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Abstract
Background There are claims that ocular accommodation differs in children with attention deficit hyperactivity disorder (ADHD)
compared to typically developing children. We examined whether the accommodation response in ADHD children is influenced
by changing the stimulus to accommodation in an attempt modify the level of attentional engagement or by medication for the
condition.
Methods We measured the accommodative response and pupil diameter using a binocular, open-field autorefractor in non-
medicated and medicated children with ADHD (n = 22, mean age = 10.1 ± 2.4 years; n = 19; mean age = 11.0 ± 3.8 years; re-
spectively) and in an age-matched control group (n = 22; mean age = 10.6 ± 1.9 years) while participants were asked to maintain
focus on (i) a high-contrast Maltese cross, (ii) a frame of a cartoon movie (picture) and (iii) a cartoon movie chosen by the
participant. Each stimulus was viewed for 180 s from a distance of 25 cm, and the order of presentation was randomised.
Results Greater lags of accommodation were present in the non-medicated ADHD in comparison to controls (p = 0.023, lags of
1.10 ± 0.56 D and 0.72 ± 0.57 D, respectively). No statistically significant difference in the mean accommodative lag was
observed between medicated ADHD children (lag of 1.00 ± 0.44D) and controls (p = 0.104) or between medicated and non-
medicated children with ADHD (p = 0.504). The visual stimulus did not influence the lag of accommodation (p = 0.491), and
there were no significant group-by-stimulus interactions (p = 0.935). The variability of accommodation differed depending on the
visual stimulus, with higher variability for the picture condition compared to the cartoon-movie (p < 0.001) and the Maltese cross
(p = 0.006). In addition, the variability yielded statistically significant difference for the main effect of time-on-task (p = 0.027),
exhibiting a higher variability over time. However, no group differences in accommodation variability were observed (p = 0.935).
Conclusions Children with ADHD have a reduced accommodative response, which is not influenced by the stimulus to accom-
modation. There is no marked effect of medication for ADHD on accommodation accuracy.

Keywords Dynamics of accommodation . Lag of accommodation . Variability of accommodation . Stimulant medications

Introduction

Optometric examination requires cooperation on the part of
the patient [1], and this can be particularly challenging in
children. Maintaining a child’s attention is crucial to gathering
accurate clinical measures which in turn will affect whether a
correct diagnosis is made [2–6].

Attention deficit hyperactivity disorder (ADHD) is one of
the most common psychological disorders diagnosed in child-
hood, with an estimated prevalence worldwide of 5.3% [7].
The condition is characterised by inattentive, impulsive and
hyperactive symptoms [8]. There is an estimated prevalence
of vision problems of ~ 16% associated with this disorder [9],
with deficits in saccadic eye movements [10], ocular
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vergences [11], visual processing [12] and colour vision [13]
being most often observed in individuals with this condition.

The accommodative response in children with ADHD has
been measured using objective techniques, specifically an
open-field autorefractor [14]. In this recent study, a greater
lag of accommodation was observed in children with ADHD
in comparison to age-matched controls. However, the reason
for this finding is not clear. It is known that visual attention
[15] and cognitive effort [16–18] influence the accuracy of the
accommodative response. It is possible the result obtained by
Redondo et al. stems from a primary accommodative deficit in
this disorder [14], as has been previously observed in other
neurological disorders such as Down syndrome [19] or autism
[20]. On the other hand, it is also plausible that a less accurate
accommodative response in children with ADHD stems from
a lack of engagement, interest or motivation for the task.
Several researchers have attempted to include an engaging
stimulus (e.g. cartoon videos or games) in order to increase
children’s attention and co-operation [21–24]. This is the ap-
proach taken here. We examine whether the accommodation
response in children with ADHD is influenced by changing
the stimulus to accommodation in an attempt to increase the
level of attentional engagement.

