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ety levels and cognitive defi cits) were most pronounced 
in elderly subjects. This study is the fi rst to show any 
dysfunction in healthy CJD mutation carriers. 

 Copyright © 2005 S. Karger AG, Basel 

 Scientifi c Background 

 Creutzfeldt-Jacob Disease (CJD) is a fatal neurodegen-
erative disorder, the most prevalent of the human prion 
diseases. CJD often has a sudden onset and it is ultimate-
ly terminal, usually within a few months  [49] . The clinical 
characterization of CJD is heterogeneous and includes 
diverse neurological and psychiatric signs, such as motor 
defi cits, visual disturbances, visual hallucinations, per-
sonality changes and vigilance disturbances, as well as 
anxiety and depression. However, the major clinical 
symptom is a rapidly progressing dementia  [31, 32, 35, 
55] . 

 The pathogenesis of CJD is believed to relate to the 
accumulation of an abnormal prion protein isoform 
 (PrP Sc ) of the normally occurring cellular protein (PrP c ) 
in the central nervous system  [49] . The disease may occur 
sporadically or due to infection, but a certain percentage 
of the known cases is associated with a familial autosomal 
dominant point mutation in the PRNP gene  [35, 37] . 
Several different mutations in the PRNP gene have been 
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  Abstract 
 Creutzfeldt-Jacob disease (CJD) is a rapidly progressing 
dementia with neurological, psychiatric and cognitive 
symptoms. We focused our study on the familial CJD 
form among Libyan Jews (the E200K mutation), trying 
to identify preclinical neuropsychological signs in muta-
tion carriers to facilitate early diagnosis of the disease. 
A wide range of neuropsychological tests was adminis-
tered to 27 healthy volunteers, all fi rst-degree relatives 
of genetic CJD patients. Thirteen of our participants were 
gene mutation carriers (E200K) and 14 controls. The 
healthy mutation carriers reported signifi cantly lower 
Trait and higher State anxiety scores. Repeated Measure 
analysis showed statistical signifi cance. The Anxiety In-
dex (State-Trait Anxiety Score) progressed with age in 
the carriers’ group but not in the controls. Since this was 
more pronounced in the older subjects, we suggest that 
abnormal stress mechanisms precede the clinical onset 
of CJD. Cognitive differences have also been found be-
tween carriers and controls, especially in visual recogni-
tion of pictured objects. Both kinds of differences (anxi-
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shown to concentrate in pedigrees in which familial prion 
diseases are common. One of the largest clusters of CJD 
is reported among Jews of Libyan decent. In this com-
munity, the incidence of CJD is 100 times higher than 
usual and is the highest in the world  [33] . The disease in 
this community is linked to a dominant point mutation 
at codon 200 of the PRNP gene (E200K)  [7, 24] . The cu-
mulative risk for developing CJD among E200K muta-
tion carriers is negligible at the age of 30 and reaches 
80–100% by the age of 80  [6] . Still, the variability of age 
at disease onset and the sudden and very rapid onset of 
the disease make it diffi cult to study the factors that en-
able the expression of, or trigger, the familial form of the 
disease. 

 Dementia accompanies many disorders with different 
etiologies and does not constitute a homogeneous diag-
nostic entity. Irrespective of the underlying pathological 
process, the symptoms are usually determined by the lo-
cus of brain dysfunction rather than the type of the dis-
ease  [28, 36] . Of course, certain types of dementia may 
compromise particular groups of cells and produce con-
sistent cognitive profi les, but even here there may be con-
siderable cognitive variability as, for example, in Alz-
heimer’s disease (AD), which selectively affects meso-
limbic memory areas early in the course of the disease 
 [ e.g.  1] . Clinically, it has become customary to distinguish 
between cortical and subcortical dementia  [30] . Cortical 
dementias (such as AD) are characterized by defi cits in 
abstraction, orientation, judgment and memory func-
tions  [17, 32] . In addition, the affected patients may have 
incomplete lesions in those association areas subserving 
language, skilled movement and sensory interpretation. 
This may result in aphasia, apraxia or agnosia, which are 
usually of limited severity due to the diffuse and incom-
plete nature of the related cell loss. The prominent feature 
in subcortical dementia (such as Huntington’s (HD) or 
Parkinson’s (PD) diseases) is a gradual decline in cogni-
tive abilities but without notable signs of cortical dysfunc-
tion  [32, 36] . These kinds of distinctions could have been 
useful in identifying the affected regions in CJD, yet no 
reliable cognitive profi les exist for early CJD. This lack 
originates in the clinical nature of CJD: by contrast to the 
relatively slow progression of symptoms in the aforemen-
tioned types of dementia, the dementia in CJD progress-
es very rapidly, so symptoms and signs become manifest 
only weeks or months prior to loss of consciousness or 
death  [1, 2] . Differential diagnosis at the early stages of 
the disease is also diffi cult and often gives rise to the di-
agnosis of AD or certain psychiatric disorders. Therefore, 
rapid onset and development of cognitive impairment are 

