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Background: Alzheimer�s disease (AD) is suspected to be 
currently under-diagnosed in India, thus the need for a brief, 
effective screening test for the condition. Aims: We aimed 
to test the Malayalam translation of the 7-Minute Screen 
(7MS) for detecting those at high risk for AD and to report 
on the subscores used to derive the Alzheimer�s risk score. 
Setting and Design: This study was performed in Kerala State 
amongst young university students and elders in residential 
care homes. Materials and Methods: Two hundred and 
eighty-two volunteers were tested, 178 young controls (aged 
20-29) and 104 literate elders, (55-92 years). None were 
clinically diagnosed with AD. Statistical Analyses: Elders 
and controls were assessed as High or Low AD Risk with 
the published 7MS algorithm. Performance was compared 
between groups with ANOVA. Results: The algorithm 
estimated high (n = 61/104) or low (n = 40/104) AD risk in the 
elderly. SigniÞ cant differences were found between controls, 
low- and high-risk groups on all four components of the screen 
(Orientation: F = 131.1, Enhanced Cued Recall: F = 23.4, 
Clock Drawing: F = 65.1, Verbal Fluency: F = 15.7, P < 0.0001 
for all) and in the risk scores (F = 144.7, P < 0.0001). Age 
and gender affected verbal ß uency, orientation and clock 
drawing performance. The high-risk group had worse scores 
for orientation and better scores for memory than previously 
reported for AD cases in other populations. Conclusions: The 
7MS may be a useful screening test for cognitive impairment 
in India. Suggestions are given for revising the �risk algorithm� 
for more appropriate AD risk assessment in this population.
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medical attention. The World Health Organization 
(WHO) estimates that by the year 2020, 70% of the 
world�s population aged 60 years and above will live in 
developing countries, with 14.2% located in the Indian 
subcontinent.[1] Furthermore, out of the 114 million 
estimated to have dementia worldwide by the year 2050, 
some 75% will be in less developed countries.[2]

There has been good validation of a one-stage 
procedure for dementia diagnosis in developing 
countries by the 10/66 group.[3] However, this procedure 
has a long administration time complemented by an 
informant interview. The Malayalam version of the 
Addenbrooke�s Cognitive Examination (ACE) has been 
used in early detection of dementia in India.[4] This 
battery is lengthy with nine component tests. The Mini 
Mental Status Examination (MMSE) has been translated 
into Hindi[5] and Malayalam. However, it is biased by age 
and education level.[4,6,7] Appropriate cut-off scores can 
improve the sensitivity of culturally modified versions 
of the MMSE.[8,9]

Further research into briefer, effective, culture-fair 
screening tests for those at risk for AD is needed to 
highlight the need for detailed diagnostic evaluation of 
those with deficits beyond that expected with normal 
ageing. We report the initial testing of a translated 
version of such a screening tool, the 7-Minute Screen 
(7MS), for acceptability and utility in Calicut, India via a 
collaborative study with the University of Oxford, UK.

The 7MS[10] is an inexpensive screening tool for 
early to advanced AD, readily translatable for cross-
cultural use.[11-13] It has better sensitivity to AD than the 
MMSE, with no age or education bias.[13,14] A primary 
care practice reported excellent positive and negative 
predictive value of the 7MS,[9] while a recent study in 
the Netherlands showed lower sensitivity for other 
types of dementia and for depression.[13] Its usefulness 
and tolerability for large-scale community memory 

Screening for Alzheimer�s disease (AD) is not a routine 
diagnostic procedure for the elderly in India and it is 
likely that dementia is vastly under-diagnosed. Poor 
awareness of dementia in the community is a factor 
that influences the number of older people seeking 
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screening has also been reported.[15]

Our aims in the present study were to test the 
suitability of the 7MS for detection of cognitive 
impairment in an Indian community sample by 
comparing the performance of older participants with 
those of young controls and with similar studies in other 
countries. We also wished to examine the contribution 
of the separate subscores of the translated 7MS to the 
risk algorithm.

