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Abstract

Background: To compare disability prevalence rates in the major ethnic groups in the UK and understand the risk factors
contributing to differences identified. It was hypothesised that Indian Asian and African Caribbean people would experience
higher rates of disability compared with Europeans.

Methods: Data was collected from 888 European, 636 Indian Asian and 265 African Caribbean men and women, aged 58–
88 years at 20-year follow-up of community-based cohort study, based in West London. Disability was measured using a
performance-based locomotor function test and self-reported questionnaires on functional limitation, and instrumental
(IADL) and basic activities of daily living (ADL).

Results: The mean (SD) age of participants at follow-up was 69.6 (6.2) years. Compared with Europeans, Indian Asian people
were significantly more likely to experience all of the disability outcomes than Europeans; this persisted after adjustment for
socioeconomic, behavioural, adiposity and chronic disease risk factors measured at baseline (locomotor dysfunction:
adjusted odds ratio (OR) 2.20, 95% CI 1.56–3.11; functional limitation: OR 2.77, 2.01–3.81; IADL impairment: OR 3.12, 2.20–
4.41; ADL impairment: OR 1.58, 1.11–2.24). In contrast, a modest excess risk of disability was observed in African Caribbeans,
which was abolished after adjustment (e.g. locomotor dysfunction: OR 1.37, 0.90–1.91); indeed a reduced risk of ADL
impairment appeared after multivariable adjustment (OR from 0.99, 0.68–1.45 to 0.59, 0.38–0.93), compared with Europeans.

Conclusions: Substantially elevated risk of disability was observed among Indian Asian participants, unexplained by known
factors. A greater understanding of determinants of disability and normative functional beliefs of healthy aging is required
in this population to inform intervention efforts to prevent disability.
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Introduction

As life expectancy increases, it is important to both quantify and

understand determinants of ageing-related disability, such as

functional limitations. Reports on trends in disability are

inconsistent, with US studies suggesting significant declines over

time [1], while some UK statistics indicate that the prevalence of

severe disability may be rising [2]. There are marked socioeco-

nomic differences; in the UK, people in the lowest socioeconomic

group experienced an increase in disability between 1995 and

2001, while socially advantaged groups experienced a decline [2].

Ethnicity may play an independent role. In the US, there is

evidence that African American people consistently experience

significantly greater risk of disability, compared with White

Americans [3–7]. Socioeconomic disparities explain a substantial

proportion of this elevated risk [4–7], with health behaviours and

chronic disease burden also playing a mediating role [4,6].

People of Indian Asian and African Caribbean descent form the

UK’s two largest minority ethnic groups. First generation migrants

arrived in the 1950 s and 60 s, and are now of pensionable age,

when disability is a concern. Despite established health differen-

tials between ethnic groups in the UK, there has been a lack of

research exploring disability rates across British ethnic groups.

Indian Asian people experience higher rates of coronary heart

disease than Europeans [8], and both Indian Asian and African

Caribbean groups show elevated risk of type 2 diabetes compared

with Europeans [9,10]. Other established risk factors for the

development of disability, such as socioeconomic disadvantage and

unhealthy behaviour profiles, are also known to vary across UK

ethnic groups [11–14], and yet it is not known whether these

variations in risk factors and rates of chronic disease predict ethnic
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group differentials in disability. If rates of disability do vary across

ethnic groups, this is likely to have an inequitable impact on

morbidity, quality of life and the economic burden on healthcare

systems.

We hypothesised that, based on socioeconomic disadvantage

and increased chronic disease risk, both minority ethnic groups

would experience elevated rates of disability compared with

Europeans.

Methods

The Southall and Brent REvisited (SABRE) study is a tri-ethnic

(European, Indian Asian and African Caribbean) 20-year com-

munity-based cohort recruited in West London between 1988 and

1991 [15]. Participants were aged 40–69 years at baseline, and the

total available sample included 4857 (75% male) people of

European (n = 2346), Indian Asian (n = 1710), and African

Caribbean (n = 801) ethnic origin. Ethnicity was interviewer-

recorded based on parental origin and appearance and subse-

quently confirmed by participants. A follow-up investigation of all

surviving participants was performed between 2008 and 2011,

20 years after the baseline survey, when participants were aged

58–88 years.

Ethics statement
All participants gave written informed consent. Approval for the

study at baseline was obtained from Ealing, Hounslow and

Spelthorne, and University College London research ethics

committees, and at follow-up from St Mary’s Hospital Research

Ethics Committee (ref.07/H0712/109).

Following an overnight fast, the standard cardiometabolic

assessments were performed, the protocol for which has been

described elsewhere in detail [15–17]. A self-administered

questionnaire included items on socioeconomic position (SEP –

education, occupational grade [18], and home tenure), health

behaviours (smoking, physical activity, total weekly alcohol intake,

and sedentary behaviour), and medical history. A four-category

indicator of life-course SEP was created with education (,11

versus $11 years) and occupational grade (manual versus non-

manual) variables: low childhood/adult SEP; high childhood/low

adult SEP; low childhood/high adult SEP; high childhood/adult

SEP. Disability at baseline was assessed by questions concerning

activity-limiting disability; this was dichotomised into those with or

without disability at baseline.

