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ABSTRACT 

The prevalence of white-matter lesions on computed tomography was studied in a representative sample of 85- 
year-olds living in Gothenburg, Sweden. The study included a psychiatric examination, interview of a close inform- 
ant, neuropsychological examination, physical examination, comprehensive laboratory tests, electrocardiogram, 
chest x-ray, computed tomography scan of the head, and cerebrospinal fluid analysis. The diagnoses of dementia 
and other mental disorders were made according to DSM-111-R criteria. The prevalence of white-matter lesions in 
demented subjects was 68.9%, and in nondemented, 33.8%. Their prevalence was not increased in any mental 
disorder other than dementia. All severities of dementia and the subtypes, Alzheimer’s disease, vascular dementia, 
and other types of dementia, had a significantly higher prevalence of white-matter lesions than did nondemented 
subjects. The risk for dementia, but not its severity, increased with the severity of these lesions. A stepwise logistic 
regression analysis showed that both white-matter lesions and infarcts on computed tomography contributed inde- 
pendently to dementia. 

White-matter changes may be a contributing cause of dementia in the oldest old, or may represent a disease entity 
of its own. They are important to recognize since they may be potentially preventable, or even treatable. (J Geriutr 
Psychiatry Neuroll994; 7:169-175). 

In a recent report from our group, we found that vascu- 
lar dementia, related to focal neurologic symptoms and 
infarcts in the brain, was more common than previously 
supposed.’ However, multi-infarct dementia is not the 
only vascular dementia. The association between white- 
matter lesions (IVMLs) in the brain and dementia has 
received much attention recently.2 i W L s  may be visu- 
alised on computed tomographic (CT) scan of the head 
appearing as areas of decreased density or attenuation 
in the periventricular white matter. On histologic ex- 
amination, the CT findings have been related to nar- 
rowing of the lumen of small penetrating arteries and 
arterioles, and marked demyelination in subcortical 
white matter.3. The main risk factors for WMLs are 
vascular diseases, mainly h y p e r t e n s i ~ n . ~ ~ ~ ~ ~  It has been 
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hypothesized that the dementia syndrome associated 
with IWLs is caused by a disconnection of subcortical- 
cortical pathways$ 6. giving rise to subcorticalslo or 
frontal lobe7. lo symptoms. 

On CT, and at  autopsy, lesions in the white matter 
have been found in cases with multi-infarct demen- 
tia: 7, 11-14 and Alzheimer’s d ~ s e a ~ e , 5 , ~ , ~ ~ - ~ ~ , ~ ~ ~ ~  as well as 
in nondemented, healthy elderly subjects.11J6~20,21 iWLs  
have been associated with increasing age, both in nor- 
mal elderly and in demented s ~ b j e ~ t ~ . ~ . ~ , ~ , ~ ~ . ~ ~ . ~ ~ , ~ ~  It has 
been suggested that lesions in the white matter may 
also be of importance for the evolution of affective dis- 
o r d e r ~ ~ ~ ~ ~ ~  and psychosis25-,26 in late life. 

The prevalence figures for WMLs on CT are based, 
so far, on information from studies on healthy volun- 
teers in ages around 70 years of age, on nondemented 
neurologic patients referred for routine CT evaluation, 
or on specific patient samples. Furthermore, knowledge 
about the age-specific prevalence of these changes is still 
insufficient. Therefore, it is important to study the oc- 
currence of these changes in unselected samples from 
the general population. 

The aim of the present study, which is part of the 
longitudinal gerontologic and geriatric population stud- 
ies in Gothenb~rg , le~~-~~ is to estimate the prevalence of 
iWLs on CT in a representative urban sample of 85- 
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year-old subjects and to relate its occurrence to demen- 
tia and other mental disorders. 

