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Myopia, or short-sightedness, occurs
when the image of distant objects,

focused by the cornea and lens, falls in front
of the retina. It commonly arises from
excessive postnatal eye growth, particularly
in the vitreous cavity. Its prevalence is
increasing and now reaches 70–90% in
some Asian populations1,2. As well as
requiring optical correction, myopia is a
leading risk factor for acquired blindness in
adults because it predisposes individuals to
retinal detachment, retinal degeneration
and glaucoma. It typically develops in the
early school years but can manifest into
early adulthood22. Its aetiology is poorly
understood but may involve genetic and
environmental factors1,2, such as viewing
close objects, although how this stimulates
eye growth is not known3. We have looked
at the effects of light exposure on vision,
and find a strong association between
myopia and night-time ambient light expo-
sure during sleep in children before they
reach two years of age.

Research in species as diverse as chicks
and monkeys indicates that postnatal eye
growth and refractive development are gov-
erned by a vision-dependent retinal mecha-
nism acting mainly within the eye, with
only limited participation of the brain and
extra-ocular neural pathways3,4. The dura-
tion of the daily light period has been
shown to affect eye growth in chicks5, so we
investigated whether refractive develop-
ment in children might associate with any

recognizable pattern of light exposure.
Because early neonatal visual experience
markedly affects refractive development in
animals4–6, we evaluated light exposure both
at the child’s present age and before the age
of two years, a period during which the eye
grows rapidly7 but before the usual onset of
myopia2.

Between January and June 1998, parents
of children aged 2–16 years (median age 8.0
years; n4479 children, 55% males; 70%
Caucasian, 30% African-American, less
than 1% Asian-American) that were seen as
outpatients in a university paediatric oph-
thalmology clinic completed a question-
naire on the child’s light exposure both
at present and before the age of two
years. Children with amblyopia, cataract,
glaucoma or a history of prematurity were
excluded.

The prevalence of myopia and high
myopia during childhood was strongly
associated with ambient light exposure dur-
ing sleep at night in the first two years after
birth (Fig. 1). The relation between refrac-
tion and night-time light was dose depen-
dent, as a greater proportion of children
became myopic if they slept at night during
their first two years with room lighting
rather than with a night light. The increased
prevalence of myopia resulted from a small-
er proportion of emmetropic children, as
light exposure did not relate to the propor-
tion of hyperopic children. We found no
other association of refraction with report-

ed light exposure, including no relation
with night-time lighting at the child’s pre-
sent age.

An influence of ambient lighting during
sleep on refractive development is plausible,
because eyelids of human adults and infants
transmit some visible light, mostly at longer
wavelengths8. The scotopic retinal sensitivi-
ty of infants is relatively good compared
with that of adults, particularly by the age of
18 weeks9. Further, sutured eyelids of infant
monkeys transmit a degraded image and
perturb refractive development6.

This study does not indicate whether
early visual experience influences ocular
anatomy by age two or only later, and does
not permit conclusions to be made about
the timing of the onset or progression of
myopia. It raises the possibility of a ‘critical
period’ for refractive development analo-
gous to that for visual function10.

