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Abstract  

 Individuals with Alzheimer’s disease (AD) usually have decreased Aβ42 but increased 

total-tau (T-tau) and phosphorylated tau (P-Tau) in cerebrospinal fluid (CSF). To increase 

prognostic specificity of MCI to AD, studies have linked findings in CSF to neuropsychological 

profiles in MCI. The aim of this research was to find out if there is an association between 

critical biomarkers, such as tau and Aβ42 in the CSF, and performance on neuropsychological 

tests. All participants were referred to Landakot Memory Clinic by their general practitioner 

(N=55). The average age was 69 (SD=9.6). Mean education in years was 12.96 (SD=4). 

Inclusion criteria for the MCI study was a Mini Mental State Examination (MMSE) score of ≥24 

and 3.2 to 4.0 on The Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE). 

Results show that individuals with low levels of CSF Aβ42 and high levels of CSF T-tau 

performed worse on neuropsychological assessment representing episodic memory. Furthermore, 

individuals with higher education perform better on one of the neuropsychological assessment 

representing episodic memory, compared to those with lower education. There was no 

interaction effect between education and T-tau on neuropsychological assessment representing 

episodic memory. 

Keywords: mild cognitive impairment, biomarkers, Aβ42, phosphorylated tau, total-tau, 

neuropsychological assessment, cognitive reserve  

 

Útdráttur 

Einstaklingar með Alzheimer sjúkdóminn (AS) hafa yfirleitt lágt Aβ42 en hækkað 

heildar-tau (T-tau) og fosfór-tau (P-Tau) í mænuvökva. Fyrir aukna sértækari greiningu á milli 

einstaklinga með væga vitræna skerðingu (MCI) og AS hafa verið skoðuð lífmerki (e. 

biomarkers). Markmið rannsóknarinnar var að skoða tengsl milli Aβ42 og T-tau lífmerkja í 

mænuvökva við frammistöðu einstaklinga á taugasálfræðilegum prófum. Einstaklingar komu á 

Minnismóttöku Landakots með tilvísun frá heimilislækni (N=55). Meðalaldur þátttakenda var 69 

ára (SF=9.6). Meðal menntun í árum var 12.96 (SF=4). Skilyrði fyrir þátttöku var að hafa ≥24 

stig á Mini Mental State Examination (MMSE) og 3.2 – 4.0 stig á The Informant Questionnaire 

on Cognitive Decline in the Elderly (IQCODE). Niðurstöður sýndu að þátttakendur sem voru 

með lágt Aβ42 og hátt T-tau stóðu sig verr á einu af tveimur taugasálfræðilegum prófum sem 

stóðu fyrir atburðaminni (e. episodic memory). Einstaklingar sem höfðu meiri menntun stóðu sig 

betur á taugasálfræðilegum prófum sem stóðu fyrir atburðaminni, heldur en þeir sem voru minna 

menntaðir. Samvirknihrif milli menntunar og T-tau voru ekki marktækt. 

 Lykilorð: væg vitræn skerðing, lífmerki, Aβ42, fosfór-tau, heildar-tau, taugasálfræðileg 

próf, heilaforði  
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Association between CSF Biomarkers and Performance on Neuropsychological Test in Patients 

with Mild Cognitive Impairment 

Craik (1994) pointed out that memory decline is common in old age, even in healthy 

aging. However, about 3-19% of individuals over the age of 65 go on to develop mild cognitive 

impairment (MCI) (Gauthier et al., 2006). MCI has been defined in several ways. Petersen et al. 

(1999) originally defined MCI where memory is abnormal for age but there is no sign of 

dementia nor does the memory decline interfere with normal life. It was emphasized that 

memory complaints must be present. Bondi et al. (2014) published a neuropsychological method 

to improve diagnostic precision. They suggested that a person should be diagnosed with MCI if 

they meet the following three conditions: (1) impairment on at least one cognitive domain, either 

memory, language, or processing speed/executive function, scoring less than one standard 

deviation (SD) below age adjusted normative mean; (2) have impairment on two tests within one 

of the three cognitive domains mentioned above, scoring 1 SD below age adjusted normative 

mean; (3) Score equal to 9 or greater on Functional Activities Questionnaire. Reviewing 

definitions, it is generally agreed that MCI is an intermediate state between being healthy and 

very mildly demented (Smith and Bondi, 2013).  

Diagnosing MCI is challenging since not everyone exhibits the same signs and symptoms 

(Aerts et al., 2017). Accordingly, MCI has been classified into several subtypes to help predict 

progression of symptoms and establish a probable prevention in the future (Csukly et al., 2016). 

