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Semantic memory activation in individuals

at risk for developing Alzheimer disease

ABSTRACT

Objective: To determine whether whole-brain, event-related fMRI can distinguish healthy older
adults with known Alzheimer disease (AD) risk factors (family history, APOE e4) from controls
using a semantic memory task involving discrimination of famous from unfamiliar names.

Methods: Sixty-nine cognitively asymptomatic adults were divided into 3 groups (n = 23 each)
based on AD risk: 1) no family history, no £4 allele {control [CON]); 2) family history, no =4 allele
{FH); and 3) family history and &4 allele (FH+e4). Separate hemodynamic response functions
were extracted for famous and unfamiliar names using deconvolution analysis {correct trials
only).

Results: Cognitively intact older adults with AD risk factors (FH and FH+e4) exhibited greater
activation in recognizing famous relative to unfamiliar names than a group without risk factors
(CON), especially in the bilateral posterior cingulate/precuneus, bilateral temporoparietal junction,
and bilateral prefrontal cortex. The increased activation was more apparent in the FH-+&4 than in
the FH group. Unlike the 2 at-risk groups, the control group demonstrated greater activation for
unfamiliar than familiar names, predominately in the supplementary motor area, bilateral precen-
tral, left inferior frontal, right insula, precuneus, and angular gyrus. These results could not be
attributed to differences in demographic variables, cerebral atrophy, episodic memory perfor-
mance, glebal cognitive functioning, activities of daily living, or depression.

Conclusions: Results demonstrate that a low-effort, high-accuracy semantic memory activation
task is sensitive to Alzheimer disease risk factors in a dose-related manner. This increased activa-
tion in at-risk individuats may reflect a compensatory brain response to support task performance
in otherwise asymptomatic older adults. Neurology® 2009;73:612-620

GLOSSARY

AD = Alzheimer disease; AFNI = Analysis of Functional Neurolmages; ANOVA = analysis of variance: AUC = area under the
curve; BA = Brodmann area; BOLD = blood oxygen level-dependent; CON = control; DRS-2 = Dementia Rating Scale 2;
DSM-IV = Diagnostic end Statistical Manual of Mental Disorders, 4th edition; EM = episodic memory; FH = family history;
FOV = field of view; fROI = functional regicn of interest; HRF = hemodynamic rasponge function: MCI = mild cognitive
impairment; MOANS = Mayo Older Americans Normative Studies; MR = magnetic resonance; MTL = medial temporal lobe;
NS = not significant: RAVLT = Rey Auditory-Verbal Learning Test; SM = semantic memary: SMA = supplementary motor area;
SPGR = spoiled gradient-recalled at steady state; TE = echo time; TR = repetition time; VBM = voxel-basad morphometry.

Two well-established risk factors for the late-onset, sporadic form of Alzheimer disease (AD)
are the presence of one or both copies of the apolipoprotein E (APOE) &4 allele and a first-
degree family history (FH) of AD."? Task-activated fMRI studies show that cognitively intact
older individuals with AD risk factors (FH, APOE &4, or both) exhibit a pattern of increased
neural activity compared with individuals without AD risk factors.? Increased EMRI activity is
thought to reflect a compensatory brain response that enables older ar-risk individuals to
perform at levels equivalent to persons withour risk factors.
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Most fMRI studies conducted in preclini-
cal populations (mild cognitive impairment
{MCI]) use episodic memory (EM) rasks and
focus on medial temporal lobe (MTL) activ-
ity. As clinical symptoms emerge, EM perfor-
mance declines and MTL atrophy increases.’
Not surprisingly, task-activated fMRI find-
ings are inconsistent, with both increased and
decreased MTL activation observed.?

