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ABSTRACT

Purpose: Unstable tear film characterized by shorting of tear break-up time (BUT) is associated with discomfort
and dryness in contact lens wearers. The glycocalyx is thought to be crucial in maintaining the wettability and
lubrication of the ocular surface. We evaluated the ocular surface glycocalyx in soft contact lens (SCL) wearers
using a fluorescein-labeled wheat germ agglutinin (F-WGA) as a marker to demonstrate the ocular surface
glycoconjugates in vivo.

Methods: Twenty experienced SCL wearers and 20 healthy volunteers with no history of CL wearing (controls)
were enrolled in the study. After applying a 5% F-WGA solution to the eyes of study individuals, fluorescent
intensities in their respective central corneas were measured by fluorophotometry. The relationship between
F-WGA intensity in the corneal surface and clinical parameters associated with contact lens wear were
analyzed.

Results: F-WGA fluorescence intensity in the SCL group was 418.5:x 103.3, which was significantly lower than
that of the controls (825.0+179.8; p<0.0001, Mann-Whitney test). F-WGA fluorescence intensity was not
correlated with Schirmer’s test values or age, whereas a statistically significant correlation between F-WGA
fluorescence intensity and tear film BUT was observed (r=0.77, p<0.0001). The decrease in F-WGA
fluorescence intensity could be reversed by discontinuation of SCL use.

Conclusion: Reduction and/or compositional alteration of ocular surface glycocalyx may be one of the causative
factors of SCL-induced eye dryness.
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INTRODUCTION

Contact lens (CL) discomfort, particularly dryness
sensation can cause some individuals to reduce the
time they wish to wear CL and may render them
intolerant of CL wear." In a study examining the
reasons for discontinuation of CL wear, 51% of
subjects cited discomfort as the principal reason.”
Ocular dryness is experienced by 33-50% of CL
wearers.”

The dryness sensation experienced by CL wearers
is complex and its causes appear multifactorial.*
Several factors, including instability of the tear film,
increased tear evaporation, deposition of proteins and
lipids on contact lenses, and subclinical inflammatory
changes in the ocular surface are thought to relate to
dryness to some extent.? Of these, tear film instability
appears to be the most notable issue in CL wearers.® It
is well known that short precorneal tear break-up time
(BUT) is common among CL wearers irrespective of
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symptoms.”® Glasson and associates® reported that
average non-invasive BUT in intolerant CL wearers
was significantly shorter than that of tolerant CL
wearers. Thus, unstable tear film characterized by
shortening of BUT appears to be associated with CL
wear and tolerance to wearing CL.

The measurement of BUT is usually performed
when CL is taken out. Accordingly, a short BUT
associated with CL wear is due to certain biochemical
or structural changes in the ocular surface epithelia,
rather than mechanical or biophysical properties of
the CL itself. A possible mechanism responsible for
unstable tear film is the change in wettability of the
corneal epithelium. The glycocalyx, located on the
apical portion of microplicae of the corneal and
conjunctival epithelia, is thought to be crucial in
maintaining the wettability and lubrication of the
ocular surface.”"" Using scanning electron micros-
copy, Forte et al.'” reported a significant reduction of
epithelial mucus in CL wearers.

Ocular mucins are of secreted and membrane-
associated ’cypes.]?’“15 Membrane associated mucins,
such as MUC1, MUC4 and MUC16, are identified as
major components of the glycocalyx.'®"® They form a
hydrophilic surface over the hydrophobic plasma
membrane to facilitate a formation of stable tear
film. Secreted mucins, mainly MUCSAC, from the
conjunctival goblet cells are thought to cover the
ocular surface epithelia."*!® Therefore, both types of
mucins are thought to play a crucial role on the ocular
surface. The change in mucin levels in response to CL
wear has been the subject of several studies but

- reported results are inconsistent."” Studies to date

have shown that mucin content and production in CL
wearers may be decreased or unaltered. Although
recent advances in ocular surface mucins research are
significant, the development of a simple and quanti-
tative method to evaluate ocular surface glycocalyx
would enable an improved understanding of the role
of glycocalyx, including mucins, in the pathogenesis
of ocular surface disorders.

We previously tested a lectin conjugate of fluores-
cein as a marker to demonstrate the presence of the
ocular surface glycocalyx in vivo.** Lectins are a group
of glycoproteins that specifically bind with carbohy-
drate residues of glycoconjugates.” Of these, wheat
germ agglutinin  (WGA) specifically binds to
N-acetylglucosamine and N-acetyl neuraminic acid
(sialic acid),
non-reducing termini of mucous carbohydrate
chains.**** We reported that a WGA conjugate of
fluorescein (F-WGA) appeared to predominantly bind
to the glycocalyx of the ocular surface epithelium.**
Hence, a fluorophotometry may be suitable for quan-
titative evaluation of the ocular surface glycocalyx
in vivo.

In the present study, we evaluated ocular surface
glycocalyx in soft contact lens (SCL) wearers using

which are often found in the .
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TABLE 1 Demographic characteristics of study individuals.

Control group SCL group

N 20 20

Age in years (range) 30.7+7.0 23-48) 304 +6.4 (22-46)

Gender (male/female) 6/14 6/14

Length of SCL use in NA 9.7 +5.7 (3-24)
years (range)

SCL, soft contact lens. Age and length of SCL use are shown as
mean =S5D (range). No statistical difference in age and gender
was observed between the two groups (Mann-Whitney test and
Chi-square test). NA=not applicable.

F-WGA. The relationship between F-WGA intensity
on the corneal surface and clinical parameters
associated with contact lens wear was analyzed.

MATERIALS AND METHODS
Subjects

Twenty experienced SCL wearers (6 males and 14
females) aged 22-46 years (mean=SD, 30465
years) were enrolled in the study (Table 1). Of these,
six individuals were disposable SCL wearers and 14
were frequent replacement SCL wearers. All subjects
wore their SCL on a daily basis with a mean wear time
of 9.7+5.6 years (range, 3-24 years). None of the
individuals had significant complaints about their CL
wear except for occasional dryness.

