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Abstract

Introduction: The educational background and size of the elderly population are undergoing
significant changes in Finland during the 2020s. A similar process is likely to occur also in several
European countries. For cognitive screening of early Alzheimer’s disease (AD) using outdated norms
and cut-off scores may negatively affect clinical accuracy. The aim of the present study was to
examine the effects of education, age, and gender on the Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) neuropsychological battery (CERAD-nb) in a large register-based, clinical
sample of patients with mild AD and non-demented at-risk persons from the general population
(controls) and to examine whether corrected cut-off scores would increase the accuracy of
differentiation between the two groups. Methods: CERAD-nb scores were obtained from AD patients
(n =389, 58% women, mean age 74.0 years) and from controls (n = 1980, 52% women, mean age
68.5 years). The differences in CERAD-nb performance were evaluated by univariate GLM.
Differentiation between the two groups was evaluated using a receiver operating characteristics
(ROC) curve, where a larger area under the ROC curve (AUC) represents better discrimination,
Youden’s J was calculated for the overall performance and accuracy of each of the

measures. Results: Of the demographic factors, education was the strongest predictor of CERAD-nb
performance, explaining more variation than age or gender in both the AD patients as well as in the
controls. Education corrected cut-off scores had better diagnostic accuracy in discriminating between
the AD patients and controls than existing uncorrected scores. The highest level of discrimination
between the two groups overall were found for the two CERAD-nb total scores. Conclusions:
Education-corrected cut-off scores were superior to uncorrected scores in differentiating between
controls and AD patients especially for the highest level of education and should therefore be used in
clinical cognitive screening; also, as the proportion of the educated elderly is increasing substantially
during 2020s. Our results also indicate that total scores of the CERAD-nb are better at discriminating
AD patients from controls than any single subtest score. A digital tool for calculating the total scores
and comparing education-based cut-offs would increase the efficiency and usability of the test.

Introduction

Cognitive performance declines with age, with an increasingly steeper decline in old age [1-6], across
diverse ethnocultural groups and geographical regions [7]. For people aged 60 years and over, the
prevalence of dementia increases exponentially with age, Alzheimer’s disease (AD) being the major
cause of dementia [8]. In addition to the effects of age on cognitive performance, there may also be
cohort-related effects related to historical influences such as possibilities for education, assumed
gender roles, cultural factors, and socioeconomic status [9]. Throughout the European countries,

substantial differences exist in cognitive performance among the elderly [10].

Early cognitive predictors of dementia differ according to educational level [11]. Higher education
level is associated with better cognitive performance in several cognitive measures[1,3-6,12].
Education is reported to have a protective effect on cognitive function by improving cognitive reserve

(CR) [12,13]. Individuals with higher education have a lower prevalence or incidence of dementia



and, if dementia is diagnosed, higher cognitive performance at initial assessment [13]. Recently, new
guidelines and consensus criteria for CR and its evaluation have been published [14], introducing a
recommendation to include all three components, i.e., structural status of the brain, clinical or

cognitive performance outcomes, and a measure of reserve, in the CR evaluation.

Cognitive performance and CR may also differ according to gender. Gender differences may vary
systematically across birth cohorts and regions and can be associated with changes in living
conditions and educational opportunities [15]. Some studies have reported that execution in
visuospatial tasks is mainly dependent on gender; the superiority of healthy men compared with
women in tasks of visual memory [12,16], object naming, and constructional praxis [17] seems to
remain stable even when people develop AD. One study also reports that this indicates larger CR in
men [17]. Additionally, some studies report that cognitively healthy women outperform men in tests

of verbal memory and verbal fluency [1,2,5], but these results may not be stable in AD [17].

The population is aging worldwide. In Finland, the total proportion of those aged 65 years and over
(elderly) is growing during the 2020s and the proportion of those aged 75 years and over (group 275)
is growing even faster [18,19]. At the same time, the educational background of the elderly and the
group 275 is also changing [20]; supplemental materials describe both phenomena. The increase and
structural transformation of the elderly will challenge the Finnish cognitive dementia screening
processes, which originally were implemented for a smaller number of elderly citizens in 1999

[18,21].
[Supplemental FIGURE 1]
[Supplemental TABLE 1]

Educational opportunities for Finnish cohorts could be classified into the following three groups [22]:
1. the war generation, born 1935 or before, with scant education; 2. the generation of structural
change, born 1936-1955, with growing educational opportunities; and 3. the welfare generation,
born after 1955, with many educational choices. The war generation followed the 1921 educational
legislation with a basic educational right and duty for everyone aged between 7 and 12 years [23].
The structural change generation had a school system in which, after reaching 12 years of age,
students had the possibility to either continue for two more years in secondary school or to switch
over to a two-year civic school [23]. For this generation, schools granting qualifications in manual

industry occupations were also available [23]. The welfare generation has followed a comprehensive



school system, including 9 years of compulsory education up to the age of 16, for cohorts born from

the early to mid-1960s onwards [23].

Originally, the Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) was established in
the 1980s to standardize and validate measures for the assessment of AD, and the
neuropsychological battery (CERAD-nb) was introduced as a tool to measure early cognitive
impairment in AD [24]. Later, an index of overall level of cognitive functioning on the CERAD-nb
(Chandler Total) was introduced [25], and another index (Seo Total) expanded the Chandler Total by
adding constructional praxis recall to it [26]. Both scores increase the utility of the CERAD-nb [27-30].
In Finland, the CERAD-nb has been in use for more than 20 years [21]. During 2006-2008 the national
best practices in the treatment of progressive memory disorders were upgraded and new
recommendations were published [31]. Focus was put on early diagnosis, treatment, and care, with
the focus shifting from special care to multi-professional memory teams in primary care. For
cognitive screening the CERAD-nb replaced MMSE and was changed from an assessment tool to a
cognitive screening tool used mainly in primary care by memory nurses. The national CERAD-nb
reference values were introduced in 2007 [33] and the cut-off scores in 2010 [34,35]. These 2010 cut-

offs scores are uniform and thus education, age or gender are not corrected for.

