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ABSTRACT
Objectives Despite the growing importance of stroke in
developing countries, little is known of stroke burden in
survivors. The authors investigated the prevalence of self-
reported stroke, stroke-related disability, dependence and
care-giver strain in Latin America (LA), China and India.
Methods Cross-sectional surveys were conducted on
individuals aged 65+ (n¼15 022) living in specified
catchment areas. Self-reported stroke diagnosis,
disability, care needs and care giver burdenwere assessed
using a standardised protocol. For those reporting stroke,
the correlates of disability, dependence and care-giver
burden were estimated at each site using Poisson or linear
regression, and combined meta-analytically.
Results The prevalence of self-reported stroke ranged
between 6% and 9% across most LA sites and urban
China, but was much lower in urban India (1.9%), and in
rural sites in India (1.1%), China (1.6%) and Peru (2.7%).
The proportion of stroke survivors needing care varied
between 20% and 39% in LA sites but was higher in rural
China (44%), urban China (54%) and rural India (73%).
Comorbid dementia and depression were the main
correlates of disability and dependence.
Conclusion The prevalence of stroke in urban LA and
Chinese sites is nearly as high as in industrialised
countries. High levels of disability and dependence in the
other mainly rural and less-developed sites suggest
underascertainment of less severe cases as one likely
explanation for the lower prevalence in those settings.
As the health transition proceeds, a further increase in
numbers of older stroke survivors is to be anticipated. In
addition to prevention, stroke rehabilitation and long-term
care needs should be addressed.

INTRODUCTION
After ischaemic heart disease, stroke is the
commonest cause of mortality worldwide,1 having
caused around 5.7 million deaths in 2005,2 3 of
which more than 80% occurred in low- and middle-
income countries (LMIC). In addition, estimates
showed that there may be 62 million survivors of
stroke worldwide,3 many of whom are likely to be
disabled,2 with up to a third living with severe
disability.4 Stroke incidence has declined by over
40% in the past four decades in high-income
countries (HIC), but over the same period, inci-
dence has doubled in LMIC.5 Early stroke death is
decreasing in both LMIC and HIC.5 Rapid demo-
graphic ageing in LMIC, coupled with increasing
stroke incidence and decreasing case death, will

increase the relative burden in LMIC. Stroke-related
mortality is well described in LMIC, but little is
known about burden among survivors. Most esti-
mates of stroke-related disability, dependence and
care needs have been extrapolated from HIC
studies. Furthermore, the few studies based in
LMIC are limited by variable methods used to
ascertain cases, the different periods of data
collection6 and the paucity of data on older people.
According to the Global Burden of Disease project,4

83% of stroke-related deaths and 56% of stroke-
related DALYs in LMIC occurred among people
aged 60 years and over.
Our population-based survey7 was designed to

make valid comparisons across countries and
cultures, comprising data on chronic diseases from
over 15 000 participants in 11 catchment areas in
five Latin American countries, India and China,
using the same protocol, definitions and assessment
tools. In this study, we focus on three main aspects
of stroke epidemiology in LMIC: the prevalence of
self-reported stroke; the nature of social patterning
in terms of the effects of age, sex and education on
prevalence; and the extent of stroke-related
disability, dependence and care-giver perceived
strain, and their correlates.

METHODS
Participants, settings and recruitment
One-phase surveys were conducted of all residents
aged 65 years and over in 11 catchment areas: urban
sites in Cuba, Dominican Republic and Venezuela
and urban and rural sites in Peru, Mexico, China
and India. The target sample size was 2000 in each
country, other than Cuba (3000). Response rates
exceeded 80% in all sites, excepting urban China
(74%) and urban India (72%). Baseline surveys
included a wide-ranging participant interview,
a structured clinical interview, a physical exami-
nation and an informant interview. We describe in
detail the components that are relevant to the
present study. A more detailed account of the study
design and procedures is presented elsewhere.7

Measures
Sociodemographics
Participant’s age, sex, educational level and number
of household assets (used as a continuous variable).

