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Objective: In Down’s syndrome (trisomy
21), a dementia syndrome occurs that is
phenotypically similar to Alzheimer’s dis-
ease; the initial phase is characterized by
memory loss. The authors used an in vivo
structural technique in the predementia
stage of Alzheimer’s disease in adults with
Down’s syndrome to investigate whether
atrophy of medial temporal lobe struc-
tures occurs in these subjects and whether
volumes of these structures correlate spe-
cifically with performance on memory
tests.

Method: The subjects were 34 nonde-
mented Down’s syndrome adults (mean
age=41.6 years, 17 women and 17 men)
and 33 healthy comparison subjects
(mean age=41.3, 15 women and 18 men).
By using T1-weighted magnetic resonance
imaging slices taken perpendicular to the
Sylvian fissure, volumes of the hippo-
campus, amygdala, anterior and posterior
parahippocampal gyrus, and temporal
pole CSF were measured in both hemi-

spheres. These data were normalized to
the total intracranial volume.

Results: For Down’s syndrome, smaller
volumes of the right and left amygdala,
hippocampus, and posterior parahippo-
campal gyrus were significantly associated
with greater age; this association was not
seen in the anterior parahippocampal gy-
rus. The amygdala and hippocampus vol-
umes were positively correlated with
memory measures. For the comparison
group, there was no relationship between
volume and age in any region.

Conclusions: In the predementia phase
of Down’s syndrome, significant volume
changes in medial temporal lobe struc-
tures occur with age and are related to
memory. These structures are affected
early in Alzheimer’s disease in Down’s
syndrome, and their evaluation may help
identify people in the preclinical stages of
Alzheimer’s disease.

(Am J Psychiatry 2002; 159:74–81)

Down’s syndrome is a genetic disorder in which in-
creased production of Aβ peptide due to an extra copy of
the amyloid precursor protein gene on chromosome 21 re-
sults in a dementia syndrome in later life that is phenotyp-
ically similar to Alzheimer’s disease (1). Adults with Down’s
syndrome older than 40 years show cognitive decline in
distinct phases. Initially, there is no alteration in nonmem-
ory functions. Rather, at this stage there is an isolated,
slowly progressive memory decline (2, 3), analogous to the
memory loss that is the earliest neuropsychological deficit
in typical Alzheimer’s disease (4). This phase is followed by
a linear decline in nonmemory cognitive functions coinci-
dent with dementia onset (2). Thus, older adults with
Down’s syndrome represent a unique population in which
to study the prodromal stages of Alzheimer’s disease, al-
lowing the investigation of the neuroanatomic correlates
of memory decline at the earliest stages.

By age 40, all adults with Down’s syndrome demonstrate
some degree of neuropathologic defects postmortem that
meet criteria for Alzheimer’s disease (5, 6); it is even later

when significant neurofibrillary tangles accumulate in the
neocortex (6, 7). In Down’s syndrome, neurofibrillary tan-
gles also first appear in medial temporal lobe structures,
beginning with the entorhinal cortex and CA1/subiculum
of the hippocampus (6, 8–10). Whereas we (11) reported
that before the development of dementia in Down’s syn-
drome adults, generalized progressive brain atrophy is not
present, the findings from studies of hippocampal size in
nondemented adults with Down’s syndrome differ on
whether the size of the hippocampus decreases with in-
creasing age (12–15).

Given the memory loss that occurs in nondemented
older adults with Down’s syndrome, we hypothesized that
brain macrostructural changes occur in the medial tem-
poral lobe in the predementia phase of Alzheimer’s dis-
ease, and we sought to establish an in vivo approach to
evaluate the degree of Alzheimer’s disease pathology in
the brains of adults with Down’s syndrome and to assess
the cognitive correlates of this pathology. Our larger strat-
egy is to isolate clinically accessible variables that will in-
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dicate the onset of Alzheimer’s disease in the general pop-
ulation before the development of clinical dementia.

