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ABSTRACT
Objective. The aim of our study was to evaluate the cognitive impairment in patients diagnosed with malignant 
brain tumors.
Material and methods. We enrolled in our study 105 patients diagnosed with astrocytomas, hospitalized in the 
Clinic of Neurology between January 2006 and December 2010. Depending on the histology of the tumor, the 
study-group was composed of 19 cases diagnosed with diffuse astrocytomas, 13 cases with anaplastic astrocy-
tomas and 73 cases with glioblastomas.
Each patient was evaluated by neurological and neuroimagistic exam (computed tomography and/or nuclear mag-
netic resonance). Each patient was evaluated in the term of disability using Karnofsky Performance Status, which 
is a scale commonly used in patients with cancer to quantify functional status. Presurgical cognitive functions of 
the patients were assessed using Mini Mental State Examination (MMSE) and Montreal Cognitive Assessment 
(MoCA), 
The results were analyzed using Student’s T test and Chi-Squared test, considering statistically signifi cant 
p<0.05. 
Results. In the terms of mean age, the statistical analysis didn’t show a signifi cant difference between the three 
groups of patients. Also, we observed that the mean level of education in glioblastomas group was signifi cantly 
lower than that of anaplastic astrocytomas. On MMSE, the average scores obtained by the patients were: 27.2 
points in patients with diffuse astrocytomas, 26.7 points in patients with anaplastic astrocytomas and 25,1 points 
in patients with glioblastomas. On MoCA, the average scores were: 24.6 points in patients with diffuse astrocy-
tomas, 24.2 points in patients with anaplastic astrocytomas and 21.8 points in patients with glioblastomas.
Conclusion. In our study, the patients diagnosed with glioblastomas showed a statistically signifi cant cognitive 
decline than the patients with diffuse astrocytomas or anaplastic astrocytomas, respectively. Between patients with 
grade II tumors and those diagnosed with anaplastic astrocytomas there were no statistically signifi cant differ-
ences in terms of scores obtained from the assessment of cognitive functions.
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INTRODUCTION

Primitive brain tumors are a group of neoplasms, 
each presenting its own biology, prognosis and 
treatment, and each being determined by different 
risk factors.

Cognitive impairment is the most common neu-
rological problem associated with brain tumors, 
and it is present in many people from the time of 
diagnosis (1). Cognitive dysfunction results from 
the neoplastic process, secondarily from shift or 

compression of intracranial structures or it can be 
due to associated cerebral edema. In addition, the 
neurocognitive function in gliomas patients can be 
affected by treatment (neurosurgery, chemotherapy, 
radiotherapy), by tumor-related epilepsy, by treat-
ment with antiepileptics or corticosteroids or by 
patient-related factors, including age or level of 
education and psychological distress. 

Several causes of cognitive defi cits can be dis-
cerned, but the exact pathopsychology of the im-
pairments is not entirely understood. It is well-
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known that cognitive performances are infl uenced 
by tumor-related factors or patient-related factors, 
but, the nature of interactions between these vari-
ables was not fully explained (2).

We consider that it is useful to focus on the rela-
tionship between tumor histology and cognitive 
function in patients diagnosed with malignant brain 
tumor

OBJECTIVE

The aim of our study was to evaluate the cogni-
tive impairment in patients diagnosed with malig-
nant brain tumors.

MATERIAL AND METHODS

The data presented in this paper comes from a 
study performed between January 2006 and De-
cember 2010. The study-group was composed of 
105 patients admitted in the Clinic of Neurology 
who were diagnosed with astrocytomas with lobar 
location. 

