84

11. Maintaining a friendship? 0.24 ± 0.91 0.60 0.84 0.88

12. Your day-to-day work? 0.30 ± 0.93 0.81 0.97 0.92

Cronbach’s alpha 0.92

χ2 184.00 119.25

df 54 22

CFI 0.993 0.986

TLI 0.992 0.992

RMSEA 0.043 0.059

CFA: confirmatory factor analysis; CFI: comparative fit index; df: degrees of freedom; EFA: exploratory factor analysis; RMSEA: root mean square error of approximation; 
TLI: Tucker-Lewis index; WHODAS: World Health Organization Disability Assessment Schedule
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disability using the WHODAS 2.0 questionnaire. Disability 
was also significantly correlated with both depression and 
subsyndromal depression. This is in line with previous studies by 
Luciano et al(15) and Chwastiak and Von Korff,(43) who showed a 
strong correlation between WHODAS 2.0 scores and depression 
as measured by the Patient Health Questionnaire-9.(44) There 

was a significant inverse association between WHODAS 2.0 
score and COGSCORE, which has been reported previously in 
this population.(45) Several cross-sectional studies have found a 
correlation between cognitive status and functional disability 
in old age,(46,47) with some studies indicating a bidirectional 
relationship between the two.(48)

Table III. Model indices for measurement invariance across gender, ethnicity and age groups.

Invariance type Goodness-of-fit indices Contrast Difference in goodness-of-fit indices

χ2 df RMSEA CFI ∆χ2 ∆df ∆RMSEA ∆CFI

Recommended cut-off for indices < 0.08 > 0.95 < 0.015 < 0.10

Female vs. male

Configural 425.08 108 0.05 0.99

Metric 404.31 119 0.04 0.99 2 vs. 1 45.0 11 0.005 0.000

Full scalar 476.04 166 0.04 0.99 3 vs. 2 79.20 47 0.005 0.000

Chinese vs. Malay

Configural 528.85 108 0.07 0.99

Metric 514.74 119 0.06 0.99 2 vs. 1 71.62 11 0.005 0.000

Full scalar 886.81 166 0.07 0.99 3 vs. 2 457.82 47 0.008 0.005

Chinese vs. Indian

Configural 509.15 108 0.07 0.99

Metric 446.64 119 0.06 0.99 2 vs. 1 47.29 11 0.009 0.001

Full scalar 672.79 166 0.06 0.99 3 vs. 2 262.11 47 0.003 0.004

Malay vs. Indian

Configural 543.94 108 0.07 0.99

Metric 506.4 119 0.07 0.99 2 vs. 1 71.15 11 0.007 0.001

Full scalar 694.66 166 0.07 0.99 3 vs. 2 226.65 47 0.001 0.002

60–74 yr vs. 75–84 yr

Configural 377.19 108 0.05 0.99

Metric 340.28 119 0.04 0.99 2 vs. 1 28.16 11 0.007 0.002

Full scalar 428.73 166 0.04 0.986 3 vs. 1 101.64 47 0.003 0.002

60–74 yr vs. 85+ yr

Configural 310.19 108 0.04 0.99

Metric 275.99 119 0.04 0.99 2 vs. 1 21.45 11 0.007 0.002

Full scalar 392.72 166 0.04 0.99 3 vs. 1 82.35 47 0.001 0.004

CFI: comparative fit index; df: degrees of freedom; RMSEA: root mean square error of approximation

Table IV. Correlations between the WHODAS 2.0 score and other measures.

