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Relation between education and dementia:
the role of test bias revisited

Ben Schmand, Jaap Lindeboom, Chris Hooijer, Cees Jonker

Abstract
Several authors have suggested that
dementia screening tests may be biased
against low levels of education, whereas
others find that a low level of education is
a genuine risk factor for dementia. The
present paper attempts to reconcile these
conflicting views by examining item bias
and test bias indices of the mini mental
state examination (MMSE). Psycho-
metric calculations and receiver operat-
ing characteristics (ROC) analyses of
sensitivity and specificity as performed
by earlier studies were replicated and
extended from the database of the
Amsterdam Study of the Elderly. This is
a population survey on cognitive decline
and dementia (age range 65-84). Subjects
with a low level of education (primary
school) were compared with better edu-
cated subjects (at least some secondary
education). Cases were matched by age
and sex. The results indicate that the
MMSE is not educationally biased as far
as item characteristics, reliability, and
construct validity are concerned. Yet its
predictive validity as a screening test for
dementia is educationally biased. This
bias will effectively be eliminated with a
two point higher cut off score for the sub-
jects whose education extends beyond
primary school. Even after such score
correction, a low level of education prob-
ably remains a genuine risk factor for
dementia.

(7 Neurol Neurosurg Psychiatry 1995;59:170-174)
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Evidence is accumulating that a low level of
education is a risk factor associated with
dementia.'"3 This is supposed to be the result
of class differences in lifestyle, in brain devel-
opment, or in mental exercise.' Perhaps the
onset of symptoms is delayed in the better
educated because of a greater "brain

"5 2reserve . At the same time, the medical litera-
ture on dementia remains doubtful as to
whether these findings stem from a bias in
dementia screening tests against lower educa-
tional levels.' 3-5 Indeed, many researchers
have reported correlations between screening
tests and education or socioeconomic state
(SES). Age and race or ethnic group correlate
with these tests as well. This has generally

been interpreted as a psychometric bias
against the less educated, the very elderly, and
black or Hispanic subjects. Consequently,
corrections of the test scores for these vari-
ables have been recommended by some,6 '3
but others have objected that such corrections
might hamper the study of these variables as
risk factors for dementia.'4 1' In this paper, we
attempt to reconcile these conflicting views.
We focus on the relation between education
and the mini mental state examination
(MMSE),'6 which is the most widely used
dementia screening test.

Several studies have explicitly considered
test bias or differential predictive validity of
the MMSE. Jorm et al ' found no bias against
low education. Because the diagnosis of
dementia itself may be biased, they used activ-
ities of daily living (ADL) as the predictive cri-
terion. However, ADL is not the best choice as
a validity criterion to examine a possible bias
of the test as a dementia screening tool. Skills in
ADL are influenced by a multitude of factors
other than dementia. A better choice would
have been the instrumental activities of daily
living (IADL), which are more closely related
to dementia than impaired ADL.'8 Moreover,
any group difference in psychometric proper-
ties would have implied a test bias, but the
opposite is not necessarily true. Thus it
remains important to examine the predictive
validity for dementia itself. This has been done
by several others. From a population survey in
Sweden it was concluded that score correc-
tions for education are not necessary.'920 This
conflicts with results of community surveys in
China,5' 102 and with several well conducted
American studies that found it necessary to
use differential cut off scores." 12
To determine more clearly whether or not

the MMSE is biased against low levels of edu-
cation and whether or not score corrections
are appropriate, we replicated the study of
Jorm et al'7 with a much larger sample of com-
munity dwelling elderly people and a scale of
IADL skills as well as an ADL scale. The
replication was extended with analyses of the
validity of the MMSE with regard to a demen-
tia criterion-namely, a high score on the
organic subscale of the geriatric mental state
schedule.22 Finally, we improved on the other
studies by matching educational groups for
age and sex. This is important as age, sex, and
education are interrelated in the elderly popu-
lation. Without such matching, older women
would be overrepresented in the low educa-
tion group, resulting in an overestimation of
the prevalence of dementia in this group.
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Materials and methods
SUBJECTS
Subjects were participants in the Amsterdam
Study of the Elderly (AMSTEL project). This
is a two phase population study on cognitive
decline and dementia in community dwelling
elderly subjects. Participants (n = 4051;
65-84 years of age) were recruited from 30
general practices throughout the city.
The design and sampling methods of the

