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Abstract

Introduction: Dual- focus soft contact lenses for myopia management have dem-

onstrated to be an effective strategy to reduce myopia progression. However, this 

optical design has been shown to alter visual quality and accommodative function. 

The aim of this study was to examine the accommodative and behavioural perfor-

mance during the execution of a psychomotor vigilance task (PVT) while wearing 

dual- focus and single- vision soft contact lenses.

Methods: The steady- state accommodative response was recorded with the 

WAM- 5500 binocular open- field autorefractor during the execution of a 10- min 

PVT at 50 cm either with the dual- focus (MiSight 1- day) or single- vision (Proclear 

1- day) soft contact lenses, using a sample of 23 healthy young adults. Each experi-

mental session was performed on two different days in a counterbalanced order.

Results: A greater lag of accommodation, variability of accommodation and reac-

tion time was found while wearing dual- focus in comparison with single- vision 

soft contact lenses (mean differences during the 10- min PVT were 0.58 ± 0.81 D, 

p < 0.001; 0.31 ± 0.17 D, p < 0.001 and 15.22 ± 20.93 ms, p = 0.002, respectively). Also, 

a time- on- task effect was found for the variability of accommodation and reaction 

time (p = 0.001 and p < 0.001, respectively), observing higher values over time. 

However, the lag of accommodation did not change significantly as a function of 

time- on- task (p = 0.33).

Conclusion: Dual- focus soft contact lens wear influences the steady- state accom-

modative response and behavioural performance during the execution of a visual 

vigilance task in the short- term. Eye care practitioners should be aware of these ef-

fects when prescribing these lenses for myopia management, and provide specific 

recommendations according to the individual visual needs.
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INTRO DUC TIO N

Myopia has become a major public health issue due to the 
substantial increase in prevalence in the last decades, and 
its association with the onset of different ocular patholo-
gies (cataract, chorioretinal atrophy, macular hole, myopic 
foveoschisis, optic nerve head changes, etc.).1 Myopia, 
and especially high degrees of myopia (>6D), increases 
the chances of irreversible blindness in the long- term.2– 4 
Traditional optical correction of the underlying refractive 
error does not prevent myopia progression, and conse-
quently the appearance of potential ocular pathologies 
linked to myopia.5 Because of this, the research community 
has focused on testing the efficacy of a range of optical 
strategies to prevent myopia progression.6– 10 In this regard, 
different multifocal soft contact lens designs with myopia 
management features have raised great interest. These 
contact lenses have been designed to reduce hyperopic 
and induce myopic defocus, by manipulating the optical 
power in the lens periphery (i.e., spherical areas of positive 
power,11 multiple concentric treatment zones12 and induc-
tion of spherical aberration),13 which is considered to play a 
key role in myopia development and progression.14

Although this strategy has shown favourable effects for 
myopia management,15 there is scientific evidence show-
ing that vision quality is degraded while wearing these 
lenses.16– 19 For example, wearing multifocal soft contact 
lenses has been associated with an increased accommoda-
tive lag, which may lead to reduced image quality during 
near work.20– 22 Also, contrast sensitivity, light disturbance, 
higher order aberrations and visual comfort scores have 
been shown to be negatively affected by multifocal soft 
contact lenses used for slowing myopia progression, al-
though no changes in visual acuity and stereopsis have 
been observed.16,17,23– 26

Many everyday activities require precise visual capaci-
ties (e.g., reading, driving, piloting, air traffic control, etc.), 
and thus, optimal task performance depends on preserved 
visual functioning. Therefore, retinal defocus exceeding 
the depth of focus of the eye has been shown to compro-
mise reading performance and digit recognition speed 
when the defocus is greater than 2 D and between 1.0– 1.5 
D, respectively.27,28 In addition, Poltavski et al. artificially in-
duced accommodative- vergence stress with −2.0 D lenses, 
and found that a higher accommodative lag was associated 
with worse performance on a neuropsychological task of 
sustained attention (Conners' Continuous Performance 
Test).29

In view of this previously reported scientific evidence, 
it seems plausible to expect that dual- focus soft contact 
lens wear may have a negative effect on visual function 
and behavioural performance (visual reaction time) during 
the execution of cognitively demanding visual tasks at 
near. Specifically, a visual psychomotor vigilance task 
(PVT), which is a sustained attention, reaction- timed task 
that measures the speed of responding to a visual stimu-
lus presented at random inter- stimulus intervals. To date, 

there are no studies that have tested this hypothesis, and 
therefore this study was designed to fill this research gap. 
The main objective was to compare accommodative and 
behavioural performance during the execution of a vi-
sual vigilance task while using dual- focus (MiSight 1- day) 
and single- vision (Proclear 1- day) soft contact lenses in 
a sample of healthy young adults. To do so, we recorded 
the steady- state accommodative response with a binocu-
lar open- field autorefractor while participants performed 
a 10- min visual PVT at 50 cm with both types of soft con-
tact lenses (dual- focus vs. single- vision). Our hypothesis is 
that dual- focus lens wear will impair accommodation, as 
has been shown for a range of visual skills,16,17,20– 26 and this 
alteration of visual functioning could cause reduced be-
havioural performance during the vigilance task.

