largely responsible for demonstrating
that nuclei in the doubly “magic num-
ber” region of 208Pb are remarkably in
agreement with shell model theory.
The early experiments have also ini-
tiated a whole new set of more sophis-
ticated experiments (some of which I
have briefly alluded to above) which
promise to keep many physicists busy
for a long time to come. A particularly
interesting series of experiments are
those being performed (I5) at Duke
University with high-resolution proton
beams. This work shows the highly de-
tailed nature of analogue resonances,
that is, as coherent superpositions of
many complicated compound states
yielding a beautifully modulated wave
train, the modulation being observed
only in conventional experiments with
poor-resolution proton beams. Similarly,

nuclear theorists have been led to vastly
improve their interpretation of, and
computational techniques for, both
nuclear reactions and nuclear structure
in order to meet the more stringent
tests provided by such experiments.
Perhaps a lesson can be learned from
the historical development of the iso-
spin concept. In the past the belief
that T - T would not significantly com-
mute with the dynamical Hamiltonian
so that isospin would not be conserved
sufficiently well enough certainly de-
layed the nuclear travels of isospin into
the realm of heavy nuclei. Hopefully

the same mistake will not occur in the

future for other approximate
metries of nature.

sym-
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“mental-penal” a setting which meets
both criteria. Examples of penal settings -
are general prisons and schools for juve-
nile delinquents and the like. Examples
of mental-penal settings are hospitals for
criminally insane and security wings in
hospitals for the retarded. The popula-
tions of all three groups may overlap
because admissions criteria are loosely
applied, but in the initial analysis I
consider these as separate types of set-
tings. Furthermore, for the purposes of
this review the terms “deviant anti- -
social behavior” or “deviance” are de-
fined as that behavior which leads to
or increases the likelihood of placement
in a mental-penal or penal setting in a
particular jurisdiction. This is not to
imply that all of those in such settings
have been placed there appropriately,
or conversely.

Whereas a large number of institu-
tionalized populations in different coun-
tries have been studied, only in Scotland
has there been also a considerable study
of “normal” groups for comparison (see
Tables 1 and 2). Jacobs and her co-
workers group detected 5 XYY’s in
3500 consecutive male infants or 0.14
percent and no XYY’s in 2040 “nor-
mal” adult males studied for a variety
of reasons (I, 2). In contrast, in their
original study in the wing for mentally
retarded men in Carstairs maximum
security hospital, 7 of 197 or 3.6 per-
cent were XYY (3). Subsequent data
from the same institution (2, 4) and
one other mental-penal setting in Scot-
land (2) also yielded rates higher than
the observed rate for Scottish newborns
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and “normal” adults (Table 3) (5). In
contrast, in Scottish groups which were
either penal or mental, but not both,
the rates have been much lower, and
in fact none were markedly greater
than that in newborns, with the possi-
ble exception of that in “approved
schools” (see Tables 4 and 5).

There have been a number of studies
of mental-penal groups in other coun-
tries, but the data are not as extensive
on “normals” and newborns for com-
parison (see Tables 1 and 2). This
raises the question as to what figures
may be taken as a baseline. The pooled
frequency to date in various studies on
newborns (Table 1) is about 1 in 975
or 0.10 percent, whereas the rates in
individual studies range from zero to
about 1/250 (0.4 percent). In view
of the small numbers involved in single
studies, this variation may be due to
sampling fluctuation about a true popu-
lation mean of close to 1
For the comparisons below, however, I
take the maximum observed rate, 0.4
percent, for a baseline, so that the ex-
tent of the increase of XYY’s in insti-
tutions is likely to be underestimated,
probably by a factor of 4 (6).

in 1000. .

Since the original series of Jacobs
and her co-workers established that
XYY’s tend to be considerably taller
than the XY’s in custody, some workers
have limited their investigations to tall
individuals. Unfortunately, because of
the sampling bias or limited data pro-
vided, the results of only some can be
used in deciding whether there is an
increase in the number of XYY’s in the
entire institution. But at least some con-
clusions are possible where (i) a low
rate of XYY’s has been found in the
tall males studied, suggesting a nega-
tive outcome, or (ii) the number of
XYY’s actually found divided by the
total number of males in the entire in-
stitution is greater than the baseline
comparison rate, indicating a positive
result. If the total number of patients
in a setting from which a height trun-
cated (tall) sample is taken is specified,
the outcome could be positive, indeter-
minate, or negative. But if the total
number is unknown only, an indetermi-
nate or negative conclusion is possi-
ble. To correct for this, those reports
that necessarily exclude a positive out-
come are not considered in some of
the tabulations below.

Table 1. Frequency of XYY and other sex chromosome abnormalities in

If the first Carstairs report is ex-
cluded (3, 5), there are 35 subsequent
studies of mental-penal settings to date
of which I am aware (Tables 3 and 6)
(7-17). In 21 the rates of XYY’s are
greater than background (that is, posi-
tive), in 7 the rates are lower (nega-
tive), and in 7 no decision is possible.
The totals are 21 positive, 5 negative,
and 1 indeterminate if those studies
that necessarily exclude positive conclu-
sions are not considered. The likelihood
that this or a stronger trend in these
studies occurred by chance alone is
very small (18).

In those 20 studies which were not
height restricted and for which exact
data are provided, again excluding (3),
the pooled frequency is 72 out of 3813
or 1.89 percent, the median of the 20
rates is 2.05 percent, and the mean is
2.05 percent. A point estimate of 2
percent thus appears not unreasonable
for most mental-penal settings of the
type represented in Table 3 (19). This
figure is five times the maximum back-
ground rate of 0.4 percent used for
comparison and about 20 times the
pooled newborn rate of 0.10 percent.
All of these settings are in Europe,

newborn male populations.

Location Reference Population*® No. studied XYY XXY Other
New Haven (39) Consecutive infants 2184 3 4 0
Boston 1 (42, 100) Phenotypically normal infants,

not in high risk category 1908 0 5 0
Boston 2 (42) Consecutive newborns (clinic 1032 0 4 0

population)
Boston 3 42) Consecutive newborns (clinic 4703 3 4 t

and private population)
London (Ontario) (101) Consecutive newborns 1066 4 1 0
Toronto 1 (102) Unselected newborns 1014 3 0 XXY/XYt
Winnipeg (103) Consecutive newborns 3468 1 2 0
Edinburgh (U.K.) (1) Consecutive newborns 3496 5 3 XX male
Pittsburgh (104) Random sample of newborns 517 2 2 XXYY
Denver 43) Consecutive newborns

(screened by sex chromatin

and Y body fluorescence) 3097 3 4 0
Toronto 2 (44) Consecutive newborns )

(screened by sex chromatin-

and Y body fluoréscence) 1735 2 0 0
Toronto 3 (44) Consecutive newborns

(screened by Y body

fluorescence) 3660 3 —_— —_
Munich (130) Newborns 486 0

* The distribution by race in the United States is as follows.

18 percent black, 5 percent other (40).
black (105).

black, 3 percent other (42). All Boston studies: 3 white XYY, 8 white XXY, 4 black XXY, 1 Oriental XXY (42).

New Haven: 3 white XYY, 3 white XXY, 1 black XXY; population 77 percent white,
Pittsburgh: 2 white XYY, 1 white XXY, 1 black XXY, 1 black XXYY, population approximately 15 percent
Boston study 1: about 86 percent white, 2 percent Oriental, 12 percent black. Boston studies 2 and 3: about 84 percent white, 13 percent

Denver: 2 XYY white, 1 XYY

Spanish-American, 2 XXY white, 2 XXY Spanish-American, population (estimate) 25 percent Spanish-American, 10 percent black, 65 percent white (43).
The total frequencies in whites are: 10 XYY and 14 XXY in about 10,350; frequencies in blacks are: 0 XYY, 6 XXY, and 1 XXYY in about 1700.

t X/ deleted XY.
and one a probable XYY/XY.

t In addition there were two with apparently abnormal genotypes who could not be investigated extensively, one a probable XO male,

Table 2. Frequency of sex chromatin aneuploidy in male “normal” nonnewborn populations, not - restricted by height.

No.

Country Reference Population studied studied XYY )}((YY\/( XXY XXYY Other
Scotland 2) General adult population 482 0 0 1 0 0
Scotland 2) Hospital patients 929 0 0 0 0 XXY/XY
France (106) Subjects with phenotypes not differing from that

of male normal population (732 with cancer) 1875 3 — — —_ -
United States 37) ‘Comprehensive child care clinic 539 0 0 0 0 0
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Table 3. The frequency of males with sex chromosome aneuploidy in reports of mental-penal settings in which at least 20 patients were

studied. There was no height restriction. (I) indicates incidence study.

