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BACKGROUND AND PURPOSE: MR imaging has revealed putative evidence of subclinical
cerebrovascular disease (CVD) as reflected by white matter signal changes and infarct-like
lesions (ILLs). Nonetheless, the prevalence of this condition in the general population has been
defined only to a limited extent. We herein report the prevalence and anatomic characteristics
of ILLs seen on cranial MR images obtained as part of a population-based study of cardio-
vascular disease in middle-aged adults. These results are contrasted to those of previous similar
studies, particularly those of an elderly population in the Cardiovascular Health Study (CHS).

METHODS: This Atherosclerosis Risk in Communities (ARIC) cohort consists of a probability
sample of community-living persons who were 55 to 72 years old at the time of MR examination.
MR imaging of 1890 participants was performed at two ARIC field centers, based on a common
protocol. MR studies were evaluated by trained readers at the MR Reading Center using original
digital data displayed on a high-resolution workstation. The measures of lesion size, anatomic
location, and signal intensity were collected. The definition for an ILL was a non-mass, hyperintense
region with an arterial vascular distribution on spin-density and T2-weighted images.

RESULTS: Two hundred ninety participants had ILLs, for an overall prevalence of 15.3%.
Eighty-two percent of participants with ILLs had lesions that were 3 mm or larger in maximal
dimension, although 87% of these lesions were 20 mm or smaller in maximal dimension. The
prevalence of ILLs increased with age, from 7.9% in the 55- to 59-year-old age group to 22.9%
in the 65- to 72-year-old age group (P , .001). Lesion prevalence was greater in black (20.7%)
than in white persons (10.2% [P , .0001]), but did not differ significantly between male and
female participants. The basal ganglia and thalamic region was the most commonly affected
anatomic site, accounting for 78.9% of the lesions.

CONCLUSION: Considering that the prevalence of self-reported stroke or transient ischemic
attack in ARIC participants is 1.5%, these results suggest that there is significantly more
subclinical than clinical CVD in the general population. Furthermore, the prevalence of this
subclinical disease increases with age, and is greater in black persons. ILLs are dominated by
‘‘lacunae’’ in the basal ganglia and thalamus. These results are, in general, similar to those of
a comparable study of elderly participants in the CHS, except for a 60% lower prevalence of
ILLs in this younger population.

Cerebrovascular disease (CVD) is the third-leading
cause of morbidity and mortality in the United
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States, with its impact primarily on the older pop-
ulation (1). Despite these well-documented facts,
there are relatively little data on the prevalence of
CVD in the general population. A recent report
from the Cardiovascular Health Study (CHS) sug-
gests a prevalence of clinical CVD in the elderly
(older than 65 years) of approximately 5% and
1.5% for stroke and transient ischemic attack, re-
spectively (2). There is much less information on
the prevalence of subclinical CVD that is disease-
detected without respect to clinical signs or symp-
toms. A major limitation for ascertaining the prev-
alence of subclinical CVD has been a lack of
methods for detecting the condition in large pop-
ulations. Nonetheless, with the advent of X-ray CT
and, more recently, MR imaging, it has become
possible to evaluate putative subclinical markers of
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TABLE 1: Study population

Variable n %

Total Age-Eligible
Not Screened
Screened Only
MR Contraindications
Refused MR
Could not Complete MR
MR Complete, Data Incomplete Due to

Technical Problems
Total MR Scans Analyzed

4474
1649

2
100
752
71

10
1890

100.0
36.9
0.0
2.2

16.8
1.6

0.2
42.2

CVD, including ‘‘silent’’ infarction, ischemic white
matter disease, and cerebral atrophy (3, 4). This
method only recently has been applied in popula-
tion-based studies, with reported cohorts remaining
limited in either sample size or age range (5, 6).
Prevalence of subclinical CVD, as reflected by MR
imaging–defined infarct-like lesions (ILLs) in the
elderly CHS population has been reported to be
36%, approximately six times the prevalence of
clinical disease in that same population (6). The
primary purpose of this study was to determine the
prevalence of subclinical CVD, as reflected by
ILLs seen on cerebral MR images in middle-aged
adults, a population for which such data are mea-
ger. These data are contrasted to those of previous
reports of subclinical CVD prevalence in the el-
derly, indicating a lower prevalence in this younger
population.

