plus other financial and nonfinancial: T ]
loss in that year Understanchng cost wmponems is crucial for
appropriate allocation of healih care resources.”

All costs were originally calenlated in japanesc yen (¥) and
are presented with United States dollar equivalents based on

the Orgamzation for Economic Cooperation ‘and Develop- |

ment’s purchasing parity 2007 rate of ¥120 66 pex US dollar

PREVALENCE

Prevalence of visual impairment (best-corrected visual acuity
< 6/12) was calculated as the sum of low vision (best-cor-
rected visual acuity between 6/12 and 6/60) and blndness (best-
corrected visual acuity <C6/60) Visual impairment was de-
fined as <<6/12 (<020/40) because this 1s a well-accepted
internaiional definition,” thus enabling cross-country compari-
sons, and because these data were avatlable in Japan

Prevalence rates by age were based on data from the jqpa-

nese Mmlstry of Hulllh Labour and Welfare, pxesentcd by the
National Committee of Welfare for the Blind in japan,” and a
major epidennological study * Sex and severity splits were based
on epidemiological data sets by cause of visual impairment *'¢

Prevalenice rates were multiplied by Japanese census'data‘to ess

rimate the number of people with visual impairment.

- DIRECT HEALTH COSTS

20

Health costs were based on Japanese health expenditure data,?®.

which concord with the World Health Organization’s Interna-

tivnal Statistical Class;/uatum ufDlswsas “10th Revision (ICD- .
10) In the absence of more granular dala, the ICD-10 code V11

for “diseases of the eye and adnexa” was used These expen-

ditures were related to all eye health costs and may mnclude some

conditions that-are not potentially visually impairing. How-

ever, these ave likely to be small relative to the total, as m other

stuches i which data do not support separation of visually im-
paiving conditions ' Health expenditres were converted to 2007
values using official health infllaton data

OTHER FINANCIAL COSTS

Other linancial costs are composed of productvity losses, costs

of care oumdc the healih system, vision aids, and c’fhucnc\ '
losses from government transfers and expenditure People with

visual impairment may work less than othierwise, retire carly,

or die prematurely, representing real productivity losses’to the

cconomy A human capital approach was used 16 measure pro-

ducuvity losses, as 1s appropriate m countries with low unem-.

ployment hike Japan *' Age- and sex-standardized employ-

ment rates, absentecism, and mortality rates were esumated for

people with visual impairment using official estimates and gov-

crnment survey data ™ Pmductmw €osts were Lsumaud as-
suming thatin ihe absence of visual imparment, pcople would
have worked at the same rate as the general population’ Pro-
duicti vity costs from increased ahsmteemn were calculated as
the average number of days ahsent per year owing 1o visual
impairment X'the total number of pmplL employ e with vi:

sual impairment X average anmml wages Production losses aris-.

ing from prematu 1ls and depression asso-
ciated with vistial impairiientwere calculated as a net present
value using World Health Orgamization data tor Japan on re-
urement age, average life expectancy, average age of death,
and an estimated discount rate of 1 5%, calculated as long-
term nomnal bond rates minus expected mfilation and crrowth
i productivity

Additionally, any taxation foregone requires equivalént rev-
enue raising, imposing real etﬁmenq costs on the economy,

)WLs) Taternationally, DWisare

"estimated to be m the r;mgse of 9, 16, and 50 cents (9%, 16%,

and 50%, respectively)” for every additional tax dollar raised by
the government 1 he parameter esumate of 16% was used, since
no Japanese stuches were found to provide a Jocal estimate

- To esuimaté the cost of community care services, an oppors
tunity cost method valued tume devoted o care gving respon-
sibilities that cannot be spent in the paid workforce This was
calculated as the estimated number of people with visual
impawrment who require some level of care X the average imum-
ber of hours of care required® X by an average howrly rate for
the wage forgone by the caregiver,” and weighted by age, sex,
and the probability of alternative employment

LOSS

L 4

OF WELL-BEIN
Loss of well-being from visual impairmentwas measured indis=" -
ability-adjusted life years (DALYs) Disability-adjusted life years
have 2 components the years of life lost as a result of prema-
ture death (the mortality burden) and the years of healthy hfe =
lost as a result of disabibity (the m()rbldlw burden) . .
Years of healthy life 10%1 as a result of dlsablhly from visual
impairment were calculated by wultplymg pxcvﬂcm $ by :
disability weights [or msld, moderate, and severe visual impa-
ment (0 02, 0 17, and 0 43, respgctlvely) based on the globa
burden of d|sease study * These disability w elghls represent
losing 2%, 17%, and 43%, respectively, of a year of healihy life
Years of life lost were calculated from the age when a perséh
dies from' comorbid conditions attributable to visual impair-
ment and the life expectancy {or people of that age and sex. To
calculate the burden of disease, Japanese prevalence rates for
low vision were subdivided 1nto mild and moderate visual im-
pairment using \\'cié,hls {rowm Australian prevalence data **
The loss of well-being in DALYs was converted mto.a mon-
etary value using an estimate of the value of a statistical life The.
value of a statistical life in Japan has been valued between ¥675 9
mﬂhon (UsSs3 6 mllhon) and ¥1783 5 hillion (US$14°8 unlhon) 24
The lower bound of US'$5 6 million was used with a discount”
rate of 3 0% during 40 yeavs to generate an estumate for the value.
of a statistical life year (VSLY) of ¥28 3 nuthon (US $234552)

SENSITIVITY ANALYSIS

The effecis of 20% cha}}f‘gcs 1 health care costs, the number of
people requirmg mformal care, and earnmgs for men and women
were examined The effect of reducing the DWL parameter es-
umate 1o the lower bound of 9% was tested We also assessed
the effects of a 20% change in the value of a stapsucal ife used

for Japan and m. the distribution of low-vision severity.

- PREVALENCE

* There were 1 64 mllion people with visual uﬁpalrmeﬁt I
‘inJapan 1n 2007, almost 188000 were blind Of those

with visual impairment, 93 2% were aged 40 years or
older, 61 2% were aged 65 years or older, and 33 5% were
aged 75 years or older (Yable 1)

DIRECT HEALTH COS‘TS‘
The direct financial costs i Japan for the treatment of él]"

disorders of the eye and adnexa were estimated to total ;
¥1338 2 bilhon (US $11.1 lalhion) 1 2007 (Fakbie 2) and
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may nclude some conditions that are not visually impair-
mg However, the cost overestimation 1s expecied to be
shght as 2 result of this data constramt and 1s countered
1 that costs of screemng programs and eye health pro-

motion are not mcluded, so health cost coverage was not

-exhaustive The largest component of health costs for vi-
..sual impairment related to general medical expenditure

(¥977 5 ballion [US $8 1 hihon]). of which outpatients

‘represenited 77 7% (¥759.4 bullion [US $6.3 billion])

OTHER FINANCIAL COSTS

Other financial costs of visual imparment were esti-

mated as ¥1583 5 billion (US $13.1 ilhon) in 2007

(Fedde &) Productivity losses from visual impairment

(¥563 1 nllion [US $4 7 billion]) reflected the lost earn-

ings from lower emplovment parucipation (¥510 4 bil-

hon [US $4.2 lllion]) and worker absenteeism costs

(Y46.4 billion [US $384 million]) There are also addi-
tonal costs totaling ¥6.4 bhillion (US $53 0 mlhion) as-

sociated with premature mortaluy due 1o comerbid

CONSeqUEnces.

As a substantial component of overall costs, the cost
of community care represented both unpaid and paid
home care for people with visual impairment. Using the
opportwty cost method, the cost of community care in
2007 was esthimated as ¥797 3 billion (US $6 6 bilhon).

The DWI resulung from raising additional taxation
revenue to pay for costs borne by the government m re-
lation to visual impairment was composed of losses from
health care costs (¥130 9 ballion [US §1 1 bilhon]), lost-

" Total Other Finansial Gosts
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taxation (¥33 8 billion [US $280 mithon]), welfare pay—
ments (¥24 8 billion [US $205 nullion]), and other costs
associated with providing mstitutional care and vision
ards (Y4 6 billion JUS $38 4 milhon])

Expenditure on other mstitutional care and rehabili-
tation for people with visual impairment 1 Japan was
based on the average cost of mstitutional care per per-
son per year (denved from long-term care insurance fa-
cilities, estumated at ¥7445 863 [US $61 711 63]) and mul-
uphed by the number of people admitied (3857 people,
mmuc the adjustment to account for the 30% overlap in

the data with long-term care imsurance facilities) 1o total,
it was estimated that expenditure for institunional ser-
vices (over and above that provided by long-term care
msurance facihues) for the visually impaired was ¥28 7
bilhon (US $238 mllion) n 2007

of the burden of disease owing to different values of a
statistical hfe for each country

SENSITIVITY ANALYSIS
1.0SS OF WELL-BEING
) \7 ar yma d]I‘eLI health costs lhe numbel of peop ¢ rcqu]r—;
" g informal care in the community, and male and fernalc
. waverage earnngs =20% produced a vanauon i the base-
" hie of total visual mipairment costs of 2 9%, +1 9%, and
+2 2%, respectively Our results did not vary %zg*uhca,n’"
when the assumpuon used for the DWL parameter esti-
mates was dropped from 16% to 9%, resulung mn a fall-of
total costs of 1 0% The value of a staustical ife used for
Japan to estmate the burden of disease was varied by 20%
resulting m changes of £15 1% of otal costs, the sensitiv-
1ty of this result 1s discussed subsequently The distribu-
ton of low vision (between nuld and moderate vision) was
altered by 20% resulimg m changes of £1 5% of total costs

