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Abstract
Background/Aims: To detect cognitive decline in older adults, measures of verbal fluency 
and verbal memory are widely used. Less is known about performance in these measures in 
younger persons or according to education level and gender. We investigated cognitive per-
formance according to age, education and gender among cognitively healthy adults aged 
30–100 years. Methods: The study population comprised 4,174 cognitively healthy persons 
participating in the nationally representative Finnish Health 2011 survey. Cognitive assess-
ment included verbal fluency, word list memory, word list recall and word list savings from 
the Consortium to Establish a Registry for Alzheimer’s Disease neuropsychological battery. 
Results: Total variance in the cognitive test performance explained by age, education and 
gender varied from 12.3 to 31.2%. A decreasing trend in cognitive performance existed in all 
subtests by advancing age, with differences appearing between 50 and 55 years. Persons with 
the highest-education level performed best for all measures. For the participants < 55 years, 
education explained part of the variance, while age and gender did not. Conclusions: When 
assessing cognition, age and education should be accounted for in more detail in research 
and clinical practice. Additionally, the cohort effect and its potential impact on the renewal 
cycle of future normative values for cognitive tests should be considered.
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Introduction

Ageing is the main risk factor for dementia: for people aged 60 years and over, the prev-
alence of dementia increases exponentially by age [1]. Many studies have evaluated cognitive 
changes related to normal ageing. With normal ageing, the processing speed often slows 
down, which may have implications for a variety of cognitive domains [2]. Ageing may also 
impair memory retrieval [2] that is the ability to access newly learned information. Later-
born cohorts may have better cognitive performance than earlier-born cohorts when inves-
tigated at the same age [3]. Therefore, in addition to age there is also a need to investigate the 
association between age and cognition in newer cohorts.

Besides ageing, different demographic characteristics are related to cognitive perfor-
mance. Higher education is associated with a lower risk of dementia [4–7]. Among persons 
with higher education, educational attainment may increase cognitive reserve; consequently, 
more age-related brain changes or Alzheimer’s disease (AD) pathology can accumulate before 
the manifestation of cognitive symptoms [8]. Additionally, it has been proposed that among 
persons with higher education, subjective and objective cognitive test evaluations can be 
used to predict future dementia well, but lower education makes this prediction more difficult 
[9]. 

In some regions, such as Western Europe, the prevalence of dementia is lower for men 
than women [1]. Gender differences in cognition appear to vary across birth cohorts and 
regions; the differences are associated with changes in living conditions and educational 
opportunities that different cohorts are exposed to during their formative years [10].

The Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) was established 
to standardize and validate measures for the assessment of AD. The CERAD neuropsycho-
logical battery (CERAD-nb) was developed to measure early cognitive impairment in AD [11] 
and it is widely used in different countries and languages [12]. The CERAD-nb was translated 
into Finnish in 1999 [13]. Finnish normative values based on a random sample of 321 cogni-
tively normal older adults (aged 63–79) were published in 2007 [14]; later publications 
included cutoff scores having sensitivity and specificity considerations [15, 16].

Verbal fluency tasks measure verbal production, semantic memory and language [17]. 
Semantic fluency deficits typically appear in persons with AD [18] or amnestic mild cognitive 
impairment [19]. The verbal fluency task in CERAD-nb (VFA) utilizes semantic animal category 
fluency [11]. Several recent studies have suggested that age [14, 20–23] and education [14, 
20–24] account for much variance in VFA performance. Few studies, however, link gender to 
VFA [24, 25], with most studies showing no association [14, 20, 22]. 

Verbal memory measures are used to discriminate normal aging from AD and mild 
cognitive impairment [11, 26–29]. To examine these characteristics, the CERAD-nb uses word 
list memory (WLM), word list recall (WLR), word list saving (WLS) and word list recognition 
[11, 30]. WLR is usually the best overall CERAD-nb measure to identify patients with early AD 
[26–28]. Previous studies link higher education and lower age with better verbal memory 
performance [14, 24, 25]; for gender, however, results are inconsistent [14, 25]. Recent 
discoveries in WLM and WLR performance also include a cohort effect, with improvements 
between the earliest- and latest-born cohorts [31]. 