SUBJECTS AND METHODS 

Subjects 
All 85-year-olds born between July 1, 1901 and June 30, 

1902, and  registered for census purposes in Gothenburg, Swe- 
den, were invited to take part. in a health control (n = 1502). 
Both people living in the community and at institutions were 
included. Half of the sample was systematically selected for a 
psychiatric examination. The basis for selection was the fol- 
lowing procedure: all persons in the census register were con- 
secutively (after date of birth) given a number from 1 to 5 or 
from 11 to 15. Those with numbers 1, 2, 11, 12, or 14 were 
selected for the psychiatric examination (n = 826). Forty-three 
subjects died before the examination, leaving an  effective sam- 
ple of 783 subjects. The procedures have been described in more 
detail previous1y.l 

Four hundred ninety-four subjects (63.1% of the effective 
sample; 143 men and 351 women) I were examined by the psy- 
chiatrist. Nonparticipants and participants were compared 
with regard to sex, marital status, 3-year mortality, and regis- 
tration as a psychiatric outpatient or inpatient in Gothenburg. 
N o  significant differences were found with regard to these fac- 
tors.' The mean age at examination was 85.5 years (range 85 
years 3 months-86 years 1 month). 

All demented (n = 147), and a systematic subsample of 
269 nondemented subjects were invited to undergo a CT scan 
of the head. Subjects who had been examined in a longitudi- 
nal study 'from the age of 70 to 85 years did not have a CT- 
scan examination if it was not part of a dementia evaluation. 
These subjects had numbers 1 to 5. Thus, nondemented sub- 
jects with numbers 11, 13, and 14 were selected for the CT- 
scan examinations. One hundred three (70.1%) demented and 
136 (50.6%) nondemented accepted. Three CT scans were ex- 
cluded from the present study for technical reasons. Within 
the demented and nondemented groups, there were no differ- 
ences between participants and nonparticipants in the CT ex- 
aminations with regard to sex, marital status, psychiatric reg- 
istration, mental disorders, institutionalization, 3-year mor- 
tality, history of focal neurologic symptoms, cardiovascular dis- 
orders, hypertension, and mean systolic and diastolic blood 
pressure (Table 1). 

Methods 
The study included medical and psychiatric examinations, 

interview of a close informant, ECG, chest x-ray, a n  extensive 
battery of blood tests, CT scan of the head, and a lumbar punc- 
ture. Medical records from psychiatric and geriatric institu- 
tions, and outpatient departments in Gothenburg were exam- 
ined by the first author.' 

All psychiatric examinations were performed by the first 
author either in the subject's home or at institutions. The in- 
terview was semistructured.' Psychiatric symptoms and signs 
were rated in accordance with the Comprehensive Psycho- 
pathological Rating Scale (CPRS).3O The interviews with a closc 
informant were performed by the first author by telephone.' 

Table 1. Comparisons Between Participants and Non-Participants 
in the CT Examinations 

Partkipan t 

N =  

Nondemented Demented 

Yes No Yes No 

133 136 103 44 

Sex 
Males 33.8 27.9 N S  
Females 66.2 72.1 NS 

Never married 11.3 14.1 N S  
Married 29.3 19.3 N S  
Divorced 6.0 13.3 NS 
Widowed 53.4 53.3 N S  

Psychiatric registration 9.0 9.6 NS 
Mood disorders 18.1 23.5 N S  
Psychotic disorders 6.8 8.8 NS 
Anxiety disorders 22.6 24.3 NS 
Psychotropic drugs 38.4 33.8 NS 
Institutionalization 2.3 1.5 NS 
Focal neurologic symptoms 10.5 11.8 NS 
Ischemic heart disease 45.1 42.7 N S  
Antihypertensive drugs 20.3 22.1 NS 
Hypertension 21.4 23.5 N S  
Three-year mortality 23.3 24.3 N S  
Mean systolic BP 162.6 163.4 N S  
Mean diastolic BP 80.4 79.9 NS 

Marital status 

26.2 27.3 NS 
73.8 72.7 NS 

16.8 14.0 NS 
24.8 25.6 N S  
3.0 4.7 NS 

55.5 55.8 N S  
34.0 31.8 NS 
24.3 34.1 N S  
12.6 18.2 N S  
23.3 22.7 N S  
56.3 56.8NS 
52.4 38.6 NS 
31.0 20.9 NS 
23.5 18.2 N S  
8.7 10.3 N S  
9.0 10.8 N S  

55.3 54.6 N S  
150.5 147.6 NS 
79.5 77.0 NS 

All figures are percentages except blood pressure, which is given in mean values. 
NS = nonsignificant: BP = blood pressure. 