These subtypes are single-domain nonamnestic MCI (nMCI), single-domain amnestic MCI 

(aMCI), multiple-domain amnestic MCI (amdMCI) and multiple-domain nonamnestic MCI 

(nmdMCI) (Aerts et al., 2017). Several studies have revealed that memory loss is the 

predominant symptom in aMCI and is frequently a prodromal stage of Alzheimer's disease 
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(Bolívar & Saladie, 2016). Patients with aMCI report increased forgetfulness that often gets 

noticed by themselves and family members. Apart from memory loss, cognitive functioning such 

as executive function, visuospatial function, and language is mostly maintained (Petersen, 2011).  

As mentioned above, diagnosing MCI is difficult due to varying symptoms between 

patients. The symptoms can stay stable, they can also progress or reverse to normal cognition 

over time. However, individuals who revert to normal cognition are at an increased risk of re-

transitioning to MCI or progress to dementia (Aerts et al., 2017). Studies have found that 

nonamnestic MCI patients, especially single-domain as well as individuals that do not have the 

Alzheimer’s risk gene, APOE allele, were likelier to revert to normal cognition after having been 

diagnosed with MCI (Koepsell & Monsell, 2012).  

It has been reported that before any onset of symptoms, such as memory decline, 

pathological changes have already begun in the brain (Godbolt et al., 2006; Sperling et al., 2011). 

Therefore, scientists have tried to come up with ways to diagnose impending cognitive decline, 

before clinical symptoms become apparent in everyday life (Aerts et al., 2017; Hansson et al., 

2006). Neuritic plaques and neurofibrillary tangles (NFTs) are the neuropathological indications 

of AD. They are primarily caused by intracellular accumulation of hyperphosphorylated tau and 

insoluble extracellular deposits of amyloid-β peptide (Aβ) (Forlenza et al., 2015). Researchers 

have found that individuals with AD usually have a decreased Aβ42 but increased total-tau (T-

tau) and phosphorylated tau (P-tau) in CSF (Andreasen, Vanmechelen, Vanderstichele, 

Davidsson, & Blennow, 2003). Biomarkers in CSF could therefore be essential for early AD 

diagnosis and the study of disease progression (Arai et al., 2000; Hansson et al., 2006; Olsson et 

al., 2016).  
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Vos et al. (2013) compared diagnostic accuracy and precision of Aβ42 and tau protein in 

CSF and APOE allele for AD in patients with aMCI and naMCI. Results showed that 38% with 

aMCI progressed to AD but only 20% with naMCI. To increase prognostic specificity of MCI to 

AD, studies have linked findings in CSF to neuropsychological profiles in MCI. In a thorough 

study that examined biomarkers in aMCI there was a significant correlation between Aβ42 and 

memory performance (Haldenwanger, Eling, Kastrup, & Hildebrandt, 2010). In a similar study, 

low levels of Aβ42 correlated with memory function (Hildebrandt, Haldenwanger, & Eling, 

2009). In both studies, T-tau protein did not correlate with neuropsychological performance in 

general (Haldenwanger et al., 2010; Hildebrandt et al., 2009). According to Jack et al. (2010), 

concentrations of both P-tau and T-tau increase substantially in AD. However, other studies have 

reported that high concentration of T-tau in CSF is associated with worse episodic memory and 

low level of Aβ42 associated with worse overall performance compared with a healthy control 

group (Ivanoiu & Sindic, 2005; Schoonenboom et al., 2005). A study investigating aMCI, found 

that old age, worse memory performance and presence of low amyloid level in CSF, high T-tau, 

and P-tau, predicted progression to AD (Forlenza et al., 2010). Blom et al. (2009) found that 

patients with elevated levels of T‐tau and P-tau were found to have more rapid progression from 

MCI to AD. This could suggest that increased T-tau predicts progression to AD and therefore an 

indicator of memory loss (Forlenza et al., 2010; Jack et al., 2010).  

Other researchers have therefore pointed out that impaired delayed recall and episodic 

memory are the key characteristics of AD and the most sensitive features of disease progression 

from MCI (Hutchinson & Mathias, 2007; Jack et al., 2010; Jacova, Kertesz, Blair, Fisk, & 

Feldman 2007). This is supported by a longitudinal study involving aMCI, Fleisher et al. (2008) 

that found Alzheimer’s Disease Assessment Scale-Cognitive (ADAS-Cog), word list and story 
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recall to be the best predictors of progression to AD where estimated accuracy was 78.8%. In 

another longitudinal study, decreased Aβ42 was associated with worse performance on episodic 

memory, such as delayed recall, and cognitive speed. At follow up, four years later, episodic 

memory and cognitive speed had deteriorated (Stomrud et al., 2010). This suggest that low level 

of Aβ42 predicts cognitive decline and that neuropsychological assessment should focus on 

episodic memory such as delayed recall of information, and material with interference, and 

learning test (Ivanoiu & Sindic, 2005; Jacova et al., 2007; Stomrud et al., 2010).  

