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 Abstract 

Dementia is a progressive cognitive impairment of variable causes. It is considered a 

global health challenge worldwide as it represents a major comorbidity in the absence of 

specific treatment or cure. Neurotrophic factors like transforming growth factor β1 

(TGFβ1) and brain derived neurotrophic factor (BDNF) have been emerged to be a 

corner stone in synaptic plasticity and memory. Our work aimed to recognize the 

potential role of TGFβ1 and BDNF in cognitive impairment estimated by the 

psychometric tests of Alzheimer and multi-infarct dementias. Thirty demented patients 

divided into two groups (15 in each group) and 25 healthy matched controls were 

included. Diagnosis of dementia and estimation of psychometric features using modified 

mini mental state examination (3MS), memory assessment scale (MAS), and beck 

depression inventory scale were performed. Serum TGFβ1 and BDNF were also 

assessed in all groups. Psychometric tests revealed significant cognitive impairment in 

both groups compared to normal control. There was significant increase in the serum 

level of TGFβ1 and significant decrease in BDNF in both demented groups compared to 

control group. A significant positive correlation was found between the cognitive 

impairment and serum TGFβ1 in both demented groups. In conclusion, our findings 

suggested that serum TGFβ1 levels could reflect the severity of dementia regardless its 

cause, in addition, depletion of BDNF might be a possible mechanism of cognitive 

deterioration in dementia 
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INTRODUCTION 

Dementia is an umbrella term of several 

causes that refers to progressive cognitive 

impairment severe enough that interferes with 

independent living [1]. It is a global health 

challenge as the incidence of dementia subtypes 

progressively increases with aging  and their 

number is expected to approach from 66 million to 

115 million by 2050 [2]. Therefore,  it represents a 

major comorbidity worldwide in the absence of 

specific curative treatment [3].  

Alzheimer’s disease (AD) is the most 

common and prevalent type of dementia [3]. It is a 

progressive, irreversible neurodegenerative brain 

disorder of the elderly, which targets specific areas 

critical for cognition and emotional behaviors [4]. 

The etiology of AD is complex and variable; 

therefore, AD acquires a heterogenic clinical 

presentation [5] with exact underlying mechanisms 

remain unclear [3]. Several hypotheses have been 

postulated to clarify the etiology of this 

multifactorial disorder [6] including 

"amyloid hypothesis" [7], "inflammation 

hypothesis" [8], "cholinergic hypothesis" [9], 

oxidative stress-induced neurotoxicity [4], and 

"neurovascular hypothesis" [10]. Multi-infarct 

dementia (MID)  was considered the most 

common type of vascular dementia (VaD) which is 

the second most common type of dementia after 

AD [11]. Cerebrovascular hypothesis [12] in 

addition to ischemic cholinergic deficit are 

pathogenic pathways involved in the underlying 

pathophysiological mechanisms of VaD [13]. 

Moreover, neuroinflammation is suggested to be 

one of the corner stones in the etiopathology of 

VaD [14]. 

Transforming growth factor β1 (TGFβ1) is 

an injury-related cytokine [15]. It plays an 

important role in the regulation of neuronal 

development, differentiation, survival and 

regulated apoptosis under physiological and 

pathological circumstances [16], besides being a 

corner stone in synaptic plasticity and memory 

[17]. Brain derived neurotrophic factor (BDNF) is 

considered a critical neuromodulator in the central 

nervous system, as it promotes synaptic plasticity, 

as well as neuronal survival, and regeneration [18]. 

The present work aimed to evaluate the 

cognitive impairment in AD and MID, using the 

psychometric tests and to recognize the potential 

role of TGFβ1 and BDNF in the cognitive 

impairment of Alzheimer and multi-infarct 

dementias. 

Subjects and methods 

 Our work was conducted between 2016 to 

2017 on 30 demented patients (15 patients with 

Alzheimer dementia, and 15 patients with multi-

infarct dementia) aged from 50 to 75 years and 25 

matched subjects as control group. Patients below 

50 and above 75, patients with other neurological 

disorders, and patients with psychiatric disorder 

were excluded. Patients were recruited from the 

outpatient clinic of the Hospital of 

Neuropsychiatry, Assiut University. 

 The study protocol was approved by The 

Ethics Committee of Faculty of Medicine; Assiut 

University. An informed consent was signed by 

the relative accompanying the patient. 

All participants were subjected to: 

1-History taking including: age, sex, social and 

economic level, and educational level.  

2-Clinical diagnosis of AD and MID that was 

carried out according to the Diagnostic and 

Statistical Manual of Mental Disorders fifth 

edition (DSM 5) and its recent updates [19]. 

