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Introduction
Dementia is a group of clinical manifestation from 
several kinds of diseases. Clinical manifestation could 

be loss of memory, mental disturbance, and other 
cognitive impairment, but without any consciousness 
disorder.[1] Dementia becomes the main health problem 
in the elderly population, particularly in the age of 
60 years or more. According to WHO report on 2001, it 
was estimated that 24.3 million people over the world 
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Abstract
Alzheimer’s disease (AD) is a type of dementia which is known as one of a major problem in elderly. Clinicians commonly use 
mini-mental state examination (MMSE) score to determine the severity of cognitive decline, but MMSE has some limitations 
such as more subjective, influenced by age, educational degree, and local culture. F-18 fluorodeoxyglucose positron emission 
tomography (F-18 FDG PET) can be used to assess the process of glucose metabolism in posterior cingulate cortex (PCC) area 
which endures a central role in supporting cognitive function directly. The purpose of this study is to observe a correlation between 
metabolic activity value of PCC and MMSE score in predicting the severity of AD. A cross-sectional study was done to 30 subjects 
suspect AD disease with aged 60 years and older. Characteristic data including gender, age, and education, MMSE scoring by 
psychiatrist, and imaging of F-18 FDG PET were established. The results of correlation test between the value of FDG metabolic 
activity and MMSE score shows that the value of metabolic activity in the PCC area tends to increase along with the increase of 
MMSE score (rs = 0.411, P = 0.024). While from the results of multiple regression test with predictor variable consisting of F-18 
FDG metabolic activity in the PCC, gender, age, education level, and the interaction between the metabolic activity of F-18 FDG 
at PCC and gender, a regression model was obtained. There is a significant correlation observed between the captured of F-18 
FDG radioactivity with MMSE score in PCC area which can be used as a tool to predict the severity of AD.
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were suffering from dementia. Sixty percent of them 
were in developing countries.[2]

The causes of dementia are classified into cerebro‑organic 
(primary) and noncerebro-organic (secondary). Ninety 
percent of cerebro-organic dementia caused by 
neurodegenerative impairment, vascular impairment, 
or both of them. On the other hand, noncerebro‑organic 
dementia caused by an exaggerate alcohol consumption 
and impairment in metabolic or encephalitis. Some 
abnormalities that lead to neurodegenerative 
dementia are Alzheimer disease (AD), frontotemporal 
degeneration, corticobasal degeneration, Lewy‑Bodies 
Dementia, Parkinson disease, and Huntington disease. 
AD is in the first rank (around 60–80%). AD is a 
progressive neurodegenerative disease with cognitive 
and episodic memory impairment accompanied by 
neuropathology.[2,3]

It is difficult to distinguish between AD and other types 
of dementia as their symptoms overlap each other. 
There are three common clinical approaches conducted 
to diagnose AD. Those are based on the criteria of 
The Diagnostic and Statistical Manual of Mental 
Disorders 4th edition (DSM‑IV‑TR), The International 
Classification of Disease 10th revision (ICD‑10), and The 
National Institute of Neurological and Communicative 
Disorders and Stroke-AD and Related Disorders 
Association.[4,5] However, the result of those clinical 
diagnosis is not definite yet to confine the probability 
of whether dementia or not. The definite diagnosis of 
AD is histopathology examination, but this procedure 
is a high‑risk. Sometimes, it diagnosed in postmortem 
examination (autopsy).[6,7]

Clinicians usually use the mini-mental state examination 
(MMSE) score to determine the severity of cognitive 
impairment. This test is quite simple. It consists of eleven 
questions and only need 5–15 min to complete the test.[8] 
Nevertheless, MMSE has some limitations such as more 
subjective, influenced by age, educational degree, and 
local culture.[8,9]

Noninvasive functional imaging to diagnose AD with 
sensitivity and accuracy are closed enough to autopsy 
is positron emission tomography (PET) imaging using 
F‑18 fluorodeoxyglucose (F‑18 FDG).[6,7,10,11] The principle 
of this imaging technique is identify the existence of 
hypometabolic area in the brain, mainly on posterior 
cingulate cortex (PCC). Hypometabolic region can be 
observed too in temporoparietal and frontal cortex. 
Determination of hypometabolic region can be done 
either qualitatively or quantitatively.[10-14]

The aim of this study was to determine the correlation 
between F-18 FDG metabolic activity in PCC area and 

MMSE score in predicting the severity of dementia in a 
patient with AD.[15,16]

Subjects and Methods
A cross-sectional study was done on following approved 
by the local Research Ethics Committee of Health. This 
study was performed on October 2014 until May 2015. 
Subjects were patients with suspected of having AD based 
on ICD-10 and DSM IV. F-18 FDG PET brain imaging was 
done at our Nuclear Medicine Department and PET Center.

