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SIGNIFICANCE: This study suggests that despite having comparable best-corrected visual acuity and normal fundus
appearance, objective measurements of optical quality showed that patients with diabetes but without overt retinop-
athy may have impaired visual function. Screening using the Optical Quality Analysis System might help identify
those patients.

PURPOSE: Visual impairments are common in diabetes, but the status of the problem is unclear before the devel-
opment of diabetic retinopathy. The aim of this pilot study was to investigate the optical quality and intraocular
scattering in the diabetic eye without diabetic retinopathy.

METHODS: Twenty-seven patients with diabetes without diabetic retinopathy were enrolled. Twenty-seven age-
and sex-matched healthy volunteers served as a control group. Optical quality parameters included modulation
transfer function cutoff frequency, Strehl (two-dimensional) ratio, and Optical Quality Analysis System values at
100, 20, and9 contrast levels. The objective scatter index was assessed using the Optical Quality Analysis System.
Correlations were analyzed between the modulation transfer function cutoff, Strehl ratio, objective scatter index,
and Optical Quality Analysis System value, and the age of the patient and the duration of diabetes mellitus.

RESULTS: The diabetic group exhibited lower modulation transfer function cutoff, Strehl ratio, and Optical Quality
Analysis System values at 100, 20, and 9% contrast levels and higher objective scatter index than did the controls
(all, P < .01). There were no associations between the optical quality parameters and age or the duration of diabe-
tes mellitus in the diabetic participants (all, P > .05). Moderate associations were found between all parameters
obtained from the Optical Quality Analysis System and age in the control group (all, P < .01).

CONCLUSIONS: This pilot study suggests that optical quality was reduced, and intraocular scattering increased in
the diabetic eye without diabetic retinopathy compared with controls.
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The prevalence of diabetes mellitus has become an important
public health problem in both developed and developing coun-
tries.1 Diabetes mellitus is characterized by hyperglycemia, which,
when uncontrolled, can result in retinopathy and vision loss.2 The
damage to the eye is such that diabetes mellitus is now considered
to be a leading cause of vision loss and blindness in Western coun-
tries.3,4 The prevalence of visual impairments secondary to diabetic
retinopathy is increasing worldwide.5,6 To prevent blindness, screen-
ing for retinopathy is considered an important part of diabetes care.3

Without screening, the patients will consult only in the presence of
severe visual impairment, but when visual acuity is not affected or
only slightly affected, the patients often ignore the problems or ne-
glect to seek care.7

In the eyes of healthy individuals, the retinal image quality
depends on the perfect combination of each optical component.
Any change in any optical component will lead to a blurred vision
resulting from optical degradation. Previous studies indicate
that diabetes mellitus affects almost all of the optical compo-
nents of the eye, from the tear film to the retina, and include tear
film instability, polymorphism of corneal epithelial and endothelial
cells, central corneal thickening, corneal optical density increasing,
lens thickening and increased convexity,8–15 earlier vitreous degen-
eration,16 retinopathy, higher-order aberrations,17 and ocular scat-
tering.18,19 Some studies have suggested that visual function is
also impaired in the early diabetic retinopathy stage andmay include
contrast sensitivity,20–22 visual field sensitivity,21,23 and color vision
sensitivity.9 Nevertheless, these visual functions were subjectively
tested, and the actual retinal dysfunction may be greater than sug-
gested. The effect of diabetes on the objective optical quality before
the onset of retinopathy has not been reported to date.

With the development of new clinical instruments, the compre-
hensive and objective optical quality can be accurately detected.
The Optical Quality Analysis System (Visiometrics, Terrassa, Spain)
is based on the double-pass technique and has been widely used
to evaluate the eye optical quality of patients undergoing refractive
and cataract surgery.24–26 The measurements achieved with the
Optical Quality Analysis System show good repeatability and repro-
ducibility.27,28 The results from those studies suggest that this in-
strument can be used to assist the accurate evaluation of the optical
quality in patients with diabetesmellitus without diabetic retinopathy.
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Therefore, this pilot study was conducted to evaluate the optical
quality and intraocular scattering in patients with diabetes mellitus
but without diabetic retinopathy using the Optical Quality Analysis
System. The results will provide evidence for the degree of visual im-
pairment in patients with diabetes mellitus before overt retinopathy.