As can be seen in the supplemental materials, the proportion of the educated elderly is increasing
considerably in Finland during the 2020s — the proportion with the lowest educational level has
decreased from 55% in the cohort born <1945 to 13% in the cohort born 1965-1969 [20]. In the
highest educational group, the proportion of women exceeds the proportion of men with an
increasing proportion overall from the cohort born 1950-1954 onwards [20]. At the end of the 2020s
the group aged 275 years will be roughly 1.5 times larger than in 2019[18,19]. A similar process is

likely to occur in the near future in several European countries [36]. The overarching aim in the



present study was to evaluate the risk of outdated cut-off scores and need for renewing education-,

age-, gender-based cut-offs in early diagnosis of AD. The specific research questions were as follows:

1. What is the effect of education, age, and gender on CERAD-nb in this population?
2. How does cognitive performance differ in subgroups by education, age, and gender?
3. Do the results suggest clinical renewal of the Finnish CERAD-nb cut-offs for improved

discriminating power?
Materials and Methods
Study population

Patients with their first recorded AD diagnosis during the years 2010—-2013 were identified from
primary and secondary care treatment notifications of the Finnish national health registers (NHR).
Patients aged 60—80 years at the time of AD diagnosis in the Helsinki, Turku, Kuopio, Seinajoki, and
Oulu areas were targeted. Patients were excluded if before their AD diagnosis they had a diagnosis
of dementia other than AD, other major neurological or psychiatric or developmental disorders
impacting cognition, or diagnosis of serious mood disorders or alcoholism or other transitory
psychiatric or neurological disorders affecting cognition during the previous 24 months. Additionally,
sampling from a private sector provider (PSP) in Helsinki was added because roughly 7% of the NHR-
based sample turned out to be initially diagnosed in the private sector, mainly in the Helsinki area.
The sampling, in terms of age, gender, and geographic location, focused on patients comparable to
the participants of the Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and
Disability (FINGER) [37], which formed the non-demented comparison group (controls). After AD
diagnosis was identified from the NHR registries, further information was requested from local health
records (LHR). This study was approved by the Finnish Institute for Health and Welfare (THL),
decision THL/1649/6.02.00/2018; also, local approvals were obtained as needed. The final AD cohort
of cognitive performance evaluations with the CERAD-nb consisted of 389 patients. Figure 1

summarizes the sampling.

The controls comprised persons who participated during 2009-2011 in the screening visit of the
FINGER study [34]. They were aged 60-77 years, not demented, and had a Cardiovascular Risk
Factors, Aging and Incidence of Dementia (CAIDE) risk score of 6 points or higher, indicating the
presence of some modifiable risk factors. Characteristics of the FINGER participants (ClinicalTrials.gov
identifier: NCT01041989) have been described earlier [37]. The controls comprised 1980 persons

after exclusions due to incomplete information, conditions affecting cognitive performance, and



geographical area not included. Both control and AD cohorts included patients from urban and rural

areas from the south, east, north, central, and west parts of Finland.
Evaluating eligibility of AD patients

The inclusion criteria for cognitive performance evaluations were mild state of AD, and the
availability of Mini Mental State Examination (MMSE) and the majority of the CERAD-nb measures

assessed less than 12 months prior to AD diagnosis. Subtest components were not obligatory.

AD was diagnosed according to Finnish Current Care Guidelines for Memory Diseases [38], which are
based on recommendations of the NINCDS-ARDRA [39] and DSM-IV [40] criteria. AD state was
evaluated with the combination of MMSE [41] and either the Global Deterioration Scale (GDS) [42] or
the Clinical Dementia Rating (CDR) scale [43] or written descriptions of daily activities capability. For
cases with only MMSE available (n=115), a score of 20—30 was used to define mild AD, 10-19

moderate AD, and <10 severe AD.

[FIGURE 1]

Classification of education

Educational attainment for the controls was reported both in years and with the highest degree. For
the AD group, the highest degree was available for 294 patients, for some (n=75) only occupational
information was available, and for the minority (n=20) no information on education was available.
Thus, the classification of education was based roughly on school years; estimated or given primary
school 7 years or less (lowest level); approximately 8—10 years of education, for example, studies in
middle/technical/trade/vocational schools or matriculation examination without any other degree
(middle level); or more than 10 years with a degree from college or university (highest level). For AD
patients with only occupational information, the educational level was estimated based on
occupation; the majority belonged to the lowest level occupations like cleaner, bus driver, and

storeman.
The CERAD-nb

The CERAD-nb [24] is a relatively brief (i.e., 20-30 minutes) assessment tool, including the following
subtests: Verbal Fluency (animal category), 15-item Boston Naming Test, MMSE, Word List Memory
(sum of 3 trials of 10 words each), Constructional Praxis Copy (including circle, diamond, overlapping
rectangles, cube), Word List Recall and Word List Recognition, and Constructional Praxis Recall. The
Finnish version of the CERAD-nb also includes the Clock Drawing subtest [33]. Additional variables
were also calculated: Word List Savings is the proportion (max 100%) of words retrieved in delayed

recall compared with the last learning trial; Word List Recognition is both correct yes and no



responses scored together and then calculated as a proportion of total 20; Verbal Memory total
recall is the sum of word list delayed recall score and word list recognition score; Constructional
Praxis Savings is the proportion (max 100%) of the four figures retrieved from memory compared
with the copy. Chandler Total [25] sums up Verbal Fluency (max 24), 15-item Boston Naming Test,
Word List Memory, Constructional Praxis Copy, Word List Recall, and Word List Recognition correct

yes - false yes. Seo Total [26] sums up Chandler Total with Constructional Praxis Recall.
Statistical analyses