M ETHO DS

Participants

We performed an a- priori sample size calculation, assum-
ing an effect size of 0.25, power of 0.80 and alpha of 0.05, 
which projected a required sample size of 22 subjects for 
this experimental design.30 As a result, 23 university stu-
dents (mean age ± standard deviation: 20.46 ± 2.02 years) 
were recruited to participate in the study. Participants 
were screened according to the following inclusion crite-
ria: (i) free of any systemic or ocular disease; (ii) no history 
of strabismus, amblyopia or refractive surgery; (iii) soft con-
tact lens wearers with myopia <−0.50 D and astigmatism 
<0.75 D; (iv) have normal or corrected- to- normal vision 
(visual acuity of ≤0.00 logMAR in each eye); (iv) accom-
modative lag <1.55 D at 20 cm, when measured by three 
static measurements with the WAM- 5500 binocular open- 
field autorefractor, which is considered to be within the 
normal range;31 (v) low visual discomfort symptomatology 
based on the Conlon visual discomfort survey (≤24)32 and 
(vi) a score <4 on the Stanford Sleepiness Scale (SSS), which 
provides a global measure of sleepiness.33 All participants 
were asked to abstain from alcohol and caffeine- based 
drinks for 24 and 12 h before each experimental session, re-
spectively, and to sleep at least 7 h during the nights prior 
to testing. The experimental protocol followed the guide-
lines of the Declaration of Helsinki and was approved by 

Key points

• Dual- focus soft contact lenses increase the lag 
and variability of accommodation.

• Visual performance is negatively affected by 
dual- focus soft contact lenses.

• Dual- focus soft contact lenses should be pre-
scribed according to individual visual needs.
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the University of Granada Institutional Review Board (IRB 
approval: 1786/CEIH/2020).

Accommodative response

The accommodative lag and variability were measured with 
the clinically validated WAM- 5500 binocular open- field 
autorefractor (Grand Seiko, grand - seiko.com) in hi- speed 
mode. This instrument has been demonstrated to measure 
the refractive state accurately for different accommoda-
tive demands in eyes fitted with multi- zone bifocal con-
tact lenses.34 First, we obtained monocular static refractive 
measures for both corrected eyes while participants viewed 
a 5 m stationary target (residual refractive error). Following 
this measurement, the 10- min PVT commenced. The ac-
commodative response was measured continuously (with-
out breaks) under binocular viewing conditions, although 
refractive state measurements were obtained from the 
dominant eye, as determined by the sighting method.35 
Participants were instructed to maintain focus on a high- 
contrast visual stimulus from the PVT on a 15.6″ LCD screen 
placed at 50 cm from the observer (see Psychomotor vigi-
lance task and Figure 1 for a detailed explanation of this 
task). During dynamic recording, an experienced examiner 
verified that the autorefractor remained aligned with the 
fixation target to ensure on- axis measurements by main-
taining the alignment target within the pupil centre in the 
LCD monitor. The room illumination was kept constant dur-
ing the experiment (212 ± 9 lux as measured in the corneal 
plane; T- 10, Konica Minolta, konic amino lta.com).

For data analysis, we identified and removed any data 
points ±3 standard deviations from the mean spherical 
refraction value, which could be caused by blinking or re-
cording errors.36 Accommodative lag was calculated by 
subtracting the accommodative response from the target 
distance (2D) after considering the residual refractive error.29 
The variability of accommodation referred to the standard 
deviation of the dynamic accommodative recording.

Psychomotor vigilance task (PVT)

The PVT is a sustained attention reaction- timed task that 
measures the speed with which subjects respond to a 

visual stimulus presented at random inter- stimulus inter-
vals (Figure 1).37 Here, we included a modified version of 
the PVT with a duration of 10 min that used a 15.6″ LCD lap-
top personal computer and E- Prime software (Psychology 
Software Tools, pstnet.com) for stimulus presentation and 
response collection. The visual stimulus was presented 
at 50 cm and consisted of an empty, high- contrast black 
circle (viewing angle of 6.73°) on a white background. At a 
random time interval (between 2000 and 10,000 ms), the 
circle became filled in at once in black. When participants 
detected the filled circle, they were instructed to press the 
space bar on the keyboard as fast as they could with their 
dominant hand. Reaction time was defined as the length 
of time between the stimulus presentation and the partici-
pant's response. The filled circle was presented for 500 ms 
and the maximum time to respond was 1500 ms. A reaction 
time visual feedback message was presented after each re-
sponse, except in case of an anticipated response (“wait 
for the target”) or if no response was made within 1000 ms 
after target offset (“you did not answer”). After the feed-
back message, the next trial commenced.

