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Abstract: Within South Asia, Sri Lanka represents fastest aging with 13% of the population was aged over 60’s in 2011,
whereas in India it was 8%. Majority of the Sri Lankan population based genetic studies have confirmed their origin on
Indian mainland. As there were inadequate data on aging cytoskeletal pathologies of these two nations with their close ge-
netic affiliations, we performed a comparison on their elderly. Autopsy brain samples of 50 individuals from Colombo,
Sri Lanka (mean age 72.1yrs + 7.8, mean + S$.D.) and 42 individuals from Bangalore, India (mean age 65.9yrs + 9.3) were
screened for neurodegenerative pathologies using immunohistochemical techniques. A total of 79 cases with incomplete
clinical history (Colombo- 47 and Bangalore- 32) were subjected to statistical analysis and 13 cases, clinically diagnosed
with dementia and/or Parkinsonism disorders were excluded. As per National Institute on Aging- Alzheimer’s Association
guidelines, between Colombo and Bangalore samples, Alzheimer’s disease neuropathologic change for intermediate/ high
level was 4.25% vs. 3.12% and low level was 19.15% vs. 15.62% respectively. Pathologies associated with Parkinsonism
including brainstem predominant Lewy bodies- 6.4% and probable progressive supra nuclear palsy- 2.13% were found
solely in Colombo samples. Alzheimer related pathologies were not different among elders, however, in Colombo males,
neurofibrillary tangle grade was significantly higher in the region of hippocampus (odds ratio = 1.46, 95% confidence in- .
terval = 0.07-0.7) and at risk in midbrain substantia nigra (p = 0.075). Other age-related pathologies including spongiform
changes (p < 0.05) and hippocampus cell loss in dentate gyrus region (p < 0.05) were also identified prominently in Co-
lombo samples. Taken together, aging cytoskeletal pathologies are comparatively higher in elderly Sri Lankans and this
might be due to their genetic, dietary and/ or environmental variations.
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INTRODUCTION boundaries between subtypes are indistinct, thus pure forms
are quite rare. South Asia (23.2% of the world total popula-
tion) is considered as one of the global burden of disease
regions and about 4.5 million people lived with dementia in
the year of 2010 [2, 3]. Among South Asian countries, Sri
Lanka is continuously experiencing fastest ageing due to its
rapid demographic transition (low fertility and higher life
expectancy) and the proportion of Sri Lankan population
aged over 60 years was 13% in 2011, whereas it was 8% in
India, 7% in Bhutan, Bangladesh and Maldives, 6% in Nepal
*Address correspondence to this author at the Genetic Diagnostic and Re- and Pakistan and 4% in Afghanistan [4]. Among them, low
:Jea_mh Igabor?tgry,JDePaamrdem of An;tomy, z:cgty t:lf gegicaioszcsi;ncgsz income countries are Afghanistan, Bangladesh and Nepal
niversity ol Sn Jayewarden ra, Nugegoda, Pos 0de: , oIl 1 7 H 3 H

Lonke: Tol: 04-11-2893164 (OfF, 94.777423197 (Mob); ;naﬁisl;: e;’:‘%dﬁimlﬁcme u°°“nme.sd :lr ¢ India, Sri Lanka,
Fax: 94-11-2801480; E-mail: ranil@sjp.ac.tk l pper middle income country 1s

Maldives [4]. About 58% of the people affected with . demen-

Dementia is a growing public health challenge. Popula-
tion aging is having a profound impact on dementia epi-
demic. Alzheimer’s disease (AD) is the most common form
of dementia and possibly contributes 60-70% of the cases
[1]. Other major contributors include vascular dementia
(VaD), Lewy body diseases (LBDs) and a group of diseases
that contribute to frontotemporal dementia (FTD). The
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tia lived in low and middle income countries (LMICs) in
2010 [1] and this proportion is anticipated to rise to 63% in
2030 and 71% in 2050 [5].

Within South Asia, India is the largest populous country
with over 1.2 billion people in the year of 2011, where eld-
erly population aged over 60 years contributes around 99.3
million. Whereas, Sri Lanka remains around 21.0 million
people in 2011, where elderly portion aged over 60 years is
around 2.7 million [4]. Indian economy is one of the fastest
growing economies of the world. Even though, due to its
population explosions, demographic and socioeconomic pa-
rameters are still behind that of Sri Lanka and the statistics
are as follows: Sri Lanka vs. India: life expectancy rate at
birth and at 60 years - 75 years vs. 65 years and 20 years vs.
17 years in 2011; total fertility rate per woman - 2.3 vs. 2.6
in 2011; literacy rate among adults aged > 15 years - 91% vs.
63% for a period of 2005 to 2011; living in urban areas -
15% vs. 31% in 2011; gross national income per capita (pur-
chasing power parity int. $) - 5520 vs. 3590 in 2011and per
capita government expenditure on health at average ex-
change rate (USS$) - 16 to 37 vs. 5 to 14 for a period of 2000
to 2011 [4]. Historically and culturally these two nations
have been considerably close [6] and majority of the Sri
Lankan population genetic studies have confirmed their ori-
gin on Indian mainland. However, such genetic studies look-
ing at the immediate origin of Sinhalese (Sinhalese constitute
74.9% of the total Sri Lankan population) have been contra-
dictory [7-10]. The most recent human genetic study [11] on
Sri Lankan ethnic population based on mitochondrial DNA
hyper variable segments for the genotyping, suggests that all
island populations except some subgroups of the Vedda (in-
digenous people) form close genetic affiliations among
themselves and with majority of the group from Indian sub-
continent suggesting the origin on Indian motherland. How-
ever, no definite association of the Sinhalese with any spe-
cific ethnic or linguistic groups of Indian was identified;
thus, their exact immediate origin on the motheriand remains
yet to be investigated.

Prevalence of dementia in Sri Lanka, reported from a
semi-urban elderly Sinhala-speaking population (3.98%), is
higher by comparing community based clinical studies from
North India (2.7%) [12,13]. The prevalence of neuropa-
thologically defined AD is higher than that reported in most
previous studies based on clinical diagnosis alone. Epidemi-
ological/ clinical studies investigating dementia prevalence
face several barriers including lower literacy levels, lack of
awareness on cognitive loss and memory problems and the
dependent life style, where the activity of daily livings are
highly limited to elderly people. Due to these reasons, results
of clinical studies may not provide accurate estimates of
prevalence and incidence of dementia. The discrepancy be-
tween the neuropathologic and clinical diagnoses of AD in
elderly subjects, may affect the results of population-based
studies [14], and thus, there is no alternative to neuropathol-
ogy as the gold standard in dementia diagnostics. So far,
neuropathologic changes related to AD and other dementia
types have not been reported in the elderly Sri Lankans and
there have been no direct comparative clinical and/ or
autopsy studies between Sri Lankan and Indian elderly sam-
ples reported these pathologies. As there were inadequate
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data on aging cytoskeletal pathologies of these two nations
with their close cultural and genetic affiliations, we per-
formed a direct comparison between their elderly samples.

