
Introduction

Emmetropia is classically defined as a
state between myopia and hyperopia,
in which ‘when parallel rays strike a
physiologically normal eye, they are
refracted so as to converge upon the
retina, where they focus, forming a
circle of least confusion…with the eye
in a state of rest…’ (Duke-Elder
1978). This concept of emmetropia
should not be confused with the range
of refractive states which are compati-
ble with normal visual acuity, because
normal visual acuity is compatible
with mild myopia, emmetropia and
even substantial hyperopia, where
accommodation can be used to bring
the image into focus on the retina.

The process of achieving this optical
state of emmetropia during develop-
ment has been termed ‘emmetropiza-
tion’ (Wildsoet 1997). The concept of
emmetropization has been given
strong support from animal experi-
mentation. In particular, during devel-
opment, animals as diverse as
chickens (Schaeffel et al. 1988), tree
shrews (Shaikh et al. 1999) and pri-
mates (Hung et al. 1995) have been
shown to compensate with consider-
able precision for experimental
changes in optical power by increasing

Is emmetropia the natural
endpoint for human refractive
development? An analysis of
population-based data from the
refractive error study in children
(RESC)

Ian G. Morgan,1 Kathryn A. Rose,2 Leon B. Ellwein3 and The
Refractive Error Study in Children Survey Group*

1ARC Centre of Excellence in Vision Science and Research School of Biology,
College of Medicine, Biology and Environment, Australian National University,

Canberra, ACT, Australia
2Discipline of Orthoptics, Faculty of Health Sciences, University of Sydney,
Lidcombe, NSW, Australia
3National Eye Institute, National Institutes of Health, Bethesda, Maryland, USA

ABSTRACT.

Purpose: To determine the natural end-point for refractive development during
childhood.

Methods: Cycloplegic (1% cyclopentolate) autorefraction was performed on
38 811 children aged 5 and 15 in population-based samples at eight sites in the
Refractive Error Study in Children (RESC). Refractions (right eye) were catego-
rized as myopic (£)0.5 D), emmetropic (>)0.5 to £+0.5 D), mildly hyperopic
(>+0.5 to £+2.0 D and hyperopic (>+2.0 D).

Results: At five sites (Jhapa – rural Nepal, New Delhi – urban India, Mahabubna-
gar – rural India, Durban – semi-urban South Africa and La Florida – urban
Chile), there was <20% myopia by age 15. Mild hyperopia was the most preva-
lent category at all ages, except for Mahabubnagar where emmetropia became the
marginally most prevalent category at ages 14 and 15. At the other sites (Gombak
– semi-urban Malaysia, Shunyi – semi-rural China and Guangzhou – urban
China), there was substantial (>35%) myopia by age 15. At these sites, mild
hyperopia was the most prevalent category during early childhood, and myopia
became the predominant category later. In Gombak district and Guangzhou,
emmetropia was a minor category at all ages, with myopia increasing as mild
hyperopia decreased. In Shunyi district, emmetropia was the most prevalent
category over the ages 11–14.

Conclusion: Emmetropia was not the predominant outcome for refractive develop-
ment in children. Instead, populations were predominantly mildly hyperopic or sub-
stantial amounts of myopia appeared in them. This suggests that mild hyperopia is
the natural state of refractive development in children and that emmetropia during
childhood carries the risk of subsequent progression to myopia.

Key words: children – development – emmetropia – emmetropization – hyperopia – myopia –

refractive error

Acta Ophthalmol. 2010: 88: 877–884
ª 2009 The Authors

Journal compilation ª 2009 Acta Ophthalmol

doi: 10.1111/j.1755-3768.2009.01800.x

*The Survey Group is listed in ‘Appendix’.

Acta Ophthalmologica 2010

877



or decreasing the rate of eye growth
in response to hyperopic or myopic
defocus, respectively, thus minimising
refractive error. These findings have
led to a quite wide-spread view that
the mechanisms underlying refractive
development lead to precise emmetr-
opia, or a plano refraction, in which
the image of distant objects falls with
great precision on the photosensitive
layer of the retina in the absence of
accommodation (see, for example
Rada et al. 2006; Tkatchenko et al.
2006). The existence of signals that
slow eye growth in response to myo-
pic defocus could then provide a
mechanism for maintaining spherical
equivalent refraction (SER) at
emmetropia, implying that the appear-
ance of myopic refractions is because
of a failure of this mechanism.

