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ABSTRACT 

Background: Few previous studies have described other than age- and gender related changes in regional cerebral 
blood flow (rCBF) in healthy elderly. What is the influence of other common clinically relevant variables such as ache, 
education, MMSE, and smoking history? Purpose: To study rCBF in Swedish healthy elderly by single-photon emission 
computed tomography (SPECT) and evaluate the influence on rCBF of age, gender, education, MMSE, ache, and 
smoking with a focus on education in relation to the “cognitive reserve”. Methods: Healthy subjects (n = 45, 50 -75 y), 
sampled from a large longitudinal aging study took part in an extensive examination of health and memory, including 
cognitive testing and socio-economic survey. After injection of 99 mTc-hexamethylpropylene amine oxime (HMPAO) 
followed by SPECT the rCBF-SPECT images were analyzed using statistical parametric mapping (SPM). Results: 
Age-related decreases in uptake were seen in interhemispheric and interlobar regions. There was a positive rCBF cor-
relation with education in the inferior frontal lobe and a higher uptake in the left temporal lobe in an age-gen-
der-matched high education subgroup. Conclusion: The localization of the age related findings except for the medial 
temporal lobe differs markedly from typical dementia related findings. A reduction close to interhemispheric or inter-
lobar space should always be related to chronological age. Education seems to have an influence on basal brain func-
tion at a resting-state condition. Knowledge of normal rCBF variations for variables such as age and education should 
be considered when making clinical diagnosis. The findings could be interpreted as further support for the theory of 
cognitive reserve. 
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1. Introduction 

The last two decades have shown great advances in func- 
tional brain imaging. The instrumentation and processing 
software along with implementation of standardization 
techniques have opened a new era of brain research. In 
all functional brain imaging studies there is a need of 
reliable control groups [1] and the knowledge of the nor- 
mal variation of regional cerebral blood flow (rCBF) at 
rest is important when interpreting the results in brain im-
aging studies. In the clinical situation where single photon 
emission computed tomography (SPECT) scans of the 
brain usually are analyzed only by visual assessment, the 
first judgment is always whether the presented rCBF is 
normal. Therefore, the knowledge of the normal va- 

riation of rCBF covariates is crucial. The most common 
reason for referral to an rCBF-SPECT investigation is aid 
for diagnosis of dementia and notably Alzheimer’s dis-
ease (AD) [2-4]. The prevalence of AD in our aging so-
ciety is rapidly growing [5] and early diagnosis fol- 
lowed by pharmacological treatment is important [6]. 
Variables such as age and gender are of course always 
known in the clinical setting. Other variables such as 
education length, Mini-Mental State Examination (MMSE), 
history of ache and smoking can easily be provided and 
the effect of these variables on the “normal” rCBF is of 
great interest. 

The effect of age and gender has been in focus lately 
and the normal rCBF has been evaluated in several pre- 
vious studies [7-10]. Age has a considerable effect on 
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function [7,8] and structure of the brain [9]. Especially 
the grey matter is affected and the amount of grey matter 
seems to decrease linearly with age [7,10]. In contrast, 
the white matter is reported to be intact or even increase 
[7,10] until the mid-50 s, after which it declines with an 
accelerated rate [10]. There are evidence suggesting that 
the brain in aging and AD actively adapts to a progres- 
sive fuel deprivation characterized by hypo-metabolism 
and oxidative stress which finally result in neuronal loss 
[11]. Earlier 133Xe studies [12,13] and voxel based MRI 
studies [14] indicate that the global loss of both function 
and structure is about 0.3% - 0.5% per year after the age 
of 20. 

The estimation of rCBF with 99 mTc hexamethylpro- 
pylene amine oxime (HMPAO) and SPECT is a semi- 
quantitative method [15]. An intensity normalization of 
the measured tracer uptake is necessary. The images are 
usually scaled to an internal reference, e.g., the whole 
brain or a cerebellar mean. Regions that age more slowly 
than the reference region appear to have increased perfu- 
sion, i.e. preservation [12], while regions that age faster 
appear to have decreased perfusion. Regional preserva- 
tion has been reported bilaterally in the occipital–cuneus 
area [16], thalamus and putamen [8], sensorimotor and 
parietal regions [17]. In a large voxel based study of 465 
subjects, age-related preservation in white matter was 
detected with structural MRI [14]. This was suggested to 
be an effect of two opposing factors, the age related loss 
of myelin [18] and an age related expansion of the capil- 
lary network and extra cellular space [19]. Another sug- 
gested theory is that age-related preservation in white 
matter arises from age related changes in brain anatomy, 
due to a partial-volume effect (PVE) in regions where the 
shrinking white matter becomes thinner than the resolu- 
tion of the detector system. The detected rCBF will then 
be influenced by surrounding grey matter which has a 
higher rCBF [20]. Losses with age, measured with SPECT 
and positron emission tomography (PET), have been con-
sistently reported in the frontal lobe, in particular the 
anterior cingulate, but also in the insula and superior 
temporal and parietal lobes [20].  

Gender differences in brain function and structure have 
previously been reported, and the most consistent results 
are neuropsychological tests showing that women per-
form better than men on tests of both verbal fluency and 
episodic memory with an inverse relationship on visu-
ospatial tasks [21]. It is also known that there are differ-
ences in the size of the brain [22]. When looking at re-
sults of previous rest and activation studies of rCBF and 
regional cerebral metabolic rate for glucose (rCMRglc) 
with PET, SPECT and fMRI, the results are more com- 
plex and the findings can be controversial. For instance a 
higher uptake is reported in women at rest in the mid- 

cingulate/corpus callosum [23], temporal [23], parietal re- 
gions [16,23] and hypothalamus [24]. A lower rCBF is 
reported in the cerebellum [16], left anterior temporal 
[16], orbitofrontal cortex [16], right insula, middle tem- 
poral gyrus, and medial frontal lobe [24]. On the other 
hand there are also recent studies reporting no gender 
based differences [20]. 