A second aim is to compare the accommodative response
in medicated versus non-medicated children with ADHD.
Scientific evidence suggests that pharmacological treatment
of ADHD with psychostimulants (e.g. methylphenidate and
amphetamines) has a beneficial effect on the symptoms of
hyperactivity, impulsivity and inattention [25], which seems
to be mediated by increasing activation in dopamine and nor-
epinephrine fronto-striatal circuitry [26, 27]. Only a few stud-
ies have assessed the effects of medication on the ocular func-
tion in ADHD. Methylphenidate may improve ocular motility
[28, 29], visual field size and visual acuity [30] (but see [31]).
Of note, Grönlund et al. [32] found a prevalence of 76% of
ophthalmic abnormalities in children with ADHD, and this
pattern did not significantly improve with pharmacological
treatment. However, they observed that children with
ADHD concentrated and cooperated better when they were
medicated. To date, no studies have assessed the impact of
ADHD treatment on the accommodative response in children
with ADHD. Our aim here is therefore to examine the robust-
ness of the finding that accommodation accuracy is reduced in
children with ADHD [14] and the impact upon accommoda-
tion that medication for the condition may exert.

Methods

Participants

Based upon the results obtained by Redondo et al. [14], who
obtained a partial eta squared of 0.14 for the between-subject

comparison of the lag of accommodation, we conducted an a
priori calculation for a repeated measures analysis of variance
(ANOVA) with between- and within-factors. G*Power 3.1
was used software to calculate the minimal sample size re-
quired. This analysis projected that 18 subjects per group
would be necessary when considering a power of 0.90 and
an alpha of 0.05.

Twenty-three non-medicated (mean age = 10.1 ± 2.4 years)
and 21 medicated children with ADHD (mean age = 11.0 ±
3.8 years), as well as 23 healthy controls (mean age = 10.6 ±
1.9 years), took part in this study. Children with ADHD were
diagnosed by the Neuropsychology and Early Intervention
Unit of San Cecilio University Hospital (Granada), using the
Diagnostic and Statistical Manual of Mental Disorders 5th
edition [8]. The ADHD-medicated children had been pre-
scribed methylphenidate hydrochloride for at least 1 year.
The initial dosage was 0.5 mg/kg/day; however, the dosage
was later adjusted as a function of response and tolerance to
treatment.

Children with an intelligence quotient lower than 85 were
excluded [33]. Participants were screened according to the
following inclusion criteria: (1) visual acuity of 0.10
logMAR or better in each eye, (2) no history of strabismus
and/or amblyopia, (3) minimal un-corrected refractive error as
determined by objective and subjective refraction (myopia of
≤ − 0.50, astigmatism and anisometropia of < 1.00 D and hy-
peropia ≤ 1.00 D) [34] and (4) no history of ocular disease.
Sixteen of the participating children (six non-medicated chil-
dren with ADHD, six medicated children with ADHD and
four controls) wore their habitual refractive correction (mean
refractive error = − 0.55 ± 1.56D). Five participants (1 non-
medicated ADHD child, 2 medicated ADHD children and 2
controls) were excluded because they did not meet the inclu-
sion criteria (2 strabismus, 1 amblyopia, 2 severe hyperopia).
Thus, 22 non-medicated children with ADHD, 19 medicated
children with ADHD and 22 controls were included in the
analysis, who had a mean refraction or over refraction of
0.22 ± 0.36 D. All parents or guardians received detailed in-
structions and signed an informed consent. The protocol
followed the tenets of the Declaration of Helsinki, and the
study was approved by the University of Granada
Institutional Review Board (546/CEIH/2018).

Manipulation of visual target engagement

Participants were asked to maintain focus on three different
visual stimuli for 3 min each. The examiner gave written and
verbal instructions to each child, indicating that they should
keep the target in focus at all times. One consisted of a cartoon
movie, which was chosen by participants from a range of ten
available options (Heidi, SpongeBob, Dragon Ball, Adventure
Time, Peppa Pig, Geronimo Stilton, Futurama, Robot Trains,
Doraemon and Paw Patrol). A second stimulus was a picture
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taken from the cartoon movie they chose, and the still image
had similar contrast and colour characteristics compared to the
cartoon movie. Finally, a third stimulus consisted of a Maltese
cross, which is a 2-cm, high-contrast (Michelson = 79%) five-
point black-star target presented on a white background card.
This stimulus contains a wide frequency spectrum with a suit-
able cue for accommodation studies [35]. All three stimuli
were displayed on a smartphone (iPhone 4, Apple Inc.,
Cupertino, CA; screen resolution 640 × 960 pixels, 3.5-in.)
in randomised order. Figure 1 shows an example of each of
the three stimulus types used in this study.