However, studies on refractive
development in humans suggest a
somewhat different and more complex
picture. Firstly, there is evidence of
multiple mechanisms at work. Over
the first year or two of life, the pre-
dominantly hyperopic refractive errors
and the much rarer myopic errors of
neonates are rapidly reduced towards
emmetropia (Gwiazda et al. 1993;
Mayer et al. 2001; Mutti et al. 2005).
This process appears to be under
visual feed-back control and involves
coordinated changes in corneal power
and axial length, such that the distri-
bution of SER changes from a normal
to a highly peaked, leptokurtotic dis-
tribution, at mean SER values which
are significantly hyperopic (Mayer
et al. 2001; Mutti et al. 2005). Reduc-
tions in lens power over this period
have also been documented (Mutti
et al. 2005).

After that, corneal power stabilizes.
Subsequent refractive development
then appears to involve continued
axial elongation, combined with
reductions in lens power and increases
in anterior chamber depth that could
compensate, at least partially, for
the myopic shift that would normally
be associated with axial elongation
(Sorsby et al. 1961; Garner et al.
1995, 2006; Zadnik et al. 2003; Ojaimi
et al. 2005; Ip et al. 2008). It should
be noted that, because these compen-
satory developments occur while
refractions are still hyperopic, the
reductions in lens power and increases
in anterior chamber depth are effec-
tively anti-emmetropic, because they

slow the rate at which SER
approaches plano with continued axial
elongation.

Secondly, the data on human
refractive development suggest that
the normal end-point of refractive
development may be mild hyperopia,
rather than emmetropia. Interpreta-
tion of much of the earlier data in the
literature on human refractive devel-
opment is complicated by the frequent
failure to use adequate cycloplegia as
well as the frequent failure to use
large population-based samples (for a
review of the earlier literature, see
Hirsch & Weymouth 1991). However,
the early studies, carried out on popu-
lations with low prevalences of myo-
pia, suggested that mean SER tended
to stabilize at mildly hyperopic rather
than emmetropic values.

More recent studies using cyclople-
gia suggest the same conclusion -that
mean SER is hyperopic rather than
emmetropic in childhood (Sorsby
et al. 1961; Zadnik et al. 2003; Ojaimi
et al. 2005; Ip et al. 2008), and even
into young adult life (Sorsby et al.
1960; Hashemi et al. 2004). But in
other populations, where the
prevalence of myopia is high, the
mean cycloplegic SER becomes
substantially myopic by the end of
childhood (Matsumura & Hirai 1999;
Lin et al. 2004).

The picture of tight emmetropization
derived from animal studies suggests
that, under natural conditions,
refractions should be predominantly
emmetropic. In this paper, we test this
prediction using data obtained in the
Refractive Error Study in Children
(RESC) series (Maul et al. 2000; Ne-
grel et al. 2000; Pokharel et al. 2000;
Zhao et al. 2000; Dandona et al.
2002; Murthy et al. 2002; Naidoo et al.
2003; He et al. 2004; Goh et al. 2005),
which has achieved cycloplegia with
cyclopentolate, to measure refractive
status during childhood on large popu-
lation-based samples of children from
a range of ethnic backgrounds.

Methods

The RESC studies used a standard
protocol with randomized cluster
sampling to provide a representative
population-based sample of children
combined with high examination par-
ticipation rates and the use of cyclo-
plegia to determine SER. The

methodology of these studies and the
specific details of each survey includ-
ing details of approval by human
experimentation committees or institu-
tional review boards have been
described elsewhere (Maul et al. 2000;
Negrel et al. 2000; Pokharel et al.
2000; Zhao et al. 2000; Dandona et al.
2002; Murthy et al. 2002; Naidoo
et al. 2003; He et al. 2004; Goh et al.
2005). Informed consent for each
examined child was obtained from a
parent or other responsible adult. The
research followed the tenets of the
Declaration of Helsinki.

The studies were carried out in
eight sites as shown in Table 1,
arranged in increasing order of the
prevalence of myopia at age 15. There
were two sites in China [one urban,
Liwan District in Guangzhou (He
et al. 2004); and one semi-rural,
Shunyi District near Beijing (Zhao
et al. 2000)], two sites in India [one
urban, Trilokupi segment in New
Delhi (Murthy et al. 2002)]; and one
rural, Mahabubnagar District in
Southern India (Dandona et al. 2002),
one site in Chile [the urban La Flor-
ida area of Santiago (Maul et al.
2000)], one site in Malaysia [the Gom-
bak District near Kuala Lumpur
(Goh et al. 2005)], one site in Nepal
[the rural Jhapa District in Eastern
Nepal (Pokharel et al. 2000)], and one
site in South Africa [a semi-urban
contiguous area within the South and
West Regions of Durban (Naidoo
et al. 2003)]. Approximately 500 chil-
dren at each age from 5 to 15 years
were examined, except in Southern
India and Kuala Lumpur where only
children aged 7–15 were examined.
The prevalences of refractive error at
each site for children at 5 (or 7) and
15 years of age are shown.

