Geographical Distribution of Ophthalmologists in Japan 127

PMP across adjusted 1959 municipal boundaries for
ophthalmologists was 53.4 (+ 104.6) and 58.5 ( 94.9),
in 1996 and 2006, respectively. That for all physicians
was 1356.9 (+ 1715.9), and 1488.8 (+ 1681.1), in 1996
and 2006, respectively. Table 1 shows minimum, first
quartile, median, third quartile, and maximum value
of PMP for ophthalmologists and all physicians in two
time points.

Table 2 shows the median (25th percentile-75th
percentile) of PMP for ophthalmologists and all physi-
cians in municipalities categorized (into 7 categories)
by their population in 1996 and 2006. Medians rather
than means were taken for this analysis because PMPs
did not distribute normaily (Shapiro-Wilk and Shapiro-
Francia tests: P<0.05). This table indicates that, for all
physicians, less populous municipalities except for
the least category had lower value of PMP in both
1996 and 2006, and PMP increased between 1996 and
2006, regardless of population sizes. The same can be
observed for ophthalmologists in municipalities with
population over 30,000.

The Lorenz curves for ophthalmologists and all
physicians as of 1996 and 2006, based on aggregate
data from the 1,959 municipalities, are shown in
Figure 1 and Figure 2. The four curves are far from
being a straight line. But the curve representing the
ophthalmologists in 2006 is closer to the perfectly even
line, if compared to that for ophthalmologists in 1996
(Figure 1).

The Gini coefficient (95% CI) for ophthalmologists
in 1996 and 2006 was 0.405 (0.314-0.496) and 0.353
(0.272-0.434), respectively. That for all physicians in
1996 and 2006 was 0.341 (0.314-0.369) and 0.328 (0.301-
0.355), respectively (Table 3). This analysis indicates
the geographical distribution of ophthalmologists
and all physicians in 2006 was better than that in 1996,
although there was no statistically significant change.
Other inequality measures, the CV and the 75%/25"
percentile ratio, are also shown in Table 3. Each mea-
sure for both ophthalmologists and all physicians
declined between 1996 and 2006.

DISCUSSION

The number of ophthalmologists and all physicians at
the national level increased more rapidly than the pop-
ulation grew in Japan. As a consequence, the median
value of PMP for ophthalmologists and all physicians
across the geographical units also increased on the
whole. Our analysis chiefly looked at changes of the
overall geographical distribution of ophthalmologists
and all physicians across adjusted municipal bound-
aries from 1996 to 2006. The findings provided no
evidences that the geographical distribution of oph-
thalmologists and all physicians became less even,
though the more populous municipalities, in general,
had more physicians per capita.

TABLE 1 Physicians per million population for ophthalmologists and all physicians in 1996 and 2006

Ophthalmologists All physicians
The year 1996 (n=10,982) 2006 {n=12,362) 1996 (n=230,297) 2006 (r=263,5411)
Physicians per million population
min 0 0 0 0
25th percentile (P,) 0 0 6172 688.0
Median 34.0 459 1,045.8 1,158.5
75th percentile (P,) 74.0 84.1 1,568.0 1,756.2
MAX 2,616.4 2,226.1 40,511.8 31,380.2

TABLE 2 The median (25th percentile-75th percentile) of physicians (ophthalmologists and all physicians) per million population
in municipalities categorized (into 7 categories) by their population in 1996 and 2006

Size of population Ophthalmologists

All physicians

The year 1996 2006 1996 2006
Median {Pys—Py:) Median (Pp—Pys) Median (Pys—Pss) Median (Pys~P5)
-5,000 0 (0-0) 0 0-0) 608.9 (330.1-930.0) 646.4  {341.4-943.8)
5,001-10,000 0 (0-0) 0 (0-0) 565.5 (357.3-852.8) 614.9 (366.6-945.3)
10,001-30,000 0 (0-59.8) 0 (0-67.7) 822.1 (546.3-1,320.6) 930.2 (600.6-1,390.6)
30,001-50,000 46.6 (25.9-79.3) 57.1 (30.8-86.8) 1,217.5 (849.5-1,589.8) 1,268.7 (888.0-1,766.5)

50,001-100,000 59.0 (38.5-86.7) 68.7 (50.3-96.1) 1,317.2 (972.1-1,714.6)  1,469.1 (1,102.1-1,894.4)
100,001-300,000 719 (53.7-103.7) 84.2 (633-1145) 15528 (1,199.7-2,089.9)  1,785.1 (1,370.3-2,323.2)
300,001- 90.1 (70.8-119.2) 100.9 (81.1-127.9) 1,682.0 (1,2954-2,629.1) 19237 (1,628.8~3052.2)

Note: The number of the municipals in 5,000 or less, 5,001-10,000, 10,001-30,000, 30,001-50,000 and 50,001-100,000, 100,001-300,000
and 300,001 or more were 202, 273, 540, 267, 312, 293, and 72, in 1996, and 229, 272, 513, 267, 301, 301, and 76, in 2006, respectively.
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FIGURE 1 The Lorenz curves representing for the
distributions of ophthalmologists in 1996 and 2006.
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FIGURE 2 The Lorenz curves representing for the
distributions of all physicians in 1996 and 2006.

TABLE 3 Inequality measures of ophthalmologists and all physicians

Ophthalmologists All physicians
Year 1996 2006 1996 2006
Gini coeffcients 0.405 0.353 0.341 0.328
(95% confidence interval) (0.314-0.496) (0.272-0.434) (0.314-0.369) (0.301-0.355)
Coefficient of variation 1.96 1.62 1.26 1.13
Percentile ratio (P,./P,.) 3 213 1.90 1.92 1.31

The CV is a simple and well-known measure to
assess inequality. The limitations of the CV are that
it does not have an upper limit, and is influenced by
extremely high or low values (outliers). The percentile
ratio allows us to compare different parts of the distri-
bution to each other (most common are the 75 /25%,
90" /10%, 90™/50™ percentile ratios). But, the 75" /25%
percentile ratio, for example, sees only the two points
(the 75" and the 25") and misses the inequality within
the top 25 percentage of PMP, between the top 25 per-
centage and the bottom 25 percentage, or within the
bottom 25 percentage. Thus the Gini coefficient is a
better measure to investigate and compare the overall
distribution of physicians. Kobayashi and his colleague
reported that the Gini coefficient for all physicians
across all municipalities (n=3,268) in Japan was 0.331
and 0.340, respectively, in 1980 and 1990.! Their study
and our results indicated that, in fact, the geographi-
cal distribution of all physicians became less balanced
until, at least, the year 1996 and improved after that,
with the geographical distribution of all physicians in
2006 being almost the same as in 1990. However, it
would be incorrect to accept this result, because there
are obviously large variations of all physicians between

particular municipalities and analysis of smaller geo-
graphical units has a disadvantage. Thus, the overall
geographical distribution of physicians has improved
since 1996, but has not reached that in 1990. We had no
exact data on the distribution of ophthalmologist other
than our results. But this trend could be similar to the
distribution of ophthalmologists, because of the same
dispatching system of clinicians in our country.

It is true that ophthalmologist or all physicians in
Japan did not show a completely even distribution,
but their distribution for 2006 was better than that for
1996. Our results seemed to differ from the generally
accepted view of Japanese citizens that unequal access
to medical care has worsened, particularly after the
advent of the new postgraduate training system. The
reasons are probably that it was not the actual distribu-
tion of all physicians, but rather the balance between
physicians working at hospitals and in private practice,
the balance between physician subgroups, and the
number of physicians working in ambulatory depart-
ments, influenced the quality of access to medical care.
In so far as ophthalmic care, even blinding eye condi-
tions/diseases are not, in general, life-threatening dis-
eases and a patient has time to visit an ophthalmologist
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at the primary level, and to be referred to a tertiary or
a secondary level hospital. This situation may allow
the Japanese citizen to accept the uneven distribution
of ophthalmologists. But we should notice the fact that
the distribution of ophthalmologists is even worse than
that of general internists (the Gini coefficient [95% CIJ:
0.291 [0.267-0.315] and 0.248 [0.229-0.268] in 1996 and
2006, respectively) and general surgeons (the Gini coef-
ficient: 0.354 [0.310-0.399] and 0.344 [0.292-0.395], in
1996 and 2006, respectively). (Data not shown)

The unequal access to medical care is also associated
with the absolute number of physician subgroups. As
proof, the number of general internists and general
surgeons, who usually fill the role of emergency phy-
sicians at primary or secondary hospitals in addition
to their routine work, decreased by 3.1% and 13.4%,
respectively, between 1996 and 2006.% 1t is true that
ophthalmologists increased by 12.6% over the last
decade, but we cannot make the achievement of a
similar rate of increasing number of ophthalmolo-
gists, because local government has already started
providing monetary incentive for medical students to
be pediatricians, perinatal physicians, or emergency
physicians, and because more certificated ophthal-
mologists are employed at refractive clinics with a high
salary in the most urban areas. Without guarantees of
increasing number of ophthalmologists, re-distribution
of ophthalmologists in proportion to the population
would be one of the highest priorities in a public health
perspective.

There were several limitations to our study. First,
our analysis may not reflect the distribution of physi-
cian activities, because the influences of sex, age and
the workload of physicians (ie, full-time or part-time
job) were not examined. Japan is still a male dominant
society so that most of female physicians quit their jobs
or choose part-time jobs after they give birth. If we
regard them as the same value as full-time equivalent
physicians, we may overestimate PMP in munici-
palities. Second, physicians should not be distributed
simply according to the size of a population, but
according to the health needs. Morbidity or mortality
due to specific diseases could be a good indicator of
actual health needs, but it is unclear which diseases
should be selected and it is not always easy to obtain
epidemiological data. Third, we do not know what an
acceptable level of distribution imbalance is. Perfect
balance between spatial distribution of physicians and
that of population is probably the best. However, the
Gini coefficient of 0 is too ambitious to achieve. In gen-
eral, specialists distribute more unevenly than general
practitioners, because specialists provide secondary
and tertiary medical care.”” Our study and one report
from Canada (the Gini coefficient for ophthalmologists,
family physicians and all physicians in 2004 is 0.387,

© 2010 Informa UK, Ltd.

