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ple, cortical and multiple infarcts in multiple regions were 

associated with dementia; cortical, multiple, large and bilat-

eral infarcts were associated with lower cognition, particu-

larly lower memory function and perceptual speed. These 

effects were not modified by race.

  Copyright © 2011 S. Karger AG, Basel

  Introduction

  Cerebral infarcts noted in magnetic resonance imag-
ing (MRI; ‘infarcts’ herein) are common in the elderly. 
Several studies found that infarcts are related to dementia 
and lower cognitive function  [1–7] , though others did not 
 [8, 9] , and some also found that infarcts are associated 
with lower scores on specific cognitive tests, but not on 
others  [10–12] . Few studies have systematically examined 
the association of infarcts with dementia and cognitive 
function in a large cohort of older persons based on spe-
cific infarct characteristics such as number, size, side, and 
region  [2, 4, 5] . The combination of various infarct traits 
may be a stronger predictor of dementia and cognitive 
impairment than any single infarct characteristic alone. 
Thus, clarifying the effects of these infarct combinations 
could improve our understanding of the underlying 
mechanisms of cognitive impairment and potentially aid 
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  Abstract

   Background:  Little information exists on the simultaneous 

effects of magnetic resonance (MR) infarct characteristics, 

that may increase the likelihood of dementia or lower cogni-

tive function in community populations.  Methods:  Partici-

pants were 580 community-dwelling individuals from the 

Chicago Health and Aging Project (CHAP) who underwent 

detailed clinical evaluation and MR imaging. The association 

of MR infarct characteristics (region, number, side, and size) 

with dementia, global cognition and cognition in five sepa-

rate cognitive domains was examined using logistic and lin-

ear regression analyses controlling for age, sex, race, educa-

tion and time elapsed between clinical evaluation and MRI. 

 Results:  A total of 156 persons had MR infarcts: 108 with 1 

infarct and 48 with multiple. Poorer cognitive function and, 

in particular, slower perceptual speed, were associated with 

infarcts characterized as cortical, multiple, bilateral or large 

(all p  !  0.05). Multiple infarcts in multiple regions were asso-

ciated with poor performance in all cognitive domains ex-

cept visuospatial ability (p  !  0.05). Race did not modify any 

of these associations.  Conclusions:  In this community sam-
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in ascertaining the relative risk of impairment should 
these combinations exist in routine neuroimaging scans. 
To examine these questions, we used data from the Chi-
cago Health and Aging Project (CHAP), an ongoing epi-
demiological study of aging and Alzheimer’s disease 
(AD), to examine specific infarct characteristics and their 
association with dementia and cognitive function in a 
 biracial sample of more than 500 older individuals. We 
then examined whether any of these associations varied 
by race/ethnicity.

  Methods and Materials

  Study Population
  CHAP is a longitudinal population study on common chron-

ic health problems in black and white older adults. Beginning in 
1993, 78.7% of residents over 65 years old in a geographically de-
fined, biracial Chicago community were enrolled in the study. 
Each data collection cycle has two in-home phases: a population 
interview with brief physical and cognitive function tests, and a 
clinical evaluation of a stratified random sample of subjects. 
Clinical evaluations were conducted by a team of examiners led 
by a senior neurologist, with structured neurological evaluations 
and medical histories carried out by trained nurse clinicians. A 
senior neuropsychologist, blinded to age, gender, race, and clin-
ical data other than the subject educational level, occupation, 
and information about sensory or motor deficits, reviewed the 
results of 17 cognitive performance tests and summarized im-
pairment in five areas (orientation, attention, memory, language, 
and perception). Participants were evaluated in person by a neu-
rologist or geriatrician with expertise in evaluating older persons 
with and without dementia. Based on this evaluation, partici-
pants were classified with respect to AD and other common con-
ditions with the potential to impact cognitive function. Details 
of the evaluation have previously been described  [13, 14] . Demen-
tia diagnosis required assessment of loss of cognitive function 
and impairment in two or more areas of cognitive performance 
testing. AD diagnosis used the National Institute of Neurological 
and Communicative Disorders and Stroke-Alzheimer’s Disease 
and Related Disorders Association (NINCDS-ADRDA) criteria 
 [15] , and vascular dementia diagnosis used NINCDS-AIREN 
criteria  [16] . Clinical stroke diagnosis was based on a review of 
the participant’s medical history and a neurological exam  [17, 
18] .