Follow-up assessments
Clinic attendees completed a similar questionnaire to baseline,

and underwent a series of comprehensive clinical measurements

[15]. Participants who could not attend were invited to complete a

questionnaire, and were offered a home visit. Diabetes during the

follow-up period was identified from medical record, participant

recall of diagnosis, or follow-up OGTT, and CHD was identified

by data extracted from primary care records [15]. Pain at follow-

up was assessed using the relevant item from the EuroQol five-

item health status (EQ-5D) scale [19]. Disability was measured

using the objective ‘Up and Go’ test, as well as functional

limitation, instrumental (IADLs) and basic activities of daily living

(ADLs) scales (see table 1).

Of the original sample, 91% were traced, of whom 3333

participants were alive at follow-up. Questionnaire/clinical follow-

up data were available for 2023 participants (978 European, 739

Indian Asian, and 306 African Caribbean), with follow-up

response rates for questionnaire data of 60% in Europeans, 59%

in Indian Asians, and 60% in African Caribbeans among traced

survivors from the original sample (see Appendix 1 for participant

flow diagram).

Statistical analyses
Age- and sex-adjusted analyses of covariance and logistic

regression were used, as appropriate, to compare the baseline

(1988–1991) characteristics of responders (people who provided

follow-up data) with non-responders (traced survivors who did not

participate in follow-up). Subsequent analyses included only those

people with complete questionnaire data (n = 1789, for locomotor

function analyses n = 1292). Baseline characteristics were stratified

by sex and compared across ethnic groups (Europeans as reference

category), using chi-square tests, independent samples t-tests, and

Mann Whitney U-tests as relevant.

Logistic regression analyses explored ethnic differences in

locomotor dysfunction, functional limitations, IADL and ADL

impairment (figure 1). We tested the models’ fit using Hosmer and

Lemeshoẁs goodness-of-fit tests for each outcome. A range of

sensitivity analyses were conducted to test the robustness of

Table 1. Follow-up assessment of disability.

Variables Measurement/categorisation

Clinic visit

Objective disability Locomotor function – ‘Up and Go’ test [55],
standardised measure of functional leg strength,
power, and balance. Incorporates basic mobility
movements needed for successful ageing.

Timed test involved participants getting up from a chair, walking three metres,
turning around, walking and sitting back down; the threshold of $12 seconds
was used to classify locomotor dysfunction [56,57].

Questionnaire

Self-reported disability Functional limitations – ‘‘restrictions in performing
fundamental physical activities’’ and are thought
to be part of the pathway between risk factors
andthe development of disability [38].

Impairment recorded if participants reported limitation with $1 of following:
1) Walking unaided without stopping and discomfort; 2) walking up and down a
flight of 12 stairs without resting; 3) bending down to pick up a shoe from the
floor.

Impairment of instrumental activities of daily
living (IADL) – ‘‘needed for ‘independent living’
in society’’.

1) Doing light housework; 2) shopping for personal items; 3) preparing one’s
own meals; 4) using the telephone; 5) taking medications; 6) managing money;
7) using public transport.

Impairment of activities of daily living (ADLs)
– activities ‘‘necessary for survival’’ [38].

1) Walking across a room; 2) getting in and out of bed; 3) getting in and out of a
chair; 4) dressing and undressing oneself; 5) bathing or showering; 6) self-
feeding; 7) getting to and using the toilet.

doi:10.1371/journal.pone.0045602.t001
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findings. All analyses were performed using SPSS version 18.

Validation of the questionnaires was undertaken, the methods and

results of which are available in Appendix 2.

Results

Comparison of baseline characteristics between
responders and non-responders at follow-up

The proportions of responders (participants providing some

data from traceable survivors) were 65%, 63%, and 63% among

Europeans, Indian Asians and African Caribbeans, respectively.

Differences between responders (n = 2132) and non-responders

(n = 1204) were similar by ethnicity. Non-responders were older

(p,0.001), more likely to be female (p = 0.003) and of lower SEP

(based on education (70% of non-responders reported #11 years

of education, compared with 62% among responders, p,0.001)

and manual occupation (71% of non-responders compared with

63% of responders, p,0.001)). There were no group differences in

physical activity levels, alcohol consumption, adiposity, prevalence

of CHD, diabetes, or baseline disability after adjustment for age

and sex.

Baseline characteristics
By design [15], the majority of participants were male (table 2).

At baseline, Indian Asian participants were younger than

Europeans (p,0.001) while African Caribbean men were older

(p = 0.007). Europeans were more likely to be in non-manual

occupations, though Indian Asians and African Caribbean women

reported more years of education. Europeans were also more likely

to report their general state of health as good or very good.

Behavioural profiles were mixed, with Europeans more likely to

smoke, consume alcohol, and report more sedentary behaviour,

while also performing higher levels of physical activity. Diabetes

and hypertension were generally more frequent in the ethnic

minority groups, but there were no differences in self-reported

disability.

Figure 1. Risk of performance-based and self-reported disability, according to ethnic group. a: Risk of locomotor dysfunction. b: Risk of
functional limitations c: Risk of an impairment of instrumental activities of daily living d: Risk of an impairment of activities of daily living.
doi:10.1371/journal.pone.0045602.g001

Ethnic Differences in Disability

PLOS ONE | www.plosone.org 3 September 2012 | Volume 7 | Issue 9 | e45602



Ethnic differences in disability at 58–88 years
Locomotor dysfunction. Prevalence of locomotor dysfunc-

tion in older age was 31% in Europeans, 46% in Indian Asians

(p,0.001), and 49% in African Caribbeans (p,0.001) (table 3).