Jack et al. (2010) pointed out that, even in healthy aging, 20-40% of the elderly present 

amyloid plaque deposition which alone, even in large deposits, do not cause dementia. When 

individuals progress into clinical MCI, NFTs formation and neuronal loss has already begun. As 

a result, correlation between biomarkers in CSF and neuropsychological outcome could be low 

because clinical symptoms of MCI have already appeared due to advanced state, and therefore 

amyloid deposition and T-tau concentrations are at its highest (Hoenig, et al., 2017; Jack et al., 

2010). There are, however, other possible explanations.  

Crystal et al. (1988) reported that some patients displayed no signs of clinical symptoms 

of dementia in spite of substantial amyloid deposits at autopsy. This has been assumed to be due 

to cognitive reserve (CR) which refers to the cognitive differences between individuals where 

some have the capability to compensate and make more efficient and effective use of brain 

networks (Stern, 2006; Stern, 2012). Epidemiologic evidence suggests that people with higher 

education and those that engage in leisure activities are less at risk of developing dementia, as a 

result of CR (Katzman, 1993; Stern, 2006; Stern, 2012). In a thorough study to determine the 

effects of clinical, pathological, and neurochemical changes in dementia, patients that had 

advanced pathological brain changes at autopsy had not presented clinical features of AD during 
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life. It was concluded that patients with larger brains, abstained from serious cognitive damage 

due to greater CR (Katzman et al., 1988). Similarly, Stern (2012) described CR as a person’s 

ability to endure more damage to the brain while still functioning adequately. This indicates that, 

while brain damage might greatly affect some individuals, others with more CR have a slower 

rate of memory decline (Stern, 2009). This is supported by Barulli and Stern (2013) who 

assumed that more amount of pathological brain changes is needed for individuals with higher 

CR, before cognitive performance is affected. As Roe et al. (2008) found that AD patients with 

similar amount of Aβ42 to have a better cognitive function due to higher education, compared to 

lower educated patients. Likewise, Hoenig et al. (2017) reported, AD patients that had high 

education tolerated more T-tau pathology than those who were less educated. However, not all 

researchers have found a connection between T-tau and CR (Dumurgier et al., 2010). Although 

cognitive decline later in life would be more severe, it would delay onset of the disease (Barulli 

& Stern, 2013).  

Therefore, due to CR there is an extensive individual difference which influences 

outcomes on neuropsychological evaluations. This is an important finding, meaning that while 

some people endure more AD before exhibiting clinical signs of dementia, others with less CR 

might display signs promptly (Hoenig et al., 2017; Meng & D’Arcy, 2012).  

Current Study 

The aim of this research was to find out if there is an association between tau and Aβ42 

in CSF and performance on neuropsychological tests. As previous findings have suggested, 

while CSF biomarkers can be abnormal, cognition in subjects is affected differently because of 

cognitive reserve (Stern, 2012).  
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The main hypothesis was that individuals with decreased Aβ42 in CSF performed worse 

on a neuropsychological test of episodic memory. The second hypothesis was that elevated levels 

of T‐tau predicted worse performance on neuropsychological assessment representing episodic 

memory. The third hypothesis that was tested was regarding cognitive reserve, if there was an 

interaction effect between the two terms; education and T-tau, and education and Aβ42 on 

neuropsychological tests of episodic memory.   

Method 

Participants 

This study was a part of a larger ongoing study on MCI that started in March 2014 and 

was conducted at Landakot Memory Clinic in Reykjavík. All 55 participants were referred to 

Landakot Memory Clinic by their general practitioner because of concerns about possible 

cognitive decline and were offered to participate in the study if they fulfilled inclusion criteria. 

Twenty-eight of the participants were male or 51%, and twenty-seven were female or 49%. The 

participants’ age ranged from 46 to 85 years old. The average age was 69 (SD=9.6). Mean 

education in years was 12.96 (SD=4). Inclusion criteria for the MCI study was a Mini Mental 

State Examination (MMSE) (Folstein, Folstein & McHugh, 1975) score of ≥24 and 3.2 to 4.0 on 

The Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) (Jorm & Jacomb, 

1989). Mean MMSE score was 27.69 (SD=1.76). MMSE was missing for one participant. Mean 

IQCODE score was 3.54 (SD=.25). All patients fulfilled criteria for MCI and were followed 

clinically once a year for two years. Their symptoms could not be explained by other brain 

pathology relevant to cognitive dysfunction. All patients willingly participated in the study and 

signed an informed consent. The National Bioethics Committee gave permission for the study 

(permission number 14-028).  
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Measures  

All patients went through a clinical interview and a thorough physical examination 

conducted by physicians. Neuropsychologists conducted routine neuropsychological 

examinations for diagnostic purposes. Winblad criteria was used to diagnose MCI and The 

Consortium to Establish a Registry for Alzheimer's Disease (CERAD) (Morris, et al., 1989) was 

used to exclude possible AD. All patients had a magnetic resonance imaging (MRI) to assess 

medial temporal lobe atrophy (MTA) and electroencephalography (EEG). Recruited patients 

underwent lumbar puncture for determination of tau protein and Aβ42. CSF was processed based 

on the Teunissen guidelines (Teunissen, Verwey, Kester, Uffelen, & Blankenstein, 2010).  

