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Neurofibromatosis type 1 in Israel: survey of
young adults

Ben Zion Garty, Arie Laor, Yehuda L Danon

Abstract
Neurofibromatosis type 1 (NF1) (von Reck-
linghausen's disease) is one of the most
common human autosomal dominant dis-
orders. In a survey of 374440 17 year old
Jewish recruits for military service, 390
cases of NFI were discovered, with a pre-
valence of 104/1000 (0-94/1000 for males
and 1-19I1000 for females), or two to five
times the reported prevalence of this dis-
ease. NFl was more common in youngsters
whose parents were of North African and
Asian origin (1.81/1000 and 0-9511000, re-
spectively) and less common in those of
European and North American origin
(0'64/1000). All these differences were stat-
istically significant and may be partially
explained by the more advanced parental
age of the NF group (as suggested by the
larger number of children in the North
African and Asian families) or by founder
effect or both. The height and weight of
the NF1 subjects was significandy lower
than those ofthe controls. The intelligence
score of persons with NFl was similar to
that of the control group when corrected
for gender and ethnic origin. No significant
increase in epilepsy or mental illnesses was
found. This study provides evidence ofthe
high overall prevalence ofNF1 amongJews
in Israel, with significandy increased pre-
valence in certain ethnic groups.
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Neurofibromatosis type 1 (NF1), previously
known as von Recklinghausen's disease, is one
of the most common human genetic dis-
orders.lA The disease is characterised by cafe
au lait spots, neurofibromas of the skin, and
iris hamartomas (Lisch nodules). The skeleton,
endocrine glands, and central nervous system
may also be involved. There is no known racial,
ethnic, or geographical predilection for the con-
dition.5 We conducted a study ofthe prevalence
of NF1 among Israeli military recruits and
investigated some of the clinical features of the
affected persons. In contrast to most other
surveys of NF1, ours did not use a clinic or
hospital population; therefore, the selection of
persons with more severe features of NFl was
avoided.'6

Material and methods
The computerised data of 374440 consecutive
military recruits (220215 males and 154225
females) were reviewed to investigate the pre-

valence ofNFl in the Israeli Jewish population
and to examine some of the clinical features
(weight, height, and intelligence) ofthe affected
persons.
The Israeli National Services Act requires

that all citizens report to the induction centres
of the Israel Defence Forces (IDF) at the age
of 17 years for evaluation of fitness for military
duty. Those exempted include Arabs (who are,
therefore, not routinely examined), orthodox
Jewish females (therefore more boys than girls
are examined), and the severely physically dis-
abled. The characteristics of the population
seen at the induction centres, the examinations
and studies performed, and the classification
system are described in detail elsewhere.7
The diagnosis ofNFl was established by the

IDF physicians at the induction centre. They
also received medical information regarding the
recruits from family physicians and pae-
diatricians. In case of doubt, they were tested
by experts in genetics or dermatology.
The criteria for the diagnosis of NFl were

slightly but not substantially different from
those of the National Institute of Health con-
sensus. Diagnosis was based on the presence
of six or more cafe au lait spots over 1 -5cm
each, accompanied by neurofibromas or ax-
illary freckling, or a family history of neuro-
fibromatosis. Ocular examination for iris
hamartomas (Lisch nodules) was performed in
only a few per'sons. This may have resulted
in underdiagnosis of mild NF1 but not in
overdiagnosis.

Intelligence was determined by a translated
version of the verbal Otis test and a non-verbal
test. The scores were then transformed into
values that correlate with the Wechsler Adult
Intelligence Scale (WAIS).
The control group of the study comprised

all the recruits for military service who were
not diagnosed as having NFl.

STATISTICAL METHODS'10
Discrete variables
For two way contingency tables, a X' test of
homogeneity was used, and for 2 x 2 tables
Fisher's exact test. Cochran-Mantel-Haenzel
statistics and the corresponding confidence in-
terval were used to determine the association
between the prevalence of NFl and other clin-
ical features after adjusting for gender and
ethnic group.

Continuous variables
Means and standard errors were calculated for
each variable (height, weight, body mass index,
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Table 1 Prevalence of neurofibromatosis type I in J'ewish
military recruits in Israel

NFI Controls
No % No %

Males 206 52-8 220009 58-8
Females 184 47-2 154041 41-2
Total 390 100 374050 100

The difference in prevalence between males and females is
significant (p<005, Fisher's exact test).

