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Article abstract—Objective: To determine the prevalence of AD and other dementias in a rural elderly Hindi-speaking
population in Ballabgarh in northern India. Design: The authors performed a community survey of a cohort of 5,126
individuals aged 55 years and older, 73.3% of whom were illiterate. Hindi cognitive and functional screening instruments,
developed for and validated in this population, were used to screen the cohort. A total of 536 subjects (10.5%) who met
operational criteria for cognitive and functional impairment and a random sample of 270 unimpaired control subjects
(5.3%) underwent standardized clinical assessment for dementia using the Diagnostic and Statistical Manual of Mental
Disorders—fourth edition diagnostic criteria, the Clinical Dementia Rating Scale (CDR), and National Institute of Neuro-
logical and Communicative Disorders and Stroke—Alzheimer’s Disease and Related Disorders Association (NINCDS-
ADRDA) criteria for probable and possible AD. Results: We found an overall prevalence rate of 0.84% (95% CI, 0.61 to
1.13) for all dementias with a CDR score of at least 0.5 in the population aged 55 years and older, and an overall
prevalence rate of 1.36% (95% CI, 0.96 to 1.88) in the population aged 65 years and older. The overall prevalence rate for
AD was 0.62% (95% C1, 0.43 to 0.88) in the population aged 55+ and 1.07% (95% CI, 0.72 to 1.53) in the population aged
65+. Greater age was associated significantly with higher prevalence of both AD and all dementias, but neither gender
nor literacy was associated with prevalence. Conclusions: In this population, the prevalence of AD and other dementias
was low, increased with age, and was not associated with gender or literacy. Possible explanations include low overall life
expectancy, short survival with the disease, and low age-specific incidence potentially due to differences in the underlying
distribution of risk and protective factors compared with populations with higher prevalence.
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The dementias of late life, including AD, have been
acknowledged as a major public health problem in
Western industrialized countries. A growing number
of community studies have reported on the preva-
lence of AD—and of dementia in general—in North
America, Europe, and Australia. In a review of prev-
alence studies of dementia in western Europe and
the United States conducted since 1989, Hendrie
found that prevalence rates in those aged 65 years
and older ranged from 3.6% to 10.3%.' Age-specific
prevalence rates for AD and dementia double ap-
proximately every 5 years.!

However, the majority of the world’s elderly do not
live in the West. It has been estimated that 59% of
the world’s population aged 65 years and older in the
year 2000 will be in developing countries.? Primarily
because of lesser emphasis on the health of older
adults and lesser resources for health research com-
pared with the industrialized nations, developing
countries have not been able to report reliable prev-
alence data on aging-related disorders such as de-
mentia. Thus, the extent of the public health burden

currently posed by AD and other dementias in devel-
oping countries remains an open question. Further-
more, it is possible that different risk and protective
factors for and against dementia operate in devel-
oped and developing countries. The possibility of dis-
covering new risk factors and formulating new
etiologic hypotheses led the National Institute on
Aging in 1988 to announce a grant program on
cross-national investigations of the epidemiology of
dementia.* The program required comparisons be-
tween the selected overseas population and a refer-
ence US population.

We undertook a study of dementia among the el-
derly in a rural population in Ballabgarh in northern
India. The reference population in the United States
was that of the rural Monongahela Valley in south-
western Pennsylvania, from which an elderly rural
cohort was already participating in a dementia epi-
demiologic study (described briefly later). We have
previously reported*® the instruments developed for
the Ballabgarh study and the methodology of the
instruments development. We now report the results

From the Department of Epidemiology, Graduate School of Public Health (Drs. Chandra, Ganguli, and Belle, and J. Johnston), and the Division of Geriatrics
and Neuropsychiatry, Department of Psychiatry, School of Medicine (Drs. Ganguli and DeKosky), University of Pittsburgh, PA; and the Centre for Ageing
Research (Drs. Chandra and Pandav), New Delhi, India.

Supported by grants AG09202, AG07562, and AG05133 from the National Institute on Aging (National Institutes of Health, US Department of Health and
Human Services).

Received April 23, 1998. Accepted in final form June 6, 1998.
Address correspondence and reprint requests to Dr. Mary Ganguli, Western Psychiatric Institute and Clinic, 3811 O'Hara Street, Pittsburgh, PA 15213-3593.

1000 Copyright © 1998 by the American Academy of Neurology



of the Ballabgarh survey for the prevalence of AD
and other dementias.

Methods. Background. The Indo-US Cross-National
Dementia Epidemiology Study is a collaborative project of
the University of Pittsburgh, PA, and the Centre for Age-
ing Research, India (CARI) in New Delhi, India, conducted
with the cooperation of the Comprehensive Rural Health
Services Project (CRHSP) at Ballabgarh (the field practice
site of the Centre for Community Medicine, All-India Insti-
tute of Medical Sciences, New Delhi). The cross-national
study has two major goals. The first is to investigate the
epidemiology of dementia in the rural northern Indian
population of Ballabgarh. The second is to compare the
Ballabgarh results with those obtained in the US reference
population in the Monongahela Valley, near Pittsburgh,
using comparable methods. This article reports age- and
gender-specific prevalence rates of dementia in the Ballab-
garh population.