METHODS

Participants

All the procedures adhered to the tenets of the Declaration of
Helsinki and were reviewed and approved by the institutional re-
view boards of Shanxi Eye Hospital and the First Affiliated Hospital
of Shanxi Medical University (Shanxi, China). Informed consent
was obtained from each participant.

Participants were enrolled in the study between September
2016 and January 2017. The same examiner inspected both eyes
of all participants. One eye of each participant was randomly cho-
sen for statistical analysis by flipping a coin. Participants were clas-
sified into two groups: diabetic group and control group. Diabetic
patients were recruited from the diabetes clinic of the First Affiliated
Hospital of Shanxi Medical University. The controls were healthy vol-
unteers selected from the hospital staff, relatives, and friends of the
patients at the Shanxi Eye Hospital. The two groups were matched
for age and sex. Diabetes mellitus was diagnosed according to the
2002 diagnostic criteria of the American Diabetes Association.29

The inclusion criteria were as follows: (1) eyes with a best-
corrected distance visual acuity of 0.1 logMAR or better, (2)
spherical refractive error from +3.00 to −3.00 diopters, (3) cylin-
der refractive error less than ±2.0 diopters with a normal fundus
under ophthalmoscope, and (4) only normal age-related, nuclear
sclerotic changes of the crystalline lens.

The exclusion criteria were as follows: (1) diagnosed as diabetic
retinopathy; (2) any factor with a possible effect on ocular surface
and visual function, including history of ocular trauma or surgery;
(3) coexisting ocular disorders (e.g., uveitis, ocular hypertension or
glaucoma, and corneal opacities); (4) pathology affecting ocular sur-
face (e.g., contact lens wear, lid lesions, lacrimal dust obstruction,
and pterygium); (5) disease of the immune system (e.g., Stevens-
Johnson syndrome, Sjögren disease, thyroid eye disease, systemic
lupus erythematosus, or any other connective tissue disorders); (6)
significant cataract; or (7) treatment withmedications that would in-
fluence visual functions such as ethambutol, amiodarone, hydroxy-
chloroquine, corticosteroids, and vigabatrin.

Data Collection

Age and sex were collected when the participants were enrolled.
Duration of diabetes mellitus was collected from the medical re-
cords. According to the protocol, all participants underwent a
comprehensive ophthalmologic examination by two independent
ophthalmologists, including anterior segment observation with
slit-lamp, dilated fundus assessment, and noncontact intraocular
pressure. The same optometrist conducted manifest subjective re-
fractions. Refraction was performed on all patients following the
principles of maximal plus to maximal visual acuity using an
OU-400 system (Topcon, Tokyo, Japan).

The refractive diopter of participants was inputted in the sys-
tem. After 5 minutes of adaptation in the dark room, the partici-
pants were asked to put their lower jaw on the lower jaw elevator
andwatch the test object. The distance of the optical probe was ad-
justed. When the pupil image appeared on the screen and the
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center of detection and pupil coincided, the process of auto-
focusing and automatic selection of the best focus was begun.
The spherical equivalent was automatically corrected through the
built-in lenses. When the participants had more than 0.75 diopter
of astigmatism, the investigator had to correct the participants' astig-
matism by means of a clean external lens and a subsequent test of
light quality in the eye. An artificial 4-mm pupil diameter was used
tomeasure optical quality. All subjects underwent three consecutive
tests, and we used the average value. The following optical quality
parameters were measured using the Optical Quality Analysis Sys-
tem: modulation transfer function cutoff frequency; Strehl (two-
dimensional) ratio; Optical Quality Analysis System values at 100,
20, and 9% contrast levels; and objective scatter index. The partic-
ipants were told to blink before data collection. All tests were per-
formed by the same investigator. The test took 1 to 2 minutes.