Health conditions
1. Self-reported stroke was ascertained with the

question ‘have you ever had a stroke that needed
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medical attention?’ If the answer was ‘yes,’ they were asked
‘what happened?’ The answer was coded positive only if the
participant or informant gave a clear history of sudden onset
of unilateral paralysis and/or loss of speech and/or blindness
lasting for at least 24 h; thus, previous transient ischaemic
attacks were excluded. If the history was supportive of
stroke, they were asked ‘who diagnosed this stroke?’ (no one/
primary healthcare worker/specialist). Stroke was coded only
if a clinician had made the diagnosis.

2. Physical impairments; self-reported paralysis, weakness or
loss of a limb; eyesight problems; stomach or intestine
problems; arthritis or rheumatism; heart problems; hearing
difficulties or deafness; breathlessness; difficulty breathing or
asthma; faint or blackouts; skin disorders such as pressure
sores, leg ulcers or severe burns; persistent cough were rated
as present if they interfered with activities ‘a little’ or ‘a
lot.’8 The number of reported impairments was used as
a continuous variable.

3. ICD-10 depressive episode9 in the month preceding the
interview, derived using a computerised algorithm applied to
a structured clinical mental state interview (the Geriatric
Mental State (GMS)).10

4. Dementia was ascertained through multidomain cognitive
testing and clinical and informant interview. Those meeting
either the cross-culturally validated 10/66 dementia diagnosis
algorithm11 or the Diagnostic and Statistical Manual of
Mental Disorders IV dementia criterion12 were considered to
have dementia.

5. Disability assessed with the 12-item WHO Disability
Assessment Schedule (WHODAS 2.0), for which unidimen-
sionality and measurement invariance have previously been
demonstrated.13 The 90th centile of the distribution in each
site identified those with severe disability.

6. Dependence was ascertained from interviewer administered
open-ended questions to a key informant.14 Codings (partic-
ipant requiring no care, care some of the time or care much of
the time) were based upon the interviewer ’s judgement of
needs for care independent of whether these were routinely
met. We dichotomised the variable into needing care and not
needing care.

Care-giver perceived strain
The Zarit Burden Interview15 comprises 22 items that assess the
carer ’s appraisal of the impact their involvement has had on
their lives. For each item, burden is quantified from 0 (no
burden) to 4 (highest burden).

Ethics
The study was approved by the local ethical committees in each
country and by King’s College London Research Ethics
Committee. Participants were recruited following informed
signed consent. Those who were unable to consent were
recruited on the basis of a relative’s signed agreement. Illiterate
persons were read the information sheet and consent form, and
invited to express their consent verbally, which was witnessed.

Statistical analysis
We used the 10/66 Dementia Research Group data archive
(release 2.0) and STATA 10.0. All estimates were adjusted for
household clustering and accompanied by robust 95% CIs.
When calculating effect sizes, we carried out analyses separately
for each site and then used fixed-effects meta-analyses to
combine them, with Higgins’ I2 to estimate the degree of

heterogeneity with approximate 95% CIs. Where statistically
significant, we present estimates from random-effect models.

Prevalence of stroke
We calculated the crude prevalence of self-reported stroke by sex,
age group and site. Direct standardisation (for age, sex and
education) was used to compare stroke prevalence among sites,
with the whole sample as standard population. To compare with
that from the USA,16 we used indirect standardisation for age
and sex, calculating standardised morbidity ratios (SMRs) for
each site. We used Poisson regression working models to calcu-
late mutually adjusted prevalence ratios (PRs) for the effects of
age, sex and education on stroke prevalence.

Impact of stroke
Restricting the sample to participants with self-reported stroke
(n¼904), we modelled the effects of age, sex, education, house-
hold assets, dementia, depression and number of physical
impairments on disability and care needs, again providing
mutually adjusted PRs from a Poisson working model.
Restricting the sample to informants who were providing care
(n¼298), we used linear regression to estimate the effects of age,
gender, education, number of household assets, dementia,
depression, number of physical impairments, disability, carer age
and sex on carer strain (Zarit total score). Effects were expressed
as regression coefficients with robust 95% CIs.