Cycloplegia was induced with two
drops of 1% cyclopentolate adminis-
tered 5 min apart to each eye. After
20 min, if a pupillary light reflex was
still present, a third drop was adminis-
tered. Light reflex and pupil dilation
were checked after an additional
15 min. Cycloplegia was considered
complete if the pupil dilated to 6 mm
or greater and a light reflex was
absent. Refractions were measured by
both retinoscopy and auto-refraction.

For this paper, auto-refraction data
in right eyes with complete cycloplegia
were analysed. Spherical equivalent
refractive error categories were defined
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as: myopia: £)0.50 D; emmetropia:
>)0.50 D but £+0.50 D; mild hyper-
opia: >+0.50 D but £+2.00 D; and
significant hyperopia: >+2.00 D.

The definition chosen for emmetr-
opia is based on the postulated pro-
cess of emmetropization, in which
defocus-driven changes in eye growth
operate to produce tight emmetropia,
with refractions clustering at or
around plano, and takes into account
the analysis of refractive development
carried out by Thorn et al.(2005) and
Rose et al. (Rose K, et al. IOVS 2007;
48: ARVO E-Abstract 1535) which
suggests that normal control over eye
growth is lost at low hyperopic refrac-
tions. The emmetropic range has been
set to cover those who are not yet
clearly clinically myopic and who are
within the range of refractions in
which higher ‘myopic’ progression
rates appear, with allowance for mea-
surement errors.

Results

The results at the eight sites are sum-
marised in Table 1. In all the sites for
which there is data on children at the
age of 5, the initial prevalence of myo-
pia is quite low (<5%), but by the
age of 15, the prevalences of myopia
range from 0.79% in Jhapa District,
Nepal to 72.9% in Liwan District,
Guangzhou. Across all sites, the
maximum percentage of emmetropia
reached was 47.2% in Mahabubnagar
District in India. However, in a
majority of sites, the maximum preva-
lence of emmetropia obtained was less
than 35%, even when, as in the case
of Liwan District in Guangzhou, the
majority of children progressed to
become myopic.

The distributions of refractive error
by category are shown for each of the
sites in Figs 1–8. They are ordered on

the basis of the prevalence of myopia
at age 15 so that changes in the distri-
bution of refractive error categories
can be analysed in relation to the
development of myopia through child-
hood.

A very simple pattern is seen in the
data from Eastern Nepal (Fig. 1),
where the population was predomi-
nantly mildly hyperopic at all stages.
There was little myopia at any age,
but the maximum prevalence of
emmetropia, just over 20%, was
reached at age 12. Similar patterns
were seen in the data from Durban
(Fig. 3), where the population was
predominantly hyperopic at all ages,
with the maximum emmetropic pro-
portion (39.4%) at age 15; in New
Delhi (Fig. 4), where the population
was predominantly hyperopic at all
ages, with the maximum proportion
emmetropic (26.9%) at age 13; in San-
tiago (Fig. 5), where the population
was predominantly hyperopic at all
ages, with the maximum proportion
emmetropic (22.9%) at age 14; and
in Kuala Lumpur (Fig. 6), where
the population was predominantly

hyperopic at all ages, with the maxi-
mum proportion emmetropic (28.5%)
reached at age 12.

The other extreme is represented by
the data from Shunyi District (Fig. 7)
and Guangzhou (Fig. 8), the two
study sites in China. In Guangzhou,
the prevalence of myopia was over
70% at the age of 15, from a very low
level of 3% at the age of 5. The popu-
lation shifted from predominantly
hyperopic at age 5 to predominantly
myopic at age 15, with a cross-over
taking place around the ages of 11–
12. At no stage was the population
predominantly emmetropic, with the
maximum proportion emmetropic
(31.6%) at age 10. It appears as
though the proportion of children
shifting from the mildly hyperopic
state to the emmetropic state is gener-
ally balanced by the proportion shift-
ing from the emmetropic category
into myopia. A rather similar picture
was seen in the data from Shunyi
District (Fig. 7), where the prevalence
of myopia attained almost 50% at age
15. In this case, the proportion of
children in the emmetropic category

Prevalence of refractive categories by age: Nepal
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Fig. 1. Prevalence of refractive categories by age: Eastern Nepal (rural).