We examined the effect of FH and APOE
e4 on whole-brain fMRI neural activity in
cognitively asymptomatic older adules using a
semantic memory (SM) task involving the
discrimination of famous from unfamiliar
names. This task involves minimal conscious
effort and is performed at high accuracy lev-
els. Previously, we demonstrated thar cogni-
tively intact older individuals produced
increased activity in memory circuits (hip-
pocampus, posterior cingulate, and prefrontal
regions) relative to young participants®; how-
ever, participants were not scparated on AD
risk factors. Here, we sought to determine
whether a low-effort, high-accuracy SM task
would demonstrate differential patterns of ac-
tivation in at-risk individual using a whole-

brain analysis.

METHODS Standard protocol approvals, registra-
tions, and patient consents. This study was approved by the
Heman Subjects Review Committee of the Medical College of
Wisconsin, which oversecs the cthical standards of human re-
search being conducted. Wriren informed consent was obtained
from all subjects included in this study.

Participants. Healthy adults between ages 65 and 85 yeats
were recruited from newspaper adversisements. A telephone
screen, used to determine study eligibilicy (see below), was ad-
iministered to 450 individuals, OF the individuals meeting inclu-
sion/exclusion eligibiliy criteria (see below), 107 agreed to
undergo APOE genotype testing from biood samples, neurcpsy-
chalogical evaluation, and an FMRI scanning session. AJI’OE ge-
notype was determined using 2 PCR method described by
Saunders ec al.™ DNA was isolaced with Gentea Systems Aura-
pure LS for Large Sample Nucleic Acid Purification {(Minneapo-
lis, MNJ. )

Erom this pool, 3 subgroups of equal sample size (n = 23},
carcfully marched on demographic variables {sex, age, and edu-
cation), were formed based on the p:escncr;’abscm.t of ar least 1
APOE &4 allele and a family history of dementia. Group 1
(FH-+e4) had a family history of dementia and one or both f:4
alleles (1 e2/e4: 21 £3/e4: 1 ed/e4). Group 2 (FH) had a family
but did nor possess an APOE £4 allele (&
1s [CON]) consisted of indi-

and did not

bistory of dementia
e2/e3; 17 £3/e3). Group 3 {control :
viduals who reporced no family history of dementia
posscss an APQE &4 allele (1 £2/e3; 22 €3/£3). Equal sample

sizes were required to avoid biascs in the image analyses, As ex-

pected, no significant group differences were observed on demo-

graphic variables of age, sex, ar educarion (zable 1).

Family hiscory was defined as a report of a clear clinical diag-
nosis of AD in fisst-degree relatives—parents or siblings (proba-
ble AD: 63.2%)—ar a reported history of gradual decline in
memory and other cognitive functions, confusion, or judgment

_problems without a formal diagnosis of AD before death. One
participant reported a diagnosis of AD in a second-degree refa-

tive, with some mild cognitive changes noted in a parent before

- the parent’s death,

Participants were excluded if they reported a history of neu-

rologic disease, medical illnesses, major psychiatric disturbance
- meering DSM-7V Axis 1 criteria, a Geriatric Diepression Scale
-score grearer than 10, substance abuse meeting L25A-/V Axis |

criteria, or were currently taking psychoactive medications. Par-

ticipants were allowed ro 1ake cardiovascular drugs. No berween-

group differences were observed in the percent of participants
raking hloed pressure medications; FH+e4 parricipants were

- mare likely ro be taking statins to lower cholesterol levels than
- were the FH and CON participants (59% vs 25%; ¥* = 4.7,

2 < 0.3). A blood chemistry sereen {thyroid-stimulating hos-
mone, homocysteine, vitamin B,,, folate, and creatinine) was
not found w be clinically significant in any of the participants.
Additional exclusion criteria related 1o IMRI scanning included
pregnancy, weight inappropriate for height, ferrous objects
within the body, low visual acuity, and a history of dlaustropho-
bia. Only right-handed participants were included based on the
Edinburgh Handedness Inventory.”

