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University of Seville, Seville, Spain Purpose: The purpose of this study was to assess accommodative function in non-
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glycosylated haemoglobin values on accommodative function.

Methods: This comparative, cross-sectional study included 60 participants
between 11 and 39years old, 30 with T1D and 30 controls, with no previous eye
surgery, ocular disease or medication that could affect the results of the visual
examination. Amplitude of accommodation (AA), negative and positive relative
accommodation (NRAand PRA),accommodativeresponse (AR) and accommodative
facility (AF) were assessed using the tests that showed the highest repeatability.
Participants were classified based on normative values into ‘insufficiency, excess
or normal results’, and a diagnosis of accommodative disorders (accommodative
insufficiency, accommodative infacility and accommodative excess) was made.
Results: Participants with T1D had statistically significant lower AA and AF and
higher NRA values than the controls. Furthermore, AA was significantly and
inversely correlated with age and the duration of diabetes; however, AF and NRA
were only correlated with disease duration. In the classification by accommodative
variables, a higher percentage of ‘insufficiency values’ was observed in the T1D
group (50%) than in the control group (6%; p <0.001). In terms of accommodative
disorders, accommodative infacility was the most prevalent (15%), followed by
accommodative insufficiency (10%).

Conclusions: Our findings indicate that T1D affects most accommodative
parameters, with accommodative insufficiency being associated with this disease.
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INTRODUCTION production or action, affecting the metabolism of carbo-

hydrates, proteins and fats. There are different types of this
Diabetes mellitus is a chronic, systemic disease with varia- condition, and in type 1 diabetes (T1D), there is destruction
ble degrees of hereditary predisposition. It is characterised of B cells in the pancreas, which leads to absolute insulin
by chronic hyperglycaemia due to a deficiency in insulin insufficiency in the blood.’
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Atthe ocularlevel, diabetes can affect practically all ocular
structures. In the posterior segment, patients with diabetes
can experience diabetic retinopathy, neuropathy, glaucoma
and macular oedema.? In the anterior segment, complica-
tions include corneal dysfunctions, such as abnormal sensi-
tivity, late corneal re-epithelialisation, diabetic keratopathy,
progressive decrease in density and/or alteration of the cor-
neal nerve and clouding of the lens at an early age.*

Changes can also become manifest at a functional level.
Most authors suggest that a large increase in glucose can
lead to changes in the refractive index within the ocular
media, increasing refractive power and causing temporary
myopia.” Others have noted the existence of hyperme-
tropic variations with plasma glucose levels, mainly due
to the crystalline lens, regardless of whether these levels
increase or decrease.® With regard to accommodation in
individuals with diabetes, as a product of hyperglycaemia
the proteins of the lens are lost, leading to a decline in elas-
ticity and the ability to focus on near objects. Therefore,
some authors have suggested that these subjects have
decreased accommodative power for their age compared
with patients without diabetes,”"® and in some cases,
these changes are related to glycaemic control, with con-
tradictory results in this regard." "

Variations within the crystalline lens could lead to accom-
modative disorders, that is, visual disturbances that affect
the subject's binocular vision and visual performance, partic-
ularly when performing near-vision tasks. The most frequent
symptoms are headache, blurred vision, difficulty focusing
at different distances and eye pain, amongst others.'*

To the authors' knowledge, a detailed analysis of com-
plete accommodative function has not been performed in
persons with T1D. This would require identifying the pres-
ence of accommodative disorders in this population. This is
crucial due to the possible effect of these disorders on the
patient's everyday quality of life. This study aims to address
that gap in the scientific evidence.

Therefore, the aim of this research was to comprehensively
assess accommodative function in non-presbyopic individu-
als diagnosed with T1D without retinopathy compared with
controls by studying accommodative amplitude (AA), neg-
ative and positive relative accommodation (NRA and PRA),
accommodative response (AR) and monocular and binocular
accommodative facility (AF), and to identify the existence of
possible accommodative disorders related to this disease. In
addition, the investigation determined the influence of T1D
duration and capillary glycosylated haemoglobin (HbA1c)
negative values on accommodative function.

METHODS
Study design and ethics
A prospective, comparative, cross-sectional study was

carried out in the Optometry Facilities of the Faculty of
Pharmacy of the University of Seville, between May 2021

Key points

« Although the amplitude of accommodation
has been studied in subjects with type 1
diabetes, a comprehensive evaluation of all
clinical accommodative parameters has not
previously been performed nor a diagnosis of
accommodative disorders.

+ Subjects with type 1 diabetes showed a lower
ability to accommodate and reduced accommo-
dative facility compared with controls, as well as
higher negative relative accommodation.

« A higher percentage of accommodative disor-
ders was observed in the type 1 diabetes group
than in the control group, all related to accom-
modative insufficiency.

and October 2021. The study was approved by the Ethics
Committee of the Regional Government of Andalusia (code
0997-M1-18) and was conducted according to the ethical
principles for medical research set out in the Declaration
of Helsinki. Adults signed an informed consent form after
an explanation of the nature and consequences of the
study, and minors under 18years of age gave verbal con-
sent while informed consent was signed by their parents
or legal guardians.

Subjects

For the selection of participants with T1D, a proposal
for participation in the study was sent by email to the
Association of Diabetics of Seville (ANADIS). Control par-
ticipants were selected from the university community of
the Faculty of Pharmacy of Seville.

