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Summary. Two sibs with high serum IR-GH dwarfism, born to 
first-cousin parents are described. Genetic analysis based upon 
25 reported informative kindreds indicates that the condition has 
an autosomal recessive pattern of inheritance. Population 
evaluation and epidemiology of the affected subjects suggest that 
mutation rates of the gene determining the disease in non-Jewish 
populations could be as rare as 3.2×10 s. However, its 
prevalence must be exceptionally high among endogamous 
Oriental Jewish groups derived from a common gene pool in 
historicaI times. 

Introduction 

In 1966 Laron et al. reported the first description of patients 
presenting dwarfism with high serum immunoreactive growth 
hormone (IR-GH) levels. The familial nature of the disease was 
demonstrated by Pertzelan et al. (1968) in two highly con- 
sanguineous Jewish kindreds. Patients also have low somato- 
medin generation (Daughaday et al. 1969), usually severe 
shortness of stature, small external genitalia, retarded bone 
development (Laron et al. 1966, 1968; Laron and Sarel 1970), 
and affected males may exhibit slow puberty (Laron et al. 1971 a; 
Collado et al. 1971). Furthermore, the patients have a border- 
line intelligence (Wechsler IQ = 70) with distinct deficiencies in 
visuo-motor performance (Frankel and Laron 1968). 

Abnormal GH receptor sites were reported in this condition 
(Jacobs et al. 1976). However, according to Zonana and Rimoin 
(1979) the primary defect of the disease cannot presently be 
distinguished between: (a) a metabolic defect in somatomedin 
generation, (b) defective growth hormone receptor sites, and (c) 
an abnormal GH molecule which is immunologically normal but 
has altered biologic activity. 

So far, 27 sibships with 39 affected subjects have been 
described in the literature, 64% being Oriental Jews mainly from 
Iran, Iraq, Yemen, and Afghanistan. Non-Jewish cases reported 
have been Arabs (two cases), Spaniards (three patients), a patient 
in Holland (nationality not reported), a Mexican in the United 
States, and an American (ancestry not reported) (see Table 1). 
However, some of these patients could be of Jewish descent 
(Collado et al. 1971). Most Jewish patients were described by 
Laron and Pertzelan (Laron et al. 1966, 1968, 1971 a; Pertzelan et 
al. 1968) so that the abnormality should be denominated as 
Laron-Pertzelan dwarfism (LPD) rather than pituitary dwarfism 
II (Goodman 1979). 
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The purpose of the present report is to describe two affected 
brothers and to discuss the genetic and epidemiologic back- 
ground of the disease. 

Case Report and Comments 

The patients were two white male sibs: CP, 13 years old and JAP, 
8 years old (Cases I and II, respectively), possibly of Italian 
extraction (IV-2 and IV-5 in Fig. 1). They have three normal sibs. 
No other patient has been reported in this family. The patients' 
parents were first-cousin (Fig. 1) and 155-160 cm tall. There is no 
maternal history of drug ingestions or X-ray expsure during 
pregnancy. Only the two patients and their parents were 
examined. Growth retardation in both cases was conspicuous 
during the second year of life and both patients had several hypo- 
glycemic episodes between eight months and seven years of age, 
which did not recur spontaneously later. Late closure of 
fontanels was noted in both patients. Birth lengths and weights 
are unknown and psychomotor development is poorly docu- 
mented. Learning difficulties were more evident in the younger 
brother who also had a speech impairment. 

At examination Cases I and II (Fig. 2) showed respectively: 
height: 87.5 and 76cm; weight: 12.4 and 10.0kg; span: 83 and 
72cm; lower body segment: 43 and 35 cm; upper/lower body 
segment ratio: 1.02 and 1.17; head circumference: 49 and 48 cm. 
Both patients had trunkal obesity, a high-pitched voice, doll-like 
face, irregular hypoplastic teeth, absence of pubertal develop- 
ment, and small external genitalia. Heights and height velocities 
were obviously abnormal. IQ evaluated using the Terman- 
Merrill scale was compatible with mental ages of 10 and 5 years, 
in Cases I and II, respectively. 

