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Abstract

We sought to identify magnetic resonance- (MR)-imaged structures associated with declarative memory in a
community-dwelling sample of elderly Mexican—American individuals with a spectrum of cognitive decline.
Measured structures were the hemispheric volumes of the hippocampus (HC), parahippocampal gyrus, and
remaining temporal lobes, as well as severity of white matter signal hyperintensities (WMH). Participants were

an imaged subsample from the Sacramento Area Latino Study of Aging (SADSA)122. Individuals were

categorized as normal, memory impaired (MI), cognitively impaired non-demented (CIND), or demented. We show
that WMH was the strongest structural predictor for performance on a delayed free-recall task (episodic memory)
in the entire sample. The association of WMH with delayed recall was most prominent in elderly normals and
mildly cognitively impaired individuals with no dementia or impairment of daily function. However, the left HC

was associated with verbal delayed recall only in people with dementia. The right HC volume predicted nonverbal
semantic-memory performance. We conclude that WMH are an important pathological substrate that affects certain
memory functions in normal individuals and those with mild memory loss and discuss how tasks associated with
WMH may rely upon frontal lobe functionJ(NS 2004,10, 371-381.)
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INTRODUCTION ied groups—namely, a higher prevalence of cardiovascular
It h v b d that th dv of risk factors (Black et al., 1999). We had the opportunity to
t has recently been argued that the study of memory yqeqs this issue from individuals participating in the Sac-

impaired groups, such as individuals vv_ith Alzheimer’s (,jis'ramento Area Latino Study of Aging (SALSA), an ongoing

ease (AD), can further our understand_lng_of the prevallln_gStudy of cognitive impairment in a community-dwelling

pathology and perhaps also the organization of.memory IIgample of Mexican—American individuals over the age of 60.
the intact brain (de Toledo-Morrell et al., 2000; Kéhler et al.,In this report, we aim to show that this sample displays
1998). It is uncertain, however, what neumpSyChOIOQicalstructurayme,mory relationships related to the known
relationships would be evident in a population sample dis- athology
playing a spectrum of cognitive deficits, whose prevalentp X

thol be diff t than th v stud Specifically, we were interested in the relationship be-
pathology may be difierent than the more commonly Studseen three declarative-memory tasks (episodic and seman-

tic types of memory) and multiple-imaged, brain structures:
*William J. Jagust is currently at the University of California, Berkeley. thea hemispheric volumes of the MR-imaged hippocampus,
Address correspondence and reprint requests to: Christopher Petkoy, . i

Center for Neuroscience, 1544 Newton Court, University of California, parahlppocampal gyrus, and the remaining volume of the

Davis, CA 95616. E-mail: cipetkov@ucdavis.edu temporal lobe, as well as the severity of white matter signal
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hyperintensities, shown by hyperintense foci on proton- Amultistage screening approach was employed to classify
density MR images. We reasoned that measurement of thegadividuals into four categories. Th#st stageemployed
structures may be important for defining declarative-two cognitive instruments: the Modified Mini-Mental State
memory relationships in an elderly sample susceptible t&exam (3MS) and the Delayed Recall Scale (DelRec) of the
the different disease processes of AD and vascular diseasgpanish and English Verbal Learning Test (Gonzalez et al.,
Reduced hippocampal volume is a marker for AD (Jack200la)—a test of verbal episodic memory taken from the
et al., 1999; Juottonen et al., 1999) and is associated witBpanish and English Neuropsychological Assessment Scales,
episodic-memory impairment in these patients (Wilson et al.the SENAS battery (Mungas et al., 2000). The SENAS bat-
1996). The temporal lobe volume may be important fortery (see below) is a multidimensional test battery for the
semantic memory (Chan et al., 2001; Galton et al., 2001assessment of cognitive functioning in elderly individuals
and atrophy of the parahippocampal gyrus is associated witthat has psychometrically matched Spanish and English ver-
episodic memory in some studies (de Toledo-Morrell et al. sions. Thesecond stagef evaluation included administra-
2000; Kohler et al., 1998; Libon et al., 1998). White mattertion of the five remaining scales from the SENAS battery,
signal hyperintensities (WMH) are commonly seen on magwhich included other memory and neuropsychological tests.
netic resonance imaging (MRI) scans of elderly individualsin addition, the Informant Questionnaire on Cognitive De-
and tend to be associated with cognitive tasks involving thesline in the Elderly (IQCODE) (Del-Ser et al., 1997; Jorm
frontal lobes (DeCarli et al., 1995; Swan et al., 2000), ask Korten, 1988) was administered. The IQCODE assesses
well as with episodic memory in a recent meta-analysisunctional ability in comparison to an earlier time point.
(Gunning-Dixon & Raz, 2000). WMH are also associatedParticipants were selected for ttiérd stageof evaluation
with age (de Leeuw et al., 2001; Garde et al., 2000), carthat included a clinical examination (history and physical)
diovascular risk factors (Breteler et al., 1994; Longstrethby a neurologist: (1) if they scored below the 10th percen-
et al., 1996), and have been suggested as a marker for itle on one or more of the SENAS scales and below the 20th
chemic vascular dementia (Skoog, 1998). percentile on the IQCODE, (2) if they scored below 10th
Given our understanding of memory correlates in the studpercentile on four or more neuropsychological tests, or
ied groups we posed the following question. In community-(3) below 5th percentile on IQCODE. This evaluation strat-
dwelling elderly with a spectrum of cognitive decline, would egy resulted in the selection of the following four partici-
episodic-memory performance as assessed by a delayepant groups:
recall task be more strongly associated with hippocampal
volume, as expected, or another structural measure such grmal
white matter signal hyperintensities (WMH), a marker of o )
white matter disease? Here we answer that WMH are mor&nese 25 individuals scored above the 20th percentile on
strongly associated with a delayed-recall task in this sampl@0th the 3MS and DelRecfifst stage see above). A ran-
and highlight the importance of white matter hyperintensi-dom 20% of those classified as normal underwent the full
ties for studies of declarative memory in certain study groups?€Uropsychological battery for validatiosgcond stage
We also expected cognitive deficits and structural changes ) )
to differ between subgroups of this sample thus we classiMemory impaired (M)

