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Changes in Lens Power in Singapore Chinese Children
during Refractive Development
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PURPOSE. To examine changes in lens power during refractive
development in Singapore Chinese children.

METHODS. Children aged six to nine years from three Singapore
schools were invited to participate in the Singapore Cohort
study Of the Risk factors for Myopia (SCORM) study.
Cycloplegic refractions and biometry were measured annually
in the schools over a five year period from 1999. Children were
classified into five refractive error groups: persistent hyper-
opia, emmetropizing hyperopia, persistent emmetropia, newly
developed myopia, or persistent myopia. Crystalline lens
power was calculated using Bennett’s formula. The rate of
change per year across the refractive groups was adjusted for
age and sex using General Linear Models.

RESULTS. There were 1747 children with at least three sets of
measurements for lens power calculations. The mean age at
baseline was 7.94 6 0.84 years and the mean spherical
equivalent refraction was �0.41 6 1.71 diopters (D). Lower
lens power and lower lens thickness were associated with
persistent myopia. As expected, the newly developed myopes
and the persistent myopes showed the largest changes in axial
length (AL). Changes in lens power and thickness at follow-up
were similar in all refractive groups, except for the newly
developed myopes, who showed significantly greater decreas-
es in lens power (0.36 vs. 0.29 D/year; P < 0.001) and lens
thickness (0.015 vs. 0.0003 mm/year; P < 0.001) than the
persistently emmetropic group.

CONCLUSIONS. Newly developed myopes showed a significantly
greater decrease in lens power than other refractive groups,
which may be linked to rapid changes in AL and refraction that
occur around the onset of myopia. (Invest Ophthalmol Vis Sci.

2012;53:5124–5130) DOI:10.1167/iovs.12-9637

Spherical equivalent refraction (SER) is determined by the
balance of corneal and lens power, anterior chamber depth

(ACD), and axial length (AL). In newborn children,1 the
distribution of refractive error is normal, and centered around
a mean hyperopic status of 2 to 3 diopters (D). Changes in the
first year or two after birth show marked increases in AL and
decreases in corneal and lens power, coupled with the
development of a markedly kurtotic distribution of SER, with
a peak of around 1 D, and a corresponding reduction in the
variability of SER.2–4

The classical cross-sectional and longitudinal studies by Sorsby
and colleagues5,6 of changes in refraction after the age of 3 define
the next stage; increases in AL and ACD, with very limited changes
in corneal power, but significant reductions in lens power. The
changes in refraction were smaller than anticipated from the
amount of axial elongation, suggesting that the reductions in lens
power largely neutralized the myopic shifts, which would
otherwise be associated with axial elongation.7,8

These changes in lens power are potentially important for
the determination of final refractive state. Refraction is
clustered by emmetropisation around a mean SER of about
þ1 D in the first two years of life, and from then on there is an
increase in AL of at least 3 mm up to adult values, which
corresponds to a myopic shift in refraction of around 6 to 7 D.8

Without a compensating factor, most children would, there-
fore, become highly myopic. The major compensating factor
appears to be reduction in lens power, but despite its
importance, surprisingly little attention has been devoted to
the mechanisms of change in lens power or how lens power is
controlled during development.

Most previous studies have been carried out on populations
where the prevalence of myopia is relatively low, as is the case for
the Orinda9 and Collaborative Longitudinal Evaluation of Ethnicity
and Refractive Error (CLEERE)10 studies. A previous report from
the Singapore Cohort study Of the Risk factors for Myopia
(SCORM) study,11 where the prevalence of myopia is high, has
reported on the patterns of longitudinal change in refraction and
ocular biometry. The high prevalence and incidence of myopia in
Singapore enabled an analysis of the differences between those
children who were myopic at first visit, and those who became
myopic during the follow-up period. Key findings from this
previous report11 were that the rate of axial elongation was
markedly higher in children who were always myopic or who
became myopic than in other groups, and that changes in lens
thickness were biphasic in all refractive groups.