Table 1. Prevalence of refractive categories in right eyes with cycloplegic auto-refraction.

Study site

Number of

children examined

Percentage with

myopia at age 5

Percentage with

myopia at age 15

Maximum emmetropic

percentage (age)

Jhapa District, Eastern Nepal (rural) 4991 0.45 0.79 20.1 (12)

Mahabubnagar District, Southern India (rural) 3972 2.63* 7.84 47.2 (14)

Durban, South Africa (semi-urban) 4102 3.88 8.16 39.4 (15)

Trilokupi Segment, New Delhi, India (urban) 5692 4.29 10.8 26.9 (13)

La Florida Area, Santiago, Chile (urban) 5293 3.23 14.9 22.9 (14)

Gombak District, Kuala Lumpur, Malaysia (urban) 4573 9.11* 35.9 28.5 (12)

Shunyi District, Beijing, China (semi-rural) 5866 1.94 48.7 43.8 (12)

Liwan District, Guangzhou, China (urban) 4322 3.03 72.9 31.6 (10)

* Prevalence of myopia in children at age 7 years.
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reached somewhat higher levels than
in Guangzhou, and emmetropia was
the most prevalent category at ages 12

and 13, before declining and being
supplanted by the increasing propor-
tion of children myopic at age 14.

The only substantially different
pattern was seen in the data from
rural Southern India (Fig. 2). In this
case, the proportion emmetropic was
already high (31.2%) at the age of 7,
although the population was still
predominantly mildly hyperopic. The
proportion of children with emmetr-
opia then increased steadily to slightly
over-shadow the proportion mildly
hyperopic at ages 14 and 15. How-
ever, in contrast to the situation in
Shunyi and Guangzhou, there was
little increase in the proportion of
children who were myopic.

It is also worth noting that while
there were substantial differences in
the prevalence of significant hyperopia
in the younger age groups, there was
no particular pattern of association
with ethnicity or the rural ⁄urban nat-
ure of the study site. Early significant
hyperopia was rapidly cleared to insig-
nificant levels by the age of 15, except
in the study sample from Chile.

Discussion

These data give a comprehensive pic-
ture of how SER changes with age,
in a range of different ethnic groups,
at several different sites around the
world, with population-based samples
and rigorous cycloplegia. These data
are cross sectional, not longitudinal,
and hence, if there were major birth-
cohort effects, their interpretation
would be problematic. However, the
narrow age span in the study sug-
gests that major birth cohort effects,
within a population and site, are
unlikely; and we have therefore inter-
preted these data to give insight into
the likely patterns of longitudinal
change. These patterns need, how-
ever, to be confirmed in longitudinal
studies.

In general, the pattern of develop-
ment of refraction by categories was
in line with a more complex model of
human refractive development, rather
than the model of tight emmetropiza-
tion that has emerged from studies on
animal models, based on the appar-
ently precise compensation which
occurs in response to imposed
defocus. In only rare cases were the
age samples predominantly emmetrop-
ic. Instead, by the age of 15, the
populations were either predominantly
mildly hyperopic (Nepal (Pokharel
et al. 2000), Chile (Maul et al. 2000),

Prevalence of refractive categories by age: 
Durban District, South Africa
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Fig. 3. Prevalence of refractive categories by age: Durban, South Africa (semi-urban).

Prevalence of refractive categories by age: 
New Delhi, India
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Fig. 4. Prevalence of refractive categories by age: New Delhi, India (urban).

Prevalence of refractive categories by age: 
Mahabubnagar, India
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Fig. 2. Prevalence of refractive categories by age: Southern India (rural).
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New Delhi (Murthy et al. 2002), Dur-
ban (Naidoo et al. 2003); Malaysia
(Goh et al. 2005), or the population

quite rapidly shifted to predominant
myopia (Shunyi (Zhao et al. 2000)
and Guangzhou (He et al. 2004)).

