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Article abstract—To review the evidence for risk factors of Creutzteldt-Jakob disease (CJD), we pooled and reanalyzed
the raw data of three case-control studies. The pooled data set comprised 178 patients and 333 control subjects. The
strength of association between CJD and putative risk factors was assessed by computing the odds ratio as estimate of the
relative risk. The risk of CJD was statistically significantly increased for subjects with a family history of CJD (odds ratio
= 19.1; 95% CI 1.1 to 348.0). Further, there was a significant association between the risk of CJD and a history of
psychotic disease (odds ratio = 9.9; 95% CI 1.1 to 86.1). Although not significantly increased, there was an elevated risk of
CJD for subjects with a family history of dementia, a history of poliomyelitis, subjects employed as health professionals,
and subjects ever exposed to cows and sheep. No association could be shown with organ meat consumption, including
brain. The negative results of this reanalysis reassures the absence of a common risk factor in all CJD patients. However,
the ongoing epidemiologic surveillance of CJD in several European countries may provide more evidence to exclude any

environmental exposure early in childhood.
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Creutzfeldt-Jakob disease (CJD) is a transmissible
spongiform encephalopathy that may occur in an in-
herited, infectious, or sporadic form. CJD may be
caused by various mutations in the prion protein
gene (PRNP) on chromosome 20." However, these
mutations are found only in familial CJD patients,
comprising not more than 15% of all CJD patients.’
The infectious form of CJD appears to be rare among
humans? and limited to 1atrogenic transmission
through neurosurgery and EEG electrode implanta-
tion,*® corneal transplantation,” and human
growth®!® and gonadotrophin'' hormone. For most
patients with sporadic CJD, the cause remains un-
known. Studies on risk factors for CJD have yielded
controversial results and do not show evidence for a
common risk factor.'?'” An increased risk of CJD has
been reported for subjects with a history of infec-
tion,'?'7 surgery of the head,'*!* trauma to the head
or body,'*! tonometry,!* consumption of pork,'” and
contact with various animals!®!” in some but not all
studies. The recent infection of British bovine cattle
through protein supplements derived from animal
carcasses has fueled speculations on the possibility
of infection of humans through meat consumption
and animal contact. Other than the established
transmission of Kuru through cannibalistic rituals,'

findings of studies on (organ) meat consumption in-
cluding brain have not yielded consistent results.'"

Some of the conflicting results may be explained
by the small size of the individual studies yielding
only limited statistical power to detect an associa-
tion. To review the evidence for the risk factors pre-
viously reported, we pooled and reanalyzed the raw
data of three case-control studies of CJD. As no
meta-analysis of the existing case-control studies on
CJD has been performed earlier, we present our re-
sults here.

Methods. All formal case-control studies of CJD were
ascertained through MEDLINE search and personal com-
munications. Thus, four studies were identified as eligible
for the reanalysis.'>!'” To increase the comparability be-
tween studies, we restricted the analysis to the three stud-
ies comprising patients diagnosed with CJD according to
the criteria of Masters et al.'® One study was performed in
Japan,' one in the United States,'*'® and one in the
United Kingdom.!” The pooled data set comprised 178 pa-
tients (mean = SD age at diagnosis 61 *= 9.5 years; range
26 to 81 years) and 333 control subjects. For each study,
ascertainment of patients and control subjects and data
collection are discussed briefly.

Japan. The study conducted in Japan comprised 60
cases.!' According to the criteria of Masters et al,'® 50%
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were classified as probable, 47% as definite, and 3% as
transmissible CJD. For this study, neurologic and psychi-
atric institutions throughout Japan were requested to re-
port patients diagnosed with CJD in the period 1975
through 1977. Patients were compared with 109 age-
matched control subjects (= 5 years), including 50 spouses
and 59 neighborhood control subjects. In some 1nstances,
public health personnel served as neighborhood control
subjects. The response rate was 80% 1in patients, 78% 1n
spouses, and 93% in neighborhood control subjects. Data
were collected by a structured interview. For patients, the
data were obtained from the spouse. Control subjects were
questioned directly.

