
DEVELOPMENT OF MYOPIA

RACE, SEX AND ENVIRONMENT IN THE
DEVELOPMENT OF MYOPIA*

(Preliminary Communication)
BY

A. SOURASKY
LONDON

THE presence of a large Jewish population in the East End of
London offers exceptional facilities for the study of racial
differences in errors of refraction by making comparison between
the Jewish and non-Jewish populations. There is also the fact
that the Jewish boys in the East End do an exceptionally large
am-ount of close work, which affords an opportunity of testing the
effect of close work on the production of myopia by investigating
whether an undue percentage of myopes is developed among
the Jewish boys as they go through their school life.

It will not be out of place to say a few words about social
conditions among Jews in the East End. As immigration into
this country has practically ceased since 1914, the children attend-
ing the elementary schools are almost all born in this country,
though in the vast majority of cases their parents are of Polish
or Russian origin.
The children are brought up in very much the same way as

the non-Jewish child population, except in the case of the boys,
who in addition to attending the ordinary elementary day school,
also attend classes for the study of Hebrew for two and a half to
three hours every evening (except Friday and usually also Saturday
when there is no attendance, and Sunday, when attendance is in
the morning).
The conditions under which these studies are conducted are

by no means ideal. The vast majority of the classes are held in
rooms and buildings that ought never to be used as school rooms.
In addition the lighting conditions are often exceedingly bad.
(Much of this is being rectified owing to the activities of the
fairly recently established Jewish Health Organization of Great
Britain.)
Those acquainted with the Hebrew alphabet know how tiring

its letters, are on account of the alternate thick and thin strokes,
and the little difference (such as a slightly longer thin stroke) that
exists between one letter and another. Difficult as these conditions
are they are made still more difficult by the fact that the books
in use are almost all badly printed, poor type on poor paper; and
as the schools are supported by voluntary contributions they

* This investigation was carried out under the auspices of the Jewish Health
Organization of Great Britain.
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198 'THE B3RITISH JOURNAL OF OPHTHALMOLOGY

experience the usual financial embarrassment associated with such
institutions, so that in most schools only one book is provided
for the use of two pupils. All this together with improper use
or the total absence of desks, must throw a strain on the eyes, such
as the non-Jewish boys can hardly experience.

In the East End, therefore, there exist conditions; which, if
the theory that excessive close work is productive of myopia be true,
should produce an abnormally high percentage of visual defectives
among Jewish boys; and furthermore, a group of East-End boys
from 6 years to 14 years should show a progressive increase in the
number of defectives with each year of school life, greater than
that (if any) among non-Jewish boys. For any comparison to be
nmade it will, of course, be necessary to have corresponding data
about the two groups of children.
The incidence of visual defect in the non-Jewish children has

been established by many observers, but unfortunately most
statistics on the subject are vitiated by some factor or other.
Thus some observers give the vision with both eyes open
simultaneously; others (including the London County Council
authorities) test vision with such glasses as the child may have.
From various sources it would appear that the defectives (vision
less than 6/9) constitute about 20 per cent. of the non-Jewish
child population.

However, in order to have strictly comparable figures Drs.
F. G. Thomas and G. Chaikin of the London County Council have
very kindly undertaken a special investigation among non-Jewish
boys, conducted under conditions identical with those under which
the inquiry among Jewish boys was carried out.
One thousand six hundred and forty-nine boys in the Hebrew

Evening Classes (Talmud Torahs) were examined for visual acuity.
Each eye was tested separately, and the child classified in the
group corresponding to the eye with poorer vision.

On a similar basis 600 non-Jewish boys were examined at
London County Council Schools in the East End.

TABLE I.

Showing the proportions of good and defective vision among Jewish
and non-Jewish boys in the East End of London.

Sbjects. TotaloA Vision of Vision of Vision lessSUbjectS. number. Ages. 6/9 and 6/6. 6/12 and 6/18. than 6/18.