Procedures, Neuwropsychological testing and the (MRI scan-
ning were conducted on the same day, Participants were asked 10
refrain from alcobol use for 24 houss and caffeine use for 12
hours before resting. The neuropsychological test battery con-
sisted of the Mini-Mental State Examination,'® Mattis Dementia
Rating Scale 2,"! Rey Auditory Verbal Learning Test,"? Geriatric
Depression Scale," and Lawton A;:t_ivities_oF. Daily L'rving.“ All
participants received financial compensation. -

Functional MRL The task stimuli consisted of 30 names of
famous persons and 30 names of unfamiliar ihg]h-idua]s selecred
from an onginal pool of 784 names because of a high rate of
identification (>90% correct).'® A rrial consisted of the visial
presentation of a single name for 4 seconds. f’articipants_ }ygfé:
instructed to make a right index finger key press ifthc‘l_'larﬁi':. was
famous and a right middle finger key press if the n;.l:ne was unfa~
miliar. Both accuracy (percentage correct) and reaction time (in
milliseconds) were secorded; signal detection indexés (A" and
B"") were calculated to examine discriminability ‘and rcsﬁéﬁ_&é
bias. "1 The 60 name trials were randomly interspersed with
thirty 4-second erials in which the participant was instructed 1o
fixate on a single centrally placed crosshair, This was done to
introduce “jitter” into the MRI time course. The imaging run
began and ended with 12 seconds of fixation. The total time for
the single imaging run was 5 minutes 24 sccrmds ol 5

fMRI acquisition. Whole-brain, evetit-related fMRl was con-
duceed on a General Electric (Waukesha, W) ‘Signa Excite.
3.0-T short bore scanner equipped with 2 quad split quadrarure -
transmit/receive head coil. Echoplanar images iw-c‘rg collected us-
ing an echoplanar pulse sequence {echo ginié ITJ‘\E] = Z.S-mSBC;
flip angle = 77 degrees; field of view [FOV] ='V24 mm; mateix
size = 64 X 64). Thirty-six contiguous axial 4-mm-thick slices
were selected to provide c-;wcra.g? of the entire brain’ {voxel size =
3.75 X 3.75 X 4 mm). The inﬁérs&in incerval (TR) was 2 sec
onds. High-resolucion, &dimetnsinn‘al' spoiled gradient-recalled
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Tablel Group demographics, neurobehavioral testing, and fMRI task performance

CON(n=23] FH(n =23} FH+ed(n=23)
Variable Mean SD Mean SD Mean SD pValue
Demographics
Age 715 43 734 46 710 4.0 NS Q.058
Education 141 25 140 22 157 31 NS Q081
Sex, women/men 17/6 17/6 17/6 NS -
Global cognition [DRS-2)
Total 140.5 24 1405 34 1402 38 NS . 0.coz
Attention 36.6 0.7 363 1.0 363 0.9 NS 0.014
Initiation/perseveration 36.6 08 367 05 366 0.8 NS 0.011
Construction 5.0 00 60 02 &0 0.2 NS 0.030
Conceptualization 37.2 17 373 21 373 18 - NS - 0.002
Memory 24,1 10 241 1.1 240 1.4 NS a.001
Total MOANS (age and education corrected) 12.1 24 125 24 1186 2.7 NS - 0022
Mini-Mental State Examination 29.4 0.7 293 11 283 08 NS 0.005
Vaerballearning e
RAVLT Sumof Trials 1-5 477 B4 500 93 492 80 NS 0012
RAVLT Postinterference Recall 9.3 24 o7 27 91 29 NS 0.008
RAVLT Delayed Recall 9.5 22 97 30 95 3.0 NS 0.001
RAVLT Long-Term Percent Retention’ 84.5 156 785 163 786 18.2 NS 0.029
RAVLT Learning over Trials® 16.7 72 172 685 173 7.0 NS 0.002
Degpression
Geriatric Depression Scale 25 24 27 28 14 19 NS 0.032
Activities of Daily Living
Lawton Scale 48 04 49 03 48 04 NS 0.026
fMRI task performance
Percent correct-famous names 901 80 941 71 925 8.7 NS a.038
Percent correct-unfamiliar names 97.7 37 958 53 967 7.3 NS 0.019
Discriminability index (logistic d'} 5.7 10 &8 11 60 14 NS 0.014
Bias index {logistic C} 0.7 05 03 08 05 0.6 NS 0070
Reaction time-famous names, msec 1,324 178 1,236 231 1282 236 NS 0.028
Reaction time-unfamiliar names, msec 1,636 247 1,637 354 1,598 299 NS - 0.004

*Long-Term Parcent Retention = (words recalled after 30 minfwords recalled on trial 5}  100.

