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A b s t r a c t

Introduction: The aim of our study was to evaluate the usefulness of several biomarkers in predicting the conversion 
of mild cognitive impairment (MCI) to Alzheimer’s disease (AD): β-amyloid and tau proteins in cerebrospinal fluid 
and the volumetric evaluation of brain structures including the hippocampus in magnetic resonance imaging (MRI).
Material and methods: MRI of the brain with the volumetric assessment of hippocampus, entorhinal cortex, posteri-
or cingulate gyrus, parahippocampal gyrus, superior, medial and inferior temporal gyri was performed in 40 patients 
diagnosed with mild cognitive impairment. Each patient had a lumbar puncture to evaluate β-amyloid and tau pro-
tein (total and phosphorylated) levels in the cerebrospinal fluid. The observation period was 2 years. 
Results: Amongst 40 patients with MCI, 9 (22.5%) converted to AD within 2 years of observation. Discriminant analy-
sis was conducted and sensitivity for MCI conversion to AD on the basis of volumetric measurements was 88.9% and 
specificity 90.3%; on the basis of β-amyloid and total tau, sensitivity was 77.8% and specificity 83.9%. The combined 
use of the results of volumetric measurements with the results of proteins in the cerebrospinal fluid did not increase 
the sensitivity (88.9%) but increased specificity to 96.8% and the percentage of correct classification to 95%.
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Introduction

Mild cognitive impairment (MCI) was treated in 
the past as a transitional state between the physio-
logical aging and dementia. Currently it is a separate 
diagnosis, although very heterogeneous. It requires 
clinical vigilance because of possibility of conversion 
to dementia, most often to Alzheimer’s disease (AD), 

with an average of 7-15% per year. The moment of 
conversion is very important due to the possibility of 
therapeutic effects, which are most effective in the 
early stages of AD, while the recommended treat-
ment of MCI does not exist. Criteria for diagnosis of 
AD (NIA/AA, 2011) [1] include not only the dementia 
phase but also the MCI phase and preclinical phase 
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of Alzheimer’s disease pathophysiological process, 
when pathological changes are present in the brain 
but the patient does not have any clinical symptoms. 
Such state can last for even twenty years.

Although “amyloid cascade hypothesis” has giv-
en rise to doubts [2], diagnostic criteria of MCI from 
2011 indicate the important role of biomarkers [1]. 
Biomarkers can improve the prediction of MCI con-
version to AD. Significant markers include markers of 
β-amyloid (Aβ) deposition (decreased level of Aβ1-42 
in the cerebrospinal fluid (CSF) or positive amy-
loid imaging in PET) and markers of neuronal injury 
(increased levels of tau protein- total and/or phos-
phorylated in CSF or decreased glucose uptake in the 
temporal-parietal area in FDG-PET or reduced volume 
of hippocampus in magnetic resonance imaging – 
MRI) [1]. Currently, these parameters are not used in 
clinical practice because of the lack of treatment of 
MCI due to AD. However, positive biomarkers increase 
the likelihood that the cognitive impairment can be 
caused by the pathophysiological process of AD [9].  
In such case the probability of MCI conversion to AD in 
the future is higher. 

The aim of our study was to evaluate the use-
fulness of several biomarkers in predicting the con-
version of MCI to AD: β-amyloid and tau proteins in 
the CSF and volumetric evaluation of different brain 
structures including the hippocampus in MRI.

Material and methods

The study population was 40 patients (22 wom-
en and 18 men), aged 50-80 years, with MCI diag-
nosed in the Alzheimer’s Department (according to 

