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Abstract
Objective—To determine overall and age -specific incidence rates of Alzheimer’s disease (AD)
in a southern Indian province, Kerala.

Methods—A 10-year (2001–2011) prospective epidemiologic study of community residing
subjects aged ≥55 years at enrollment. The catchment area included four urban and semi-urban
regions of Trivandrum city in Kerala, India, was selected to provide a range of demographic and
socioeconomic representation. Cognitive and functional ability screening were done at baseline
and 24-month follow-up assessments. Consensus diagnostic procedures were done using the
Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV), and the National
Institute of Neurological and Communicative Disorders and Stroke–Alzheimer’s Disease and
Related Disorders Association (NINDS-ADRDA) criteria for the diagnosis of dementia and AD.

Results—Among the 1066 eligible participants who were cognitively normal at baseline, 104
developed dementia (98 with AD) over a follow-up period of 8.1 years. The incidence rates per
1000 person-years for AD was 11.67 (95% CI: 10.9–12.4) for those aged ≥55 years and higher for
those aged ≥65 years (15.54, 95% CI: 14.6–16.5). In those aged ≥65 years, the world age
standardized incidence rate was 21.61 per 100,000, and standardized against the age distribution
for the year 2000 U.S. Census, the age-adjusted incidence rate was 9.19 (95% CI: 9.03–9.35) per
1000 person-years. Incidence rate of AD increased significantly and proportionately with
increasing age.

Conclusion—These are the first AD incidence rates to be reported from southern India. The
incidence rates appear to be much higher than that reported from rural north India, comparable
with that reported from China, and marginally lower than that reported from the western world.
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Introduction
Alzheimer’s disease (AD) and other forms of dementia are a growing public health problem
among the elderly in developing countries, whose aging population is increasing rapidly. It
is estimated that by the year 2020, approximately 70% of the world’s population aged 60
and above will be living in developing countries, with 14.2% in India.[1] The estimates of
rate at which new disease develops can only be measured accurately in prospective
incidence studies. The reported incidence rates for AD has been lower in Asian countries
than in the industrialized world.[2–6] Although dementia prevalence studies are available
from Asian countries including India,[7–15] there is a dearth of incidence,[2–6] data,
particularly from prospective long-term studies. We have previously reported the age-
adjusted prevalence of dementia including AD to be 4.86% (AD 1.91%) in a community
residing population in a southern Indian province of Kerala, as a part of the cognition in
older adults in Trivandrum (COAT) study.[16] This study reports the incidence rates after a
10 years follow-up of the COAT cohort.

Methods
The COAT study was initiated in 2001 as a longitudinal study to examine cognition in older
adults in the southern Indian province of Kerala. Informed consent was obtained prior to
enrollment from all participants according to procedures approved by the Institutional Ethics
Committee of Sree Chitra Tirunal Institute for Medical Sciences & Technology, a University
Hospital in the city of Trivandrum. We first developed cognition[17] and the activities of
daily living[18] screening and clinical evaluation instruments and derived population
norms.[19] Subsequently we undertook a prevalence survey[16] and a follow-up incidence
survey.

Study population
The prevalence cohort described previously[16] consisted of 2466 subjects aged 55 and
above who consented to participate in the study, were from four(population = 41,920) of the
eight wards, i.e, administrative districts of the city corporation of Trivandrum (population =
524,006) in the state of Kerala (population = 31,838,619). Individuals aged 60 years and
above constituted 8.6% of this population[20] and the sample consisted of 5.9% of the
population of the four wards. The four selected wards included a costal district (populated
by the economically poorer sher-folk communities that scarcely utilize the federal health
services and are a religious minority), a commercial district (progressive, well-educated, and
economically well-off communities) and an inner-city district (moderately-educated families
migrated decades or generations ago from rural Kerala or neighboring states). These four
wards provided a good admixture and faithful representation of the socio-economically and
culturally diverse population of Trivandrum. We chose 55 years as a cut-off age based on
what had been done in some of the earlier studies reported from India,[15, 21] and to estimate
presenile dementia. Subjects were selected according to their ages listed in the local census
registry; subsequently, their ages were confirmed in person by reference to personal and
historical sentinel events, as is the standard research practice in developing countries.[22] At
study entry, 93 subjects had prevalent dementia, including 47 with AD. The follow-up study
could only be conducted, on a proportion of the cohort, largely because of limitations of
funds and many participants not consenting for a long -term follow-up. The incidence cohort
thus consisted of 1066 previously non-demented subjects.