All CT scans were performed without contrast enhance- 
ment, and with 10-mm continuous slices. All CT scans were 
examined by two radiologists (BP and LAA), without knowl- 
edge of the diagnoses. One hundred thirty-one CTs were per- 
formed on a Philips Tomoscan 310, and 105 CTs, on a General 
Electric 8800. 

Diagnostic Procedures 
Dementia and its seventy was diagnosed according to the 

DShI-111-R criteriatl using findings from the psychiatric ex- 
amination and the close informant interview, Alzheimer's dis- 
ease according to NINCDS-ADRDA criteria?* vascular demen- 
tia, and other causes according to Erk in j~n t t i .~~ .  Information 
from the physical and psychiatric examinations, close inform- 
an t  interviews, laboratory tests, ECGs, CT scans of the brain, 
cerebrospinal fluid analyses, and case records was used in the 
etiologic diagnosis ofdementia. The diagnostic procedures have 
been described in more detail previously.' 

Other mental disorders were diagnosed according to the 
DSM-111-R criteria, based on information from the psychiatric 
examination 35 Depressive disorders included major 
depressive disorder, dysthymic disorder, and depression NOS. 
Psychotic disorders included schizophrenidschizophreniform 
disorder, delusional disoder, and psychotic disorder NOS. 
Anxiety disorders included generalized anxiety disorder, pho- 
bic disorder, and obsessive-compulsive 

WMLs were defined as periventricular or subcortical ar- 
eas of decreased attenuation below that expected for normal 
white matter. The changes were always diffusely distributed 
within the white matter. Decreased attenuation mas subjec- 
tively rated as no, mild, moderate, or severe in relation to the 
attenuation of normal white matter (Figs. 1 to 4). Location 
was registered as frontal (mainly around the frontal horns 
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Figure 1. Computed tomography of the  brain in a n  85-year-old sub-  
ject without white matter lesions. 

White-hIatter Lesions on Computed Tomography I Skoog et 91. 171 

Figure 3. CT of the  brain in a n  85-year-old subject with moderately 
decreased attenuation in the white matter around the  frontal horns. 

Figure 2. CT of the  brain of an 85-year-old subject with mildly de- 
e-rn=cod =ttnnitatinn in t h e  white matter around the frontal horns. 

Figure 4. 
creased attenuation in the  white matter around the  frontal horns. 

CT of the  brain in an 85-year-old subject with severely de- 
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around the lateral ventricles) or occipital (mainly around the 
occipital horns around the lateral ventricles). 

Inter-observer reliability regarding the occurrence and 
severity of WhILs was studied in 50 subjects using kappa sta- 
t i s t i c ~ . ~ ~  Observed agreement was 84.0%, kappa .75 (P < .001). 

Statistical Methods 
Differences in proportions were tested for significance with 

Fisher's Exact Test. Associations with severity of dementia were 
tested with Pitman's permutation test?' Bayes'the~rem~~ was 
used to calculate the probability for the occurrence of demen- 
tia in different grades of decreased attenuation of WhILs. A 
stepwise logistic regression analysis in a personal computer,38 
using the 5% level of significance, was performed to study the 
contribution of WMLs and infarcts on CT for the occurrence of 
dementia. The two-tailed level of significance was used in all 
analyses. 

Informed consent was obtained from all subjects andor 
their relatives, and the study was approved by the Ethics Com- 
mittee for medical research at the University of Gothenburg. 

RESULTS 

Demented subjects had a significantly higher preva- 
lence of iVMLs than did other subjects (Table 2). The 
prevalence of WMLs was not increased in nondemented 
subjects -with other mental disorders. Demented sub- 
jects with concomitant, other mental disorders did not 
differ from demented subjects without such disorders. 