In 2007, the years of healthy hifelost as a result of disabil- -
iy anid years of Iife lost attributable to visual impamrment -
m Japan were estimated as 220022 DALYs and 9063
DALYs, vespectively In total, the burden of disease was
229085 DALYs &
The gross value of the burden of disease (DALYs mul-_
uphed by the VSLY) was ¥6503 1 billion (US $53.9 bil-
lion) However, the gross value includes some costs borne |
by the midividual—notably, lost earmings and out-of- -
pucket health expenditures, for example, which have al- -~
ready been captured As such, these costs were sub--
tacied and the net cost of the foss of well-bemg in Japan
was calculated as ¥5863 6 bilhon (US $48 6 lillion) for
2007. Costs by item and bearer are summarized mo
‘fssﬁaisx 4 ‘

" While no single data set provideda complete picture of
i the PI‘G\,’d]CTILE of visual impairment in Japan, all sur-
“veys provided valuable input. The prevalence of visual

JINTE R’\IATIO’\TAi CO‘\/IPARISO\S

The cost ‘melhodology used here for japan has also been . impairment was principally based on epidemiological
apphed in Austraba m 2004 and 1 the Umited States i .~ studies of larger sample sizes These sources were con-
2005 The esimates can be compared by mflaung those - sidered representative of the rapid econonuc develop-

costs to 2007 values using domestic nflation data and to 2 . ment in Japan during the past half century, public aware-
US dollars using purchasing power parity Telsle & shows - ness of wweatable ocular diseases, and the universal medical

the economiic costs per person with visual impairment insurance system in Japan Addinonally, the sinaller sur-
The results n Table 5 show that while the costs vary - " veys provided valuable information on prevalence by sex
across categories, it 1s evident that visual impairmentin- .. and severity for low vision and blindness :
curs a large overall cost in each country The differences - - In the present study, we have shown that in 2007 vi-
across countnies largely reflect differences m the struc- -+ sual impairment affected more than 1 64 million people
ture of each health care system, the delivery of elderly * * *<1n Japan, or 1 3% of the population; and-cost an esti-
and commumnty care, productivity estimates, and the value - - mated ¥8785 4 bulhion [US $72 8 nllion], or 1 7% of the -
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gross domestic product of}apan These lindings are con-
sistent with other siudies that also found substantial ex-
penditures to be associated with visual impairment ¥
The total cost of visual impairment presented n this
repori captures the direct and iadirect costs incurred
across the economy by individuals, family and care tak-
ers, employers, society, and governmeni. 1t was impor-
tant o include 111(]IILCI €osts (o gain an accurate picture
of the otal economic burden o [vasual. imparment
Our analysis suggests that community care costs ac-
count for 50% of mdirect costs of visua 1 impanrment in Ja-
pan. This suggests that substantial resources are dedi-
caied to care for individuals with visual imparment at home
through informal care Commumity care costs were com-
posed of both paid and unpaid home care. Official usage
data were available for paid home care™ and used as$ a proxy
forunpad care, Usage data ranged from all-day care to care
“only when required. A weighted ave erage of 17.1 hours per
week based on the percentage distribunion of the usqge data
was applied o ihose with visual impairment most likely
to requirte some form of community care. 1t was assumed
that those with mild visual impairment would not re-
quire any form of commumty care and those m msiitu-
tional care were accounted-for m other financal costs
The loss of well-being compnses a large part of the costs
of visual impairment i Japan as well as in Australia and
the Umited States There has been some controversy about
placing a monetary value on DALYs, and the value of the
VSLY chosen has a large impact on the estimat
of disease from visual impairment As a conse

proach, the lower end estimate was used because the VSLY

[or Japan was already al the high end of estimates of that
among Lomparab]f countries Accordingly, the est-
mated loss of well-bemng from visual 1mp¢nrmem per per-
son per year 1n Japan was betw een that in Australia and
lh U} jted States.

Even m a developed country like Japan. avoidable vi-
s10m iobc is now a major pro blern and will merease n the
future in the absence of policy change Because preva-
lence vates of visual impajrment mcrease with cach de-
cade of hife, the number of japanese mdwiduals with vi-
sual impairment 1s expected to increase by 23% during the
next 20 vears. Although speclhc interventions may n-
cvease hicalih cosis Heant sav-

"W\ can also hring signid
mgs 1 other financial costs and loss of well- bcmw Tavlor
and associates™ have shown that many eye care interven-
tons are cost-effective

Owing to good access Lo ligh-quality cataract surgery,
the prev alence of visual 1mpanmnm from cataract1s low
in Japan On the other hand, glaucoma is the leadimg cause
of visual imparrment.*" Compared with the United States
and Australia, the rate of undiagnosed glaucoma 1s very
high 1 Japan,'® and this may parnally explamn the high
prevalence of visual impairment {rom glaucoma in Japan
Diabetic retinopathy s the sceond most common cause
ol visual impairment The prevalence of diabetes is rela-
tively high i Japan and this would contribute o a high
prevalence of diabetic retinopathy and visual wmpar-
ment.® Access to good medical services m Japan through
its universal health care system enables people wath dia-
betes to have better systemic control However, the high
proporuon of visual impairment due to diabetic reuno-

Foa

pathy also raises questions about the adequacy of cover-
age of screenmg and close coordinauon with general phy-
sicians and ophthalmologists and thc use of
photoum«u]amm and vitreous surgery, w hxc hare readuly
available in Japan. :

Reducing the burden of visual 1mp'mmmt mmugh fac-
tors such as pubhc awareness of preventive care, early di-
agnosis, more intensive disease treatment, more re-
search, and the advent of new medical u:‘,c}.mo]ogles could
sn,mz’uam y improve the quahty of life for people with wi-
sual impairment and their farmbies, while at the same time
potennally reducmg mmunai expenditures for health care
services and ncreasing productivity in the japane&
economy.

The compambi 1y of eplcknnoloou_ai and economic es-
timates between illnesses 1s also mportant to mform de-
cisions on the distribution of research effort, as sumesred
by Leal and colleagues.’® Japan alveady has good primary,
secondary, and tertiary eye care services as well as good

data on the distribut tion and impact of eye diseases Ad-
chinonally, Japan has extensive health and hnanaa] data
that permut economic modeling of any r elated prevention
oy treatment. Qur study 1s the first to quantty the burden
of visual impairment in Japan. We beheve that our study
will be of parncular mierest o poheymakers Tt hmh-
hights, above everything else, the need for com parable an.d
accurate mformation on the prevalence, seventy, and ve-
source use associated wath visual impairment in Japan
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; ,Abstract : S
- Purpose . To evaluate the cost»effecuveness of -cataract
surgery . through. measurement  of the cost per quahity-
.. adjusted life-year (QALY) 1n Japan. :
_..Methods - A total of 549 patients scheduled for cataract
. surgery at 12 clinical sites from November 2008 through
.February 2010 .were included in the study. Prospective
assessment of patent preference-based 'quality of life
(utihity) was performed before and after the surgery using
the ume tradeoff method, EuroQol, and Health Utilities
Index Mark 3 Multuple regression analysis was used to
determine the correlation between utility and visual acuity
The QALYs gained through cataract surgery were esti-
. mated, and cost-utility analysis was performed.
© Results The--utilities significantly correlated with the
visual acuity 1in the better seeing eye. In.all the subgroups
+(first eye surgery, second-eye surgery, and bilateral sur-
gery), mean-utility umprovement was statistically signifi-
. cant. Average QALYs :for unilateral cataract surgery and
bilateral cataract surgery were 2.40 and 3.40, respectively
. The cost per:QALY gained from surgery was. estimated at
. ¥122,472 (US $1,307) for umilateral surgery and ¥145 562
((US $1,553) for bilateral surgery.
‘Conclusions. -Routine cataract surgery in Japan 1S hlohly
-cost-effective. Factors that contribute to this-are the high

climcal -effectiveness. of the surgery; the substantial
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improvement in pauem percelved quahty of life, and the
reasonable cost of the sur; gery
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Introduction

Just as the resources 1n the world to satisfy human wants
are always limited, so too the resources available for health
care are limited The 1ssue of how health services should be
provided and the extent of the resources required for such a
provision 1s obviously one -of the most important and
contentious political issues -of ithe ‘day. An:effort-has-to be
made to match the health-care service needs of ‘the .popu-
lation to. the health-care goods: and services'that are allo-

—cated within the defivery 'system.: Because ‘health-care

spending is rising, 1t1s hecessary to choose-those ‘health-

- care.interventions that produce the ;greatest health gains.for

the greatest -number of people at the lowest cost:.:-
Although there is no single correct answer or solution to

this problem, the concept.of cost-effectiveness has:become

increasingly common,.-and Britain, ‘Australra, and Canada
have:already used.cost-effectiveness findingsn the process
of introducing innovative drugs in' their national health-
care systems [1] In the United States, the federal govern-
ment last year authorized the expenditure of-$1.1 billion to
conduct research comparing “clinical outcomes, effec-
tiveness. and appropriateness of items, ‘service, and- pro-
cedures that are used to prevent, diagnose, or treat.d1seases,
disorders, and other health conditions™ {2]; -