fied individuals as normal, memory impaired (MI), cogni- thege 58 individuals were selected after seeond stage
tively impaired non-demented (CIND), or demented. was completed based on scores below the 20th percentile
on the 3MS or DelRec but above the 20th percentile for the

METHODS IQCODE. These individuals all had impaired memory but
with unimpaired functional ability as assessed by the 1Q-
Participant Sampling and Categorization CODE. These participants also may have had other mild

) ) ) ) . cognitive impairments, as assessed by the other scales in
The SALSA project recruited 1789 Mexican—American in-yho SENAS battery, but did not meet the severe cognitive

dividuals over age 60 in 1998-1999. Sampling was baseflairment criteria for thehird stageof evaluation. This
on identification of predefined census tracts with a highy,5 the Jargest subgroup of the four and was oversampled
density of Mexican—American residents in the Californiasm, the larger population because we are particularly in-

Central Valley. The imaging study reported here representgy ested in exploring mechanisms of memory failure and
a substudy of the SALSA project in which 122 individuals Predictors of progression to dementia in this population.
were randomly sampled to provide a broad spectrum o

cognitive impairment. Exclusionary criteria only limited par-
ticipants with contraindication to MRI examination or a
history of severe longstanding mental iliness. This studyThese 14 participants all received neurological examina-
was approved by the University of California at Davis, In- tion (third stagg and therefore had performed poorty10th
stitutional Review Board, and all participants gave in-percentile) on one or more neuropsychological scales and
formed consent to participate. Further details on participanthe IQCODE &20th percentile). After examination, these
sampling and categorization are reported in Wu et al. (2002)ases went to a case adjudication conference and were di-

Cognitively impaired non-demented (CIND)



Correlates of memory function 373

agnosed as non-demented based on the nature and seve{glditional scales used

of cognitive and functional deficits. The 3MS is a modified version of the Mini-Mental State

Exam (MMSE) designed to sample a broader range of
Demented global cognitive ability (Teng & Chui, 1987). It uses a

100-point scale instead of the 30-point scale of the MMSE.

These 25 participants were classified as demented after : . o S
neurological examination. Dementia was established basege Informant Questionnaire on Cognitive Decline in the
) Iderly (IQCODE) (Del-Ser et al., 1997; Jorm & Korten,

upon all available clinical information in a case adjudica- g S ! . . o

. . oo . ) oy 1988) is a scale of an individual’s daily functional abilities
tion. Operational criteria for dementia required clinically . .

- . . . o .~ 7 as reported by a friend or family member. To assess depres-
significant impairment in two or more cognitive domains . " . . .
and clinically significant impairment of independent sion In this sample we used the Center for Epidemiologic
function Studies Depression Scale (CES-D), which has been used to

' measure depressive symptoms in geriatric populations and
in the SALSA study (Gonzalez et al., 2001b).