At seven of the eight sites, move-
ment into the emmetropic category
from the mildly hyperopic category
with increasing age appears to be
counter-balanced by movement from
the emmetropic category into the
myopic, keeping the proportion of
the population in the optically
emmetropic range relatively low. The
only substantial deviation from this
pattern is seen in the data from
Mahabubnagar in rural Southern
India (Dandona et al. 2002). In this
case, the proportion of children with
emmetropia was already high at the
age of 7, the earliest age studied, and
it continued to increase up to the age
of 15, without a large amount of
transfer into the myopic category.
A similar pattern could possibly be
emerging in the data from Durban
(Naidoo et al. 2003), although this
population was still predominantly
mildly hyperopic at the age of 15. To
the extent that high rates of axial
elongation are associated with move-
ment from mild hyperopia to
emmetropia, it is difficult to under-
stand how these do not subsequently
lead to substantial increases in the
prevalence of myopia, and the pattern
of refractive development in these
cases needs further documentation
and analysis.

Overall, these data strongly support
the idea that emmetropia, as defined
optically, is not the preferred end-
point for refractive development in
humans. In sites with a low prevalence
of myopia, the population tends to
remain predominantly mildly hyper-
opic, rather than emmetropic, even at
the age of 15. This, however, has little
impact on visual acuity, at least in the
short-term, because of the high
accommodative capacities of children
(Anderson et al. 2008). In sites where
the prevalence of myopia becomes
high, myopia tends to become the pre-
dominant category and children
appear to progress through emmetr-
opia to become myopic, rather than
being trapped in the emmetropic cate-
gory, as tight definitions of emmetrop-
ization would imply.

A restricted range for emmetropia
was used for analysis because it corre-
sponds to the classical definition of
emmetropia, and to test whether
emmetropization in humans is pre-
cisely directed to produce a clustering
of SER values around plano. The

Prevalence of refractive categories by age: 
La Florida, Santiago, Chile
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Fig. 5. Prevalence of refractive categories by age: Santiago, Chile (urban).

Prevalence of refractive categories by age: 
Shunyi District, China
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Fig. 7. Prevalence of refractive categories by age: Shunyi District, China (semi-rural).

Prevalence of refractive categories by age: 
Gombak District, Malaysia
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Fig. 6. Prevalence of refractive categories by age: Kuala Lumpur, Malaysia (urban).
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clearest demonstration that this is not
the case comes from the data from
Nepal, where around 80% of the sub-
jects have refractions in the range
from >+0.50 to £+2.00 D over the
age range studied. The level of urbani-
zation and education in Nepal is the
lowest of the various sites examined,
and the absence of any significant
increase in the prevalence of myopia
up to the age of 15 suggests that there
is not a natural tendency for myopia
to increase during childhood, unless
the natural environment that children
are exposed to is altered sufficiently to
challenge the mechanisms that regu-
late eye growth.

Changing the definition of emmetr-
opia would have an obvious impact
on this analysis. In particular, increas-
ing the upper limit for emmetropia
would naturally include an increasing
proportion of the mild hyperopes in
the emmetropic category, increasing
the proportion of emmetropes at each
site. However, this sort of analysis
would simply reinforce the point that
SER values are not clustered around
plano, but are spread over a range of
values in which accommodation can
provide normal visual acuity for 4–5
decades of life, with no indication of
great precision in the end-point.

The results suggest that by the time
that children become myopic, there
may be little or no capacity to maintain
emmetropia. This does not appear to
be because of specific genetic character-
istics of ethnic groups, because the
prevalence of myopia is highly variable
within and across ethic groups,
depending on environmental exposures
to educational pressures (Morgan &

Rose 2005) and to outdoor environ-
ments (Jones et al. 2007; Rose et al.
2008a,b; Dirani et al. 2009). Instead,
we suggest when axial elongation has
reached a certain point, the capacity to
limit further progression by reducing
lens power has been exhausted. The
sites at which mildly hyperopic refrac-
tions are maintained to the age of 15
share the characteristic of having rela-
tively poorly developed educational
systems, whereas those where myopia
becomes predominant are in countries
where prolonged and intensive educa-
tion is the norm. An overview of inter-
national educational standards can
be obtained at the UNESCO website
(http://www.ibe.unesco.org/en/access-by-
country.html), but more work needs to
be carried out to characterize the
amount of time children spend out-
doors across the various sites.

Data from longitudinal studies have
supported the common clinical intui-
tion that early achievement of em-
metropia is a risk factor for
subsequent progression to myopia
(Zadnik et al. 1999). Because of the
potential for future progression to
myopia once near emmetropia is
achieved (Thorn et al. 2005), the strat-
egy favoured by evolution appears to
be one of maintaining eyes in a state
of mild hyperopia, where clear vision
can be obtained through accommoda-
tion. From this evolutionary perspec-
tive, a refractive state which does not
significantly impair distance visual
acuity, where hyperopic errors can be
cleared by accommodation, would not
be selected against, and indeed all the
RESC populations over most of the
period from age 5 to age 15 are in a

state in which the prevailing refractive
error would have little functional sig-
nificance, except where substantial lev-
els of myopia have appeared in the
population. The problems associated
with this strategy when presbyopia
emerges later in life are not important
from an evolutionary perspective.