Jewish boys ... 1,649 6-14 56.8% 22.1% 21.1%

Non-Jewish ... 600 8-14 78.3% 15.0% 6.7%
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DEVELOPMENT OF MYOPIA

Table I shows that whereas among the Jewish boys only
56.8 per cent. succeeded in passing the test for good vision (6/9
or better) among the non-Jewish boys as many as 78.3 per cent.
passed; that is 43.2 per cent. among Jewish and 21.7 per cent.
among non-Jewish boys are defective. The incidence, therefore,
of visual defect among Jewish boys is undoubtedly considerably
greater than among non-Jewish boys; it is in fact doubl.e.
The figures on the whole are in agreement with those published

in the Report for 1924 of the School Medical Officer for the
London County Council. rhere the findings were that among
"Leavers" the defectives (6/12 or worse) among Jewish boys
constitute 43.2 per cent. and only 20.9 per cent. among non-
Jewish.
The suggestion that excessive close work is a cause of defective

vision is therefore strong. But when we come to analyze the
figures according to age (Table II) we are struck by the fact that
the heavy incidence of defect among the Jewish boys is apparent

TABLE IL.

Analysis of visual acuity among Jewish boys in the East End
according to the different age groups.

Age group. 6/6. 6/9. 6/12. 6/18. 6/24 and less.

6 and under 7 29 13 6
48 cases ... 60.4% 27.1% 12.5%

7 and under 8 77 42 19
138 cases ... ... 55.8% 30.40 13.8%

8 and under 9 ... 95 47 20
162 cases ... 58.7% 29.0% 12.3%

9 and under 10 ... 156 64 50
270 Cases ... 57.8% 23.7% 18.5%

10 and under 11 ... 165' 59 74
298 cases 55.4% 19.8% 24.8%

11 and under 12 ... 201 54 70
325 cases ... 61.8% 16.6% 21.6%

12 and under 13 ... 171 68 80
319 cases .. 53.6% 21.3% 25.1%

13 and under 14 ... 44 17 28
89 cases ... 49.4904% 19.10 31.5%

TOTAL ... 938 364 347
1,649 ... 56.8% 22.1% 21.1%
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at the very beginning of school life, at the age of 6; and is
not very markedly less then than towards the end of school life.
If one ignores the groups at 6 years and 14 years (and they do not
constitute very large numbers) the almost stationary percentage
of defectives (about 43 per cent.) at the different age groups is
really remarkable, and is not at all what one would expect, if the
strenuous.school life of the Jewish boys were productive of myopia.
There is certainly but little evidence of any large decrease in the
percentage with good vision among Jewish boys during school
life.

It might be argued--and indeed some authorities do argue-that
the percentage of children with good vision increases with advanc-
ing school age. This is almost certainly true of children up to the
age of 8 years, as the cerebro-visual mechanism is not fully
developed by then, but there is little evidence that the per-
centage with good vision increases after the age of 8. If among
non-Jewish children the percentage of boys with' good vision
increases with school life, whilst among the Jewish it remains
constant, then we are dealing with a relative increase of defect
among the Jewish boys. The distribution of defectives according
to age groups among non-Jewish boys is therefore of interest.

TABLE III.
Analysis of visual acuity among non-Jewish boys in the East End

according to the different age groups.

Age group. 6/6. 6/9. 6/12. 6/18. 6/24 and less.

8 and under 9
100cases.... ... 86 12 2

9 and under 10
100 cases ... ... ... 79 16 5

10 and under 11
100 cases ... ... ... 75 15 10

11 and under 12
100 cases ... ... ... 77 16 7

12 and under 13
100 cases ... ... ... 81 14 5

13 and under 14
100 cases ... ... ... 72 17 11

,~~~~~~~~~~

(This table shows the number of cases
100 cases of each age group were taken.)

and the |percentage simultaneously as
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DEVTELOPMENT OF MYOPIA

Whilst these figures are too small to draw any fine conclusions
as regards the actual distribution of errors, it is felt that they
justify the drawing of conclusions as regards the tendencies seen
in childhood. Table III shows that, on the whole, among non-
Jewish boys the percentage of good vision (about 77 per cent.)
remalins fairly stationary witlh progressing school life; the tendency
is towards deterioration rather than towards amelioration. (The
1figures for the age group 8 are probably a "freak": the first 50
cases gave 12 defectives and the second 50 only 2.) The stationary
percentage of cases with good visioh among the Jewisli boys
therefore does not represent a relative deterioration, but shows a
(lose parallel to the non-Jewish boys in thie fluctuation it undergoes.
The evEdence, therefore, is quite conclusive that Jewish boys

have a much heavier incidence of visual defect than the non-
Jewishi, but also equally conclusive that it is.present very early
in school life and whatever deterioration takes places has its
parallel among non-Jewish bovs.
These figUres suggest that the heavy incidence of visual defect

aamong Jewish boys is racial rather than acquired and is not due
to the strenuous school life to which the Jewish boys are subjected.
BLIt we require data about the actual refractive errors seen almong-
Jewish children before anv safe conclusion can be reached.