The diagnosis of AD based on F-18 FDG PET brain 
imaging was made when hypometabolic activity was 
found in PCC area with or without hypometabolic 
activity in temporoparietal or frontal cortices. Subjects 
with hypertension, history of other brain disorder such 
as stroke, head trauma, and malignancy were excluded 
from this study. The analysis of F-18 FDG PET brain 
imaging was done by nuclear medicine physician. 
Quantitative analysis region of interest on PCC area is 
done automatically using NeuroQ software version 3.0 
(Philips Medical Systems, Ohio , USA) [Figure 1]. Cutoff 
for metabolic activity was more than − 1.65 standard 
deviation.[17]

All of the subjects that fulfilled the inclusion criteria 
were proceed to MMSE examination by psychiatrist 
using MMSE 1–30 method.[18] MMSE score was divided 
into four categories [Table 1]. Statistical analysis was 
done to examine the correlation between F-18 FDG PET 
brain and MMSE score. The test was considered to be 
significant if the P ≤ 0.05.

Results
Thirty subjects with average age 72.1 ± 8.1-year-old were 
included in this study. Characteristics of the subjects 
were shown in Table 2. The subject is mostly male with 
a comparison of male to female were 2:1. Subjects with 
high school degree were 76.7% and university degree 
were 23.3%.

Further analysis on MMSE score based on gender 
revealed that male’s score was higher than those of 
female’s [Figure 2a], median MMSE score of subject with 
high school degree were lower than university degree 

Table 1: Subject categories based on mini‑mental 
state examination score

Degree of MMSE Score
Normal 25‑30
Mild cognitive decline 21‑24
Medium cognitive decline 14‑20
Great cognitive decline <13
MMSE: Mini‑mental state examination
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Table 2: Characteristics of subject (n=30)
Characteristic n (%)
Gender

Male 20 (67)
Female 10 (33)

Age
60‑69 y.o 14 (47)
70‑79 y.o 10 (33)
80‑89 y.o  6 (20)

Education degree
High school 23 (76,7)
University 7 (23,3)

Figure 1: This pattern is most consistent with metabolically middle-stage Alzheimer’s-type changes occurring in this patient’s brain. Region of 
interest on posterior cingulate cortex area is done automatically using NeuroQ software version 3.0

[Figure 2b], and result of correlation study between 
MMSE score and age revealed that MMSE score prone 
to decline along with increase age [Figure 3]. Regarding 
that gender, education degree, and age are thus will be 
considered as a predictor variable in the next analysis.

It was also observed that metabolic activity in PCC 
area tends to increase along with the increase of MMSE 
score (rs = 0 411, P = 0.024) [Figure 4].

From Figure 4, it is revealed that even the PCC activity 
score and MMSE score have a correlation, but there are 
several parameters that might be confound it. They 
are gender, education degree, and age factor. Hence, 
we had done further analysis using multiple linear 
regression.

Result from multiple linear regression analysis 
in which the predictor variable consist of brain 
FDG‑PET metabolic activity in PCC, gender, education 
degree, age, and interaction between brain FDG‑PET 
metabolic activity and gender are known be able to 
decrease MMSE score which square variability up to 
51.9% [Table 3].