Study population. As reported previously,®’ the field
practice site in the rural area of Ballabgarh in the north-
ern Indian state of Haryana is approximately 35 km from
New Delhi. It consists of 28 villages with a total population
of 63,237 at the time the current survey began. The major-
ity of the population follows agricultural occupations; the
current older generation, particularly the women, have lit-
tle or no formal education. All older individuals live with
family members, usually in the home of a son or other
male relative. The CRHSP has, for more than three de-
cades, maintained an up-to-date census of the entire popu-
lation of the 28 field practice villages in Ballabgarh. We
were given access to the census database to allow us to
identify the older residents of the area. Because of the
lower average life expectancy of the rural Indian popula-
tion (estimated for the years 1996 to 2001 as 63.5 years at
birth),2 we selected the official retirement age of 55 years
as the lower age cutoff for our study, which was a total
population survey of those at or above this age.

A total of 5,649 Ballabgarh residents were identified as
being age 55 or older in the census database. Each of these
individuals was visited at home by a project field worker,
who confirmed the subject’s age as previously described,’
as well as ascertained address, next of kin, and other iden-
tifying information. Of the 5,649 individuals identified in
the census, 242 were found to be younger than 55 years,
114 had died, 92 had relocated outside the study area, and
67 were duplicate listings. The field worker explained the
purpose and procedures of the study and attempted to
obtain informed consent according to protccols approved by
both the University of Pittsburgh Institutional Review Board
and the CARI Human Volunteers Protection Committee.
Only eight eligible persons and their families refused to par-
ticipate in the study. The study population described in this
paper consists of the remaining 5,126 individuals.

The reference US population is in the rural mid Monon-
gahela Valley near Pittsburgh, in southwestern Pennsylva-
nia. A sample from this population has been involved since
1987 in an ongoing prospective community study of the epi-
demiology of dementia, known as the Monongahela Valley
Independent Elders Survey (MoVIES Project).>!® This popu-
lation is referred to hereafter as the MoVIES cohort.

Data collection. After obtaining informed consent, field
workers then administered a scripted, completely standard-
ized screening interview with the following components:

¢ Demographic/identifying information

* Determination of literacy (defined as the ability to read
the local newspaper and write a sentence)

¢ Screening of vision and hearing to determine whether
subjects could be cognitively tested

¢ Blood pressure, height, and weight measurements

¢ Cognitive screening battery (described later)

¢ Activities of daily living (ADL; described later)

e Exposure/risk factor profile—a standardized protocol that
addresses diet, smoking, alcohol use, history of head
trauma, exposure to potential toxins (organic solvents, pes-
ticides, heavy metals found in many indigenous medicines
and tonics), history of selected neu- rologic symptoms, and
family history of dementia and neurologic illnesses

The entire screening interview lasted approximately 90
minutes in the majority of subjects.

Cognitive screening was performed by means of a bat-
tery of tests developed for this study, descriptions and
norms for which have been described previously in de-
tail.>¢ Briefly, the test battery was designed to be psycho-
metrically sound, reliable and valid, minimally biased by
culture and education, optimally sensitive and specific for
dementia, and facilitative of judicious comparisons be-
tween the Ballabgarh population and the MoVIES cohort.
Because of this last requirement, the cognitive screening
battery had to be comparable with the battery already in
use in the MoVIES Project, which has been described else-
where in detail.*!? The Ballabgarh battery also had to be
in the Haryanvi dialect of Hindi, and appropriate for use
with elderly, illiterate rural residents. Three years were
spent in intensive and systematic instrument develop-
ment, described previously,*® including translation and
backtranslation, cultural modifications, several stages of
pretesting on volunteers, pilot testing, and field testing
random sample populations. The final battery, used in the
prevalence survey, consisted of five elements:

1. The Hindi Mental State Exam® (HMSE)—a modified
Hindi version of the Mini-Mental State Examination
(MMSE)*®

2. Immediate learning, delayed recall, and delayed recog-
nition of a 10-item word list (adapted from the Consor-
tium to Establish a Registry for Alzheimer’s Disease
[CERAD] battery used in the MoVIES Project®'+15) us-
ing auditory rather than visual presentation of the
words for these primarily illiterate subjects

3. Verbal fluency for the names of fruits and animals®1516

4. The Object Naming Test—a test of confrontation nam-
ing adapted from the Boston Naming Test%'>!7 using
three-dimensional objects rather than line drawings

5. Constructional praxis—copying four geometric draw-
ings®15.18

Based on their scores on these tests, subjects were clas-
sified as cognitively impaired using the following opera-
tional criteria for cognitive impairment: 1) scores at or
below the 10th percentile of the population on the HMSE
or 2) scores at or below the 10th percentile of the popula-
tion on at least one memory test and one test of another
cognitive domain. All other subjects completing the cogni-
tive tests were classified as cognitively unimpaired. We
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have reported previously'? that similar percentile-based and
multiple-domain-based criteria were more sensitive and spe-
cific for dementia than the use of the MMSE alone in the
MoVIES Project. If a subject did not complete a test for any
reason, the “missing” score on this test was treated as if it
was an indicator of impairment. All impaired subjects and a
5% sample of unimpaired subjects were selected for the clini-
cal and diagnostic evaluation described later.