Grand Seiko WAM-5500 autorefractor

Accommodative and pupil responses were measured with the
open-field Grand Seiko Auto Refractometer WAM-5500
(Grand Seiko, Hiroshima, Japan), which is capable of acquir-
ing reliable and valid measures [36]. Data recording was per-
formed in the hi-speed mode (continuous recording mode) of
the WAM-5500 at a temporal resolution of ~ 5 Hz. The visual
stimulus was displayed on the centre of the smartphone screen
at a distance of 25 cm (angular subtense of 10°) from the
observer at his/her gaze height since it has shown to be chil-
dren’s reading distance [37]. All measures were performed
under binocular conditions, thus not eliminating convergent
accommodation, and accommodation and pupil response data
were taken from the dominant eye (determined by the hole-in-
the card method) as recommended by Momeni-Moghaddam
et al. [38].

For the analysis of the accommodative response, we iden-
tified and removed data points that were ± 3 standard devia-
tions from the mean spherical refraction value, which could be
due to blinking or recording errors [39]. The remaining data
(average percentage 88%, range 82 to 93%) were used for
further analyses. The accommodation deficit was determined
for each participant and experimental condition by subtracting
the accommodative response from the accommodative

demand (4 D at 25 cm) after the refractive error had been
considered [40]. For example, if the mean refractive error at
25 cm was 3.35 D, the mean lag of accommodation is 0.65 D,
and if this subject is myopic of 0.10 D (after being optically
corrected), then the mean accommodative lag would be
0.55 D instead of 0.65 D. When spectacle lenses were worn
(six non-medicated children with ADHD, six medicated chil-
dren with ADHD and four controls used an optical compen-
sation [mean refractive error − 0.55 ± 1.56D]), we calculated
the ocular accommodation demand referring to the corneal
vertex for an assumed vertex distance of 12 mm [41]. The
standard deviation of accommodation during each dynamic
measurement was used to define the variability of
accommodation.

Procedure

Firstly, clinical information about the children and family
members was collected, and the presence of any ocular pa-
thology was checked by slit lamp and direct ophthalmoscopy
examination. Participants then underwent an optometric ex-
amination that included distance and near monocular and bin-
ocular visual acuity measurement, and non-cycloplegic objec-
tive refraction and over-refraction techniques, using an end-
point criterion of maximum-plus dioptric power consistent
with best vision. When necessary, the children were compen-
sated, and then, an objective monocular static refraction was
performed in both eyes with the WAM-500 in order to deter-
mine the baseline refractive value (over-refraction in children
wearing optical correction), which was used for the subse-
quent data analysis. All participants received the same instruc-
tions initially. The experimenters then checked that the child
had understood and offered further instruction where this was
not the case. Subsequently, accommodation and pupil data
were continuously recorded while viewing each stimulus in
turn for 3 min. During the dynamic accommodation recording,
the examiner ensured that the instrument remained carefully

Fig. 1 Illustration of the three stimulus types used in this study. From left to right: the Maltese cross condition, the picture condition (a still image from
the cartoon movie SpongeBob), and the SpongeBob cartoon movie condition
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aligned with the visual target in order to acquire on-axis mea-
surements. A 3-min break was given between conditions in
order to avoid changes in tonic accommodation due to
sustained accommodative or convergence effort [42]. To as-
sess the effect of time-on-task, all the dependent variables
were divided into three consecutive 60-s blocks. The lumi-
nance of the smartphone screen was 38 cd/m2 (PR-745
SpectraScan Spectroradiometer, Photo Research Inc.,
Chatsworth, CA). All measurements were obtained under
the same illumination conditions (~ 150 lx as measured in
the corneal plane; Illuminance meter T-10, Konica Minolta,
Inc., Japan).