To address differences between demographic variables between the AD group and the controls,
differences regarding gender were analyzed by Pearson’s Chi-square test; education, age group,
cohort, and generation differences were analyzed by the Kruskall-Wallis test. The differences in
CERAD-nb performance between controls and the AD group were evaluated by univariate general
linear models (GLM) controlling for education level, age group, and gender, along with interactions
between these variables. To address 1° study question, evaluation of the effects involved the
univariate GLM with both separate Eta Squared 1? for each independent factor as well as Partial Eta
Squared n,? for the combinations. To address 2" study question, the differences in CERAD-nb
performance between education levels, age groups, and genders were evaluated by univariate GLM
post-hoc test. Performance of pairwise comparisons used Tukey correction. To address the 3™ study
question, the ability of each of the subtests to discriminate between controls and the AD group was
evaluated using a receiver operating characteristics (ROC) curve, where a larger area under the ROC
curve (AUC) represents better discrimination Youden’s J was calculated for the overall performance
and accuracy of each of the measures. A p-value <0.05 was considered statistically significant, and for
univariate GLM corrected p-values were used throughout the study. Statistical analyses were

performed using SPSS 26.0 and 27.0 (IBM Corp. Released 2019).
Results

The majority in both patients and controls were women. The mean age for the AD group was 74.0
years (SD 4.7) and for the controls 68.5 years (SD 4.8). Table 1 presents the demographic data for the

controls and for the AD group.

[TABLE 1]

As expected, the controls performed better (p<.05) than the AD group on all cognitive measures

except for Constructional Praxis Copy. Effect sizes of the difference between groups (AD vs. control),



as shown with Partial Eta Squared column in Table 2, was largest for the total scores, very low for the

15-item Boston Naming Test and Clock Drawing and extremely low for Constructional Praxis Copy.

[TABLE 2]

Effect of demographic variables on cognitive performance

For both the AD sample and the controls, the total effect sizes of the combined model including
education, age and gender were largest for both total scores and the 15-item Boston Naming Test.
Education had the largest, age a bit smaller, and gender the smallest effect size. Proportion of
variance as Eta Squared n? (p <.05) for each separate model of Education, Age and Gender; and as
Partial Eta Squared n,? for combined model of Education, Age, and Gender are presented for controls

in Table 3a and for patients with AD diagnosis in Table 3b.

[TABLE 3a]
[TABLE 3b]

The performance differences within education levels, the highest level performing better than the
lowest, were found in both samples for all measures; in the controls the highest level also
outperformed the middle level for all other measures than the Clock Drawing. The performance
differences within age groups, with the younger outperforming the older, were found for all
measures in the controls but in the AD group only for half of the measures the performance of the
oldest was lower than the other groups. For both groups men performed better for the 15-item
Boston Naming Test, Constructional Praxis Recall and Savings (%); in the controls women performed
better than men for seven measures, out of which for the AD group five disappeared and two
changed for the favor of men. Table 2 provides detailed descriptive statistics for cognitive

performance by totals and Table 4a by education, Table 4b by age, and Table 4c by gender.

[TABLE 4a]
[TABLE 4b]
[TABLE 4c]

Discrimination between the groups and the effect of cut-off-values on discrimination accuracy

The most efficient measures for discriminating between the AD group (n=389) and the controls
(n=1980), based on AUC-values, were Seo Total (0.954) with a sensitivity of 0.913 and a specificity of
0.844, and Chandler Total (0.951) with sensitivity of 0.906 and specificity of 0.849. Other measures
with high discrimination (AUC ~0.900), were Word List Recall, Word List Memory, Verbal Memory
Total Recall, Verbal Fluency, and MMSE. Measures with low discrimination (AUC < 0.700), were

Constructional Praxis Copy and Clock Drawing. When comparing the 2010 cut-offs and the



uncorrected best Youden-based cut-offs, Word List Memory (17) and Recall (5) were unchanged.
Higher rates of false negatives (sensitivity — 1) were found for several measures when using the 2010
cut-offs in the present sample, while the rate of false positives (specificity — 1) was unaffected except
for Word List Savings. As education had the largest effect size and highest-education outperformed
others, we examined the rates of false negatives and false positives for the participants with the
highest education level using uncorrected and education-corrected cut-off scores. The rates of both
false negatives and false positives decreased in a majority of tests when using education-based cut-
off scores. Table 5 summarizes for the whole sample and for groups stratified by education, age, and
gender, the potential cut-offs according to the best Youden’s J and potential false negative and
positive values if 2010 cut-offs were retained or if education-corrected cut-offs were not used for

subjects with the highest-education level.

[TABLE 5]

Discussion/Conclusion

As the educational level of elderly is rapidly rising in Finland and presumably in other European
countries as well, it is of importance to examine the potential effects of this demographic change on
the cognitive tools used for dementia screening. Our aim was to examine the effect of demographic
factors (education, age, gender) on CERAD-nb performances in a large sample of patients with mild
AD and controls. We also wanted to examine the potential impact of using different cut-off scores
(corrected vs uncorrected for demographic factors) for differentiating between AD patients and

controls.

Before addressing the results pertaining to the main aims of our study, it was of clinical significance
to note that the two total scores of the CERAD-nb (Chandler Total and Seo Total) had the highest
accuracies in discriminating between the AD patients and controls. The AUC-values were higher for
these scores than any of the CERAD subtests. Our results support the notion raised by previous
studies that the total scores would be a valuable addition in the clinical screening use of the CERAD-

nb [25-30].
Demographic effects and cognitive performance

Education was the demographic factor that had the largest effect on cognitive performance, it
explained more variation than age and gender. Those with highest education systematically
outperformed those with lowest education, this was seen both in the controls and in the AD patients.