Exclusion criteria from the study were as fol-
lows:

• Presence of brain metastases;
• Diagnosis of coma at the time of admission;
• Previous psychiatric illness or any other con-

dition that could affect cognitive function of 
patients;

• Aphasia;
• Severe motor defi cit in the upper limb that 

could interfere with writing.
The diagnosis of astrocytoma was suspected 

based on computed tomography and/or nuclear 
magnetic resonance. Each patient was evaluated in 
the term of disability using Karnofsky Performance 
Status, which is a scale commonly used in patients 
with cancer to quantify functional status (3). Pre-
surgical cognitive functions of the patients were as-
sessed using Mini Mental State Examination 
(MMSE) (4) and Montreal Cognitive Assessment 
(MoCA) (5). 

The defi nite diagnosis was established based on 
anatomopathological examination of the tissue ob-
tained during surgical procedures. For each subject 
we noted: patient-related data (age, gender, resi-
dence, education, neurological assessment, neu-
roimaging evaluation) and tumor-related data (lo-
cation, results of the histopathological exami na tion).

The results were analyzed using Student’s T test 
and Chi-Squared test, considering statistically sig-
nifi cant p < 0,05. 

RESULTS

From the 105 cases of astrocytoma, 46 were 
women and 59 men, noting thus a slight predomi-
nance of men (56.2%) than women (43.8%). This 
slight dominance was found also by the CBTRUS 
report and has no statistical signifi cance (6).

Our study-group had a mean age of 59.5 ± 14.2 
years. The average years of education were 9.95 ± 
3.48 years. 

We found a small number of tumors up to the 
age of 44 years, an obvious increase after 45 years 
and the highest number in the range 65-74 years 
(Table 1). This maximum incidence, in the seventh 
decade, is also reported by CBTRUS (6).

TABLE 1. Distribution of patients by age
Groups of age Number of patients Percentage

17-34 years 6 5.7%
35-44 years 7 6.6%
45-54 years 24 22.9%
55-64 years 23 21.9%
65-74 years 32 30.5%
≥ 75 years 13 12.4%

18%

12%

70%

Diffuse astrocytomas

Anaplastic astrocytomas

Glioblastomas

FIGURE 1. Percentage of tumors by histology

Depending on the results of the morphopatho-
logical examination, our group was composed of 
19 cases diagnosed with diffuse astrocytomas, 13 
cases with anaplastic astrocytomas and 73 cases 
with glioblastomas.

1. Diffuse astrocytomas
The 19 cases (12 women and 9 men) of diffuse 

astrocytomas, that were grading as WHO grade II 
tumors, had an average age of 51.9 ± 18.5 years and 
a mean education level of 10.9 ± 3.6 years.

Cognitive function in patients with diffuse astro-
cytomas

On MMSE scale, the patients with diffuse astro-
cytomas obtained an average score of 27.2 ± 1.96 
points, while the mean score on MoCA scale was 
24.6 ± 2.61 points. In these patients, we examined 
also the cognitive function depending on the site 
(right or left hemisphere) and location (lobes that 
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are involved) and we obtained the following distri-
bution (Table 2).

Depending on the location, when we analyzed 
the scores obtained, we found that, under the condi-
tion of the same lobe involved, the scores were 
lower in patients with tumors located in the left 
hemisphere compared to the score obtained in pa-
tients with right hemisphere location, but without 
statistical signifi cance. On the MMSE, the maxi-
mum score, very close to the upper limit, was ob-
tained by the patients with right temporo-parietal 
location. It must however be noted that this group 
had a signifi cantly lower mean age than the others. 
For the right hemisphere, except for this location of 
the tumor, there were no statistically signifi cant dif-
ferences in scores obtained on MMSE or MoCA. 
Also, in the patients with involvement of the left 
hemisphere we did not notice statistically signifi -
cant differences between the scores obtained on 
MMSE or MoCA.

2. Anaplastic astrocytomas
The group of patients diagnosed with anaplastic 

astrocytomas comprised of 9 men and 4 women, 
with a ratio B:F of 2,2:1. This is consistent with the 
literature showing higher frequency of this type of 
tumor in men (7). This group had an average age of 
57 ± 10.7 years and a mean level of education of 
11.5 ± 3.64 years.

