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Improvement of Dementia Screening Accuracy of Mini-Mental 
State Examination by Education-Adjustment and 
Supplementation of Frontal Assessment Battery Performance

This study aimed to investigate whether the demographic variable-adjustment and 
supplementation of Frontal Assessment Battery (FAB) score can improve the screening 
ability of Mini-Mental State Examination (MMSE) for dementia and its subtypes. Five 
hundred forty-one non-demented comparison (NC) and 474 dementia (320 Alzheimer’s 
disease [AD]; 139 non-Alzheimer’s disease dementia [NAD]; and 15 mixed AD-NAD 
dementia) individuals living in the community were included. Education-adjusted MMSE 
(MMSE-edu) score showed significantly better screening accuracy for overall dementia, 
AD, and NAD than MMSE raw score. FAB-supplemented MMSE (MMSE-FAB) score had 
significantly better screening ability for NAD, but not for overall dementia and AD, than 
MMSE raw score alone. Additional supplementation of FAB to MMSE-edu further 
increased the ability for overall dementia or NAD screening, but not for AD screening. 
Further education adjustment of MMSE-FAB also improved its ability for overall dementia, 
AD, and NAD screening. These results strongly support the usefulness of education-
adjustment and supplementation of frontal function assessment to improve screening 
performance of MMSE for dementia and its subtypes, NAD in particular. 
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INTRODUCTION

The Mini-Mental State Examination (MMSE) (1) is the most 
commonly used instrument for the assessment of cognitive 
function in both clinical and research settings. It is usually used 
as a screening test for dementia and cognitive impairment or as 
a brief cognitive assessment that takes about 10 min to com-
plete. 
 In spite of its briefness and practical usefulness, it has a cou-
ple of important limitations related with its interpretation and 
test items. First, demographic variables, such as educational 
level, age, and gender, are known to have strong influences on 
MMSE score (2-8). Demographic variables may cause a bias of 
MMSE scores leading to a misclassification of cognitive status 

of individuals (9). In terms of dementia screening, for example, 
people with low education tend to get false positive results, while 
well-educated people tend to get false negative results (2, 9). 
For the effect of education or other demographic variable-ad-
justment, however, there is still controversy. While Kittner et al. 
(10) provided a good rationale for adjusting demographic vari-
ables in dementia screening with MMSE, Kraemer et al. (11) 
had not demonstrated an advantage of education- or age-ad-
justment of MMSE score. 
 Second, MMSE consists of test items mainly covering orien-
tation, attention, memory and language, and is less sensitive to 
frontal executive dysfunction (9, 12). While memory decline is 
the earliest and most important cognitive deficit in Alzheimer’s 
disease (AD), frontal executive dysfunction is frequently more 
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prominent than memory or other cognitive deficits in non-Al-
zheimer’s disease dementia (NAD), especially frontotemporal 
dementia (FTD) (13) and vascular dementia (VD) (14). There-
fore, the assessment of frontal executive dysfunction can prob-
ably make a meaningful contribution to the screening of de-
mentia, NAD in particular. Nevertheless, the effect of supple-
menting executive dysfunction to MMSE score on dementia 
screening accuracy was poorly investigated. 
 In this study, we aimed to investigate whether demographic 
variable-adjustment and supplementation of frontal executive 
dysfunction, measured by the Frontal Assessment Battery (FAB) 
(15) can improve the screening accuracy of MMSE for demen-
tia and its major subtypes, i.e., AD and NAD, in a large commu-
nity-dwelling population. 