The prevalence of WMLs was 68.9% in demented, 
and 33.8% in nondemented subjects (P c .001) (Table 3). 
The changes were symmetric in all but five subjects 
(four demented, and one nondemented) who showed 
nonsymmetric WMLs. All five subjects had cerebral 
infarcts. All subjects with WMLs had frontal involve- 
ment (n = 116). Thirty-four subjects also had occipital 
involvement. The latter did not increase the risk for 
dementia. 

The occurrence of CVMLs was unaffected by sex, and 
did not differ significantly between different severities 
or types of dementia; however, all grades of severity and 
all types  of dement ia  had  significantly higher  
prevalences of WMLs than did nondemented subjects. 
If subjects with infarcts on CT were excluded (n = 461, 

.Table 2. Prevalence of White-Matter Lesions in Relation 
to Mental Disorders 

WML Mental Disorder 

n n % 
- 

No mental disorder 31 81 35.6 
Dementia 71 ' 103 68.9 
Any other mental disorder* 14 46 30.4 

Depressive disorders 9 21 42.9 

Anxiety disorders 5 20 25.0 
Psychotic disorders 3 9 33.3 

*Asubject might have more than one diagnosis. 
' P <  .001, compared to subjects with no mental disorder. 

Table 3. Prevalence of White-Matter Lesions in Relation 
to Dementia 

WML Dementia - 
n n % 

No dementia 
Dementia 

Mild 
Moderate 
Severe 

Alzheimer's disease 
Vascular dementia 
Other dernentias 

Cause of dementia 

45 
71 
16' 
27 
28 

23' 
40' 
8' 

133 33.8 
103 68.9 
21 ' 59.3 
37 73.0 
39 11.8 

36 63.9 
57 10.2 
10 80.0 

P c  .05; 'P< .01; and 'P< ,001. compared to nondemented. 

the prevalence of WMLS was 31.0% for nondemented, 
and 64.9% for demented subjects (P  < .001). 

The risk for dementia in subjects without WMLs 
was 16%) in  subjects with mildly decreased attenuation 
35% (P < .Ol), in subjects with moderately decreased 
attenuation 57% (P  c .001), and in subjects with severely 
decreased attenuation 75% (P  < .01; P = difference 
against nondemented) (difference between mild and 
moderate dementia;P < .05). There was no relationship 
between degree of decreased attenuation and severity 
of dementia. 

A stepwise logistic regression analysis was per- 
formed to study the contribution of WMLs and infarcts 
on CT for the occurrence of dementia. The procedure 
showed that both WMLs (P < .001), and infarcts on CT 
(P  < .05) contributed independently to the-occurrence of 
dementia. 

DISCUSSION 

There were no differences between participants and 
nonparticipants in the CT-examined sample with regard 
to a number of factors known to be related to the occur- 
rence of WMLs (Table l), indicating that  the sample was 
representative of the total group of 85-year-olds. How- 
ever, the high refusal rate in the nondemented group 
necessitates the question of representativity to be con- 
sidered cautiously. 

Fifteen studies or case reports' have described the 
autopsy findings in 55 subjects with WMLs on CT. Of 
those, 53 had marked demyelination and moderate loss 
of axons, with gliosis, sparing of subcortical U fibers, 
and narrowing of the lumen of small penetrating arter- 
ies and  arterioles in  the  white matter, caused by 
hyalinization of the vessel walls in most cases. The find- 
ings are similar to those described in Binswanger's dis- 
ease.3 Hyperintensities, indicating CWLs, on magnetic 
resonance imaging (MRI), have been related to less spe- 
cific autopsy f i n d i n g ~ , 3 . * ~ ~ ~  and not to cognitive decline 
in the same constant manner as  have CT finding~.~O*~l 
The use of CT scan probably resulted in more specific 

'References 4,8,10,16,19,21,22,3!3-46. 
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findings but a lower prevalence of W L s  than if MRI 
had been performed. 

The prevalence of WMLs in nondemented subjects 
was 34%. Comparisons with other studies are difficult 
to do because of methodologic differences." However, 
the figure is compatible with that of Goto et a1,22 who 
had 39% in the age group 80 to 89 in a series of consecu- 
tive CT examinations (also including demented subjects), 
but a higher percentage than in normal contro1s,11J6,20,21 
which may be explained by the lower mean ages of the 
subjects and the exclusion criteria used in these stud- 
ies. 