Twenty healthy volunteers (6 males and 14 females)
aged 23-44 year (33.4 £ 6.8 years), with no history of
CL wear or eye diseases except for refractive errors
and receiving no topical drug therapy, served as
controls.

At the screening visit, two of the authors (CS and
MF) performed routine ocular examination of all
subjects, followed by an examination of the ocular
surface, including Schirmer’s test and measurement
of tear film BUT. Saline solution (2 ul) containing 1%
fluorescein was used for vital staining. None of the
subjects had apparent fluorescein staining of cornea
and conjunctiva. In the control group, all subjects
had more than 5mm of Schirmer strip wetting, a
tear film BUT greater than 5s, and all were
diagnosed as normal according to the Japanese
criteria of dry eye syndrome.” Only the right eye
of all subjects was used for the analysis. The
following F-WGA analyses were performed on
subsequent investigation visits.

The guidelines of the World Medical Association
Declaration of Helsinki were followed. All study
individuals received a full explanation of the
procedures and provided their informed written
consent for participation prior to the experiment.
The protocol was approved by the institutional
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review board of National Tokyo Medical Center
(R10-022).

F-WGA Intensity Measurement on the
Corneal Surface

WGA conjugate of fluorescein was purchased from
Molecular Probes, Inc. (Eugene, OR). The dye has
maximum absorption wavelength of 494nm and
an emission spectrum that peaks at 518nm. A 5%
F-WGA solution was prepared in sterile 0.067M
phosphate-buffered saline (PBS), pH 7.4.

As described in our previous report,” we before-
hand tested the safety of F-WGA solution using rabbit
and human eyes. No adverse reactions were detected
either immediately or 24h after instilling F-WGA
solution. Concerning the staining characteristics, the
F-WGA stained the corneal surface with a faint,
diffuse pattern.”* No apparent break-up was
observed. The staining was too faint to detect the
change of fluorescent intensities by a slit-lamp
biomicroscope equipped with a blue-free barrier
filter. Accordingly, fluorophotometry was adopted to
evaluate the fluorescent intensity of F-WGA.

A slit-lamp fluorophotometer  (Anterior
Fluorometer FL-500, Kowa Co. Ltd., Tokyo, Japan)
was used to quantify the fluorescent intensity of the
corneal surface. The illuminating light was focused as
a 2-mm-diameter circle on the corneal surface. The
emitted light passed through a band interference filter
centered on 565 nm (half bandwidth, 25 nm) and was
directed to a photomultiplier tube with the band
interference filter centered on a wavelength of 490 nm
(half bandwidth, 30 nm).

The measurement was performed at least 15min
after CL removal. Study individuals were seated in
front of the fluorophotometer, the instrument was
focused on the central cornea, and the background
fluorescence intensity was measured. Five microliters
of 5% F-WGA solution was applied to the right eye
using an Eppendorf micropipette. Five minutes later,
the fluorescent intensity of the central cornea was
measured.

F-WGA Intensity Alteration by SCL Wear

Five subjects in the SCL wearer group and five in the
control group were selected for the next experiment to
evaluate the effect of short-term SCL wear on corneal
surface glycocalyx. Soft contact lens wearers were
asked to stop wearing their lenses for 2 weeks before
the experiment. F-WGA measurements were per-
formed in the right eye of all subjects (day 0). Daily
wear of SCL was resumed from the next day (day 1) to
day 7 in the SCL group. Subsequently, study individ-
uals again discontinued SCL wear from day 8 to day

© 2015 Informa Healthcare USA, Inc.
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10. F-WGA measurements were consecutively per-
formed from day 0 to day 10 in both groups.

Statistical Methods

Data were analyzed using Prism 6 software
(GraphPad Software, Inc.; La Jolla, CA). The results
are provided as means with standard deviations (SD).
The significance of the differences was analyzed using
the Mann-Whitney test, Chi-square test, Wilcoxon’s
signed rank test or Spearman rank correlation coeffi-
cient. A probability (p) value of <0.05 was considered
statistically significant.

RESULTS

F-WGA Intensity Measurement on the
Corneal Surface

Results of Schirmer’s tests, tear film BUT and fluor-
escent intensity on the corneal surface 5min after the
application of F-WGA are listed in Table 2. There were
no statistically significant differences in Schirmer’s
test between the SCL group and normal controls
(p=0.79, Mann-Whitney test). In contrast, tear film
BUT in the SCL group was significantly shorter than
that of normal controls (p<0.0001, Mann-Whitney
test). F-WGA fluorescent intensity in the SCL group
was 418.5+103.3, which was also significantly lower
than that of normal controls (825.0+179.8; p<0.0001,
Mann-Whitney test).

Spearman correlation coefficients were used to
evaluate whether F-WGA fluorescence intensity was
correlated with Schirmer’s test values, tear film BUT
and age of subjects. F-WGA fluorescent intensity was
not correlated with Schirmer’s test values or age
(r=024, p=014;, r=-012, p=0.46, respectively).
However, as shown in Figure 1, there was a statistic-
ally significant correlation between F-WGA fluores-
cence intensity and tear film BUT (r=0.77, p<0.0001).

TABLE 2 Results of Schirmer’s test, tear film break-up time
(BUT), and fluorescent intensities on the corneal surface after
the application of wheat germ agglutinin conjugate (F-WGA).