  Of the 1,242 subjects completing the clinical evaluation, 580 
persons participated in an MRI evaluation. They had a mean age 
of 79.8 years (SD = 5.9), completed a mean of 13.0 years of educa-
tion (SD = 3.7), and had a mean Mini Mental State Examination 
(MMSE) score of 26.2 (SD = 3.8); 57.1% (331/580) were women and 
58.3% (338/580) were African American. Dementia was present 
in 81 (14%) participants: 75 AD dementia cases, 2 cases of vascular 
dementia, 3 cases of dementia of unknown subtype and 1 case of 
Parkinson’s disease. We repeated our analyses excluding the 2 
persons with vascular dementia because vascular dementia may 
remain static and show no progression over time. Results were 
comparable to the full dementia group; thus, all results reported 

in this article were performed with the full dementia group. 
Signed informed consent was obtained from each subject, and the 
Institutional Review Board of Rush University Medical Center 
approved the study.

   Cognitive Assessment.  The 17 cognitive function tests assessed 
a broad range of cognitive abilities that may be differentially af-
fected by aging and AD, and included measures of episodic mem-
ory  [19–21] , semantic memory  [22, 23] , working memory  [24] , 
perceptual speed  [25, 26] , and visuospatial ability  [27, 28] . The 
MMSE was used for descriptive purposes only. We constructed 
summary measures of global cognition and each of the five cog-
nitive domains into which we hypothesized the test could be 
grouped (episodic memory, semantic memory, working memory, 
perceptual speed, and visuospatial ability), rather than using in-
dividual test scores. Each summary measure was constructed by 
converting the raw scores from individual tests to z scores using 
the mean and SD from the baseline clinical evaluation of all par-
ticipants in the CHAP study and averaging the z scores. Valid 
summary measures required valid scores on at least half of the 
component tests. Several studies characterizing cognitive func-
tion using this approach and other cohorts have previously been 
reported  [29–33] .

  MRI Evaluation
  The methods for MRI acquisition and infarct quantification 

were previously described  [34] . Subjects were imaged on a Gen-
eral Electric 1.5-T scanner (Excite platform, version 11), and the 
following imaging sequences were obtained: FLAIR: TR = 11,000, 
TE 144, T1 2,250, 22-cm FOV, 3-mm slide thickness, 192  !  256 
acquisition matrix; APGR: TE minimum, 20-degree flip angle, 
24-cm FOV, 1.5-mm slice thickness with 256  !  256 acquisition 
matrix, and Double spin Echo: TR = 2,100, TE = 30/92, 22-cm 
FOV, 4-mm slice thickness, with 256  !  192 acquisition matrix. 
Digital information was then transferred to a central laboratory 
for processing and analysis. Analyses were performed blind to any 
identifying information and used the Quanta 6.2 package. Le-
sions 3 mm or larger were considered brain infarcts. Infarct num-
ber, region (cortical, subcortical), side, and size ( ! 1 cm,  6 1 cm) 
were also recorded. Two raters determined the presence of cere-
bral infarcts on MRI. Previously published kappa values for 
agreement among raters have been good, ranging from 0.73 to 
0.90  [34] .

  Statistical Analysis
  Differences between groups with and without infarcts were 

compared using t tests (continuous variables) or  �  2  tests (categor-
ical variables).