Procedure

Participants attended the laboratory on four different 
days, and the procedure followed is depicted in Figure 2. 
In the first session, participants received a full optomet-
ric examination to verify that they met the inclusion cri-
teria and to determine the required optical correction. 
The average contact lens power was −2.92 ± 1.61 D and 
−3.11 ± 1.43 D for the right and left eyes, respectively 
(anisometropia ranged from 0 to −1.5 D). For each optical 
design, namely dual- focus (MiSight 1- day; CooperVision, 
coope rvisi on.com) and single- vision (Proclear 1- day; 
CooperVision, coope rvisi on.com) soft contact lenses, 
both being hydrophilic contact lenses composed of 
omafilcon A material, the same contact lens power was 
prescribed. The MiSight contact lens design consists of a 
central correction zone surrounded by a series of concen-
tric treatment zones of +2.0 D. The first session included 
an objective ocular refraction and keratometry using the 
WAM- 5500 autorefractor; monocular and binocular sub-
jective refraction using an end point criterion of maxi-
mum plus consistent with best vision; assessment of the 

F I G U R E  1  Schematic illustration of the visual psychomotor vigilance task used in this study

http://grand-seiko.com
http://konicaminolta.com
http://pstnet.com
http://coopervision.com
http://coopervision.com
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accommodative and binocular function following the 
recommendations of Scheiman and Wick38 and the iden-
tification of any ocular pathology by slit- lamp and direct 
ophthalmoscopy. Then, both sets of soft contact lenses 
were ordered based on corneal measurements and the 
refractive error after compensation for the vertex dis-
tance. In the second session, we evaluated whether the 
contact lenses were appropriately centred, had adequate 
movement (which was accomplished in all cases) and an 
over refraction performed to ensure appropriate visual 
acuity (≤0.00 logMAR in each eye). The remaining two 
sessions constituted the main experimental trials. Each 
were identical except for the type of contact lens used, 
with the order of these sessions being counterbalanced. 
Upon arrival at the lab, participants completed the SSS, 
which consists of a 7- point scale, ranging from 1 “very 
active, alert or awake” to 7 “very sleepy”.23 After this, the 
corresponding contact lens (MiSight or Proclear) was fit-
ted. To accomplish the double- blind procedure, neither 
the examiner nor participant were aware of the contact 
lens type, as the lenses were prepared by a third person. 
After wearing the lenses for 30 min to allow adaptation,39 
participants sat in front of the computer in a dimly illumi-
nated room, isolated from external noise and positioned 
their chin and forehead on the respective supports of the 
autorefractor. Prior to testing, they received instructions 
and practiced for 1 min with the PVT. At this point, the 
10- min PVT started, and accommodative function was 
monitored during the entire period. When the PVT ended, 
we assessed the subjective levels of visual fatigue and dis-
comfort with a 5- point Likert scale developed by Hoffman 
et al., which includes the following items: (1) How tired are 
your eyes?, (2) How clear is your vision?, (3) How tired and 
sore are your neck and back?, (4) How do your eyes feel?” 
and (5) How does your head feel? In order to assess the 
time- on- task effects while performing the 10- min task, 
the lag and variability of accommodation and reaction 
time were divided into five blocks of 2 min each.40

Experimental design and statistical analysis

The present study followed a double- blind, balanced 
crossover design. The within- participants factors were the 
contact lens (MiSight or Proclear) and time- on- task (five 

2- min blocks: block 1, block 2, block 3, block 4 and block 
5). The dependent variables were the lag and variability of 
accommodation and behavioural performance (reaction 
time).

Prior to any statistical analysis, the normal distribution 
of the data (Shapiro– Wilk test) and the homogeneity of 
variances (Levene's test) were confirmed (p > 0.05). To 
check for possible differences in the level of alertness at 
the beginning of each experimental session, a t- test for re-
lated samples was performed for the SSS. Also, a t- test for 
related samples with the use of MiSight or Proclear con-
tact lenses as the only within- participants factor was car-
ried out for the five questions in Hoffman's questionnaire. 
Three separate two- way analyses of variance (ANOVAs) 
with the lens type and time- on- task as the within- 
participants factors were performed to test the impact of 
the experimental manipulation on accommodative lag, 
variability of accommodation and behavioural perfor-
mance. The magnitude of the differences was reported by 
the partial eta squared (ƞp

2) and Cohen's effect size (ES) for 
Fs and t- tests, respectively. Statistical significance was set 
at an alpha level of 0.05, and post- hoc tests were corrected 
with the Holm- Bonferroni procedure. The JASP statistics 
package (version 0.13.1.0; jasp- stats.org) was used for sta-
tistical analyses.

R ESULTS

Analysis of the SSS indicated that participants attended 
each experimental session with similar level of alertness/
sleepiness (MiSight: 2.04 ± 0.75; Proclear: 2.00 ± 0.72; 
t23 = 0.25, p = 0.80). Note that a score of 2 in the SSS is de-
fined as “Functioning at high levels, but not at peak; able 
to concentrate”. The subjective levels of visual fatigue and 
discomfort after performing the PVT revealed only statis-
tically significant differences for the second item, which 
refers to the clarity of vision (t23 = 4.73, p < 0.001) (Table 1).

