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Is the season of birth a risk factor in glaucoma?

Abstract
Several lines of research suggest that some
systemic diseases, often associated with agerelated conditions, may present with enhanced
prevalences owing to very early influences on
human development. This paper describes an
analysis of 1264 adult Caucasian patients presenting either with primary open angle or
narrow angle/angle closure glaucoma on the
one hand, or with age-related cataract on the
other. In addition, data on cataracts and
primary open angle glaucoma on 254 patients
ofCaribbean origin and 190 of south east Asian
origin were also examined. Patients were
classified with respect to sex and season of
birth. These variables can play a statistically
significant role in the prevalence of glaucoma,
which raises the possibility that environmental
influences may be involved.
(BrJ Ophthalmol 1993; 77: 214-217)
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Risk factors are pre-existing conditions, increasing the probability that a particular pathological
entity is going to present in any one individual. A
number have been described both for the glaucomas and for cataract. For example, hypermetropia is said to be a predisposing factor for
narrow angle/angle closure glaucoma (NCAG),
and myopia for primary open angle glaucoma
(POAG)' and also for nuclear cataract.2 People
with relatively thin crystalline lenses, like the
Bantu in southern Africa, are at a considerably
reduced risk with respect to NCAG when compared with Danes for example.3 4
A barely noticed veterinary observation' suggests that environmental effects may also play a
role. In a study of the mass and rate of growth of
the crystalline lenses of newly-born Nigerian
piglets, it was found that the season of birth of
the animals plays a significant role. The lenses of
animals born just after the cessation of the wet
season were-heavier than those born after the end
of the dry season. The differences were 5% and
8% in wet and dry weights respectively. Conversely, the postnatal growth rate, monitored for
9 months, dropped by some 15% between the
onset and end of the wet season. In Nigeria the
temperature is fairly constant throughout the
year,' and the authors speculate that their results
may be influenced by light. The possibility that
availability offood to the pregnant sows might be
a determining factor7 was not entertained.
The Nigerian piglets do not appear to be
unique as regards a link between growth and
season. Eveleth and Tanner' write: 'In temperate
zones children tend to grow faster in height in the
spring and slower in the autumn. In the tropics
seasonal variation is governed more by dry and
wet periods and the varying availability of food.'
That seasonality plays an important role during
antenatal development transpires also from

detailed studies in the Gambia,9 Tanzania,'°
and Japan." Furthermore, Harding et al'2
found that men have heavier lenses than
women, which suggests a variation with body
weight. 1" 14
The possible relevance of these observations.to
ocular pathology appears to have been overlooked in the past: the brain seems to belong to
the few organs to have received attention in the
context of environmental antenatal effects.'5 If
the size of the lens is subject to environmental
factors then this might be revealed in corresponding variations in the prevalence at least of
narrow/closed angle glaucoma. Admittedly, if
the porcine data apply also to the human situation, then the effect to be expected would not be
large. An increase in lenticular mass of 5%
corresponds to barely 2% in thickness. This
would correspondingly lead to a reduction in the
depth of the anterior chamber only if the size of
the eye were shown to be independent of the
season of birth. No datum appears to have been
published on this point.
Bantu lenses3 have been shown to be about 04
mm thinner than those of(coeval) Caucasians. In
Nigerians the difference is 0 25-O3 mm.4 These
values correspond to about 5%. The burden of
this argument is that ifsuch a difference accounts
for the observation that the prevalence of NCAG
among negroes is only about one half of that
found among northern Caucasians, then a
smaller seasonal variation in lens thickness might
yet be readily detectable and play a role in the
aetiology of NCAG.
It may be noted that the prevalence of nuclear
cataract in cattle has been shown to depend on
the animal's season of birth. 16
This paper analyses data on both types of
glaucoma and on senile cataract obtained on
Caribbean, Caucasian, and south east Asian
patients; all the Caucasians had been born in the
British Isles. A concurrent study relating to
refraction will be presented separately.
Method
DATA COLLECTION

All the subjects of this study were attending
Moorfields Eye Hospital, London. The criteria
for selection were as follows. They were patients
with diagnosed POAG or NCAG or senile
(idiopathic) cataract. Pigmentary glaucomas and
patients with ocular hypertension were excluded
as were all those cases where there was any overt
possibility that the diagnosed glaucoma or
cataract was a sequela to other ocular pathologies. Only age-related cataracts were included:
thus diabetic, traumatic, and steroid-induced
cases were excluded. Once these criteria were
satisfied the patients were included in the study.
Their names, hospital number, date of attend-
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DATA ANALYSIS