MATERIALS AND METHODS

Human brain samples were obtained at autopsy from 50
elderly Sri Lankans between May 2009 to March 2010 (age
range 55-89yrs; mean age £ S.D. = 72.1yrs £ 7.8, male : fe-
male = 29:21, Sinhalese : Tamil = 45:5), at the Department
of Judicial Medical Office, Colombo South Teaching Hospi-
tal following approval by the Institutional Scientific Ethics
Committee to carry out the study, and with informed consent
from the relatives. Representative brain samples were ob-
tained from a semi urban population (Colombo South) with
majority of Sinhalese people (30%). Specific neuroanatomi-
cal regions were sampled for paraffin embedding and sec-
tioning from both hemispheres: hippocampus along with
parahippocampal gyrus, superior frontal gyrus, middle tem-
poral gyrus, superior parietal lobule and midbrain at the su-
perior colliculus level. For the comparison, autopsy brain
samples from 42 elderly Indians from a semi urban Banga-
lore population (age range 50-89yrs; mean age + S.D. =
65.9yrs + 9.3, male: female = 30:12) were obtained at the
Human Brain Tissue Repository - National Institute of Men-
tal Health and Neurosciences [HBTR-NIMHANS], Banga-
lore, India. In the total of 92 cases, there were 13 cases clini-
cally diagnosed as dementia and/or Parkinsonism (3 samples
from Colombo with Parkinson’s disease (PD) and 10 sam-
ples from Bangalore: Parkinsonism- 7, AD- 2 and FTD- 1)
and the remaining (47 Colombo samples and 32 Bangalore
samples) had incomplete clinical history. Neuropathological
screening for all the recruited samples was carried out in the
host laboratory - NIMHANS, thus both Colombo and Banga-
lore samples were subjected to same methodological proce-
dures and diagnostic criteria.

Following routine histological evaluation (with Haema-
toxylin and Eosin staining), the formalin fixed paraffin em-
bedded brain sections were immunostained by standard im-
munoperoxidase technique following antigen retrieval by
heat and DAB/H202 as the chromogen to visualize the im-
munolabelling (DAKO Envision Detection System). For this
purpose, following three antibodies were used.

(a) P amyloid- Monoclonal antibody (1:200 dilution) from
NovacastraTM

(b) Ubiquitin- Monoclonal antibody (1:150 dilution) from
NovacastraTM

(c) Phosphorylated tau- PHF-1 Monoclonal antibody (1:50
dilution) from USA (A gift)

The presence and extent of neurodegenerative patholo-
gies were assessed in these stained sections blinded to the
case histories under the direct supervision of two neuropa-
thologists SKS and YTC. Final decisions were made jointly.
The diagnostic criteria for “AD neuropathologic change”
were based on National Institute on Aging-Alzheimer’s As-
sociation guidelines for the neuropathological assessment of
AD (NIA-AA) [15] a practical approach which included:

- Consortium to Establish a Registry for AD (CERAD)
protocol for neuritic plaque (NP) scoring [16],



270 Current Alzheimer Research, 2016, Vol. 13, No. 3

- Braak and Braak staging scheme for neurofibrillary de-
generation [17, 18] which was adapted to four stages that
improves inter-rater reliability (stage O, stage I or I, stage 111
or IV and stage V or VI) [19] and

- A modified version of Thal phases of B amyloid (Af)
plaque accumulation [20] which was adapted to four point
scale (phase 0, phasel or 2, phase 3 and phase 4 or 5).

AD neuropathologic change was ranked by three parame-
ters: AP plaque score [20], Braak and Braak neurofibrillary
tangle (NFT) stage [18], and CEARD NP score [16] to ob-
tain ABC scores and then transformed into 4 levels: not, low,
intermediate or high. Cerebral amyloid angiopathy (CAA)
grades were not included in the ABC scores although amy-
loid buildup on the walls of the arteries was frequently ob-
served along with cortical AR plaques. Neuropathological
criteria for LBDs including PD and dementia with Lewy
bodies (DLB) were based on NIA-AA modifications to exist-
ing criteria which included Consortium on Dementia with
Lewy Bodies 2005 (CDLBO5) [21] and Braak’s PD staging
[22], and also based on the reconsidered staging procedure
for the inclusion body pathology associated with sporadic
PD [23). .

Semi quantitative grading [24] of phosphorylated tau
positive and A positive pathologies were performed in the
regions of hippocampus along with parahippocampal gyrus,
midbrain and in the neocortex as given below;

1)  Semi-quantitative 0-3 scale (0- none, +- low, ++- mod-
erate, +++- high) for tau positive neuropil threads, neu-
rons (neurons demonstrating tangle and pre-tangle pa-
thology), NPs and white matter neuropil threads.

2) Semi-quantitative 0-3 scale (0- none, +- sparse, ++-
moderate, +++- frequent) for AP positive senile
plaques (SPs) (dystrophic neurites and an amyloid
core) and diffuse plaques (DPs).

Actual burden of AD neuropathological hallmarks- tau
positive NFTs, NPs and AP positive SPs were counted in
specific brain regions such as hippocampus, entorhinal cor-
tex, superior frontal gyrus and midbrain based on Purohit ef
al. [25] study. For this purpose, a medium high power (20X)
objective lens producing a visual field 0.785mm2 (field di-
ameter = 2.0mm) was used. Lesions were counted in me-
dium high (200X magnification, Olympus U-CTR30-2
Trinocular objective tubes and 10X eye piece) power fields
and then converted into average per 200X as follows: for
superior frontal gyrus, areas with high NPs/SPs/NFTs were
selected and visual counts were carried out in five non over-
lapping fields. For hippocampus, entorhinal cortex and mid-
brain, the areas with high NPs/SPs/NFTs were identified in
each sub fields and then visual counts were carried out in the
non over lapping fields (wherever possible five non overlap-
ping fields were selected). CAA in leptomeningeal and corti-
cal arteries was graded into 5 levels (grade 0, 1, 2, 3 and 4)
based on Greenberg and Vonsattel [26] specifications and
the average grade was reported for each case. The presence
of other cerebrovascular changes including dilated perivas-
cular spaces, spongiform changes of neuropil, and white
matter lesion leukoaraiosis in frontal and temporal cortex
regions and the hippocampus cell loss in Cornu Ammonis
area 1 (CA1l) and dentate gyrus (DG) regions were assessed
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using H & E stained sections. Luxol fast blue and Eosin
stained sections were used for the assessment of leukoaraio-
sis. Other than CAA, comorbidity of the above pathologies
was reported as present or absent (none or rare). Due to the
high variability of morphological findings and multifactorial
pathogenesis of VaD, no generally accepted morphologic
scheme for quantitating vascular brain injury and no vali-
dated neuropathological criteria for VaD have been estab-
lished to date [27-29]. On the whole, the basis of VaD diag-
nosis is simply the presence of brain lesions related to vascu-
lar pathology and highly depends on neuropathologist’s
judgment,

STATISTICAL ANALYSIS

To compare elderly samples, a total of 79 cases (Co-
lombo- 47 and Bangalore- 32) with incomplete clinical his-
tory were subjected to statistical analysis and excluded 13
clinically diagnosed cases with dementia and/ or Parkin-
sonism disorders. Analysis was performed with statistical
software SPSS version 16.0. Hierarchical multiple regression
adjusted for age and sex was used to determine the odds ra-
tios (OR) with a 95% confidence interval (CI) for Colombo
and Bangalore samples for different AD related neuyropa-
tological scores in different brain regions. Binary logistic
regression adjusted for age and sex, was used to determine
the OR with a 95% CI for the presence of co-morbid pa-
thologies between elderly samples. Degree of association
among these age-related pathologies was determined using
Fisher’s exact test (2X2 contingency table) and Kendall’s tau
b correlation coefficient as the sample size is small and the
variables are categorical.