-Cataract 1s the Jeading cause. of blindness in the world

[3], and cataract surgery 1s the most frequent surgical

procedure 1 people aged 65 years or older an.the Western
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world, as well a$ in Japan {4, 5] The value of cataract

surgery 1s firmly established, and as a resull, cataracts

account for approximately one-third of medical spending
on eye care [6] As the Japanese population ages, the

prevalence of visual impairment 1s projected. to increase ;7

from 1 35% of the population 1n 2007 to 2 0% by 2050 (7],
hence, visual impairment resulting from cataracts 1s on the

nise Therefore, an important challenge is to assess the cost-

effecuveness of cataract surgery

A cost-effectiveness study that uses the concepts of
utihty and quahty-adjusted hfe-years (QALYSs), in which
the quantity of hife 1s combined with the quality of hfe
(QOL), 1s termed a cost-utility analysis Several previous
studies have assessed the cost-utility of cataract surgery [8-
13] In the US, Busbee et al [8] reported that the cost-

utility of first eye cataract surgery was $2,020/QALY and "~

concluded that imtial cataract surgery was highly cost-
effecive when compared with procedures across muluple
medical specialtes. In Sweden, Kobelt et al: [9] estimated
the cost-utility of cataract surgery 1n one eye as US $4,500/
QALY, and a recent systematic review to determine the
cost-effectiveness of cataract surgery concluded that it'is a
cost-effective procedure by-any measure in the Western

world [11] To confirm the generalizability of the cost- *:
. igases,
~spinal- disorder),
. stroke,’ need. for- ambulatory -assistance), anddeafness or
- hearing impairment

utility of cataract surgery in the real-world setung in Japan,
we conducted a multicenter study based on-data:from 12
clincal sites 1n Japan

. Participants and methods . -

. This. study was- a prospective multicénter observational
study conducted by the Eye Care Comparative Effective-
-ness.Research Team (ECCERT) at 12 chirizcal sites 1n Japan
‘(see: Appendix). A prospective observational protoco} was
developed. -by - ECCERT to evaluate visual and:patient-

- reported: outcomes before and after. routine cataract sur- .

:gery.. Seven..ophthalmologic departments.in umversity
hospitals, three. ophthalmologic departments. in public
-hospitals, and: two private: surgical -clinics were: recruited,
. all .dgreed.to-participate 1n the study The study protocol

i. was approved. by the nstitutional' review board of each
- facility, and the conduct of the study.followed the tenets of »

the:Declaration of Helsinki
Study population:

Patients were eligible for inclusion 1n'the study if they were
scheduled for first eye, second eye, or bilateral cataract
surgery, and were aged 50 years or older Patients were
excluded 1if the planned cataract surgery was a combined
procedure 1nvolving glaucoma, - corneal, or vitreoretinal
surgery. Further exclusions were made 1f patients had any
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prohferatlve diabetic retinopathy with dementia, or were
unwilling or unable to respond to the complex questions
Each participant gave wntten snformed consent to‘partici-
“pate in this study Patients were recruited from 1 November
- 2008 through 28 Feoruary 2010 A total of 549 pauents

‘were initially registered

A full preoperative medical history and an ophthalmxc
examination for each patient were obtained The ophthal-
mic examination included visual acuity, types of cataract
(nuclear, cortical, or posterior subcapsular cataract), and
presence of any other ocular disease The visual acuity was
reported as a corrected decimal acuity obtained according
to the usual routine of each clinic The ophthalmoioglst
who performed the examination reported the results using a
structured data sheet Intraoperatxve techmques compli-
cations, and 3-month clinical outcomes were also reported
by the treating ophthalmologist All patients were asked

~-whether they had “a history of ‘systemic comorbidities,
‘including cardiovascular diseases - (hypertension;- angina,

heart farlure, myocardial infarction, use of a pacemaker),

: cancer, diabetes, renal and hepatic diseases, gastromtestinal

diseases (gastric ulcer, ‘ententis, colitis), respiratory dis-
musculoskeletal © diséases ¥ (theumatoid - arthritss,
neurological diseases (paralysis such as

- Uulities assessment: = -

Prospective” assessment of patient: preference-based QOL
(utility) was performed before and. after the surgery. In

:-health-economic. analysis, utility 1s’defined on a continuous
- scale.from O to 1, where 0 corresponds to-the worst possible
:QOL-weight (equal-to death) and- 1 corresponds to the best
:possible QOL weight (equal to perfect health) The patient
-preference-based time tradeoff (TTO) method was used in
ithis study: [14]. Each patient: was 1nterviewed preopera-
-tively by:tramed interviewers, not by the attending oph-

thalmologists All the interviewers 1n the participating
chinics had completed the tramning workshop, and utility
values were obtained by them in an agreed-upon fashion
using the same questionnaire and the standard technique of
each faciity The patient was asked if he/she would be
willing to trade a certain portion of hs/her remaimng hfe,
from a hfe expectancy of 20 years, . return for being rid
of visual impairment and all its associated effects under
these hypothetical conditions Time tradeoff uulity ' was
calculated according to the following equation util-
ity = 1 — x/20 (x = years of hife he/she would be willing
to give up) Out of the 12 clinical sites, 1 site could not

conduct the TTO nterview, therefore, results from
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questionnaires completed by 440 pauents from 11 chnical
" sites were included in the TTO analysis at baseline.
- Information for. olher utlity assessments was. collected
from the patxents by means of survey - quesuonnanes The
quesuonnalres consmted of the Japanese versions of the
EuroQoI (EQSD) [15 16] and the Health Utllity Index
' 'V'Mark 3 (HUI3) [17 18] The EQSD comprises 5 questions
" that measure 5 health concepts (mobility, self-care, usual
activities, pam/dxscomfort and anx;ety/dcpressmn) with 3
"levels of answers leading. to 243 possible combinations of
,'answels descrlbmg a dlfferent health status between |
(= perfect health) and O 063 (a health-status thal can be
‘con51dered woxse than death) The HUI3 comprises 15
iquestlons addressmg 8 health attrlbutes (vision, hearing,
\’speech ambulanon dextenty, emotlon cognition, and
) pain) and 1. quesuon that measules overall self»assessed
“health status. A}wcxghted scoring, algorithm 1s‘apphe‘d to
"combine the scores of each attribute to derive a value
between 0 and 1 to represent utility of the overall health
state (perfect health = 1, deceased =.0).. These question-
naires were collected from the 12 chinical sites; however,
. because of 1nab1hty to collect survey forms and no method
to account for the m1ssmg_v(aiu‘es, we were-able to obtain
answers from only 541 patents for the EQSD and 496
patients for the HUI3 at baseline. The patients were
~encouraged to complete the follow-up -questionnaires,
which included the TTO, EQ5D, and HUI3 questionnaires,
" mailed to their homes 3 months after the surgery, and to
return them by post. Later, however, for reasons including
thhdraw;ﬂ of consent, msufficient nformation on clinical
‘ﬁndmgs frocrln\ the responsible physicians, and. inability to
V collect survey forgns from patients, we were able to obtain
wcompl‘cte information on only 381 patents for.the TTO
" method, 482pat1‘cnts for the EQSD, and 434 patients for
~ the HUI3..

N Co‘sbtfuuhliy analysis

The cost estimates for this study included only direct costs.
Al medical costs are uniformly standardized by the social
" medical insurance system in Japan The medical costs
associated with cataract surgery were calculated based on
. the Japanese social insurance medical fee payment The

unilateral cataract and bilateral cataract surgery fees were
¥121,000 and ¥242,000, respectively. We assumed that the
cost of treating posterior capsule opacification (PCO) by
neodymium yttrium-alumimum-garnet (Nd'YAG) capsu-
lotomy needed to be taken into account postoperatively for
11.4% of the patients according to the results of a meta-
analysis of 6 prospective studies performed in Japan
“[19-24] The other medical costs included the imtal
‘consultation, preoperative visit, cost of hospital treatment
- (postoperative medications, anesthesia fees, inpatient facihity

.fee, eye examunations), and postoperafive management
. (3 postoperative visits) associated with cataract surgery. The

costs of complications other than PCO were not encompassed
by the medical costs

Cost-utility analysis was performed on the basis of the
cost model and measured utility data. The utility gain was

_-assumed to last untl the end of the remaiming statistical life

expectancy of. each patient as determined on the. basis of
the abridged life tables for, 2008 1n Japan [25] The number
of QALYs gamed was. calculated by multiplymng the
measured. utility gain (difference in utility before and after
surgery) and the patient’s mean life expectancy, together
with an assumed annual discount rate of 3% The cost of
cataract surgery was divided by the number of QALYs
gained, which was estimated as Japanese yen/QALY
(#/QALY) The costs were converted mto US dollars at a

2009 exchange rate of 93.68 Japanese yen to 1.US dollar

(Federal Rese’rve,‘ https://www.federalreserve.gov/releases/
gS5a/current/)

Statistical methods

Data were analyzed using Stata 10 software (StataCorp,
College Stauion, TX). The results are given as the mean and
standard deviation (SD), as the mean and 95% confidence
interval (CI), or as the median The significance of the
difference 1n unlity. before and after cataract surgery was
analyzed with a paired 1 test for dependent samples. An
independent samples.z test was used to compare the utility