themselves diagnostic criteria for CJD, which leaves little 
time for a detailed cognitive investigation of the related 
patterns  [9, 33, 35, 55] . 

 Usually, the neuropsychological assessment of demen-
tia is performed within a wide context of the clinical eval-
uation of patients, aimed at the diagnosis of neurological, 
psychiatric and physical dysfunction. In cases where neu-
ropsychology made a signifi cant contribution to demen-
tia research, the clinical tests have been extended in a 
systematic and focused manner, so as to allow the theo-
retically motivated extension of the baseline clinical data. 
This allowed the achievement of better early diagnosis, 
often achieved with largely presymptomatic subjects, es-
pecially in AD and HD  [16, 51] . In CJD, by contrast, 
cognitive assessment has not been suffi ciently detailed so 
far, due to rapid evolution of the disease. Neuropsycho-
logical research in clinical CJD has also been hampered 
by the fact that it consisted, almost exclusively, of single 
case reports over a wide range of neuropathological con-
ditions [e.g.  8, 20].  Consequently, misdiagnosis remained 
common and no coherent body of data has accumulated 
which could indicate the possible direction for extended 
research. 

 At the heart of the reported research is the neuropsy-
chological evaluation of PRNP E200K mutation carriers. 
The study aimed to identify subtle subclinical abnormal-
ities in healthy carriers in comparison to non-carriers, in 
order to understand the very early processes and patho-
genesis of the disease. The participants in the study were 
all healthy fi rst-degree relatives of Libyan Jewish patients, 
who died from the familial CJD form of the disease. 
Therefore, all participants had the same cultural back-
ground and lived in the same environmental conditions. 
Furthermore, they were familiar with the symptoms of 
CJD and the genetic implications of the disease. How-
ever, none of the participants were aware of their specifi c 
genetic status (carriers or non-carriers) prior to and dur-
ing the study. This allowed us to conduct the study as a 
double-blind procedure (the researchers did not obtain 
the genetic status information during the administration 
and analysis of the neuropsychological tests). Since the 
E200K is a dominant mutation  [35, 37]  it was expected 
that around half of our participants would be carriers of 
this mutation. After obtaining the genetic data the par-
ticipants were assigned into one of the two study groups: 
‘carriers’ or ‘controls’. 

 We gave the subjects a wide range of neuropsycholog-
ical tests (including anxiety assessment). This battery of 
tests considered two possible outcomes: First, if no dif-
ferences are found between healthy carriers and matched 
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controls, this would mean that CJD has, indeed, a sudden, 
all-or-none onset, and that the clinical symptoms are, in 
fact, the earliest dysfunctions. Alternatively, carriers could 
differ, neuropsychologicaly, from controls. This would 
mean, of course, that CJD is preceded by presymptomatic 
dysfunctions, which may have differential rates of progres-
sion. Slow evolution of symptoms may also be indicated 
by large variability of performance profi les, which could 
also imply that a mild progressive cognitive decline ap-
pears in the carrier group and precedes the clinical symp-
toms and the disease onset by a fairly large margin. This 
study focused on the early symptoms of CJD in healthy 
subjects. The fact that the E200K familial form of the dis-
ease is very similar to its sporadic form  [33]  enhances the 
potential contribution of our study to the understanding 
of the preclinical processes that underlie the progress of 
the disease in the sporadic population as well. 

