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Abstract
Background—This study evaluated brain volumes in healthy older subjects without dementia
who presented with memory complaints. The objective was to examine cortical volumes in
relation to cognitive performance among patients who do not have dementia, but who do have
mild cognitive deficits.

Methods—Fifteen participants were evaluated (mean age = 71.8 ± 6.2). Brain structure was
measured via high-resolution magnetic resonance imaging to quantify gray and white matter
volumes. Volumetric measures were assessed relative to cognitive function in separate regression
models controlling for total cerebral volume. Reported here are measures of global cognitive
performance using the Mattis Dementia Rating Scale (DRS) in relation to volumetric measures.

Results—Baseline MMSE scores ranged from 27 to 30 (mean = 29.3; SD = 0.9). After
controlling for total cerebral volume, we observed that lower white matter volume in the temporal
lobe [F(1,14) = 5.72, p = 0.03] was associated with lower performance on the Mattis Dementia
Rating Scale (DRS).

Conclusions—Structural imaging may help provide useful clinical information in the context of
mild cognitive decline. Currently, the diagnosis of dementia relies on longitudinal measures of
cognition. Future studies will help determine whether the addition of brain imaging may enhance
diagnostic certainty as well as predict long-term outcome.
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INTRODUCTION
Structural brain imaging in older adults is increasingly used in clinical practice to assist in
excluding treatable causes of cognitive decline (e.g., normopressure hydrocephalus or CNS
neoplastic disease) as well as to assist in the diagnostic process when a neurodegenerative
dementia such as Alzheimer’s disease is suspected. However, in the early stages of cognitive
aging, the delineation of normal aging and pathologic change remains difficult to define.
Structural neuroimaging studies in dementia have shown that atrophy of the cerebral cortex
appears to occur on a continuum with increasing age (1). Even earlier in this continuum,
Visser et al. (2) demonstrated that among patients with mild cognitive impairment, reduced
temporal lobe volume predicted subsequent dementia, suggesting that imaging may be
informative prior to onset of overt decline. However the same group also found that in
healthy older adults, reduced total temporal volume as well as reduced regional hippocampal
volumes were associated with increasing age, but they were not able to detect an association
with cognitive measures (3).

Overall, the choice to use magnetic resonance imaging (MRI) as a diagnostic tool in early
memory decline lacks a clear evidence base, but nonetheless it is a fairly common practice.
Given that Alzheimer’s dementia is characterized largely by memory loss with
temporoparietal atrophy, studies addressing potential prognostic significance have focused
on the temporal lobe. Along these lines, it has been suggested that specifically temporal lobe
decrements predict crossover of mild cognitive impairment to Alzheimer’s dementia (4).
This does appear to potentially occur across a spectrum of mild impairments. For example,
one study longitudinally followed persons with “minor cognitive impairments” over a 2 year
period, and noted that smaller temporal lobe volume was associated with progression to
Alzheimer’s disease (5).

Among healthy adults without dementia, structural changes in the temporal lobe may be
difficult to separate from the continuum of brain changes that occur with normal aging, such
that mapping of the transition from normal aging to overt dementia remains an evolving area
of important research. One interesting recent study detected reduced anterotemporal lobe
volumes among a sample of older persons without impairments who went on to have mild
cognitive decline, suggesting that there may indeed be a continuum of temporal lobe
changes even between the normal aging and mild deficit range (6).

This area of detecting early prognostic features from a cognitive perspective is also rapidly
growing, in an effort to push the detection of dementia earlier and earlier in the process. For
example, Saykin et al. (7) recently reported on a sample of subjects identified only by the
subjective experience of “cognitive complaints” in the absence of detectable deficits. In a
cross-sectional analysis, they compared this group to a group with mild cognitive
impairment (MCI) as well as healthy controls. They found that the “cognitive complaints”
group was similar to the MCI group in that they had lower brain volumes particularly in the
medial temporal lobe and frontotemporal regions when compared to healthy controls.