AMSTEL project have been described in
detail elsewhere.2324

MEASUREMENTS
In phase 1, a structured interview was given
by trained lay interviewers at the participants'
homes. The interview included (in this order)
questions on educational history, scales of
ADL,2' and IADL,26 the geriatric mental state
schedule (GMS),22 and the mini mental state
examination.'6 The Dutch adult reading test
(DART)27 was given to estimate premorbid
verbal intelligence. The DART is the Dutch
version of the national adult reading test.28
The ADL and IADL were scored as 0

(complete dependency), 1 (able to do the
activity with a little help), or 2 (completely
able). The resulting ADL and IADL scales
consist of six and eight items respectively,
with maximum scores of 12 and 16. The
internal consistency of the ADL scale is 0-67;
of the IADL scale 0-85 (Cronbach's alpha).
The memory and orientation items ofGMS

and MMSE are partially overlapping. These
items were given once; the remaining MMSE
items and the DART were given after comple-
tion of the GMS. Thus the GMS measure-
ments were not influenced by performance on
the MMSE. Non-response on MMSE items
was coded as error, assuming that subjects
who refused certain items were unable to do
these items.29
The presence of dementia syndromes and

depressive symptoms was derived from GMS
items. To that end, the GMS was used in con-
junction with AGECAT, a computer program
that mimics the diagnostic decision making
process and records the presence of psychi-
atric syndromes at six levels of diagnostic con-
fidence.30 An organic score of 3 or higher is
considered to indicate organic brain disease or
dementia.22 Depression was measured at
symptom level.

Table 1 Demographic characteristics and mean (SD) scale scores in the total sample and
after matchingfor age and sex

Sample after matching

Total sample Low education High education
(n = 4051) (n = 1535) (n = 1535)

Men/women (%) 376/624 325/675 32-5/67 5
Age (y) 75-4 (5-7) 76-0 (5-6) 75-8 (5-6)
Education (y) 8-2 (2-5) 5-9 (0-3) 9-8 (2 0)**
Verbal IQ (DART) 97-6 (14-7) 89-0 (11-7) 103-5 (13-7)*
ADL score 11-6 (1-1) 11-6 (1 0) 11-6 (1 0)
IADL score 14-5 (2 9) 14-2 (3-1) 14-7 (2-6)**
MMSE score 26-9 (3-8) 26-0 (4 0) 27-8 (2-8)**
GMS depression 1-8 (1-3) 1-9 (1-4) 1-7 (1-2)**
GMS organicity cases 261 (6 4%) 144 (9 4%) 58 (3.8%)***

*P < 0-0001, ttest; **P < 000001, Mann-Whimey; ***P < 0-00001, X2 test.

In phase 2, all cases with MMSE scores
below 22 and age stratified samples with bor-
derline (22-25) and good MMSE scores
(26-30) were invited for follow up. A total of
511 participants were examined again after a
median interval of seven (range 1-22) weeks.
In this phase, the CAMDEX schedule"3 was
used (including a repeated MMSE). The
CAMDEX allows for diagnosing dementia by
DSM-III-R criteria.32