The modulation transfer function cutoff frequency30 is the fre-
quency at which the modulation transfer function reaches a value
of 0.01, that is, the threshold at which the eye can image an object
in the retina with a significant 1% contrast. The higher the cutoff
frequency value ofmodulation transfer function, the better the con-
trast sensitivity. It is normally assumed that a cutoff frequency of
30 cycles per degree in the contrast sensitivity function, which in-
cludes the contrast degradation imposed by the optics and posterior
visual processing, corresponds to a decimal visual acuity of 1.0.

The Strehl ratio is often computed in the frequency domain as
the ratio between the volume under the modulation transfer func-
tion curve of the measured eye and that of the aberration-free
eye.31 The Strehl ratio of unaffected people is approximately
30%. The higher the Strehl ratio value, the smaller the optical sys-
tem aberration. It provides general information on the eye's optical
quality. A value of 1 corresponds to a perfect optical system with
no aberrations.

The three Optical Quality Analysis System values are normalized
values of three spatial frequencies, which correspond to the modu-
lation transfer function values for three contrast conditions com-
monly used in ophthalmic practice: 100, 20, and 9%.32,33 These
values reflect more specific information on the performance of
the eye's optical system at different contrasts. Optical Quality Anal-
ysis System value at 100% contrast level is directly related to the
modulation transfer function cutoff frequency (it is the modulation
transfer function cutoff frequency divided by 30 cycles per degree)
and therefore to the patient's visual acuity, although it is not af-
fected by retinal and neural factors. Optical Quality Analysis Sys-
tem value at 20% contrast level and Optical Quality Analysis
System value at 9% contrast level are computed in the same way
from smaller frequencies that are linked to 0.05 and 0.1 modula-
tion transfer function values, respectively, which maintain the pro-
portion of contrasts of 20 and 9%. Therefore, they inform us about
the shape of the modulation transfer function profile at lower fre-
quencies than the modulation transfer function cutoff frequency.
In addition, these two additional frequencies have been normalized
so that the values obtained are comparable with standard decimal
visual acuity values. Values higher than 1.0 are associated with
high optical quality.

The objective scatter index is calculated as the ratio of the
amount of light in the periphery and in the surroundings of the cen-
tral peak of the Optical Quality Analysis System image. For the Op-
tical Quality Analysis System, the central area selected is a circle
with a radius of 1 minute of arc, whereas the peripheral zone is a
ring set between 12 and 20minutes of arc.34 The higher the objec-
tive scatter index, the higher the level of intraocular scattering.
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TABLE 1. Participant characteristics for the diabetic and control groups

Parameter Diabetic group (n = 27) Control group (n = 27) P

Age (y), mean ± SD 56.4 ± 8.7 56.7 ± 8.4 .91*

Female, n (%) 14 (51.9) 14 (51.9) .999†

Right eye, n (%) 15 (55.6) 14 (51.9) .999†

Duration of DM (y), mean ± SD 8.2 ± 5.7 NA NA

UCDVA (logMAR), mean ± SD 0.19 ± 0.20 0.10 ± 0.12 .06‡

CDVA (logMAR), mean ± SD 0.01 ± 0.04 0.00 ± 0.03 .27‡

Sphere (diopters), mean ± SD 0.61 ± 0.63 0.57 ± 0.51 .98‡

Cylinder (diopters), mean ± SD 0.65 ± 0.52 0.47 ± 0.43 .22‡

IOP (mmHg), mean ± SD 15.8 ± 2.5 15.5 ± 3.2 .67*

*Independent t test. †χ2 Test. ‡Mann-Whitney U test. CDVA = corrected distance visual acuity; DM = diabetes mellitus; NA = not applicable;
UCDVA = uncorrected distance visual acuity.
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Statistical Analysis

Data analysis was performed using SPSS 19.0 (IBM, Armonk,
NY) for this pilot study. Continuous variables were expressed as
means ± standard deviation and, depending on their distribution,
were analyzed using the independent-sample t test (normal distri-
bution) or Mann-Whitney U test (nonnormally distributed) to deter-
mine the between-group differences. Categorical variables were
expressed as frequency and percentage, and the χ2 test was used
for statistical analysis. Repeated-measures analysis of variance
was used for the analysis of a variable across multiple time points
within the same group. The Bonferroni correction for repeated test-
ing was applied as appropriate. Associations between optical pa-
rameters and age or duration of diabetes mellitus were tested
using the Spearman rank test or Pearson correlation coefficient,
as appropriate. P < .05 was considered statistically significant.