Determinants of locomotor dysfunction included age, female sex,

baseline SEP, self-rated health, chronic disease and central

adiposity (table 4). There was the suggestion of an interaction

between diabetes and ethnicity (p = 0.20 for interaction) on

locomotor dysfunction, where diabetes appeared to have a greater

effect in the Indian Asian group (odds ratio (OR) 3.12, 95% CI

Table 2. Baseline characteristics by sex and ethnic group: SABRE study 1988–1991.

European
men
(n = 689)

Indian Asian
men
(n = 552)

African
Caribbean
men
(n = 142)

European
women
(n = 199)

Indian Asian
women
(n = 84)

African Caribbean
women
(n = 123)

Age 50.6 (6.4) 49.3 (6.0)* 52.6 (5.7)* 51.0 (6.5) 47.7 (5.6)* 51.2 (6.0)

Marital status –
Married

83% 97%* 78%* 71% 87%* 57%*

Years lived in UK{ 31.0 (1.0) 22.6 (6.3)* 29.8 (4.8) 33.2 (11.0) 21.1 (4.8)* 29.7 (5.6)

Years of education 11.1(2.7) 12.8 (3.7)* 10.9 (2.2) 10.6 (2.8) 11.0 (3.6) 11.2 (3.5)

Occupation
– Manual labour

54% 73%* 86%* 46% 64%* 61%*

Home tenure – Own
home

88% 93%* 74%* 80% 96%* 65%*

Life-course socioeconomic position (SEP)

Low childhood/adult
SEP

36% 20% 45% 35% 37% 36%

High childhood/low
adult SEP

17% 53% 40% 11% 27% 26%

Low childhood/high
adult SEP

15% 3% 4% 17% 8% 11%

High childhood/adult
SEP

32% 25%* 11%* 37% 27%* 27%*

Smoking status –
Current smoker

24% 12% 26% 23% 1% 8%

Ex-smoker 40% 11% 20% 25% 1% 9%

Never smoked 36% 77%* 54%* 53% 98%* 83%*

Physical activity
(megajoules/week)

11.0 (7.5–16.5) 9.5 (6.0–13.0)* 11.0 (7.3–15.4)* 9.0 (5.2–13.4) 6.3 (2.0-9.8)* 10.0 (7.7–14.1)

Alcohol consumption
(units/week)

12.1 (3.3–24.1) 3.1
(0–13.5)*

9.3 (2.2–23.3) 1.6 (0.2-6.2) 0* 0.8 (0.1–3.1)*

Sedentary behaviour
(hours/week)

3.8 (1.0) 3.1 (1.1)* 3.1 (1.0)* 3.8 (1.0) 3.2 (1.0)* 3.2 (1.2)*

Body mass index
(kg/m2)

26.0 (3.6) 25.5 (3.2)* 26.3 (3.0) 25.7 (4.6) 26.8 (4.6) 29.2 (5.1)*

Waist circumference
(cm)

90.9 (10.3) 91.8 (9.3) 88.5 (8.9)* 78.5 (11.6) 83.2 (10.2)* 87.3 (11.7)*

Muscle mass (cm2)–
Mid upper arm

64.9 (11.0) 60.5 (9.5)* 72.9 (11.8)* 44.5 (11.1) 37.6 (10.4)* 56.2 (12.0)*

Mid thigh 234 (34) 222 (32)* 252 (36)* 212 (37) 211 (40) 258 (44)*

Self-rated health –
Very good/good

78% 65%* 67%* 70% 48%* 50%*

Coronary heart
disease

4% 4% 2% 1% 0% 3%

Diabetes 5% 14%* 18%* 4% 8% 20%*

Hypertension 17% 27%* 39%* 16% 14% 49%*

Arthritis 12% 11% 13% 19% 20% 32%*

Asthma 9% 11% 7% 12% 7% 13%*

Disability 21% 21% 23% 28% 27% 33%

Data presented are unadjusted means (SD) and %, with exception of physical activity and alcohol consumption, presented as medians (interquartile range), due to
skewed data (categorical variables were used for ethnic group comparisons). *p,0.05 for group differences with Europeans as reference category. {n = 959, includes
only those people born outside the UK/Ireland with complete data (for European group, n = 61). Physical activity measured in megajoules expended per week during
leisure time, travel time and sports. Sedentary behaviour measured as television viewing hours per week.
doi:10.1371/journal.pone.0045602.t002
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1.65, 5.88, p,0.001), than in Europeans (OR 1.32, 0.50–3.53,

p = 0.58). The Indian Asian excess in locomotor dysfunction

(figure 1a) was accentuated upon adjustment for socioeconomic

factors (model 2), being 2.7 fold greater than in Europeans.

Adjustment for health behaviours, adiposity and chronic disease

prevalence (model 4) only partially attenuated this Indian Asian

vulnerability (OR 2.20, 1.56–3.11, p,0.001).

African Caribbean participants also had an elevated risk of

locomotor dysfunction (figure 1a), but with the inclusion of SEP,

adiposity, and chronic disease, this ethnic difference was substan-

tially attenuated (from OR 1.70, 1.20–2.40, p = 0.003, to OR 1.37,

0.92–2.04, p = 0.13).

Functional limitations. Reported functional limitation was

greater in Indian Asian (37%, p,0.001) and African Caribbean

(32%, p,0.001) participants than Europeans (18%) (table 3).