Control SCL group
N (eyes) 20 20
Schirmer’s test (mm) 19.7 +8.0 19.7+94
Tear film BUT (s) 14.7 £45 5.6+29*
F-WGA fluorescent intensity 825.0+£179.8 418.5+103.3*

SCL, soft contact lens. No statistical differences in Schirmer’s
test values were observed between the two groups (Mann-
Whitney test). Tear film BUT and F-WGA fluorescent intensities
in the SCL group were significantly lower than those of
the controls (p <0.0001 and *p<0.0001, Mann-Whitney test).
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FIGURE 1 Correlation between tear film break-up time (BUT)
and fluorescent intensity on the corneal surface after the
application of wheat germ agglutinin conjugate (F-WGA).
There was a statistically significant correlation between tear
film BUT and F-WGA fluorescence intensity (r=0.77,
p<0.0001). Open circle: control group, and closed circle: soft
contact lens (SCL) wearers.
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FIGURE 2 Plot of fluorescence intensities on the corneal
surface after the application of wheat germ agglutinin conjugate
(F-WGA). In control subjects (open circle), no significant
differences in F-WGA fluorescence intensity throughout the
experimental period were observed (Wilcoxon's singed rank
test). In soft contact lens (SCL) group (closed circles), SCL wear
was discontinued for 2 weeks prior to the experiment. SCL
wear was resumed from the day 1 to the day 7 in SCL group,
and then was discontinued again. F-WGA fluorescence inten-
sity in the SCL group significantly decreased from the day 2 to
the day 8 (p<0.05, Wilcoxon’s singed rank test).

F-WGA Intensity Alteration by SCL Wear

Changes in F-WGA fluorescence intensity by SCL
wear are shown in Figure 2. In control subjects (no
SCL wear), there were no significant changes in
F-WGA fluorescence intensity throughout the experi-
mental period. In contrast, F-WGA fluorescence
intensity decreased from day 2 to day 8; this decrease
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was statistically significant (p<0.05, Wilcoxon’s
singed rank test).

DISCUSSION

In the present study, we attempted to evaluate ocular
surface glycocalyx in SCL wearers by fluorophoto-
metric analysis of F-WGA staining. WGA, a kind of
lectins, specifically binds to N-acetylglucosamine and
sialic acid. Sialic acid is the terminal residue of various
glycoproteins, not specific for mucins. It does not
distinguish between mucin types. However, sialic acid
is often found in the non-reducing termini of mucous
carbohydrate  chains.****  Membrane-associated
mucins are considered to be major components of
the glycocalyx and glycoproteins.’®'® From these
backgrounds, we previously tested F-WGA as a
marker to demonstrate ocular surface glycocalyx
in vivo.?*

As described before, ocular surface staining with
F-WGA has several unique features.** Fluorescent
intensities at the central cornea and the nasal bulbar
conjunctiva did not decay with time, and remained
constant at least for 30min after the application of
F-WGA. F-WGA fluorescent intensities were not
diminished by saline instillation. We decided that
fluorophotometric measurement was done 5 min after
the application. Based on these observations and
published histochemical studies that have investi-
gated binding of lectins to the ocular surface, F-WGA
was thought to primarily bind to the glycocalyx of the
ocular surface epithelium.**’

The most important finding in the current study is
that F-WGA fluorescence intensity in SCL wearers
was significantly lower than that of the controls. Our
result is consistent with the observation of Forte
et al.,'> who showed a reduction of epithelial mucus
in CL wearers by scanning electron microscopy.
Versula and associates” also reported a significant
reduction of glycosidic residues of conjunctival goblet
cells in CL wearers by using the lectin-colloidal gold
technique and transmission electron microscopy.
These results suggest that quantitative or qualitative
change of ocular surface glycocalyx may be induced
by SCL wear, although the precise mechanism is not
explored because of the methodological limitation.

There was no statistically significant difference in
Schirmer’s test values between the SCL group and the
controls, but tear film BUT in the SCL group was
significantly shorter than that of the controls. FWGA
fluorescent intensity was significantly correlated with
tear film BUT. The decrease of F-WGA fluorescence
intensity induced by SCL wear could be reversible. F-
WGA fluorescence intensity decreased from the first
day after resuming SCL wear and recovered to the
baseline value the day after discontinuation. Thus,
fluorophotometric analysis of FF-WGA appears to be a
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good indicator for the assessment of glycocalyx on the
corneal surface.

Our resulls suggest that glycocalyx on the corneal
surface is compromised by SCL wear, which may
result in the reduction of corneal surface wettability;
this could be explained by one or more of several
plausible mechanisms. First, SCL wear increases the
size of superficial epithelial cells in the cornea, which
is identified as a consequence of the slowing of the
ep1theha1 renewal rate.”” ™ Cells that normally exfoli-
ate remain attached longer while continuing to flatten
and enlarge. Such old superficial cells are likely to lose
their glycocalyx, or worsen in quality.'* Second,
CL wear causes mechanical friction, resulting in an
inflammatory response in the ocular surface, even in
the absence of apparent subjectlve symptoms or
clinical signs of intolerance.” ™ A significant increase
of HLA DR and ICAM-1 positive cells in the
conjunctiva® and a significant increase of several
inflammatory mediators and cytokines in tear fluids
of SCL wearers have been reported.>*?® Blalock et al.*®
reported that the extracellular domains of MUCI,
MUC4 and MUC16 were released from the corneal
epithelial cells by treatment with inflammatory medi-
ators, such as TNF-u, neutrophil elastase and MMP-7.
Therefore, shedding of carbohydrate chains from
membrane-associated mucins on the corneal surface
may be facilitated by an inflammatory response
induced by SCL wear. Third, tear exchange rate in
SCL users is known to be extensively restricted.””® In
normal conditions, secreted mucins from conjunctival
goblet cells are thought to form a thick and loose
“mucous blanket” and cover the ocular surface
epithelia.''® When SCL are worn, the delivery of
secreted mucins on the corneal surface may be
substantially impaired because of restricted tear
exchange under the SCIL.. We currently do not have
additional data to judge valid interpretation, and
further investigations are required to clarify these
issues.

