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Abstract
Purpose: To investigate non-cycloplegic changes in refractive error prior to the onset of presbyopia.
Methods: The Aston Longitudinal Assessment of Presbyopia (ALAP) study is a prospective 2.5
year longitudinal study, measuring objective refractive error using a binocular open-ﬁeld WAM5500 autorefractor at 6-month intervals in participants aged between 33 and 45 years.
Results: From the 58 participants recruited, 51 participants (88%) completed the ﬁnal visit. At
baseline, 21 participants were myopic (MSE -3.25 ± 2.28 DS; baseline age 38.6 ± 3.1 years) and
30 were emmetropic (MSE −0.17 ± 0.32 DS; baseline age 39.0 ± 2.9 years). After 2.5 years, 10%
of the myopic group experienced a hypermetropic shift (≥0.50 D), 5% a myopic shift (≥0.50
D) and 85% had no signiﬁcant change in refraction (<0.50 D). From the emmetropic group,
10% experienced a hypermetropic shift (≥0.50 D), 3% a myopic shift (≥0.50 D) and 87% had
no signiﬁcant change in refraction (<0.50 D). In terms of astigmatism vectors, other than J45
(p < 0.001), all measures remained invariant over the study period.
Conclusion: The incidence of a myopic shift in refraction during incipient presbyopia does not
appear to be as large as previously indicated by retrospective research. The changes in axis
indicate ocular astigmatism tends towards the against-the-rule direction with age. The structural origin(s) of the reported myopic shift in refraction during incipient presbyopia warrants
further investigation.
© 2017 Spanish General Council of Optometry. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).
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Refracción durante la presbicia incipiente: Estudio de evaluación longitudinal de la
presbicia de Aston (ALAP)
Resumen
Objetivo: Investigar los cambios en el error refractivo sin cicloplégico con anterioridad a la
aparición de la presbicia.
Métodos: El estudio de la evaluación longitudinal de la presbicia de Aston (ALAP) es un estudio
longitudinal prospectivo de 2,5 años que mide el error refractivo objetivo utilizando un autorrefractor binocular de campo abierto WAM-5500 a intervalos de 6 meses, en participantes con
edades comprendidas entre 33 y 45 años.
Resultados: De los 58 participantes estudiados, 51 de ellos (88%) completaron la visita ﬁnal.
Al inicio, 21 participantes eran miopes (MSE -3,25 ± 2,28 DS; edad basal: 38,6 ± 3,1 años) y 30
eran emétropes (MSE -0,17 ± 0,32 DS; edad basal: 39 ± 2,9 años). Transcurridos 2,5 años, el
10% del grupo de participantes miopes experimentó un cambio hipermetrópico (≥0,5 D), el 5%
un cambio miópico (≥0,5 D), y el 85% no experimentó cambio refractivo signiﬁcativo alguno
(<0,5 D). En el grupo emétrope, el 10% experimentó un cambio hipermetrópico (≥0,5 D), el 3%
un cambio miópico (≥0,5 D), y el 87% no experimentó cambio refractivo signiﬁcativo alguno
(<0,5 D). En términos de vectores astigmáticos, todas las mediciones permanecieron invariables
durante el periodo de estudio excepto J45 (p<0,001).
Conclusión: La incidencia del cambio miópico en la refracción durante la presbicia incipiente
no parece ser tan grande como anteriormente indicado en investigaciones retrospectivas. Los
cambios en los ejes indican que el astigmatismo ocular tiende hacia la dirección contra la norma
con la edad. El(los) origen(es) estructural(es) del cambio miópico reportado en la refracción
durante la presbicia incipiente justiﬁca la investigación futura.
© 2017 Spanish General Council of Optometry. Publicado por Elsevier España, S.L.U. Este es un
artı́culo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/bync-nd/4.0/).

Introduction
Age-related changes in refraction have been well documented cross-sectionally and longitudinally during
childhood,1,2 early adulthood3,4 and presbyopia.5,6 Whilst
a signiﬁcant body of work charts myopia genesis and
progression in children,7---13 there is also evidence of myopia
onset and progression during adulthood.4,14,15 Indeed, Rahi
et al.16 reported 49% of 2487 randomly selected British
adults aged 44 years were myopic (MSE ≤ −0.75 D), with
over 80% of the myopia occurring after the age of 15 years
(late onset myopia).17,18
Considering the typical change in refraction between
the ages of 35---65 years,19 a hypermetropic shift has consistently been documented by cross-sectional14,20---29 and
longitudinal5,6,15 studies, with a myopic shift reported after
65 years, possibly due to the onset of crystalline lens
nuclear sclerosis.30 Current understanding of the optical and
structural changes that occur during the development of
presbyopia suggest the origin of the hypermetropic shift
between the ages of 35---65 years could be the manifestation
of previously latent hypermetropia,31 which can no longer be
overcome due to a reduction in amplitude of accommodation, or the crystalline lens paradox, where the increase in
crystalline lens thickness and curvature is over-compensated
for by a reduction in the average refractive index of the
crystalline lens.5,14,32
However, Pointer and Gilmartin33 have presented retrospective data revealing 20% of myopic participants