Many studies report data on the efficiency of verbal fluency and verbal memory measures 
in detecting cognitive decline in older adults [26–30]. Few studies have included younger 
participants. One study showed VFA performance linearly declines with age from early life 
[20], and another study showed that people with higher levels of education or younger age 
attain better VFA scores [22]. Little is known about population-based performance differ-
ences in these tests within a wider age range, or with a sufficiently large sample to cover 
different education levels. Normative data with wider age and education range are needed 
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[32]. For use in clinical practice, population-based samples may give more meaningful 
reference values than smaller selected samples [24]. Our study aims to evaluate cognitive 
performance according to age, education and gender in a large nationally representative 
sample of cognitively healthy adults aged 30–100 years.

Material and Methods

Participants
The study data derived from the Finnish nationwide population-based health exami-

nation survey (Health 2011), which was carried out in 2011 and included adults aged 18 or 
older. Details of the design, implementation and results of the Health 2011 survey have been 
previously reported [33, 34]. The Health 2011 survey protocol was approved by the Coordi-
nating Ethics Committee at the Hospital District of Helsinki and Uusimaa (reference 
45/13/03/00/11). All participants provided their written informed consent.

Invited to the Health 2011 survey were 7,964 participants aged 30 or older. These partic-
ipants had partaken in a similar national Health 2000 survey 11 years earlier. Of these persons, 
4,664 participated in the health examination. Altogether, 4,544 persons were assessed using 
the CERAD-nb verbal fluency and verbal memory measures. In addition, the health interview 
involving participants aged 55 or older included a Six-Item Screener (SIS) that has been vali-
dated as a short version of the Mini Mental State Examination [35, 36]. Participant exclusion 
from the current analyses related to: incomplete CERAD-nb information n = 41; missing infor-
mation on education n = 36; conditions affecting cognitive performance (stroke, psychosis, 
Parkinson’s, AD, vascular cognitive impairment, substance abuse, intellectual disability, 
encephalopathy) altogether n = 214; and potential dementia (SIS score less than 3) n = 79. 
Consequently, the final sample for our study comprised a total of 4,174 participants. 

Information on self-reported education was categorized into three levels [33]. The 
lowest- education level included persons with no vocational training (beyond a vocational 
course or job training) and who had not taken a matriculation examination. The middle-
education level included persons who had completed vocational school (regardless of basic 
education), and those who had passed a matricular examination but had no vocational 
training. The highest- education level included persons with degrees from higher vocational 
institutions, polytechnics and universities. 

For the younger generations, age was categorized into 10-year age groups. For partici-
pants 55 years or older, age was categorized into 5-year age groups, as the risk for dementia 
after 60 years doubles every 6.5 years in Western and Central Europe [1]. The whole sample 
was divided into two subsamples: participants under 55 years (the group < 55) (n = 1,989), 
and participants over 55 years (the group ≥55) (n = 2,185). Creation of the latter group 
enabled comparisons with other studies focusing on older people [14–16, 23–25, 30].

Procedures and Measurements
Participants of the Health 2011 attended a comprehensive health examination and health 

interview given by trained nurses in a health center near each participant’s place of residence 
[33, 34]. The concise examination was performed at home if the participant was unable to 
attend the health examination site. Selected parts of the CERAD battery, namely VFA, WLM 
and WLR, were included in the study protocol. In the VFA, the participant was asked to 
generate as many examples of animals as possible in 60 s. The WLM task included three trials 
to learn a list of 10 unrelated words presented each time in a different order. The participant 
read the words aloud and was asked to recall as many words as possible at the end of each 
learning trial. The recalled words from each trial were summed to produce the WLM score. 
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After VFA and WLM tasks, a handgrip test was administered before WLR. The WLR part of the 
test was presented 5 min after the third learning trial. The participant was asked to recall as 
many words as possible. The WLS score was calculated as a percentage of WLR to learning 
trial 3 in WLM. 