United States. The study performed in the United
States comprised 26 patients, of which 23% were classified
as probable CJD, 46% as definite, and 31% as transmissi-
ble.!*16 Patients were ascertained through records submit-
ted to the Laboratory of Central Nervous System Studies
of the National Institutes of Health from Pennsylvania,
New Jersey, Maryland, New York, and Delaware. Patients
were diagnosed with CJD in the period 1970 through 1981.
Two control groups were selected: hospital control subjects
diagnosed with a nonneurologic disease at the hospital
where the patient was diagnosed (n = 22; matching sex
and age = 5 years) and relative control subjects (n = 18;
matching sex and age = 10 years). The response rate was
96% 1n patients, 85% in hospital control subjects, and 86%
in relative control subjects. Data were collected by a struc-
tured interview of the spouse (68%), child (27%), sibling
(11%), or parent (4%) of the patients. Control subjects were
questioned directly.

United Kingdom. The study conducted in the United
Kingdom comprised 92 patients, of whom 24% were classi-
fied as probable and 76% as definite CJD.'” Patients diag-
nosed with CJD in the period 1980 through 1984 were
ascertained through neurologic centers in England and
Wales and through death certificates of the Office of Popu-
lation, Censuses and Surveys. For each patient, two age-
and sex-matched control subjects were derived from the
hospital where the patient was diagnosed (n = 184; match-
ing age *= 4 years). Of the two control subjects, one suf-
fered from a neurologic disorder other than CJD and the
other from a nonneurologic disorder. The response rate
was 75% 1n patients and 1s unknown for control subjects.
For patients and control subjects, the data were collected
by interviewing an informant. The relationship to the in-
formant was matched in 87% for patients and control sub-
jects. In 78% of subjects, it was the spouse, in 16% a child,
and in 6% a sibling.

Analysis. This reanalysis was based on the original
raw data of the three studies. We only included risk factors
assessed comparably in at least two out of three studies.
The risk factors studied were family history of CJD, de-
mentia, and Parkinson’s disease; medical history, includ-
ing head trauma, hospitalization for psychotic disease, his-
tory of poliomyelitis, hepatitis, jaundice, allergy, and blood
transfusion; employment as health professional; exposure
to animals; living in a rural area; and consumption of
organ meat. Kxposures of patients, relatives, and spouses
may be similar for family and occupational history, animal
exposure, place of residence, and diet, due to the shared
environment. As this may bias the results toward the null
hypothesis, relative and spouse control subjects were ex-
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cluded in the analysis of these putative risk factors. Thus,
the number of subjects included in the study may vary
according to the number of studies and control subjects
included, as well as to the missing values within a study.
For each risk factor, we report the number of subjects
exposed and the total number of subjects for whom data on
the risk factor were available.

The strength of association between CJD and putative
risk factors was assessed by computing the odds ratio (OR)
as an estimate of the relative risk.!” Relative risks were
estimated by maximum likelihood methods and the 95% CI
were based on the asymptotic SEs. Confounding by age,
sex, and study center was taken into account by including
these variables into the logistic regression model.

Results. Family history of CJD, dementia, and Parkin-
son’s disease for patients and control subjects are reported
in the table. A positive family history of CJD was found
only in CJD cases. Seven patients (4%) had a relative with
CJD. An increased risk of CJD was also observed for pa-
tients with a positive family history of dementia in any
relative, which was borderline significant (OR = 1.9; 95%
CI 0.9 to 4.1). When restricting the analysis to first-degree
relatives, the OR remained increased (OR = 1.8; 95% CI
0.8 to 4.0; not shown 1n the table).

With regard to the medical history (table), significantly
more CJD patients than control subjects had a history of
hospitalization for psychotic disease. Three of five CJD
patients were hospitalized 15 years or more before the
onset of CJD. No association was found with head trauma,
hepatitis, jaundice, allergy, or blood transfusion. The risk
of CJD associated with poliomyelitis was increased (OR
3.9; 95% CI 0.3 to 43.4). However, the significance 1s diffi-
cult to interpret as the number of exposed subjects 1s very
small. Fewer CJD patients than control subjects had a
history of surgery. The difference was statistically signifi-
cant for abdominal surgery.