Neuropsychological assessment. Variables were chosen from different categories on 

neuropsychological assessment, with the highest variance, that represent different cognitive 

domains. Variables representing episodic memory were word list (delayed recall) and story 

(delayed recall). Verbal fluency (animals) was used as a measure of semantic memory. Variables 

representing processing speed were Stroop test (speed of reading words in black print) and Trail 

Making Test A. The variable representing visuospatial construction is Rey-Osterrieth complex 

figure copy test. Variables representing executive function were Trail Making Test B/Trail 

Making test A, Verbal Fluency test (letter H) and Verbal Fluency test (letter S). The latter two 

tests were computed into the same variable.  

Rey Auditory Verbal Learning Test (RAVLT). The RAVLT is a 15-word list learning task, 

containing common nouns. The participant is instructed to recall the words in any order after 

hearing them. This is repeated for five learning trials. Later in the session, participants are asked 

to recall the words again to evaluate delayed recall. Number of words are noted for immediate 
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and delayed free recall and a yes/no delayed recognition (Lezak, Howieson, Bigler, & Tranel, 

2012). Only the delayed memory component was used.  

Logical memory was translated from English by María K. Jónsdóttir, neuropsychologist. 

The examiner reads a story for the participant which contains 25 key items or themes. Immediate 

memory as well as delayed memory is assessed by requiring the participant to recount the story 

twice, first immediately after hearing it and then again following a delay, without hearing the 

story again. Only the delayed memory component was used. 

Verbal fluency (animals) tests the ability to generate words. The participant is asked to 

say as many animals as possible within a minute (Lezak et al., 2012). This is a measure of 

semantic memory.  

Stroop test (speed of reading words in black print) is often used to measure cognitive 

flexibility, selective attention, and processing speed. However, the first part was only used which 

measures how fast an individual reads a text aloud, in seconds.  

Rey Osterrieth Complex Figure test (ROCF) measures planning, organization skills and 

problem solving along with motor-and memory functions. The figure test is originally broken 

down into 12 scorable elements for the simple figure but 18 for the complex figure (Spreen & 

Strauss, 1998). However, proportional score of both outcomes was used. In the beginning the 

participant copies the picture and thereupon made to reproduce it from memory. Delayed-recall 

is then tested later in the session.  

Trail Making Test (TMT) assesses scanning, divided attention, visuomotor tracking, and 

cognitive flexibility (Lezak et al., 2012). The test is divided into two parts TMT A and B. In 

Trail Making Test A, the participant has to draw lines to connect numbers serially from one to 
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twenty-five on a work sheet. In Trail Making Test B, alternates between consecutively number 

and letter sets. In both cases, the subject is asked to execute the task as fast as possible and 

without lifting the pen from the paper.  

Verbal Fluency test (letter H and letter S) assesses executive functioning. Participants are 

to say as many words as possible, that start with the letters H and S. One minute is allowed for 

each letter (Lezak et al., 2012; Spreen & Strauss, 1998). Proper names or name of places do not 

count.  

Statistical Analysis 

Data was analyzed by using IBM SPSS (Version 24.0). Descriptive analysis was 

conducted where participants were divided into two groups, by age. Younger group included 

twenty-three participants aged 46-69 but the older group had thirty-one participants aged 70-86. 

Independent T test was used to detect whether there was a statistically significant difference on 

age, education, MMSE, IQCODE, T-tau and Aβ42 between younger and older individuals.  

Hierarchical Multiple Regression was conducted to describe data and explain the 

relationship between performance on the neuropsychological tests and age, education, T-tau and 

Aβ42. To test the third hypothesis, both age and education were included as control variables. 

Interaction effect was tested between education and T-tau and between education and Aβ42.  
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Results 

 In this study, 56 patients were originally recruited with MCI. However, one outlier was 

removed. Mean total tau concentration was 411.73 pmol/l (SD=245.81). Mean Aβ42 was 634.52 

pmol/l (SD=392.54). Demographics and CSF biomarkers summary for all 55 subjects are 

presented in Table 1.  

Further analysis was conducted to compare results by age groups. Difference between age 

groups can be seen in Table 2.  