MATERIALS AND METHODS

Subjects
Study subjects were recruited from the pool of individuals reg-
istered in a program for the early detection and management of 
dementia at four centers located in Seoul, Korea (two public 
health centers, one senior citizens welfare center, and one de-
mentia clinic) from January 2000 to May 2011. In this study, 474 
patients with dementia and 541 non-demented comparison 
(NC) individuals were included.
 A diagnosis of dementia was made according to the criteria 
of the fourth edition of the Diagnostic and Statistical Manual of 
Mental Disorders (16). AD was diagnosed according to the pro-
bable or possible AD criteria of the National Institute of Neuro-
logical and Communication Disorders and Stroke/Alzheimer’s 
Disease and Related Disorders Association (NINCDS-ADRDA) 
(17). VD was diagnosed according to the probable or possible 
VD criteria of the National Institute of Neurological Disorders 
and Stroke-Association Internationale pour la Recherche et 
l’Enseignement en Neurosciences (NINDS-AIREN) (18). De-
mentia with Lewy bodies (DLB) or Parkinson disease dementia 
(PDD) was diagnosed according to the DLB consensus criteria 
(19), and FTD was diagnosed according to the FTD consensus 
criteria (20). 
 The exclusion criteria for all subjects were any present seri-
ous medical, psychiatric, and neurologic disorders that could 
affect the mental function; the presence of severe behavioral or 
communication problems that would make a clinical examina-
tion difficult; an absence of a reliable informant; and inability 
of reading Korean (i.e., inability of reading 10 words in Word 
List Memory from the Consortium to Establish a Registry for 
Alzheimer’s Disease [CERAD] neuropsychological battery) (21, 
22). All Individuals with minor physical abnormalities (e.g., dia-
betes with no serious complications, essential hypertension, 
mild hearing loss, or others) were included. 

Clinical and neuropsychological assessments
All subjects were examined by neuropsychiatrists with advanc-
ed training in dementia research according to the CERAD pro-
tocol (21, 22). The CERAD clinical assessment battery included 
Clinical Dementia Rating (CDR) (23), Blessed Dementia Scale-
Activities of Daily Living (BDS-ADL), general medical examina-
tion, neurologic examination, laboratory tests, and brain MRI 
or computed tomography. Standard administration of the CE-
RAD battery was previously described in detail (21, 22). Reliable 
informants were necessarily interviewed to acquire the accu-
rate information regarding the cognitive, emotional, and func-
tional changes and the medical history of the subjects. 
 MMSE and other neuropsychological tests included in the 
CERAD neuropsychological battery (Verbal fluency, 15-item 
Boston naming test, Word List Memory, Word List Recall, Word 
List Recognition, Constructional Praxis, and Constructional Re-
call test) were applied by experienced clinical psychologists or 
nurses. FAB, a short bedside test to assess the presence and se-
verity of dysexecutive syndrome affecting both cognitive and 
motor behavior (15, 24), was also applied by experienced clini-
cal psychologists or nurses. FAB consists of six subtests: con-
ceptualization, mental flexibility, motor programming, sensitiv-
ity to interference, inhibitory control, and environmental au-
tonomy. Global performance on these six subtests gives a com-
posite score summarizing the severity of executive dysfunction. 
 A panel consisting of 4 neuropsychiatrists with expertise in 
dementia research made the clinical decisions including diag-
nosis and CDR after reviewing all the available raw data. 

Statistical analysis 
Between-group comparisons for continuous data including de-
mographic and clinical data were done by two-tailed t tests. 
Categorical data were analyzed by chi-square test. A stepwise 
multiple linear regression analysis was performed to assess the 
relative contribution of age, education, and sex on MMSE score 
in NC. Age and education were entered as continuous variables 
and sex was coded as zero and 1 for females and males, respec-
tively. Based on the result of this analysis, we selected a demo-
graphic variable with the strongest influence on MMSE score 
for the adjustment of MMSE. A series of multiple logistic regres-
sion models for dementia, AD, and NAD screening were used 
to obtain new scores after adjusting the selected demographic 
variable or supplementing FAB to MMSE score. Receiver oper-
ating characteristic (ROC) curve analysis was used to compare 
dementia or its subtype screening accuracy between MMSE 
raw score and the new scores derived from logistic regression 
models. Area under the curve (AUC) of ROC curve was com-
pared by using the method of Hanley and McNeil (25). 
 The level of statistical significance was set as two-tailed P <  
0.05. ROC curve analyses were performed by using MedCalc for 
Windows, version 12.1 (MedCalc Software, Mariakerke, Belgium). 
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All the other analyses except ROC curve analysis were perform-
ed by using SPSS software, version 15.0 (SPSS Inc, Chicago, IL, 
USA). 