Similar baseline determinants were associated with reported

functional limitation at follow-up as observed for locomotor

dysfunction (data not shown). The Indian Asian excess in

functional limitations was enhanced by adjustment for SEP

(figure 1b), increasing the excess risk to over 3.5 fold compared

with Europeans (OR 3.74, 2.85–4.92, p,0.001), and was not

explained by health behaviours or chronic disease at baseline. In

contrast, the excess risk reported for functional limitation among

African Caribbean people was reduced, and rendered statistically

non-significant after adjustment for SEP, adiposity, and chronic

disease prevalence (OR 1.31, 0.90–1.91, p = 0.16).

IADL impairment. A significant excess in impairment of

IADLs was observed in the Indian Asian group (table 2), with a

greater than 4 fold excess when SEP was taken into account

(figure 1c). Health behaviours and chronic disease appeared to

explain some of the excess IADL impairment, however, after full

adjustment, the Indian Asian group remained over three times

more likely, than their European counterparts, to experience this

disability outcome at follow-up (OR 3.12, 2.20–4.41, p,0.001).

Conversely, African Caribbean and European participants did

not differ in their odds of IADL impairment (OR 0.89, 0.58–1.37,

p = 0.59).

ADL impairment. Strikingly, while Indian Asians had higher

levels of ADL impairment at follow-up (OR 1.58, 1.11–2.24,

p = 0.011), prevalence in African Caribbeans was lower than in

Europeans after multivariable adjustment (OR 0.59, 0.38–0.93,

p = 0.021) (figure 1d).

None of the goodness-of-fit tests showed statistically significant

results.

Sensitivity analyses. Baseline muscle mass and pain (mea-

sured at follow-up) were included in alternative versions of the

final model; these did not affect the ethnic group differences in the

disability outcomes observed (data not shown).

‘Incident’ disability was explored by including only those people

free from disability at baseline in the analyses (n = 1385); the same

profiles of disability risk were observed across ethnic groups.

Models 1–4 were also repeated using the outcomes of major

functional limitations and major IADL and ADL impairment, to

explore differences in the extent of disability. We observed similar

ethnic group differences in disability risk.

Analyses stratified by follow-up chronic disease status tested the

possibility that underlying but undiagnosed (at baseline) chronic

disease were driving the observed group differences. The same

patterns of excess disability risk among Indian Asians were seen as

observed previously.

The main analyses were completed in men only (numbers too

small to perform in women only) to verify that results were not

driven by female characteristics that differed between groups (sex T
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interactions were non-significant); the ethnic group differences in

disability remained.

Questionnaire validation
Differential item functioning analyses identified item bias for

two IADL and two ADL items for the Indian Asian group.

Refinement of the scales, through removal of these items,

replicated the patterns of excess impairment of IADL and ADL

risk among Indian Asians observed previously (Appendix 2 for

more detail).

Discussion

In this tri-ethnic population in the United Kingdom, we

observed a marked excess risk of disability in older age among the

Indian Asian group, being two to four times higher, depending on

the measure, compared with their European counterparts. This

excess was observed using both objectively observed and self-

reported measures, and could not be fully explained by SEP,

health behaviours, co-morbidity, and body size measures in middle

age. In contrast, people of African Caribbean descent had similar,

or, after multivariable adjustment, lower levels of severe disability

(ADL) compared with Europeans.

This is the first examination of disability in the main three

ethnic groups in the UK using longitudinal data. The inclusion of

performance- and questionnaire-based disability measurement,

from mild physical dysfunction to more severe disability, and

control for a wide range of covariates measured in middle age, are

considerable strengths of this study.

Although studies have investigated ethnic differences in

disability in other countries [3–7,20], there is a dearth of literature

examining disability among the UK’s major ethnic groups. Our

longitudinal finding of excess disability among Indian Asians is

supported by one cross-sectional study from Singapore and one

from the UK [20,21].

No other data are available investigating the disability risk

among UK African Caribbean people, however numerous studies

from the US have reported an elevated risk of disability among

African American people compared with White Americans [3–

7,22–24]. Despite the difference in national versus privatised

Table 4. Associations between baseline risk factors and locomotor dysfunction at follow-up (age- and sex-adjusted) by ethnic
group: Logistic regression analysis in the SABRE study.

Risk of locomotor dysfunction

European Indian Asian African Caribbean

Age (per year) 1.15 (1.12–1.19) 1.08 (1.04–1.11) 1.13 (1.07–1.19)

Sex – Female 1.70 (1.10–2.61) 1.84 (1.04–3.27) 1.27 (0.71–2.28)

Life-course SEP–Low childhood/adult 1 1 1

High childhood/low adult 1.03 (0.59 0.55 (0.33 1.02 (0.49

Low childhood/high adult 0.69 (0.38 0.74 (0.26 0.69 (0.21

High childhood/adult 0.59 (0.38 0.70 (0.39 0.40 (0.17

Home tenure – Own home 0.39 (0.23–0.66) 0.26 (0.10–0.66) 0.59 (0.32–1.12)

Smoking status – Current smoker 1.49 (0.96–2.33) 1.02 (0.53–1.93) 1.09 (0.50–2.37)

Physical activity (quartiles) – Lowest 1 1 1

2 0.69 (0.41 0.93 (0.57 0.62 (0.27

3 0.44 (0.25 0.56 (0.33 0.68 (0.29

Highest 0.42 (0.25 0.79 (0.45 0.65 (0.27

Alcohol intake – Low 1 1 1

Moderate 0.45 (0.26 1.05 (0.62 0.68 (0.32

High 0.54 (0.34 1.34 (0.86 1.72 (0.78

Sedentary behaviour 1.12 (0.93–1.35) 0.93 (0.77–1.11) 1.04 (0.80–1.35)

