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Alzheimer’s disease (AD) is the most common form of dementia, accounting for 50–75%
of all cases, with a greater proportion of individuals affected at older age range. A single
moderate or severe traumatic brain injury (TBI) is associated with accelerated aging and
increased risk for dementia. The fastest growth in the elderly population is taking place
in China, Pakistan, and their south Asian neighbors. Current clinical assessments are
based on data collected from Caucasian populations from wealthy backgrounds giving
rise to a “diversity” crisis in brain research. Pakistan is a lower-middle income country
(LMIC) with an estimated one million people living with dementia. Pakistan also has an
amalgamation of risk factors that lead to brain injuries such as lack of road legislations,
terrorism, political instability, and domestic and sexual violence. Here, we provide an
initial and current assessment of the incidence and management of dementia and TBI in
Pakistan. Our review demonstrates the lack of resources in terms of speciality trained
clinician staff, medical equipment, research capabilities, educational endeavors, and
general awareness in the fields of dementia and TBI. Pakistan also lacks state-of-the-art
assessment of dementia and its risk factors, such as neuroimaging of brain injury and
aging. We provide recommendations for improvement in this arena that include the
recent creation of Pakistan Brain Injury Consortium (PBIC). This consortium will enhance
international collaborative efforts leading to capacity building for innovative research,
clinician and research training and developing databases to bring Pakistan into the
international platform for dementia and TBI research.
Keywords: TBI, dementia, Alzheimer’s disease, Pakistan, aging, road traffic accidents, violence
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INTRODUCTION

of weeks (13). However, 10–30% will experience a persistent set
of symptoms lasting for months, even years (14–16). Cognitive,
sensory, and affective complaints erode the quality of life for these
patients (17, 18), and such sequelae has been collectively labeled
as persistent post-concussion syndrome (19–21).
A single blow to the head classified as a moderate or severe
TBI is associated with progressive cognitive decline leading to
dementia [reviewed in (1, 2)]. The recent attention given to
Chronic Traumatic Encephalopathy (CTE; formerly known as
dementia pugilistica) encountered in military personnel, veterans
and in those who participate in contact sports, has raised
much public concern. These links are particularly disturbing
because they are associated with many alarming features. The
rate of recovery from “mild” TBI is likely to be different for
older adults and perhaps also impacting their quality of life,
which may be much different in younger patients. Co-morbid
conditions such as post-traumatic stress disorder (PTSD) and
depression may prolong the chronic symptoms of TBI resulting
in cognitive decline and dementia (22). Populations with TBI in
areas with sociopolitical conflict (such as blast victims during
suicide bombing and political riots), in addition to military
personnel and veterans, might be at greater risk for accelerated
cognitive decline and dementia as they grow older.
Jordan (23) provides an extensive review of the spectrum
of chronic traumatic brain injury in sports, of which the most
clinically pertinent are CTE, chronic post-concussion syndrome,
and chronic neurocognitive impairment (NCI). Briefly, CTE
represents the long-term neurologic consequences of repetitive
mild TBI and is secondary to progressive tauopathy (24, 25).
There are several risk factors associated with the development
of CTE but exposure to contact sports is currently the most
validated one. Dementia-like cognitive difficulties are commonly
observed as the disease progresses and the pathophysiology of
CTE is also well-defined. Chronic post-concussion syndrome
is clinically distinct from CTE and has an acute onset related
to the single TBI event. However, the most pertinent chronic
TBI sequelae to the development of age-related dementia is
what Jordan (23) classifies as chronic NCI. Although vague,
it encompasses a large variety of symptoms that are a result
of sports-related (perhaps blast-related as well) repetitive TBI.
The symptoms may manifest within a year or even years
after the event. It has no established relationship with CTE
and can be described by neuropsychological testing (26). Most
studies compared the performance in patients with NCI with
either healthy controls or with performance prior to the event
to ascertain decrements in performance. Specifically, impaired
episodic memory has been reported in Jockeys after injury
(27), and boxers with APOE ε4 allele have more neurological
impairment than those without (28). Perhaps most direct
evidence comes from McAllister et al. (29), who reported deficits
in new learning, verbal learning, and memory in collegiate
contact sport athletes at post- compared to pre-season. Cognitive
deficits such as naming and word finding in visual/verbal
episodic tasks are also documented in aging retired National
Football League (NFL) players, and such deficits were correlated
with white matter abnormalities on MRI (30). Volumetric
MRI abnormalities, particularly reduced volume in caudate,