Table 2 Prevalence of neurofibromatosis type I in J7ewish
military recruits according to ethnic groups

Onign* No of NFI No of Prevalence
patients controls (°W

Israel 8 24800 0-32
North Africa 185 102131 1-81
Asia 99 104633 0 95
South America 9 6362 1 41
Europe &
North America 87 135135 0-64

Total 390 374050 1-04

*Origin refers to the place of birth of the parents, "Israel"
means that the father and grandfather were born in Israel;
"North Africa", mainly Sephardic Jews; "Asia", mainly Jews
of Middle East countries; "South America", Sephardic and
Ashkenazic Jews, "Europe & North America", mainly Ash-
kenazic Jews.
Data on ethnic group was unavailable for two NFI patients
and 2914 controls.

IQ, etc). Three way analysis of variance
(ANOVA) models of gender, ethnic group, and
presence of NF1 were used for comparisons
between affected persons and controls. In-
cremental sums of the square of each in-
dependent variable were added, so that the
significance results for the effect ofNFl would
not be biased by gender or ethnic group.
The identity of several distribution functions

was tested by the two sided Smirnov test.
All computations were performed using SAS

software."

Results
Of the 374440 Israeli military recruits, 390
had NFl (table 1). For fitness evaluation pur-
poses, the disease was classified as mild (no
functional disturbances) (372 persons), mod-
erate (localised functional disturbances, mainly
orthopaedic disabilities such as pseudarthrosis)
(15 persons), and severe (space occupying le-
sions in internal organs or brain) (three per-
sons). Only those with moderate or severe NF 1
were given a lower fitness ranking.
The prevalence of NF1 in the population

studied was 1-04 per 1000. When analysed
according to gender, it was 0 94 per 1000 males
and 1 * 19 per 1000 females. This difference was
statistically significant (p<0.05, Fisher's exact

test). When analysed according to ethnic origin
(table 2), the disease proved to be more com-
mon among Jews of North African or Asian
origin (1 81/1000 and 0-95/1000, respectively)
and less common among Jews of European
or North American origin (0-64/1000). The
differences were highly significant (p<0-0001,
X test).
The prevalence ofNF1 among recruits from

families living in Israel for at least three gen-
erations (that is, father and grandfather born
in Israel) was even lower (0.32 per 1000);
however, because ofthe relatively small number
of persons in this subgroup, this result should
be considered with caution.
Mean height and weight ofpersons withNF I

was significantly lower than those ofthe control
group (table 3). Body mass index (kg/M2),
although lower in persons with NF1, was not
significantly different in comparison to the con-
trols. The intelligence of the NF1 persons was

lower when compared to the controls, but sim-
ilar when corrected for gender and ethnic origin
(table 3). There were no significant differences
in the prevalence of seizure disorders (epilepsy)
or major mental illnesses in the two groups,
although seizure disorders were slightly more
common and major mental illness slightly less
common in persons with NFl (table 4).

Discussion
NFl is one of the most frequent, potentially
serious, human genetic disorders. It is inherited
as an autosomal dominant condition with al-
most 100% penetrance, and its mutation rate
is so high (1 x 1i0- mutations/gamete/gen-
eration,3 100 fold higher than the average muta-
tion rate at a single locus) that half the newly
diagnosed subjects are considered to represent
a new mutation.2' Both sexes are affected with
equal frequency and severity,2 although some
studies showed an apparently worse prognosis
in females.'512
The gene for NF1 has been recently located

in the pericentromeric region of the long arm
ofchromosome 17," and there are severalDNA
markers that can be used for prenatal diagnosis
by linkage analysis, with an accuracy of>95%. 14

In 1987 the Consensus Panel of the National
Institutes of Health established the definition
of neurofibromatosis.15 Although diagnosis of
NF1 is usually straightforward, problems may
arise when assessing young children in whom
multiple cafe au lait spots are the only pres-
enting feature, and the parents are unaffected.'
The clinical features of NF1 become more

Table 3 Comparison between neurofibromatosis type 1 and control group regarding height, weight, body mass index,
and IQ

Males Females

NFI Controls Significance NFl Controls Significance
Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Height (cm) 172-3 (0 5) 173-5 (0-01) p<001* 160-5 (0 4) 162-3 (0 02) p<001*
Weight (kg) 61-8 (0-7) 63-7 (0 02) p<0.01* 54-7 (0-6) 56-5 (0 02) p<001*
Body mass index
(kg/M2) 20-8 (0 2) 21-1 (0 006) NS 21-2 (0-2) 21-4 (0 008) NS
IQ 99 9 (1-32) 102-9 (0 04) NSt 107-6 (1-2) 109-6 (0 04) NSt
NS = not significant. *p<0Q01 after correction for ethnic group and gender (three way analysis of variance). tNot significant when
adjusted for ethnic group and gender.