0.151 and 0.247, respectively') support it. Further
research is needed to determine an acceptable level of
the Gini coefficients for ophthalmologists.

The geographical distribution of ophthalmologists
and all physicians did not worsen even after the new
postgraduate training program commenced, although
there was no statistically significant change. But, oph-
thalmologists do not show perfectly even allocation
yet. In fact, the most recent distribution of ophthalmol-
ogists is statistically significantly worse than that of
general internists. This trend may degenerate, unless
we create a policy such as an educational program
for rural ophthalmologists, and monetary incentives.
All citizens have the right to medical service of equal
quality (Article 25 of the Japanese Constitution). To
achieve this public health policy, a government depart-
ment responsible for administration and allocation of
physicians, Japanese Ophthalmological Society, and
Japan Ophthalmologists Association, should monitor
the number and the distribution of ophthalmologists,
and should create any possible policy to re-distribute
them equally, prior to the historic demographic transi-
tion.
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Economic Cost of Visual Impairment in Japan

Chiis ] 344
Katie ¥

Chkjeckive: 1o quanuly ihe total ceoncimie cost ol vi-
sual nupairment ia Japan.

Mretheds: A prevalince-haced epproach was adopted
asing data on visual impaivmen . the naional health sys-
tem, and indirect costs 1o capiare the ceconoamic impact
ol visnal impairmaent in 2007,

Eesules: [n 2007 visual impairmient wilected more than
1.64 million people in Japan and cost sround Y8785 .4
hittion (0% =72.8 bithon) across the econoimy, equiva-
lent te 1750 ol Japar's eross domestic prodact. The lass
ol well being (years of hie Tost from disabiliny and pre-
maiure mortality) cost Y3803 6 bitlion (US 548 6 bil-
Lo, Divear health svstem costs were Y3382 ilhon (U5
P10 billion) Cthoy Hinancial costs were V19835 bil-
Fon (LS <13.1 bitlion). including productivity losses, care
talirs casts, and efliciency losses from wellare pay-

ments and taxes Cormmuaity care was ibie largest com-

20s

ponent ol other Bnancial costs and was composed of paid

B. Foherts. B4, BEG Yoshimune Hiratsuke, MD. MPH: Masaka-u Yamada,

A0, ML Eynie Pezzudlo BFe

ates, BSc. BComra. Shiveruy Takano, MD, Kensaku Mivalke, MD; Hugh R, Tavlor, MD

and unpaid services ihat provide home and personal care
e people with visual impairment. The lindinas of this
stuay ere e line with vhese of shieilor studics in Anstra-
Baand the Uaited Stares.

Conchusions: Vicnalimpairment inposes subsianiial costs
on socieny. particwiarhy to individuals with visual fmpair-
merii and their famihes, Elnninating or raducing disabili-
tes from visual impaivment through public awareness of
preventve e carls diagnosis, more miensive disease
treatment, and new medical techriologies couid signifi-
canihv mprove the guadity of Tile fer people with visuw
imipairment and their Lamilies, while also poteatially re-
ducing nutional heai v care expenditure and increasing pro-
ductviiy in Japan. The vesnles of this sidy should pro-
vide a fisst step i inelping policymuakers evaluate policy
effects and 1o priomoze research oxpendiares

Lrch Ophihalmol 20101 28(6):766-771

Umtcd Kingdom
parison ol resulis

L COSTS OF Visutal
ment have been characior-
ized in the United States,
yustralia, and some Twio-
pean countrics, inchadmg the
o Although diiect com-
s diflicult because of dif-

MEAR- velopen average of 8.9% . Japan has one
of the world’s oldest and longest living
populations. Measuring the cost of health
caie is essentiai for designing luwure Licaith

linuncing.

apid economic development, prow-
iny public awareness of treatable eye dis-
cases. chd the national medical insurance

Author Affiliadons. Access
Vccaomics Fry fomned Barion,
M Roberts and
=ullo and Yawes),
Deparument of Ophihalnictogy
Tuntods Tokyoe bein Gurnatric
My

(D Vhrasaka)d: Nariona!

Lusivalbia

Nse Pe

dical Center, Tohve Japan
Imsnnue of Sensory Oraans,
Teaitonal Jokyo Modical Conier,

Tokyvo D1 Yamadar Takao

ve Choe, Konw A, Japanr
(D fukeno): Shozas-ka

,

Vivahe Tve Hosplist, iNagoya,
Japan (7 vinakod and
Melbeure School of
Population Health University
of Melhowmne. Melhourne,
\ustrabia [Dv davloe.

fering methodologies. these reports show
that visual impaimmcen: places a heavy by
denr an indiwviduals, familics, and soriciy,

lncreasing eye disease and vision loss is
olien driven by an aging population und
social and environmental changes. Popu-
lason-hased siudies from Austrabs, Fruope,
and the United States have demonstrated
that the prevalenice of visual impanment ap-
proaimaiely tiples with cach decade of tife
heyond the age of 40 vears.'©

The Organization for Leonomic Coop-
cration 2nd Developmeni reported that in
2006, Licahth expenditures in Japan ac-
counted for 8145, ol the country’s gross do-
mestic producet. Although Japanese health
expendiiure was fower than the Organi-
zation for Economic Cooperation and De-

Japan

system have cahanced pravention and vreai-
meni of visually impairing conditions in
PAaOWEN L [}'lL’ (‘R'()V‘i(‘l'ni(' CcOoise-
guences ol visual impaimmeni have not been
documented apart from some top-down es-
{imates based on natonal statistics. This is
atimely {irst siudy to assess the cconomic
impact of visual impairment w Japan.

Thix study adopis the prevalence-based cost
ing method vsed in sivlar studies for Awsua
i’ and the Unied States {unpublished data,
Access Leonomics, 20067, measuring the
aumber of people with visaal impanrment in
2007 and the cost of treaiing their conditions

(REFRITTED) ARCH OPHTHAEMO! /VOL 128 (NO. o), JUNL 2040

766

WAYW ARCTEIGPHTH S MG, COM

Downloaded from www.archophthalmol.com at KOKURITSU HOKEN IRYO KAGAKU-L, on June 14, 2010

©2010 American Medical Association. All rights reserved.



phis ciher financial and nonlinancial cosis from their vicion
I in that vear. Undersianding cost components i< erig il for
appropitate aliocation of feai ¢ TLEOUECCS

th
ATl costs were orginally ealeulated i fapanese yon 4Y) wind
are preseuted with Uiied States doliar cgoivalems hased en
the Organzation lor Feonomic Cooperation and Develop-
meni’s porchasiog parity 2007 vate o Y120 66 per US dolfar

PREVAIENCE

Prevalonce of visual imipaan

ent (hesi-corrected visual aewty
70712) was caleulated as the sum of Tow vision (hest-cor-
recte:d visualacunty beiwen o/1 2 and 6/60) and blindness (best-
corrected visual acuty “I6/60) Vicual imparment vas de
fised s <06/12 (< 20/90) Because ths 16 a well-accepted
miternztional definition.” thus cnabling cross-countey compari-
sais, and because these data were avaidable in Japan.

Prevalence rates by age were based on data from the Japa-
nese Misiry of Healih, Labow and Wellare, presenied by the
sational Commainee of Wellare Tor the Blind v japan, and a
major epndennological study © Sexand severity sphite werc based
on emdesmiological data seis by cause of visual impaisment 7
Provalence rates weve multiphed by Japanese census daia to ¢s-
inmate the number of peeplc with visual 'mpairmens.

DIRECT HEALTH COSTS

Health costs were based on Japanese health expenditure dain,?
which concord widh the World Fealth Orgarnzaton's Tnrerna-
tional Statistival Classification of Discases, 10ih Revision (1CD-
10} L the absence of more gramidar aata, the ICD- 10 code VU
for “discases of the eye and aduena” was wsed These expen-
diuies were redated to all eye health cosis and may nclude some
condittens that are noi potenvally visually impairmg. How -
cver, ihiese ave hkely to be small relauve to the 1oral, as in other
studies 1 wivich data do noi support separation of visuslly im-
paning condinons FHealth expenditures were converred 1o 2007
values vsine official health mitation data

OTHER FINANCIAL COSTS
Other financial cosis wie composed of productivity losses, costs
{ o outside the health system, vision aids, and efliciency
losses frosn government vransfors and expenditure People with
visual imparment way worl: fess than etherwise. retire carly,
or die prematurely, iepresenting real producivity Josses (o (he
econviny 4 human capital approach was uscd 1o measure pro-
ductvity losses, as1s appropriate in countries with low unem-
ployment fike Jupan *" Age and sex-standaidized empioy-
ment rates. abscnteasm. and wortality rates were estimated lor
peeple with visualimpairmeni using officad estimates and gov-
armient suivey data.” - Productivity costs were ostimated, as-
suming that iv the absence of visual impairment, people would
have worked al the same rate as the genceal population Pro-
ductivity costs frow increased absenteeism were caleulated as
the average number ol days absent per year owing to visual
mmpairment 2the ol number of people amployed with i
sual impaizment X average annuad wages Production losses aris-
ing trom premaiure mortality from falls and depiession asso-
crated with visual impairment were caiculated as a net present
value using World Health Orgamization data for Japan on re-
tivemeni age, average hle expectancy, average age of death,
anil an estimated discount rate of 1.5%, caleulated as long-
term nommal bond rates minus expected inflation and growth
in productivity.