In the current study, we used magnetic resonance imag-
ing (MRI) to determine the volumes of the hippocampus,
amygdala, and anterior and posterior parahippocampal
gyrus in 34 nondemented adults with Down’s syndrome
who ranged in age from the third to the seventh decades,
and we compared those assessments to measurements in
age- and gender-matched healthy comparison subjects
without Down’s syndrome. We predicted that the volumes
of all the regions studied would be smaller with increasing
age in Down’s syndrome and that the volumetric differ-
ences across the range of ages would be significantly
greater than in the comparison subjects. Since the intact
functioning of medial temporal lobe structures is impor-
tant in aspects of memory processing (16), we correlated
the volumes of our regions of interest with memory mea-
sures within the Down’s syndrome group. We predicted
that smaller volumes would correlate with poorer per-
formance on memory tests but not on tests of general in-
tellectual function or other cognitive measures, such as
language, not known to be specifically mediated by the
medial temporal lobe memory system.

Method

Subjects

The subjects with Down’s syndrome were participants in a lon-
gitudinal study of Down’s syndrome and dementia conducted by
the Laboratory of Neurosciences, National Institute on Aging.
They volunteered, were recruited by physicians, or were referred
by their families. Thirty-four subjects with trisomy 21, as ascer-
tained through karyotyping, and 33 healthy comparison subjects
were given MRI scans. The mean ages of the Down’s syndrome
and comparison groups were similar: 41.6 years (SD=9.1, range=
25.3–61.0) and 41.3 years (SD=10.7, range=26.2–64.5) (two-tailed t
test: t=0.13, df=65, p=0.90). Gender distributions were also simi-
lar: 17 women and 17 men in the Down’s syndrome group and 15
women and 18 men in the comparison group (Pearson chi-square
test: χ2=0.14, df=1, p=0.71).

All of the Down’s syndrome and comparison subjects under-
went medical, neurological, and psychiatric evaluations accord-
ing to published criteria (17); the assessment included a struc-
tured examination to exclude extrapyramidal diseases (18). All
subjects had Hachinski scale (19) ischemia scores less than 5. No
subject had a history of significant head trauma, toxin exposure,
diabetes, or drug or alcohol abuse. Psychiatric disorders were di-
agnosed in four subjects with Down’s syndrome: two had obses-
sive-compulsive disorder, and two had psychotic disorder not
otherwise specified. Twelve Down’s syndrome subjects had hy-
pothyroidism treated with levothyroxine, and all 12 had levels of
thyroid-stimulating hormone in the normal range. All subjects
had normal results on urinalyses and blood tests that included
measurements of electrolytes, glucose, minerals, lipids, folate, vi-
tamin B12, antinuclear antibody, and rheumatoid factor; tests of
liver, renal, and thyroid function; and tests for HIV and syphilis.
Several of the subjects with Down’s syndrome had functional
heart murmurs, and subjects who had not previously been evalu-
ated for valvular heart disease were evaluated with echocardio-
grams as part of our study. A clinical screening evaluation of the
MRIs, performed independently of the volumetric analyses,
showed no evidence of stroke, tumor, or mass effect.

Subjects with dementia were excluded from this study. The di-
agnosis of dementia in Down’s syndrome was made by using
modified criteria from DSM-III, which specified an acquired, pro-
gressive loss of intellectual function, such as loss of daily living
and vocational skills, memory impairment, reduced speech and
comprehension, and personality change. The diagnosis was
based on interviews with caregivers, clinical examination, and
bedside mental status tests using standardized criteria (20). Inter-
rater reliability for our method of diagnosis of dementia in Down’s
syndrome has been previously established (11).

A group-by-gender analysis of variance (ANOVA) with subject
age as the dependent variable was nonsignificant for main effects
and for group-by-gender interaction. The mean total intracranial
volume was significantly lower in the Down’s syndrome group
(mean=1254 cm3, SD=145) than in the comparison group (mean=
1506 cm3, SD=170) (two-tailed t test: t=–6.52, df=65, p<0.001). In a
regression analysis with the Down’s syndrome group, subject age
did not predict subject total intracranial volume (F=0.89, df=32,
p=0.35).