experienced a myopic shift in refraction of 0.50---0.75
D between the ages of 35---44 years, otherwise classiﬁed as the period of incipient presbyopia i.e. before a
reading addition correction is considered clinically necessary. Incipient presbyopic participants were largely omitted
from the aforementioned adult studies. Despite reporting a
hypermetropic shift (≥0.50 D) in refraction in emmetropic
and hypermetropic individuals after the age of 40 years,
Grosvenor and Skeates5 isolated retrospective longitudinal
myopic participant data to ﬁnd the hypermetropic shift in
refraction was less prevalent amongst myopic participants
(19%). In fact, most myopic participants remained stable
(66%) or became more myopic by ≥0.50 D (15%) after the
age of 40 years. Further, refractive data from 15 populationbased cohort and cross-sectional studies analysed by the
European Eye Epidemiology (E3 ) Consortium demonstrates
a small (1.7%) increase in the prevalence of low myopia
(classiﬁed as ≤−0.75 to >−3.00 D) between the ages of
35---39 years and 40---44 years, which could reﬂect further a
myopic shift in the incipient phase of presbyopia.19 The ocular changes driving this putative myopic shift in refraction
during incipient presbyopia are currently unknown. Moreover, it is unclear why myopic individuals appear to be at a
greater risk of a myopic shift in refraction than emmetropic
individuals during incipient presbyopia. Perhaps the effects
of the crystalline lens paradox are less pronounced in myopic
eyes due to their thinner crystalline lenses4,17,34 or previous
axial elongation acts as a predisposition for future continued
axial elongation.
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It is feasible that the putative myopic shift may act as
a compensatory mechanism to overcome near vision blur
resulting from diminishing levels of accommodation during
incipient presbyopia. Indeed, a connection has been made
between high levels of near work and myopia onset and progression in both children35,36 and adults.4,37---39 The myopic
shift may, therefore, be more prevalent in individuals spending long periods of time working at near.
The aim of this study is to provide prospective longitudinal data documenting the natural progression of refraction
during incipient presbyopia, and in particular to investigate the incidence of the putative myopic shift in refraction
amongst myopic and emmetropic individuals. Refractive
changes will also be considered with respect to the amount
of time spent working at near daily to explore the link
between near work and myopia during the incipient phase
of presbyopia.

Materials and methods
In order to collect longitudinal data, the study was designed
to review participants every 6 months over 2.5 years, thus
6 sessions were completed in total, each time repeating the
experimental protocol detailed below. One UK-registered
optometrist (DL) collected the data at each visit.
The study was approved by the Aston University Audiology and Optometry Research Ethics Committee and was
conducted in accordance with the tenets of the Declaration
of Helsinki. Written informed consent was obtained from
all the participants after an explanation of the nature and
possible consequences of the study.

Sample size
To ensure the recruited sample size was appropriate for
repeated measures ANOVA analysis (within and between
interaction), an effect size (f) of 0.25, an error probability
(˛) of 0.05 and required power (1 − ˇ) of 0.80 was inputted
into G*Power 340 for 6 repeat measurements amongst 2
groups, which produced an overall sample size of 20.

Questionnaire
In order to conﬁrm suitability to participate in the study,
each volunteer was asked to complete a questionnaire. The
questionnaire asked each participant to document their date
of birth, ethnicity, date of last sight test, general health,
medications and previous hospital eye service treatment.
The British National Formulary41 was consulted to ensure
none of the medications listed had any potential ocular
adverse reactions that might affect the accommodative
apparatus.
The questionnaire also collected information on the
lifestyle and occupation of each participant. Due to
the established links between high levels of near work
and myopia progression in children both children35,36 and
adults,4,37---39 participants were asked to indicate whether
they spent 0, 1---3, 4---7 or 8+ hours working at near or using
a computer daily. Low levels of outdoor sun exposure has
also been linked with myopia,42 therefore each participant

3
was asked whether their job was outdoor-based. Each participant was asked to recheck their completed questionnaire
at each subsequent visit and were allowed to alter their
responses as required (e.g. if their job had changed).

Visual acuity
Monocular and binocular high contrast logMAR visual acuity was measured at 6 m to ensure each participant could
achieve an acuity of 0.1 logMAR or better. Near visual acuity
was evaluated with a near logMAR card at 25 cm to ensure
each participant could achieve 0.1 logMAR or better at visit
1. At subsequent visits, visual acuity was re-measured to
provide an indicator of changes in refraction, accommodation and the development of any pathology, but was not
intended to be used as an outcome measure.