Functional impairment (ADL) scale. The Diagnostic
and Statistical Manual of Mental Disorders—fourth edition
(DSM-IV)*® diagnostic criteria for dementia require that
cognitive impairment be accompanied by impairment in
social and occupational functioning. Particularly in this
illiterate population we were concerned that the cognitive
tests might be insufficiently specific for dementia (i.e., sub-
jects might perform poorly on cognitive tests without con-
comitant functional impairment). ADL/instrumental ADL
(IADL) scales used in the West did not appear to be suit-
able for the rural environment and societal expectations of
Ballabgarh elderly. For example, these elderly rural indi-
viduals do not perform routinely, and therefore cannot be
assessed on, instrumental ADLs (such as use of check-
books or household appliances), as expected of their West-
ern counterparts. However, until they suffer deficits in
their own daily functioning, they cannot be said to be func-
tionally impaired. We therefore developed de novo for
this study an 11-item ADL scale, described in detail else-
where,? to assess the regular activities and functions per-
formed by and expected of this population, with a
particular view te capturing those activities likely to be
most affected by cognitive impairment. Nine of the 11
items were designated as potentially relevant to dementia.
We have shown scores on this scale to be associated with
scores on the HMSE.2® The scale was administered to a
responsible household member of each subject, who was
asked whether the subject performed each listed activity
regularly and adequately. ADL screening by informant re-
port was obtained for 316 subjects who did not or could not
complete the cognitive screening, usually because of severe
sensory impairment or physical illness. For this study, in-
ability to perform any three or more of the nine items
designated the subject as functionally impaired. Subjects
meeting this designation were also asked to undergo the
clinical and diagnostic evaluation.

Clinical and diagnostic evaluation. Clinical evaluation
was conducted using a standardized diagnostic protocol on
all selected subjects who consented to be examined. The
protocol was based on the MoVIES diagnostic protocol,0'2
which itself was a field-use version of the clinical assess-
ment protocols of CERAD™ and the University of Pitts-
burgh Alzheimer’s Disease Research Center (ADRC), with
further modifications for the rural Indian setting. The clin-
ical diagnostic protocol for the current study included a
general medical history and physical examination, a de-
tailed neurologic examination and mental status examina-
tion,”?! subject history obtained from a responsible family
member, a family history, appropriate laboratory investi-
gations, and a diagnostic algorithm allowing the diagnosis
of dementia according to the DSM-IV," the stage of de-
mentia on the Clinical Dementia Rating Scale (CDR),?
and the diagnosis of probable and possible AD according to
National Institute of Neurological and Communicative
Disorders and Stroke-Alzheimer’s Disease and Related
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Disorders Association (NINCDS-ADRDA) criteria.?? These
categories and ratings were applied to be comparable with
the MoVIES Project and are the focus of this article. The
algorithm also includes additional steps to make the diag-
nosis of dementia according to the International Classifica-
tion of Diseases (ICD)-10 for future comparison to other
international studies.

The clinical evaluations, which lasted 2 to 3 hours, were
performed by the project medical officer (R.P.) and neurol-
ogist (V.C.) in the subjects’ homes or other familiar and
accessible location within each village. The examiners
were blind to the reason for the subjects’ selection for clin-
ical evaluation (i.e., whether they had been classified as
cognitively impaired, functionally impaired, or unimpaired
control subjects), and they did not examine screening
data before evaluating the subject. All evaluations were
performed by the same US-trained and board-certified
clinically experienced neurologist who had previously es-
tablished reliability with the Pittsburgh-based investiga-
tors (M.G. or S.T.D.) by examining patients and subjects
together at the University of Pittsburgh ADRC, the
community-based MoVIES Project; at an urban clinical
center in New Delhi; and in the field for the Ballabgarh
project. In patients diagnosed with dementia, as detailed
later, laboratory investigations were performed to assist
with differential diagnosis of the dementia. Blood tests
included chemistry (glucose, albumin and total protein,
direct and total bilirubin and liver enzymes, blood urea
nitrogen, creatinine, uric acid, electrolytes, triglycerides,
and cholesterol [total, high-density lipoprotein, low-density
lipoprotein, and very low density lipoprotein}), hematology
(hemoglobin, erythrocyte sedimentation rate, total and dif-
ferential leukocyte count), thyroid function tests (T3, T4,
and thyroid-stimulating hormone), and syphilis serology.
MRI scans of the head were read independently by the neu-
roradiologist and neurologist (V.C.). Interrater reliability in
MRI interpretation was established between the Pittsburgh-
based (S.T.D.) and the New Delhi-based (V.C.) neurologists.

In the event that subjects died between screening and
clinical evaluation, an intensive interview of family house-
hold members was conducted (similar to the family inter-
view, which was conducted with respect to living subjects)
to determine whether the subject met DSM-1V criteria for
dementia (cognitive and functional decline sufficient to in-
terfere with social and occupational functioning) before
death, and other relevant information.

Determination of prevalence. Using all the previously
described information, the presence of prevalent dementia
was determined according to a diagnosis of dementia (ac-
cording to DSM-IV'®) and the stage of dementia (according
to the CDR?): 0, no dementia; 0.5, possible dementia; 1,
mild dementia; 2, moderate dementia; 3, severe dementia;
4, profound dementia; and 5, terminal dementia. We calcu-
lated prevalence in two ways based on CDR stage: 1) prev-
alence of individuals with a CDR score >0 (i.e., possible
dementia or higher) or 2) prevalence of individuals with a
CDR score =1 (i.e., mild dementia or higher).