This result is in line with previous studies in the healthy elderly [2—6,11,12].
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Some gender-effects were also observed, with differences between men and women going in both
directions. Gender had the largest independent effect size for the 15-item Boston Naming Test in
both controls and the AD group, with men performing better. Men have also previously been found
to outperform women on object naming [17]. On the other hand, in the control group, women
outperformed men on verbal memory measures, as also reported elsewhere [1,2,5,7]. The same did
not hold true for AD patients, however, which is in line with the study of Tensil et al. [17]. It is
noteworthy that gender-differences in verbal memory functions might also be due to differing
educational opportunities of generations and individuals, especially for girls [9,15,20,23]. Several
interactions between education, age, and gender were present and could potentially be explained by

the profound educational changes [20] shown in the Supplemental materials.
Accuracy of cut-off scores

Our results show that using the 2010 cut off-scores for the Finnish CERAD-nb result in high rates of
false negatives (ranging between ~14% to 46% for different subtests). This is highly problematic as
sensitivity is important when screening for early stages of AD. Additionally, education-corrected cut-
off scores were superior to uncorrected scores in differentiating between controls and AD patients
especially for the highest level of education and should therefore be used in clinical cognitive
screening; also, as the proportion of the educated elderly is increasing substantially during 2020s.
These results are in line with a previous study showing that controlling for education increases the
sensitivity of the CERAD for detecting mild cognitive impairment and dementia in patients with

Parkinson’s disease [44].

For revision of the CERAD-nb cut-offs, analysis of the study population or comparison with earlier
research alone is insufficient. The structure and cohort differences of the target population for whom
the new cut-offs are being set need to be analyzed as well. As shown in the Supplemental materials,
after data collection of the 2010 cut-off study [33—35], the structure of the Finnish elderly population

has changed substantially [18] and is continuing to change [19,20].

Additionally, from a practical viewpoint, as manual calculations are laborious and time consuming,
the usability of the CERAD-nb for screening purposes could be improved by creating digital tools. The
digital tool could be used for calculations as well as automatic flagging of values falling below

individually determined cut-off values (e.g., corrected for education).
Strengths and limitations

The main strength of our study is the wide-ranging sampling of patients, covering the national, local,

and private sector providers and both urban and rural areas. Our real-world AD population consisted

11



of all kinds of clinical patients compared with specialized clinic-based studies or research cohorts,

which may include biases of diagnostic groups or educational or health conditions.

This study has some limitations. First, some patients with a moderate state of AD (but MMSE>=20)
might have been included, as information of GDS/CDR/written capability for daily activities was not
available for 29% of the included AD group. Second, the major cohorts/generations of the AD group
(born 1930-1939, 74%) and controls (born 1940-1949, 62%) differed, which might have impacted
the differences in effect sizes and performance. Third, the controls were higher educated than the
AD group. Fourth, the number of AD patients in the age group 60—69 years was small, and the results

for this group need to be interpreted with caution.
Conclusion

Education had a statistically and clinically significant effect on CERAD-nb test performances. Using
education-corrected cut-off-scores for differentiating between patients with mild AD and controls
increased the accuracy of discrimination. It also decreased the rate of both false positives and false
negatives in those with the highest level of education. It is also important to note that the two total
scores (Chandler Total and Seo Total) were the most efficient measures in discriminating between
the AD group from controls. A digital tool for calculating the total scores and comparing education-
based cut-offs would increase the efficiency and usability of the CERAD-nb. As the educational
background and size of the target population for whom the cut-offs are being set are significantly

changing in Finland during the 2020s, updating the cut-offs is warranted.
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Figure Legends

Fig. 1. Sampling of patients with a diagnosis of Alzheimer’s disease (AD). AD, Alzheimer’s disease; CERAD-
nb, Consortium to Establish a Register for Alzheimer’s Disease neuropsychological battery; LHR, local health

record; NHR, national health register; PSP, private sector provider.
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Table 1. Study population.

20/28

Total Controls AD group
Total, n (%) 2369 (100) 1980 (100) 389 (100)
Gender @ Women, n (%) 1247 (53) 1022 (52) 225 (58)
Men, n (%) 1122 (47) 958 (48) 164 (42)
Education ®  Missing education information n (%) 20 (1) 20 (5)
Lowest level, n (%) 389 (16) 222 (11) 167 (43)
Middle level, n (%) 1152 (49) 1027 (52) 125 (32)
Highest level, n (%) 808 (34) 731 (37) 77 (20)
Age group©  60-69 years, n (%) 1158 (49) 1093 (55) 65 (17)
70-74 years, , n (%) 675 (28) 555 (28) 120 (31)
75-81 years, n (%) 536 (23) 332 (17) 204 (52)
Cohort 9 born 1930-1934, n (%) 364 (15) 224 (11) 140 (36)
born 1935-1939, n (%) 683 (29) 535 (27) 148 (38)
born 1940-1944, n (%) 698 (29) 630 (32) 68 (17)
born 1945-1949, n (%) 618 (26) 591 (30) 27 (7)
born 19501953, n (%) 6 (0) 6(2)
Generation ®  War generation 461 (19) 288 (15) 173 (44)
Stuctural change generation 1908 (81) 1692 (85) 216 (56)

Abbreviations: controls, the non-demented comparison group; AD, Alzheimer's disease; Lowest level, <= 7 years
(former primary school; Middle level, ~8-10 years (e.g. middle/ technical/ trade/ vocational school) or matriculation
examination without any other degree; Highest level, >10 years with degree from college or university. War generation,
born 1935 or before, with scant education; Structural change generation, born 1936-1955, with growing educational

opportunities.