Amplitude of accommodation
Monocular subjective amplitude of accommodation was
measured in right eyes using an RAF rule (Richmond
Products, New Mexico, USA) via the push-up/pull-down
method.43,44 Whilst wearing their habitual refractive correction, participants were asked to wear an eye patch over
their left eye and try to maintain clear focus of the high
contrast N5 print as it was slowly pushed towards them until
the point where they ﬁrst reported sustained blur (pushup amplitude). Subsequently, the ﬁrst point at which the
N5 print became clear when moved away from the eyes
(pull-down amplitude) was measured. If a participant was
unable to achieve the minimum amplitude of accommodation measureable (2.00 D), a +3.00 D full aperture trial
lens was introduced in front of their right eye. The power
of the lens was subsequently subtracted from the pushup/pull-down amplitude value obtained. Push-up/pull-down
amplitude was measured three times and averaged to calculate the mean amplitude of accommodation for the right
eye.

Objective refractive error and keratometry
Objective refractive error and keratometry were measured simultaneously by the binocular open-ﬁeld WAM-5500
autorefractor (Grand Seiko Co. Ltd., Japan).45 Due to
restrictions in room dimensions, a bespoke +5.00 D Badal
lens system with a high contrast Maltese cross target was
mounted on the WAM-5500 autorefractor to enable distance
(0 D stimulus) viewing. The ﬁxation target was placed at
the focal length of the lens (20 cm) in order to measure
uncorrected distance refractive error. The left eye of each
participant was occluded and participants were asked to
focus on the centre of a Maltese cross as accurately as
possible throughout data collection. Five consecutive measurements were acquired and the average MSE, J180 , J45 ,
cylinder (C), axis () and power (P) were calculated.46 A
refractive shift ≥0.50 D in MSE was adopted as the minimum
threshold level for statistical signiﬁcance.47 The anterior
corneal radii of curvature and toricity were also recorded.
The radii of curvature readings from the principle meridians
were averaged to determine the mean central keratometry
reading.
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Statistical analysis
All data from right eyes only were tested for normality
using the Shapiro---Wilk test (SigmaPlot; Systat Software
Inc., California, USA). The gender distribution within the
emmetropic and myopic groups was compared using a ChiSquare Test. Differences between the baseline age of the
emmetropic and myopic groups were determined by a
t-test (SPSS; SPSS Inc., Illinois, USA). In order to determine whether changes in amplitude of accommodation
and refraction vectors were signiﬁcant over the 2.5 year
period, repeated measures analysis of variance (ANOVA)
testing was performed, comparing the effect of time
(within-subject variable) and refractive group classiﬁcation
(between-subject variable). Linear regression analysis was
performed to determine whether the baseline MSE, change
in amplitude of accommodation and refraction vectors was
signiﬁcantly correlated with baseline age and whether the
change in amplitude of accommodation was signiﬁcantly
correlated with the change in refraction after 30 months.

Results
Participants
In order to allow for attrition during the course of the longitudinal study and to increase the likelihood of enrolling
individuals who experience a myopic shift in refraction, 58
participants aged 33---45 years old (39.1 ± 3.2 years) were
recruited from an Aston University staff and local business volunteer call. All of the participants were screened
to exclude those with a positive history of ocular or systemic disease. Each participant had visited an Optometrist
for a full eye examination within 2 years from the baseline appointment and no one had been prescribed a reading
addition.
There was no attrition of subjects during the ﬁrst year
of the study, however, due to developed ocular (n = 1) and
systemic pathology (n = 1) and permanent relocation from
Birmingham (n = 1), a total of 95% (n = 55) of the original
cohort completed the 2.5-year study visit. The cohort’s ethnic composition is shown in Table 1. A total of 7% (n = 4; mean
baseline age 44.6 ± 0.6 years) of participants required the
+3.00 D supplementary lens to measure their amplitude of
accommodation. The same participants started wearing a
near addition for reading during the course of the study and
were, therefore, excluded from the analysis in this study.
Of the remaining 51 participants, the average time between
visits was 171 ± 7 days. None of the participants who were

Table 1

pregnant during the study (n = 4) reported gestational diabetes or any other health or visual issues.
Participants with a MSE of <−0.75 DS were deﬁned as
myopic.19 Emmetropes were classiﬁed by a MSE of between
−0.75 DS and +0.50 DS. At baseline, 21 (14 females and
7 males) participants were myopic (MSE −3.25 ± 2.28 DS;
baseline age 38.6 ± 3.1 years) and 30 (19 females and 11
males) were emmetropic (MSE −0.17 ± 0.32 DS; baseline
age 39.0 ± 2.9 years). No restrictions were made based on
the magnitude of cylindrical correction (myopes mean C
−0.71 ± 0.71 DC; emmetropes mean C −0.39 ± 0.32 DC). The
proportion of the myopic cohort who self-reported becoming myopic before the age of 15 years (early-onset myopes)
was 57%. The amount of self-reported near work undertaken by the participants is reported in Table 2. Note, only
1 emmetropic individual reported spending most of the day
outside. These ﬁgures did not change during the course of
the study.

Cross-sectional analysis
Chi-square analysis revealed the male: female ratio within
the myopic and emmetropic groups was not signiﬁcantly different throughout the study (Chi-square = 0.003, p = 0.958).
The baseline average age of the myopic (38.6 ± 3.1 years)
and emmetropic (39.0 ± 2.9 years) groups were not statistically signiﬁcantly different (t = 0.463; p = 0.646). Baseline
MSE was not correlated with baseline age (r = 0.263,
p = 0.062), whereas baseline right eye amplitude of accommodation was signiﬁcantly correlated with baseline age
(r = 0.561, p < 0.001).