Parameter Bivariate association Multivariate association*

Coefficient p-value Coefficient 95% CI p-value

Multimorbidity† 0.33 < 0.001 5.11 3.96, 6.27 < 0.001

COGSCORE‡ −0.74 < 0.001 −2.72 −2.96, −2.49 < 0.001

Overall health status*,§ 0.33 < 0.001 6.89 5.55, 8.23 < 0.001

Depression

Cases 22.56 < 0.001 19.23 12.18, 26.28 < 0.001

Subsyndromal 9.97 < 0.001 8.43 5.37, 11.48 < 0.001

Non-cases Ref Ref

*Unstandardised coefficient was derived from multiple linear regressions after adjusting for sociodemographic variables, including age, gender, ethnicity, 
marital status, employment status and education. †Multimorbidity was measured as the count of chronic medical conditions (heart problems, stroke, transient 
ischaemic attacks, diabetes mellitus, depression, arthritis, chronic obstructive pulmonary disease, asthma and cancer). ‡CSI ‘D’ COGSCORE was derived from 
the Community Screening Instrument for Dementia Global Cognitive Score. Higher scores indicate higher cognitive functioning. §Overall health status 
was measured by asking the respondents: ‘How would you rate your overall health in the past 30 days?’ using a five-point scale (4 = very bad; 3 = bad; 2 = 
moderate; 1 = good; 0 = very good). Higher scores indicate poorer health status. CI: confidence interval; COGSCORE: global cognitive score; Ref: reference group;  
WHODAS: World Health Organization Disability Assessment Schedule 
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There are some limitations to the current study. As this is a 
secondary analysis of data from a cross-sectional study, test-retest 
reliability and sensitivity to change of the 12-item WHODAS 
2.0 were not ascertained in the study and health-related quality 
of life was assessed by a single question instead of using a 
structured questionnaire. The WHODAS 2.0 and other relevant 
questionnaires were administered to the informant when the 
older adult respondent was cognitively incapable of answering 
the questions. While the informant was someone who knew the 
respondent best, we were unable to verify the accuracy of the 
responses in any way. The American Psychiatric Association has 
also recommended that “if the adult individual is of impaired 
capacity and unable to complete the form (e.g. a patient with 
dementia), a knowledgeable informant may complete the proxy-
administered version of the measure”.(49) The proxy-administered 
version of the WHODAS 2.0 has been validated by Downing et 
al among patients with Huntington’s disease.(50) However, the 
current study did not establish the concordance between self and 
proxy reports of disability or other questionnaires. The choice of 
methods used in the current study to determine the number of 
factors to rotate can also be debated. In the present study, the 
factors were determined based on eigenvalues > 1 and the scree 
plot methods, as well as the interpretability of each factor solution 
and fit indices criterion, including CFI, TLI and RMSEA. In addition 
to these methods, the factor solution was cross-validated with 
CFA using the second half of the sample. This approach has been 
recommended by other researchers and methodologists.(34,51) We 
would like to highlight that, while parallel analysis (PA) has been 
reported to be superior to eigenvalues > 1 and scree plot,(52) other 
researchers have suggested that the performance of the PA method 
is greatly dependent on the magnitude of the correlation among 
factors and the number of items. For example, a recent simulation 
study by Yang and Xia(53) has shown that when the number of items 
was 12 and the correlation factors were increased, eigenvalue > 1 
performed better than PA. Hence, it is important to acknowledge 
that no method should be treated as inviolable.(54)

It may also be argued that when using factor analysis to 
validate a measure, samples need to be representative of the 
diversity within the construct under investigation (i.e. disability 
in the case of the current study) rather than representative of the 
general population. However, as stated by other researchers, 
WHODAS 2.0 is useful for assessing health and disability levels 
in the general population and in clinical groups,(5) and establishing 
population norms enables comparisons of subpopulations and 
the general population. Thus, it is important that the scale be 
validated in both general populations, as well as in specific groups 
with disability. The strengths of the current study include the 
large, multiethnic sample and the use of structured instruments 
to measure cognition and depression.

In conclusion, this study has demonstrated that the WHODAS 
2.0 is a valid and reliable measure of disability among older adults 
in a multiethnic Asian population. However, further research 
is required to determine the usefulness of the WHODAS 2.0 
as a responsive instrument that can detect change following 
interventions.
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