In conclusion, we examined the effect of SCL wear
on the ocular surface glycocalyx using F-WGA.
F-WGA fluorescence intensity in the SCL group was
significantly lower than that of the controls and was
significantly correlated with tear film BUT. Based on
these observations, it is suggested that reduction and/
or compositional alteration of the ocular surface
glycocalyx may be one of the causative mechanisms
of SCL-induced eye dryness.
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Retinopathy in Japan: A Probabilistic Markov
Modeling Study

Ryo Kawasaki', Yoko Akune?, Yoshimune Hiratsuka®, Shunichi Fukuhara®, and
Y 2,5
Masakazu Yamada™

"Department of Public Health, Yamagata University, Yamagata, Japan, *National Institute of Sensory Organs,

National Tokyo Medical Center, Tokyo, Japan, *National Institute of Public Health, Saitama, Japan, 4Department

of Epidemiology and Healthcare Research, Kyoto University Graduate School of Medicine and Public Health,
Kyoto, Japan, and °Kyorin Eye Center, School of Medicine, Kyorin University, Tokyo, Japan

ABSTRACT

Purpose: To evaluate the cost-effectiveness for a screening interval longer than 1 year detecting diabetic
retinopathy (DR) through the estimation of incremental costs per quality-adjusted life year (QALY) based on the
best available clinical data in Japan.

Methods: A Markov model with a probabilistic cohort analysis was framed to calculate incremental costs per
QALY gained by implementing a screening program detecting DR in Japan. A 1-year cycle length and
population size of 50,000 with a 50-year time horizon (age 40-90 years) was used. Best available clinical data
from publications and national surveillance data was used, and a model was designed including current
diagnosis and management of DR with corresponding visual outcomes. One-way and probabilistic sensitivity
analyses were performed considering uncertainties in the parameters.

Results: In the base-case analysis, the strategy with a screening program resulted in an incremental cost of 5,147
Japanese yen (¥; US$64.6) and incremental effectiveness of 0.0054 QALYs per person screened. The incremental
cost-effectiveness ratio was ¥944,981 (US$11,857) per QALY. The simulation suggested that screening would
result in a significant reduction in blindness in people aged 40 years or over (—16%). Sensitivity analyses
suggested that in order to achieve both reductions in blindness and cost-effectiveness in Japan, the screening
program should screen those aged 53-84 years, at intervals of 3 years or less.

Conclusions: An eye screening program in Japan would be cost-effective in detecting DR and preventing
blindness from DR, even allowing for the uncertainties in estimates of costs, utility, and current management
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of DR.
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INTRODUCTION

Diabetic retinopathy (DR) is the most common
microvascular complication of diabetes mellitus
(DM), and its prevalence is quite high. DR is a slow
progressive disease and asymptomatic in its early
stages, however, once it develops into vision-threaten-
ing DR, it has a substantial impact on quality of life.”

A recent meta-analysis® revealed that 1 in 3 diabetic
people have DR and 1 in 10 have vision-threatening
DR defined as having either proliferative DR or
diabetic macular edema (DME).?

DR is a good candidate for a screening program
because it fulfills the necessary conditions for screen-
ing; there is a non-invasive economical fundus exam-
ination or photography to enable early detection and
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there is well-established evidence that early manage-
ment of glucose levels and high blood pressure reduce
the risk of development and progression of DR.
Timely retinal laser photocoagulation and vitreous
surgery is effective in preventing blindness or severe
vision loss. Newer freatments with anti-vascular
endothelial growth factor (anti-VEGF) agents for
DME is even more promising, changing the target of
DR treatment from “prevention of blindness” to
“improving vision” which may further contribute to
improvement in quality of life.

Since the number of people with DM in Japan has
been increasing, the establishment of a screening
program for DR has been of great interest. Optimal
conditions for such a screening program are still being
sought, and validation of its effectiveness in reducing
blindness as well as its cost-effectiveness in the
current medical situation is essential. Although there
are studies showing that treatment of DR, including
anti-VEGF treatment, is cost-effective,* it is still
unclear whether the introduction of screening pro-
grams for DR remains cost-effective when new treat-
ment modalities for DR and DME are routinely
performed.

. We therefore examined whether a comprehensive
screening program for DR in Japan would reduce
blindness due to DR and be cost-effective based on
updated epidemiological data, the natural course of
disease development and progression, and current
treatment modalities for DR/DME.

MATERIALS AND METHODS
Research Design

We developed a Markov state-transition model
simulating natural history and treatment of DR,
integrating screening opportunity, treatment out-
comes (i.e. visual acuity), treatment costs, complica-
tions and mortality. The model simulated a
hypothetical Japanese cohort (50,000 people) without
any ophthalmic care for any eye conditions at the
age of 40 years. The model compared the effect of
the screening program on the rate of detecting DR,
preventing blindness and costs of the management of
DR. All costs were calculated in Japanese yen (¥),
and converted into US dollars (2012) using Federal
Reserve historical foreign exchange rates for 2012
(US$1=¥79.82).° We assumed that each cycle
through the model was 1-year long, and in each
one, costs and utilities were tabulated for each
cohort. We assumed a perspective of entire payers
(payment by the National Health Insurance
and copayment by DR patients), a lifetime horizon
(40-90 years old), and a discount rate of 3% per
year for both health benefits and costs. We
assumed that subjects in the simulation cohort had

no history of other eye diseases (Supplementary
Tables S1-S5 — online only).

Proposed Screening Strategy for Diabetic
Retinopathy

We compared two strategies: (1) no screening pro-
gram, which represents the current situation, and (2)
a screening program for DR, which would be
provided by ophthalmologists using dilated fundus
examination. In the strategy with no screening
program, we assumed that opportunities to identify
patients with DR were available through incidental
diagnosis, the national screening program for life-
style-related diseases in Japan (providing 1-field non-
stereo non-mydriatic 45° photograph for those with
high risk of cardiovascular disease with metabolic
syndrome), annual fundus examinations recom-
mended for patients with DM, or clinic visits for
those with severe vision loss caused by advanced
stage DR (Supplementary Table 56 — online only).
Our model assumed that a fixed proportion of
patients with other eye conditions (e.g. presbyopia)
or advanced stage DR with visual symptoms (e.g.
visual acuity, VA, <0.2) would be visiting an
ophthalmologist and would therefore have a chance
of being diagnosed with DR.

