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SUMMARY Segregation analysis was performed on 354 cases of chronic proximal spinal muscular
atrophy of childhood and adolescence (CPSMA) in the total series and in a number of subgroups
formed according to the age at onset and sex.
The analysis provided evidence of sex influence in the series studied, particularly in a subgroup

of the milder form of the disease with onset between the 37th month and 18th year of life. In the
latter subgroup, females were affected much less frequently. This was particularly striking after age

at onset of 8 years, and only exceptionally were females affected after the age of 13 years. These facts
point to incomplete penetrance of the gene.

The problem of the predominance of males in
spinal muscular atrophy (SMA) of childhood and
adolescence has been infrequently discussed in
publications. However, closer analysis of reported
data shows that, although unnoticed, the sex
dependent differences have been present in many
series.'-3 Only a few authors have stressed the
predominance of males or the milder course of the
disease in females.f-8
No sex differences were present in the series

composed mainly of acute cases of SMA7-10 or in the
cases of predominantly early onset."1 However, some
authors have noticed that the course of the infan-
tile form of the disease is more severe in males.6 12-17
Furukawa et a16 were of the opinion that SMA, and
in particular the Kugelberg-Welander form, was a
sex influenced condition.
We have previously presented data showing the

influence of sex in a chronic proximal form of
spinal muscular atrophy of childhood and adole-
scence (CPSMA)*. 17 18 The segregation ratio in our
material'8 appeared higher for males than for females
and the distribution of age at onset of the disease
was clearly different in each sex. In an attempt to
explain this we postulated a tentative hypothesis
of genetic modification.18 Our analysis has shown
*Terms used for the same condition in other publications: (1) chronic
form of childhood spinal muscular atrophy, (2) chronic forms of
infantile and juvenile spinal muscular atrophy, (3) benign juvenile
pseudodystrophic spinal muscular atrophy. This is a synonym of
iuvenile muscular atrophy or the Kugelberg-Welander form of the
disease.
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that sex differences were particularly pronounced
in the benign cases of CPSMA.19
The aim of the present study was a further

analysis, partly based on results obtained by one
of us,20 of the sex influence in CPSMA.

Material and methods

The present study is based on 354 cases originating
from 264 sibships registered by the Department of
Neurology, Medical School of Warsaw, in the years
1960 to 1982. Grouping of the cases according to
the classification of Hausmanowa-Petrusewicz et aP2'
is shown in table 1. As can be seen in the table,

TABLE 1 Clinicalforms of 354 cases of SMA based
on modified classification of Hausmanowa-Petrusewicz
et al.21
SMA form M F M and F

IA 25 21 46
IB 71 68 139
II 30 40 70
III 63 36 99
Total 189 165 354

Form IA-acute, onset recorded at birth, never able to walk, survival
up to 4 years.
Form IB-chronic, onset recorded at birth or in early months of life,
never able to walk, survival up to 30 years.
Form II-age at onset first to fifth year, immobilised usually between
tenth and fourteenth year, long survival.
Form III-age at onset from first year to adolescence, never complete
immobilisation, long survival.
Relevant nomenclature:
Acute form of Werdnig-Hoffmann-corresponding to IA.
Intermediate form-corresponding to IB and TI.
Mild form of Kugelberg-Welander--corresponding to III.
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there was a subgroup of 46 acute cases of SMA
(form IA). In view of the small size of this sub-
group we decided not to exclude it from the material,
especially since other criteria of the acute form of
SMA assume a lower age of survival and this sub-
group would be even smaller.*

Segregation analysis was carried out on the age at
onset and sex of the affected subjects. Segregation
ratios for each sex separately were calculated in six
age at onset subgroups (table 2) and in five cumu-
lative age at onset subgroups (table 3). Division of
the material into so many subgroups enabled us to
detect the sex differences expressed in genetic ratios
(p values) in different ranges of age at onset. The
obvious limitation of such divisions was the fact that
the size of some subgroups was not large enough for
meaningful statistical analysis. Segregation ratios
were simply calculated by dividing the total number
of affected subjects by the total number of children
after subtraction (from both numbers) of the total
number of probands, an approach also used by other
authors.1222 We also compared the p values in
different clinical types ofCPSMA (table 4) according
to the classification provided in table 1. Sibships
which, owing to the different ages at onset of the
affected sibs, would qualify for more than one
subgroup were excluded.

Initially a significant difference between p values
for males and females was found in the subgroup
with earliest onset. It was noticed, however, that
in our series this was mainly the result of the rela-
tively larger number of probands among affected
females. Introduction of a correction, based upon
the assumption that probabilities of ascertainment
of affected males and females do not differ, abolished
the apparent sex differences in p values in this
subgroup.
Results
The results are presented in tables 2, 3, and 4. It is
apparent that p values are highest in the lowest age
at onset subgroup 0 to 3 months (table 3). In one of
the subgroups (10 to 36 months) the p values are
low. The sudden fall of the p value in this age range
(table 2) could suggest heterogeneity of the material.
In the subgroup 37 months to 8 years the p values
again are close to the expected 0'25 level. The same
is true of males in the age range 9 to 18 years.
However, if both sexes are taken jointly, the p value
in this subgroup drops below the 0- 1 level, because,
after exclusion of the probands, there are no female
cases with onset after the age of 8 years (table 2).
As the results presented in table 4 show, form I of
*It would be halved if the criteria of Pearn et allO were applied,
according to which survival in the acute form of SMA never exceeds
the third year of life.
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TABLE 3 Segregation ratios in some cumulated age at onset subgroups of CPSMA.
Sex Age at onset