Alzheimer’s disease (AD) is the most common form of dementia,
accounting for 50–75% of all cases, with a greater proportion
of individuals affected at older age range. A single moderate
or severe traumatic brain injury (TBI) is associated with
accelerated aging and increased risk for dementia (1–3). The 2014
Alzheimer’s Association Facts and figures Guidelines include TBI
as a risk factor for AD along with advanced age, sex, family
history of AD, positive Apo-e4 allele, cardiovascular disease,
social, and cognitive engagement and education (4). Currently,
58% of the world’s population aging with dementia live in lowmiddle income countries, but by 2050 this will rise to 68%. The
fastest growth in the elderly population is taking place in China,
Pakistan, and their south Asian and western Pacific neighbors
(5). However, current clinical assessments are based on data
collected from Caucasian populations from relatively wealthy
backgrounds (3, 6–9), giving rise to a “diversity” crisis in brain
research. This lack of ethnic diversity means that: (1) there is a
lack of data that could teach us how AD progresses in populations
with distinct backgrounds, especially in terms of political conflict,
violent crime (including domestic and gender-based violence)
and environmental hazards, and (2) there is little understanding
about the predictors of brain or mental health that can be
generalized from Caucasians to other ethnic groups. In this
paper, we provide an overview of TBI and dementia incidence,
management, and services available in a low-middle income
country such as Pakistan. We also specifically point to a dire
need of neuroscientific research in both TBI and AD in Pakistan.
We conclude by presenting our recent initiative, Pakistan Brain
Injury Consortium (PBIC), which seeks to improve the research
and clinical services in Pakistan by bringing in international
expertise, promoting research into TBI causes and treatment,
training of staff, and creating awareness around TBI importance
and care.

TRAUMATIC BRAIN INJURY AND
DEMENTIA
A TBI occurs when the head is injured by a blow or penetration of
an object resulting in brain damage. These injuries can be due to
falls, road traffic accidents, athletic activities, firearms accidents,
or assaults. Based on severity, TBI can be categorized as mild,
moderate, or severe. Mild TBI would mostly result in concussions
that are temporary and not life threatening while severe TBI may
result in long periods of unconsciousness, coma, or even death.
Although reports of mild TBI patients returning to baseline (preinjury) functioning 1 year post-injury have been documented,
7–33% of these patients experience persistent symptoms (10).
TBI occurs frequently in young people and is the most common
cause of disability and death between the ages 1 and 45 (11).
Annually, 10 million people are affected by TBI (11) and based
on American Association of Neurological Surgeons about 1.7
million cases of TBI occur only in the US every year and 5.3
million people live with disabilities caused by TBI in the US,
alone (12). The majority of those with TBI will recover in a matter
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was the most affected by both terrorist attacks and incidents of
political violence (34). Between January and April, 2018, Lady
Reading hospital Peshawar admitted an average of 281 patients
per month—a city prone to Taliban violence (43). Although
acute care is readily available via excellent ambulance networks
(34, 39), there are no follow-up rehabilitation services available.
Additionally, there is no current patient registry for followup, biobank or any infrastructure available to provide care and
education to the aging population, compounding the long-term
burden of TBI.
Similar to the US, children and youth are the age groups most
affected by the TBI in Pakistan also (40, 41, 50, 51). The major
cause of TBI in youth is road traffic accidents (40, 41); while
in children, it is falls from a certain height (50, 51). Another
rapidly increasing cause of TBI in Pakistan is the penetrating
brain injuries (PBIs) occurring due to gunshots or other firearms
(38, 52–54). The increase in such injuries is attributed mainly
with the increase in level of violence and terrorism due to bomb
blasts and suicidal bomb attacks (54) (Note: We expect this rate of
PBI occurrence to have slowed following much improved security
condition since 2016, however, no recent formal study has been
published to provide such statistics), These injuries are broadly
divided into three categories (52); (1) Tangential with gunshots
glancing off the skull without entering, (2) Penetrating with
gunshots entering the skull, and (3) Perforating with gunshot
entering and exiting the skull. Penetrating and perforating
injury patients are at a higher risk of mortality compared to
tangential injury patients (51). PBI patients need surgeries more
than other TBI patients and lack of neurosurgical facilities and
neurosurgeons increase the mortality rate of PBI (52) patients.
Management of PBI differs a lot from the non-penetrating brain
injury and “Guidelines for Management of Penetrating Brain
Injury” is very useful to handle such injuries (53). Sports related
head injuries, especially because of the most popular sport of
Cricket in Pakistan, are also common and can be fatal (55).
However, not many sports related cases are reported simply
because of the lack of awareness about them in the society (56).
In addition to the damage caused by TBI to the brain
immediately or within a few days after the injury, there
are chances of developing neurological issues and psychiatric
disorders (11). Pituitary dysfunction is also very common among
TBI survivors with moderate and severe TBI, which may have
neurological consequences and can result in increased morbidity
(57). Modifications in molecular mechanism can also occur in
TBI patients increasing the chances of epilepsy and Alzheimer’s
disease (58).
TBI cases are increasing rapidly in Pakistan with the increase
in population, poor safety considerations, and frequent incidents
of terrorism. However, available infrastructure for diagnosis,
treatment provision, and follow-up care is not adequate. There
are many reasons for this lack of facilities but the major reasons
are lack of resources such as trained medical staff and state-ofthe-art medical equipment. Based on a published report there
were only 35 neurosurgical centers and only one neurosurgeon
per 1.37 million people in Pakistan (52). Furthermore, even
these centers do not have enough ambulances and trained
paramedics to transport the TBI patients from the site of injury