With regard to the subtype of dementia, the presence of
clinically diagnosable AD was determined according to the
NINCDS-ADRDA criteria?? in subjects with a CDR score
=0.5. These subjects were designated as probable AD, pos-
sible AD, or other (non-AD) dementia. For the AD preva-



Table 1 Study sample demographics: Age, sex, and literacy

Men Women
Age group, y Illiterate, n (%) Literate, n (%) All men, n (%) Illiterate, n (%) Literate, n (%) All women, n (%) Total,* n (%)
55-64 523 (45.3) 623 (54.7) 1,155 (100) 1,199 (95.5) 57 (4.5) 1,256 (100) 2,411 (47.0)
65-74 641 (58.0) 464 (42.0) 1,105 (100) 845 (95.6) 39(4.4) 884 (100) 1,989 (38.8)
75-84 235 (63.2) 137 (36.8) 372 (100) 210 (94.6) 12 (5.4) 222 (100) 594 (11.6)
85+ 66 (74.2) 23 (25.8) 89 (100) 40 (93.0) 3(7.0) 43 (100) 132 (2.6)
Total 1,465 (53.8) 1,256 (46.2) 2,721 (100) 2,294 (95.4) 111 (4.6) 2,405 (100) 5,126 (100)

* This column includes column percentages indicating the percent of the entire study population in each age group.

lence data reported in this article, we grouped probable
and possible AD.

Statistical analysis. Bivariate relations among demo-
graphic variables (age, gender, and literacy) were exam-
ined using the Mantel-Haenszel chi-square test for trend,
treating age as a categoric variable (four 10-year age
intervals).

Prevalent dementia and AD were defined as reported
earlier. Age-specific prevalence rates within 10-year age
intervals, and 95% Cls about these rates (assuming a Pois-
son distribution), were calculated separately for the entire
population, for men and women, and for literate and illit-
erate subjects. Logistic regression models were used to
explore the associations of age, gender, and literacy with
prevalent dementia. Three age group variables were used
to compare each of the older groups (65 to 74 years, 75 to
84 years, and >85 years) with the youngest group (55 to 64
years).

Results. Of the 5,649 subjects identified as age 55 years
or older in the CRHSP census database, 5,126 were alive
and residing in the Ballabgarh area, age confirmed, and
willing to participate. The mean age of the study popula-
tion was 66.5 * 7.6 years (SD) with a median of 65 years.
Men comprised 53.1% and women comprised 46.9% of the
population. Illiteracy, defined as the inability to read and
write, was reported by 73.3% of the total cohort. One to 10
years of education were reported by 4.2% of women and
43.3% of men, whereas 1.2% of men and 0% of the women
had more than 10 years of education, reflecting the per-
ceived value in the community of education for women of
this generation.

Table 1 shows the breakdown of the population by age,
gender, and literacy. Women were more likely to be illiter-
ate than men (Mantel-Haenszel chi-square (Qyy) = 9.1,
p = 0.003). Nliteracy was associated with older age in the
entire study population (Qu; = 1126.6, p = 0.001) and in
men (Quy = 66.3, p = 0.001) but not in women (Quy =
0.4, p = 0.526).

Of the 5,126 individuals who were screened, 536
(10.5%) were selected for clinical evaluation on the basis of
cognitive or functional impairment, and 270 (5.3%) were
selected as unimpaired control subjects. Of these 806 sub-
jects who were selected for clinical evaluation, 627 were
evaluated in person, 12 of whom had aphasia or hearing
loss such that history had to be obtained from the family,
and the mental status examination was limited by these
deficits. Thirty-two died before clinical evaluation could be

conducted and had to be diagnosed based solely on infor-
mation obtained from the family. Seven had permanently
relocated outside the study area since the screening.

Clinical evaluation was not done in 147 subjects who
had been selected for this evaluation. A total of 104 of
them had been selected on the basis of cognitive impair-
ment, missing cognitive data, or functional impairment,
and 28 had been selected as unimpaired control subjects.
Seven had migrated out of the area since the screening. A
total of 105 subjects or their families refused clinical eval-
uation and an additional 28 subjects were unavailable at
home for evaluation after multiple attempts to visit them.
In each of these cases, the neurologist and medical officer
interviewed the family to determine the reason for refusal
or unavailability and whether dementia might be present.
Of those who refused, 43 were described by the family as
still employed or too busy with housework and family mat-
ters; 37 were described as medically ill, blind, or severely
hearing impaired but with no cognitive limitations; and 25
refused to be examined but were described by their fami-
lies as in good health with no cognitive limitations. Of
those who were unavailable, all were described as healthy
and highly functional. Some were working or taking care of
family during the day, and others were on extended trips
outside the area (e.g., to visit relatives elsewhere or on
religious pilgrimages).

Forty-three individuals were found to meet criteria for
dementia, with a CDR score of at least 0.5. Of these 43
subjects, seven had a CDR score of 0.5, 14 had a CDR score
of 1, and 22 had a CDR score from 2 to 5. Of the 43
subjects, 36 were diagnosed as having probable or possible
AD. Of the 43, one subject had been selected for clinical
evaluation as an unimpaired control and was determined
to have suffered cognitive and functional decline following
a stroke that occurred between screening and clinical eval-
uation. Of the 43, eight were deceased and had to be diag-
nosed based on information from the family.