Cognitive function of patients with anaplastic 
astrocytomas

On MMSE this group obtained a mean score of 
26.7 ± 1.44 points. The mean score obtained on 
MoCA was 24.2 ± 2.05 points.

The cognitive function was analyzed depending 
on the site and location of the tumor and we ob-
served that, for the right hemisphere, the highest 
score, either on MMSE or MoCA, was obtained by 
the patients with frontal lobe involvement. These 
patients experienced impairment especially of ex-
ecutive functions. The analysis of the scores ob-
tained by patients with involvement of left hemi-
sphere showed the lowest score obtained by the 
patient with involvement of the parietal lobe, due to 
the impairment of attention, executive functions 
and orientation (Table 3).

TABLE 3. MMSE and MoCA scores in patients with 
anaplastic astrocytomas

Right hemisphere Left hemisphere
F P T P F-P P-O T-O

MMSE 28 27 27 21 23.5 25 28
MoCA 25.5 23 25 18 20.2 22 27
Education 
(years) 12.5 17 12 4 6.75 10 12

Age (years) 54.5 67 32 54 68 64 51

3. Glioblastomas
Our group comprised a number of 73 cases (30 

women and 43 men) which were diagnosed with 
glioblastomas, classifi ed as WHO grade IV tumors. 
The average age of this group was 58,2 ± 14,2 
years. These values fall within the values published 
by WHO classifi cation, reporting a peak incidence 
between 45 and 75 years (2). This group had a mean 
level of education of 9,95 ± 3,48 years.

Cognitive function in patients with glioblasto-
mas

The patients with glioblastomas obtained on 
MMSE a mean score of 25,1 ± 2,29 points. The 
average score obtained on MoCA was 21,8 ± 3,64 
points. 

Analyzing the cognitive function of these pa-
tients according to site and location, we obtained 
the following distribution (Table 4):

TABLE 4. MMSE and MoCA scores in patients with 
glioblastomas

MMSE MoCA Education 
(years)

Age 
(years)

Right 
hemis-
phere

F 26.6 22.6 10.6 60.3
P 25.2 21 9.75 69.5
T 26 23 9 62
F-P 24.5 21.2 10.1 65.7
T-P 25.3 22 9,8 61.7
P-O 26 23.2 10 59.7
F-T-P 25 23.3 11.3 59.6
T-P-O 26.5 24 11 45.5

Left 
hemis-
phere

F 27.8 25.6 10.2 44.8
P 24.9 21.5 8.76 64
T 26 22 9.33 57.6
F-P 25.6 23 11.8 54.4
T-P 25.4 23.2 11.1 53
F-T-P 23.5 20 7.5 66.5

Bilateral 24 19 5.5 71.5

TABLE 2. MMSE and MoCA scores in patients with diffuse astrocytomas
Right hemisphere Left hemisphere

F P F-P T-P F T F-P T-P F-T-P
MMSE 28 27.2 26.5 29.3 25.5 25.5 25 24 25
MoCA 25.5 25 24 25.6 19.5 22 20 19 21
Education (years) 10 9.4 14 11.6 7.5 8.5 7 8 12
Age (years) 55 62.4 63.5 38.6 63 69 76 61 52
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According to site and location, our study did not 
show any statistically signifi cant difference be-
tween groups of patients.

It must be emphasized that the mean values ob-
tained on assessment of cognitive function was in-
fl uenced by the average age and level of education. 
Lower scores were observed in patients with ad-
vanced age and lower education level.

4. Analysis of cognitive decline in astrocytic 
tumors

The summary of demographic, clinical and cog-
nitive characteristics of the patients with astrocytic 
tumors, according with the grade of malignancy is 
shown in Table 5.