RESULTS

Our study included 92 brains of deceased persons aged
50 to 89yrs (Colombo50 and Bangalore- 42) and their mean
age at death is almost equivalent to their standard population
life expectancy. In the cases with incomplete clinical history
(79 cases), about 87% (41/47) of the Colombo and 62.5%
(20/32) of the Bangalore sample brains showed some degree
of Alzheimer related pathology at death (p = 0.230, OR =
2.15, 95% CI = 0.6-7.5, reference category: Bangalore sam-
ples). Moderate to severe neurofibrillary degenerations i.e.
extended to limbic and neocortical regions (Braak stage III to
stage VI) were observed in 34% of the Colombo and 18.75%
of the Bangalore samples. Thal AP phases for SPs in neocor-
tical and allocortical regions (phase 1-2) were observed in
21.3% of the Colombo and 15.6% of the Bangalore sample.
Thal AP phase extended to midbrain nuclei was found in
single cases in both samples. Tau positive NPs in neocortical
regions were comparatively lower than AP positive SPs in
both groups and it was 10.63% in Colombo sample and
6.25% in Bangalore sample. Between Colombo and Banga-
lore samples, AD neuropathologic change for “intermediate/
high” level was 4.25% and 3.12% respectively. For indi-
viduals with incomplete clinical history, AD neurolopa-
thologic change for higher levels is considered as greater
likelihood for cognitive impairment [15] and found in one
Bangalore sample. AD neuropathologic change for low lev-
els, although they are considered as inadequate explanation
for cognitive impairment or dementia [15] were 19.15% in
Colombo samples and 15.62% in Bangalore samples. Sam-
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ple summary consist of AD, CAA and LBD neuropathologi-
cal changes are given in (Table 1).

Neuropathological findings on 13 clinically diagnosed
cases are given in (Table 2) and the majority showed clini-
copathological correlations. A variety of neurodegenerative
pathologies including AD, PD, progressive supra nuclear
palsy (PSP), diffuse Lewy body disease (DLBD), frontotem-
poral lobar degeneration taupathy and CAA were observed
in those brains and are illustrated in (Fig. 1).

Moreover, we have summarized the AD related neuropa-
thological scores of our study and the scores obtained for
elderly Mumbai and New York samples from Purohit et a/
autopsy study [25] in (Table 3). This table facilitates the
comparison on AD related neuropathologic scores among
LMICs and between LMICs and high income country (HIC).

Mean counts of both, NFTs and SPs (count/mm2) among
different age groups were plotted against specific neuro-
anatomical regions: entorhinal cortex, hippocampus, superior
frontal gyrus and midbrain in (Fig. 2) and (Fig. 3) to show
their involvement during aging. Overall pattern of their in-
volvement follows the Braak and Braak staging scheme for
NFTs and Thal Ap phases for SPs accumulation.

Between the males of both population, mean NFT grade
was significantly different (mean 1.0S, standard error of
mean (SEM) = 0.13 vs. 0.34, SEM = 0.07, p = 0.019*, odds
ratio (OR) = 1.46, 95% CI = 0.07-0.7) in hippocampus and at
risk (mean 0.81, SEM = 0.09 vs. 0.25, SEM = 0.13, p =
0.075, OR = 1.39, 95% CI = -0.03-0.7) in midbrain nigral
neurons with hierarchical multiple regression adjusted for
age, and it was prominent in Colombo samples. Apart from
above findings, AD related neuropathological scores (grades
and counts) between elderly samples, between sex and be-
tween the females of both population were not different in
any brain region. (Fig. 4) shows the mean grades of AD re-
lated pathologies between Colombo and Bangalore samples
and it was not significantly different among them. . Tau posi-
tive pathologies were comparatively higher in Colombo
samples, whereas Af positive pathologies were prominent in
Bangalore samples.

Furthermore, AP positive CAA pathology in cortical and
leptomeningeal arteries was found in 19.15% of the Co-
lombo and 9.37% of the Bangalore samples. Brainstem pre-
dominant Lewy bodies were observed in 6.4% of the Co-
lombo samples and possibly at stage 3 [23]. Meanwhile,
none of the Bangalore samples showed Lewy body pathol-
ogy at death. Pathology associated with PSP (tufted astro-
cytes and globose tangles in the midbrain) was observed in
one Colombo sample (2.13%) and due to its incomplete
clinical history; it was diagnosed as probable PSP. Other
age-related pathologies and their extent between elderly
samples are given in percentage in the following (Table 4)
with p values. Among them, spongiform changes (p = 0.000,
OR = 8.75, 95% CI = 2.8-27.6) and granular cell loss in DG
region (p = 0.009, OR = 5.65, 95% CI = 1.5-20.6) were
found prominently in Colombo samples.

Degree of associations among these age-related patholo-
gies are given in (Table 5) and the majority showed a sig-
nificant relationship with positive correlations.
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DISCUSSION

While there is voluminous literature in the West, there is
glaring paucity of data on age associated pathomorphologi-
cal changes in the brain in Sri Lankan population. This is the
first autopsy study in Sri Lanka (Colombo) and the first di-
rect comparative study between Sri Lankan and Indian (Ban-
galore) elderly samples that investigated the extent of age
related cytoskeletal pathologies. In overall, 87% (41/47) of
the Colombo sample and 62.5% (20/32) of the Bangalore
sample show some degree of cytoskeletal pathology at death
but it was not significantly different (p = 0.23). Neuropa-
thological diagnosis indicated that AD related pathologies
obtained from a semi urban Colombo samples are remarka-
bly similar to that in the brains obtained from a semi urban
Bangalore samples. Meanwhile, presence of spongiform
changes and granular cell loss in the DG region are higher (p
< 0.05) in Colombo samples after controlling age and sex.
Moreover, pathologies associated with Parkinsonism includ-
ing PD- 6.4% (3/47) and probable PSP- 2.13% (1/47) were
found only in Colombo samples.

To date, there is only one study reported the dementia
prevalence from Sri Lanka [12]. This study was performed in
a semi urban Sinhala speaking elderly population (>65yrs)
based on clinical diagnosis (Diagnostic and Statistical Man-
ual of Mental Disorders IV: DSM-IV). Ali kinds of dementia
were 3.98% (95% CI = 2.6-5.7) including AD 2.85%, VaD
0.6% and the remaining due to other causes of dementia.
Dementia prevalence in India (>65yrs) based on clinical di-
agnosis (DSM-III, DSM-IV criteria) are as follows: all de-
mentia 2.7% (95% CI = 1.4- 4.0), AD 1.3%, vascular demen-
tia 1.1% and the remaining due to other causes [13]. Demen-
tia prevalence in Bangladesh was reported very recently and
it is 3-6% based on clinical diagnosis (>60yrs) [30]. Besides
the reports from Sri Lanka, India, and Bangladesh, preva-
lence of dementia has not been extensively studied in other
South Asian countries. Dementia prevalence in some other
Asian human races is as follows: Chinese 3.1% (>65yrs)
[31], Koreans 6.3% (>65yrs) [32], Thai people 3.4%
(>60yrs) [33], Singaporeans 6.5% (>635yrs) [34] and Israclis
26.4% (>65yrs) {35]. Dementia prevalence in Japan based on
recent systemic review has been increased from 2.9% to
12.5% [36). According to Prince et al. {2] systematic review
on global burden of disease regions, in the year 2010, preva-
lence of dementia aged >60yrs was as follows: Asia 3.9%
(Central Asia 4.6%, East Asia 3.2%, South Asia 3.6% and
Southeast Asia 4.8%), Australia 6.4%, Europe 6.2%, The
Americas 6.5% and Africa 2.6%. These estimates are en-
tirely based on clinical criteria and the prevalence rates seem
to be high in developed regions.