Refer- . . No. in No. XYY XY/ XXY
Country ence Population studied setting  studied _—_——_—No. 7 XYY No. % XXYY Other
Scotland 3) Wing for mentally subnormal in Carstairs
maximum security hospital 203 197 7 3.6 0 0 0 1 XY/
’ - XXY
Scotland* “4,5) Wing for mentally diseased, Carstairs 139* 118* 2% 1.7% 0* 1* 0.8* 0* 0*
Scotland* 2,5 (I) Carstairs new male entrants * 111* I* 0.9% 0* 2% 1.8*% 0* 0*
229 3 1.3 0 3 1.3 0 0
England 2) Inmates of Darenth mental subnormality
hospital detained under court order 182 3 1.6 0 4 22 0 0
United States (37) Mentally disturbed juvenile delinquents 59 2 34 0 0 0 0 0
Scotland ) Security patients in Gogarburn mental
subnormality hospital (see Table 5) 53 2 3.8 .0 0 0 0 0
France 9 Psychiatric hospital “services de securite” 274 10 3.6 0 7 2.6 0 XXXy
Canada 41) Hospital for criminally insane 230 3 1.3 0 2 0.9 0 XYYY
Denmark (107) (I) Criminal psychopaths (Horsens) 108 97 2 2.1 0 2 2.1 V] XY/
XXy
England 71) (I) Grendon prison, largely recidivist and 204 2 1.0 0 2 1.0 0 XY/
psychiatrically disturbed population XXY
Greece (23) Mentally ill with criminal records 31 0 0 0 0 0 0 0
England 48) Mentally subnormal, security setting
(Rampton) 680 615 22 3.6 0 14 23 4 0
England 48) Mentally subnormal, security setting
(Moss Side) 291 255 10 3.9 0 4 1.6 3 XXY/
XY
United States (14, 25) (I) Prisoners (mostly before trial) in whom
psychiatric evaluation was
felt to be indicated 973 3 0.3 0 4 0.4 0 0
Australia (24) Security wards of large psychiatric
hospital 85 83 0 0 0 0 0 0 0
Denmark (11) (I) Forensic psychiatric clinic, Arhus
(males referred by couits) 211 198 4 2.0 0 1 0.5 0 0
Denmark 11) Nykgbing State Hospital,
forensic psychiatry ward 23 1 43 0 0 0 0 0
Denmark 1) Nykgbing State Hospital, security ward 35 0 0 0 0 0 0 0
United States (15, 108) Juvenile offenders, court psychiatric referrals 4?2 1 2.4 0 0 0 0 0
England (109) Coleshill Hall Hospital;
retarded admitted on court order (see Table 5) i 2 2.8 0 0 0 1 0
United States (16) Emotionally disturbed juvenile delinquents 103 0 v 0 0 2 1.9 0 0
Australia (132) Maximum security ward of a mental hospital 55 2 3.6 0 0 0 0 0

* For the purposes of some calculations in the text, these two separate sets of data have been considered as coming from a single study which is

tabulated in the next lower horizontal line in the table. See (5) for explanation.

Table 4. The frequency of males with sex chromosome aneuploidy in reports of penal settings, in which at least 20 individuals were studied
and no height restriction was stated. (I) indicates incidence study.

. XYY XXY
Country It;f:: Population studied sI:aIfti 1:2 stfd(;é d m g{l m XXYY Other
Scotland (110) 16 approved schools (ages 8 to 18) 1125 1119 4 0.4 0 2 0.2 (1} XY/
XXy
Scotland (110) (I) Borstal entrants (ages 16 to 20) 617 607 1 0.2 0 2 0.3 0 XX
Scotland (110) (I) Prisoners, sentence 12 months, Saughton 325 302 0 0 0 0 0 0 0
United States 17) Nonpsychotic, nonretarded
juvenile offenders (ages 8 to 16) 342 337 4 12 0 2 0.6 0 0
Greece (23) Young detainees (ages 13 to 25) 139 2 1.4 0 1 0.7 0 0
United States (111) Offenders with long sentences,
state prison 190 0 0 0 0 0 0 0
United States 37) Adjudicated institutionalized
juvenile delinquents (ages 8 to 18) 1112 2 0.2 0 0 0 0 XXY/
XY
United States 42) Recidivist delinquent adolescents 25 1 4.0 0 0 0 0 0
Poland (112) Boys in approved school 30 0 0 0 0 0 0 0
Poland un Youth prison 151 3 2.0 0 2% 1.3* * *
Germany (130) Various prisons and detention centers 727 5 0.7 0 7 1.0 0 0
Italy (133) Reform school inmates 145 2 14 6 — — — —_
Mexico (134) Prisoners 236 0 0 1 1 04 0 T
England (137) Juvenile delinquents 385 2 0.5 0 0 0 0 3 X0/
XYY
England (137) Juvenile delinquents 200 0 0 2 1 0 0 0
Thailand (138) Juvenile delinquents 100 0 0 0 0 0 0 0

* Klinefelter’s syndrome, presumably XXY. T XY/XYY/XXYY.
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Australia, and North America and in-
clude predominantly whites (20, 21).
The variation in the rates of occur-
rence of XYY’s within mental-penal
settings can probably be explained at
least in part by fluctuation about a rela-
tively small expectation and differences
in admissions criteria between settings.
Considering the seven negative reports,
for instance, four were studies of rela-
tively small numbers; the absence of
any XYY’s in these settings is not par-
ticularly significant (22-24). And the
admissions criteria of the two largesf
negative reports to date (14, 16) were
different from those of most of the
other mental-penal settings with regard
to documentation of a mental disorder

(7, 25). The remaining negative study
is that of a group of 58 retarded de-
linquents over 180.3 cm (71 inches)
in Pennsylvania (8, 26). The admis-
sions criteria here appear to have been
very similar to those of settings in the
United Kingdom (Table 3) in which
very high rates were found (9). It is
possible that the differences in racial
composition of the groups as well as in
the social factors contributing to place-
ments in these settings may be relevant
to the discrepancy (see below).

As might ‘be expected, chromosome
studies of exclusively penal or mental
groups have not yielded such striking
or consistent results as those of com-
bined settings. Of 26 studies of exclu-

sively penal groups in which positive
results are not excluded, 9 have yielded
rates greater than the appropriate back-
ground rate and 12 have yielded rates
equal or below this. In 5§ no decision
is possible because of the sampling
(Tables 4 and 7).

Not many exclusively mental settings
have been studied, and no consistent
trend has yet emerged (Tables 5 and 8).
The variation in the observations from
penal and mental groups probably also
stems from the differences in admis-
sions procedures. Reports of XYY indi-
viduals detected in exclusively mental
settings indicate that such individuals
often have a history of antisocial be-
havior (see 15), whereas the descrip-

Table 5. The frequency of males with sex chromosome aneuploidy in reports of mental settings, in which at least 20 individuals were studied

and no height restriction was stated.

XYY

Country Reference Population studied g?n:; s ur;gz‘e d m g{{ NOX—XY%- XXYY Oe‘:“
Scotland 2) Prudhoe Hall Mental Subnormality Hospital* 597 0 0 0 2 0.3 0 t
Scotland 2) Gogarburn Mental Subnormality Hospitali 370 0 0 0 0 0 1 0
Scotland 2) Epileptics 76 1 1.3 0 1 1.3 0 0
France (113) General psychiatric ward 399 2 0.5 0 3 0.8 0 0
England 109) Coleshill Hall Hospital§ 161 1 0.6 1 0 0 0 0
United States (114) Consecutive referrals to 496 496 2 0.4 0 3 0.6 1 XXX/
children’s psychiatric clinic XY
United States 37) Institution for mentally disturbed boys 85 1 1.2 0 0 0 0 0
Poland (112) Patients with mental subnormality 59 0 0 0 1 1.7 0 0
Canada (135) Patients with mental retardation{ 283 1 0.4 0 0 0 0 XXYY
* Includes 61 mongoloids. F XXY/XXXY and XXXY/XXXXY. 3 See Table 3 for maximum security patients. § Retarded, not admitted by

court; compare with Table 3.

|| About 25 percent for retardation.

q Includes 56 mongoloids.

Table 6. The frequency of males with sex chromosome aneuploidy in reports of mental-penal settings, in which at least 20 individuals were
studied. The populations studied were restricted by height.

. . . Height No. No.
Population studied No. in o . tud. XYY XY/ XXY XXYY Oth-

Country Reference and characteristics setting res?:cmt;on cﬁggll'iga s i:g - XYY er
England (115) Sex-chromatin negative, mentally ill in

maximum security setting (Broadmoor) ~ 650 =182.9 ? 50 4 0 - — —
United States (50, 51) Mentally disordered sex offenders

(Atascadero) ~ 700 =182.9 ? 79 7 0 2 1 0
United States (50, 51) Mentally ill, criminally insane

(Atascadero) ~ 700 = 1829 ? 121 2 1 0 0 2%
United States (10) Violent, destructive, hard to manage :

psychiatric patients ? =182.9 ? 26 0 0 1 0 0
Denmark (116) Psychologically abnormal criminals

(Herstedvester) 155 =1829 42 37 2 0 0 0 0
Denmark 107) Criminal psychopaths (Horsens) 217 T 135 1 0 3 0 §
France (117) Psychopathic delinquents (Sarreguemines) ? > 178 ? 27 5 ? ? ? ?
United States (8) Mentally ill in city prison ? > 180.3 7 22 1 0 0 0 0
United States 8,9) Mentally retarded in state prison ? > 180.3 ? 58 0 0 3 0 0
United States (8) Criminally insane ? > 180.3 ? 80 3 0 4 0 0
United States (66) Four Midwest, maximum security

hospitals, including mentally ,

retarded and mentally ill ? =1829 ? 210 10 ? ? ? ?
United States (35 Defective delinquents 464 = 188.0% 22 21 2 0 0 0 0
Germany (118) Rottland sanitarium; mentally retarded

or ill in security setting 700 =178 ? 35 7 0 ? ? ?
Australia (131) Alcoholic prisoners ? Some tall (?) ? 92 2 0 2 0 XXX¥
Australia (131) Dull or psychopathic prisoners ? Some tall ? 47 3 0 0 0 0

* XXpiY and XYY/XXYY.

t The tallest 5 percent were studied (35), which corresponds roughly to those taller than 188 cm.
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tion of XYY’s in general prisons or
other exclusively penal settings indi-
cates that at least some of them are
mentally disordered (27). The rates
here are thus likely to depend on how
narrowly admissions criteria are ap-
plied, and the likelihood or availability
(or both) of other perhaps more
restrictive placements in the same
jurisdiction.