Changes in lens power were not analyzed in the previous
report. In this paper, we have used the longitudinal data on
refraction and ocular components in these Singapore Chinese
children to examine changes in lens power in this population
where the prevalence of myopia is high.

METHODS

Children aged 6 to 9 years from three schools in Singapore were invited

to join SCORM in 1999 and 2001. Two schools were recruited in 1999,
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and one in 2001. The detailed methodology has been previously

published.11–13 The study was approved by the ethics committee of the

Singapore Eye Research Institute and the study protocol adhered to the

tenets of the Declaration of Helsinki. Only children with written

informed consent from their parents participated in the study.

The children were examined yearly in the schools by a trained team

using standard methodology. After cycloplegia (0.5% proparacaine,

followed by 3 drops of 1% cyclopentolate at 5 minute intervals),

refraction and corneal radius were measured using an autokeratore-

fractor (model RK5; Canon Inc, Ltd., Tochigiken, Japan). An Echoscan

(US-800; Nidek Co., Ltd, Tokyo, Japan) was used to measure AL,

vitreous chamber depth, ACD, and lens thickness.

Definitions

The spherical equivalent refraction of the randomly selected eye was

calculated as sphere power þ (0.5 3 cylinder power). A child had

persistent hyperopia if the SER was more than þ1.00 D at all visits. A

child who began with hyperopia (SER more thanþ1.00 D) on at least

the first visit, but had SE between greater than�0.50 D andþ1.00 D at

subsequent visits, was considered to have emmetropizing hyperopia. A

child was deemed to have persistent emmetropia if the SER was greater

than�0.50 D and less than or equal toþ1.00 D at all visits. A child who

began with emmetropia on at least the first visit and demonstrated a

SER lower than�0.50 D at one or more subsequent visits was classified

as having newly developed myopia. Persistent myopia was defined by a

SER of at least�0.50 D at all visits.

There were 1747 children at baseline and the retention rate was

97.3%, 98.3%, 90.9%, 62.3%, and 34.7% for the five subsequent visits.

All children who had at least three visits and met the criteria for one of

the five refractive error groups, were included in the analyses.

Corneal power, in diopters, was calculated from the corneal radius

with a refractive index of 1.3315, as proposed by Olsen.14 Calculation

of crystalline lens power was based on distance, cycloplegic

autorefraction, corneal power, ACD, lens thickness, and AL using the

formula proposed by Bennett.15 For the calculation of the A and B

constants of this formula, a Q value of 0.36 was used15 and a lens

equivalent index of 1.427 was used, as proposed by Mutti for children’s

lenses.16

Statistical Analysis

The mean values for ocular components were compared at baseline

across the refractive groups after age–sex and multivariate adjustment.

For the multivariate adjusted models, potential risk factors were

included in multivariate regression models, and manual backward

stepwise elimination procedures were performed, based on a criterion

of P less than 0.05, to achieve the most parsimonious model. Simple

correlations were studied between the different ocular components

and refraction with Pearson r values. Stepwise multiple linear

regression analysis with collinearity diagnostics was performed for

refractive error, including the ocular components that were signifi-

cantly correlated with spherical equivalent.

Growth curve models of AL, ACD, lens thickness, and corneal radius

were presented in a previous publication.11 This paper shows the

fractional polynomial curves only for lens power change, obtained using

the same methods. The rate of change per year across the refractive

groups was then studied for spherical equivalent refraction, AL, lens

power, and lens thickness (unadjusted, age adjusted, sex adjusted, and

multivariate adjusted). The variables included in multivariate adjustment

were age, sex, race, father’s education, school, height at baseline visit,

parental myopia, and books read per week (considered as fixed

effects).12,13,17 Data analyses were performed with statistical software

(SPSS version 19.0; SPSS Inc., Chicago, IL).