Addmonally, any taxation {oregone requires equivalont rev-
enue vaisg. imposing veal efficiency costs on the economy

kmown as deadweight tosses (DW]sY Internatonally, DWI s are
estmnated to be in the vange of 916, and 30 cents (9%, 16%,
and 505, respeetively i for every addinonal ws dollar raised by
the govermment Ve paramoter estimate of 16% was used. since
a Jupunese stucdies veere found w provide a local estimate

To estimate the cost ¢f communty care services, an oppos-
tunity cost method valued e devoted 10 care giving sespon
sihibities thai cannot be spent in the paid workforce This w
calvnilated as the estimated numhber of people with
Bnpanent whe require suinue level of care % the average nume
her of hours of care reguiied © X by an average hourly rate for
the wage forgone by the carcgiver ' and weighied by age sex,
and the probabiliy ol aliernative emplovment *

1OSS OF WELL-BEING

Lnss of well-heing b visual iinpanment was measuied in dis-
abuliy-adjusted lie years (DATYS) Disability-adjsted hife years
fave 2 componeits the vears of hfe fost as a vesult of preia-
fure deaths (the mostainy burden) and the years of healthy life
losi as 2 vesubt of disablivy ((he morhidity burden)

Years of iealthy hie lostas a result of disabiluy from visual
mpairment were calealated by mualtiplying prevalent cases by
digability weights Tor midd, moderate, and severe visnal nnpair-
ment (.02, 0 17, and 0473, 1espectively) based on the global
hurden ol diseasc stndy ™ These dizabilny weights represent
faming 29, 17%. and 43%, respeatively. of ay ear of healihy lile.
Years ef hfe losi were caleulated from the age when a person
dies from comorbid condivons attributable 10 visual imparr-
mentand the hife expectaney for peeple of thatage and sex To
caleulate the burden ol disease, Japanese prevalouce rates for
losw vision were subdivided mto mild and moderate visual nn-
panment usniy werghts from Australian prevelence data

The Joss of wll-bemg in DALY was converted mte 2 mon-
clary valuc nsing an csumare of the value ol a statistical hic The
value of astasstical Hlc in Japan has been valued bevween Y673 §
million (US55 6 rmlhon) and ¥17383.5 ithon (LS S 148 million 1 ®
Mhe dowas monnd of VS 93 6 million was used with a discount
rate of 3 09 dunng 40 vears to generate an estumate for the value
obasiatisncad Ble year (YSEY) of Y28 5 nuilion (05 8234 352)

SENSTTTVITY ANALYSIS

The efiects of 20% chanaes
people reguiring informal ¢
were exannned. The eifi

T health care costs, the nuinber of
are.and carnings for menand women
tofreducing the DWI parameter es-

timaic 1o the fowes hound of 9% was tested, We also assessed
the cflects of a 204 change m the value of a stausteal life used
for Japan and m the disttibution of low-vision severity.

PREVALENCE

There were 164 million people with visual inpairment
in Japan in 2007 almost 188000 were blind. Of those
with visual timpairment, 93.2% were aged 40 years or
6l 2% were aged 65 years or older, and 33.5% wue
cars or older (Yable 1).

BIRF.CT HEALTH COSTS

The direct financial cosis in Japan for the treatment of all
disorders of the eve and adnexa were estimated 1o total
Y1338.2 billhon (US ST1.7 hilhon) in 2007 (Tekie 2) and
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mayv incude some condstions that are notvisually fmpair
ing. However, the cost overestimanon s expccwd 1o be
shoht as 2 vesuli ol Uns data constiaint and is countered

i that coste of sereening programs and eye hiealth pro-

Takie 3, Prevalence of Visual tmpairment in Japan by Ags,
Sex. and Severity

No. 2 1600 (%)

motion are ot induded, so heidth cost coverage was o
exhausive. The taigest component of healih costs for vi-
sual impairment relxted to general medical xpendimre
(YO77.3 Dullion JUS SS1 billion ] of which wapatcits

represented 77.7% V750 4 hillion [US e hillion!)

OTHER FINANCIAL COSTS

Qiher financial costs of visual impanrmeni wers esti-
mated as Y1383.5 bithen (US $13.0 billionY in 2007
able 3, Productivity losses [vom visual impainmon
(Y3631 bilion [US 34,7 ballion ] rellecied the los! carn
ings from fower emploviment participaton (9310 4 bil-
Hon TLS 542 ndliont) and worker abscntecism cosis
VAo Rillion (US S84 million]). There are also addi-
tional coste toralimg Y64 Ballion (LS 853.0 milhon) as-
sociaced wirh promature morality due ta comorbia
CORSCLLNCYs.

As a subsiandial Comaponan of overall cosis. the cost
of commuanin ¢

s presented both uanpaid and paid
hiome care for peoplo with visual impadrnient. Lsing the
opporitaity cosUiieted, the cost ol conpmiaiy care m
2007 wos estimiwicd as V7970 hillion (US Sa.6 hilhon).

The DWILsesativig from raising addiional taxanon
revenue to pay for costs borne by the goverument i re
lation to visual impairment was coniposed of losses from

health care costs OV 1209 billion [USSE T bithon]) . los:-

; ¥
i o Billions

Us s “o 6 Totat

i
in Billinny Health fosig

% of Total

: of Qther Finaneial Costs for Visual impaivmunt in danan

Ecunomic Dosls

.

o

1
i Biltigns

Us s e of Totai Qlher
n Billions

95 0f Tatal

Financial Cosis Economic Co

Tuial Gther Financial Costs
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Table 4. Cost Summary of Visua

Uimpzirment by Hem and Baarey in Japan

ey

US § in Billions

Cosi Bsarer

| Goverament Dihar Society Total
7612 11.691
7a1h 13.124
48,508

Tetai Econpmic (‘r,stx 10.127 12.813
iaxzaiion (Y33 & bhillion [US <280 mitlion ). wellare pay-
ments (Y24 8 billion [US 5205 million]), and other costs T?bie - Gost of Visual impairment per Person
associated with providing institutional care and vision Wit Visual Impziiment ty Country
ards (V4.6 hillion [LS $38.4 millien!).

Cxpenduuare o other msotutional care and rehabiii- e COS‘E‘?TF'_?TM LS" o
tation far people with visual vupairment in japan was Pustralia Japan dmtpc! Stgieq
based on the average cost of Tnstititional care per per- T
cem per vedr (derived lon Tona e core insurance fa-
clitics, csiimated a V7 445 863 ’\ SE61 71163 and mul- ; k]
nplied by the number of people adimitted (3837 people. 53865

minus the adjustiiont o cecount for the 30% overlap i
the date with tong-terim care insurance facilivies). In total,
1owas estimaied that expenditare for insintutional ser-
vices {over and above that provided by long-ierim care
strance facinies) forvhe visually impaired was Y287
bilhor (US 5238 million) m 2007,
LOSS OF WELL-BEING

in 2007, the vears of healthy Life lost as a vesuit of disabil-
ity and years of life lost attriburable o visual impaimment
mn Japan were estimated as 220022 DALYs and 9063
DALYs, respectively, In total, the burden of disease was
226085 DALY

Thie gross value ol the hueden of disease (DALYs mnl-
tplied by the VSLY) was Y6303 1 bilhion (US 533.9 bl
ron). However, the gross value includes some cosis borne
by the imdwiduad—norehly | lost earnings and out-of-
pochet health expenditures. {or exampie, which have al-
ready been captured. As such, these costs were sub-
tracted and the net cost of the loss of well-heing in Japan
was calculated as Y538603.6 billor (U'S $48.6 hillion) {o
2007, Cosis by item and bearer are summarized i
Tabie &

INTERNATIONATL COMPARISONS

The cosi methodology used here for fapn has aiso heen
apphed in Austiaba in 2004 and o the United States in
2005 The estimates can be compared by inflating those
costs Lo 2007 values using domestic wiflation data and 1o
US doliars usm;,,pl!u!umnlg powier parity. Teble B chows
the econeniic costs per persori with visual impairmem.
The resulis in Table 5 show thai while the costs vary
across categorics, it1s evident that visual impament in-
cwrs a large overall cost in each country. The differences
across countries largely rellect ditferences in the struc-
ture of each healih care system, the delivery of clderly
and community care, produciivity estimates, and the value

of the burden of disease owing 1o different values of a
statistical life fon cach country.
SENSITIVITY ANALYSIS

Varying direct health costs, the number of people 1equir-
ing inforimal care in the community, and male and ferale
average carmngs =20% produced a vanation in the base-
line of total visual impaiimend costs of 22 9%, =195, and
+2 2% vespectively Ourvesulis did not vary signmificantly
when the assumpuion used {or the DWL parameter esti-
males was drapped from 169 10 9%, )csuhm;1 m afall of
1otal costs of Livk The vidue of 3 statistical life used {or
Japan to estinrate the burden of disease was varied by 20%
resulting n chainges of 1 5.1% of towal costs. the sensitiv-
ity of this result is dizcassed subsequently. The distribu-
tion of low vision (hetweenmild and imoderate vision) was
altered by 20%, resuliing in changes of £1.5% of total costs.