Roentgenograms showed the presence of maxillary/man- 
dibular hypoplasia, craniofacial disproportion, retarded bone 
age, wormian bones in the lambdoid/coronary sutures, a small 
but normal shaped sella turcica, retarded dental age, and miss- 
hapen teeth in both brothers. Case I had a deformed, broad left 
femoral neck compatible with Legg-Perthes disease. 

Results of blood counts and determination of sedimentation 
rate, serum proteins, mucoproteins, blood urea nitrogen, 
cholesterol, serum glutamic-oxaloacetic transaminase (SGOT), 
serum glutamic-pyruvic transaminase (SGPT), bilirubin, crea- 
tinine, Ca, K, Na, PO4, C12, alkaline phosphatase activity, and 
Sabin-Feldman test were all normal; persistent total blood sugar 
levels of 60-75 mg/ml were seen in both brothers (normal = 
70-100 mg/dl, estimated using the Auto-Analyser). In the urine, 
the values of Ca, K, PO4, Na, C12, and excretion of 17-hydroxy- 
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Table 1. Genetic data concerning previously reported patients with LPD 

Sibship Sibship Ratio Sex-ratio Parental consanguinity Country of registry 
no. size of abnormal of affected Type f (national origin) 

to normalsibs sibs 

Reference 

1 7 3:4 2:1 Half U-N 1/16 Israel (Yemenite Jew) 1, 2, 3, 4 

2 6 2:4 1 : 1 Half U-N 1/16 Israel (Yemenite Jew) 2, 3, 4 

3 2 2:0 ° 1:1 Half 1 1/2 C 1/64 Israel (Iraqi Jew) 2, 3, 4 

4 2 2:0 b 0:2 2C 1/64 Israel (Iraqi Jew) 2, 3, 4 

5 1 1:0 b 0:1 2C 1/64 Israel (Iraqi Jew) 2, 3, 4 

6 7 2 : 5 0 : 2 1 C + 3 C 5/64 Israel (Afghanistan Jew) 2, 4 

7 2 2:0 ° 1:1 1C 1/16 Israel (Iraqi Jew) 2, 4 

8 a 2 2:0 1 : 1 (Affected father) 0 Israel (Iraqi Jew) 2, 4 

9 5 1:4 0:1 1C 1/16 Israel (Algerian Jew) 2, 4 

10 6 1 : 5 1 : 0 1C 1/16 Israel (Iraqi Jew) 2, 4 

11 3 1 : 2 u 1:0 1C 1/16 Israel (Iranian Jew) 2, 4 

12 3 1:2 b 0: I Unrelated 0 Israel (Iranian Jew) 2, 4 

13 4 1 : 3 0:1 Unrelated 0 Israel (Iranian Jew) 2, 4 

14 9 1:8 1 : 0 1C 1/16 Israel (Iranian Jew) 4 

15 2 I : 1 1 : 0 U-N 1/8 Israel (Iranian Jew) 4 

16 4 1 : 3 0:1 1 1/2C 1/32 Israel (Iranian Jew) 4 

17 1 1 : 0 0 : 1 Unrelated 0 Israel (S. American Jew) 4 

18 a ? ? 1:0 Unrelated 0 USA (?) 5 

19" ? ? 1:1 2 + 2  1/2C 3/128 Lebanon (Arab ?) 6 

20 4 2:2 1 : 1 Unrelated 0 Spain (Spaniard) 7 

21 3 1 : 2 1 : 0 Unrelated 0 ? 8 

22 3 1:2 1:0 U - N + I  1/2C 3/32 USA (Persian Jew) 9 

23 2 1 : 1 1:0 1C 1/16 USA (Arab) 10 

24 3 2 : 1 0:2 Unrelated 0 Spain (?) 11 

25 1 1 : 0 1:0 Unrelated 0 Holland (?) 12 

26 8 1 : 7 1:0 Unrelated 0 USA (Mexican) 13 

27 2 2 : 0 1 : 1 2 C 1/64 Spain (Spaniard) 14 

28 5 2: 3 2: 0 1 C 1/16 Brazil (Italian ?) 15 

a Not included in the genetic analysis; 
0 Parents decided no to have more children following birth of the affected child (Laron et al. 1968);f= coefficient of inbreeding; U-N = uncle-niece; 