Given that MRI is a readily assessable technique available clinically, it is helpful in clinical
practice to understand the extent to which structural measures relate to cognitive testing. On
the other hand, one might argue that if cognitive function is largely intact, then imaging
measures have little clinical meaning for the patient. Furthermore, given that not all mild
impairments progress to overt dementia, one might even view it as concerning to over-
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emphasize the predictive value of brain imaging in the absence of a clear diagnosis based on
cognitive testing. This concern brings up potential ethical issues, as has been discussed by
Illes et al. (8) in a recent paper.

In an effort to help clarify some of these issues, the findings reported here seek to provide
some insights regarding the relationship between brain structural measures and cognitive
function among a group of older adults who do not have a diagnosis of dementia, but do
complain of self-perceived memory impairment.

METHODS
Fifteen older adults with mild cognitive deficits were studied after written informed consent
was obtained in accordance with the University of Iowa Institutional Review Board.
Participants were all independent community dwelling individuals who responded to an
advertisement seeking persons who were interested in participating in a clinical trial for
persons with mild memory problems. Cognitive impairment was objectively assessed with
several neuropsychological measures, including the Mini Mental Status Examination
(MMSE) (9) and the Hopkins Verbal Learning Test–Revised (HVLT-R) (10). All
participants had complaints of memory problems and demonstrated objective memory
deficits on at least one test of learning and memory. Subjects were not enrolled if they had a
diagnosis of dementia and no subjects reported impairment in activities of daily living. All
subjects were over 62 years of age. Subjects were excluded if they had a history of major
neurological, metabolic, or psychiatric disorders, cardiovascular disease, cerebrovascular
event, substance abuse or other significant medical problems.

Neuropsychological Testing
Neuropsychological testing was administered by a trained research assistant under the
supervision of faculty neuropsychologists. All participants were initially evaluated during a
screening visit with a brief battery of cognitive tests and were determined to have mild
objective memory deficits, defined as scores > 1.5 standard deviation below expectations
based on normative values on at least one memory test from the following measures: Mattis
Dementia Rating Scale, Memory subscale (11); Brief Visuospatial Memory Test–Revised
(BVMT-R) (12); Wechsler Memory Scale–III (13). Each participant’s overall level of
cognitive functioning was not impaired (mean MMSE = 29.3 ± 1.0, range = 27–30). General
cognitive function was assessed using the Mattis Dementia Rating Scale (11). The Mattis
DRS has a total score of 144, encompassing domains of attention, initiation/perseveration,
construction, conceptualization and memory.

Imaging Methods
The MR scans were acquired using a multimodal imaging protocol consisting of T1 and T2
weighted sequences on a GE 1.5T CV/i scanner. The T1 sequence was obtained in the
coronal plane using a spoiled GRASS sequence with the following parameters: TE = 6 ms,
TR = 20 ms, flip angle = 30°, FOV = 160×160×192 mm, matrix = 256 × 256 × 124, NEX =
2. The T2 images were acquired using a 2D fast spin-echo sequence in the coronal plane
with the following parameters: TE = 85 ms, TR=4800 ms, slice thickness/gap=1.8/0.0 mm,
FOV = 160 × 160 mm, matrix = 256 × 256, NEX = 3, number of echoes = 8, number of
slices = 124. The MR data were transferred to the Department of Radiology Image
Processing Laboratory for analysis.

The anatomical images were processed using the locally developed software BRAINS2
(Brain Research: Analysis of Images, Networks, and Systems) as previously described
(14-16). A standard analysis pipeline was applied to all of the scans that included spatial
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alignment, tissue classification and automated segmentation. Briefly, the T1 images were
realigned in a standard orientation to correct for head rotation, with the interhemispheric
fissure determining alignment in axial and coronal planes and the anterior-posterior
commissure line determining the horizontal in the sagittal plane. The T2 images were
aligned to the spatially normalized T1 image using the automated image registration
program (17,18). A Talairach-based atlas coordinate system was overlaid onto each
individual brain, aligning with anatomical landmarks of that brain without normalization to a
standardized brain size. These coordinates were then used to generate automated
measurements of frontal, temporal, parietal, and occipital lobes, subcortical, brainstem, and
cerebellum (14). This method permits morphological measurements to be made in non-
normalized or “raw” space.

