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Abstract

Introduction

Traumatic brain injury (TBI) is a growing public health problem around the world, yet there is

little information on the prevalence of head injury in low and middle income countries

(LMICs). We utilised data collected by the 10/66 research group to investigate the lifetime

prevalence of head injury in defined sites in low and middle income countries, its risk factors

and its relationship with disability.

Methods

We analysed data from one-phase cross-sectional surveys of all residents aged 65 years

and older (n = 16430) distributed across twelve sites in eight low and middle income coun-

tries (China, Cuba, Dominican Republic, India, Venezuela, Mexico, Peru, and Puerto Rico).

Self-reported cases of head injury with loss of consciousness were identified during the

interview. A sensitivity analysis including data provided by informants of people with demen-

tia was also used to estimate the impact of this information on the estimates. Prevalence

ratios (PR) from Poisson regressions were used to identify associated risk factors.

Results

The standardised lifetime prevalence of TBI ranged from 0.3% in China to 14.6% in rural

Mexico and Venezuela. Being male (PR: 1.6, 95% CI: 1.29–1.82), younger (PR: 0.95, 95%

CI: 0.92–0.99), with lower education (PR 0.91, 95% CI: 0.86–0.96), and having fewer assets

(PR 0.92, 95% CI: 0.88–0.96), was associated with a higher prevalence of TBI when pooling

estimates across sites.

Discussion

Our analysis revealed that the prevalence of TBI in LMICs is similar to that of developed

nations. Considering the growing impact of TBI on health resources in these countries,

there is an urgent need for further research.
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Introduction
Traumatic brain injury (TBI) is a major global public health problem, with around 1.7 million
cases recorded annually in the USA alone, corresponding to approximately 0.5% of the coun-
try's population[1]. TBI is generally defined as physical damage to the brain that is commonly
characterised as mild, moderate, or severe, and is heterogeneous in its diagnosis, treatment,
and prognosis[2]. Mild TBI, which is often used interchangeably with concussion is the most
common head injury, accounting for approximately 70–90% of all TBI cases[3]. However, con-
cussion itself is not well defined in either clinical or research contexts[4].

A recent meta-analysis reported a 12% estimate of a lifetime history of TBI with loss of con-
sciousness among adults (aged 18 and over) living in the community [5]. All the included stud-
ies were however conducted in Australia, North America and Canada, highlighting the lack of
estimates from low and middle-income countries (LMIC). In the USA, TBI occurs predomi-
nantly in people over 65 years of age, and children under 4 years. Falls are the leading cause of
TBI in the USA and occur predominantly in younger and older age groups. A second peak in
TBI emergency visits and hospitalisations is also found at age 19, which is driven by motor
vehicle crashes [1]. Men are generally more likely to suffer TBI than women[1, 5]. Estimates of
TBI are similar in other European countries, but could be higher in hospital settings, with one
million cases of TBI recorded in hospitals across 23 European nations each year[6], [7]. It has
been shown that the number of older people with a history of TBI is increasing[8].

For most low and middle income countries the incidence of TBI is thought to be similar as
that of high-income nations, although this is based on a review of a very small number of stud-
ies[6]. Road traffic accidents are the leading cause of TBI in less developed regions, accounting
for almost 60% of all cases, with falls making up only 20–30[6, 9, 10]. Due to increasing use of
motor vehicles, continuing urbanisation, and population ageing the number of TBI cases in
LMIC is expected to continue to rise[6]. Globally, the World Health Organisation predicts that
TBI will become one of the leading causes of disability and death by the year 2020[6]. In addi-
tion, old age is a major risk factor for falls and therefore TBI, with the fatality rate of TBI
increasing from 20% in childhood to 71% for over 75-year-olds[11]. In the elderly falls can
result from gait impairment, a history of stroke, cognitive impairment, or poor vision[12]. TBI
in older adults is a particular problem because age can negatively affect the outcome of the
injury[13, 14]. In the cases where TBI is not lethal, it can result in physical and cognitive dis-
ability, leading to functional and social problems[15, 16]. People with TBI may also be at higher
risk of harming themselves and of psychiatric illness[17, 18].

TBI and its related outcomes have increasing social and economic costs that have to be paid
for by both public and private healthcare systems[19]. Although TBI is a rapidly growing pub-
lic health problem in LMICs, few studies have been carried out in these settings[20]. Existing
data has been derived chiefly from studies of samples from developed countries [21].

The key aim of this work it to investigate the prevalence of head injury with loss of con-
sciousness among older adults in a number of LMICs belonging to the 10/66 population-based
study, using a standardised methodology. We also aim to investigate some of the risk factors of
head injury, and explore its relationship with disability.

Methods

Settings and sample
Details of the 10/66 methods have previously been published[22]. The 10/66 Dementia Re-
search Group was established in the 1990s to address the gap in research in developing coun-
tries by encouraging high quality research into dementia, ageing, and non-communicable
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diseases in these countries. In brief, cross-sectional surveys of all people who were aged 65 or
over were carried out in defined study catchment areas located in Cuba, Dominican Republic,
Venezuela, Mexico, Peru, India, China, and Puerto Rico, with each country interviewing
around 2000 subjects in order to allow estimation of a typical dementia prevalence of 4.5% (SE
0.9%) with 80% power.

Recruitment and assessment were carried out between 2003 and 2007. Boundaries for each
catchment area were precisely defined. For urban catchment areas, populated by mainly mid-
dle-class professionals, areas with high-income earners were avoided. Rural catchment areas
were defined as having low population density, and traditional lifestyle. All community-resi-
dents aged 65 and over within each catchment area were approached by means of door-knock-
ing using a process of full household enumeration. The only exclusion criteria was being
younger than 65.

Interviews and measures
Each centre was allocated a project coordinator who supervised between 4–10 interviewers. All
of the assessment tools were professionally translated into the relevant local languages (Ibero-
American Spanish, Tamil, and Mandarin) and supplemented by the provision of video training
materials. Field interviews were regularly checked and supervised.