The inclusion and exclusion criteria were the same for all
participants: (1) between 11 and 40years of age; (2) having
monocular corrected distance visual acuity (VA) <0.10 log-
MAR; (3) absence of systemic, ocular disease or visual impair-
ment that could affect the results of the visual examination
(implying that participants could not have suppression);
(4) no medication that could affect the results of the visual
examination and (5) no previous eye surgery. Participants
with T1D, who controlled their DM with insulin injections,
were required to have been diagnosed by a diabetes physi-
cian specialist at least 3 years earlier and could not have any
signs of retinopathy on fundus imaging, according to the
Early Treatment of Diabetic Retinopathy Study."® Control
participants must have an HbA1c concentration <5.6%.'°

The participant selection process for this study is shown
in Figure 1. The sample population was composed of 60
subjects, 30 with T1D and 30 controls. The descriptive char-
acteristics of the participants by study group are presented
in Table 1.
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Examination procedure

A data collection sheet was used for each participant,
which included personal data, medical history (last visual
examination and whether they had an optical correction,
symptoms, pharmacological treatment and family history
of ocular problems) and optometric data.

Preliminary measurements

Non-mydriatic fundus photography (CSO Nonmydriatic
Fundus Camera Cobra HD, Italy, csoitalia.it) was performed
to rule out signs of diabetic retinopathy. Intraocular pres-
sure was measured using a non-contact tonometer
(Topcon CT-800, Japan, topconhealthcare.eu). The anterior
segment was evaluated with a slit lamp biomicroscope
(Topcon SL-6E, Japan, topconhealthcare.eu), to rule out
the presence of cataracts and to check that the cornea and
conjunctiva were healthy.

Distance VA was measured using an Early Treatment of
Diabetic Retinopathy Study (ETDRS) chart in a backlit light
box (85.0cd/m?) at 4m. Near VA was measured with an
ETDRS chart (Optometric Promotion, promocionoptome
trica.com) at 40cm. To prevent participants from memo-
rising the letters, they were asked to read the lines from
left to right for the right eye measurement, from right to
left for the left eye and from right to left again for both
eyes."” The VA was recorded in logMAR."”® Objective re-
fraction was performed by static retinoscopy (Welch Allyn
retinoscope, welchallynstore.com), followed by subjective
refraction using an Essilor MPH100E S/N 000104 phoropter

Screened participants (n = 71)

Ineligible for the study (n = 5)
* Diabetes duration< 3 years (n = 3)
¢ Refractivesurgery (n = 2)

A 4

v
Eligible (n = 66)

Excluded (n = 6)

*  Amblyopia(n = 2)

* Diabetic Retinopathy (n = 3)
¢ Medication (n = 1)

v

v
Enrolled in the study (n = 60)

v
Analyzed (n = 60)

FIGURE 1 Flow chart of the study selection process.

(essilorpro.com) to obtain the refractive error of each eye,
along with the corrected VA. For data analysis, the spheri-
cal equivalent refractive error was calculated as the alge-
braic sum of the sphere and half of the cylinder power.
Unilateral and alternating cover tests at far and near fixa-
tion distances were performed to detect heterophoria or
heterotropia. The Worth four-dot test was used to assess
fusion while moving the flashlight from 33cm to 6.0m."”
To quantify the glycaemic control of each participant, the
HbA1c percentage was determined using the Cobas b-101
analyser (Roche Diagnostic, diagnostics.roche.com). Once
it was confirmed that subjects met the established inclu-
sion criteria, then accommodation was evaluated.

Accommodative examinations

The following accommodative parameters were evaluated:
monocular AA, AR, monocular and binocular AF, NRA and
PRA.

Amplitude of accommodation was determined monoc-
ularly using the minus lens method (Sheard method). Minus
lenses were added in the phoropter in —0.25D steps until
the subject reported sustained blur of a printed ETDRS op-
totype at 40 cm. The AA was measured firstly from the right
eye and then from the left eye. The minus lens method was
used because it was the most repeatable.?*%2

The AR was determined by Nott dynamic retinoscopy
using the streak retinoscope under binocular conditions.
A card on the near-vision rod of the phoropter was posi-
tioned at a distance of 40cm and used as a fixation tar-
get.” The target contained several lines of high-contrast
black-on-white letters and the subject viewed a 0.0 log-
MAR line with both eyes. This method was chosen because
it presented the highest repeatability.?*

Accommodative facility was measured using +2.00D flip-
per lenses and a near-vision card at 40cm, first monocularly
and then binocularly.”> The test was carried out for 1 min and
the total number of cycles (clearing both the plus and minus
lenses) was recorded.?® We also noted whether the subject
had difficulty clearing either the plus or minus lenses (or both)
to differentiate between insufficiency, excess and infacility.

Negative and positive relative accommodation were
assessed using a near-vision card positioned at a view-
ing distance of 40cm. NRA represents the ability to relax
accommodation by adding plus lenses. PRA represents
the ability to stimulate accommodation by adding minus
lenses. NRA was measured first. While subjects fixated the
horizontal 0.0 logMAR line, the examiner added spherical
lenses in 0.25 D steps binocularly, at the rate of one step
every 2 s until the subject reported the first sustained blur.?’