Neuropsychological Battery

_ Imaging Methods
Neuropsychological tests were taken from the SENAS bat-

tery, which contains seven scales for the assessment of co§ll Magnetic Resonance (MR) images were collected on a
nitive functioning in elderly individuals. Language of test GE 1.5 T Signa Horizon LX NX System. Three scans
administration for bilinguals was determined algorithmi- Were obtained: a sagittal fast spin echo locator T2-weighted
cally and all scales had previously been psychometricallpulSe sequence (repetition time [TR]: 3000 ms; echo time
matched in Spanish and English (Mungas et al., 2000). DelTE]: 94 ms; field of view [FOV]: 24x 24 cm; slice thick-
tails on scale content, test development, reliability, and van€Ss, S mm; slice gap, 1 mm; matrix, 25624), an axial
lidity are addressed in Mungas et al. (2000). The seve®blique spin echo T2-weight¢droton-density pulse se-
scales in the SENAS battery (see below) include tests ofiuence (TR: 2,420 ms; TE: 20 ms and 90 ms; FOV>24
verbal conceptual thinking, verbal attention span, patterr?4 cm; 44 slices; slice thickness, 3 mm; matrix: 26692),
recognition, and the following three scales for assessingnd @ T1-weighted, coronal 3D spoiled gradient recalled

episodic and semantic memory. echo, inversion recovery prepped pulse sequence (TE:
1.9 ms; flip angle: 20 FOV: 24X 24 X 18.6 cm; 124 con-

. tiguous slices; slice thickness 1.6 mm; matrix: 25@56).
Delayed list recall (DelRec)

This was a word-list learning task that consisted of five\iolume of Interest Analyses

learning trials using a fifteen-word list. Participants were )
tested on immediate recall for each trial and delayed recalf’Sind the program VIDA (Klein et al., 1997), a volume of

was tested after reading a distracter list of words. The numinterest (VOI) approach was used to delineate the bound-
ber of words recalled on the delayed recall trial was thef€s of the right and left hippocampus (RHC, LHC), tem-

primary dependent variable. This task was intended to med20ra! lobe (RTL, LTL), and parahippocampal gyrus (RPHG,
sure verbal episodic memory. LPHG,; see Figure 1). First the T1-weighted coronal dataset

was resliced and aligned perpendicular to the long axis of

) ) ) the left hippocampus. The VOIs were manually traced on
Object naming (ObjNM) 1.6-mm contiguous coronal slices in the anterior to poste-
This was a confrontation-naming task in which a partici-"°" direction. While the borders were traced on the coronal

pant was asked to name, in Spanish or English, coIoreaI'CeS'the corresponding sagittal and axial views were used

pictures of objects. The number of objects correctly named?® yenfy bqundarles. VOIs were com.puted from areas on
§gjacent slices as traced by raters blind to group member-

was the dependent measure. This task was intended to &S-: | d wh . . liabili
sess verbal semantic memory. ship. ntrarater an 1, w ere.approprl.ate, interrater relia ili-
ties were determined using the intraclass correlation
) o ) coefficient (ICC) (Shrout & Fleiss, 1979), reported for each
Picture association (PictAssoc) VOI below. To assess drift in volume measurements, in-
. . trarater reliability was determined on two occasions (the
This task was intended as a measure of nonverbal semantic .
- . . second~8 months later) for 14 hemispheres of the HC,
memory. The participant was presented with a stimulus O% 5 and TL
one page, and asked to indicate which of 5-10 targetsona "~ '
second page it was most strongly associated with. For exy
ample, in one item the stimulus was a colored picture of a
peach pit, and the participant’s task was to select a pictur&@he hippocampal volume (HC) included the hippocampus
of a peach from a page containing pictures of many differproper (CA1-CA3 fields), dentate gyrus, and the subicular

ent fruits. complex. The rostral end of the hippocampus was identi-

ippocampal volume
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Demented Normal

Fig. 1. Example VOI tracings on T1-weighted MR images for two individuals classified as demented (left panel) and
normal (right panel). VOIs traced were the hemispheric regions of the hippocampus (HC, middle left in panels),
parahippocampal gyrus (PHG, lower left), and remaining temporal lobe (TL; which excluded the HC, PHG and white
matter of the PHG).

fied using the coronal slice on which the alveus (a whiteboundary of the PHG, in sections anterior to the lateral
matter marker with high signal intensity) formed the bordergeniculate nucleus (consisting mostly of the entorhinal cor-
between the hippocampus and the dorsally located amygex), depended on the depth of the collateral sulcus as based
dala. In more posterior sections, the hippocampal (choroidpn methods by Insausti et al. (1995). In sections posterior to
fissure and the superior portion of the inferior horn of thethe lateral geniculate nucleus, consisting of the parahippo-
lateral ventricle were the superior boundary; the fimbriacampal cortex, the fundus of the collateral sulcus was taken
were excluded from the superior boundary of the hippocamas the lateral boundary. The posterior border was defined as
pus. The inferior and medial boundaries of the hippocamihe first slice in which the gray matter of the calcarine sul-
pus were the white matter of the parahippocampal gyruscus was apparent on both banks of the sulcus. A single rater
The posterior boundary of the hippocampus was the firstraced the PHG. ICCs assessed on two occasions were .84
slice in which the fornices were completely distinct from and .80 for the RPHG and .91 and .94 for the LPHG.