Markov Model

Figure 1 shows a schematic of the model. States of
diabetes and DR were defined in terms of severity of
disease: normal, impaired glucose tolerance or pre-
diabetes, DM, non-proliferative diabetic retinopathy
(NPDR), severe NPDR, proliferative retinopathy
(PDR), high-risk PDR, clinically significant macular
edema (CSME; low VA or high VA), stabilized DR
(low VA or high VA), and blindness. Progression was
assumed to follow fixed annual transition probabil-
ities®” as shown in Supplementary Table S2.

" Progression of DR was determined using the transi-
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tion probability extracted from the literature®®™® until

they died or reached 90 years of age (age-specific
background mortality based on the 2009 Japan
abridged life tables'’). For each model parameter,
mean values were used for the base-case analysis, as
well as ranges for the possible values as shown in
Supplementary Tables 51-55.

Incidence and Prevalence of Diabetes
(Supplementary Tables S1 and S§2)

Where patients with DM were medically managed, a
fixed proportion of 30% was subtracted from the
value, to assume risk reduction following successful
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FIGURE 1. Markov model with a simplified transition state diagram for a diabetic retinopathy eye screening program (DR, diabetic
retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; PRP, panretinal photocoagulation;
CSME, clinically significant macular edema; VA, visual acuity; DME, diabetic macular edema.

intervention and management of high glucose, blood
pressure and lipids.

Examination Rate (Supplementary Table S3)

Data from annual reports regarding the national
screening program'® and follow-up examination
rates at medical institutions were extracted from the
2002 National Diabetes Survey, Japan."" The propor-
tion of those who underwent fundus examinations
was extracted from the Organization for Economic
Co-operation and Development (OECD) report.> We
hypothesized fixed rates of incidental diagnoses (e.g.
subjects with presbyopia'® or visual symptoms related
to advanced stage DR). The base case of the proposed
screening protocol was defined as being conducted
once every 5 years between the ages of 50 and 90 years.

Rates of Dropout (Supplementary Table S$3)

Lack of symptoms in the initial stages of diabetes or
the mild stage of DR may lead patients to drop out

© 2014 Informa Healthcare USA, Inc.
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from the regular management program for diabetes or
DR." Our model assumed that 10% of patients would
drop out from the recommended management sched-
ule. Patients who dropped out were returned to the
initial state, without treatment, and we modeled
possible return to the management of diabetes and
DR through other diagnostic opportunities.

Treatment of DR and Prognosis
(Supplementary Table §4)

Treatment for DR was assumed as below:

(1) NPDR stages were to have periodic follow-up
ophthalmic examinations once a year, and for
those with severe NPDR, every 4 months until the
development of CSME or PDR;

(2) PDR and high-risk PDR stages were treated with
pan-retinal laser photocoagulation first, then with
vitrectomy;

(3) Treatment for DME was assumed to be performed
at the CSME stage with focal/grid laser photo-
coagulation, with or without intravitreal injection
of anti-VEGE, then multiple anti-VEGF
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intravitreal injections. Finally, vitrectomy for
CSME was added when repeated anti-VEGF
treatment was not successful.

The probability of complications and further sur-
gery was also estimated, as shown in Supplementary
Table S4."°*? Treatment success was defined as
patients acquiring VA >0.5, then those with a suc-
cessful outcome shifted to stabilized retinopathy or a
state prior to onset; those with unsuccessful outcomes
moved to a state of progression. Vitreous surgery
would be repeated up to 3 times.

Costs

Estimates of direct medical costs were determined
from the perspective of entire payers (Supplementary
Table S5). All medical costs were uniformly standar-
dized by a social medical insurance system in Japan;
medical costs associated with DR treatment were
calculated based on the official medical fee tariffs in
Japan. Costs relating to the national screening pro-
gram for lifestyle-related diseases, detailed examin-
ations undertaken for a definitive diagnosis of DM,
and annual costs of DM treatment were not included
because they are currently ongoing as part of a public
screening program in Japan. The cost of detailed
fundus examinations performed by ophthalmologists
was included in the calculations for the strategy with
screening for DR.

Utility Scores

The utility scores of visual function of both healthy
subjects and DM patients without DR and any other
eye diseases were set at “1”. Although studies
reporting that utility scores are decreased by having
DM or by aging, we adopted the value 1" because
our primary aim was to model vision-specific utility
based on VA determined by severity of DR. We
adopted the vision and related time-trade off (TTO)
data® derived from Japanese patients with visual
impairment, with cataract used as a main source of
the tariff converting VA to utility values, given that
there was no significant difference in the utility values
between patients with cataract and DR,** and ethni-
city-specific data was preferred.”® Additional adjust-
ment was based on report from patients with diabetes
with or without DR; in cases of DR with relatively
good VA (VA >0.5), utility data were extracted from a
study of diabetic patients, because utility scores in
people with cataract tend to be lower even when VA is
200d”*® (Supplementary Table S7 — online only). We
measured health benefits in quality-adjusted life years
(QALYs) gained. The incremental cost-effectiveness
analysis compared the no screening strategy with
the screening strategy. We calculated the incremental
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cost-effectiveness ratio (ICER) of DR screening as the
additional cost of the latter divided by its additional
benefit, compared with no DR screening strategy.
It was calculated using the following formula:

Cost;—Cost,s  ACost

ICER = —
¢ QALY;—QALY,s AosLY

Sensitivity Analysis

Several sensitivity analyses were undertaken to assess
the known variability that exists in, among others,
estimates of cost, utility, examination rate, risk reduc-
tion rate under management of diabetes, and transi-
tions from one state with vision loss to another. In
total, 87 parameters were examined in the sensitivity
analyses. Univariate sensitivity analysis was per-
formed by varying single parameter values according
to the ranges described in Supplementary Tables S1 to
S5 and repeating the analytical solution of the model.
We then conducted a probabilistic sensitivity analysis
(PSA) to examine the effect of uncertainty in multiple
variables.””*® We used a Monte-Carlo simulation in
the PSA; the triangular distribution was used in PSA
where the individual probability distribution was not
available. This process of resampling and recalculat-
ing the incremental costs and effects of 50,000 patients
from the model was repeated 10,000 times to generate
a distribution of the estimated ICER. Uncertainty
intervals were estimated from the simulated data by
taking the 2.5 and 97.5 percentile values to represent
the end points for a 95% confidence interval (CI),
and cost effectiveness acceptability curves were con-
structed. All analyses were performed using TreeAge
Pro Suite 2009 software (TreeAge software,
Williamstown, MA, USA).