Figure 2: Mini-mental state examination score distribution based on gender (a) and education degree (b)

ba
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Table 3: Estimation of parameter and error standard of multiple linear regression
Efect Parameter Estimation Standard error IK 95% P
Constanta β0 1501,896 268,427 945,213; 2058,579 <0,0001
PCC β1 178,790 43,956 87,631; 269,949 0,0005
Gender β2 −340,625 136,171 −623,026; −58,223 0,0203
Age β3 −7,034 3,178 −13,626; −0,442 0,0376
Education β4 −127,773 53,980 −239,721; −15,824 0,0272
PCC*Gender β5 −183,240 51,411 −289,860; −76,621 0,0017
Adjusted R‑squared: 0,519. PCC: Posterior cingulate cortex

Figure 4: Correlation between fluorodeoxyglucose positron emission 
tomography with mini-mental state examination score in posterior 

cingulate cortex area

Figure 3: Correlation between mini-mental state examination score 
and age

Based on multiple linear regression model above, the 
following formula was obtained:

MMSE2 =  1,501,896 + 178,790 × PCC – 340,625 × Gender 
– 7034 × Age – 127,773 × Education – 183,240 
× PCC × Gender

Discussion
This study showed a correlation between glucose 
metabolic activity in PCC and MMSE score. The score 
of metabolic activity in PCC area tends to increase along 
with the increase of MMSE score. Decreased metabolism 
rate in PCC may result in clinically declined cognitive 
function measured by MMSE. Cognitive function 
decrease that we can measured by MMSE score, seems 
to be the result of metabolic decrease in PCC. Previous 
study showed that modality of functional imaging such 
as PET had potential in identifying any changes in the 
pathological pathway of AD compared to structural 
imaging (computed tomography or magnetic resonance 
imaging). PET imaging used to assess metabolic 
activity has been developed since 1970. PET provides 
breakthrough in understanding brain metabolism and 
the function of neurotransmitter both in health and 
disease including in AD. FDG is the most often used 
radiopharmaceuticals for PET brain imaging since it can 
reflect the degree of glucose metabolism in brain.[10‑12,19,20]

The result also revealed that metabolic activity decrease in 
PCC area was much higher than those in temporoparietal 
and frontal cortices area. This result was coherent with 
some previous studies which mentioned that PCC area is 
a region that endures a declining in patient suffered from 
early stadium of AD. The decreased metabolic activity 
in PCC area was significantly much greater compared 
to other area of brain cortices.[12,21‑23]

The severity of cognitive declining that measured by 
MMSE score could be proven by the decreased metabolic 
activity in brain. The scoring system of that cognitive 
function itself becomes one of the parameters to withstand 
AD diagnosis. Folstein et al., on 1973, used MMSE as a 
helpful tool in examining the cognitive function, but not 
directly helpful in cases of diagnosed AD.[8,21]

Moreover, this study showed that the MMSE score results 
were not only influenced by the decreased metabolism 
in PCC but also by the variation of age, gender, and 
education degree. It was matched with several studies’ 
results conveying that MMSE score on Alzheimer 
patients was not only influenced by age and education 
but also by gender. Female gender has been known to be 
a risk factor in dementia including AD. Previous studies 
showed that MMSE score declines along with the increase 
of age. The reason of that is somehow because declining 
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cognitive function comes along with increasing age. 
On the other hand, the influence of educational degree 
is probably because of that direct interviews between 
clinicians and the patients are often subjective and will 
surely be influenced by the communication skill of both 
sides. The influence of gender is suspected emerging 
from the difference of brain cortex structure between 
both gender, in which the size of brain, the number, and 
density of neurons are greater in men compared to those 
in female. Consequently, men are more susceptible to 
neurodegeneration. According to the study conducted 
by Pradier et al., the life expectancy of women is higher 
than of men. This fact would possibly explain why the 
incidence of AD is higher in female.[9,24‑27]

Linear regression analysis was conducted to observe how 
far a formula to predict the MMSE score based on FDG 
activity in PCC area could be created considering the 
age, education degree, and gender. From this analysis, 
the total square of MMSE score variability can be pressed 
up to 51.9%. It meant that brain F‑18 FDG‑PET could be 
used for measuring F‑18 FDG uptake in PCC area, as 
well as to predict the severity of AD.

In this study, subjects with lower than high school 
education level and those who younger than 60 years of 
age were excluded to avoid variability in MMSE score. 
On the other side, these methods can be limiting age 
and education range that can be measured by this study.

Conclusion
There is a significant correlation observed between FDG 
uptake in PCC area with MMSE score. FDG brain PET 
can be used as a tool for predicting the severity of AD.
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