‘Learning over Trials = (words recalled trials 1-5) — (5 x words recalied on trial 1).

CON = control; FH = family history; NS = not significant; DRS-2 = Dementia Rating Scale 2; MOANS = Mayo Older
Americans Normative Studies; RAVLT = Rey Auditory-Verbal Learning Test.

at steady stare (SPGR) anatomic images were acquired (1TE =
3.9 msec; repetition time [TR] = 9.5 msec; inversion recovery
preparation time = 450 msec; flip angle = 12 degrees; number
of excirations = 2; slice thickness = 1.0 mm; FOV = 24 em;
resolution = 256 X 224). Foam padding was used to reduce
head movement within the coil.

Image analysis. Functional images were generated with ¢he
Analysis of Functional Neurolmages (AFNI) software package.
Each image time serics was time shifted to the beginning of the
TR and then spatially registered to reduce the effects of head
motion using a rigid body itcrative linear least squares method. A
deconvolution analysis was used to extract a hemaodynamic re-
sponse function (HRE) for farnous and unfamiliar names from
the time series. HRFs were modeled for the 0- to 16-second
period poststimulus onsec. Motion parameters were incorpo-
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rated into the model as nuisance regressars. The HRFs were also
transposed so that the value ol che HRF at trial onset was zero.
Despite the high rask accuracy race {see below), estimation of the
HRUFs for idendification of farnous names and rejection of unfa-
miliar names was restricted to correct trials. Area under the curve
(AUC} was calculated by summing the hemadynamic responses
at time points 4, 6, and 8 seconds after trial onset. Individual
anatomic and funcrional scans were transformed into standard
stereotaxic space,’” To compensate for normal variation in anac-
amy actoss subjects, funcrional images were blurred vsing a
6-mm gaussian full-widch half-maximum filter.

Spatial extent analysis, This analysis was performed o exam-
ine within-group diffcrences in the spatial excent of acsivation com-
paring the famous and unfamiliar name conditions. For each group,
statistical paramecric maps were penerated 1o identify voxels where




the AUC for famous names differed significandy from the AUC for
unfamiliar names. An individual voxel ‘probability threshold
(22} = 3.12, p = 0.005] was coupled with a minimum cluscer
volume threshold of 0.731 mL. This combination of individual
voxel probability and minimum cluster size thresholds is equivalent
" 10 a whole brain Etmﬂ} -wise error threshold of p < 0.05 based on
'_% 01){) Monte C;n lo s1mu]auons iz,

Functmnal regmn of interest group’ analysis. Asa

- _c:sr “(FROT) anal;m was'conducted to evaluate potentdal gmup

':dlfﬁ:rcnres m ‘the mag_,mrude of the AUC in functionally acrive
* regions. An fR

regions 1dent1ﬁed in the sp:ma] extent analysis (see above) across™
the 3 groups. Any voxel deemed “activated” by the famous—"
. unfamiliar name sub[raumn inat least | of the 3 groups conttib-

;:HRl was calcula[cd for all voxels within an fROI, AUC {4, 6,
and 8 seconds after stifnulus onset) served as the dependenc vari-
able ir m a I—Wﬂy analysis of variance {ANOVA) to examine group
differences i in each IROL .