   Methods 

 Subjects and Testing Conditions 
 Twenty-seven healthy volunteers participated in the study. 

They were recruited through the national research roster for pa-
tients with CJD in Israel. All were fi rst-degree relatives of geneti-

cally symptomatic patients who died from familial CJD and all 
were of Jewish Libyan decent. Inclusion criteria were language 
skills (fl uent Hebrew), age (45–75), and the absence of neurological 
abnormalities or psychiatric illnesses. The institutional ethics com-
mittee approved the study, and each subject signed an informed 
consent to participate. Blood samples for genetic evaluation  [6]  
were taken from all subjects in another session. The study was con-
ducted as a double-blind procedure, neither the subjects nor the 
examiner nor any of the investigators were aware of the partici-
pants’ genetic status (carrier/control). Since this study applied a 
double-blind procedure, some group parameters could not be pre-
controlled. This included group size, subjects’ age and level of edu-
cation. Thirteen of our volunteers (6 males and 7 females) were 
found, post-assessment, to be carriers of the E200K point mutation 
(‘carriers’) and the other 14 (7 males and 7 females) were not, con-
stituting the control group (‘controls’). 

   Neuropsychological Tests and Procedure 
 All subjects were told that they had been selected to participate 

in a study of risk factors for the development of CJD due to their 
Libyan origin and being relatives of CJD patients. The test session 
lasted 4–5 h, and was conducted at a relaxed pace (coffee breaks, 
etc.). Each healthy participant completed a battery of cognitive tests 
that was based on various prevalent clinical fi ndings  [21, 22] . The 
test battery is summarized in  table 1 . Following cognitive assess-
ment, each subject was evaluated with a Hebrew version of self-re-
ported Trait and State Anxiety questionnaire  [23] . 

Table 1. List of the cognitive tests that were used for evaluating the cognitive performance

Cognitive 
parameter 

Neuropsychological tests References 

General evaluation
of cognitive potential

Mini-Mental State Evaluation (MMSE)
Wechsler Adult Intelligence Scale (WAIS-R) 

Folstein et al., 1975 [15]
Wechsler, 1981 [65]

Attention Cancellation (tests A and B); Color Trail Making (tests A  and B)
Digit Span and Digit to Symbol (from WAIS-R) 

Reitan, 1958 [50]
Bornstein, 1985 [3]

Memory Rey-Auditory Verbal Learning Test (AVLT) ;
Visual Paired Association (from WMS-R) Delayed Recall of
Rey-Autrich (FCT); Word and Sentence Repetition

Vakil and Blachstein, 1994 [62]
Vakil and Blachstein, 1997 [63] 
Wechsler, 1987 [66]
Spree and Strous, 1991 [57]

Visual perception Copy Rey-Autrich (FCT); Picture Completion (from WAIS-R);
Picture Recognition (usual and unusual views);
Visual Paired Association (from WMS) 

Spree and Strous, 1991 [57]
Warrington and Taylor, 1973 [67]

Language Object naming1; Word and Sentence Repetition; Verbal Fluency Lezak, 1995 [41]

Executive functions Wisconsin Card Sorting Test (WCST); Verbal Fluency (category and 
initial phoneme); Tower of Hanoi (time and number of trials);
Similarities, Picture Arrangement and Block Design (from WAIS-R)

Heaton et al., 1981 [27]
Hadar and Rose, 1990 [26]

1 Object naming was assessed by asking subjects to name 12 real objects. This test is commonly used clinically to assess dementia 
(especially AD). Another assessment for object naming was done by using 20 photographed objects that were shown from usual views. 
The performance in this test was compared to object recognition, using the same 20 objects photographed from unusual views.
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   Statistical Analysis 
 Data was analyzed using the SPSS for Windows statistical soft-

ware (version 9). Mann-Whitney non-parametric t-test (for inde-
pendent samples), MANOVA and repeated measures tests were 
used to assess differences between group parameters. All means are 
presented with 1 standard error of mean (mean  8  SEM). 