The prevalence of WMLs in AD was 64%, which is 
higher than in studies ofAD in younger a g e ~ , 9 . ~ ' - ~ ~ J ~ , ~ ~ , ~ ~  
but similar to findings in AD of late onset.g WMLs on 
CT are generally more common in late-onset AD than 
in early-onset? l2 suggesting a heterogeneity of AD? 

In younger ages, the prevalence of WMLs has been ' 
generally higher in vascular dementia than inAD.12J3*20 
We found no such difference, and it is possible that the 
difference diminishes with increasing age. Our finding 
that WMLs were present in 70% of vascular dementias 
is similar to the 46% to 100% found in other studies."- 

Allxases in the present study had frontal involve- 
ment. Most other studies, both on CT10,21,22 and at  au- 
topsy7J5J8,41 have shown a predominant involvement of 
frontal white matter. 

An association between WMLs and late-onset psy- 
choses2jSz6 and affective has been suggested. 
The present study did not demonstrate an increased 
prevalence of WMLs in any mental disorder other than 
dementia. Most studies reporting an association between 
WMLs and late-onset psychosis or mood disorders were 
performed on MRI. WMLs on MRI may be both quanti- 
tatively and qualitatively different from those found on 
CT, and may reflect alterations in the distribution of 
intracerebral free water, which may occur in affective 
dis0rders,2~ rather than cell loss. 

There was an association between the presence and 
severity of decreased attenuation and the occurrence of 
dementia, but not with the severity of dementia. The 
latter is in line with Blennow et a19 and George et a1,2l 
but different from Erkinjuntti et a1,12 indicating a com- 
plex relationship between dementia and WMLs. It may 
be that strategic lesions of subcortical pathways2V6 lead 
to, or contribute to, dementia, but that other factors 
determine the severity of dementia. 

An overlap with normal aging is also found in other 
conditions associated with dementia fie., senile 
plaques and neurofibrillary tangles in Alzheimer's 
encephalopathy52 and cerebral infarcts in multi-infarct 
dementia14 ). Although the study showed an increased 
prevalence o f W L s  in demented subjects, this does not 
establish a causative link. It must still be elucidated 
whether the presence of WMLs contributes to the 
dementing process or whether it is only an indirect sign 

13.20 . 

of dementia or aging processes. However, WMLs have 
been proposed to represent a disease.entity of their own: 
which is generally included among the vascular 
d e m e n t i a ~ . ~ ? ~ . ~  The finding that both infarcts on CT and 
WMLs contributed independently to dementia gives 
support to this opinion. 

It has been hypothesized that the pathogenesis of 
WMLs is through hypertension, leading to narrowing 
of the lumen of small penetrating arteries and arterioles 
in the brain, through sclerosis and fibrohyaline thick- 
ening of the vessel walls. Subsequent hypotension (i.e., 
by the commonly observed lowering of blood pressure 
in the elderly, either physiologic o r  induced by hypoten- 
sive drugs, cardiac failure, atrial fibrillation, or distur- 
bances in general health), leads to hypoperfusion and 
ischemia and loss of myelin in vulnerable area~,3,~3 such 
as the periventricular white matter, which is supplied 
by long penetrating end-arteries with few  collateral^.^.^^ 
If this hypothesis is correct, WMLs might be amenable 
to prevention by treatment of hypertension. 

Most dementias occur after the age of 80 years. It 
has  been hypothesized t h a t  factors other t h a n  
Alzheimer's encephalopathy may give rise to dementia 
in these a g e ~ . ~ ~ A s  reported earlier, 47% of all demented 
subjects in the present study had vascular dementia 
related to the concept of multi-infarct or mixed demen- 
tia.' This is the first population-based study on white- 
matter changes on CT. The finding that white-matter 
abnormalities was present in 70% of demented subjects 
might have important implications, since these changes 
may be more available for prevention and treatment 
than is Alzheimer's disease at  the present time.2*6 