WiTith th.is object in view the records of the London County
Council Treatment Centres at the London Jewish Hospital and
the Royal yle Hospital were extracted to establish the relative
incidence of the various refractive errors among the defectives in
the Jewish and non-Jewish population, 1oth these centres dealing
miiainly with the children that are found defective in the rotitine
school examinations conducted by the London County Council.

It will be of interest to see whether Jewish defectives reveal a
qutalitative difference in the refractive errors in addition to the
quantitative difference.

SECTION A

The type of refractive error seen among visually defective
Jewish children and comparison with the Non-Jewish

From the records of the London Jewish Hospital 516 cases were
extracted. These represent Jewish children only (who constitute
about two-thirds of all the children attending the Eye Department
of that Hospital). The ages vary from 5 to 14 inclusive, and the
records date from April, 1923, to July, 1927.
A similar group of 892 cases of non-Jewish children comes from
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the Royal Eye Hospital, the records dating from April, 1925, to
July, 1927.
As there is no generally accepted method of analyzing the results

of refraction, it is necessary to explain the purely arbitrary system
adopted here.
The hypermetropes were divided into low and high according

to whether they had less or more than 3D. of hypermetropia.
The myopes below 3 were regarded as low; between 3 and 6 as

medium, and above that as high.
Astigmatism below 1.25 was ignored as such, but its value was

added to the spherical error. Thus +2.5D. sph. c +1.OD. cyl.
was regarded as simple hypermetropia of the high variety.

Similarly spherical errors below 1.25 were ignored in the classi-
fication of simple and compound astigmatism where astigmatism
-was the dominant error (astigmatism over ID.).

Astigmatism between 1.25 and 3 was regarded as low; over
3 as high.
Only when opposite signs were present was the case considered

as anisometropic; a marked difference in cases with the same signs,
e.g., (R. +6, L. + 1), was classified according to the eye with the
higher refractive error.
Mixed astigmatism calls for no explanation.
Finally, certain cases were not easily classified, and were grouped

together as "Unclassified," e.g.

-1.0 -0.5

-1.5 + 0.5

RI L
In the Tables anisometropia, mixed astigmatism, and the un-

classifiable cases are grouped as "Others." In some Tables (and
it is indicated) this group was added (though the addition is clearly
shown) to the myopes, on account of the myopic element they all
contain.

An analysis of these 516 Jewish and 892 non-Jewish cases
reveals that taking the broad classifications of hypermetropia
(including hypermetropic astigmatism), myopia (including myopic
astigmatism), and "Others" (which include mixed astigmatism,
anisometropia and the cases difficult of classification), the difference
in the distribution of refractive errors in these two racial groups
is not very marked, apart from the rather higher percentage of
myopes among the Jewish children.
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DEVELOPMVTET OF MYOPIA

TABLE IV.

Showing the distribution of refractive errors in the two groups of
visually defective children:

Jewish Children. Non^Jewish.
Total 516. Total 892.

320=62% Hypermetropia and Hypermetropic 620=69.5%
Astigmatism.

130=25.2% Myopia and Myopic Astigmatism. 180-20.2%
66-12.8% " Others." 92-10.3%

A further subdivision of the above cases is of interest.

TABLE V.

Showing the comparative percentages of errors in the
several subdivisions.

(a) Subdivision of Hypermetropia.
Jews.

Out of 320 Hypermetropia
and Hypermetropic

Astigmatism.
184=57.3%

136=42.7%

Out of 184 Simple
Hypermetropia.

117=63.5%
67=36.5%

Out of 136 Simple and
Compound Hypermetropic

Astigmatism.

85 = 62.5%

51 =37.5%

Non-Jewish.
Out of 620 Hypermetropia

and Hypermetropic
Astigmatism.