   Results 

 Statistical analyses showed that the two healthy groups 
(carriers and controls) were similar in demographic mean 
parameters (age and education), and showed no signifi -
cant differences in mean MMSE score (see  table 2 a). 
Splitting the data according to age groups did not achieve 
signifi cant differences either ( table 2 b). By contrast, our 
results revealed three main presymptomatic neuropsy-
chological differences between healthy CJD mutation 
carriers and controls: (1) Anxiety level among the muta-
tion carrier group was signifi cantly higher compared to 
the control group that was recruited from the same fami-
lies. This difference increased with age ( fi g. 1 ). (2) The 
older healthy carrier group (age  6 60 – referred to as ’old-
er carrier’ henceforth) showed signifi cant defi cits in some 
cognitive tasks. These included object recognition, object 
naming, and the copy stage of the CFT test ( table 3 ). In 
addition, the mean performance of verbal learning, ver-
bal memory and verbal IQ were markedly lower in the 
‘older carrier’ in comparison to old controls, although 
only the slope of the verbal learning task (AVLT; trials 
1–5) reached signifi cance. Analysis of the ‘older carriers’ 
data revealed 3–4 healthy carriers who seemed to contrib-

ute most to the signifi cance of the cognitive differences. 
These 4 subjects were, also, the only ones to show an ob-
ject-naming defi cit. Moreover, all of them showed abnor-
mal verbal WAIS-R IQ score ( ! 85, which is 1 SD under 
the normal population mean) ( table 4 ). Using MANOVA 
(or repeated measures for repeated trials) to compare 
these 4 healthy elder carriers with elder controls and the 
remaining elder carriers revealed that they were signifi -

Table 2. Subjects’ demographic information (age and education) and general cognitive potential (MMSE and 
WAIS-R) (a, for the subject population generally; b, separating between young and elder subjects). There were no 
signifi cant statistical differences between groups in any of the demographic parameters

a Controls (14) Carriers (13) t-test sig.

Age 59.482.2 58.682.0 0.33 0.74
Education 10.381.2 9.981.0 0.23 0.82
MMSE 27.380.6 26.580.8 0.85 0.41
WAIS-R 101.483.2 98.884.3 0.47 0.64

b Young (11) Elders (16)

controls (5) carriers (6) t-test sig. controls (9) carriers (7) t-test sig.

Age 50.081.8 52.381.8 0.79 0.17 64.781.2 64.081.5 0.39 0.70
Education 13.681.5 11.280.8 1.46 0.45 8.481.4 8.981.7 1.87 0.85
MMSE 28.480.6 27.780.3 1.12 0.29 26.780.75 25.481.4 0.83 0.42
WAIS-R 103.686.7 104.284.5 0.72 0.99 100.183.6 94.386.8 0.81 0.43

 Fig. 1.  Correlation between anxiety index (see Results) and age in 
carriers (U  , r = 0.64; p = 0.03; Y = –111.27 + 2.99X) and controls 
( S , r = 0.16; n.s. Y = 42.46 – 0.53X).
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cantly lower in all cognitive parameters (post-hoc Scheffé, 
p   !   0.05). These subjects were therefore considered a sep-
arate group and referred to as ‘clinical presymptomatic’. 
(3) Unexpectedly, and despite their lower mean education 
compared to young controls, the young carrier group 
showed markedly better performance in almost all cogni-
tive tasks. However, in only one task (Trail B time perfor-
mance), the difference reached statistical signifi cance. 