DATA ANALYSES
The calculations concerning the internal
validity of the MMSE as performed by Jorm et
al'7 were replicated. To this end, the sample
was divided into a low and a high education
group. All subjects with primary education
(six years) or less were placed in the low edu-
cation group (n = 1692). All subjects whose
education extended beyond primary school
were placed in the high education group (n =
2335). The level of education was not
scorable or unknown in 24 cases; these were
dropped from the analyses. Twelve of these
subjects had dementia.
To eliminate the influences of age and sex,

the education groups were matched for these
variables on a case to case basis." Two groups
(n = 2 x 1535) were composed. All cases
were matched for sex. An exact matching for
age was possible in 2 x 1414 cases. A match-
ing with a deviation ofno more than 5 years of
age was possible in another 2 x 121 cases.
The replicated calculations involved (a)

slope and intercept of the regression lines pre-
dicting ADL on the basis of MMSE in both
groups, (b) correlation of MMSE with age in
both groups, (c) coefficient of congruence (RJ)
of factor loadings of the MMSE items, (d)
correlation of item difficulties, (e) internal
consistency of the MMSE in both groups.
(See Reynolds34 for a description of these
methods.) This replication was extended with
a regression analysis of MMSE with IADL,
the correlations of MMSE with DART-IQ
and GMS depression score, and the test-retest
reliability of the MMSE. Moreover, the pre-
dictive validity of the MMSE for the GMS-
AGECAT organic criterion was examined by
comparing the receiver operating characteris-
tics (ROC)3"-37 of the MMSE in both educa-
tion groups. Empirical ROC curves, as well as
ROC curves after smoothing by a maximum
likelihood estimate35 were considered. Finally,
the positive predictive values of the MMSE
scores-that is, the percentages of demented
cases at a particular score in both groups-
were compared.

Results
Table 1 shows demographic characteristics
and test scores of the sample before and after
matching. Removal of the cases that could not
be matched did not alter the characteristics of
the sample to a great extent (table 1). The low
and high education groups were (of course)
significantly different in years of education
and DART verbal intelligence. The high edu-
cation group scored better on IADL and

171
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.59.2.170 on 1 A
ugust 1995. D

ow
nloaded from

 

http://jnnp.bmj.com/


Schmand, Lindeboom, Hooijer, Jonker

Table 2 Cases with dementia (GMS-AGECATorganic
3 or higher) by level ofeducation before matching (in total
sample) and after matchingfor age and sex

Before After matching
Level ofeducation n (%) n (%)

Incomplete primary 30 (19 9) 27 (19-6)
Complete primary 136 (8 8) 117 (8 4)
Extended primary 23 (4 8) 19 (5 9)
Lower secondary 26 (3 2) 16 (3-1)
Middle secondary 26 (3 8) 18 (3 9)
Higher levels 8 (2 6) 5 (2-8)

MMSE. The low education group showed
more symptoms of depression as measured by
the GMS. The prevalence of dementia as

defined by the GMS organic scale was very

different in the groups (9A4% v 3 8%). Table
2 contains the numbers of demented cases at
different levels of education. Education
seemed to have a strong effect on the preva-

lence of dementia. GMS-AGECAT and
CAMDEX/DSM-III-R diagnoses of dementia
in phase 1 and phase 2 respectively agreed in
88-5% of cases. The GMS organicity scale
and CAMDEX dementia severity rating cor-

related (0-65 (P < 0-0001; n = 511)).
Before matching, education correlated sig-

nificantly with age (- 0.11) and sex (- 0 14;
men coded as 1, women as 2; mean years of
education in men: 8-7 SD 2-7; in women: 7 9
SD 2-3; P < 0-001 by t test). The matching
eliminated these correlations (table 3). The
correlation of MMSE with education was

somewhat increased, and its correlation with
ADL and IADL was somewhat lowered by
the matching procedure. The pattern of corre-

lations between the remaining variables was

not affected. The ADL was not correlated,
but IADL was slightly correlated with educa-
tion.

REGRESSION OF ADL AND IADL ON MMSE

In the low education group, the slope ofADL
on MMSE was 0'056 (SEM 0 006) and the
intercept was 10-106 (SEM 0.158). In the
high education group, these values were 0- 113
(SEM 0-009) and 8-497 (SEM 0 249) respec-
tively. Both slope and intercept of the groups
were significantly different (P < 0O0001).
The slope of IADL on MMSE was 0 345

(SEM 0-017) in the low education group; the
intercept was 5-236 (SEM 0 458). In the high
education group these values were 0 440

(SEM 0X021) and 2-521 (SEM 0 595) respec-

tively. Again, slope and intercept of both
groups were significantly different (P <

0o00O1).