Interviews were completed in participants’ residences and consisted of a comprehensive
assessment that lasted between 2–3 hours, including the measurement of lifestyle and socio-
economic factors. Age was confirmed by the interviewer from official documentation and
informant reports. Discrepancies were resolved through further questions and clarification
and, ultimately, by consensus within the research team. Level of education (none/did not com-
plete primary/completed primary/secondary/tertiary), number of household assets (car, televi-
sion, refrigerator, telephone, plumbed toilet, water, and electricity mains) and alcohol
problems in mid-life (self-reported) were also recorded.

Disability was measured using the WHO-DAS II, developed by the World Health Organisa-
tion as a culture-fair assessment tool for use in cross-cultural epidemiological and health ser-
vices research[23].

Head injury ascertainment
Head injury exposure, here defined as "head injury with loss of consciousness" was ascertained
by asking the participant the following question: “have you ever had a serious head injury in
which you were knocked out”. Age of injury was also assessed. For participants who showed
signs of dementia, based on a score of 2 or more on the CSI-D informant RELSCORE[24], an
informant questionnaire used as part of the 10/66 dementia diagnostic assessment for evidence
of cognitive and functional decline, were screened with the History and Aetiology Schedule-
Dementia Diagnosis and Subtype (HAS-DDS). This is an extended informant interview that
includes more detailed information on the onset and course of possible dementia. During the
interview, the informant was asked whether “has your (xxx) ever had a serious head injury in
which your (xxx) was knocked out”? This information was used in a sensitivity analysis to
explore the impact that adding this data would have on the prevalence estimates. If an individ-
ual had more the one episode of head injury, only the latest episode was recorded. The number
of multiple episodes of head injury throughout the life course was not recorded.

Statistical Analysis
For each centre the key characteristics of the participants were described including age, sex,
marital status, educational level, income, and number of assets.
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Lifetime prevalence of head injury stratified by gender and with robust 95% confidence
intervals adjusted for household clustering was reported. To improve comparison of data
between study centres, direct standardisation for age, gender and education using the whole
sample from all countries as the external standard population, was also reported. A sensitivity
analysis was carried out to assess the impact of possible dementia on outcome misclassification.
This was carried out by including head injury events that were not recalled by the participant,
but that were documented during the informant interview.

Poisson regression models, estimating prevalence ratios (PR) were used to estimate the asso-
ciation of co-variables (age, gender, education level, number of assets and alcohol risk in mid-
life) on the prevalence of head-injury. In order to estimate a pooled effect across sites, a meta-
analysis was carried out, together with an estimation of heterogeneity using the Higgins I1.
Fixed effect models were used, unless the heterogeneity from the I2 index was higher than 50%.
In these circumstances a random-effect model was preferred.

Disability scores were measured using the WHODAS-12 scale, and modelled using zero-
inflated negative binomial regressions (adjusted for age, gender and number of physical co-
morbidities) to deal with over dispersion and excess zeros in the distribution of disability
scores, as used in previous publications from the 10/66 group[25, 26].

Results

Socio-demographic characteristics
A total of 17,009 interviews were carried out and completed in 8 countries (Cuba, Dominican
Republic, Venezuela, Mexico, Peru, India, China, and Puerto Rico). The overall response rate
was very good with proportions higher than 80% in all but two centres: urban China (74%) and
urban India (72%). Missing data on the variables of interest were present in less than 1% of the
sample (Table 1), with results for 16,925 participants reported here.

Across all 10/66 study sites, there were more women than men with an overall ratio of
60.7% females and 39.3% males, as seen in Table 1. Most participants were either married or
widowed, and this trend was consistent across all centres. Between 50–70% of participants in
all sites were aged between 65 and 74 years. There was a higher proportion of people aged 80
years or more in Latin America and the Caribbean (especially in Cuba, the Dominican Repub-
lic, Peru, and Puerto Rico) compared to Asia, indicating a more advanced demographic shift.
Urban Peru and Puerto Rico had the highest proportion of tertiary educated participants
(>20%), while rural India and rural China had the lowest proportion (<1%). In rural China
and rural India, respectively 57.8% and 66.1% of the population did not have any education.
Generally, these numbers were lower in Latin America, with 2.6%-32.7% having no education.

Prevalence of head injury across the 10/66 sites
The prevalence of head injury across 10/66 sites is shown in Table 2. Rural and Urban Mexico
(16.4% and 15.7% respectively), rural Peru (15.3%), and Venezuela (14.3%) had the highest
crude prevalence of TBI across the 10/66 sites, while urban China (0.9%) and rural China
(0.4%) had the lowest. Except for urban China and urban India the crude prevalence in males
was significantly higher than in females with the highest difference in rural Mexico (males
26.1%, females 10.0%,). Direct age, sex and education standardisation of the prevalence did not
greatly affecte the estimates, with the two Mexican centres and Venezuela still having the high-
est prevalence of head injury (between 14.4% and 14.6%).

We found a bi-modal distribution of age of head injury with a peak during adolescence and
a second one around age 60 (Fig 1.).
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Effect of using informant interview on estimates
S1 Fig shows the results of the sensitivity analysis and the proportional increase in estimates
when data from an informant was used to estimate the prevalence of head injury (informants

Table 2. Crude and age, sex, and education-standardized prevalence of self-reported head injury in the 10/66 study centres.

Study
Centre

Number of
cases

Crude
Prevalence (95%
CI)

Crude Prevalence In
Males (95%CI)

Crude Prevalence In
Females (95%CI)

Standardised
Prevalence (95%CI)

Mean age at most
recent head injury
(SD)

Cuba 186 6.3 (5.5–7.3) 9.1 (7.5–11.1) 4.8 (3.9–5.9) 5.9 (4.8–7.0) 41.7 (26.3)

Dom. Rep. 225 11.2 (9.9–12.6) 14.5 (12.1–17.3) 9.5 (8.0–11.2) 11.0 (9.0–12.8) 53.4 (25.2)

Peru urban 186 13.6 (11.8–15.5) 18.2 (15.1–21.8) 11.0 (0.9–13.3) 12.2 (9.4–15.0) 37.6 (25.2)

Peru rural 84 15.3 (12.4–18.6) 16.0 (12.0–21.0) 14.6 (11.1–14.8) 13.7 (10.9–16.5) 37.3 (24.7)

Venezuela 271 14.3 (12.8–16.0) 16.9 (14.3–19.8) 12.8 (11.1–14.8) 14.6 (12.3–16.8) 34.9 (23.8)