Simple Hypermetropia
Simple and Compound
Hypermetropic Astig-
matism

Low Hypermetropia
High Hypermetropia

349 = 56.3%

271 = 43.7%

Out of 349 Simple
Hypermetropia.
170 = 48.7%
179 = 51.3%

Out of 271 Simple and
Compound Hypermetropic

Astigmatism.
Simple and Compound
Low Hypermetropic
Astigmatism 190 = 70.1%
Simple and Compound
High Hypermetropic
Astigmatism 79 = 29.9%

(b) Subdivision of Myopia.
Out of 130 Myopia and

Myopic Astigmatism.
99=76.1% Simple Myopia

Simple and Compou
Myopic Astigmatisi

Out of 180 Myopia and
Myopic Astigmatism.

136 = 75.5%
*nd
m

203
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Out of 99 Simple Myopia. Out of 136 Simple Myopia.
70=70.7% Low 102 = 75.0%
22=22.2% Medium 28 = 20.6%
7= 7.1% High 6 4.4%

(c) Subdivision of "Others."
Out of 66 cases. Out of 92 cases.

17= 25.7%1 Anisometropia 23= 25.0%
32=48.6% Mixed Astigmatism 30=32.6%
17= 25.7% Unclassified 39=42.4%

We have seen from Table IV that myopia is rather more
common among the Jewish children (25.2 per cent. against 20.2 per
cent. of the total number of defectives). Table V reveals that the
Jewish hypermetropes shiow many more with low hypermetropia
than the non-Jewish (63.5 per cent. of the total hypermetropia as
against 48.7 per cent.), but apart from the greater incidence of
myopia (including mixed astigmatism), and of the lower degrees
of hypermetropia there is but little difference in the two groups.
The percentage of astigmatism, whether myopic or hypermetropic,
as compared with the purely spherical errors (23.9 per oent. and
42.7 per cent. respectively among Jewish children, against 24.5 per
cent. and 43.7 per cent. among the non-Jewish), is practically
identical in each group. (Though there seems to be a greater
incidence of high hypermetropic astigmatism among Jews.)
These figures, therefore, lend no support to the suggestion that
astigmatism is rare among Jews (K. Pearson), though there is some
force in the belief that hypermetropic astigmatism is more common
among them (Javal), when one remembers that though the per-
centage of astigmatism in the two groups of defectives is the same,
we are dealing with a population that has about double the number
of defectives. But then the same remark is true of myopia and
also of hypermetropia.
The dominant suggestion of these 'fables is that whilst hyper-

metropia-simple or compound-is the predominating refractive
error in both Jewish and non-Jewish children, low hypermetropia
is the common error among the Jewish hypermetropes, whilst
high hypermetropia tends to be more common among the non-
Jewish.
The excessive incidence of low hypermetropia among the Jewish

children suggests an explanation of the rather high incidence of
myopia among Jews.
The Tables, however, do not tell us whether the low hyper-

metropia seen among Jewish children is a congenital- and a racial
factor or the result of environmental conditions (such as excessive
close work) which reduces an original high reserve of hyper-
metropia.
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DEVELOPMENT OF MYOPIA

As the Tables deal with the rather long period of ten years it was
thought advisable to subdivide them into two periods of five years
each, from 5 to 9 (inclusive) and 10 to 14 (inclusive), and see how
far low hypermetropia is still more common in the first period
among Jews as compared with non-Jews at the time when the
effect of school life cannot have been very marked.

TABLE VI.
Showing the distribution of refractive errors in the two groups of

visually defective children arranged in two Age-Groups,
5-9 (Period I) and 10-14 (Period II).

Jewish total 170.
42 =23.9% l 4833%
43= 24.4% J
34=19.3% 324
23= 13.1% 32.4%
16= 9.1% } 19.3%
18=10.2%1

Jewish total
75=22.1%
48= 14.1%)
33= 9.7%l
22= 6.5%)
114=33.5%
47=14.1%)

Period I.

Low Hypermetropia
Astigmat. c. .. 9.
High Hypermetropia
Astigmat. c. , ,,
Myopia
Others

Period II.
340.

36.2% Low HypermetropiaAstigmat. F. ))

16.2% High Hypermetropia
Astigmat. c. . ..