A nonsignificantly increased risk of CJD was found for
subjects exposed to patient tissue through their employ-
ment as a health professional (i.e., medical doctors, nurses,
dentists, laboratory workers, ambulance employees) (OR
1.5;95% CI 0.5 to 4.1) (table). Exposure to cows and sheep
was associated with a borderline significant increased risk
of CJD (OR 1.7: 95% CI 0.9 to 3.1 and OR 1.6;: 95% CI1 0.9
to 2.9, respectively). Also, there was a nonsignificant in-
creased risk of CJD for subjects who lived in a rural area
at diagnosis (OR 1.4; 95% CI 0.8 to 2.4; not in table).
Consumption of organ meat, including brain, liver, and
kidney, was not associated with an increased risk of CJD
(table).

Discussion. In this reanalysis of case-control stud-
1es, the risk of CJD was statistically significantly
increased for subjects with a family history of CJD.
We also found a statistically significant association
between the risk of CJD and the patient’s history of
psychotic disease. No statistically significant associa-
tion could be shown for medical history other than
psychosis or with organ meat consumption. Although
not significantly increased, more CJD patients than
control subjects had a family history of dementia, a
history of poliomyelitis, an occupational history as



Table Risk factors for Creutzfeldt-Jakob disease (CJD)

Odds ratio |95% CI|

Control =t = I
Patients™ Subjects™ Crude Adjusted
Family history 39 o e
GANB kgt 7/166 0/285 18.8 [1.0-341.2]+ 19.1 [1.1-348.0]x
Dementia'*'” 15 /126 17/212 1.6 [0.7-3.2. 1.9[0.9-4.1
Parkinson’s disease'*"" 71117 7/194 1.7 [0.6-5.0 1.7 [0.6-5.0
Medical history
Psychotic disease!* ! 5 /111 1/219 10.3 [1.2-89.8]x 9.9[1.1-86.1]%
Head trauma'*'" 21 /176 55/329 0.9 [0.6-1.5] 0.9 [0.5-1.5]
Poliomyelitis!?!’ 2 /168 1/332 4.0[0.4-44.6) 3.9[0.3-43.4]
Hepatitis/jaundice!* ! 9 /118 18/222 0.9[0.4-2.2] 0.9 [0.4-2.1]
Allergy!*!7 39 /174 64/330 1.2 [0.8-1.9] 1.2 [0.8-2.0]
Blood transfusion!'** 17 /174 45/328 0.710.4-1.2} 0.6 [0.4-1.2]
Surgery
CINS»7 0 /149 10/301 0.3[0.1-1.2] 0.3 [0.1-1.2]
Eye!?17 6 /176 23/332 0.5[0.2-1.1] 0.5[0.2-1.1)
Abdominal'?! 39 /176 96/331 0.7 [0.5-1.1] 0.7 [0.4-1.0]%
Tonsillectomy! ! 13:/17 1 32/331 0.8 [0.4-1.5] 0.710.4-1.4]
Occupational, animal, and dietary exposure
Health professional'*"” 8 /119 7/206 1.5[0.6—4.2] 1.5[0.5-4.1
Cow exposure’™!’ 26 /95 26/145 1.7 [0.9-3.2] 1.7[0.9-3.1
Sheep exposure!*!” 26 /171 25/262 1.6 [0.9-2.9] 1.6 [0.9-2.9]
Organ meat
Brain!3'? 14 /177 33/261 0.6 [0.3-1.2] 0.6 [0.3-1.8]
Liver!317 104 /117 179/206 1.2 [0.6-2.5] 1.3 [0.6-2.6]
Kidney!'*!" 61 /86 135/179 0.8[0.4-1.4] 0.8 [0.3-1.4]

* Number of subjects with a positive history or subjects exposed/total number of subjects 1n analysis.