The function describing seasonally cyclical data
cannot be prejudged. What can be tested is
whether the observed results differ significantly
from what would be expected on the basis of the
SPB. For example, if the prevalence of a condition followed a sinusoidal distribution throughout the year, peaking, for the sake of argument,
in June-July, and the SPB varied in a similar
manner, no seasonal effect on the disease could
be inferred: more cases are observed for people
born in the summer because more people are
born in the summer. However, if the difference
between the two distributions differs, a prima
facie case may be made out for the existence of a
seasonal effect of birth on the prevalence of the
condition.
Tests for cyclical variations exist but depend
on the availability of large numbers of data.20 In
the present case, tests were based on the goodness of fit, wherein one determines x2 between
the observed data and the distribution one would
expect on the basis of the SPB.
The classification of glaucoma patients was
simpler than that of cataracts. Various classifications have been proposed from time to time,
mixed cataracts forming the main obstacle to
numerical analysis. In this study, no attention
was paid to the severity, only to the presence
of any condition. The types considered were
Table I Averageyears of birth as afunction of sex and disease (n=number of patients; S=n
(men)ln (women)) I = <1920; 2=>1919
Condition

POAG

Cataract

NCAG

cortical, nuclear, and posterior subcapsular
cataracts respectively. Accordingly if one type
was diag nosed, it was given the weight of 1, if
two werez present, each received the weighting of
0 5, andI if three were diagnosed, each was
weightedi with 0-33.
Results

AGE, NUI MBERS, AND SEX
In view of the above mentioned change in the
SPB nuirmbers, the patients born in the British
Isles werre subdivided into two groups (1 and 2)
dependiL ng on whether they were born before
1920 or aLfter 1919. Table 1 thus gives the average
years of Ibirth for sex, group, and condition, and
shows tkiat the two diseases can act as effective
controls for each other. The secular analysis was
not poss ible for the two ethnic groups because
detailed data on SPB are not available for them.
The dataa were collected between 1990 to 1992.
Table 1 shows the ratio of men/women, S, as a
function of condition. Although this indicates
marked differences between the sexes, XI tests
did not reveal any significant difference in the
seasonal variation between one sex and the other.
The two sets of data were therefore amalgamated
for each month.
Note that, as regards POAG, there is no
contradi iction between the data for the sexes
in the t two age groups. The number of male
survivor s in group 1 in the general population is
significaimtly smaller than that of women. Therefore the number of male POAG cases per capita
of the m ale population in this group is likely to be
greater tthan is indicated by the near equality of
male anid female patient numbers. In other
words, ithe sex ratio of -1 8 for group 2 is
probabl3y representative: in this study men have
been shcown to be at greater risk of POAG than
women.
The r everse argument would seem to apply to
the two other conditions: in the present sample
populati ions the relative prevalence of both
NCAG aand age-related cataract is greater among

womentthan men.

The S values for glaucoma in the other ethnic
groupsdloes not differ greatly from the figures for
the Briti ish Isles. However, it is noteworthy that
the S vallue for cataracts among south east Asians
is almosi,tunity. The conventional wisdom is that
in India l there is considerable male prevalence
'becauset the men work in the fields', the implication bei ng that they are more exposed to the sun
than are their house-bound wives.

British Iskes
Men
n

Women
n
S

Caribbean
Men
n

Women
n

S

South-EastAsia
Men
n

Women
n

S

1
1911-84
122

1911d15
133
0-92

2
1926-159
123
1928-17
69
1-78

1

1912-28
25
1910-85
48
0-52

2
1926-77
26
1926-57
53
0-49

1

1911-32
117
1910-63
2%
0-4

2
1925-93
120
1926-69
143
0-84

1928-66
114
1927-53
79
1-44

1924-42
19
1923-81
42
0-45

1927-58
43
1927-78
32
1-34

1926-46
60
1926-33
64
0-94

GLAUCOAMA
It is con ivenient to

consider the annual patient
distributtion in terms of four 3-monthly periods
beginninng with January. Application of the
goodnes-;sof fit test applied to all the glaucoma
patients born in the British Isles yielded a x2=
6-46 wit th a significance level of <0 09 (Fig 1).
This,is I not statistically significant but does not
rule out the possibility of a subset being significant. A .ccordingly the two age groups were
- separate d: the younger group was found to show
a season: al variation with x2= 11 37, p<O O1 (Fig
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ance, date ofbirth, sex, birthplace, and diagnosis
were recorded.
The two types of disease serve to act as mutual
controls. However, the average numbers of
births in any one month are subject to a systematic seasonal variation. In the United Kingdom
the data are easy to obtain from the annual
reports of the office for Censuses and Population
Statistics. A comparison of the averages for the
central years of each of the three decades up to
and including 1919 and of the subsequent four
decades revealed that a systematic change
(p<0-012) had taken place in the seasonal pattern of births (SPB) just after the first world war
(cf also ref 17). Care was taken lest this conclusion be vitiated by the influence exerted by the
first and second world wars. SPB corrections for
Caribbean and for south east Asian patients were
also used.'8 19
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Figure 1 The quarterly
prevalence for all cases of
glaucoma in the British Isles.
In this and in all subsequent
figures, the continuous line
joins the appropriate
expected quarterly values
based on the number of
babies born in each quarter.
Age groups 1 and 2, x2=6-46