While no single dara set provided a complete picture of
the prevalence of visual impairment in Japan. all sur-
veys provided valuable inpui. The prevalence of visual
impairment was prinapally based on epidemiological
studies of farger ,amp]s sizes. These sources were con-

sidered representative ol the rapid economic develop-
menLn Japan (.lLlI ing the past half century, pubiic aware-
ness of ireatable ocular diseascs, and the universal medical
insurance 5‘)-'5&@11‘- in Japan. Addivonally, the smaller sur-
veys provided valuable formation on prevalence by sex
and severity for low vision and blindness

In the present study. we have shown that i 2007 vi-
sual impairment alfected more than 1 64 million people
in Japan, or 1.3% of the population, and cost an ¢st-
mated Y8785 .4 hillion iL.$ $72 8 hillion!, or 1.7% of the
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oross domesue product of Japan These {inding
sistent wiith other sind
penditures 1o be associated with visual impairment *7

The woral cost of visual impainnent presented in (s
report capiures the direct and indirect costs incurred
across the cconeniy by indwiduals family and care 1ak-
oS, Cn‘ll)iu}-‘m’si a('!('ix'i‘;-: and povertiment Taas Hper-
tane toinchude fndirect coste (o gain an accutate piciure
ol the wizl cconomic buyden of vizaal impairiaen

O Hial commany cal
count lor SO0 of indireer costs of visual inspanment in fa-
pain. This suggests that subsiantial resources we ded-
caied (o care for inaviduais with visual impaivient at horae
through informai «

are Lon-
¢ that also [ound subsianiial ex-

oy

anulyss suggesis COSIS -

are. Commuaily cale costs were com-
posed of both paid and wipaid home care. Official usage
data were available for paid home care and used as a proxy
for unpaid care. Usige data ranged v cil-day care 1o care
oty when required. AVveghted sverase of 171 hours per
week based on the pereentage chistribrinon of the usage data
vas appiicd 1o hese with «isual apainmen most likely
LG HERI E S0TE Tohe

of cormmmunity vae. 1 was sssttined
thar thoese with nild visual impairment vould not re-
guire any form of communuy care and these i instin-
tional care were accountad lor in oiher financial cosis.

The loss of well being comyprises a lmgt part of the costs
of visual impainment i janan as vwell asin Ausiraha and
the Uiited Siates There has been sonmie controve sy abonit
placing a moneiary value on DALYs, and the value of the
VSEY chosen has a large impact on the estimaied burden
ol dhsease vom visual mpamment As a conservative ap-
nioach, e Jower eind estimate was used becance the VSLY
for Jupan was already at the nigh ond of cstimeies of that
A0 0N s ceordingly, the esti-
maied loss of weli-being from visuat impurment per pev-
SO ek vear in Japan was hetween that in Australia and
the Unied Stages

Evenin a developed counuy like fupan. avoidable vi-
5101 boss bs now w mgjor problons and will moiease in e
(wiure o the Al\sulu {,{ rnhu L]mnﬂ

lenee vates ol

able counires. A

Because preva-
seowith each de-
Japanese 1n~|1\:rlm
scxpected tomerease by 2

3
the ‘-.'mmhu' of wiih vi-
T during the

Although speciiic interventions may in-

cacde of Tile,
suab impai
nest 20 ye
crcase health costs, they can also imng sipmficant sav-
wags in other i'ix-"\nci-“l costs and less of
and associawes

NHERE

Tavlor
“have shown the ARy Ve Care imery et
cost-eflective

veil-bing,

TIONS are

O to pooo aceess (o ingh-guality catarac surgery,
the prevalence of viswal impairment [rom cataract is low
in ]m.m Onthe other nand glaucoma is ihe leading cause
of visual impairmess ™ Compared wiib the United States
and Ausivalia the raie of Lmdlagnusul glavucoma is very
highi i Jupan, and this may parnally explan the high
prevatence of visual imparmieat irom glancoma in Japan.
Mabenie retinopaihy is the second nmiost common cause
isual impairment. The prosalence of dizhetes is rela
tively fugh in japan ana this would contnee 1o 2 high
prevalesice of diaberic retinapathy and visual nmpair-
ment” Access to good medical services in Japan throuph
s uniyersal health care system enables people with dia-

r
[

hetes ta have hroer sysicinie conirol. However, the high
proporuon of visual nhipainnent due w diabenc retino-

pathy also rases rmcxiiorm aboul the adequacy of cover
ave o sereening and close coordination with general phy-
sicians and ophihalmoicgists and the use of
photocoagulation asd vieous surgery. which are readily
available o Japun

Reducing ihe banden of visaal impairmentihrough fac-
LOFS SUCH a8 PUbile awarcness of preventive care, early di-
orre
searchand tieadveni of new iredical weehnologies could
stgilicanidy impiscrhic quadiy of Bile {or people with vi-
sualinimainnest and their familics. while at the same time
potentially reducing nutionai expenditures for health care
services and inereasing productivity 1 the Japancse
cconomy,

agnosis, wore intensive disease treatment., Fe-

The compe rabaiiny of epidemiological and economic es-
tmates between iincsses 19 also imporant o inform de-
cicions on the dist rihmi(m ofvescarch effort us suagested
My Tealand collrasues
@L':'mular\'

![,{m alveady has geod privman .,
care services as well as goad
> distiibution and impact of eve diseases. Ad-
i s eaicosive headth and Tmancial data
that perinitcconomic modeling of ainy related prevention
ovireatment. iy si ll(j_\' IS

and teriary cye

data on v
di mmml\ J

the st ro quantify the burden
ol visuslimpaimien in Japan, W belicve that ow stidy
will b of pariicadar interest 1o pohicyimiaers. i high-
lighis, above evorything cise, the need for comparabie and
accuraie information on the prevalence. severy, and re-
source use associatcd with visual nmparnient in Japan.
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he method of operation followed the prmciples laid down by Tlliot: a
proad conjuncival fap, sphuing of the cornea wiih a broad-bellicd min-
sealpel, and a 2 mm trephime. Thos size w
rience with soft cyes and where the agueous cscaped prematurely 1f the tie-
phine apening is too small, it was found difficult o cleanly divide the aitachiment
ob the selera disk, and thvough this small opening i1 was very difficuli o fish
out the my Towis seon ehsetved that the butonhole indectomy nast be large

The comphestions way be regarded as three, aavicly. iritis, hypetony and
late infecion. The tendaney o s i unquestionably pronownced, as must be
the expenence of aiy cne who s perforiming this speration. amd even the carly
wse ol wrropin docs not prevent the prohferaton of somce nveal pigment and
on the lens capsule We are in tihe haba of brmgmg atro-
pricomtment into the conjuncuval sac at tie close of the eneration The com-
plication of hypolony 153 very serious one We cannotat the present day state
what the outconie of an eyeis whose tension is redinced 1o 3 or & 1t surely musi
be a paihological condition The danger of late infection is a particularly real
one. Considerable atenuon has been drawn 10 this i recont litevatire. There
cart be no question that an eve with a cystoid acatnx s not a sound eye, ner an
eve enjoying the benefir of a normal protecimg membrane The sight of a large
cystoids aeatris which we have repeatedly observed measurng 4 or 3 mm is
surcly one 1w catse some anxicty On ihe other hand the sdvantuges of are-
phinig operation scem to we 1o cousistn that the operatnns a saler one m
hard eyes than any other operation that has been suggested for reducmy the
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Global Inequality in Eye Health: Country-Level Analysis From
the Global Burden of Disease Study

i Koichi Ono, MD, PhD, MPH, Yoshimune Hiratsuka, MD, PhD, MPH, and Akira Murakami, MD, PhD

The World Health Organization (WHO) esti-
mates that 314 million people have visual
impairment worldwide, of whom 269 million
have low vision and 45 million are blind}
Ninety percent of all blind and visually disabled
people live in middle- and low-income coun-
tries > However, blindness is not always prior-
itized by health and public health practices,
especially when mortality indicators are used.

It is true that some population-based studies
have suggested an indirect relationship between
visual impairment and mortality,*™® but this is
difficult to prove.

The first Global Burden of Disease (GBD)
study quantified health effects by employing
a new metric known as the disability-adjusted
life year (DALY).® Thisis a summary measure of
population health, integrating mortality with
morbidity and disability information in a single
unit. One DALY can be thought of as 1 lost year
of “healthy” life, and the burden of disease
measures the gap between the current health
status and an ideal situation in which everyone
would live to old age while remaining free of
disease and disability® Therefore, the GBD
study lifts the curtain on the true magnitude of
underestimated diseases and conditions, most of
which are not direct causes of mortality.

Our goals in this study were as follows: (1) to
calculate DALYs due to visual impairment at
the global and regional levels, (2) to compare
DALYs due to spedific causes of visual impair-
ment in relation to economic status, and (3) to
measure the global imbalance of eye disease
in relation to economic status and specific causes
by using recent data from the GBD study.

DALYs are calculated as the sum of years of
life lost (YLLs) through premature death and
years lived with disability (YLDs). YLDs are
computed by multiplying the number of in-
cident cases by a weighting factor of between
0 (perfect health) and 1 (death) and the mean

1784 i Research and Practice | Peer Reviewed | Ono et al.
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iclusions. Creating new eye
lucing the unacceptabie ave haesz!th «
high=st priorities ior infein

tam J Fublic

Healih.

duration of the disease with a 3% time dis-
count." To estimate DALYs due to each eye
disease, the weighted value for low vision due to
any eye diseases and cornea scar due to vitamin
A deficiency were fixed at 0.170 and 0.277,
respectively, whereas the weighted value for
blindness due to trachoma, glaucoma, cataract,
refractive errors, and macular degeneration were
fixed at 0.581, 0.600, 0.570, 0.430, and 0.600,
respectively.!? Thus, the YLD value is higher if
a disease or condition leads to more severe
disability at a younger age.

