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ABSTRACT

PURPOSE The Mini-Mental State Examination (MMSE) is one of the most widely
used instruments to screen for cognitive deficits; however, this instrument alone
is not sensitive enough to detect early symptoms of dementia. We aimed to
investigate whether additionally using the Visual Association Test (VAT) improves
the predictive value of the MMSE score for development of dementia.

METHODS Analyses were based on data from 2,690 primary care patients aged
70 to 78 years who participated in the Prevention of Dementia by Intensive
Vascular Care (preDIVA) trial. We assessed change in the 30-point MMSE score
over 2 years and the VAT score at 2 years—dichotomized as perfect (6 points)
or imperfect (<5 points)—and evaluated the predictive values of these tests for a
diagnosis of dementia in the subsequent 4 to 6 years. Data were analyzed with
logistic regression analysis.

RESULTS Patients having a decline of 2 points or more in total MMSE score over
2 years had an odds ratio of 3.55 (95% Cl, 2.51-5.00) for developing dementia.
Patients having the same decline in MMSE score plus an imperfect VAT score had
an odds ratio of 9.55 (95% Cl, 5.89-15.41) for developing dementia. A 1-point
decline in MMSE score increased odds of dementia only when the VAT score

was imperfect. Dementia risk for patients with a 2- or 3-point decrease in MMSE
score and a perfect VAT score did not differ significantly from the average risk of
the cohort as a whole.

CONCLUSIONS Administering the VAT in patients with a small decline on the
MMSE over a 2-year period has substantial incremental value for identifying
those at elevated risk for developing dementia. This simple test may help distin-
guish older adults who need further cognitive examination from those in whom
a watchful waiting policy is justified.

Ann Fam Med 2018;16:206-210. https://doi.org/10.1370/afm.2224.

INTRODUCTION

imely diagnosis of dementia is important as it will allow for tailored
counseling and care of patients and caregivers.'** Clinicians use
various instruments to screen for cognitive impairment. The Mini-
Mental State Examination (MMSE)* is widely used in clinical practice and
research’ in spite of its limitations, including limited sensitivity for early
stages of cognitive impairment.®
When screening for dementia, the implications of a decline of only 1
or 2 points on the MMSE are unclear.”” Clinicians are then faced with the
question of whether such a modest decrease heralds incipient cognitive
decline, which would warrant further investigation.
The Visual Association Test (VAT)'® might be useful for this purpose.
It is a very brief (3-minute) and easy-to-administer test of associative mem-
ory that is highly sensitive for detecting impaired anterograde memory;,
without bias based on language skills. It has particularly good test char-
acteristics for the detection of early signs of Alzheimer disease, and it has
a higher specificity and positive predictive value for the recognition of
dementia than other cued recall tasks."
In this study, we investigated the predictive value of changes in MMSE
score over the course of 2 years for the development of dementia during
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PREDICTING DEMENTIA

the 4 to 6 years thereafter and whether adding the
VAT improves the overall predictive value.

METHODS

Patients

Our study sample was drawn from the Prevention of
Dementia by Intensive Vascular Care (preDIVA) trial."?
This cluster-randomized controlled trial assessed the
efficacy of nurse-led intensive vascular care on the
prevention of dementia in a primary care population

of 3,526 older adults 70 to 78 years old who had a
mean follow-up of 6.7 years. Exclusion criteria were
prevalent dementia (or MMSE score <24 and possible
dementia). Carefully instructed practice nurses carried
out all assessments. A detailed description of the pre-
DIVA study design and procedures has been published
elsewhere.'”'® Dementia incidence was not affected by
the intervention, so we analyzed the trial population as
a single cohort. Patients were excluded if they received
a dementia diagnosis before the 2-year assessment or
within 3 months thereafter, because the purpose of this
study was not to diagnose dementia, but to predict
incident dementia on long-term follow-up.

Dementia Diagnosis

All patients had assessments of cognitive status during
follow-up at 2-year intervals, supplemented by available
clinical information from general practitioners’ elec-
tronic health records. An independent and blinded out-
come adjudication committee, including

ape) and 6 target cards showing an unexpected visual
association such as the ape holding an umbrella (Fig-
ure 1). The maximum score is 6 points, with 1 point
given for each correctly recalled target. To analyze
its added value, we used the VAT score at the 2-year
follow-up assessment.