If a distinction is not made between
mental-penal and other settings in
which deviant individuals may be
placed, then the most striking observa-

tion is the great heterogeneity in rates.
Such an approach has apparently led
some to imply that the original Car-
stairs studies might reflect a type 1
error, that is, a “false positive” result
(28, 29). But as already seen, there is
no question that the prevalence rate
of XYY’s is markedly increased over
baseline in those in mental-penal set-
tings that have been subsequently
studied.

Three additional points are pertinent
concerning the evidence. First, most
studies cited in Tables 3-8 provide

prevalence rates (rates of individuals
in particular settings at one particular
time). Very few studies provide the
“incidence” rate (30) of new individuals
admitted to an institution over a par-
ticular time span. Those that are known
to do so are indicated by the symbol
(I) in Tables 3-8 (3I). If XYY’s
were admitted to those settings at the
same rates as XY individuals, but were
kept longer before discharge (a phe-
nomenon that would be of significance
in itself), prevalence rates would be
greater than those in the normal or

Table 7. The frequency of males with sex chromosome aneuploidy in reports of penal settings, in which at least 20 individuals were studied.
The population was restricted by height. (I) indicates incidence study.

. . . Height No. No.
Population studied No. in A N XY/ Oth-

Country Reference and characteristics setting res:n(;lmct;on cf;l'ittt:xlli stigg- XYY XYY XXY XXYY er
Scotland (110) Three institutes for young offenders ? =178 74 74 1 0 0 0 0
Scotland (110) Various prisons ? =178 453 419 1 0 2 0 0
England (115) Intermediate sentence, general prison,

sex chromatin negative (Nottingham) ~ 250 >182.9 ? 24 2 0 — —_ 0
United States 119) Volunteers in general prison 2000 =1854 ? 100 2 0 2 0 0
Australia (120) General prison (includes high

grade defectives and psychotics) 1200 =175.3 ? 40 5 ? ? ? ?
England (121) Approved school 1021 * 34 29 3 ? ? ? ?
United States 15) Maximum security prison volunteers 2100 =182.9 86 2 0 0 0 0
England 27) (I) Wandsworth prison .

(mostly recidivists) ? =1829 ? 34 2 ? ? ? ?
England (27) Wandsworth prison ? =180.3 ? 31 1 ? ? ? ?
England 27) (I) Wandsworth prison ? =180.3 ? 290 6 ? ? ? ?
Ireland 122) General prison ? =171.5 ? 67 0 ? ? ? ?
United States (123) Federal prisoners, recurrent criminality,

not psychotic, no brain damage,

Army alpha 70 to 80 2200 =182.9 27 22 0 0 0 0 ?
Canada (124) Sentenced offenders; persistent antisocial

and aggressive behavior 500 > 182.9 51 2 0 0 0 ?
United States (125) Negro prisoners ? > 1829 ? 100 0 0 0 0 0
United States 38 Detention center (ages 14 to 16) ? >180.3 ? 32 1 0 1 0 0
United States (8) State prisons ? >180.3 ? 73 2 0 1 0 0
Japan (126) Juvenile delinquents (ages 14 to 19) ¥ 1504 =174 ? 100 0 ? ? ? ?
Poland (112) Adult criminals 1490 > 183 ? 33 0 4 0 0 ?
Mexico (136) Prisoners 941 =173 94 78 0 0 2 0 0

* Taller than 90 percent of the general population, according to national published charts (J21).

were studied.

1 Mean, 167.7*=59 cm, but only those =174 cm

Table 8. The frequency of males with sex chromosome aneuploidy in reports of mental settings, in which at least 20 1nd1VJduals were studied.
The studies were restricted to tall men. (I) indicates incidence study.

Height

No. No.

Population studied No. in . XY/ Oth-
Country Reference and characteristics setting  restriotion ﬁ?tmg stud- XYY XYY XXY XXYY er
criteria ied -
England (115) Sex chromatin negative, mentally ill ? > 1829 30 0 0 - - -
Norway (127) (I) St. Jorgen mental hospital 99
=183 117 3 1 2 0 XY/
XXy
Norway 127) Lillhagen mental hospital 18
United States (15, 108) Gowanda mental hospital ? =182.9 76 76 1 0 0 0 0
England (128) Mental retardates, Darenth Park 177.8 to 49 47 0 0 2 0 0
(see also Tables 3 to 5) 917 181.6
: { =182.9 19 19 2 0 1 1 1
United States (€)) Hospitalized mentally ill ? > 180.3 ? 164 0 0 2 0 0
United States 8) Retarded ? >180.3 ? 20 1 0 2 0 0
United States (66) Retarded ? =1829 ? 32 1 ? ? ? ?
United States (129) Retarded over 14 ~ 1350 =1753 ~80 55 1 0 0 V] 0
Sweden (12,13) Alcoholics primarily with history of
criminal record 184 =180 50 42 0 0 0 0 0
Sweden (12,13) Alcoholics primarily without history
of a criminal record 275 =180 52 47 0 0 0 0 0
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background population but incidence
figures would be the same as the base-
line. But four of the five institutional
“incidence” figures listed in Table 3
reveal rates above the background.

Second, the frequency of deviant
XYY’s detected may be slight under-
estimates because it appears that XYY
individuals may be less likely than
XY’s in the same setting to provide
blood specimens (32, 33).

Third, the prevalence rate of XYY’s
is higher in whites than blacks in
studies of those diverse settings in the
United States in which deviant indi-
viduals have been found (34-37); and
in fact, there are as yet no extensive
data documenting an association of the
XYY genotype with deviant behavior
in any nonwhite group. A differential
concentration of tall whites in settings
for deviant individuals seems unlikely
to account for the racial differences.
The difference may be due to one or
more of three factors—(i) a true dif-
ference in newborn rate (Table 1) or
differential survival of XYY’s, (ii) a
more benign behavioral prognosis of
the XYY genotype in blacks, or (iii)
relative differences in other factors con-
tributing to deviance in our current
social setting,

Nature of fhe Association

It is much more difficult to establish
why XYY’s are more likely to be found
in mental-penal settings. Three types
of general hypotheses may be distin-
guished. (i) The XYY genotype occurs
more often in groups in which for
independent reasons deviant behavior
is more frequent—an associative etiol-
ogy. (i) Some physical (or external)
correlate of the genotype, such as large
height, results in a phenotype that
makes social adaptation less likely and
institutionalization more frequent—a
social etiology. (iii) The XYY geno-
type results, directly or indirectly, in
some aberration of neural development
that tends to result in deviant behavior
—a neural etiology. These are not
necessarily mutually exclusive.

The Associative Hypothesis

The question arises as to whether
XYY males are born more frequently
than XY’s into circumstances in which
environmental factors are usually pre-
sumed to be responsible for a higher
incidence of deviance. There are very
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few direct data on this point (38—44),
but indirect evidence from studies of
institutions suggest that this is improb-
able. The XYY’s in settings for deviant
individuals do not appear more likely
to come from families of lower socio-
economic status or have more relatives
with criminal histories than XY’s placed
there; the trend is in the opposite direc-
tion in at least some studies (45-51).
While further data from studies of new-
borns would be desirable, it appears that
this hypothesis cannot account for the
entire association with institutionaliza-
tion for deviance, and is unlikely to
account for a significant fraction of the
association (52). This of course does
not mean that adverse environmental
(or other genetic) factors cannot
heighten a risk already elevated for
other reasons.

The Social Hypothesis

Because a tendency to larger height
in the XYY individual has been noted
in almost all population studies (53),
size alone has been considered as a pos-
sibly significant factor, Personality pat-
terns developing in children as a reac-
tion to large height or “channeling” by
social forces of tall individuals (who
may appear more threatening), con-
ceivably could account for the observed
frequencies of institutionalization (54,
55). It is easy to imagine why a tall
deviant individual who has difficulty

with impulse control may be more

likely to be placed in custody than a
short individual with similar behavior,

and probably several XYY’s may be in .

custody more because of their size than
their behavior [for example, case 10 of
(56)]. But if, for whatever reason,
large size contributes significantly to
the frequency of XYY in settings for
deviant individuals, one should also ex-
pect an enrichment of tall XY’s in
such placements. Evidence for an in-
crease would be provided if there were
an increase in either the modal height
of XY’s compared to some published
norm, or if there were some skewing
or a shoulder in the distribution curve
toward larger height.

There are two settings in which there
does appear to be a concentration of tall
(XY) individuals (23, 57), so that this
factor may be operative at least within
some jurisdictions (58). Nevertheless,
data from other settings with a high
prevalence rate of XYY’s do not pro-
vide evidence for a significant concen-
tration of tall males (4, 48, 55, 57).

One may ask whether there are other
physical features of the XYY pheno-
type which might function in the man-
ner postulated above for large height.
Severe acne appears to be present more
frequently in XYY’s than in XY’s.
Voorhees et al., for instance, found 4
XYY’s in a group of 100 prisoners
with nodulocystic acne, 2 XYY’s in a
group of 100 “normal” males with
nodulocystic acne, but none in a group
of 100 unaffected control prisoners
(59). But the extent of moderate to
severe acne among institutionalized
XYY’s with deviant behavior is prob-
ably under 50 percent and thus not
high enough to account for the in-
creased prevalence of XYY’s in such
settings (60, 61). Furthermore, the
incidence of nodulocystic acne in pris-
oners, 5 percent, is not markedly
greater than the rate in the general
population although, admittedly, diag-
nostic criteria may not be consistent
among different studies and data from
mental-penal settings are not available
(62). Dermatoglyphic differences be-
tween XYY and XY individuals have
been well documented (63), but these
seem not even remotely likely to be
responsible for behavioral differences.