854



Neurofibromatosis type I in Israel

Table 4 Comparison between NFI patients and control group regarding some clinical
features

Males Females Sex and ethnic origin
adjusted odds ratios

NFI (%) Controls NFI (%) Controls (95% confidence
(%/-) (%) intervals)*

Seizure
disorders 4-9 3-3 5-4 2-9 NSt

Mental illness 4-9 6-2 5-4 7-6 NSt

*Cochran-Mantel-Haenzel estimate based confidence interval.
tNot significant when adjusted for gender and ethnic origin.

pronounced with age, and the cafe au lait spots
and neurofibromas increase in number and
dimension.'6 Most affected subjects can be dia-
gnosed before the age of 5 years. 7 The reported
prevalence ofNFl varies. A USSR study of 16
year olds who underwent premilitary ex-

amination showed a very low prevalence of 1/
7800,'8 suggesting possible underestimation.
Prevalence was 1/4600 in a Swedish study'9
and 1/4950 in a survey conducted in south east
Wales.'720 Calculated "correction" for possible
missed cases (new mutations without severe

complications) increased the prevalence of
NFl in Wales to 1/4150.1720 Other authors,
however, estimated a higher prevalence, in the
range of 1/2500 to 1/3500 births.22122 The
highest reported prevalence was in Dunedin,
New Zealand at 1/2190.23
The prevalence of NFl in our study (1-04

per 1000) was two to five times higher than in
these reports and estimations. This figure does
not include some persons with severe com-
plications, such as malignant tu-nours, who
had either died of this disease at an earlier age
or did not present themselves at the induction
centres. However, the latter factor accounts for,
at most, 5% of the total number of persons
with NFl.5'0
The high prevalence of NFl in our study

must also raise the possibility of overdiagnosis
of the disease or inclusion of other entities
similar to NFl in our survey. Although the
latter have been reported,2425 they are so rare
that it is unlikely that their inclusion would have
significantly altered the findings. The possible
inclusion of persons with multiple cafe au lait
spots, without other features of NFl, or the so
called neurofibromatosis type 6, according
to the classification of Riccardi (cafe au lait
"only"), is also negligible, since the presence
of six or more cafe au lait spots in itself
indicates a greater than 99% likelihood of
NFl.25 Furthermore, the diagnosis of NFl
was based on additional clinical findings, or

family history or both.
Also of interest is the difference in prevalence

by gender (0-94/1000 for males versus 119/
1000 for females). We do not have a good
explanation for this finding and it was only
weakly significant. A slight preponderance of
male NFl patients has been reported by other
authors.'7 The natural history of males and
females with NFl is slightly different.523 A
Danish study found reduced survival and in-
creased risk of cancer in female patients with
NF1; however, these were mainly manifested
after the age of 17 years.23

The higher prevalence ofNFl in youngsters
of North African and Asian origin (mainly
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Sephardic Jews) relative to those of European
or North American origin (mainly Ashkenazic
Jews) is also surprising. There is no known
racial, ethnic, or geographical predilection for
NFl; however, only few epidemiological data
are available from sources other than the
United States and western Europe.5
There are some indications in medical pub-

lications that birth order or paternal age or
both are related to the occurrence of de novo
mutations in NFl 23181926 These findings were
not supported, however, by the studies of
Huson et a?027 in south east Wales, Samuelsson
and Axelsson'9 in Sweden, or Rodenhiser et
al'6 in south western Ontario. Sergeyev,'8 who
pooled the data from his own and three previous
studies, showed that NFl subjects were born
later than normal sibs, and there was slightly
advanced paternal, but not maternal, age. A
study by Riccardi et al,26 although criticised
because of a possibly biased sample, showed
paternal and also mild maternal advanced age
in patients with NFl. Thus, a partial ex-
planation for the high prevalence of NFl in
certain ethnic groups, as in our study, may be
the relatively large number of families with
advanced parental age.
Our findings are supported by those ofLevin-

Stern28 as reported in her MSc degree thesis at
Tel Aviv University. She performed a genetic
and clinical survey of 148 families from central
Israel who fulfilled the NIH criteria for NFl
and found that only 25% of the families were
of Ashkenazic origin, whereas the Ashkenazic
population of central Israel at that time was

