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Abstract
Objectives—To investigate whether demographic (age and education) adjustments for the Mini-
Mental State Examination (MMSE) attenuate mean score discrepancies between African
American and Caucasian adults, and to determine whether demographically-adjusted MMSE
scores improve the diagnostic classification accuracy of dementia in African American adults
when compared to unadjusted MMSE scores.

Design—Cross-sectional study.

Setting—Community-dwelling adults participating in the Mayo Clinic Alzheimer’s Disease
Patient Registry (ADPR) and Alzheimer’s Disease Research Center (ADRC).

Participants—Three thousand two hundred fifty-four adults (2819 Caucasian, 435 African
American) aged 60 and older.

Measurements—MMSE at study entry.

Results—African American adults obtained significantly lower unadjusted MMSE scores (23.0
± 7.4) compared to Caucasian adults (25.3 ± 5.4). This discrepancy persisted despite adjustment of
MMSE scores for age and years of education using established regression weights or newly-
derived weights. However, controlling for dementia severity at baseline and adjusting MMSE
scores for age and quality of education attenuated this discrepancy. Among African American
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adults, an age- and education-adjusted MMSE cut score of 23/24 provided optimal dementia
classification accuracy, but this represented only a modest improvement over an unadjusted
MMSE cut score of 22/23. The posterior probability of dementia in African American adults is
presented for various unadjusted MMSE cut scores and prevalence rates of dementia.

Conclusion—Age, dementia severity at study entry, and quality of educational experience are
important explanatory factors to understand the existing discrepancies in MMSE performance
between Caucasian and African American adults. Our findings support the use of unadjusted
MMSE scores when screening African American elders for dementia, with an unadjusted MMSE
cut score of 22/23 yielding optimal classification accuracy.
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INTRODUCTION
The Mini-Mental State Examination (MMSE)1 is one of the most widely used cognitive
screening measures in medical settings. It is a sensitive indicator of dementia, but its
diagnostic utility tends to diminish when used to evaluate ethnic minorities or highly
educated individuals2. Ethnic minorities systematically obtain lower MMSE scores
compared to Caucasian adults with a comparable degree of cognitive impairment3,4. This
discrepancy may lead a disproportionate number of cognitively-normal ethnic minorities to
be inaccurately classified as impaired, and overestimate the level of disease severity in
ethnic minorities with dementia.

Mungas and colleagues5 studied 590 Caucasian and Hispanic older adults and showed that
adjusting MMSE scores for the effects of age and years of education (MMSEAdj1)
attenuated the discrepancy attributable to ethnic group membership. Moreover, MMSEAdj1
scores in Hispanic adults yielded improved sensitivity (SN) and specificity (SP) compared to
unadjusted MMSE scores. The authors found a comparable improvement in SN and SP
when making this adjustment to MMSE scores from eleven African American elders.
However, they urged caution interpreting those findings due to their small sample of African
American participants.

The current study examines whether age- and education-adjustments attenuate the known
discrepancy in MMSE scores between Caucasian and African American adults. Specifically,
we expand the preliminary findings from Mungas et al.5 and apply their regression-based
adjustment to our current sample. We also investigate the use of regression weights derived
from our sample to adjust MMSE scores for age and years of education, as well as
adjustment for quality of education using a proxy indicator of reading achievement. We then
evaluate the diagnostic validity of these adjusted MMSE scores for detecting dementia in
African American elders. We hypothesize that the use of demographically-adjusted MMSE
scores will yield improved diagnostic classification accuracy over unadjusted MMSE scores.

METHODS
Participants

Archival data of 4248 patients from the Mayo Clinic Alzheimer’s Disease Research Center
(ADRC) and Alzheimer’s Disease Patient Registry (ADPR) were reviewed. Information on
age, gender, education, self-reported ethnicity, diagnosis, and baseline MMSE scores were
available for 3254 individuals aged 60 and older (1169 males, 2085 females), including
2819 Caucasians (86.6%) and 435 African Americans (13.4%). The sample included 2048
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cognitively-normal adults (see Ivnik et al.6 for criteria used to define normal cognition) and
1206 patients with dementia, diagnosed via consensus among ADRC/ADPR investigators
and using published diagnostic criteria. Diagnoses included 864 (71.6%) patients with
probable or possible Alzheimer’s disease, 112 (9.3%) with Lewy body dementia, 76 (6.3%)
with vascular-related dementia, 53 (4.4%) with frontotemporal dementia, and 101 (8.4%)
with other dementia etiologies. The MMSE was administered as part of a dementia battery
that also included the Clinical Dementia Rating (CDR)7 scale and a measure of word
reading from the Wide Range Achievement Test (WRAT-3)8. This index of word reading
achievement serves as a proxy for the quality of a person’s educational experience, and is
particularly useful when evaluating African American adults9,10. MMSE scores did not
contribute to the baseline consensus diagnosis.