47.6% MyopiaOthers

Non-Jewish total 315.
60 = 19.4% 3.140=12.7% 32.1%
89=28.3% '
72=22.8% ) 51.1%
32=10.2% X
22= 6.6% ) 168%

Non-Jewish total 577.
110=19.7% 34.3%
85l= 4.6%f
90=15.4% ~28174=12.7% J 28.1%
148= 25.5% 37.6%
/0=12.1%J376

From Table VI it is seen that between the ages of 5 and 9 low
hypermetropia (simple and compound) accounts for 48.3 per cent.
among Jews and only for 32.1 per cent. amongst non-Jews, whereas
32.4 per cent. and 51.1 per cent. constitute the percentage of
high hypermetropia for Jews and non-Jews respectively. The'
percentage for myopia is remarkably similar, 9.1 per cent. and
10.2 per cent. respectively, though the unclassified errors (aniso-
metropia, mixed astigmatism, and those difficult to classify) show
a rather heavier percentage amongst the Jews (10.2 per cent.
against 6.6 per cent.). Thus even among young Jewish children
low hypermetropia is more common than high hypermetropia,
the reverse being true for non-jewish children. This tends to
confirm the suggestion that Jewish children on the whole have
a tendency to low hypermetropia and non-Jewish children to high
hypermetropia, and that the excessive number of myopes is a
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concomitant to the excessive number of low hypermetropes. The
quiantitative differences in the hypermetropic errors in young
Jewish children would explain the qualitative differences in their
myopia in later life.

Still it might be arguted tihat whilst it is true that Jews have
man) more low hypermetropes, that w\ould not explain the rise
from 19.3 per cent. of myopia in the first period to 47.6 per cent.
in the second period in the case of Jews, whilst in the non-Jews
it only rises from 16.8 per cent. to 37.6 per cent. the increase of
myopia in the case of Jews being 28.3 per cent. against 20.8 per
cent. amongst non-Jews. It mighlit be urged that a difference of
nearly 8 per cent. in the myopes is too large when the difference
in the incidence of low hypermetropia (in the first period) is only
16.2 per cent. and that, after all, the excessive close work causes
the excessive incidence of myopia.

Before such criticism can be countered it is necessary to
establish the percentage of low hypermetropes of the first period
that become mvopes in the second period, and to see whether an
unduly high percentage of Jewish low hvpermetropes pass over
to the myopes. Unfortunately we know but little of this particular
phase of the growth of the eye. The procedure suggested is
impossible with the available material btit the following calcllla-
tions based on Table VI are an attempt to evaluate the percentagre
of low hypermetropes (of the first period) who lose their hyper-
metropia (thus becoming emmetropes or myopes). If close work is
responsible for the excessive reduction of hypermetropia, the Jewish
children should show a large percentage of low hypermetropes
who lose their hypermetropia. Whilst this attempt to reduce the
facts to mathematical exactitude might be open to criticism it does
not influence the conclusions reached so far on general principles.

Calciulation to show the percentage of low hypermetropes in each
grout who lose their hypermetropia durinig school life.

Number of Low Hypermetropes among Jews in 1st period=48.3%
,, High ,, ,, ,, ,,, = 32.4%

Low ,, ,, ,, 2nd ,, = 36.2%
,High ,, ,, ,, ,, ,, 16.2%

Therefore the high hypermetropes of the first period have lost
32.4% - 16.2% = 16.2%.

It is reasonable to assume thiat these went over to the low hyper-
metropes of the second period.
And since the low hVpermetropes in the second peri-od con-

stitute 36.2 per cent., 16 .2 per cent. of which have been recruiited
from the high hvpermnetropes of tihe first period, there are left
36.2 per cent. - 16.2 per cent, or 20.() per cent, of the original

?2()6
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48.3 per cent. of low hypermetropes of the first period. Therefore
out of 48.3 per cent. low hypermetropes 28.3 per cent. have hecome
emmetropes and myopes; '28.3 per cent. out of 48.3 per cent.
constitute a percentage of 58.6 per cent.; therefore 58.6 per cent.
of Jewish low hypermetropes lose their hypermletropia. A similar
calctulation yields a result of 64.8 per cent. of non-Jewislh low
h ypermetropes losing their hypermetropia.
These figures are more favourable to the Jewish low hyper-

metropes than to the non-Jewish, fewer among the Jews losing
their hypermetropic reserve. All the evidence points to the fact
that the Jewish myopes are recruited from the low hypermetropes
by a perfectly parallel process to that obtaining among the non-
Jewish 'children and the excessive number of myopes is fully-
explained by the excessive number of low hypermetropes in earlyA
childhood, and not by some extraneous factors which turn a
hypermetrope into a myope. Taking Jewish children as a whole
there is no need to call in any other factor (such as excessive close
work, badly illuminated evening schools, etc.), besides the purely
racial factor of an excessive incidence of low hypermetropia and a
relative absence of high hypermetropia to explain the prevalence
of myopia.