the graywhite matter of the thalamus (where the collateral

trigone joins the inferior horn of the lateral ventricle with Temporal lobes

the superior body of the lateral ventricle). A single rater

traced the HC regions. ICCs assessed on two occasiondie temporal lobe volume (TL) excluded the hippocampus
were .98 and .94 for RHC and .96 and .95 for LHC. and the gray matter of the parahippocampal gyrus, the other
regions traced, and the white matter of the parahippocam-
pal gyrus as in methods by Visser et al. (1999). Also regions
of the temporal lobe more posterior to the end of the hip-
The parahippocampal gyrus volume (PHG) included graypocampus (as defined above) were excluded which marked
matter of the entorhinal (EC) and parahippocampal cortithe posterior boundary for the TL volume. The anterior
ces (Amaral, 1999), which were traced separately but lateboundary was the first section in which the temporal lobe
combined. The anterior border of the parahippocampal gywas seen. The uncus and amygdala, anterior to the hippo-
rus started two slices caudat-8.2 mm) to the fronto- campus, were included inthe TL volume. The medial bound-
temporal junction (limen insulae) (Insausti et al., 1998). Onary was the fundus of the collateral sulcus, from which a
more rostral sections where the parahippocampal gray mastraight line was drawn to the temporal limb of the lateral
ter could not be distinguished from hippocampus, the meventricle; this line was continued vertically to the fundus of
dial boundary was taken as a horizontal line drawn mediallythe lateral sulcus, excluding the insula, and served as the
through the gray matter from the point where the whitesuperior boundary. The TL was traced on every other coro-
matter tract of the parahippocampal gyrus ended to the inral slice (3.2-mm spacing) by two raters. Interrater ICCs
ferior horn of the lateral ventricle (Honeycutt et al., 1998).for the temporal lobe regions (RTL, LTL) were .89 and .87.
On more posterior sections the medial parahippocampal gyintrarater ICCs were .99 for the RTL and .90 for the LTL for
rus was distinct from the hippocampus and the white mattethe first rater and .92 and .98 for the RTL and .82 and .98
of the gyrus served as the medial boundary. The laterdior the LTL for the second rater, who was assessed on two
border was the fundus of the collateral sulcus. The laterabccasions.

Parahippocampal gyrus
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Intracranial volume (ICV) Statistics and Data Analyses

ICV was determined by manua”y out”ning the margin of AnalySiS of variance (ANOVA) with Fisher’s Protected Least

the inner skull on contiguous 10-mm axial slices. The su-Significance Difference (PLSDpost-hocanalyses deter-
perior boundary was the top of the skull and the inferiormined group differences on cognitive tests and on demo-
boundary was the most superior level of the cerebral pedurfraphic variables such as age and education. Chi-square

cles. Two raters traced the ICV with an interrater reliability @nalyses were used to determine group differences on lan-
of .97. guage and gender.

Initially, we used a bivariate correlation matrix between

VOIs and the memory scales (Pearson correlation coeffi-
White Matter Signal Hyperintensities cients,r) to identify imaged variables for further analysis.

The VOIs used here were normalized to ICV [(VOI volume
Severity of WMH was determined on proton-density MR ICV) * 100] to control for head size. The hemispheric vol-
images using a semiquantitative scale designed to measuuenes of the HC and TL were significantly correlated with
the degree of WMH as a percentage of total white mattethe memory scaled(< .01) and were selected for further
(see Figure 2). The scale was a 100-mm line from which theanalysis. WMH were also significantly correlated with the
percentage of WMH was determined by measuring the dismemory scalesR < .01) excepting PictAssoc and were
tance from the origin of the scale to the marking placed byalso further analyzed. However, the PHG and the entorhi-
a single rater; the greater the severity of WMH the furthernal cortex (EC) were not associated with any of the mem-
the mark from the origin. The rater had high intrarater reli-ory scales P > .05) and were not analyzed further.
ability, ICC = .97. An overall percentage rating was deter- For the population-based analyses, we used standard multi-
mined for each participant from eight equally spaced and/ariate linear-regression models to determine whether im-
contiguous 2.5-mm axial proton-density images. The valid-aged variables were associated with memory performance
ity of the scale was further tested by having the rater use therhile accounting for potential confounds. Control vari-
semiquantitative rating scale on a series of 20 brains thables such as age, education, language, gender, depression
had been segmented, using a segmentation program (Fei@ES-D) and intracranial volume (ICV) were selected based
etal., 2000), into gray and white matter, cerebrospinal fluidon their likelihood of either affecting performance on a
and WMH. WMH percentage of total white matter as de-memory scale or the volume of a VOI. Therefore, discrete
termined by the segmentation program and the rater wermodels incorporated age, education, language, gender,
highly correlatedr = .94. CES-D, ICV, WMH, and a single Volume of Interest (VOI)