Model Validation

We tested external wvalidity of the model by
comparing prevalence of DR in persons 40 years
or older, incidence of blindness due to DR in
persons 40 years or older, and number of vitrec-
tomies for PDR. The prevalence of DR in the
simulated cohort was 20.1%, which was comparable
to that reported in international meta-analysis as
19.9%.> The cumulative incidence of blindness due
to DR was 0.026% in the simulated cohort, which
approximated estimates of 0.02% reported by the
Japan Ophthalmologists Association in 2007. The
number of eyes undergoing vitreous surgery for
macular edema was 31,326 cases in the simulated
cohort, which approximated estimates of 43,104
cases reported by the survey of medical care
activities in public health insurance.”
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TABLE 1. Simulated number of events with or without a diabetic retinopathy eye screening program in Japan.

Factors (simulation with N =50,000)

program (A), n (%)

With screening Without screening

program (B), n (%)

(A) - (B),
1 (%)

Persons with DR
Persons with confirmed diagnoses of DR
Modalities for diagnosis
Screening program
Annual fundus screening following the standard guidelines
Specific health checkup program
Opportunistic screening for visual symptoms other than DR
Symptoms with advanced DR
Persons with blindness
Blindness over all persons with DR
Blindness over all persons with confirmed diagnosis of DR

5324 (100) 5324 (100)

+383 (+7.2)

DR, diabetic retinopathy.

RESULTS
Base-case Analysis

The base-case analysis results are shown in Table 1.
In our simulation of 50,000 subjects, the number of
people with diabetes was estimated as 5324. With a
screening program in place, an additional 383 people
with DR (+7.2%) were estimated to be diagnosed than
when there was no screening program (4781 people
compared with 4398). Of the 4781 people with DR,
1301 (27.2%) were likely to be identified through the
proposed screening program. The number of people
being diagnosed with advanced stage DR with
symptomatic visual disturbance, was estimated to
decrease from 259 (5.89%) to 136 (2.84%); the number
of people with blindness was also estimated to
decrease from 47 to 41 (-12.8%; Figure 2).

The screening program would result in incremental
costs of ¥5,147 (US$65) and incremental effectiveness
of 0.0054 QALYs compared to not having a screening
program. ICER was ¥944,981 (US$11,857) per QALY.

Evaluation of DR Screening Protocol

ICER was calculated to simulate for possible vari-
ations in DR screening initiation age, interval of
screening, and conclusion age comparing the screen-
ing and non-screening strategies. The minimum ICER
value was —¥50,041,774 (-US$512,198) per QALY
(starting at age 50, every 4 years, ending at age 60),
and the maximum was ¥79,537,292 (US$997,958) per
QALY (starting at age 40, every 9 years, ending at age
80). When we compared 130 screening programs by
changing the value of initiation age, screening inter-
val, and conclusion age, we identified the most cost-
effective and effective screening program enabling
reducing blindness was one: (1) starting at age 53,
(2) with a screening interval of <5 years, and
(3) concluding at age 84. It is also suggested that the

© 2014 Informa Healthcare USA, Inc.

4781 (89.8) 4398 (82.6)
1301 (27.2) - +1301 (+27.2)
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FIGURE 2. Simulated risk of blindness due to diabetic retin-
opathy (DR) with or without an eye screening program in
Japan.

shorter the average screening interval, differences
between screening and no screening in the cumulative
number of cases of blindness increased.

Sensitivity Analysis and Monte-Carlo
Simulation

A 1-way sensitivity analysis was conducted on the 87
parameters, and the top 15 most influential param-
eters are shown in Table 2. The most influential
parameter in the model was the risk reduction rate
obtained by management of glucose control, and the
second most influential parameter was follow-up rate
by ophthalmologists. The incremental cost and incre-
mental utility of all parameters did not become
negative and the maximum value of ICER did not
exceed willingness-to-pay (WTP) of ¥5,000,000
(US$62,735) per QALY; these results indicate the
robustness of the proposed model of the DR screening
program.
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TABLE 2. One-way sensitivity analysis of a diabetic retinopathy eye screening program in Japan (top 15
most influential parameters to ICER of 87 parameters shown).

ICER, JP¥/QALY

Upper limit value

Lower limit value

Reduction in DR by glucose management
Follow-up examination rate by ophthalmologists
Drop-out from ophthalmic care

Cost of eye screening procedure

Progression from severe NPDR to PDR
Participation in the national screening program

Number of pan-retinal photocoagulation to high-risk PDR

Number of pan-retinal photocoagulation to PDR
Prevalence of CSME

Prevalence of diabetes mellitus

Prevalence of DR

Persons with diabetes at age 40 years
Sensitivity of eye screening program

Sensitivity of eye screening in the national screening program

Discount rate

861,436.0 4,078,079.9
811,438.4 2,517,488.6
944,980.7 1,989,356.5
431,930.6 1,458,030.9
944,980.7 1,891,218.1
663,741.6 1,526,220.2
107,151.5 944,980.7
944,980.7 1,491,243.3
861,106.2 1,602,679.8
642,753.2 1,371,809.9
944,980.7 1,508,483.0
620,459.2 1,306,949.7
812,825.0 1,437,714.5
650,503.8 1,132,834.3
555,598.3 1,346,925.2