All measurements were performed with the subjects’
best refractive correction in the phoropter (AA, AR, NRA
and PRA) or in a trial frame (AF), in the same room under
photopic conditions, with the same materials, order of test-
ing and by the same optometrist. All subjects were advised
not to wear contact lenses for 24 h prior to measurements.
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TABLE 1

Variable (units)

Age (years)

Male, n (%)

Female, n (%)

HbA1c (%)

T1D duration (years)

Spherical equivalent, RE (dioptres)

Spherical equivalent change, RE
(dioptres)

Spherical equivalent, LE (dioptres)

Spherical equivalent change, LE
(dioptres)

Distance VA, RE (logMAR)
Distance VA, LE (logMAR)
Distance VA, BE (logMAR)
Near VA, RE (logMAR)

T1D group (n=30), mean +SD (range)

22.90+9.56 (11 to 39)

12 (40)

18 (60)

7.41+0.85 (5.9 t0 9.4)
10.8+7.2 (3 to 26)
—0.25+1.86 (-5.50 to 4.25)
—0.04+0.25 (~0.50 to 0.50)

—0.40+1.92 (-7.00 to 4.00)
—0.03+0.22 (-0.50 to 0.50)

—0.07+0.05 (0.04 to —0.18)
—0.08+0.07 (0.04 to —0.24)
—0.12£0.06 (0.00 to —0.24)
—0.07+0.05 (0.06 to —0.10)

—0.06+0.05 (0.06 to —0.14)
—0.09+0.03 (0.00 to —0.18)
15.8+1.9(11 to 19)
15.6£2.0 (11 to 19)

Near VA, LE (logMAR)
Near VA, BE (logMAR)
Intraocular pressure, RE (mmHg)

Intraocular pressure, LE (mmHg)

OPO ¥

Comparison of demographic data and clinical characteristics between participants in each study group (T1D and control).

Control group (n=30), mean+SD (range) p Value
23.67+7.31 (11 to 39) 0.57

1 (37) 0.79

19 (63)

5.00+0.25(4.6t0 5.4) <0.001*
—0.84+1.79 (-6.50 to 3.25) 0.07
—0.04+0.28 (—0.75 to 0.50) 0.95
—0.82+1.84 (—6.75 to 3.50) 0.27
—0.04+0.27 (-0.50 to 0.75) 0.39
—0.06+0.07 (0.10 to —0.20) 0.77
—0.07 +£0.07 (0.04 to —0.20) 0.39
—0.12+0.06 (0.00 to —0.24) 0.70
—0.08+0.05 (0.00 to —0.18) 0.09
—0.08+0.05 (0.00 to —0.16) 0.07
—0.10+£0.04 (0.00 to —0.18) 0.05
15.8+1.8 (13 to 19) 0.84
15.8+2.0 (13 to 19) 0.80

Abbreviations: BE, both eyes; HbA1c, capillary glycosylated haemoglobin; LE, left eye; RE, right eye; SD, standard deviation; SE, spherical equivalent; T1D, type 1 diabetes;

VA, visual acuity.
*Statistically different by Student's t-test.

TABLE 2

Variables (units) Normative values

Values considered as insufficiency

Normative values for each accommodative variable and values classified as insufficiency and excess.

Values considered as excess

AA (D) Hofstetter's AA Min Hofstetter's AA Max Hofstetter's AA®
18 - (0.3 x age) - 2.00 £2.00 15 -(0.25 x age) — 4.00 25 -(0.40 x age)+2.00

AR (D) +0.50+0.25 >+1.00 <+0.25

PRA (D) -2.37£1.00 <-1.25 >-3.25

NRA (D) +2.00+0.50 >+2.75 <+1.50

MAF (cpm) 8-12years: 5+2.5 8-12years: <2 8-12years: <2

13-34years: 115

BAF (cpm) 8-12years: 5+£2.5

13-34years: 10£5

13-34years: <6
Fails with —2.00 D

8-12years: <2

13-34years: <3
Fails with —2.00D

13-34years: <6
Fails with +2.00 D

8-12years: <2

13-34years: <3
Fails with +2.00D

Abbreviations: AA, amplitude of accommodation; AR, accommodative response; BAF, binocular accommodative facility; cpm, cycles per minute; D, dioptres; MAF,
monocular accommodative facility; Max, maximum; Min, minimum; NRA, negative relative accommodation; PRA, positive relative accommodation.

®This value does not correspond to an accommodative excess but refers to a value higher than that considered normal.

Diagnosis of accommodative disorders

From the accommodative measurements, a new variable
was determined, namely ‘insufficiency-normal-excess val-
ues, to describe the global state of the accommodative
function. This was based on the Scheiman and Wick? cri-
teria and following the study of Sanchez-Gonzalez et al.'’
The classification into ‘excess, insufficiency and normal val-
ues’ was made by grouping the accommodative variables
into a set of specific tests, whether they assessed the same

function directly or indirectly, and identifying excess or in-
sufficiency values according to the tests and grouping of
the results.'” Table 2 shows the normative values for each
accommodative variable and those classified as ‘insuffi-
ciency’ and ‘excess’ For normative values, we relied on the
work of Scheiman and Wick.® In addition, a diagnosis of
the following accommodative disorders was performed:
accommodative insufficiency, accommodative excess and
accommodative infacility, using the criteria presented by
Lara et al.>° (Table 3).
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Statistical analysis

Statistical analysis of the data was performed using IBM
SPSS® Statistics 26 (ibm.com). Descriptive analysis was car-
ried out using the number and percentage in each group
for qualitative variables. These quantitative variables
were described by the mean (standard deviation, SD) and
range (minimum to maximum). The normality of the data
was analysed using the Shapiro-Wilk test. Differences be-
tween the two groups were analysed using the Student's
t-test for independent samples or the Mann-Whitney U-
test. When the variables were qualitative, the chi-squared
test or Fisher's exact test was used. The relationship be-
tween the variables was assessed using the Pearson or
Spearman correlation test with simple and multiple lin-
ear regression analysis. The level of significance was set
at 95% (p < 0.05).