Materials and Methods

This study was approved by the local Institutional 
Ethics Committee of the University of Calicut. Between 
April 2002 and June 2002, 282 volunteers from Calicut 
city and Malappuram district in Kerala State were tested 
with the 7MS (translated into Malayalam) after obtaining 
signed informed consent and with the assistance of the 
patient caregiver if appropriate. Volunteers included 
178 young healthy controls (mean age 23, range, 20-29; 
90 males, 88 females) all of whom were graduate or 
postgraduate students at the University of Calicut and 
104 older participants with a mean age of 68, range, 
55-92 (40 males, 64 females). Ninety older volunteers 
were recruited from four different old age homes in and 
around Calicut city. We hypothesized that the likelihood 
of identifying participants with cognitive impairment 
in this population would be higher than that in the 
general community. The other 14 elders were recruited 
from Thenhipalam panchayat. Subjects who had 
suffered a major stroke in the previous two years were 
excluded. Only literate older volunteers were included; 
87 were educated above the fifth grade including four 
graduates, while 17 had no formal education. Subjects 
had not been previously assessed for dementia status 
and did not undergo a formal clinical assessment 
during screening with the 7MS. The accuracy of the 
translation was tested with the young volunteers as a 
back translation was not done.

The 7MS was administered to volunteers by six 
graduate students from the University of Calicut. The 
7MS subtests were combined into a booklet with full 
instructions for administration and scoring. Little 
further training and expertise in psychometric testing 
was therefore required of the testers. A calculator was 
also provided for computing the AD risk score from the 
algorithm published by Solomon et al.[10] The four subtests 
of the 7MS included: (i) Benton�s temporal orientation 
test (BTO) comprising five questions about the current 
date and time,[16] (ii) visual Buschke selective reminding 
test with enhanced cued recall (ECR),[17] comprising 16 
items with 16 different category cues displayed on four 
cards. After naming the items on each card, the card is 
turned over and the subject asked to recall each item. 
The recall can be repeated up to three times to ensure 
that all the items have been registered or encoded. After 

a non-verbal interference test (clock drawing), the subject 
is asked to recall all 16 items. Category cues are given to 
aid recall of items not retrieved by free recall. The free 
and cued recall scores are summed for the total recall 
score. (iii) Clock drawing task (CDT);[18] the subject is 
told to draw a clock with all the numbers in it, and to set 
the hands at 20 min before four o� clock, and (iv) verbal 
category fluency task (VFT)[19] for animals named in one 
minute. All of these tests have been previously reported 
to be sensitive to AD.[20-27]

Statistical analyses
Age and raw scores on the four components of the 7MS 

were compared between low- and high-risk groups using 
General Linear Model analysis of variance and post-hoc 
Games-Howell tests for non-parametric data. Sex ratios 
were determined by Chi-square analysis. Effects of age 
and gender on task performance were also determined 
by ANOVA with General Linear Model analysis (using 
the Statistical Package for the Social Sciences 11.0 
(SPSS for Windows) software. P-values of <0.001 were 
considered significant. Raw scores on the 7MS were 
converted to probability scores for dementia according 
to the algorithm produced by Solomon et al.,[26] based on 
a logistic regression model. The algorithm for estimating 
probability or �risk� for AD is as follows:

Log (P/1 − P) = 35.59 − 1.303 ECR − 1.378 VFT + 3.298 
OT − 0.838 CDT.

The probability of AD or dementia increases with a 
higher total score. A negative score is indicative of low 
risk. Three subjects were excluded from these analyses 
as their probability scores were between the low- and 
high-risk cutoffs and they were classified as needing 
retesting. Receiver Operating Characteristic (ROC) curve 
analysis was performed to show the discrimination of 
the risk score and subscores for the groups (high and 
low risk). The analysis determines the sensitivity of the 
tests to high risk (true positives) and the specificity (true 
negatives) for the control state (low-risk) at the optimum 
cutoff point on each test. Overall discrimination is 
estimated by the area under the curve.