Lens type produced statistically significant differences in 
the lag of accommodation (MiSight: 1.00 ± 0.85 D; Proclear: 
0.42 ± 0.28 D; F1,23 = 14.91, p < 0.001, ƞp

2 = 0.39), but not for 
the time on task (F4,92 = 1.17, p = 0.33) nor the interaction 
lens type × time- on- task (F4,92 = 1.16, p = 0.33) (Figure 3). 
The variability of accommodation exhibited statistically 
significant differences for lens type (MiSight: 0.84 ± 0.22 

F I G U R E  2  A graphical overview of the procedure followed in the current study. Abbreviation: SSS, Stanford Sleepiness Scale

http://jasp-stats.org
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D; Proclear: 0.52 ± 011 D; F1,23 = 81.51, p < 0.001, ƞp
2 = 0.78) 

and time- on- task (F4,92 = 4.84, p = 0.001, ƞp
2 = 0.17), but not 

for the interaction lens type × time- on- task (F4,92 = 1.74, 
p = 0.15) (Figure 4). Post- hoc analyses for the point of mea-
sure are depicted in Figure 4a and indicated statistically 
significant differences when comparing block 1 with block 
4 (corrected p- value = 0.005, ES = 0.74) and block 5 (cor-
rected p- value = 0.005, ES = 0.73).

Finally, reaction time also showed statistically signifi-
cant differences with lens type (MiSight: 321.86 ± 42.88 ms; 
Proclear: 306.70 ± 35.04 ms; F1,23 = 12.63, p = 0.002, 
ƞp

2 = 0.35), and the time- on- task (F4,92 = 29.88, p <0.001, 
ƞp

2 = 0.57), but not for the interaction lens type × time- on- 
task (F4,92 = 1.84, p = 0.13) (Figure 5). Post- hoc comparisons 
are depicted in Figure 5a, and showed statistically signif-
icant differences for the block 1 vs. block 3 (corrected p- 
value < 0.001, ES = 1.16), block 4 (corrected p- value < 0.001, 
ES = 1.10) and block 5 (corrected p- value < 0.001, ES = 1.86); 
block 2 vs. block 3 (corrected p- value < 0.001, ES = 0.93), 
block 4 (corrected p- value < 0.001, ES = 1.17) and block 5 
(corrected p- value < 0.001, ES = 1.62) and block 3 vs. block 
5 (corrected p- value = 0.004, ES = 0.70).

D ISCUSSIO N

The present study was designed to explore whether wear-
ing dual- focus soft contact lenses for myopia management 
alters the accommodative response and behavioural per-
formance during the execution of a sustained near viewing 
task. The results showed that dual- focus soft contact lenses 
increased both the lag and variability of accommodation 
and reaction time during a 10- min PVT when compared 
with single- vision soft contact lenses. Additionally, visual 
symptoms related to the clarity of vision were higher when 
wearing the dual- focus lenses in comparison with the 
single- vision lenses. These results confirm that accommo-
dative function is altered by the use of dual- focus lenses 
in the short term, and that these effects have a negative 
impact on behavioural performance.

The perceived levels of alertness/sleepiness (SSS) before 
each experimental session were assessed to control possi-
ble confounding factors. This measurement was not close 
to showing statistical significance, allowing us to confirm 
that participants attended each experimental session with 
similar alertness/sleepiness. While not the main objective 

T A B L E  1  Descriptive (mean ± standard deviation) and statistical (p- value and Cohen's d) values of the reported symptoms of visual fatigue and 
discomfort after completing the 10- min psychomotor vigilance task with the MiSight and Proclear contact lenses

MiSight Proclear p- Value Cohen's d

1) How tired are your eyes? (0– 4) 1.71 ± 0.86 1.38 ± 0.82 0.18 0.29

2) How clear is your vision? (0– 4) 2.04 ± 0.81 0.83 ± 0.76 <0.001 0.97

3) How tired and sore are your neck and back? 
(0– 4)

1.58 ± 0.93 1.38 ± 1.01 0.17 0.29

4) How do your eyes feel? (0– 4) 1.54 ± 0.72 1.29 ± 0.62 0.11 0.34

5) How does your head feel? (0– 4) 1.21 ± 0.72 1.08 ± 0.78 0.48 0.15

Note: The questionnaire of visual fatigue and discomfort was developed by Hoffman et al.40 The five items of this 5- point Likert scale ranged from 0 (no symptoms) to 4 
(severe symptoms).