The positive predictive value of the 10th percentile
screening criteria for CDR score =0.5 was 8.4% and the
negative predictive value of the 10th percentile screening
criteria for CDR score =0.5 was 97.4%. The comparable
figures in the MoVIES cohort were 53.3% and 90.9% re-
spectively.'® These values depend both on the prevalence of
the disorder and on the sensitivity and specificity of the
screening tests. Because we anticipated that prevalence
would be low, our goal was total ascertainment of subjects.
We therefore made an a priori decision to maximize sensi-
tivity (i.e., tolerate a large proportion of false positives to
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Table 2 Age-specific prevalence by gender

Probable and possible AD

All dementias (DSM-IV'9), All dementias (DSM-IV), (NINCDS-ADRDA),
CDR =05 CDR = 1.0 CDR = 0.5
Age, y No. at risk n Rate, % (95% CI) n Rate, % (95% CI) n Rate, % (95% CI)
Men
55—-64 1,155 3 0.26 (0.05-0.76) 3 0.26 (0.05-0.76) 1 0.09 (0.00-0.48)
65-74 1,105 10 0.90 (0.43-1.66) 7 0.63 (0.25-1.30) 7 0.63 (0.25-1.30)
75-84 372 5 1.34 (0.44-3.14) 4 1.08 (0.29-2.75) 4 1.08 (0.29-2.75)
85+ 89 9 10.11 (4.63-19.19) 8 8.99 (3.88-17.71) 9 10.11 (4.63-19.19)
Total 2,721 27 0.99 (0.65-1.44) 22 0.81 (0.51-1.22) 21 0.77 (0.48-1.18)
Women
55-64 1,256 3 0.24 (0.05-0.70) 2 0.16 (0.02-0.57) 2 0.16 (0.02-0.57)
65-74 884 4 0.45(0.12-1.16) 4 0.45 (0.12-1.16) 3 0.34 (0.07-0.99)
75-84 222 5 2.25(0.73-5.26) 4 1.80 (0.49-4.61) 2 0.90 (0.11-3.25)
85+ 43 4 9.30 (2.53-23.81) 4 9.30 (2.53-23.81) 4 9.30 (2.53-23.81)
Total 2,405 16 0.67 (0.38-1.08) 14 0.58 (0.32-0.98) 11 0.46 (0.23-0.82)
Both sexes
5564 2,411 6 0.25 (0.09-0.54) 5 0.21 (0.07-0.48) 3 0.12(0.03-0.36)
65-74 1,989 14 0.70 (0.38-1.18) 11 0.55 (0.28-0.99) 10 0.50 (0.24-0.92)
75-84 594 10 1.68 (0.81-3.10) 8 1.32 (0.58-2.65) 6 1.01 (0.37-2.20)
85+ 132 13 9.85 (5.24-16.84) 12 9.09 (4.70-15.88) 13 9.85 (5.24-16.84)
Grand total 5,126 43 0.84 (0.61-1.13) 36 0.70 (0.49-0.97) 32 0.62 (0.43-0.88)

NINCDS-ADRDA = National Institute of Neurological and Communicative Disorders and Stroke—Alzheimer’s Disease and Related Dis-

orders Association; CDR = Clinical Dementia Rating Scale.

minimize false negatives); thus the low yield of the clinical
evaluations was not unexpected.

Based on these 43 subjects, the overall prevalence of all
dementias with CDR =0.5 was 0.84% (95% CI, 0.61 to
1.13) for the age group 55+ years, and was 1.36% (95% CI,
0.96 to 1.88) in the age group 65+ years. Based on the 36
subjects with probable and possible AD, the overall preva-
lence of AD was 0.62% (95% CI, 0.43 to 0.88) in the age
group 55+ years, and 1.07% (95% CI, 0.72 to 1.52) in the
age group 65+ years.

Table 2 shows age-specific prevalence rates in men,
women, and the total sample for three different categories of
dementia diagnoses: all dementias, with CDR scores of at
least 0.5; all dementias, with CDR scores of at least 1; and
probable and possible AD, with CDR scores of at least 0.5.

Table 3 shows age-specific prevalence rates in the liter-
ate versus the illiterate members of the cohort for the
same three categories of dementia diagnosis.

In the total study population as well as in both genders
and literacy groups (see tables 2 and 3), it can be seen that
the prevalence rates appear substantially higher in the
oldest age group (85+ years). Caution is urged in inter-
preting these results because the total sample size is very
small (n = 132) in this age group, and the 95% CIs about
the rates are extremely wide.

Table 4 summarizes the results of logistic regression
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modeling to explore associations among age, gender, liter-
acy, and AD and other dementias.

In bivariate analyses, when including those with CDR
=0.5, greater age is associated significantly both with AD
and with all dementias in all age categories. When restrict-
ing the analyses to demented subjects with CDR =1, the
association is slightly less than significant for the 65 to 74
years age group but highly significant for the other age
groups. There were no significant associations of either
gender or literacy with all dementias. With respect to AD,
although gender showed no association, there was a trend
toward literacy being protective against AD (p = 0.07
when CDR =0.5, and p = 0.1 when CDR =1).