DR, diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic
retinopathy; CSME, clinically significant macular edema; ICER, incremental cost-effectiveness ratio;

QALY, quality-adjusted life year; JP¥, Japanese yen

Supplementary Figure S1 (online only) shows the
joint distribution of incremental costs and effective-
ness generated in 10,000 Monte-Carlo simulations on
the cost-effectiveness plane. The circle represents the
95% confidence ellipsoid. The slope of the line
represents the WTP of ¥5,000,000 (US$62,735) per
QALY, the hypothetical threshold line of Japanese
WTP for one additional QALY gained.*® Of the 10,000
simulations, 76.3% was in the right side from the
dashed line, meaning that the majority of the
simulated ICERs indicate that an eye screening strat-
egy is more effective than the hypothetical upper limit
of the ICER of ¥5 million in Japan. The cost-effective-
ness acceptability curves for the simulation results are
shown in Supplementary Figure 52 (online only). This
figure indicates that the probability of the screening
strategy being more cost-effective than the no DR
screening strategy was >50% (53.5%) and >75%
(76.3%) at the threshold values of ¥2 million and ¥5
million, respectively.

Optimal Conditions of Screening Scenario

We examined multiple screening scenarios to explore
when to start, screening intervals, and when to cease
the screening program. We calculated the average
values from the screening scenarios meeting the
conditions “ICER <WTP” and “cumulative number
of people with blindness < base case” (n=70)
compared to other scenarios not meeting either
efficacy or cost-effectiveness. The optimal screening
program is suggested to screen those aged from
52.8+1.25 years to 84.4+1.63 years, at intervals of
3.3+0.3 years or less in our model (Figure 3A-C).
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DISCUSSION

We found that a DR screening program in Japan is
cost-effective compared to the current situation of no
systematic screening, and has the potential to reduce
blindness and low vision by 16% and 5%, respectively.
It was cost-effective even allowing for the uncertainty
of the known variability that exists in estimates of
costs, utilities, and complication rates.

Prevention of diabetes and its complications,
including DR, is one of the goals for the National
Health Promotion program in Japan.®’ However, the
proportion of those who underwent fundus examin-
ations on a regular basis is reported to be 37%, the
lowest in the OECD report.'” There is an urgent need
to provide a systematic screening program rather than
solely depend on opportunistic screening. Although
there is no formal standard set by the Japanese
government regarding the cost-effectiveness for
acceptance of screening programs, our result of
ICER ¥944,981 (US$11,857) per QALY is a strong
reason to advocate implementing a screening pro-
gram for DR in Japan. Given that the WTP, which is
considered to be the hypothetical upper limit of the
ICER, is ¥5,000,000 (US$62,735) in Japan,® screening
for DR in Japanese adults was found to be likely to be
cost-effective.

Uniqueness of our study should be noted though
when interpreting our results of cost-utility of a DR
screening program is far superior to those reported in
different contexts.>**® Considering that there is an
ongoing nation-wide screening program for cardio-
vascular risk, including diabetes, in Japan, our results
should be interpreted such that additional DR screen-
ing added to the ongoing screening program for DM
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FIGURE 3. Average values of (A) age to start screening, (B) screening interval, and (C) age to cease screening from the scenarios
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effectiveness ratio; WTP, willingness-to-pay).

is beneficial for prevention of blindness with cost-
effectiveness standard. Similarly, simulating popula-
tion-based screening starting from a non-diabetic
population might also contrast our results compared
to other studies starting from a diabetic population
because earlier intervention may prevent progression
to an advanced stage of DR.

In the present study, we simulated a model for a
screening interval longer than 1 year to evaluate
comprehensive management of both DR and DME.
The strength of this study was to include compre-
hensive interventions to DR and DME, ie. from
systemic management of glucose and blood pressure,
standard laser treatment, vitreous surgeries, to newer
treatment of anti-VEGF treatment based on param-
eters reflecting real world management of patients
with DR and DME. Detailed sensitivity analyses
were performed to evaluate the precision and
robustness of our simulation. We also found that
the optimal screening program suggested by our
simulation was to screen between the ages of 53 and
84 years, with a screening interval of 5 years or less.

It should be emphasized that this study represents
the current management and treatment of DR and

© 2014 Informa Healthcare USA, Inc.
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DME in Japan. To date, various studies have shown
that DR screening is cost effective in a variety of
contexts. Jones and Edwards reported a systematic
review of 29 studies and concluded that “systematic
screening for DR is cost-effective in terms of sight
years preserved compared with no screening”.*
However, there have been no previous studies that
incorporated current treatment modalities or detailed
newer treatment modalities into the model of screen-
ing for DR. Therefore, we covered in this analysis
from standard care of laser treatment to vitreous
surgery, and more recent treatment options of anti-
VEGEF treatment for DME. Considering rates of suc-
cessful treatment, drop-outs from follow-up, side
effects or surgical complications of each treatment
into the model make our simulation reflect real-world
management of DR. Although there was a concern
that direct costs for a screening program may increase
by adopting current costly treatment modalities, we
found that the proposed screening program would
remain very cost-effective, even with sensitivity ana-
lysis varying a wide range of parameters.

Now that studies have shown that a systematic DR
screening program is cost-effective, establishing the
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optimal screening interval is the next key issue. Jones
and Edwards pointed out that there is controversy
over which interval is optimal for screening. An
interval of annual screening has been widely adopted
in guidelines and there is no doubt complying with
this would maintain highest effectiveness. However,
alternative screening intervals have been shown to be
more cost-effective. For example, Vijan and colleagues
proposed a possibility that variable screening inter-
vals of every other year depending on the patient’s
glycemic control level can be an alternative option.*
They discussed strategies such as annual screening for
all diabetic patients especially people with poor
glycemic control, but offering a longer screening
interval of 2 or 3 years to those with good glycemic
control without DR who are at low risk of blindness.*?
Based on the model in this study, the interval for
screening should be less than 5 years; however, we
must emphasize that our simulation is not intended to
replace guideline recommendations for patients with
diabetes, that is, annual screening is recommended for
all patients with diabetes. We consider having a
nationwide screening program for DR provided at
either annual basis or less frequent interval up to
5 years may play an important role in uptake among
those who are not under regular monitoring for DR
in the current situation. It may contribute to fill in
the gap between the current recommendation of
annual screening and the real-world situation of low
compliance to regular screening.