Results

Demographic data on the test subjects are presented 
in Table 1. There was a significant difference in age 
between low- and high-risk older subjects (F = 4.19, 
P < 0.03). The gender ratio (χ2 = 20.71, P < 0.0001) 
was different between the three groups (young control, 
low- and high-risk elderly) with a higher ratio of females 
(77%) in the high-risk group.

Significant differences were found between the 
young controls, low- and high-risk elderly on all four 
components of the 7MS [Table 1]. Post-hoc Games-
Howell tests showed no difference between young 
controls and low-risk older adults in orientation and 
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memory performance, while young controls and high 
risk older adults showed significant differences in 
performance on all tests, as did low-risk older adults vs. 
high-risk older adults.

General Linear Model (ANOVA) comparing effects 
of age and gender on performance of subtests between 
the young, low- and high-risk groups revealed a main 
effect of age (F = 6.54, P = 0.0001) but not of gender. 
Multivariate analyses showed that poorer performance 
with increased age was significant for one subtest, 
namely, verbal category fluency (F = 6.75, P = 0.002). 
Males had better performance than females in 
orientation (F = 12.6, P = 0.001). When young controls 
were excluded from the analysis, group-by-gender 
interactions were significant for orientation and clock 
drawing (F = 3.3, P = 0.04).

Receiver operating characteristic
Curve analysis
In order to compare how the subtests of the 7MS 

contributed to the risk score, ROC curve analysis 
was performed in a similar manner to that by Robert 
et al., with a shortened version of the 7MS.[28] The risk 
score algorithm defined the high- and low-risk groups 
and therefore had perfect discrimination (100% area 
under the curve). The orientation test score showed 
98% discrimination between the groups. Thus, the 
orientation score had a very high weighting towards 
the risk score. Clock drawing and verbal fluency 
tests had 86% and 88% discrimination between 
groups respectively. The memory test had the lowest 
discrimination between the groups (76%), with 95% 
specificity for low risk and only 48% sensitivity to high 
risk. Only 29 of the 61 high-risk subjects scored below 
the cutoff for cognitive impairment on this test (1.5SD 
below the low-risk group mean). Thus the remaining 
32 high-risk subjects had normal memory, and were 
probably incorrectly assigned as high-risk due to their 

orientation score. [Figure 1, Table 2].

Comparison with other studies
In Table 1 the elderly subjects were divided into two 

groups, high and low risk, whereas in Table 3, the 
elders were combined into one group of community-
screened elders for comparison with the New 
England community-screened cohort. Low-risk older 
participants in our study [Table 1] performed similarly 

Table 1: Demographics of the study population and performance on 7MS tasks shown as mean, SD and (95% ConÞ dence Intervals) 
between young controls, low-risk and high-risk older participants compared using ANOVA by General Linear Model (GLM) with age 

and sex entered as covariates
Test df Young controls Low-risk older High-risk older F-ratio, P-value
  (n = 178) participants (n = 40) participants (n = 61)
Age  23.2 (2.1) 65.4 (9.4) 69.2 (11.5) F = 1483.9, P < 0.0001
     (F = 4.19, P < 0.03)*
Gender (%F)  49% (n = 87) 48% (n = 19) 77% (n = 47) F = 20.71, P < 0.0001
BTO (0-113) 2 0.26, 0.63 0.5, 0.85 60.1, 38.03 F = 131.1, P < 0.0001
  (CI 0.17-0.34) (CI 0.23-0.77) (CI 49.5-69.2)
Cued recall (0-16) 2 15.89, 0.38 15.7, 0.56 13.98, 2.43 F = 23.4,P < 0.0001
  (CI 15.85-15.95) (CI 15.52-15.88) (CI 13.36-14.61)
Verbal ß uency 2 32.87, 9.54 20.03, 5.68 11.25, 5.55 F = 15.7, P < 0.0001
  (CI 31.46-34.28) (CI 18.21-21.84) (CI 9.83-12.67)
Clock drawing (0-7) 2 6.33, 0.76 5.50, 1.55 3.15, 1.83 F = 65.1, P < 0.0001
  (CI 6.22-6.44) (CI 5.00-5.99) (2.68-3.62)
Probability score 2 −34.86, 13.7 −15.42, 12.19 197.49, 127.66 F = 144.7, P < 0.0001
  (CI −26.88-32.83) (CI −18.13-12.71) (CI 164.8-230.2)
BTO, Benton�s temporal orientation, *Comparison between low and high-risk participants only
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Figure 1: Receiver Operating Characteristic curves for sensitivity and 
speciÞ city between high- and low-risk elders for all the subtests of 