. gamn in unilateral surgery with that wn bilateral surgery.
- Multiple linear regression models were used-to assess the
~associated factors affecting utility at. baseline for all

patients The regression model with robust standard errors

_(Excker-Huber-White) was adjusted. for age, sex, corrected

distance. visual acuity in the. better-seeing eye (better VA),
corrected distance visual acuity in the worse-seeing eye
{worse VA), types of cataract, ocular past history, other
ocular diseases, and the number of systemic comorbidities
Furst, each variable was analyzed in a umvariate model
Then, all vanables with a significance level (P) of less than
0 25 were included 1n a multivariate model Because each of
the chnical sites was an mdependent umit with 1ts own
examiners, nfrastructure, and administrative S(IUCtUlé for

eye care, the assignment of paments was conducted sepa-
rately and independently, and the cataract surgery proce-
dures varied according to the chnical site. For analysis of
the data pooled from the muluple centers, we also per-
formed a meta-analysis to assess the utility gam after uni-
lateral cataract surgery and bilateral cataract surgery The
random effect model was used to evaluate the pooled effect
of the utility gain. Visual acuity data obtained by the dec-
imal unit (counting fingers. was categorized as an acuity of
0 004, hand motions as 0.002, and hight perception as 0 001)
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were converted: to logarithm of the mimimal angle of reso-

- lution (LogMARY) units for statistical analysis- A P value of

less than 0 05 was considered statistically significant
- Sensitivity analysis-

‘One-way’ serisitivity ‘analyses were performed by varying
* the discount rate of 07and- 5%, the cost by 25%, the cost

-excluding the PCO treatinent  cost, ‘the treatment effec- -

tiveness-using the results from the meta-analysis and within
the 95% CI observed 1n- the study, and survwal 1 the ‘short
- term (5 and 10: years) ' e

Results-

The age of the pauents (1 = 549) enrolled ‘in the study
ranged’ from 50 to 89 years (average, 71'0'% 7 9 years,

214 men and 335 women) These 549 patients with com-

plete data on visual acuity before surgery were available
for inclusion 1n the study, and the utility from the TTO
method (n = 440), EQ5D (n = 541) and HUI3 (n = 496)
could ‘be used in the analysis at baseline Table 1 sum-
marnizes the characteristics ‘of the samples at baseline The
baseline mean uuhity (TTO) (0 60) ‘was' lower* than the
- unhity of the EQSD (0 84) 'and HUI3 (0 65)

The preoperative uulities' (TTO) ‘obtained” from 440
patients at baseline -were stratified’according 'to the cor-
rected distance visual acuity in the better VA (de¢imal)
(Table 2) 'The utiliues were correlated with 6 different

. visual stratifications As the visual acuity tn the better VA
decreased, the corresponding utilities (TTO) decreased at
every visual stratification level (Table 2)

Factors associated - with preoperative’ utilities (TTO) are

‘eiven m Table:3 In a muluple hnear regression model
-adjusting for-age, sex, visual acuity in the worse VA

Table 1. Patients’ characteristics before surgery.

Characteristic n Mean + SD Median

Age (years) 549 71079 71
Women. 335 17+£75 12
Men 214 697484 70

VA (logMAR) 549 L

Better cye 016+ 028, 01
Worse eye 0514052, 04

Utihity , , . ,
TT0 440 060 £028 . . 065
EQ5D 541 084 +£015 079
HUI3 . . 49 - 0654024 " 069

VA visual acuity, logMar Joganthm of mimimal angle of resolution,
TTO ume wtradeoff, HU13 Health Unhty Index Mark 3
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~visual acuity of one (logMAR) (P < 0001,
'Although age'also had a significant effect; the regressxon

C U was snomﬁcam (n=

(logMAR), types of cataract, ocular history, ocular comor-
bidities, “and the history of systéemic comorbidities, the

~ better VA (logMAR) showed a significant correlation with

utilities (TTO) Utility changed by 0 21 for each change 1n
Table 3)

coefficient was’ very small (=0. Ol) and the overall model
429, F<00001 R2=010)
Before " the “surgery, 15° panents cancelled undexgomg

© cataract surgery, and by 3 months, 5 ) more pauents ‘had also

withdrawn Thus, complete data on vasual acmty were

* obtamed for 529 interventions Although completed fol-

low=lp questxonna;res were received from 490 patients, no

- ‘'method" was' provided to ‘account for the missing values,

and- therefore, incomplete questionnaires were excluded

Finally, the utilites using the TTO method (n = 381),

EQ5D'(n = 482), and HUI3' (n = 434) cou]d be used in the

“analysi§ of the final outcome

Intraoperative techniques were phacoémulsification and

* aspiration with intraocular lens implantation in all cases

Out of 529 surgeries, 18 had the complication of posterior

“capsule rupture (3 4%) The mean better VA (logMAR)
" and worse VA (logMAR) 1mpxoved to —0 05 +0 10 and
" 003+ 025, respectively

The study population consisted of 3 subgroups group 1,

* 1 which both eyes were operated on{n = 312) group 2, 1n
‘which only the first' eye was operated on (n =

157), and
group 3,1 'which the second eye was operated on (the first
eye had been operated on previously) (n = 60) In the
entire ‘group of 381 participants, the overall unlity (TTO)

- showed a statistically significant improvemeiit from 0 60 at

baseline ‘to 085 3 months after cataract surgery ‘In the

\ subgroup analysis, all groups ‘showed a statistically sig-

mficant 1mprovement of utility n the TTO, EQ5D, and
HUI3 (Table 4) The utility gain from the bilateral cataract
operations was significantly higher than that from the
umlateral cataract operations (combimed fitst eye and sec-
ond eye operations) 1n the TTO method (P = 001) and
HUI3 (P =002), but not in the EQ5D (P =088)
Tables S'and 6 illustrate the combined effect of the pooled

- Table 2. Uuhty values associated with visual acuity in the better-

seeing eye

Uulity (TTO) SD n

Visual acuity (decimal)

<01 0350 0399

<02 0419 0289 8
<04 . 0553 0293 29
<08 0558 0293 167
<10 . 0613 0256 89
>10 0685 0250 141
Overall 0604 0281 . 449
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Table 3 Factors associated with preoperative utility
Vanable Univanate analysis Mulit‘iv:anale anal);sxs’:f .

Coefficient 95% CI) - P-value Coefficient”  (95% CI)’ P value
Age (per +1 year old) ~001 (~00110—000) <0001  —001 (~0.01 t0 —0.00)  <0.01
Female (vs. male) -0 06 (=0.12 to —0.01). . 0.02 -0.05. (=010 0 001 .0.10
VA better (per +1 logMAR VA) -025 (~03410 -015) <0.001 —0.21- (=032 10 ~009) <0001
VA worse (per +1 logMAR VA) —-006 (=011 1o —0:01) 002 0.00" (—»0’05 to 0 06) 0‘91
Nuclear cataract (present ivs. absent) 000 (-00710006) = 0‘ 94 ’ o ,
Cortical cataract (present vs absent) —-004 (~0.09t0 002) . 0.20 -0.03 (—0.09 to 003) 0:32
PSC cataract (present vs absent) -0 04 (=010t 0.01) 011 -0.05- (=0.11 10 001) 0.09
Ocular past history (present vs. absent) 001 (~007 10 009) 078 C »
Other ocular diseases (present vs absent) -0 05 (-=01310003) 023 -0.03 (=011 10 0.05) 0.,_51
Systemic comorbidity?® -002 (=009 10 0 04) - 048 000 (—006 to 006) 0.99
Systemic comorbidities® -0 08 (=014 10 —001) 003 -0.04 (=011 10 0.03) 025

VA berter logMAR visual écu\ly in better-seeing eye, VA worse logMAR visual acuity in worse-seeing eye, PSC posterior subcapsular
#Only variables with a P value of | ess than 025 in the univariate analysis were included 1n the muluvarnate model.
® One systemlc comorbxdny versus no systemlc comorbidity

® More than 2 systemic comorbidities versus no systemic comorbidity

;Féble 4 Uuhty.»gam (before-and-after uulity change by cataract surgery)

Charactenstic Tlst eye surgery "2nd eye surgery " Bilateral surgery
 Age (mean # SD) 690 % 8.2 699 % 7.9 722477

n 157 60 312

Unlity {mean £ SD)

“TTO Utility. (1) 109 38 34
Unlity (before surgery) 066 = 0‘25 0.64 £ 029 058+ 029
Utility (after surgery) 084 % 0.28 0884023 0.85 + 0.25

© Uty gain 0184027 024 4030 027£033
P value® P <0001 P <0001 P <0001

EQSD Utility (1) 138 s2 T
Uulity (before surgery) 085+ 016 083016 084 £0.15
Utility (after surgery) 089 £ 0.15 092013 090 £0.15

" Uulity gain 0.05£015 009017 0.06 % 0.16
P value* P <0001 P <0001 P <0.001

HUI3 utihty (1) Nt ' 47 256

‘ Utilityw(before‘ surgery) 0T % 025 070 = 0.20 0.62 £ 0.24
Utility (afier surgery) 079 4 018 079 + 022 076 + 0725

Uiy gan 0.08 + 0.21 0.08 £ 025 0.14 £ 0.25 .
Pvaluer P <0.001 P <005 P <0.001

# The significance of the differences in.uuhty before and after cataract surgery was analyzed with a paired 1 test

“data of utility gamn (TTO) obtamed from the multiple
centers. The utility gain (TTO) was 0 13 for umlateral
surgery and 0.26 for bilateral suroexy when all climcal sites
‘were combined na meta- amlysm using the 1andom effeu
model.