ARIC is a population-based, multicenter study of
risk factors for cardiovascular disease, including
transient ischemic attack and stroke, in middle-
aged adults (7). The study protocol includes pro-
spective, protocol-defined cranial MR imaging of a
subset of eligible ARIC participants. We previously
presented an objective method for reporting various
clinical and subclinical indicators of CVD on these
MR studies, including the presence of ILLs, degree
of cerebral atrophy, and white matter signal
changes (6, 8, 9). We now report the prevalence of
ILLs in this population, as well as characteristics
of the lesions, including size and anatomic location.

Methods
The population for this report consisted of 1890 persons

who participated in the cerebral MR investigation at two study
sites of the ARIC study. The ARIC is a longitudinal study of
cardiovascular disease sponsored by the National Heart, Lung
and Blood Institute. The ARIC cohort was selected as a prob-
ability sample of 15,800 men and women between the ages of
45 and 64 years at four study centers in the United States.
Three of these four study centers enumerated and enrolled an
ethnically diverse population (Washington County, MD; For-
syth County, NC; and selected suburbs of Minneapolis, MN).
The fourth quarter of the ARIC cohort was sampled from black
persons who were residents of Jackson, MS. Details of sam-
pling, study design, and cohort examination procedures have
been published (7). Eligible participants were interviewed at
home, and then invited to a baseline clinical examination. The
baseline examination of the ARIC cohort was conducted from
1987 through 1989. Every 3 years after the baseline exami-
nation, all participants were invited to a follow-up clinical ex-
amination. The first follow-up examination was conducted
from 1990 through 1992 and the second follow-up examination
from 1993 through 1995.

During the third triennial examination conducted from 1993
through 1995, a sample of cohort members who were 55 years
old and older (n 5 2825 [Table 1]) at the Forsyth County, NC,
and Jackson, MS, study sites was screened for eligibility for
cerebral MR examination. For participant safety, the following
criteria were used to exclude ineligible persons from the MR
study. Persons were excluded for: 1) having ever undergone
surgery for an aneurysm in the brain; 2) having metal frag-
ments in the eyes, brain, or spinal cord; 3) having a valvular
prosthesis, a cardiac pacemaker, cochlear implant, spinal cord
stimulator, or other internal electrical device; 4) being preg-

nant; and 5) having occupational exposure to metal fragments.
Two percent of the participants seen from 1993 through 1994
were ineligible. Of those meeting inclusion criteria, 27.6% de-
clined to undergo the cerebral MR examinations. The final
sample size for this study was 1890 (1127 women; 763 men;
964 white persons; 926 black persons).

Although the MR examinees were drawn from only the first
2 years of the 1993 through 1995 cohort reexamination, this
subgroup is a random sample of the full cohort because ex-
amination dates were allocated at baseline through randomly
selected induction cycles. Reexamination visits were scheduled
according to the anniversary date, to the degree possible.

MR imaging and analytic methods were the same as those
for CHS (8). MR images included 500/20/1 (TR/TE/excita-
tions) T1-weighted images and 5/0/24 sagittal localizing im-
ages with a 5-mm section thickness, 0-mm section gap, 24-cm
field of view, and 128 3 256 matrix. Midline sagittal images
were used to identify the anterior commissure-posterior com-
missure line, along which all oblique axial images were
aligned. Spin-echo, spin-density/T2-weighted (3000/30–90/1)
and T1-weighted (500/20/1) oblique axial images with a 5-mm
section thickness, 0-mm section gap, 24-cm field of view, and
192 3 256 matrix were acquired from the vertex to the fora-
men magnum.

The resulting images were displayed on workstation moni-
tors for evaluation by trained readers. Each study had a pri-
mary and a secondary interpretation rendered by different read-
ers blinded to any information except that the studies were
from the ARIC. All primary readers were board-certified ra-
diologists with subspecialty neuroradiology training. Second-
ary readers included the same radiologists plus an experienced
neuroimaging technologist.

ILLs were defined as focal, non-mass lesions having arterial
vascular distribution and being hyperintense to gray matter on
both spin-density and T2-weighted images. The intensity of
the lesions on the T1-weighted images relative to normal gray
matter was recorded. To be considered an ILL in cerebral white
matter and the brain stem, lesions were required to be hypoin-
tense on T1-weighted images, similar to CSF (6) (Fig 1).