SECTION B

An analysis of the refractive errors in relationship to sex

The conclusions reached in Section A might be objected to on
the strength that Jewish children and non-Jewish children are not
strictly comparable in the one important environmental factor
which the figures attempt to prove as b-eing of no importance,
namely, the question of close work. To group Jewish boys and
girls together is not as jtustifiable as to group non-Jewish boys and
gbirls to gether.
The non-Jewish boy does no more close work than the girl,

but the Jewish boy does decidedly more than the Jewish girl.
Most of the Jewish girls do not attend the Talmud Torahs (evening
religion classes), and when they do so it is for decidedly less
strenuous learning both in quality and time. The Jewish girl is
much more closely, allied to the non-Jewish boy and girl than to
the Jewish boy in the question of excessive close work. It is,
therefore, advisable to analvze the refractive errors in four groups
--Jewish boys, Jewish girls, non-Jewish boys and non-Jewish
girls, and following the subdivision adopted before, classifv each
group into the two periods of 5-9 and 10-14.
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TABLE VII,
Subdivisi-on of the Jewish section of Table VI according to sex.

Boys.
25.3% 45.0%19.7%J450
21.9% }340%
12.1%f340
8.9% 21
12.1% f 21.0%

Bo s.
17.4% 28.8%
11.4% 2
10.1% l15.4% 15.5%
40.7% 5715.0% 5

Period I.

Low Hypermetropia
Astigmat. c. . ..
High Hypermetropia
Astigmat. c. . ..
Myopia
Others

19.
24.
14.
13.
8.
8.

86
Group 2.

Low Hypermetropia
Astigmat. c. . ..
High Hypermetropia
Astigmat. c. . ..
Myopia
Others

46.
27.
16.
15.
46.
22.

172

Girls.
22.1% }500%27.9% 50%
1653% } 31.4%

9.3% } 18.6%9.3% .0

Girls.
26.8% l 42.5%
15.7% J

3% } 17.9%
26.8% l
12.8% J 39.6%

TABLE VIII,

Subdivision of the non-Jewish section of Table VI

Group 1.
Boys.

20.0% l
11.7%J 17
28.0% l 8%26.8% ) 54.8
7.0% l135%6.5% 1

Boys.
15.6% 26
11.3% J 26.9%
17.1% 320%
14.9% ) 3.%
28.7%I
12.4% f41.1%

Low Hypermetropia
Astigmat. c. . ..
High Hypermetropia
Astigmat. c. . ..
Myopia
Others

30.
22.
46.
31.
21.
12.

162

Group 2.

Low Hypermetropia
Astigmat. c. . ..
High Hypermetropia
Astigmat. c. .. ).
Myopia
Others

67.
53.
43.
34.
69.
36.

3Q2

according to sex.

Girls.
18.6% 32 0%
13.6% J 32.2
28.4% 474%
19.0% J
13.0% } 20.4%

Girls.
22.2% 39.7%17.5% J

14.3% 25.6%11.3% -2.6
22.8% \ 3477%
11.9% J

23.
18.
20.
11.
8.

11.

91

29.
19.
17.
9.

68.
25.

167

30.
18.
43.
41.
11.
10.

153

43.
31.
47.
41.
79.
34.

275
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DEVELOPMENT OF MYOPIA2

Table VII shows that the refractive errors taken in the broad
classification of low hypermetropia, high hypermetropia, and
myopia, show but little difference in the case of Jewish boys
and girls in the fi'rst period (5-9), but in the second period (10-14)
the myopes among the boys have gone up from 21 per cent. to
55.7 per cent. against only from 18.6 per cent, to 39.6 per cent.
in the case of girls. Thus whilst the Jewish boys have an excess
of only 3 per cent. of myopes in the first period over the girls, in
the second period the excess is 16.1 per cent. and that in spite of
the fact that in the first period the boys have fewer low hyper-
metropes and more high hypermetropes. The case here seems
to be absolutely convincing: coming from the same stock the
boys doing excessive close work under unhygienic conditions
develop an excessive proportion of myopes (an increase of 34.7 per
cent. for boys as against 21 per cent. for girls).