Mean QALYs gained by cataract surgery, which were
calculated by multiplying the utility gain [difference in
“utility (TTO) before and afier surgery] and the hfe

‘e\pec[anq of uac}
‘annuai dmcoum rate of 3%, was 2.40 (9<% Ct l 61 3.20)
‘ Vfoz um dtexal opuatjons (the first opemuon) dnd 3. 40 (95%

pam,nt togethez with an  assumed

2.86- 393) for bilateral operatons The medical costs

' issocmatpd wnh umldtela\ cataract <urocxy and bilateral
*cataract Smcery were estimated al ¥294, 055 dnd ¥495,225,
respectively (Table 7 This cncompassed {hc hypothetical
cost of YAG for 11.4% of the pal‘lben(gl‘n‘mc‘ study. Given
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Table 5 Meta-analysis uuhity gain (TTO) of unilateral surgery

Clinical sites Weights Utility gain 95% Cl

* Site 1 900 027 (0 16 10 0 38)
Site 2 116 8 004 (-0 0110 0 09),
Site 3 869 029 (0 17 10 0 40)
Stte 4 1174 -003 {00710 0°02)

. Site5 . 685 028 (012100 44
Site 6 .. 836 0.16, . (0.0310028)
Site 7 1162 005 (000100 10), .
Site 8 766 019 (004 to 0 33)
Siteg ‘818 021 (00810 0 34)
Site 10 918 011 ©0110022)
Site 11 1110 007 -~ (000100 13)
Combined 013 (007100 19) .

the cost of cataract surgery, the resultant costeffective-
nesses (¥/QALY) gamed from unilateral cataract surgery
and hilateral] cataract surgery were found to be ¥122.,472/
QALY and ¥145,526/QALY, respectively Based on the
2009 yen-US dollar exchange rate, $/QALYs gained from
unilateral cataract surgery and bilateral cataract surgery
were calculated to be $1,307/QALY and $1,553/QALY,
respectively The results from the utlity gains in the EQSD
and HUI3 are also given in Table 8

Sensitivity analysis

In one-way sensitivity analysis, the cost per QALY was
relatively robust against discounting or varymng the cost
(Table 9) Our results did not vary significantly when
varying the treatment effectiveness according to the results
of the meta-analysis and were within the range of 95% Cl
observed in the study However, varying the life expec-
tancy resulted 1n a substantially increased cost per QALY

Discussion

Cost-utility analysis is a type of economic evaluation that
quantifies the cost-effectiveness of a process, such as a
treatment, a screeming, or a diagnostic examination,
through the measurement of QALYs in which years of life
are adjusted using utility as qualitative weighted factors
Cost-utility analysis 1s increasingly advocated as a method
for assessing the value for money of different health-care

interventions since it allows for a companson of health-

care interventions across all medical specialties Previous
studies have demonstrated that cataract surgery 1s a very
cost-effective procedure in medicine [8, 11, 26, 27], and
the results of our analysis provide support that this 1s also
the case in Japan The data presented herein show that
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TTO gain

catatact surgery yields a ¥/QALY gain of ¥122,472
($1,307) for unilateral surgery and ¥145,526 ($1,553) for
bilateral surgery using TTO utility, a 3% discount rate, and
nomunal 2009 US dollar-yen exchange rate The results of
our -study were roughly comparable to those reported by
Busbee ($2,020, first eye, $2,727, second.eye) (8, 27]
While there 1s no explicit threshold for the incremental cost
per QALY, there 1s some consensus on the rule of thumb
that costs are economically attractive below $20,000 per
QALY, are acceptable up to $50,000 per QALY, and are
possibly acceptable up to $100,000 per QALY [28, 29]
Therefore, considering cost, our study has demonstrated
that cataract surgery 1s extremely cost-effective not only
for one eye, but also for both eyes Most previous studies
demonstrated the cost-utility of cataract surgery only for
one eye However, because approximately 60% of the
patients in our study had cataract surgery 1n both eyes, our
result indicates that the cost-utility of bilateral cataract
surgery 1s virtually identical to that of “incremental” cat-
aract surgery in the actual situation in Japan

Many of the previous reports were based on models or
registry data rather than on a real-world setung [8, 9],
indicating that previous estimates were based on observed
visual acwity data translated into utility, not on actual
measurement of utility obtained from individual patients,
as 1n our study We measured each patient’s utility before
and after surgery at 3 months, thus, the change n the utility
can reflect the direct effect of utility gained by the cataract
surgery without the involvement of other comorbidities

Although several methods are available to measure
utility, the TTO method reqmrés patents to decide which
health state they prefer—their present health state or a
normal health state 1n return for which they give up ime of
life—and thus, it can directly measure the preference-based
QOL of patients Time tradeoff utility 18 reproducible and
reliable on a test-retest basis over a prolonged period of
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Table 6 Meta-analysis uulity gain (TTO) of bilateral surgery
Clinical sites” Weights Utility gain 95%Cl
Site 1 130.3 014 (0.0110 0.27) site 1 _—_
Site 2 196.8 0.27 (0.19 10 0 36) site 2
Site 3 188.7 0.37 (0.28 10 0.45) site 3 - P
" Site 4 142 017 (0.0210 0 31) site 4 - _—
" Site 5 187 2 030 (0.2110 0.39) site 5 - e
' Site 6 125.6 0.13 {-0.00 to 0.26) site 6 | e
“Site 7 97.2 0.33 (017 10 0 50) site 7 | ———
© Site 8 127.7 023 {0 10to 0 37) site 8 - ——
Site 9 1490 0.30 {0.18to 0 41) site 9 | G
. Combined 0.26 (02010 0 31) Combined - —
T ¥ T T T T U T T T T
* Owing to the small sample size, 2 sites were excluded from the analysis -5 4 -3 2 1 0 1 2 263 4 5
TTO gain

time and has excellent ntraobserver and interobserver
reliability {14, 30]. At the same time, 1t 1s applicable to all
‘health states and readily understood by patients, and thus
regarded as the most suitable instrument for use in cost-
utiity analysts [14] Therefore, the TTO method 1s
‘accepted as a formal method for quantifying the relative
impact of a given health state or disease on patient lives
(8, 14, 26, 31, 32] To measure the utility gain from
ophthalmic treatment, the TTO method 1s more sensitive to
small changes n uulity than are generic sﬁrvey question-
naires, such as the EQSD and 'HUI3 The EQSD does not
"address visual impairment, ‘arjd the HUI3 has only 2
questions about sight out of 16 questions Predictably, the
utility measured by the TTO method showed higher
improvement than did those of the EQ5D and HUI3 in our
study While using generic measures: should theoretically
allow us to compare results for a variety of different health
states, as revealed by previous studies [33-37], our ‘study
has shown that dispanties exist'in the utilities derived from
the EQSD and HUI3
Utility associated with ophthalmic disease has been most
highly correlated with better VA [38}. Data from the analysis
presented here also indicate the same relation between visual
acuity and utility ‘Vision is only one of the many factors
affecung utility, thus, the vision improvement resulting from
cataract surgery seemed to account for a small part of the
change in utility. However, the effect of cataract surgery on
vulity (TTO) was hughly significant Moreover, our findings
andicated that even in the utilhity gain.demonstrated-by the
EQS5D and HUI3, the change in utihity was significant In our
study. 144 of 440 patients had better VA of >1.0 (decimal},
~and the corresponding utihties (TTO) were fairly low
(0.685) However, even 11 the patients with better VA of
>] 0 (decimal) a mean utility gain of 0.18 was obtained by

cataract surgery. This means that while for clinicians visual
acuity 1s the precise and most important standard to measure
the effectiveness of the surgery, it is not so for patients.
Although visual acuity 1s the most important predictive
factor of utility, patiénts place emphasis on thewr daily life
activities and overall subjective quahty of hife

One of the most éutstandmg features of cataract surgery
1s its ease of maintenance of the visual outcome After a
few months for recovery from the surgery, patients usually
do not need any medication or additional treatment for the
rest of their lives, and therefore,_the;_adc\iimoha‘l medical
costs are very low Another feature 1s the ldng duration of
the benefit of visual outcome Posterior capsule opacifica-
tion is the most common long-term complication after
cataract surgery, with an ‘estimated incidence of “almost
114% [19-24], but usually visual losses due to PCO are
not very severe Even for cases of PCO, a one-time YAG
capsulotomy can provide lifelong recovery of good vision.
Lundstrom and Wendel’s long-term study showed that 80%
of the patients who had cataract surgery still had improved
visual ‘function 7 years after surgery [39]; therefore, the
cost-utility of cataract surgery 1s vahid for the life span of
the patient : : :

Some: limitations in ‘this study must be considered
Although the common inclusion and exclusion crniteria for
selection of the patents were established, the study popu-
lation was not randomly selected at each chinical site In
addition, owing to incomplete quesuonnaires and with-
drawal of patents from the study, complete data for utility
(TTO, EQSD, and HUI3) were obtained from 381, 482, and
434 patients, respectively Despite this potential source of
error 1n the outcome measures. our samples were not ran-
dom but representative of the current situation of cataract
surgery in lapan since they were large samples obtained
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Table 7 Medical costs (2009

nominal Japanese yen-US dollar

exchange rate)