4 Gender: no difference (p =.153) between controls and AD group.

b) Education: controls more educated than AD group (p <.001).

° Age groups: controls younger than AD group (p <.001).

9 Cohorts of controls younger than AD group (p <.001).

¢ Generations differed between controls and AD group (p <.001).
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Table 2. Statistical parameters CERAD-nb in 1980 controls and 389 AD-patients. Group difference was tested with univariate GLM controlling

for age, education, and gender.

TOTAL
Controls AD group Significance of  Partial Eta
Mean (SD) Mean (SD) Group Squared n? for
Difference Group Difference
(p<.05)

(n=1980) (n=389)
Verbal Fluency, animal category 23.1 (6.0) 13.9 (4.8) p<.001 157
15-item Boston Naming Test 13.3(1.7) 10.6 (2.9) p<.001 077
MMSE 27.6 (1.9) 23.8 (2.4) p<.001 .207
Word List Memory 20.7 (3.6) 13.0 (3.6) p<.001 .269
Constructional Praxis Copy 9.9(1.4) 9.2(1.9)
Word List Recall 6.8 (1.9) 2.4 (1.9) p<.001 305
Word List Savings (%) 83.7 (16.7) 44.7 (30.7) p<.001 .239
Word List Recognition 19.1(1.2) 16.0 (2.6) p<.001 .238
Word List Recognition % 95.6 (6.1) 80.2 (12.8) p<.001 .238
Verbal memory total recall 27.1(2.2) 21.3(3.3) p<.001 .307
Constructional Praxis Recall 8.9(2.1) 4.7 (3.3) p<.001 .169
Constructional Praxis Savings (%) 88.6 (16.1) 495 (32.9) p<.001 .239
Clock Drawing 5.1(1.3) 4.2 (1.6) p<.001 .019
Chandler Total 80.3 (9.4) 55.7 (11.0) p<.001 314
Seo Total 89.3 (10.4) 60.6 (12.7) p<.001 332

Abbreviations: AD, Alzheimer's disease; controls, the non-demented comparison group
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Table 3a. Proportion of variance in cognitive performance explained by demographic factors in 1980 controls. Effect sizes as Eta Squared n? (p
<.05) for each separate model of Education, Age and Gender; and as Partial Eta Squared n,? for combined model of Education, Age, and Gender.

Eta Squared Eta Squared Eta Squared Partial Eta Squared np? (p<.05) for combination of factors Education, Age, Gender
n? (p<.05) n?(p<.05) n?*(p<.05)
Model Model Model Model Interaction Interaction Interaction Interaction Education Age Gender
Eduation Age Gender Education, Education* Education* Education* Age*Gender
Age, Age*GenderAge Gender
Gender

Verbal Fluency, animal category 083 *** Q17 *** .096 *** 057 *** Q11 ***
15-item Boston Naming Test .095 *** 1029 *** | 055 *** 166 *** .004 * 074 *** 016 *** 033 ***
MMSE 077 *** 1023 *** 102 *** .008 ** 059 *** Q17 ***
Word List Memory 062 *** | 031 *** | 037 ***  [133 *** 051 *** Q17 *** (32 ***
Constructional Praxis Copy 071 *** | 031 *** .098 *** 047 *** 018 ***
Word List Recall 044 **% 1025 *** |12 *** | (081 *** 031 ** % 015 *** Q11 ***
Word List Savings (%) .014 *** .007 ** 027 *** .008 **
Word List Recognition 020 *** 019 *** Q12 *** | Q57 *** Q14 *** Q13 *** (15 ***
Word List Recognition (%) .020 *** .019 *** .012 *** 057 *** .014 *** .013 *** .015 ***
Verbal Memory total recall 039 *** 1033 *** 023 *** 100 *** 031 %% 024 *** (24 ***
Constructional Praxis Recall .107 *** .032 *** .006 *** 131 *** 075 *** .016 ***
Constructional Praxis Savings (%) 049 *** 1012 *** | 006 *** | 065 *** 033 *** 007 **
Clock Drawing .006 ** 017 *** .004 ** .030 *** .004 * .010 *** .004 **
Chandler Total 129 *** 1050 *** 004 ** 171 *x 097 *** Q31 *** 009 ***
Seo Total .150 *** .056 *** .193 *** 114 F** .035 *** .006 ***

Abbreviations: controls, the non-demented comparison group. Symbols: * p<.05; **p<.01; *** p<.001
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Table 3b. Proportion of variance in cognitive performance explained by demographic factors in 389 patients with AD diagnosis. Effect sizes as
Eta Squared n? (p <.05) for each separate model of Education, Age and Gender; and as Partial Eta Squared 2 for combined model of
Education, Age, and Gender.