Analyzing the mean age of the patients depend-
ing on the grade of malignancy, we observed that 
the lowest value was obtained in the group of pa-
tients with diffuse astrocytomas and that the high-
est average age was obtained by the group of pa-
tients diagnosed with glioblastomas, but the 
difference between the three groups was statisti-
cally insignifi cant (Fig. 2).

the mean level of education in glioblastomas group 
was signifi cantly lower than that of anaplastic as-
trocytomas (Fig. 3).

TABLE 5. Clinical, demographic and cognitive characteristics of the patients
A. grade II A. grade III Glioblastomas Total

Number 19 13 73 105
Gender F 12 4 30 46

M 7 9 43 59
Mean age (years) ± SD 51.9 ± 18.5 57 ± 10.7 61.8 ± 12.8 59.4 ± 14.2
Education (years) ± SD 10.9 ± 3.66 11.5 ± 3.64 9.41 ± 3.3 9.95 ± 3.48
Karnofski score 68.4 ± 16.8 68.5 ± 12.8 62.5 ± 16.8 64.3 ± 16.5
MMSE 27.2 ± 1.96 26.7 ± 1.44 25.1 ± 2.29 25.7 ± 2.3
MoCA 24.6 ± 2.61 24.2 ± 2.05 21.8 ± 3.64 22.6 ± 3.52

FIGURE 2. Statistical analysis of age

Statistical analysis, in terms of average years of 
education, didn’t show signifi cant difference be-
tween the group of patients with diffuse astrocy-
tomas and those diagnosed with anaplastic astrocy-
tomas and glioblastomas, respectively. In contrast, 

FIGURE 3. Statistical analysis of education

When we analyzed the cognitive function using 
MMSE, we noticed that the group of patients with 
anaplastic astrocytomas obtained a lower mean 
score (p = 0,42) than the one obtained by the pati ents 
with diffuse astrocytomas, but a signifi cantly high-
er one than patients with glioblastomas (p = 0.02). 
The score obtained by the patients diagnosed with 
glioblastomas was signifi cantly higher than that ob-
tained by the patients with diffuse astrocytomas 
(Fig. 4).

FIGURE 4. Statistical analysis of MMSE score
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The analysis of cognitive function using MoCA, 
showed an average score lower in patients with 
anaplastic astrocytomas than the score obtained by 
the patients with diffuse astrocytomas (p = 0.65), 
but higher than that obtained by glioblastomas (p = 
0.022). Also, the group of patients diagnosed with 
diffuse astrocytomas had a mean score obtained on 
MoCA signifi cantly higher than the patients with 
glioblastomas (Fig. 5).

Our research investigated cognitive function in 
patients before surgery, using MMSE (4) and 
MoCA (5). The cognition was analyzed depending 
on the degree of malignancy, knowing that cogni-
tive decline is the most common neurological prob-
lem associated with brain tumors, which is obvious 
at the time of the diagnosis in many patients (1). 

The use of MMSE scale in clinical trials of brain 
tumors is a subject of controversy, this scale being 
widely used for dementia screening. By using 
MMSE we can easily evaluate aphasia, apraxia, 
orientation and memory, while other cognitive do-
mains are not investigated (8). The study conducted 
by Meyers and Wefel noted that obtaining a normal 
score, over 27 points, does not mean that the cogni-
tive function is integral. An assessment of cognitive 
function is often required using a more detailed 
scale. The study conducted by Olson demonstrated 
that the MoCA score is a better indicator of progno-
sis than those obtained on MMSE (9). Olson con-
cluded that, due to a greater sensitivity and a better 
correlation with the quality of life, MoCA should 
be chosen in clinical practice and clinical trials. 
These fi ndings were evident in our study, too. We 
administrated MMSE and MoCA to a series of 105 
patients with astrocytomas and we found patients 
who were considered normal on the basis of MMSE 
score, but they were classifi ed as impaired on the 
basis of MoCA. 

In contrast, another study conducted by Brown 
demonstrated that an abnormal MMSE score at the 
time of enrollment is a poor factor of prognostic in 
the case of patients with malignant gliomas. The 
authors sustained MMSE score to be introduced as 
a factor which could assess the prognosis of brain 
tumors (10).