TABLE 1. Means of Ocular Components by Sex at Baseline

Males Females P

Spherical equivalent (diopters) �0.51 �0.30 0.013*

Corneal power (diopters) 42.51 43.18 0.001*

Anterior chamber depth (mm) 3.65 3.56 0.001*

Lens power (diopters) 24.22 25.39 0.001*

Axial length (mm) 23.62 23.02 0.001*

Lens thickness (mm) 3.47 3.47 0.886

AL/CR 3.027 2.997 0.001*

*Student’s t-test.

TABLE 2. Mean Values for Ocular Components at Baseline Visit across the Refractive Groups

n ¼ 1747

PH EH PE NDM PM

P*46 141 361 590 609

Lens Power (diopters), Mean (SD)

Unadjusted 25.53 (1.72) 25.52 (1.53)† 25.07 (1.52) 25.04 (1.61) 24.17 (1.59)† <0.001

Age–sex adjusted 25.46 (1.41) 25.29 (1.42) 25.26 (1.42) 24.86 (1.44)† 24.31 (1.43)† <0.001

Multivariate adjusted‡ 25.63 (1.53) 25.45 (1.76) 25.42 (2.23) 25.07 (2.68)† 24.5 (2.71)† <0.001

Spherical Equivalent (diopters), Mean (SD)

Unadjusted þ2.24 (1.24)† þ1.28 (0.26)† þ0.58 (0.28) þ0.24 (0.37)† �2.21 (1.62)† <0.001

Age–sex adjusted þ2.22 (1.00)† þ1.21 (1.00)† þ0.63 (1.00) þ0.18 (1.01)† �2.16 (1.00)† <0.001

Multivariate adjusted‡ þ2.16 (1.08)† þ1.14 (1.25)† þ0.54 (1.58) þ0.11 (1.9)† �2.23 (1.92)† <0.001

Axial Length (mm), Mean (SD)

Unadjusted 22.32 (0.80)† 22.54 (0.69)† 23.00 (0.68) 23.06 (0.69) 24.04 (0.92)† <0.001

Age–sex adjusted 22.35 (0.70)† 22.64 (0.7)† 22.9 (0.71) 23.14 (0.71)† 23.98 (0.71)† <0.001

Multivariate adjusted‡ 22.33 (0.74)† 22.62 (0.86)† 22.87 (1.08) 23.08 (1.3)† 23.93 (1.31)† <0.001

Lens Thickness (mm), Mean (SD)

Unadjusted 3.52 (0.16) 3.50 (0.18) 3.47 (0.18) 3.49 (0.18) 3.44 (0.17) <0.001

Age–sex adjusted 3.51 (0.18) 3.49 (0.18) 3.47 (0.18) 3.48 (0.18) 3.45 (0.18) 0.002

Multivariate adjusted‡ 3.52 (0.19) 3.48 (0.22) 3.47 (0.28) 3.48 (0.33) 3.44 (0.34) <0.001

*P value for one way ANOVA or General Linear Models, as appropriate.
†Significant difference when compared with PE by Bonferrroni post hoc tests.
‡Multivariate GLM adjusted for age, sex, race, father’s education, school, height, parental myopia, and books read per week.
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RESULTS

There were 1747 children, with at least three visits, available
for lens power calculations. At baseline, school children were
from grades first to third, aged six to nine years (72.64% were
aged seven or eight years), and 887 (50.8%) were male. The
mean age at baseline was 7.94 6 0.84 years and the SER was
�0.41 6 1.71 D. Compared with boys, girls had a significantly
higher (less myopic) mean SER, greater corneal power, shorter
AL and ACD, lower axial length/corneal radius ratio (AL/CR),
and greater lens power, but there was no difference in lens
thickness between sexes (Table 1).