The dimensions of the lesions were measured carefully us-
ing an electronic cursor; the maximal right-to-left and anterior-
to-posterior dimension of each lesion was recorded. The su-
perior-to-inferior dimension was reported by the number of
axial sections on which the lesion appeared. Lesions, the great-
est dimension of which was less than 3 mm, could not be
measured accurately because of pixel resolution, and were re-
corded simply as less than 3 mm.

For anatomic localization, lesions were assigned to one or
more of 23 anatomic regions defined by gross anatomic and
vascular characteristics. For this report, the primary anatomic
region occupied by the lesion was used for analysis, except for
an additional analysis of ‘‘lacunar-like lesions,’’ which were
defined as ILLs equal to or greater than 3 mm and less than
20 mm and located in the basal ganglia, internal capsules, thal-
amus, and deep cerebral white matter.
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FIG 1. Examples of ILL.
A, Left cerebellar hemisphere ILL.
B, Right globus palidus ILL (arrow).
C, Right occipital lobe ILL.
Note.—Left to right: spin-echo, spin-density (3000/30), T2-weighted (3000/90), and T1-weighted (500/20) images.

TABLE 2a: Characteristics of MR study population

Variable

MR

Yes
(n 5 1890)

Mean SD

No
(n 5 2584)

Mean SD P

Age at visit 3
Highest education completed
Body mass index (in kg/m2)
Systolic BP
Diastolic BP
HDL cholesterol
Triglyceride
Glucose
LDL cholesterol

62.6
14.2
28.0

128.4
72.1
54.7

136.3
114.7
127.7

4.3
4.8
5.2

20.7
11.1
19.7
90.6
48.2
35.1

61.8
13.8
28.8

127.9
71.8
52.5

137.5
116.7
126.2

4.8
4.8
6.1

20.2
11.2
18.4
89.2
50.3
35.2

,0.01
,0.01
,0.01

0.47
0.32

,0.01
0.65
0.19
0.18

TABLE 2b: Characteristics of MR study population

Variable

MR

Yes No P

Female
White
H.S. grad or more
History of diabetes
Hypertension
Aspirin in last two weeks
History CHD
History MI
History Stroke/TIA
Former smoker
Current smoker

59.6%
51.0
72.2
15.1
49.2
91.4
5.8
3.8
1.5

37.3
17.9

57.5%
54.1
71.0
17.8
48.9
92.0
8.0
4.9
1.5

38.9
21.4

0.15
0.04
0.40
0.02
0.89
0.57

,0.01
0.08
0.87
0.28

,0.01

Note.—H.S., High School; CHD, Coronary artery disease; MI, Myo-
cardial infarction; TIA, Transient ischemic attack.

One hundred forty-four randomly selected cases were reread
for the purpose of analyzing lesion detection reproducibility.
These blinded double readings were used to determine intra-
and inter-reader percent agreement and for calculation of the
kappa statistic (10). Forty-two intrareader and 102 inter-reader
interpretations were performed. Separate analysis was per-
formed for those lesions that were less than 3 mm and for
those that were greater than or equal to 3 mm.

MR interpretative results were sent to the ARIC coordinat-
ing center for statistical analysis; t-tests and x2 tests were used
to determine statistical relationships of age, gender, race, and
ILLs and to compare participants who completed MR imaging
with those who did not (10).

Results
One thousand eight hundred ninety of the ARIC

participants who were 55 to 72 years old success-
fully completed technically adequate MR exami-
nations. Table 1 details the cohort groups that did
or did not complete the MR examinations and the
reasons for nonperformance of MR imaging. Sixty-

seven percent of the eligible screened cohort par-
ticipants satisfactorily completed the examinations.
The most common reasons for screened partici-
pants not undergoing MR imaging included MR
imaging contraindications, participant refusal at-
tributed to lack of interest, and inability to com-
plete the examination because of claustrophobia.
Information regarding the presence of infarcts was
unavailable for 10 participants because of incom-
plete or poor-quality images; these cases were
omitted from the analysis. To determine whether
completing the MR examinations resulted in a bi-
ased sampling of the age-eligible participants in
these two centers of the ARIC cohort, comparisons
of participant demographics and clinical character-
istics were made between the MR and non-MR
groups (Table 2). Compared with the remainder of
the eligible cohort, participants completing the MR
examinations were older, thinner, more educated,
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TABLE 3: Age-, race-, and sex-adjusted prevalence of infarct-like lesions