F I G U R E  3  (a) Mean lag of accommodation during the five time- on- task blocks for the MiSight and Proclear lenses. Error bars indicate one 
standard error. (b) Boxplot showing the mean lag, with the whiskers extending 1.5 times the interquartile range from the 25th and 75th percentiles
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of the current study, participants were asked to complete 
a 5- point Likert scale with five questions to check their 
perceived level of visual discomfort after the 10- min PVT. 
The results showed that dual- focus soft contact lens wear 
impaired subjective clarity of vision; however, their use did 
not provoke tiredness in the eyes and head, eye strain or 
headache. These results agree with previous studies ex-
ploring visual symptomatology while wearing multifocal 
contact lenses at the fitting session and during a short 
follow- up period.23,24 Diec et al.24 reported poorer visual 
clarity amongst other symptoms (e.g., ghosting, vision 
stability, visual satisfaction and comfort) with multifocal 
in comparison with single- vision contact lenses. Similarly, 
Kang and colleagues23 observed reduced quality of vision 
with multifocal contact lenses when evaluated with the 
Quality of Vision questionnaire. However, Huang et al.25 did 
not note differences in visual symptomatology between 
multifocal soft contact lenses and single- vision spectacles 
based on the total score from the Quality of Vision ques-
tionnaire, which could be due to the longer follow- up 
(1 month) and the neuroadaptation process occurring 
during this period.41

There is evidence that dual- focus soft contact lenses in-
crease the lag of accommodation in comparison to single- 
vision lenses, possibly because observers use the positive 
zone to relax accommodation.20,34,39,42 For example, pre-
vious reports found an increased lag of accommodation 
with multifocal soft contact lenses of 1.20 D at 40 cm in 
children [+2.50 D addition],20 and of 0.19 D and 0.49 D at 
33 cm in adults (using +1.50 D and +3.00 additions).22 These 
results are in agreement with our findings as we also ob-
served a significantly increased lag of accommodation 
at 50 cm with dual- focus soft contact lenses (mean dif-
ference of 0.58 D). This could indicate the (partial) use of 
the positive zone of the MiSight lens during near vision to 

relax accommodation. The variations in accommodative 
lag across these studies may be explained by the different 
accommodative demands, visual stimuli and participants' 
ages. Although both studies20,22 measured the accommo-
dative lag objectively, they did not evaluate accommoda-
tion during the execution of an attentional demanding 
task at near.

Data from the present study revealed greater instability 
of accommodation with dual- focus contact lenses while 
performing a 10- min visual vigilance task. In this sense, 
Kajita and co- workers43 demonstrated that accommoda-
tive stability is modulated as a function of the contact lens 
design. However, only Shibata et al.44 have compared the 
effects of wearing multifocal and single- vision soft contact 
lenses on accommodative fluctuations, obtaining higher 
fluctuation values for the multifocal design. The increased 
variability of accommodation with the dual- focus design 
could be explained by a conflict between the two diop-
tric powers of the lens, and associated changes in the per-
ceived retinal image.16

Dual- focus soft contact lenses have been shown to be 
an effective treatment to slow myopia progression by re-
ducing relative peripheral hyperopia.6,11,12,14 However, pre-
vious studies suggest that this optical design negatively 
affects visual performance, and could have a detrimen-
tal effect on real- world contexts.17,45 Some authors have 
shown that this optical design impairs visual acuity20,23 and 
optical quality.46 However, there are also investigations 
that found these deficits recovered after an adaptation 
period.6,18,24 Regarding visual performance in applied set-
tings, Gregory et al.19 compared binocular reading acuity 
and reading performance (words per minute) in multifocal 
and single- vision contact lenses, noting that reading per-
formance was worse with multifocal contact lenses. In the 
present study, we observed altered visual performance 

F I G U R E  4  (a) Mean variability of accommodation during the five time- on- task blocks for the MiSight and Proclear lenses. Error bars indicate one 
standard error. (b) Boxplot showing the mean variability with the whiskers extending 1.5 times the interquartile range from the 25th and * denotes 
statistically significant differences between the different time blocks (corrected p- value < 0.05)
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during the execution of a near task with the dual- focus 
lenses; specifically, subjects had a slower reaction time 
while wearing the dual- focus soft contact lenses (mean dif-
ference of 15.16 ms). This finding suggests that behavioural 
performance during sustained near vision is compromised 
with these lenses, and their use could affect other daily ac-
tivities that require optimal visual performance (e.g., pilots, 
air traffic controllers, army personnel, surgeons, athletes, 
etc.).

The current findings may be of clinical relevance for 
the prescription of dual- focus soft contact lenses for my-
opia management, and eye care practitioners should be 
aware of the impact of wearing dual- focus soft contact 
lenses on accommodation and behavioural performance 
in order to prescribe the most beneficial optical solution 
according to the patient's visual needs. Nevertheless, this 
study has limitations and they should be acknowledged. 
First, all visual variables were evaluated after a short adap-
tation period (30 min) in order to examine the tolerance 
to these lenses at the first session since early discomfort 
may lead to low adherence and treatment compliance. 
However, there is evidence that multifocal contact lenses 
wearers experience neuroadaptive adaptation through 
recruitment of visual attentional and procedural learning 
networks.41 Indeed, previous studies reported an improve-
ment in some visual parameters after periods of weeks 
or months.23,25 Therefore, it is plausible that the variables 
measured here could improve after an adaptation period 
to this specific optical design. Further studies are needed 
in this regard. Second, the visual task chosen here con-
sisted of a reaction time task. However, there are other 