hippocampus, and amygdala, have been reported in boxers and
mixed martial artists (31). Interestingly, Singh et al. (32) reported
reduced hippocampal volumes in football players compared to
healthy controls that were inversely correlated with football
exposure. Reduced glucose metabolism was also observed in
positron emission tomography (PET) scans in posterior cingulate
cortex, parieto occipital lobes, frontal lobes, and cerebellum in
retired boxers (33). Despite growing neuroimaging evidence,
current TBI guidelines in the US do not recommend imaging
as a diagnostic tool at the acute stage of mild and moderate
TBI. Nevertheless, most diagnostic and treatment studies of
TBI and dementia done in developed countries regularly utilize
neuroimaging techniques.
Such a trend, albeit important to understanding the
neurobiology of TBI and its association with cognitive decline,
places developing countries at a disadvantage due to the lack
of cutting-edge neuroimaging and clinical resources. Indeed,
the prevalence of TBI and resulting psychiatric complications
and disabilities constitute a huge burden on the economy and
resources in developing countries like Pakistan. Hence, the
goal of this paper is to present the current status of TBI
and dementia incidence and the management of these health
problems in Pakistan.

INCIDENCE OF BRAIN INJURY AND
MANAGEMENT IN PAKISTAN
Razzak et al. (34) conducted a systematic review of brain
injury incidence and risks in Pakistan from the perspective
of a low-middle income country (34). In this review, they
pointed out that The Eastern Mediterranean region of the
World Health Organization, which includes Pakistan, has some
of the highest death rates from injuries such as Road Traffic
Incidents (Figure 1) and political conflicts [146,000 deaths and
2.8 million injuries just from road traffic crashes (36, 37)]
(Table 1). Figures 2, 3 depict the Road Traffic Mortality Rates
(RTM) across South Asian countries, with Pakistan reporting
highest RTM at 25.5 per 100,000 population, even higher than
India (44). Injuries caused 42 deaths per 100,000 population or
6% of all deaths (45). Specifically, injuries contribute about 11%
of all deaths above the age of 60 years; 57% of all injuries occur
among 15–59 year olds, with males (8 vs. 4% females) being more
likely to suffer injuries (46, 47). Risk factors also include the lack
of organized prehospital and hospital based trauma care (48).
Additionally, domestic violence against women is a significant
problem in Pakistan; the rates of physical and sexual violence
estimated to be as high as 80 and 77%, respectively (42). In
terms of political conflict, Pakistan is among the world’s top
five countries most affected by terrorism (49). The country had
over 12,000 terrorist attacks between 2009 and 2016, resulting in
16,526 deaths. Suicide terrorist events, where civilians are victims
in almost all events, make up 74.1% of deaths and 93.8% of
those injured (49). Terrorist attacks and violent clashes among
different political parties during the 2013 general elections led to
298 deaths and 885 injuries between January 1 and May 15 of
that year alone (48). The province of Sindh—primarily Karachi
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FIGURE 1 | Number of injuries and deaths due to Road Traffic Incidents (RTI) in Pakistan (35). Date represents information taken from: http://www.pbs.gov.pk/sites/
default/files/tables/Traffic%20Accidents%20%28YEARLY%29.pdf.

TABLE 1 | Brain injuries and deaths due to TBI in Pakistan.
Year/Duration of data
collection

Data source

1990–1993

Neurosurgical units in Karachi and Quetta

1993–1996

Edhi ambulance transportation, Karachi

1995–1999

Neurotrauma Centers in different areas all
over the country

2007–2011

Combined Military Hospital, Quetta

2013

Global Terrorism Index, 2016

2018 (Jan–Apr)

Lady Reading Hospital, Peshawar

Brain injuries

Mechanism(s)

Reference(s)

100

52

Missile Injuries (gunshot and ballistic missiles)

(38)

4,091

2,400

Violence

(39)

260,000

46,800

Road traffic accidents, Fall from Height,
Assault, Agriculture Injuries, Sports Injuries, Fall
from Train

(40)

1,056

83

Road traffic accidents, falls, gunshot wounds,
social violence, bomb blast, sports related,
mine blast, splinter injury

(41)

885

298

Terrorist attacks and violent clashes

(42)

1,125

–

Multiple

(43)

motorcycle and said that they would do so if they were male.
Their reasons for not doing so was that they would look odd and
societal pressure due to it being uncommon for females.