1 C = first cousin; 1 1/2 C = first-cousin once removed; 2 C = second cousin; 2 1/2 C = second cousin once removed; 3 C = third cousin (Morton 1961) 
References: 1. Laron et al. 1966; 2. Laron et al. 1968; 3. Pertzelan et al. 1968; 4. Laron et al. 1971 a; 5. Merimee et al. 1968; 6. Najjar et al. 1971; 
7. Collado et al. 1971; 8. Tanner et al. 1971 and personal communication 1978; 9. New et al. 1972; 10. Elders et al. 1973; 11. Pombo et al. 1973; 
12. Van den Brande et al. 1974; 13. Clemons et al. 1976; 14. Alcaniz et al. 1978; 15. Present study 

cor t icoids  were normal .  Oral  c h r o m a t i n  a n d  d e r m a t o g l y p h i c s  

were also normal .  The tota l  b l o o d  vo lume  in Case  II was 
es t imated to be 762 ml.  The 17-ketosteroids  were no rma l  in b o t h  
b ro thers  for  the i r  age and  the p r o t e i n - b o u n d  iodine  (PBI),  T4, 
and  131I r ad io iod ine  thy ro id  up take  were also normal .  

The  se rum s o m a t o m e d i n  levels (Phil l ips et al. 1974) were  
below 3 u n i t s / m l  before  and  48 h af ter  a h u m a n  g rowth  h o r m o n e  
( h G H )  s t imulus  (10 IU,  IM)  in Case  II. Basal G H  se rum levels 
using a r a d i o i m m u n o a s s a y  m e t h o d  ( M o r g a n  1966) were pers is t -  
ently high,  wi th  m e a n  values o f  18 and  35 n g / m l  in Cases I a n d  II, 
respect ively ( no r m a l  = 0 - 5  ng /ml ) .  Af te r  bo th  insulin in ject ion 
(0.05 I U / k g ,  IV) and  sleep (90 min af ter  sleeping),  the G H  values 
showed  fu r the r  i nc remen t s  o f  100-200% in bo th .  The tota l  b l o o d  
sugar  pa t t e r n s  dur ing  ora l  g lucose over load  ( 7 5 g / k g )  were 
normal  bu t  there  was a sha rp  fall a n d  a de layed recovery  af ter  
insulin inject ion (0.05 I U / k g ,  IV) in b o t h  b ro the r s .  A ba lance  
me tabo l i c  s tudy p e r f o r m e d  on  Case  II wi th  G H  revealed no 
significant  var ia t ions  in the non -p ro t e i c  n i t rogen  ur inary  
excret ion.  Pre l iminary  s tudies  on  lute inizing h o r m o n e  (LH)  
secret ion in this cond i t ion  were r epo r t ed  e lsewhere  (Toledo  et al. 
1981). 

]V 

1 ..42 3 4. 5 6 7 8 9 10 

Fig. 1. Pedigree of the patients' kindred. The arrow indicates the proband 
and the bar over symbol indicates subjects clinically examined 

The  clinical h is tory ,  physical  signs,  and  endoc r ine  da t a  on  
bo th  cases agreed  wi th  the  d iagnos i s  o f  L P D  (La ron  et al. 1971 a; 
Schar f  and  L a r o n  1972). Thus ,  o the r  genet ic  dwar f i sm cou ld  be 
ruled out  (R imoin  et al. 1968). The d y s m o r p h i c  dwarfs  desc r ibed  
by Van G e m u n d  et al. (1969) have a non-spec i f ic  G H  un-  
respons iveness  ( M c K u s i c k  1975; Van den  Brande  1978, pe r sona l  
communica t ion ) .  Also ,  the p resen t  pa t ien ts  differ  f r o m  the 
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Fig.2. Patients at 13 and 8 years 
of age presenting typical signs 
of the disease 

Table 2. Distribution of cousin marriages expressed by their coefficient of inbreeding (f) among Jewish and non-Jewish parents of the affected 
patients with LPD 