Mexico
urban

157 15.7 (13.5–18.0) 26.1 (21.7–31.0) 10.4 (8.3–12.9) 14.4 (12.2–16.7) 43.1 (43.1)

Mexico
rural

164 16.4 (14.2–18.9) 26.1 (22.1–30.6) 10.0 (7.8–12.6) 14.6 (11.5–17.8) 48.2 (23.4)

China
urban

11 0.9 (0.5–1.7) 0.8 (0.3–2.1) 1.1 (0.5–2.2) 1.1 (0.4–1.9) 61.2 (14.3)

China rural 4 0.4 (0.01–0.8) 0.7 (0.2–2.1) 0.2 (0.2–1.3) 0.3 (0.0–0.6) 69.2 (8.9)

India urban 98 9.8 (8.0–11.8) 9.5 (7.1–12.8) 10.0 (7.8–12.7) 9.3 (7.0–11.5) 44.4 (24.7)

India rural 52 5.2 (4.0–6.8) 6.4 (4.5–9.0) 4.2 (2.8–6.3) 2.9 (1.7–4.1) 63.9 (14.3)

Puerto Rico 98 4.9 (4.0–5.9) 6.0 (4.4–8.0) 4.4 (3.4–5.6) 4.8 (3.5–6.1) 52.4 (23.4)

Overall
sample

1,563 9.1 (8.6–9.5) 11.7 (11.0–12.5) 7.5 (7.0–8.0) 44.2 (25.3)

doi:10.1371/journal.pone.0132229.t002

Fig 1. Distribution of age at time of head injury.

doi:10.1371/journal.pone.0132229.g001
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were used when participants screened positive for possible dementia). In most cases, this
increase was null or below 1%. Only in Venezuela, Mexico and the Dominican Republic, was
there an increase of between 1% and 2% in the estimates.

Independent association of co-variables and head-injury prevalence
To investigate the association of head-injury with potential risk factors, a Poisson regression
model was used to provide mutually adjusted prevalence ratios, as illustrated in Table 3. The
results indicate that the prevalence of TBI was strongly related to gender, and that being male
consistently increased the chance of having TBI across all centres after adjustment for age, edu-
cation, number of assets and alcohol problems in mid-life (pooled PRs across sites: 1.56–95%
CI: 1.29–1.82, I2 = 52.5%). The magnitude of association was higher in rural sites compared to
urban sites, with the exception of rural Peru.

There was a mild inverse association between age at survey interview and head injury, with
a pooled effect of 0.95% (95% CI: 0.92–0.99). Socio-economic factors, such as education and
number of assets were both associated with prevalent head-injury. Having spent more years in
education was a protective factor for head-injury in most sites, with a pooled prevalence ratio
of 0.91 (95% CI: 0.86–0.96). Similarly, owning a higher number of assets was associated with a
lower prevalence of head injury. This was however not statistically significant across all sites,
but the pooled estimate was still statistically significant (0.92, 95% CI: 0.88–0.96). Finally alco-
hol problems in midlife were not found to be related to head injury, with the exception of rural
Peru, where the prevalence ratios for people with alcohol problems were 2.35 (95% CI: 1.10–
5.04) higher than people without alcohol problems in midlife.

The impact of head injury
MeanWHODAS-12 disability scores were stratified by head injury status. Participants with a
self-reported brain injury had consistently higher mean disability scores, compared with people
without a reported head injury, with the exception of the Cuban site (Table 4). The scores were
modelled using a zero-inflated negative binomial regression to take into account the effect of
potential confounding variables (age at survey interview, gender and co-morbid physical ill-
nesses) on this association. In Venezuela, China, urban India and Puerto Rico, the association

Table 3. Association of risk factors for head injury by country with pooled estimates.

Study Centre Age 95% CI Gender 95% CI Education 95% CI Assets 95% CI Alcohol problems in midlife 95% CI

Cuba 0.90 (0.80–1.01) 1.80 (1.34–2.43) 1.08 (0.94–1.25) 1.01 (0.85–1.19) 1.17 (0.74–1.83)

Dominican Rep. 1.02 (0.93–1.12) 1.29 (0.97–1.73) 0.96 (0.83–1.11) 0.88 (0.81–0.95) 1.33 (0.99–1.78)

Peru urban 0.96 (0.87–1.06) 1.61 (1.23–2.13) 1.06 (0.91–1.22) 1.08 (0.85–1.36) 0.90 (0.32–2.54)

Peru rural 0.95 (0.82–1.11) 1.15 (0.75–1.76) 0.77 (0.62–0.96) 0.92 (0.80–1.06) 2.35 (1.10–5.04)

Venezuela 0.87 (0.77–0.99) 1.42 (1.05–1.92) 0.85 (0.73–0.98) 0.91 (0.82–1.01) 1.08 (0.66–1.79)

Mexico urban 1.05 (0.94–1.16) 2.36 (1.74–3.20) 0.85 (0.75–0.97) 1.01 (0.88–1.17) 1.32 (0.90–1.93)

Mexico rural 0.94 (0.84–1.04) 2.80 (2.07–3.81) 0.91 (0.76–1.08) 0.92 (0.86–0.99) 0.87 (0.59–1.28)

China urban 1.36 (0.80–2.31) 0.67 (0.14–3.20) 0.83 (0.48–1.42) 1.35 (0.63–2.93) 5.79 (0.66–50.48)

China rural 1.80 (1.07–3.05) 4.27 (0.36–50.1) 0.79 (0.34–1.86) 1.34 (0.58–3.10) 4.65 (0.34–63.4)

India urban 0.99 (0.85–1.17) 1.09 (0.72–1.63) 0.81 (0.66–0.99) 1.01 (0.93–1.28) 2.86 (0.45–18.15)

India rural 0.83 (0.62–1.10) 1.88 (1.05–3.37) 0.86 (0.59–1.25) 0.87 (0.72–1.05) Too few cases

Puerto Rico 0.90 (0.77–1.05) 1.46 (0.95–2.23) 1.03 (0.86–1.24) 1.53 (0.90–2.62) 0.48 (0.17–1.37)

Pooled estimates* 0.95 (0.92–0.99) 1.56 (1.29–1.82) 0.91 (0.86–0.96) 0.92 (0.88–0.96) 1.07 (0.88–1.25)

Higgins I2 20.5% 52.5% 33.6% 0.0% 0.0%

* Pooled estimates from a fixed effect model, apart from where the heterogeneity was higher than 50%.

doi:10.1371/journal.pone.0132229.t003
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between disability and head injury was still significant after adjustment for potential confound-
ers, with a pooled estimate across all 10/66 sites of 1.11 (95% CI: 1.05–1.18) (Table 4).