All data were obtained in compliance with the Mayo Clinic Institutional Review Board.

Statistical Analyses
Continuous data were analyzed using independent t-tests, with degrees of freedom adjusted
for inequality of variance where appropriate. Categorical data were analyzed using chi-
square tests. MMSEAdj1 scores were derived using the regression equation published by
Mungas and colleagues5, which adjusts MMSE scores for age and years of education.
Because regression weights tend to be sample-specific, we derived a new correction based
on our sample (MMSEAdj2) using the same methodology. To obtain this correction,
unadjusted MMSE scores were regressed onto age and years of education, and the
regression weights of these predictors were inserted into the equation: MMSEAdj2 = MMSE
− [.386 × (education − 12)] + [.058 × (age − 70)].

To evaluate the role of quality of education on MMSE scores, we used age and years of
education (step 1), standard scores from the WRAT-3 reading test (step 2), and ethnicity
(step 3) in a hierarchical model predicting MMSE scores. WRAT-3 data were available for
1761 participants (1418 Caucasian, 343 African American). Then we derived demographic
corrections (MMSEAdj3) using age and WRAT-3 reading scores. Education (years) was
excluded from this model due to the expected multicollinearity with WRAT-3 scores. The
resulting equation was: MMSEAdj3 = MMSE - [0.176 × (Reading score − 100)] + [0.078 ×
(age − 70)].

The diagnostic classification accuracy of each demographic adjustment in African American
adults was evaluated through logistic regression and receiver operating characteristic (ROC)
curves. The positive likelihood ratio (LR+) was estimated as the proportion of African
Americans with dementia scoring below an MMSE cut score (sensitivity) to the proportion
of African Americans with normal cognition scoring below the cut score (1 – specificity).
The posterior probability of dementia at various MMSE cut scores and prevalence rates (.
10, .20, and .30) was obtained by converting each prevalence rate to pretest odds
(prevalence/1 – prevalence), multiplying the pretest odds by LR+, and converting those odds
to probability (posttest odds/(1 + posttest odds).

RESULTS
Participant information

The total sample had a mean age ± standard deviation (SD) of 76.4 ± 7.3 years and mean
education of 13.2 ± 3.3 years. African American adults were younger (73.0 ± 7.4) than
Caucasian adults (77.0 ± 7.1) (p < .001). African Americans also reported fewer years of
education (11.6 ± 3.7) than Caucasian adults (13.5 ± 3.1) (p < .001). Compared to
individuals with dementia, elders without dementia were significantly younger (p < .001)
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and more educated (p < .001). The proportion of African American and Caucasian
participants with diagnoses of dementia was 32.6% and 37.7%, respectively (p < .05).

Regression-based demographic adjustments
Caucasian participants obtained significantly higher unadjusted MMSE scores than African
American participants, and this discrepancy was evident in the cognitively normal and
dementia subsamples (Table 1). Application of the demographic adjustments based on age
and years of education (MMSEAdj1 and MMSEAdj2) did not attenuate these group
differences in mean MMSE scores. In a hierarchical regression model, quality of education
as indexed by WRAT-3 reading scores accounted for significant, unique variance in the
prediction of MMSE scores, over and above age and years of education (R2 change = 0.13, p
< .001). With age, years of education, and quality of education in the model, ethnicity
contributed significant, albeit quite modest incremental variance (R2 change = 0.01, p < .
001). Because quality of education appeared to be uniquely associated with the MMSE, we
then adjusted MMSE scores for age and quality of education (MMSEAdj3). As shown in
Table 1, with this adjustment MMSE scores were not significantly different between
cognitively-normal Caucasian and African American adults. However, MMSE scores for
Caucasian adults with dementia remained significantly higher than scores for African
Americans with dementia.