RESULTS

The participants' characteristics are shown in Table 1. A total of
54 participants were included in this study, including 27 patients
with diabetes (27 eyes) and 27 healthy controls (27 eyes). The du-
ration of diabetes mellitus was between 1 and 20 years, with a
mean of 8.2 ± 5.7 years. There were no significant differences be-
tween the two groups (all, P > .05).

The optical quality parameters of the two groups are shown in
Table 2. There were significant statistical differences in all of the
optical quality parameters between the diabetic and control groups
TABLE 2. Optical quality parameters of the diabetic and control groups

Parameter Diabetic group (n = 27)

MTF cutoff frequency 29.80 ± 8.04

SR 0.17 ± 0.04

OSI 0.87 ± 0.52

OV 100% 0.99 ± 0.27

OV 20% 0.71 ± 0.20

OV 9% 0.43 ± 0.13

*Independent t test. †Mann-Whitney U test. MTF = modulation transfer func
value; SR = Strehl ratio.
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(all, P < .01). More specifically, the modulation transfer function
cutoff frequency was lower in the diabetic group (29.80 ± 8.04 vs.
40.05 ± 5.38, P < .001), Strehl ratio was lower (0.17 ± 0.04 vs.
0.21 ± 0.04, P < .001), objective scatter index was higher
(0.87 ± 0.52 vs. 0.51 ± 0.28, P = .006), Optical Quality Analysis
System value at 100% contrast level was lower (0.99 ± 0.27 vs.
1.33 ± 0.18, P < .001), Optical Quality Analysis System value at
20% contrast level was lower (0.70 ± 0.20 vs. 0.93 ± 0.19,
P < .001), and Optical Quality Analysis System value at 9% contrast
level was lower (0.43 ± 0.13 vs. 0.55 ± 0.12, P < .001; Table 2).
Within the same groups and in both groups, Optical Quality Analysis
System value at 20% contrast level was consistently smaller than
Optical Quality Analysis System value at 100% contrast level, and
Optical Quality Analysis System value at 9% contrast level was con-
sistently smaller than Optical Quality Analysis System value at 20
and 100% contrast levels (all, P < .001; Table 3).

The associations between optical quality parameters and age
and duration of diabetes mellitus in the diabetic group are shown
in Figs. 1 and 2. There were no associations between the optical
quality parameters and age or the duration of diabetes mellitus in
the diabetic participants (all, P > .05). The associations between
optical quality parameters and age in the control group are shown
in Fig. 3. Moderate associations were found between all parame-
ters obtained from the Optical Quality Analysis System and age in
the control group (modulation transfer function cutoff frequency:
r = −0.570, P = .002; Strehl ratio: r = −0.613, P < .001; objective
scatter index: r = 0.608, P < .001; Optical Quality Analysis System
value at 100%contrast level: r = −0.583,P = .001; Optical Quality
Control group (n = 27) P

40.05 ± 5.38 <.001*

0.21 ± 0.04 <.001*

0.51 ± 0.28 .006†

1.33 ± 0.18 <.001*

0.93 ± 0.19 <.001*

0.55 ± 0.12 <.001*

tion; OSI = objective scatter index; OV = Optical Quality Analysis System
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TABLE 3. Comparison of OV at different contrasts in the diabetic and control groups

Group OV 100% OV 20% OV 9% P

Diabetic group (n = 27) 0.99 ± 0.27 0.71 ± 0.20* 0.43 ± 0.13*† <.001

Control group (n = 27) 1.33 ± 0.18 0.93 ± 0.19* 0.55 ± 0.12*† <.001

*P < .001 versus OV 100%. †P < .001 versus OV 20%. OV = Optical Quality Analysis System value.
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Analysis System value at 20% contrast level: r = −0.600, P < .001;
and Optical Quality Analysis System value at 9% contrast level:
r = −0.651, P < .001).
DISCUSSION