This analysis was also stratified according to age of injury, using no head injury as the con-
trol category. An association between head injury after age 65 and disability was found in the
adjusted model (pooled estimate RR: 1.17, 95% CI: 1.05–1.28), but no significant associations
were found between disability and head injury before age 65 (pooled RR = 1.01, 95% CI, 0.93–
1.21) (S1 Table).

Discussion
This study reported that the prevalence of head injury with loss of consciousness is common in
the 10/66 centres (mean = 9.1, range from 3.2% to 13.6%), with the exception of China. Being
male, having a lower number of assets, and lower education were associated with a higher prev-
alence of head injury. Disability scores in people with head injury were higher than in people
who did not report any head injury, even after adjustment for age, gender and number of co-
morbid physical illnesses.

Table 4. WHODASDisability scores by head-injury status and country.

Centre Mean (SD) WHODAS
Disability scores

Adjusted* RR (95% CI)

Cuba No Head Injury 13.40 (20.10)

Head Injury 12.75 (18.66) 1.00 (0.81–1.25)

Dominican Rep. No Head Injury 15.86 (19.81) -

Head Injury 21.45 (23.25) 1.09 (0.96–1.25)

Peru urban No Head Injury 12.96 (20.65) -

Head Injury 13.56 (19.44) 0.91 (0.75–1.10)

Peru rural No Head Injury 9.67 (14.27) -

Head Injury 14.61 (15.52) 1.17 (0.91–1.51)

Venezuela No Head Injury 10.21 (16.42) -

Head Injury 14.08 (15.95) 1.23 (1.07–1.41)

Mexico urban No Head Injury 9.46 (17.10) -

Head Injury 12.72 (17.98) 1.08 (0.85–1.37)

Mexico rural No Head Injury 10.72 (18.71) -

Head Injury 12.91 (20.95) 1.00 (0.79–1.26)

China urban No Head Injury 7.80 (19.55) -

Head Injury 38.38 (45.92) 1.79 (1.18–2.70)

China rural No Head Injury 7.85 (14.30) -

Head Injury 43.75 (32.02) 1.85 (1.00–3.42)

India urban No Head Injury 9.96 (14.85) -

Head Injury 15.82 (19.37) 1.34 (1.06–1.71)

India rural No Head Injury 28.19 (18.03) -

Head Injury 29.54 (22.39) 1.16 (0.97–1.38)

Puerto Rico No Head Injury 16.17 (22.44) -

Head Injury 25.23 (28.31) 1.25 (1.03–1.51)

Pooled estimate 1.11 (1.05–1.18) I2 = 35.2%

*RR from a zero-inflated negative binomial regression, adjusted for age, gender and number of co-morbid

physical illnesses.

doi:10.1371/journal.pone.0132229.t004
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Strengths and Limitations
A key strength of the 10/66 project is that it provides a large dataset, which was designed specif-
ically to investigate ageing-related public health issues in LMICs. Apart from covering 17,009
participants over 8 LMICs, data collected at the study sites encompassed a wide variety of vari-
ables, with very low rates of missing data. Since interpretation and model development of this
dataset relies crucially on the accuracy of the information gathered, the methods were adapted,
validated, and translated into different languages, enabling comparability between different
countries.

A major advantage of using 10/66 study data, especially when comparing trends in different
countries, is that all data were systematically collected using identical standardised protocols.
This provides a firm basis for analysing the prevalence of head injury and its potential associa-
tion with risk factors.

The main limitations of the study are that firstly head injury ascertainment was accom-
plished through participants self-report, and secondly the use of lifetime prevalence of head
injury as an outcome, which did not record and take into account multiple episodes of head
injury. These approaches may be misleading as they can lead to recall bias of outcome as one
cannot be sure if/when TBI actually happened, especially if it occurred more than a few months
or a year before the ascertainment. If people do not remember correctly, there will be non-dif-
ferential misclassification of the outcome with respect to the exposures. It is possible that peo-
ple with dementia under-reported head injury, which would result in an underestimation of its
prevalence. This seems to be confirmed by our sensitivity analysis that showed some discrep-
ancy between informant and participant reports in people with possible dementia. Using infor-
mant reports resulted in a slight increase in prevalence estimates. Although the analyses were
adjusted for possible confounders such as age, sex, education, number of assets, and alcohol
problems in mid-life, some residual confounding may be remaining.

Finally, it is difficult to know the exact generalisability of these findings outside these catch-
ment areas, and the direction of association with risk factors and disability due to the cross-sec-
tional nature of the study design.

Contextualisation
A recent meta-analysis estimated the lifetime prevalence of TBI with loss of consciousness in
general populations to be around 12%[5], however these data come from high-income coun-
tries. In comparison with the current results, this implies that the prevalence of head injury in
low and middle income countries may be similar to that in high income countries.

Most TBI prevalence data in the literature have been estimated from hospitalised incidence
statistics. This is not necessarily comparable to the 10/66 study which derives the prevalence
directly from individuals interviewed from population settings, regardless of whether they
sought medical attention or not. This is particularly relevant for LMICs, which do not have the
same medical coverage as HICs.[27]

The analysis in the current study used participant questionnaires (and informant data for
people with possible dementia), whereas other studies have predominantly used medical rec-
ords, or a combination of all sources[28–37]. Although informants may be reliable sources
compared to subjects with dementia, who may be at risk of not recalling TBI, informants them-
selves may not be aware of a head injury history, and this is why we only included their reports
in our sensitivity analysis. The use of medical records, one of the best ways of measuring head
injury accurately, also has some limitation as it increases the risk of incorporating measure-
ment bias into the analysis, as records may not be complete, or methods of data collection may
have differed across place and time, especially if done in the distant past. Moreover, not all the

Head Injury in Older People Living in Low and Middle Income Countries

PLOS ONE | DOI:10.1371/journal.pone.0132229 July 6, 2015 9 / 14



individuals who suffer a head injury may visit hospitals or emergency departments. This is par-
ticularly relevant for low and middle-income countries where medical records are not often
routinely collected and where their quality can be poor.