Longitudinal analysis
Participants in the myopic group experienced a hypermetropic shift (≥0.50 D; n = 2, 10%), myopic shift (≥0.50 D;
n = 1, 5%) or had no signiﬁcant change in MSE (<0.50 D;
n = 18, 85%). A similar proportion of the emmetropic
group also experienced a hypermetropic shift (≥0.50 D;
n = 3, 10%), myopic shift (≥0.50 D; n = 1, 3%) or had
no signiﬁcant change in MSE (<0.50 D; n = 26, 87%).
The sphero-cylindrical refraction of the two myopic and
emmetropic participants undergoing a myopic shift ≥0.50 D
changed from −5.72/−1.59 × 13 to −6.63/−1.21 × 13 and
+0.15/−0.86 × 100 to −0.66/−0.85 × 101, respectively and
corresponded with a drop in visual acuity.
Three participants with myopia at baseline (MSE
−1.19 ± 0.35 D) became emmetropic (MSE −0.39 ± 0.23 D)
and one emmetropic participant (MSE −0.28 D) became

Number and proportion of emmetropes and myopes stratiﬁed by ethnicity.

Ethnicity

Afro-Caribbean
Chinese
Indian
White European

Number of participants

Proportion of the
total cohort (%)

Emmetropes

Myopes

4
1
2
23

1
0
1
19

10
2
6
82
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Number and proportion of emmetropes and myopes stratiﬁed by self-reported hours of near work undertaken daily.

Amount of near work
undertaken daily (hours)

Number of participants
Emmetropes

0
1---3
4 to 7
8+

Myopes

1
5
16
9

0
1
12
7

Subjective amplitude of accommodation (D)

0.8
0.6
0.4

Change in MSE (D)

Proportion of the
total cohort (%)

0.2
0.0
–0.2
–0.4
–0.6
–0.8

2
12
55
31

10
9
8

7
6
5
4
3

–1.0
0

6

12

18

24

30

0

Time (months)
Myopes

myopic (MSE −1.09 D) during the course of the study. A
repeated measures ANOVA test revealed the change in MSE
was not signiﬁcantly different between the myopic and
emmetropic groups (F = 0.150, p = 0.980; Fig. 1). Furthermore, the overall change in MSE over the 2.5-year period
(+0.10 ± 0.38 D) was not statistically signiﬁcant (F = 1.101,
p = 0.361). The rate of change in MSE was not correlated to
baseline age (r = 0.019, p = 0.896).
The overall change in astigmatism vector J180 was not
found to be statistically signiﬁcant (F = 1.345, p = 0.255).
The change in J45 was statistically signiﬁcant (F = 8.085,
p < 0.001), changing from +0.02 ± 0.19 D at baseline to
−0.06 ± 0.19 D at the ﬁnal visit, with no interaction based
on refractive error grouping emerging (F = 0.736, p = 0.597).
Furthermore, the change in C (F = 0.733, p = 0.599), 
(F = 0.887, p = 0.491) and P (F = 0.287, p = 0.920) were found
to be invariant over the course of the 2.5-year study. The
average angle of the axis () of astigmatism shifted from
156◦ at baseline to 144◦ at the conclusion of the study. The
axis of the anterior corneal toricity shifted from 31◦ to 67◦ ,
which was statistically signiﬁcant (F = 6.047, p < 0.001). The
changes in the mean anterior corneal radius of curvature
(F = 0.834, p = 0.527) and toricity (F = 0.799, p = 0.496) were
not statistically signiﬁcant.

12

18

24

30

Time (months)
Myopes

Emmetropes

Figure 1 The change in MSE documented at 6 visits over
2.5 years. The dashed lines represent the myopic (red) and
emmetropic (blue) participants who became more myopic over
the course of the study. The solid lines with error bars (±1
standard deviation) represent the refractive change observed
in the remainder of the myopic and emmetropic cohort.

6

Emmetropes

Figure 2 The right eye subjective amplitude of accommodation measured at each visit in myopic (red) and emmetropic
(blue) participants with error bars (standard deviation). The
dashed lines represent the regression line of the myopic
(y = −0.269x + 7.201; R2 = 0.969; p < 0.001) and emmetropic
(y = −0.236x + 6.000; R2 = 0.986; p < 0.001) data.

The amplitude of accommodation in the right eye signiﬁcantly decreased over the 2.5-year study (F = 37.219,
p < 0.001; Fig. 2), and was higher in the myopic group
than the emmetropic group throughout the study (F = 7.841,
p = 0.007). The rate of change over the 2.5-year study was
not signiﬁcantly different between the two refractive groups
(F = 1.213, p = 0.307) and was not dependent on baseline age
(r = 0.045, p = 0.752). The change in refractive error was not
correlated to the change in amplitude of accommodation
(r = 0.028, p = 0.847).