   Discussion 

 This is the fi rst research that focuses on preclinical 
neuropsychological signs in healthy subjects that are at a 
genetic risk for CJD. Recent studies demonstrated neu-
ropsychological presymptoms in other kinds of dementia 
such as AD and HD  [1, 10, 14, 16, 18, 19, 25, 51, 56, 61]  
but, thus far, no research has evaluated either subjects at 

Table 3. Mean (8SEM) cognitive performance of the various groups

Cognitive test Young (11) Elders (16) Sig.

controls (5) carriers (6) controls (9) carriers (7)

Attention
Cancellation A, s 49.085.8 46.082.4 62.086.6 71.489.7 n.s
Cancellation B, s 60.287.2 49.283.1 60.284.6 73.888.3 n.s

Trail A, s 58.889.6 53.086.4 81.5813.5 91.0813.5 n.s
Trail B, s 162.6832.3 93.785.3 187.2843.0 204.9845.9 0.03*

Digit to symbol 9.481.5 9.281.0 8.080.6 7.181.2 n.s
Digit span 8.081.1 8.380.8 8.180.7 7.981.3 n.s

Language and verbal memory
Verbal IQ (WAIS-R) 104.486.3 102.884.3 98.783.5 91.687.2 n.s
Object naming (out of 12) 11.880.2 12.080.0 11.680.2 10.080.5 0.02*
Sentence repetition (max. = 38) 28.781.8 31.480.2 28.681.0 21.383.4 n.s
AVLT1

Maximum words (out of 15) 11.481.4 12.081.0 10.680.6 7.481.3 n.s
Slope of learning [(trial 5 – trial 1)/5] 1.380.1 1.480.2 1.280.06 0.680.2 0.01*
Delayed recall 8.281.8 10.281.2 8.080.8 6.581.1 n.s

Visual perception and visual memory
Recognition of usual views (max. = 20) 18.480.4 19.380.5 18.180.5 15.481.2 0.05*
Recognition of unusual views (max. = 20) 13.482.3 16.081.2 11.880.9 8.381.5 0.05*
CFT (copy) 34.381.3 34.580.7 27.683.9 24.183.7 0.02*
CFT (delayed recall) 16.383.2 19.984.4 11.482.6 8.081.6 n.s
Visual paired association (delayed recall) 4.081.0 5.081.0 2.380.6 3.780.8 n.s
Picture completion (from WAIS-R) 7.681.3 9.281.0 7.280.9 6.880.9 n.s

Executive functions
Verbal fl uency

Category 52.484.3 51.084.2 43.282.8 41.481.9 n.s
Phonological 32.281.7 37.284.5 20.983.8 20.686.6 n.s

Similarities (from WAIS-R) 11.681.3 11.080.7 9.880.7 9.381.6 n.s
Block design 7.881.2 8.081.1 6.181.4 4.981.8 n.s
Tower of Hanoi 44.085.9 41.286.7 58.8821.8 54.7812.2 n.s
WSCT

Categories 3.681.0 5.480.6 4.580.6 4.180.6 n.s
% perseverative errors 18.284.0 12.483.5 13.682.3 22.683.8 n.s
% nonperseverative errors 19.987.2 10.282.0 20.184.0 16.182.4 n.s

* Signifi cance is related to the Mann-Whitney t-test for non-parametric independent samples, comparing between the two elder groups 
(carriers and controls).

1 The Auditory Verbal Learning Test (AVLT) included 15 words that were auditory presented at 5 times (each named a trial), and 
subjects were asked (at each trial) to recall as many words as they could remember. The learning curve was calculated as increment be-
tween trials 5 and 1 divided by number of recalled words in trial 5.
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the very early stages of CJD or healthy individuals at risk 
for CJD. Our accessibility to this genetic population, at 
risk for developing the disease, offered a unique oppor-
tunity to investigate the question of whether the genetic 
mutation has an effect on preclinical cognitive function. 
Resolving this question could illuminate other aspects of 
this enigmatic disease, and may enable therapeutic treat-
ment at diminished brain degenerated stages. All of our 
subjects (carriers and controls) were from the same lin-
eage (Libyan Jewish), fi rst-degree relatives of patients 
who were carrying the specifi c mutation (E200K) and 
who died from CJD. Therefore, our experimental popula-
tion was homogeneous and the controls were tightly 
matched. In addition, the study was carried out in a dou-
ble-blind manner. 