After complete description of the study to each subject or to
the holder of a durable power of attorney or legal guardian, writ-
ten informed consent was obtained. Assent to participate in the
study also was obtained from the subjects with Down’s syndrome.
The research was approved by the National Institute on Aging in-
stitutional review board.

MRI Protocol and Analysis Methods

MRI of the brain was performed on a 0.5-T scanner (Picker In-
struments, Cleveland) and on a 1.5-T scanner (General Electric
Signa II, Milwaukee). The 0.5-T scan was used to quantify total in-
tracranial volume as measured from 6-mm-thick contiguous
coronal slices (TR/TE=2000/20 msec, flip angle=45°, field of
view=25 cm, matrix=256×160) obtained perpendicular to the in-
ferior orbitomeatal line. The 1.5-T scanner was used to quantify
volumes of medial temporal lobe structures on 5-mm-thick con-
tiguous oblique T1-weighted slices (TR/TE=530/20 msec, flip an-
gle=90°, field of view=16 cm, matrix 256×256) perpendicular to
the Sylvian fissure, as ascertained through sagittal scout slices.
Several of the subjects with Down’s syndrome could not complete
the scan while awake and underwent the scan with intravenous
sedation while under the care of an anesthesiologist.

A region-of-interest analysis was applied to determine the total
intracranial volume and the volumes of the hippocampus, amyg-
dala, anterior and posterior parahippocampal gyrus, and CSF in
the medial temporal lobes. The volume, in cubic centimeters, of
each structure was calculated by summing the areas (in square
centimeters) of the regions of interest across slices and multiply-
ing by slice thickness. Differences in head size were corrected for
by dividing each regional volume by the total intracranial volume
and multiplying by 100 (21).

We analyzed the data on a Sun Microsystems (Mountain View,
Calif.) workstation with a high-resolution monitor, using a
mouse-driven cursor and proprietary tracing software, the details
of which have been described previously (22, 23). The scans from
the healthy comparison subjects and the subjects with Down’s
syndrome were mixed and analyzed by an investigator blind to
subject group, age, gender, and cognitive status. All regions of in-
terest were analyzed by one investigator (J.S.K.).

The left and right amygdalae and hippocampal formations
were traced according to the method of Watson et al. (24), except
that tracing caudally was begun in every case on the slice contain-
ing the Sylvian aqueduct and that tracing was not concluded ros-
trally on the slice with closure of the lateral sulcus, but continued
until the anterior amygdalar nucleus was no longer seen. The
original criteria, developed by using images from healthy sub-
jects, would have necessitated stopping the tracing on slices that
clearly had substantial amygdala remaining. More important, the
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closure of the lateral sulcus did not appear to be in a consistent
spatial relationship to the amygdala in the Down’s syndrome
brains. The parahippocampal gyrus was divided along its long
axis into anterior and posterior regions of interest. The anterior
parahippocampal gyrus region was developed to isolate the en-
torhinal cortex from the other medial temporal lobe regions of in-
terest (25). For this study we developed a region of interest for the
temporal pole lateral ventricle CSF volume. CSF tracing was be-
gun on the slice with the Sylvian aqueduct and proceeded ros-
trally until temporal pole CSF was no longer seen (Figure 1).

Intrarater reliabilities for determination of volumes for the me-
dial temporal lobe regions of interest were calculated by using the
intercorrelation coefficient; values ranged from 0.91 for the right
amygdala to 0.99 for the right posterior parahippocampal gyrus
(p<0.005 for all the regions of interest) (25). Interrater reliability
for total intracranial volume determination also was significant,
according to the intercorrelation coefficient (F=47) (23).

Cognitive Assessment

A battery of neuropsychological tests was administered to each
subject with Down’s syndrome by trained psychometricians (26).
The tests included measures of general intellectual, memory,
visuospatial, and language function. The instruments included

the Peabody Picture Vocabulary Test—Revised (27), the Down
Syndrome Mental Status Examination (orientation, memory, lan-
guage, praxis, and visuospatial ability) (26), the Hidden Object
Memory Test with immediate, 10-second, and 2-minute delayed
recall (26), Extended Block Design (26), and measures of confron-
tation naming, conceptual naming, and object identification (26).