Waist circumference (per cm) 1.05 (1.03–1.07) 1.04 (1.02–1.06) 1.03 (1.00–1.06)

Body mass index (per unit) 1.13 (1.08–1.19) 1.10 (1.04–1.17) 1.09 (1.02–1.18)

Self-rated health – Fair/ poor 1.49 (1.20–1.86) 1.30 (1.06–1.61) 1.87 (1.33–2.63)

Coronary heart disease 3.29 (1.19–9.07) 3.05 (0.94–9.90) 1.09 (0.22–5.56)

Diabetes 1.32 (0.50–3.53) 3.12 (1.65–5.88) 0.65 (0.27–1.54)

Hypertension 1.42 (0.87–2.33) 1.40 (0.90–2.17) 1.22 (0.67–2.23)

Arthritis 1.15 (0.67–1.98) 1.24 (0.67–2.29) 1.77 (0.88–3.58)

Asthma 0.50 (0.22–1.11) 1.67 (0.91–3.08) 1.49 (0.61–3.63)

Disability 2.03 (1.32–3.12) 1.82 (1.14–2.92) 1.89 (0.96-3.73)

Data presented as odds ratios (95% confidence intervals). Only includes people with complete questionnaire and locomotor function data (n = 1292). SEP:
Socioeconomic position. Age, sedentary behaviour, waist circumference, and body mass index coded as continuous variables. Sex, life-course SEP (reference category:
Low childhood and low adult), home tenure (reference category: Do not own home), smoking status (reference category: Never/ex-smoker), physical activity
(megajoules per week categorised into quartiles, reference category: Lowest), alcohol intake (reference category: Low), self-rated health (reference category: Very good/
good), and baseline coronary heart disease, diabetes, hypertension, arthritis, asthma and disability (reference category: No prevalent condition) coded as categorical
variables.
doi:10.1371/journal.pone.0045602.t004
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healthcare systems in the UK and US, our findings are in line with

those from African American samples. Most (but not all [4]) of this

work shows that the majority of this excess risk is explained by

known risk factors [7,22,24], and, in fact, also similar to our

results, non-Hispanic Black groups have been shown to demon-

strate reduced risk of certain functional outcomes, compared with

Europeans, after multivariable adjustment [5,6]. The similarity in

our findings with the US, where socioeconomically deprived

African Americans have been particularly disadvantaged by the

private healthcare system [25], suggests that access to healthcare

does not have a strong influence on disability rates between Black

and White groups.

The current analyses examined the risk factors that explained

the ethnic differences observed in disability, to identify interven-

tion opportunities to reduce ethnic inequalities in disability.

Inclusion of socioeconomic characteristics accentuated rather than

attenuated the excess risk among Indian Asians. Although

substantial literature documents greater socioeconomic disadvan-

tage among UK minority ethnic groups [11,26–28], this can

depend on the SEP marker included (as shown by the divergent

ethnic group patterns across the different socioeconomic charac-

teristics here). Furthermore, the Indian Asian participants in our

sample were predominantly Punjabi Sikh, one of the more

advantaged South Asian subgroups in the UK [27]. Socioeco-

nomic factors did explain some of the ethnic group differences

between European and African Caribbean participants, support-

ing findings from African American groups [6,7,22,29].

Health behaviours, adiposity, and chronic disease burden

explained a small amount of the ethnic differences in disability

among Indian Asian and African Caribbeans. Variations in

behaviours are well established between European, Indian Asian

and African Caribbean groups in the UK [13,14,27]. Variations in

body composition [30,31] and the relationship between fat

distribution and disease outcomes in different groups [32,33]

mean that adiposity may have a differential impact on physical

functioning across ethnicities. Inconsistent evidence exists regard-

ing the role of muscle mass in the development of disability

[34,35], with some work suggesting that fat mass plays a stronger

role [35,36]. Our adjustment for a proxy marker of muscle mass

did not affect the ethnic inequalities in disability in this study.

Chronic diseases, such as CHD, diabetes, hypertension, and

arthritis, are established predictors of disability development

[37,38], and our findings confirm previous work that chronic

disease exposure explains a proportion of ethnic inequalities in

disability [6,24,39]. Self-rated health was included in the models to

capture any unmeasured chronic morbidity [40]; this, along with

stratified models by follow-up chronic disease status (in sensitivity

analyses) suggest that unmeasured chronic disease were not fully

explaining the ethnic group differences observed.

The remaining excess risk among Indian Asians after full

adjustment indicates that other factors explain these ethnic

inequalities in disability. General factors associated with migration

are unlikely to have influenced disability risk in this sample, since

both the Indian Asian and African Caribbean groups comprised

first generation immigrants. English was not the native tongue of

the Indian Asian participants, and, although available language

assistance was offered, residual difficulty may have contributed to

the reported impairments of certain IADLs where English

language proficiency is more salient, such as money-management

and public transport use. It is possible that aspects of early life in

South Asia or elements unique to the Indian Asian migration

experience might have contributed to their increased disability

risk. Possible examples include nutritional deficiencies and related

conditions, such as osteomalacia and anaemia, at different life-

course stages that may affect physical limitations [41,42]. Although

not unique to Indian Asian people, there is evidence that these

deficiencies are more common in this ethnic group [43–45].