  Multiple logistic regression models were used to document as-
sociation of MR infarct characteristics with the presence of de-
mentia, controlling for age, sex, education, race, and time from 
clinical evaluation to MRI. We determined the odds of dementia 
in those with infarcts and conducted similar analyses using the 
number, size, laterality, and region of infarcts as predictors. Num-
bers of infarcts were coded as dummy variables, representing 
none, one, or more than one infarct. For all analyses, the referent 
group was MRI participants with no infarcts. To examine the 
combined effects of infarct number and region, infarcts were fur-
ther classified into the following groups: (1) none; (2) single in-
farct; (3) multiple infarcts ( 1 1) in the same region (i.e., cortical, 
subcortical, or brainstem/cerebellar), and (4) multiple infarcts in 
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two or more regions. We included terms for those with small ( ! 1 
cm), large ( 6 1 cm), and both small and large MR infarcts com-
pared to the reference group. In the model examining infarct lat-
erality, we included terms for left-, right-, and both left- and right-
sided infarcts. We used multiple logistic models with cortical in-
farcts, subcortical infarcts, and brainstem/cerebellar infarcts 
(each compared to no brainstem/cerebellar infarcts) as predictors 
in the same model; this accounts for persons with infarcts in all 
three regions.

  A similar set of regression models examined the association of 
infarct characteristics with the global measure of cognitive func-
tion and with each summary measure of the five cognitive do-
main groups. We investigated whether these associations varied 
by race/ethnicity using interaction terms. All models were vali-
dated graphically and analytically. Statistical significance was de-
termined at p  !  0.05. All analyses were performed using SAS/
STAT software version 9.2  [35] .

  Results

  Description of the Cohort Based on Infarct Status
  MRI scans of 156 persons (26.9%) showed evidence of 

one or more infarcts. Persons with infarcts and those 
without did not differ significantly with respect to sex, 
race, education, or mean MMSE score; however, persons 
with infarcts were slightly older (80.8 vs. 79.4,  table 1 ). 
Approximately 72% of subjects with MRI infarcts had no 
evidence of stroke via history or exam (10 in the cortical 
group, 100 in the subcortical group, 2 in the cortical and 
subcortical group, and 9 in the brainstem/cerebellar 
group).

  Of the persons with infarcts, 16 (10.3%) had cortical (2 
with multiple), 122 (78.2%) had subcortical, 5 (3.2%) had 
both cortical and subcortical, and 13 (8.3%) had brain-
stem/cerebellar ( table 2 ). One hundred and eight persons 
(18.6%) had evidence of one infarct, while 48 (8.3%) had 
more than one (30 persons with 2, 9 with 3, 4 with 4, 4 
with 5, and 1 with 7).

  Infarcts and Dementia
  Persons with cortical infarcts were more than fourfold 

more likely to have dementia. By contrast, the odds of de-
mentia in persons with subcortical infarcts were 0.87. 
Persons with one infarct did not have increased odds of 

  Table 1.  C haracteristics of cohort based on infarct status

 No infarct
  (n = 424) 

 Infarct(s)
  (n = 156) 

 p
  value 

 Age, years  79.485.5  80.885.3  0.01 
 Sex (female)  42.2%  44.2%  0.70 
 Race (African American)  60.0%  53.2%  0.14 
 Education, years  13.183.4  12.683.5  0.17 
 MMSE score (/30)  26.483.6  25.984.3  0.34 

 V alues are mean 8 SD or percent. 

  Table 2.  R egion, number, size and side of cerebral infarctsa

Cortical
only

Subcor-
tical only

Both cortical
and subcortical

 Number with infarct present  16  122  5 

 Number in each category 
 Number 

 One infarct  14 90  0 
 Two or more  2 32  5 

 Size 
 Small (<1 cm) 1  107  0 
 Large (≥1 cm)  13 5  0 
 Small and large 2 10  5 

 Side 
 Left 6 37  1 
 Right 8 63  2 
 Left and right 2 22  2 

 a  Not included in table, 13 persons with brainstem/cerebellar 
infarcts. 