ILL
(All) n

% of Study
Population P ILL (by type) n

% of Persons
with ILL P

Age 55–59 None
Any

516
49

92.1
7.9

0.001
Small
Large
Both

9
34
6

18.4
70.2
11.4

0.70

Age 60–64 None
Any

546
89

86.3
13.7 Small

Large
Both

19
57
13

21.2
65.5
13.3

Age 65–72 None
Any

538
152

77.1
22.9 Small

Large
Both

24
108
20

16.1
71.0
12.9

Black None
Any

744
182

79.3
20.7

0.0001
Small
Large
Both

35
117
30

18.8
64.6
16.6

0.08

White None
Any

856
108

89.8
10.2 Small

Large
Both

17
82
9

16.1
75.9
8.0

Male None
Any

641
122

84.0
16.0

0.51
Small
Large
Both

21
82
19

17.7
66.7
15.5

0.53

Female None
Any

959
168

85.1
14.9 Small

Large
Both

31
117
20

18.0
71.0
11.0

Total None
Any

1600
290

84.7
15.3 Small

Large
Both

52
199
39

17.9
68.6
13.4

Note.—Small , 3mm; Large $ 3mm; *P values and % are adjusted for age, gender, and race; n is unadjusted.

and had higher high-density lipoprotein cholesterol
counts. They were also more likely to be black, but
less likely to be diabetic, to have prevalent con-
gestive heart disease, or to smoke cigarettes. Only
1.5% of both groups reported a physician-diag-
nosed history of stroke or transient ischemic attack.

Inter- and intrareader observer agreement was
64% and 75%, respectively, for ILLs less than 3
mm. When observed agreement was corrected for
chance, the kappa statistics for those lesions less
than 3 mm in maximal diameter were 0.25 and
0.54, respectively, for inter- and intra-reader agree-
ment. Inter- and intrareader agreement rates for le-
sions less than 3 mm were 79% and 82%, respec-
tively, resulting in kappa statistics of .52 and .78,
respectively.

Of the 1890 participants with readable images,
290 had at least one ILL, for an overall prevalence
of ILLs of 15.3 % in this population (Table 3).
Fifty-two had only lesions that were 3 mm in max-
imal dimension. One hundred ninety-nine had only
lesions that were 3 mm or larger. Thirty-nine par-
ticipants had both sized lesions. Expressed differ-

ently, of 290 participants with ILLs, 238 (82%) had
lesions that were equal to or greater than 3 mm in
greatest dimension. Because reader reproducibility
for ILLs less than 3 mm was poor, and because
they accounted for a relatively small percentage of
all ILLs, most further analyses will concentrate on
those ILLs that are equal to or greater than 3 mm
in maximal dimension.

Table 3 presents age-, gender-, and race-adjusted
prevalence of ILLs. There was a higher prevalence
of lesions in older participants (Table 3 and Fig 2).
The prevalence of lesions increased from 7.9% in
the 55- to 59-year-old age group to 22.9% in the
65- to 72-year-old age group. This age association
with ILL prevalence was significant (P , .001).
There was also a higher prevalence of ILL in black
than in white participants (20.7% versus 10.2%
[P , .0001]). There was no significant difference
in ILL prevalence between male and female
participants.

One hundred fifty-seven (66%) of the 238 per-
sons with at least one ILL equal to or greater than
3 mm had only one lesion, whereas 81 (34%) had
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FIG 2. Prevalence (unadjusted) of ILL by type and age.

FIG 3. Percentage of ILL by anatomic location.