A large number of anecdotal reports
of other signs in XYY individuals have
appeared. But for none is there strong
evidence that there is even a small
enrichment in XYY’s, with the pos-
sible exceptions of radioulnar synosto-
sis (64)—which still must be quite rare
in XYY individuals—and prolonged
cardiac conduction (64). Case reports
indicate that particular XYY individuals
may display many of the abnormalities
that some XY’s do—not a surprising
observation—but provide no data on
the relative frequency in XYY’s com-
pared to XY’s. Thus sporadic reports
of morphologic abnormalities of the
genitalia in XYY males, and occasional
instances of male pseudohermaphrodites
(that is, with female phenotype), may
only reflect the greater likelihood that
individuals with genital anomalies would
have a chromosome study. And many
of these cases are probably cryptic
X0O/XYY mosaics [for example, (65)].

In meticulous neurological examina-
tion of 12 XYY’s detected in mental-
penal or mental settings, Daly found
slight (soft) neurological defects, mostly
motor dysfunction (such as intention
tremors) in at least 10 and slight body
asymmetries in 6 individuals (66). Un-
fortunately no data are available on
XY patients in these settings. Griffiths
noted similar (nontraumatically in-
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duced) neurological abnormalities in 3
of 9 XYY’s and in 1 of 9 control XY
prisoners (27, 67). It is certainly con-
ceivable that such neurological abnor-
malities might, by social mechanisms
similar to those postulated for large
height, account for the greater prev-
alence rate in mental-penal settings in
that individuals who have fewer motor
skills and less coordination (even
though themselves unaware of the de-
fect) may be more likely to manifest
deviant behavior.

Other studies, however, have not re-
vealed such a high rate as that Daly
found although it is always possible
that the neurological examinations were
not as meticulous. In nine institutional-
ized XYY’s, in some of whose his-
tories head beating, alcoholism, and
frequent fights were prominent, no
neurological abnormalities were ob-
served (8). In series which I personally
observed, of four XYY’s with deviant
behavior who received careful neuro-
logical examination, only one showed
evidence of such “soft” signs as tremor
and incoordination; and of 33 XYY’s
in mental-penal settings (48) who
were neurologically reinvestigated after
Daly’s report, only one was stated to
have a minor neurological abnormality
detectable on physical reevaluation (bi-
lateral nystagmus) (68).

There are no other phenotypic char-
acteristics of which I am aware which
can at present be invoked to explain
the high rate of XYY’s in mental-
penal settings.

The Neural Hypothesis

Direct evidence for some type of
brain dysfunction is elusive, however
(69). Electroencephalograms (EEG’s)
of many XYY individuals in custody
have been reported as “normal,” al-
though in such cases there usually has
been no statement as to whether sleep
or metrazole stimulation studies were
performed, or whether sphenoid elec-
trodes, which are more likely to detect
temporal lobe abnormalities (although
dangerous to employ), were used.
Probably most unqualified reports have
just been limited to EEG’s with scalp
electrodes, while the subject was awake,
and thus it is likely that at least some
otherwise detectable abnormalities may
have been missed. In two studies in
which tracings of nonepileptic institu-
tionalized XYY’s were compared to
those of controls in the same settings,
there was a trend to greater frequency
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of abnormalities in the XYY’s (70-72).
But no marked increase in the fre-
quency of clinical epilepsy has occurred
in XYY patients in custody. For in-
stance, Casey et al. found a history of
epilepsy in 15 percent of 33 XYY pa-
tients and in 18 percent of 154 ran-
domly chosen XY individuals in the
same settings (48).

Cryptic seizure disorders that are
difficult to diagnose by conventional
means and are associated with marked
antisocial behavior have been described
(73). There is, however, to date no
documentation of these in deviant XYY
individuals.

Endocrine abnormalities involving
hormones known to have an effect on
behavior would be at least consistent
with some type of (secondary) brain
dysfunction. But determinations of
testosterone, as well as of pituitary
gonadotrophins, growth hormone, 17-
keto steroids, 17-hydroxy corticoste-
roids, and luteinizing hormone have
not revealed consistent abnormalities
(29). In most cases, when elevations
have been noted, the normal values
used for comparison have not been
from XY individuals in the same set-
tings. All XYY’s studied to date, how-
ever, have been adults or adolescents.
It remains possible that hormonal ab-
normalities have occurred, but earlier
in development, perhaps even pre-
partum, affecting central nervous sys-
tem differentiation as well as long-term
growth patterns (74, 75). Alternatively,
some differential end organ response
between XYY’s and XY’s may be
responsible.

Should the neural hypothesis be cor-
rect, the presumed responsible physio-
logic factors might be operative in only
some fraction of XYY’s or operative in
all to some extent, but only associated
with the deviance of those in whom
there is already a predisposition to such
behavior for other reasons. There is, of
course, a gradient between those two
possibilities which might be labeled as
“threshold” and “continuum” alterna-
tives, respectively (76). Neither im-
plies necessarily that endogenous or
exogenous factors could not modify the
risk of antisocial behavior. Under either
hypothesis, particular environmental
factors might be necessary conditions
for the subsequent manifestation of
deviance in XYY’s, as some have
suggested (I/5). Thus a neural eti-
ology does not preclude the possibility
of effective preventive or therapeutic
measures.

But aside from the trend in the elec-

troencephalographic data the only evi-
dence to date for the neural hypothesis
is that there is no evidence against it
and that at present the other hypotheses
do not plausibly explain the entire asso-
ciation with deviance.

The treatment of the three types
of casual hypotheses separately does
not exclude the possibility that they
are interrelated. For instance, endo-
crinologic abnormalities that directly
influence behavior through an effect
on the central nervous system may
also have indirect effects if they re-
sult in physical phenotypes that affect
social adjustment. The minor neuro-
logical abnormalities that may have
social consequences in themselves can
also be regarded as independent signs
of some central nervous system dis-
order. A strict sorting out of neural
and social factors may prove difficult.

Other Behavioral and

Psychological Findings

Documentation of consistent be-
havioral and psychological differences
between deviant XY and XYY indi-
viduals provides no direct evidence
concerning the three types of etiologies
already discussed. The available data
on these questions are still of interest,
however.

A wide spectrum of IQ’s has been
noted in XYY individuals. In at least
three settings that were not specifically
for retarded individuals, the IQ’s of
XYY’s in custody were lower than
those of institutionalized controls (/7,
77, 78). Griffiths, for instance, found
the average IQ of 12 XYY prisoners
to be 95 compared to a mean of 108
in 12 controls matched by age and
height, a statistically significant trend
which was noted on both performance
and verbal scales (77). Reports of IQ’s
from security settings specifically for
the retarded have not revealed consist-
ent differences, however (45-49). These
data, in conjunction with the prev-
alence rates summarized in the tables,
suggest that (i) the behavioral mani-
festations of the phenotype in XYY’s
in custody tend to interfere with acqui-
sition of a (measurably) normal in-
telligence, or that (ii) the same events
that resulted in deviant behavior also
influenced intelligence.

Griffiths et al. also found lower so-
ciability and extroversion in his series
of XYY prisoners compared to XY
controls (27, 77); Hope et al. noted
differences in psychological defensive-
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ness between institutionalized XYY’s
and XY’s and suggested that the two
groups might have differed in “concep-
tions of what is acceptable” (79).
These observations may be related to
differences in. intelligence of those
tested because others have found no
notable psychological differences be-
tween deviant XY’s and XYY’s where
there was no marked discrepancy in
1Q levels (49, 78-80).

Publicity given to the first published
reports of settings for deviant individ-
uals gave rise to the unfortunate popu-
lar stereotype of XYY individuals as
the most physically aggressive and vio-
lent individuals (an impression rein-
forced in the United States by false
newspaper reports that Speck, the Chi-
cago mass murderer emblazoned with
the tatoo “born to raise hell,” was an
XYY). But in those mental-penal and
penal settings where XYY’s have been
found, they do not appear to be con-
centrated among the most dangerous,
violent, and physically aggressive in-
mates. And, in general, their offences
are similar to or less serious than those
of XY’s there (81). Increased impul-
siveness, rather than greater aggressive-
ness per se, appears more likely to be
the relevant factor, but there are no
objective psychological data yet avail-
able on this point (82).

Magnitude of the Risk

The risk of an XYY newborn even-
tually manifesting significant deviant
behavior probably depends upon the
circumstances into which he is born.
At least the absolute risk must be
measured against a specific back-
ground. But in the total (white) popu-
lation, on the assumption that the
incidence of XYY’s is about 0.11 per-
cent and that the prevalence of XYY’s
in mental-penal settings is 2 percent,
then, while there may be an 18 times
greater likelihood of an XYY being
found in such custody, only a relatively
small fraction of the total number may
be there at any time. For instance, if
as many as | in 500 adult white males
in the population are in mental-penal
settings then, from the above rates, in
every cohort of 1 million males there
will be about 1100 XYY’s, about 3%2
percent of whom (40 of 1100) will
be in such custody at some time as
adults (on the assumption of constant
incidence and no differential mortality).
This risk, about 1 in 28, is relatively

146

small but decidedly increased com-
pared to the background rate. This
figure is a rough estimate for illustra-
tive purposes only. It is only applicable
if the numerical assumptions are cor-
rect now and in the future (83). It
should not be cited as a definitive risk
figure. Furthermore, this is only the
risk of an individual being found in a
mental-penal setting at any given time
as an adult. It is not relevant to the
risk of an XYY newborn eventually
manifesting deviant behavior, which is
likely to be higher.