RESULTS
We interviewed 15 022 participants aged over 65 years of age, of
whom 904 (497 women and 406 men) reported stroke. Demo-
graphic ageing was more advanced in the Latin American sites
and urban China, than in rural China and India (table 1).
Women preponderated in all sites. Educational levels were
highest in Cuba, urban Peru and Venezuela. In the Dominican
Republic, rural Mexico, rural China and India, most participants
had not completed primary education. In these same sites,
pension coverage was low and food insecurity high.

Prevalence of stroke
The crude prevalence of stroke varied considerably between
sites, and was generally higher in urban compared with rural
areas (table 2). With the exception of rural Peru, the Latin
American sites had a similar prevalence, ranging from 6.5% in
rural Mexico to 8.4% in the Dominican Republic. Urban China
had the highest prevalence of stroke (9.3%). Much lower prev-
alences were found in rural India (1.1%), urban India (1.9%),
rural China (1.6%) and rural Peru (2.7%). Direct standardisation
for age, sex and education had little effect on the variation
among sites. Age- and sex-standardised morbidity ratios showed
that the prevalence in urban Latin American sites was generally
at least three-quarters that in the USA.16 SMRs for rural Peru,
India and rural China were strikingly low (around one-quarter
the prevalence in the USA), while the prevalence in urban China
(SMR¼106) was very similar to the USA reference population.
In rural India and urban Mexico, all self-reported strokes had
been diagnosed by a clinician. The proportion not diagnosed by
a clinician was low in urban China (0.9%), the Dominican
Republic (3.4%), Cuba (3.5%) and urban India (5.0%). A much
higher proportion of reported strokes were undiagnosed by
clinicians in rural China (11.1%), Venezuela (11.8%), rural
Mexico (12.2%), urban (17.1%) and rural (25.0%) Peru.
Table 3 shows the effects of age, sex and education on stroke

prevalence. Meta-analysed estimates showed that males were
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1.32 (95% CI 1.14 to 1.49) times more likely to report a stroke
than females, with minimal heterogeneity between sites
(I2¼22.8%; 95% CI 0 to 62). There was a positive association
with age in nearly all sites, with statistically significant
associations in Cuba, Dominican Republic, Venezuela, urban
Mexico and urban China; the pooled PR was 1.02 (95% CI 1.01

to 1.03) per year of age, with no heterogeneity between
sites (I2¼0%; 95% CI 0 to 60). We found a non-statistically
significant inverse association between levels of education and
stroke prevalence in most sites, with a pooled estimate of
0.92 (95% CI 0.86 to 0.98) and no heterogeneity (I2¼0%; 95% CI
0 to 60).

Table 2 Prevalence of self-reported stroke by age group, sex, and site; crude and standardised prevalence among those aged 65 and over, and
standardised morbidity ratio

Percentage
65e69 years
(95% CI)

Percentage
70e74 years
(95% CI)

Percentage
75e79 years
(95% CI)

Percentage
80+ years
(95% CI)

Crude prevalence
percentage
(95% CI)

Standardised*
prevalence
percentage (95% CI)

Standarized morbidity
ratioy percentage
(95% CI)

Cuba (n¼2934; mv¼9)

Female 4.5 (2.7 to 6.4) 6.6 (4.4 to 8.8) 6.6 (4.2 to 9.0) 9.0 (6.5 to 11.5) 7.6 (6.6 to 8.5) 7.3 (6.0 to 8.6) 84 (73 to 95)

Male 5.9 (3.1 to 8.7) 9.2 (5.9 to 12.6) 7.9 (4.4 to 11.5) 14.2 (9.6 to 18.7)

Dominican Republic (n¼2002; mv¼6)