Demographic adjustments in dementia-matched sample
Because African American adults often present for clinical evaluation at a more advanced
stage of cognitive impairment than their Caucasian counterparts, and in light of the
persistent discrepancy in MMSE scores noted earlier despite demographic adjustments, we
explored whether dementia severity at study entry represented a potential confounder.
Indeed, baseline CDR global scores were higher for African American than Caucasian adults
(p < .05), with 24.4% of African Americans obtaining a CDR global score ≥ 1 compared to
16.8% of Caucasians.

The two ethnicity groups were matched by baseline CDR global scores and the unadjusted
and adjusted MMSE scores were re-examined. Despite matching on dementia severity,
unadjusted MMSE scores remained significantly different between Caucasian (25.2 ± 6.2)
and African American (23.5 ± 7.0) participants (p < .001). Moreover, this discrepancy in
mean MMSE scores was not attenuated when applying adjustments based on age and years
of education. The MMSEAdj3 correction using age and quality of education did attenuate
group differences (p = .26), resulting in a mean adjusted MMSE score of 26.7 ± 4.4 for
Caucasian and 27.0 ± 4.0 for African American adults. The nonsignificant difference in
MMSEAdj3 scores was also evident within the cognitively-normal and dementia
subsamples. This finding highlights the key roles of quality of education and baseline
dementia severity in explaining the existing discrepancies in MMSE scores between
Caucasian and African American older adults.

MMSE and dementia classification accuracy in African American older adults
Overall, a cut score of 23/24 in the MMSEAdj2 provided the highest classification accuracy
of dementia (0.963), with high sensitivity (0.92) and specificity (0.98). This demographic
adjustment, however, yielded only a modest gain in accuracy compared to the unadjusted
MMSE cut score of 22/23 (accuracy = .959). Classification accuracy obtained from the
MMSEAdj1 and MMSEAdj3 scores was suboptimal across cut scores. In ROC analyses, the
areas under the curve were 0.98 for the unadjusted MMSE and MMSEAdj2 scores, 0.97 for
the MMSEAdj1 scores, and 0.94 for the MMSEAdj3 scores (Figure 1). When applying these
analyses to African American participants in the CDR-matched subsample, the results were
nearly identical to those described above and shown in Figure 1.
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Posterior probability of dementia in African American older adults using unadjusted MMSE
scores

Although age- and education-adjustments (MMSEAdj2) yielded a very modest improvement
in dementia classification accuracy over the unadjusted MMSE scores, it is likely that many
clinicians will use the unadjusted cut score due to its ease of scoring. To facilitate this use,
we next provide the posterior probability of dementia as a function of various unadjusted
MMSE cut scores and dementia prevalence rates (Table 2). For instance, in a setting with
10% prevalence, an unadjusted MMSE score of 22 suggests that the individual has an 86%
probability of dementia.

DISCUSSION
In our sample of 3254 adults aged 60 and older, adjustment for age and quality of education
attenuates the significant discrepancy in MMSE scores between cognitively-normal
Caucasian and African American elders. Moreover, controlling for age, quality of education,
and dementia severity at study entry eliminates the significant discrepancy in MMSE scores
across all study participants. These findings underscore the key role that quality, not just
quantity, of educational experience has in shaping overall cognitive ability, particularly for
African American adults. In our sample, quality of education accounted for 13% of the
unique variance in MMSE scores over and above age and years of education.

From a clinical diagnostic standpoint, it is important to know whether these demographic
adjustments improve our existing ability to identify dementia in African American adults.
We find that optimal dementia classification is obtained when using age- and education-
adjustments; specifically, an MMSE cut score of 23/24 derived from our regression formula.
However, this represents only a minimal gain in classification accuracy compared to an
unadjusted MMSE cut score of 22/23. As such, clinicians may find that the unadjusted
MMSE score is preferable to demographically-adjusted scores in settings where calculation
of the latter is not time efficient. To this end, we provide a table with estimates of the
posterior probability of dementia for African American adults at various MMSE cut scores
and rates of dementia prevalence.