  Table 3.   Cerebral infarcts and odds of dementiaa

 Cerebral infarcts and dementia  OR (CI) dementia  p value 

 Presence of infarcts  1.10 (0.64–1.88)  0.730 
 Number of infarcts 

 One  0.85 (0.44–1.63)  0.617 
 Two or more  1.80 (0.82–3.95)  0.140 

 Size 
 Small (<1.0 cm)  0.82 (0.44–1.53)  0.535 
 Large (≥1.0 cm)  2.41 (0.88–6.76)  0.096 
 Large and small  2.78 (0.94–8.25)  0.063 

 Region 
 Cortical  4.79 (1.81–12.75)  0.002 
 Subcortical  0.87 (0.49–1.57)  0.648 
 Brainstem/cerebellar  2.31 (0.84–6.35)  0.104 

 Side 
 Left  0.73 (0.29–1.84)  0.499 
 Right  1.20 (0.60–2.38)  0.607 
 Left and right  1.55 (0.63–3.79)  0.339 

 a  Logistic regression models controlling for age, sex, educa-
tion, race, and elapsed time from clinical evaluation to MRI; ref-
erence group with no cerebral infarcts. 
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having dementia ( table  3 ). The odds of dementia with 
multiple infarcts were 1.80 (not statistically significant). 
In further analyses, persons with multiple infarcts in 
multiple regions had sixfold increased odds of dementia, 
whereas those with multiple infarcts in a single region did 
not differ significantly from persons with no infarcts 
(data not shown). There were no associations with the 
anatomical aspect of infarcts ( table 3 ). We added an inter-
action term for race/ethnicity to all of our models; no in-
teractions were noted.

  Cerebral Infarcts and Global Cognition
  In a multiple linear regression model with cortical, 

subcortical, and brainstem/cerebellar infarcts, only cor-
tical infarcts were significantly associated with poor 
global cognition ( table 4 ). Multiple infarcts were associ-
ated with poorer global cognition, but a single infarct was 
not. Infarcts in multiple rather than single regions were 
associated with poorer global cognitive function ( table 5 ). 
Bilateral infarcts were associated with poor global cogni-
tive function but had no association with a specific side. 

  Table 4.  C erebral infarcts and cognitive domain scoresa

P arameter estimates for cognitive domain scores (p values) 

global 
cognition 

episodic
memory 

semantic
memory 

working
memory 

perceptual
speed 

visuospatial
ability 

 Number 
 One 0.043 (0.366) 0.104 (0.080) 0.040 (0.054) 0.019 (0.759) 0.042 (0.570)  –0.051 (0.427) 
 Two or more  –0.215 (0.002)  –0.238 (0.005)  –0.179 (0.035)  –0.204 (0.025)  –0.375 (0.001)  –0.123 (0.180) 

 Size 
 Small (<1.0 cm)  –0.007 (0.881) 0.011 (0.852)  –0.013 (0.822)  –0.028 (0.635)  –0.57 (0.423)  –0.051 (0.392) 
 Large (≥1.0 cm)  –0.201 (0.041)  –0.124 (0.320)  –0.188 (0.120)  –0.304 (0.020)  –0.429 (0.006)  –0.253 (0.052) 
 Large and small  –0.061 (0.549)  –0.010 (0.940) 0.020 (0.876)  –0.085 (0.529)  –0.361 (0.021)  –0.001 (0.991) 

 Side 
 Left 0.042 (0.522) 0.041 (0.617) 0.056 (0.485) 0.016 (0.850) 0.053 (0.608) 0.001 (0.993) 
 Right  –0.003 (0.958) 0.053 (0.436)  –0.015 (0.820)  –0.031 (0.660)  –0.163 (0.057)  –0.135 (0.063) 
 Left and right  –0.217 (0.005)  –0.214 (0.029)  –0.193 (0.046)  –0.258 (0.011)  –0.350 (0.004)  –0.026 (0.797) 

 Region  
 Cortical  –0.278 (0.005)  –0.016 (0.202)  –0.150 (0.222)  –0.445 (<0.001)  –0.549 (<0.001)  –0.216 (0.105) 
 Subcortical  –0.015 (0.788)  –0.001 (0.981) 0.014 (0.795)  –0.051 (0.372)  –0.053 (0.431)  –0.050 (0.384) 
 Brainstem/cerebellar  –0.099 (0.309)  –0.104 (0.397)  –0.280 (0.019) 0.059 (0.646)  –0.306 (0.041) 0.054 (0.683)  

 a L inear regression models controlling for age, sex, education, race, and elapsed time from clinical evaluation to MRI. 