In our study, we found that the AD neuropathologic
change for intermediate/ high level is 4.25% (2/47) in Co-
lombo sample and 3.12% (1/32) in Bangalore sample and it
is not different between elders (p = 0.798, after age and sex
adjustment). Our study was not a prospective clinicopa-
thological correlative study. However, it appears that in both
populations, percentage of AD neuropathologic change for
higher levels is greater than that reported in literatures based
on clinical diagnosis alone (4.25% vs. 2.85% in Sri Lanka
and 3.12% vs. 1.3% in India). Therefore, such prospective
clinico-pathological study in Sri Lanka could provide better
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Tablel. Sample summary on AD, CAA and LBD neuropathological changes. !
Sample Size Braak NFTstage CERAD NP Thal NIA-AA CAA LBD stage
score Ap phase (criteria) grade
Sri Lanka none 17.02% none 89.4% none 76.6% not 76.6% none 80.85% none- 93.6%
(47 cases) stage I-11 48.94% stage A 2.13% phase 1-221.28% | intermedi- grade 1 brainstem predominant-
ate/high 4.25% 17.02% 6.4%
stage HI[-IV 31.91% stage B 4.25% phase 3 2.13% grade 22.13% | limbic (transitional)- 0%
stage V-VI2.13% stage C 4.25% phase 4-5 0% low 19.15% grade 3 0% neocortical (diffuse)- 0%
grade 4 0% amygdala-predominant- N/A
India none 37.5% none 93.7% none 81.25% not 81.25% none 90.62% none- 100%
(32 cases) stage I-11 43.8% stage A3.12% | phase 1-215.65% | intermediate/ | grade 13.12% | brainstem predominant- 0%
high 3.12%
stage I1I-IV 15.62% stage B 0% phase 3 0% grade 2 0% limbic (transitional)- 0“/;
stage V-V13.12% stage C 3.12% phase 4-53.12% | low 15.62% grade 3 6.25% | neocortical (diffuse)- 0%
grade 4 0% amygdala predominant- N/A

NFT: neurofibrillary tangle, CERAD NP score: Consortium to Establish a Registry for AD (CERAD) protocol for neuritic plaque score, Ap: § amyloid, NIA-

AA: National Institute on Aging- Alzheimer’s Association, AD: Alzheimer’s disease, CAA: cerebral amyloid angiopathy, LBD: Lewy body disease, N/A: not

available.
Table2. Neuropathological findings of 13 clinically diagnosed cases with dementia and/ or Parkinsonism disorders.
Sample Age at death Gender Clinical Diagnosis | Neuropathological diagnesis
Sri Lanka 174 Male PD Mixed dementia (definite PSP, AD neuropathologic change- intetmedi-
(3 cases) ate and brainstem predominant Lewy bodies)
)73 Female PD Brainstem predominant Lewy bodies
Idiopathic PD, stage III
3)73 Male PD No Lewy bodies
Vascular Parkinsonism due to ischemic stroke
India “) 89 Male Parkinsonism No lesions
(10cases)
(5)86 Male AD AD neuropathologic change- intermediate
Severe CAA
(6) 76 Male Parkinsonism Brainstem predominant Lewy bodies
Idiopathic PD, stage III
N7s Male Parkinsonism Mixed dementia (neocortical Lewy bodies- diffuse Lewy body disease
and AD neuropathologic change- intermediate)
8)72 Male AD AD neuropathologic change: high
9)62 Female Parkinsonism Brainstem predominant Lewy bodies and multiple system atrophy
(10)61 Male Parkinsonism Brainstem predominant Lewy bodies
Idiopathic PD, stage III
(11)60 Male Parkinsonism Brainstem predominant Lewy bodies and Creutzfeldt-Jakob disease
(12) 52 Male Parkinsonism Brainstem predominant Lewy bodies
Idiopathic PD, stage III
(13)50 Male FTD Frontotemporal lobar degeneration - taupathy

PD: Parkinson’s disease, AD: Alzheimer’s disease, PSP: progressive supra nuclear palsy, FTD: Frontotemporal dementia
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Fig. (1). Neurodegenerative pathologies: a,b&c- Alzheimer's disease (a) NPs in hippocampus whole mount, (b) fiamyloid (+) vc SPs in fron-
tal cortex, (c) tau (+) ve neurofibrillary pathology in the frontal cortex; d,e&f- Progressive supra nuclear palsy (d) tau(+) ve lesions in mid-
brain whole mount, (e) tufted astrocytes at 400X (scale bar- 20pm), (f) globes tangles at IOOX (scale bar- 100pm); g.h&i- Fronto temporal
dementia- frontotemporal lobar degeneration taupathy (g) tau(+) ve inclusion bodies in the hippocampus whole mount, (h) frontal cortex
whole mount (i) at 200X (scale bar- 50pm) in hippocampal CAL region; j-Brainstem predominant Lewy bodies in substantia nigra of a Parkin-
son disease case at 400X (scale bar- 20pm), k- Neocortica! Lewy bodies in the frontal cortex of a diffuse Lewy body disease case at 200X
(scale bar- 50pm) and 1-argyrophilic grains at 400X (scale bar- 20pm) in hippocampalCAl region.
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Table3. Comparison of AD related neuropathological scores between LMICs, and between LMICs and HIC.

Colombo Bangalore Mumbai New York USA (SE) .

Sri Lanka (SE) India (SE) India (SE)
Reference [25]

Mean age + S.D. in years 72.1+£78 65993 71.1£83 71.1+£93

NFT in Hippocampus (grade) 0.91(0.11) 0.75 (0.08) 1.24 (0.18) 1.16 (0.18)
NFT in Hippocampus (count/mm?2) 4.36 (1.16) 1.30 (0.42) 4.41(0.87) 3.78 (0.78)
NFT in EC (grade) 1.20(0.14) 1.11 (0.11) 1.39 (0.20) 1.32 (0.16)
NFT in EC (count/mm?2) 4.58 (0.82) 3.27 (0.80) 4.06 (0.71) 3.81(0.63)
SP in neocortex (count/mm?2) 0.44 (0.17) 0.95 (0.60) 1.15(0.31) 0.59 (0.18)
Braak stage for NFT 1.91 (0.2) 1.19(0.2) 1.01 (0.14) 1.11 (0.12)
SP, age adjusted CERAD score 0.45 (0.13) 0.41 (0.16) 0.80(0.17) 0.39 (0.11)

LMICs: low and middle income countries, HIC: high income country, USA: United States of America, S.E.: standard error, S.D.: standard deviation, NFT: n¢u-
rofibrillary tangle, EC: entorhinal cortex, SP: senile plaque.
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mean NFT count/mm2 mean SP count/mm2
Fig. (2). Colombo samples: Mean NFT and SP counts were plotted against different neuroanatomical regions (EC- entorhinal cortex, H- hip-

pocampus, MB- midbrain, SFG- superior frontal gyrus, NFT- neurofibrillary tangle, SP- senile plaque. Excluded clinically diagnosed cases
and aged <60 years).
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Fig. (3). Bangalore samples: Mean NFT and SP counts were plotted against different neuroanatomical regions (EC- entorhinal cortex, H-
hippocampus, MB- midbrain, SFG- superior frontal gyrus, NFT- neurofibrillary tangle, SP- senile plague. Excluded clinically diagnosed
cases and aged <60 years).
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Fig. (4). Mcan grades of both tau and p amyloid positive pathologies were plotted against elderly Colombo and Bangalore samples (NFT-
neurofibrillary tangle, NT- neuropil thread, NP- neuritic plaque, SP- senile plaque and DP- diffuse plaque)

Table4. Co-morbid age-related pathologies between Colombo and Bangalore samples.

Pathology Presence in % P value Qdds ratio
Colombo samples Bangalore samples (age, sex adjusted) (5% Ch
Cerebral amyloid angiopathy 19.1% 9.4% 0.732 1.30(0.3-5.9)
Lewy bodies 6.4% 0.0% - -
Spongiform changes 80.9% 29.0% 0.000* * 8.75 (2.8-27.6)
Dilated perivascular spaces 87.2% 68.8% 0.0734 3.19(09-11.3)
Leukoaraiosis ; 32.6% 31.0% R 0.706 0.80 (0.3-2.5)
Cell loss in CAlregion 53.2% 17.2% 0.162 2.55(0.7-9.5)
Celt loss in DG region 51.1% 13.8% 0.009* * 5.65(1.5-20.6)

Dichotomized variables (present or absent) with binary logistic regression adjusted for age and sex (reference category- Bangalore samples, ** p value signifi-
cant at <0.01 and # at risk at <0.1) C1: confidence interval, Coronu Ammonis area 1: CAl, DG: dentate gyrus

Table5. Degree of association among the age-related pathologies: 2X2 contingency table.