But when one comes to examine Table VIII the conclusions
drawn from Table VII are seen in a different light. Here in the
first period the boys again have a rather smaller percentage of
low hypermetropes and a decidedly higher percentage of high
hypermetropes than the girls, whilst in contrast to'Table VII the
boys have a definitely lower incidence of myopia (13.5 per cent.
against 20.4 per cent.), and yet in the second group the myopia
among boys has increased from 13.5 per cent. to 41.1 per cent.
(=27.6 per cent.), whilst the girls have increased their myopia
from 20.4 per cent. to 34.7 per cent. (_14.3 per cent.); the boys,
therefore, begining with 6.9 per cent. less myopia and''finishing
with 6.4 per cent. more than the girls.
The increase in the percentage of myopes (Period II compared

to Period I) is therefore as follows:

Boys. Girls.
Jewish ... ... ... ... 34.7% 21.0%
Non-Jewish ... ... 27.6% 14.3%

The difference in the greater incidence of myopia among'Jewish
boys as compared to Jewish girls (34.7 per cent. - 21 per cent.-
13.7 per cent.) is fully met by a similar difference among the
non-Jewish children (27.6 per cent. - 14.3 per cent. = 13.3 per cent.).
Or to put it otherwise, the difference in the rate of increase in the
case of the.two groups of boys is 7.1 per cent. more myopes for
the Jewish boys, but this is countered by the difference of 6.7 per
cent. more myopes in the case of Jewish girl's as compared to
the non-Jewish.
From Section A we have seen that the higher incidence of

myopia in the second period in the case of Jews is fully explained
by the existence of more low hypermetropes among them and a
comparison' between Table 'VII and Table VIII would seem to
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2THE BRITISH JOURNAL OF OPHTHALMOLOGY

explain the great percentage of myopes among Jewish boys as a
combination of the racial factor of low hypermetropia and the
additional factor of sex which seems to operate more favourably
in the case of girls-both Jewish and non-Jewish-in that fewer
of their low hypermetropes pass into the myopic group.
To establish this it is necessary to know the percentage of low

hypermetropes in each of those subdivisions which go over to the
myopes. As in Section A one has to be satisfied with an attempt
to find the number of low hypermetropes who lose their hyper-
metropia. The calculation here is on the same lines as adopted
in that section.
Thus for Jewish boys based on Table VII:

Number of Low Hypermetropes (lst period) ... ... 45.0%
High , , .. ... 34.0%
Low (2nd period) ... ... 28.8%
High ,, ... ... 15.5%

Therefore the high hypermetropes of the first period have lost
34.0% - 15.5% = 18.5%.

Assuming that these 18.5 per cent. went over to the low hyper-
metropes of the second period, who constitute 28.8 per cent. we
are left with only 10.3 per cent. low hypermetropes out of the
original 45.0 per cent.: that is 34.7 per cent. out of the 45.0 per
cent. low hypermetropes among Jewish boys became emmetropes
or myopes=77.1 per cent.
A similar calculation for non-Jewish boys gives the percentages

of low hypermetropes which become emmetropes or myopes as
87.2 per cent.
These calculations show that in spite of the greater amount of

close work done by Jewish boys their low hypermetropes compare
favourably with the non-Jewish boys with low hypermetropia in
the percentage that lose their hypermetropia. There is, therefore,
no reason to suppose on the strength of these comparisons that
excessive close work is productive of myopia.
But there still remains the problem why Jewish boys produce

so many more myopes than the Jewish girls. It has already been
pointed out that this is also true of non-Jewish boys, and it has
been suggested that fewer girls with low hypermetropia become
emmetropes and myopes. Adopting the same calculation as we
used in the case of the boys we find that among Jewish girls 42 per
cent. of the low hypermetropes lose their hypermetropia and
43.4 per cent. in the case of non-Jewish girls, as against 77.1 per
cent. and 87.2 per cent. for Jewish and non-Jewish boys respec-,
tively. These figures seem to be conclusive. Low hypermetropia
among girls in early childhood (5-9) does not tend to become
emmetropia or myopia so completely as in the case of boys. We
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DEVELOPMENT OF MYOPIA