The aim of this pilot study was to assess objective optical quality
parameters (including modulation transfer function cutoff, Strehl
ratio, Optical Quality Analysis System values, and objective scatter
index) in patients with diabetes mellitus but without diabetic
retinopathy and healthy volunteers using the Optical Quality Anal-
ysis System. Compared with the control group, the diabetic group
showed lower modulation transfer function cutoff, Strehl ratio,
and Optical Quality Analysis System values and higher objective
scatter index, indicating that the optical quality of the diabetic
eye was decreased, although they had comparable best-corrected
visual acuity and normal fundus with the control group and al-
though overt retinopathy has not developed yet.

Recently, Hwang et al.35 found that the intraocular stray light
level, which is similar to the measurement of objective scatter in-
dex in this study, was gradually increased with increased severity
of diabetic retinopathy. Moreover, the intraocular stray light level
was higher in patients with diabetes mellitus but without diabetic
retinopathy than in normal eyes. Although we used a different in-
strument to test the optical quality of patients with diabetes in this
study, the results agreed with their research.35 We detected higher
intraocular objective scatter index in the diabetic group without di-
abetic retinopathy than in the control group. Lens opacity level
plays an important role in intraocular scattering measurement.
Therefore, we only enrolled subjects with nuclear opalescence
(according to the Lens Opacities Classification System III stan-
dards, 0.1 to 2.9) to assess the optical quality difference, and
we excluded subjects with posterior subcapsular cataract and
cortical cataract to eliminate this potential bias. Moreover, no
significant nuclear opalescence score difference was found be-
tween the two groups in our study, which made the optical quality
comparison results more reliable. It could be possible that the re-
sults observed in the present study may actually be greater, as
the diabetic subjects may have more advanced forms of cataracts
on average, but this will have to be confirmed.

Even if they were not assessed in the present study, part of the
differences between the two groups could be due to differences
in higher-order aberrations. Indeed, Adnan et al.36 demonstrated
that intraocular stray light, total horizontal coma, and total vertical
coma were greater in subjects with type 1 diabetes mellitus than in
controls. Shahidi et al.17 reported a greater amount of total
high-order aberrations in subjects with diabetes than in con-
trols. Calvo-Maroto et al.37,38 studied the distribution of total,
corneal, and internal high-order aberrations in 18 patients with
well-controlled diabetes mellitus (7 subjects with type 1 diabetes
mellitus, 11 subjects with type 2 diabetes mellitus) and found that
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people with diabetesmellitus showed high values of total and inter-
nal vertical coma. According to the study by Lee et al.,39 total
higher-order aberrations were positively associated with objective
scatter index and negatively associated with the modulation trans-
fer function cutoff frequency and Strehl ratio. These previous stud-
ies support our findings of lower modulation transfer function
cutoff, Strehl ratio, and Optical Quality Analysis System values
and higher objective scatter index in the diabetic group, globally
suggesting the possibility of greater higher-order aberrations in
diabetic eyes.

Considering the potential effect of age on the optical quality and
visual function,40 the present study chose age- and sex-matched
healthy volunteers as a control group. In our study, the optical qual-
ity parameters (modulation transfer function cutoff, Strehl ratio,
Optical Quality Analysis System values, and objective scatter in-
dex) were significantly associated with age in the control group,
as supported by the study by Martinez-Roda et al.40 On the other
hand, there were no significant associations between age and the
optical quality parameters in the diabetic group. These findings
demonstrated that diabetes mellitus might have an impact on
optical quality measurement and even weaken the associations
of optical quality parameters with age. Furthermore, no significant
associations were found between the duration of diabetes mellitus
and modulation transfer function cutoff, Strehl ratio, Optical Qual-
ity Analysis System values, and objective scatter index, which is
supported by the study by Hwang et al.35 Indeed, they found that
there was no significant correlation between duration of diabetes
mellitus and stray light level. These findings may suggest that the
duration of diabetes mellitus may not be the main risk factor af-
fecting optical quality, at least when measured using the current
imaging technology.