Statistical Analysis

Patients were included in analyses if they had available
MMSE scores at both baseline and 2-year follow-up,
and a VAT score at 2-year follow-up. We performed
logistic regression analysis with a diagnosis of demen-
tia as the dependent variable and with dichotomized
change in MMSE score—stable or improved (change
of —1 point or less) vs decline (change of —2 points or
more) and dichotomized VAT score—perfect (score
of 6) vs imperfect (score of 5 or lower)—as indepen-
dent variables separately. This strict cutoff for the
VAT score was chosen because the study concerned
a cognitively healthy (older) population. We adjusted
all analyses for age and educational level, as both fac-
tors are known possible confounders for the relation
between MMSE score and dementia. Logistic regres-
sion analysis allowed us to calculate the cumulative
risk over time.

In addition, we performed logistic regression
analysis for dementia predicted by combining MMSE
score change (stable or improved vs decline) and VAT
score (perfect vs imperfect), which created 4 groups of
patients. Finally, we assessed the percentage of demen-

neurologists, geriatric psychiatrists, ger-
iatricians, cardiologists, and family phy-

Figure 1. Example of cue and target cards used in the Visual
Association Test.

sicians, evaluated dementia diagnoses.
To minimize the risk of false-positive
diagnoses, all dementia diagnoses were
reevaluated based on additional infor-
mation after 1 more year of follow-up."
For this analysis, patients were classi-
fied as having incident dementia if they

developed dementia at more than 2 "2.3;“
years, 3 months from baseline. %‘L_/\

MMSE and VAT

We used the Dutch version of the
MMSE  * which has a maximum obtain-
able score of 30 points, with higher
scores indicating more normal cogni-
tion. Change over time in MMSE

score was ascertained by comparing

the scores at baseline and at the 2-year
follow-up assessment.

The VAT test (version A)'° con-

sisted of 6 cue cards (eg, showing an

Note: Cue card on the left and target card on the right. First, patients are shown the cue cards one at
a time and asked to name the object(s) (eg, “an ape”). Next, patients are shown the target cards and
again asked to name the object(s) (eg, “an ape holding an umbrella”). Finally, patients are shown the
cue cards again one at a time and asked to name the missing object (eg, “an umbrella”). Patients are
not told to remember any objects, so the test requires incidental learning.
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tia cases per category of MMSE change score (from —3
points or less, to 3 points or greater), both overall and
separately for patients with a perfect VAT score and
for patients with an imperfect VAT score.

We used SPSS software, version 23 (IBM Corp) for

all analyses.

MMSE score, an imperfect score on the VAT doubled
the risk to 12.2% (95% CI, 7.5%-17.0%). In contrast,
the risk of developing dementia for patients with a 2-
or 3-point decrease on the MMSE score and a perfect
VAT score was not significantly different from the
average risk of the cohort as a whole (Figure 2B).

RESULTS

Study Population

In total, 2,690 (76.3%) of the 3,526 preDIVA trial
patients without dementia completed baseline and
2-year follow-up assessments and were included in our
analyses. Their sociodemographic and cognitive char-
acteristics are summarized in Table 1. We excluded 14
patients who received a dementia diagnosis before or
shortly after the 2-year follow-up visit.

Overall, 2,648 (98.4%) of the 2,690 patients were
evaluated for dementia after a median follow-up time
of 6.7 years from baseline. Dementia was diagnosed in
157 patients (5.9%; 95% CI, 5.0%-6.8%) in this group.

Dementia Prediction

The odds ratio for dementia was 3.55 (95% ClI,
2.51-5.00) among patients having a 2-year decline in
MMSE (change of =2 or greater) and 3.28 (95% ClI,
2.35-4.58) among patients having an imperfect VAT
score at 2 years (Supplemental Table 1, available at
http://www.annfammed.org/content/16/3/206/suppl/
DC1/). Compared with the group of patients hav-
ing better performance on both measures (a stable or
improved MMSE score plus perfect VAT score), the
group having poorer performance on both measures
(a decline in MMSE score plus an imperfect VAT
score) had highest risk for incident dementia, with an
odds ratio of 9.55 (95% CI, 5.89-15.41).

The percentage of patients in whom dementia was
diagnosed for each category of change in MMSE score
is shown in Figure 2A. Of those who had a stable or
improved MMSE score, the risk of developing demen-

tia varied (2.4%-6.4%) around the average risk of 5.9%.

A 2-point decline and a 3-point decline in MMSE
score, however, were associated with elevated risks of
developing dementia of 10.1% and 20.8%, respectively,
significantly higher than the average risk.