Discussion
The present investigation represents the ﬁrst prospective,
longitudinal study to record changes in objective refraction
during incipient presbyopia. Overall no signiﬁcant change in
refraction was observed, however a small proportion of participants experienced a signiﬁcant hypermetropic or myopic
shift in refraction (>0.50 D).
Data from previous studies have indicated a hypermetropic shift in refraction would be expected within the
age group recruited for this study,6,14 however, the average change in MSE over the course of the 2.5 year study,
although hypermetropic, was not found to be statistically
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signiﬁcant (p = 0.242). A total of 4% (n = 2) of the cohort
underwent a myopic shift in refraction >0.50 D over the 2.5
year study, which constituted 5% of the myopic and 3% of
the emmetropic participants. Previous research has indicated between 15 and 20% of myopes and 3% of emmetropes
experience a myopic shift in refraction >0.50 D during incipient presbyopia.5,33 A hypermetropic shift ≥0.50 D was also
experienced in the myopic (10%) and emmetropic (10%)
groups in the current study, with the remaining participants (85% of myopes and 87% of emmetropes) observing
no signiﬁcant change in MSE (<0.50 D). Grosvenor and
Skeates5 reported 19% of myopic participants and 54% of
emmetropic participants experienced a hypermetropic shift
in MSE, whilst the MSE of the majority of myopic participants
(66%) remained relatively stable (change <0.50 D). Ellingsen
et al.48 also found the MSE of the majority of myopes did
not change ≥0.50 D during incipient presbyopia, reporting
shifts in MSE of −0.39 ± 0.60 D in 78 participants during
their 30 s and −0.29 ± 0.56 D in 130 participants during their
40 s. The differences between refractive error progression
of emmetropic and myopic individuals reported by previous studies have not been replicated by the current study,
possibly as a result of selection bias inherent within the previous retrospective studies. However the data presented by
Grosvenor and Skeates5 and Pointer and Gilmartin33 mapped
refractive changes over a longer period (>4 years) and
Grosvenor and Skeates’ study is likely to represent refractive
changes during manifest presbyopia also.
A longitudinal study of similar length to the current
study reported 45% of 322 eyes from 166 clinical microscopists aged 21 to 55 years experienced a myopic shift in
MSE (≥0.375 D, mean change −0.58 ± 0.04 D) in 2 years,4
however, data were not provided speciﬁcally on the pattern of refractive change according to age. Nevertheless,
it is possible to ascertain from graphical representation of
part of the data that 6 eyes belonging to individuals aged
40---42 years who were emmetropic (MSE between −0.25 to
+0.625 D) at the start of the study experienced a myopic
shift in refraction (≥0.375 D) and were classiﬁed as myopic
(MSE ≤ −0.375 D) at the end of the 2 year study. The proportion of myopic incipient presbyopes who underwent a
myopic shift in refraction is unclear. Despite the suboptimal
criteria for a signiﬁcant change in refraction,47 the work
of McBrien and Adams4 provides longitudinal evidence of
a myopic shift within an occupational group who typically
spending most of their day working at near. Furthermore, the
participants who experienced a myopic shift in refraction in
McBrien and Adams’ study were older (40---42 years) than the
individuals who demonstrated a myopic shift in refraction in
the present study (37 and 39 years), indicating the myopic
shift also occurs in older incipient presbyopes than observed
during the course of the current study.
The myopic participant (aged 37 years at baseline) who
underwent a myopic shift in refraction of 0.71 D over the
2.5 year study was diagnosed as myopic at age 4 (earlyonset myopia) and entered the study with a MSE of −6.52 D,
self-reporting her refraction had stabilised during her adult
years. It has been well-established that early-onset myopes
are likely to progress to much higher levels of myopia than
those who develop myopia after puberty.49,50 The trigger
promoting continued myopia progression is unclear, however an increase in vitreous chamber depth has typically