Statistical Analyses

All statistical analyses were conducted by using SPSS for Win-
dows Version 7.0 (Chicago). The analyses were based on regional
volumes normalized to total intracranial volume. To test for the
effects of age while controlling for gender effects, we performed
linear regressions with the regional volumes as dependent vari-
ables and gender entered first into the model followed by subject
age. Statistical significance for these regression analyses was
taken at p<0.05.

Because we hypothesized that differences in medial temporal
volumes would be correlated with differences in memory mea-
sures, the regional volumes for the Down’s syndrome group were
correlated with a series of neuropsychological variables by means
of Pearson bivariate correlations. A follow-up set of analyses was
performed to determine whether the major correlational effects
would hold after we controlled for possible cohort differences in

FIGURE 1. Medial Temporal Lobe Structures Analyzed in MRI Scans in a Studya of Adults With Down’s Syndrome 

a Representative oblique MRI slices, obtained perpendicular to the Sylvian aqueduct, illustrate the medial temporal region of the left temporal
lobe. The slices are presented from caudal (A) to rostral (D).
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general intellectual function. In these latter analyses, partial cor-
relations were obtained for the same regional volumes and neu-
ropsychological measures while we controlled for subject differ-
ences in general cognitive function as represented by scores on
the Peabody Picture Vocabulary Test—Revised. Statistical signifi-
cance was taken at p≤0.001 for correlations of the neuropsycho-
logical measures with the MRI brain volumes. This significance
threshold was selected to reduce the chance of obtaining spuri-
ous findings due to the relatively large number of statistical tests,
but not to be so conservative as to miss true effects.

Results

In the Down’s syndrome group, smaller volumes of the
right and left amygdala, hippocampus, and posterior
parahippocampal gyrus were significantly associated with
greater age. This relationship was not present in the right
and left anterior parahippocampal gyrus (Table 1). In the
comparison group, no relationship was seen between vol-
ume of any of these structures and age.

For right and left temporal pole CSF, both the compari-
son and Down’s syndrome groups showed significant age-
related volume differences. Figure 2 shows representative
scatterplots of age versus region of interest volumes in the
two groups.

In the Down’s syndrome group, no correlation between
any regional volume and the score on the Peabody Picture
Vocabulary Test—Revised was significant. Table 2 shows
partial correlations between regional brain volumes and
memory measures for the subjects with Down’s syndrome.
For both Pearson bivariate correlations (data not shown)
and partial correlations controlling for general intellectual
function, the volumes of the right amygdala and left
hippocampus were most consistently positively correlated
with memory measures of the Down Syndrome Mental
Status Examination and the Hidden Object Memory Test.
Temporal pole CSF, especially on the left side, was nega-

tively correlated with these memory measures. When
partial correlations between regional volumes and scores
on tests evaluating other cognitive functions (data not
shown) were assessed, no correlations were significant at
the p<0.001 level.

Discussion

Because the initial phase of cognitive decline (before
dementia) in adults with Down’s syndrome is character-
ized by a slowly progressive memory loss, we hypothe-
sized that atrophic changes would occur in the medial
temporal lobe, the brain region initially affected with Alz-
heimer’s disease pathology. In our study group of nonde-
mented Down’s syndrome adults and comparison sub-
jects (who were closely matched on age and gender), the
Down’s syndrome group showed age-related differences in
the bilateral volumes of the amygdala, hippocampus, and
posterior parahippocampal gyrus, with older subjects
having smaller volumes. On the basis of postmortem stud-
ies indicating that adults with Down’s syndrome have
prominent neuropathology in medial temporal lobe struc-
tures in the early stages of Alzheimer’s disease (6, 8–10),
the age-related volumetric differences we found in the
Down’s syndrome group are consistent with an Alzhei-
mer’s-related atrophy and show that structural changes in
specific brain regions are occurring in the prodrome of
Alzheimer’s disease.