In multiple logistie regression models adjusting for age,
neither gender nor literacy was associated with either all
dementias or AD. There was also no significant gender—
literacy interaction effect on either dementia or AD. Poten-
tially, lack of power due to the small overall number of
prevalent subjects may have prevented these associations
from being detected, but this seems unlikely because the
odds ratio estimates were close to one.

We also examined survival (duration) from the roughly
estimated onset of disease (as reported by the family) until
death, or until the end of the prevalence survey (for the
demented subjects who were still alive as of January 15,
1998). Five subjects in whom date at onset could not be



Table 3 Age-specific prevalence by literacy

Probable and possible AD

All dementias (DSM-IV®), All dementias (DSM-IV®), (NINCDS-ADRDA),

CDR = 0.5 CDR = 1.0 CDR = 0.5
Age, v No. at risk n Rate, % (95% CI) n Rate, % (95% CI) n Rate, % (95% CI)
Literate
55-64 689 4 0.58 (0.16-1.49) 3 0.44 (0.09-1.27) 2 0.29 (0.04-1.05)
65-74 503 2 0.40 (0.05-1.44) 2 0.40 (0.05-1.44) 0 0.00 (0.00-0.73)
7584 149 2 1.34 (0.16-4.85) 2 1.34 (0.16-4.85) 1 0.67 (0.02-3.74)
85+ 26 1 3.85(0.10-21.42) 1 3.85(0.10-21.42) 1 3.85 (0.10-21.42)
Total 1,367 9 0.66 (0.30-1.25) 8 0.59 (0.25-1.15) 4 0.29 (0.08-0.75)
Illiterate
55-64 1,722 2 0.12 (0.01-0.42) 2 0.12 (0.01-0.42) 1 0.06 (0.00-0.32)
65-74 1,486 12 0.81(0.42—1.41) 9 0.61 (0.28-1.15) 10 0.67 (0.32-1.24)
75-84 445 8 1.80 (0.78-3.54) 6 1.35 (0.49-2.93) 5 1.12 (0.36-2.62)
85+ 106 12 11.32 (5.85-18.77) 11 10.38 (5.18-18.57) 12 11.32 (5.85-19.77)
Total 3,759 34 0.90 (0.63-1.26) 28 0.74 (0.50-1.08) 28 0.74 (0.50-1.08)
Grand total 5,126 43 0.84 (0.61-1.13) 36 0.70 (0.49-0.97) 32 (.62 (0.43-0.88)

NINCDS-ADRDA = National Institute of Neurclogical and Communicative Disorders and Stroke—Alzheimer’s Disease and Related Dis-

orders Association; CDR = Clinical Dementia Rating Scale.

estimated were excluded. Among all remaining demented
subjects (CDR =0.5), the median survival was 3.3 years.
Among subjects with any dementia and CDR =1.0, median
survival was 3.3 years. Among subjects with AD and CDR
>1.0, median survival was 2.7 years. However, some of
these subjects are still alive and their total duration of
illness is not yet known. Restricting these calculations to
the 20 demented subjects who are deceased, median sur-
vival was 2.7 years in all three groups. Given the overall
small number of subjects and the uncertainty of their dis-
ease onset, these duration data should be interpreted with
caution.

Discussion. We have reported on the results of a
major prevalence survey of the total population age
55 years and older in a well-defined community-
dwelling population in rural northern India. The

study has several relatively unique features. It is the
first reported major study of a Hindi-speaking popu-
lation, two-thirds of whom are illiterate. A major
component of the study was the development of a
standardized methodology for screening and a diag-
nosis suitable for illiterate Hindi-speaking subjects.
Our approach to screening involved tests of several
cognitive domains, as well as functional impairment,
and the use of a population percentile on each test to
select subjects for more detailed clinical evaluation.
The size of the cohort was considerably larger than
those of previous studies from India.

Our major finding from this population was that
overall population prevalence, both of probable and
possible AD, and of overall dementia, was low. As
reported consistently in the world literature,' the

Table 4 Associations of AD and overall dementia with age, gender, and literacy

Unadjusted odds ratios (95% Cls)

Odds ratios (95% Cls)

Dementia Age, y* adjusted for age

stage (Clinical

Dementia Rating) Dementia type 65-74 75-84 85+ Gendert Literacyt Genderf Literacy®

CDR = 0.5 Overall dementia 2.8(1.1-7.4) 6.9 (2.5~19.0) 43.8(16.4-117.2) 0.7(0.4-1.2) 0.7(0.3-1.5) 0.9(0.5-1.6) 0.8(0.4-1.8)
AD 4.1(1.1-14.8) 8.2(2.0-32.8) 87.7(24.7-311.8) 0.6(0.3-1.2) 0.4(0.1-1.1) 0.8(0.4-1.7) 0.5(0.2-1.3)

CDR = 1.0 Overall dementia 2.7 (0.9-7.7) 6.6 (2.1-20.2) 48.1(16.7-138.8) 0.7(0.4-1.4) 0.8(0.4-1.7) 1.0(0.5-1.9) 0.9(0.4-2.0)
AD 4.3(0.9-20.5) 8.2(1.5-44.7) 120.5(26.7-544.2) 0.6(0.3-14) 04(0.1-1.3) 0.9(0.4-2.1) 0.4(0.1-1.5)

* Each age group is compared with the reference (youngest) age group, 5564 years.
T Women compared with men.
I Literate subjects {can read and write) compared with illiterate subjects.
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prevalence of both AD and of overall dementia in-
creased with age in Ballabgarh; however, we did not
find associations with either gender or literacy. It
should be recognized that we selected an age cutoff of
55+ years, rather than 60+ or 65+ years as is usu-
ally the case for studies of dementia prevalence, be-
cause of the lower average life expectancy of the
population. Because approximately half of our study
population was younger than 65 years of age, we
have reported prevalence rates both for the 55+
group and for the 65+ group.