been identiﬁed as the structural correlate responsible.4,51
The emmetropic participant (aged 39 years at baseline) who
underwent a myopic shift in refraction of 0.81 D had no previous history of refractive error, although was of Chinese
descent and gave birth 3 months after the 1 year review visit.
The Chinese ethnicity has the highest prevalence of myopia
of all ethnicities13,52,53 and hitherto the reason for this predisposition remains equivocal. Furthermore, pregnancy has
been linked with myopic shifts in refraction, however the
refractive error typically returns to pre-pregnancy levels
post-partum.54 The small perturbation in the emmetropic
participant’s data at visit 3 is likely to be due to the data
being from just one individual and, therefore, clinically
insigniﬁcant noise. The participant from the current study
underwent a further myopic shift of 0.33 D from her third to
sixth visit and was not diagnosed with gestational diabetes
or any other complications, suggesting her refractive shift is
unlikely to be pregnancy-related.
Considering ocular astigmatism during incipient presbyopia, the changes in the J180 , C and  presented here failed
to reach statistical signiﬁcance. Nevertheless, the change in
J45 and the change in the axis of the mean cylinder from 156◦
to 144◦ indicate ocular astigmatism changes towards the
against-the-rule direction (steeper horizontally) with age,
which is agreement with previous studies.55---57 The axis of
anterior corneal toricity also shifted in the against-the-rule
direction from 29◦ to 64◦ , thus supporting previous research
indicating the change towards against-the-rule ocular astigmatism with age is due to corneal changes,55,58,59 which
may be associated with an age-related reduction in eyelid
tension.60,61
All objective measurements of refraction were acquired
without the prior instillation of a cycloplegic agent. Noncycloplegic refraction was chosen to ensure involvement in
the study did not impair the ability of the cohort, who were
mostly Aston University staff, to return to work immediately following the appointment. In addition, the discomfort
associated with cycloplegic eye drop instillation and the
transient effects may have discouraged participants from
attending future review appointments, risking an unacceptably high attrition rate and reducing the power of the
study. Nevertheless, the individuals who participated in
the present investigation had relatively low amplitudes of
accommodation, therefore, it is unlikely erroneous accommodation would have had a signiﬁcant impact on the
magnitude of the results in the current study.
At the conclusion of the 2.5-year study, participants who
underwent a myopic shift in refraction >0.50 D were invited
to return for re-measurement of their objective refraction
under cycloplegia. The aim of measuring cycloplegic refraction was to determine whether a spasm of accommodation,
instigated by ciliary muscle contraction, might be responsible for the myopic shift in refraction. Unfortunately, it was
not possible to obtain cycloplegic measurements from the
2 participants who experienced a myopic shift during the
course of the present study due to narrow anterior chamber
angles (van Herick62 grade 2) and failure to consent. As well
as investigating differences between non-cycloplegic and
cycloplegic refraction, future studies should also quantify
longitudinal changes in ciliary muscle morphology and axial
biometry to investigate the structural correlate responsible
for the myopic shift in MSE during incipient presbyopia.
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When reﬂecting on the limitations of the study, the
addition of cycloplegic refractions and axial length data
could provide further explanation for the refractive changes
observed in the cohort. Additionally, the multi-ethnicity of
the cohort will introduce some inhomogeneity; however, the
vast majority of the participants (82%, see Table 1) were
White European, so the inﬂuence of ethnic differences is
likely to be limited.
The current study provides the ﬁrst prospective, longitudinal insight into how refractive error progresses during
incipient presbyopia. In conclusion, the incidence of a
myopic shift in refractive error during incipient presbyopia does not appear to be as large as previously indicated
by retrospective research.5,33 The incidence of a hypermetropic shift is greater than the myopic shift, however
overall, a signiﬁcant change in refraction is not evident over
2.5 years during incipient presbyopia. The structural origins of the hypermetropic and myopic shifts in refraction
are unclear and require further investigation, particularly
focused on the accommodative apparatus in order to determine whether a loss of accommodative ability is associated.

Conﬂicts of interest
The authors have no conﬂicts of interest to declare.

Acknowledgements
DL was funded by the College of Optometrists, UK. The work
described herein was presented, in part, at the Association for Research in Vision and Ophthalmology (ARVO) annual
conference (Laughton DS, et al. Invest Ophthalmol Vis Sci.
2014;55:ARVO E-Abstract 3744).

References
1. Zadnik K, Mutti DO, Friedman NE, Adams AJ. Initial crosssectional results from the Orinda Longitudinal Study of Myopia.
Optom Vis Sci. 1993;70:750---758.
2. Mutti DO, Hayes JR, Mitchell GL, et al. Refractive error,
axial length, and relative peripheral refractive error before
and after the onset of myopia. Invest Ophthalmol Vis Sci.
2007;48:2510---2519.
3. Grosvenor T, Scott R. Three-year changes in refraction and
its components in youth-onset and early adult-onset myopia.
Optom Vis Sci. 1993;70:677---683.
4. McBrien NA, Adams DW. A longitudinal investigation of adultonset and adult-progression of myopia in an occupational
group. Invest Ophthalmol Vis Sci. 1997;38:321---333.
5. Grosvenor T, Skeates PD. Is there a hyperopic shift in
myopic eyes during the presbyopic years. Clin Exp Optom.
1999;82:236---243.
6. Lee KE, Klein BEK, Klein R, Wong TY. Changes in refraction over
10 years in an adult population: the Beaver Dam Eye study.
Invest Ophthalmol Vis Sci. 2002;43:2566---2571.
7. Saunders KJ, Woodhouse JM, Westall CA. Emmetropisation in
human infancy: rate of change is related to initial refractive
error. Vision Res. 1995;35:1325---1328.
8. Wood ICJ, Hodi S, Morgan L. Longitudinal change of refractive error in infants during the ﬁrst year of life. Eye.
1995;9:551---557.