The data for our study came from the GBD
study (2004 update). A summary of cause-
specific death and DALY estimates for WHO
member states in 2004 was obtained from the
WHO Web site." This file included estimates of
total deaths, of total DALY, of deaths per
100000 population, of DALYs per 100000
population, of age-standardized death rates per
100000 population, and of age-standardized
DALYs per 100000 population stratified by
cause and member state. For the GBD study, the
data set divided the causes of death into 3
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groups: Group I (communicable, maternal, peri-
natal, and nufritional conditions), Group 1I
(noncommunicable diseases), and Group 111
(injuries). Each group was then divided into
subcategories (5 subcategories in group 1, 14 in
Group I, and 2 in Group III). A third level of
categorization was then used to identify addi-
tional speatfic causes within each subcategory.
From Group I, trachoma and vitamin A de-
ficiency were used for our analysis but not
onchocerciasis, because the sequelae of oncho-
cerciasis consist of visual impairment and the
dermatologic complication of itching? From
Group 11, glaucoma, cataract, refractive errors,
and macular degeneration were used. We did
not use DALYs due to diabetes mellitus because
DALYs due to diabetic retinopathy were not
available (DALYs due to diabetes mellitus were
the sum of case, diabetic retinopathy, diabetic
foot, neuropathy, and amputation'?). No data on
eye injuries were available in Group IIL

First, we estimated the global burden of
eye disease by calculating the sum of total
DALYs due to trachoma, vitamin A deficiency,
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glaucoma, cataract, refractive errors, and mac-
ular degeneration, and then compared these
figures with estimated total DALYs due to
conditions in Groups I, II, and III. Second, to
investigate the global imbalance of eye disease,
we calculated the burden of eye disease for
each World Bank region'® and specific cause.
Third, the 192 WHO member states were di-
vided into 2 groups (high-income states and
middle- and low-income states), according to the
World Bank’s classification. To measure the eye
health disparity related to economic status, we
computed 3 summary measures (the Gini co-
efficient, the Theil index, and the Atkinson index)
of maldistribution of the DALY data from the
estimated DALYs per 100 000 population. If
estimated DALYs per 100 000 population for
a particular eye disease in a specific country
was zero, we substituted a value of 0.0000001
when measuring inequality. These measures
were initially designed to assess income inequity,
but they have also been used to assess the
distribution of health resources>

The principles of these measures have been
reviewed elsewhere'® or summarized on the
World Bank Web site.?° In brief, the Gini
coefficient (the best-known index) ranges from
zero, which reflects perfect evenness, to 1, which
indicates perfect unevenness. The Theil index
(a generalized entropy index) ranges from zero,
which means an equal distribution, to infinity
(a higher value is more uneven). The Atkinson
index ranges from zero to 1, with zero meaning
a state of evenness. For our analysis, the sensi-
tivity parameter (¢) was set at 0.5. We performed
statistical analysis using Stata SE 10.0 for Win-
dows (StataCorp LP, College Station, TX).

RESULTS

The 6.43 billion people in the 192 WHO
member states were included in the GBD
study (2004 update). The total burden of all
diseases and conditions in the world was
estimated to be 1.52 billion DALYs. The global
burden of Group 1 disease (communicable,
maternal, perinatal, and nutritional conditions)
was 603.4 million DALYs (39.7% of the total),
whereas that of Group II (noncommunicable
diseases) and of Group III (injuries) was 730.3
million DALYs (48.0%) and 187.2 million
DALYs (12.3%), respectively. The global bui-
den of eye disease was estimated to be 61.4
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million DALYs, accounting for 4.0% of total
DALYs (8th of 21 subcategories; Figure A,
available as a supplement to the online version
of this article at http://www.ajph.org).

The highest number of DALYs were found
in East Asia and the Pacific (including China)
and South Asia (including India), followed by
sub-Saharan Africa and the high-income econ-
omies (Figure 1). As can be seen in Figure 1,
the burden of refractive errors predominantly
affects East Asia and the Pacific, South Asia,
and high-income economies.

Table 1 shows the burden of eye disease in
DALYs stratified by specific cause and eco-
nomic status. Contributors to the burden of eye
disease at the global level were refractive errors
(27.7 million DALYs), cataract (17.7 million
DALYs), macular degeneration (9.3 million
DALYs), glaucoma (4.7 million DALYs), tra-
choma (1.3 million DALYs), and vitamin A
deficiency (0.6 million DALYs). Thirty-nine
countries with a population of 0.98 billion
were classified as high-income countries, and
153 countries with a population of 5.44 billion
were classified as middle-income or low-in-
come countries. There was no burden due to
trachoma in the high-income countries, except
for Australia and Germany, or in 92 middle-
or low-income countries. Five high-income
countries (Saudi Arabia, Kuwait, Republic of

East Asia and Pacific
Europe and Central Asia |
Latin America and the Caribbean |

Middle East and North Africa

South Asia
Sub~Saharan Africa

High-Income Economies

Korea, Brunei, and Singapore) and 108 middle-
and low-income countries had a disease bur-
den due to vitamin A deficiency. Every country
had a burden due to all of the eye diseases in
Group II. Table 1 also shows that in high-
income countries, the largest eye disease bur-
den was caused by refractive errors, followed
by macular degeneration, cataract, and glau-
coma, and that in middle- and low-income
countries the largest burden was from cataract,
followed by macular degeneration and
glaucoma.

The highest number of DALYs per 100000
was observed in the middle- and low-income
countries of East Asia and the Pacific, South
Asia, and sub-Saharan Africa. (Figure B, avail-
able as a supplement to the online version of
this article at http://www.ajph.org, shows
a global map of estimated DALYs for eye
disease per 100000 population.) Table 2
shows the median value (25th percentile—~75th
percentile) of DALYs per 100000 stratified by
each specific cause and by economic status.
Median rather than mean values were used for
this analysis because of the skewed sample
distribution. The median value of country-level
DALYs for refractive errors was found to be
the highest worldwide and in high-income
countries, whereas it was equal to that for

cataract across the middle-income and

T
0 5000

T
15000

o Refractiveerrors [ Macular degeneration

T ¥
10000 20000
DALYs
Trachoma Vitamin A deficiency
Cataract | Glaucoma

HéURE 1-Disability-adjusted Ii}e years (D_ALYs) due to eye disease, by World Bank region
and specific cause: Giobal Burden of Disease Study, 2004
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1

Worldwide,
1000 DALYs (%)

TABLE 1—The Global Burden of Eye Disease, Measured in Disability-Adjusted Life Years
i (DALYs), by Specific Cause and Economic Status: Global Burden of Disease Study, 2004

Middle- and
Low-Income Countries,
1000 DALYs (%) |

High-Income Countries,
1000 DALYs (%)

1
i
‘ Group | causes
]

All eye diseases 61391.4 (100)

Trachoma 13319 (2.2)
Vitamin A deficiency 628.7 (1.0)
; Group Il causes
; Glaucoma 4716.6 (1.7)
! Cataract 17719.8 (28.9)
| Refractive errors 277165 (45.1)
i Macuiar degeneration 9279,0 (15.1)
| (
|

low-income countries. Refractive errors and
macular degeneration had a higher median
burden in high-income countries than in mid-
dle- and low-income countries.

The distribution of DALYS by spedfic cause
and economic status was assessed with the 3
inequality measures (Table 3). Inequality was
greater for the eye diseases in Group I than for
those in Group 1], regardless of the index used
and economic status. In Group 11, the disease
with the most uneven distributicn at the global
level was cataract, followed by refractive er-
rors, glaucoma, and macular degeneration.
Across high-income countries, cataract was
distributed most unevenly, followed by
refractive errors, glaucoma, and macular

| TABLE 2—Median Value of DALYs per 100000 Population by Specific Cause (Eye Disease)
and Economic Status: Glebal Burden of Disease Study, 2004

0.11 (0.0021) 1331.8 (2.4)

0.08 {0.0016) 628.6 {1.1) ;
366.6 (7.3) 4350.0 (.7) |
394.1 (7.9) 17325.6 (30.7) ;

2728.0 (54.7) 24986.5 (44.3) E
1501.1 (30.1) 7777.9 (13.8) !
4991.0 (100) 56400.4 {100) f

|

degeneration. Across middle- and low-income
countries, refractive errors were dishibuted
most unevenly, followed by cataract, glaucoma,
and macular degeneration, according to all 3
of the indices.

IR SRR

Chiang et al., using data from the GBD study
in 2001, reported that the global burden of
visual impairment due to onchocerciasis, tra-
choma, vitamin A deficiency, glaucoma, cata-
ract, and age-related visual disorders was
53.7 million DALYs (3.5% of the total).?' Qur
study, however, represents the first attempt to
measure eye health disparity by using DALY

Middte- and ]
Low-Income Countries,
Median DALYs (Range®)

High-income Countries,
Median DALYs (Range®)

Worldwide,
Median DALYs (Range®)
Group | causes
Trachoma 0.00 (0.0-4.1)

Vitamin A deficiency 0.14 (0.00-4.21)
Group 1l causes
Glaucoma 67.2 {40.7-130.0)
196.8 {103.1-478.9)
253.3 {205.3-282.9)
122.3 {105.9-145.1)

677.7 {508.3-1040.9)

Cataract

Refractive errors

Macular degeneration
Al eye diseases

0.00 (0.0-0.0)
0.00 (0.0-0.0)

0.00 (0.0-15.4)
0.37 {0.0-12.2) |

39.2 (37.1-68.5)
119 (11.4-160,1)
284.9 {259.0-292.5)
142.7 {135.1-153.0)
486.5 (472.1-624.0)

73.0 (48.8-136.2)
2486 (144.7-507.4)
247.3 (201.0-264.4)
1141 (102.3-142.2)
796.4 (575.2-1068.9)

Note, DALY = Disability-Adjusted Life Year.
‘ 225th percentile to 75th percentile.
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data from the GBD study. According to our
findings, major contributors to the worldwide
burden of eye disease were refractive errors,
cataract, macular degeneration, and glaucoma in
descending order of DALYs. This ranking was
different from the recent estimate of the major
causes of blindness by the WHO, which was
cataract (39.1%), refractive errors (18.2%),
glaucoma (10.1%), and age-related macular de-
generation (7.1%).! Possible reasons for the
differences are (1) the GBD study not only
included blindness but also low vision and (2)
DALYs have a 3% time discount and are age-
weighted. In other words, a specific leading cause
of blindness at a younger age will attract a higher
number of DALYs. It is therefore reasonable
for refractive errors to have higher DALYs
than cataract because refractive errors generally
occur at a younger age than cataract. Some
epidemiological studies have indicated a higher
prevalence of blindness due to macular degen-
eration than glaucoma at a younger age *2-24
This would contribute to the burden of macular
degeneration and higher DALY, although the
prevalence of blindness due to glaucoma is
higher than that due to macular degeneration.