Another risk factor for disability [46,47], Vitamin D insufficiency,

is more common among UK Indian Asians and has been

associated with pain levels in this group [48]. Although adjustment

for pain at follow-up did not explain the disability risk here, future

research should investigate the role of these factors in the excess

disability risk among UK Indian Asians. Monitoring physical

functioning in UK-born Indian Asians will distinguish the relative

influence of early life/migration factors versus characteristics

specific to their ethnic group. Although we did not have data on

access to healthcare, it is unlikely that this would have significantly

influenced the ethnic differences observed, since UK Indian Asians

make equitable use of healthcare services [49].

Although the IADL scales have been validated in Indian groups

[50], a systematic difference in interpretation of or response to

questionnaires by ethnicity may remain [51]. The validation

performed here identified item bias in some of the IADL and ADL

items, yet their removal did not affect the observed results. Thus,

although interpretation of questions may vary across ethnic groups

and English language facility may affect interaction with life

outside the home, these factors should not influence the

performance-based measure of locomotor dysfunction. Nonethe-

less, cultural differences in perceptions and expectations of healthy

ageing may still influence the way Indian Asians respond to

disability performance tests and questionnaires [21,52,53], for

example, responses to activity tasks and scales could be based more

on expectations of functional capacity or suitability for certain

tasks rather than on actual physical capabilities. Therefore, our

results could exhibit a false inflation of disability differentials

between Indian Asians and Europeans. Due to cultural and family

norms, functioning ‘dependence’ may not reflect the same

reduction in quality of life among South Asians, as observed in

other groups [54]. Future research should examine whether

disability has an equivalent impact on quality of life, social

functioning, and other morbidity outcomes across elderly Indian

Asian and other ethnic groups.

Other limitations should be considered. The loss to follow-up

means that the group is likely to be subject to attrition bias. The

Indian Asians in this sample were at a lower risk of dying than

Europeans (unpublished data) and therefore survival bias is

unlikely to have affected the Indian Asian disability estimates

observed. Further, when assessing burden of disability in older age,

individuals by definition must have survived until then. Although

health and socioeconomic response gradients existed at baseline,

they were consistent across groups, and with no baseline

differences in disability levels, it is unlikely this bias played a

major role in our findings. The self-report baseline behavioural

data introduces possible measurement error, which may have

caused an imprecise estimation of the mediating/confounding role

of covariates. Although socioeconomic disadvantage was assessed

in multiple ways, residual effects of other aspects of SEP (such as

wealth and income) may contribute to the results observed. The

analyses presented here consider Indian Asians as a single group

but we must recognise the subgroup heterogeneity, in terms of

SEP, CHD incidence and risk profiles [11,26]. The expression,

Indian Asian, was used because the majority of the sub-sample was

born in India, with approximately half of Punjabi Sikh ethnicity.

With no information available on visual and hearing ability, the

contribution of these impairments towards the outcomes studied

cannot be ruled out.

The unexplained excess disability among older Indian Asian

people in the UK observed in this study has substantial health,
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wellbeing and socioeconomic implications for these groups.

Furthermore, provision of the governmental disability living

allowance is based on items from the questionnaires used in this

study, and therefore the disparities observed could contribute to

significant economic burden as the UK’s elderly population grows.

A greater understanding of both the determinants and expecta-

tions of physical functioning in older age is required. This would

inform the timing and choice of therapeutic interventions to

directly address these inequalities, but may also encourage the

development of educational strategies to promote realistic norms

of healthy ageing across all cultures.

Supporting Information

Appendix S1 Figure of participant flow diagram.
(TIF)

Appendix S2 Validation of self-reported disability ques-
tionnaires.

(DOCX)

Acknowledgments

Thanks to Dr K Backholer and Dr S Cyril for their contribution to

discussion for this manuscript. We would also like to thank the SABRE

participants and SABRE clinic team.

Author Contributions

Conceived and designed the experiments: EDW TT PW NGF NC.

Performed the experiments: TT. Analyzed the data: EDW. Wrote the

paper: EDW. Revised manuscript critically for important intellectual

content: TT NC PW NGF.

References

1. Freedman VA, Martin LG, Schoeni RF (2002) Recent Trends in Disability and

Functioning Among Older Adults in the United States. JAMA 288: 3137–3146.

2. Bajekal M, Primatesta P, G P (2003) Health Survey for England 2001: Disability.

London: The Stationery Office.

3. Barnes LL, Wilson RS, Hebert LE, Scherr PA, Evans DA, et al. (2011) Racial

Differences in the Association of Education With Physical and Cognitive

Function in Older Blacks and Whites. J Gerontol B Psychol Sci Soc Sci 66B:

354–363.

4. Bowen ME (2009) Childhood socioeconomic status and racial differences in

disability: Evidence from the Health and Retirement Study (1998–2006). Soc Sci

Med 69: 433–441.

5. Haas S, Rohlfsen L (2010) Life course determinants of racial and ethnic

disparities in functional health trajectories. Soc Sci Med 70: 240–250.

6. Louie GH, Ward MM (2011) Socioeconomic and ethnic differences in disease

burden and disparities in physical function in older adults. Am J Public Health

101: 1322–1329.

7. Mendes de Leon CF, Barnes LL, Bienias JL, Skarupski KA, Evans DA (2005)

Racial Disparities in Disability: Recent Evidence From Self-Reported and

Performance-Based Disability Measures in a Population-Based Study of Older

Adults. J Gerontol B Psychol Sci Soc Sci 60: S263–S271.