Experimental design and statistical analyses

The study followed a 3 × 3 × 3 mixed factorial design. We
considered the Group (non-medicated ADHD, medicated
ADHD and control) as the between-participant factor and
the visual stimulus (Maltese cross, picture and cartoon movie)
and the time-on-task (block1, block 2 and block 3) as the
within-participant factors. The dependent variables were the
accommodation deficit (lag or lead of accommodation), vari-
ability of accommodation, pupil diameter and variability of
pupil diameter.

Prior to 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 explore the pos-
sible differences in age between the experimental groups, we
performed a ANOVAwith the Group (non-medicated ADHD,
medicated ADHD and control) as the only between-
participant factor. Then, separate mixed ANOVAs were car-
ried out for each dependent variable (accommodation deficit,
variability of accommodation, pupil diameter and variability
of pupil diameter). We reported partial eta squared (ƞp2) and
Cohen’s d (d) as effect size indices for Fs and t tests, respec-
tively. Statistical significance was set at an alpha level of 0.05,
and post-hoc tests were corrected with Holm-Bonferroni
procedure.

Results

Descriptive values (mean and standard deviation) for the ac-
commodation and pupil response in the three groups for each
accommodative stimulus are shown in Table 1.

A unifactorial ANOVA to test for possible age differences
between groups revealed no statistically significant age differ-
ences between the three groups (F57 = 0.79, p = 0.492, η2 =
0.025). To assess the possible differences in the amount of
remaining data (excluding blinking and recording errors), a
mixed ANOVA was performed. This analysis revealed that
there were no statistically significant differences for any main
or interactive effect (all p values > 0.05).

The analysis of the accommodation deficit exhibited sig-
nificant effects for group (F2, 60 = 4.073, p = 0.022, η2 =
0.120) and for the time-on-task × group interaction (F4,

120 = 0.717, p = 0.006, η2 = 0.112). Separate unifactorial
ANOVAs for each visual stimulus and group showed no sig-
nificant effects for time-on-task (p values > 0.05 in all cases).
No statistically significant differences were observed for the
visual stimulus (F4, 120 = 0.715, p = 0.491, η2 = 0.012) or for
any other main or interactive effects (p values > 0.05 in all
cases). Post-hoc analyses revealed a greater lag of accommo-
dation for the non-medicated children with ADHD in compar-
ison to controls (corrected p value = 0.023, d = 0.347); how-
ever, no statistically significant difference in accommodation
deficit was observed between medicated ADHD children and
controls (corrected p value = 0.104, d = 0.250) or between
medicated and non-medicated children with ADHD
(corrected p value = 0.504, d = 0.085) (Fig. 2).

The variability of accommodation yielded statistically sig-
nificant differences depending on the visual stimulus (F2,

120 = 8.433, p < 0.001, η2 = 0.123), and time-on-task (F2,

120 = 3.723, p = 0.027, η2 = 0.058), but no differences were
obtained for the main factor of group (F2, 60 = 0.067, p =
0.935, η2 = 0.002) or for any interaction (p value > 0.05).
Post-hoc analyses exhibited a higher variability of accommo-
dation for the picture condition in comparison to the Maltese
cross (corrected p value = 0.006, d = 0.389) and for the picture
compared to the cartoon movie conditions (corrected p value
< 0.001, d = 0.499). However, there was no difference when
the Maltese cross was compared with the cartoon movie con-
dition (corrected p value = 0.355, d = 0.117) (Fig. 3).
Although time-on-task was a significant factor, post-hoc anal-
yses for the comparison between the three 60-s blocks did not
show statistically significant differences; however, there was a
trend toward higher variability over time (block 3 vs. block 1:
corrected p value = 0.770; block 3 vs. block 1: corrected p
value = 0.056; and block 3 vs. block 2: corrected p value =
0.056).