Regional differences were also obvious, with
a higher eye disease burden in East Asia and
the Pacific (including China), South Asia (in-
cluding India), and sub-Saharan Africa. Overall,
more than 90% of the eye disease burden
ocaurred in middle- and low-income countries.
A greater proportion of the eye disease burden
in middle- and low-income countries was due
to refractive errors and cataract, whereas
that in high-income countries was due to re-
fractive errors and macular degeneration.

In our study, the ranking of eye health
disparity was not mfluenced by the index
selected, as Kawachi and Kennedy reported.?®
Eye diseases from Group I showed a more un-
even distribution, because trachoma and vitamin
A deficiency have been controlled or eliminated
in many countries. In Group I, cataract was
most unevenly distributed around the world,
which has motivated various international orga-
nizations to perform cataract surgeries in de-
veloping countries. Our results, however, sug-
gested that the eye health disparity in cataract
was greater among high-income countries than
middle- and low-income countries. One reason is
that necessary cataract surgery is not being
performed in some high-income countries,
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: TABLE 3—The Global Distribution of DALYs Due to Eye Disease, by Specific Cause and Economic Status: Global Burden
of Disease Study, 2004
g Worldwide High-Income Countries Middle- and Low-Income Countries
‘ Gini Coefficient  Theil Index  Atkinson Index  Gini Coefficient ~ Theil Index  Atkinson Index  Gini Coefficient  Theil Index  Atkinson Index
I Group | causes
i Trachoma 0.758 1.286 0.593 0.861 3.591 0.956 0.702 1.122 0,522
Vitamin A deficiency 0.824 2.063 0.736 0.828 2549 0919 0.781 1.900 0.691
Group Il causes
Glaucoma 0.255 0.119 0.057 0.150 0.069 0.031 0.215 0.096 0.046
Cataract 0.337 0.222 0.135 0.582 1.234 0.440 0.230 0.101 0.053
Refractive errors 0.312 0.126 0.064 0.166 0.082 0.040 0.304 0.118 0.061
Macular degeneration 0.115 0.021 0.010 0.061 0.006 0.003 0.124 0.023 0.011
All eye diseases 0.190 0.057 0.030 0.135 0.058 0.026 0.140 0.033 0.017
Note. DALY =Disability-Adjusted Life Year. The Gini coefficient ranges from zero (perfect evenness) to 1 (perfect unevenness), The Theil index (a generalized entropy index) ranges from zero (equat
{ distribution) to infinity (a higher value is mare uneven). The Atkinson index ranges from zero to 1, with zero meaning a state of evenness. For our analysis, the sensitivity parameter () was set at 0.5.
i

whereas unnecessary cataract surgery (when the
lens is relatively clear) is being performed in
others to fulfill the demands of custoners. In the
year 2000, the WHO recommended a cataract
surgical rate (defined as the number of cataract
surgery procedures per million population per
year) of 3000 as the minimum to eliminate
blindness from cataract and a rate of 3500 in
the established market economies.*® Among
high-incerne countries, however, the cataract
surgical rate varies drematically (e.g, 1200 in the
United Arab Emirates, 1308 in Kuwait, 2175

in Bahrain, 6500 in the United States, and 8000
in Australia®?).

The other reason is that several factors
related to eye health disparity were not con-
sidered in this study. All high-income countries
were not always equipped with sufficient uni-
versal insurance coverage, sufficient health
care financing, and regular health care pro-
vision. If such confounding factors were ad-
justed, inequality in cataract across higher-
income countries could be smaller.

Blinding eye diseases and conditions are
strongly associated with poverty, and prevent-
able or curable eye diseases and conditions are
therefore believed to exist mainly in develop-
ing countries. However, our results indicated
that we could not ignore the burden of re-
fractive errors in high-income countries. Re-
fractive errors have not received much atten-
tion because many definitions of blindness
have been based on best-corrected visual dis-
tance acuity,?® so that eye health planners
probably have not comprehended the true
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magnitude of the problem due to refractive
errors. The GBD study in 2004 used the
presenting visual acuity to estimate the global
burden of refractive errors. However, the burden
of refractive errors was probably underestimated
because it was based on epidemiological data
from the presenting distance visual acuity. If the
presenting near visual acuity was taken into
consideration, the imbalance of refractive errors
as well as its burden would be greater for females
because females are less likely to be able to
afford spectacles for presbyopia. Even high-
income countries need to strengthen their re-
fractive services, and also transfer knowledge,
cost-effective techniques, and experience to the
developing countries.

There are some limitations to this study.
First, certain leading causes of blindness, such
as diabetic retinopathy and onchocerdiasis,
were not included. It is true that the 2004
estimates of the GBD study included data on
diabetes mellitus and onchocerciasis; however,
the disease burden due to diabetic retinopathy
and ocular onchocerciasis was not specified,
and these data could lead to an underestima-
tion of the global burden of eye disease.
Assuming that 80% of the burden for oncho-
cerciasis and one third of that for diabetes
mellitus was due to visual impairment, the
global burden of eye disease would increase to
4.5%. However, the distribution of DALYs for
these diseases could not be derived from the
data of the GBD study.

Second, the data of the GBD study were
based on estimates. There have not been

enough appropriate epidemiological studies
performed around the world. Accordingly, the
DALYs due to certain eye disease were esti-
mated from epidemiological surveys focused
on other eye diseases. This could also lead to
underestimation of the prevalence and burden
of some eye diseases, particularly if investiga-
tors missed ocular comorbidity.

Third, the use of aggregate data per country
rather than provincial or district data might
be a source of bias because it is apparent that
there are geographic variations in the DALYs
of various diseases or conditions. However, use
of aggregate provincial or district data are
unusual for international comparisons.

Our findings suggest that the major contri-
bution to the global burden of eye disease was
not caused by cataract but by refractive errors,
regardless of the economic status. It is true
that in Group II, the DALYs due to cataract
were most unevenly distributed at the global
level, but more uneven distribution was ob-
served in high-income countries than in mid-
dle- and low-income countries. Most refractive
errors are easily and cost-effectively managed
with a basic eye examination and spectacles
by trained eye care personnel, whereas other
eye diseases such as cataract, glaucoma, and
macular degeneration require specialized
medical knowledge, advanced medical instru-
ments, and expensive medicines. The institu-
tions responsible for eye health should make
efforts to reduce the burden of refractive
errors, as well as to create cost-effective and
universal service for refractive errors. In
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addition, the appropriate knowledge, skills, and
experience should be spread around the world
as soon as possible and given the highest
priority for international public health services
n eye care and eye health, ¢
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Furpose: To investigate the napact of cataract swgery und blood pressure changes mduced
by one week of sodivm restriction on retinal vascular diameter

Methods: Iuidus photozeaphs of 200 patient~ were obtained belore and one week after cataruct
surgery. For one week after adimission. 100 prisents recerved sodium restriction and 100 patients
(1c, the conirol group) did not reccive sedum resiricuon. The diameter of the rednal vessels
and blood pressire were compared betaeen the sodumm restriction group and the control group.
The vascular diameter was measured using an oinective compater-based method.

flesults: Neither group had a significant change in the diameter of the retinal vessels after
cataract swrpery. Although there was no signiicant change in retinal arterial and venalar
diameter in the sodmm restriction group, one-week sodium restriction significantly reduced
mean blood pressure. However, inalupie hnear tegression analyses indicated that an increase
i renmal ancriolar diamerer was signiicanidy ossociated with diabetes, hyperlipidernia. and
alcohol imtake.

Coonciusion: Cataract surgery aidd blood pressave reduction induced by one week of sodium
vestrietion resulted in no stenifican: change moetimal areriolar chameter.

Keywords: cataract surgery, hypertension. ret:ngl blood vessel diameter, reunal fundus camera,

sodium restriction.

introduction
An excessive sodium intake faises blood pressure by changing arterial function and
structare and by expanding intravascular volume aid increasing vascular resistance.'
In Japan. the guidelines for hypertension treatment recommend restricting sodium
mtake to 6 g oor less per day. lowever, the mean daily sodium intake ol Japancese
people s as high as Ti g, which makes sodium resuiction for patients with hy pericn-
sion an important task . Because hypertension 1s a major risk factor for cercbrovascular
disorders, sodivm restriction s clearly imporiant?

The fundus vessels are the only vaessels in the human body that can be directly
observed noninvasively, This perimits evaluation of the retinal vessels. A retmal vascular
abnormality s the most importani iacior i he carly detection of hypertension and

o

cerchrovascular disorders, and retmal vasculur narrowing s the first fundos chang
caused by hypertension.” This has been used to determine the scverity of arterioscle-
rosts and hypertension. However, the evaluation is subjective, and methods for more
objective measurements are unavailabie. Conventonal methods using visual inspection
to measure the diameter of retinai vessels also tend to overlook carly-stage changes.