the diagnostic criteria from 2004; Winblad et al.) [16]. 
The Mini Mental State Examination (MMSE) [7], neu-
rological and neuropsychological assessments (using 
standard neuropsychological tests) were performed; 
on CDR scale all patients received 0.5 [10]. Labora-
tory tests were taken to exclude other causes of 
cognitive impairment. Brain MRI was performed for  
all patients on a 1.5 T Toshiba apparatus to calculate 
volumes of selected structures (hippocampus, ento-
rhinal cortex, posterior cingulate gyrus, parahip
pocampal gyrus, superior, medial, inferior temporal 
gyri and total intracranial volume) using FreeSurfer 
software. Each volume (hippocampus, entorhinal 
cortex, posterior cingulate gyrus, parahippocampal 
gyrus, superior, medial, inferior temporal gyri) was 
divided by the total intracranial volume to normal-
ize results and to eliminate differences in the brain 
size (according to Whitwell) [15]. All volumes were 
multiplied by 1000 in order to facilitate comparison 
between them. Each patient had a lumbar puncture 
to evaluate Aβ and tau protein (total and phos-
phorylated) in the cerebrospinal fluid. There was 
a  2-year observation period. During control visits, 
MMSE, neurological and neuropsychological exam-
inations were performed to assess potential disease 
progression to AD. Alzheimer’s disease was recog-
nized on the basis of the diagnostic criteria NIA/AA, 
2011 [1].

Patients diagnosed with conversion to AD had 
been treated with the acetylcholinesterase inhibi-
tor. All patients have remained under the care of our 
Memory Disorders Outpatient Clinic and have had 
periodical follow-up visits.

Table I. Characteristics of patients in studied subgroups with regard to Alzheimer’s disease biomarkers 
concentration in cerebrospinal fluid

Variable MCI whole sample MCI stable Converters

N 40 31 9

Age 63.17 (9.56) 61.26 (8.61) 69.78 (10.23)

MMSE 27.50 (1.73) 27.58 (1.79) 27.22 (1.56)

Years of education 13.95 (2.88) 14.13 (2.74) 13.33 (3.43)

Aβ1-42 607.873 (269.92) 653.026 (242.96) 452.344 (314.16)

tTau 299.776 (196.64) 269.355 (166.12) 404.561 (262.82)

pTau 181 45.480 (19.94) 43.145 (19.03) 53.522 (22.08)

Aβ1-42 ≤ 609.54 20 13 (41.9%) 7 (77.8%)

tTau ≥ 277.02 17 11 (35.5%) 6 (66.7%)

pTau 181 ≥ 55.08 10 7 (22.6%) 3 (33.3%)

Data presented as mean (standard deviation) 
Aβ1-42 – CSF amyloid beta 1-42 (pg/ml), tTau – CSF total tau (pg/ml), pTau 181 – CSF hyperphosphorylated tau at threonine 181 (pg/ml)
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Table II. Descriptive statistics in each subgroup (normalized volumes were multiplied by 1000)

Structure Non-converters (n = 31) Converters (n = 9) All (n = 40)

Average Standard deviation Average Standard deviation Average Standard deviation

LH 2.529 0.253 2.009 0.418 2.412 0.365

RH 2.528 0.347 2.138 0.391 2.440 0.389

LERC 0.596 0.138 0.447 0.128 0.562 0.149

RERC 0.479 0.125 0.411 0.084 0.464 0.120

LPCG 1.613 0.253 1.549 0.287 1.599 0.259

RPCG 1.649 0.317 1.55 0.274 1.627 0.308

LPHG 1.109 0.158 1.04 0.252 1.094 0.182

RPHG 1.051 0.164 1.007 0.224 1.041 0.177

LITG 5.794 0.777 5.167 1.144 5.653 0.896

LMTG 5.432 0.591 5.216 0.991 5.383 0.692

LSTG 6.111 0.814 5.567 1.168 5.988 0.918

RITG 5.903 0.872 5.153 0.839 5.734 0.911

RMTG 6.128 0.88 5.747 1.182 6.042 0.982

RSTG 6.01 0.921 5.495 0.922 5.894 0.904

LH – left hippocampus, RH – right hippocampus, LERC – left entorhinal cortex, RERC – right entorhinal cortex, LPCG – left posterior cingulate gyrus,  
RPCG – right posterior cingulate gyrus, LPHG – left parahippocampal gyrus, RPHG – right parahippocampal gyrus, LITG – left inferior temporal gyrus,  
LMTG – left medial temporal gyrus, LSTG – left superior temporal gyrus, RITG – right inferior temporal gyrus, RMTG – right medial temporal gyrus, RSTG – right 
superior temporal gyrus