Eta Squared Eta Squared Eta Squared Partial Eta Squared np? (p<.05) for combination of factors Education, Age, Gender
n? (p<.05) m?(p<.05) n?(p<.05)
Model Model Model Model Interaction Interaction Interaction Interaction Education Age Gender
Education Age Gender Education, Education* Education* Education* Age*Gender
Age, Age*Gender Age Gender
Gender

Verbal Fluency, animal category .030 ** .093 ** 017 **
15-item Boston Naming Test 076 ***  |081*** | 094 ***  |246 **=* .034 ** 041 *** 040 ***
MMSE .098 *** .014* 140 *** .018 * .054 *** 017 *
Word List Memory .083 *** .019 * 148 *** .020 * .043 *** .022 *
Constructional Praxis Copy 097 *** 026 ** 178 *** 051 ***
Word List Recall .043 ** 013 * 120 ** 039 * .028 * 023 * .046 ** 025 * 031~
Word List Savings (%) .021 * .011 *
Word List Recognition .048 *** 102 * .032* 019 * .038 ** 011 ~*
Word List Recognition (%) .048 *** 102 * .032 * .019 * .038 ** 011 *
Verbal Memory total recall .068 *** 129 ** 033 * .030 ** .056 *** 014 *
Constructional Praxis Recall .097 *** .032 ** .019 * 161 **+* .054 *** .023 * 012 *
Constructional Praxis Savings (%) .054 *** 1022 * .012 * 110 ** .032 ** .026 ** 017 *
Clock Drawing .028 * .027 **
Chandler Total 147 *** 1051 *** 1018 * 260 *** .050 * 071 %> 024 * 018 *
Seo Total 167 *** .054 *** .023 ** 279 *** .050 * .085 *** .026 * .024 *

Abbreviations: AD, Alzheimer's disease. Symbols: * p<.05; **p<.01; *** p<.001
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Table 4a. Cognitive performance by education (means and (standard deviations)) and differences for CERAD-nb in 1980 controls and in 389
AD-patients. Pairwise group differences were tested post-hoc following a significant univariate GLM controlling for age and gender.

Controls AD-group
Lowest Middle Highest Differences between Lowest Middle level Highest Differences between
level level level education groups level level education groups
(n=222) (n=1027)  (n=731) (n=167) (n=125) (n=77)
Verbal Fluency, animal category 20.7 (5.5) 220(5.6) 25.3(6.1) #(p<.01),## (p<.001), 13.1(4.7) 14.5 (4.5) 149 (5.2) ## (p<.05)
+ (p<.001)
15-item Boston Naming Test 12.3(2.1) 13.0(1.8) 13.9(1.2) #(p<.001), ## (p<.001), | 9.8(2.9) 11.0 (2.6) 11.8 (2.8) # (p<.01), ## (p<.001)
+ (p<.001)
MMSE 26.7(2.2) 27.4(1.9) 282 (15) # (p<.001), ## (p<.001), | 23.1(2.2) 24.0 (2.4) 25.1 (2.3) # (p<.01), ## (p<.001),
+ (p<.001) + (p<.01)
Word List Memory 19.6 (3.6) 20.1(35) 21.8(3.4)  ##(p<.001), + (p<.001) | 11.9 (3.2) 13.6 (3.5) 145 (3.9) # (p<.001), ## (p<.001)
Constructional Praxis Copy 9.3(1.6) 9.7 (1.4) 103 (1.1)  #(p<.001), ## (p<.001), 8.7 (1.8) 9.5(1.7) 10.1 (1.4) # (p<.01), ## (p<.001)
+ (p<.001)
Word List Recall 6.3(1.8) 6.5(1.9)  7.3(1.8)  ## (p<.001), + (p<.001) 2.1(1.7) 2.5(1.7) 3.1(2.0) ## (p<.001)
Word List Savings (%) 81.5(16.4) 824 86.3 ## (p<.001), + (p<.001) 404 (32.3) 453(29.7) 52.0(28.2)  ## (p<.01)
(17.6) (15.2)
Word List Recognition 18.9 (1.4) 19.0 (1.3) 193 (1.0)  ## (p<.001), + (p<.001) 155 (2.5) 16.0 (2.6) 17.0 (2.5) ## (p<.001), + (p<.05)
Word List Recognition % 94.6 (6.8) 95.0(6.4) 96.7 (5.2) ## (p<.001), + (p<.001) 77.7 (12.5) 80.2 (12.9) 85.1(12.3) ## (p<.001), + (p<.05)
Verbal memory total recall 26.5 (2.3) 26.8(2.3) 27.6(2.0) ## (p<.001), + (p<.001) 20.4 (3.0) 21.4 (3.3) 22.7 (3.5) ## (p<.001), + (p<.05)
Constructional Praxis Recall 8.0(2.1) 8.5(2.1) 9.8 (1.7) # (p<.01), ## (p<.001), 3.9(3.0) 4.9 (3.3) 6.4 (3.2) ## (p<.001), + (p<.01)
+ (p<.001)
Constructional Praxis Savings (%) 85.2 (17.2) 86.0 93.2 ## (p<.001), + (p<.001) 44.3 (31.8) 50.3 (33.1) 62.9 (29.8) ## (p<.001), + (p<.05)
(17.3) (12.6)
Clock Drawing 4.9 (15) 51(1.3) 52(L.2)  # (p<.05), ## (p<.01) 4.0(17) 45 (1.6) 4.4 (1.4) ## (p<.05)
Chandler Total 75.5 (9.9) 78.4(9.0) 84.6(7.9) # (p<.001), ## (p<.001), 51.2 (104)  57.9(9.2) 61.7 (11.1)  # (p<.01), ## (p<.001)
+ (p<.001)
Seo Total 83.6 (11.0) 86.8(9.9) 94.4(8.6) # (p<.001), ## (p<.001), 55.2 (11.8)  63.0(10.7) 68.3 (12.6)  # (p<.001), ## (p<.001),
+ (p<.001) + (p<.05)

Abbreviations: controls, the non-demented comparison group; Lowest level, <=7 years (former primary school; Middle level, ~8-10 years (e.g., middle/ technical/ trade/ vocational school) or
matriculation examination without any other degree; Highest level, >10 years with degree from college or university.
Symbols: # = Lowest level< Middle level, ## = Lowest level< Highest level, + = Middle level < Highest Level, “ = Highest < Lowest, ‘> = Highest < Middle
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Table 4b. Cognitive performance by age (means and (standard deviations)) and differences for CERAD-nb in 1980 controls and in 389 AD-
patients. Pairwise group differences were tested post-hoc following a significant univariate GLM controlling for education and gender.