47%. The remaining families (75%) were of
Middle Eastern and Sephardic origin (53%
of the general population). The latter group
corresponds to the recruits of North African
and Asian origin in our study. Levin-Stern28
concluded that the NFl gene is more frequent
in non-Ashkenazic Jews. In addition, 70 spor-

adic subjects with NF1 (out of the 148 prob-
ands in her study) were considered to represent
a new mutation; ofthese, 29% were Ashkenazic
Jews and 71% Sephardic Jews. The mean pa-
ternal age of the new mutation group was
significantly higher (36-5 years) than that of
the familial NFl group (27-3 years) or of the
general population (29-3 years)28

Since direct information on parental age and
birth order was not available in the present
study, we analysed the number of children in
the families of 240000 consecutive military
recruits, assuming that the likelihood of higher
parental age correlates with a larger number of
children in the family. The results (table 5)

Table 5 Distribution of number of children in families of
different ethnic groups in Israel

Origin Selected quantiles

10 25 50 75 90

North Africa 3 4 5 7 10
Asia 3 3 4 6 8
Europe & North
America 2 2 3 4 5

The computations were based on the data of 240000 con-
secutive recruits.
The distributive functions of the number of children in families
of different ethnic groups are not identical.
(p<0 001, two sided Smimov test.)
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showed a larger number of children in families
of North African and Asian origin, with a 90th
quantile of 10 and eight children, respectively,
compared to European and North American
families with a 90th quantile of five children.
Although these data are not direct evidence of
the influence of increased parental age on the
rate of NFI mutation, it is a possibility and
should be tested in larger population studies.
However, even it were correct, it is difficult to
assume that this factor may by itself explain
the very high prevalence of NFI in the Jewish
population of Israel.
A second possible explanation for the high

prevalence of NFl in our study is a founder
effect which may cause a high prevalence of
genetic disorders in relatively small popu-
lations. The high prevalence of NFl in the
Dunedin region of New Zealand (52 affected
subjects out of a population of 113700) was
also attributed to a possible founder effect. The
founder effect may also explain the difference
in prevalence of NFl in different ethnic Jewish
groups found in our study. Founder effect has
also been proposed to explain the high pre-
valence of Tay-Sachs disease in Ashkenazi Jews
and glycogen storage disease type III and ataxia
telangiectasia in Moroccan Jews.29
Another possible contributory factor to the

high prevalence of NFl in certain populations
may be a higher rate of diagnosis of the disease
in patients with darker skin (which makes the
cafe au lait spots more easily observable).21
However, it is unlikely that this would even
partially explain the great differences in pre-
valence among the ethnic groups found in our
survey.
Our study showed significantly shorter stat-

ure in both males and females with NF1 con-
firming the recent suggestion of impaired
growth in the disease. In the survey done in
Wales, 34% of persons with NF1 were on or
below the 3rd centile for height.20 In another
study, the median height of 137 patients was
on the 25th centile and the mean on the 34th;
in 16%, height was on or below the 3rd centile.2
The weight of NFl persons in our study was
also significantly lower in comparison to the
controls. However, the body mass index
(kg/M2) of the NFl group was similar to that
of the controls.

Neurological manifestations of NFl include
neoplasms of the central nervous system, seiz-
ures, mental retardation, attention deficit, and
behavioural disorders.3032 Although up to 40%
of children with NF1 were reported to have
some intellectual handicap, moderate to severe
mental retardation is found in only a small
proportion (perhaps 2 to 5%), and the vast
majority have only learning difficulties.22732 In
a study comparing 13 pairs of sibs aged 6 to
27 years, one affected with NFl and the other
unaffected, no preponderance of mental re-
tardation, attention deficit disorder, or specific
learning disorders was found in the NF 1 group;
however, the NFl group had lower full scale
IQ scores (94 v 105) and a visual-spatial ori-
entation deficit.' Our study showed that per-
sons with NF1 have, as a group, a lower IQ
when compared to controls, but this difference

becomes insignificant after correction for gen-
der and ethnic origin.
Although several reports have suggested a

high prevalence of seizure disorders in NF12021
this was not confirmed in our survey; although
seizure disorders were slightly more frequent,
the difference did not reach significance.
The major limitation of our study was that

NF1 patients with malignancy or debilitating
states may not have reached the induction
centres and therefore may have been missed.
The advantage of our survey of military recruits
is that the bias towards more complicated cases
seen in specific clinic or hospital studies is
eliminated.2333 Another advantage of our survey
is that by the age of 17 years, most persons
with NFI will have developed sufficient signs
for diagnosis.
The present study provides evidence for the

high prevalence of NF1 among Jews in Israel,
with significantly increased prevalence in cer-
tain ethnic groups.
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