3-Psychometric tests: 

A) Modified mini mental state examination 

(MMMSE) or (3MS):  

http://en.wikipedia.org/wiki/Diagnostic_and_Statistical_Manual_of_Mental_Disorders
http://en.wikipedia.org/wiki/Diagnostic_and_Statistical_Manual_of_Mental_Disorders


TGFβ1 and BDNF in dementia                                                     105 

It is a screening test for dementia with 

score ranges from 0 to 100. Higher score 

indicating less impairment. It estimates cognitive 

functions including immediate and remote 

memory, orientation, attention and concentration, 

language and naming, verbal fluency, and 

executive function. Total score less than 79 

indicates mild to moderate cognitive impairment, 

while total score < 48 indicates severe impairment 

[20].   

B) Memory Assessment Scale (MAS):   

MAS assesses three areas of cognitive 

function which are short-term memory, verbal 

memory, and visual memory. While total MAS 

represents verbal + visual memory scores [21].  

C) Beck Depression Inventory scale:   

It was done to assess the degree of 

depression associated with dementia [22]. 

4-Assesment of serum TGFβ1 and BDNF using 

ELISA Kit:  

4.1. Sample collection: 

Blood samples were collected form all 

subjects, allowed to clot, centrifuged for 15 min at 

1000×g at 2~8°C, and then the supernatant was 

collected. Serum was kept at -20 °C until analysis. 

4.2. Sample analysis: 

 The serum level of human TGFβ1 and 

BDNF were estimated according to the 

manufacturer manual of human TGFβ1 

(Transforming Growth Factor Beta 1, ELISA Kit, 

Catalog No: E-EL-H0110 96T- Elabscience 

Biotechnology, USA), and human BDNF (Brain 

Derived Neurotrophic Factor, ELISA Kit, Catalog 

No: E-EL-H0010 96T- Elabscience 

Biotechnology, USA). Results of serum levels of 

TGFβ1 were expressed by pg/ml, while serum 

levels of BDNF were expressed by ng/ml. 

Statistical analysis  

Data were analyzed using Statistics 

Package for Social Sciences (SPSS) version 20. 

Data were expressed as mean ± standard deviation 

(SD). Data of sex and educational level were 

analyzed using Chi-square test. All other 

parameters were analyzed by independent samples 

t-test. Correlations in the studied groups were done 

using non-parametric Spearman's test. Differences 

between groups were considered significant when 

P values were less than 0.05. 

Results 

1-Demographic results of the control, 

Alzheimer dementia, and multi-infarct 

dementia groups: 

Table [1] showed that there was 

insignificant difference in age between the control 

group and MID group while a significant 

difference in the AD group against the control was 

present (p<0.05). There was also no significant 

difference in sex, social and economic level, and 

educational level between the control group and 

the two demented groups.  

2-Psychometric results of the control, 

Alzheimer dementia, and multi-infarct 

dementia groups: 

2.1-The Modified Mini Mental State 

examination (3MS): 

Table [2] showed the score of 3MS. It 

illustrated that there was a significant cognitive 

decline in both AD group (p <0.001) and MID 

group (p <0.01) when compared with the control 

group.  

2.2- The Memory Assessment Scale (MAS):  

Table [2] demonstrated that there was a 

significant reduction in all tested memory domains 

(short term memory, verbal memory, and visual 

memory) and total score of MAS in AD group 

((p<0.01), (p<0.001), (p<0.001), and (p<0.001); 

respectively) and MID group ((p<0.01), (p<0.001), 
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(p<0.001), and (p<0.001); respectively) when 

compared with the control group.  

2.3-Beck depression Inventory scale: 

Table [2] showed that there was associated 

significant depression in the AD group (p<0.001) 

and MID group (p<0.01) against the control group.  

3-Biochemical results of TGFβ1 and BDNF of 

the control, Alzheimer dementia, and multi-

infarct dementia groups: 

Figure [1] showed a significant elevation 

in the serum levels of TGFβ1 in AD group 

(p<0.001) and MID group (p<0.001) in 

comparison to the control group. Furthermore, 

there was a significant reduction in the serum 

levels of BDNF in AD group (p<0.001), MID 

group (p<0.001) compared to control group. 

Table [1]: Demographic data of the control, Alzheimer dementia, and multi-infarct dementia groups. 

Group Control   

(n=25) 

Alzheimer  

 dementia 

(n=15) 

Multi-infarct  

dementia 

(n=15)   

Age  (year) 

 

60.7 ±  6.8 65.7 ± 5.14 
*
 

 

61.2  ±  9.0 

 

Sex (M/F) 13/12 6/9 10/5 

Social and economic 

level 

 

87.4 ± 17.0 83.5 ± 17.0 

 

88.3 ± 25.0 

 

Education level (less than 

6 years education /6-12 

years education /high 

education) 

15/8/2 6/7/2 

 

 

11/3/1 

 

 

 

Data presented as mean ± standard deviation. M/F (male / female) ratio. * Statistically significant against the 

control group (p<0.05) using t-test. 
 