Another important factor that may affect the prevalence of TBI is the setting from which
the sample was selected. Several studies have been based in clinical settings, such as hospital
departments, and neurological clinics.[28–30, 33, 35, 38, 39], compared to our population-
based sample. In clinical settings it is not possible to know what referral processes or access dif-
ferences may exist and hence these differences will not necessarily reflect the situation in the
general population.

After adjusting for other risk factors, both gender and education showed a statistically sig-
nificant positive association with TBI in the 10/66 cohort. The association with gender is in
line with the current literature indicating that men are at greater risk of TBI, with men reported
to have ORs of 2.2 for traumatic brain injury in a recent meta-analysis of published studies[5].
The finding that men are at higher risk of head injury may be due to differential societal roles
of men and women in different settings. In many low and middle income countries, men often
have manual jobs, have a higher tendency to exhibit more risk taking behaviour and are conse-
quently at higher risk of injury. Conversely, women may look after the home, where their risk
of injury may be lower. Given that traditional societal roles are slowly changing across the
world, with women increasingly working outside the home settings, it is possible that risk of
TBI in women may increase in the future too. In our analysis we could not see an association
between head injury and abnormal alcohol use in later life, but this is likely due to be the result
of low statistical power. While alcohol intoxication has been reported to be a risk factor for
head injury in previous analysis[7], reported later life alcohol use in our study may be may be
an outcome of having experienced a TBI and a mechanism of coping with the effect of the
injury.

In this study, we did not see any significant difference in head injury prevalence between
urban and rural sites, with the exception of India where the urban site had almost a two-fold
higher prevalence of TBI, compared to rural one. It is possible that this is due to a higher rate
of road traffic accidents in urban settings. Previous research carried out in India has reported
that people in urban settings had 1.5 higher OR of road traffic injury deaths, compared to those
living in rural areas[40]. In contrast to HICs, where the drivers and passengers of vehicles sus-
tain TBI, in LMICs pedestrians, cyclists and motorcyclists are more vulnerable to sustaining
TBI. This is because there has been an increase in the number of motor vehicles, which has not
been addressed by suitable road safety education and regulations[9].

Both urban and rural centres in China reported extraordinarily low prevalence of TBI com-
pared to all other sites. While the rates of road traffic crashes in this country are among the
highest in the world[41], this may not have been true during the early periods of the older peo-
ple included in our study. These results could be due to cultural factors affecting reporting
behaviour, or some ascertainment bias, where interviewers did not realise or did not stress that
we were asking about lifetime exposure.

Finally we found a significant association between disability and head injury, in line with
the global burden of disease project, which highlights traumatic brain injury as a leading cause
of disability across all the regions of the globe. When we stratified this analysis by age of injury
we only found a significant association in those with a head injury after age 65. It is however
difficult to interpret these results as the statistical power in each site was low, and the age of
head injury was also highly susceptible to recall bias.
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Conclusions
TBI is a major and growing public health problem, afflicting an estimated 12% of the global pop-
ulation[5]. There is very little known about the prevalence and impact this may have on the pub-
lic health situation, particularly in LMICs. This study has highlighted that TBI is prevalent at
levels as high as HICs. Road traffic accidents are the leading cause of TBI injury in low and mid-
dle income countries, compared to falls in the home, which are the main cause in high-income
countries. Increasing use of motor vehicles in these settings will exacerbate this trend[6]. This
highlights the need for more studies to be carried out in low and middle income-settings.

Taking examples of prevention strategies from HICs and applying them in LMICs may also
be useful. For example, improved safety regulations in HICs have resulted in a decline in TBI
from road traffic accidents[42]. Road traffic related injury could be reduced by improving, pro-
moting, and legislating different aspects of safety, such as the use of seat-belts, reducing the
number of people under the influence of alcohol or drugs, and promoting the use of helmets
during cycling and contact sports. Implementation of helmet use in Taiwan has proven benefi-
cial, resulting in a 33% reduction in motorcycle accident related TBI[43]. Given that falls are a
major cause of TBI in older and younger people, promotion of better engineering and design of
private and public spaces (e.g. removal of tripping hazards, use of railings for stability, etc)
could also help in reducing TBI.

At present, similar to other clinical conditions, there is no consensus on a classification sys-
tem. Usually TBI is diagnosed when the symptoms are closely temporally related to the inci-
dent that caused the injury, although clinical manifestations can occur at a delayed time. Other
evidence of brain pathology from imaging, or diagnostic confirmation of damage to the brain,
should ideally be used for confirmation[44], but these may not be feasible in poorer settings or
those that have lower resources.

Considering the predicted future impact of TBI on public health and resources, there is a
need for further research and understanding of the problem with a view to informing public
health strategies that could reduce the rate of TBI.

Ethics. Written informed consent, or witnessed oral consent in case of illiteracy, or next of
kin written agreement in case of incapacity, was obtained from all participants. The study pro-
tocol and the consent procedures were approved by the King's College London research ethics
committee and in all local countries: 1- Medical Ethics Committee of Peking University the
Sixth Hospital (Institute of Mental Health, China); 2- the Memory Institute and Related Disor-
ders (IMEDER) Ethics Committee (Peru); 3- Finlay Albarran Medical Faculty of Havana Medi-
cal University Ethical Committee (Cuba); 4- Hospital Universitario de Caracas Ethics
Committee (Venezuela); 5- Ethics Committee of Nnamdi Azikiwe University Teaching Hospi-
tal (Nigeria); 6- Consejo Nacional de Bioética y Salud (CONABIOS, Dominican Republic); 7-
Christian Medical College (Vellore) Research Ethics Committee (India); 8- Instituto Nacional
de Neurología y Neurocirugía Ethics Committee (Mexico).