As a preliminary study to evaluate the optical quality in diabetes
mellitus eyes without diabetic retinopathy, several possible limita-
tions of this study should be noticed. First, the relatively small sam-
ple size and the inclusion of Chinese subjects onlymay have biased
the results. Second, the blood glucose levels in patients with diabe-
tes mellitus were not recorded when their optical parameters were
assessed. Finally, the repeatability of the Optical Quality Analysis
System test has been confirmed by some studies,25,41,42 but it
has never been tested in diabetic patients. Although evidence
was not given, we reduced the possible errors by repeating themea-
surements three times and by taking the mean value for analysis.
Therefore, further study with a larger sample size and more data
is needed in the future.
CONCLUSIONS

This pilot study suggests that compared with normal eyes, op-
tical quality declines and intraocular light scatter increases in
diabetic eyes, even in the absence of overt retinopathy. Moreover,
associations between optical quality parameters and age are
9; Vol 96(4) 251



FIGURE 1. Correlations between the parameters obtained from the Optical Quality Analysis System and age in the diabetic group. MTF = modulation
transfer function; OSI = objective scatter index; OV = Optical Quality Analysis System value; SR = Strehl ratio.
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FIGURE 2. Correlations between the parameters obtained from the Optical Quality Analysis System and duration of diabetes mellitus in the diabetic group.
DM = diabetes mellitus; MTF = modulation transfer function; OSI = objective scatter index; OV = Optical Quality Analysis System value; SR = Strehl ratio.
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FIGURE 3. Correlations between the parameters obtained from the Optical Quality Analysis System and age in the control group. MTF = modulation
transfer function; OSI = objective scatter index; OV = Optical Quality Analysis System value; SR = Strehl ratio.
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absent in patients with diabetes mellitus, whereas those associa-
tions are observed in the controls. No associations were found be-
tween optical quality parameters and the duration of diabetes
mellitus in patients with diabetes mellitus. The Optical Quality
www.optvissci.com Optom Vis Sci 201
Analysis System is a fast, objective, and noninvasive method for
assessing the optical quality and could be a useful complementary
test for screening and monitoring the visual function of patients
with diabetes mellitus.
ARTICLE INFORMATION

Submitted: June 21, 2018

Accepted: December 26, 2018

Funding/Support: None of the authors have reported
funding/support.

Conflict of Interest Disclosure: The authors declare that
they have no conflict of interests.

Author Contributions andAcknowledgments: Investigation: JL,
XW, JW, HG; Methodology: JL, XW, JW, HG; Validation: JL;
Visualization: JL; Writing – Original Draft: JL, XW, JW, HG;
Writing – Review & Editing: JL, XW, JW, HG.

The authors appreciate the dedication of the Department
of Ophthalmology, the First Affiliated Hospital of Shanxi
Medical University, Taiyuan, China.

REFERENCES

1. Zimmet P, Alberti KG, Shaw J. Global and Societal Impli-
cations of theDiabetesEpidemic.Nature 2001;414:782–7.

2. AlamU, Asghar O, Azmi S, et al. General Aspects of Di-
abetes Mellitus. Handb Clin Neurol 2014;126:211–22.

3. Ammary-Risch NJ, Aguilar M, Goodman LS, et al. Di-
abetes and Healthy Eyes Toolkit: A Community Health
Worker Program to Prevent Vision Loss and Blindness
among People with Diabetes. Fam Community Health
2012;35:103–10.

4. Symes RJ, Liew G, Tufail A. Sight-threatening Dia-
betic Eye Disease: An Update and Review of the Litera-
ture. Br J Gen Pract 2014;64:e678–80.

5. Zhang X, Saaddine JB, ChouCF, et al. Prevalence ofDi-
abetic Retinopathy in the United States, 2005–2008.
JAMA 2010;304:649–56.

6. Ruta LM, Magliano DJ, Lemesurier R, et al. Preva-
lence of Diabetic Retinopathy in Type 2 Diabetes in De-
veloping and Developed Countries. Diabet Med 2013;
30:387–98.