to these centers and to collect all the necessary information
regarding any such injury. A multicenter TBI emergency care
study reported out-of-pocket costs might be one of the major
causes of TBI-based deaths or disabilities (59). Almost two-third
of the population earned $2 a day per head in 2015 so affording
the conveyance to the hospital (∼$8) and subsequent CT scan
(∼$16) remained out of reach for many (59). In addition to
the lack of resources, there is a lack of awareness about the
importance of TBI patients’ care immediately after the injury.
Pakistani society also has unusual perceptions and sensitivities
regarding the safety measures. For example, in Saeed et al.
(60), the authors report that the female pillions, involved in
TBI incidents, admitted not wearing helmets while riding a
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DEMENTIA AND ALZHEIMER’S
INCIDENCE AND CURRENT
MANAGEMENT IN PAKISTAN
Pakistan is the sixth most populated country in the world
and currently has an estimated 150,000–200,000 patients with
dementia (61). Life expectancy has increased in Pakistan in
general leading to an increase in prevalence of dementia from
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FIGURE 2 | Road Traffic Mortalities (RTM) rates and Out-of-pocket Expenditure across South Asia. OOP, Out-Of-Pocket (OOP) expenditure, as % of the health
expenditure; RTM, Road Traffic Mortality rate (per 100,000 population). Data reported from Pakistan is from 2012 and for the rest of the countries is from 2016 [Data
Source: World Health Organization (WHO)] (44).

FIGURE 3 | Road Traffic Accident Mortality Rates Across South Asia. Road Traffic Mortality rate (RTM) per 100,000 population (44) (Map Template Courtesy: Bing).

and psychiatry’s domain. Khan et al. (52) provides alarming
numbers: one dementia trained specialist, one dementia registry,
one dementia research center, two academic research clinics, and
one dementia day care center in the entire country of Pakistan—a
country of 197 million people (63). Of the 1,086 AD clinical
trials conducted across the world, none are being conducted in
Pakistan (63). The solution to this paucity of clinical research

2 to 6% in persons older than 65 years of age (62). Treatment
focuses on behavioral and caregiver issues and management of
this older population poses an economic challenge. Alzheimer’s
disease International is leading a dementia registry with Shifa
International hospital in Islamabad, and a roll-out of national
dementia guidelines. In the absence of a geriatric medicine
subspecialty in Pakistan, dementia care falls under neurology
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terrorism (including suicide bombing), political instability, and
domestic and sexual violence (34). Recent evidence further
clarifies the molecular mechanisms underlying TBI that trigger
amyloid precursor protein (APP) and Tau cleavage mediating
AD pathology in animals (68). Additionally, the relationship of
TBI and AD has shown to be quite complex and the presence
of TBI leads to misdiagnoses of AD, interferes with treatment
plans and makes research studies difficult to interpret (69).
However, Pakistan lacks state-of-the-art diagnostic assessment
of dementia and its risk factors, including neuroimaging of
brain injury and aging that are extremely limited in Pakistan
due to the inadequate infrastructure and limited training
of clinicians (63). To help collaborative efforts, publications,
and increasing awareness, we have established PBIC. The
primary goal of PBIC will be to enhance collaborative efforts
internationally and nationally through education, research, and
publications on existing datasets. Specifically, we will teach
emerging scientists to acquire and analyze data with high quality
control and precision, and promote capacity building through
training and educational endeavors. We believe that the large
population in Pakistan provides a unique opportunity to yield
high throughput research studies. Although low in numbers, a
network of high-quality hospitals that are open to collaborate
in developing local expertise in research and clinical care. In
addition, Pakistan is one of the most philanthropic countries
with substantial number of high net-worth individuals who can
be invited to provide resources. Our ultimate goal is to bring
Pakistan in the international arena for clinical neuroscience
research and education and provide the data collected to global
brain consortiums.

and care infrastructure must include international collaborative
efforts, training of clinicians, and researchers in sub-specialties
of neurology and psychiatry, large longitudinal studies including
clinical trials with genetic, biomarker and neuroimaging
measures, and an effort to translate and validate psychological
instruments (52, 61). Higher Education Commission (HEC), a
national body that oversees all aspects of tertiary education and
research in Pakistan, recognizes these needs and recommends
deepening research collaboration across the globe and reforming
research funding frameworks (64).