the 7MS. Abbr. MT, memory test; CDT, clock drawing task; VFT, verbal 
ß uency; OT, orientation

Table 2: Sensitivity-speciÞ city table for discrimination between 
high- and low-risk groups by different subscores in the 7MS

Test Area under Sensitivity SpeciÞ city Cutoff
 curve   score
MT 0.76 0.48 0.95 14.5
CDT 0.86 0.74 0.85 4.5
VFT 0.88 0.79 0.83 14.5
OT 0.98 0.95 0.95 2.5
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to those in the original US study [Table 3] and other 
studies[11-13] in orientation (0.5 ± 0.85 vs. 0.4 ± 0.1), 
memory (15.7 ± 0.6 vs. 15.9 ± 0.4) and verbal fluency 
(20.0 ± 5.6 vs. 19.0 ± 0.7), but had lower scores on 
clock drawing (5.5 ± 1.6 vs. 6.3 ± 0.1). Our high-risk 
older participants [Table 1] scored much worse in 
orientation (60.1 ± 38.0 vs. 37.9 ± 4.2) than AD patients 
in the Solomon[10] and other studies,[11-13] better in 
memory (13.98 ± 2.4 vs. 6.8 ± 0.7) and verbal fluency 
(11.25 ± 5.6 vs. 8.8 ± 0.5) and equivalent in clock 
drawing (3.15 ± 1.8 vs. 3.2 ± 0.3). In comparison with 
the community screening study,[14] scores for our elderly 
group as a whole [Table 3] were poorer in orientation, 
clock drawing and fluency, but there was no difference 
in the memory scores (14.9 ± 2.1 vs. 14.7 ± 2.07).

Discussion

The Malayalam 7MS was well understood by young 
healthy controls who performed similarly to healthy 
elderly controls in other studies in orientation and 
cued recall, and better in verbal fluency and clock 
drawing. Low-risk older adults had scores similar to 
elderly controls in other studies. This confirms the 
accuracy of the Malayalam translation compared with 
the original English version. Low- and high- risk older 
adults showed significant differences in all subscores 
which suggests that the test is sensitive to cognitive 
impairment typical of AD. Verbal fluency and clock 
drawing were age-sensitive while orientation was poorer 
for women. Memory performance was not associated 
with age or gender.

The main finding of our study was that the 7MS risk 
algorithm gave an overly high probability (58.7%) for 
AD in comparison with the New England community 
screening study, with only 16.7% of individuals 
identified as at high-risk.[15] In addition, performance 
of the high-risk group in the Benton�s orientation test 
was worse than any reported so far, although scores for 
young controls and low-risk older participants are within 
previously reported ranges.[10,11-13,26,28,29] This suggests an 
overriding weighting of this subtest on the outcome of the 
screen as was shown by the ROC analysis. Orientation 
questions have been successfully used in a Sinhalese 

translation of the MMSE with no extra weighting.[30]

The memory test showed good specificity for 
low-risk but poor sensitivity to high-risk subjects. 
Episodic memory impairment is one of the earliest and 
most common symptoms of early AD. Thus its inclusion 
in a dementia screen should enhance the sensitivity of 
the screen.[27]