(p<O0O9).

prevalences throughout the year which depend
on the patient's season and, probably, region of
birth.
CATARACT

A similar analysis applied to the data for cataract
failed to yield any significant value for either of
the age groups or the three types of cataract. In
view of the results obtained for cattle,'6 it is
worth stressing that no seasonal effect was
observed for the 306 cases of nuclear cataract (in
the British Isles) analysed.
Cataracts among populations born outside
the British Isles form the subject of a
separate continuing study. Interim data for these
patients also fail to reveal any seasonal effect
on the prevalence of nuclear cataract. Judgment on the other types has to be reserved as
yet.
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Figure 4 The quarterly prevalencefor POAG in age group 2
in the British Isles. x2=8 771 (p<004).
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Figure 2 The quarterly prevalence for all cases ofglaucoma
in age group 2 in the British Isles. Age group 2, X2=I-37
(p<O0O1).
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FigureS The quarterly prevalence for NCAG in both age
groups in the British Isles. Age groups I and 2, X2=S52 (not
significant).
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Figure 3 The quarterly prevalence forPOAG in age group 1
in the British Isles. Age group I (not significant).
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Figure 6 The quarterly prevalence for POAG in patients
born in south east Asia. x2= 10 428 (p<0025).
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2). Separation of the older age group diagnosed
as having POAG shows no significant effect (Fig
3). In contrast, similar patients in the younger
age group are characterised by a seasonal variation with X2=8-7708 (p<004) (Fig 4). The data
for NCAG, either separated into the two age
groups or combined, fail to reach significance
even though they show a variation (Fig 5) similar
to that seen for POAG in Figure 4.
A similar test applied to all the results for
patients born in south east Asia (n=75) yielded
x2=10X428 with p<0-015 (Fig 6). A nonsignificant value of X2=2-993 was obtained for
the much larger number (193) of patients born in
the Caribbean region.
The numbers of NCAG cases so far collected
for patients born outside the British Isles are too
small for a meaningful analysis.
There exists now a prima facie case for the
view that at least one type of glaucoma exhibits
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changes.23 24

If certain crucial nutrients were unavailable
during that season a few decades ago, then ocular
development during the winter may have been so
disadvantaged as to give rise to hazards among
those born some 6 months later, which provides
a hypothesis for the seasonal variation of the
disease. On the other hand, the observed effects
may be linked tentatively with problems relating
to low birth weight,25 a hypothesis consistent
with the large prevalences both of this condition
and POAG in some of the less industrialised
countries.7
Conclusion
The prevalence of at least primary open angle
glaucoma can depend on a patient's season of
birth. In the three populations studied, the
patterns differ probably owing to environmental

influences in play at or before birth. However,
the fact that angle closure glaucoma misses
reaching the accepted level of significance in the
British Isles does not rule out the possibility that
there may be other populations where a clear
seasonal effect on its prevalence may exist.
Again, there may be other regions with different
effects on POAG, and where secular influences
may act differently from those reported here.
This would not place seasonal effects in ophthalmology in a unique class. 17
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Discussion
The results for the glaucomas on the one hand
and for cataract on the other support the view
that the two conditions can be used as mutual
controls.
The difference between the present and earlier
results7 is due in some measure to two new
factors. In the first place, the earlier population
sample included patients born outside the
British Isles, and accommodated even those born
in the Mediterranean basin and the Middle East,
being all subsumed under the term of Caucasian.
Secondly, although POAG was not then thought
to reveal any significant seasonal effect, the
division of the data for the British Isles into the
above two age groups showed that the younger
group exhibits a significant effect (Fig 4). The
present marked difference between those born in
the Caribbean region and in south east Asia
respectively (Fig 6) is consistent with the earlier
report.
As regards a tentative explanation of the
results it may be noted that Caucasian women
tend to be somewhat more myopic than men'4 21;
therefore one would expect POAG to be more
prevalent among them' (but see Table 1). Both
their eyeballs and lenses are smaller than those of
men by approximately 1%,'214 but there is no
obvious mechanical explanation for the difference in the prevalence of NCAG between the two
sexes (Table 1).
The observation of a seasonal effect manifesting in connection with POAG is unexpected, and
raises the question of whether lens size is the only
hypothetical anatomical aetiological factor.
There are established seasonal variations in preterm births," in birth weight,20 and in perinatal
mortality,22 and it would not be surprising if this
were reflected in the development of organs
reaching relative maturity late in term. Although
the eye is largely developed by the end of the
third month, noxious influences at this time may
play a role much as is true at the end of pregnancy
when the corneal shape, and therefore the
forces acting on the globe, experience major
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