To classify tissue volumes into gray matter, white matter, and cerebrospinal fluid, a
discriminant analysis method of tissue segmentation based on automated training class
selection was used with data from the T1 and T2 sequences (15). The tissue classification
generates a continuous (fuzzy) classification of the brain tissue. The resulting image
contained the percentage of gray matter, white matter and cerebrospinal fluid (CSF) at each
voxel. Subsequently, these continuous tissue classification images were input into a neural
network to define the brain (16).

Intracranial volume was divided into grey matter, white matter and cerebrospinal fluid
(CSF) based on the neural network definition of the brain and the tissue classified image.
Brain tissue was then subdivided into the cerebrum and cerebellum based on the automated
regional definitions as described above. Cerebral gray matter volume represents the volume
of the cortex as the subcortical structures are excluded from this measure and is therefore
referred to as cortical gray matter volume.

DATA ANALYSIS
The Mattis Dementia Rating Scale score was used to measure cognitive function in relation
to structural measures. The total scores were ranked, as the data were not normally
distributed. A linear regression analysis was used to assess whether specific regional volume
decrements predicted impairment in the Mattis DRS as a dependent measure. This analysis
used a regression model that was conducted by entering the regional volumes as independent
measures in separate regression analyses for each regional brain volume with the cognitive
scores on the Mattis Dementia Rating Scale total score as the dependent variables. The total
cerebral volume was included in the regression model, entered as an independent measure to
account for variance attributable to individual differences in total brain size. Total cerebral
volume was calculated by summing the volumes of total gray matter, white matter and
cerebrospinal fluid with cerebellum and brainstem excluded

RESULTS
The sample was comprised of 5 men and 10 women, all participants were Caucasian. The
mean age of the sample was 71.8 (SD = 6.2) years. The recruited sample resulted from
approximately 40 responses to an advertisement for a study involving imaging (19,20). Of
those screened, approximately half did not want to undergo brain imaging and were
excluded and the remaining group was not recruited due to an exclusionary medical
condition. Mean years of education were 15.6 (SD = 3.0). The mean MMSE score was 29.3;
SD = 0.9. A composite score for memory was determined for each subject by summing age-
corrected scale scores (mean = 10, SD = 3 for each subtest) from four related subtests, i.e.,
the sum of the BVMT-R Delayed Recall, WMS-III Logical Memory II, WMS-III Word
Lists II, DRS Memory. The mean of this composite score was 36.7 (SD = 8.2). The mean
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Mattis DRS total score was 137.7 SD = 4.9), representing a group with very mild deficits.
Individual subscale means were as follows: Attention 35.7 (SD = 2.6), Initiation 36.1 (SD =
1.8), Construction 6 (SD = 0), Conceptualization 36.1 (SD = 2.7), Memory 23.1 SD = 1.6).

In the separate regression models including regional volumes as well as total cerebral
volume, there was no significant association of any specific regional volume with cognitive
function, with the exception of temporal lobe white matter volume. Please refer to Table 1
for the findings regarding total cerebral volume and individual regional volumes for gray
and white matter volumes in the frontal, temporal and parietal lobes. Table 2 depicts the
regression results of each regional volume relative to Mattis DRS total score. Figure 1
demonstrates the relationship between temporal lobe white matter volume and Mattis DRS
scores to illustrate the direction of the association, i.e., persons with lower volumes of
temporal lobe white matter performed more poorly on the Mattis DRS, reflected in a lower
total score. This finding was present in both the right and left temporal lobe, although the
combined volume is represented in Figure 1.

DISCUSSION
As imaging procedures are increasingly utilized in clinical practice, the ability to gain
information from magnetic resonance findings may eventually be incorporated into clinical
diagnostic criteria for early dementia. This study supports the possibility that over and above
the typical reports of “diffuse atrophy” seen in clinical radiology results, more specialized
regional analyses may potentially yield important diagnostic information.

One might have expected that temporal lobe measures would have been more specifically
related to memory sub-scales within the Mattis DRS, however, we did not find a relationship
between individual subscales. This may well have been due to the heterogenous nature of
our sample, as the subjects had only mild deficits in a number of domains which might have
diffused the specificity of the underlying process. That is, our sample may have included
subjects who were at risk for Alzheimer’s dementia, but there may also have been other
preclinical pathoetiologies underway that may ultimately manifest as vascular dementia,
Lewy body disease or frontotemporal dementia. It is also of note that our sample had a
relatively high educational level, with a mean of 15.6 years of education, hence the
relationship between structural measures and memory performance observed in this group
may not be entirely representative of the population at large.