These findings suggest that many of those identified 
as �high risk� do not have the typical cognitive 
profile of Alzheimer�s disease. This group may 
have a multi-factorial etiology including AD, other 
dementias, depression, and other medical conditions 
such as vitamin B12 deficiency or hypothyroidism. 
Alternatively, they may have been unable to answer the 
orientation questions. Cues that facilitate orientation to 
time were likely to be limited for old-age home residents 
in the present study, with limited access to television, 
radio or newspapers and little interaction with family 
members. Regular observance of important occasions 
like anniversaries of birth/death in the family and 
celebration of religious festivals is not possible in these 
circumstances.

Category fluency mean scores for the low and high-
risk groups were both similar to previously published 
results. However, there may have been an effect of 
low education level on performance as shown by 
Ratcliff et al.,[31] with a fluency task. The clock drawing 
performance of the low-risk group was poorer than that 
of other community elders,[14] suggesting that clock 
drawing may not be an appropriate test in India for 
those with low levels of formal education or from rural 
communities.

Overall, our results suggest that in an undiagnosed 
community sample in this region of India accurate 
detection of AD risk is less achievable than hypothesized 
from previous reports of good sensitivity and specificity 
of the 7MS. The limitations of this study are that old-
age residents are not likely to be representative of the 
wider community in terms of health and functional 
ability, and where a high proportion of volunteers may 
have been disoriented. No clinical assessment for AD 
with accepted criteria such as NINCDS-ADRDA had 
been applied, nor had severity of cognitive impairment 
been assessed with a scale such as the Clinical Dementia 

Table 3: Mean performance on 7MS tasks between older controls and those with AD, compared between studies in New England, our 
study and the US (7MS expressed as mean, SD)

 USA[10] New England[14] Kerala, India USA[10]

7MS (n) Control (n = 60) Community (n = 599) Elders (n = 104) AD patients (n = 60)
Age (range or SD) 77.5 (66-91) 71.4 ± 9.5 67.8 ± 10 (66-89) 77.6
% F* 46% 68% 61.5% 50%
MMSE 28.7 (2.1)   21 (7.8)
BTO* 0.4 (0.1) 2.4 ± 9.6 35.5 ± 41.3 37.9 (4.2)
Cued recall 15.9 (0.4) 14.9 ± 2.1 14.7 ± 2.1 6.8 (0.7)
Fluency 19.0 (0.7) 16.3 ± 5.4 14.7 ± 7.0 8.8 (0.5)
Clock drawing 6.3 (0.1) 6.1 ± 1.4 4.1 ± 2.1 3.2 (0.3)
BTO, Benton�s temporal orientation; AD, Alzheimer�s disease; %F, %female
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Rating scale. Thus the sensitivity of the 7MS for AD 
could not be reliably and accurately assessed. Moreover, 
effects of education could not be determined. As the 
young control group comprised university students 
with high levels of formal education, their performance 
compared to low-risk elders had limited use. Studies 
in India with the Malayalam ACE[32] and a dementia 
assessment scale[33] showed significant effects of 
education level on test performance.

The 7MS screen may be useful with certain 
modifications in developing countries. Further work 
in this collaborative study could include validation of 
the screen in a more representative elderly community 
sample compared with a group of clinically diagnosed 
AD patients. Education level adjustments might also 
increase its sensitivity. The orientation subscore should 
be given lower weighting or questions could be altered 
to be more culturally appropriate. Benefits of the 7MS 
are its brevity and tolerability by the elderly, ease of 
administration by trained non-professionals, and its 
specific focus on the cognitive deficits associated with 
AD. The 7MS translated well into Malayalam and gave 
comparable scores to other studies for low-risk elders. 
With some simple modifications, this inexpensive 
instrument may be of enormous use for cognitive 
screening in India and could highlight the need for 
further diagnostic assessment of at-risk subjects. Once 
the modified screen is validated, it could be used in 
clinical studies to explore associations of cognition with 
underlying AD pathology.
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