Statistical Analyses
The analyses were conducted using SPSS complex samples add-on software, which 

accounts for sampling design. Weighting the observations produced estimates representative 
of the Finnish adult population by reducing the nonresponse bias [33, 34]. 

Differences in cognitive performance between education levels, age groups, and genders, 
along with interactions between these variables, were evaluated by analyses of variance 
(ANOVA). Evaluation of the effects involved the ANOVA model effect, R2 of each analysis and 
a combination of each. Performance of pairwise comparisons used Bonferroni correction. A 
p value < 0.05 was considered statistically significant, and corrected p values were used 
throughout the study. All statistical analyses were performed using SPSS 24.0 or 25.0 with 
complex sample add-on (IBM Corp. Released 2015; IBM SPSS Statistics for Macintosh, version 
24.0; Armonk, NY, IBM Corp.).

Results

Table 1 presents the number of participants by age, education and gender (56% women), 
and Table 2 presents their education in years of formal education.

Table 3 provides detailed descriptive statistics for all measured cognitive tasks by age, 
education and gender. Additionally, Figure 1 visualizes the overall performance.

For the whole sample, the overall mean for VFA was 24.9 words. Participants with higher 
education performed better than those with lower education (p < 0.001), and younger partic-
ipants outperformed older participants (p < 0.001) (Table 3 and Fig. 1). The main effect of 
gender was not significant (p = 0.893); however, interaction existed between education and 
gender (p = 0.040): among those with the highest education, men performed better than 
women. 

Table 1. Number of participants according to age, gender and education (n = 4,174)

Age,
years

Education  Gender

lowest middle highest  men women

men women men women men women  

30–39 11 6 108 91 116 229  235 326
40–49 25 27 189 166 183 331  397 524
50–54 40 30 115 101 80 141  235 272
55–59 54 60 100 102 78 120  232 282
60–64 86 83 102 84 78 123  266 290
65–69 71 92 64 64 45 77  180 233
70–74 68 103 43 44 33 40  144 187
≥75 76 146 46 40 28 35  150 221

Total 431 547 767 692 641 1,096  1,839 2,335
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The overall mean of WLM was 21.8 words. Participants with higher education performed 
better than those with lower education (p < 0.001), and younger participants outperformed 
older participants (p < 0.001) (Table 3 and Fig. 1). Further, women outperformed men (p < 
0.001). A three-way interaction existed between education, age and gender (p = 0.006). 

The overall mean for WLR was 7.6 words. Participants with higher education performed 
better than those with lower education (p < 0.001), younger participants outperformed older 
participants (p < 0.001), and women outperformed men (p < 0.001). The overall mean for 
WLS was 88.1%. Also, WLS participants with higher education performed better than those 
with lower education (p < 0.001), younger participants outperformed older participants (p < 
0.001) (Fig. 1 and Table 3), and women outperformed men (p < 0.001). Age and education 
interacted regarding WLS (p = 0.020), as the age effect was more pronounced with lower 
levels of education. 

For the whole sample, the total variance explained by age, education and gender was 
largest for WLM (31.2%) and WLR (28.2%). For VFA, it was 15.8% and for WLS 12.3%. For 
the group ≥55, the effect sizes were similar to the whole sample; however, for the group < 55 
demographic variables explained substantially less of the variance in cognitive performance 
(Table 4).

Table 2. Education in years (mean, standard deviation and median) by age, gender and education

Age, years Education

lowest middle highest

men women men women men women

30–39 mean 11 10 13 14 17 17
SD (1.8) (1.3) (2.3) (2.1) (2.5) (2.3)
median 11 10 12 13 17 17

40–49 mean 10 11 12 13 17 16
SD (1.0) (1.9) (1.8) (2.1) (2.9) (3.0)
median 9 10 12 13 16 16

50–54 mean 11 9 12 13 16 16
SD (2.2) (1.5) (2.2) (2.0) (3.4) (3.2)
median 10 9 12 13 17 15