Acknowledgments 
We thank hIs. Liselott Agren for technical assistance. The population study 
became possible through grants from the Swedish Medical Research Coun- 
cil (Grant nr  90-27X-09131-01A), the Delegation for Social Research within 
the hlinistry of Health and Social Affairs, the Giiteborg hledical Services 
and Social SenicesAdministrations, the Bank ofSweden Tercentenary Foun- 
dation, the Stiftelsen Siiderstrom-K6nigska sjukhemmet, Konung Gustaf 
V:s och Drottning Victorias StiRelse, StiRelsen for Gamla Tjanarinnor, 
Handlanden Hjalmar Svenssons Forskningsfond, The Swedish Society of 
hledicine, Stiftelsen Prof Gadelius hlinnesfond, The Giiteborg Medical Soci- 
ety, Alzheimerfonden, Alma andAnnaYhl6n.s Foundation. 

References 
1. Skoog I, Nilsson L, Palmertz B, et al.Apopulation-based study 

of dementia in 85-year-olds. N Engl J Med 1993; 328:153- 
158. 

2. Hachinski VC. The decline and resurgence of vascular de- 
mentia. Can Med Assoc J 1990f142:107-111. 

3. Roman GC. Senile dementia of the Binswanger type. A'vas- 
cular form of dementia in the elderly. JAMA 1987; 258:1782- 
1788. 

4. Lotz PR, Ballinger WE, Quisling RG. Subcortical arterioscle- 
rotic encephalopathy: CT spectrum and pathologic correla- 
tion. AJNR 1986; 723174322. 

5. Ferrer I, Bella R, Serrano M, e t  al. Arteriolosclerotic 
leucoencephalopathy in the elderly and its relation to white- 
mat te r  lesions i n  Binswanger's disease, multi-infarct 

 at PENNSYLVANIA STATE UNIV on September 15, 2016jgp.sagepub.comDownloaded from 

http://jgp.sagepub.com/


174 Journal of Geriatric Psychiatry and Neurology I Vol. 7, July-September 1994 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

encephalopathy and Alzheimer’s disease. J Neurol Sci 1990; 

Wallin A; Blennow K. Pathogenetic basis of vascular demen- 
tia. Akheimer Dis Assoc Disord 1991; 5:91-102. 
Ishii N, Nishihara Y, Imamura T. Why do frontal lobe symp- 
toms predominate in vascular dementia with lacunes? Neu- 
rology 1986; 36:340-345. 
Kinkel WR, Jacobs L. Polachini I, e t  al. Subcortical arterio- 
sclerotic encephalopathy (Binswanger’s disease). Computed 
tomographic, nuclear magnetic resonance, and clinical corre- 
lations. Arch Neurol 1985; 42:951-959. 

Blennow K, WallinA, Uhlemann C, Gottfries CG. White-mat- 
ter lesions on CT in Alzheimer patients: relation to clinical 
symptomatology and vascular factors. Acta Neurol Scand 

Bogucki A, Janczewska E, Koszewska I, et  al. Evaluation of 
dementia i n  subcortical arteriosclerotic encephalopathy 
(Binswanger’s disease). Eur Arch Psychiatry Clin Neurosci 

Inzitari D, Diaz F, Fox A, et  al. Vascular risk factors and leu- 
koaraiosis. Arch Neurol 1987; 44:42-47. 
Erkinjuntti T, Ketonen L, Sulkava R, e t  al. CT in the differ- 
ential diagnosis between Alzheimer’s disease and vascular 
dementia. Acta Neurol Scand 1987; 75:262-270. 
Aharon-Peretz J, Cummings JE, Hill hIA. Vascular dementia 
and dementia of the Alzheimer type. Cognition, ventricular 
size, and Ieuko-araiosis. Arch Neurol 1988; 45719-721. 
del Ser T, Bermejo F, Portera A, et al. Vascular dementia. A 
clinicopathological study. J Neurol Sci 1990; 96:l-17. 
Brun A, Englund E. A white-matter disorder in dementia of 
the Alzheimer type: A pathoanatomical study. Ann Neurol 

Rezek DL, hlorris JC, Fulling KH, Gado hlH. Periventricular 
white-matter lucencies in senile dementia of the Alzheimer 
type and in normal aging. Neurology 1987; 37:1365-1368. 