Table 2 

Difference between age groups on scores and CSF measurements 

Table 1 

Demographic data and CSF biomarkers   

 N Mean SD Minimum Maximum 

Age (y)  55 69.13 9.65 46 85 

Education (y) 55 12.96 4.00 6 24 

MMSE  54 27.69 1.76 24 30 

IQCODE 55 3.54 .25 3.54 4.00 

Tau-protein (pmol/l) 55 411.63 245.81 100 1086 

Aβ42 (pmol/l) 55 634.52 392.54 140 2332 

 N Mean SD Minimum Maximum 

Younger 

participants 

≤ 69 years 

 

 

 

 

 

Older 

participants 

≥ 70 years 

Aβ42 (pmol/l) 24 686.96 495.35 167 2332 

Tau-protein 

(pmol/l) 

24 328.17 206.20 100 916 

MMSE 23 38.30 1.55 24 30 

IQCODE 24 3.52 .26 3.10 3.90 

Education (y) 24 13.50 4.21 9 24 

 

Aβ42 (pmol/l) 31 593.93 292.13 140 1434 

Tau-protein 

(pmol/l) 

31 476.25 257.44 106 1086 

MMSE 31 27.23 1.78 24 30 

IQCODE 31 3.55 .26 3.06 4.00 

Education (y) 31 12.55 3.85 6 20 
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As can be seen in Table 2, older participants had more tau protein than younger 

participants (t(53) = 2.302, p = .025). Younger participants scored higher on MMSE (t(52) = 

2.321, p = .024). There was not a significant difference in education (t(53) = .873, p = .387), 

IQCODE (t(53) = .401, p = .690) and Aβ42 (t(53) = .870, p = .388).  

Neuropsychological test performance can be seen in Table 3.  

TMT A/TMT B = Trail Making Test B/Trail Making Test A, ROCF = Rey-Osterrieth Complex 

Figure copy test 

 

 

 

 

Table 3 

Neuropsychological test results      

 N Mean SD Minimum Maximum 

Episodic memory      

Word list (delayed recall)  54 4.15 4.30 0 15 

Story (delayed recall) 55 7.22 5.51 0 19 

Semantic memory      

Verbal fluency (animals) 53 15.40 7.13 4 33 

Processing speed      

Trail making test A 54 58.78 33.04 21 203 

Stroop test (1st trial)  47 26.04 5.98 17 48 

Visuospatial construction      

ROCF  52 30.14 6.11 8 36 

Executive function      

TMT A/TMT B 49 3.10 1.14 1 7 

Verbal Fluency Test H and S 53 23.62 10.16 6 48 
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Table 4 shows the correlation between demographics and CSF biomarkers with 

neuropsychological tests. Tau-protein was significantly correlated with word list (delayed recall), 

r = -.400, p < .05 and story (delayed recall), r = -.395, p < .05. Aβ42 also significantly correlated 

with word list (delayed recall), r = .325, p < .05 and story (delayed recall), r = .344, p < .05. 

Education and word list (delayed recall) were significantly correlated, r = .293, p < .05. Age had 

a moderate negative correlation with word list (delayed recall), r = -.644, p < .05 and story 

(delayed recall), r = -.512, p < .05.  

 

*. Correlation is significant at the 0.05 level (1-tailed). TMT A/TMT B = Trail Making Test 

B/Trail Making Test A, ROCF = Rey-Osterrieth Complex Figure copy test 

 

 

Table 4 

Correlation between demographics and CSF biomarkers and neuropsychological tests 

 Age (y) Education (y) Tau-protein (pmol/l) Aβ42 (pmol/l) 

Education (y) -.256    

Tau-protein (pmol/l) .387* -.030   

Aβ42 (pmol/l) -.157 .033 -.091  

Episodic memory     

Word list (delayed recall) -.644* .293* -.400* .325* 

Story (delayed recall) -.512* .241* -.395* .344* 

Semantic memory     

Verbal Fluency (animals) -.468* .159 -.240* .100 

Processing speed     

Trail Making test A .412* .161 .114 -.212 

Stroop test (1st trial) .258 .000 .069 -.231 

Visuospatial construction     

ROCF -.213 -.063 -.011 .142 

Executive function     

TMT A/TMT B -.259 .203 .043 -.089 

Verbal Fluency test H and S .078 -.008 -.019 -.001 
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Hierarchical Multiple Regression was used to test whether age, education, T-tau and 

Aβ42 affected performance on eight different cognitive tests; World list (delayed recall), Story 

(delayed recall), Verbal fluency (animals), TMTA, Stroop test, ROCF, TMTB/TMTA and 

Verbal Fluency Test H and S. Additionally, two interaction terms were included in the analyses; 

the interaction between education and T-tau and the interaction between education and Aβ42. 