According to the degree of malignancy, our 
study didn’t show any signifi cant difference be-
tween the group of patients diagnosed with diffuse 
astrocytomas and those diagnosed with anaplastic 
astrocytomas. In contrast, the cognitive decline in 
patients with glioblastomas was signifi cantly more 
pronounced than those of patients with anaplastic 
astrocytomas. On the other hand, our study demon-
strated a statistically signifi cant cognitive decline 
in patients with glioblastomas compared with pa-
tients with diffuse astrocytomas.

Although there are many studies which assessed 
cognitive function in patients with brain tumors, 
only a few of them were conducted prior to any 
treatment. Most of them were conducted to assess 
post-surgical cognitive treatment or as a measure of 
evaluating the effectiveness or the adverse effect of 
treatment. Thus, the study conducted by Kayl AE 

FIGURE 5. Statistical analysis of MoCA score

DISCUSSIONS 

Primitive brain tumors compose a group of neo-
plasms derived from different cell types of the cen-
tral nervous system. Although there is written data 
showing an increased frequency of primitive brain 
tumors, their incidence has remained at a low level, 
representing a percentage between 1 and 5% of all 
cancers. The incidence of brain tumors in adults 
older than 20 years was estimated by ”The Central 
Brain Tumor registry of the United States” (CB-
TRUS) at 25.17/100.000 people/year. About one 
third of the total number of brain tumors are malig-
nant, the rest being classifi ed as benign or border-
line (6).

In our study, the distribution of astrocytic tu-
mors by age showed an increased incidence in the 
sixth decade, especially due to the increased num-
ber of aggressive tumors, results that confi rm vari-
ous articles of international literature, which, ana-
lyzing the descriptive epidemiology of cerebral 
gliomas, suggest an increased frequency at older 
ages, along with an increased degree of malignan-
cy. Distribution of astrocytomas according to their 
degree of malignancy showed a statistically signifi -
cant higher incidence of glioblastomas, which rep-
resented a rate of 70% of the astrocytic tumors 
studied, while anaplastic astrocytomas represented 
a rate of 18% and diffuse astrocytomas 12%. These 
results are similar to those reported by CBTRUS.



ROMANIAN JOURNAL OF NEUROLOGY – VOLUME XI, NO. 4, 2012 177

on 24 patients diagnosed with anaplastic astrocy-
tomas compared, in terms of cognitive function, 
with 24 patients diagnosed with glioblastomas 
showed a more pronounced cognitive decline in the 
latter group, but the difference between the two 
groups was statistically insignifi cant once the tu-
mor-related variables (location and size) and the 
patient-related variables (age, sex and gender) were 
taken into account (11). 

It should be noted, however, that, unlike our 
study where the patients were evaluated before sur-
gery or of any specifi c therapy, the patients evalu-
ated by Kayl were neuropsychological tested after 
surgery. Thus, although the results of the study 
were interpreted as a measure of the damage related 
to tumor size, the effects of the neurosurgery must, 
however, be considered.

We can conclude that the assessment of cogni-
tive function, even at the time of the diagnosis, can 

be useful in clinical trials to understand what cog-
nitive problems exist before any specifi c therapy 
and to establish a baseline by which the effect of 
treatment is judged. Thus, it can be determined 
whether different treatments could improve neu-
rocognitive function due to a better tumor control, 
or have more or less neurotoxicity.

CONCLUSION

In our study, the patients diagnosed with glio-
blastomas showed a statistically signifi cant cogni-
tive decline than the patients with diffuse astrocy-
tomas or anaplastic astrocytomas, respectively. 
Between patients with grade II tumors and those 
diagnosed with anaplastic astrocytomas there were 
no statistically signifi cant differences in the terms 
of scores obtained from the assessment of cognitive 
functions.
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