Diaz FJ, hIerskey H, Hachinski VC, et al. Improved recogni- 
tion of leukoaraiosis and cognitive impairment inAlzheimer’s 
disease. Arch Neurol 1991; 48:1022-1025. 
de la Monte S. Quantitation of cerebral atrophy in preclini- 
cal and end-stage Alzheimer’s disease. Ann Neurol 1989; 
25:450-459. 
Kosaka K, Ikeda K, hiatsushita hl, Iizuka R. A combination 
of Alzheimer’s and Binswanger’s diseases-A clinico- 
pathological study of four cases. Jpn JPsychiatry Neuroll986; 
40:685-692. 
London E, de Leon hlJ, George AE, et  al. Periventricular 
lucencies in the CT scans of aged and demented patients. Biol 
Psychiatry 1986; 21:960-962. 
George AE, de Leon MJ, Gentes CI, et al. Leukoencepha- 
lopathy in  normal and pathologic aging: 1. CT of brain 
1ucencies.AJNR 1986; 7:561-566. 
Goto K, Ishii N, Fukasawa H. Diffuse white-matter disease 
in the geriatric popu1ation.A clinical, neuropathological, and 
CT study. Radiology 1981; 141:687-695. 
Dolan RJ, PoyntonAhl, Bridges PK, Trimble hlR.Altered mag- 
netic resonance white-matter T1 values in patients with af- 
fective disorder. Br J Psychiatry 1990; 157:107-110. 
Coffey CE, Figiel GS, Djang WT, Weiner RD. Subcortical 
hyperintensity on magnetic resonance imaging: a compari- 
son of normal and depressed elderly subjects. Am JPsychia- 

Miller BL, Lesser Ihl, Boone K, e t  al. Brain white-matter le- 
sions and psychosis. Br JPsychiatry 1989; 155:73-78. 
Breitner JC, Husain hlhl, Figiel GS, e t  al. Cerebral white- 
matter disease in late-onset paranoid psychosis. Biol Psychia- 
try 1990; 28:266-274. 

98~37-50. 

1991; 83~187-193. 

1991; 241~91-97. 

1986; 19253-262. 

try 1990; 147~187-189. 

27. Rindcr L, Roupe S, Steen B, Svanborg A. Seventy-year-old 
people in Gothenburg. A population study in an industrial- 
ized Swedish city. I. General presentation of the study. Acta 
hfed Scand 1975; 198:397-407. 

28. Svanborg A. Seventy-year-old people in Gothenburg. A popu- 
lation study in an industrialized Swedish city. 11. General pres- 
entation of social and medical conditions. Acta Med Scand 

29. Nilsson LV, Persson G. Prevalence of mental disorders in an 
urban sample examined at 70,75, and 79 years of age. Acta 
Psychiatr Scand 1984; 69:519-527. 

30. Asberg hl, Perris C, Schalling D, Sedvall G. The CPRS-De- 
velopment and applications ofa psychiatric rating scale.Acta 
Psychiatr Scand 1978; 271(suppl):5-27. 

31. American Psychiatric Association. Diagnostic and statistical 
manual of mental disorders. 3rd Edition, Revised. Washing- 
ton, DC: American Psychiatric Association, 1987. 

32. hIcKhann G, Drachman D, Folstein hl, e t  al. Clinical diagno- 
sis ofAlzheimer’s disease: report of the NINCDS-ADRDAwork 
group under the auspices of department of health and hu- 
man services task force on Alzheimer’s disease. Neurology 

33. Erkinjuntti T, Haltia hi, Palo J, et al. Accuracy of the clinical 
diagnosis of vascular dementia: a prospective clinical and post- 
mortem neuropathological study. JNeurol Neurosurg Psychia- 

34. Skoog I, Nilsson L, Landahl S, Steen B. hlental disorders and 
the use of psychotropic drugs in an 85-year-old representa- 
tive urban population. Znt Psychogeriatrics 1993; 5:33-48.. 