DISCUSSION
Our review demonstrates the lack of resources in terms of
speciality trained clinician staff, medical equipment, research
capabilities, educational endeavors, and general awareness in
both the fields of dementia and TBI. In terms of clinical
follow-up and existing registries, Pakistan National Emergency
Departments Surveillance Study [Pak-NEDS (2010–2011); (59)]
and Road Traffic Injury Research and Prevention Center
[RTIRPC (2007–2017); (65)], are two databases developed
previously. However, both databases are no longer collecting
data but are available for recruitment. There are currently no
biobanks available for brain injury or dementia in Pakistan either.
Despite the state-of-the-art clinical research facilities available at
the top ranking hospitals, such as AKU, these biobanks need to be
developed, with database protocols and an emphasis on clinical
and research staff training and community outreach.
In order to mitigate the road safety immediate concerns,
the Sindh Governor Road Safety Advisory Board recommended
the formation of National Road Safety Council (NRSC) to
establish the National Road Safety Action Plan (66). The
key implementation points were to establish a Road Traffic
Injury Research and Prevention Center (RTIR&PC), a Road
Crash Investigation system (involving traffic police, urban road
network, insurance companies, and trauma registries), road
safety, discipline, and compliance system, speed management,
emergency services, and rehabilitation, improving motorcycling
safety, implementing better licensing and helmet standards,
and installing better road safety conditions for motorcyclists.
However, this action plan was created in 2008 and there has been
no updates in its implementation to date.
In order to improve the current situation of TBI treatment and
care in Pakistan there is also a need to first create awareness about
its importance in the society (56, 60). Strict measures should be
taken to ensure the implementation of the traffic laws for e.g.,
to wear helmets. Number of neurosurgical centers, ambulances,
and trained paramedics needs to increase (59). In addition to
increase in neurosurgical centers, home-based caregivers must
be trained to take care of TBI patients (67). To avoid long-term
neurological and psychiatric disorders, regular checkups of the
TBI patients after the injury can be done (57). This is where
follow-up databases can really help.
Although we are limited by reporting no research data
in the present review we hope our findings can be used to
conduct a larger study in future. Our team has determined
that Pakistan has an amalgamation of unique risk factors
that lead to brain injuries such as lack of road legislations,
Frontiers in Neurology | www.frontiersin.org

AUTHOR CONTRIBUTIONS
MA, MP, and AR contributed as primary authors including the
concept, collaboration, literature search, writing first draft and
editing. TS and MH provided literature searches, specifically
those related to road traffic accidents in Pakistan. TS made the
figures and tables. SS assisted with first draft of manuscript
writing and editing. FM and SE provided literature feedback
about brain injury numbers and databases that exist across
various collaborating institutes and hospitals in Pakistan.

FUNDING
AR is funded by the Australian Research Council (Refs:
DE170100128 and DP200100757). AR is also affiliated with The
Wellcome Centre for Human Neuroimaging supported by core
funding from Wellcome [203147/Z/16/Z]. MP is funded by the
National Institute on Drug Abuse (K01DA043615).

ACKNOWLEDGMENTS
We acknowledge the help of Aga Khan University, Karachi,
Pakistan and Institute of Space Technology, Islamabad, Pakistan
and NED University, Karachi, Pakistan. We also acknowledge
the pioneering work of Dr. Rashid Jooma and Junaid Razzak for
guiding us on this manuscript.
6

April 2020 | Volume 11 | Article 299

Adamson et al.

