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Abstract

In recent years, functional brain imaging modalities have been used as key tools for studying brain regional and global
processes in healthy adults, as well as the pathophysiology and course of neurologic and psychiatric disorders. Positron
emission tomography with Fluoro-deoxy glucose (FDG-PET) is widely used to measure regional cerebral glucose metabolic
patterns. This review study focused on FDG PET findings in normal brain aging process, specifically on glucose metabolism
in particular regions of brain. Based on our study, age-related reduction in glucose metabolism was significant in frontal,
temporal and caudate part of basal ganglia, while the lowest changes found mostly in cerebellum, occipital and parietal
regions. On the other hand, there was an increase in the glucose uptake by age in thalamic regions.
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Aging in the Brain

In recent years, functional brain imaging modalities
have been used as key tools for studying brain region-
al and global processes in healthy adults, as well as the
pathophysiology and course of neurologic and psychiat-
ric disorders. Positron emission tomography with Fluo-
ro-deoxy glucose (FDG-PET) is widely used to measure
regional cerebral glucose metabolic patterns.

Aging in the brain entails biological, structural and
chemical changes in brain. Studies have reported age-re-
lated loss in synaptic density, dendritic arborization and
postsynaptic areas of the neocortical region and hippo-
campus. A hallmark of brain aging is a decrease of vol-
ume in the cortex, especially in Alzheimer disease pa-
tients [1]. Age-related neurodegenerative diseases such
as Alzheimer’s diseases are associated with the functional
and structural changes. The decrease in cerebral glucose
metabolism is known as the early event in the pathol-
ogy of Alzheimer’s diseases and may precede the neu-
ropathological Amyloid beta (AP) accumulation. The
mechanism is related to the disturbed brain insulin me-
tabolism by the alteration in insulin/insulin-like growth
factor-1 signaling in the affected patients [2,3].

Brain activity is also believed to decline during aging.

In the resting state, glucose regional cerebral metabol-
ic rate (rCMRglc) is considered a determinant of brain
functional activity. Glucose is oxidized in the neurons
for ATP production to maintain normal function. Thus,
brain glucose uptake is a parameter which is generally
expected to reduce in the elderly [4].

PET is a conventional nuclear imaging modality,
which allows conducting semi-quantitative investiga-
tions based on the body’s uptake of a radioactive labeled
molecule (in contrast to CMRglc which is quantitative).
In brain studies this is often FDG, a radioactive labeled
molecule, which is a marker of glucose metabolism.
Here, we focused on FDG PET findings in normal brain
aging process, specifically on glucose metabolism in par-
ticular regions of brain.
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Regional Glucose Metabolism

Frontal lobe

Frontal cortex consists of a variety of anatomical ar-
eas with heterogeneous and elusive tasks. It’s divided in
prefrontal cortex, dorsolateral and orbitofrontal regions.
This region is most specifically associated with motor
functions and organization aspects of memory.

De santa, et al. showed a 20-24% age-related reduc-
tion in glucose metabolism of frontal cortex, which was
greater than temporal lobe changes. They also conclud-
ed that dorsolateral part -which is a core structure in
working memory- was the main affected region with 2.6
moles/100 g/min decrease of glucose metabolism per age
decade [5]. Loessner, et al. also found that glucose me-
tabolism in frontal cortex was significantly decreased by
age compared to other cerebral regions [6].

In recent studies, the detailed alteration in glucose
metabolism of each region was evaluated. De Leon, et al.
found left inferior frontal gyrus as the main area of the
changes in aging [7]. This part also affected bilaterally in
elder subjects.

Curati, et al. marked orbitofrontal cortex as a hy-
pometabolic region of elder individuals’ brains [8]. In-
oue, et al., proposed that possible pathogenesis of re-
duction in frontal glucose metabolism in may correlate
to disruption of synaptic activity of neural fibers. They
found that neuronal functions of signaling in the frontal
cortices decreased with the deterioration of the micro-
structures in corpus callosum without corresponding
gray matter atrophy [9].

Temporal lobe

Neuropsychiatric researches have shown that aging
is more related to changes in temporal lobe. The prin-
cipal regions in this lobe are the medial temporal lobe
and hippocampus, which are also involved in memory.
These structures interfere with encoding and retention of
new data and some aspects of retrieval. The MR imaging
studies concentrated on the effect of aging on the volume
and function of temporal lobe and specifically the medial
part, which plays an essential role in cognition. De san-
ti, et al. found that the glucose metabolism in temporal
lobe was 13 to 23% lower in elder subjects compared to
younger ones. They also reported that lateral temporal
lobe was more affected by age compared to hippocampus
(2.2 moles/100 g/min decrease per decade compared to
1.4 moles/100 g/min decrease) [5]. However other stud-
ies reported undifferentiated changes in hippocampus
metabolism by age [6].

Temporo-parietal cortex has been regarded as age-de-
pendent area of metabolism [7]. The most recent study

by Bonte, et al. used PVE corrected 18F-FDG PET scans
of elderlies for mapping the age dependent metabolism
in brain regions, where a decreasing trend was reported
in the temporal and frontal lobe [10].

Since the cognitive dysfunction is a main feature of
aging, the temporal cortex and especially medial tempo-
ral lobe were considered as the core of glucose reduction
in elderlies [11,12].

There is also evidence proving the pathological role of
neuron loss and low glucose metabolism of hippocam-
pus and medial temporal lobe in old patients with dis-
abilities and dementia [13,14].