Ethics statement
This study was approved by the institutional review board of the 
Seoul National University Hospital, Korea (IRB No. H-1202-110-
399). All subjects or their legal representatives gave written in-
formed consent.

RESULTS

Demographic and clinical characteristics 
The demographic and clinical characteristics of subjects are 
summarized in Table 1. Among the patients with dementia (n 
= 474), 320 (67.5%) had AD; 139 (29.3%) NAD (55 VD; 21 FTD; 
12 DLB; 7 PDD; 19 mixed NAD dementia; and 25 other demen-
tia); and 15 (3.2%) mixed AD-NAD. 

Selection of demographic variable for the adjustment of 
MMSE
Stepwise multiple regression analysis revealed that MMSE was 
significantly influenced by education (β = 0.505, t = 14.253, R2 
change = 0.305, P < 0.001) and age (β = -0.229, t = -6.474, R2 
change = 0.050, P < 0.001), but not by sex in subjects with NC 
(Model 1: predictors = education, dependent variable = MMSE, 
R2 change = 0.305; Model 2: predictors = education and age, 
dependent variable = MMSE, R2 change = 0.050). Education 
showed the most prominent influence on MMSE score in the 
result. Although age had significant association to MMSE score, 
we selected only education as a demographic variable for the 
adjustment of MMSE raw score owing to very small change of 
R2 between the two models.

Calculation of new scores by education-adjustment or 
FAB-supplementation of MMSE
We mathematically yielded new scores through education-ad-
justment or FAB-supplementation of MMSE score by using mul-
tiple logistic regression analyses. The equations for new scores 
derived from multiple logistic regressions for each of dementia, 
AD, and NAD screening are summarized in Table 2. 

ROC Analysis
ROC curve was constructed for each score as shown in Fig. 1, 
and AUC for each ROC curve was calculated. AUC, sensitivity, 
specificity, cutoff points of MMSE raw, education-adjusted 
MMSE (MMSE-edu), FAB-supplemented MMSE (MMSE-FAB), 
and education-adjusted MMSE-FAB (MMSE-FAB-edu) scores 
are shown in Table 3. The results of ROC curve comparisons 
between MMSE raw score and new scores are as follows:

Dementia screening

MMSE-edu showed significantly superior dementia screening 
accuracy to MMSE (z = 3.680, P < 0.001), but MMSE-FAB did 
not. Dementia screening accuracy of MMSE-FAB-edu was signif-
icantly better than those of MMSE (z = 4.367, P < 0.001), MMSE-
edu (z = 2.121, P = 0.034), and MMSE-FAB (z = 4.073, P < 0.001) 
(Table 3).

AD Screening

MMSE-edu showed significantly better AD screening accuracy 
than MMSE (z = 3.342, P < 0.001), but MMSE-FAB did not. AD 
screening accuracy of MMSE-FAB-edu was significantly better 
than those of MMSE (z = 3.470, P < 0.001) and MMSE-FAB (z =  
3.457, P < 0.001), but was not better than that of MMSE-edu 
(Table 3). 

Table 1. Demographic and clinical characteristics of subjects (n = 1,015)

Parameters NC D AD NAD 
P value

NC vs D NC vs AD NC vs NAD AD vs NAD

No. 541 474 320 139
Age (yr) 67.7 ± 10.8 71.6 ± 9.1 71.9 ± 8.9 70.2 ± 9.5 < 0.001* < 0.001†,* 0.014‡,* 0.064*
Education (yr) 9.0 ± 5.2 8.1 ± 5.4 8.0 ± 5.3 8.8 ± 5.8 0.007* 0.004†,* 0.638‡,* 0.143*
% Women 69.1 62.0 70.9 43.9 0.020† 0.592† < 0.001† < 0.001†