The sample size was assessed with the EPIDAT® 4.2 soft-
ware (Department of Health, Government of Galicia, Spain;
https://www.sergas.es/Saude-publica/EPIDAT) with AA
as the main study variable. Using an alpha of 0.05 and a
beta of 0.2 in a two-sided test, 19 subjects were necessary
in each group to identify a difference in AA =2 D as statis-
tically significant. The common SD for AA was assumed to
be 2.37 and 1.88 for the T1D and control groups, respec-
tively, based on the results from a previous pilot study with
30 participants (15 with T1D and 15 controls) by the same
researchers.

RESULTS
Demographics and clinical characteristics

Table 1 shows the comparison between the two study
groups. The T1D and control groups were similar with
respect to age, sex, refraction, VA and intraocular pres-
sure. The only statistically significant difference between

TABLE 3 Diagnostic criteria for accommodative disorders used.>

Accommodative

disorder Fundamental sign

Accommodative

insufficiency MAF (+2.00 D) <6 cpm (fails with —2.00 D)

Accommodative Variable VA findings
excess Variable refraction

MAF (£2.00D) <6 cpm (Difficulty clearing +2.00 D)

Accommodative
infacility

MAF (£2.00D)<6cpm
BAF (+2.00D) <3 cpm
NRA<+1.50D
PRA<-1.25D

Note: Diagnostic criteria presented by Lara et al.*°

AA <4DP of Hofstetter's minimum AA (15-0.25 x age)

the two groups was in the percentage of HbAlc (t=9.96,
p<0.001).

Accommodative test results

Table 4 shows the values of the accommodative variables
and statistical significance (p-value) obtained in the com-
parison between the two groups, as well as the classification
of the participants in each group as accommodative insuf-
ficiency, excess or normal based on the normative values.?®

The T1D group exhibited significantly lower values than
the control group for AA (right eye, t=3.92, p<0.001; left
eye, t=3.63, p<0.001), monocular AF (right eye, t=3.55,
p=0.001; left eye, t=2.94, p=0.005) and binocular AF
(t=3.87, p<0.001). In addition, the T1D group showed sig-
nificantly higher NRA (U=2.12, p=0.03) than the controls
(Figure 2).

Diagnosis of accommodative disorders

Using the classification of accommodative variables as 'in-
sufficiency, excess or normal results', a higher percentage
of insufficiency values was found in the T1D group (com-
pared with the controls) for all of the examined accommo-
dative variables except NRA (Table 4). This between-group
comparison was significant (p=0.001), with a higher per-
centage of insufficiency values in the T1D (50%) compared
with the control group (6%).

In addition, with regard to the diagnosis of accommoda-
tive disorders using the criteria presented by Lara et al.,*
of the 60 subjects examined, 27% had an accommoda-
tive disorder, with 23% coming from the T1DM group.
Accommodative infacility (15%) was the most prevalent
disorder, followed by accommodative insufficiency (10%),
with the latter being present only in the T1D group. Only
one subject had accommodative excess (1.7%; Table 5).

Complementary sign®

BAF <3 cpm (fails with —2.00D)
AR>+0.75D
PRA<-1.25D

BAF <3 cpm (difficulty clearing +2.00 D)
AR<+0.25D
NRA<+1.50D

Abbreviations: AA, amplitude of accommodation; AR, accommodative response; BAF, binocular accommodative facility; cpm, cycles per minute; D, dioptres; MAF,
monocular accommodative facility; NRA, negative relative accommodation; PRA, positive relative accommodation; VA, visual acuity.

“Need to be present two of the three signs.
PInstead of <2 D due to the use of the minus lens method for AA measurements.
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Correlation analysis of age, HbA1c and
diabetes duration with accommodative tests

In examining the relationship between the variables, in
view of the strong correlation between the findings ob-
tained in each eye, only the right eye values were used. Age
was significantly correlated with AA (p=-0.687, p <0.001).
Comparison of AA with age for each group is shown in
Figure 3.

No significant correlation of HbA1c with any of the ac-
commodative variables was found in either the whole sam-
ple or just the T1D group. A significant inverse correlation
was observed between the duration of diabetes and AA
(p=-0.571, p=0.001) and between the duration of diabe-
tes and both monocular AF (p=-0. 322, p=0.01) and bin-
ocular AF (p=-0.375, p=0.003). Furthermore, the duration
of diabetes was positively correlated with NRA (p=0.327,
p=0.01).

However, when analysis was restricted to the T1D
group, the correlation between the duration of diabetes
and accommodative parameters was only significant for
AA (p=-0.533, p=0.002). Based on these results, a mul-
tiple regression analysis was conducted for AA using the
duration of diabetes and age as predictive variables for
the complete set of subjects (n=60). Both factors contrib-
uted significantly, adjusting to the equation: y=14.337
(£0.61) —0.166 (£0.29)* duration of T1D —0.207 (£0.25)* age
(R*=0.69, adjusted R*=0.68, F=63.12, p < 0.001).