0.0% WMH 89.2% WMH

Fig. 2. Axial proton-density MR images for two individuals with different percentages of white matter signal hyper-
intensities (WMH).
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as independent variables predicting performance on a meni® < .05; see Table 1). On the CES-D, measuring depres-
ory scale, the dependent variable. The single VOI per modedion, groups did not differ significantly (ANOVAR = .07)
approach was used to avoid collinearities; because of thalthough there was a trend for the more cognitively im-
strong associations between the HC and theR4+£ .388), paired groups to show higher CES-D scores. All groups
each hemispheric volume was entered independently in théiffered on DelRec performance (ANOVA? < .0001).
model. The association between WMH and the VOIs wasThe normal and MI, and CIND and demented groups did
not as strong R? < .054). The effective sample size for not differ on ObjNM and PictAssoc performance, but the
the regression models was 101 because of missing dat@IND and demented groups performed worse than the
for ObjNM (N = 121), PictAssoc l = 121), CES-D normal and MI groups on these scales (Fisher’'s PLSD,
(N=109), and WMH ( = 112). P < .05).

Although we relied upon these models for the entire sam-
ple, we used bivariate correlations when reporting group )
effects since the group numbers were generally too small tlR€gression Analyses

en.ter Into mglﬂyanate models. However, only hypoth§3|sThe results of standard multivariate regression models for
driven associations were analyzed based on the multlvar&he entire sample are shown in Table 2 as squared partial

ate results. correlations R?) for independent models incorporating
singleVOIs (hemispheric regions of the HC and TL). Re-

2 .
RESULTS sults (R?) for WMH are also shown for each model; for all

significant associations the direction was as predicted

Groups differed by age (ANOVAR < .05) and education (greater WMH were associated with lower cognitive scores,
(ANOVA, P < .001; see Table 1). Participants in the de-greater VOIs were associated with higher cognitive scores).
mented group were significantly older than participants inAfter including age, education, language, gender, CES-D,
the normal and MI groups (Fisher’'s PLSB,< .05). Par- ICV, and WMH in the models, no VOI was significantly
ticipants in the CIND group were significantly older than associated with DelRec or ObjNM. The RHC was associ-
participants in the MI group (Fisher's PLSIP, < .05).  ated with PictAssocR? = .049,P < .05). Since we hypoth-
Participants in the CIND and demented groups had signifesized that the HC volume would be associated with DelRec
icantly less education than participants in the MI group(an episodic-memory task), we conducted a by-group bivar-
(Fisher's PLSDP < .01 andP < .001, respectively). Groups iate analysis to determine if any of the groups displayed
did not differ on gender (Chi squar®,= .18). More MI  this association. Figure 3 shows that the demented group
participants were evaluated in English, whereas more dedad the only significant associatioR{ = .193,P < .05)
mented participants were evaluated in Spanish (Chi squarand appeared to be driving the overall bivariate correlation
P < .05; see Table 1). between LHC and DelRec, a relationship that was not sig-

On the 3MS, normals and MI did not differ but the CIND nificant in the multivariate analyses. Excluding outliers did
and demented groups differed from all groups (Fisher PLSDnot affect any of the analyses in this report.

Table 1. Subject demographics and cognitive characteristics

Normals Ml CIND Demented

n=25 n=>58 n=14 n=25
Age (years) 68.8 (6.4) 68.3 (5.7) 72.4 (6.1) 72.4 (6.5)
Education (years) 8.2 (5.3) 9.8 (4.8) 5.0 (5.5) 5.7 (5.1)
Gender (Mal¢Female) 1213 23/35 311 14/11
Languagé (Englisty Spanish) 1411 3721 4/10 8/17
3mMs* 90.8 (7.3) 84.3 (11.4) 74.6 (11.5) 51.2 (23.5)
CES-D (Depression) 6.4 (7.8) 10.5 (13.0) 15.6 (13.3) 15.1 (11.9)
DelReé 9.2 (2.2) 5.5(2.3) 4.1 (2.4) 2.3(2.0)
ObjNM® 11.0 (3.3) 9.6 (3.7) 5.6 (4.3) 4.0 (3.8)
PictAssoé 9.2 (2.2) 5.5(2.3) 4.1 (2.4) 2.3(2.0)

Legend Numerical results are Means and (SD), except gender and language: numbers represédreiiie and Spanigknglish
(language of usage) counts, respectively.