Pathology P value Kendall’s tau b Strength
(Dichotomized variables) (Fisher’s exact test) correlation
AD intermediate/ high CAA grade 2/3 0.003 0.654 strong
Thal AP phase 1-3 CAA 14 0.000 0.465 moderate
Thal AB phase >2 CERAD NP score A-C 0.000 0.808 very strong
Braak NFT stage [V-VI CERAD NP score A-C 0.000 0.448 moderate
Braak NFT stage IV-V1 Thal AP phase 22 0.028 0.298 weak
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(Table 5) contd., .
Pathology P value Kendall’s tau b cor- Strength |
(Dichotomized variables) (Fisher’s exact test) relation
Braak NFT stage IV-VI Leukoaraiosis 0.006 0.317 weak
CERAD NP score A-C Leukoaraiosis 0.005 0.325 weak
CAA 14 Leﬁkoaraiosis 0.014 0.324 weak
Lewy bodies Leukoaraiosis 0.030 0.298 weak
Braak NFT stage III-VI cell loss in CA1 0.036 0.270 weak
Spongiform changes cell loss in CAl 0.005 0.302 weak
Thal AB phase 1-5 dilated perivascular space 0.015 -0.273 weak !

P value is calculated using Fisher’s exact test and presented only the significant p values at <0.05
Correlation strength: very weak 0.00-0.19, weak 0.20-0.39, moderate 0.40-0.59, strong 0.60-0.79 and very strong 0.80-1.00.

indications of the true extent of dementia burden, help plan
for future health care needs and offer neurobiological per-
spectives that underlie lifestyle and environmental risk/ pro-
tective factors for AD affecting these cultures [25]. It is sug-
gested in the NIA-AA guidelines, that for individual with
cognitive impairment at the time of tissue was obtained, in-
termediate or high level of AD neuropathologic change
should be considered as adequate explanation of cognitive
impairment or dementia and should be reported with a final
diagnosis of AD. Unfortunately, clinical diagnosis of demen-
tia or AD in these cases had failed in obtaining ante-mortem
detection. This may be due to identification of dementia as a
clinical entity is not common in the population from which
subjects were obtained or the prevailing notion among the
people that the memory problems and cognitive loss are
natural phenomena during aging and are not due to a disease
which might require an intervention [25].

An older autopsy study, conducted by our co-authors Ya-
sha and colleagues [37] on AD related pathology of the 53
Bangalore samples collected over 10 years indicated that the
incidence of both SPs and NFTs together were found to in-
crease with age from 21% in seventh decade to 33 % in
eighth decade and 54% in ninth decade and the increasing
incidence of NFTs being statistically significant. Above
study was entirely based on silver stains for the assessments
of neuropathological scores. In our study, recently collected
samples from same Bangalore population show that inci-
dence of both SPs and NFTs together were found to increase
with age from 20.8% in sixth decade to 37.5% in seventh
decade and 60% in eighth decade and the higher percentage
of this report may be a reflection of more sensitive pick up
using immunohistochemistry and may also represent the
vulnerability of current population to such pathologies which
start at their early periods as indicated. Yasha and her col-
leagues [37] also suggested from their findings that AD re-
lated lesions were similar to that reported in the high income
countries (HICs), although they didn’t conduct a direct com-
parison. Meanwhile, a recent autopsy report [25] from India,
which compared the profile of AD related pathology in an
ageing semi urban Mumbai population with similar samples
from New York, USA indicated that the burden of AD re-
lated pathology was approximately equivalent in Mumbai
and New York samples, which is at variance with expected

lower AD-related lesion burden based on the clinical/ epi-
demiological studies suggesting lower prevalence of AD in
India. To compare LMICs and HIC, we have summarized
the findings of our study with AD related neuropathological
scores of Mumbai and New York samples obtained from
Purohit et al [25] study in (Table 3). Overall summary -of
these neuropathological scores shows that AD related neuro-
pathological changes in all four elderly populations are al-
most similar to each other and suggests that income status, in
other words, living standard didn’t cause any vital difference
in AD occurrence.

Various clinical and epidemiological studies have high-
lighted the functional consequences of the phenotype— geno-
type relationship of gene apolipoprotein E (APOE) and its
affiliation with diverse pathological conditions and cognitive
traits [38-40]. APOE &4 allele is the strongest genetic risk
factor for AD and VaD and its frequency in Colombo elderly
samples is 0.146 (article under preparation). In addition to
APOE, methylenetetrahydrofolate reductase (MTHFR) T
allele has also been discussed in AD [41], PD [42] and other
dementias [43] and its frequency in elderly Colombo sam-
ples is 0.062, whereas in previous Sri Lankan population
based study, it was 0.049 [44]. Although we didn’t carry out
a simultaneous genotyping in elderly Bangalore samples,
according to the community/ population based findings from
India, frequency of APOE &4 allele is 0.101 [45], 0.073 [46]
and 0.068 + 0.030 [47], and frequency of MTHFR T allele is
0.18 [48], 0.10 [49] and 0.03 [50]. Overall allelic frequencies
in Sri Lankan and Indian community/ population based ge-
netic studies are comparable to each other; however fre-
quency of APOE ¢4 allele seems to be high in Colombo
samples (0.146 vs. 0.068 + 0.030 [47]).

On the other hand, observational studies suggest ‘that
lower risk of dementia in some developing countries can be
attributed to the type of diet [51]. Accumulating evidence is
highlighting that oxidative stress via generating free radicals
plays a pivotal role in neurodegenerative diseases and that
can be reduced by diets that are rich in antioxidants such as
fruits, vegetables and tea [52-55). Tea is the major beverage
in Sri Lanka and the total content of antioxidants in both
green tea (190.0 mg/g) and black tea (186.6 mg/g) are high-
est in Sri Lankan products compared to other manufacturers
of the different countries [56]. India and Sri Lanka are the
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two largest black tea exporters in the world and their annual
per capita tea consumption is 0.64-0.66Kg and 0.9-1.29Kg
[57,58], respectively. In our study, tau positive pathologies
are more frequently detected in the brains of elders {74.68%
(59/79)), considering that amyloid plaques are comparatively
low [26.58% (21/79)]. However, between elderly samples,
Bangalore brains show more amyloid plaques than the brains
obtained from Colombo (Fig. 4). In summary, these findings
open a biologic means to investigate in-depth scientific and
large scale observational studies in relation to neuroprotec-
tive role of tea in future.

Age is by far the largest factor for these diseases, how-
ever, besides age, regional variations including genes, envi-
ronment, infectious agent, chemicals, neurotoxins, diet, vas-
cular disease and its risk factors, and the gene-environment
interactions are all suggested to be the risk factors in demen-
tia occurrence [1, 59]. Therefore, differences observed in
Colombo samples including pathologies associated with
Parkinsonism and cerebrovascular changes need to be inves-
tigated in detail with respect to regional variations. Apart
from those differences, AD neuro-pathologic changes are
almost equal in both Colombo and Bangalore elderly sam-
ples and surprisingly, the neuropa-thological scores among
LMICs and HIC are remarkably similar based on Purohit et
al findings {25].