Vnzel—bas_ed motp]lc'imclry. Voxel-based morphometry
(VBM) was conducted using SPGR anatomic images scg-
mented with SPM 5,22 A cutoff gray matter probabilir}'

(# = 0.01) was used to remove spurious signals ar gray mar-'.-:
tcr—whltc matter . boundarics. Afier transforming anaromic -

images into Muntreal Neurolagical Insticute coordinates us--

ing a scandard tcmplatc, a study-specific template was created
to normalize subjects into a common stereotaxic space. Mod-
ulated, normalized gray matter images were blurred using 2
12-mm gaussian filter 1o compensate for normal variation in
anatomy across subjects. A voxel-wise, 1-way ANOVA (un-
pooled variance across subjects) was used to examine differ-

cnces in cortical atrophy acress the 3 participant groups,

using a family-wise error threshold of p < 0.05.

RESWULTS Neuropsychological and fMRI task perfor-
mance. No significant group differences were ob-
served on neuropsychological tests of global
cognition, verbal lcarning, depression, and activities
of daily living (table 1). Likewise, no significant
group differences were observed on accuracy, dis-
criminability {A'), response bias (B"'), or reaction
time for the fMRI task (table 1). Mean accuracy on
the fame discrimination task exceeded 90% corrccr
for all 3 greups. The reladively low effect sizes (n?)

suggest that the nonsignificant findings were not in- -

fluenced by sample size.

Voxel-based morphometry. A I-way ANOVA identi-
fied no brain regions demonstrating significant
group differences in gray matter density, a measure of

cortical atrophy.

fMRI-spatial extent analysis. Voxels demonstrating

significant differences in the AUC for the famousm

and unfamiliar name stimuli are shown in figure 1

and table 2 for each of the 3 groups (CON, FH,_
FH-+e4). Both risk groups demonstrated reglons_:‘w
with increased magnetic resonance (MR) signal for
famous vs unfamiliar nanies; no regions demon- .

p was gcncmrcd by conjoining activated

) rlgl

strated greater activity for unfamiliar than for famous
names. In contrast, the CON group showed pre-
dominantly increased signal for unfamiliar relative o
famous names. Total volume of activation (fa-
mous > > unfamalmr comparison) was largest in the

H+ed group’ (35 .7 mL), intermediate in the FH

.:_gr{‘mp (22.4! mL), and smallest in the CON group
Foliow upro. the voxel-wise analyses, a functional region of inter- (6. 3 mL). ]n g(:ner'll the FH+&4 group had 2 Iarg:.r
-_;spanal cxtent “of activation in the same regions acti-
“vated” by the! TH group (e.g., posterior cingulate/

"precuncus. left and right middle temporal gyrus, left

mfenor panctal‘cortex, table 2), but also recruited

additional-":ir (c“b, right middle fronwal gyrus,

Tight f
_ ured ro the final fROI map. For c:at.h participant, an “averaged ::rl,g, i e pmeml IObule)

IMRI-ROT qnalys;_s. A conjunction analysis- (see
“above) idcmiféd 21 fROIs (figure 2 and table 3).
Eleven | reg;ons showed greater blood oxygen level-
e dependeng (BOLD)" activity for famous compared

with unf”llmh:n' names, and 10 regions showed the
opposite pattern (the latter derived entirely from the

: CON group). Figure e-1 on the Neurology® Web site
ar, www. neurology.org shows the averaged famous
' and unfamllmr HRFs for each participant group for

representdtwe bram regions, as well as the HRF
dcrwcd by subtracung the unfamiliar from famous
conditions. Repre:entatwe AUC estimates derived
from the famous—unfamiliar subtraction are pre-
sented in the rlghtmost column of figuree-1.