At baseline, unadjusted data showed that persistent myopes
(PM) had lower mean lens power than emmetropes, but lens
power in the newly developed myopes (NDM) was not
statistically different from that of emmetropes. When adjusted
for sex and age, both NDM and PM had significantly lower lens
power than persistent emmetropes (PE) (Table 2), although
the difference between NDM and emmetropes was small. The
NDM, although emmetropic at baseline, also had lower SER
and greater AL than PE.

The changes in lens power with age in the different
refractive groups are shown in Figure 1. In all refractive
groups, the fractional polynomial cruves11 showed very similar
reductions in lens power with age. The reductions were
particularly marked over the age from 6 to around 10 years.
After 10 years of age, the rate of loss of lens power decreased
markedly. Interestingly, there was a greater loss of lens power
in those who became myopic during the follow-up period,
such that, although they began with a lens power that was
similar to that of the PE, at the end of that period, their lens
power was closer to that of the persistent myope group.

The correlations between refraction and ocular compo-
nents at baseline are shown in Table 3. As expected, SER was
strongly correlated with AL, and even more strongly with the
AL/CR ratio. In contrast, the positive correlation of SER with
lens power was only moderate, as shown in Figure 2A. The

strongest correlation was seen for lens power and AL (Table 2),
and the correlation between lens power and AL/CR ratio was
slightly lower. The correlation between lens power and
thickness was positive (Fig. 2B), showing that thinner lenses
had lower lens power. Stepwise multiple linear regression
analysis with spherical equivalent refractive error as the
dependent variable showed AL as the principal significant
independent variable (r2 ¼ 0.488), then corneal power (r2 ¼
0.286), lens power (r2 ¼ 0.171), and anterior chamber depth
(r2¼0.038; all P < 0.001). When lens power was treated as the
dependent variable, AL was the principal significant factor (r2

¼0.498), followed by lens thickness (r2¼0.099), and spherical
equivalent (r2 ¼ 0.065; all P < 0.001).

With follow-up, the changes in lens power and lens
thickness were similar in all groups, except for the NDM
who showed greater decreases in lens thickness than the PE
(Table 4). NDM also had a significantly greater loss of lens
power than persistent myopes (PM) (�0.34 D/year vs.�0.26 D/

FIGURE 1. Sex adjusted fractional polynomial curves of lens power, in
diopters, during follow-up period for the five different refractive
groups: persitent hyperopes (PH), emmetropizing hyperopes (EH), PE,
NDM, and PM.

Figure 2. (A) Relationship between SER and lens power at baseline
(loess plot continuous line, linear regression dotted line). (B)
Relationship between lens power and lens thickness (loess plot).
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year, P < 0.001, Bonferroni post hoc test; Table 4). PM

continued to lose lens power at a similar rate as the PE (Fig. 1

and Table 4). These changes, and the development of myopia

over the follow-up period, produced some changes in the

correlations between variables by the end of the study. In

particular the correlations of SER with AL and with AL/CR

increased (from�0.698 at baseline to�0.754 at follow-up, and

from �0.865 to �0.891, respectively), while the correlation of

SER and lens power decreased (fromþ0.302 toþ0.214), as did

the correlation of lens power with AL (from�0.706 to�0.639)

and AL/CR ratio (from �0.601 to�0.530).

Three critical correlations are illustrated graphically in

Figure 3 (A–C). None of the relationships were completely

linear, as illustrated by the fitting of both linear regression and

loess plots to the figures. In the case of spherical equivalent

versus AL (Fig. 3A), spherical equivalent declined more rapidly

with increasing AL at higher ALs. In the cases of lens power

versus SER (Fig. 3B) and lens power versus AL (Fig. 3C), there

appear to be slower rates of loss of lens power with myopic

refractive error and longer ALs. We tested the hypothesis that,

at ages 6 to 12 years, rapid progressors in the persistent

myopic group could have higher rates of lens power loss, but

did not find any significant difference in lens power loss

between rapid and slow progressors (data not shown).