? Value based on the
assumption that 11 4% of the
patients would develop PCO
and need YAG laser
capsulotomy

® Costs were converted into US
dollars using the 2009 foreign
exchange rate of 1 US

$ = 93 68 Japanese yen
(Federal Reserve)

" Table 8 Cost-uuhty of cataract

Services Costs (yen) (US $)°
Cataract surgery (] eye) o
Initial consultation and preoperative visit ¥27,070 US$2‘89
Surgical fee ¥121,000 US$|;292
Cost of hospital treatment ¥127,680, US$1,363
Postoperative visit ¥15,250 o USs$163
: Subtotal ¥291,000 US$3,106
PCO treatment (] eye) ¥26,800 US$286
: Total ¥294,055° US$3,139
Cataract surgery (both eyes) .
Imual consultation and preoperative visit ¥27,070 US$289
Surgical fee ¥242,000 US$2,583
Cost of hospital treatment ¥201,260: - US$2,148
Postoperative visit ¥19,980 UsSs$213
Subtotal ¥490,310 US$5,234
PCO treatment (both eyes) ¥43,120 US$460
Total ¥ 495,225° US$5,286

Group

(US dollars)

' subiery ’Q'ALYstgam Cost Cost/QALY (yen)‘
TTO 240 ¥294055  ¥12472 USS$1.307
 EQSD 081, ‘ O wiea3s0 . US$3,890
CHUIB 136 ¥216,058 © US$2,306
‘Both:ey‘e‘s“ ) B } B ; o )
o R .. TTO 340 ¥495,225 | ¥145526 US$1,553
“ The utihty gém in 1 e);e used ‘ ' EQSD 075 ' ¥659,421; B US$7,039
here 1s the utlity gain for the HUI3 185 ¥267,834 US$2.859
first eye operation: : posd - -
Table 9‘ Cost-utility sensnnxvny analysis . 1
One eye - Both eyes
TTO EQsSD HUI3 TTO EQSD ™ HUI3
Base case o ¥122,472 ¥364,380 - ¥216,058 ¥145,526 . ¥659.421 . ¥267,834
~ Varying the discount rate (%) ‘ o ‘ MR
- Q © ¥94,582 ¥267,080 +, ¥159,639 C¥115,115: . - ¥527,396 ¥208,780
5. ¥142,193: ¥436,283 ¥257,266 ., ¥166,742 - ¥751,480 ¥309,322
Varying treatment effectiveness : o B
Meta-analysis utihty® ¥168,590 ¥487.446 ¥287,468 ¥146,365 - < ¥629,371 ¥246,812
QALYs (upper 95% C1) ¥92,036 ¥245,046 ¥154,198 ¥74,539 - ¥297,025 .- ¥130,286
-~ QALYs (lower 95% CI) ¥182,984 ¥701,802 ¥360,362: ¥102,780 - ¥573,207. ¥204,063
Varying hfe expectancy (years) i
5 ¥354,710 ¥1,284,083 - ¥738,832 ¥387,197 « - ¥1,725,523 ¥745 821
10 ¥190,450 ¥688,653 ¥396,835 ¥207,90% ¥925,654 ¥400,020
Varying costs ‘ : ‘ -
Increased by 25% ¥153,090 ¥455,476 ¥270,073 ¥181,908 ¥824276 ¥334,792
Decreased by 25% ¥91,854 ¥273,285 ¥162,044 ¥109,145 ¥494,566 ¥200,875
Without PCO treatment ¥121,200 ° ¥360,595 ¥213,813 ¥144,082 ¥652,876 ¥265,176

® The unlity gain from the results of the meta-analysis and the mean life expectancy of the whole sample (16 3 years) were used
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from 12 different chnical sites that included university
hospitals, general hospitals, and private practices The

mean age and postoperative -better VA of the missing -
samples.did not -significantly differ from the values of the |

entire sample, mdicamng that there was no difference
between patxents who answered all the -questions on the
follow-up questionnaire and those who did not. Another
hmitation: of this study was the mcompiete analysxs of all
the ‘incremental “costs of cataract surgery. or of those
induced by performmg SUrgery VErsus no suroery In this
study -only the direct cost.{including PCO treatment for
11.4% .of thepatients) - thhout any comphcanons was
assessed An in-depth cost analysxs the mﬂuence of com-
plications, and a risk analysis may provide further under-
. sgand111g of .the cost-effecuveness of cataract surgery

{n summary, routine cataract surgery in Japan s highly

cost-effective, not just for umlateral surgery, but also for

‘bilateral surgery Conmbunno factors are the high.chinical. -
effectiveness of the surgery, the substantial improvement in™

patient- percewed quality of life, and the reasonable cost of

‘the surgery These resuhs were strongly supported by the -

results derived from the generic outcome measures, such as
the EQSD and HUI3. and this consistency" supports the
wvalidity and generalizability of our findings ‘Given the
limited resources for health care, cataract surgety‘is one of
the most powerful health-care interventions to: produce
great health gains for.a great number of people at low cost
This information, taking into account ‘the clinical effec-
tiveness that incorporates patient preferences and cost, will

play an increasingly crucial role in the evaluation of health -

care 1 the future.
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. Abstract :
. Pyrpose .. To understand the . funcnona] and psychoscmal

... aspects of strabismus surgery, an evaluation based on the

. patient’s perspective 1s essential. In 1his study, we assessed
. quality of life and utility in adult patients who had under-

gone strabismus. surgery, and .we modeled . the.cost of

. providing this intervention in order to calculate the:cost-
utility of strabismus surgery in adults. )

Methods.. The study population comprised 226 patients
with strabismus aged 18 years or older who were scheduled
for ocular alignment surgery at 12 facilities of the Stra-
bismus Surgery Study Group 1 Japan. Survey question-

naires _consisting .of .the Japanese versions. of the Visual

Function Questionnaire-25 :(VFQ-25) and 8-Item Short-
Form Health Survey (SF-8) and utility assessment by a

time trade-off. method were adminstrated preoperatively .

and 3:months postoperatively.. On the basis of the cost

model and measured utility data, the gains 1n. quahty- .

adjusted life years (QALYs) and $/QALY were estimated.
Results - Postoperatively,.the subscale scores of the VFQ-

25 and the physical and mental component summary scores

~ of the SF-8:showed a statistically significant improvement.
A significant 1mprovement of utility. was also noted.
0.82 =+, 0.28 postoperatively. versus 0.76 + 0.31 preopera-
_tively. On the basis of the life expectancy of these patients
. and the cost model, the surgery resulted 1n a mean value
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0a1Vn 0of 0.99 QALYs and a cost—utﬂuy for strabls‘mbus‘ sur-

gery of 1,303 $/QALY.

Conclusions By using standard, too]s to assess vision-
associated and general health status, we confirmed the
psychosocial benefits of correcuve surgery for adults with
strabismus  Our--study concurrently demonstrated that
strabismus surgery 1n adults 1s very cost-effective.. .

Keywords Burden of disease Quality of ife .
Strabismus - Utility VFQ-25
Inthq,ductiorj ‘

Several studies have demonstrated -favorable. chinical and

. functional outcomes of strabismus surgery n adults [1-6]

Ehmmatxon of dlplopla _sensory fusxon restoration .of bin-
ocularity, and expansion of the bmoculal visual fields are

- recognized as functional outcomes of adult strabismus sur-
-gery. An additional aspect of adult strabismus is.psychoso-

cial functiomng [1, 7-9]. Ohtsky and associates [§] reported
that strabismic participants were more likely to be perceived
as being less mtelligent and Jess competent and as having

. poorer communication skills than orthotropic participants.

Coats and assocxates [‘z] reported potennal adverse voca-
tional 1mpl1cauons of strabismus. These negative, social
mmpacts associated with ‘noticeable strabismus are hikely to

. cause patients to develop psychologmal difficulties. Menon

and associates [ 10] reported that 80%.of .patients with stra-
bismus. felt that they had problems i their social lives and
that a positive change in self-esteem and self- conﬁdcnce was
noticed by 95% of the patients after surgery. Satterﬁeld and
associates [ 1 1] reported that correction of strab}smus mn

_ adults might offer improvement in psychosocial function-

ing. From these observations, a recent report of the
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American Aéademy of Ophthalmology concluded that sur-
gical treatment of strabismus 1n adults is generally safe and
effective 1n improving ocular alignment [{2]

Despite these favorable outcomes, the value of adult

strabismus surgery® appears’ ‘to: be ‘undérestimated ‘and 15

sometimes regarded as only a cosmetic treatment, even by
ophthalmologists [{3] Unlike other eye surgenes, such as
cataract surgery and retinal detachment surgery, adult
strabismus surgery does not usually improve the visual
acuity nor save the eyes from permanent visual loss To
capture the multidimensional outcomes of strabismus sur-
gery including the functional and psychosocial aspects,
evaluation based on the patient’s perspective 1s important
For patient-based outcomes, quality of hfe (QOL) assess-
ment and utility analysis are generally used In the field of

ophthalmology, assessment of the impact of eye disease ol

the daily lives of patients and on social economics has been
actively performed m the United States and European
" countries' [14-17] ‘Regarding strabismus” surgenes how-

ever, there are as yet few reports that use quantitative -
measurement to evaluate-the fuinctional and psychosocial
”uhty of strabismius sur-