Although it does not establish a causal
link, the statistical strength of the associa-
tion of night-time light exposure and child-
hood myopia does suggest that the absence
of a daily period of darkness during early
childhood is a potential precipitating factor
in the development of myopia. The results
are futher qualified by the limitations of
collecting behavioural data by question-
naire and the lack of information on
whether parental lighting preferences inde-
pendently associate with other factors
known to be correlated with myopia, such
as parental socio-economic or refraction
status1,2. The generalizability of this rela-
tionship, observed in a tertiary referral cen-
tre, also requires extension to other
populations and especially to Asian groups,
which are severely affected by myopia1.
Despite these qualifications, it seems pru-
dent that infants and young children sleep
at night without artificial lighting in the
bedroom, while the present findings are
evaluated more comprehensively.
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FFiigguurree  11 Present refractions of children of ages
2–16 yr and night-time light exposure before the age
of 2 yr. The prevalence of myopia increases
markedly with increased levels of night-time ambi-
ent lighting during sleep before the age of 2 yr. On a
questionnaire approved by an institutional review
board, parents were asked, “Under which lighting
condition did/does your child sleep at night?”
before the age of 2 yr and at present; they chose
between ‘room lighting’, ‘a night light’ (typically, in
the USA, a dim socket-mounted fixture of `4 W)
and ‘darkness’. Other questions addressed the
lighting in various rooms at home, lighting at day
care or school, geographical locations where the
child had lived and current use of sunglasses. On
the basis of the mean cycloplegic spherical equiva-
lent of both eyes at the child’s most recent oph-
thalmic examination, we separated the refractions
into five groups: high hyperopia (long-sightedness),
à+5.0 dioptres (D); hyperopia, +2 to *+5 D;
emmetropia (‘normal’ childhood refraction), *+2 to
*10.5 D; myopia, 10.5 to *15.0 D; high myopia,
 15.0 D. The percentage of children in the combined myopia and high myopia groups at their present age
increased with increasing night-time light exposure before the age of 2 yr (x2 with 1 degree of freedom455.1,
P*0.00001). The strength of the relation was maintained after adjustment for age by logistic regression
analysis. The same relation held for separate analyses of the Caucasian and African-American subjects
(P*0.00001 for each group; results not shown).
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the strain along the ith axis and Cji are elas-
tic moduli, cannot provide the information
desired. With i denoting the c-axis direc-
tion, the right-hand side is large and nega-
tive3,4 for La21xSrxCuO4, but its indicated
relation to a quantity which presupposes
that all coordinates except those along the c-
axis remain unchanged does not hold.

Locquet et al. incorrectly conclude that
these negative values imply an increase of Tc

brought about solely by enlarging the c-axis.
In particular, their criticism of the interlayer
tunnelling model proposed by Anderson et
al.4 is irrelevant, although this model has
been criticized on other grounds5.
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perature. But oxygen solubility increases as
salinity decreases, and replotting TS95/5

against water-dissolved oxygen content
removes this discrepancy and produces a
linear relation: TS95/54142.6&0.252 O2

(n412; r240.98; F451.69; P*0.0001)
(Fig. 2b).

Thus, oxygen availability controls TS95/5.
The fit of regressions (not shown) relating
lower threshold size values (such as TS90/10

and TS50/50) with oxygen improves with
increasing threshold size value, indicating
that oxygen becomes more important rela-
tive to other ecological factors as size
increases. Furthermore, the relation
between TS95/5 and temperature for marine
sites is curvilinear (Fig. 2a), reflecting the
nonlinear relation between seawater oxygen
content and temperature.

TS95/5 reaches zero when mean environ-
mental oxygen is 183 mmol per kg of water.
This should indicate an environmental
limit for amphipods. A variety of hot
and/or highly saline conditions would pro-
duce 183 mmol O2 per kg, but these areas
are inhabited by brine shrimp and ostra-
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Superconductors 
under stress
Locquet et al.1 reported a doubling of the
critical temperature (Tc) of the supercon-
ductor La1.9Sr0.1CuO4, from 25 to 49 K, in
compressively strained thin films on a
SrLaAlO4 substrate. This led to speculation
that values of Tc close to or even beyond
200 K could be obtained without excessive
external pressure, starting from an
unstrained cuprate with high Tc (¤100 K).
The stress would be applied to the ab
(CuO2) plane of this system of tetragonal
symmetry. Such expectations are theoreti-
cally unrealistic.

To understand the phenomenon they
observed, Locquet et al. cited data on uniax-
ial pressure gradients of Tc on the same
compound2,3. In particular, they inferred
from the negative sign of the quantity
dTc/dec, where ec is the strain (minus the
relative change in distances along the c-
axis), that elongation (negative strain) of
the c-axis increases the critical temperature,
if atomic coordinates in the ab plane are
kept constant.