7. Gale R, Scanlon PH, Evans M, et al. Action on Dia-
betic Macular Oedema: Achieving Optimal Patient Man-
agement in Treating Visual Impairment Due to Diabetic
Eye Disease. Eye (Lond) 2017;31:S1–20.

8. Pinilla I, Ferreras A, Idoipe M, et al. Changes in
Frequency-doubling Perimetry in Patients with Type I
Diabetes Prior to Retinopathy. Biomed Res Int 2013;
2013:341269.

9. Giusti C. Lanthony 15-hue Desaturated Test for Screen-
ing of Early Color VisionDefects inUncomplicated Juvenile
Diabetes. Jpn J Ophthalmol 2001;45:607–11.

10. Eissa IM, Khalil NM, El-Gendy HA. A Controlled
Study on the Correlation between Tear Film Volume
and Tear Film Stability in Diabetic Patients.
J Ophthalmol 2016;2016:5465272.

11. Yi Z, Su Y, Zhou Y, et al. Effects of Intravitreal
Ranibizumab in the Treatment of Retinopathy of Prematu-
rity in Chinese Infants. Curr Eye Res 2016;41:1092–7.

12.GekkaM,MiyataK,NagaiY, et al.CornealEpithelialBar-
rier Function in Diabetic Patients. Cornea 2004;23:35–7.

13. Quadrado MJ, Popper M, Morgado AM, et al. Diabe-
tes and Corneal Cell Densities in Humans by In Vivo Con-
focal Microscopy. Cornea 2006;25:761–8.

14. Sudhir RR, Raman R, Sharma T. Changes in the
Corneal Endothelial Cell Density and Morphology in Pa-
tients with Type 2 Diabetes Mellitus: A Population-
based Study, Sankara Nethralaya Diabetic Retinopathy
and Molecular Genetics Study (SN-DREAMS, Report
23). Cornea 2012;31:1119–22.

15.Wiemer NG, DubbelmanM, Kostense PJ, et al. The In-
fluence ofDiabetesMellitus Type1and2on theThickness,
Shape, andEquivalent Refractive Index of theHumanCrys-
talline Lens. Ophthalmology 2008;115:1679–86.

16. Stitt AW, Moore JE, Sharkey JA, et al. Advanced
Glycation End Products in Vitreous: Structural and
Functional Implications for Diabetic Vitreopathy. Invest
Ophthalmol Vis Sci 1998;39:2517–23.

17. Shahidi M, Blair NP, Mori M, et al. Optical Section
Retinal Imaging and Wavefront Sensing in Diabetes.
Optom Vis Sci 2004;81:778–84.

18. Morishige N, Chikama TI, Sassa Y, et al. Abnormal
Light Scattering Detected by Confocal Biomicroscopy at
the Corneal Epithelial Basement Membrane of Subjects
with Type II Diabetes. Diabetologia 2001;44:340–5.

19. Takahashi N, Wakuta M, Morishige N, et al. Devel-
opment of an Instrument for Measurement of Light Scat-
tering at the Corneal Epithelial Basement Membrane in
Diabetic Patients. Jpn J Ophthalmol 2007;51:185–90.

20. Stavrou EP, Wood JM. Letter Contrast Sensitivity
Changes in Early Diabetic Retinopathy. Clin Exp Optom
2003;86:152–6.

21.GualtieriM,BandeiraM,HamerRD, et al. Contrast Sen-
sitivity Mediated by InferredMagno- and Parvocellular Path-
ways in Type 2 Diabetics with and without Nonproliferative
Retinopathy. Invest Ophthalmol Vis Sci 2011;52:1151–5.

22.Nittala MG, Gella L, Raman R, et al. Measuring Ret-
inal Sensitivity with the Microperimeter in Patients with
Diabetes. Retina 2012;32:1302–9.

23. Shrestha GS, Kaiti R. Visual Functions andDisability in
Diabetic Retinopathy Patients. J Optom 2014;7:37–43.

24. Xiao XW,Hao J, ZhangH, et al. Optical Quality of To-
ric Intraocular Lens Implantation in Cataract Surgery.
Int J Ophthalmol 2015;8:66–71.