DISCUSSION

This study fully assessed accommodative function in non-
presbyopic individuals diagnosed with T1D without retin-
opathy and in a control group. AA and FA were significantly
lower and NRA was significantly higher in the T1D group
than in the control group. In addition, T1D subjects showed
a higher percentage of insufficiency values. Regarding ac-
commodative disorders, accommodative infacility was the
most prevalent, followed by accommodative insufficiency,
with the latter only being present in the T1D group.

Of the accommodative variables analysed in previous
investigations, AA has been the most studied.” >332 This
work corroborates the results of previous studies that noted
alower AA in T1D subjects with respect to the expected val-
ues based on age® or a control group,”'""'*?" regardless of
the method of measurement. In the present study, the mean
AA in the T1D group was approximately 2.50D less than the
control group, which can be considered a clinically signifi-
cant difference. Regarding the method used to assess AA,
most prior studies used the push-up method, which pro-
vides higher AA values than the minus lens technique. The
decreased finding with the minus lens method is due to the
reduction in image size induced by the minus lens, which
increases the subject's ability to detect defocus earlier, re-
sulting in a lower AA measurement.’’ However, the minus
lens method has been shown to have the best repeatability,
thus minimising intra-measurement errors.?%*33* n a linear

regression analysis, AA was significantly associated with
age and the duration of diabetes, corroborating the results
of previous studies.”®'"1332 Some previous investigations
have observed both fasting plasma glucose and HbA1c to
be inversely correlated with AA." 12 However, in the present
study, this association was not found, consistent with Braun
etal.*? and Sirakaya et al.”® In a longitudinal study by Abokyi
etal,'’a dynamic relationship was observed between blood
glucose concentration and the AA in subjects with T1D, with
a higher blood glucose concentration (>7 mmol/L) being as-
sociated with a lower AA. This possible relationship between
blood glucose and accommodation needs to be confirmed
in other longitudinal studies.

Our results agree with others showing a significantly
lower monocular®® and binocular AF?' in subjects with
T1D. The difference in AF between the groups was around
4.cpm, which could be clinically relevant. Nabovati et all®
reported a significant negative correlation between mon-
ocular AF and HbAI1c, although this association was not
found in the present investigation. Additionally, a signifi-
cant negative correlation was seen between both mon-
ocular and binocular AF and the duration of diabetes,
confirming that T1D does affect AF.

The results of the present study disagree with previous
findings with regard to NRA and PRA, since we observed
higher mean values for NRA in the T1D group, versus the
control group, with a significant difference of 0.25 D. Other
authors did not find statistically significant differences be-
tween the two groups,”! although the magnitude of this
difference cannot be considered clinically significant. A
possible cause of this finding could be the lower AA present
in the T1D group, which might imply better acceptance of
additional plus lenses than for the control subjects. On the
other hand, Etezad et al.*' found significantly higher PRA
in a T1D group compared with controls, whereas here, sim-
ilar values were found in the two groups, consistent with
Srihard and Ramachandra.’ It should also be noted that
there were significant differences in age between the two
groups of participants in Etezad et al.>' However, as NRA
and PRA are measured under binocular conditions, they
are tests of both the accommodative and vergence system,
and therefore should only be considered as supplementary
tests in the diagnosis of accommodative disorders.

The AR results also differ from previous research. While
other studies have reported a significantly larger accommo-
dative lag in T1D subjects,m’12 in this study, the results were
similar in the two groups. This may be due to the method
used, with MEM retinoscopy being used in other investiga-
tions compared with Nott retinoscopy in this study. Cacho
et al.>® noted a linear relationship between the two meth-
ods, although the result with Nott retinoscopy was approxi-
mately one-half of the value found using MEM retinoscopy.

Comparison between the accommodative parameters
is of interest to analyse the effect of diabetes on particu-
lar aspects of accommodation, but it should be noted that
these parameters are isolated clinical signs. For an accurate
assessment of accommodative function, several of these
signs must be taken into account."” In the present study, we
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detected accommodative anomalies using the system devel-
oped by Scheiman and Wick (integrative analysis),28 which is
commonly adopted as a reference for the classification, diag-
nosis and treatment of accommaodative disorders,'’?#3637 a5
well as the methodology followed in the study by Sdnchez-
Gonzalez et al."” When applying this classification system,
subjects who present with normal values of accommodative
function, considering isolated clinical signs, may also show
differences in other signs, so they will be added to the group
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FIGURE 2 Comparison of accommodative variables showing a
significant difference between the type 1 diabetes and control groups.
(@) Amplitude of accommodation (AA) measured in dioptres (D). (b)
Negative relative accommodation (NRA) measured in dioptres. (c)
Accommodative facility (AF) measured in cycles per minute (cpm). BE,
both eyes; LE, left eyes; RE, right eyes.

classified with global values of accommodative excess or in-
sufficiency. For example, when evaluating AR in the left eye
of the T1D group, 3, 4 and 23 exhibited excess, insufficiency
and normal values, respectively. However, of these 23 sub-
jects with normal values, some also showed differences in
other signs and therefore became part of the global group
of insufficiency or excess. Accordingly, in the global variable
determined using the Scheiman and Wick criterion,?® there
should only be 15 T1D subjects with normal values, 15 with
insufficiency and none with excess. Of the 17 participants
with insufficiency (considering the global variable), 15 had
T1D and two were controls, while only two participants with
T1D and four control subjects had insufficiency when con-
sidering the left eye AR alone. This is due to 'normal’ subjects
with this isolated sign being added to the insufficiency group
for the global variable. The results obtained in the global
variable are the most relevant, since this truly shows whether
the subject has excess or insuﬁ“iciency.17 Furthermore, in the
diagnosis of accommodative disorders, a higher percentage
of these dysfunctions was observed in the T1D group than in
the control group, in terms of both the ability to accommo-
date (i.e., accommodative insufficiency) and reduced AF (i.e.,
accommodative infacility). However, the very small number
of subjects in each group must be noted.