Without questioning the validity of
their experimental results, we disagree with
Locquet et al. on two points. First, the
higher the critical temperature in the
unstrained state, the closer is the system
with respect to optimum density in coordi-
nate space, or to the optimum level of the
Fermi energy. Quenching will then lead to a
much weaker effect than at low Tc, and may
even lower the critical temperature. This
conclusion reflects a priori on results select-
ing the Hg-cuprate with the present record
Tc of 134 K (three CuO2 layers per molecu-
lar unit).

Second, the cuprates La21xMxCuO4

(where M is Sr or Ba) are unsuited as a reli-
able source of microscopic information via
stress–strain relations because of observed
structural distortions, phase transitions,
non-rigid tilting of CuO6 octahedra, and so
on3, under external parameters and doping.
As a result, conventional stress–strain rela-
tions, which are macroscopic and phenom-
enological, are not applicable to these
systems on an atomic scale. This implies
that the usual equalities (all derivatives are
partial), dTc/dei4/j(dTc/dPj)Cji, where ei is
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FFiigguurree  11 Amphipod size spectra for the two sites
(Madagascar8, top; Lake Baikal9, bottom) for which
the maximum and minimum TS95/5 values, indicated
by bars, were obtained. In total, data were obtained
from 12 sites worldwide: Madagascar, mean annual
water temperature (T)425 °C, TS95/548.3, number of
species at each site (n)4314; Mediterranean Sea,
T419 °C, TS95/5412.6, n4350; Black Sea,
T416.5 °C, TS95/5420.3, n493; Caspian Sea,
T415 °C, TS95/5425.4, n469; British Isles, T411 °C,
TS95/5423.2, n4172; Magellanic region, T49.75 °C,
TS95/5423.4, n4164; subantarctic islands, T49.5 °C,
TS95/5421.9, n4181; Lake Baikal, T46 °C,
TS95/5454.4, n4226; Barents Sea, T44 °C,
TS95/5435.4, n4134; South Georgia, T41.5 °C,
TS95/5440.5, n4150; West Antarctica, T40.75 °C,
TS95/5441.5, n4297; East Antarctica, T40.0 °C,
TS95/5443.6, n4195). Analyses were restricted to a
depth of 250 m (continental shelf depth), except for
Antarctica, which included species to 500 m
because of continental shelf depression by the
Antarctic icecap. Sites that had fewer than 50
species described were not analysed.

Polar gigantism dictated
by oxygen availability
The tendency of some animals to be larger
at higher latitudes (‘polar gigantism’) has
not been explained, although it has often
been attributed to low temperature and
metabolism1. Investigation of gigantism
requires widely distributed taxa with exten-
sive species representation at many well-
studied sites. We have analysed length data
for 1,853 species of benthic amphipod crus-
taceans from 12 sites worldwide, from polar
to tropical and marine (continental shelf)
to freshwater environments. We find that
maximum potential size (MPS) is limited
by oxygen availability.

Size spectra are right-skewed at all sites,
but skewedness increases as temperature
decreases (Fig. 1). Analysing gigantism
needs emphasis on right-hand extremes of
distributions. However, potential sampling
bias at some sites precludes using absolute
maximum size, so we used the threshold
size separating the smallest 95% of species
from the largest 5% (which we refer to as
TS95/5). For marine sites, TS95/5 increases as
water temperature decreases. Sites with low
salinity, such as Lake Baikal (0 practical
salinity units, p.s.u.), Caspian (13 p.s.u.)
and the Black Sea (17 p.s.u.) lie above the
marine relationship, and the discrepancy
increases as salinity decreases (Fig. 2a), with
the Lake Baikal TS95/5, for example, being
1.8 times the marine value at the same tem-
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