Controls AD-group
60-69 years 70-74 years 75-81years [EBIR{ESRJENEED] 60-69 70-74 years ~ 75-81 years [EBIIRCIEEIeERe IR
age groups years age groups
(n=1093) (n=555) (n=332) (n=65) (n=120) (n=204)
Verbal Fluency, animal category 23.7 (6.1) 22.8 (6.0) 215(5.3) # (p<.01), ## (p<.001), 14.8 (5.0) 14.2 (4.7) 13.5(4.7)
+(p<.05)
15-item Boston Naming Test 13.5 (1.6) 13.1 (1.8) 12.8 (2.0) # (p<.05), ## (p<.001), | 11.9 (2.3) 11.2 (2.6) 9.9 (3.0) # (p<.001), ##(p<.001)
+ (p<.001)
MMSE 278 (1.7) 27.5(1.9) 27.1(2.1) # (p<.01), ## (p<.001), | 24.2 (2.4) 23.8(2.5) 23.7 (2.9)
+ (p<.001)
Word List Memory 212 (3.4) 20.2 (3.6) 19.7 (3.8) ## (p<.001), + (p<.001) | 14.1 (4.2) 13.1 (3.3) 12.7 (3.6) ## (p<.05)
Constructional Praxis Copy 10.1 (1.3) 9.8 (1.4) 9.5(1.5) # (p<.01), ## (p<.001), | 9.9 (1.5) 9.1(1.9) 9.1(1.9) ## (p<.05), + (p<.05)
+ (p<.001)
Word List Recall 7.0 (1.8) 6.7 (1.9) 6.2 (1.9) # (p<.01), ## (p<.001), | 2.7 (1.9) 24 (1.9 24 (1.8)
+(p<.01)
Word List Savings (%) 84.8 (15.8) 83.1(17.9) 81.2(17.3)  ## (p<.001) 47.8(29.9) 42.4(31.6) 45.1 (30.5)
Word List Recognition 19.2 (1.1) 19.1 (1.2) 18.8 (1.5) # (p<.001), ## (p<.001) | 16.3 (2.7) 15.9 (2.5) 16.1 (2.5)
Word List Recognition % 96.1 (5.6) 95.6 (6.1) 93.8 (7.3) # (p<.001), ## (p<.001) | 81.6 (13.6) 79.4(12.7) 80.3 (12.6)
Verbal memory total recall 27.3(2.1) 27.0 (2.2) 26.2 (2.5) # (p<.001), ## (p<.001), | 21.9 (3.7) 21.1 (3.4) 21.2 (3.1)
+(p<.01)
Constructional Praxis Recall 9.2 (1.9) 8.7(2.2) 8.3(2.2) # (p<.05), ## (p<.001), 5.6 (3.5) 5.1(3.2) 4.1(3.1) # (p<.05), ## (p<.01)
+(p<.01)
Constructional Praxis Savings (%) 90.1 (14.8) 87.2 (17.2) 85.7 (17.6) ## (p<.001), + (p<.01) 55.1(33.6) 54.4(32.6) 45.0 (32.4) # (p<.05)
Clock Drawing 53(1.1) 5.0(1.3) 4.9 (1.4) ## (p<.001), + (p<.001) | 4.5(1.7) 4.5 (1.5) 4.0 (1.6) # (p<.05)
Chandler Total 82.1(8.7) 79.2 (9.4) 76.6 (10.0)  # (p<.001), ## (p<.001), | 60.7 (10.1) 55.9 (10.3) 53.8 (11.2) # (p<.05), ## (p<.01)
+ (p<.001)
Seo Total 91.3 (9.6) 87.9 (10.5) 84.8 (11.1)  # (p<.001), ## (p<.001), | 66.5(11.8) 61.0 (11.9) 58.3 (13.0) # (p<.05), ## (p<.001)
+ (p<.001)

Abbreviations: AD, Alzheimer's disease; controls, the non-demented comparison group
Symbols: # = 75-81 years < 70-74 years, ## = 75-81 years < 60-69 years, + =70-74 years < 60-69 years
“=60-69 years < 75-81 years, “”’ = 60-69 years < 70-74 years
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Table 4c. Cognitive performance by gender (means and (standard deviations)) and differences for CERAD-nb in
1980 controls and in 389 AD-patients. Pairwise group differences were tested following a significant univariate
GLM controlling for education and age.

Controls

Women Men

(n=1022) (n=958)
Verbal Fluency, animal category 22.8(5.8) 23.3(6.2)
15-item Boston Naming Test 12.9(1.8) 13.7 (1.5)
MMSE 27.7 (1.9) 27.6 (1.8)
Word List Memory 21.3 (3.4) 20.0 (3.6)
Constructional Praxis Copy 9.9(1.3) 9.9(1.4)
Word List Recall 7.0(1.8) 6.6 (1.9)
Word List Savings (%) 84.4 (16.3) 83.1(17.1)
Word List Recognition 19.2 (1.1) 19.0 (1.3)
Word List Recognition % 96.2 (5.6) 94.9 (6.5)
Verbal memory total recall 27.4 (2.0) 26.7 (2.3)
Constructional Praxis Recall 8.7(2.1) 9.1(21)
Constructional Praxis Savings (%) 87.3 (16.7) 89.9 (15.3)
Clock Drawing 52(1.2) 5.1(1.3)
Chandler Total 80.9 (9.2) 79.7 (9.5)
Seo Total 89.7 (10.2) 88.8 (10.6)

Difference
between
genders

m (p<.001)

w (p<.001)

w (p<.001)

w (p<.001)
w (p<.001)
w (p<.001)
m (p<.001)
m (p<.001)
w (p<.01)

w (p<.01)