Supporting Information
S1 Fig. The effect of including informant information in people with cognitive impairment
on the estimates of head injury.
(PDF)

S1 Table. The association of disability and head injury before and after age 65. �RR from a
zero-inflated negative binomial regression, adjusted for age, gender and number of co-morbid
physical illnesses. ~ reference is no head injury.
(DOCX)

Head Injury in Older People Living in Low and Middle Income Countries

PLOS ONE | DOI:10.1371/journal.pone.0132229 July 6, 2015 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132229.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132229.s002


Author Contributions
Conceived and designed the experiments: AK MP CB AMP. Performed the experiments: AK
AMP. Analyzed the data: AK AMP. Contributed reagents/materials/analysis tools: MP AMP.
Wrote the paper: AK CB MP AMP.

References
1. Faul M, Xu L, Wald MM, Coronado VG. Traumatic brain injury in the United States: emergency depart-

ment visits, hospitalizations, and deaths. Atlanta (GA): Centers for Disease Control and Prevention,
National Center for Injury Prevention and Control. 2010.

2. Timmons SD. An update on traumatic brain injuries. J Neurosurg Sci. 2012; 56(3):191–202. Epub
2012/08/03. PMID: 22854587.

3. DashnawML, Petraglia AL, Bailes JE. An overview of the basic science of concussion and subconcus-
sion: where we are and where we are going. Neurosurg Focus. 2012; 33(6):E5: 1–9. Epub 2012/12/04.
doi: 10.3171/2012.10.focus12284 PMID: 23199428.

4. Nordstrom A, Edin BB, Lindstrom S, Nordstrom P. Cognitive function and other risk factors for mild trau-
matic brain injury in young men: nationwide cohort study. BMJ. 2013; 346:f723. Epub 2013/03/14. doi:
10.1136/bmj.f723 PMID: 23482939.

5. Frost RB, Farrer TJ, Primosch M, Hedges DW. Prevalence of traumatic brain injury in the general adult
population: a meta-analysis. Neuroepidemiology. 2013; 40(3):154–9. doi: 10.1159/000343275 PMID:
23257914

6. Hyder AA, Wunderlich CA, Puvanachandra P, Gururaj G, Kobusingye OC. The impact of traumatic
brain injuries: a global perspective. NeuroRehabilitation. 2007; 22(5):341–53. Epub 2007/12/29. PMID:
18162698.

7. Tagliaferri F, Compagnone C, Korsic M, Servadei F, Kraus J. A systematic review of brain injury epide-
miology in Europe. Acta Neurochirurgica. 2006; 148(3):255–68. doi: 10.1007/s00701-005-0651-y
PMID: 16311842

8. Maas AI, Stocchetti N, Bullock R. Moderate and severe traumatic brain injury in adults. The Lancet Neu-
rology. 2008; 7(8):728–41. doi: 10.1016/S1474-4422(08)70164-9 PMID: 18635021.

9. Roozenbeek B, Maas AI, Menon DK. Changing patterns in the epidemiology of traumatic brain injury.
Nat Rev Neurol. 2013; 9(4):231–6. Epub 2013/02/28. doi: 10.1038/nrneurol.2013.22 PMID: 23443846.

10. Agrawal A, Galwankar S, Kapil V, Coronado V, Basavaraju SV, McGuire LC, et al. Epidemiology and
clinical characteristics of traumatic brain injuries in a rural setting in Maharashtra, India. 2007–2009. Int
J Crit Illn Inj Sci. 2012; 2(3):167–71. Epub 2012/11/28. doi: 10.4103/2229-5151.100915 PMID:
23181212; PubMed Central PMCID: PMC3500010.

11. Javouhey E, Guérin A-C, Chiron M. Incidence and risk factors of severe traumatic brain injury resulting
from road accidents: A population-based study. Accident Analysis & Prevention. 2006; 38(2):225–33. :
http://dx.doi.org/10.1016/j.aap.2005.08.001.

12. World Health Organization. Neurological disorders: public health challenges. 2006. Available: http://
www.who.int/mental_health/neurology/neurodiso/en/index.html. Accessed 24 September 2012.

13. Thompson HJ, McCormick WC, Kagan SH. Traumatic brain injury in older adults: epidemiology, out-
comes, and future implications. J Am Geriatr Soc. 2006; 54(10):1590–5. PMID: 17038079

14. Frankel JE, Marwitz JH, Cifu DX, Kreutzer JS, Englander J, Rosenthal M. A follow-up study of older
adults with traumatic brain injury: taking into account decreasing length of stay. Arch Phys Med Rehabil.
2006; 87(1):57–62. PMID: 16401439

15. Kraus J, McArthur D. Epidemiology of brain injury. Evans R, editor1996.

16. Whitnall L, McMillan TM, Murray GD, Teasdale GM. Disability in young people and adults after head
injury: 5–7 year follow up of a prospective cohort study. Journal of neurology, neurosurgery, and psychi-
atry. 2006; 77(5):640–5. doi: 10.1136/jnnp.2005.078246 PMID: 16614025; PubMed Central PMCID:
PMC2117429.

17. Teasdale TW, Engberg AW. Suicide after traumatic brain injury: a population study. Journal of neurol-
ogy, neurosurgery, and psychiatry. 2001; 71(4):436–40. PMID: 11561024; PubMed Central PMCID:
PMC1763534.

18. Silver JM, Kramer R, Greenwald S, WeissmanM. The association between head injuries and psychiat-
ric disorders: findings from the New Haven NIMH Epidemiologic Catchment Area Study. Brain injury:
[BI]. 2001; 15(11):935–45. doi: 10.1080/02699050110065295 PMID: 11689092.

19. Van Den Heuvel C, Thornton E, Vink R. Traumatic brain injury and Alzheimer's disease: a review. Prog-
ress in brain research. 2007; 161:303–16. doi: 10.1016/S0079-6123(06)61021-2 PMID: 17618986.