There is scant information derived
from observations of behavior in
XYY’s discovered in systematic studies
unrelated to deviancy. Antisocial be-
havior has not been prominent in
XYY’s with hypogonadism or male
pseudohermaphroditism. This is not
relevant to the risk in sexually normal
XYY’s who constitute the vast bulk
of reported cases, since many of the
former are overt if not cryptic X0/
XYY mosaics, and the X0 line or other
endocrine related factors associated with
abnormalities of male differentiation
‘may have had ameliorating effects upon
behavior.

About all one can conclude from the
very few other series of XYY’s not
biased by behavioral ascertainment is
that deviancy has not been a prom-
inent finding. For instance, neither of
two XYY’s detected in a series of out-
patients with nodulocystic acne mani-
fested overt evidence of antisocial
behavior (59), and of six XYY males
detected in practice by experienced
neurologists looking for the syndrome
(66, 84, 85) only two manifested anti-
social behavior, and the decision to
study these cytogenetically may have
been biased by that knowledge (85).

The question of the extent of the
risk will not be satisfactorily answered
until a large, prospectively ascertained
group is studied with suitable “blind”
precautions. As of November 1970, at
least 17 XYY males diagnosed at birth
in the United States, Canada, and Scot-
land were being sequentially evaluated
(86). Recent discovery of distinctive
interphase fluorescent patterns of cells
with two Y chromosomes has enabled
more rapid screening of newborn and
older populations and detection of
much larger numbers of XYY indi-
viduals. In addition, a collaborative
cytogenetic study of about 11,000 7-
and 8-year-old males who were ascer-
tained at birth in the perinatal study
of the National Institute of Neuro-

logical Diseases is in progress (40).
Many psychological data are already
on hand concerning this entire popula-
tion. But if the prevalence of deviant
behavior in XYY’s is relatively small,
even larger populations may have to be
investigated to document statistically
the magnitude of the risk.

XXY Genotype

Interest in the behavioral implica-
tions of the XYY genotype has also
drawn attention to the possible asso-
ciation of other sex chromosomal dis-
orders of males with deviance.

The XXY genotype is almost always
associated with infertility and hypo-
gonadism and produces the phenotype
known as Klinefelter’'s syndrome.
Height tends to be increased, but not
to the extent in the XYY genotype. A
good deal of data concerning “back-
ground” rates of the XXY genotype is
available, since many sex chromatin
surveys (which reveal males with extra
X chromosomes) have been done.
These, as well as the chromosome
studies summarized in Table 1, indicate
that the probable newborn rate in
whites in North America and Europe
is unlikely to be greater than 1 in 250
(0.4 percent) and probably is about
1 in 900 (0.11 percent) (87-89).

For comparison with prevalence fig-
ures of institutionalized males, a pre-
sumptive maximum background rate of
0.4 percent (1 of 250) XXY’s will be
used. Of the 26 studies of mental-penal
settings summarized in Tables 3 and 6,
in which a positive conclusion could be
reached, 11 were positive, 14 were neg-
ative, and 1| was indeterminate or
borderline. Twelve of the negative
studies were from rather small groups.
One percent would appear a reasonable
estimate of the frequency of XXY’s in
studies of the type summarized in
Table 3. In exclusively penal settings
there are 4 positive, 15 negative, and
2 indeterminate studies of those where
a positive conclusion could be reached.
For the exclusively mental settings
summarized in Tables 5 and 8 there is
no consistent increase, but data from
other surveys are pertinent. Summariz-
ing five North American studies, Court
Brown noted 1 to 2 XXY’s in 901
males whose 1Q’s were under 20, and
13 to 14 XXY’s in a group of 2631 re-
tarded males whose 1Q’s were over 20
(88, 90). It thus appears that XXY’s
are likely to be increased in settings for
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high-grade retardates, but the prev-
alence rate is only five times the prob-
able background rate of 0.11 percent
or just slightly greater than the pre-
sumptive maximum.

Taken together, the data suggest that
the XXY does have an increased risk
of appearing in a mental-penal setting,
but not as great a risk as an XYY.
He is more likely than the XY [and
possibly the XYY (49)] to be a high-
grade retardate.

The same racial trend noted for the
XYY genotype is present here as well
(91). A lower newborn rate in blacks
is unlikely to account for this differ-
ence at least, on the basis of incidence
studies reported to date (Table 1).

The nature of the association with
deviancy could be explained by hy-
potheses discussed above in connection
with the XYY genotype. There is no
strong evidence for the associative or
social hypothesis (92) and no direct
evidence for a neural etiology apart
from electroencephalographic data sim-
ilar to that discussed above (70-72).

XXYY Genotype

XXYY individuals also have the
phenotype of Klinefelter’s syndrome al-
though they are taller than the average
XXY and often have bony abnormal-
ities. The incidence of XXYY’s in the
total of the newborn populations stud-
ied to date is about 1 in 25,000
(0.004 percent) (Table 1 and 87).

In the patients in mental-penal set-
tings summarized in Table 3, there
were nine XXYY’s (eight in security
settings for retardates), a rate of 0.2
percent. This appears to be about a
50-fold increase over the newborn rate,
but the confidence limits are wide.
There were three in the exclusively
mental settings for retardates, and one
among tall inmates of mental-penal in-
stitutions. Among 3532 high-grade men-
tal retardates in other studies, there
were three cases (88). Thus not only is
there evidence for an increase in both
retardation and deviant behavior in
‘these individuals, but the magnitude of
the increase compared to the back-
ground rate appears to be far greater
than that observed in the XXY indi-
vidual (48), thus providing additional
evidence for the behavioral significance
of an extra Y chromosome. Whatever
factors are responsible for deviance in
XXY and XYY individuals are likely
to be operative here as well.
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Some Further Questions

The data I have reviewed so far
indicate that only to the first of the
questions posed in the introduction can
an answer be given with confidence.
There is a definite association between
the XYY genotype and presence in
mental-penal settings, but both the na-
ture and extent of this association are
yet to be determined.

Discovery of an extra sex chromo-
some in a male hardly predicts anti-
social behavior with the confidence, for
instance, that the observation of tri-
somy 21 (the chromosome pattern as-
sociated with mongolism) predicts men-
tal retardation. This raises a serious di-
lemma for the physician as to whether
and how to advise the parents when a
sex chromosome abnormality is de-
tected in a male infant or child in
whom the diagnosis has not been
suspected clinically.

Telling the parents of the diagnosis
and possible prognosis is likely to in-
duce more difficulties for both child
and family than not informing them,
particularly since the precise behav-
ioral risks are uncertain and there are
no therapeutic or preventive measures
known at present that are specific for
an individual with XYY (or XXY)
genotype.

But the latter course opens the
physician to a charge of withholding
information even when he has acted in
what may be the best interests of all
concerned (93, 94). Furthermore, if
deviant behavior patterns in a child
with abnormal genotype have emerged,
it may be considerably reassuring for
the parents to know that there is a
specific genetic hypothesis to account
for these and perhaps to relieve them
of guilt feelings concerning their child-
rearing role.

It is even more difficult to make a
generalization as to whether and when
an affected individual himself should be
told of the diagnosis. Under some cir-
cumstances at least, he might wish to
know his genotype. For instance, an
XYY individual without antisocial be-
havior might be concerned about hav-
ing an XYY son, although this risk at
present seems small (95, 96). An XYY
individual in a penal or mental-penal
setting conceivably might wish to in-
troduce the fact into his legal defense,
although the likelihood of its being
useful to him in this context appears
remote at present (97).

An even greater dilemma arises when

an XYY genotype is detected “inci-
dentally” in cytogenetic study of amni-
otic fluid cells from a woman who has
sought the study because of concern
about some other genetic disorder of
the fetus, such as mongolism (98).
Here of course the information cannot
be withheld, and an attempt must be
made to enable her to reach an in-
formed decision about terminating the
pregnancy, a procedure which, presum-
ably, she is already considering since
she has already sought the diagnostic
procedure. Clearly a precise risk can-
not be cited, particularly since the pos-
sible influences of environmental and
other genetic factors upon a particular
individual cannot be anticipated, One
course would be to advise that she may
have an apparently normal child but
that it appears likely that he will be at
greater risk, as compared to an average
XY boy she might have, of eventually
manifesting deviant antisocial behavior.
Whether this view does justice to the
available data, each reader must judge
for himself. It would at least be haz-
ardous to assure the parent that the
risks are trivial. Furthermore, it cannot
be presumed from the discussion above
that the risks necessarily apply only to
whites since, as already noted, purely
social factors may account for the
racial differences in observed rates in
settings: for deviant individuals.

Thus there is a clinical need to docu-
ment the behavioral natural history of
these genotypes. But such knowledge
is important for other reasons as well.
The significance of the association with
deviance may be out of all proportion
to the strength of the association and
the numbers affected. Males with sex
chromosome abnormalities constitute a
well-defined group in which the patho-
physiology of some types of antisocial
behavior can be studied. Investigation
of hypotheses generated by study of
these genotypes may lead to further
knowledge concerning both biologic
and social factors leading to institution-
alization of the vastly greater numbers
of XY individuals in various juris-
dictions.