Previous clinical and pathologic studies of demen-
tia in India suggest that AD is rare or unrecognized
in most clinical populations. Shankar et al.,?* from
the National Institute of Mental Health and Neuro-
sciences in Bangalore in southern India, reported the
first autopsy-confirmed case of AD from India in a
man with disease onset at age 73 and no family
history of dementia. This article also noted that al-
though there was a general belief that AD was rare
in the Indian subcontinent, this impression might
have resulted from a lack of objective evaluation and
autopsy confirmation. From the same institution,
Satishchandra et al.?® reported a histologically con-
firmed familial case of AD in a woman with onset at
age 47. Barodawala and Ghadi*® noted that typical
AD pathology was present but rare in an autopsy
series of 100 patients age 60+ years from Bombay,
acknowledging that the sample was small and bi-
ased. In a review of literature on dementing disor-
ders in India, Wadia*” noted that there were few
systematic studies of adequate size and representa-
tion to provide good estimates of prevalence in India.
However, he observed that in the Zoroastrian com-
munity (primarily in Bombay), where average sur-
vival had reached the eighth decade of life, AD had
become quite frequent. Thus the clinical literature
seems to suggest that regional and ethnic differences
in prevalence are found within India.

As expected, the prevalence rates found in our
study in Ballabgarh in northern India are consider-
ably lower than those reported from the MoVIES
Project?® using comparable methodology, and other
Western countries.! However, comparisons should
also be made with other epidemiologic studies re-
ported from India. Previous dementia prevalence
studies were conducted in the two southern states of
Tamilnadu®3° and Kerala.®®@ Two of these studies
were conducted in rural areas,?*3! and one was con-
ducted in an urban area.?® All three southern studies
reported higher total and age-specific prevalence
rates than those found in Ballabgarh. Overall de-
mentia prevalence was 2.7% in the urban Madras
sample,? which was 53.5% illiterate; 3.5% in the
rural Thiroporur sample,? which was 91.2% illiter-
ate; and 3.4% in the rural Thiruvaniyoor sample.?!
Literacy rates were not reported from the latter com-
munity, but it is located in the state of Kerala, which
is known to have the highest literacy rates and life
expectancy in the country. In sharp contrast, a prev-
alence study of major neurologic disorders in the far
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northern Indian state of Kashmir®? found no subjects
with AD; however, 42% of the population of that
region was younger than 14 years, and the Kashmir
survey® only included 31 subjects age 60+ years.

All these studies were based on stratified random
or cluster samples from the target population,
whereas we surveyed the entire population age 55+
years in our target area. The other studies were con-
ducted on smaller samples than ours, used age cut-
offs of 60 or 65 years, and did not use cognitive
screening instruments specifically designed for illit-
erate populations. They reported overall and age-
specific prevalence rates, as we have done, but did
not provide Cls. Thus, differences between our prev-
alence rates and those of other studies in India may
partly reflect methodological differences and may
partly be a function of true regional differences. In-
dia is an ethnically heterogeneous country with
marked regional differences in physiognomy, culture,
language, education, diet, health practices, life ex-
pectancy, and possibly risk gene frequencies. It
would be entirely plausible to find interregional vari-
ations in the distribution of both disease and risk
factors. Multicenter surveys with comparable meth-
odology within India are needed to determine the
nature and extent of regional variation, and prospec-
tive studies are needed to help determine the risk or
protective factors that may underlie differences in
disease distribution.

Other prevalence studies in developing countries
and nonindustrialized societies included an urban
study in Ibadan, Nigeria®; a study of native Canadi-
ans (Cree) on a reservation in Manitoba, Canada®
and an urban study in Shanghai, China.?s In the
Nigerian study, age-adjusted prevalence rates of
both dementia and AD were lower than that seen in
blacks in their reference US population in Indianap-
olis, IN.3 The Cree study® also found low rates com-
pared with white Canadians in the same Canadian
province, but both Cree and Nigerian prevalence
rates were higher than the Ballabgarh rates. It
should be noted that both the Nigerian and the Cree
prevalence rates were based on relatively small
numbers of subjects, as were ours. By contrast, the
Shanghai study found rates comparable with those
of Western studies, based on a large sample and a
substantial number of subjects.3?

Overall and age-specific prevalence rates for de-
mentia and AD in Ballabgarh appear to be the low-
est reported in the world literature thus far. Po-
tential explanations for this are discussed next.