 Our main fi nding relates to anxiety levels. These were 
shown to be nearly normal until about 50 years of age, 
with a rapid increase thereafter ( fi g. 1 ). It is well known 
that stressful life events can be risk factors for expressing 
psychiatric (schizophrenia and major depression) and 
neurological (epilepsy, Alzheimer’s, Parkinson’s) diseas-
es. Certain psychopathologic data point to the possibility 
that several psychiatric and neurological diseases are 
based on inherited brain defects which, together with 
stressful events, lead to the expression of the disease  [39] . 
Likewise, there are some indications that the expression 
of the CJD mutation can be accelerated by psychological 
or physiological stress. Indeed, it has been shown that the 
expression in transgenic mice with abnormal human 
PRNP requires additional cellular factors for the conver-
sion process  [60] , and it has been suggested that these 

factors might be activated by biological stress factors  [59] . 
Interestingly, 49% of Branded’s  [4]  CJD patients (27 of 
55) had experienced emotional disturbances between 1 
and 5 years before the onset of the disease, due to a stress-
ful life event. 

 Perceiving an event as stressful depends not only on 
the nature of the event but also on individual propensity. 
The pathological defending expression for a stressful 
event may be depression or anxiety (as well as other re-
sponses). In our study we show no difference in depres-
sion scores between the carriers and the controls, but a 
very signifi cant state anxiety difference. Therefore, we 
suggest that the PRNP E200K mutation carriers are 
chronically anxious, and perceive daily situations as 
stressful. The accumulation of stressful situations may 
enhance the conversion of the mutant protein to the ab-
normal protein isoform later in life. The fact that the elder 
carrier subjects showed higher abnormality supports this 
suggestion. 

 In humans, cortical areas have an important place in 
the perception of an event as stressful and in the control 
of cognitive infl uences on brain structures involved in 
emotion (e.g., limbic system). Evidence from brain imag-
ing implicates specifi c brain structures such as the amyg-
daloid complex and septal area, as well as the cingulate, 
orbitofrontal and prefrontal cortices as mediators of the 
broad range of behavioral and physiological responses as-
sociated with anxiety  [54] . Other studies suggest that the 
neuropathology of anxiety involves specifi c neurorecep-
tors, such as catecholaminergic and benzodiazepines. 
Anxiety states are also characterized by high arousal and 

Table 4. Mean (8SEM) WAIS-R IQ scores

Young (11) Elders (16)

controls carriers
 

controls carriers 4 pre-
symptomatics1

Performance IQ
Mean 8 SEM
Minimun
Maximun

101.886.6
87

122

105.784.5
96

125

106.586.0
86

141

109.788.6
97

126

89.284.7
76
98

Verbal IQ
Mean 8 SEM
Minimun
Maximun

104.486.3
92

123

102.884.3
88

114

100.283.6
88

119

108.788.8
92

122

78.783.7
68
85

Four ‘pre-symptomatic’ elder carriers that were defi ned clinically as healthy, showed low IQ score (verbal and 
performance).

1 One-way ANOVA and Scheffé’s post-hoc showed signifi cance of p < 0.05 each (see text).
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vigilance and are associated with hyperactivity of the hy-
pothalamic-pituitary-adrenal (HPA) axis, which is fur-
ther enhanced by morphologic and functional linkage be-
tween the corticotropin-releasing hormone and the sym-
pathetic system  [47] . However, it is still controversial 
whether perceiving the same external event as differently 
stressful accounts for the bulk of individual differences 
in the HPA axis activity or, alternatively, the HPA axis 
hyperactivity is secondary to the cognitive perception of 
an event as stressful  [53] . In any of these possibilities, our 
results raise the question of whether anxiety is a preclin-
ical sign resulting from the accumulation of very little 
amounts of the abnormal PRNP, or if it is present prior 
to the PrP Sc  conversion to the abnormal isoform. The lat-
ter possibility may have two explanations. Firstly, these 
familial carriers may have an inherited brain defect in 
pathways that mediate anxiety or stress responses (e.g., 
in the HPA axis or cortical areas involved in the percep-
tion of emotions, as well as limbic structures). Secondly, 
abnormal anxiety could be a secondary manifestation of 
the defi cit in PrP c . Recent biochemical studies showed a 
correlation between the cellular amounts of PrP c  and the 
resistance of brain cells to chemical stress  [5] . At the same 
time, other studies suggest that the amount of heat-shock 
proteins is related to the phenotypic expression of PrP Sc  
in transgenic mice  [4, 59] . Even though the massive con-
version to the abnormal isoform may start only later in 
life, carriers may exhibit less functional PrP c  and less re-
sistance to metabolic stress. Defective cellular resistance 
to chemical injury may lead to the intracellular accumu-
lation of biological stress factors  [4]  and thus to neuro-
pharmacological changes and enhanced anxiety. 