For instance, it is possible that the
rates of sex chromosome abnormalities
in a setting may provide some indirect
evidence concerning the relative impor-
tance of socioeconomic factors in con-
tributing to the placement there of men
with normal XY genotypes. Given two
groups within a single mental-penal
setting, or two different settings with
identical admissions criteria, a lower

147



rate of XYY’s might be expected in
that group (or setting) for whom ad-
verse social and economic factors have
contributed more strongly to admis-
sion of men with normal XY karyo-
types. [This would presume that (i)
adjustments have been made for such
factors as differential concentration of
tall men in these groups or settings,
(ii) admissions criteria stated to be
identical are, in fact, interpreted simi-
larly for both groups or settings, and
(iii) incidence rates of male sex chro-
mosome abnormalities, as well as ge-
netic factors associated with deviance
in XY’s (99), are roughly equal in the
two populations from which the men in
these settings are drawn. Conversely,
in jurisdictions where social factors
have resulted in very low rates of
deviance, it would not be surprising if
biologic factors such as sex chromo-
some abnormalities were found to be
proportionately more heavily repre-
sented in the (perhaps relatively few)
men who were in custody in mental-
penal settings. If these suggestions are
correct, then in one sense the rates
of sex chromosome abnormalities in
mental-penal settings within particular
populations may prove to be inverse
markers of the relative importance of
adverse social and economic factors in
contributing to placement in these set-
tings. This would not imply that detri-
mental environmental factors did not
contribute significantly to admission to
mental-penal settings where the rates
were high, but only that the contribu-
tion was of lesser magnitude than for
entrance to settings where admissions
criteria were similar but the rates were
low. I emphasize that these considera-
tions are hypotheses and only that,
which must be refined and tested in the
course of future investigations through
the next decades.
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marily with a criminal record” (12, I3). That
there were also institutions for alcoholics
primarily without a criminal record in this
study and the boundaries between the two
not very firm (I3), suggests that the penal
aspect of these settings, if any, is quite differ-
ent from that of the other mental-penal
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might be classified strictly as only penal.
One other study, of Arhus (II), may also
fall in this category. (v) The admissions re-
quirement for one negative mental-penal set-
ting (I6) was stated to be for boys with
“severe emotional disturbances and antiso-
cial behavior,” The evidence for emotional
disturbance, however, was not a psychiatric
evaluation but rather recurrent delinquency
[P. Ferrier and D. E. Swenson, personal
communication]. Thus this setting is similar
to several classified as exclusively penal—for
example (I7)—and might appropriately be
included in Table 4 rather than Table 3. (vi)
See (I31) below. (vii) In addition, between
1 September and 10 November 1972 I be-
came aware of one report citing an additional
small, negative (0 to 38) mental-penal study,
and two indeterminate apparent mental-penal
studies [G. R. Sutherland, S. Wiener, A. A.
Bartholomew, M. G. Fitzgerald, Med. J.
Austral. 1, 1249 (1972)].

. D. Baker, M. A. Telfer, C. E. Richardson,

G. R. Clark, J. Amer. Med. Ass. 214, 869
(1970). There were 58 tall, mentally retarded
in the state prison studied (Table 6) (9).

9. D. Baker, personal communication.

10. S. Abdullah, L. F. Jarvik, T. Kato, W. C.
Johnston, J. Lanskron, Arch. Gen. Psychiat.
21, 501 (1969).

11. J. Nielsen, Brit. J. Psychiat. 119, 503 (1971).

12. J. Wahlstrom, H. Forssman, H. O. Akesson,
Humangenetik 9, 105 (1970).

13. J. Wahlstrom, personal communication.

14. H. Witkin, personal communication.

15. M. J. Marinello, R. A. Berkson, J. A.
Edwards, R. M., Bannerman, J. Amer. Med.
Ass. 208, 321 (1969); see also (108).

16. P. E. Ferrier, S. A. Ferrier, J. A. Nielson,
Ann. Genet. 12, 347 (1969).

17. E. B. Hook and D. S. Kim, N. Engl. J.
Med. 283, 410 (1970).

18. If indeterminate studies are excluded, and
a one-tailed simple nonparametric ‘sign’
test is used on the remainder, then for 21
or more positive and 5 or fewer negative
studies, P is .001. For 21 or more positive
and 7 or fewer negative studies, P is .006.
If all the studies about which I have raised
a question concerning evidence for a mental
disorder [that is (11, 14-16)] are excluded
from Table 3, then in the remaining 14, there
are 12 positive and 2 negative studies. P is .006.
[“Tables of the binomial probability distribu-
tion,” National Bureau of Standards, Applied
Mathematics Series No. 6 (1949)].

19. It is difficult to estimate the bias of omission
of those (completed) studies of which I was
unaware when this review was completed.
Probably most of these are unpublished
small series. Limiting attention to those 9 of
the 21 reports [excluding (3)] in which 180 or
more individuals were studied should thus di-
minish this source of bias (a number chosen
because the upper 95 percent confidence limit
of zero in 180 is 2.0 percent). Eight of these
nine are positive. The one negative study is
borderline if only whites are considered (14,
34). (The others include only whites.) The
pooled frequency, median, and mean in these
nine are 1.90 percent (60 in 3160 and 59 in
2626, or 2.5 percent in whites only), 1.60
percent, and 2.07 percent, respectively. Four
of the reports exclude a rate of 0.4 percent or
less, with 95 percent confidence; one excludes
a rate of 0.9 percent or more. All 95 percent
confidence limits cited are from K. Diem,
Ed., Documenta Geigy Scientific Tables
(Geigy, Ardsley, New York, 1962). The sole
exception to this trend in the large studies
occurred in a study (/4) in which there is
some question concerning evidence for a
mental disorder (7).

20. There are two negative studies of Orientals
in exclusively penal settings (see Tables 4
and 7), and at least one case report of a
deviant XYY man in Japan (2I).

21. N. Hashi, et al., Jap. J. Hum. Genet. 14, 34
(1969).

22. The observation of no XYY’s in 31 men (23)
excludes a rate of 11 percent XYY’s or
more in this setting; of no XYY’s in 35
men (II), a rate of 10 percent or more; of
no XYY’s in 83 men (24), a rate of 4.4 per-
cent or more; of no XYY’s in 103 boys (I6),
a rate of 3.5 percent or more: all with 95
percent confidence [see also (7) on the ad-
missions criteria of the latter group]. The
absence of any XYY’s in 26 tall, hard-to-
manage psychiatric patients (J0) excludes a
rate of 13 percent or more in such a group;
but this is not directly comparable to the
other four studies, since an enrichment of
XYY’s would be expected among men of
larger height. [In the same report (10), an
XYY male was found among 18 tall, crimi-
nally insane men, a result excluded from
the tabulation because fewer than 20 were
investigated.]

23. N. Matsaniotis, C. Tsenghi, C. Metaxotou-
Stavridaki, C. Economou-Mavrou, P. Bilalis,
Helv. Paediat. Acta 25, 253 (1970).

24, J. Mariks, R. M. Dunne, S. Walsh, Med. J.
Austral. 1, 827 (1971).

25. The prisoners were those that had been sent
for psychiatric evaluation to one county hos-
pital, usually before trial and not for long-
term placement. In some cases, such as
crimes of murder, the referral was manda-
tory, but usually it was discretionary and
based on the view of a judge, a prison of-
ficial, or the police (J4). It is likely that in-
dividuals in this setting were less seriously
disordered than, for instance, inmates com-
mitted to mental-penal institutions after psy-
chiatric evaluation and trial.
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31.

32,

34.

35.

36.
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38.

The finding of no XYY’s among the 58
individuals taller than 180.3 cm excludes a
rate of 6.2 percent or more in this tall group,
with 95 percent confidence. If this represents
the tallest fifth of the institution, then, from
the observations of security placements for
the retarded in the United Kingdom, at least
10 percent might be expected to be XYY.
There were also 22 under this height in this
setting who were studied. [The absence of
any XYY’s in the 80 (total) excludes a rate
of 4.5 percent or more XYY’s.] Of the 79
on whom data are available, 39 were white,
and 33 of these were more than 180.3 cm
(9). The upper 95 percent confidence limit
of zero in 33 observations is 10.6 percent.
A. W. Griffiths, B. W, Richards, J. Zaremba,
T. Abramowics, A. Stewart, Nature 227, 290
(1970); A. W. Griffiths, personal communica-
tion.

W. Hayes, in Social Impact of Modern Biol-
ogy, W. Fuller, Ed. (Routledge & Kegan
Paul, London, 1971), p. 92.

D. R. Owen, Psychol. Bull., in press.
Strictly speaking, the incidence rate means
the rate of onset of the condition over a
specific period. The term is used here in
quotation marks to indicate the rate of ad-
missions of new XYY cases to a particular
setting in a particular period.

Some of these include a small ‘“‘prevalence”
component as well. See, for example, com-
ments on the Arhus study discussed in (7).
In the first Carstairs study of 203 men, 16
males refused a first request to provide
blood, but ¢ subsequently agreed. Two
XYY’s were found in these 9 compared to
S in the first 187 (P < .05) (33). In the re-
maining 7 (those who refused), there was at
least 1 male known from earlier studies to
be XXYY.

. W. M. Court-Brown and P. G. Smith, Brir.

Med. Bull. 25, 74 (1969).