Pupil diameter and variability of pupil diameter did not
exhibit statistically significant differences for the main factors
of visual stimulus, time-on-task or group (p value > 0.05 in all
cases).

Discussion

The present study was aimed at determining the origin of the
impaired accommodative response in children with ADHD
[14], as well as the possible influence of stimulant medication
for ADHD on accommodation. We hypothesised that if there
is a primary deficit in accommodation, the differences in ac-
commodative response will be independent of the stimulus
used to determine the accommodative response, whereas if
the accommodative deficit is a consequence of the attention
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disorder, the magnitude of the accommodative deficit may be
reduced when the child is more engaged [21, 43]. In common
with previous research conducted by this group [14], our re-
sults reveal a greater mean lag of accommodation in non-
medicated children with ADHD compared to the control
group. However, no difference in lag was found between med-
icated children with ADHD and the controls. Regardless of
group, the lag of accommodation was not influenced by the
accommodative stimulus. By contrast, the variability of

accommodation was dependent on the stimulus, yielding less
stable accommodation for the picture condition, but again
there were no between-group differences. Since the magnitude
of the lag was not affected by the stimulus to accommodation,
we conclude that either non-medicated ADHD children exhib-
it a primary accommodative deficit or that our attempts to
increase the attentional engagement by changing the stimulus
to accommodation were unsuccessful. We address which of
these is the more likely in the text below.

Table 1 Descriptive values (mean ± standard deviation) of visual variables for the non-medicated ADHD, medicated ADHD and control groups and
different tasks

Non-medicated ADHD
(1)

Medicated ADHD
(2)

Control (3) Post-hoc tests

p p (1 vs.
2)

p (1 vs. 3) p (2 vs. 3)

Lag of accommodation (D) Malta cross 1.19 ± 0.57 1.04 ± 0.41 0.71 ± 0.61 0.015* 0.392 0.014* 0.107

Picture 1.06 ± 0.52 1.05 ± 0.42 0.66 ± 0.56 0.018* 0.942 0.035* 0.036*

Cartoon
movie

1.05 ± 0.50 0.93 ± 0.43 0.78 ± 0.52 0.194 0.683 0.215 0.683

Variability of accommodation
(D)

Malta cross 1.14 ± 0.28 1.16 ± 0.31 1.21 ± 0.39 0.785 1.000 1.000 1.000

Picture 1.30 ± 0.27 1.25 ± 0.35 1.27 ± 0.41 0.872 1000 1000 1000

Cartoon
movie

1.13 ± 0.32 1.13 ± 0.35 1.12 ± 0.31 0.996 1.000 1.000 1.000

Pupil size (mm) Malta cross 4.68 ± 0.89 4.43 ± 0.87 4.29 ± 0.44 0.431 0.970 0.594 0.970

Picture 4.35 ± 0.91 4.41 ± 0.99 4.34 ± 0.45 0.873 1.000 1.000 1.000

Cartoon
movie

4.47 ± 0.93 4.60 ± 1.07 4.30 ± 0.59 0.458 0.809 0.738 0.738

Variability of pupil size (mm) Malta cross 1.96 ± 0.50 1.74 ± 0.54 1.70 ± 0.44 0.185 0.331 0.261 0.761

Picture 2.04 ± 0.48 1.83 ± 0.59 1.79 ± 0.30 0.115 0.305 0.134 0.603

Cartoon
movie

1.92 ± 0.52 1.91 ± 0.65 1.58 ± 0.45 0.037* 0.933 0.066 0.066

Post-hoc comparisons are corrected with the Holm-Bonferroni correction. (1), (2) and (3) refer to the non-medicated ADHD, medicated ADHD and
control groups, respectively

ADHD attention deficit hyperactivity disorder, D diopters, mm millimetres

*Statistical significance (p < 0.05)