TABLE 4: Number of large infarct-like lesions per participant

n
% of Study
Population

% of
Persons

with ILL

0
1
2
3
4

$ 5

1652
157
52
17
7
5

87.4
8.3
2.8
0.9
0.4
0.3

0.0
66.0
21.8
7.1
2.9
2.1

TABLE 5: Large infarct-like lesions by size

Size (mm) n % ILL % Cumulative

3
4
5
6
7
8
9

10
11–15
16–20
21–25
26–30
31–35
36–40
41–45
46–50
.50

8
47
44
56
23
49
18
15
36
22
12
7

11
7
4
3
3

2.2
12.9
12.1
15.3
6.3

13.4
4.9
4.1
9.9
6.0
3.3
1.9
3.0
1.9
1.1
0.8
0.8

2.2
15.1
27.1
42.5
48.8
62.2
67.1
71.2
81.1
87.1
90.4
92.3
95.3
97.3
98.4
99.2

100.0

TABLE 6: Location of infarct-like lesions $ 3 mm by anatomic
location

Lesion Location n % ILL

ACA: frontal
ACA: parietal
MCA: frontal
MCA: parietal
MCA: temporal
PCA: parietal
PCA: temporal
PCA: occipital
Wshed ACA:MCA
Wshed MCA:PCA
Cerebral Subtotal

2
0
6
9
7
0
2
8
6
5

45

0.5
0.0
1.4
2.1
1.6
0.0
0.5
1.8
1.4
1.2

10.3

Caudate
Lentiform Nuclei
Int Cap ant Limb
Int Cap post Limb
Thalamus
Deep cerebral WM
Deep Nuclear Subtotal

26
117
42
20
52
86

343

6.0
26.9
9.7
4.6

12.0
19.8
78.9

Midbrain
Pons
Sup Cerebellar
AICA
PICA
Deep Cerebellar WM
Posterior Fossa Subtotal

3
12
7
3

11
11
47

0.7
2.8
1.6
0.7
2.5
2.5

10.8

Total 435 100.0more than one such lesion (Table 4). A breakdown
of ILLs equal to or greater than 3 mm by maximal
dimension is presented in Table 5. Eighty-seven
percent of ILLs equal to or greater than 3 mm were
20 mm or less in maximal dimension.

Table 6 details the locations of ILLs equal to or
greater than 3 mm in the study population. The vast
majority (78.9%) of these lesions were in the deep
nuclear region (caudate and lentiform nuclei, internal
capsule, and thalamus) and deep cerebral white mat-
ter, with the lentiform nuclei and thalamus accounting
for 39% of all ILLs equal to or greater than 3 mm
in size. ILLs less than 3 mm in size were also pre-

dominantly in the deep nuclear region. Figure 3
shows the relationship between size and gross ana-
tomic location. In general, the deep nuclear region
lesions were smaller than the cerebral lesions. Pos-
terior fossa lesions had a more uniform size
distribution.

Table 7 summarizes the age-, gender-, and race-
adjusted prevalence of lacunar-like lesions in our
study population based on a definition of those
ILLs that were equal to or greater than 3 mm and
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TABLE 7: Prevalence of lacunar-like lesions by age, gender, race

ILL (All) N
% of Study
Population P ILL (by Type) n

% of Persons
with ILL P

Age 55–59 None
Any

525
40

93.5
6.5

0.0001
Lacunar
Non-lacunar
Both

30
8
2

75.0
20.0
5.0

0.14

Age 60–64 None
Any

565
70

89.2
10.8 Lacunar

Non-lacunar
Both

44
15
11

61.8
21.7
16.5

Age 65–72 None
Any

562
128

80.8
19.2 Lacunar

Non-lacunar
Both

91
23
14

72.2
17.8
10.0

Black None
Any

779
147

83.2
16.8

0.0001
Lacunar
Non-lacunar
Both

101
30
16

68.8
20.2
11.0

0.89

White None
Any

873
91

91.4
8.6 Lacunar

Non-lacunar
Both

64
16
11

71.3
17.6
11.0

Male None
Any

662
101

86.8
13.2

0.52
Lacunar
Non-lacunar
Both

64
22
15

63.2
22.3
14.5

0.19

Female None
Any

990
137

87.8
12.2 Lacunar

Non-lacunar
Both

101
24
12

74.2
16.9
8.9

Total None
Any

1652
238

87.4
12.6 Lacunar

Non-lacunar
Both

165
46
27

69.3
19.3
11.3

Note.—P values and % are adjusted for age, gender and race; n and % are unadjusted.

less than 20 mm in maximal diameter and located
in the basal ganglia, internal capsule, thalamus,
brain stem, and deep cerebral white matter. By this
definition, lacunar-like lesions accounted for ap-
proximately 80.6% of the lesions, and had an over-
all prevalence of 10%.