25. Lee K, Ahn JM, Kim EK, et al. Comparison of Op-
tical Quality Parameters and Ocular Aberrations After
Wavefront-guided Laser In-situ Keratomileusis versus
Wavefront-guided Laser Epithelial Keratomileusis for Myopia.
Graefes Arch Clin Exp Ophthalmol 2013;251:2163–9.

26. Park CW, Kim H, Joo CK. Assessment of Optical
Quality at Different Contrast Levels in Pseudophakic
Eyes. J Ophthalmol 2016;2016:4247973.

27. Tian M, Miao H, Shen Y, et al. Intra- and Interses-
sion Repeatability of an Optical Quality and Intraocular

Scattering Measurement System in Children. PLoS
One 2015;10:e0142189.

28. Xu CC, Xue T,WangQM, et al. Repeatability and Re-
producibility of a Double-pass Optical Quality Analysis
Device. PLoS One 2015;10:e0117587.

29. Expert Committee on the D, Classification of Diabe-
tes M. Report of the Expert Committee on the Diagnosis
and Classification of Diabetes Mellitus. Diabetes Care
2003;26(Suppl. 1):S5–20.

30. Saad A, Saab M, Gatinel D. Repeatability of Mea-
surements with a Double-pass System. J Cataract Re-
fract Surg 2010;36:28–33.

31. Lopez-Gil N, Artal P. Comparison of Double-pass Es-
timates of the Retinal-image Quality Obtained with
Green and Near-infrared Light. J Opt Soc Am (A)
1997;14:961–71.

32. Vilaseca M, Padilla A, Ondategui JC, et al. Effect of
Laser In Situ Keratomileusis on Vision Analyzed Using
Preoperative Optical Quality. J Cataract Refract Surg
2010;36:1945–53.

33. Martinez-Roda JA, Vilaseca M, Ondategui JC, et al.
Optical Quality and Intraocular Scattering in a Healthy
Young Population. Clin Exp Optom 2011;94:223–9.

34. Artal P, Benito A, Perez GM, et al. An Objective
Scatter Index Based on Double-pass Retinal Images of
a Point Source to Classify Cataracts. PLoS One 2011;
6:e16823.

35. Hwang HB, Yim HB, Chung SK. Effect of Diabetic
Retinopathy and Diabetes on the Intraocular Straylight
in Pseudophakic Eyes. BMCOphthalmol 2015;15:130.

36. Adnan X, Suheimat M, Mathur A, et al. Straylight,
Lens Yellowing and Aberrations of Eyes in Type 1 Diabe-
tes. Biomed Opt Express 2015;6:1282–92.

37. Calvo-Maroto AM, Perez-Cambrodi RJ, Garcia-
Lazaro S, et al. A Pilot Study on Total, Corneal, and
Internal Aberrations in Insulin-dependent and Non–
insulin-dependent Diabetes Mellitus Patients. Graefes
Arch Clin Exp Ophthalmol 2015;253:645–53.

38. Calvo-Maroto AM, Perez-Cambrodi RJ, Albaran-
Diego C, et al. Optical Quality of the Diabetic Eye: A Re-
view. Eye (Lond) 2014;28:1271–80.

39. Lee H, Lee K, Ahn JM, et al. Double-pass System
Assessing the Optical Quality of Pseudophakic Eyes.
Optom Vis Sci 2014;91:437–43.

40. Martinez-Roda JA, Vilaseca M, Ondategui JC, et al.
Effects of Aging on Optical Quality and Visual Function.
Clin Exp Optom 2016;99:518–25.

41. Wan XH, Cai XG, Qiao LY, et al. Effect of Refractive
Correction on Ocular Optical Quality Measurement
Using Double-pass System. Chin Med J (Engl) 2013;
126:4289–94.

42. Nanavaty MA, Stanford MR, Sharma R, et al. Use of
the Double-pass Technique to Quantify Ocular Scatter in
Patients with Uveitis: A Pilot Study. Ophthalmologica
2011;225:61–6.
9; Vol 96(4)
 255