This prevents the identification of cerebrovascular disorders at an carly stage.

ove
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To uddress this problem, a method has been developed
that uses computer software and digital processing to guan-
tity retinal arteriolar narrowing.” In this method, a high-
resolution scanner takes digitized fundus photographs., and a
sottware program measures the diameter of retinal arterioles
and venules. The software program measures with a greater
accuracy and objectivity than is possible with conventional
methods.

I'he cross-sectional Beaver Dam Lye Study used this
method and demonstrated that retnal arteriolar diameter
decreased by 4.0 Lm with each 10 mmiHg increase in mean
arterial blood pressure. This indicates the potential of this
method for evaluating smali changes n the diameier of reti-
nal vessels thut are associated with biood pressure changes.”
Using the same method the Japancse epidemiclogic Funagata
study showed a relationship between increases in mean blood
pressure and narrowing of retinal arteriolar diameter.’”
Previous epidemiologic studics have reported that age.
gender. hypertension, sysiolic and diastolic blood pressures,
diabetes mellitus. a history of smoking. total cholesierol
{evel, body mass index (BM1). and a history of alcohol intale
impact retinal vessel diameter.” " Some rescarch suggests
that retinal arteriolar caliber may be narrower in people with
hypertension and hyperiipidesma.'' A large retinal venular
caliber reportedly predicts the progression of retinopathy n
peopie with diabetes. There is evidence that retinal venular
caliber may be influenced by systenuc inflammation.

Many studies have shown a relationship between increased
blood pressute and narrowing of retinal vascular diameter,
However, only a few studies have exaramed the relationship
between a decrzase in blood pressure and a change in vascular
diametar, including retinal vascular diameter. !

Unlike sclerotic changes. which are rrreversible. the
narrowing of retinal blood vessels appears to be reversible,”
At a clinical site, itis essential to know the minimum dos-
ing period for antihypertensive treatment that is needed to
improve narrowing of retinal vascutar diameter. Predicting
this dose accurately will similarly ease the burden on
arteriofcs n the brain and kidney, and ftherefore may be
therapewtically mporiant.

Cataractis the leading cause of biindness worldwide. and
cataract surgery 1s the most frequent surgical procedure in
people aged 65 years or older in the Western world, including
Japan.” ' As the Japanese population ages, the prevalence
of visual impairment is prejected to increase from 1.35%
in 2007 o 2.0% by 2050; hence, visual impairment due to
cataract is on the increase.'® Therefove. an important chal-

fenge is assessing the effect of cataract surgery on vascular
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changes because the increasing elderly population is directly
hinked with the rise in the number of cataract patients having
systetmie chronic diseases. including heart diseasc, stroke,
and diabetes. The invastveness of cataract surgery induces
the production of prostaglandins and other inflammatory
cytokines. [However. the relationship between these proin-
flammatory markers and changes in retinal vascalar diameter
has not been examined.

In the current study, patients were treated with sodium
restriction for one week after admission, The impact of
bloed pressure changes induced by sodmm restriction on
retinal vascular diamerer was assessed. Changes in diameter
of the retnal vessels before and after cataract surgery were
also examined. To our knowledge, this 15 the first clinical
study in Japan to usc computerized measurements of retinal
vascular diameter.

Patients and methods

Retinal assessment

The subjects were 208 paticnts (92 males. 108 females, mean
age * standard deviation [SD] 76.4 + 8.0 vears) admitted
between Janvary 2009 and July 2009 to the Juniendo Tokyo
Koto Gernatric Medical Center for cataraci surgery. None had
a history of renal dysfunction or abnormat blood biochemstry.
Patients with renal dysfunction. meluding renal failure, were
excluded because they are often undergoing dialysis, strct
fluid restriction, and diet therapy. te. factors that make them
unsuitable for evaluation of the effect of sadium restriction.
Patienits who had retinal disease, including severe diabetic
retinopathy. were considered unsuitable for evaluation of
retinal vessel diameter and were therefore excluded,

The control group consisted of 100 patients who all gave
informed consent. Before surgery and one week after surgery,
the blood pressure of each patient was measured and poste-
rior pole retina-centered fundus photographs were obtained.
Diameter of the retinal vesscls was measured quantitatively,
and changes in mean biood pressure and in diameter of the
retinal vessels were evaluated. During the week of the study,
the control patients reecived a regular diet with no sodium
restriction {ic. 16 g sodium per day).

For one week after admission, the remaining 100 patients
received a sodium-restricted diet of 5 g sodium per day
(ic, the sodium restriction group). Atadmission and onc week
after surgery. cach patients blood pressure was measured
and posterior pole renna-centered fandus photographs were
obtatned. The diarncter of the retinal vessels was measured
quantitatively. and the extent of diffuse narrowing of the
retinal vascular diameter was evaluated.
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Blood pressure and retinal vascular diameter

A paticnts underwent cataract surgery of both eyes. The
procedure utilized phacoemulsification and intraocular lens
implantation.

A nanstercoscope 437 ponmydnatic fundus camera
(Nommyd7, Kowa Inc. Nagoya. dapan) obtained retinal
photographs of both cyes for cach patieni. One ficld was
centered bevween the macula and optic dise. A retinal pho-
waeraph was ingiadable it more than one arteriole or venule
with a diameter preater than 46 wm could not be measuored
aiter three atemnpts. ALV retinal vessel measurements were
abtained from the vight eye. A tramed grader graded the

arteniolar and s coular diameters, The grader used a standard-

1zedd protocol with a computer-ussisted method having high
reproclucibnlity. Inihese analyses. the Tundus tmage covered
a sufficient arca ina zone lying 0.3 10 1 disc diamerer away
from the disc marain (referred 1o as zone B).

PDetails of image preparation and grading protocols
have been desenibed previcoshy, ¥ A digitized grid was
placed over the mmage and centered on the opie dise. All
vessels passing completely through zone B were measured
asing image anelysis software (Renal Anaiysis, Depart-
ment of Ophthialmology and Visual Sciences, University of
Wisconsin, Madison. Wi The grader identified each vessel
as erther an arteriole or venule. The software calculated the
average width from bve equidisiant measurements of cach
vessel The average retinal arteriolar or venular diameter {or
cach cye was catculated using the Par=-Hubbavd formula,
They were then summarized as the cenwal retinal arteriolar
eqgitivatent (CRAE) or the central retinal venular equivalent
(CRV Ry

Each subject pave informed consceant at the beginning of
the examination. This study was conducted m accordance
with il recommiendations of the Declarauon of Helsinki, The
Bstitutional Review Board at Juntende Tokye Keto Geriatric

Medical Centar Takyo. dapany approved the study.

Systemic assessment
Using a single meveury sphygmomanomeier, the brachial
systolic blood pressure (SBP) and diastolic blood pressure
{DBP) were measured once at cach examination with the
patient 1 a sitling position after « five-mimute re< period.
NMean artetial bleod pressuse was caleulated as (0.33 < SBP) +
(0.67 x DRPY. The 2003 World Health Organizavion tWHO)
guidelnes were used to classify blood pressure as “normal”
foran SBP of 120 mmidg orless and a D3P of 80 mmHg or
less: as “nigh normal™ for an SBP of 121 to 139 mmHg or
a DBP of 81 to 86 mmHyg, as ~“hypertension Stage 17 for an
SBP of 140 to {539 mmHg ora DBP of Y0 10 Y9 mmlig; and

as “hypertension Stage 117 or above for an SBP of 160 mmHg
or greater and a DBP of 100 mmHByg or greater® Hypertension
was classified in patients who were at Stage 1 or Il or in
patients who had reccived treatment for hypertension.

Diabetes was defined according to WHO guidelines, ic, a
fasting glucose level of 126 mg/dL. (7.0 mmol‘1.) or greater,
a nonfasting glucose level of 200 mg/dL (11,1 mmol/1) or
greater. or a history of or current treatment for diabetes -

A diagnosis of hyperlipidemia was based on the diag-
nostic criteria of the Japan Atherosclerosts Socicty and was
defined us either a wotal cholesterol level of 220 me/dl. or
grearer. 4 low-densny hpoprotem cholesterol (LL-C) level
of 140 mg/dL. or grearer in fasting blood sampics: or 2 history
of or current treatment for hyperhpidemia.® In the US. the
National Cholesterol E.ducation Program (NCEP) has defined
hyperhpidemia as a wtal cholesterol level of 240 mg/dL or
more and an | D1.-C level ot 160 mg/dl or more, based on
the relationship between fotal cholesterol levels and rates
of coronary dcath in the Multiple Risk Factor Intervention
Trial &= 1n Japan. the citteria for hyperlipidemia. ie. a total
cholesterol Tevel of 220 mg/dL or greater and an LDL-C level
of 140 mg/dl. or greater. are based on an epidemiologic study
(NTPPON DATARO).

The Brinkman Index (1c, daily consumption of
cigarettes X years of smoking) was used in the analysis of a
patient’s smioking status.™ Based on an interview, a patient’s
alcohol intake (including consumption within the past year)
was classified into one of two categories, ic, noncurtent or
current intake.

A patient’s BMI was calculated as weight in ki!ogrdms
divided by the square of height in meters.