Therefore, the results of this work and others both demon-
strate decreased accommodation in subjects with T1D caus-
ing an increase in accommodative disorders.””'**' Fischer
etal.*® pointed out that the lens lost more elasticity in diabetic
patients, while Pierro et al>° observed that the thickness of
the lens was greater in proportion to the duration of diabetes.

The main contribution of this study is to note that AA
is not the only parameter affected, as both AF and NRA
were also altered significantly. Furthermore, from a clini-
cal point of view, the results verify the association of T1D
with accommodative insufficiency. AA and monocular AF
are clinical diagnostic criteria for accommodative insuffi-
ciency.34'40 In addition, to our knowledge, this is the only
study of similar characteristics where participants were not
selected from a hospital but from the general community,
and the HbA1c value was determined not only in subjects
with diabetes but also in control subjects.

The relationship between hyperglycaemic levels and
loss of AA has not yet been demonstrated since these levels

TABLE 5 Classification of subjects with accommodative
dysfunctions by group.

T1D Control
Accommodative disorder group  group p Value
Accommodative insufficiency, 6(20) 0(0) 0.02*
n (%)
Accommodative excess, n (%) 0 (0) 1(3.3) >0.90
Accommodative infacility, n (%) 8(27) 1(3.3) 0.03*

Total accommodative disorder 14 (47) 2(6.7) -

Note: The classifications were based on the diagnostic criteria presented by Lara
etal >

*Statistically different by Fisher's exact test.
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FIGURE 3 Scatter plot of the change in the amplitude of accommodation (dioptres) with age (years) in the type 1 diabetes and control groups.

in monitored subjects are not usually maintained over
time. Reactive oxygen species increase because of auto-
oxidation, so their metabolism promotes the accumulation
of metabolites, such as fructose, sorbitol and triose phos-
phate. The latter generates reactive a-oxoaldehydes with
a high capacity to bind to proteins and generate oxidative
stress. The accumulation of sorbitol due to its inability to
diffuse easily to the outside, leads to an increase in osmotic
stress in the cells, and this is especially important to explain
the damage at the crystalline lens.*’

A limitation of this study was that the examiner was not
masked as to the type of patient due to the initial anam-
nesis. Furthermore, a cross-sectional study was performed,
and therefore it was not possible to establish a relationship
between T1D and accommodative anomalies, since only a
single measurement in time was recorded. Therefore, these
results should be considered with caution. In addition, we
also consider the sample size a limitation. With a greater
number of participants, stratification of the sample into dif-
ferent age groups could have been carried out to observe
whether the behaviour varied with age. Future longitudinal
studies will be necessary to corroborate these results and
to determine whether other binocular functions are also
affected by T1D as well as the relationship with glycaemia.

CONCLUSION

These findings indicate that T1D affects most of the pa-
rameters which assess accommodative function. The AA
and AF were significantly reduced while NRA was higher in
the T1D population than in the control group. More accom-
modation insufficiency was seen in the T1D group than in
the control subjects. In addition, there was a relationship
between the duration of diabetes and AA, AF and NRA, but
such a relationship was not seen for the glycosylated hae-
moglobin values.

AUTHOR CONTRIBUTIONS

Maria-Carmen Silva-Viguera: Conceptualization (equal);
data curation (equal); formal analysis (lead); investiga-
tion (equal); methodology (equal); resources (equal); su-
pervision (equal); validation (equal); visualization (equal);
writing — review and editing (equal). Maria-José Bautista-
Llamas: Conceptualization (equal); data curation (equal);
investigation (equal); methodology (equal); supervision
(equal); validation (equal); visualization (equal); writing -
review and editing (equal).

ACKNOWLEDGEMENTS

The authors would like to thank all of the participants in
the project for their assistance. In addition, the authors ap-
preciate the support offered by members of the Faculty of
Pharmacy of the University of Seville, and the facilities of
the Degree in Optics and Optometry. open access publish-
ing: Universidad de Sevilla.

FUNDING INFORMATION
No funding was received for conducting this study.

CONFLICT OF INTEREST STATEMENT

The authors report no conflicts of interest and have no pro-
prietary interest in any of the materials mentioned in this
article.

ORCID

Maria-Carmen Silva-Viguera (© https://orcid.
0rg/0000-0002-2750-655X

Maria-José Bautista-Llamas © https://orcid.

org/0000-0001-8317-5014

REFERENCES
1. American Diabetes Association. 2. Classification and diagnosis of
diabetes: Standards of Medical Care in Diabetes—2021. Diabetes
Care. 2021;44(Supplement_1):515-33.