%CDR
   CDR 0
   CDR 0.5
   CDR 1
   CDR 2+

43.6
56.4
0.0
0.0

0.0
39.7
46.4
13.9

0.0
44.1
42.2
13.8

0.0
33.1
53.2
13.7

< 0.001† < 0.001† < 0.001† 0.068†

CDR-SOB 1.1 ± 0.7 5.5 ± 3.2 5.3 ± 3.3 5.7 ± 3.0 < 0.001* < 0.001* < 0.001* 0.324*
MMSE 24.3 ± 4.3 15.9 ± 6.0 15.6 ± 5.8 16.9 ± 6.2 < 0.001* < 0.001* < 0.001* 0.025*
FAB 13.4 ± 3.2 8.6 ± 4.1 8.7 ± 4.2 8.5 ± 3.8 < 0.001* < 0.001* < 0.001* 0.557*

Data are presented as mean ± SD or number (%). *By Student t-test, df = 1013, 859, 678, 457; †by chi-square test, df = 3, 3, 3, 2. NC, Non-demented comparison; D, de-
mentia; AD, Alzheimer’s disease; NAD, Non-Alzheimer’s disease dementia; CDR-SOB, clinical dementia rating sum of box score; MMSE, Mini-Mental State Examination; FAB, 
Frontal Assessment Battery. Dementia is regarded as AD, NAD, and mixed AD-NAD.
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Table 2. Calculation of new scores by education-adjustment or FAB-supplementation of MMSE

Categories Equations for new scores derived from multiple logistic regressions 

Dementia screening
   MMSE-edu score
   MMSE-FAB score
   MMSE-FAB-edu score

Logit (case) = 6.641-0.395 × MMSE+0.164 × education or Pr (case) = 1/ (1+exp [-6.641+0.395 × MMSE-0.164 × education])
Logit (case) = 6.111-0.256 × MMSE-0.086 × FAB or Pr (case) = 1/ (1+exp [-6.111+0.256 × MMSE+0.086 × FAB])
Logit (case) = 6.894-0.322 × MMSE-0.173 × FAB+0.190 × education  
   or Pr (case) = 1/ (1+exp [-6.894+0.322 × MMSE+0.173 × FAB-0.190 × education])

AD screening
   MMSE-edu score
   MMSE-FAB score
   MMSE-FAB-edu score

Logit (case) = 6.623-0.420 × MMSE+0.174 × education or Pr (case) = 1/ (1+exp [-6.623+0.420 × MMSE-0.174 × education])
Logit (case) = 5.944-0.306 × MMSE-0.019 × FAB or Pr (case) = 1/ (1+exp [-5.944+0.306 × MMSE+0.019 × FAB])
Logit (case) = 6.748-0.375 × MMSE-0.104 × FAB+0.191 × education  
   or Pr (case) = 1/ (1+exp [-6.748+0.375 × MMSE+0.104 × FAB-0.191 × education])

NAD screening
   MMSE-edu score
   MMSE-FAB score
   MMSE-FAB-edu score

Logit (case) = 4.426-0.341 × MMSE+0.163 × education or Pr (case) = 1/ (1+exp [-4.426+0.341 × MMSE-0.163 × education])
Logit (case) = 4.063-0.150 × MMSE-0.202 × FAB or Pr (case) = 1/ (1+exp [-4.063+0.150 × MMSE+0.202 × FAB])
Logit (case) = 4.888-0.216 × MMSE-0.317 × FAB+0.216 × education  
   or Pr (case) = 1/ (1+exp [-4.888+0.216 × MMSE+0.317 × FAB-0.216 × education])

FAB, Frontal Assessment Battery; MMSE, Mini-Mental State Examination; MMSE-edu, education-adjusted MMSE; MMSE-FAB, FAB-supplemented MMSE; MMSE-FAB-edu, ed-
ucation-adjusted MMSE-FAB; AD, Alzheimer’s disease; NAD, Non-Alzheimer’s disease dementia; Pr (case), probability of a case.

Fig. 1. Receiver operating characteristic curves of Mini-Mental State Examination 
(MMSE), Frontal Assessment Battery (FAB), education-adjusted MMSE (MMSE-edu), 
FAB-supplemented MMSE (MMSE-FAB), and education-adjusted MMSE-FAB (MMSE-
FAB-edu) in screening for (A) overall dementia, (B) Alzheimer’s disease, and (C) non-
Alzheimer’s disease dementia.
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NAD Screening

Both MMSE-edu and MMSE-FAB showed significantly superi-
or NAD screening accuracy to MMSE (z = 2.341, P = 0.019 for 
MMSE-edu; z = 2.613, P = 0.009 for MMSE-FAB). NAD screen-
ing accuracy of MMSE-FAB-edu was significantly better than 
those of MMSE (z = 3.959, P < 0.001), MMSE-edu (z = 3.004, 
P = 0.003), and MMSE-FAB (z = 2.914, P = 0.004) (Table 3).