Education length seems to have a strong influence on 
brain function and since it can postpone the clinical ma- 
nifestation of AD [25,26], education length should pre-
sumably also have influence on the normal rCBF. The 
potential neuro protective effect of education and the de- 
lay of clinical manifestations of AD have gained much 
interest [27,28]. The cognitive reserve (CR) or the ability 
to cope with advancing brain pathology without showing 
symptoms [29] is suggested to be mediated through edu- 
cation or IQ [30]. A recent study showed an increased 
rCBF in left temporal regions in AD patients with a high 
compared to low length of education (10 +/–4 year vs. 
1+/–1 year) [31]. “The Cognitive Ability Screening In- 
strument” (CASI) [32] that was used for grading the AD 
severity in that study showed a significantly higher cog- 
nitive level in the high education group (67.7 +/–11.4 vs 
44.0 +/–11.5). The connection of education length, the 
rCBF in the temporal lobe and the location of the seman- 
tic memory [33] is interesting since the temporal lobe 
often is affected in AD. In another recent article the CR 
in AD was evaluated and years of formal schooling had a 
negative association with cerebral perfusion and positive 
association with cognitive test scores [34]. The CR is 
suggested to be an effect of education with an increased 
capacity to use alternative brain circuits instead of locally 
increased synaptic connections [34]. 

The acute effect of smoking on rCBF has been evalu- 
ated in several SPECT and PET studies [35-39] while 
only a few studies relate to the chronic effect on rCBF. 
Acute effects are reported as increases in rCBF in the 
occipital cortex, cerebellum and thalamus, and decreases 
in the anterior cingulate, nucleus accumbens and amyg- 
dala. In a study of previous smokers a decrease in rCBF 
was still seen six years after quit smoking but was re- 
versed after additional 3 years [40].  

Chronic pain in the elderly and middle-aged popula- 
tion is a common problem [41] although the effect on the 
normal rCBF has not been studied before. In a recent 
study by Sundström et al. [42] a non-traumatic chronic 
neck pain patient group demonstrated a low rCBF in tem- 
poral regions although this was not seen in a traumatic 
chronic neck pain patient group. In this study both groups 
show tendency of an increased rCBF in somatosensory 
regions. 

In summary, previous findings suggest that several 
variables may affect rCBF but the nature of such influ- 
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ences remain to be conclusively determined. The aim of 
the present study was therefore to further evaluate the 
effect on the rCBF of common variables, such as age, 
gender, education, history of smoking and ache by using 
rCBF-SPECT with HMPAO at rest. A special focus was 
on education and findings that could be related to the 
notion of cognitive reserve. 

2. Material and Methods 

The study was approved by both the Ethics and the Ra- 
diation Protection Committee of Umeå University. Writ- 
ten informed consent was obtained according to the Dec- 
laration of Human Rights of Helsinki 1975. 

2.1. Subjects 

Forty-nine healthy subjects (26 men, 23 women) in ages 
from 50 to 75 were consecutively included from a large 
prospective research project in the community of Umeå, 
i.e. the Betula project [43]. The cohorts are recruited with 
a 5 year age interval. The purpose of the ongoing Betula 
project is to explore the development of memory func- 
tions in adulthood, determine risk factors for dementia, 
and to determine early preclinical signs of dementia. All 
subjects in the Betula project take part in an extensive 
examination of health and memory every fifth year, in- 
cluding cognitive testing and interviews regarding criti- 
cal life events and socio-economic issues. In addition, 
smoking habits (start and stop date) and ache (back, 
joints, shoulders and/or arms/legs: one unit each) are re- 
corded. The inclusion criterion in Betula is a good sub- 
jective and objective health. All subjects have a good 
mental and physical health based on self assessment, 
normal lab tests and a normal health examination without 
a history of psychiatric disorder, stroke or dementia. The 
exclusion criteria in this study was a history of physical 
or mental illness or chronic drug treatment, alcohol or 
drug abuse, previous brain trauma, cerebrovascular dis- 
order, hypertension, diabetes, epilepsy, psychiatric dis- 
orders, allergy, other systemic disease, malignancy, en- 
docrine disorders, renal dysfunction, gynaecological dis- 
orders, infections or metabolic diseases or a MMSE be- 
low 25. 

All subjects underwent a neuropsychological assess- 
ment by an experienced neuropsychologist. The cogni- 
tive and functional level was estimated, including MMSE 
[44]. Each healthy subject was extensively examined and 
interviewed about health status, activities of daily living 
(ADL) by a nurse. Socioeconomic factors and critical life 
events were estimated by questionnaires including self- 
reported number of years of formal education [43,45]. 
All tests are extensively described in Nilsson et al. (1997) 
[43].  

Two subjects were excluded due to a MMSE below 25 
and two subjects were excluded due to an incomplete 
rCBF SPECT scan (> 50% of the cerebellum was not 
covered). 

Forty-five subjects were evaluated (25 men, 20 women, 
age 50 - 75). The characteristics of the included healthy 
subjects regarding gender, age, education, MMSE, smok- 
ing history and reported ache are described in Table 1. 
To compare the influence of each variable on rCBF, the 
subjects were grouped based on the evaluated variable, as 
summarized in Table 1. 