When comparing dichotomized VAT scores at
the 2-year assessment per category of change in
MMSE score (Figure 2B), groups with imperfect VAT
scores (<5 points) all had substantially higher rates
of incident dementia (Figure 2A). An imperfect VAT
score increased the predictive value of a 2- or 3-point
decrease on the MMSE substantially, from 10.1% to
14.4% and from 20.8% to 29.3%, respectively. Even
among patients who had a decline of 1 point on the

DISCUSSION

Key Findings

Our findings show that the VAT score has incremental
value in discriminating between older adults with and
without increased risk of dementia, especially among
those with a (minor) decline in MMSE score. The risk
of developing dementia for older adults with a decrease
of 2 points or more on the MMSE and a perfect VAT
score was not significantly different from the average
risk of the entire cohort.

There have been no studies analyzing the addi-
tional value of the VAT after performing the MMSE,
even though the MMSE seems unreliable in predicting
and detecting (early) dementia.® The VAT was devel-
oped specifically for this purpose, and it has a higher
specificity and positive predictive value for detecting
dementia when compared with other cognitive tests."
In our analyses, an imperfect VAT in patients with
a decline of only 1 or 2 points in MMSE score was
associated with a significant and clinically meaningful
increased risk of dementia.

Table 1. Patients’ Characteristics (N = 2,690)

Characteristic Value
Age, mean (SD), y 73.7 (2.4)
Male, No. (%) 1,212 (45.1)
Educational level®

Low (<7 y), No. (%) 591 (22.0)

Intermediate (7-12 y), No. (%) 1,672 (62.2)

High (>12 y), No. (%) 368 (13.7)
White, No. (%) 2,555 (95.0)
MMSE score¢

At baseline, median (IQR) 29 (27-29)

At 2 y, median (IQR) 29 (27-29)

VAT score?
At baseline, median (IQR)¢
At 2 y, median (IQR)

Note: Characteristics at baseline unless otherwise noted.

IQR = interquartile range; MMSE = Mini-Mental State Examination;
VAT = Visual Association Test.

2 Data missing for 59 patients.

b Data missing for 40 patients.

< Scores range from 0 to 30, with higher scores indicating more normal cogni-
tive function.

9 Scores range from O to 6, with higher scores indicating more normal cogni-
tive function.

¢ Data missing for 14 patients.
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Figure 2. Incident dementia according to change in MMSE score alone (A) and according to change in
MMSE score combined with VAT score (B).

A
@ MMSE  «eeeeeeee Baseline risk of dementia - 40
= 35
2 [ 30
<
g
8 L2
a
“—
o
3
> 20
8
=
g
g Lis
[
a
~ 10
0
>3 2 1 0 -1 -2 -3
Change in MMSE score
No. of patients 178 290 539 753 486 248 154
No. of cases 9 7 22 31 31 25 32
of dementia
B 40
W Imperfect VAT score? T
A Perfect VAT score? ;
«eeeee Baseline risk of dementia -3
, [ u
c
2
® 25
—
3]
= Lo _
_ S 1
=]
c
[
£ |15
[
e A
u - 10
A s
>3 2 1 0 -1 -2 -3
| f .
V?Tp::oer:ta Change in MMSE score
No. of patients 51 92 181 228 188 104 75
No. of cases 5 4 9 19 23 15 22
of dementia
Perfect VAT score?
No. of patients 127 198 385 525 298 144 79
No. of cases 4 3 13 12 8 10 10

of dementia

MMSE = Mini-Mental State Examination; VAT = Visual Association Test.
Note: Left of center, patients who improved in total MMSE change score over 2 years; right of center, patients who had decline in MMSE change score over 2 years.

2 VAT score dichotomized as perfect (6 points) or imperfect (<5 points).




PREDICTING DEMENTIA

Strengths and Limitations

The strengths of this study are the large sample size,
the long follow-up period, the blinded and careful
adjudication of dementia diagnoses (including a 1-year
follow-up after the initial diagnosis), and completeness
of follow-up on all-cause dementia." In addition, we
used a clinical perspective in assessing instruments that
can be administered easily in daily practice.

A study limitation was that patients were included
in the analysis only if they had MMSE assessments at
both baseline and 2-year follow-up, and a VAT assess-
ment at the 2-year follow-up. This requirement led
to a smaller sample in our study than in the original
study and possibly to selection bias. In addition, only
version A of the VAT was mandatory and could thus
be used for analysis.

Conclusion

Among older adults with a minor decline on the
MMSE, the VAT—a 3-minute easily administered
test of associative memory—can help to distinguish
those at increased risk of developing dementia (requir-
ing counseling, additional examination, or both) from
those in whom watchful waiting is justified.

To read or post commentaries in response to this article, see it
online at http://lwww.AnnFamMed.org/content/16/3/206.

Key words: cognition; dementia; neuropsychological tests; family prac-
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