DISCUSSION

In this study, we found that education-adjustment improved 
the screening ability of MMSE for overall dementia and its sub-
types including AD and NAD. In contrast, FAB supplementa-
tion effect for MMSE was found only for NAD screening, but 
not for overall dementia or AD screening. Additional supple-
mentation of FAB to MMSE-edu further increased the ability for 
overall dementia or NAD screening, but not for AD screening. 

Further education adjustment of MMSE-FAB also improved its 
ability for overall dementia, AD, and NAD screening.
 In regard of the relative influences of education, age, and sex 
on MMSE performance, our result from stepwise linear regres-
sion is in line with previous reports indicating stronger effect of 
education compared to other variables (10, 26). Based on the 
result, we selected education as a demographic variable for 
MMSE adjustment. While we found that MMSE-edu score had 
superior dementia screening ability to MMSE raw score, Krae-
mer et al. (11) reported that education-adjusted MMSE scores 
had not shown an advantage compared to unadjusted ones. 
The conflicting results between studies may be attributed to the 
very different distribution of educational levels of study sub-
jects. The subjects of Kraemer et al.’s study (11) had homoge-
neous educational levels (74.56% were higher-educated [more 
than 8 yr] and 25.44% less-educated). On the other hand, the 
subjects of ours had a very wide distribution of educational lev-
els from without any formal education (12.20%) to higher than 
12 yr (21.80%), and had relatively heterogeneous educational 
levels (51.82% were higher-educated and 48.18% less-educat-
ed). This implies that education-adjustment of MMSE is more 
important to improve dementia screening accuracy in a popu-
lation with a wide range of educational levels. 
 In addition to education adjustment, supplementation with 
other instruments has been proposed to improve dementia 
screening ability of MMSE (27-29). Mackinnon and Mulligan 
(27) demonstrated that the combining MMSE with informant 
report-based dementia questionnaires had a superior demen-
tia screening accuracy than either test used alone. However, the 
usefulness of informant report-based questionnaires is some-
what controversial. In contrast to the report of Mackinnon and 
Mulligan, Knafelc et al. (28) reported that MMSE supplemented 
with an informant report-based questionnaire did not show 
any advantage over MMSE alone in dementia screening. Fur-
thermore, such questionnaires cannot even be applied if a reli-
able collateral informant is not available. Alternatively, other 
brief cognitive tests that specifically cover frontal executive dys-
function, to which MMSE is relatively less sensitive, could be 
considered. We chose FAB because it selectively and reliably 
assesses frontal dysfunction within a brief time (15). Supple-
menting MMSE with FAB has a couple of important cost-effect 
perspectives related with its little burden of clinicians and its 
application to specialized clinical settings. First, it could be wide-
ly used for the assessment of both AD and NAD with little bur-
den of clinicians. Second, it could be greater applied in some 
specialized clinical settings (e.g., stroke clinic) rather than com-
munity settings due to its superior NAD screening accuracy. 
 In terms of the screening ability of MMSE for dementia sub-
types, we found FAB supplementation effect only for NAD scre-
ening, but not for AD screening. This is probably associated with 
the fact that frontal executive function is relatively more impair-

Table 3. Area under the curves (AUC) and cutoff scores of MMSE, FAB, MMSE-edu, 
MMSE-FAB, and MMSE-FAB-edu in non-demented comparison (NC), dementia (D), 
Alzheimer’s disease (AD), and non-Alzheimer’s disease dementia (NAD) groups (n = 
1,015) 

Instruments
NC vs D 

(n = 1,015)
NC vs AD 
(n = 861)

NC vs NAD 
(n = 680)