Parental Number Coefficient of inbreeding 
ancestry families 

f >  1/16 f =  1/16 f<  1/16 f =  0 Total cousin 
marriages 

Jewish 17 3 (17.6) ~ 7 (41.2) 4 (25.5) 3 (17.6) 14 (82.3) 
Non-Jewish 10 1 (10.0) 1 (10.i) 2 (20.0) 6 (60.0) 4 (40.0) 

All 27 4 (14.8) 8 (29.6) 6 (22.2) 9 (33.3) 18 (66.6) 

a Per cent 

recently described dwarfs with normal G H  serum levels, low 
somatomedin activity, and normal generation of  somatomedin 
after administration of h G H  (Kowarski et al. 1978). 

Decreased stature seems to be more often associated with 
LPD pedigrees than expected. Most of these subjects were 
parents of  the patients, as pointed out by Pertzelan et al. (1968) in 
five kindreds, and also confirmed in non-Jewish pedigrees 
(Collado et al. 1971 ; Van den Brande et al. 1974). Since parents of 
the patients would be heterozygous for the mutant gene, these 
findings may represent heterozygote effects. However,  this 
remains to be clarified. 

Data concerning the Wechsler Intelligence Scale applied to 
LPD subjects (Frankel and Laron 1968; Laron et al. 1971b) 
revealed a borderline (full scale = 71.3) IQ, more marked in 
performance (IQ = 69.4) than verbal (IQ = 77.4) intelligence. 
These results agree with the findings of the Bender visuo-motor  

test which disclosed a definite cognitive deficit in the neuro- 
motor organization of the patients. A similar deficiency of 
perceptual organization is found in chromosomal aberrations 
such as Turner 's syndrome (Shaffer 1962; Money 1968), whereas 
hypopituitary dwarfs had normal verbal and performance IQ 
(Money 1975). Hypoglycemic episodes occurring in LPD during 
infancy could also contribute to the neuromotor  impairment  
(Laron et al. 1968). The IQs of  the present patients were 76.9 and 
62.5 respectively, figures similar to the average values reported. 

Genetic Analysis 

Table 1 presents 27 LPD sibships described in the literature. It 
does not include some cases quoted by Laron et al. (1971 a, Table 
VII) for the following reasons: Van Gemund et al. 's (1969) 
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Table 3. Segregation ratios observed in informative LPD sibships clas- 
sifted by size and expected proportions of affected sibs according to 
different correction methods of ascertainment (explanation in the text) 

Sibship No. No. Total 
size of sibships of affected no. of sibs 

sibs 

1 3 3 3 

2 6 10 12 

3 5 6 15 
4 3 4 12 
5 2 3 10 
6 2 3 12 

7 2 5 14 
8 1 1 8 

9 1 1 9 

Total 25 36 95 

No. of sibships with only one affected sib ("singles")= 12 
Observed proportion of affected sibs = 36/95 = 0.379 
No. of affected sibs corrected by the apriori method = 33.2 _+ 3.2; P~ 95% 

(corrected frequency estimated as 0.247) 
Frequency corrected by the aposteriori method- 0.243 + 0.057; P~ 95% 
Frequency corrected by the "singles" method= 0.262_+ 0.059; P~ 85% 
Frequency corrected by the sib method= 0.157_+ 0.043: P~ 3% 

patient is not regarded as an LPD case as a result of clinical re- 
examination (Van den Brande 1978, personal communication);  
four cases (Najjar 1969; Van den Brande et al. 1970; Daughaday 
and Elders 1970; Fernandes et al. 1970) were afterwards 
described in detail (Najjar et al. 1971; Collado et al. 1971; Elders 
et al. 1973; Van den Brande et al. 1974; in the Table 1); and the 
remaining cases referred to as personal communications were 
presumably never reported. In addition, the ratio of  the affected 
to normal sibs in sibship no. I in Table 1 was discrepantly report- 
ed as 3:5 (Laron et al. 1966), 2:5 (Laron et al. 1968), 3:4 
(Pertzelan et al. 1968), and 3:6 (Laron et al. 1971a). The ratio 
3 : 4 was taken to be correct on the basis of  other genetic refer- 
ences and pedigree examination (Pertzelan et al. 1968). Also in- 
breeding coefficients (f) were estimated from interpretation of  
texts and from relationships revealed by pedigrees. 