By definition, all ILLs in the cerebral white mat-
ter and brain stem were hypointense to gray matter
on the T1-weighted images; others could be isoin-
tense. Approximately 59% of deep nuclear lesions
were hypointense on the T1-weighted images in
this study, whereas 87% of cerebral and 98% of
posterior fossa lesions were hypointense.

Discussion
MR imaging previously has revealed unsuspect-

ed lesions of the brain in a large percentage of our
adult, particularly elderly, population. Although the
nature and significance of these lesions (some of
which resemble well-documented infarcts, whereas
others are only reflected by white matter T2-
weighted hyperintensities) were initially unknown,

it has become increasingly clear that they reflect
small-vessel ischemic disease of the brain (4, 6,
11–15). Although obviously common, the actual
prevalence of this condition has been documented
by only a few studies of small or restricted popu-
lations. In particular, the CHS reported a prevalence
of MR imaging–defined ILLs of 36%, a six-times
greater prevalence than clinical stroke/transient
ischemic attack in that elderly population (6). The
prevalence of MR imaging–defined ILLs in youn-
ger populations has been poorly documented, lead-
ing to the main focus of this report.

We have shown that approximately 15% of a
population-based cohort of relatively healthy, pre-
dominantly middle-aged Americans have at least
one ILL revealed by MR imaging. Considering that
the clinical prevalence of stroke or transient isch-
emic attack was 1.5% in this cohort, and assuming
that ILLs are secondary to CVD, these MR results
suggest a significantly greater prevalence of sub-
clinical CVD than that found in the ARIC. The
prevalence of this subclinical disease is greater in
older persons and in black rather than in white per-
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sons, but does not differ among men and women.
These results confirm a long-standing suspicion
that there is a large population of adults with CVD
that is not obvious clinically.

Although there are many descriptive papers re-
porting putative CT and MR findings of CVD, in-
cluding infarct, white matter signal changes, and
cerebral atrophy (11–13, 16), it should be noted
that much of this previous literature has focused on
T2-weighted hyperintense and T1-weighted isoin-
tense white matter lesions, which would not have
been classified as ILLs in this report. Although of-
ten based on examinations of elderly patients, few
of these studies have been population-based. Lind-
gren et al (5) recently reported the prevalence of
asymptomatic abnormalities on MR images in a
Swedish population-based study of 77 participants
who were 36 to 95 years old. Six of these partici-
pants had lesions resembling our ILLs, but their
ages were not reported.

One of the most extensive population studies of
the prevalence of CVD, clinical and subclinical, is
that of the CHS (2, 6). The CHS MR study was
similar in design to this ARIC study, except for its
older population of 3658 participants between the
ages of 65 and 97 years. The overall prevalence of
ILLs on the MR images of the CHS participants
was 36%, versus 15% for the ARIC participants
(6). In both studies, ILLs increased with age, from
7.9% in participants who were 55 to 59 years old
to 22.9% in participants who were 65 to 72 years
old in the ARIC. The latter figure corresponds well
with the 24.5% prevalence of ILLs in CHS partic-
ipants who were 65 to 69 years old. In the latter
study, the oldest group, ranging from 85 to 97 years
old, had an ILL prevalence of 43%. These com-
bined results highlight the strong association of
ILLs and age.

The small (less than 3 mm) ILLs accounted for
only 18% of ILLs in the ARIC, comparable with
15% small ILLs in the CHS. As in the CHS, ap-
proximately 80% of ILLs in the ARIC were less than
1.5 cm in diameter and were located in the deep nu-
clear region, characteristics consistent with lacunar
infarcts. In both the CHS and ARIC, male partici-
pants had a slightly, but not statistically significant,
higher prevalence of ILLs than did female partici-
pants. In the ARIC, black participants had a higher
prevalence of ILLs than did white participants, in
contrast to that found in the CHS, in which there was
no significant racial difference. The number of black
participants included in the CHS report, however, was
probably too small to detect any difference. These
comparisons show that the anatomic characteristics
of ILLs in the ARIC and the CHS are very similar,
suggesting a common pathophysiologic substrate.
ILL prevalence, however, is strikingly different be-
tween the two studies, primarily on the basis of age,
not sex or race.