2.2. Image Acquisition and Processing 

All rCBF-SPECT studies were performed on a three- 
headed gamma camera, Neurocam (General Electric, Mil- 
waukee, WI, US) equipped with low energy high resolu-
tion (LEHR) collimators at the department of Nuclear 
Medicine, Diagnostic Radiology, Norrland’s University 
Hospital. The SPECT studies were performed in a 360˚ 
stepwise rotation, with 90 seconds acquisition time in 64 
equally spaced angles. The image matrices were 128 × 128 
pixels and the spatial resolution of the system (FWHM) at 
a 100 mm distance from the camera is 6.9 mm. The 
transmission dependent convolution subtraction method 
with one iteration [46,47], was used for scatter correction 
before reconstruction. The images were prefiltered with a 
2D Hanning filter with a cut-off frequency of 1.0 cm–1 
and reconstructed into transaxial slices with the iterative 
orderedsubsets ML-EM (OSEM) [48] algorithm using 8 
iterations and a subset of 4 images. A homogeneous at-
tenuation correction was used where the outline of the 
homogeneous attenuation map was defined from a pre-
ceding step with an iterative reconstruction without at-
tenuation correction. The map was constructed of voxels 
with a value above zero after dilation and erosion proc-
esses, to a match the contour of the skull. The attenuation 
coefficient was set to the value of water for 140 keV 
photons, 0.154 cm–1. The pixel size is 2.0 × 2.0 mm in 
the reconstructed images. The reconstructed image data 
was exported in Interfile format and converted to ANA-
LYZE format before further analysis. 

On the day of examination the radiopharmaceutical 
99mTc-HMPAO was prepared by eluting 99mTcO4– from a 
99Mo/99mTc generator just before adding it to a freeze- 
dried kit (CeretecTM, Nycomed Amersham plc, Bucking- 
hampshire, UK) according to the instructions of the 
manufacturer. All healthy controls received an activity of 
675 MBq, according to ethical guidelines. The radio- 
tracer was administered after 30 minutes rest with eyes 
closed in a dim-lighted room. Following injection, a 10 
to 40 minute rest was undertaken, before examination  

Copyright © 2011 SciRes.                                                                                 IJCM 



Influences of Age and Length of Education on rCBF-SPECT in Healthy Elderly: Diagnostic Implications for Dementia 

Copyright © 2011 SciRes.                                                                                 IJCM 

146 

 
Table 1. Characteristics of included healthy controls subjects. Gender, age, education, MMSE, smoking history and reported 
ache are described for each grouping variable. The figures are presented as: mean (mean men; mean women) range. 

Grouping 
variable 

Number 
(Men: Female) 

Mean age (years) Education (years) MMSE (0 - 30) Smoke (years) Reported ache 

Men 25 62.8 50 - 75 10.5 6 - 20 28.2 26 - 30 10.5 0 - 40 0.8 0 - 3 

Women 20 63.7 50 - 75 10.1 6 - 19 28 25 - 30 5.4 0 - 39 1.1 0 - 3 

Age  
20 - 60 (y) 

20 (11 ; 9) 
55.7*** (55.5 ; 55.8)

50 - 62 
12.6*** (13 ; 12.1) 

7 - 20 
28.2 (28.5 ; 27.8) 

25 - 30 
8.8 (13.1 ; 3.4) 

0 - 35 
1.4*(1.3 ; 1.4) 

0 - 3 

Age 
64 - 75 (y) 

25 (14 ; 11) 
69.2*** (68.5 ; 70.1)

64 - 75 
8.5*** (8.6 ; 8.5) 

6 - 16 
28 (27.9 ; 28.1) 

25 - 30 
7.8 (8.4 ; 6.9) 

0 - 40 
0.6*(0.4 ; 0.8) 

0 - 3 

High  
education 

24 (14 ; 10) 
59.8** (60.3 ; 59.1) 

50 - 75 
13.1*** (13.2 ; 13.1)

9.5 - 20 
28.3(28.3 ; 28.4) 

26 - 30 
8.5 (12.3 ; 3.3) 

0 - 40 
0.9 (0.9 ; 1) 

0 - 3 

Low education 21 (11 ; 10) 
67** (66 ; 68.2) 

52 - 75 
7.1*** (7.2 ; 7.1) 

6 - 9 
27.8 (28.1 ; 27.5) 

25 - 30 
7.8 (8.2 ; 7.4) 

0 - 39 
1 (0.7 ; 1.2) 

0 - 3 

MMSE < 29 23 (13 ; 10) 
62.6 (62.8 ; 62.4) 

50 - 75 
10 (10.48 ; 9.4) 

6 - 20 
27***(27.4 ; 26.6)

25 - 28 
10.7 (12.2 ; 8.7) 

0 - 40 
1.1 (1 ; 1.3) 

0 - 3 

MMSE 29 - 
30 

22 (12 ; 10) 
63.8 (62.8 ; 64.9) 

50 - 75 
10.7 (10.7 ; 10.8) 

6 - 19 

29.2***(29.1 ; 
29.3) 

29 - 30 

5.6 (8.6 ; 2) 
0 - 35 

0.7 (0.6 ; 0.9) 
0 - 3 

History of 
smoking 

16 (11 ; 5) 
62.5 (62.2 ; 63.2) 

50 - 75 
10.1 (10.8 ; 8.5) 

7 - 20 
27.9 (28.2 ; 27.2) 

25 - 30 

23.1*** 
(23.8 ; 21.4) 

6 - 40 

1.2 (1.1 ; 1.4) 
0 - 3 

No history of  
smoking 

29 (14 ; 15) 
63.6 (63.3 ; 63.8) 

50 - 75 
10.5 (10.3 ; 10.6) 

6 - 19 
28.2 (28.2 ; 28.2) 

25 - 30 
0*** 

0.8 (0.6 ; 1) 
0 - 3 

Ache 26 (13 ; 13) 
61.8 (61 ; 62.7) 

50 - 75 
10.4 (10.6 ; 10.1) 

6 - 19 
28.1 (28.2 ; 27.9) 