Except for sibship no. 8 in Table 1, all the patients were born 
to normal parents, who were first-cousin or equivalent to f = 
1/16 in 29.6% of the cases. The consanguinity among the parents 
of the affected subjects was 66.6% (Table 2). 

In spite of the availability of data which could give 
information on recessive inheritance (Table 2), no comprehen- 
sive segregation analysis has been carried out. Clinical histories 
summarized in Table 1 show that among 37 affected subjects (19 
males and 18 females) the sex-ratio is close to unity (1.06), as 
would be expected for autosomal conditions. The sex-ratio of 
normal sibs could not be estimated because their sex was not 
given in some investigations. 

The observed proport ion of  affected sibs from 25 informative 
sibships produced by normal parents was 37.9%. As the families 
were ascertained through at least one affected child, correction 
for truncate selection (Morton 1959) or complete ascertainment 
(Smith 1959) was applied to the data using the a priori method 
(Hogben 1946), by assuming random sampling of the segregating 
families. Table 3 indicates that the corrected number of affected 
sibs (33.2_+ 3.2) is not significantly different from the observed 
one (33) and the corrected ratio of affected sibs is 0.247. The 

maximum likehood ratio calculated by the a posteriori method 
(Haldane 1938)0 is 0.243_+0.057, which is very close to the 
expected ratio (0.25). Again, assuming complete ascertainment 
discarding sibships with only one affected sib ("singles") as 
proposed by Li and Mantel (1968), the corrected proport ion of 
affected sibs was estimated as 0.262_+ 0.059, which is also not 
significantly different from 0.25. 

By considering the ascertainment conditions indicated by 
clinical histories of  the probands, a single selection or single 
incomplete ascertainment seems to be less probable since many 
sibships should have included several probands (discussion in Li 
1961; Emery 1976). In fact, assuming single incomplete ascer- 
tainment, correction using the sib method (Fisher 1934) pro- 
duced an estimate of affected sibs (0.157+ 0.043) significantly 
lower than 0.25. 

Moreover,  multiple selection or multiple incomplete ascer- 
tainment (Bailey 1951) with a constant but arbitrary probability 
of ascertainment is more likely to occur in the sampling of the 
sibships, but data on LPD are not informative about the 
probands in the families with more than one affected sib. In 
conclusion, it seems highly probable that LPD is an autosomal 
recessive condition. 

Epidemiologic and Population Considerations 

All the subjects affected with LPD were born to normal parents, 
except for a patient of  sibship no. 8 in Table 3 born to an affected 
father married to an unrelated normal woman. This situation 
would not be genetically compatible with recessive inheritance 
unless the frequency of normal heterozygotes was relatively high 
in the population. 

Most of the patients affected with LPD are Oriental Jews 
whose parents belonged to highly endogamous communities in 
Iran, Iraq, and Yemen. According to Goldschmidt  et al. (1960), 
the prevalence of first-cousin marriages was about 14% among 
2,505 Oriental-Jewish couples immigrating to Israel. 

Group No. of couples First-cousin marriages (%) 

Iran 425 15.0 
Iraq 1,450 16.4 
Yemen 628 8.0 
All 2,505 14.2 

Cousin marriages are even more frequent among the Jewish 
parents of the affected subjects (41%) but it is rather low (10%) 
among non-Jewish parents of the patients (Table 2). These 
figures allow one to calculate that, according to Dahlberg 's  
(1947) formula 1, the prevalence of the disease among Oriental 
Jews is as high as 3.6% and the gene frequency is about 20%, a 
very high value for a gene causing disease. Now, assuming that 
first-cousin marriages are not higher than 1% in non-Jewish 
populations (Vogel and Motulsky 1979) the prevalence of 
affected homozygotes and gene frequency will become 1 : 32,000 
and 1 : 178, respectively. Thus the disease is expected to be 1,123 
times more frequent among Jewish groups and indicates that 
isolation probably occurred in historical times. 