TBI and Dementia in Pakistan

REFERENCES

21. Mittenberg W, Strauman S. Diagnosis of mild head injury and
the postconcussion syndrome. J Head Trauma Rehabil. (2000)
15:783–91. doi: 10.1097/00001199-200004000-00003
22. Caeyenberghs K, Leemans A, De Decker C, Heitger M, Drijkoningen D,
Linden CV, et al. Brain connectivity and postural control in young traumatic
brain injury patients: a diffusion MRI based network analysis. NeuroImage
Clin. (2012) 1:106–15. doi: 10.1016/j.nicl.2012.09.011
23. Jordan BD. The clinical spectrum of sport-related traumatic brain injury. Nat
Rev Neurol. (2013) 9:222–30. doi: 10.1038/nrneurol.2013.33
24. McKee MC, Cantu RC, Nowinski CJ, Hedley-Whyte ET, Gavett BE, Budson
AE, et al. Chronic traumatic encephalopathy in athletes: progressive tauopathy
after repetitive head injury. J Neuropathol Exp Neurol. (2009) 68:709–
35. doi: 10.1097/NEN.0b013e3181a9d503
25. McKee AC, Stern RA, Nowinski CJ, Stein TD, Alvarez VE, Daneshvar DH,
et al. The spectrum of disease in chronic traumatic encephalopathy. Brain.
(2013) 136:43–64. doi: 10.1093/brain/aws307
26. Harmon KG, Drezner JA, Gammons M, Guskiewicz KM, Halstead
M, Herring SA, et al. American Medical Society for Sports Medicine
position statement: concussion in sport. Br J Sports Med. (2013) 47:15–
26. doi: 10.1136/bjsports-2012-091941
27. De Beaumont L, Théoret H, Mongeon D, Messier J, Leclerc S, Tremblay
S, et al. Brain function decline in healthy retired athletes who sustained
their last sports concussion in early adulthood. Brain. (2009) 132:695–
708. doi: 10.1093/brain/awn347
28. Jordan BD, Relkin NR, Ravdin LD, Jacobs AR, Bennett A, Gandy S.
Apolipoprotein E ε4 associated with chronic traumatic brain injury in boxing.
J Am Med Assoc. (1997) 278:136–40. doi: 10.1001/jama.278.2.136
29. McAllister TW, Sparling MB, Flashman LA, Guerin SJ, Mamourian AC,
Saykin AJ. Differential working memory load effects after mild traumatic brain
injury. Neuroimage. (2001) 14:1004–12. doi: 10.1006/nimg.2001.0899
30. Hart H, Radua J, Nakao T, Mataix-Cols D, Rubia K. Meta-analysis
of functional magnetic resonance imaging studies of inhibition and
attention in attention-deficit/hyperactivity disorder: exploring task-specific,
stimulant medication, and age effects. JAMA Psychiatry. (2013) 70:185–
98. doi: 10.1001/jamapsychiatry.2013.277
31. Banks SJ, Mayer B, Obuchowski N, Shin W, Lowe M, Phillips M, et al.
Impulsiveness in professional fighters. J Neuropsychiatry Clin Neurosci. (2014)
26:44–50. doi: 10.1176/appi.neuropsych.12070185
32. Singh R, Meier TB, Kuplicki R, Savitz J, Mukai I, Cavanagh L,
et al. Relationship of collegiate football experience concussion
with hippocampal volume cognitive outcomes. JAMA. (2014)
311:1883–8. doi: 10.1001/jama.2014.3313
33. Provenzano FA, Jordan B, Tikofsky RS, Saxena C, Van Heertum RL,
Ichise M. F-18 FDG PET imaging of chronic traumatic brain injury in
boxers: a statistical parametric analysis. Nucl Med Commun. (2010) 31:952–
7. doi: 10.1097/MNM.0b013e32833e37c4
34. Razzak JA, Baqir SM, Khan UR, Heller D, Bhatti J, Hyder AA. Emergency and
trauma care in Pakistan: a cross-sectional study of healthcare levels. Emerg
Med J. (2015) 32:207–13. doi: 10.1136/emermed-2013-202590
35. Pakistan Bureau of Statistics. Available online at: http://www.pbs.gov.pk/
(accessed March 19, 2020).
36. Obermeyer Z, Murray CJL, Gakidou E. Fifty years of violent war deaths from
Vietnam to Bosnia: analysis of data from world health survey programme.
BMJ. (2008) 336:1482–6. doi: 10.1136/bmj.a137
37. Bangladesh War. The article that changed history. BBC News. Available online
at: https://www.bbc.com/news/world-asia-16207201 (accessed December 18,
2019).
38. Ansari SA, Panezai AM. Penetrating craniocerebral injuries:
an escalating problem in Pakistan. Br J Neurosurg. (1998)
12:340–3. doi: 10.1080/02688699844853
39. Chotani HA, Razzak JA, Luby SP. Patterns of violence in Karachi, Pakistan. Inj
Prev. (2002) 8:57–9. doi: 10.1136/ip.8.1.57
40. Ali Raja, Habib Vohra A, Ahmed M. Neurotrauma in Pakistan. World J Surg.
(2001) 25:1230–7. doi: 10.1007/s00268-001-0087-3
41. Junaid M, Mamoon-Ur-Rashid, Afsheen A, Tahir A, Bukhari SS, Kalsoom
A. Changing spectrum of traumatic head injuries: demographics outcome
analysis in a tertiary care referral center. J Pak Med Assoc. (2016) 66:864–8.
42. Global Terrorism Index 2016, Sydney, NSW: IEP (2016).