  Table 5.  I nfarct number and region and cognitive performancea 

 P arameter estimate for cognitive domain scores, standard errors (p value)  

 n in each
   category 

global
cognition 

episodic
memory 

semantic
memory 

working
memory 

perceptual
speed 

visuospatial
ability 

 No infarct  424 reference reference reference reference reference reference 

 One infarct/one region  108 0.044, 0.047
(0.357) 

0.104, 0.060
(0.083) 

0.041, 0.059
(0.494) 

 –0.019, 0.063
(0.768) 

 –0.041, 0.075
(0.586) 

 –0.051, 0.064
(0.422) 

 Two or more/single region 34  –0.157, 0.079
(0.047) 

 –0.194, 0.099
(0.051) 

 –0.105, 0.099
(0.288) 

 –0.152, 0.105
(0.150) 

 –0.284, 0.125
(0.023) 

 –0.170, 0.107
(0.112) 

 Two or more/multiple regions 14  –0.364, 0.123
(0.003) 

 –0.353, 0.155
(0.024) 

 –0.362, 0.153
(0.018) 

 –0.336, 0.165
(0.041) 

 –0.590, 0.188
(0.002) 

 –0.005, 0.165
(0.975) 

 a L inear regression models controlling for age, sex, education, race, and elapsed time from clinical evaluation to MRI. 
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Large infarcts were associated with poorer global cogni-
tion, whereas smaller infarcts were not ( table  4 ). Simi-
larly, no interactions were noted when we added a term 
for race/ethnicity.

  Cerebral Infarcts and Cognitive Systems
  We next examined if associations of infarcts varied 

across the five cognitive domains ( table 4 ). As expected, 
MR infarct characteristics were most consistently and 
strongly related to perceptual speed. Cortical infarcts 
were strongly associated with poorer performance in per-
ceptual speed and working memory. Moreover, multiple 
infarcts lowered episodic memory, a cognitive system 
most closely associated with AD ( tables 4 ,  5 ). Bilateral in-
farcts were associated with poorer performance in all 
cognitive systems except visuospatial ability. Large in-
farcts were associated with poorer working memory and 
perceptual speed. We added terms for the interaction be-
tween race/ethnicity. Of 25 separate models, only two had 
interactions, about the expected number by chance, pro-
viding little evidence that race/ethnicity modified the ex-
amined association.

  Because the combination of infarct number and re-
gion may be a stronger predictor of cognitive function 
than infarct number or infarct region alone  [36] , we ex-
amined the relationship between multiple infarcts and 
multiple regions and cognitive performance. Participants 
with multiple infarcts in multiple regions had poorer per-
formance in our global measure of cognitive function 
than those with multiple infarcts in a single region, and 
exhibited poorer performance in all but one cognitive 
system ( table 5 ).

  Discussion

  In this study, we found that several MR infarct char-
acteristics were important to cognitive function: cortical 
infarcts and multiple infarcts in multiple regions were as-
sociated with increased odds of dementia. Cortical, mul-
tiple, or large infarcts were associated with lower global 
cognitive function (particularly lower perceptual speed) 
and memory function. Finally, the effect of MR infarcts 
on dementia and cognitive function did not vary by race 
or ethnicity.

  Over the last decade, several clinical radiological stud-
ies have shown that cerebral infarcts noted on MRI in-
crease the odds of dementia and these associations may 
depend on specific infarct characteristics such as number 
 [3, 37, 38] , size, side  [4, 7, 39] , or region  [2, 40] . However, 

whether these associations are similar in the general pop-
ulation is largely unknown. Only two previous studies 
have examined this issue  [3, 37] . The first study  [3]  found 
that the presence of one or more large infarcts noted on 
MRI was associated with increased risk of dementia. 
Other infarct characteristics, such as location or anatom-
ical side, were not examined. In the second study  [37] , 
infarcts were present in 21% of the sample and were char-
acterized based on their presence or absence, anatomical 
location, and size. The presence of infarcts noted in the 
baseline evaluation more than doubled the risk of having 
dementia and was associated with poor global cognitive 
performance. The results of this current study suggest 
that infarcts are associated with an increased risk of de-
mentia and lowered cognitive function but also extend 
these findings in several important ways.