55–59 mean 10 9 12 12 16 15
SD (1.8) (1.8) (2.1) (2.1) (3.5) (3.0)
median 9 9 12 12 16 15

60–64 mean 9 9 11 11 17 15
SD (2.1) (1.4) (2.0) (2.1) (4.0) (3.5)
median 8 9 11 11 16 15

65–69 mean 8 9 11 11 15 15
SD (1.2) (1.8) (2.3) (2.6) (3.2) (3.0)
median 8 8 11 10 15 15

70–74 mean 8 8 10 11 16 15
SD (1.9) (1.9) (2.1) (2.4) (3.8) (3.7)
median 8 8 10 11 17 15

≥75 mean 7 7 11 10 14 12
SD (1.8) (1.9) (2.6) (2.3) (4.1) (3.2)
median 7 7 10 10 14 13

There was no information of education in years for 386 participants, out of whom roughly half were 
women, and education was divided into all three education levels almost equally. But for age, the group aged 
30–39 had roughly double the size (31% of all) compared to the other groups.
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Fig. 1. Cognitive performance presented by means and 95% confidence intervals (indicated by error bars). 
Grey lines indicate overall mean of each variable.
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For the whole sample, age accounted for the highest proportion of variance for WLR at 
11.3% and WLM at 11.2%, and less for VFA at 4.3% and WLS at 4.8%. Age had a small perfor-
mance effect in the group < 55.

In the whole sample, the Bonferroni-corrected pairwise comparisons between age groups 
indicated that some groups did not significantly differ from each other; subsequently, we 
created combined age groups. For VFA, the combined age groups could be summarized into 
30–49 years, 50–69 years, 70–74 years and ≥75 years, for WLM into 30–54, 55–64 years, 
65–74 years and ≥75 years, for WLR into 30–49, 50–54, 55–64 years, 65–74 years and ≥75 
years and for WLS into 30–49, 50–54, 55–74 years and ≥75 years.

Education accounted for 5.1% of variance for VFA, 5.0% for WLM, 3.5% for WLR and 
1.5% for WLS. In the group < 55, education accounted for more variance than age or gender 
(Table 4). In the whole sample, the Bonferroni-corrected pairwise comparisons between 
education levels indicated the lowest- and middle-education levels did not differ for VFA and 
WLS. For VFA and WLS, education levels were combined. The highest-education level differed 
(p < 0.001) for all cognitive outcomes. To clarify this, cognitive performance according to 
grouping of both age and education strata is presented in Figure 2. 

Gender had only a minor effect on cognitive performance. 

Discussion

We report on the scope of performance in both verbal fluency and verbal memory 
measures for a large representative sample of Finnish cognitively healthy participants aged 
between 30 and 100 years. Results from these cognitive tasks from the CERAD-nb indicated 
a decreasing trend in performance by advancing age, with differences beginning from the age 
of 50 or 55. For all used cognitive measures, persons with highest-education levels performed 
better than other educational groups. Persons with middle-education levels performed simi-
larly to those with lowest-education levels regarding verbal fluency and verbal memory 
savings. For the group < 55, education was the only demographic variable impacting cognitive 
performance.

 Total effect 
size of age, 
education, 
gender

Age,  
independent 
effect

Education, 
independent 
effect

Gender,  
independent 
effect

Whole sample
VFA 15.8 4.3 5.1 –
WLM 31.2 11.2 5.0 3.2
WLR 28.2 11.3 3.5 2.2
WLS 12.3 4.8 1.5 0.5
Subpopulation <55 years
VFA 5.2 0.6 4.0 –
WLM 11.0 0.5 4.9 0.03
WLR 8.2 0.1 2.7 0.2
WLS 3.8 1.0 0.9 0
Subpopulation ≥55 years
VFA 17.2 5.4 7.4 –
WLM 27.8 10.7 6.7 4.6
WLR 22.0 8.1 5.6 3.7
WLS 7.3 2.1 2.4 0.9

Table 4. Proportion of variance 
in cognitive performance (%) for 
verbal fluency (VFA), word list 
memory (WLM), word list recall 
(WLR) and word list savings 
(WLS) explained by age, 
education and gender
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Fig. 2. Cognitive performance with combined groupings presented by means. Grey lines indicate overall 
mean of each variable.