1. Lye TC, Shores EA. Traumatic brain injury as a risk factor
for Alzheimer’s disease: a review. Neuropsychol Rev. (2000)
10:115–29. doi: 10.1023/A:1009068804787
2. Smith DH, Johnson VE, Stewart W. Chronic neuropathologies of single
and repetitive TBI: substrates of dementia? Nat Rev Neurol. (2013) 9:211–
21. doi: 10.1038/nrneurol.2013.29
3. Brady LM, Fryberg SA, Shoda Y. Expanding the interpretive power of
psychological science by attending to culture. Proc Natl Acad Sci U S A. (2018)
115:11406–13. doi: 10.1073/pnas.1803526115
4. Alzheimer and Association. 2014 Alzheimer’s disease facts and figures. JALZ.
(2014) 10:e47–92. doi: 10.1016/j.jalz.2014.02.001
5. ADI, GADAA and Alzheimer’s Pakistan launch report on Dementia
in Humanitarian Settings. Alzheimer’s Disease International. Available
online at: https://www.alz.co.uk/news/adi-gadaa-and-alzheimers-pakistanlaunch-report-on-dementia-in-humanitarian-settings (accessed December
18, 2019).
6. Burns SM, Barnes LN, McCulloh IA, Dagher MM, Falk EB, Storey JD, et al.
Making social neuroscience less WEIRD: using fNIRS to measure neural
signatures of persuasive influence in a middle east participant sample. J Pers
Soc Psychol. (2019) 116:e1–11. doi: 10.1037/pspa0000144
7. Rad MS, Martingano AJ, Ginges J. Toward a psychology of homo sapiens:
making psychological science more representative of the human population.
Proc Natl Acad Sci U S A. (2018) 115:11401–5. doi: 10.1073/pnas.1721165115
8. Henrich J, Heine SJ, Norenzayan A. The weirdest people in the world? Behav
Brain Sci. (2010) 33:61–83. doi: 10.1017/S0140525X0999152X
9. Lewinn KZ, Sheridan MA, Keyes KM, Hamilton A, McLaughlin KA.
Sample composition alters associations between age and brain structure. Nat
Commun. (2017) 8:874. doi: 10.1038/s41467-017-00908-7
10. Belanger HG, Vanderploeg RD. The neuropsychological impact of sportsrelated concussion: a meta-analysis. J Int Neuropsychol Soc. (2005) 11:345–
57. doi: 10.1017/S1355617705050411
11. Ahmed S, Venigalla H, Mekala HM, Dar S, Hassan M, Ayub S. Traumatic
brain injury and neuropsychiatric complications. Indian J Psychol Med. (2017)
39:114–21. doi: 10.4103/0253-7176.203129
12. Traumatic Brain Injury. Causes, Symptoms and Treatments. Available
online at: https://www.aans.org/en/Patients/Neurosurgical-Conditions-andTreatments/Traumatic-Brain-Injury (accessed December 20, 2019).
13. Levin HS, Gary HE Jr, High WM Jr, Mattis S, Ruff RM, Eisenberg HM,
et al. Minor head injury and the postconcussional syndrome: methodological
issues in outcome studies, In: Levin HS, Grafman J, Eisenberg HM,
editors, Neurobehavioral Recovery from Head Injury. Galveston, TX: Oxford
University Press (1987) p. 262–75.
14. Alexander MP. Mild traumatic brain injury: pathophysiology,
natural history, and clinical management. Neurology. (1995)
45:1253–60. doi: 10.1212/WNL.45.7.1253
15. Ponsford J, Cameron P, Fitzgerald M, Grant M, Mikocka-Walus A.
Long-term outcomes after uncomplicated mild traumatic brain injury:
a comparison with trauma controls. J Neurotrauma. (2011) 28:937–
46. doi: 10.1089/neu.2010.1516
16. Vanderploeg RD, Curtiss G, Luis CA, Salazar AM. Long-term morbidities
following self-reported mild traumatic brain injury. J Clin Exp Neuropsychol.
(2007) 29:585–98. doi: 10.1080/13803390600826587
17. Cicerone KD, Kalmar K. Persistent postconcussion syndrome: the
structure of subjective complaints after mild traumatic brain injury. J
Head Trauma Rehabil. (1995) 10:1–17. doi: 10.1097/00001199-19950600000002
18. Halbauer JD, Ashford JW, Zeitzer JM, Adamson MM, Lew HL, Yesavage
JA. Neuropsychiatric diagnosis and management of chronic sequelae of warrelated mild to moderate traumatic brain injury. J Rehabil Res Dev. (2009)
46:757–96. doi: 10.1682/JRRD.2008.08.0119
19. Bigler
ED.
Neuropsychology
and
clinical
neuroscience
of
persistent post-concussive syndrome. J Int Neuropsychol. (2008)
14:1–22. doi: 10.1017/S135561770808017X
20. Broshek DK, De Marco AP, Freeman JR. A review of post-concussion
syndrome and psychological factors associated with concussion. Brain Inj.
(2015) 29:228–37. doi: 10.3109/02699052.2014.974674

Frontiers in Neurology | www.frontiersin.org

7

April 2020 | Volume 11 | Article 299

Adamson et al.