Table III. Results of a Student’s t-test 

 The value of t statistics Degree of freedom (df) Significance (two-sided) Average difference

LH –3.549 10 0.005 –0.52

RH –2.891 38 0.006 –0.39

LERC –3.022 14 0.009 –0.15

RERC –1.541 38 0.132 –0.07

LPCG –0.652 38 0.519 –0.06

RPCG –0.855 38 0.398 –0.10

LPHG –0.998 38 0.325 –0.07

RPHG –0.655 38 0.516 –0.04

LITG –1.910 38 0.064 –0.63

LMTG –0.820 38 0.417 –0.22

LSTG –1.596 38 0.119 –0.54

RITG –2.289 38 0.028 –0.75

RMTG –1.027 38 0.311 –0.38

RSTG –1.532 38 0.134 –0.52

β-amyloid –2.042 38 0.048 –200.7

Total tau 1.873 38 0.069 135.2

Phosphorylated tau 1.390 38 0.172 10.4

LH – left hippocampus, RH – right hippocampus, LERC – left entorhinal cortex, RERC – right entorhinal cortex, LPCG – left posterior cingulate gyrus,  
RPCG – right posterior cingulate gyrus, LPHG – left parahippocampal gyrus, RPHG – right parahippocampal gyrus, LITG – left inferior temporal gyrus,  
LMTG – left medial temporal gyrus, LSTG – left superior temporal gyrus, RITG – right inferior temporal gyrus, RMTG – right medial temporal gyrus, RSTG – right 
superior temporal gyrus
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Results

Amongst 40 patients with MCI, 9 (22.5%) con-
verted to AD within 2 years of observation (on aver-
age 9.2 months, SD 5.8). The study population was 
divided into two subgroups: subgroup 1: non-con-
verters, who did not convert to AD (31 patients) 
and subgroup 2: converters, who converted to AD  
(9 patients). The characteristics of subgroups, includ-
ing the results of CSF are shown in Table I, together 
with the cut-off points (established in our laboratory, 
described in our previous study [8]). 

On the basis of our laboratory cut-offs the most 
corresponding was Aβ1-42 value, which was positive 
for 7 of 9 (77.8%) converters but for 13 of 31 non- 
converters it was false positive. A positive value for 
total tau protein was obtained for 6 of 9 (66.7%) con-
verters and the value false positive for 11 patients 
with stable MCI. The result of phosphorylated tau 
protein was positive only for 33% of converters.  
Table II presents descriptive statistics for all mea-
sured structures in MRI – average normalized values 
were multiplied by 1000 for easier data comparison.

Table III shows the results the Student’s t-test 
significance of differences between subgroups for 
independent samples. 

Statistically significant values were obtained for 
the left hippocampus, right hippocampus, left ento-
rhinal cortex, right inferior temporal gyrus and Aβ  
(p ≤ 0.05). Discriminant analysis model used all vol-
umetric measurements and values of Aβ and total 
tau to determine subgroup membership: converter or 
non-converter. Discriminant analysis was conducted 
in three steps: for volumetric measurements only, for 
Aβ and total tau (phosphorylated tau was excluded 
because of high p-value) and for volumetry and CSF 
biomarkers. Sensitivity for MCI conversion to AD on 
the basis of volumetric measurements was 88.9% 
and specificity 90.3%. On the basis of Aβ and total tau 
sensitivity was 77.8% and specificity 83.9%. The per-

centage of correct classification using the results of 
the volumetric measurement was 90%, and by using 
Aβ and total tau 82.5%. The results of the volumetric 
measurements together with results of the proteins 
in the CSF did not increase the sensitivity (88.9%) 
but increased specificity to 96.8% and the percent-
age of correct classification to 95%. Sensitivity, spec-
ificity and the percentage of correct classification for 
parameters which were statistically significant are 
presented in Table IV.