Neuropathology of the AD extends beyond amyloid
plaques and NFTs and the review of various consortia data
shows more than 30% of the AD cases exhibit cerebrovascu-
lar pathology [60]. Certain vascular pathologies such as
CAA, microvascular degeneration, and perivenricular white
matter lesions are evident in almost all the cases of AD and
whether these vascular lesions are coincidental or causal in
the pathogenetic processes of AD need further studies [60].
Recent NIA-AA guidelines [15] emphasize a structured ap-
proach for the diagnosis of co-morbid pathologies in addition
to AD neuropathologic change. However, in our study, we
reported the co-morbid pathologies as present or absent (Ta-
ble 5) with their strength of association. The presence of
white matter lesion-leukoaraiosis is significantly associated
with AD and other neurodegenerative pathologies and shown
in the (Table 5). Similar findings have been discussed in
previous studies, where more than half of the AD cases ex-
hibit diffuse/ non-focal white matter lesions, with the loss of
myelin-stained fibres not proportional to the expected level
due to cortical neuronal degeneration {61, 62]. In addition to
leukoaraiosis, CAA is also associated with AD and the pro-
gression of AD pathology is positively correlated with CAA
severity [63, 64]. In our study, samples with AD neuropa-
thologic change for intermediate and high level presented
CAA grades 2 and 3 respectively (p = 0.003, Kendall’s tau b
correlation co efficient (1) = 0.654). The presence of CAA
also showed a significant association with leukoaraiosis (1 =
0.324). Leukoaraiosis is increasingly recognized as a feature
of sporadic CAA [65]. Amyloid deposits are found in more
proximal portions of the small penetrating arteries and the
contribution of amyloid deposits alone without downstream
arteriosclerosis are not clear in the pathogenesis of leu-
koaraiosis. However, leukoaraiosis found in some of the ge-
netic amyloid angiopathies suggest that amyloid angiopathy
alone is sufficient to cause this feature {26, 65]. Besides the
associations with AD and CAA, the presence of leukoaraio-

Current Alzheimer Research, 2016, Vol 13, No. 3 277

sis also showed a significant association with Lewy body
pathology and this is opposing to Zijimans et af [66] findings
where, in the absence of Lewy bodies, involvement of mi-
croscopic small vessel diseases were significantly demon-
strated for the aetiology of vascular Parkinsonism. Another
co-morbid pathology noted in these elderly brains is hippo-
campus cell loss in DG and CA1 regions and are considera-
bly higher in Colombo samples (51% and 53% vs. 14% and
17%). The CAl region of the hippocampus is vulnerable to
both AD type neurofibrillary degeneration and anoxia-
ischemia and is more consistent in AD than in ischemic vas-
cular dementia [67). In our study, a higher degree of associa-
tion between CA1 cell loss and Braak NFT stages I1I-VI (p=
0.036) and between CAL1 cell loss and spongiform changes
of neuropil (p = 0.005) were observed with positive correla-
tions (Table §). Later one is opposed to the study of Masullo
and Macchi {68] where they demonstrated the resistance of
hippocampus, particularly, pyramidal cell layer of CAl in
Creutzfeldt-Jakob disease, group of subacute spongiform
encephalopthies of animals and man. On the other hand, cell
loss in DG region (almost similar percentage to CAl cell
loss) was neither related AD related pathologies nor cere-
brovascular pathologies. But, it was significantly related to
increasing age (OR = 1.07, 95% CI = 1.0-1.1). These obser-
vations are further strengthened by Small ef al. [69] review
on pathophysiological framework of hippocampal dysfunc-
tion in ageing and disease. The hippocampal formation has
been implicated in a growing number of disorders, from AD
and cognitive aging to Schizophrenia and depression. They
pinpointed that these disorders differentially target distinct
sub regions of the hippocampal circuit. AD, vascular disease
and ageing all contribute to hippocampal alterations in late
life and their direct comparison suggests that entorhinal cor-
tex is differentially associated with AD and the CAl with
vascular disease, whereas ageing process per se seems to
differentially target the DG. On the whole, our observations
further support the possible pathological pathways for hip-
pocampal dysfunction during aging.

There are some limitations in our study. Sample size is
small and represents an elderly community. Therefore, our
study is not reported the prevalence of AD neuropathologic
changes in Sri Lankan and Indian general populations. In- |
complete clinical history of the recruited samples lacking
objective psychometry and dementia scores, ubiquitin im-
munohistochemistry for labelling Lewy bodies instead of a-
synuclein and non-availability of some brain regions as
specified under minimum tissue requirements by NIA-AA
guidelines are also considered as important limitation factors
of this study. As this was a retrospective study, case history
was obtained through informants who were familiar with
intellectual and functional status of the subjects before death.
However, uncertainty in cognitive status of the subjects at
the time of tissue removal affects the final diagnosis of AD
based on NIA-AA guidelines. For the LBDs, although H and
E staining may be used to detect Lewy bodies, greater sensi-
tivity can be achieved with a-synuclein immunohistochemis-
try and is recommended as preferred method in the NIA-AA
guidelines. In our study, however, in addition to H&E stain-
ing, ubiquitin instead of a-synuclein immunohistochemistry
was used in labelling Lewy bodies which was recommended
in CDLB 1996 guidelines [70]. Further, the assessment of
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some cerebrovascular changes (leukoaraiosis, spongiform
changes & dilated perivascular spaces) and hippocampus cell
loss in DG and CAl1 regions were based on their presence in
fronto temporal cortex regions and in the hippocampus, and
didn’t apply any staging or grading system. In fact, due to
the high variability of cerebrovascular changes associated
with cognitive impairment, no validated neuropathological
criteria are currently available for VaD or mixed dementia
[71]. Finally, in our study, specific brain sections from de-
ceased victims were collected between May 2009 and March
2010. As a result, some of the brain sections, as specified in
the NIA-AA pguidelines (2012), were not available in this
study but will be included in future concerns.

CONCLUSION

Between these two elderly Colombo and Bangalore sam-
ples, AD neuropathologic changes didn’t show any signifi-
cant variations. However, pathologies associated with Park-
insonism (PD and PSP), cerebrovascular changes (spongi-
form changes and dilated perivascular spaces) and granular
cell loss-in DG region are frequently found in elderly Co-
lombo samples. Taken together, in comparison with elderly
Indians, elderly Sri Lankans are more vulnerable to aging
cytoskeletal pathologies and this might be due to their ge-
netic, dietary and/ or environmental variations.

CONFLICT OF INTEREST

The author(s) confirm that this article content has no con-
flicts of interest.

ACKNOWLEDGEMENTS

We greatly acknowledge the funding agencies: Sri Lanka
Council for Agricultural Research Policy (CARP Project
Grant No-12/684/515), National Science Foundation (Grant
No-RG 2004/M/16), International Brain Research Organiza-
tion-Asia Pacific Regional Committee (IBRO-APRC), Uni-
versity of New South Wales and University of Sri Jayewar-
denepura (Grant No-ASP/06/RE/2010/07) for their financial
assistances to carry out the research study. We would also
like to mention our special thanks to donors and their fami-
lies for their substantial contribution in this research. We
duly acknowledge Mrs. W.J.M Fernando (Technical Officer)
and other staff of Dept. of Pathology, University of Sri
Jayewardenepura and the staff of Judicial Medical Office,
Colombo South Teaching Hospital for their kind assistance
in this work.

KRD organized the institutions for research activities and
had final responsibility for manuscript content as the princi-
pal investigator. PW carried out research activities, analysis
and wrote the manuscript under the supervision of KRD,
SKS and YTC. SKS provided necessary assistances for neu-
ropathological screening and performed neuropathological
diagnosis. YTC trained PW on neuropathological diagnosis
and evaluation. All authors (PW, SKS, YTC, CG, DA, SH,
KSK, KS, YHS, HWS and KRD) contributed to the design,
interpretation of the results and critically reviewed the paper.

REFERENCES

[11 World Health Organization. Dementia: A public health priority.
Geneva: World Health Organization (2012).

2]
31

(4
(5]

[6]
g
(8]

1

(10]

(1]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

[22]

{23]

Wijesinghe et al.

The global prevalence of dementia: a systematic review and meta
analysis. Alzheimer’s Dement 9(1): 63-75 (2013).

World Population Prospects: The 2012 Revision, DVD Edition.
United Nations, Department of Economic and Social Affairs, Popu-
lation Division (2013).

World Health Organization. World Health Statistics 2013. Geneva:
World Health Organization Press, (2013).

Alzheimer Disease International. World Alzheimer report 2010: the
global economic impact of dementia. London: Alzheimer Disease
International (2010).