Parietal lobe

The parietal lobe is part of a sensory system which
works by integrating visual and somatosensory informa-
tion. It is comprised of three major areas: Postcentral gy-
rus, also known as the sensory strip, supramarginal and
angular gyrus which are involved in language [15]. The
knowledge about brain parietal metabolic rates in aging
is not well understood. Some studies in 80s confirmed
a lower glucose uptake in PET images of the elderlies,
while the localization of the hypometabolic patterns
were not established [16-18]. Recent data also questions
the age-related changes in parietal cortex. In volumetric
studies of aging brains, parietal lobe atrophy was rare.
These findings were also associated with little changes in
metabolism with aging [10].

Occipital lobe

The occipital lobe is the visual processing center of
the human brain. The primary visual cortex is in this
area. The occipital region is known as a less affected area
in aging [19,20]. Some studies also mentioned a signifi-
cant increase in glucose metabolism in the occipital re-
gion [21,22], which may be due to mechanism of com-
pensation in the brain. The occipital lobe also remained
unchanged by age both in size and metabolism based on
Bonte, et al. study [10]. There is evidence that visual cor-
tex also remains metabolically intact with advancing age
(6,22].

Cerebellum

The cerebellum consisted of two hemispheres, vermis
and flocculonodular lobe which involved in coordina-
tion of voluntary movements such as coordination, gait,
posture and speech. Though the cerebral association with
age-related declines in cognitive performance and motor
functions are well-understood, the possible contribution
of the cerebellum is not. Based on literature examining
the psychomotor performance of old and young subjects,
there is a significant age-related decline. While some re-
searchers showed modest changes in glucose uptake in
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the cerebellar region of old individuals [10,23], De san-
ti, et al. found that cerebellum metabolism remains un-
changed during normal aging process [5], which was also
confirmed by Loesssner, et al. [6]. The data also support
the hypothesis that cerebellum would differ in size by age
but it would be relatively spared from this age-related de-
cline in metabolism [19,22]. Therefore, the changes in the
psychomotor function of older subjects may contribute,
at least in part, to some of the age-dependent motor and
cognitive performance declines in cerebral hemispheres.

Thalamus

The thalamus is a fundamental part in the coordina-
tion of data interring in the brain. It deals with infor-
mation processing and component process of memory
and executive functions of attention. Neuroimaging
demonstrated age-dependent thalamic volume loss and
structural changes, which may be associated with cog-
nitive function contribute to age-related cognitive de-
cline. However, the reports about the relationship be-
tween the age-related glucose metabolism and thalamus
are discrepant in older subjects, sometimes conflicting.
For example, one study indicated a reduced metabolism
with age in the thalamus [24], while others reported an
increased glucose uptake in thalamic core [22,25].

One of the theories for the increased age-related me-
tabolism in some brain regions was to compensate the
performance of hypometabolic regions especially in
memory function [26]. Hazlett, et al. also contributed
this phenomenon to the different patterns of perfor-
mance in youth compared to elderly [27]. Fujimoto and
collogues showed that significant linear increases of met-
abolic values with age in the thalamus, is gender-depen-
dent. It would appear in male in their twenties to forties
but later in females’ brain. They proposed that increased
metabolism of glucose in thalamus of elderly can be due
to age-related hypometabolism in the frontal lobe in in-
dividuals during their twenties to forties [21].

Basal ganglia

The basal ganglia and related nuclei includes different
subcortical cell groups involved primarily in motor con-
trol, as well as other motor related functions such as exec-
utive functions, motor learning, behavior and emotions.
The term basal ganglia refer to nuclei consisted of striatum
or caudate-putamen and globus pallidus located in the
brain hemispheres and structures embedded in the pons
(pedunculopontine nucleus), diencephalon (subthalamic
nucleus) and mesencephalon (substantia nigra) [28].

There are also age-related changes in subcortical
structures such as a reduction volume of basal ganglia
(BG) nuclei [29], and degradation of the nigrostriatal do-
pamine system [30].

In a study, among subcortical structures only the
putamen and globus pallidus had significant declines in
metabolism with age, while in total they were unaftected
from age-related changes [22]. Moreover, the negative
correlation between glucose metabolism and age in the
caudate was observed in two other studies with relatively
small changes [12,25].

In most of the neuroimaging researches mentioned
above, caudate was the most affected part of basal ganglia
in aging process. The caudate nucleus is a small structure,
which may also deteriorate in volume by age. Therefore,
the reduced glucose metabolism with age in the caudate
could be resulted by partial volume effects of PET related
to the limited spatial resolution [12]. Yet, recent studies,
demonstrated similar findings in the basal ganglia. Nu-
gent, et al. found a higher glucose metabolism in the sub-
cortical areas of putamen and caudate in younger brains.
The effect of aging was also differential in the metabo-
lism of acetoacetate [31]. Knopman, et al. demonstrated
a significand volume loss in basal ganglia and a notable
decline in FDG uptake in the putamen with age, while its
potential relevance to cognitive aging wasn’t clear [32].

Therefore, the only possible changes in basal ganglia
is due to caudate nucleus, which can explain the age-re-
lated motor slowing in elderlies.
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Figure 1: A summary of the effect of aging on brain glucose
metabolism based on the studies.
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Conclusion

To sum up, different sample composition such as re-
cruitment criteria and study population has led to some
apparent variability in the results of different studies of
age-related change in brain morphology and function. The
studies mentioned earlier showed in healthy adults that
even if brain atrophy is widespread, glucose metabolism
varies across regions. On one hand significant age-relat-
ed reduction in glucose metabolism was mostly present in
frontal, temporal and caudate part of basal ganglia, while
a lower decline was mostly in cerebellum, occipital and
parietal regions. On the other hand, studies confirmed an
increase in glucose uptake by age in thalamic regions. A
brief review of the regional age-related changes in brain
glucose metabolism is shown in Figure 1.
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