E. B. Hook, in preparation. The XYY fre-
quencies in 11 studies for which exact data
are available are 28 of 2448 in whites, as
compared to 7 of 1911 in blacks, In eight
studies the rates in whites were greater, in
one the same, and in two lower. Some of
these studies were height-truncated, but the
trend remains if such restricted studies are
excluded. For mental-penal settings in Tables
3 and 6, for which exact racial data are
available, the results are as follows: (i)
Witkin (14): 439 white total, 2 XYY, 3 XXY;
400 black total, 1 XYY, 0 XXY; 132
Puerto Rican total, 0 XYY, 1 XXY; 2 others,
both XY, (ii) Marinello et al. (I15): 29 white
total, 2 XYY, 0 XXY; 11 black total (and
2 Indian), 0 XYY, 0 XXY. (iii) Abdullah
et al. (10): 15 white total, 0 XYY, 0 XXY;
11 black total, 0 XYY, 1 XXY. (iv) Welch
et al. (35, 36): 11 white total, 2 XYY, 0
XXY; 32 black total, 0 XYY, 0 XXY. (v)
Borgaonkar (Table 3) (37): 48 white total,
2 XYY, 0 XXY; 11 black total, 0 XYY, 0
XXY

J. P. Welch, D. S. Borgaonkar, H. M, Herr,
Nature 214, 500 (1967). Subsequently the
individual in this study with an apparent ex-
tra D chromosome was determined to be
XYY with a marker chromosome 47 XYYt
(6g-21qt) as well, and another XYY individ-
ual found, in the lower 95 percent for height
(36).

J. P. Welch, personal communication.

D. S. Borgaonkar, Excerpta Med. Int. Congr.
Ser., No. 233 (1970), p. 31; personal com-
munication.

Of the three newborn XYY’s from New
Haven (39), all were born to parents who
were definitely not in the lowest 20 percent
educational bracket (40). Among five de-
tected in London, Ontario, three were born
to middle class or lower-middle class par-
ents, and two were born to families from
lower socioeconomic groupings (41). Of three
newborn XYY’s studied in Boston one was
a child of a felonious father of low socio-
economic background; the other two were
from lower-middle and middle class back-
grounds (42). Of the three in Denver, two
were from lower-middle class and one of
middle class background (43). Of the four
in the second and third studies in Toronto
for which data are available, all were born
to lower-middle class backgrounds (44). The
evaluations of socioeconomic status noted here
are those of the authors cited, but are not
necessarily based on the same criteria even
when data on family income, life-style, and
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39.

40.
41.
42.
43,

45.

47.
48.

49.
50.

51.
52,

53.

the like have been available, and must be
regarded as subjective, and not necessarily
indicative of the potential for delinquency
that is present for social reasons. But the
results indicate at least that XYY males are
not exclusively born to families in the lowest
socioeconomic groups.

H. A. Lubs and F. H. Ruddle, in Human
Population Cytogenetics, P. A. Jacobs, W.
H. Price, P. Law, Eds. (Edinburgh Univ.
Press, Edinburgh, 1970), p. 119.

H. Lubs, personal communication.

F. Sergovich, personal communication.

S. Walzer, personal communication.

A. Greensher, D. C. Peakman, A, Robinson,
personal communication.

. A. Bell, personal communication.

The exact data are pertinent here since there
is some heterogeneity among studies. In a
study at Carstairs (46, 47) 9 XYY’s were
compared with 18 randomly selected contrals,
who were, on the average, both smaller
and brighter than the XYY’s. In seven
of the families of the controls there was
a history of criminal records in siblings,
but in one family of an XYY there was
such a history. Such a trend was not
obvious in a study of 33 XYY’s (11 from
Moss Side and 22 from Rampton) by Casey
et al. (48). The two institutions have similar
admissions criteria (see Table 3) except that
Rampton gets more dangerous patients. The
controls were randomly selected. It appears
from the descriptions of the populations here
that the controls were, on the average,
shorter. The mean IQ of the XY’s at
Rampton was 10 points lower than that of
the XYY’s [see also (49)]; at Moss Side
the IQ’s of the XY and XYY groups were
about the same. At Moss Side, the frequency
of XYY’s with convicted first-degree rela-
tives (1 in 11) was lower than that of XY
controls from the same institution (20 in
104), whereas at Rampton it was slightly
higher (8 in 22 as compared to 16 in 50);
the entire increase at Rampton. was appar-
ently due to an increase of convicted brothers
(14 in 41 as compared to 10 in 78). The
rate of illegitimacy and parental desertion
before age 6 was slightly higher in the his-
tory of XYY’ than in XY controls (11 in 33
as compared to 37 in 154). Perhaps the most
notable difference was a higher social class
background of XYY’s (institution unspecified)
compared to XY’s for whom data were
avajlable. The fathers of 18 of 26 XYY’s
were from class 1, 2, or 3, (the upper
and middle social classes) but only 53 of
113 fathers of XY’s in custody were of such
status. Griffiths et al. found that a family
background of alcoholic disorders was more
frequent in XYY prisoners than in control
XY prisoners who were matched by height
but had higher mean IQ. But the reverse
trend obtained with a family history of
psychiatric disorder and criminal offense,
although the differences were not marked.
At Atascadero (50, 51) none of the nine
XYY’s came from families with a history
of criminal activity. The expected frequency
of such a history is about 12 percent, as
judged by rates in the entire institution.

. W. H. Price and P. B. Whatmore, Brit. Med.

J. 1, 533 (1967). This study was of inmates
of Carstairs, according to Court-Brown (47).
W. M. Court-Brown, J. Med. Genet. 5, 341
(1968).

M. D. Casey, C. E. Blank, T. Mobley, P.
Kohn, D. R. K. Street, J. M. McDougall,
J. Gooder, J. Platts, Special Hospital Re-
search Report No. 2, 1971 (Special Hospitals
Research Unit, Broadmoor Hospital, Berks,
England, 1971), pp. 1-48. In Table 1 of this
reference 10 XYY’s are indicated as having
been detected in a prevalence study at Moss
Side, while historical details are provided
for 11 in subsequent dicenssion, The lower
number is cited in my Table 3.

D. S. McKerracher, Can. Psychol. 12, 270
(1971).

J. Melnyk, A. Derencseny, F. Vanasek, A.
J. Ricci, H. Thompson, Nature 224, 369
(1969).

F. Vanasek, personal communication.
There is also no available evidence whether
XYY’s are born more often to parents
whose children are at greater risk to de-
viance for genetic reasons, regardless of an
extra Y chromosome.

In the largest published report to date, from
Rampton, one-half of the 22 XYY’s were in

54.
55.

57.

58.

59.

60.

61,
62.
63.
64,

65.

68.

69.

70.

71.

72.

73.

74

75

the tallest 5 percent, and just over two-
thirds were in the tallest 18 percent as esti-
mated from the height graph (48). But XYY’s
of normal or short stature with deviant be-
havior have also been reported (47).

H. Hunter, Lancet 1966-1, 984 (1966).

E. B. Hook and D. S. Kim, Science 172,
284 (1971).

. R. F. Daly, J. Nerv. Ment. Dis. 149, 318

(1969).

J. P. Welch, R. A. Purdy, D. S. Borgaonkar,
Excerpta Med. Int. Congr. Ser., No. 233
(1971), p. 205. In both of the settings de-
scribed here there was evidence for an
enrichment of XYY individuals (36).

In one mental-penal setting, although the
prevalence of tall XY males was increased,
the prevalence of XYY’s was not elevated
[Table 3 and (I4)]. This study is thus not
directly relevant to the question of the in-
crease of XYY’s in other settings. [Despite
the lower frequency of XYY’s among blacks
in this setting, the height enrichment of XY
blacks here was greater than that of XY
whites (14)].

J. J. Voorhees, J. W. Wilkins, E, Hayes,
E. R. Harrell, Arch. Dermatol., in press.
Acne in an XYY with deviant behavior was
first noted by Telfer et al. (61). Since then,
in two small series in which moderate to
severe acne was specifically looked for, it
was reported in three of nine XYY indi-
viduals (59). In five additional XYY’s with
deviant behavior, whom I observed, two had
moderate acne.

M. Telfer, D. Baker,
1968-1, 95 (1968).

J. W. Wilkins and J. J. Voorhees, Arch.
Dermatol. 102, 631 (1970).
D. S. Borgaonkar and E.
Genet. T, 345 (1970).

W. W. Cleveland, D. Arias, G. F. Smith,
J. Pediat. 74, 103 (1969) (on radioulnar
synostosis) and A. M. Vianna, O. Frota-
Pessoa, M. F. Dion, L. Decourt, J. Med.
Genet. 9, 65 (1972) (on prolonged cardiac
conduction).

H. H. Punnett, M. L. Kistenmacher, A. M.
DiGeorge, Amer. J. Hum. Genet. 22, 23a
(1970). Had this study been limited to blood
lymphocytes, mosaicism would not have
been detected.

L. Lougtin, Lancet

Mules, J. Med.

. R. F. Daly, Nature 221, 472 (1969).
. In addition, one XYY case had a posttrau-

matic, coarse tremor, and three of the XYY’s,
but none of the XY’s, had nystagmus [A. W.
Griffiths, personal communication]. Daly
does not mention ‘nystagmus in any of his
12 XYY cases.

An early report [D. R. K. Street and R. A.
Watson, in Criminological Implications of
Chromosome Abnormalities, D. J. West, Ed.
(Institute of Criminology, Cambridge Uni-
versity, 1969), p. 65] limited to evaluation
of 13 XYY’s at Rampton and in which
minor neurological abnormalities were found
in five individuals (including two with in-
tention tremors) appears to have been
superseded by the cited later summary of
all 33 XYY’s at both Rampton and Moss
Side (48). (But see also p. 42 of the latter.)
The neural hypothesis appears to have been
first explicitly suggested by H. Forssman and
G. Hambert [Lancet 1966-11, 282 (1966)].
G. W. Fenton, T. B. Tennent, K. A. Comish,
N. Rattray, Brit. J. Psychiat. 119, 185 (1971).
D. J. Bartlett, W. P. Hurley, C. R. Brand,
E. W. Poole, Nature 219, 351 (1968).