Overall, the current study indicates that age, dementia severity at study entry, and quality of
educational experience are important explanatory factors to understand the existing
discrepancies in MMSE performance between Caucasian and African American older
adults. Although adjustments for age and education maximize classification accuracy of
dementia in African American adults, the use of unadjusted MMSE cut scores yields
sufficiently high classification accuracy to support their use in clinical practice.
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Figure 1.
Receiver operating characteristic (ROC) curves for unadjusted and adjusted MMSE scores
in African Americans.
Note. ROC curves displayed for subsample with all 3 MMSE score adjustments (n=343).
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Table 1

Mean unadjusted and adjusted MMSE scores by diagnostic status and ethnic group.

Caucasian African American

Mean ± Standard
Deviation

Mean ± Standard
Deviation t p

All Participants

  MMSE 25.3 ± 5.37 23.0 ± 7.44 6.11 <.001

  MMSEAdj1 25.0 ± 5.39 23.1 ± 6.69 5.59 <.001

  MMSEAdj2 25.1 ± 5.31 23.3 ± 6.89 5.08 <.001

  MMSEAdj3 26.1 ± 4.20 27.0 ± 3.98 −3.50 <.001

Cognitively Normal

  MMSE 28.2 ± 1.60 27.3 ± 1.95 7.85 <.001

  MMSEAdj1 27.8 ± 2.05 26.9 ± 2.11 7.09 <.001

  MMSEAdj2 27.9 ± 1.77 27.3 ± 1.89 5.16 <.001

  MMSEAdj3 28.3 ± 1.75 28.4 ± 1.98 −0.35 .724

Dementia

  MMSE 20.3 ± 5.77 14.0 ± 6.48 11.05 <.001

  MMSEAdj1 20.3 ± 5.93 15.3 ± 6.12 9.45 <.001

  MMSEAdj2 20.4 ± 5.83 15.1 ± 6.11 10.11 <.001

  MMSEAdj3 22.7 ± 4.59 20.6 ± 4.67 3.32 <.001

Note. MMSEAdj1 = Age and education (years) adjustment based on Mungas et al.5; MMSEAdj2 = age and education (years) adjustment based on
Mayo Clinic sample; MMSEAdj3 = age and quality of education (reading score) adjustment based on Mayo Clinic sample.

J Am Geriatr Soc. Author manuscript; available in PMC 2013 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Pedraza et al. Page 9

Ta
bl

e 
2

Po
st

er
io

r p
ro

ba
bi

lit
ie

s f
or

 u
na

dj
us

te
d 

M
M

SE
 sc

or
es

 in
 A

fr
ic

an
 A

m
er

ic
an

s a
t d

em
en

tia
 p

re
va

le
nc

e 
ra

te
s o

f .
10

, .
20

, a
nd

 .3
0.

C
ut

 sc
or

e
L

R
+

Pr
ev

al
en

ce
Pr

et
es

t O
dd

s
Po

st
te

st
 O

dd
s

Po
st

er
io

r 
Pr

ob
ab

ili
ty

20
/2

1
27

2.
3

0.
10

0.
11

30
.3

0.
97

0.
20

0.
25

68
.1

0.
99

0.
30

0.
43

11
6.

7
0.

99

21
/2

2
50

.9
0.

10
0.

11
5.

7
0.

85

0.
20

0.
25

12
.7

0.
93

0.
30

0.
43

21
.8

0.
96

22
/2

3
53

.4
0.

10
0.

11
5.

9
0.

86

0.
20

0.
25

13
.4

0.
93

0.
30

0.
43

22
.9

0.
96

23
/2

4
22

.9
0.

10
0.

11
2.

5
0.

72

0.
20

0.
25

5.
7

0.
85

0.
30

0.
43

9.
8

0.
91

24
/2

5
11

.6
0.

10
0.

11
1.

3
0.

56

0.
20

0.
25

2.
9

0.
74

0.
30

0.
43

5.
0

0.
83

25
/2

6
6.

3
0.

10
0.

11
0.

7
0.

41

0.
20

0.
25

1.
6

0.
61

0.
30

0.
43

2.
7

0.
73

N
ot

e.
 L

R
=L

ik
el

ih
oo

d 
ra

tio
.

J Am Geriatr Soc. Author manuscript; available in PMC 2013 February 1.