Examination of autopsied brain tissue from adults with
Alzheimer’s disease without trisomy 21 revealed that the
earliest Alzheimer’s disease neuropathology occurs in me-
dial temporal lobe structures of the entorhinal cortex,
hippocampus, and amygdala (28, 29); in vivo volumetric
MRI of demented individuals with Alzheimer’s disease
also indicates that brain atrophy in Alzheimer’s disease

TABLE 1. Regression Analysis of Relation Between Volumes of Medial Lobe Structures and Age in 34 Adults With Down’s
Syndrome and 33 Healthy Comparison Subjects

Linear Regression,a With Control for Gender Effects

Healthy Comparison Subjects Subjects With Down’s Syndrome

Region of Interest Beta r2 F p Beta r2 F p
Hippocampus

Right 0.22 0.05 1.53 0.23 –0.30 0.11* 4.63 0.04
Left 0.12 0.02 0.46 0.51 –0.32 0.10* 4.70 0.04

Amygdala
Right –0.13 0.02 0.48 0.50 –0.46 0.21** 8.37 0.007
Left –0.22 0.05 1.49 0.24 –0.38 0.14* 5.39 0.03

Parahippocampal gyrus
Posterior

Right 0.23 0.05 1.66 0.21 –0.30 0.09* 4.58 0.04
Left 0.17 0.03 0.93 0.35 –0.37 0.14** 7.71 0.009

Anterior
Right –0.06 0.00 0.09 0.77 –0.17 0.03 0.94 0.35
Left –0.04 0.00 0.05 0.83 –0.32 0.10 3.52 0.07

Temporal pole CSF
Right 0.62 0.38† 19.11 <0.0001 0.42 0.17* 6.52 0.02
Left 0.62 0.38† 22.34 <0.0001 0.49 0.24*** 9.81 0.004

a Degrees of freedom as follows: comparison group, df=1, 30; Down’s syndrome, df=1, 31. Beta is the standardized beta coefficient; r2 is the
coefficient of determination change.

∗p≤0.05. **p≤0.01. ***p≤0.005. †p≤0.0001.
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occurs first in these same regions (25, 30–34). Further,
Huesgen and colleagues (35) showed a large inverse corre-
lation between number of neurofibrillary tangles and
MRI-determined hippocampal area in postmortem brain

tissue from 13 individuals without trisomy 21 with proven
Alzheimer’s disease. Of greater relevance to our work are
emerging studies of older nondemented individuals with
mild cognitive impairment. Such individuals have mem-
ory complaints and objective memory impairment only,
and they are thought to be at high risk for Alzheimer’s dis-
ease. Hippocampal atrophy determined at this stage pre-
dicted subsequent development of Alzheimer’s disease
(36). Because it remains uncertain whether all subjects
with mild cognitive impairment develop Alzheimer’s dis-
ease and long follow-up is required, large cohorts of sub-
jects are necessary for studies. On the other hand, Down’s
syndrome subjects universally develop the neuropathol-
ogy of Alzheimer’s disease, with increasing amyloid depo-
sition associated with greater age.

Although some studies (31, 37–39) have shown that
adults from the general population show age-related vol-
ume decreases in the hippocampus, other studies (includ-
ing the present one) have not confirmed this (40–42). Mur-
phy et al. (38) studied healthy subjects, including an elderly
group of adults between 60 and 85 years of age, and in ad-
dition to finding age-related reductions in hippocampal
size, they found that the amygdala and parahippocampal
gyrus were significantly smaller than in the young subjects.
Because the studies that did show age-related declines in
volumes of medial temporal lobe structure included sub-
jects much older than our relatively young comparison
group, age-related atrophy in the general population, if it
occurs, might not be seen until ages greater than those of
our comparison subjects. Thus, because our comparison
group did not show smaller volumes of these regions with
greater age, it is unlikely that the smaller medial temporal
lobe volumes in our older nondemented Down’s syndrome
adults are due to age-related atrophy.