Head Injury in Older People Living in Low and Middle Income Countries

PLOS ONE | DOI:10.1371/journal.pone.0132229 July 6, 2015 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/22854587
http://dx.doi.org/10.3171/2012.10.focus12284
http://www.ncbi.nlm.nih.gov/pubmed/23199428
http://dx.doi.org/10.1136/bmj.f723
http://www.ncbi.nlm.nih.gov/pubmed/23482939
http://dx.doi.org/10.1159/000343275
http://www.ncbi.nlm.nih.gov/pubmed/23257914
http://www.ncbi.nlm.nih.gov/pubmed/18162698
http://dx.doi.org/10.1007/s00701-005-0651-y
http://www.ncbi.nlm.nih.gov/pubmed/16311842
http://dx.doi.org/10.1016/S1474-4422(08)70164-9
http://www.ncbi.nlm.nih.gov/pubmed/18635021
http://dx.doi.org/10.1038/nrneurol.2013.22
http://www.ncbi.nlm.nih.gov/pubmed/23443846
http://dx.doi.org/10.4103/2229-5151.100915
http://www.ncbi.nlm.nih.gov/pubmed/23181212
http://dx.doi.org/10.1016/j.aap.2005.08.001
http://www.who.int/mental_health/neurology/neurodiso/en/index.html
http://www.who.int/mental_health/neurology/neurodiso/en/index.html
http://www.ncbi.nlm.nih.gov/pubmed/17038079
http://www.ncbi.nlm.nih.gov/pubmed/16401439
http://dx.doi.org/10.1136/jnnp.2005.078246
http://www.ncbi.nlm.nih.gov/pubmed/16614025
http://www.ncbi.nlm.nih.gov/pubmed/11561024
http://dx.doi.org/10.1080/02699050110065295
http://www.ncbi.nlm.nih.gov/pubmed/11689092
http://dx.doi.org/10.1016/S0079-6123(06)61021-2
http://www.ncbi.nlm.nih.gov/pubmed/17618986


20. Shively S, Scher AI, Perl DP, Diaz-Arrastia R. Dementia resulting from traumatic brain injury: what is
the pathology? Arch Neurol. 2012; 69(10):1245–51. PMID: 22776913

21. Meyer KS, Marion DW, Coronel H, Jaffee MS. Combat-related traumatic brain injury and its implications
to military healthcare. Psychiatr Clin North Am. 2010; 33(4):783–96. Epub 2010/11/26. doi: 10.1016/j.
psc.2010.08.007 PMID: 21093678.

22. Prince M, Ferri CP, Acosta D, Albanese E, Arizaga R, Dewey M, et al. The protocols for the 10/66
dementia research group population-based research programme. BMC Public Health. 2007; 7:165.
PMID: 17659078

23. Sousa RM, Dewey ME, Acosta D, Jotheeswaran AT, Castro-Costa E, Ferri CP, et al. Measuring disabil-
ity across cultures—the psychometric properties of theWHODAS II in older people from seven low-
and middle-income countries. The 10/66 Dementia Research Group population-based survey. Int J
Methods Psychiatr Res. 2010; 19(1):1–17. Epub 2010/01/28. doi: 10.1002/mpr.299 PMID: 20104493;
PubMed Central PMCID: PMC2896722.

24. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis of Alzhei-
mer's disease: report of the NINCDS-ADRDAWork Group under the auspices of Department of Health
and Human Services Task Force on Alzheimer's Disease. Neurology. 1984; 34(7):939–44. PMID:
6610841

25. Sousa RM, Ferri CP, Acosta D, Albanese E, Guerra M, Huang Y, et al. Contribution of chronic diseases
to disability in elderly people in countries with low and middle incomes: a 10/66 Dementia Research
Group population-based survey. Lancet. 2009; 374(9704):1821–30. Epub 2009/12/01. doi: 10.1016/
S0140-6736(09)61829-8 PMID: 19944863; PubMed Central PMCID: PMC2854331.

26. Prina AM, Ferri CP, Guerra M, Brayne C, Prince M. Co-occurrence of anxiety and depression amongst
older adults in low- and middle-income countries: findings from the 10/66 study. Psychological Medi-
cine. 2011; 41(10):2047–56. Epub 2011/04/07. doi: 10.1017/S0033291711000444 PMID: 21466747.

27. Wagner AK, Graves AJ, Reiss SK, Lecates R, Zhang F, Ross-Degnan D. Access to care and medi-
cines, burden of health care expenditures, and risk protection: results from the World Health Survey.
Health Policy. 2011; 100(2–3):151–8. doi: 10.1016/j.healthpol.2010.08.004 PMID: 20828854

28. Amaducci LA, Fratiglioni L, RoccaWA, Fieschi C, Livrea P, Pedone D, et al. Risk factors for clinically
diagnosed Alzheimer's disease: a case-control study of an Italian population. Neurology. 1986; 36
(7):922–31. Epub 1986/07/01. PMID: 3714054.

29. Broe GA, Henderson AS, Creasey H, McCusker E, Korten AE, Jorm AF, et al. A case-control study of
Alzheimer's disease in Australia. Neurology. 1990; 40(11):1698–707. Epub 1990/11/01. PMID:
2146525.

30. Chandra V, Philipose V, Bell PA, Lazaroff A, Schoenberg BS. Case-control study of late onset "proba-
ble Alzheimer's disease". Neurology. 1987; 37(8):1295–300. Epub 1987/08/01. PMID: 3614650.

31. Chandra V, Kokmen E, Schoenberg BS, Beard CM. Head trauma with loss of consciousness as a risk
factor for Alzheimer's disease. Neurology. 1989; 39(12):1576–8. Epub 1989/12/01. PMID: 2586772.

32. The Canadian Study of Health and Aging: risk factors for Alzheimer's disease in Canada. Neurology.
1994; 44(11):2073–80. Epub 1994/11/01. PMID: 7969962.

33. Graves AB, White E, Koepsell TD, Reifler BV, van Belle G, Larson EB, et al. The association between
head trauma and Alzheimer's disease. Am J Epidemiol. 1990; 131(3):491–501. Epub 1990/03/01.
PMID: 2405648.

34. Guo Z, Cupples LA, Kurz A, Auerbach SH, Volicer L, Chui H, et al. Head injury and the risk of AD in the
MIRAGE study. Neurology. 2000; 54(6):1316–23. Epub 2000/04/04. PMID: 10746604.