AD-group
Women Men
(n=225) (n=164)
13.6 (4.5) 144 (5.1)
9.8 (2.9) 11.6 (2.5)
23.6 (2.3) 24.1(2.5)
13.1 (3.6) 12.9 (3.7)
9.1(2.0) 9.4 (1.7)
2.2(1.7) 2.7 (2.0)
42.0 (29.4) 48.5 (32.0)
15.8 (2.5) 16.3 (2.6)
79.2 (12.5) 81.7 (13.1)
21.0(3.2) 21.6 (3.4)
4.3(3.2) 5.1(3.3)
46.4 (32.6) 53.6 (33.0)
4.2 (1.6) 4.4 (1.6)
54.3 (11.0) 57.3 (10.8)
58.8 (12.7) 62.6 (12.5)

Difference
between
genders

m (p<.001)
m (p<.05)

m (p<.05)
m (p<.05)

m (p<.05)
m (p<.05)

m (p<.05)
m (p<.01)

Abbreviations: AD, Alzheimer's disease; controls, the non-demented comparison group
Symbols: w = women better than men, m = men better than women
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Table 5. Cut-offs for CERAD-nb including 2010-cut-offs [32] and new potential values according to the best Youden’s J using uncorrected and
corrected cut-off values for 389 patients with AD diagnosis and 1980 controls, and for education, age, and gender groups. Dark grey indicates
2010 cut-offs and related false negative and positive calculations with those cut-offs in the present sample. Medium grey indicates new
uncorrected cut-offs and related false negative and positive calculations. Light grey indicates false negative and false positive-rates for using
uncorrected cut off-values (instead of education-corrected cut-offs) for participants with the highest level of education.

Cerad measure Uncorrected cut-off values Corrected cut-off values

Education At the highest education level Age Gender

Lokl lok DRIk loNoi e Cut-off AUC Youd FalseN FalseP Lowest Middle Highest FalseN FalseP Not used Not used 60-69 70-74 75-81 W M
FalseN FalseP  offs level level level FalseN FalseP years years years

Verbal fluency, animal category — ROEZIRNOK0Y 19 0.892 0.627 0.157 0.217 17 18 20 0.107 0.164 0.187 0.123 19 19 18 19 19
15-item Boston Naming Test 0.441 0.154 13 0.778 0.427 0.303 0.270 11 13 13 0.480 0.124 0480 0.124 13 13 11 12 13
MMSE (0.516) (0.028) (24) 26 0.882 0.607 0.259 0.134 26 26 27 0307 0.116 0.480 0.056 26 27 26 26 26
Word List Memory 0.162 0.131 <17 17 0926 0.707 0.162 0.131 16 18 19 0.160 0.140 0.267 0.070 18 17 16 18 17
Word List Recall 0.138 0.113 <5 5 0.937 0.749 0.138 0.113 5 5 6 0.120 0.166 0.227 0.074 5 5 5 5 5
Word List Savings (%) 0.165 0.282 <75 68 0.855 0.609 0.227 0.164 61 61 73 0.227 0.163 0.280 0.123 68 68 61 68 68
Word List Recognition 19 0.863 0.584 0.189 0.227 19 19 19 0347 0171 0.347 0171 19 19 18 19 19
Word List Recognition % 93 0.863 0.584 0.189 0.227 93 93 93 0.347 0.171 0.347 0.171 93 93 88 93 93
Constructional Praxis Copy 9 0.587 0.185 0.647 0.168 8 8 9 0.855 0.074 0.855 0.074 8 9 7 10 9
Constructional Praxis Recall 7 0.846 0.545 0.324 0.132 6 7 9 0280 0.204 0.347 0.164 7 7 6 6 8
Constructional Praxis Savings (%) BORGE] 74 0.836 0.548 0.255 0.197 65 74 84 0.267 0.183 0.387 0.105 87 74 59 74 74
Clock 6 0.665 0.276 0.322 0.402 5 6 6 0.293 0.378 0.293 0.378 5 5 6 6 5
Verbal memory total recall 25 0.926 0.716 0.159 0.125 25 26 27 0.147 0.234 0.333 0.075 26 25 25 25 25

Chandler Total 71 0.951 0.755 0.094 0.151 64 68 76 0.049 0.129 0.213 0.052 74 67 65 67 71
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Cerad measure Uncorrected cut-off values Corrected cut-off values

Education At the highest education level Age Gender

Z ORIk ORIk 0Nl Z Cut-off AUC Youd FalseN FalseP Lowest Middle Highest FalseN FalseP Not used Not used 60-69 70-74 75-81 W M
FalseN FalseP  offs level level level FalseN FalseP  years years years

Seo Total 79 0.954 0.757 0.087 0.156 70 78 82 0.115 0.083 0.213 0.055 80 72 69 75 80

Abbreviations: 2010-cut-offs, the Finnish cut-off scores for CERAD-nb published in 2010; 2010 FalseN, False Negative if 2010 cut-off value would have been used in this sample; 2010 FalseP,
False Positive if 2010 cut-off value would have been used in this sample; FalseN, False Negative (=1- sensitivity); FalseP, False Positive (=1- specificity). Not used, if cut-off values would not
be corrected but would be the same for all. Lowest level, <=7 years (former primary school); Middle level, ~8-10 years (e.g., middle/ technical/ trade/ vocational school) or matriculation
examination without other degree; Highest level, >10 years with degree from college or university. W, Women; M, Men. Youd, Youden’s J indicating best combination of sensitivity and
specificity.

4 MMSE is not part of the 2010 cut-offs, but another recommendation [21] has been given for Finnish cut-off value 24.
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