Female 4.4 (2.2 to 6.5) 8.7 (5.6 to 11.8) 5.3 (2.6 to 8.0) 10.7 (7.7 to 13.8) 8.4 (7.2 to 9.6) 8.0 (6.7 to 9.4) 93 (80 to 108)

Male 7.0 (3.3 to 10.7) 13.8 (8.9 to 18.7) 7.6 (3.0 to 12.1) 11.9 (6.9 to 16.9)

Peru (urban) (n¼1368; mv¼8)

Female 3.8 (1.5 to 6.1) 8.2 (4.5 to 11.9) 4.2 (1.3 to 7.1) 5.2 (2.2 to 8.2) 6.8 (5.4 to 8.2) 6.5 (4.1 to 9.0) 75 (61 to 92)

Male 7.2 (2.3 to 12.1) 8.4 (3.6 to 13.2) 8.6 (3.2 to 14.1) 12.9 (7.3 to 18.6)

Peru (rural) (n¼549; mv¼2)

Female 2.0 (0.0 to 4.8) 2.4 (0.0 to 5.8) 0.0 3.4 (0.0 to 8.1) 2.7 (1.4 to 4.1) 3.3 (1.9 to 4.8) 31 (18 to 51)

Male 2.6 (0.0 to 6.1) 6.9 (1.2 to 13.6) 4.2 (0.0 to 10.0) 1.4 (0.0 to 4.2)

Venezuela (n¼1905; mv¼45)

Female 4.1 (2.4 to 5.9) 7.3 (4.3 to 10.3) 7.1 (3.6 to 10.6) 8.0 (4.2 to 11.8) 6.2 (5.1 to 7.3) 7.9 (6.2 to 9.5) 76 (63 to 91)

Male 4.5 (2.2 to 6.8) 7.9 (3.9 to 12.0) 7.4 (2.7 to 12.1) 9.1 (3.0 to 15.2)

Mexico (urban) (n¼1003; mv¼0)

Female 3.8 (1.0 to 6.6) 8.1 (4.3 to 11.8) 4.0 (0.5 to 7.4) 5.6 (1.8 to 9.4) 6.7 (5.1 to 8.2) 6.5 (4.9 to 8.1) 76 (60 to 97)

Male 5.0 (0.0 to 10.7) 6.8 (2.2 to 11.4) 8.9 (2.4 to 15.3) 15.0 (7.1 to 22.9)

Mexico (rural) (n¼999; mv¼0)

Female 6.6 (3.1 to 10.1) 9.4 (4.7 to 14.1) 6.7 (2.4 to 11.0) 3.3 (0.1 to 6.5) 6.5 (5.0 to 8.0) 6.8 (4.7 to 9.0) 73 (57 to 93)

Male 2.0 (0.0 to 4.7) 7.8 (2.5 to 13.1) 9.2 (3.0 to 15.4) 6.6 (1.8 to 11.4)

China (urban) (n¼1160; mv¼0)

Female 4.4 (1.6 to 7.2) 8.9 (5.0 to 12.9) 7.3 (2.9 to 11.7) 7.6 (2.7 to 12.4) 9.3 (7.6 to 11.0) 9.1 (7.3 to 10.9) 106 (88 to 128)

Male 7.1 (2.3 to 12.0) 9.9 (5.3 to 14.6) 11.11 (5.3 to 16.9) 22.9 (14.9 to 30.9)

China (rural) (n¼1002; mv¼0)

Female 1.0 (0.0 to 2.5) 1.8 (0.0 to 3.9) 0.8 (0.0 to 2.4) 0.0 1.6 (0.8 to 2.4) 1.2 (0.5 to 2.0) 19 (12 to 31)

Male 2.6 (0.3 to 4.9) 1.5 (0.0 to 3.6) 2.6 (0.0 to 6.2) 2.2 (0.0 to 6.5)

India (urban) (n¼1004; mv¼1)