Study instruments (Cognition in Older Adults in Trivandrum study)
The initial stage of the study was devoted to developing cognitive and functional
instruments appropriate to the study population. The cognitive screening instruments had to
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be reliable, valid, sensitive, and specific for dementia, culturally and linguistically
appropriate for the population, and as comparable as possible, in content, format, and
relative level of difficulty with the cognitive test battery used in the population for whom it
was initially developed in English. Malayalam (the local language) instruments, both
cognition and the activities of daily living evaluation tools were developed by means of a
systematic, iterative process described in the earlier reports.[17,18] Once the tools were ready,
population norms were derived.[18,19]

Screening
All subjects were screened (Phase I) at their homes, and a subset was identified for detailed
clinical evaluation at our research center. Screening was first performed at baseline during
the prevalence survey[16] and repeated thereafter every alternate year, including after
approximately 10 years, in the incidence cohort. Trained medical social workers and
qualified psychologists administered a standardized Malayalam Addenbrooke’s cognitive
examination (mACE),[17] which is similar to the battery of the Consortium to Establish a
Registry for AD (CERAD). Briefly, it consists of the global cognitive scale mini mental
status examination (MMSE), tests for episodic memory (immediate and delayed recall of a
seven-item address list), verbal fluency (initial letter P and categories of animals),
confrontation naming (10 items), constructional praxis (copying line-drawing of wire-cube),
the clock-drawing test, tests for language and remote memory. Interviewers also
administered the instrumental activities of daily living for elderly (IADL-E)[18] to the family
member. Thus, even for subjects cognitively un-testable on neuropsychological tests (e.g., as
in very advanced dementia), we were able to obtain functional ability data from a reliable
informant. As in the prevalence study,[16] all subjects who scored 20th percentile or below
on the education-stratified population norms on either the mACE or the mMMSE,[19] or ≤16
on the Cognitive Disability Index on IADL-E were considered screen-positives and were
administered detailed neuropsychological tests by neuropsychologists, which was followed
by a clinical evaluation by a neurologist, when necessary, in accordance with the diagnostic
evaluation protocol of the prevalence study. We have shown during the prevalence
assessment that this two-phase protocol was robust and the dementia rate in the screen
negatives was only 2%.[16]

Neuropsychological, Clinical evaluation and Diagnosis
Like in our prevalence study, all screen-positive subjects underwent this phase of the
evaluations which included:

a. Inquiry into cognition and behavioral symptoms (over past month) using a
standardized structured questionnaire to elicit all cognition and behavior symptoms
(memory, language, attention, visuospatial orientation, and neuropsychiatric) by a
clinician. When necessary, family members were also interviewed.

b. Clinical evaluation by a clinician using a brief structured standardized medical
history, examination and a bed-side mental status examination.

c. Neuropsychological evaluation: Qualified psychologists administered a battery of
neuropsychological tests. This included the forward and backward digit span,
logical memory and memory for designs components of the Wechsler’s memory
scale,[23] trail making forms A and B,[24] verbal fluency (category and initial
letter), confrontation naming test,[25] hospital anxiety and depression scale,[26] and
the modified 5-point Barthel Index.[27] After evaluating the aforementioned Phase
II examination results, in subjects in whom the study team thought it necessary to
have further evaluation for reaching a diagnosis, we did screening blood
investigations (including hemogram, thyroid function tests, and vitamin B12 levels)
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and/or a neuroimaging (computed tomography [CT] scan or magnetic resonance
imaging [MRI].