7 Adjusted for age, sex, and study site.
tp <0.05.

health professional, history of exposure to cows and
sheep, and had lived in a rural area.

The internal validity of this reanalysis depends on
the validity of the individual studies. Selection bias
may have occurred through nonresponse in patients
and control subjects in the individual studies. Fur-
ther, control selection differed considerably across
studies. However, to distort the findings, nonre-
sponse and control selection should be associated
with the risk factors studied. This seems unlikely for
most risk factors. However, in the case of medical
history, risk factor exposure may have been associ-
ated with control selection in the largest study con-
ducted in the United Kingdom,'” which was hospital
based. The use of hospital control subjects may have
led to high exposure frequencies for medical disor-
ders, surgery, and blood transfusion. This may ex-
plain the lower frequency of surgery in CJD patients
than control subjects. Unfortunately, the a prior: sta-
tistical power of an analysis limited to the two small
studies from Japan' and the United States'!'® was
too low to yield a meaningful solution to this prob-

lem. Another source of information bias might have
been biased recall of putative risk factors. Also, the
data collection through informants for patients and
personal interviews for control subjects might have
biased the data in two of three studies. To take this
bias into account, we restricted the analysis to expo-
sures not easily forgotten by control subjects and
informants. For this reason, family history of demen-
tia was restricted to first-degree relatives and the
patient’s history of psychotic disease to those requir-
ing hospitalization. Further, we checked whether the
association with a risk factor was found consistently
across studies. In each of the studies, a family his-
tory of dementia, history of psychotic disease, em-
ployment as a health professional, and exposure to
cows and sheep was associated with an increased
CJD risk. This suggests that if bias occurred, 1t must
have occurred in all studies similarly despite the
differences in the design among studies.

Another issue is that the statistical power of our
analysis may have been limited for rare exposures.
Although we pooled the data of all case-control stud-
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ies in which the patients met the criteria for CJD by
Masters et al.,'® the number of patients included in
this reanalysis was still small, which 1s reflected in
the width of the 95% CIs. Given an exposure fre-
quency in control subjects of 10%, a significance level
of 5% (two-sided), and statistical power of 90%, the
smallest detectable relative risk in a study of 200
patients and 200 control subjects is 2.5.' If the expo-
sure frequency 1s only 1%, the smallest detectable
relative risk under these conditions 1s 8.0,' which 1s
a strength of association seldom observed in epidemi-
ologic research.

Despite the limitations, our analysis showed a sig-
nificant association between history of psychotic dis-
ease and the risk of CJD. Whether psychotic disease
1s a risk factor for CJD or is merely an early symp-
tom of CJD pathology is undetermined. Future stud-
ies on the relationship between CJD and psychotic
disease may be relevant. Our study shows familial
aggregation of CJD, which may be explained by mu-
tations 1n the PRNP gene that segregate in the fam-
1lies.’? Also, homozygosity at codon 129 of PRNP
may be associated with an increased susceptibility to
prion diseases.?!?? Qur reanalysis showed a border-
line significant association between CJD and family
history of dementia. In a number of patients with
familial forms of dementia, there have been PRNP
mutations,®® and the familial aggregation of CJD and
dementia may therefore be related to PRNP muta-
tions segregating in these families. However, other
ogenetic factors (e.g., the apolipoprotein E gene [asso-
ciated with both the risk of CJD?* and Alzheimer’s
disease®”] or nongenetic factors) may underlie the
relationship; studies of families in which CJD and
dementia aggregate may be of interest.