ICIND were older than MI, Demented were older than Normals and MI (ANOW/A; .05; Fisher PLSDP < .05).

2MI had more education than CIND and Demented (ANOYA< .001; Fisher PLSDP < .01).

3More Demented participants used Spanish; more Ml participants used English (Chi fjsar@s).

“Normal and M1 did not differ, CIND differed from all groups, Demented differed from all groups (ANG¥A,.0001; Fisher PLSD,
P < .05).

SAll groups differed (ANOVA,P < .0001; Fisher PLSDP < .05).

SAll groups differed except Normals and MI, and CIND and Demented (ANCR/A; .0001; Fisher PLSDP < .05).



Correlates of memory function 377

Table 2. Independent multivariate regression analyses

DelReé ObjNMP PictAssoé
Model number (1-4)
VOI included: VOIR? WMH R? VOI R? WMH R? VOI R? WMH R?
1. RHC .005 .108* .038 .010 .049 .000
2. LHC .000 101 .010 .012 .036 .000
3. RTL .012 .106** .035 .019 .010 .002
4. LTL .000 .103* .003 .017 .002 .002

LegendEach model (numbered 1-4) incorporated age, education, language, gender, CES-D, ICV, WMsingreV/®I (e.g., RHC

in model #1) to predict performance on the three memory scales: delayed recall (DelRec), object naming (ObjNM), or picture
association (PictAssoc). Squared partial correlatid®®) for each model are reported for WMH and VOIs—the other significant
covariates in the models are reported wittialues. WMH significantly predicted performance for DelRec, and the RHC was the only
VOlI to predict performance on a memory task, predicting PictAssoc.

*Significant atP < .05.

**Significant atP < .01.

a0Other variables that correlated significantly with DelRec: age<(.001), education and language € .05).

bOther variables that correlated significantly with ObjNM: educatiBn<( .001) and CES-DR < .05).

¢Other variables that correlated significantly with PictAssoc: educator (001), languageR < .01) and genderR < .05).

WMH were strongly associated with DelRe & .01)  With age and education controlled, we found that WMH
but not ObjNM or PictAssoc (see Table 2). The relationshippredicted delayed recall (DelRec) performance. The RHC
between WMH and DelRec showed that WMH were assovolume was associated with picture association (Pict-
ciated with memory performance significantly in MR{ = Assoc) performance. Hypothesis driven bivariate correla-
.057,P < .05; see Figure 4) and strongly, but not signifi- tions helped to identify groups with significant relationships
cantly, in the normal groupR? = .064,P = .121). Usinga and showed that WMH were associated with DelRec in the
logarithmically transformed WMH variable (which was more least cognitively impaired group, the memory impaired (M),
normally distributed than WMH) did not change any of the and in normals, while the LHC was significantly associated
results reported, except that the relationship of WMH withwith DelRec in only the demented group. We discuss how
DelRec became significant for normalRq = .225,P < these memorgstructural relationships relate to the preva-
.05). Thus, white matter hyperintensities were associatetént pathology of this sample and relate our findings to
with DelRec performance in the least cognitively impairedcurrent studies on the organization of declarative memory.
group and in normals. A limitation of this study is that the results may not be

To determine the strength of the association of WMHgeneralizable to elderly populations from other ethnic groups
and VOls independently as predictors of the memory scaleqyecause we limited our sample to Mexican—American indi-
we determined th&? for a model with only the covariates viduals. Mexican—Americans generally have higher levels
of age, education, language, gender, CES-D, and ICV—ef cardiovascular disease and type Il diabetes, which could
which for DelRec wasR? = .362. Adding WMH to this influence the prevalence of WMH (Black et al., 1999). How-
model increased thR? by .088 R? = .450) where WMH  ever, this sample is no less representative than many previ-
were significantly associated with DelRde € .01). How-  ous studies limited to individuals from a narrow range of
ever, adding only the LHC volume into the model with the ethnicities and because our sample may have had a higher
named covariates only increased tRé by .004 (whole prevalence of WMH this study offers an important contri-
model: R? = .366). Here the LHC was not significantly bution to the understanding of the neural correlates of mem-
associated with DelRec even without WMH in the modelory function.