25 - 30 
11.3 (15.9 ; 6.7) 

0 - 40 

1.6***  
(1.5 ; 1.7) 

1 - 3 

No-ache 19 (12 ; 7) 
65 (64.8 ; 65.4) 

50 - 75 
10.3 (10.5 ; 10) 

6 - 20 
28.1 (28.2 ; 28) 

25 - 29 
3.9 (4.6 ; 2.9) 

0 - 34 

0*** 
(0*** ; 0***) 

0 - 0 

Age gender  
matched 
pairs 

      

High  
education 

11 (6 ; 5) 
64.5 (63.3 ; 65.8) 

50 - 75 
13.2*** (13.7 ; 12.6)

10 - 20 
28.6 (28.2 ; 29.2) 

27 - 30 
13.1 (21.2 ; 3.4) 

0 - 40 
0.7 (0.5 ; 1) 

0 - 2 

Low education 11 (6 ; 5) 
64.8 (63.8 ; 66) 

52 - 75 
7.4*** (7.3 ; 7.5) 

6 - 9 
27.5 (28 ; 27) 

25 - 30 
6.8 (10 ; 3) 

0 - 35 
1.3 (1.2 ; 1.4) 

0 - 3 

Ache 14 (8 ; 6) 
64.1 (63.9 ; 64.3) 

50 - 75 
9.1 (9.1 ; 9) 

6 - 19 
27.6 (27.9 ; 27.2) 

25 - 29 
11.5* (13.4 ; 9) 

0 - 40 

1.8*** 
(1.5 ; 2.2) 

1 - 3 

No-ache 14 (8 ; 6) 
64.1 (64.4 ; 63.8) 

50 - 75 
9.7 (8.9 ; 10.7) 

6 - 17 
28 (28.1 ; 27.8) 

25 - 29 
2.5* (1.9 ; 3.3) 

0 - 20 

0*** 
(0*** ; 0***) 

0 - 0 

* p<0.05; ** p<0.01; *** p <0.001. 
 

with the scintillation camera [49]. In order to obtain a 
robust scanning geometry in the gamma camera, the head 
was positioned in a carbon fibre holder connected to the 
bed and fixed using an individually formed thermoplastic 
face mask. 

Statistical parametric mapping (SPM), version 2 (Wel- 
come Department of Cognitive Neurology, University 
College, London) was used to study differences in rCBF 
between the groups. Calculations were performed in Ma- 
tlab 6.5.1 (Mathworks Inv., Sherborn, Mass., US). Before  
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the statistical analysis, the rCBF-SPECT data were nor-
malized to the MNI SPECT template (SPM2) and 
smoothed with a 12 mm FWHM 3D Gaussian filter ker-
nel [47]. The confounding effect of varying global activ-
ity was removed by proportional scaling to a global value 
of 50 ml/min per 100 g and a standard level of grey mat-
ter threshold of 0.8 was used to exclude voxels of minor 
interest in the analysis. 

2.3. Statistical Evaluation 

Two different SPM-models based on t-statistics of the 
general linear model (GLM) analysis were used to detect 
relations between the investigated variables and rCBF. In 
a first analysis the subjects were divided into groups re- 
garding each variable and analyzed with “compare-po- 
pulations”. To further examine positive and negative co- 
rrelations for variables with a detected influence on rCBF 
in the first “compare-populations” analysis, a second cor-
relation analysis was made with the SPM model, “Single- 
subject, covariates only”. The statistical level for signifi-
cant results was set to p < 0.05 corrected for false dis-
covery rate (FDR) [50] on voxel level and p < 0.05 cor-
rected for multiple non-independent comparisons on 
cluster level. The extent threshold was 10 voxels (k = 10). 
To determine the anatomical localization of the SPM data 
the Montreal Neurological Institute coordinates (MNI) 
were converted to the Talairach brain atlas using a nonli- 
near function as described at the CBU Imaging web site 
(http://www.mrc-cbu.cam.ac.uk/Imaging/mnispace.html). 
The SPM add on MNI Space utility (MSU) and Talairach 
Space utility (TSU) developed in the PET Lab of Insti- 
tute of the Human Brain  
(http://www.ihb.spb.ru/~pet_lab/MSU/MSUMain.html) 
was used to analyze the anatomical extension of the clu- 
sters in terms of anatomical region labels used by the 
Talairach Daemon (http://www.talairach.org/daemon. html). 
Cluster extension is described in terms of hemispheres, 
brain lobes, gyri-sulci, white and grey matter as well as 
Brodmann areas. In order to visualize the anatomical lo- 
calizations the SPM data were visualized by the Ta-
lairach Space utility 
(http://www.ihb.spb.ru/~pet_lab/TSU/TSUMain.html) 
and by superimposing data on MRI-templates in SPM.  

In the AnCova SPM analysis, the influence on the 
rCBF of the variables age, gender, education, MMSE and 
ache were evaluated by dividing the sample into sub- 
groups. The sample was divided into two age groups 
with a matching range and size: 50 - 60 and 64 - 75 years 
of age, the cut-off also matches the time of retirement in 
Sweden. In order to evaluate the influence of education, 
the cut-off length of formal schooling was set to nine 
years, which is the length of compulsory school of edu- 

cation in Sweden. The resulting groups with high educa- 
tion (HE) or low education (LE) were of matching size. 
To evaluate the variable of MMSE the cut off value was 
set to 28 for a lower MMSE. The reason for this was that 
the chosen level of MMSE for inclusion in previous 
rCBF-SPECT studies of healthy subject has been set to 
29 - 30 [7,8]. The influence of smoking was evaluated by 
comparing subjects with a history of smoking to never- 
smokers. Subjects reporting ache were compared with 
subjects without reported ache. 