Statistical analysis
The extent of change in CRAE, CRVE, mean arterial blood
pressure. SBP, and DBE i patients in the sodium restriction
group and in patieats in the control group was compared
using paired 7-tests. Within the sodium restriction group
and the control group. the ditferences in the  RAE, CRVE.
mean aricrial blood pressure. SBP and DBP after surgery
were tested by unpaired i-tests. Simple regression analyses
and multiple regression analyses were used to examine the
association of the differences in CRAL and CRVE between
the two groups and background factors (ie. age, gender, mean
arterial blood pressure, diabetes mellitus, hyperlimdemia,
Brmkman Index. alcohol intake, and BMI).

Three models were used in the multiregression analysis.
In model 1, factors with significant differences in single

regression analysis were added and analyzed. In model 2,
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the factors used in model 1 and the Brinkman Index (a factor
showing no significant difference for retinal venular caliber
in single regressien analysis but with 0.05 <2 7 < 9,10} were
added and analyzed. The Brinkman Index was added to the
factors used in model 1 to make the analysis for model 2
because a relationship between smoking and reunal blood
vessel drameter has been reported in an earlier epidemiologic
stucly and because a causal relationship between smoking and
arterial scierosis is already proven. In model 3, an analysis
was performed for all factors. Fach model included age and
gender ax factors. The sigmificance level was setal 2 < 0,03,
Because paticnts with hiyperiension were on ireaiment and
some had normal blood pressure. the mean arterial blood
pressure, rather than hypertension itselt, was used i the
analysis.

All data were stored at Juntendo University and analyzed
using SPSS16.01] for Windows {SPSS Inc, Chicago, T1).

Results

None of'the patients had complications afler cataract surgery.
Table 1 shows the age, gender. BMI, hypertension, mean
arterial blood pressure, diabetes metlitus, hyperlipidemia,
Brinkman index, and alcohol intake for patients in the sodium
restriction group and in the control group (n = 100 in each
group). The association beiween age, BMI, mean arterial

blood pressure. and Brinkman Index was analyzed by an

unpaired f-iest; all other characteristics were analyzed by
the ¥* test. Most background factors were similar in the
two groups. but the age of the sodium restriction group
(78.0£ 4.9 years) was higher than that of the control group
(74.9 & 10 years). The rate of hypertension was also higher
n the sodrum restriction group. The rates of hyperiprdema
and Brinkman Index were higher in the control group.

In rhe sodium restriction group, CRAFE values before and
after surgery were 140.2 £ 13,1 wm and 140.5 + 14.0 um,
respectively: and in the control group, 143.4 17,5 um and
1442 4 16.2 um, respectively. The increase in CRAF after
surgery was not sigmficant in the sodium restriction and
controf groups (0.3 £ 9.3 pmand 9.8 £ 7.8 um. respectively,
Tablc 2).

CRVE values before and after surgery were 211.3+27.6 um
and 214.1 £ 28.7 pmn, respeciively, m the sodium restriction
group, and were 217.4 1 23.4 wim and 218.4 + 24.0 |,
respectively. mthe contrel group. The 2.8 4 12.9 pim inerease
in CRVE after surgery in the sodium restriction group was
stgnificant. The 0.9 T1.9 pmincrease in CRVE after surgery
m the control group was not significant.

Mean arterial blood pressure before and after surgery
was 7.6 4 6.9 and 83.1 & 6.5 mmHg, respectively, in the
sodium restriction group: the —4.4 + 6.6 mmHMg decreasc
afier surgery was significant. In the control group, the mean

arterial blood pressure values before and afier surgery were

Table I Characterisucs of the sodium restriction group and the control group

Sodium restriction Centrol group P value
group (n = 108) {n=100)
Age (years) 780+ 49 749+ 10 0.006%
Gender
Male 48 (48%) 44 (44%) ns
Fernale 52 (52%) 56 (56%)
BMI 24.0+45 240+ 4.1 ns
Hypertension
; 86 (86%) 60 (60%) ~0.00 1%
- 14 (14%) 40 (40%) %
MABF (before surgery) 87669 87.1 +9.5 0.674
Diabetes
35 (35%) 36 (36%) ns
- 65 (65%) 64 (64%)
Hyperlipidemia
i 46 (46% 64 (64% 0.016*
- 54 (54%) 36 (36%) %
Current alcohol intake
+ 26 (26%) 28 (28%) ns
- 74 (74%) 72(72%) %
Brinicman index 65.8 £ 206.9 139 £ 289.1 0.041%
median (25th-75th) 0 (0-0) 0 (0-200) 0,00

Motes: Daw are shown as n (%) or as the mean i standard deviation: “P based o the unpaired t-test (for age [Welch's t-test), BMI. MABP, and Brinkman Index). the
Wilcoxon signed rank test (for the median Brinkman Index), and the 17 test (for all characteristics, except for age. BMI, MABP, and Brinkman Index “P < 0 05.7 P « 0.01).
Abbreviations: BMI, body mass index: MABP, mean arterial blood pressure; ns, not significant.
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Blood pressure and retinat vascular darmeter

Table Z Change in blood pressure and retinal vessel caliber before and after cataract surgery in the sodium restriction group and in

the control group

Before surgery After surgery Change Percentage change P value
Retinal artericlar Sodium restriction group 1402+ 13, 140.5 = 14.0 03t93 0.2% 0.732
caliber (11m) (n=100)
Control group (n = 100) 1434+ 175 1442+ 16.2 08+78 0.6% 0.296
Change (sodium restriction group vs coriurol group) ns
Retinai venular Sodium restriction group 211.3+ 276 2141287 28+ 129 1.3% 0.031
caliber (um) {n = 100)
Control group (n = 100) 21741234 2184 1240 09 119 0.4% 0.435
Change {sodium resrriction group vs control group) ns
MABP (inmHg) Sodium resiriction group 876169 83.1165 —444 69 ~5.0% = 0.001%
(n = 100)
Conurol group (r - 100) 87.1+95% 865+ 8.7 —0.6+ 65 -0.6% 0.397
Change (sodiumi restriction group vs contro! group) <0.00 %
IBP (mimiHg) Sodium resticoon groun 133541127 1233 . 111 -102 % 164 ~7.6% “0.001%
{n - 100)
Control group (0~ 100) 1205+ 149 12442 127 29 164 2.4% 00017
Change (sogium restriciicn group vs control group) <0001~
DBP (mimig) Sodium restriction group 707 + 8.8 659+ 68 -48- 109 —6.8% 0.081
(n - 100)
Control group (n == 100) 67066 67067 ~0.1 88 —0.1% 0.946
Change (sodium restriction group vs coniral group) 0.051

Notes: 7 © 005 P -

0.01 The before vs alter cataract surpary association was analyzed by paired t-test. The sadium resirction group vs tha control group astocituon

was analyzed by unpzirad ttest: the amount of change was detcrnuned by the for mufa. change = after surgary - bafore sursery; percentage of chanse was determined by the
) Y Unp: Y gl sErY. P 8 13 Y

foimula, perecnage changs - {efter surgery — before surgary) = bufore surgory.

Abbreviations: DEP. dinstolic blocd pressura: MABP mean arterizl blood pressurc; SBP. systohe blood pressure, ns, not significant.

<702 9.5 mmllg and 86.5 & 8.7 mmlly, respectively:
e =(L6 3 6.5 mmHg decrease was not sigaificant

Tn the sodiuns resiriction group, SBP betore and after
surpery was 1355 2 12 7 wanllg end 1233 42 111 mmble.
respectively e ~16.2 £ 16.4 munblg decrease afier surgery
was sigitiicant. 11 the control prowp, the SBP before and after
surgery wes 1205 214 9 mmiblg and 124.4 £ 12.7 mmilg,
respectively: the 2.9 £ 16.4 mmbg increase afier sureery
was significant.

Both groups had no significant change in DRP belore
and afier surgery. In the sodium resinetion group. DBP
decreased by -4.8 & 109 mmlig after surgery, having been
70,74 8.8 mmllp before surgery and 65.9 4 6.8 mmllp aller
surpery. Inthe control group, the TIRP decreased afier surgery
by 6.1 £ 8.8 mmg. having been 67.0 = 6.6 mmilg betore
surpeiy and 67.0 £ 6.7 mmitg alier surgery. The changes in
mean arienal blood pressure. SBP, and DBP in the sodium
restrichion group differed significantly from theiy respeciive
changes m the control group.

Shimple regression analyses were used o examine the
association of differences i CRAL and in CRVE before
and ater cataract surgery (with @ one-weck hospisalization)
in relation 1o age, gender, mean arterial blood pressure,
diaberes mellitus. hiypertipidemia, Brinkman Index, alcohol

intake, and BMIL The analyses demonstrated that an incrcase

in CRAE was signilicantly associated with gender, digbetes
meiliws, hyperhipidemia, alcohol intake. and BMI (Table 3).
that an increase in CRVE was significantly associated with
age. and thata deercase in CRVE was significantly associated
with hypertipidenna (Table 4),

Multiple regression analyses were used to examine the
association of difierences in CRAL and CRVE belore and
after cataract surgery and a one-week hospitalizaiion with
the faciors hisied carlier. The analyses revealed that an
increase i CRAE was significantly associated with diabe-
tes mellitus, hyperlipidemia, and alcobol intake (Table 3),
that an inercase in CRVE was significantly associated with
age and Brinkiman Index, and that a decrcase in CRVE was
sigmficantly associaved with hypertipidemia (Table 4).
in mutiiregression analysis. the analysis resulis in models |
and 2 were the samce as those in model 3 (a saturated model
with all factors included;. Furthermore. hyperlipidemia in
this study was analyzed based on the Japanese diaenostic
criteria. However, perforining an analysis based on the
criteria of the NCEP produced the same results (resnlts
not shownj.

Discussion
Epidemiologic surveys and iaterventional trials have shown

thal an cxcessive intake of sodium causes hypertension and
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