A l-way repeated-measures ANOVA performed
on the AUC estimates indicated stgmﬁcm[ group
differénces in 16 0F21 regions (nblc 3). Seven of the
11 fROIs exhlbmng greater activity f for famous than
for unfamiliar names demonstmtr_d sngmﬁc:mt aver-
all group differences, which were then subjected o a -
post hoc pairwise group comparison. In 4 regions,
bilateral precuncus/posterior cingulate, bilateral me- - -
dial froneal, left angular gyrus, and right middle rem- ~
poral, the FH+&4 and FH groups had significantly -
greater MR signal intensity than the CON group. In
one region, right middle frontal, the FH+24 group :
had slgmﬁcantly greater actwlry than the FH and-
CON Eroups{ In another reglon. nghr mfcrmr panetalf
supramarginal gyrus, thc FH+e4 group had signifi-
cantly greater actmty than lhc FH, which in twrn
exhibited greater activity than the CON group. Finally, - '
in the bxlateml caudmc, thc CON group had greater - -
activity than the 2 risk groups (FH+ &4 and FH).

Nine of the 10 fROIs exhlbmng greater activity.
for unfamiliar than for famouc names demonstmtcd' '
significant group “differences. In 8 of the lU regions

. (bilareral supplemenrary motor area [SMA], left and

'preccntral left inferior frontal, right precuneus/
2 ngular gyrus, | left posteentral, right inferior occ-
pital, left mxddle occipitzl), the CON group demon-
rrared greater acuvxty in response to the unfamiliar

L 615
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Figure 1 Results of voxel-wise analysis demonstrating significant diffarences between the famous and
unfamiliar name conditions

Results of voxel-wise analysis demonstrating significant differences between the famous and unfamiliar name conditions,
conducted separately for each group: control (CON), family history (FH), and family history and APOEe4 (FH+£4) groups.
Yellow = regions shawing greater activation to famous than unfamiliar names; blue = regions showing greater activationto
unfamiliar than famous names. Brain activation projected on the lateral and medial surfaces of the left and right hemi-
spheres. See table 2 for additional information relating to individual activation foci.

relative to famous name stimuli; the 2 risk groups
(FH+ &4 and FH), in concrast, demonstrated equiv-
alent degrees of activation for the 2 types of stimuli
within these regions (figure e-1B). In one region, the
right insula, this pattern was only observed between
the FH+¢&4 and CON group.

In contrast, controls showed a consistent pattern,
seen in 8 of 10 regjons, for increased activity for un-
familiar names compared with famous names. These
included bilateral SMA, left precentral and righe pre-
central gyrus, right precuneus, left inferior frontal,
left postcentral gyrus, and left inferior occipital gyrus
and right insula, The HDR and AUC for several of

Neuralagy 73 August 25 2009

the regions showing these different parterns are
shown separately for the famous, unfamiliar, and fa-
mous—unfamiliar contrast in figure e-1.

DISCUSSION Our results indicate thar AD risk fac-
tors exert 2 strong influence on patterns of brain
activation observed in cognitively intact older indi-
viduals. In response 1o a low-effort, high-accuracy
SM task, the FH and FH+&4 groups demonstrated
greater activation in response to famous relative to
unfamiliar names, predominantly in the bilaceral
posterior cingulare/precuneus, bilateral temporopari-
etal junction, and bilateral prefrontal cortex. Further-