3. Results 

3.1. Characteristics of the Subgroups of  
the Healthy Controls 

The older age group has a mean age of 69.2 (range 64 - 
75) and the younger 55.7 years of age (range 50 - 62). 
There was a significant difference in length of education 
(p < 0.001) and reported ache (p < 0.05) between these 
subgroups, with a mean educational length of 12.6 years 
in the younger and 8.5 in the older group. On average the 
younger subgroup reported ache from 0.4 locations com- 
pared to the older group that reported 0.6 locations.  

In the evaluation of subgroups based on educational 
length, the mean educational length in HE is 13.1 and 7.1 
years in the LE group respectively. There was also a sig- 
nificant difference (p < 0.01) of age between HE and LE 
with a mean age of 59.8 in HE and 67 years in LE. 

For the other grouping variables, MMSE, smoking and 
ache, only the selected variable is significantly different. 
In the age and gender matched pairs regarding the vari- 
able of ache there were also a significant difference (p < 
0.05) in smoking history. 

3.2. rCBF Variation Related to Age and Gender 

Significant differences in rCBF were detected between 
the two age groups of 50 - 60 years and 64 - 75 years. 
The older group had four extensive regions with a de- 
creased uptake in both hemispheres (Table 2). All re- 
gions are located in close relation to interhemispheric or 
interlobar space. The largest cluster extends from a re- 
gion including the Sylvian fissure towards the midline 
passing the cisterna vallecula cerebri and continues to 
bilateral parts of lamina terminalis. A second region is 
broadly symmetric around the midline and includes the 
gyrus cinguli and interhemispheric space between the 
limbic and frontal lobes. A third region involves a dorsal 
part of Sylvian fissure on the left side extending through 
the temporal lobe to the brain surface, and finally the 
fourth region includes frontal parts of the Sylvian fissure 
on the left side. Figure 1 shows the statistical parametric 
map of the uptake differences between the age-groups. 
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Table 2. SPM data of rCBF differences in age-groups and educational length-groups (matched for age and gender). The table 
shows size and Talairach coordinates of anatomical locations of significant clusters and peaks. The regions presented are 
significant at corrected p-value of p < 0.05 in clusters and/or p < 0.05 (FDR) in peaks. 

 
Size % of 
cluster* 

Size 
ml 

Corrected p 
value, whole 

cluster 

Number 
of voxels 
in cluster

Fdr-corrected p 
value of voxel

T value of 
voxel 

Uncorr. p 
value of 

voxel 

Talairach 
coordinates 

x, y, z 
Anatomical region 

AGE Young > Old 
Cluster 1 

R. Frontal Lobe, Inferior 
Frontal Gyrus 

26 3.5 0.000 1668 0.015 5.22 0.000 34, 15, 18 

Unidentified 40 5.3   0.015 4.88 0.000 26, 16, 24 

L. Frontal Lobe 5 0.7       

R. Temporal Lobe         
Cluster 2 

Inter-Hemispheric, 
Unidentified 

29 4.8 0.000 2058 0.015 5.16 0.000 2, 62, 4 

R. Limbic Lobe, 
Anterior Cingulate 

13 2.1   0.015 4.9 0.000 4, 32, 22 

L. Frontal Lobe, Medial 
Frontal Gyrus 

37 6.2   0.015 4.82 0.000 –6, 64, 0 

R. Frontal Lobe 8 1.4       

L. Limbic Lobe 10 1.6       
Cluster 3 

L. Temporal Lobe 51 2.5 0.020 608 0.017 4.41 0.000 –28, 18, –26 
L. Frontal Lobe, Inferior 
Frontal Gyrus 

16 0.8   0.021 4.06 0.000 –57, 25, –8 

Unidentified 33 1.6       
Cluster 4 

L. Temporal Lobe, Mid-
dle Temporal Gyrus 

64 5.1 0.002 1009 0.017 4.39 0.000 –63, –16, –13

L. Frontal Lobe,  
Precentral Gyrus 

4 0.4   0.017 4.38 0.000 –46, –11, 6 

Unidentified 20 1.6       
Cluster 5 

L. Temporal Lobe,  
Superior Temporal 
Gyrus 

100 0.9 0.617 110 0.021 4.06 0.000 –57, –44, 11 

Cluster 6 
L. Sub-lobar,  
Extra-Nuclear 

98 0.4 0.882 46 0.029 3.67 0.000 –26, –31, 11 

Cluster 7 
Unidentified 94 0.1 0.969 17 0.032 3.56 0.000 –65, 14, 12 

L. Frontal Lobe 6 0.0   0.039 3.4 0.001 –63, 20, 6 

Education matched HE > LE 
Cluster 1 

L. Temporal Lobe, 
Fusiform Gyrus 

75 0.7 0.015 118 0.048 7.09 0.000 –48, –40, –20

Anterior Cerebellar 
Lobe 

8 0.07       

Cluster 2 
Inter-Hemispheric, 
Unidentified 

55 0.24 0.088 55 0.048 6.25 0.000 0, 54, –11 

L. Frontal Lobe 36 0.016       

R. Frontal Lobe 9 0.04       
Cluster 3 

L. Temporal Lobe, Su-
perior Temporal 
Gyrus 

41 0.62 0.003 187 0.048 5.79 0.000 –67, –21, 8 

Unidentified 59 0.88 0.000  0.048 5.54 0.000 –69, –19, 1 

* MSU (MNI Space utility) was used for an anatomical description of the significant clusters in terms of the Talairach daemon atlas “brain lobe” level. This is 
expressed as per cent of cluster. 
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Figure 1. The first row shows significant SPM results in form of Maximum intensity projections (MIP) of the T statistics (p < 
0.05 FDR corrected). There are an increased uptake in the younger subgroup (A: 50 - 60 > 64 - 75) and in the subgroup with 
a longer education (B: High Education > Low education). In the second row parts of the significant uptake of each compari-
son is illustrated in 2-dimensional transaxial sagital and coronal planes using the SPM add-on TSU (Talairach Space utility). 
 