DISCUSSION

These results show systematic changes in calculated lens
power over the age range from 6 to 12 years. The curves for
lens power loss in all groups were relatively steep up until the
age of 10, then flattened similarly, except for the newly
developed myopia group. Lens power appeared to continue to
decrease, but slowly, after the age of 10 years. The changes in
lens power were very similar for all the refractive groups.
However, for NDM, there was a greater reduction in lens
power, which was accompanied by a greater reduction in lens
thickness. There was also a difference between groups in lens
power at baseline, where those who started with hyperopia
had the highest lens powers, those who started emmetropic
had somewhat lower powers, and the group that was already
myopic at baseline had the lowest starting lens power.
Interestingly, NDM, while still emmetropic at baseline, had
slightly greater AL and lower lens power than children with
persistent emmetropia (Table 2).

These patterns of change in lens power are quite similar to
those reported by Jones et al.9 from the Orinda study, with the
exception that they did not divide the persistent myope and
newly developed myope groups. Bearing this difference in
mind, the patterns of change in lens power were quite similar,
and essentially occurred in parallel, with quite similar starting
points and patterns of loss. The only exception was our

TABLE 3. Correlation Coefficients between Ocular Components for Baseline Data All Subjects Aged Six to 9 Years

Corneal Power AL Lens Power Lens Thickness AL/CR

Refraction (SER) �0.107* �0.698* þ0.302* þ0.139* þ0.865*

Corneal power – �0.507* þ0.208 �0.029 þ0.302*

AL – – �0.706* �0.238* þ0.668*

Lens power – – – þ0.474* �0.601*

Lens thickness – – – – �0.288*

n ¼ 1747; r values.
*Correlation is significant at the 0.01 level (two tailed).

TABLE 4. Mean Values for Rate of Change (Final–Baseline) per Year in Ocular Components across the Refractive Groups

EH PE NDM PM

141 361 590 609 P value*

Rate of Change Per Year in Lens Power (diopters/year), Mean (SD)

Unadjusted �0.24 (0.30) �0.29 (0.30) �0.36 (0.31)† �0.25 (0.33) <0.001

Age–sex adjusted �0.22 (0.31) �0.31 (0.31) �0.34 (0.32) �0.26 (0.31) <0.001

Multivariate adjusted‡ �0.27 (0.39) �0.34 (0.49) �0.38 (0.59) �0.29 (0.60) <0.001

Rate of Change Per Year in Spherical Equivalent (diopters/year), Mean (SD)

Unadjusted �0.18 (0.11)† �0.11 (0.11) �0.53 (0.26)† �0.62 (0.30)† <0.001

Age–sex adjusted �0.17 (0.24) �0.12 (0.24) �0.52 (0.25)† �0.63 (0.25)† <0.001

Multivariate adjusted‡ �0.15 (0.30) �0.09 (0.38) �0.48 (0.46)† �0.58 (0.46)† <0.001

Rate of Change Per Year in AL (mm/year), Mean (SD)

Unadjusted 0.12 (0.10) 0.10 (0.11) 0.28 (0.14)† 0.28 (0.16)† <0.001

Age–sex adjusted 0.11 (0.14) 0.11 (0.14) 0.27 (0.14)† 0.29 (0.14)† <0.001

Multivariate adjusted‡ 0.11 (0.17) 0.12 (0.22) 0.27 (0.26)† 0.28 (0.26)† <0.001

Rate of Change Per Year in Lens Thickness (mm/year), Mean (SD)

Unadjusted �0.001 (0.05) 0.0003 (0.05) �0.015 (0.04)† �0.005 (0.05) <0.001

Age–sex adjusted 0.001 (0.05) �0.001 (0.05) �0.014 (0.05)† �0.006 (0.05) <0.001

Multivariate adjusted‡ 0.004 (0.06) 0.003 (0.07) �0.006 (0.09)† 0.002 (0.09) 0.003

Rate of Change per year ¼ (last visit–baseline visit)/years.
*P value for one way ANOVA or General Linear Models, as appropriate.
†Significant difference when compared with PE by Bonferrroni post hoc tests.
‡Multivariate GLM adjusted for age at baseline, sex, race, father’s education, school, parental myopia, and books read per week.
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observation of a somewhat lower lens power at baseline, and
greater loss of lens power at follow-up, in the newly developed
myopia group. This was also reported by Garner18 in a
longitudinal study of schoolchildren in Nepal, where the
children developing myopia had greater reduction in lens
power than their emmetropic peers.