E. W. Poole, in Criminological Implications
of Chromosome Abnormalities, D. J. West,
Ed. (Institute of Criminology, Cambridge,
England, 1969), p. 68; , M. Beauchamp,
1. Booth, M. Storm, Electroencephalogr. Clin.
Neurophysiol. 29, 326 abstr. (1970).

W. H. Sweet, F. Ervin, V. A. Marks, in
Aggressive Behavior, S. Garrattini, Ed.
(Wiley, New York, 1969), p. 336. The be-
havior of some XYY’s seems similar to that
described here [see J. Cowie and J. Kahn,
Brit. Med. J. 1968, 749 (1968)], but others
appear to have more diffuse behavioral in-
volvement.

D. A. Edwards [Science 161, 1027 (1968)]
has suggested that in adult mice ‘“the usually
observed sex difference . . . with respect to
fighting is due to the fact that males are
stimulated with testicular androgens early
in life.”

Six of seven XYY’s detected in a study of
mentally disordered sex offenders (50) may
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76.

1.

78.

9.

80.

81.

82,

83.

84,

85.
86.

have had a relatively early onset of puberty
(51) in that sexual interest, seminal emis-
sions, and secondary sex characteristics, as
recalled by the patients or their parents (or
both) first appeared around 9 to 10 years
of age (51). There are, however, no data on
XY’s in the same setting. Two mentally ill,
criminally insane XYY’s in the same institu-
tion did not have such a history.

If a bell-shaped curve characterizes (phys-
iologic) predisposition to deviance in XY’s
(with greater predisposition to the right on
the horizontal axis and numbers affected on
the vertical axis), the continuum hypothesis
would predict for XYY’s the same shape to
the curve but a shift to the right, whereas
the threshold hypothesis would predict a
curve with original mode but with shoulder
or second peak on the right. Neither al-
ternative necessarily excludes the importance
of environmental factors.

A. W. Griffiths, Brit. J. Psychiat. 119, 193
(1971).

At Atascadero (50) the average IQ of nine
XYY’s was ‘“slightly but not markedly lower”
than that of a group of 184 XY men in the
same cytogenetic study (57). The trend was
present in both verbal and performance
scores. But on the Minnesota Multiphasic
Personality Inventory, Draw-a-person, and
California Psychological Inventory evalua-
tions, there were no significant differences
between these two groups (57).

K. Hope, A. E. Philip, E. Philip, J. M.
Loughran, Brit. J. Psychiat. 113, 1195 (1967).
This report compared seven of the nine
XYY’s studied by Price and Whatmore (46),
with 11 of their 18 controls, so that the XY’s
were likely to have been both taller and
more intelligent than the XYY’s.

A. J. Little, unpublished result cited by
McKerracher (49).

Nine XYY’s at Carstairs (45) had com-
mitted proportionately more crimes against
property than against persons (as compared
to 18 institutionalized controls), were less
openly hostile, and had fewer violently ag-
gressive outbursts; any implication drawn
from this data must be tempered by the
fact that the controls were notably shorter
and brighter than the XYY’s, although all
subjects were classified as having severe
personality disorders. At least the same
trend concerning offenses was noted by
Griffiths et al., using a control group matched
more closely by height but not by IQ (27).
And Casey et al. (48) noted a slightly lower
rate of nonsexual crimes against the person
by 33 XYY’, compared to 154 random
XY controls in: the same settings, but
a slightly higher rate of sexual offenses
[including, apparently, sexual aggression (49)]
and a greater rate of absconding and crimes
against property. However, Daly (56) found
that among 10 XYY individuals compared
to 54 (tall) controls “whose psychiatric and
criminal historical records were comparable
in quantity and quality to those available
for the XYY patients” there was no differ-
ence in the frequency of stealing, nonsexual
physical violence, and heterosexual offenses.
But there was a significantly greater incidence
of homosexual behavior in XYY’s. Griffiths
et al. noted homosexual tendencies in three
of nine XYY’, but in no XY control
prisoners. Furthermore if XYY’s have been
committed to custody in part because of
channeling due to large size (that is, be-
cause officials have viewed them as greater
threats because of their greater height),
then on the whole they should have com-
mitted fewer significant offenses than
shorter XY’s and should provide less serious
problems in custody. Furthermore, in this
event one might also expect the shorter
XYY’s in custody to have more serious
criminal histories than the taller XYY’s.
There are not yet enough data to answer
this question,

The hypothesis of “impulsivity’” as the “key”’
to the behavioral disorder has been sug-
gested by J. Money [Semin. Psychiat. 2, 11
(1970)1.

If the true fraction in mental-penal settings
is less (for example, 1/1000), the risk is less
(2 percent); if greater (1/200), the risk is
greater (9 percent).

F. A. Baughman and J. D. Mann, Excerpta
Med. Int. Congr. Ser., No. 233 (1971), p. 23.
F. A. Baughman, personal communication.
S. Wright, B, F. Crandall, L. Boyer, Per-
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101,
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103.
104.

105.
106.

107.

108.
109.

110.

spectives in Cytogenetics (Thomas, Spring.
field, Ill., in press).

The rate of sex chromatin—positive males
provides only an upper bound on the
number of XXY’s since other genotypes
such as XXYY, XXXY, and XXY/XY, are
also compatible with positive sex chromatin
and Klinefelter’s syndrome. But in at least
three studies cytogenetic analyses have been
done as well. Maclean et al. [(cited by Court-
Brown (88)] found 15 XXY’s in 13,947 new-
borns in the United Kingdom (as well as 6
XXY/XY’s, 1 XXYY, and 1 XX male).
Four sex chromatin-positive males were not
studied, and thus the rate of XXY’s was
between 0.11 percent and 0.14 percent. Eller
et al. (89) in Denver found 8 XXY’s in
10,805 male newborns (0.07 percent) and 1
XXY/XY mosaic. Bell (44) in Toronto de-
tected 40 conceptions which resulted in
XXY’s in study of 37,429 newborn males
(0.11 percent) as well as one XXYY and
one XXY/XY.

W. M. Court-Brown, Int. Rev. Exp. Pathol.
7, 31 (1969).

E. Eller, W. Frankenburg, M. Puck, A.
Robinson, Pediatrics 47, 681 (1971).

The uncertainty is because two sex chroma-
tin—positive males did not have chromosome
studies. The rate of XXY’s was about the
same in the group with IQ’s of 20 to 49 as
in the group with IQ’s of more than 50.

In the 11 studies for which exact rates are
available, the frequencies are 21 in 2448
whites and 5 in 1911 blacks. See also (34)
for data on some particular studies.

On the average XXY’s are taller than XY’s
but do not appear to have a higher fre-
quency: of acne. Hypogonadism seems un-
likely to account for antisocial behavior in
XXY’s, as judged from comparisons with
hypogonadal XY men [D. D. Federman,
Abnormal Sexual Development (Saunders,
Philadelphia, 1967), p. 30; J. Nielsen, A.
Sorenson, A. Theilgaard, A. Froland, S. G.
Johnsen, Acta Jutlandica 41 (3), 1 (1969)].
See (94) (on XYY) and (89) (on XXY) for
different approaches to this problem.

G. H. Valentine, M. A. McClelland, F. R.
Sergovich, Pediatrics 48, 583 (1971).

There is suggestive evidence that the likeli-
hood of an XYY fathering an XYY son is
less than the risk that might be theoretically
expected (47), but is likely to be greater than
that for an XY father (96).

R. B. Diasio and R. H. Glass, Lancet
1970-11, 1318 (1970); M. Hulten and P, L.
Pearson, Ann. Hum. Genet. 34, 273 (1971).
See Georgetown Law Rev. 57, 892 (1969)
for further discussion of legal implications.
I know of no case in the United States
where the presence of an XYY genotype has
been admitted as evidence pertaining to an
“insanity” defense, despite several such
attempts.

At least one such episode has already oc-
curred. The mother was told of what little
was known of ‘the prognosis at the time of
the procedure and elected to abort the fetus
(H. L. Nadler, personal communication).
For evidence consistent with the existence of
such see F. Schulsinger, Int. J. Ment. Health
1, 199 (1972).

S. Walzer, C. Breau, P. S. Gerald, J. Pediat.
74, 438 (1969).

F. Sergovich, G. H. Valentine, A. T. C.
Chen, R. W. H. Kinch, M. S. Smout, N.
Engl. J. Med. 280, 851 (1969).

P. E. Conen, personal communication.

J. Hamerton, personal communication.

J. H. Turner and N. Wald, in Human Pop-
ulation Cytogenetics, P. A. Jacobs, W. H.
Price, P. Law, Eds. (Edinburgh Univ. Press,
Edinburgh, 1970), p. 153.

J. H. Turner, personal communication,
Recherche Cooperative Sur Programme No.
85 (CNRS), Ann. Genet. 11, 245 (1969).

J. Nielsen, T. Tsuboi, B. Tuver, J. T.
Jensen, J. Sachs, Acta Psychiat. Scand. 45,
402 (1969).

J. A. Edwards, personal communication.

J. Aitken, M. Brunton, P. A. Jacobs, W. H.
Price, K. MacColl, Clin. Genet 2, 338 (1971).
Table 3 of this reference implies that all five
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