Female 0.4 (0.0 to 1.2) 1.1 (0.0 to 2.5) 4.0 (0.0 to 8.5) 1.5 (0.0 to 4.5) 1.9 (1.0 to 2.7) 2.1 (0.8 to 3.5) 24 (15 to 38)

Male 3.5 (0.7 to 6.2) 1.6 (0.0 to 3.8) 3.0 (0.0 to 7.2) 1.9 (0.0 to 5.8)

India (rural) (n¼999; mv¼0)

Female 2.6 (0.3 to 4.9) 0.5 (0.0 to 1.5) 0.0 1.5 (0.0 to 4.4) 1.1 (0.4 to 1.7) 0.6 (0.2 to 1.1) 13 (7 to 24)

Male 1.4 (0.0 to 3.4) 0.0 1.1 (0.0 to 3.4) 1.4 (0.0 to 4.1)

*Standardised for age, sex and education.
yIndirect standardised for age and sex using the USA population as a reference.
mv, missing values.

Table 3 Associations of age, sex and education with stroke prevalence (prevalence ratios with 95%
CIs), by site and pooled across sites

Country Age (per year) Sex (male vs female) Education (per level)

Cuba 1.03 (1.01 to 1.05) 1.43 (1.11 to 1.84) 0.91 (0.80 to 1.03)

Dominican Republic 1.03 (1.01 to 1.05) 1.36 (1.01 to 1.83) 0.98 (0.84 to 1.14)

Peru (urban) 1.01 (0.82 to 1.04) 1.73 (1.18 to 2.55) 1.02 (0.82 to 1.26)

Peru (rural) 0.99 (0.93 to 1.05) 1.82 (0.67 to 5.10) 0.90 (0.43 to 1.87)

Venezuela 1.02 (1.00 to 1.05) 1.14 (0.79 to 1.64) 0.83 (0.66 to 1.03)

Mexico (urban) 1.03 (1.00 to 1.07) 1.56 (0.98 to 2.47) 1.01 (0.82 to 1.24)

Mexico (rural) 1.00 (0.97 to 1.03) 0.94 (0.58 to 1.52) 1.07 (0.78 to 1.45)

China (urban) 1.04 (1.01 to 1.07) 1.95 (1.35 to 2.84) 0.87 (0.76 to 1.01)

China (rural) 0.95 (0.86 to 1.05) 2.70 (0.96 to 7.57) 0.68 (0.42 to 1.10)

India (urban) 1.02 (0.95 to 1.09) 2.01 (0.78 to 5.21) 1.06 (0.74 to 1.52)

India (rural) 0.96 (0.83 to 1.11) 0.59 (0.20 to 1.73) 1.21 (0.64 to 2.30)

Pooled estimate 1.02 (1.01 to 1.03) 1.32 (1.14 to 1.49) 0.92 (0.86 to 0.98)

c2 test for heterogeneity 9.9 (df¼10), p¼0.46 13.0 (df¼10), p¼0.23 7.4 (df¼10), p¼0.69

Higgins I2 percentage (95% CI) 0 (0 to 60) 23 (0 to 62) 0 (0 to 60)
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Disability and care needs
Among stroke survivors, between 18.5% (rural Mexico) and
72.7% (rural India) had severe disability (table 4). Dementia,
present in 25.4% of stroke survivors, was the strongest correlate
of severe disability (pooled PR¼2.63; 95% CI 1.89 to 3.37)
(table 5). Depression was present in 10.8% and was also a strong
correlate of disability (pooled PR¼1.40 95% CI 1.06 to 1.74).
Disability increased with age (pooled PR¼1.02; 95% CI 1.01 to
1.03) and number of physical impairments (pooled PR¼1.12;
95% CI 1.07 to 1.16). Tests for heterogeneity were only statis-
tically significant for dementia (c2¼12.93; p¼0.044, I2¼54%;
95% CI 0 to 80). However, associations with dementia were
positive and statistically significant in all sites, excepting rural
India. The proportion of stroke survivors who reported inability
or severe difficulty in standing for 30 min varied between sites
(from 13.3% in rural Peru to 63.6% in rural India). The propor-
tion reporting inability or severe difficulty in walking 1 km was
higher (from 20.0% in rural Peru to 63.6% in rural India).
Incontinence was also highly prevalent, varying from 6.7% in
rural Peru to 45.5% in rural India. The main correlates of
dependence were similar to those for severe disability; other
than that, depression was not associated.