No regions with a significantly lower uptake were de- 
tected in the younger group compared to the older group. 
No significant differences were seen at the comparison 
between men and women. 

3.3. rCBF Variation Related to Education 

No significant rCBF differences were seen between the 
groups with high versus low length of education, but 
when the subjects were matched regarding age and gen- 
der into 11 pairs there was a significantly higher uptake 
in the left temporal lobe in the HE group, Figure 1, Ta- 
ble 2.  

3.4. rCBF Variation Related to MMSE, 
Smoking and Ache 

No significant differences were seen in the comparison 
between subjects with high and low MMSE performance, 
smokers vs non-smokers, or groups with or without ache. 

3.5. Positive and Negative Correlation  
with rCBF for Age and Education  

There were three significant extensive clusters with a ne- 
gative rCBF correlation with age. All three regions were 
partly overlapping with the result from the group analysis, 
and localized in the left temporal and bilateral frontal 
regions including interhemispheric and interlobar regions, 
Figure 2, Table 3. The SPM correlation analysis also 
showed a significant cluster with positive rCBF correla-
tion with age in the right visual cortex with a mirrored 
non-significant cluster on the opposite side. The length of 
education, correlated to the rCBF activity in a cluster in 
the inferior frontal gyrus (p = 0.05 corrected in cluster). 
This regional effect was not observed in the group com-
parison. 

4. Discussion 

The present study of the influence on rCBF of easily-  
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provided variables in the clinical setting such as age, 
gender, education length, smoke and ache in the clinical 
setting among healthy elderly shows that age is the 
dominating contributor to the variation of tracer uptake 
in rCBF-SPECT. Among the other analyzed variables 
only education length had a significant influence on 
rCBF. Gender, MMSE, reported ache and smoking hi- 
story did not show any influence on rCBF in this study. 

4.1. Age Related Differences 

There is an age related variation of uptake in both the 
group and correlation analysis. There were extensive re- 
gions with a lower rCBF in the older group. The regions 
are partially centred close to sulci, cisterns or interhemi- 
spheric space, and there was an overlap in both the group 
and correlation analysis. Similar findings have previously 
been reported [16,20,51] although these studies have a 
younger age range of included subjects and several of 
them did not include subjects over 65 years of age. The 
pattern of a low uptake in interlobar interhemispheric 

space was more pronounced at a lower threshold of sig-
nificance, not presented here, where the uptake differ-
ences also showed a more symmetric distribution. There 
is also an age-related reduction of uptake in anterior cin-
gulum which is consistent with other studies [16,20,52]. 

The rCBF reductions in these anatomical regions are 
an effect of a rCBF reduction in combination with atro- 
phy related to age. The correlation between rCBF and 
neuronal activity constitute the basic principle for both 
PET and SPECT [53,54] and in absence of brain damage 
such as ischemia or trauma the auto-regulation and the 
CBF will be proportional to the Perfusion pressure [55]. 
Neuroimaging with rCBF-SPECT shows the functional 
state of the brain almost regardless of the structure of the 
brain. A reduction can be secondary to a low function 
due to hypome tabolism or secondary to neuronal loss 
with atrophy. Regardless of the cause of the reduction the 
low rCBF is secondary to a reduction of neuronal func-
tion with or without accompanying atrophy which should 
be kept in mind in the interpretation of rCBF-images. 

 

Figure 2. SPM MIP images showing positive and negative correlations (p < 0.001 uncorrected), between rCBF and age (first 
column) and between rCBF and education (second column). 
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Table 3. SPM data of rCBF differences in the correlation analysis of age and education length. The table shows size and Ta-
lairach coordinates of anatomical locations of significant clusters. The regions presented are significant at corrected p-value 
of p < 0.05 in clusters and/or p < 0.05 (FDR) in peaks. 

 
Size % of 
cluster* 

Size 
ml 

Corrected p 
value, whole 

cluster 

Number 
of voxels 
in cluster

Fdr-corrected p 
value of voxel

T value of 
voxel 

Uncorr. p 
value of 

voxel 

Talairach 
coordinates 

x, y, z 
Anatomical region 

Age pos. Correlation rCBF 
Cluster 1 

R. Occipital Lobe,  
Inferior Occipital Gyrus 

39 2.2 0.007 713 0.085 5.15 0.000 44,–88, –4 

R. Occipital Lobe,  
Middle Occipital Gyrus 

48 2.7   0.085 4.47 0.000 38, –74, 6 

R. Sub-Gyral 9 0.5       

Age neg Correlation rCBF 
Cluster 1 

L. Frontal Lobe, Midial 
Frontal Gyrus 

38 5.0 0.000 1651 0.043 5.01 0.000 –2, 62, 4 

R. Frontal Lobe, Midial 
Frontal Gyrus 

4 0.5       

R. L. C. Anterior 
Cingulate 

17 2.2       

R. L. C. Cingulate 
Ggyrus 

13 1.7       

Unidentified 22 2.9       

Cluster 2 

L. Temporal Lobe, 
Superior Temporal  
Gyrus 

64 2.4 0.031 475 0.043 4.69 0.000 –38, 16, –29

Unidentified 32 1.2       

Cluster 3 

L. Temporal Lobe,  
Middle Temporal 
Gyrus 

48 1.8 0.033 467 0.043 4.62 0.000 
–63, –16, 

–13 

L. Sub-lobar, Insula 27 1.0   0.043 4.36 0.000 –42, –15, 10

L. Temporal Lobe, 
Middle Temporal 
Gyrus 

 0.0   0.043 4.16 0.000 –57, –10 –11

L. Temporal Lobe, 
Superior Temporal 
Gyrus 

14 0.5       

Education pos correlation rCBF 

Cluster 1 

R. Frontal Lobe Inferior 
Frontal Gyrus 

39 1.3 0.053 401 0.492 4.20 0.000 26, 21, –16 

R. Frontal Lobe,  
Sub-Gyral 

41 1.3   0.492 3.94 0.000 24, 41, 0 

R. Frontal Lobe, Middle 
Frontal Gyrus 

13 0.4       

*MSU (MNI Space utility) was used for an anatomical description of the significant clusters in terms of the Talairach daemon atlas “brain lobe” level. This is 
expressed as percent of cluster. 