Kirk RL. “The legend of Prince Vijaya-a study of Sirihalese ori-
gins”. Am J Phys Anthropol 45: 91 (1976).

Kshatriya GK. Genetic affinities of Sri Lankan populations. Hum
Biol 67(6): 843-866 (1995).

Saha N. Blood genetic markers in Sri Lankan populations-
reappraisal of the legend of Prince Vijaya, Am J Phys Anthropol
76(2): 217-225 (1988).

Papiha SS, Mastana SS, Purandare CA, Jayasekara R, Chakraborty
R. Population genetic study of three VNTR loci (D2544, D7S22,
and D12S11) in five ethnically defined populations of the Indian
subcontinent, Hum Biol 68(5): 819-835 (1996). i

Malavige GN, Rostron T, Seneviratne SL, Fernando S, Sivayogan
S, Wijewickrama A, ef al. “HLA analysis of Sri Lankan Sinhalese
predicts North Indian origin”. Int J Immunogenet 34($): 313-315
(2007).

Ranaweera L, Kaewsutthi S, Win Tun A, Boonyarit H, Poolsuwan
S, Lertrit P. Mitochodrial DNA history of Sri Lankan ethnic peo-
ple: their relations within the island and with the Indian sub conti-
nental populations. J Hum Genet 59(1): 28-36 (2014).

De Silva HA, Gunathilake SB, Smith AD. Prevalence of dementia
in a semi-urban population in Sri Lanka: report from a regional
survey. Int J Geriatr Psychiatry18(8): 711-715 (2003).

Kalaria RN, Maestre GE, Arizaga R, Friedland RP, Galasko D,
Hall K, er al. World Federation of Neurology Dementia Research
Group. Alzheimer’s disease and vascular dementia in developing
countries: prevalence, management, and risk factors. Lancet Neurol
7(9): 812-826 (2008).

Polvikoski T, Sutkava R, Myllykangas L, Notkola IL, Niinist3 L,
Verkkoniemi A, et al. Prevalence of Alzheimer’s disease in very
elderly people: a prospective neuropathological study. Neurology
56(12): 1690-1696 (2001).

Montine TJ, Phelps CH, Beach TG, Bigio EH, Caims NJ, Dickson
DW,et al. NationaNational Institute on Aging-Alzheimer’s Asso-
ciation guidelines for the neuropathological assessment of Alz-
heimer’s disease: practical approach. Acta Neuropathol 123(1): 1-
11 (2012).

Mirra SS, Heyman A, McKeel D, Sumi SM, Crain BJ, Brownlee
LM, et al. The Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD). Part II. Standardization of the neuropathologic
assessment of Alzheimer’s disease. Neurology 41(4): 479-486
(1991).

Braak H, Braak E. Neuropathological stageing of Alzheimer-
related changes. Acta Neuropathol 82(4): 239-259 (1991).

Braak H, Alafuzoff I, Arzberger T, Kretzschmar H, Del Tredici K.
Staging of Alzheimer disease —associated neurofibrillary pathology
using paraffin sections and immunocytochemistry. Acta Neuropa-
thol 112(4): 389-404 (2006).

Nagy Z, Yilmazer-Hanke DM, Braak H, Braak E, Schuliz C,
Hanke J. Assessment of the pathological stages of Alzheimer’s dis-
case in thin paraffin sections: a comparative study. Dement Geriatr
Cogn Disord 9(3): 140-144 (1998).

Thal DR, Rub U, Orantes M, Braak H. Phase of A beta-deposition
in the human brain and its relevance for the development of AD,
Neurology 58(12): 1791-1800 (2002).

McKeith IG, Dickson DW, Lowe J, Emre M, O’Brien JT, Feldman
H, et al. Diagnosis and management of dementia with Lewy bod-
ies: third report of the DLB Consortium. Neurology 65(12): 1863-
1872 (2005).

Brask H, Del Tredici K, Rub U, de Vos RA, Jansen Steur EN,
Braak E. Staging of brain pathology related to sporadic Parkinson’s
disease. Neurobiol Aging 24(2): 197-211 (2003).

Braak H, Bohl JR, Muller CM, Rub U, de Vos RA, Del Tredici K.
Stanley Fahn Lecture 2005: The staging procedure for the inclusion
body pathology associated with sporadic Parkinson’s disease re-
considered. Mov Disord 21(12): 2042-2051 (2006).



Cytoskeletal Pathologies of Age-Related Diseases

[24]

[25]

[26]

(27]

[28]

(291

{30]

31

32

(33]

34]

[35]

(36]

B71

(38]

391

(40]

(41]

(42]

(431

(44

[45]

Lace G, Savva GM, Forster G, de Silva R, Bravne C, Matthews FE,
et al. Hippocampal tau pathology is related to neuroanatomical
connections: an ageing population-based study. Brain 132(Pt 5):
1324-1334 (2009).

Purohit DP, Batheja NO, Sano M, Jashnani KD, Kalaria RN, Ka-
runamurthy A, er al. Profiles of Alzheimer’s disease-related pa-
thology in an aging urban population sample in India. J Alzheimers
Dis 24(1): 187-196 (2011).

Greenberg SM, Vonsattel JP. Diagnosis of cerebral amyloid an-
giopathy: Sensitivity and specificity of cortical biopsy. Stroke
28(7): 1418-1422 (1997).

Jellinger KA. Challenges in the neuropathological diagnosis of
dementias. Int J Neuropathol 1: 8-52 (2013).

Gorelick PB, Scuteri A, Black SE, Decarli C, Greenberg SM, Ia-
decola C et al. Vascular contributions to cognitive impairment and
dementia: A statement for healthcare professionals from the
American Heart Association/American Stroke Association. Stroke
42(9): 2672-2713 (2011).

Alafuzoff I, Gelpi E, Al-Sarraj S, Arzberger T, Attems J, Bodi I, er
al. The need to unify neuropathological assessments of vascular al-
terations in the ageing brain: multicenter survey by the BrainNet
Europe consortium. Exp Gerontol 47(11): 825-833 (2012).

Palmer K, Kabir ZN, Ahmed T, Hamadani JD, Comelius C, Kivi-
pelto M, et al. Prevalence of dementia and factors associated with
dementia in rural Bangladesh: data from a cross-sectional, popula-
tion - based study. Int Psychogeriatr 26(11): 1905-1915 (2014).
Dong MJ, Peng B, Lin XT, Zhao J, Zhou YR, Wang RH. The
prevalence of dementia in the People’s Republic of China: a sys-
temic analysis of 1980-2004. Age Ageing 36(6): 619-624 (2007).
Jhoo JH, Kim KW, Huh Y, Lee SB, Park JH, Lee JJ et al. Preva-
lence of dementia and its subtypes in an elderly urban Korean
population: results from the Korean longitudinal study on health
and aging (KLoSHA). Dement Geriatr Cogn Disord 26(3): 270-276
(2008).

Jitapunkul S, Kunanusont C, Phoolcharoen W, Suriyawongpaisal P.
Prevalence estimation of dementia among Thai elderly: a national
survey. J Med Assoc Thai 84(4): 461-467 (2001).

Kua EH, Ko SM. Prevalence of dementia among elderly Chinese
and Malay residents of Singapore. Int Psychogeriatr 7(3): 439446
(1995).

Bowirrat A, Friedland RP, Korczyn AD. Vascular dememtia
among elderly Arabs in Wadi Ara. J Neurol Sci 203-204: 73-76
(2002).

Okamura H, Ishii S, Ishii T, Eboshida A. Prevelence of dementia in
Japan: a systematic review. Dement Geriatr Cogn Disrod 36(1-2):
111-118 (2013).