Although the cause of ILLs is unproved, based
on MR characteristics and previously demonstrated
associations between ILLs and stroke/transient

ischemic attack symptoms as well as cognitive and
other neurologic abnormalities, a vascular cause
seems most likely (8, 17). The appearance of the
larger lesions in the cortex is consistent with the
generally accepted descriptions of cerebral infarcts
(14, 18, 19). Although the nature of the smaller
lesions, particularly those in the deep nuclear
regions, may be more controversial, we think that
they are ischemic in origin and, in general, that
they correspond to small, lacunar infarcts (20, 21).
Like previous descriptions of lacunar infarctions,
these lesions are bright on both spin-density and
T2-weighted images (15, 22). The proton-density
imaging parameters were selected such that gray
matter and CSF had similar signal intensities. The
hyperintensity of ILLs on spin-density images
helps one distinguish these lesions from normal or
dilated perivascular spaces (22–24). Furthermore,
the lesions are most common in the lentiform nu-
cleus and thalamus, as well as in the deep cerebral
white matter zones, where small penetrating arter-
ies terminate in vascular territories consistent with
ILLs (eg, lenticulostriate arteries in the lentiform
nucleus or thalamoperforating arteries in the thal-
amus) (25). These lesions are relatively small, with
the majority being less than 20 mm in maximal
diameter. Multiple lesions are frequent in affected
persons, and they are associated with increased age.

By our definition, lacunar ILLs accounted for ap-
proximately 80% of the lesions, and had an overall
prevalence of 10%. Thus, the percentage of ILLs
consistent with lacunae (in contrast to non-lacunar
ILLs) in this study is certainly greater than reports
on the incidence of clinical lacunar infarction. Most
reports suggest that lacunar infarcts account for ap-
proximately 20% to 30% of incident strokes (26, 27).
This discrepancy between the MR prevalence and
clinical incidence of lacunar infarction is consistent
with C. Miller Fisher’s observation that most lacunar
infarcts are clinically unrecognized (20). The vast
majority (more than 90%) of our lacunar-like lesions
also occurred in participants without previous histo-
ries of stroke or transient ischemic attack.

Reports vary regarding the MR appearance of
lacunar infarcts on T1-weighted images. Although
some authors have indicated that lacunar infarcts
are always hypointense on T1-weighted images,
other authors have disagreed (15, 22). Sixty percent
of ILLs equal to or greater than 3 mm in the deep
nuclear region was hypointense on the T1-weighted
images in this study. The T1-weighted isointense
lesions could represent areas of ischemic demyelin-
ation, in contrast to the lesions hypointense on T1-
weighted images, which may be actual lacunar in-
farctions with necrosis and cavitation. This
explanation, along with thinner sections and a high-
er resolution examination, could explain the appar-
ent increased sensitivity of MR imaging over gross
autopsy in detecting these lesions.

Many of these lesions were relatively subtle on
MR images. Their detection challenged the reso-
lution of the equipment and the observational pow-
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ers of the interpreter. This was particularly true for
the very small lesions (less than 3 mm in maximal
dimension) that had relatively poor observational
reproducibility. Nonetheless, the very small lesions
accounted for a minority of the lesions, and obser-
vational reproducibility was good to very good for
the lesions that were less than 3 mm in maximal
diameter. These results are comparable with those
of other reports on similar lesion detection repro-
ducibility (6, 28, 29).

Conclusion
ILLs in this middle-aged population share most

of the features of ILLs in older populations, in-
cluding a predominance of lacunar ILLs, but are
less prevalent. The ILLs in the ARIC cohort, how-
ever, are 10 times more prevalent than are clinical
stroke and transient ischemic attack in the same
population. The precise cause and significance of
these lesions are currently unknown, although these
lesions have been reported to occur more frequent-
ly with hypertension, smoking, depression, and,
possibly, dementia, and are associated with cogni-
tive and other neurologic abnormalities (17, 30,
31). Careful correlation with risk factors and subtle
extrapyramidal function will be required to clarify
better the cause and true significance of these le-
sions. If the lesions do represent infarctions or ar-
eas of ischemia, their prevalence in this study in-
dicates that subclinical CVD is common in older
middle-aged men and women, and is more com-
mon in black than in white persons.
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