We had information on needs for care for 882 of the 904 stroke
survivors (97.6%). In all, 305 (34.6%) needed care. Of these,
74.4% needed care much of the time. The proportion needing
care was similar in Latin American centres (from 20.0% in rural
Peru to 38.7% in urban Peru) but higher in urban China (53.7%),
rural China (43.7%) and rural India (72.7%) (table 4). Dementia
was the strongest correlate of dependence (pooled PR¼2.72, 95%
CI 2.21 to 3.24). The proportion needing care increased with age
(pooled PR¼1.03; 95% CI 1.01 to 1.04) and with the number of
physical impairments (PR¼1.08 95% CI 1.03 to 1.13). There was
no heterogeneity between sites for these estimates, other than
for number of assets (I2¼58%; 95% CI 3 to 82).

Strain on carers of stroke survivors
The proportion of carers (n¼286) who had to cut back on work
to care for the person with stroke varied across sites (table 4). In
Latin America, excepting rural Peru, the proportion varied from
20.0% in Venezuela to 57.1% in rural Mexico. The proportions
were much higher in rural China (71.4%) and rural India
(87.5%). In urban China, only 7.6% had cut back on work, but
20.0% had employed paid care givers. Increasing age was
inversely associated with carer strain (table 5). Comorbid
dementia made the largest contribution to carer strain, confer-
ring a mean 7.1-point (95% CI 2.0 to 12.2) increase in the Zarit
score. The effect of participant’s disability on carer burden was
a 0.15 increase on the Zarit scale for every one-point increase on
the WHODAS 2.0 scale.

DISCUSSION
Over 15 000 participants aged 65 years and over were inter-
viewed in 11 sites in seven low- and middle-income countries.
The prevalence of self-reported clinically diagnosed stroke was
similar to that in the USA in urban China and in urban sites in
Latin America, but significantly lower in rural Peru, rural China
and India. Prevalence was higher among men, increased with age
and decreased with education. Among the 904 stroke survivors,
severe disability and dependence were common and were asso-
ciated with comorbid dementia, depression and physical
impairments. Carers often reported giving up work to care.
Subjective carer strain was again associated with comorbid
dementia but was lower for carers of older stroke survivors.

Strengths of the study
The main strength of this study is the use of a common protocol
to study the prevalence of self-reported stroke, and other major
chronic disease comorbidities across middle-income countries on
three continents. Sampling focused exclusively on those aged 65
and over, among whom relatively little research had previously
been conducted in these regions. The protocol paid particular
attention to indicators of burden; disability, needs for care and
strain among carers. Comparisons of stroke prevalence and
burden are often hampered by methodological limitations,
particularly study-design heterogeneity.

Limitations
Generalisability
Our studies were conducted in specific urban or rural catchment
areas, and our findings may not therefore be safely generalised
beyond their borders. While the communities may be considered
to be typical in many ways of other similar urban or rural
settings in the country concerned, they should not be considered
to be representative of the country as a whole. Regional varia-
tion in patterns of morbidity may be considerable, relating for
example to compositional differences in socio-economic status
and underlying risk behaviours.