c (1-k)  where q is the mutant gene frequency; c the 
1 q =  16k-  1 5 c - c k '  

proportion of first-cousin marriages in the population; and k the pro- 
portion of first-cousin parents bearing affected subjects 
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{Rhine Va[tey)'<~'~ Russia ~ .  ~ British Istes 

Egypt /Roman World ~ ~ .  Turkey ~ ~ - South Africa 
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(from ca. 1440 2nd diaspora Caucasian Balkans 
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(Babylonian Jews) ~ Afghanistan / 

Pakistan / Fig. 3. Main Jewish migration 
{Cochin) / movemems and groups currently South Arabia 

( Yemenite Jews ) recognized (based upon many sources) 

Too little is known about the relative viability and fitness of 
the LPD patients to visualize the mutation rate of the genes 
determining the disease. Most patients were described during 
childhood or adolescence but no major dysfunction or ab- 
normality was noticed to be associated with the dwarfism 
(Laron et al. 1971a). Also there are no records of abortions and 
stillbirths in the case histories of the patients '  mothers which 
would indicate reduced viability in the intrauterine period. The 
wife of an adult male patient had a stillborn child (Merimee et al. 
1968) but this was probably not associated with this disease. 
Female patients reaching reproductive age were unmarried and 
childless (Alcafiiz et al. 1978), and also dwarf women are known 
to present great obstetric difficulties. Moreover,  severe shortness 
of stature as well as fairly reduced IQ (Frankel and Laron 1968) 
could lead to low marriage rates with reduced fertility. 

While viability of the affected subjects does not appear to be 
appreciably impaired, the average number of children per 
affected individual would be low, suggesting that homozygotes 
are under some kind of selective pressure. Assuming that the 
selective coefficient is near to unity, mutat ion rates of genes 
determining LPD would be of  the same order as the disease 
prevalence among non-Jewish populations (It = 3 .2x 10 5). 
However,  until data on the reproductive performance of the 
affected subjects are known, the actual mutation rate should be 
higher than that figure. 

The marked prevalence of the disease in a few small isolated 
groups of  newcomers in Israel with exceptionally high rates of 
consanguineous marriages indicates that the dispersion focus of 
the mutant genes is located in the original endogamous com- 
munities mainly represented by Oriental (Mesopotamic) Jews 
living in Iran, Iraq, Afghanistan, and in Yemen, but occasionally 
also among their Arab neighbours. 

Figure 3 summarizes the main Jewish migration movements 
and groups currently recognized on the basis of many sources of 
information (chiefly Coon 1939). This shows that the first 
migratory movements of  Jews to Yemen had occurred in about 
580 B.C. afterwards enlarged by the remnants of the third Jewish 
migration to the Roman Empire mainly in 70 A.D. (Mourant  et 
al. 1978)• Thus, it seems reasonable to place the original 
mutations to the first Paiestinian Jews (Fig. 3) and to retrace the 

primary gene focus to Babylonian Jews in Mesopotamia,  from 
whom the present Persian, Iraqi, and Afghanistan Jews derive. 
Mutant  LPD genes found in Yemenite Jews would be a relic of 
the original genetic composit ion of Palestinian Jews before 
dispersion, in spite of  the Jewish people had outbred extensively 
with the surrounding Arabs in Yemen, as indicated by their 
blood-group frequencies (Mourant  et al. 1978). The registry of 
the disease in Afghanistan Jews indicates that Iran was the main 
area of gene dispersion, so it is likely that the disease is more 
frequent among Judaeo-Persian speaking people. Founder  
effects in small isolated endogamous communities living in that 
region could account for the genetic drift causing the high 
prevalence of the disease among Oriental Jews. 

As a general picture, the Jewish mutant gene associated with 
LPD should have a few common ancestralfoci as has been shown 
for other specific genetic diseases (Mourant  et al. 1978), while 
non-Jewish mutants would be recognized as sporadic affected 
homozygotes in some consanguineous families (10%, Table 2) or 
produced by rare random marriages between heterozygotes 
(90%) for the gene causing LPD. However,  this epidemiologic 
picture remains to be confirmed by extensive sampling data 
concerning registries of LPD. 
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