(P = .458). With both WMH and the LHC in the model (as
in model #1 for DelRec in Table 2), the incremenkd
change wast+.088 (R? = .450). This analysis was also
conducted with the other VOIs for DeIReq and in entirety pHG volume and declarative memory

for the other two dependent variables (ObjNM and PictAs-

soc) and showed similar strength of association for WMHThe PHG volumes, which excluded white matter, were not
and the VOlIs as those reported in Table 2. This suggestignificantly associated with the memory scales in our ini-
that the results of the multiple regression analyses could béal analyses and were not analyzed further. Our data are
thought of as independent associations of WMH and eackonsistent with similar studies that have not observed an

Brain Behavior Relationships

VOI with the memory scales (see Table 2). association between the volume of the PHG and verbal,
episodic-memory tasks related to the DelRec task used here
DISCUSSION (Kohler et al., 1998), even when the PHG volume included

white matter (de Toledo-Morrell et al., 2000). Although some
In this sample of Mexican—Americans, impaired groupsstudies are supportive of these negative findings with ver-
tended to be less educated and older in age than normalsal episodic memory, structural studies with semantic de-
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% - : Fig. 4. Scatter plot showing the strength of association between
g 010 ‘/;v,; 2 DelRec and the logarithmically plotted WMH. The MI group had
'5 § v v . the strongest association between these two variables.
Z 005
' —e—— Normals (R?=0.013)
o ~o - MI {RE = 0.042) t@on, WM!—L and VOIs. These analyses showed that educa-
0.00 _ 2 tion consistently played a role on memory performance and
. j T —+— —CIND (R“=0.017) .
0 2 that other factors [e.g., age, language, depression (CES-D),

—v— - Demented

(R®=0.193, P <0.05 %) gender] and pathology (e.g., WMH) were also contributing.

The hemispheric volumes of the HC were significantly as-
DelRec sociated with the memory scales in preliminary bivariate
_ _ o analyses (see Methods)—which was the selection criterion
F|g. 3. Scatter p|0ts ShOW|ng the Strength of association betWeemor further analys|s However, in multlvanate analyses the
the ICV normalized LHC volume and delayed recall (DelRec). | ¢ was not significantly correlated with DelRec, a verbal
Papel A shows the overall bivariate association strength in th%elayed-recall task (episodic memory), although expected
entire sample; Panel B shows the strength of the group correlaf- . P
i L rom other studies (de Toledo-Morrell et al., 2000; Kohler
tions. For the association between the LHC and DelRec, the de- | 1998 P L 2000 Wil L 1996) Th
mented group showed the strongest association. etal, , Petersen et al., » W Son_ etal, )- .e
results suggest that WMH may be more important for epi-
sodic memory than the hippocampus, in a sample of par-
mentia patients (Chan et al., 2001; Galton et al., 2001}5PaN It many cardiovascuar ok factors (Black et
Simons et al., 2001) and a study of several cases with hipt— een. the LHC and Dellgec in the demented aroun. which
pocampal damage (Vargha-Khadem et al., 1997) sugges\fv . . . . . group,
that an association between the parahippocampal gyrusa's consistent with the literature involving AD patients
g e Toledo-Morrell et al., 2000; Kdhler et al., 1998; Petersen
et al., 2000). This is in contrast to the relationship between

semantic memory should be evident. The possibility exist

that structurémemory relationships are difficult to detect ) . )
¢ Y P WMH and DelRec which was not observed in dementia

participants but in those with mild cognitive impairment

in this region because of the difficulty of tracing a neocor-
jandmarke (Auottonen et l. 1095: Xu ot a1, 2000) han gl se€ Figure 4) and possibly n normals (see Results).
hippocampus, for example. . In terms of the semantic-memory relationships with 'the
imaged volumes, we showed that the RHC was associated
with PictAssoc performance (a nonverbal semantic-memory
task). Wilson et al. (1996) reported a significant association
The standard multivariate regression models were intendeldetween the hippocampal volume and a verbal semantic-
to determine how much of the variance in the dependentemory task (the Boston Naming Test), but the bulk of the
variables could be attributed to factors such as age, educavidence suggests that the hippocampal volume is associ-