 Two other fi ndings are both remarkable and unexpect-
ed: one is the better cognitive performance of the young 
carriers compared to young controls, and the other is the 
cognitive differences between elder and young carriers, 
which were often greater than the disparity between car-
riers and controls. These two fi ndings may be related to 
the main reported abnormality among our healthy at-risk 
subjects, who demonstrated elevated levels of anxiety and 
stress  [23] , accompanied by decreased levels of cognitive 
performance. Two possible explanations may apply here. 
At-risk subjects may respond with anxiety to the experi-
ence of subtle cognitive deterioration (although they do 
not report it). A similar explanation has recently been of-
fered for clinically healthy subjects at risk for HD  [10, 
14] . The fi rst suggestion, therefore, is that in CJD, the 
cognitive defi cits are the primary consequences of the ge-
netic mutation, while stress and anxiety are secondary 
responses. This idea, however, does not explain the supe-

rior cognitive performance of the young at-risk subjects. 
Alternatively, cognitive dysfunction may be the conse-
quence of abnormal anxiety and chronic hyperarousal. 
Anxiety and arousal are modulated by steroid and adren-
aline concentration through the HPA, usually following 
the perception of an event as a stressful one  [13, 34, 46] . 
Slightly elevated arousal is well known to improve cogni-
tive performance  [13, 44] . However, prolonged high lev-
els of these substances may hasten cell death and ulti-
mately impair cognitive function  [53] . This suggestion 
implies that abnormal stress levels are the primary im-
pairments of the PRNP genetic mutation. These may in-
volve abnormal function of either lower cerebral struc-
tures (HPA axis) or higher structures that modulate the 
perception of an event as stressful (primarily the amyg-
daloid complex, the orbitofrontal pathways and the cin-
gulate cortex)  [ e.g.  2] . In this assumption, the cognitive 
impairments are subsequent to high anxiety levels. The 
superior cognitive performance of the young at-risk sub-
jects may originate in the initial low levels of increased 
anxiety and arousal, while further increased anxiety level, 
both in magnitude and duration, eventually causes cogni-
tive deterioration in the elder at-risk subjects. This expla-
nation is partly supported by recent retrospective studies, 
which reported excessive proportion of stressful life 
events in patients who died from CJD  [4, 40, 64] . Exces-
sive stress in these patients may have accelerated the neu-
ropathological process. 

 Irrespective of the above possible explanations, our 
results clearly show that mild, yet specifi c, cognitive defi -
cits (and possibly a gradual decline) may precede the clin-
ical onset of CJD in the at-risk population. The most no-
ticeable cognitive defi cits in our at-risk subjects were in 
the tasks of object naming and recognition. The very fact 
of presymptomatic defi cits is not surprising since pre-
symptomatic cognitive defi cits were shown in other de-
mentias, e.g., HD and AD  [1, 10, 14, 18, 25, 56, 61] . Our 
results, however, are theoretically problematic, for if the 
observed defi cits originate in extended arousal levels, 
which is the more likely explanation, then they should be 
diffuse and span a wide range of cognitive functions and 
perhaps even be of a psychiatric nature  [41] . Yet, this is 
not the pattern of our results, where object semantics 
seems the prime problem (originating either in impaired 
visual recognition or in impaired lexical semantics). Thus, 
in the elder at-risk subjects, object naming was lower by 
about 15% compared to matched controls. Object recog-
nition, assessed by performance from unusual views, was 
lower by 30% ( table 3 ). The more severe problem from 
unusual views could tilt the balance in favor of a recogni-
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tion problem, rather than a lexical retrieval problem. 
However, the difference between 15 and 30% defi cit is 
not so remarkable and could be explained simply by the 
greater diffi culty, even for normal subjects, to recognize 
objects from unusual views  [12, 38, 42, 48, 58] . 