Another“important aspect when considering a
screening program is compliance to recommendations
or guidelines after screening. Although annual screen-
ing for DR is advised for patients with diabetes in
multiple guidelines for the management of diabetes,
only 37% are reported to have such screening in
Japan.” In our univariate sensitivity analysis, good
glycemic control for diabetes and a high regular
follow-up rate after the screening program were the
two most influential factors associated with variation
in ICER. By assuming undesirable conditions such as
risk reduction by glycemic control of 0% (i.e. assum-
ing no reduction in risk of DR because of not having
good glycemic control) or drop-out between screening
and follow-up examination as high as 30.0%, ICER
can become high, up to ¥4,078,080 (US$51,168) per
QALY; though these numbers still remain lower than
WTP of ¥5,000,000 (US$62,735) per QALY.*>’

A number of limitations should be noted when
interpreting our study results. First, there are some
assumptions in parameter values used in the model.
While we were able to obtain reasonable estimates of
costs, utility, and transition state probabilities for the
variables included from the literature, information on
several parameters needed to be estimated or
assumed based on expert opinion, since insufficient
evidence was available for all parameters. To confirm
our findings, we performed sensitivity analyses to
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examine the impact of changing the assumptions on
the findings; we confirmed that our findings are
robust against a wide range of possible parameter
values. Second, measurements of cost-utility estimates
are based solely on TTO utility. TTO incorporates
quality of life directly into the utility measure, which
some researchers believe makes it a preferred method
of measurement.***® TTO utility was chosen because
it is reproducible and reliable on a test-retest basis
over a prolonged period of time. It also has excellent
intra-observer and inter-observer reliability.***® For
classifying utility in persons with DR by its severity,
we used the TTO utility value corresponding to VA
derived from cataract patients in Japan. Though the
level of reduced vision is related to utility values
rather than the specific disease process causing
reduced vision,** utility values for patients with DR
by the visual stratification levels in Japan should be a
topic for further research. Third, we did not include
indirect costs in our model because there have been
no reliable sources of estimates for social and prod-
uctivity costs related to DR in Japan. This was because
our primary aim was to perform cost-utility analysis
from a health-care perspective rather than a social
perspective. This was also to avoid including enor-
mous uncertainties into our model by estimating
indirect cost due to the fact that mortality from this
condition is not high and longer duration after visual
consequence is not uniform. Last, we adopted tri-
angular distributions in our PSA which might limit
the range for possible values at both lower and higher
ends even though the number of observations is
increased. This was useful for avoiding extreme
values by adopting other forms of distributions in
our model where parameters could be varied due to
the fact that parameters were determined by multiple
sources. Also, with limited data sources for some
parameters, we adopted triangular distributions due
to its simplicity to fit. However, lack of detailed
statistical characteristics of this distribution might
cause limited probabilistic analyses.

In conclusion, our study suggests that the proposed
eye screening program in Japan is likely to be cost-
effective, even allowing for uncertainty of the known
variability that exists in estimates of costs, utilities,
and complications rate based on sensitivity analyses.
The optimal screening program is suggested to screen
those aged from 53 to 84 years, at intervals of 3 years
or less in this model.
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Ultrasound Biomicroscopy in Infants with Congenital Corneal Opacity
and its Correlations with Clinical Diagnosis and Intraocular Pressure

Haruna Yoshikawa, Yoko Ikeda, Chie Sotozono, Kazuhiko Mori, Morio Ueno and Shigeru Kinoshita
Department of Ophthalmology, Kvoto Prefectural University of Medicine

Abstract

Purpose : Ultrasound biomicroscopy (UBM) can
be used to investigate the appearance of the anterior
chamber in infants with congenital corncal opacity.
This study investigated the association between the
UBM-obtained clinical imaging of anterior chamber
morphology and the clinical diagnosis in infants with
congenital corneal opacity.

Subjects and methods : This study involved 19
eyes of 10 consecutive infants with congenital corneal
opacity, 13 eyes with Peters anomaly (PA, 7 cases)
and 6 eye with sclerocornea (SC, 3 cases), recruited at
the Kyoto Prefectural University of Medicine, Kyoto,
Japan between September 2001 and January 2009. In
each subject eye, UBM findings were compared with
the clinical diagnosis based on slit-lamp findings and
intraocular pressure (IOP).

Resulits : UBM findings revealed partial angle
closure in 10 PA eyes and in 5 SC eyes, absence of
Descemet’s membrane in 13 eyes and 6 eyes, and
funicular fiber from the iris in 12 eyes and 6 eyes. All
6 eyes with SC showed normal IOP, while 9 eyes with
PA were diagnosed as glaucoma.

Conclusion : Similarities in UBM appearance were
observed between PA and SC. PA had a higher
incidence of glaucoma ; however, there was no
relation between IOP and the UBM images.

Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol Soc)
119 : 16-21, 2015.

Key words : Congenital corneal opacity, Peters anom-
aly, Sclerocornea, Ultrasound biomicro-
scopy (UBM), Congenital glaucoma
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. N i + + + + - - WA HZN
% + + + + - - A W4
. 45_‘- + + + — — - l . ‘4 2 . 33
9 L + + + + - + 0.84 1.70
) % + + + + - - 0.64 2.02
10 & i . + + ¥ - - 0.70 1.52
MADELHE(%) 100(6/6) 100(6/6)  100(6/6) 83(5/6) 0(0/6)  17(1/6)
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