Our reanalysis did not support a number of previ-
ously reported associations. When pooling the data of
the three studies, there was no association of the
CJD risk with head trauma or the consumption of
organ meat, including brain. The latter was associ-
ated with an increased risk of CJD in the study of
Bobowick et al.,' which 1s not included in the
present reanalysis. Based on our findings, blood
transfusion did not increase the risk of CJD in the
period studied. There was no significant evidence in
our study of transmission of CJD among humans or
from cattle to human. However, there was a nonsig-
nificant increase in risk of CJD for subjects em-
ployed as health professionals, subjects ever exposed
to cows and sheep, and living in a rural area. In our
reanalysis, the power to assess a statistically signifi-
cant relationship for exposure to patients and expo-
sure to animals was low. Data on the presence of
prion disorders in patients or animals to which pa-
tients were exposed were not available. Further, the
individual studies were performed in the 1970s and
early 1980s when information in particular on inher-
ited prion diseases among humans and animals was
not yet available, which has limited the possibility to
separate genetic and nongenetic patients in the
present reanalysis. The negative results of our re-
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analysis are important in the light of public health to
reassure the population that there are no common
risk factors for CJD.

Our data cannot exclude an environmental source
of infection that might have occurred early in child-
hood. The ongoing systematic epidemiologic surveil-
lance of CJD in several European countries might
provide evidence of such exposure as residential his-
tories throughout life are studied.?® These extensive
studies with similar design will be highly compara-
ble and therefore will be able to resolve the problem
of selection bias and of the Iimited statistical power
of our reanalysis.
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Intracranial hemorrhage associated
with cocaine abuse:

A prospective autopsy study

Kurt B. Nolte, MD; Lawrence M. Brass, MD; and Carol F. Fletterick, MS

Article abstract—Objectives: To determine the incidence of cocaine abuse in cases of fatal intracranial hemorrhage and
to examine potential pathophysiologic mechanisms. Design: Prospective clinical, autopsy, and toxicologic evaluation of all
cases of fatal non-traumatic intracranial hemorrhage examined during 1 year (April 11, 1989 to April 10, 1990) at the
Connecticut Office of the Chief Medical Examiner. Autopsy examination included exhaustive histologic evaluation of
cerebral vessels and parenchyma for vasculitis and other vasculopathies. Results: Ten of 17 (59%) of all non-traumatic
intracranial hemorrhages were associated with a positive toxicology for cocaine. Seven (70%) of these were parenchymal
hemorrhages, and the remaining three (30%) were subarachnoid hemorrhages (ruptured berry aneurysms). No vasculitis
or other vasculopathy was identified. Conclusions: These findings implicate cocaine use as a significant risk factor for fatal
brain hemorrhage and may explain, in part, the increased incidence of hemorrhagic stroke in some drug-using cohorts.
The lack of specific pathologic findings suggests that cocaine-associated intracranial hemorrhages are a consequence of the
pharmacodynamic effect of cocaine and not a cocaine-induced vasculopathy.

NEUROLOGY 1996:46:1291-1296

w

Cocaine abuse is associated with adverse effects on
cardiac and skeletal muscle, cerebral vessels, uterus,
and placenta.' Cerebrovascular complications of co-
caine abuse include ischemic infarcts, intracranial
hemorrhages, transient ischemic attacks, and ante-
rior spinal artery and lateral medullary syn-
dromes.*5 Several controversial and unproven mech-
anisms for cocaine-generated strokes have been
hypothesized, including cocaine-associated vasculitis
and transient hemodynamic effects mediated by the
pharmacologic action of cocaine.*5! Although many
clinical reports of cocaine-related strokes have ap-
peared over the past few years, toxicologic documen-
tation is poor, and there are few autopsy studies.*'*!
In addition, the incidence of the association between

cocaine use and stroke is unclear. We describe the
results of a prospective autopsy-based investigation
into the epidemiology, clinical manifestations, and
pathology of cocaine-associated intracranial hemor-
rhage.

Methods. All individuals with fatal non-traumatic sub-
arachnoid or parenchymal brain hemorrhage autopsied be-
tween April 11, 1989, and April 10, 1990, at the Connecti-
cut Office of the Chief Medical Examiner were studied. In
each case, information was sought regarding the circum-
stances of death, history of cocaine and other drug use
(including route of administration), temporal sequence of
clinical symptoms, past history of hypertension, sickle cell
disease, vasculitis, renal or hepatic failure, and family his-
tory of intracranial hemorrhage or stroke. Available hospi-
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