Yasha TC, Shankar L, Santosh V, Das S, Shankar SK. Histopa-
thological and immunohistochemical evaluation of ageing changes
in normal human brain. Indian J Med Res 105: 141-150 (1997).
Corder EH, Saunders AM, Strittmatter WJ. Gene dose of apolipo-
protein E4 type alleles and the risk of Alzheimer’s disease in the
late onset families. Science 261(5123): 921-923 (1993).

Schachter F, Faure-Delanf L, Guenet F. Genetic association with
human longevity at apoE and ACE loci. Nat Genet 6(1): 29-32
(1994).

Mahley RW. Apolipoprotein E: Cholesterol transport protein with
expanding role in cell biology. Science 240(4852): 622-630 (1988).
Seshadri S, Beiser A, Selhub J, Jacques PF, Rosenberg IH,
D’Agostino RB, et al. Plasma homocysteine as a risk factor for
dementia and Alzheimer’s disease. N Engl J Med 346(7): 476483
(2002).

Yasui K, Kowa H, Nakaso K, Takeshima T, Nakashima K. Plasma
homocysteine and MTHFR C677T genotype in levodopa treated
patients with PD. Neurology 55(3): 437-440 (2000).

Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews
RG, et al. A candidate genetic risk factor for vascular disease: a
common mutation in methylenetetrahydrofolate reductase. Nat
Genet 10(1): 111-113 (1995).

Scheinder JA, Rees DC, Liu YT, Clegg JB. World wide distribu-
tion of a common methylenetetrahydrofolate reductase mutation.
Am J Hum Genet 62(5): 1258-1260 (1998).

Mastana SS, Calderon R, Pena J, Reddy PH, Papiha SS. Apoplipo-
protein E (Apo E) gene: low frequency of apo E4 allele in Basques
and tribal (Baiga) populations of India. Ann Hum Biol 25(2): 137-
143 (1998).

[46)

[47]

(48]

[49]

[50]

[51)

[52)

{33]

[54]

155

[56)

(571

(58]

(59}

(60)

(61

(62]

(63]

[64]

(65]

{66}

(67

(68)

Current Alzheimer Research, 2016, Vol 13, No. 3 279

Thelma BK, Juyal RC, Dodge HH, Pandav R, Chandra V, Ganguli
M. APOE polymorphism in a rural older population based sample
in India. Hum Biol 73(1}): 135-144 (2001).

Singh PP, Singh M, Mastana SS. APOE distribution in world popu-
lations with new data from India and the UK. Ann Hum Biol 33(3):
279-308 (2006).

Mukherjee M, Joshi S, Bagadi S, Dalvi M, Rao A, Shetty KR. A
low prevalence of the C677T mutation in the methylenetetrahydro-
folate reductase gene in Asian Indians. Clin Genet 61(2): 155-159
(2002).

Devi ARR, Govindaiah V, Ramakrishna G, Naushad SM. Preva-
lence of methylene tetrahydrofolate reductase polymorphism in
South Indian population. Current Science 86(3): 440-443 (2004).
Saraswathy KN, Mukhopadhyay R, Sinha E, Aggarwal S,
Sachdeva MP, Kalla AK. MTHFR C677T polymorphisms among
the Ahirs and Jats of Haryana (India). Am J Hum Biol 20(1): 116-
117 (2008).

Luchsinger JA, Noble JM, Scarmeas N. Diet and Alzheimer’s
disease. Curr Neurol Neurosci Rep 7(5): 366-372 (2007).

Martin A, Cherubini A, Andres-Lacueva C, Paniagua M, Joseph J.
Effects of fruits and vegetables on levels of vitamins E and C in the
brain and their association with cognitive performance. J Nutr
Health Aging 6(6): 392-404 (2002).

Mande! S, Youdim MB. Catechin polyphenols: neurodegeneration
and neuroprotection in neurodegenerative diseases. Free Radic Biol
Med 37(3): 304-317 (2004).

Rezai-Zadeh K, Arendash GW, Hou H, Fernandez F, Jensen M,
Runfeldt M,et al. Green tea epigallocatechin-3-gallate (EGCG) re-
duces beta-amyloid mediated cognitive impairment and medulates
tau pathology in Alzheimer transgenic mice. Brain Res 1214: 177-
187 (2008).

Okello EJ, Savelev SU, Perry EK. In vitro anti-beta-secretase and
dual anti-cholinesterase activities of Camellia sinensis L. (tea) rele-
vant to treatment of dementia. Phytother Res 18(8): 624-627
(2004).

Yashin A, Yashin Y, Nemzer B. Determination of antioxidant
activity in tea extracts, and their total antioxidant content. Am J
Biomed Sci 3(4): 322-335 (2011).

Pandy SN, Chadha A. A text book of botany: Plant anatomy and
economic botany, volume 3. New Delhi: VIKAS Publishing House
Pvt Ltd. pp 210-212 (1993).

Hall N. The tea industry. Cambridge: Woodhead Publishing Ltd. pp
31, 40 (2000).

Ferri CP, Prince M, Brayne C, Brodaty H, Fratiglioni L, Ganguli
M, et al. Alzheimer’s Disease International. Global prevalence of
dementia: a Delphi consensus study. Lancet 366(9503): 2112-2117
(2005).

Kalaria RN, Ballard C. Overlap between pathology of Alzheimer
disease and vascular dementia. Alzheimer Dis Assoc Disord 13(3):
S115-123 (1999).

Brun A, Englund E. A white matter disorder in dementia of the
Alzheimer type: a pathoanatomical study. Ann Neurol 19(3): 253-
262 (1986).

Englund E. Neuropathology of white matter changes in Alz-
heimer’s disease and vascular dementia. Dement Geriatr Cogn Dis-
ord 9(Suppl 1): 6-12 (1998).

Chalmers K, Wilcock GK, Love S. APOE epsilon 4 influences the
pathological phenotype of Alzheimer’s disease by favouring cere-
brovascular over parenchymal accumulation of Abeta protein. Neu-
ropathol Appl Neurobiol 29(3): 231-238 (2003).

Love S, Nicoll JA, Hughes A, Wilcock GK. APOE and cerebral
amyloid angiopathy in the elderly. Neuroreport 14(11): 1535-1536
(2003).

Hancu A, Rasanu I, Butoi G. White matter changes in cerebrovas-
cular disease: Leukoaraiosis. In: Chaudhary V, Ed. Advances in
Brain Imaging. Europe: InTech pp. 249-250 (2009).

Zijimans JC, Daniel SE, Hughes AJ, Revesz T, Lees AJ. Clinicopa-
thological investigation of vascular parkinsonism, including clini-
cal criteria for diagnosis. Mov Disord 19(6): 630-640 (2004).
Zarow C, Vinters HV, Ellis WG, Weiner MW, Mungas D, White
L, et al. Correlates of hippocampal neuron number in Alzheimer’s
disease and ischemic vascular dementia. Ann Neurol 57(6): 896-
903 (2005).

Masullo C and Macchi G. Resistance of the hippocampus in
Creutzfeldt-Jacob disease. Clin Neuropathol 16(1): 37-44 (1997).



280 Current Alzheimer Research, 2016, Vol. 13, No. 3

[69] Small SA, Schobel SA, Buxton RB, Witter MP, Bamnes CA. A
pathophysiological frame work of hippocampal dysfunction in age-
ing and disease. Nat Rev Neurosci 12(10): 585-601 (2011).

[70]  McKeith IG, Galasko D, Kosaka K, Perry EK, Dickson DW, Han-
sen LA er al. Consensus guidelines for the clinical and pathologic
diagnosis of dementia with Lewy bodies (DLB}): report of the con-

(71}

Wijesinghe etal.

sortium on DLB international workshop. Neurology 47(5): 1113-
1124 (1996).

Jellinger KA. Pathology and pathogenesis of vascular cognitive
impairment — a critical update. Front Aging Neurosci 5: 17 (2013).

Received: March 30, 2015 Revised: October 20, 2015 Accepted: October 24, 2015