85UB017 SUOWIWOD SA[8.D 3 [deot[dde aup Ag peusenob a.e sajole YO ‘9SN JO Sojni o} AkeuqiT8UIIUQ A8]I/M UO (SUONIPUOD-pUe-SWB Lo A3 1M Areiqjeuljuo//SAny) SUORIPUOD pue SWiS 1 81 88S " [720z/v0/rz] uo Akeidiauljuo AB[1M e]|1nes a pepseAlun Ag #9TET 0do/TTTT'OT/I0P/W00 A8 |1 Aleiq il |uo//Sdny wolj pepeojumod ‘G ‘€202 ‘ETETSLYT


https://orcid.org/0000-0002-2750-655X
https://orcid.org/0000-0002-2750-655X
https://orcid.org/0000-0002-2750-655X
https://orcid.org/0000-0001-8317-5014
https://orcid.org/0000-0001-8317-5014
https://orcid.org/0000-0001-8317-5014

SILVA-VIGUERA AND BAUTISTA-LLAMAS

94 THE COLLEGE OF 963
OPTOMETRISTS

10.

18.

20.

21.

22.

23.

Vieira-Potter VJ, Karamichos D, Lee DJ. Ocular complica-
tions of diabetes and therapeutic approaches. Biomed Res Int.
2016;2016:3801570. https://doi.org/10.1155/2016/3801570

Das KV, Jayakumar RV, Unnikrishnan AG, Poulose KP. Complications
of diabetes mellitus. Textbook of medicine. New Delhi: Jaypee
Brothers Medical Publishers (P) Ltd.; 2008. p. 556-6.

Han SB, Yang HK, Hyon JY. Influence of diabetes mellitus on anterior
segment of the eye. Clin Interv Aging. 2019;14:53-63.

Khan A, Petropoulos IN, Ponirakis G, Malik RA. Visual compli-
cations in diabetes mellitus: beyond retinopathy. Diabet Med.
2017;34:478-84.

Calvo-Maroto AM, Perez-Cambrodi RJ, Albardn-Diego C, Pons
A, Cervifio A. Optical quality of the diabetic eye: a review. Eye.
2014;28:1271-80.

Adnan, Efron N, Mathur A, Edwards K, Pritchard N, Suheimat M, et al.
Amplitude of accommodation in type 1 diabetes. Invest Ophthalmol
Vis Sci. 2014;55:7014-8.

Mathebula SD, Makunyane PS. Amplitude of accommodation is
reduced in pre-presbyopic diabetic patients. J Endocrinol Metab
Diabetes South Africa. 2017;22:12-6.

Sridhar S, Ramachandra S. Accommodative parameter assessment
in peri-presbyopic early onset diabetics with age matched healthy
individuals - a case control study. Indian J Clin Exp Ophthalmol.
2020;6:422-8.

Nabovati P, Khabazkhoob M, Fayaz F, Rajabi S, Asharlous A. Vision-
related symptoms, accommodative and binocular vision perfor-
mance in young diabetics vs. normal controls. Ophthalmic Physiol
Opt. 2022;42:904-12.

Abokyi S, llechie A, Asaam KA, Ntodie M. Fasting plasma sugar: a
predictor of accommodative function in diabetes. Curr Eye Res.
2016;41:791-7.

Abokyi S, Ayerakwah PA, Abu SL, Abu EK. Controlled blood sugar
improves the eye's accommodative ability in type-1 diabetes. Eye.
2021;35:1198-204.

Sirakaya E, Kuclk B, Sirakaya HA. The influence of type 1 dia-
betes mellitus on amplitude of accommodation. Curr Eye Res.
2020;45:873-8.

Garcia-Mufioz A, Carbonell-Bonete S, Canto-Cerddn M, Cacho-
Martinez P. Accommodative and binocular dysfunctions: prev-
alence in a randomised sample of university students. Clin Exp
Optom. 2016;99:313-21.

The Diabetic Retinopathy Research Group. Fundus photographic
risk factors for progression of diabetic retinopathy. Ophthalmology.
1991;98:823-33.

American Diabetes Association. Standards of Medical Care in
Diabetes—2011. Diabetes Care. 2011;34(Suppl.1):511-61.
Sanchez-Gonzalez MC, Pérez-Cabezas V, Lopez-lzquierdo |,
Gutiérrez-Sanchez E, Ruiz-Molinero C, Rebollo-Salas M, et al. Is it
possible to relate accommodative visual dysfunctions to neck pain?
Ann NY Acad Sci. 2018;1421:62-72.

Radner W, Benesch T. Age-related course of visual acuity obtained
with ETDRS 2000 charts in persons with healthy eyes. Graefes Arch
Clin Exp Ophthalmol. 2019;257:1295-301.

Scheiman M, Wick B. Diagnosis and general treatment approach: diag-
nostic testing. In: Scheiman M, Wick B, editors. Clinical management
of binocular vision: heterophoric, accommodative, and eye movement
disorders. 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2008.
Antona B, Barra F, Barrio A, Gonzalez E, Sanchez |. Repeatability in-
traexaminer and agreement in amplitude of accommodation mea-
surements. Graefes Arch Clin Exp Ophthalmol. 2009;247:121-7.
Momeni-Moghaddam H, Kundart J, Askarizadeh F. Comparing
measurement techniques of accommodative amplitudes. Indian J
Ophthalmol. 2014,;62:683-7.

ChenY, Zhang C, Ding C, Tao C, Bao J, Zheng J, et al. Repeatability of
two subjective accommodative amplitude measurementsand agree-
ment with an objective method. Clin Exp Optom. 2019;102:412-7.
McClelland JF, Saunders KJ. The repeatability and validity of dy-
namic retinoscopy in assessing the accommodative response.
Ophthalmic Physiol Opt. 2003;23:243-50.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Antona B, Sanchez |, Barrio A, Barra F, Gonzalez E. Intra-examiner
repeatability and agreement in accommodative response measure-
ments. Ophthalmic Physiol Opt. 2009;29:606-14.