One interpretation of these patterns of change in lens
power, which appear to be similar across ethnic groups
(CLEERE,10 and this study), is that they represent a develop-
mental change that is common to most, if not all eyes, and is
not regulated in relation to AL or refractive error. This very
simple interpretation may be problematic because of the
magnitude of the changes in AL and lens power that take place.
If these two changes were not well-balanced, myopic shifts, or
even possibly hyperopic shifts, could occur. One evolutionary
solution to this problem would be to coordinate the
magnitudes of natural developmental changes in the rate of
axial elongation and loss of lens power, so that refractions are
maintained within the mildly hyperopic range for as long as
possible. This may be all that is required since the human
refractive development does not lead with any precision to
emmetropia.19 However, there is also convincing evidence that
the rate of axial elongation in humans can be actively regulated
by environmental exposures.20 Acceleration of axial elongation
could then lead to a situation where axial elongation out paced
reductions in lens power, or continued for longer than
reduction in lens power, resulting in the development of
myopia.

An alternative would be that the processes of axial
elongation and loss of lens power are linked in some way.
Axial elongation could be regulated in relation to the rate of
loss of lens power, with any tendency to hyperopia, due to loss
of lens power compensated for by increased axial elongation,21

following mechanisms that have been well documented in
animal studies,22 and which appear to operate in early human
refractive development. There are also some indications that
loss of lens power can be accelerated, when the rate of axial
elongation is high. The first comes from the baseline analysis,
where there is an association between lens power and SER,
and a significantly stronger association between lens power
and AL, as though in the years prior to baseline, more loss of
lens power had occurred in eyes with higher rates of axial
elongation. The second indication comes from analysis of the
newly developed myopia group, where the process of
development of myopia appears to be associated in some
way with an increased loss of lens power. This would appear to
be only transient, since an increased rate of loss of lens power
was not detected in the follow-up analysis of the persistent
myopia group, although it may have contributed to the low
lens power at baseline in this group.

Other evidence suggests that the relationship between
changes in lens power and axial elongation is not particularly
close. Changes in lens power slow markedly after the age of 10
years, but axial elongation, while also slowing down with age,
appears to outpace the rate of reduction in lens power, leading
in some cases to myopia. This can be seen in the declining
correlation between lens power and AL over the follow-up
period. This means that the eye continues to elongate after
reductions in lens power decline, making it unlikely that
changes in lens power drive continuing axial elongation, and
strengthening the idea that axial elongation is regulated by
other factors.

Following van Alphen,23 Mutti and colleagues24,25 have
suggested that the thinning of the lens, the flattening of its
surfaces, and the loss of lens power are due to a simple
physical stretching of the lens as the eye grows equatorially.
This idea has not been critically tested, and it is worthwhile
considering an alternative possibility, that the changes in lens

FIGURE 3. Loess plots for the relationships between SER and AL (A),
SER and lens power (B) lens power and axial length (C) at four years
follow-up.
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thickness and power in the first 10 years of life form part of a
continuing pattern of change in lens power throughout life.
From the age of 10, the lens starts to thicken, while continuing
to slowly lose power. This pattern continues for most of adult
life, and has come to be known as the lens paradox, because of
the apparent contradiction between lens thickening and
increasing lens curvature occurring in parallel with loss of
lens power.26 It is now generally accepted that the resolution
of this paradox is that a steepening of the gradient of refractive
index leads to loss of lens power.26–30