This picture of refractive develop-
ment in humans is not consistent with
models of refractive development
derived from animal studies, which
suggest that optical emmetropia
should be the end-point, because of
the interplay of growth-promoting
and growth-inhibiting signals
(Wallman & Winawer 2004). This
view of emmetropization may be rele-
vant to the rapid adjustments of
refractive error which take place in
the first year of life (Gwiazda et al.
1993; Mayer et al. 2001; Mutti et al.
2005), but may have little relevance to
human refractive development after
this time. Recent studies on non-
human primates suggest that, after a
rapid phase of elimination of neo-
natal refractive errors, mild hyperopia
is the preferred end-point for refrac-
tive development (Qiao-Grider et al.
2007).

It could be argued that one expla-
nation of these findings is that once
SERs are in the mildly hyperopic
range, the use of accommodation
would minimise hyperopic defocus
and hence minimise the drive towards
axial elongation. However, this view is
not compatible with the precise com-
pensation to imposed myopic defocus
that occurs in animal models (Wall-
man & Winawer 2004), where accom-
modation can also be used to clear
vision. Moreover, at many of the
RESC sites, there is continued inci-
dent myopia up the age of 15 and
increases in mean SER, which sug-
gests that axial elongation has not
ceased.

One limitation of this study is that
the oldest children examined were 15.
Over the years, the age at which
refractive development has been
regarded as terminating, at least in
terms of the development of myopia,
has tended to increase, with early
studies proposing 12–13 as a typical
age for the end of refractive
development (Curtin 1985), and more
recent studies proposing the later
teenage years (Goss et al. 1990). There
is now sound evidence from a

Prevalence of refractive categories by age: 
Liwan District, Guangzhou, China
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Fig. 8. Prevalence of refractive categories by age: Guangzhou, China (urban).
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population-based study which used
cycloplegic refraction (Hashemi et al.
2004) that the prevalence of myopia
can increase for another decade, and
there is also evidence for continued
myopic progression, at least in
selected groups (Lin et al. 1996). The
study by Sorsby et al. (1960) of
cycloplegic refractions in national
servicemen provides a useful point of
reference, even though the refractive
categories cannot be precisely aligned
with ours. This study reported that
73.4% of these young adults had
refractions in the range from 0.00 to
<2.00 D, in a sample where the over-
all prevalence of myopia (<0.00 D)
was only 11.7%. These data suggest
that the basic characteristics of the
distribution of refractive errors docu-
mented in this paper are preserved
into young adult life, at least when
the overall prevalence of myopia is
low. No studies have examined young
adults in a population-based sample
with cycloplegic refraction where the
prevalence of myopia is high. We
believe that continued transition of
low hyperopes into emmetropes and
emmetropes into myopes is likely to
be observed. Overall, more detailed
studies of this important young adult
age range, in which cyloplegia is
essential for accurate refraction (Has-
hemi et al. 2004), are required. This
is, of course, not the end of refractive
development, because there is a later
phase of development, after the age of
around 30, in which there are hyper-
opic shifts in refraction over several
decades (Lee et al. 2002; Hashemi
et al. 2009), and, later still, myopic
shifts in refraction associated with
nuclear opacities (Wong et al. 2001).

These results have several implica-
tions. They emphasise that mild
hyperopia is not an abnormal state
during childhood, which has
implication for the debate over if,
and when, to treat hyperopia in chil-
dren (Mutti 2007). In contrast, early
onset emmetropia is a problem which
may lead to the development of
myopia, and thus may be an appro-
priate trigger for myopia prevention
when acceptable methods become
available. They also suggest that
future research needs to concentrate
on the biological basis and control of
the two main factors which appear to
be at play in human refractive
development after the first year or

two of life. The first is axial elonga-
tion, which judged from continuing
refractive changes, can continue into
the third decade of life (Lin et al.
1996; Hashemi et al. 2004), and
which may be sensitive to environ-
mental exposures (Morgan & Rose
2005). The second is the process of
reduction in lens power, which has so
far not been studied experimentally.
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China.
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