visually-  and cognitively- demanding tasks that could be 
influenced by this optical design. It would be of interest to 
investigate further the effects of these lenses on different 
visual and mental tasks in applied scenarios (e.g., driving, 
sport, air traffic control, combat aircraft piloting, surgical 
procedures, etc.). Third, the accommodative and visual 
performance may be dependent on the refractive error, 
participant's age and optical design, and thus, our results 
cannot be extrapolated to other cohorts or lens types. 
Lastly, heightened ocular dryness or alterations in the blink 
pattern associated with the use of soft contact lenses may 
impact visual measurements, although it is plausible that 
these effects may be similar with both types of contact 
lens used in this study. We recommend that future stud-
ies should consider the inclusion of different refractive 
groups, children, clinical populations and other optical de-
signs (e.g., multiple concentric treatment zones, spherical 
aberration) to determine the generalisability of the present 
results.

CO NCLUSIO N

The findings of the present study show that wearing dual- 
focus soft contact lenses negatively affects accommoda-
tion (accommodative lag and variability) and behavioural 
performance (reaction time) during the execution of a 10- 
min sustained visual task in the short- term. These outcomes 
are of special relevance for practitioners when prescribing 
these lenses to slow myopia progression, especially in indi-
viduals who have demanding visual requirements. Future 

F I G U R E  5  (a) Mean reaction time during the five time- on- task blocks for the MiSight and Proclear lenses. Error bars indicate one standard error. 
(b) Boxplot showing the mean variability with the whiskers extending 1.5 times the interquartile range from the 25th and *denotes statistically 
significant differences between the different time blocks (corrected p- value < 0.05)
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studies are needed to assess the long term- effects of these 
lenses on accommodation and behavioural performance.

AC K N O W L E D G E M E N T S
This research did not receive any specific grant from funding 
agencies in the public, commercial, or not- for- profit sectors.

AU T H O R  C O N T R I B U T I O N S
Beatriz Redondo: Conceptualization (equal); formal 
analysis (equal); investigation (equal); methodology 
(equal); visualization (equal); writing –  original draft (lead); 
writing –  review and editing (equal). Rubén Molina: 
Data curation (equal); investigation (equal); methodol-
ogy (equal); writing –  review and editing (equal). Tomás 
Galán: Data curation (equal); investigation (equal); meth-
odology (equal); writing –  review and editing (equal). 
Pedro Machado: Data curation (equal); investigation 
(equal); methodology (equal); writing –  review and ed-
iting (equal). Raimundo Jiménez: Conceptualization 
(equal); formal analysis (equal); investigation (equal); pro-
ject administration (lead); supervision (lead); writing –   
review and editing (equal).

O R C I D
Beatriz Redondo  https://orcid.org/0000-0003-4571-873X 
Jesús Vera  https://orcid.org/0000-0001-8091-2373 
Raimundo Jiménez  https://orcid.
org/0000-0002-8036-2532 

R E F E R E N C E S
 1. Ohno- Matsui K, Lai T, Lai C, Cheung C. Updates of pathologic myo-

pia. Prog Retin Eye Res. 2016;52:156– 87.
 2. Morgan IG, Ohno- Matsui K, Saw SM. Myopia. Myopia Lancet. 

2012;379:1739– 48.
 3. Holden BA, Fricke TR, Wilson DA, Jong M, Naidoo KS, Sankaridurg P, 

et al. Global prevalence of myopia and high myopia and temporal 
trends from 2000 through 2050. Ophthalmology. 2016;123:1036– 42.

 4. Bullimore MA, Brennan NA. Myopia control: why each diopter mat-
ters. Optom Vis Sci. 2019;96:463– 5.

 5. Brennan NA, Toubouti YM, Cheng X, Bullimore MA. Efficacy in 
myopia control. Prog Retin Eye Res. 2021;83:100923. https://doi.
org/10.1016/j.prete yeres.2020.100923

 6. Anstice NS, Phillips JR. Effect of dual- focus soft contact lens 
wear on axial myopia progression in children. Ophthalmology. 
2011;118:1152– 61.

 7. Bullimore MA, Richdale K. Myopia control 2020: where are we and 
where are we heading? Ophthalmic Physiol Opt. 2020;40:254– 70.

 8. Huang J, Wen D, Wang Q, McAlinden C, Flitcroft I, Chen H, et al. 
Efficacy comparison of 16 interventions for myopia control in chil-
dren: a network meta- analysis. Ophthalmology. 2016;123:697– 708.

 9. Walline JJ, Lindsley KB, Vedula SS, Cotter SA, Mutti DO, Ng SM, et al. 
Interventions to slow progression of myopia in children. Cochrane 
Database Syst Rev. 2020;CD004916. https://doi.org/10.1002/14651 
858.CD004 916.pub3

 10. World Health Organization. The impact of myopia and high myopia. 
Geneva, Switzerland: WHO; 2016.

 11. Walline JJ, Greiner KL, McVey ME, Jones- Jordan LA. Multifocal con-
tact lens myopia control. Optom Vis Sci. 2013;90:1207– 14.