7
9. Ehrlich D, Braddick OJ, Atkinson J, et al. Infant emmetropization: longitudinal changes in refraction components from nine
to twenty months of age. Optom Vis Sci. 1997;74:822---843.
10. Stenstrom S. Investigation of the variation and the correlation
of the optical elements of human eyes. Am J Optom Arch Am
Acad Optom. 1948;25:496---504.
11. Sorsby A, Sheridan M, Leary GA, Benjamin B. Vision, visual
acuity, and ocular refraction of young men. Br Med J.
1960;1:1394---1398.
12. Logan N, Davies L, Mallen EAH, Gilmartin B. Ametropia and
ocular biometry in a UK University student population. Optom
Vis Sci. 2005;82:261---266.
13. Logan NS, Shah P, Rudnicka AR, Gilmartin B, Owen CG.
Childhood ethnic differences in ametropia and ocular biometry: the Aston Eye Study. Ophthalmol Physiol Opt. 2011;31:
550---558.
14. Saunders H. Age-dependence of human refractive errors. Ophthal Physiol Opt. 1981;1:159---174.
15. Saunders H. A longitudinal study of the age-dependence of
human ocular refraction. 1. Age dependent changes in the
equivalent sphere. Ophthal Physiol Opt. 1986;6:372---375.
16. Rahi JS, Cumberland PM, Peckham CS. Myopia over the lifecourse: prevalence and early life inﬂuences in the 1958 British
birth cohort. Ophthalmology. 2011;118:797---804.
17. McBrien NA, Millodot M. A biometric investigation of late onset
myopic eyes. Acta Ophthalmol. 1987;65:461---468.
18. Bullimore MA, Gilmartin B, Royston JM. Steady-state accommodation and ocular biometry in late-onset myopia. Doc
Ophthalmol. 1992;80:143---155.
19. Williams KM, Verhoeven VJM, Cumberland P, et al. Prevalence
of refractive error in Europe: the European Eye Epidemiology
(E3 ) Consortium. Eur J Epidemiol. 2015;30:305---315.
20. Tassman IS. Frequency of various kinds of refractive errors. Am
J Ophthalmol. 1932;15:1044---1053.
21. Brown EVL. Net average yearly changes in refraction of
atropinized eyes from birth to beyond middle life. Arch Ophthalmol. 1938;19:719---734.
22. Slataper FJ. Age norms of refraction and vision. Arch Ophthalmol. 1950;43:466---481.
23. Hirsch MJ. Changes in refractive state after the age of fortyﬁve. Am J Optom. 1958;35:229---237.
24. Fledelius HC. Is myopia getting more frequent? A crosssectional study of 1416 Danes aged 16 years+. Acta
Ophthalmol. 1983;61:545---559.
25. Fledelius HC, Stubgaard M. Changes in refraction and corneal
curvature during growth and adult life: a cross-sectional study.
Acta Ophthalmol. 1986;64:487---491.
26. Sperduto RD, Hiller R, Podger MJ. Familial aggregation and
prevalence of myopia in the Framingham Offspring Eye Study.
Arch Ophthalmol. 1996;114:326---332.
27. McCarty CA, Livingston PN, Taylor HR. Prevalence of myopia
in adults: implications for refractive surgeons. J Refr Surg.
1997;13:228---234.
28. Kempen JH, Mitchell P, Lee KE, et al. The prevalence of
refractive errors amongst adults in the United States, Western
Europe, and Australia. Arch Ophthalmol. 2004;122:495---505.
29. Atchison DA, Markwell EL, Kasthurirangan S, Pope JM, Smith
G, Swann PG. Age-related changes in optical and biometric
characteristics of emmetropic eyes. J Vision. 2008;8:1---20.
30. Pesudovs K, Elliott DB. Refractive error changes in cortical,
nuclear, and posterior subcapsular cataracts. Br J Ophthalmol.
2003;87:964---967.
31. Goss DA, Erickson P, Cox VD. Prevalence and pattern of adult
myopia progression in a general optometric practice population. Am J Optom Physiol Opt. 1985;62:470---477.
32. Mutti DO, Zadnik K. Age-related decreases in the prevalence of
myopia: longitudinal change or cohort effect. Invest Ophthalmol Vis Sci. 2000;41:2103---2107.

Please cite this article in press as: Laughton DS, et al. Refraction during incipient presbyopia: The Aston Longitudinal
Assessment of Presbyopia (ALAP) study. J Optom. (2017), http://dx.doi.org/10.1016/j.optom.2017.02.001

+Model
OPTOM-226; No. of Pages 8

ARTICLE IN PRESS

8

D.S. Laughton et al.