Validity of the stroke ascertainment
We ascertained stroke by self-report without confirmation by
clinical examination, or access to medical records. Unfortunately,
we did not have the opportunity to prevalidate this stroke
ascertainment procedure in our study settings. Validation studies
of self-report of stroke have shown variable results. One of the
few studies to use cerebral CT to validate self-reported stroke
estimated a sensitivity of 80% and a specificity of 99%, with
a PPV of 79%.17 False-positive rates for screening procedures in
prevalence studies range widely between 15% and 47%; however,
rates as high as 90% have been reported.18 Most false-positives
arise from the failure to exclude TIAs.17 Several previous vali-
dation studies used self-completed screening questionnaires only
as initial ascertainment, with no clinical interview to clarify the
salience of reported symptoms.19 20 We hoped to have minimised
this source of misclassification by training interviewers to ensure
that stroke was only coded when the history was compatible
with a diagnosis of stroke, with symptoms lasting at least 24 h.
Ideally, we would have tested formally the inter-rater reliability
of this semistructured procedure between interviewers, and
across sites, but again resource limitations precluded this possi-
bility. We tried to increase specificity further by coding stroke
only if it was reported that this had been diagnosed by a clini-
cian. This stratagem might be expected to reduce sensitivity in
resource-poor settings with low awareness and limited access to
services. While relatively few participants reported stroke that
had not been clinically diagnosed, particularly in least-resourced
settings, this does not exclude the possibility of selective under-
reporting. People living in areas of better education, with better
access to health services may be more likely to perceive their
own morbidities, and to understand and recall clinician diag-
noses, when compared with people in less advantaged settings,
who may perceive symptoms as a normal part of life.21 This
could partially explain the trends towards a positive association
between level of education and prevalence of self-reported stroke
observed in rural sites and in India, and for the very low overall
prevalence observed in these sites.

Sample size and precision
Individual catchment area samples sizes were smaller in coun-
tries with a split urban/rural recruitment (ranging from 532 to
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1381) than in those with a single urban catchment area (1965 to
2944). Our studies were not powered on the stroke outcome.
The precision conferred is summarised in the width of the 95%
CIs for the prevalence estimates, which is around 3% (61.5%)
for the smaller catchment areas, and 2% (61%) for the larger.
Hence, imprecision was not a major problem, other than when
considering characteristics of the smaller subset of participants
reporting stroke (table 4).

Contextualisation with previous research
In general, estimates of stroke prevalence from Latin America
have been lower than those from industrialised countries.22 In
rural Bolivia in the early 1990s,6 the prevalence of stroke in
people aged 65 years and over was 1.9%, similar to our estimate
from rural Peru (2.7%) but much lower than that for rural
Mexico (6.5%). The prevalence among those aged 60 and over,
between the early 1980s and 1990s, ranged from 2.5% in urban
Chile, to 3.6% in Ecuador and 4.7% in Colombia.6 Direct
comparison with our estimates is hampered by slightly different
age groups of the study populations, and by the fact that our
surveys were conducted 15e20 years later; nevertheless, we have
found a higher prevalence of stroke among older people in Latin
America than previously reported. A recent review of stroke
epidemiology in China23 found a decreasing northesouth
gradient of stroke incidence and prevalence. Only three studies
(conducted in the 1980s)24e26 estimated stroke prevalence,
which was higher in urban compared with rural areas. This
pattern, probably reflecting the progress of the health transition
in China, is consistent with our finding of a much lower prev-
alence of stroke in rural compared with urban Beijing, a striking
difference given that the two catchment area communities are
only 100 km apart. In a study conducted in urban and rural
Beijing in 1992 and repeated in 2000, there was an increase in
total stroke prevalence among those aged 65 and over from 8.0%
to 13.7%, accompanied by a decrease in the urban/rural
gradient.27 This latter finding was replicated in a survey of
urban, suburban and rural areas in 2002.28 There are few studies
on stroke prevalence from India. A study carried out in Kolkata
between 2003 and 200529 indicated a prevalence of stroke which
is higher (3.4% among those aged 60 and over) than we observed
in Chennai (1.9% among those aged 65 and over). The Kolkata
study adopted a detailed screening assessment, with high
sensitivity and specificity, and a second-phase neurologist
assessment of screen positives and a random 10% of screen
negatives with weighting back of final estimates. In two further
Indian studies among Parsis in Mumbai,30 and in Kashmir,31 the
prevalence was much lower. However, these studies were carried
out in the mid-1980s and used weaker ascertainment procedures.
In general, knowledge and awareness of stroke in India are very
poor,32 which may account for a low prevalence in studies based
on self-report of clinical diagnoses.
In a previous analysis of the 10/66 sample published in the