 12. Chamberlain P, Peixoto- De- Matos SC, Logan NS, Ngo C, Jones D, 
Young G. A 3- year randomized clinical trial of MiSight lenses for my-
opia control. Optom Vis Sci. 2019;96:556– 67.

 13. Cheng X, Xu JCK, Chehab K, Exford J, Brennan N. Soft contact lenses 
with positive spherical aberration for myopia control. Optom Vis Sci. 
2016;93:353– 66.

 14. Sankaridurg P, Holden B, Smith E, Naduvilath T, Chen X, de la Jara 
PL, et al. Decrease in rate of myopia progression with a contact lens 
designed to reduce relative peripheral hyperopia: one- year results. 
Investig Ophthalmol Vis Sci. 2011;52:9362– 7.

 15. Li SM, Kang MT, Wu SS, Meng B, Sun YY, Wei SF, et al. Studies using 
concentric ring bifocal and peripheral add multifocal contact 
lenses to slow myopia progression in school- aged children: a meta- 
analysis. Ophthalmic Physiol Opt. 2017;37:51– 9.

 16. García- Marqués JV, Macedo- De- Araújo RJ, Cerviño A, García- Lázaro 
S, McAlinden C, González- Méijome JM. Comparison of short- term 
light disturbance, optical and visual performance outcomes be-
tween a myopia control contact lens and a single- vision contact 
lens. Ophthalmic Physiol Opt. 2020;40:718– 27.

 17. Kollbaum PS, Jansen ME, Tan J, Meyer DM, Rickert ME. Vision perfor-
mance with a contact lens designed to slow myopia progression. 
Optom Vis Sci. 2013;90:205– 14.

 18. Przekoracka K, Michalak K, Olszewski J, Zeri F, Michalski A, Paluch 
J, et al. Contrast sensitivity and visual acuity in subjects wearing 
multifocal contact lenses with high additions designed for myopia 
progression control. Cont Lens Anterior Eye. 2020;43:33– 9.

 19. Gregory HR, Nti AN, Wolffsohn JS, Berntsen DA, Ritchey ER. Visual 
performance of center- distance multifocal contact lenses fit using 
a myopia control paradigm. Optom Vis Sci. 2021;98:272– 9.

 20. Gong CR, Troilo D, Richdale K. Accommodation and phoria 
in children wearing multifocal contact lenses. Optom Vis Sci. 
2017;94:353– 60.

 21. González- Méijome JM, Peixoto- De- Matos SC, Faria- Ribeiro M, 
Lopes- Ferreira DP, Jorge J, Legerton J, et al. Strategies to regulate 
myopia progression with contact lenses: a review. Eye Contact Lens. 
2016;42:24– 34.

 22. Kang P, Wildsoet CF. Acute and short- term changes in visual func-
tion with multifocal soft contact lens wear in young adults. Cont 
Lens Anterior Eye. 2016;39:133– 40.

 23. Kang P, McAlinden C, Wildsoet CF. Effects of multifocal soft con-
tact lenses used to slow myopia progression on quality of vision in 
young adults. Acta Ophthalmol. 2017;95:e43– 53.

 24. Diec J, Tilia D, Thomas V, Bakaraju RC. Predicting short- term subjec-
tive vision performance of contact lenses used in myopia control. 
Eye Contact Lens. 2018;44:308– 15.

 25. Huang X, Wang F, Lin Z, He Y, Wen S, Zhou L, et al. Visual quality 
of juvenile myopes wearing multifocal soft contact lenses. Eye Vis. 
2020;7. https://doi.org/10.1186/s4066 2- 020- 00204 - 4

 26. Remón L, Pérez- Merino P, MacEdo- De- Araújo RJ, Amorim- De- Sousa 
AI, González- Meíjome JM. Bifocal and multifocal contact lenses for 
presbyopia and myopia control. J Ophthalmol. 2020;2020:8067657. 
https://doi.org/10.1155/2020/8067657

 27. Chung STL, Jarvis SH, Cheung SH. The effect of dioptric blur on 
reading performance. Vis Res. 2007;47:1584– 94.

 28. Xu JJ, Ciuffreda KJ, Chen H, Fan L. Effect of retinal defocus on rapid 
serial visual presentation (RSVP) digit recognition. J Behav Optom. 
2009;20:67– 9.

 29. Poltavski D, Biberdorf D, Petros T. Accommodative response and 
cortical activity during sustained attention. Vis Res. 2012;63:1– 8.

 30. Faul F, Erdfelder E, Lang A- G, Buchner A. G*power 3: a flexible sta-
tistical power analysis program for the social, behavioral, and bio-
medical sciences. Behav Res Methods. 2007;39:175– 91.