We developed the temporal pole CSF region of interest
as a nonspecific but sensitive marker for medial temporal
lobe atrophy. Its nonspecificity is due to the fact that
increases in this region can be secondary to atrophy of any
of the surrounding brain structures, such as the hippo-
campus, the amygdala, and the anterior and posterior
parahippocampal gyrus. Its sensitivity is due to the fact
that, because in young healthy adults the volume of
the temporal pole CSF is smaller than the volume of sur-
rounding structures, relatively minor atrophy of the me-
dial temporal lobe structures can result in proportionally
greater volume increases in the CSF. Further, increases in
the CSF volume can be due to the minor but cumulative
atrophy of all surrounding structures. Consistent with the
view that the temporal pole CSF is a sensitive marker of
age-related differences, we found that right and left tem-
poral pole CSF were the only regions of interest in the
comparison group that showed age-related differences
(larger volume with greater age). Although other brain re-
gions, including regions in the medial temporal lobe, pre-
viously have been evaluated in healthy subjects across the
adult lifespan, age-related volume differences in temporal

FIGURE 2. Individual Normalized Medial Temporal Lobe
Volumes as a Function of Age in 34 Adults With Down’s
Syndrome and 33 Healthy Comparison Subjectsa

a Superimposed regression lines (controlled for the effects of gender)
are shown for each group.
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pole CSF among healthy subjects has not been addressed,
to our knowledge.

We also hypothesized that in Down’s syndrome smaller
volumes (atrophy) of the medial temporal lobe structures
would be associated with poorer performance on cog-
nitive tasks that depend on the intact functioning of this
area, i.e., memory performance. This hypothesis was
confirmed for the correlation of memory measures with
amygdala and hippocampus volumes. The temporal pole
CSF volume also consistently correlated with memory
performance: the larger the CSF volume, the poorer the
performance on memory measures.

In order to exclude the possibility that the relation be-
tween memory measures and regional volumes was non-
specific, we evaluated measures of general intellectual
function as well as other nonmemory measures. The Pea-
body Picture Vocabulary Test—Revised, a measure that
correlates with general cognitive function (43, p. 542), did
not correlate with any regional volume. To further test this
point, we performed partial correlations of region of inter-
est volumes with all the neuropsychological measures
while controlling for general cognitive function as mea-
sured by the Peabody Picture Vocabulary Test. We found
that the memory measures remained correlated with
amygdala, hippocampal, and temporal pole CSF volumes.
Of the other cognitive subtests, none correlated with the
medial temporal lobe volumes at the p≤0.001 level.

The specificity of the correlations between memory
measures and regional volumes suggests that function of
these medial temporal lobe structures is compromised
when volume is reduced. The specificity of correlation
between amygdala and hippocampus volumes and the
memory measures, even when we controlled for general

cognitive function, also argues against cohort effect due to
subject differences in general intellectual capabilities.

It is possible that age-related cohort differences in
Down’s syndrome groups may affect our findings. How-
ever, we did not observe differences in total intracranial
volume as a function of age. Total intracranial volume
might be expected to reflect subject differences in nutri-
tional status and general health during the developmental
period. Also, the specificity of correlations between the re-
gion of interest volumes and memory measures suggests
that the volume differences that occur with age in the
Down’s syndrome group cannot be explained solely by
these general cohort effects.

One region of interest, the anterior parahippocampal
gyrus, isolates the entorhinal cortex from adjacent brain
regions (see our earlier work [25] for analysis guidelines).
The entorhinal cortex is affected by pathology early in Alz-
heimer’s disease, but in neither group did it show an age-
related decline. This region contains not only entorhinal
cortex but also underlying white matter tracts that, if dif-
ferentially unaffected by Alzheimer’s disease neuropathol-
ogy, might diminish possible Alzheimer’s-related atrophy
seen in the gray matter entorhinal cortex. Studies on nor-
mal aging (44, 45) have shown that gray matter but not
white matter volume decreases with age.