35. Skoog I. The prevalence of psychotic, depressive, and anxiety 
syndromes in demented and nondemented 85-year-olds. Znt 
J Geriatric Psychiatry 1993; 8247-253. 

36. Cohen J. A coefficient of agreement for nominal scales. Edu- 
cational and Psychological Measurement 1960; 20:3746. 

37. Cox DR, Hinkley DV. Theoretical statistics. NewYork: Halsted 
Press, 1974. 

38. SAS Institute Inc. SASJSTAFJ‘ user’s guide, Release 6.03 
Edition. Cary, NC: SAS Institute Inc., 1988. 

39. Babikian V, RopperAH. Binswanger’s disease: a review. Stroke 

40. Pullicino P, Eskin T, Ketonen L. Prevalence of Binswanger’s 
disease. Lancet 1983; i:939. 

41. Rosenberg GA, Kornfeld hl, Stovring J, Bicknell Jhl. 
Subcortical arteriosclerotic encephalopathy (Binswanger): 
computerized tomography. Neurology 1979; 29:1102-1106. 

42. Zeumer H, Schonsky B, Sturm KW. Predominant white-mat- 
ter involvement in subcortical arteriosclerotic encephalopathy 
(Binswanger disease). J Comput Assist Tomogr 1980; 4:14- 
19. 

43. Loizou LA, Kendall BE, hlarshall J. Subcortical arterioscle- 
rotic encephalopathy: a clinical and radiological investigation. 
J Neurol Neurosurg Psychiatry 1981; 44:294-304. 

44. Junck L, Herrick hlK, bangston JW. CT scan in subcortical 
arteriosclerotic encephalopathy. Neurology 1980; 30:791-792. 

45. Gupta SR, Naheedy hlH, Young JC, e t  al. Periventricular 
white-matter changes and dementia. Clinical, neuropsycho- 
logical, radiological, and pathological correlation.Arch Neurol 
1988; 456374541. 

46. Garcia-Albea E, CabelloA, Franch 0. Subcortical arterioscle- 
rotic encephalopathy (Binswanger’s disease): a report of five 
patients. Acta Neurol Scand 1987; 75295-303. 

47. Braffman BH, Ximmcrman RA, Trojanowski JQ, e t  al. Brain 
h l R  pathologic correlation with gross and histopathology. 2. 

1977; 611(s~ppl):3-37. 

1984; 34~939-944. 

try 1988; 51~1037-1044. 

1987; 18:2-12. 

 at PENNSYLVANIA STATE UNIV on September 15, 2016jgp.sagepub.comDownloaded from 

http://jgp.sagepub.com/


Hyperintense white-matter foci in the elderly. AJNR 1988; 
9:629-636. 

48. Chimowitz MI, Awad LA, Furlan AJ. Periventricular lesions 
on MRI. Facts and theories. Stroke 1989; 20963-967. 

49. Hunt AL, Orrison WW, Ye0 RA, et  al. Clinical significance of 
hlRI white-matter lesions in the elderly. Neurology 1989; 
39:1470-1474. 

50. hlirsen TR, Lee DH, Wong CJ, et al. Clinical correlates of 
white-matter changes on magnetic resonance imaging scans 
of the brain. Arch Neurol 1991; 48:1015-1021. 

White-hiatter Lesions on Computed Tomography I Skoog et a1 175 
. ,. 

51. Leys D, Soetaert G, Petit H, e t  al. Periventricular and white- 
matter magnetic resonance imaging hyperintensities do not 
differ between Alzheimer’s disease and normal aging. Arch 
Neurol1990; 47524-527. 

52. ‘Ibmlinson B. The pathology of Alzheimer’s disease and se- 
nile dementia of the Alzheimer type. In: Kay D, Burrows G, 
eds. Handbook of studies on psychiatry and old age. Amster- 
dam: Elsevier Science Publishers BV, 1984:89-118. 

53. Scheinberg P. Dementia due to vascular disease: a multifac- 
torial disorder. Stroke 1988; 19:1291-1299. 

 at PENNSYLVANIA STATE UNIV on September 15, 2016jgp.sagepub.comDownloaded from 

http://jgp.sagepub.com/