Fig. 2 Accommodation deficits
for the non-medicated ADHD,
medicated ADHD and control
groups while viewing the three
stimulus types. Positive values
indicate lags of accommodation,
whereas negative values show
leads of accommodation. The box
plots represent 75th and 25th
centiles, and individual data are
displayed as jittered dots. The
horizontal line into the box indi-
cates the median value. The
whiskers show the range of values
within the 1.5× interquartile range
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We found that children with ADHD had a mean lag of
around 0.5 D greater than the control group when fixating
the Maltese cross at 25 cm (see Table 1). Our results agree
with a previous study that found a higher lag of accommoda-
tion in a population of non-medicated children with ADHD
compared to a healthy, age-matched control group (approxi-
mately 0.5 D greater in the ADHD group at 20 cm [14].
Inaccurate accommodation may lead to asthenopia and impair
behavioural performance [44], which might explain the great-
er near symptomatology (e.g. convergence insufficiency) re-
ported by children with ADHD [45, 46]. Normative data in-
dicate that an accommodative lag, as measured by MEM ret-
inoscopy at 40 cm, of approximately 0.50 ± 0.40 D may be
expected in 10-year-old children [47]. Here, we found a mean
accommodative lag, using an open-field autorefractor, of 1.19
± 0.57 D for the Maltese cross at 25 cm in children with
ADHD (see Table 1), and thus, our results may be considered
clinically as well as statistically significant.

The accommodative response is not stable when focusing
on a stationary target and typically fluctuates by ~ 0.5 D
around the mean response [48]. We did not find any group
difference in the variability of accommodation, which agrees
with Redondo et al., who also found differences between the
ADHD and a control group in the lag of accommodation, and
not in the variability of their accommodation. Roberts et al.
observed that the variability of accommodation was lower
while performing an active sustained task of 10 min compared
to a passive and non-engaging task in children. Similarly, our
results show that the variability of the accommodative re-
sponse is dependent on the visual stimulus; all children exhib-
ited a higher variability for the picture condition in compari-
son to the cartoon movie, which we attribute to the fact
watching moving images is a more engaging task. In addition,
there was a trend toward higher variability of accommodation
over time, with these effects being evident in the last minute of

the 3-min viewing task. Previous studies have reported stable
behaviour of the accommodative response over time in an
ADHD and control population [14, 39], which may seem
contradictory to the present findings. However, both of the
aforementioned studies recorded accommodation for a 90-s
period compared to the 180 s recording period employed here.
Our results suggest that the stability of accommodation can be
modulated by increasing the attractiveness of the stimulus
[18]. Given that this occurred regardless of group, it is tempt-
ing to suggest that we have increased the attentional engage-
ment in all children, including ADHD children, and in turn
suggests that the greater lag of accommodation in the non-
medicated ADHD childrenmay be a primary deficit of accom-
modation rather a failure to engage the children with the mov-
ie presentation. However, future studies that objectively ana-
lyse the attentional state (e.g. using electroencephalography)
are needed to test whether this assertion is correct.

It is well known that changes in pupil diameter and accom-
modation are strongly correlated but not necessarily causally
related [49]. The pupillary response provides information
about autonomic nervous system and has also been shown to
be sensitive to changes in the attentional state [50, 51]. In
agreement with Kara et al. [52], we did not find significant
differences between the ADHD and control groups for the
magnitude or variability of pupil diameter, suggesting that
these variables may not be sensitive enough to be used as
physiological markers for diagnosis of ADHD. Here, the anal-
ysis of the pupil dynamics was carried out in order to explore
whether the changes in the accommodative response may be
explained by variations in the pupil behaviour. However, the
lack of group differences for the pupillary response indicates
that changes in ocular accommodation were not linked to pu-
pil diameter variations in this study. Regarding effects of stim-
ulant medication, the sympathomimetic action of methylphe-
nidate may lead to pupil dilation. A recent study observed

Fig. 3 Variability of
accommodation for the non-
medicated ADHD, medicated
ADHD and control groups while
viewing the three stimulus types.
The box plots represent 75th and
25th centiles, and individual data
are displayed as jittered dots. The
horizontal line into the box indi-
cates the median value. The
whiskers show the range of values
within the 1.5× interquartile range
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larger pupil diameters in children with ADHD when using
stimulant medication, although these effects might be partially
explained by the session order (i.e. the order of both sessions
was not counterbalanced) [53].