Discussion

The obtained results confirm that the use of vol-
umetric assessment of selected brain structures and 
the assessment of Aβ and tau protein in CSF can 
be useful in predicting the MCI progression to AD. 
However, the biggest limitation of our study was the 
small group of patients (40 persons), so the results 
are limited. Surprisingly, sensitivity for volumetric 
measurements was almost 90%, whereas in our 
previous study (101 patients diagnosed with MCI) 
we have obtained sensitivity of 64.7%, specificity of 
96.4% and classification rate of 91% (in this study 
90%) [11]. Similar results using volumetry were pre-
sented by Convit. His study group was also limited 
(46 patients); sensitivity of the prediction of conver-
sion by using volume of hippocampus was 57% (in 
our study 66.7%) and by using all measured volumes 
increased to 93% (in our study to 88.9%), specificity 
was 97% (in our study 90.3%) [3]. Taking into account 
individual volumetric measurements the results 
obtained in our previous study were confirmed, i.e. 
the highest sensitivity was for the hippocampus and 
then for the left entorhinal cortex [11]. Our results 
are contrary to the results presented by Dickerson 
(23 patients diagnosed with MCI, observation period 
of 12-77 months) or Stoub (23 patients diagnosed 
with MCI and 35 from the control group, observa-
tion period was 5 years) in whose studies volume of 

Table IV. Sensitivity, specificity and classification rate for single parameters

Sensitivity (%) Specificity (%) Correct classification rate (%)

LH 66.7 77.4 75

RH 66.7 74.2 72.5

LERC 55.6 67.7 65

RITG 55.6 64.5 62.5

Aβ 77.8 64.5 67.5

Total tau 66.7 83.9 80

 LH – left hippocampus, RH – right hippocampus, LERC – left entorhinal cortex, RITG – right inferior temporal gyrus
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entorhinal cortex was a better parameter than vol-
ume of hippocampus in predicting MCI conversion to 
AD [4,13]. It should be noted that higher sensitivity 
compared to single volumetric measurements, was 
obtained for Aβ (77.8%), as in Egli’s study, and as for 
total tau it was the same as for hippocampi (66.7%) 
but total tau has had higher specificity compared 
with Aβ and hippocampi which gives the best per-
centage of correct classification (conversion vs. no 
conversion) for total tau protein (80%). Specificity 
increased after using a few parameters together [5]. 

Biomarkers were also studied in Ewers’ study; 
the most sensitive parameter was volumetric mea-
surement of left hippocampus and the highest per-
centage of correct classification was achieved by 
using the right entorhinal cortex volume. Sensitivity 
and specificity of prediction of MCI conversion to AD 
increased in the models using parameters of cere-
brospinal fluid [6]. 

The study which used ADNI database [14] on 162 
patients with diagnosed MCI showed superiority of 
the biomarkers from CSF in predicting the conversion 
of MCI to AD (sensitivity 76.4% vs. 65.4%), the per-
centage of correct classification for both markers was 
the same (65.4%) but increased (to 68.5%) using both 
methods together (follow-up period of 36 months). 

In Prestia’s study the highest sensitivity was for 
Aβ (79%) as a single biomarker, which was also con-
firmed in our work, with the highest specificity for 
the volumetric measurement of hippocampus (76%). 
The study group consisted of 103 patients diagnosed 
with MCI (from two databases: ADNI and TOMC and 
follow-up period was 36 ± 12 months) [12].

The follow-up period for our study was 2 years 
and there is a  possibility that in the coming years 
progression to AD in subsequent patients can be 
observed, so the proportion of converters to non- 
converters can change and sensitivity of used meth-
ods can also improve. The patients enrolled in our 
study met the MCI criteria [16]; conversion to AD was 
diagnosed in the patients who progressed to demen-
tia and met criteria for probable AD [9] but even  
in such a small group there is a probability of a mis-
take in diagnosis (other type of dementia for exam-
ple FTD, DLB).

Conclusions 

The above-mentioned biomarkers seem to be 
important parameters, in particular when biochem-
ical biomarkers are used together with volumetric 

ones. Possibility of CSF analysis with Aβ and tau 
protein assessment is nowadays easier. MRI is also 
widely available. Confirmation of effectiveness of 
the method requires the study and observation on 
a larger group of patients with diagnosed MCI.
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