The hierarchical regression was conducted in six steps (models); in step 1, age was added. In step 

2, education was added. In step 3, Aβ42 was added and in step 4, T-tau was added. In step 5, the 

interaction term between education and T-tau was added and in step 6, the interaction term 

between education and Aβ42 (see Appendix A for detailed results).  

When testing the effect of the independent variables on performance on World list 

(delayed recall), neither age nor education had a significant effect on performance in steps 1 and 

2. However, when Aβ42 was added in step 3, education (β = 0.26, p < .05) and Aβ42 both had a 

positive effect on performance (β = 0.30, p < .05). Adding Aβ42 increased the explanatory power 

by 9%, from 12% to 21%. When T-tau was added in step 4, T-tau had a negative effect on 

performance (β = -0.36, p < .05). Adding T-tau to the model increased explanatory power by 

13%, from 21% to 34%. In step 5, the interaction term between education and Aβ42 had a 

positive effect on performance (β = 1.12, p < .05), indicating that Aβ42 had a stronger positive 

effect on performance for those who had higher education. In step 6, the interaction between 

education and T-tau did not have a significant effect on performance.  

When testing the effect on performance on Story (delayed recall), neither age nor 

education had a significant effect on performance in step 1 and 2. In step 3, Aβ42 was added and 

showed a positive effect on performance (β = 0.33, p < .05), increasing the explanatory power by 

11%, from 7% to 18%. When T-tau was added in step 4, T-tau had a negative effect on 
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performance (β = -0.36, p < .05) and increased explanatory power by 13%, from 18% to 31%. 

Results for step 5 and 6 showed that the interaction between education and Aβ42 and the 

interaction between education and T-tau were both non-significant.  

When the effect of age, education, Aβ42 and T-tau on performance on Verbal fluency 

(animals) was analyzed in steps 1 through 4, none of the variables had a significant direct. 

However, in step 5, when the interaction term between education and Aβ42 was added, T-tau 

showed a negative effect on performance (β = -0.27, p < .05), increasing the explanatory power 

by 5%, from 14% to 19%. despite that the interaction between term education and Aβ42 d was 

non-significant. In step 6, the interaction term between education and T-tau had a negative effect 

on performance (β = -1.23, p < .05), indicating that T-tau had a stronger negative effect on 

performance for those who had higher education. Adding the interaction term between education 

and T-tau to the model increased explanatory power by 7%, from 19% to 26%.  

When testing the effect on performance on TMTA, the effects of age, education, Aβ42 

and T-tau were all non-significant in steps 1 through 4. However, when interaction term between 

education and Aβ42 was added in step 5, education showed a positive effect on performance (β = 

0.83, p < .05) as well as Aβ42 (β = 1.23, p < .05). Additionally, the interaction term between 

education and Aβ42 had a negative effect on performance (β = -1.65, p < .05), indicating that 

Aβ42 had a more negative effect on performance for those who had higher education. Adding the 

interaction term between education and Aβ42 in step 5 increased the explanatory power from 

10% to 23%. When the interaction term between education and T-tau was added in step 6, only 

the interaction term between education and Aβ42 had a significant effect on performance (β = -

1.23, p < .05), which remained negative.   



CSF BIOMARKERS AND NEUROPSYCHOLOGY 18 

When testing the effects on the performance on the Stroop test, age, education, Aβ42 and 

T-tau were all non-significant in steps 1 through 4. In step 5, the interaction term between 

education and Aβ42 had a negative effect on performance (β = -1.46, p < .05). Adding the 

interaction term between education and Aβ42 increased the model’s explanatory power from 6% 

to 10%. However, when the interaction term between education and T-tau was added in step 6, 

no variables had a significant effect performance (p > .05).  

When testing the direct effects of age, education, Aβ42 and T-tau on performance on 

ROCF, all independent variables remained non-significant in steps 1 through 4. However, when 

the interaction term between education and Aβ42 was added in step 5, education had a negative 

effect on performance (β = -0.91, p < .05) as well as Aβ42 (β = -1.72, p < .05), while the 

interaction term between education and Aβ42 had a positive effect on performance (β = 2.13, p < 

.05), indicating that, despite that Aβ42 had a negative direct effect on performance, Aβ42 had a 

more positive effect on performance for those who had higher education. Explanatory power for 

step 5 is 29%. When the interaction term between education and T-tau was added in step 6, it did 

not have an effect on the independent variables. Explanatory power for step six stayed the same, 

29%.  