 

In the study by Barnden et al., no structural changes 
were observed in the magnetic resonance imaging (MRI) 
in contrast to the reduced uptake in the anterior cingulate 
in SPECT. The suggested partial volume effect (PVE) 

model of a sulcal widening at the junction of the inter-
hemispheric fissure and cingulate sulcus in this study 
might explain their findings [20]. It is known that serial 
inter-individual quantitative MRI have shown global loss 
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of volume in all cerebral regions during aging [56] and 
that especially frontal region are more sensitive to aging 
[57,58]. Therefore, it is most likely that the regions with 
uptake decrease in the present study mainly are an effect 
of global tissue loss with secondary widening of the in-
terhemispheric and interlobar space and not by an actual 
rCBF decrease in preserved tissue. A model for this type 
of partial volume effect (PVE) at sulcal widening is pro-
vided in a work by Barnden 2005 [20].  

The younger group did not show any regions with-
higher rCBF, i.e. preservations in the group analysis al- 
though at the correlation analysis there was a significant 
negative correlation in the right occipital lobe. The fact 
that there was considerable low amount of regions with 
age related preservations compared to earlier SPECT 
studies [8,16,17,20] might be an effect of the chosen 
SPM threshold in this study. It should be mentioned that 
there were bilateral parietal “preservations” in white 
matter at an uncorrected level of p < 0.001.  

At the spatial registration in SPM the uptake concen- 
tration is conserved [59] and in theory this will com- 
pensate for difference in size. This is convenient in mat- 
ter of gender-based size differences but it is likely that 
this will mask global size differences based on neuronal 
loss or aging over the hemispheres. PET and especially 
SPECT images have a low spatial resolution with a low- 
grade possibility to define the interhemispheric and in-
terlobar spaces. The temporal lobe which has a high neu-
ronanatomic variability [10,60] does not provide deline-
ating information for an optimal spatial normalization 
compared to the registration to the template over the 
hemispheres that probably is less sensitive to a low reso-
lution. In case a structural modality, i.e. CT or MR is 
obtained this can be used to optimize the spatial normali-
zation and also correct for PVE. Two recent papers 
studying age related changes in brain function at rest 
[17,61] showed negative correlations between age and 
uptake in interlobar regions which is in line with the re-
sult in the present study. Both studies used a three-com- 
partment segmentation (grey, white matter, and cerebro-
spinal fluid) method described by Matsuda [62] to com-
pensate for PVE with difference level of success. In the 
study by Matsuda using PVE correction on rCBF-SPECT 
the negative age correlation remained in a greater extent 
than in a study by Yanase et al. using FDG-PET. Yanase 
suggest that this could be due to the differences in resolu-
tion and methodology. Further research is needed to 
evaluate this method although both Yanase and Matsuda 
recommend PVE correction for both modalities. This is 
however not easily done in the clinical setting. The pre-
sent findings suggests that the age related reduction of 
rCBF in interlobar inter hemispheric space is mainly an 
effect of the normal reduction of brain tissue with in-

creasing age, with a secondary widening of subarachnoid 
space. There is a PVE contributing to the detected rCBF 
loss and in order to further evaluate the PVE multimodal 
analysis with simultaneously performed SPECT/CT im-
aging has to be done. 

In the clinical setting the interpretation of a detected 
rCBF reduction is always a loss of brain function and 
using simultaneous SPECT/CT images the correlation to 
a changed structure can be facilitated by fused images. 

4.2. Gender Related Difference 

Gender differences have been studied in several earlier 
studies and there are no consistent findings of differences 
in basal rCBF in healthy volunteers using PET or SPECT 
[16,20,23,24]. 

In the present study the effect of gender on basal rCBF 
was not significant in either the group comparison or the 
correlation analysis. It should be mentioned, though, that 
there was a non-significant effect (p < 0.07 FDR) with 
higher rCBF in women in a left temporal region which 
was also reported in a recent 99mTc-ECD SPECT study 
by Li et al. [63]. They used a SPM height threshold of P 
< 0.005 uncorrected. Li suggested that this finding was 
due to a higher concentration of grey matter in women in 
this region since the finding disappeared after PVE cor-
rection [63]. 

4.3. Education and Cognitive Reserve 

In our study the more educated elderly that were matched 
for age and gender to a group with fewer years of formal 
education had a significantly higher rCBF in the left 
temporal lobe. This has not been shown earlier in a 
healthy elderly population at rest. A similar effect of  
education length in the left temporal lobe has been seen 
in a recent study in an AD patient group [31]. In the pre- 
sent study the effect of education on left temporal rCBF 
was not seen in the correlation analysis. However, the 
correlation analysis of the whole sample showed a cluster 
with a positive correlation to rCBF in the right inferior 
frontal lobe. The cognitive reserve is in its nature an abi- 
lity to perform on a higher level at a demand for an ac- 
tive brain process. Since our subjects were investigated at 
rest this should be considered. Nonetheless, our findings 
give further support for the theory of cognitive reserve 
[29] and the view that education length influences the 
basal rCBF. Results like those presented here are in line 
with some epidemiological and clinical data [64,65] which 
support the theory of education as being protective to the 
development of AD. In a twin study it was shown that 
longer education was more supportive against AD than 
genetic factors [27]. Studies showing patophysiologic or 
functional support for the theory are sparser and therefore 
we think that our result is of great interest in the ongoing 
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discussion [28]. The present study is the second one 
pointing to a connection of educational length and the 
rCBF in the lateral temporal lobe at rest [31]. This region 
is affected in “semantic dementia” [33,66] and formal 
education is known to be associated with better memory 
performance, and particularly the semantic memory [67]. 