8. Forouhi N, Sattar N, Tillin T, McKeigue P, Chaturvedi N (2006) Do known risk

factors explain the higher coronary heart disease mortality in South Asian

compared with European men? Prospective follow-up of the Southall and Brent

studies, UK. Diabetologia 49: 2580–2588.

9. Bhopal R, Unwin N, White M, Yallop J, Walker L, et al. (1999) Heterogeneity of

coronary heart disease risk factors in Indian, Pakistani, Bangladeshi, and

European origin populations: cross sectional study. BMJ 319: 215–220.

10. Chaturvedi N, Jarrett J, Morrish N, Keen H, Fuller JH (1996) Differences in

mortality and morbidity in African Caribbean and European people with non-

insulin dependent diabetes mellitus: results of 20 year follow up of a London

cohort of a multinational study. BMJ 313: 848–852.

11. Karlsen S, Nazroo JY (2010) Religious and ethnic differences in health: evidence

from the Health Surveys for England 1999 and 2004. Ethn Health 15: 549–568.

12. Nazroo JY (2003) The Structuring of Ethnic Inequalities in Health: Economic

Position, Racial Discrimination, and Racism. Am J Public Health 93: 277–284.

13. Craig R, Doyle M, Jotangia D (2006) Health Survey for England 2004: Eating

habits. London: The Information Centre.

14. Williams ED, Stamatakis E, Chandola T, Hamer M (2011) Physical activity

behaviour and coronary heart disease mortality among South Asian people in

the UK: an observational longitudinal study. Heart 97: 655–659.

15. Tillin T, Forouhi NG, McKeigue PM, Chaturvedi N, for the SABRE Study

Group (2012) Southall And Brent REvisited: Cohort profile of SABRE, a UK

population-based comparison of cardiovascular disease and diabetes in people of

European, Indian Asian and African Caribbean origins. Int J Epidemiol 41: 33–

42.

16. McKeigue PM, Ferrie JE, Pierpoint T, Marmot MG (1993) Association of early-

onset coronary heart disease in South Asian men with glucose intolerance and

hyperinsulinemia. Circulation 87: 152–161.

17. McKeigue PM, Shah B, Marmot MG (1991) Relation of central obesity and

insulin resistance with high diabetes prevalence and cardiovascular risk in South

Asians. Lancet 337: 382–386.

18. Office of Population Censuses and Surveys (1980) Classification of occupations,

1980. In: HMSO, editor. London.

19. EuroQol Group (1990) EuroQol–a new facility for the measurement of health-

related quality of life. Health Policy 16: 199–208.

20. Ng T-P, Niti M, Chiam P-C, Kua E-H (2006) Prevalence and Correlates of

Functional Disability in Multiethnic Elderly Singaporeans. J Am Geriatr Soc 54:

21–29.

21. Lindesay J, Jagger C, Hibbett MJ, Peet SM, Moledina F (1997) Knowledge,

uptake and availability of health and social services among Asian Gujarati and

white elderly persons. Ethn Health 2: 59–69.

22. Kington RS, Smith JP (1997) Socioeconomic status and racial and ethnic

differences in functional status associated with chronic diseases. Am J Public

Health 87: 805.

23. Kobayashi KM, Prus S, Lin Z (2008) Ethnic differences in self-rated and

functional health: does immigrant status matter? Ethn Health 13: 129–147.

24. Thorpe RJ, Koster A, Kritchevsky SB, Newman AB, Harris T, et al. (2011)

Race, Socioeconomic Resources, and Late-Life Mobility and Decline: Findings

From the Health, Aging, and Body Composition Study. J Gerontol A Biol Sci

Med Sci 66A: 1114–1123.

25. US Department of Health and Human Services (2011) HHS Action Plan to

Reduce Racial and Ethnic Health Disparities: A Nation Free of Disparities in

Health and Health Care. Washington D.C., USA: Department of Health and

Human Services.

26. Nazroo JY (2001) South Asian people and heart disease: an assessment of the

importance of socioeconomic position. Ethn Dis 11: 401–411.

27. Williams ED, Nazroo JY, Kooner JS, Steptoe A (2010) Subgroup differences in

psychosocial factors relating to coronary heart disease in the UK South Asian

population. J Psychosom Res 69: 379–387.

28. Williams ED, Steptoe A, Chambers JC, Kooner JS (2009) Psychosocial risk

factors for coronary heart disease in UK South Asian men and women.

J Epidemiol Community Health 63: 986–991.

29. Fuller-Thomson E, Nuru-Jeter A, Minkler M, Guralnik JM (2009) Black-White

disparities in disability among older Americans: further untangling the role of

race and socioeconomic status. J Aging Health 21: 677–698.

30. Misra A, Wasir JS, Vikram NK (2005) Waist circumference criteria for the

diagnosis of abdominal obesity are not applicable uniformly to all populations

and ethnic groups. Nutrition 21: 969–976.

31. Deurenberg P, Deurenberg-Yap M (2003) Validity of body composition

methods across ethnic population groups. Acta Diabetologica 40: s246–s249.

32. Huxley R, James WPT, Barzi F, Patel JV, Lear SA, et al. (2008) Ethnic

comparisons of the cross-sectional relationships between measures of body size

with diabetes and hypertension. Obes Rev 9: 53–61.

33. Okosun IS, Liao Y, Rotimi CN, Prewitt TE, Cooper RS (2000) Abdominal

Adiposity and Clustering of Multiple Metabolic Syndrome in White, Black and

Hispanic Americans. Ann Epidemiol 10: 263–270.