35. Kalkonde YV, Jawaid A, Qureshi SU, Shirani P, Wheaton M, Pinto-Patarroyo GP, et al. Medical and
environmental risk factors associated with frontotemporal dementia: a case-control study in a veteran
population. Alzheimers Dement. 2012; 8(3):204–10. Epub 2012/04/03. doi: 10.1016/j.jalz.2011.03.011
PMID: 22465176.

36. Mayeux R, Ottman R, Tang MX, Noboa-Bauza L, Marder K, Gurland B, et al. Genetic susceptibility and
head injury as risk factors for Alzheimer's disease among community-dwelling elderly persons and their
first-degree relatives. Ann Neurol. 1993; 33(5):494–501. Epub 1993/05/01. doi: 10.1002/ana.
410330513 PMID: 8498827.

37. Smith K, Flicker L, Dwyer A, Atkinson D, Almeida OP, Lautenschlager NT, et al. Factors associated
with dementia in Aboriginal Australians. Aust N Z J Psychiatry. 2010; 44(10):888–93. Epub 2010/10/12.
doi: 10.3109/00048674.2010.491816 PMID: 20932202.

38. Li G, Shen YC, Li YT, Chen CH, Zhau YW, Silverman JM. A case-control study of Alzheimer's disease
in China. Neurology. 1992; 42(8):1481–8. Epub 1992/08/01. PMID: 1641140.

39. Mortimer JA, French LR, Hutton JT, Schuman LM. Head injury as a risk factor for Alzheimer's disease.
Neurology. 1985; 35(2):264–7. Epub 1985/02/01. PMID: 3969219.

Head Injury in Older People Living in Low and Middle Income Countries

PLOS ONE | DOI:10.1371/journal.pone.0132229 July 6, 2015 13 / 14

http://www.ncbi.nlm.nih.gov/pubmed/22776913
http://dx.doi.org/10.1016/j.psc.2010.08.007
http://dx.doi.org/10.1016/j.psc.2010.08.007
http://www.ncbi.nlm.nih.gov/pubmed/21093678
http://www.ncbi.nlm.nih.gov/pubmed/17659078
http://dx.doi.org/10.1002/mpr.299
http://www.ncbi.nlm.nih.gov/pubmed/20104493
http://www.ncbi.nlm.nih.gov/pubmed/6610841
http://dx.doi.org/10.1016/S0140-6736(09)61829-8
http://dx.doi.org/10.1016/S0140-6736(09)61829-8
http://www.ncbi.nlm.nih.gov/pubmed/19944863
http://dx.doi.org/10.1017/S0033291711000444
http://www.ncbi.nlm.nih.gov/pubmed/21466747
http://dx.doi.org/10.1016/j.healthpol.2010.08.004
http://www.ncbi.nlm.nih.gov/pubmed/20828854
http://www.ncbi.nlm.nih.gov/pubmed/3714054
http://www.ncbi.nlm.nih.gov/pubmed/2146525
http://www.ncbi.nlm.nih.gov/pubmed/3614650
http://www.ncbi.nlm.nih.gov/pubmed/2586772
http://www.ncbi.nlm.nih.gov/pubmed/7969962
http://www.ncbi.nlm.nih.gov/pubmed/2405648
http://www.ncbi.nlm.nih.gov/pubmed/10746604
http://dx.doi.org/10.1016/j.jalz.2011.03.011
http://www.ncbi.nlm.nih.gov/pubmed/22465176
http://dx.doi.org/10.1002/ana.410330513
http://dx.doi.org/10.1002/ana.410330513
http://www.ncbi.nlm.nih.gov/pubmed/8498827
http://dx.doi.org/10.3109/00048674.2010.491816
http://www.ncbi.nlm.nih.gov/pubmed/20932202
http://www.ncbi.nlm.nih.gov/pubmed/1641140
http://www.ncbi.nlm.nih.gov/pubmed/3969219


40. Hsiao M, Malhotra A, Thakur JS, Sheth JK, Nathens AB, Dhingra N, et al. Road traffic injury mortality
and its mechanisms in India: nationally representative mortality survey of 1.1 million homes. BMJ
Open. 2013; 3(8):e002621. doi: 10.1136/bmjopen-2013-002621 PMID: 23959748; PubMed Central
PMCID: PMC3753525.

41. Ma S, Li Q, Zhou M, Duan L, Bishai D. Road traffic injury in China: a review of national data sources.
Traffic injury prevention. 2012; 13 Suppl 1:57–63. doi: 10.1080/15389588.2011.633945 PMID:
22414129.

42. Maas A, Stocchetti N, Bullock R. Moderate and severe traumatic brain injury in adults. Lancet Neurol.
2008; 7:728–41. doi: 10.1016/S1474-4422(08)70164-9 PMID: 18635021

43. Lu TH, Lai CH, Chiang TL. Reducing regional inequality in mortality from road traffic injuries through
enforcement of the mandatory motorcycle helmet law in Taiwan. Injury prevention: journal of the Inter-
national Society for Child and Adolescent Injury Prevention. 2012; 18(3):150–7. doi: 10.1136/
injuryprev-2011-040135 PMID: 21890581.

44. FoxWC, Park MS, Belverud S, Klugh A, Rivet D, Tomlin JM. Contemporary imaging of mild TBI: the
journey toward diffusion tensor imaging to assess neuronal damage. Neurol Res. 2013; 35(3):223–32.
Epub 2013/03/15. doi: 10.1179/1743132813y.0000000162 PMID: 23485049.

Head Injury in Older People Living in Low and Middle Income Countries

PLOS ONE | DOI:10.1371/journal.pone.0132229 July 6, 2015 14 / 14

http://dx.doi.org/10.1136/bmjopen-2013-002621
http://www.ncbi.nlm.nih.gov/pubmed/23959748
http://dx.doi.org/10.1080/15389588.2011.633945
http://www.ncbi.nlm.nih.gov/pubmed/22414129
http://dx.doi.org/10.1016/S1474-4422(08)70164-9
http://www.ncbi.nlm.nih.gov/pubmed/18635021
http://dx.doi.org/10.1136/injuryprev-2011-040135
http://dx.doi.org/10.1136/injuryprev-2011-040135
http://www.ncbi.nlm.nih.gov/pubmed/21890581
http://dx.doi.org/10.1179/1743132813y.0000000162
http://www.ncbi.nlm.nih.gov/pubmed/23485049