Table [2]: Psychometric results of the control, Alzheimer dementia, and multi-infarct dementia groups: 

Multi-infarct 

 dementia 

(n=15)   

Alzheimer  

 dementia 

(n=15) 

Control   

(n=25) 

Group 

60.8± 13.6
**

 49.7 ± 17.8
***

 84.5 ± 12.5 Total 3MS 

   MAS  

57.5 ± 4.3
**

 

 

55.4 ± 3.1
**

 65.1 ± 10.5      Short term memory 
 

63.3± 5.8
***

 

 

59.6 ± 5.2
***

 

 

84.7 ±5.4      Verbal memory 
 

57.3± 3.4
***

 

 

55.8 ± 3.0
***

 

 

66.7 ± 7.5      Visual memory 
 

58.1 ± 5.8
***

 

 

54.5 ± 2.9
***

 

 

72.4 ± 6.4       Total 

 

16.5 ± 7.8
**

 19.4 ± 9.6
***

 8.1 ± 3.4 Beck depression 

inventory scale (total 

score) 
 
Data presented as mean ± SD. 

*
 P <0.05, 

**
 P <0.01, and 

***
 P <0.001 when comparing demented groups vs 

control group using t-test. Modified mini mental state examination (3MS), Memory assessment scale (MAS). 
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Figure [1]: Serum levels of transforming growth factor β1 (TGFβ1) and brain derived neurotrophic factor (BDNF) in the 

Alzheimer dementia group and multi-infarct dementia group vs the control, 
***

 P <0.001. Data presented as mean ± SD.   

 

4-Non-parametric Spearman's correlations: 

  As illustrated in table [3], in all demented 

patients there was a significant positive correlation 

between the serum level of TGFβ1 and the score 

of psychometric tests (3MS and total MAS) 

((p<0.001) and (p<0.01) respectively). This 

significance might be attributed to the significant 

positive correlation in both AD and MID groups 

(p<0.01 and p<0.05 respectively). However, this 

significant correlation was not present between 

subjects of control group (p>0.05) and between 

serum level of BDNF and score of psychometric 

tests in all groups (p>0.05). 

Table [3]: Correlations in control, Alzheimer dementia, and multi-infarct dementia groups: 

Group variable Serum TGFβ1 

(pg/ml) 

Serum BDNF 

(ng/ml) 

All patients  

(n= 30) 

Total 3MS r-value 0.6 0.1 

P-value 0.0001
***

 0.3 

Total MAS r-value 0.5 0.2 

P-value 0.003
**

 0.1 

Control 

(n= 25) 

 

 

Total 3MS 

r-value 0.2 0.02 

P-value 0.3 0.9 

Alzheimer 

dementia 

(n= 15) 

Total 3MS r-value 0.66 0.08 

P-value 0.006
**

 0.7 

Total MAS r-value 0.55 0.1 

P-value 0.03
*
 0.7 

Multi-infarct 

dementia 

(n= 15) 

Total 3MS r-value 0.68 0.4 

P-value 0.01
*
 0.1 

Total MAS r-value 0.5 0.3 

P-value 0.04
*
 0.4 

r-value (Correlation coefficient),  P-value (Significance 2-tailed). Spearman's correlation significant if 

(
*
p<0.05, 

**
 p<0.01, 

***
 p<0.001). Total score of modified-mini-mental state examination (3MS), Memory 

assessment scale (MAS), Transforming growth factor β1 (TGFβ1), Brain derived neurotrophic factor (BDNF).  
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Discussion  

Dementia is a global health challenge [23].  

It  has been considered a multifactorial syndrome
 

[24]. Unfortunately, dementia requires high social 

and economic cost and is reported to be a leading 

cause of death [25]. The present work evaluated 

the cognitive impairment in AD and MID, using 

the psychometric tests to detect the degree and 

specific domain of memory affection, and the 

degree of associated depression. Furthermore, the 

serum levels of TGFβ1 and BDNF were estimated 

to assess the potential role of those neurotrophic 

factors in the cognitive impairment of these types 

of dementias.  

Demographic data revealed no significant 

differences in sex, social and economic, and 

educational levels between the control group and 

both dementia groups. Age was significantly high 

only in AD group as it was considered a major risk 

factor for its development [26]. 