OTHER PSYCHOMETRIC PROPERTIES OF MMSE

Correlations of MMSE scores with age

(- 20), DART-IQ (0 36), and depression
(-0d17) were significant (P < 0 001), but the
differences between pairs of correlations in
both education groups were not (Fisher Z). In
both groups, a principal components analysis
was performed on all 20 items. The coeffi-
cient of congruence (Rj) of the item loadings
on the first factor was 0O993, which indicates
factorial invariance across groups. This first
(unrotated) factor explained 23T6% of vari-
ance. The correlation between item difficul-
ties in both groups was nearly perfect (0 995).
When only the dichotomously scored items
were considered, the correlation was 0-98.
Internal consistencies (Cronbach's alpha) and
test-retest reliabilities of the MMSE were not
significantly different in both education
groups (overall reliabilities: 0-75 and 0-83
respectively).

PREDICTIVE VALIDITY OF MMSE FOR GMS
ORGANIC CRITERION
The figure shows observed operating points
and estimated binomial ROC curves for both

1.0

0.8

. 0.6

0.4
cn I

Education
o Low (observed)
A High (observed)
- Low (estimated)
--- High (estimated)

"0 02 0.4 0.6 0.8

False positive ratio (1-specificity)

Estimated receiver operating characteristic (ROC) curves

and empirically observed operating points in low (primary)
education and high (secondary) education groups. 24/25
and 26/27 are the optimum cut offpoints for the low and
high education groups respectively.

Table 3 Intercorrelations of demographic characteristics and test scores before matching (lower left) and after matching
(upper right)

Age Sex Educ MMSE DART Dep Org ADL IADL

Age 0-06 0.01 -0-20 0-06 0-02 0-16 -0-14 -0-29
Sex 0-08 -0-02 -0-01 -0 05 0-14 0-01 -0-01 -0-04
Education -0.11 -0414 0-26 0-61 -0-10 -0-13 0 04 0-08
MMSE -0-22 -0 04 016 0-41 -0-18 -0-65 0-26 0-46
DART-IQ -0 01 -0-12 0-60 0-41 -0-08 -0-17 0 07 0-10
GMS Depression 0 03 0-15 -0-12 -0-16 -0-10 0-19 -0-26 -0-27
GMS Organic 0-17 0 03 -0-10 -0-65 -0-16 0-16 -0-24 -0-42
ADL -0-15 -0 04 -0-02 039 0 09 -0-21 -0-28 0-56
IADL -0-29 -0-06 0-06 0.52 0-11 -0-26 -0 45 0-60

Sex coded as 1 = male, 2 = female;
Significance of correlations:
Before matching (n = 4051): 0-04 P < 0-01; 0-06 P < 0-001;
After matching (n = 3070): 0 05 P < 0-01; 0-06 P < 0-001.
Correlations that changed by more than 0-06 as the result of matching are indicated by bold print.
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groups. The area under the curve36 was
exactly the same in both groups (0-91 (SEM
0 02)). The smoothed curves correspond to
the logistic models with the best fit for the
observed points (maximum likelihood esti-
mates).35 The optimal cut off points were
24/25 in the low education group and 26/27
in the high education group. Specificity was
about equal at these cut off points. The
observed sensitivity in the high education
group was significantly better than that of the
low education group (Z = 1-974, P < 0-05).
The estimated sensitivities at these cut off
points were not significantly different, how-
ever.
The positive predictive values of MMSE

scores in both groups were about the same in
the score range from 23 to 26, but were better
for the higher educated at lower score levels.