 31. Wang B, Ciuffreda KJ. Depth- of- focus of the human eye in the near 
retinal periphery. Vis Res. 2004;44:1115– 25.

 32. Conlon EG, Lovegrove WJ, Chekaluk E, Pattison PE. Measuring visual 
discomfort. Vis Cogn. 1999;6:637– 63.

 33. Hoddes E, Zarcone V, Smythe H, Phillips R, Dement WC. 
Quantification of sleepiness: a new approach. Psychophysiology. 
1973;10:431– 6. https://doi.org/10.1111/j.1469- 8986.1973. tb008 01.x

 34. Altoaimi BH, Kollbaum P, Meyer D, Bradley A. Experimental 
investigation of accommodation in eyes fit with multifocal 

https://orcid.org/0000-0003-4571-873X
https://orcid.org/0000-0003-4571-873X
https://orcid.org/0000-0001-8091-2373
https://orcid.org/0000-0001-8091-2373
https://orcid.org/0000-0002-8036-2532
https://orcid.org/0000-0002-8036-2532
https://orcid.org/0000-0002-8036-2532
https://doi.org/10.1016/j.preteyeres.2020.100923
https://doi.org/10.1016/j.preteyeres.2020.100923
https://doi.org/10.1002/14651858.CD004916.pub3
https://doi.org/10.1002/14651858.CD004916.pub3
https://doi.org/10.1186/s40662-020-00204-4
https://doi.org/10.1155/2020/8067657
https://doi.org/10.1111/j.1469-8986.1973.tb00801.x


   | 761REDONDO Et al.

contact lenses using a clinical auto- refractor. Ophthalmic Physiol 
Opt. 2018;38:152– 63.

 35. Coren S, Kaplan C. Patterns of ocular dominance. Optom Vis Sci. 
1973;50:283– 92.

 36. Tosha C, Borsting E, Ridder WH, Chase C. Accommodation re-
sponse and visual discomfort. Ophthalmic Physiol Opt. 2009;29: 
625– 33.

 37. Basner M, Dinges DF. Maximizing sensitivity of the psychomotor 
vigilance test (PVT) to sleep loss. Sleep. 2011;34:581– 91.

 38. Scheiman M, Wick B. Clinical management of binocular vision. 
Heterophoric, accommodative, and eye movement disorders, 4th 
edn. Philadelphia, PA: Lippincott, Williams and Wiliams; 2013.

 39. Altoaimi BH, Almutairi MS, Kollbaum PS, Bradley A. Accommodative 
behavior of young eyes wearing multifocal contact lenses. Optom 
Vis Sci. 2018;95:416– 27.

 40. Hoffman DM, Girshick AR, Banks MS. Vergence –  accommodation 
conflicts hinder visual performance and cause visual fatigue. J Vis. 
2008;8:1– 30.

 41. Rosa AM, Miranda ÂC, Patrício MM, McAlinden C, Silva FL, Castelo- 
Branco M, et al. Functional magnetic resonance imaging to assess 
neuroadaptation to multifocal intraocular lenses. J Cataract Refract 
Surg. 2017;43:1287– 96.

 42. Cheng X, Xu J, Brennan NA. Accommodation and its role in myo-
pia progression and control with soft contact lenses. Ophthalmic 
Physiol Opt. 2019;39:162– 71.

 43. Kajita M, Muraoka T, Orsborn G. Changes in accommodative micro- 
fluctuations after wearing contact lenses of different optical de-
signs. Cont Lens Anterior Eye. 2020;43:493– 6.

 44. Shibata Y, Uozato H, Nakayama N. Accommodative micro- 
fluctuations wearing multifocal soft contact lenses. Invest 
Ophthalmol Vis Sci. 2012;53:4725– 5.

 45. Martins C, Amorim- De- Sousa A, Faria- Ribeiro M, Pauné J, González- 
Méijome JM, Queirós A. Visual performance and high- order aber-
rations with different contact lens prototypes with potential for 
myopia control. Curr Eye Res. 2020;45:24– 30.

 46. Fedtke C, Bakaraju RC, Ehrmann K, Chung J, Thomas V, Holden BA. 
Visual performance of single vision and multifocal contact lenses in 
non- presbyopic myopic eyes. Cont Lens Anterior Eye. 2016;39:38– 46.

How to cite this article: Redondo B, Vera J, Molina 
R, Galán T, Machado P, Jiménez R. Changes in 
accommodation and behavioural performance with 
a contact lens for myopia management: A 
comparison between a dual- focus and a single- 
vision soft contact lens. Ophthalmic Physiol Opt. 
2022;42:753– 761. https://doi.org/10.1111/opo.12978

https://doi.org/10.1111/opo.12978

	Changes in accommodation and behavioural performance with a contact lens for myopia management: A comparison between a dual-focus and a single-vision soft contact lens
	Abstract
	INTRODUCTION
	METHODS
	Participants
	Accommodative response
	Psychomotor vigilance task (PVT)
	Procedure
	Experimental design and statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	AUTHOR CONTRIBUTIONS
	References