False negatives. We first considered the possibil-
ity that we “missed” patients with dementia because
our screening and diagnostic methods were insuffi-
ciently sensitive. This possibility seems unlikely be-
cause we used the distributions of cognitive and
functional scores in the same population to develop
the instruments and cut points, and also because
none of the identified demented subjects (except for
the one who had a stroke subsequent to screening)
were found in the screen-negative category. Further-



more, information from the families of those who
refused or were unavailable for detailed clinical eval-
uation did not suggest that these subjects were de-
mented. Standardized diagnostic evaluation was
carried out by a neurologist (V.C.) with considerable
experience in both the United States and India, and
who sees a large number of demented patients in his
urban practice in New Delhi, the metropolitan area
closest to Ballabgarh. Because all subjects lived with
their extended families, it is likely that, cognitive and
functional deficits would have been noticed by a
household member. However, potential functional
impairment may have been missed because the life-
styles of these rural elderly illiterate subjects do not
require them to perform instrumental ADLs compa-
rable with those in Western industrialized societies
or even urban Indian society. Finally, respect for the
elderly and misattribution of mild impairment to
“normal aging” may also have contributed to under-
reporting by family members. It remains possible
that some subjects with incipient or early dementia
had not yet crossed the threshold into impairment
that would be recognized by themselves or their fam-
ilies, who therefore denied any disability. These sub-
jects would be expected to continue to decline over
time and should therefore be detected during the
follow-up phase of the study, which is in progress.

Because we screened subjects using cognitive tests
developed specifically not to require literacy, we
were perhaps less likely than other groups to have
overestimated the prevalence of cognitive impair-
ment because of confounding by education and liter-
acy (i.e., we may have had fewer false positives than
other studies). Finally, given the cooperation of the
population and the low screening refusal rate in our
total population survey, it appears reasonable to
state that our sample would be affected little, if at
all, by response or selection bias.

Low life expectancy. Average life expectancy in
India is lower than in the West, just as the less
socioeconomically developed regions of India have
shorter average life expectancies than others. If
fewer subjects live into the age of risk, overall inci-
dence (and therefore overall prevalence) will be
lower than in areas with longer life expectancy. Se-
lective survival of those not at risk for dementia
might further compound such a trend. These hypoth-
eses can only be explored through prospective study.

Shorter survival with duration of disease. Preva-
lence is a function not just of incidence but also of
duration or survival with the disease. In a region or
society where demented individuals do not live very
long with their disease, prevalence will be low even if
incidence is not. Although the survival estimates in
our survey are also low compared with current West-
ern clinical experience, it should be noted that they
are based on estimates of onset as reported by the
family, and may be underestimates if the manifesta-
tions of dementia were detected late or were attrib-
uted, in earlier stages, to normal aging. The number
of deceased demented subjects is too small to war-

rant further survival analysis at this stage; addi-
tional follow-up of the population may help to clarify
this issue. However, knowledge of the area and the
community allows us to speculate about potential
reasons for shortened survival with dementia. One
possibility is that there is a particularly rapid and
malignant form of dementia and AD in this area, but
the clinical characteristics of these subjects did not
appear atypical. Another possibility is some degree
of benign neglect and fatalism. Families care for
these patients at home in a nurturing environment,
but have neither the means nor the inclination to
provide technologically advanced medical care or life
support. Because the traditional attitude toward the
elderly is one of respect, family members will not
force medical care or even food on an older relative
who takes to his or her bed and refuses to eat. De-
clines in interest and functioning with age are per-
ceived as normal and acceptable, and death as
inevitable. All these factors may serve to shorten the
duration of disease, and thus lower prevalence of
disease, in this population.

Low age-specific incidence. Finally, it is possible
that age-specific incidence is low in this population
because of the presence of underlying protective fac-
tors, or the absence of underlying risk factors, com-
pared with other populations. Again, prospective
follow-up of a disease-free cohort is required to deter-
mine age-specific incidence rates, and also to identify
the presence of such risk or protective factors. Geno-
typing of the Ballabgarh cohort, which is underway,
may reveal the underlying distribution of known risk
genes for AD (such as the €4 allele of the apolipopro-
tein E gene) to be different from those reported from
other populations, including the MoVIES cohort.
Other environmental risk or protective factors, or
gene—environment interactions, in the Indian popu-
lation may be related to diet, comorbid chronic or
infectious diseases, and so forth, as we have hypoth-
esized before.”?$3” Given the current interest in edu-
cation as a protective factor against AD,? it might
have been expected that prevalence of dementia or
AD would have been high in this largely illiterate
population, but we did not find this to be the case.
Comparison of prevalence and risk factor distribu-
tions among different regions, and among different
socioeconomic strata within India and other coun-
tries, may help to shed more light on this issue.

Implications. Our finding of low dementia and
AD prevalence in a rural northern Indian population
is of interest primarily because it suggests a variety
of explanations with different implications, as out-
lined earlier. It is clear that there are regional differ-
ences in prevalence within India. It remains to be
determined whether these differences are a function
of differential incidence, differential survival, or
both. If prospective studies show age-specific inci-
dence to be different across populations, this finding
will promote the search for new risk and protective
factors. If the main explanation is revealed to be
differential overall life expectancy or differential sur-
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vival with dementia, the implication will be that, as
average life expectancy and standards of living im-
prove, the societal and public health burden of de-
mentia will increase concomitantly.
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