One of the features of lens development in humans is that
there is a high rate of fiber formation prenatally, which slows
markedly after birth.31 This may lead to a high rate of
compaction of the numerous fibers laid down prenatally,
combined with a reduced rate of formation of new fibers,
resulting in lens thinning, flattening of lens surfaces, and loss
of power over the first 10 to 12 years. After that age, as the rate
of compaction of prenatal fibers declines, the slower postnatal
rate of addition of new fibers could slowly thicken the ageing
lens. It is possible that the compaction of the prenatal fibers in
the nucleus of the lens during childhood steepens the gradient
of refractive index, making the lens lose internal power. The
finding of decreasing lens equivalent refractive index during
childhood in the Orinda study9 can be explained by a
steepening of the gradient index. And the steepening of the
gradient is almost certainly related to compaction in the lens,
supporting the idea that compaction between birth and age 10
produces lens thinning.

In the present study, we found lower lens power in NDM at
baseline, when they were still emmetropes, and found even
lower lens power in PM (Table 2). Recently, Mutti et al.32 have
reported data on lens power before and after myopia onset in
the CLEERE10 study. In this study they showed that lens power
is lower in those who become myopic, from well before the
onset of myopia, and that the difference with emmetropes
becomes greater with onset. They also reported that changes
in lens power ceased within a year of myopia onset, whereas
lens power continued to decrease in PE. This difference in
behavior between the two groups depended upon adjustment
of lens power for vitreal chamber depth, but was not seen in
the unadjusted data. Another recent study of the eyes of
Chinese, twins before and after myopia onset,33 showed that
the rate of change in SER was highest in the year prior to the
first detection of myopia, with concurrent faster changes in AL,
as had been previously reported by Mutti et al.,34 but that
changes in lens power did not differ significantly around the
onset of myopia. The differences between these three sets of
results warrant further investigation, particularly since it is
possible that subtle differences in the rate of lens power loss
are difficult to assess.

One potential limitation of our study is the fact that lens
power was calculated based on refraction, keratometry, and
biometry with Bennett’s formula, without phakometric mea-
surements of lens curvatures. This formula is known to
produce errors of at least 3 D in 5% of cases, when calculating
individual lens powers; however two independent studies35,36

have compared Bennett’s formula against phakometric data,
showing good agreement between the methods when calcu-
lating mean lens power. There is currently no method for
directly measuring the power of the lens in vivo, since
determining lens power from phakometric data requires
assumptions about the internal gradient index.

In this study, we found a positive correlation between lens
power and lens thickness. This corresponds with the evidence
that both lens power and lens thickness decrease over much of
this developmental period. However, some of this correlation
could arise artificially because lens power was calculated using a
formula that included lens thickness. We, therefore, calculated

lens power with an alternative Bennett formula that does not
include lens thickness.37 Using these new estimates, there was a
similar significant positive correlation between lens power and
measured thickness (r ¼þ0.313; P < 0.001), showing that the
correlation persists even when lens thickness is not part of the
formula used to calculate lens power.

Irrespective of the mechanisms involved, this paper shows
that there is a complex pattern of changes in lens thickness and
power as children develop, consistent with other studies.
There is a rapid loss of lens power and thickness up to the age
of 10 years, with the lens slowly thickening after that age, but
continuing to lose power very slowly. There is limited evidence
for active regulation of the changes in the lens in relation to
axial elongation and refractive development in the predomi-
nantly myopic population studied, whereas axial elongation
remains the major biometric cause of myopia. But given the
magnitude of the changes in lens power that take place during
development, the contribution of biological variations in the
rate of loss of lens power to variations in the development of
refractive error needs to be assessed in more detail.
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ED: Please verify the accuracy of any edits made to
the article summary below.
Précis: Crystalline lens power calculations were made in
children of the Singapore Cohort study Of the Risk factors for
Myopia, showing that newly developed myopic children had
greater decreases in lens power than persistent emmetropic
children.
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