34. Baumgartner RN (2000) Body Composition in Healthy Aging. Ann NY Acad

Sci 904: 437–448.

35. Visser M, Harris TB, Langlois J, Hannan MT, Roubenoff R, et al. (1998) Body

Fat and Skeletal Muscle Mass in Relation to Physical Disability in Very Old

Men and Women of the Framingham Heart Study. J Gerontol A Biol Sci Med

Sci 53A: M214–M221.

36. Ramsay SE, Whincup PH, Shaper AG, Wannamethee SG (2006) The Relations

of Body Composition and Adiposity Measures to Ill Health and Physical

Disability in Elderly Men. Am J Epidemiol 164: 459–469.

37. Ebrahim S, Wannamethee SG, Whincup P, Walker M, Shaper AG (2000)

Locomotor disability in a cohort of British men: the impact of lifestyle and

disease. Int J Epidemiol 29: 478–486.

38. Verbrugge LM, Jette AM (1994) The disablement process. Soc Sci Med 38: 1–

14.

39. Ostchega Y, Harris TB, Hirsch R, Parsons VL, Kington R (2000) The

prevalence of functional limitations and disability in older persons in the US:

data from the National Health and Nutrition Examination Survey III. J Am

Geriatr Soc 48: 1132–1135.

40. Ramsay SE, Whincup PH, Morris RW, Lennon LT, Wannamethee SG (2008)

Extent of Social Inequalities in Disability in the Elderly: Results From a

Population-based Study of British Men. Ann Epidemiol 18: 896–903.

Ethnic Differences in Disability

PLOS ONE | www.plosone.org 8 September 2012 | Volume 7 | Issue 9 | e45602



41. Bhan A, Rao AD, Rao DS (2010) Osteomalacia as a Result of Vitamin D

Deficiency. Endocrinol Metab Clin North Am 39: 321–331.
42. Falaschetti E, Chaudhury M (2006) Blood analytes. In: Sproston K, Mindell J,

editors. Health Survey for England 2004: Volume 1 The health of minority

ethnic groups. London: The Information Centre.
43. World Health Organization (2008) Worldwide prevalence of anaemia 1993–

2005. WHO.
44. Sivakumar B, Nair KM, Sreeramulu D, Suryanarayana P, Ravinder P, et al.

(2006) Effect of micronutrient supplement on health and nutritional status of

schoolchildren: Biochemical status. Nutrition 22: S15–S25.
45. Solanki T, Hyatt RH, Kemm JR, Hughes EA, Cowan RA (1995) Are Elderly

Asians in Britain at a High Risk of Vitamin D Deficiency and Osteomalacia?
Age Ageing 24: 103–107.

46. Houston DK, Tooze JA, Davis CC, Chaves PHM, Hirsch CH, et al. (2011)
Serum 25-Hydroxyvitamin D and Physical Function in Older Adults: The

Cardiovascular Health Study All Stars. J Am Geriatr Soc 59: 1793–1801.

47. Semba RD, Garrett E, Johnson BA, Guralnik JM, Fried LP (2000) Vitamin D
deficiency among older women with and without disability. Am J Clin Nutr 72:

1529–1534.
48. Macfarlane GJ, Palmer B, Roy D, Afzal C, Silman AJ, et al. (2005) An excess of

widespread pain among South Asians: are low levels of vitamin D implicated?

Ann Rheum Dis 64: 1217–1219.
49. Smaje C (1998) Equity and the Ethnic Patterning of GP Services in Britain. Soc

Policy Admin 32: 116–131.

50. Ng T-P, Niti M, Chiam P-C, Kua E-H (2006) Physical and Cognitive Domains

of the Instrumental Activities of Daily Living: Validation in a Multiethnic

Population of Asian Older Adults. J Gerontol A Biol Sci Med Sci 61: 726–735.

51. Niti M, Ng T-P, Chiam P-C, Kua E-H (2007) Item response bias was present in

instrumental activity of daily living scale in Asian older adults. J Clin Epidemiol

60: 366–374.

52. Dhillon PK (1992) Psycho-social aspects of Aging in India. New Delhi: Concept

Publishing Company.

53. Kalavar JM, Kolt GS, Giles LC, Driver RP (2005) Physical Activity in Older

Asian Indians Living in the United States. Activ Adapt Aging 29: 47–67.

54. Grewal I, Nazroo J, Bajekal M, Blane D, Lewis J (2004) Influences on quality of

life: a qualitative investigation of ethnic differences among older people in

england. J Ethn Migr Stud 30: 737–761.

55. Podsiadlo D, Richardson S (1991) The timed ‘‘Up & Go’’: a test of basic

functional mobility for frail elderly persons. J Am Geriatr Soc 39: 142–148.

56. Bischoff HA, Stahelin HB, Monsch AU, Iversen MD, Weyh A, et al. (2003)

Identifying a cut-off point for normal mobility: a comparison of the timed ‘up

and go’ test in community-dwelling and institutionalised elderly women. Age

Ageing 32: 315–320.

57. Kim M-J, Yabushita N, Kim M-K, Matsuo T, Okuno J, et al. (2010) Alternative

items for identifying hierarchical levels of physical disability by using physical

performance tests in women aged 75 years and older. Geriatr Gerontol Int 10:

302–310.

Ethnic Differences in Disability

PLOS ONE | www.plosone.org 9 September 2012 | Volume 7 | Issue 9 | e45602