Psychometric tests performed in the 

present work  using 3MS and MAS showed that in 

both AD and MID there were significant 

impairments in short term memory, verbal memory 

(including language and learning and memory), 

and visual memory (including perceptual-motor 

functions)  with variable degree of severity in 

addition to a significant impairment in the global 

memory compared to the control group. In AD, 

this result agreed with Jaswal et al. [27] and 

Ribeiro et al. [28]. These changes were attributed 

mainly to the neuronal degeneration affecting the 

central cholinergic system [27]. Furthermore, the 

structural damage of the cortical areas vital for 

cognition via deposition of neurofibrillary tangles 

with subsequent loss of functional hippocampal 

synapses might explain these changes according to 

Ribeiro et al. [28] and Bohnen et al. [29]. While in 

MID, these results were consistent with Kalaria et 

al. [30]. The cognitive impairment detected  in 

MID was reported to be dependent on the volume, 

number, and location of the infarctions [30], being 

the frontal lobe which responsible for executive 

functions is  the most vulnerable site to 

microvascular damage in MID [31]. Also, the 

cholinergic system damage in those patients could 

explain learning and memory deficit as reported by 

Wang et al. [32]. 

There was a significant depression in both 

demented groups revealed by Beck depression 

inventory scale. Depression was an associated 

symptom secondary to loss of the noradrenergic 

locus coeruleus neurons in these types of dementia 

[33]. Our results were consistent with  Alzheimer's 

[8]
  
in AD, and with Al-Adawi et al. [31] in MID. 

  TGFβ1 plays a critical role in synaptic 

plasticity and memory [17]. The present work 

showed a significant elevation in the serum levels 

of TGFβ1 in both patient groups compared to the 

control group. In AD, this result was in agreement 

with Lian and Zheng [34] and Zhang et al. [35], 

who attributed the increased TGFβ1 level to 

amyloid beta (Aβ) - induced   oxidative stress, 

neuroinflammation, and activation of astrocytes 

and microglia and this increased TGFβ1 could 

ameliorate neurodegeneration by enhancing Aβ 

clearance. On the other hand, Flanders et al. [36] 

reported that the serum TGFβ1 was reduced in AD 

due to its impaired expression. In MID, our results 

could be explained by the associated 

neuroinflammation and oxidative stress in MID as 

parts of their underlying pathophysiology [14, 37]. 

Previous work in patients with focal brain lesions 

but without dementia reported up-regulation of the 

https://07101mtda-1104-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/neuroscience/dementia
https://07101mtda-1104-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/neuroscience/dementia
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TGFβ1 in CSF and brain tissue [38, 39] which 

may either mediate neuronal excitotoxic damage 

through potentiation of N-methyle D-aspertate 

(NMDA) receptor-dependent neurotransmission, 

or neuroprotection via alteration of glutamate 

metabolism in astrocytes [40]. 

 The current work demonstrated a 

significant positive correlation between the serum 

levels of TGFβ1 and the total score of 3MS and 

MAS in AD as well as in MID in which higher 

levels of TGFβ1 were associated with better 

cognitive performance suggesting that it provides a 

neuroprotective effect in both demented groups. 

Moreover, it might also reflect the severity of 

cognitive impairment with more severe cases 

acquiring lower levels of TGFβ1. However, this 

correlation was not present in the control group as 

TGFβ1 is absent or expressed at a very low levels 

under physiological condition [34] and so,  it is 

referred as an injury related cytokine[15]. 

BDNF is currently suggested to be 

essential for cognition and memory processes [41]. 

This work revealed significant reduction in the 

serum levels of BDNF in both demented groups 

compared to the control group. This was in 

congruent with Mariga et al. [42] who reported 

reduced levels of BDNF in postmortem brain 

examination of AD patients, and, Passaro et al. 

[43]  who found reduced levels of BDNF gene and 

its protein expression in VaD. Reduced level of 

serum BDNF could be a sequel of several 

interacting factors similar to those implicated in 

the pathophysiology of dementia like neuronal 

degeneration of cortical areas critical for cognition 

[44], accumulation of  Aβ oligomers as well as 

neurofibrillary tangles and hyper phosphorylated 

tau protein [42, 45, 46] with subsequent impaired  

BDNF trafficking and signaling. Hence, BDNF 

depletion could be a possible pathophysiological 

mechanism for deterioration of cognition in these 

types of dementia. 

In conclusion, the present work evaluated 

cognitive impairment in AD and MID and revealed 

that cognitive impairment shared common features 

regardless the type of dementia suggesting that 

these types exhibit common pathophysiological 

mechanisms. Depression was a hallmark of 

dementia regardless its cause which might be a 

risk factor or part of the dementia syndrome. High 

serum levels of TGFβ1 might mediate a 

neuroprotective function in both types of dementia. 

BDNF depletion could be a possible 

pathophysiological mechanism for cognitive 

deterioration in these types of dementia. Hence, 

our work elucidated that TGFβ1 and BDNF are 

biological markers that could be therapeutic targets 

for dementia. Furthermore, they might be helpful 

in early detection and hence early therapeutic 

intervention to ameliorate the social and economic 

burden of dementia.  
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