 In addition, there is considerable evidence that associ-
ates aging and dementia with naming problems  [11, 38, 
45] . This is more commonly observed in AD patients, but 
has also been reported in HD patients  [61] . Here, again, 
controversy about processing origins is nourished by the 
ambiguity of the available data. Thus, the performance 
defi cits of HD patients were ascribed to impaired recog-
nition, while the performance profi les of AD patients 
were ascribed to conceptual, or even lexical, semantic def-
icits, but even that was not left uncontested  [ e.g.  61] . On 
the present data, CJD profi les could indicate either vi-
sual recognition or linguistic impairments and more evi-
dence is required to decide between the two explanations. 
We incline to favor the hypothesis of a recognition prob-
lem as underlying the defi cits seen in our carrier popula-
tion. Firstly, this population showed more clearly visual 
perception problems in performing the Rey-Complex 
Figure Test ( table 3 ). Here they were similar to those of 
the preclinical HD carriers, for whom a visual recognition 
problem seemed very plausible. Indeed, visual problems 
are one of the common clinical CJD characteristics  [33, 
35] . Also, the Trail B task requires adequate visuospatial 
abilities  [41] , whose impairment may underlie the poor 
performance of the elder carriers. However, some of our 
evidence may be interpreted as indicating a linguistic def-
icit. Four healthy elder carriers displayed naming defi cits 
in the real objects naming task. These subjects also dis-
played abnormal verbal IQ scores, reaching lower than 1 
SD below the mean population score ( ! 85, n.s.;  table 4 ). 
These 4 carriers were responsible for the decreased abil-
ity to name objects pictured from usual views, indicating 
a linguistic defi cits, but they were also the ones who con-
tributed most to the low performance on objects pictured 
from unusual views. These 4 subjects could well be con-
sidered as ‘presymptomatic’. 

 Considering the entire data, we may conclude that the 
progress of CJD in the carrier population involves three 
stages that precede the clinical onset. The initial stage in-
volves alterations in stress or anxiety levels. We propose 
these to be the primary causes of preclinical deterioration 
in carriers and suggest that they indicate the existence of 
subcortical changes  [23]  prior to the cortical (cognitive) 
ones. The subcortical irregularity can be a direct conse-
quence of the PRNP gene mutation, while the cortical 
irregularity may be a consequence of the subcortical dys-

function, by analogy to mechanisms suggested for other 
disorders (such as PD or HD  [18] ). 

  In between the stages of subcortical stress elevation 
and cortical defi cits there may be a stage of fi rst enhanced 
and then impaired attention and concentration. This may 
be indicated by the comparative overall performance pro-
fi les of, respectively, the younger and the elder carrier 
groups. The declining performance of the elder popula-
tion on the memory tasks of the AVLT ( table 3 ) may re-
fl ect the remains of this attentional defi cit. However, if 
we place the subcortical damage at the amygdaloid com-
plex, we may also explain the impaired higher visual func-
tions as a direct consequence of the lower impairment. It 
is now well proven that amygdaloid activity directly mod-
ulates neuronal activity in higher visual cortex  [29, 42, 
52] . 

 To summarize, we demonstrated in this study, for the 
fi rst time, that preclinical deterioration precedes the rap-
id progressive dementia seen in clinical CJD. While the 
evidence that could lead to clear theoretical conclusions 
is still missing, our results were specifi c enough to venture 
into plausible speculations about the origins and course 
of this deterioration. This offers a challenging scope for 
both future research and, possibly, future therapeutic in-
terventions. The data summarized here may offer new 
leads for the study of CJD, suggesting, among other things, 
that stress reduction may delay the onset of CJD in the 
carrier population. Studies using dynamic neuroimaging 
may help resolve the above issues by specifying the im-
plicated brain regions, as well as the related neurophar-
macology. 
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