0-3m 0-12m 0-24m 0-36m 0-18y

M F Mand F M F Mand F M F Mand F M F Mand F M F Mand F

A 53 45 98 81 77 158 106 103 209 117 117 234 153 133 286
R 71 61 132 104 99 203 130 127 257 143 144 287 189 165 354
T 117 119 236 195 202 397 261 268 529 294 302 596 377 365 742
p 0.28 0.22 0-25 0.20 0.18* 0.18* 0.15t 0.15t 01S5t 0.15t 0.15t 0.15t 0-16t 0-14t 0-15*
8p 00056 0.048 0.034 0.037 0.034 0.025 0-029 0-028 0-020 0.027 0.026 0.019 0.024 0.023 0.017

TABLE 4 Segregation ratios in different forms of CPSMA according to classification provided in table 1.
Sex Clinical forms

I II III

M F Mand F M F Mand F M F Mand F

A 79 64 134 24 33 57 52 29 81
R 94 87 181 27 37 64 61 34 95
T 161 163 324 83 76 159 113 108 221
p 0-26 0.23 0.25 0.0tS 0.09t 0.07t 0.15t 0.06t OlIt
ap 0-046 0.042 0.03 0-03 0.044 0.03 0-05 0.03 0.03

the disease corresponds roughly to the age at onset
0 to 3 months in table 3. A large proportion of the
cases in form II appear to fit well to the age range
of 10 to 36 months and in form III to the age range
37 months to 18 years.

Discussion
Most of the estimates of genetic ratios in these series
may be considered as characteristic of autosomal
recessive transmission of the gene, and in fact we
did not observe any pedigrees which would provide
evidence of other forms of inheritance, with the
exception of one pedigree which suggested X linked
transmission.18 In such a large series, however, it
could have occurred simply by chance.
The sex dependent differences in p values become

obvious from the age at onset of 37 months upwards.
They seem to start in the subgroup between 37
months and 8 years and between 9 and 18 years
they are highly significant (p<0 001). They are also
significant in some other subgroups, namely 25
months to 18 years (p<0 05), 37 months to 18 years
(p<OOl), and in form III of the disease (p<0 01).
In the material taken as a whole (age range 0 to 18
years) the differences are not significant owing to the
overwhelming majority of the earlier onset cases.
Nevertheless it appears to us that our data provide
good evidence that CPSMA is a sex influenced
condition, based on the lower number of females
in the later onset subgroups and, therefore, de-
creased p values for females. These facts are in
keeping with the previous studies of male-female
sib pairs, which have shown that the disease has a
milder course in females.13 17

In the age range 0 to 9 months the penetrance of

the gene is complete and between 10 and 36 months
there is a sudden lowering in p values (table 2).
The reduction in female cases in the later age at
onset ranges starting from 37 months, with clearly
retained features of autosomal recessive inheritance,
seems to be connected with incomplete penetrance
(table 2). In the subgroup 37 months to 8 years,
although the p value for females is smaller, the
reduced penetrance is difficult to prove because the
subgroup is not large enough (25 affected subjects)
(table 2). However, in the subgroup 9 to 18 years,
although again small (18 affected subjects: 16 males,
two females), the reduced penetrance is remark-
able, probably owing to a 'female sparing factor':
p value for males 0-2 and for the overall subgroup
below 0 1. The most convincing, because of the
larger numbers (51 affected subjects), is the com-
bined subgroup 37 months to 18 years with a p
value for males close to the expected 0 25, for
females close to 0-1, and for both sexes combined
0-17. This might indicate about 30% reduction in
penetrance in this subgroup.
As Furukawa et al6 have suggested, sex influence

may be associated with hormonal differences bet-
ween males and females, the female gonadal hor-
mones possibly playing the role of a 'female sparing
factor'. Depending on the age at onset, this would
be expressed:

(1) in earlier age, in a milder course of the disease
in females, and in some dropping of the proportion
of affected females between the third and eighth year
of life;

(2) after the eighth year of life, in a significant
decrease of the number of female cases; and
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(3) after the age of 13 years in an almost complete
lack of female caseg.
These facts might well be connected with some

known milestones of female hormonal development,
for instance the increase of FSH and oestrogen
secretion around the eighth year of life as well as a
sharp increase in some fractions of oestrogen just
before the menarche, that is, around the thirteenth
year of life.23
The question of whether or not the established

sex influence is related to the specific form of chronic
proximal SMA of childhood and adolescence
remains to be answered. From the study of Namba
et al,16 it seems that the more frequent occurrence of
SMA in males than in females is also, and even to a
greater degree, observed in adults. However, their
data should be treated with caution since they were
based on material composed of all genetic forms of
SMA, including the sex linked form which is
clearly different. According to other sources, no sex
influence was detectable in the dominant24 and in
the autosomal recessive proximal adult form of the
disease.25 On the other hand there was a prepon-
derance of males in the distal autosomal recessive
form of SMA.26

It is unlikely that the confirmation and explanation
of the putative role played by hormones in the
modulation of phenotypic expression in CPSMA
could be achieved other than through experimental
studies. Perhaps some known animal models of
SMA27 28 could be of help.

The authors are grateful to Professor I Wald, Head
of the Genetical Department, Psychoneurological
Institute, for his helpful criticism. The collection
of pedigrees and testing of affected subjects was
supported by a grant from the Polish Academy of
Sciences, No 10.4.05.4.1.
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