Discussion
The findings ofJorm et al'7 were exactly repli-
cated as far as reliability, correlations with
age, congruence of factor loadings, and corre-
lation of item difficulties are concerned. The
extension with retest reliability and correla-
tions with depression and premorbid verbal
intelligence also support the conclusion that
the MMSE is education fair.
A different picture emerged when we exam-

ined the predictive validity of the MMSE for
ADL, LADL, and dementia. Unlike Jorm et
al17 we found that the validity of the MMSE
for prediction of impairment in ADL and
IADL skills is different in low and high educa-
tion groups. More important were the find-
ings concerning differential predictive validity
for dementia. Although the MMSE per-
formed equally well in both groups in terms of
area under the curve, it seemed that sensitivity
and specificity are comparable only when a
two point higher cut off score is used for the
better educated than for those with a low level
of education (figure).

This converges with the ROC analyses by
Uhlmann and Larson," who also found a two
point score shift between groups with nine
years of education or less and 10 years or
more; however, it diverges from the Swedish
study.'920 This survey is similar to ours in
design and sample characteristics. Yet the
Swedish investigators concluded that score
corrections are not necessary, as the positive
predictive value is not influenced by educa-
tion. The second part of their conclusion is
supported by our findings, at least in the criti-
cal score range. But a closer look at the
Swedish data suggests that they might have
concluded too easily that the effect of educa-
tion is negligible. From the report by Grut et
al20 it can be read that at the cut off point of
23/24 both sensitivity and specificity are about
90% in the low education group v 75% and
95% respectively in the high education group.
Raising the cut off for the high education
group by two points results in a more compar-
able sensitivity and specificity of about 85%
each.
The score on the GMS organic scale shows

some correlation with education (- 0-10, P <
0-001; table 3). This is consistent with find-
ings regarding the DSM-llI-R criteria for
dementia.38 Thus Jorm et al 17 might have been
correct in supposing that the dementia crite-
rion itself is biased. It is unlikely that the
GMS organic criterion is strongly biased, as
its items consist of orientation in time and
place, recall of the interviewer's name, and
observations on rambling or muddled think-
ing, perseverations, and indifference or eva-
siveness to errors. The item most likely to be
biased is recall of the name of the prime minis-
ter. But even if we were to assume that the
GMS organic criterion is moderately biased
against low education, the prevalence of
dementia seemed to be a factor of 2-5 higher
in the low than in the high education group
(table 1). Moreover, there is a clear dose-
response relation in the present sample (table
2). Such large differences can hardly be
explained by a modest bias alone. This finding
is even more striking considering that the con-
founding effect of the most important risk
factor for dementia (age) was removed by the
matching procedure. A recent study of the
incidence of Alzheimer's disease points in the
same direction.3 Moreover, the correlation
between MMSE and level of education can-
not be ascribed to differential prevalences of
medical conditions such as poor vision,
stroke, Parkinson's disease, diabetes, or
depression, as we have shown elsewhere.'4
Thus it seems warranted to conclude that,
even though dementia screening tests are
somewhat biased against low levels of educa-
tion, there is a real and independent relation
between low education and dementia.
The optimal cut off points, which were

24/25 and 26/27 in our study, are not general-
isable, but depend on the research purpose or
the intended clinical use of the MMSE. Cut
off points should be chosen relatively high
when good sensitivity is considered more
important than a high rate of false positives.
On the other hand, a score correction of two
points for people with secondary education
may be generalised to other populations.
Perhaps even larger corrections are necessary
for people with university degrees as recom-
mended by Uhlmann and Larson," and a
bonus for illiterate subjects as suggested by
the Chinese studies.5'10 21 Both these extremes
were hardly represented in our sample.
To summarise: (1) the MMSE is not edu-

cationally biased as far as item characteristics,
reliability, and construct validity are con-
cerned; (2) its predictive validity as a screen-
ing test for dementia is, however,
educationally biased; (3) this bias can effec-
tively be eliminated with a two point higher
cut off for those whose education extends
beyond primary school.

In our opinion, the argument that research
into demographic variables may be hampered
by score corrections should be turned upside
down. The influence of demographic vari-
ables as risk factors for dementia can only be
studied adequately when their role in normal
variation is accounted for.
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