  We found that cortical infarcts and multiple infarcts 
in multiple regions increased the odds of having demen-
tia. Cortical infarcts are more likely to impair cognitive 
function due to their large size and the involvement of 
multiple areas of gray matter  [4, 7, 8, 39, 41] . In contrast 
to findings from clinical pathological studies that have 
shown that persons with lacunar infarcts (typically sub-
cortical) were more likely to have dementia, or needed 
fewer plaques and tangles for a clinical diagnosis of AD 
 [42–45] , we did not find an association between subcor-
tical infarcts and odds of dementia or lowered cognitive 
function. Several factors could account for the discrep-
ancies in results. A significant proportion of the sample 
was not demented, which may have limited the amount 
of coexisting AD pathology. Second, there was overlap 
between persons with cortical and subcortical infarcts. 
For instance, in our sample, only 32 of the 122 persons 
with subcortical infarcts had two or more infarcts, and 
only 10 of the 122 persons had small and large infarcts. 
Small numbers in some groups may have limited the 
ability to detect an association, making interpretation 
difficult.

  The presence and region of additional infarcts may 
also have influenced the effect of subcortical infarcts. As 
reported by others  [11, 37] , multiple infarcts from multi-
ple regions were linked to an increase in dementia and 
lowered cognitive function. This may suggest that not all 
subcortical infarcts are deleterious, but that a subgroup 
of persons with subcortical infarcts and with infarcts spe-
cifically in the cortex, brainstem, or cerebellum is suscep-
tible to dementia and lowered cognitive function. Indeed, 
this may reflect more widespread and severe vascular dis-
ease. Whether these and other factors play a role in the 
association of subcortical infarcts (and cortical infarcts) 
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with dementia will need to be explored in further studies 
with larger numbers.

  Although infarcts were associated with lower function 
in a spectrum of cognitive domains, perceptual speed
had the strongest and most consistent association with in-
farcts – a finding consistent with several clinical ra diologic 
study results  [46–48] . Disruption of the prefrontal-sub-
cortical loops may be involved, which can lead to impaired 
prefrontal lobe functioning and impaired information 
processing  [49, 50] . Infarcts have also been associated with 
poor performance in episodic, semantic, and working 
memory, consistent with previous studies, suggesting that 
though the pattern and severity of cognitive impairment 
may differ, infarcts can mimic and compound some of the 
primary effects of AD pathology  [51, 52] .

  Although studies have suggested that cerebrovascular 
disease and cerebral infarcts are more prevalent among 
African Americans  [53–57]  and may play a larger role in 
the etiology of dementia within this racial group, in our 
sample, the association of infarcts with risk of dementia 
and lower cognitive function was similar among African 
Americans and Caucasians, suggesting that race/ethnic-
ity alone does not modify the association of infarcts with 
cognitive function. Longitudinal assessment of cognitive 
function in relation to infarcts is needed to further exam-
ine these preliminary observations.

  This study’s strengths include a large well-character-
ized cohort of older blacks and whites, inclusion of de-
mentia and continuous measures of global cognitive 
function, and specific cognitive systems in our analytic 
models. We conducted analyses with multiple cerebral 
infarct characteristics. When we explored combined 
characteristics, the group numbers decreased; thus, fur-
ther study with larger sample sizes is necessary. Other 
limitations include the cross-sectional design and losses 
for MRI participation. In addition, the association of in-
farcts with other neuroimaging and biological markers 
relevant to dementia and cognitive function (e.g. white 
matter hyperintensities, hippocampus, infarct lesion vol-
umes, and vascular factors) was not assessed and requires 
future study.
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