Table2

Total activation volume

Activation foci for famous vs unfamiliar name subtraction

CON FH FH+ed
Region BA x y 2 VolmL x ¥ z Volmb x ¥ z Vol, mL
Famous > unfamiliar
Frontal lobe
B medial frontal gyrus 89 -7 47 320 302 -5 51 40 174
R middle frontal gyrus 8 35 1 55 104
L middle frontal gyrus 6,8 -29 19 52 202 -27 11 50 360
Parietal lobe
R angular gyrus 19,39, 40 45 -78 31 07 42 -75 32 12 39 -71 39 08
L angular gyrus, inferior 19,39 -42 -71 30 48
parietal lobule
Linferior parietal lobule 7,37,39, 40 —-46 -53 49 10 -43 -68 31 119 '
R inferior parietal lobule, 40 52 -50 39 1.8
supramarginal gyrus
B posterior cingulate 29,30 2 -51 ¥ g
L precuneus, inferior parietal 19 ~-34 =75 3B 09
lchule
B precuneus, L posterior 7,23,30,31 -1 -52 31 66 0D -56 40 72
cingufate
B superior pariatal lobule 7 2 -58 65 28
B superior parietal lobule, 7,18 2 -82 45 12
precuneus
Temporal lobe _
L middle temporal gyrus 21,2237 -54 -47 -2 17 -57 -49 -5 20
R middle temparal gyrus 21,2239 56 -52 10 1.3 58 -5 7 18
L superior temporal gyrus, 39 -50 -54 22 09
angular gyrus
Subcortical
R caudate, L cingulate gyrus  — 1 4 20 08
B cerebellum (VIIL, IX) et 3 -55 -43 20
Total activation velume 6.3 22.4 357
Unfamiliar > famous
Frontal lobe
Linferior frontal, precentral 44 -47 5 12 07
gyrus
L precentral gyrus 3,4,6 -41 -9 43 45
R precentral gyrus 46,8 49 -4 36 43
B SMA, R maedial frontal 6,8, 24 3 3 50 80
gyrus
Parietal loba
L postcentral gyrus 1,3,4a -38 -29 55 11
R supariar, inferior parietal 7,19, 39 28 -66 33 10.2
lebule
Occipital lobe
L inferior occipital gyrus 18 -8 -86 -2 08
L middle accipital gyrus 18,19 -34 -71 -8 09
Subcortical
Rinsula 13 a7 17 8 11
3186

CON = control; FH

more, the spatial extent of activated tissue was greater
in the FH+&4 (35.7 mL) rhan in the FH (22.4 mL)

group. Similarly, the magnicude of the FMRI re-

= family history; BA = Brodmann area; vol

= yolume; B = bilateral; SMA = supplementgw motor é?éa. ;

sponse was significantly greater in the FH+:—‘4than
in the FH group in 2 right hemisphere regions (mid-
dle froncal and supramarginal gyri). In contrast, the

Mt
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Figure 2

Brain regions used in fROl analysis

Famous > Unfamiliar Unfamiliar > Famous

Brain regions used in functional regicn of interest {fROI) analysis (numbers correspond to
regions described in table 3). Colors are arbitrarily selected to delineate different regions of

interest.

618

group without risk factors evidenced greater activa-
tion in response to unfamiliar than in response to
famous stimuli. This partern of group differences in
brain activation could not be explained by demo-
graphic variables, cerebral atrophy, verbal EM per-
formance, global cognitive functioning, activities of
daily living, or depression.

These findings are generally consistent with the
functional recruitment hypothesis of age-related
compensatory changes in the fMRI activation pat-
terns of ar-risk populations>¢* Previous studies,
however, used effortful EM acrivation tasks. Our
study extends the previous work by showing that AD
risk factors can exert influence on brain activarion
patternis even when participants engage in a low-
effort and relatively auromatic SM task. These find-
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ings have practical significance for tracking changes
in brain activation longitudinally, because perfor-
mance on similar SM rasks remains high in MCI and
early AD) patients.

An additional methodologic advantage of this
study was the use of an event-related trial design.
Most fMRI studies of at-risk popularions have used
blocked trial designs, which are not able to eliminate
incorrect trials from the HRF estimation. Event-
related designs enable removal of incorrect trials
from the resulting activation maps, We suspect that
one source of inconsistency in the IMRI literature,
especially in clinically sympromatic groups (MCI,
early AD), results from this confound.

Most studies to date have focused primarily on
activation observed within the hippocampus and ad-
jacent MTL regions on EM tasks. This study, as well
as others by our group,®* clearly demonstrares that
functional recruitment occurs in extrahippocampal
regions (posterior cingulate, lateral posterior tem-
poroparietal) in cognitively intact at-risk individuals.
Focusing on these neocortical memory circuits mid-
gates the problems of measuring brain activity solely
in the MTL, one of the first regions to demonstrate
atrophy in MCI and carly AD.*

Our findings also suggest that having multple
risk factors (FH and £4) may exert a stronger influ-
ence on brain activation patterns than having a single
factor (FH). This effect has been observed in previ-
ous studics,”®2 although the direction of the altered
pattern of activation for the combined risk group has
not been consistent. Several methodologic variations
between studies might account for the divergent
findings.!