seem to be dealing here with a sex factor in the growth of the eye.
This conclusion is recorded here because it is difficult to see
how it could be avoided. But the possible fallacy due to small
numbers must be considered.
Much more work is necessary in relation to this sex factor. The

whole problem of the growth of the eye requires investigation.
What is suggested here is no more than this: that there is no
necessity for extraneous factors such as close work to explain the
excessive incidence of myopia among a group of people who
happen to do much close work. Simpler and more tangible
factors would seem to explain the production of the myopia in
question. The arguments for the hot-bed theory of the production
of myopia are too much of the nature of post hoc ergo prop ter hoc.

It will be the object of a later paper to discuss more fully the
part sex plays in the production of anomalies of refraction.
Summarizing, we find that Jewish boys show a heavy percentage

of myopes, but we see no reason for ascribing this to the excessive
close work done by them. The evidence submitted would tend
to show that the racial factor of Jewish children having a low
reserve of hypermetropia to start with and the sex determined
(and non-racial) factor which allows in the case of boys for a more
rapid or more prolonged growth of the eye (we cannot at this
juncture say which) fully explains this occurrence.

Summary
(1) The incidence of visual defects among Jewish boys in the

East End is over 40 per cent.-double that of the non-Jewish boys.
(2) This heavy incidence of defect among Jewish boys is

stationary all through their school life; it is practically no heavier
at the age of 14 than it is at 7.

(3) The incidence of the defects is, therefore, not increased
with school life, and apparently not produced by the excessive
amount of close work done by Jewish boys.

(4) Comparative analysis of the refractive errors seen among
the defectives of the Jewish and non-Jewish children reveals but
little difference in the distribution of errors apart from a rather
higher incidence of myopia and of low hypermetropia among the
Jewish children.

(5) There is but little difference in the percentage of myopes
in the early years of school life (5-9) in the two groups. The
greater incidence of myopia among Jewish children becomes
marked in the later years (10-14).

(6) It is argued that the greater increase of myopia in the
later years among Jewish children is not the result of excessive
close work, but of the greater incidence of low hypermetropia
among the young Jewish children.
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(7) An attempt is made to establish this contention mathe-
matically.

(8) When the analyses are carried further to bring out any
distinction in the increase of the number of myopes among Jewish
boys as compared with girls, it is found that the increase is
decidedly greater among the boys (who do much more close work).

(9) However, the same is seen to be true of the non-Jewish
boys (who do not do an excessive amount of close work) as com-
pared with the non-Jewish girls.

(10) It is, therefore, suggested that there is a sex-determined
factor which controls the growth of the eye.

(11) The excessive incidence of mvopia among Jewish boys
is explained by the racial factor of the great prevalence of low
hypermetropia and the sex-determined (and non-racial) factor
wrhich allows for a greater or longer development of the length
of the eye.

In conclusion I wish to express my indebtedness to Mr. W. J.
Lindsay for permission to utilize the records of the Royal Eye
Hospital and to Mr. D. Tscherniakoff, the secretary of the Jewish
Health Organization of Great Britain for arranging many of the
facilities which made the work possible.
To Mr. A. H. Levy I am indebted for suggesting the necessity

of the inquiry, for his kindly interest, and the placing at my
disposal his great experience and helpful advice.

ANNOTATIONS

The Illuminating Engineer
A special number of The Illuminatihg Entgineer was issued in

January to celebrate its twentieth anniversary. It is deeplv to be
regretted that this anniversary also saw the early death of its
founder, to whose work so much of its success was due, Mr. Leon
Gaster (v. Brit. Jl. of Ophthal., p. 111, 1928). A number of
congratulatory messages from the Presidents and Past-presidents
of Illuminating Engineering Societies in this country and abroad
are published in this issue. The Society is the oldest of its kind
in Europe; the only other Society in existence in 1908 was that of
the United States, founded in 1906. Twenty years ago the
science of illumination was in its infancy, and the conditions in
large factories, schools, and public buildings were guided by no
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