When the effects of age, education, Aβ42, T-tau, the interaction between education and 

Aβ42 and the interaction between education and T-tau on performance on TMTB/TMTA and 

Verbal Fluency Test H and S, all predictors were non-significant in steps 1 through 6 (p > .05).  
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Discussion 

The main purpose of the study was to examine the relationship between CSF 

measurements and neuropsychological performance. The results of the current study supported 

the main hypothesis. Individuals with decreased Aβ42 performed worse on tests of episodic 

memory. This finding corroborates the ideas of previous research that suggested that low level of 

Aβ42 predicted cognitive decline in patients with MCI (Ivanoiu & Sindic, 2005; Jacova et al., 

2007; Stomrud et al., 2010). This study also found that elevated levels of T-tau predicted worse 

performance on neuropsychological assessment representing episodic memory which is in 

accordance with previous research (Blom et al., 2009; Forlenza et al., 2010; Jack et al., 2010). 

These results are consistent with those of other studies and suggest that high level of tau and low 

level of Aβ42 predicted cognitive decline in patients with MCI (Andreasen et al., 2003; Hansson 

et al., 2006; Ivanoiu & Sindic, 2005). These findings further support the idea that 

neuropsychological tests should focus on episodic memory such as delayed recall of information 

that could predict cognitive decline (Ivanoiu & Sindic, 2005; Jacova et al., 2007; Stomrud et al., 

2010).  

It is interesting to compare the correlation between biomarkers, the combination of CSF 

T-tau and Aβ42, and neuropsychological profiles in this study with the ones found by Jack et al. 

(2010). In their study, Jack et al. (2010), proposed that low correlation between biomarkers in 

CSF and neuropsychological outcome could be a consequence of Aβ42 declining, and T-tau in 

advanced state increasing, long before clinical stage of MCI and persists (Jack et al., 2010). In 

this study, the combination of CSF T-tau and Aβ42 correlated with episodic memory but with no 

other neuropsychological test, just as Jack et al. (2010) proposed.  
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The third hypothesis that was tested was regarding CR, if there was an interaction effect 

between the two terms; education and T-tau, and education and Aβ42 on neuropsychological 

tests of episodic memory. The results of the current study partially supported the third 

hypothesis. There was an interaction effect between education and Aβ42 on one of the 

neuropsychological tests representing episodic memory. The finding indicates that those with 

higher education perform better on one of the neuropsychological tests representing episodic 

memory, compared to those with lower education. It is probable therefore that those with higher 

education tolerated more Aβ42 deposition in the brain and therefore performed better on one of 

the neuropsychological tests representing episodic memory, compared with those with lower 

education. In accordance with previous studies, individuals with higher education, tolerate better 

disease related pathology in the brain, and therefore show signs or symptoms of the disease later 

on (Hoenig et al., 2017; Meng & D’Arcy, 2012; Stern, 2009; Stern, 2012). However, this study 

was unable to demonstrate interaction effect between education and T-tau on neuropsychological 

assessment representing episodic memory. It is difficult to interoperate these results, as it is 

unknown why there is no interaction effect between education and T-tau. A possible explanation 

could be that CSF Aβ42 levels are altered much earlier than CSF T-tau levels (Jack et al., 2010). 

Therefore, individuals with MCI are still at an early stage and might have T-tau levels at a 

similar level, whether they have high or low CR (Dumurgier et al., 2010).  

Other findings show that those with low level of Aβ42 performed worse on Trail making 

test A, representing processing speed. However, it would be expected since cognitive deficits 

such as memory decline and cognitive speed, appear on neuropsychological assessment prior to 

diagnosis of dementia (Lezak et al., 2012; Stomrud et al., 2010).  
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The findings in this study are subject to at least three limitations. First, education may not 

the only measure for CR (Stern, 2006; Stern, 2012). Second, MCI participants were not classified 

into MCI subtypes to help predict progression of symptoms and correlation between CSF 

markers and neuropsychological testing. Third, a possible limitation is the relatively small 

sample size. Despite the weaknesses there were strengths to the study. This research was ground-

breaking considering it is the first of its kind in Iceland. Few studies have linked findings in CSF 

to neuropsychological profiles in MCI. All analyses were performed by adding additional control 

for potentially confounding variables such as age and education. The long-term goal of this 

study, which is still ongoing, is to enhance our understanding of MCI, its natural progression, 

and the role of various possible biomarkers, of which CSF measures are one example, in the 

diagnosis of MCI. 

In accordance with the previous studies, it is suggested that MCI patients that have 

biomarkers with deviating concentrations of T-tau and Aβ42 could be detectable for further 

cognitive deterioration (Andreasen et al., 2003; Arai et al., 2000; Hansson et al., 2006; Olsson et 

al., 2016). However, while no valid nor reliable biomarkers are available, neuropsychological 

testing continues to remain the most specific and standardized method used to determine MCI or 

other type of dementia. Future research should therefore concentrate on investigating MCI that 

would help to establish higher accuracy of biomarkers and establish guidelines. CSF biomarkers 

might one day improve and be used to detect individuals that are at a specific risk of developing 

cognitive deterioration as well as be useful in assessing treatment outcomes.  
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Appendix 

 

 

Appendix A. Hierarchical Multiple Regression analysis was used to test if CSF measurements 

predicted performance on neuropsychological tests as well as interaction effect.  