Controls showed a greater fIMRI response for un-
familiar compared with famous names, a pattern op-
posite to that seen in the 2 at-risk groups. These
regions, including the SMA, left and right precentral
gy, lefr inferior frontal gyrus, right insula, precu-
neus, and angular gyrus, are frequently activated by
language, attentional, and working memory circuits.
We speculate that the CON group allocated more
resources to rule our unfamiliar names than to iden-
tify famous names,

We did not adopt a calibration approach, such as
CO,/Q, inhalation or a hypercapnic challenge
(breath holding),” to scale the BOLD response to
reduce intersubject variability, a possible study limi-
tation. In addition, we note that a significantly
higher percentage of FH+g4 subjects were taking
statins, suggesting possible cardiovascular group dif-
terences that could conceivably influence the BOLD
response,

Longitudinal fMRI studies are required to deter-
mine whether the differential pattern of SM acriva-




Table 3

_ Group differences derived from functional region of interast analysis

No. Region BA x ¥ z Vol,mL pValue Groupdifference
Famous > unfamiliar
Frontal lobe
1 B medial frontal gyrus 8,9, 32 -6 48 33 469 001 FH+e4 = FH > CON
2 L medial frontal gyrus 6,8 -27 14 51 527 NS i
3 Rmiddie frontal gyrus 6 as 1 55 104 002 FH+ed >FH = CON
Parietal lobe
4 L angular gyrus, inferior parietal lobule 21,22 37,3940 -45 -59 26 1930 NS -
5 Sprecunetxs, posterior cingulate 7,23,30,31 0 -56 33 1437 <0.01 FH+ed = FH > CON
] B precuneus 7 2 -58 65 2.77 0.03 FH+ed4 = FH > CON
7 R angular gyrus 7,19,39 42 74 34 233 NS -
8 R inferier parietal lobule, supramarginal gyrus 40 52 -50 39 1.77 <001 FH+¢4 > FH > CON
Temgporal lobe .
e R middie temporal gyrus 21,22,37,39 68 -56 B 298 <0.01 FH +¢4 =FH > CON
Subcortical
10 B cerebellum [VII}, IX] - 3 -55 -43 200 NS -
11 B caudate C 1 4 19 0.75 =0.01 CON> FH+e4 =FH
Unfamiliar > famous
Frental lobe
12 B SMA, R medial frontal gyrus 6,8,24,32 3 2 50 7.96 <0.01 FH+e4 =FH= CON
13 L precentrai gyrus 34,6 —41 -9 43 4,54 =0.01 FH+ed = FH = CON
14 R precentral gyrus 4.6 49 -4 36 4.29 <0.01 FH+:4 = FH > CON
15 L inferior frontal, precentral gyrus 44 -47 5 12 0.75 <0.01 FH+e4 = FH > CON
Parietal lobe
16 R precuneus, engular gyrus 7.39,40 26 64 42 8.09 <0.01 FH+e4 = FH>CON
17 L postcentral gyrus 1,3, 4a -38 -29 55 112 <0.01 FH+e4 =FH > CON
Occipital labe
18 R inferior occipital gyrus 18,19 3/ -7/5 -2 2.09 <0.01 FH+¢4 = FH > CON
19 L middle occipital gyrus 18,19 -34 -71 -8 0984 <001 FH+ed=FH>CON
20 L inferior oceipital gyrus 18 -8 -86 -2 D75 NS =
Subcortical
21 Rinsula 13 37 17 8 108 0.02 FH+ed > CON

No. carresponds to numbered regions in figure e-1.
BA = Brodmann area; vol = volume; B = bilateral, FH = family history; CON

tion observed in this cross-sectional study predices
future cognitive decline and enables the precise
tracking of the clinical course during the preclinical
phase of AD.
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