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e



20Dement Geriatr Cogn Disord Extra 2019;9:11–23E X T R A

Alenius et al.: Cognition by Age, Gender and Education in Healthy Adults

www.karger.com/dee
© 2019 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000495657

For the whole sample, the total effect size of demographic variables on performance was 
largest for WLM (31.2%) and WLR (28.2%), less for VFA (15.8%) and least for WLS (12.3%). 
Age affected performance for all variables, but not uniformly: for the group < 55, age had only 
minimal effects on performance.

The mean level of cognitive performance of the group ≥55 in our study was better than 
in previously published Finnish normative values [14–16]: VFA by roughly +2 words, WLM 
by +0.5 words, WLS by +1% (WLR was previously not published), and the mean of education 
was 1.5 years higher. Additionally, the effect of age in our study was remarkably stronger for 
VFA and WLM, but less for WLS. The effect of education was almost the same as previously; 
for WLS, however, a new mild effect was found. The effect of gender was clearly smaller in 
our study. These differences between our study and the previous Finnish study [14, 37] might 
reflect both ongoing changes in education levels of the Finnish population and the higher 
proportion of educated women in the group ≥55 [38]. This agrees with the cohort effects in 
cognition described in recent studies [3, 10, 31]. 

All variables indicated a noticeable effect of education on cognitive performance. We 
found a clear effect of education as the highest level differed from other levels for all cognitive 
measures. This result contrasts with the original CERAD-nb normative study by Welsh et al. 
[30] which indicated no differences between low and highly educated people on VFA, WLR 
and WLS. The small number of lower-educated participants in the original CERAD-nb norms 
[30] may partly explain this difference. For the group ≥55, the age effect of VFA also differed 
from the original CERAD-nb norms that indicated a lack of age effect for both highly and lower 
educated groups. For verbal memory measures, the group ≥55 had a similar decrease in 
performance with age, with women scoring better as in the original study. In our study, WLS 
showed a similar mild [30] but significant effect of age but also indicated a mild effect of 
education. 

Our results are in line with some other earlier studies, which found that both age [14, 
20–23, 25] and education [14, 20–25] affected VFA. In some studies, the magnitude of the age 
effect has been larger [22], while in others it has been closer to the 4% observed in our study 
[14, 23, 25] except for one [24] which agrees with the original study with no age effect found 
[30]. The effect of education on VFA has been in several earlier studies [14, 22, 23, 25] close 
to our 5% finding. Gender had no independent effect on VFA in our study, which is in line with 
most previous studies [14, 20–22] but contrasts to one recent population-based study [24].

Our results of WLM, WLR and WLS are in line with a recent population-based study [24] 
with younger or more educated persons or women performing better. When comparing WLM 
and WLR to effect sizes of the elderly-focused large international study by Sosa et al. [25], the 
group ≥55 had a similar education-level effect but the age effect in our study was almost 
double. Though the gender effect in our study was mild, it was 6 (WLR) to 9 (WLM) times 
larger than in the study of Sosa et al. [25], who found effects of only 0.6 and 0.5%. 

Strengths and Limitations
We used several measures of cognitive performance from data of a large, nationwide 

population-based study. The observations were weighted to produce estimates that represent 
the Finnish adult population by reducing the nonresponse bias. Due to health-related factors 
possibly affecting cognitive performance, medical exclusion criteria were used. The high 
prevalence of dementia in older age led to using a cognitive SIS to secure a cognitively healthy 
sample. The large sample size, large age range between 30 and 100, and coverage of all 
education levels are strengths of our study. 

Various limitations are acknowledged in our study. First, performance may include a 
practice effect, as the participants had been assessed with the same tests 11 years earlier. 
Second, some early-state dementia participants may have been included in our study despite 
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