Although recent studies of structural evidence of early
Alzheimer’s disease have used cross-sectional volumetric
assessment of medial temporal structures, another poten-
tial technique may be subtraction of registered serial MRI
scans. Fox et al. (46) showed that rates of change of global
cerebral volume measured with this latter technique can
identify subjects in the preclinical stages of Alzheimer’s
disease. Although such studies are limited to longitudinal
analysis of the same subjects, future studies that use MRI

TABLE 2. Partial Correlations Between Volumes of Medial Temporal Lobe Structures and Neuropsychological Measures for
34 Adults With Down’s Syndrome

Measure and Hemisphere

Partial Coefficient (df=24), With Control for Score on Peabody Picture Vocabulary Test—Reviseda

Amygdala Hippocampus
Posterior

Parahippocampal Gyrus Temporal Pole CSF

r p r p r p r p
Down Syndrome Mental Status 

Examination scores
Total

Right side 0.26 0.21 0.29 0.15 0.22 0.29 –0.47 0.02
Left side 0.20 0.33 0.40 0.05 0.24 0.24 –0.37 0.07

Memory
Right side 0.55 0.004 0.50 0.01 0.35 0.08 –0.62* 0.001
Left side 0.35 0.08 0.72* <0.001 0.44 0.03 –0.61* 0.001

Hidden Object Memory Test scores
Immediate recall

Right side 0.37 0.06 0.55 0.004 0.17 0.41 –0.56 0.003
Left side 0.29 0.16 0.61* 0.001 0.23 0.26 –0.82* <0.001

10-second delay
Right side 0.62* 0.001 0.31 0.13 0.16 0.43 –0.23 0.27
Left side 0.43 0.04 0.44 0.03 0.35 0.08 –0.51 0.008

2-minute delay
Right side 0.43 0.03 0.32 0.11 0.28 0.17 –0.38 0.06
Left side 0.28 0.17 0.54 0.004 0.42 0.04 –0.45 0.02

a The Peabody Picture Vocabulary Test reflects general cognitive function.
*p≤0.001.
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morphometry to evaluate longitudinal rates of decline in
medial temporal lobe or whole brain structures may pro-
vide even greater sensitivity in detecting the preclinical ef-
fects of Alzheimer’s disease in Down’s syndrome.

Several features distinguish our study from other MRI
studies of medial temporal lobe structures in nonde-
mented adults with Down’s syndrome (12–15). First, our
study had relatively large study groups and broad age
ranges. With subjects both younger than 30 years and
older than 50 years, it was possible to differentiate the ef-
fects of early Alzheimer’s disease from mental retardation.
Second, in our study all Down’s syndrome subjects and
comparison subjects underwent rigorous medical screen-
ing, so the effects of confounding medical problems could
be avoided. Standardized criteria for exclusion of demen-
tia in mental retardation were used. Third, several medial
temporal lobe structures were examined, including the
parahippocampal gyrus (a structure that shows early atro-
phy in adults with Alzheimer’s disease without Down’s
syndrome). Finally, both memory and other cognitive
measures were evaluated, which allowed us to determine
which cognitive functions were disrupted by medial tem-
poral lobe atrophy.

In Down’s syndrome, where mental retardation precedes
dementia, the question arises to what degree the changes
in medial temporal lobe volumes can be reliably related to
Alzheimer’s disease. Prior studies (1, 47) in young, nonde-
mented adults with Down’s syndrome showed that brain
size, although smaller than in age-matched healthy com-
parison subjects, was proportional to the smaller stature
that occurs in Down’s syndrome. Further, longitudinal
studies showed that progressive generalized brain atrophy
and decline in regional cerebral glucose metabolism at rest
did not occur (1). Therefore, mental retardation in Down’s
syndrome is a static process related to inherent cerebral
dysfunction and not to acquired cerebral atrophy or meta-
bolic decline. These results suggest that brain imaging is
able to distinguish the progressive brain changes due to de-
mentia from the mental retardation in Down’s syndrome.

Although atrophy of medial temporal lobe structures is
accompanied by progressive memory loss, it precedes the
appearance of nonmemory cognitive impairment and de-
mentia. MRI quantification of medial temporal lobe vol-
umes may aid in predicting development of dementia
during the predementia phase of Alzheimer’s disease,
thus aiding early diagnosis. Further studies are needed to
assess whether volumes or rates of decline in volumes of
medial temporal lobe structures are related to risk and
age at onset of dementia. Our findings support further
study of nondemented adults with Down’s syndrome as a
clinical model of the predementia phase of Alzheimer’s
disease in subjects with a 100% risk for Alzheimer’s dis-
ease pathology.
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