 

   

Word list 

(delayed 

recall) 

Story 

(delayed 

recall) 

Verbal 

fluency 

(animals) 

Trail 

making 

test A 

Stroop test 

(1st trial) 

Rey-

Osterrieth 

Complex 

Trail making test 

B/Trail making test 

A 

Verbal 

fluency 

test H and 

S 

  Independent variables                 

Step 1 Age 0,23 0,16 -0,20 0,13 0,03 -0,20 0,22 -0,11 
          
 

R2 0,05 0,02 0,04 0,02 0,00 0,04 0,05 0,01 
 

F 2,79 1,34 2,14 0,96 0,05 2,12 2,38 0,57 
          

Step 2 
Age  0,19 0,13 -0,23 0,11 0,03 -0,20 0,23 -0,14 

Education 0,26 0,22 0,19 0,15 0,00 -0,04 -0,05 0,22 
          
 

R2 0,12 0,07 0,08 0,04 0,00 0,04 0,05 0,06 
 

∆R2 0,07 0,05 0,04 0,02 0,00 0,00 0,00 0,05 
 

F 3,46* 2,06 2,05 1,03 0,02 1,08 1,22 1,57 
          

Step 3 

Age 0,17 0,10 -0,23 0,14 0,04 -0,21 0,24 -0,14 

Education 0,26* 0,22 0,19 0,15 0,00 -0,04 -0,04 0,22 

Aβ42 0,3* 0,33* 0,11 -0,23 -0,23 0,17 -0,11 0,00 
          
 

R2 0,21 0,18 0,09 0,09 0,05 0,07 0,06 0,06 
 

∆R2 0,09 0,11 0,01 0,05 0,05 0,03 0,01 0,00 
 

F 4,47* 3,73* 1,56 1,66 0,83 1,19 0,98 1,03 
          

Step 4 

Age 0,15 0,08 -0,24 0,14 0,04 -0,21 0,24 -0,14 

Education 0,25* 0,21 0,18 0,15 0,01 -0,04 -0,03 0,22 

Aβ42 0,27* 0,3* 0,09 -0,22 -0,23 0,17 -0,10 0,00 

T-tau -0,36* -0,36* -0,24 0,10 0,05 0,00 0,05 -0,02 
          
 

R2 0,34 0,31 0,14 0,10 0,06 0,07 0,06 0,06 
 

∆R2 0,13 0,13 0,06 0,01 0,00 0,00 0,00 0,00 
 

F 6,27* 5,53* 2,03 1,37 0,64 0,87 0,75 0,76 
          

Step 5 

Age 0,15 0,08 -0,25 0,15 0,05 -0,22 0,24 -0,14 

Education -0,21 0,13 -0,22 0,83* 0,55 -0,91* 0,00 0,04 

Aβ42 -0,71 0,13 -0,78 1,23* 1,08 -1,72* -0,05 -0,39 

T-tau -0,39* -0,36* -0,27* 0,15 0,09 -0,06 0,05 -0,04 

Interaction_education_aβ42 1,12* 0,19 0,99 -1,65* -1,46* 2,13* -0,06 0,44 
          
 

R2 0,40 0,31 0,19 0,23 0,16 0,29 0,06 0,07 
 

∆R2 0,06 0,00 0,05 0,13 0,10 0,22 0,00 0,01 
 

F 6,37* 4,37* 2,23 2,9* 1,53 3,69* 0,59 0,70 
          

Step 6 

Age 0,15 0,09 -0,18 0,13 0,02 -0,23 0,22 -0,11 

Education -0,23 0,28 0,58 0,61 0,10 -1,04* -0,36 0,38 

Aβ42 -0,72 0,24 -0,17 1,07 0,67 -1,81* -0,29 -0,13 

T-tau -0,42 -0,16 0,82 -0,13 -0,48 -0,22 -0,45 0,43 

Interaction_education_aβ42 1,13 0,07 0,33 -1,47* -1,02 2,23* 0,20 0,16 

Interaction_education_Tau 0,02 -0,22 -1,23* 0,31 0,63 0,17 0,53 -0,52 
          
 

R2 0,40 0,31 0,26 0,24 0,18 0,29 0,08 0,08 
 

∆R2 0,00 0,00 0,07 0,00 0,03 0,00 0,02 0,01 
 

F 5,2* 3,61* 2,69* 2,43* 1,49 3,03* 0,61 0,68 