A diagnosis was made in a consensus conference including the neurologist,
neuropsychiatrist, and psychologists based on the review of the clinical, neuropsychological,
and investigation results. Diagnostic and Statistical Manual of Mental Disorders, 4th edition
(DSM-IV) criteria[28] was used for diagnosing dementia, National Institute of Neurological
and Communicative Disorders and Stroke–Alzheimer’s Disease and Related Disorders
Association (NINDS-ADRDA) criteria[29] for possible or probable AD and Hachinski’s
Ischemic Scale[30] for vascular dementia (VaD). A case of incident dementia was defined as
an individual who fulfilled criteria for DSM-IV diagnosis of dementia with estimated
disease onset occurring subsequent to study entry (baseline assessment).

Statistical methods
Incidence rates for AD were calculated by dividing the number of cases with onset of AD in
each age group by the number of person-years of observation in that group. Since majority
of incident cases of dementia were accounted by AD (94%), AD is reported as the primary
outcome. Person-years were calculated from the time of study entry for each individual until
the time of AD onset, or until the last date the subject was known to be nondemented (death,
dropout, or most recent contact). The person-years method naturally accommodates both left
truncation and right censoring. Incidence rates were also calculated within both gender
categories and four age categories (55–59, 60–74, 75–79, 80–84, and ≥85 years); 95%
confidence intervals (CI) around these rates were obtained based on Poisson distributions
(appropriate for rare events). In order to be able to compare with some of the published
incidence rates in the western world and US, we also calculated the age-adjusted incidence
rate taking the US population of the year 2000 as the reference and the world age
standardized rate taking the WHO world age standardized population 2000–2025. Using
Cox regression analysis, we also modeled the association of age, education and gender on
the incidence of dementia.

Results
At baseline, 2466 subjects aged ≥55 years underwent cognitive and functional screening.
Among them, 93 subjects found to be demented at study entry (prevalent cases) were
excluded from the incidence calculations. Among the 2373 remaining subjects, 1066
completed all of the incidence phase screening and evaluation procedures thus forming the
incidence cohort [Figure 1]. This included 171 subjects, who had died before follow -up
screening, but information regarding their mental and functional status shortly before death
was obtained from their family members; they were therefore included in the incidence
study sample. The duration of follow-up of the incidence cohort ranged from 5 to 10 years
with a mean of 8.1 years.

Demographic details of the incident cohort are shown in Table 1. The mean (SD) age of the
incidence cohort was 67.8 (7.5) years and education was 9.2 (5.3) at study entry. Men
comprised 43.1% of the cohort, had a mean (SD) age of 68.2 (7.5) years, and women had a
mean (SD) age of 67.6 (7.6) years. The mean (SD) mACE and mMMSE score for the 1066
subjects who completed cognitive testing was 75.3 (18.4) for mACE and 25.7 (4.9) for
mMMSE at baseline and 69.4 (19.1) for mAC E and 23. 1 (5.5) for mMMS E at follow-up.

Of the 1066 members of the incidence cohort, 320 (20%) who screened positive were
selected for detailed neuropsychological testing and clinical evaluation. There were 104
incident cases of dementia: Probable or possible AD 98 subjects, 6 probable vascular
dementia, and none with mixed dementia. Only 4 of those diagnosed dementia were from
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the 171 who had died before follow-up screening. The crude (i.e., unadjusted) overall
incidence rate was 15.54 per 1000 person-years (95% CI: 14.6–16.5) for AD in those aged
≥65 years. Age-specific incidence rates, by gender, of AD in the COAT cohort are shown in
Table 2. Age-specific incidence rates in COAT cohort were lower for men than women and
expectedly showed a rising trend with increasing age, being highest for those aged ≥85
years. Standardized against the age distribution of the US population in the year 2000 US
Census, the overall age-adjusted AD incidence rate among those aged ≥65 years was 9.19
(95% CI: 9.03–9.35) per 1000 person-years in Trivandrum. Against the WHO World
Standard population of 2000–2005, the world age standardized incidence rates for age ≥65
years is 21.61 (95% CI: 20.5–22.7), for age ≥55 years is 27.99 (95% CI: 27.0–28.9) per
100,000 population.