HC and TL volumes and declarative memory
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ated withepisodic memorythe RHC volume being associ- Dixon & Raz, 2000). In that study, we also observed that
ated with visual spatial, episodic memory (Abrahams et al. WMH were significantly elevated only in these demented
1999; de Toledo-Morrell et al., 2000) and the LHC volume participants suggesting that WMH in the normal range may
with verbal episodic memory (de Toledo-Morrell et al., 2000; be sufficient to contribute to memory impairment; stressing
Kohler et al., 1998). The finding of the RHC being associ-the importance of white matter disease in episodic-memory
ated with PictAssoc provides some support for a lateralizaimpairment where vascular disease may be at risk.
tion of function, namely, the right hemisphere being more It is interesting that the bivariate association between
involved in a nonverbal task of picture association. How-DelRec and the log-transformed WMH variable is signifi-
ever, since hippocampal association with semantic memorgant in normals since some previous studies have also found
is highly debated (Aggleton & Brown, 1999; Eichenbaum, significant associations between cognition and WMH in
1998; Mishkin et al., 1998; Squire & Zola, 1998; Vargha- healthy elderly (DeCarli et al., 1995; Swan et al., 1998,
Khadem et al., 1997), these findings should be interprete@000) while some have not (DeCarli et al., 1996; Kozachuk
with caution. et al., 1990; O'Brien et al., 1997). A more limited range of
It has been suggested that other brain structures like th&/MH in normals may have contributed to these conflicting
temporal neocortex may also be involved with semantidindings (Gunning-Dixon & Raz, 2000). However, the spe-
memory (Aggleton & Brown, 1999; Fleischman & Gabri- cific association between episodic memory and WMH is
eli, 1999). Initially, the HC and TL volumes were signifi- significant but rather weak in several studies (DeCarli et al.,
cantly but nonspecifically correlated with the three memory1995; Libon et al., 1998; Ylikoski et al., 1993) and a recent
tasks (see Methods). However, the hemispheric regions aheta-analysis (Gunning-Dixon & Raz, 2000) suggesting a
the TL were not significantly associated with the memoryweak association in the more commonly studied groups of
tasks when other variables were incorporated in multivari-AD patients and normals (DeCarli et al., 1996; Swan et al.,
ate models making it difficult to assess the role of this im-2000; Ylikoski et al., 1993).

aged variable with memory. The association between DelRec and WMH is, however,
not unexpected given the cognitive correlates of WMH and
WMH and declarative memory the probable neural demands of the task. DeCarli and col-

leagues (DeCarli et al., 1995) showed that the neuropsycho-
WMH were associated with DelRec. Our results show anogical scales associated with WMH tended to involve frontal
association between WMH and a verbal episodic-memoryobe function, such as Trail Making and timed measures.
task in the entire sample and allow us to compare the preFurthermore, it is thought that amncueddelayed-recall
diction strength of WMH and the HC volume on memory task such as the DelRec task used here may involve more of
performance. We show that WMH was a stronger predictothe frontal lobes than a delayed-recall task that provides
variable of DelRec performance than the HC volume, theparticipants with a cue, be it a word fragment, associated
expected structural predictor. In subgroup (bivariate correword, or a category label (Nolde et al., 1998). Interestingly,
lation) analyses, we observed that WMH were not signifi-WMH were not associated with PictAssoc, a visually pre-
cantly associated with DelRec in the demented or CINDsented task of picture association, although the RHC was—
groups, but were most prominently associated in the Misuggesting that this nonverbal semantic-memory task might
and normal groups suggesting that WMH may be associrely less upon the frontal lobes and more upon the hippo-
ated with DelRec performance independently of dementidampus. These findings highlight the importance of white
and certain other age or disease-related pathologies. matter signal hyperintensities in studies of declarative

It has been suggested that different pathogenic mechanemory.

nisms may underlie the episodic-memory impairments of
AD patients and those with subcortical stroke (Libon et al., .
1998; Reed et al., 2000). Because of the vascular risks inConCIUSIons
our sample, the prevalence of WMH may be different thanWe conclude that in a community-dwelling sample of
in other ethnic groups and appears to have contributed to llexican—Americans white matter hyperintensities were the
stronger association with memory. We have previously restrongest structural predictor of verbal delayed-recall per-
ported an association between a cardiovascular risk factdormance (episodic memory), particularly in elderly nor-
(systolic blood pressure) and white matter hyperintensitiesnals and mildly cognitively impaired individuals with no
for the non-demented participants in this study (Wu et al. dementia or impairment of daily function. The left hippo-
2002). The non-demented participants with high WMH alsocampus was associated with verbal delayed recall only for
had a higher prevalence of previous stroke than did nondemented individuals. Of the other imaged variables, only
demented participants with low WMH (but lower levels the right hippocampal volume was consistently associated
than demented individuals). Our prior findings (Wu et al., with a visually presented picture-association task (nonver-
2002), in combination with those reported here in the samdal semantic memory) when confounding variables were
sample, provide further support that white matter disease isontrolled. Cognitivgstructural relationships in this popu-
associated with cardiovascular risk factors (Breteler et al.lation may differ than those with a different prevalence of
1994; Longstreth et al., 1996) and memory (Gunning-cerebrovascular disease.
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