" benefits and’ also assess the cos
gery [18, ‘)] '
" For quantitative eValiation of QOL, 1t ‘is essential to

apply - measurerent tools “with™ verified” reliability and

vahdity Hence, the Japanese versions of the Visual

Function’ Que§tiénh‘a1ré}25; (VFQ-25) 4nd " §-Ttem * Short- "
Form Health Survey (SF-8) were'selected for this’ study

[20, 21] The VFQ-25, oniginally developed by Mangione

and associates [22], has become the standard tool to assess
" guestionnaires  The questionnaires consisted of the Japa-
standard tool for genenc QOL the 36 Item Short Form '

vision-related QOL. The SF-8 1s a shortenied form‘of the

‘Health Survey (SF-36) [23]

Another method adopted in the present stiidy was utihty
" dssessmeént, which summianzesQOL statiis “as 4 single’
“number [24] Utility aSsessment 1s 2 fortnal  method for ©*
quantifying the relativé impact of a given' health state or;'*',
“disease on a patient’s hife - Although' sevéral methods have’
‘been developed to assess utility, the time trade=off method
18 the inost standard and widely used [24; 23] hiénce; 1t was'
“used in this“study Utilities ‘could be used”to”compare” "
“patiehts’ preferences for strabismils ott¢omes with those™ "
- for ‘different ‘symptomatic medical “conditions; such as
“angina; asthma and v1sual Impaxrmem [26=28) They could” -
" also be used as wewhts in theé ‘calculdtion” of ‘qualty-

adJusted life years (QALYS) “which are ‘used" as denomi-

nators in cost: unhty analysés [26-2%] Thé outcome of an
m(ervennon 1s thus evaluated by offsettmo the cost of the
“this study, we assessed 'the’ utilities i adult patients who
‘underwent strabismus surgery” and modeled the cost to
provide this mtervention - ordér to calculate the cost-
utility of strabismus sutgery 1n adults.

~ Participants and metho

This multicenter study was conducted at 12 facilities of the
Strabismus Surgery Study Group in Japan (see Appendix)

‘The mclusmn criteria-weré that thé patients'had to'be aged

18 years or older and scheduled: for SlrdblSmdS Surgery at
any of these faciliies Patients who were uriablé to answer
the survey questxonnalre or who p]anned to undergo sur-
gery or laser treatm rbidity -
excluded! The’ prmmples of the World:Medical Assomatlon
Declaration of*Helsiniki*“were: followed  “E4ch ‘patient
received a thorough explanation of the purpose of the study
and of all the procedures involved 1n the study and had the
opportunity to examine the informed consent form prior to
enrollment The protocol was approved by the institutional

téview' board of each facnhty, and all’ panents provxded

written nformed consent.
Registration of the patients was carried out between
March 2007 and November 2008 with 273 patients' being

“"initially registeréd ~ Later; however, -owing toreasons

including withdrawal of consent, msufficierit inférmation

*on"chnical findings from the responsible physicians,. and
““1hability o collect”survey formis froi panems we'were

‘unable toobtain complete informationon*-47 ‘patients.
* Therefore, ‘the ﬁnal number of part1c1pants was 226 after

exclus:ons
““Fér ‘the 226 reglstered patxents ‘information- on'-"oph-

“thalmological ﬁndmgs was collected ‘from the responsible

physiciaris, and information ‘on QOL and utihty assess-
ment collected from' the ‘patients 'by means: of ‘survey

nese Versions of theé VEQ-25 and SF-8 ‘and' of 'a ques-
tionnaire for' the time  trade-off ‘measurements ~The
réliability and'validity of the-Japanese  versions ‘of the

* VFQ:25 ‘and “SF-8 are consmered comparable to the
‘English versions [20, 211~

Utihty 1s defined on a‘ Continuous ‘scale’ from 0 to 1,

‘where 0 corresponds to the wolst possible QOL weight

(equal to-death) and 1" to’ the best possible QOL weight
(equal to perfect health) The time trade-off method used
the ‘study consisted of 2*questions -[19; 24] 'In the first

' quesuon the patierit was asked to‘estimate his/her own life

expectancy The patiént 'was then asked 1f he/she would be
willing to tradé a cértain poruon of the femaining life from
the estimated life expectancy (off the end of ms/her life) in
return for being free from strabismus and all 1ts associated
effects under these hypolhencal condmons Time trade-off
utility: was calculated-according to- the following equation
Utlity = 1 — x/t (where'x = years of life he/she would be
willing to give up and ¢ = his/her own life expectancy)
After having had the questionnaires explained to them, the
patients were asked to fill them out at home-and to: return
them by post: The surveys were distributed preoperatively,
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- either at the itial consultation or at- the preoperatwe vrs:t
~and 3 months postoperatlvely o
-“All medical costsin F apan are- uniformly: standard1zed by

T a socral medical insurance, system, "Medical costs associ-
ated with strabismus surgery were calculated on the basis
of the Japanese Social Insurance Medical Fee Payment for
fiscal year 2008 (Table 1). The surg1ca1 fee was calculated
from the information regardmg the number and type of
surgery performed for each case. Other medlcal costs
included the initial consultauon preoperative, v1s;t anes—
thesia fees postoperauve medxcanon and 3 postoperatlve
visits (the next day, 1 week, and | month after surgery)
For cases in which a second operation was performed
because the first operation was not ‘adequate, an addmonal
surgical fee _ postoperative drug costs, and costs for 3
postoperauve visits were added The costs of complications
were not mncluded 1 the medical cost model

Cost-utihity analysis was petformed on the basis of the
cost model and measured vtility’data. The utihity gain was
assumed to last until the end of the remaimng life expec-
tancy of each patient as estimated using the abridged life
tables for 2008 in.Japan. The number of QALYSs gained
* was calculated by multxp]ymo the measured utxhty gain

*(differerice in utility before ‘and after surgery) and the

patient’s:ife expectancy, together with an assumed annual
discount rate of 3%. The cost for strabismus surgery was
divided by the number of QALYs gained, which resulted in
an estimate of Japanese yen/QALY The $/QALY was
calculated on the basis of the yen—US dollar exchange rate
i November 2008 (1 US dollar = 96.4 Japanese yen)

One-way .sensitivity analyses- were performed. by varying

the discount rate of 0 and.5%, medical cost of 25%, utility
gain within the 95% confidence 1nterval (CI) observed in
the study, and duration of alignment 1 the shorter term (5,
10, and 20 years).

) For statrstrcal analyses IBM SPSS Staz;strcs software

- Table 1 ‘Medical costs associated with- extraocular muscle:sargery
- for strabismus ‘in Japan - .

"Service

Cost (yen)
Imutia] copsultation and preoperative visit . A 21,000
Surgical fee —_—
_R'_e‘cessron 42,800
Resection 42,000
-Recession and resection . 84,400
Obligue: muscle surgery 66,100
Horizontal and, oblique muscle: surgery: 94,300
‘Muscle transposition 124.000
Anesthesia fee and postoperative drug costs © 6,000
- ‘Three postoperative visits 10.000
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‘were given as the mean and standard deviation (SD) or as

the mean and 95% CI. The significance of the differences
was analyzed with the Wilcoxon signed rank test of the chs-
squared test. A~ probablhty value <0.05 was considered
stauencally 31gn1ﬁcant Multiple linear regression models
were used to assess the associated factors affecting post-
operative utihity va ‘e, The regression model was adjusted
for age, sex, type of‘strablsmus, cure grades based on the
Japanese cntena postoperauve composite VFQ-25 score,
and summary SF-8 scores. Each variable was first analyzed
1n a univariate model and then all vanables were included
i a multivanate model

Results

The 226 patients (106 men and 120 women) enrolled 1n the
study ranged in age from 18 to 87 years (average
45.7 +-18.5 years) (Table 2) Of these, 168 patienis. were
diagnosed as having concomitant strabismus (CS group;
136 patients with exotropia and 32 with esotropia) and 58
patients with noncomitant strabismus “(NCS group; 38
patients with paralytic strabismus, 17 ‘with restrictive
strabismus, and 3 with strabismus of unknown etiology)
When. the patients were divided into the CS group or NCS
group, there were no statistical differences 1n age and sex
between the 2 groups Approximately one half of the
patients in the CS: group had congenital or childhood-onset
strabismus (P <.0.001, chi-squared test), and 32 cases
(195%) had a history of previous strabismus surgery

(P < 0.01, chi-squared test) In contrast, 70 7% of patients

i the NCS group were adulthood-onset patients-and likely

to suffer from diplopia (P < 0'001, chi-squared test)
There were no major surgical complications such as

postoperative infections, lost. muscles, and refractory dip-

lopla (Table s) howevez 16 pazxents (8 1n the CS group
v‘kand 8 in the NCS group) requrred addmonal J

because of madequate alignment. When posto erauve
conditions were classified according to the Japanese crite-
da of strabxsmus cure {29], 38 patrents (16. 8%) were
c13551ﬁed as excellent 41 (18 1%) as oood 5@ 2%) as fair,
100 (44 2%) as cosmetzcally sansfactory and 42 patreme

' (18 6%) as not lmproved Drfference in the crades of cure

status between the CS and NCS oroups ‘was not stausncally
swmﬁcant (Pearson S ch1~squared test) ‘