While the Mattis DRS is only a screening tool, it is precisely the type of measure that could
be obtained feasibly in clinical practice, where access and resources may be limited for more
comprehensive neuropsychological testing. Studies have suggested that the Mattis DRS may
indeed serve just such a function; for example, Paul et al. (21) showed that the total score on
the Mattis DRS was significantly related to whole brain volume in a group of patients with
vascular dementia. Furthermore, Smith et al. (22) conducted proportional hazards modeling
of Mattis scores from 221 newly diagnosed dementia patients and 53 patients with mild
cognitive impairment, and found that an initial lower Mattis DRS total score was a
significant predictor of longitudinal institutionalization and mortality outcomes.

Yet another limitation to this study is the small sample size of only 15 older adults. Most
certainly larger scale studies may help clearly identify the diagnostic value of imaging that
includes not only a greater sample size, but also includes the important aspect of
longitudinal follow-up to ultimately determine the long term dementia outcomes. Finally,
our lack of a completely normal comparison group is another significant limitation to this
analysis, as the results reported here could be the same relationships one would observe in
normal age-related changes in brain volume. In fact one might argue that some or all of the

SCHULTZ et al. Page 5

Ann Clin Psychiatry. Author manuscript; available in PMC 2012 July 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



participants in this sample are essentially experiencing normal aging, given that previous
studies have shown that not all patients with mild deficits proceed to overt dementia.
However, given that these subjects were enrolled based on cognitive deficits that were
outside of age-adjusted normative values in their screening testing, they likely do represent a
group that verges toward the impaired side on this continuum of late-life changes. The
challenge for the future is to better demarcate this clinical “gray zone” by defining the
boundaries between normal aging and true clinical deficits. With these caveats, then, this
report offers some evidence for clinical value in exploring changes in temporal lobe white
matter as one potential marker that may have a relationship with cognitive deficits in this
mildly impaired group. It is important for current studies to begin to combine various
methods in estimating the prognosis for different patient scenarios. For example, Devanand
et al. (23) have recently reported new findings showing that by combining hippocampal
volume changes with cognitive measures, the predictive diagnostic accuracy for Alzheimer’s
dementia is maximized.

We are approaching an era where many older adults are acutely aware of their risk for
cognitive decline and actively seek information and potential interventions. The future of
brain imaging research will very likely focus on specialized functional techniques (e.g.,
positron emission tomography and functional magnetic resonance imaging) that may have
much greater predictive value than structural magnetic resonance imaging (MRI). Yet until
functional imaging is readily available clinically to the general population, the ability for the
general practitioner to have a more informative interpretation of structural MRI may also be
important.
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Figure 1.
This figure represents the regression analysis demonstrating lower temporal lobe white
volume associated with lower Mattis Dementia Rating Scale total scores.
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Table 1

Regional MRI Brain Volumes in Subjects with Mild Cognitive Deficits

Region Volume, cm3 (SD)

Total Cerebral Volumea 1108 (136)

Frontal Gray Matter 193 (22)

Frontal White Matter 173 (31)

Temporal Gray Matter 142 (17)

Temporal White Matter 67 (14)

Parietal Gray Matter 123 (14)

Parietal White Matter 88 (16)

a
Gray matter, white matter and cerebrospinal fluid with cerebellum and brainstem excluded.
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Table 2

Association of Regional Volumes with Mattis Dementia Rating Scale Scores*

Frontal Gray Matter F(1, 14) = 0.45; p = 0.52

Frontal White Matter F(1, 14) = 0.65; p = 0.65

Temporal Gray Matter F(1, 14) = 2.86; p = 0.12

Temporal White Matter F(1, 14) = 5.72; p = 0.03

Parietal Gray Matter F(1, 14) = 1.93; p = 0.19

Parietal White Matter F(1, 14) = 2.34; p = 0.15

*
After controlling for total cerebral volume.
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