TBI and Dementia in Pakistan

59. Bhatti JA, Stevens K, Mir MU, Hyder AA, Razzak JA. Emergency care of
traumatic brain injuries in Pakistan: a multicenter study. BMC Emerg Med.
(2015) 15:S12. doi: 10.1186/1471-227X-15-S2-S12
60. Saeed M, Siddiqui SM, Khan UR, Swaroop M. Perceptions regarding helmet
use: a cross-sectional survey of female pillions in Karachi, Pakistan. J Surg Res.
(2017) 211:261–5. doi: 10.1016/j.jss.2016.11.063
61. Thaver A, Ahmad A. Economic perspective of dementia care in Pakistan.
Neurology. (2018) 90:e993–e4. doi: 10.1212/WNL.0000000000005108
62. Ahmad A, Owais K, Siddiqui M, Mamun K, Rao F, Wahab A. Dementia in
pakistan: national guidelines for clinicians. Pak J Neurol Sci. (2013) 8:7.
63. Khan Q, Dementia: challenges of practice in Pakistan. Neurology. (2014)
83:2091–2. doi: 10.1212/WNL.0000000000001018
64. Ul Haque N, Mahmood M, Abbas S, Lodhi A, Rab M, Sinclair Jones C. The
University Research System in Pakistan. Pakistan: British Council (2018).
65. Jooma R, Shaikh MA. Descriptive epidemiology of Karachi road traffic crash
mortality from 2007 to 2014. J Pak Med Assoc. (2016) 66:1475–80.
66. Jooma R, Ali S, Jehangir A, Ameer, Junaid. Road safety immediate concerns.
A journey from Injury Towards Intervention (2008).
67. Khan SA, Waqas M, Ujjan BU, Salim A, Javed G, Ahmed SI, et al.
Providing care beyond the hospital: perspective of a tertiary care
hospital from a developing country. World Neurosurg. (2016) 88:370–
3. doi: 10.1016/j.wneu.2015.12.086
68. Wu Z, Wang ZH, Liu X, Zhang Z, Gu X, Yu SP, et al. Traumatic
brain injury triggers APP and Tau cleavage by delta-secretase,
mediating Alzheimer’s disease pathology. Prog Neurobiol. (2020)
185:101730. doi: 10.1016/j.pneurobio.2019.101730
69. Pradeep T, Bray MJC, Arun S, Richey LN, Jahed S, Bryant BR, et al. History
of traumatic brain injury interferes with accurate diagnosis of Alzheimer’s
dementia: a nation-wide case-control study. Int Rev Psychiatry. (2020) 32:61–
70. doi: 10.1080/09540261.2019.1682529

43. Lady Reading Hospital MTI. Statistical Report. Available online at: https://lrh.
edu.pk/forum1/statisticsreports/7.html (accessed December 20, 2019).
44. IRIS Home. Available Online at: https://apps.who.int/iris/ (accessed March 19,
2020).
45. World Report 2015, New York, NY: Human Rights Watch (2015).
46. Pakistan Demographic Survey. Pakistan Bureau of Statistics. (2005).
Available online at: http://www.pbs.gov.pk/content/pakistan-demographicsurvey-2005 (accessed December 18, 2019).
47. Pakistan Population. Live - Countrymeters. (2019). Available online at: https://
countrymeters.info/en/Pakistan (accessed December 18, 2019).
48. Pakistan Institute of Peace Studies. Pakistan Security Report. (2016). p. 14.
49. Fluegel-Carew
M,
Regional
Violence
in
Pakistan.
Acled
Data.
Available
online
at:
https://www.acleddata.com/2017/
02/07/regional-violence-in-pakistan/
(accessed
December
20, 2019).
50. Chong SL, Khan UR, Santhanam I, Seo JS, Wang Q, Jamaluddin SF,
et al. A retrospective review of paediatric head injuries in Asia - a Pan
Asian Trauma Outcomes Study (PATOS) collaboration. BMJ Open. (2017)
7:e015759. doi: 10.1136/bmjopen-2016-015759
51. Ujjan B, Waqas M, Khan MB, Bakhshi SK, Bari ME. Paediatric traumatic
brain injury: presentation, prognostic indicators and outcome analysis from
a tertiary care center in a developing country. J Pak Med. Assoc. (2016)
66(Suppl 3) S65–S7.
52. Khan MB, Kumar R, Irfan FB, Irfan AB, Bari ME. Civilian craniocerebral
gunshot injuries in a developing country: presentation, injury characteristics,
prognostic indicators, and complications. World Neurosurg. (2014) 82:14–
9. doi: 10.1016/j.wneu.2013.01.026
53. Kazim SF, Shamim MS, Tahir MZ, Enam SA, Waheed S. Management
of penetrating brain injury. J Emerg Trauma Shock. (2011) 4:395–
402. doi: 10.4103/0974-2700.83871
54. Hussain M, Bari ME. Suicide bomb attack causing penetrating craniocerebral
injury. Chin J Traumatol. (2013) 16:51–3.
55. Meo AS. Cricket ball fatal head injuries. J Pak Med Assoc. (2019) 69:1408–9.
56. Haider MN, Sports-related concussion awareness in Pakistan. J. Pak. Med.
Assoc. (2016) 66:1196.
57. Javed Z, Qamar U, Sathyapalan T. Pituitary and/or hypothalamic
dysfunction
following
moderate
to
severe
traumatic
brain
injury: current perspectives. Indian J. Endocrinol. Metab. (2015)
19:753–63. doi: 10.4103/2230-8210.167561
58. Ladak AA, Enam SA, Ibrahim MT. A review of the molecular
mechanisms of traumatic brain injury. World Neurosurg. (2019)
131:126–32. doi: 10.1016/j.wneu.2019.07.039

Frontiers in Neurology | www.frontiersin.org

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2020 Adamson, Shakil, Sultana, Hasan, Mubarak, Enam, Parvaz and
Razi. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

8

April 2020 | Volume 11 | Article 299