Lancet in 2009,33 stroke and limb impairments were found to be
the second and third largest contributors to disability, after
dementia. In the current study, we found that one-third of
stroke survivors suffered from significant disability, and
comorbid dementia and depression were important correlates.
Dementia and depression by themselves are major contributors
to disability worldwide in older adults4 and prevalent among
people with stroke (24.3% of stroke survivors were diagnosed as
having dementia, and 10.8% had depression in our sample). In
our study, severe disability among those with stroke also
increased with number of comorbid physical impairments.
Disability in stroke survivors may be the consequence of otherTa
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chronic diseases, comorbidity being especially common in older
people, but they may also be a consequence of worsening
functional capacity arising from an interaction between the
stroke and pre-existing physical, cognitive or psychological
impairments.34 Our study was cross-sectional and cannot
determine direction of causality. Prencipe et al found that the
onset of stroke worsened functional capacity for nearly three-
quarters of those affected.34 We estimated that around one-third
of stroke survivors needed care; similar proportions were
observed in the Auckland study,35 although higher proportions
have also been reported.36 In a large population-based study in
Tanzania, all stroke survivors were cared for at home despite the
fact that 21% of them were bedbound.37 Caring for stroke
survivors can affect different aspects of an individual’s well-
being, including increased physical, mental and financial stress,
particularly in more disadvantaged settings.38 In our study,
around one-quarter of family carers for stroke survivors had had
to stop or cut back on work to care. Little support is available
from social and health services for long-term care and rehabili-
tation. It is therefore not surprising that the strain upon carers
found in our study was high.

CONCLUSION
Prevalence of stroke among older people in our urban Latin
American and Chinese sites, where risk factors such as
unhealthy diet, sedentary lifestyle, smoking and diabetes have
been increasing over the past few decades, was already nearly as
high as in industrialised countries. Any bias in our estimates is
likely to tend towards an underestimation of true prevalence,
particularly in rural and less-developed sites. It is noteworthy
that levels of disability and dependence among stroke survivors
were particularly high in rural settings, suggesting under-
ascertainment of less severe cases, rather than a high case death
as an explanation for the large differences in observed preva-
lence. Alternatively, the incidence of stroke may still be rela-
tively low in these settings, in which case, as the health
transition proceeds, increases in numbers of older stroke survi-
vors are to be anticipated. Stroke should be accorded a greater
priority on the health agenda of these countries. Most stroke
care in LMICs is symptomatic and provided by non-specialised
teams. Patients are unlikely to be treated urgently; there is a lack
of effective drugs, unsystematic use of available drugs and use of
unproven medication. Rehabilitation is deficient due to lack of
equipment and organisation of services.39 Home and traditional
treatment of stroke is still accepted practice in rural areas of
some LMICs.40 The example of HICs has shown that effective
preventive strategies together with comprehensive acute stroke
management and rehabilitation services can prevent millions of
deaths from stroke, and improve the quality of life of those
affected.41 It is important to target risk factors in LMICs, but
this should be coupled with efforts to improve access to, and
quality of, medical, rehabilitation and social care services for
those already affected. The increasing burden of stroke is
expected to be felt most keenly in LMICs; nonetheless, epide-
miological research from these settings is scarce and outdated.
More well-designed epidemiological studies are needed on stroke
incidence (a focus for the incidence phase of the 10/66 studies7),
prevalence, death, associated disability and long-term care needs,
in order to plan for efficient and sustainable healthcare and
prevention strategies.
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