" The VFQ 25 scores'of“the pamcrpants aré shown in
Table 4. ‘The VFQ-25 scores are expressed from Ofo lOO by
each subsca e with 0 representmo the worst and lOO the
best. One hundred and fifty pammpants (68.1%) answered
the driving subscal e of the questionnaire, the remammo
pamcrpants who did not. dnve completed the rest of the

’ questxonnarre When the postoperatrve subscale scores

of the VFQ-25 were compared with those obtained
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~(¥~'l:tl:di Plz:tin::gigsl? features Strabismus patients enrolled 1n ‘he,,s‘“qy o 3
- preoperatively, . CS{(n=168) (%) .. NCS (n=58)(%)  Total (n = 226) (%)
* " Age (mean = SD, years)’ 451184 4761187 457 £ 185
O Male B2488) 24 @41y
Female 8612 34(586)
k\:Onset ofstrabxsmus o o « B o
 From birdvchildhood 88 (52.4) 17(293) 105 (46.4)
 Adulthood 0@ 407 1087
| Unknown 1‘1 (6.5’) IR nE9
DII‘CCUOH of strablsmus ‘ ) o ) o ‘ e .‘ :
Esotropic 37 ('190) 13(2524)_ ' 450199
Exotropic 136.81.0) an 137 (606)
Vertical 0 .. 8@8y . 28324
o Others , o . 16Q78) 16D
s s L. e . .y, Previous strabxsmus surgery 32 (19.5) 2 (3 4) L34 (15. O)
CS concomitant strabismius, . Presence of diplopia 35(20.8) 41 (17‘0.7)7‘ 76(9.5).

" “NCS noncomitant strabismius

<. Table;3 Suigical results of ;
. study,,:pamcxpams

‘Strabismus patients enrolled 1n the study

€S (n=168) (%) NCS (n=58) (%)

Toual (n = 226) (%)

Major complications 0 (0.0) 0(0.0) 0 (0.0)
* Additional surgery 848y - ©8(13.8y 1 4 16(Thy -
- Grade 4: exéellent’ “26°(15.5) T12°0.7) 38 (16.8) -
Grade 3 good 2816.7) - 13 (22:4) 41 181y -
Grade 2 fair 530y = 00.0) 5:2:2)
o ERRARA Grade | Cosmetically sausfactory” 76 (452)° 24 (41:3) 100 (44.2)
-GS concomitant styabismus, Gréade 0: not improved - O 33(19.6) 9 (1535)

NCS noncomitant strabismus

: preoperatwely, all VFQ 25 subscales except for the general
" health subsca]e m the NCS group showed a statxstlcally

: ;51g 1ﬁcant 1mprovement (P < 05 Wx]coxon sxgned rank

stausucally | s1gn1ﬁca' ‘dlffyerences (P < 005 ;Wllcoxon
':51gned rankbl t), The differences between, the summary
~ scores for the P ysical and mental component scores were
stausncally swmﬁcant (P < 005 Wllcoxon swned rank
test) .

The dxsmbunon of utlhty is shown in Fw‘ Thirty-
three patxents were excluded because they did 'not answer

‘ the quesuons “that determme utlhty values Thc profile of

42 (18.6)"

these 33 patents did not swmﬁcant]y differ in age séx, and
types ‘of ‘strabismus from those of the remammg 193
patients Of the 193’ pauents ‘who completed the time frade-
off questionnaire, 39 indicated the same utility before and

- after surgery, 4.reported a loss 1n utility,.and the remaining
150 patients reported a gam i utility. Overall; the: mean
utility value in the preoperative period was 0.76 = 0 3]

- (Table €) Postoperatively, the mean utility-value was
0.82 £ 028, resulting in a* 0.05 £ 0'15gam 1 ‘utility
Statistical differences 1n preoperative utility, postoperative
utihity, and gain in utility were not observed:between the
CS and NCS groups (Wilcoxon signed rank test).

Factors associated with postoperative: utility are-shown
in-Table 7 When each vanable was analyzed. in a uni-
vanate model, postoperative utihty had-a. sigmificant, but
weak correlation with age, VFQ-25 composite score, and
SF-8 physical component summary score (r = —0 303,
r= 0187, and r = 0 252, respectively, Pearson’s product-

@”Spfinger



272

K. Fujiike et al.

Table 4 Preoperative and postoperative VFQ-25 subscale scores of the participants

NCS-(n=58) . . \

e Total (n.= 226)

477 +£72 492 4 7 0%

Subscales CS (n.= 168) .
Preoperative Postopei;ziti\;é Preoperam}é : Postoperative - C Preoperatlve * -Postoperative
General health 60.8 + 18.1 651+ 18.5% 559187 5924 175 5954183 6334 188
General vision 588 £ 191 732 £ 15.9% 50.8 &+ 19.3 69.8 £ 16.6* 56.7 £ 194 724 £+ 16.0*
Ocular pam 76.0 & 20.4 82.3 £+ 15.6* 69. 0 i 24.8 795 £ 19 1* 742 +21.8 81 5+ 16.5%
.. Near vision. 2150+ 180 . 838+ 147 77.6 £ 17 1* 73.2 £ 185 82:3 +.15.3*
Distance “vxswn *7‘2‘.‘3 :l: :1’8,9,, . 82'1 + 14.8% 76.9 £ 16 1* 70.5 + 197 81. 3 :i: 151%
... Visign-specific . K e e o

Social. funcnomng 820+ 163, - .- 89.8.£ 13.0% 1856+ 12.6% 80.4 + 17.9 88.9 :i:"12.8*
Mental: health 6524237 . 79.9.& 18.3% 723 £ 24.2% 6184249 78 1 £.20.2%
. Role difficulves . . - 81.2.4.18.5. . 88.4.%.154% 80. : 78 1 £ 200 86.3 & 16.8%
. Dependency. . . 854 +.19.3 © 916 . 14.5% 87. 839+ 206 < 90.4 % 159%
Driving.. 71.6 £-26:4 - -77.5.£ 22.3% 72. .68.1 +284 759  23.9%

. Color. vision 1.0 £ 13.8 . 933 % 12.1% O9LT A 1L 89.8 + 14.5 93.0 £ 12.0*

Peripheral vision 64.8 + 232 ©75.2.% 21.4% 37.6 + 29.7 68.0 % 24. 4’ 63:0 + 252 736 £ 22.2%

- Composite score 735+ 152 81.9.:4% 12.0% 65.9 £ 18.3 76.7 £ 13.8* 716+ 163 80.6 £ 12.6%
Results are expressed as mean't SD ‘

¢S coi com;tam strabxsmus, NCS noiicomitant strabxsmus

L E Stat:stlcaliy sxgmﬁcam difference (P < 005, Wilcoxon s‘gned rank test)
Table 5 Preoperative and postoperative SF-8 subscale scores of the participants
Subscales CS (1 = 168) NCS (7 = 58) Total (n = 226)

' ' . Preoperauve, Postdperatwe Preoperative Postoperative Preoperative Postoperative
General health 499 %658 51.8 £ 6.3% 49171 503+ 71 497 £ 6.9 514 % 6.6%
Physical functiomng | 479£60 496 £ 6.7 47464 489 + 5.9% 48.6 % 6.2 49.4 x 6.5%
Role physical 47576 499+ 6.0 448 + 113 485 % 6.9+ 477 + 8.8 495+ 6.3

Bodily pan 520 £85 52588  513%92 S36+88%  522+87 52.8 & 88
thalxis" 50.6 + 6.2 513 £6.6 499+ 73 SLIx6.4 50.6 £ 6.5 ‘ ‘513':&65
Social functioning 467 £ 8.5 49 347 8 46.5 £ 9.6 474 £ 8.4 472 = 8.8 ‘48 8% 8.0
Mental health 490 £ 71 503 & 7.3+ 46.0 £ 6.9 48.9 & 7.4+ 482+ 71 499+ 73
Role emotional 477 % 7.0 49.9 % 6.4* 456 + 10.4 3.7 + 5.8% 477 £80 496+ 6.3%
Physical component summary 486 £ 7.0 500+£66 47778 495 £ 7.4% 491 £7.3° 49.8'16.8%
Mental component summary

453 %79 473 £ 8.0 470+ 74 48.7 & 7 3%

Results are expressed as mean = SD
CS concomitant strabismus, NCS noncomitant strabismus

* Staustically significant difference (P < 0.05, Wilcoxon signed rank test)

moment correlation). In a multiple linear regression model
adjusting for. age, séx,«type\ of strabismus, postoperative
cure grade; VFQ-25 composite score, and SF-8 physical
and mental component summary scores, only age had a
“sigmificant effect, although the standardized f§ coefficient
was small (—0.004).
The QALYs gamed by the surgery, which were calcu-
lated by multiplying-the utility gain (difference in utility
- ‘before and after surgery) and the patient’s hife expectancy,
together with an assumed annual discount rate of 3%, was
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0.99 + 289 The average medical cost associated with
extraocular muscle surgery for strabismus was 124,926 £
32,395 yen Given -the cost of strabismus surgery; this
resulted 1n a cost-utility of 125,630 + 41,728 yen/QALY.
The $/QALY, calculated based on the -yen-US dollar
exchange rate 1 November 2008, was 1,303 +.434 §/
QALY Dufferencesin QALYs gained by surgery, medical
costs, and yen/QALY ($/QALY) between the CS and NCS
groups were not statistically significant (Wilcoxon signed
rank test) ‘