The sustained use of methylphenidate has been shown to
induce changes in brain neurochemistry, modifying the cog-
nitive and neural functioning [54]. Methylphenidate affects
the prefrontal cortex and striatum and acts by blocking both
dopamine and norepinephrine transporters, which leads to in-
creased extracellular dopamine and norepinephrine (Arnsten,
2006). However, the effect of methylphenidate on visual func-
tion is not well established with mixed results in the scientific
literature [28–32, 55]). In this regard, the use of methylpheni-
date has been linked by the European Medicines Agency with
several changes in visual function, including mydriasis and
accommodation difficulties, although its incidence is rare
[55]. In our study, the medicated ADHD group exhibited
mean accommodative lags that were not different to those in
the non-medicated ADHD group (Table 1) and the same is
true of the mean accommodative lags in the medicated
ADHD group and typically developing children. These results
suggest, therefore, that the use of stimulant medication has at
best a minor effect on accommodation accuracy in children
with ADHD, which could mean that the brain areas (e.g. su-
perior colliculus) controlling the near response [56] are unaf-
fected by the stimulant medication. Other studies observed
improvements in blink and microsaccade rates and visual
fields when children with ADHDwere treated with stimulants
[28–30, 57–59]. However, these visual functions are con-
trolled by different physiological mechanisms than those re-
sponsible for driving the dynamics of the accommodative re-
sponse [60]. Based on the results of our study, the use of
stimulants (i.e. methylphenidate) in treatment of ADHD med-
ication will probably not eliminate the accommodative deficits
found in children with this neuropsychological disorder.

Our study has a number of limitations. First, the screen
luminance and colour content were not matched between the
Maltese cross, picture and cartoon movie conditions, and this
may lead to some differences in the accommodative response
behaviour [61] since the accommodation response is sensitive
to luminance and chromatic components of the stimulus [62].
Although, it should be noted that there were no differences in
pupil diameter between conditions. Second, the angular
subtense for the three visual stimuli was the same (10°).
However, fixation stability was not controlled in the current
investigation, and hence, we cannot discard the possibility that
differences in fixation stability may partially explain the dif-
ferences we observed in the accommodative response (lag and
variability of accommodation). Third, although we found a
greater lag of accommodative in the non-medicated ADHD
group, we cannot establish the physiological cause for this
finding. It is our hope that future studies will determine the
bra in mechanisms respons ib le for the impai red

accommodative function in children with ADHD. Fourth,
the pharmacological treatment does not seem to substantially
improve the accommodative function in the ADHD popula-
tion, and thus, the effectiveness of alternative treatment strat-
egies such as glasses or visual therapy should be investigated.
In addition, there is evidence that some comorbidities or
ADHD symptoms cannot be exclusively addressed by the
stimulant medication, supporting that the development of
new drugs is necessary to manage the symptoms and signs
associated with ADHD [27]. Therefore, the impact of different
pharmacological interventions on the accommodative func-
tion should be explored in future investigations.

Conclusions

This study provides further evidence for an impaired accom-
modative response in children with ADHD. We found that
non-medicated children with ADHD present a higher mean
accommodative lag than age-matched controls, with this ef-
fect being independent of the stimulus to accommodation,
even when these are designed to increase engagement.
Methylphenidate treatment seems not to have a marked effect
on the mean accommodative lag. The variability of accommo-
dation was affected by the visual stimulus, showing a more
stable accommodative response while viewing the more en-
gaging task (cartoon movie). However, non-medicated and
medicated children with ADHD and healthy controls exhibit-
ed similar stability of accommodation. Taken together, the
present findings reveal novel insights into the inherent accom-
modative deficit of children with ADHD and they suggest that
the lack of accuracy in accommodative response in non-
medicated ADHD children may result from a primary deficit
associated with this condition.
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