4.4. MMSE 

In this study some of the included healthy subjects had a 
lower MMSE than in other comparable studies [8,16]. 
This was a reason for the group analysis of MMSE even 
though the range of MMSE was low. The included sub- 
jects with a lower MMSE were considered normal with- 
out dementia. As expected, there were no detected rCBF 
differences in the group analysis. 

4.5. Smoke and Ache 

The group analysis did not reveal any significant influ- 
ence of ache or a history of smoking on the rCBF. The 
reported ache was considered as being of low-grade in- 
tensity since it did not affect the reported subjective good 
health. There was a non-significant (p < 0.07 FDR) find- 
ing of increased rCBF in bilateral parietal cortex and 
cingulum. The parietal region has been reported to be 
involved in pain processing in chronic neck pain patients 
[42].  

Twelve of the sixteen subjects with a history of smok- 
ing had stopped smoking, while four were still smokers. 
This might have had an effect on the non-significant re-
sults. 

4.6. Normal rCBF in Relation to Dementia 

AD is the most common type of dementia and the most 
common diagnostic issue in rCBF-SPECT [2-4,68,69]. 
The localization of the major rCBF uptake findings differ 
between early versus late onset of the AD. The typical 
finding in elderly AD patients tends to be characteristic 
involvement of the medial temporal lobes, (MTL) whereas 
early onset patients predominantly have a decreased rCBF 
in posterior cortical association regions [70]. This differ-
ence has also been shown in voxel based morphometric 
studies [71]. In the present study, there were no age re-
lated findings in regions typically affected in early AD, 
i.e. the posterior temporal or the parietal lobe. However it 
should be considered that age as a confounder might dis-
guise the AD changes in the anterior temporal lobe which 
might explain the discrepancy of reported changes in the 
anterior and medial temporal lobe and the findings at 
visual assessment. There seems to be several confound-
ing factors involved in the sensitivity of detection of 
rCBF changes in the temporal lobe i.e. age, PVE and a 
high neuroanatomic variation. AD related changes in 
MTL is first detected by a decreased function (FDG-PET) 

followed by structural changes [72]. In clinical routine a 
reduced uptake in MTL in rCBF-SPECT should be re-
lated to age and if the finding is more pronounced than 
expected it should be considered regardless of cause, 
since AD progresses with both functional and structural 
changes. In relation to our finding of age related changes 
in healthy elderly it is shown that except for MTL the 
changes clearly differ from those in AD patients. 

4.7. Methodological Considerations 

One limitation of this study is that the subjects were ex- 
amined only at a resting state. However, this is typically 
the case in clinical routine. The conclusions therefore 
concern only the baseline condition, although there is no 
reason to believe that the detected age related differences 
in perfusion is changed in an activated state.  

SPM, which was used for spatial normalization, tries to 
preserve the concentration, when warping to a greater 
volume at the normalization step [59]. In this and some 
other studies of the age related differences in perfusion, 
the detected changes are in intracerebral, interlobar and 
interhemisheric regions [17,61]. These findings does not 
correspond to described age-related volume loss in struc- 
tural imaging where the regions have been thoroughly 
delineated with ROI [10,57,58,60]. One explanation could 
be a methodological issue related to the spatial normali-
zation method used in SPM in combination with the low 
resolution in SPECT. Although we used the established 
SPM procedure for spatial normalization, we cannot com-
pletely rule out the possibility that our findings were af-
fected by the normalization step. This effect might be 
present in some voxel-based morphologic studies of the 
aging brain using MRI as well, such as the findings in a 
study by Good et al. that reported age-related accelerated 
volume loss in local areas bilaterally in the insula, supe-
rior parietal gyri, central sulci, and cingulate sulci, all in 
close relation to interlobar or interhemispheric space [14]. 
This may lead to a conclusion that findings close to in-
terlobar and interhemispheric space using SPM may be 
disputable regardless of the modality used in the SPM 
analysis. 

The sample size did not allow comparisons in sub- 
groups of age. Since age is the major contributor to the 
variation of rCBF in elderly this might mask variations 
due to the other variables in this study. For instance 
women had a tendency of a higher rCBF in bilateral par- 
tial regions in the younger subgroup. Future rCBF studies 
of other variables than age would probably gain to a large 
extent if the variation of age is kept in a low range. This 
is especially important regarding possible education-re- 
lated rCBF changes since the formal education length has 
changed over the years which could not be controlled for 
in this study. 
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4.8. Conclusions 

Age contributed to a vast extent to the variation in uptake 
measured with rCBF-SPECT. The significant age-related 
findings using SPM showed extensive regions mainly in 
intracerebral interlobar and interhemisperic spaces. The 
findings differ mostly from dementia-related findings and 
it should be stressed that rCBF changes in normal aging 
typically should not disturb the visual interpretation of 
rCBF in AD. A reduction close to intracerebral interlobar 
space and especially MTL should be related to age and 
should be considered regardless of cause, since AD pro-
gresses with both functional and structural changes. Our 
results support that education influences the basal brain 
function and this could be interpreted as further support 
for the theory of cognitive reserve. 
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