MMSE
AUC
SE
95% CI
Cut off
Sen/Spe

0.871
0.0109

0.849 to 0.891
20/21

74.9/82.6

0.885
0.0113

0.862 to 0.906
21/22

83.7/76.3

0.835
0.0189

0.805 to 0.862
20/21

68.3/82.6
FAB

AUC
SE
95% CI
Cut off
Sen/Spe

0.818
0.0132

0.792 to 0.841
11/12

72.6/75.6

0.805
0.0156

0.777 to 0.831
10/11

63.4/82.6

0.838
0.0187

0.808 to 0.865
11/12

78.4/75.6
MMSE-FAB

AUC
SE
95% CI
Pr (case)
Sen/Spe

0.874
0.0106

0.852 to 0.894
≥ 0.4

80.2/76.5

0.885
0.0113

0.862 to 0.906
≥ 0.4

75.0/84.7

0.857*
0.0171

0.828 to 0.882
≥ 0.2

74.1/78.6
MMSE-edu

AUC
SE
95% CI
Pr (case)
Sen/Spe

0.893*,‡

0.0101
0.872 to 0.911

≥ 0.4
85.2/79.3

0.906*,‡

0.0106
0.885 to 0.925

≥ 0.4
80.6/86.5

0.862*
0.0185

0.834 to 0.887
≥ 0.2

77.0/81.1
MMSE-FAB-edu

AUC
SE
95% CI
Pr (case)
Sen/Spe

0.900*,†,‡

0.00955
0.880 to 0.918

≥ 0.4
85.2/80.6

0.908*,‡

0.0104
0.886 to 0.926

≥ 0.4
80.6/86.5

0.892*,†,‡

0.0157
0.866 to 0.914

≥ 0.2
78.4/84.4

*Significantly greater than that of MMSE; †significantly greater than that of MMSE-
edu; ‡significantly greater than that of MMSE-FAB. MMSE, Mini-Mental State Exami-
nation; FAB, Frontal Assessment Battery; MMSE-FAB, FAB-supplemented MMSE; 
MMSE-edu, education-adjusted MMSE; MMSE-FAB-edu, education-adjusted MMSE-
FAB; SE, standard error; CI, Confidence Interval; Sen/Spe, sensitivity/specificity; Pr 
(case), probability of a case. 
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ed in NAD, especially FTD (30, 31) and VD (14), compared to 
AD. In our subjects, as shown in Table 1, the mean FAB score of 
NAD group was slightly lower than that of AD (mean ± SD: 8.5 
± 3.8 for NAD vs 8.7 ± 4.2 for AD), although the mean MMSE 
score of NAD was significantly higher than that of AD (16.9 ±  
6.2 for NAD vs 15.6 ± 5.8 for AD). Despite there being no signifi-
cant difference of the mean FAB score between AD and NAD, 
FAB supplementation effect only for NAD screening may be ex-
plained by the greater weighted-value of FAB score relative to 
MMSE score in NAD, rather than the difference of mean FAB 
score between the two. In regard of overall dementia screening, 
however, FAB supplementation did not increase the accuracy 
of MMSE raw score. Greater proportion of AD patients, com-
pared to NAD patients, among overall dementia subjects seems 
to be associated with the finding. However, FAB supplementa-
tion effect was significant for MMSE-edu even in overall demen-
tia, as well as in NAD. 
 Our study has a couple of strong points. Our study popula-
tion was quite large and had diverse educational background. It 
also included a lot of dementia patients with various subtypes, 
defined by thorough clinical evaluation and strict diagnostic 
criteria. All these may probably increase the stability and gener-
alizability of our results. In addition, to our knowledge, this is 
the first study that demonstrated the effect of both education-
adjustment and frontal assessment-supplementation on the 
dementia or its subtype screening ability of MMSE. 
 In conclusion, our results strongly support the usefulness of 
education-adjustment and supplementation of frontal function 
assessment to improve the screening performance of MMSE 
for dementia and its subtypes, NAD in particular. Our findings 
additionally imply that the effects of education-adjustment and 
frontal assessment-supplementation could be synergistically 
added to increase the dementia screening ability of MMSE. 
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