33. Pointer JS, Gilmartin B. Patterns of refractive change in myopic
subjects during the incipient phase of presbyopia: a preliminary study. Ophthalmic Physiol Opt. 2011;31:487---493.
34. Zadnik K, Mutti DO, Fusaro RE, Adams AJ. Longitudinal
evidence of crystalline lens thinning in children. Invest Ophthalmol Vis Sci. 1995;36:1581---1587.
35. Mutti DO, Mitchell GL, Moeschberger ML, Jones LA, Zadnik K. Parental myopia, near work, school achievement,
and children’s refractive error. Invest Ophthalmol Vis Sci.
2002;43:3633---3640.
36. Saw SM, Chua WH, Hong CY, et al. Nearwork in early-onset
myopia. Invest Ophthalmol Vis Sci. 2002;43:332---339.
37. Goldschmidt E. On the aetiology of myopia: an epidemiological
study. Acta Ophthalmol Scand. 1968;98:111---137.
38. Simensen B, Thorud OA. Adult-onset myopia and occupation.
Acta Ophthalmol. 1994;72:469---471.
39. Maheshwari R, Sukul RR, Gupta Y, et al. Its relation to refractive
errors, amblyopia and biometric parameters. Nepal J Ophthalmol. 2011;3:146---150.
40. Faul F, Erdfelder E, Lang AG. Buchner A. G*Power 3: a
ﬂexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behav Res Methods.
2007;39:175---191.
41. Joint Formulary Committee. British National Formulary. 68 ed.
London: BMJ Group and Pharmaceutical Press; 2014.
42. Sherwin JC, Hewitt AW, Coroneo MT, Kearns LS, Grifﬁths LR,
Mackey DA. The association between time spent outdoors and
myopia using a novel biomarker of outdoor light exposure.
Invest Ophthalmol Vis Sci. 2012;53:4363---4370.
43. McBrien NA, Millodot M. Amplitude of accommodation and refractive error. Invest Ophthalmol Vis Sci.
1986;27:1187---1190.
44. Wolffsohn JS, Sheppard AL, Vakani S, Davies LN. Accommodative amplitude required for sustained near work. Ophthal
Physiol Opt. 2011;31:480---486.
45. Sheppard AL, Davies LN. Clinical evaluation of the Grand
Seiko Auto Ref/Keratometer WAM-5500. Ophthal Physiol Opt.
2010;30:143---151.
46. Thibos LN, Wheeler W, Horner D. Power vectors: an application
of Fourier analysis to the description and statistical analysis of
refractive error. Optom Vis Sci. 1997;74:367---375.
47. Rosenﬁeld M, Chiu NN. Repeatability of subjective and objective refraction. Optom Vis Sci. 1995;72:577---579.

48. Ellingsen KL, Nizam A, Ellingsen BA, Lynn MJ. Agerelated refractive shifts in simple myopia. J Refract Surg.
1997;13:223---228.
49. Blegvad O. The prognosis of excessive myopia. Acta Ophthalmol. 1927;5:49---54.
50. Mäntyjärvi MI. Predicting of myopia progression in school children. J Pediatr Ophthalmol Strabismus. 1985;22:71---75.
51. Lin LLK, Shih YF, L YC, Hung PT, Hou PK. Changes
in ocular refraction and its components among medical
students-a 5-year longitudinal study. Optom Vis Sci. 1996;73:
495---498.
52. Rose KA, Morgan IG, Smith W, Burlutsky G, Mitchell P, Saw SM.
Myopia, lifestyle, and schooling in students of Chinese Ethnicity in Singapore and Sydney. Arch Ophthalmol. 2008;126:
527---530.
53. Lam CSY, Lam CH, Cheng SCK, Chan LYL. Prevalence of myopia
among Hong Kong Chinese schoolchildren: changes over two
decades. Ophthal Physiol Opt. 2012;32:17---24.
54. Pizzarello LD. Refractive changes in pregnancy. Graefe’s Arch
Clin Exp Ophthalmol. 2003;241:484---488.
55. Baldwin WR, Mills DA. A longitudinal study of corneal astigmatism and total astigmatism. Am J Optom Physiol Opt.
1981;58:206---211.
56. Goh WSH, Lam CSY. Changes in refractive trends and optical
components of Hong Kong Chinese aged 19---39 years. Ophthal
Physiol Opt. 1994;14:378---382.
57. Gudmundsdottir E, Jonasson F, Jonsson V, Stefansson E, Sasaki
H, Sasaki K. With the rule astigmatism is not the rule in the
elderly. Acta Ophthalmol. 2000;78:642---646.
58. Anstice J. Astigmatism- its components and their changes
with age. Am J Optom Arch Am Acad Optom. 1971;48:
1001---1006.
59. Hayashi K, Hayashi H, Hayashi F. Topographic analysis
of the changes in corneal shape due to aging. Cornea.
1995;14:527---532.
60. Grosvenor T. Etiology of astigmatism. Am J Optom Physiol Opt.
1978;55:214---218.
61. Read SA, Collins MJ, Carney LG. The inﬂuence of eyelid morphology on normal corneal shape. Invest Ophthalmol Vis Sci.
2007;48:112---119.
62. van Herick W, Shaffer RN, Schwartz A. Estimation of width of
angle of anterior chamber. Incidence and signiﬁcance of the
narrow angle. Am J Ophthalmol. 1969;6:626---629.

Please cite this article in press as: Laughton DS, et al. Refraction during incipient presbyopia: The Aston Longitudinal
Assessment of Presbyopia (ALAP) study. J Optom. (2017), http://dx.doi.org/10.1016/j.optom.2017.02.001