Zellers JA, Alpert TL, Rouse MW. A review of the literature and a
normative study of accommodative facility. J Am Optom Assoc.
1984;55:31-7.

Garcia A, Cacho P, Lara F, Megias R. The relation between accom-
modative facility and general binocular dysfunction. Ophthalmic
Physiol Opt. 2000;20:98-104.

Garcia A, Cacho P, Lara F. Evaluating relative accommodations in
general binocular dysfunctions. Optom Vis Sci. 2002;79:779-87.
Scheiman M, Wick B. Case analysis and classification. In: Scheiman
M, Wick B, editors. Clinical management of binocular vision: het-
erophoric, accommodative, and eye movement disorders. 3rd ed.
Philadelphia, PA: Lippincott Williams & Wilkins; 2008.

Scheiman M, Wick B. Diagnosis and general treatment approach: diag-
nostic testing. In: Scheiman M, Wick B, editors. Clinical management of
binocular vision: heterophoric, accommodative, and eye movement
disorders. 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2008.
Lara F, Cacho P, Garcia A, Megias R. General binocular disor-
ders: prevalence in a clinic population. Ophthalmic Physiol Opt.
2001;21:70-4.

Etezad Razavi M, Sharifi M, Abrishami M, Zaker Abbasi M.
Accommodative ability in pre-presbyopic diabetic patients. J
Patient Saf Qual Improv. 2015;3:203-5.

Braun Cl, Benson WE, Remaley NA, Chew EY, Ferris FL.
Accommodative amplitudes in the early treatment diabetic reti-
nopathy study. Retina. 1995;15:275-81.

Cui RZ, Wang L, Qiao SN, Wang YC, Wang X, Yuan F, et al. On-type
retinal ganglion cells are preferentially affected in STZ-induced dia-
betic mice. Invest Ophthalmol Vis Sci. 2019;60:1644-56.
Garcia-Montero M, Antona B, Barrio AR, Nieto-Zayas C, Martinez-
Alberquilla I, Hernandez-Verdejo JL. The role of clinical diagnosis
criteria on the frequency of accommodative insufficiency. Int J
Ophthalmol. 2019;12:647-53.

Cacho MP, Garcia-Mufoz A, Garcia-Bernabeu JR, Lépez A.
Comparison between MEM and Nott dynamic retinoscopy. Optom
Vis Sci. 1999;76:650-5.

Cacho-Martinez P, Garcia-Mufoz A, Ruiz-Cantero MT. Do we really
know the prevalence of accommodative and nonstrabismic binoc-
ular dysfunctions? J Optom. 2010;3:185-97.

Yekta AA, Khabazkhoob M, Hashemi H, Ostadimoghaddam H,
Ghasemi-Moghaddam S, Heravian J, et al. Binocular and accommoda-
tive characteristics in a normal population. Strabismus. 2017;25:5-11.
Fisher RF. Elastic constants of the human lens capsule. J Physiol.
1969;201:1-19.

Pierro L, Brancato R, Zaganelli E, Guarisco L, Calori G. Correlation of
lens thickness with blood glucose control in diabetes mellitus. Acta
Ophthalmol Scand. 1996;74:539-41.

Cacho-Martinez P, Garcia-Mufioz A, Ruiz-Cantero MT. Is there any ev-
idence for the validity of diagnostic criteria used for accommodative
and nonstrabismic binocular dysfunctions? J Optom. 2014;7:2-21.
Diaz-Flores M, Baiza-Gutman LA, Ibanez-Hernandez MA, Pascoe-
Lira D, Guzman-Greenfel AM, Kumate-Rodriguez J. Molecular as-
pects of chronic hyperglycemia-induced tissue damage. Gac Med
Mex. 2004;140:437-47.

How to cite this article: Silva-Viguera M-C,
Bautista-Llamas M-J. Accommodative disorders in
non-presbyopic subjects with type 1 diabetes without
retinopathy: A comparative, cross-sectional study.
Ophthalmic Physiol Opt. 2023;43:954-963. https://doi.
0rg/10.1111/0p0.13164

85UB017 SUOWIWOD SA[8.D 3 [deot[dde aup Ag peusenob a.e sajole YO ‘9SN JO Sojni o} AkeuqiT8UIIUQ A8]I/M UO (SUONIPUOD-pUe-SWB Lo A3 1M Areiqjeuljuo//SAny) SUORIPUOD pue SWiS 1 81 88S " [720z/v0/rz] uo Akeidiauljuo AB[1M e]|1nes a pepseAlun Ag #9TET 0do/TTTT'OT/I0P/W00 A8 |1 Aleiq il |uo//Sdny wolj pepeojumod ‘G ‘€202 ‘ETETSLYT


https://doi.org/10.1155/2016/3801570
https://doi.org/10.1111/opo.13164
https://doi.org/10.1111/opo.13164

	Accommodative disorders in non-­presbyopic subjects with type 1 diabetes without retinopathy: A comparative, cross-­sectional study
	Abstract
	INTRODUCTION
	METHODS
	Study design and ethics
	Subjects
	Examination procedure
	Preliminary measurements
	Accommodative examinations
	Diagnosis of accommodative disorders

	Statistical analysis

	RESULTS
	Demographics and clinical characteristics
	Accommodative test results
	Diagnosis of accommodative disorders
	Correlation analysis of age, HbA1c and diabetes duration with accommodative tests

	DISCUSSION
	CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