On Cox regression analysis, incident dementia showed a significant risk of incident AD with
increasing age (Hazard coefficient 1.09 (95% CI: 1.06–1.13), P < 0.001), female gender
(Hazard coefficient 0.51 (95% CI: 0.31–0.82), P < 0.006) and lower education (Hazard
coefficient 0.90 (95% CI: 0.86–0.95), P < 0.001),

Discussion
Our results indicate high incidence of AD in this cohort of Kerala population, higher than
reported previously from India though lower than developed countries. Suggestions that the
incidence of AD is lower in Asia than in Europe and North America[31] are based on very
few Asian incidence studies, most of which are from eastern Asia, Japan,[32] China,[33] and
Taiwan[3] with reporting rates from 5.1 to 8.9 per 1000 person-years among seniors aged
≥65 years. Incidence of AD among seniors aged ≥65 years in Trivandrum, standardized
against the age distribution of the year 2000 US population, was 9.19 per 1000, lower than
the 17.5 per 100 found by similar methods, in the Monongahela Valley of Pennsylvania[34]

and lower than 1.15% in Shanghai[6] and 15.7% in Anhui,[2] in China. However, the Anhui
study population excluded the illiterate, follow-up was for 1 year, and an algorithmic
dementia diagnosis procedure was used. The incidence rates in our cohort, nevertheless, was
much higher than 4.7 per 1000 found in rural Ballabgarh[4] in India, this study was based on
a limited follow-up of 1 year. The Ballabgarh cohort was largely rural illiterate older adults.
In contrast, COAT cohort is largely literate, urban, and semi-urban population with better
Human Development Index (HDI) of 0.64 versus 0.54 in Ballabgarh and 0.5 in India, and
longer life expectancy at birth in years 74 versus 66.2 in Ballabgarh and 63.5 in India.[20,35]

Our result emphasizes that there are substantial regional differences in AD incidence within
the heterogeneous population of India.

The strengths of our study are long follow-up for a decade and the tools used were culturally
and linguistically appropriate tools developed and validated locally.[17–19] Fairly tight CI of
incidence estimates (except in those ≥85 years where expectedly low numbers due to lower)
lend confidence to our incidence estimates. All older adults in our study community lived
with their families providing us with opportunities to interview relatives, which was
particularly useful when subjects were cognitively untestable for any reason or even when
recently deceased.

The limitation of our study is that we could not follow-up the entire cohort recruited at the
beginning of the prevalence study, due to the prolonged period of follow-up, and limitations
in funding support. Hence, our rates possibly underestimate incident AD in this community.
It is possible that very mild dementias were underestimated in the semi-urban localities of
the survey area because the daily functional demands on older adults in these semi-rural
localities are limited because of their living with and being cared for by their families.
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However, overseas migration of the younger generations in search of better employment
opportunities has resulted in many elders in Kerala living alone.

It is evident from our study that the incidence of AD in southern India is not as low as that
found in northern India. Nevertheless, it is still lower than that of the average incidence rates
of AD reported in Europe and North America. This could possibly suggest the presence of
underlying protective factors, or the absence of certain risk factors. The frequency of the
APOE4 allele, a well recognized risk factor for AD is reported to be low in the Indian
population in general,[36] with regional differences. The frequency of the APOE4 allele is
lower in the north[37,38] and central[39] Indian populations compared with the US
population.[38] Notably, the education levels in our population significantly correlated with
incident dementia.
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Figure 1.
An algorithimic chart of the cohort participating in the incident study
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Table 1

Age and sex distribution of the study cohort

Age group Men (n) Women (n) Total (n)

55–59 5 20 25

60–64 155 222 377

65–69 132 146 278

70–74 85 106 191

75–79 43 63 106

80–84 21 35 56

≥85 18 15 33

≥65 299 365 664

≥55 459 607 1066
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