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‘Background: This study was performed to estimate the annual direct cost incurred by
© .dry eye patients, which includes expenses for treatment and drugs, as well as the cost of

punctal plugs.

. Methods: The study group consisted of 118 dry eye patients aged 20 years or older who v181ted

any of the 15 medical care facilities that participated in this prospective cohort dry eye study
‘We estimated annual direct costs from outpatlent medical records and survey questionnaires
obtained from patients.

‘ ~ Results: Of the total patients enrolled, 10 were men and 108 women, and therr average age was

64.1+11.2 yéars. The number of hospital visits made by patients was 5.8+ 3.6 per year. Among
those who used ophthalmic solutions, the numbers of bottles used per year were as follows:
32.1+20.8 bottles of hyaluronic acid ophthalmic solution (87 patients), 53.1  42.2 bottles of
artificial tears (40 patients), and 33.2 £ 23.2 bottles of over-the-counter eyedrops (15 patientsj.

In patients with punctal plugs, 4.1 + 3.9 plugs were used annually. The annual drug cost was

32,000 + 21,675 Japanese yen (323 + 219 US dollars). The clinical cost was 16,318 + 9961
Japanese yen (165 + 101 US dollars). The total direct costs including punctal plug treatment
amounted to. 52,467 * 38,052 Japanese yen (530 + 384 US dollars).

Conclusion: Although treatment modalities for dry eye in Japan were different from those in
the US and 1n European countries, the direct cost of dry eye patients in Japan was comparable

-with that reported in those countries. Considermg the high prevalence of dry eye, the direct cost

of this chromc condition may be s1gn1ﬁcant

k Keywords- burden of disease, cost, dry eye, eyedrops, quality of life

Introduction
~ Dry eye is recognized as a common eye disease with a high prevalence in many

countries, including Japan.'? Although dry eye rarely leads to blindness or visual
impairment, the condition exerts a key influence on quality of life (QOL) and imposes

a burden on patients.>-* Miljanovic et al reported that patients with dry eye syndrome
have more difficulty in reading, performing professional work, using a computer,

watching television, and driving, as compared with those without dry eye.® Utility

_ assessment is a formal method for quantifying the relative impact of a given health state

ordis‘ea:sel on patient lives, which is defined on a continuous scale from 0 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). Schiffman et al reported

that the mean utility score of moderate dry eye was 0.81 and that of severe dry eye

was 0.72.7 Hence, there appears to be a considerable burden of dry eye disease based
on both its prevalence and patient morbidity.
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In addition to impairment of QOL, the financial burden
can be a cause of concern for patients with dry eye.1#!!
Financial burden consists of direct costs, including medical
fees and drug expenses, and indirect costs, including absence
from work and decreased productivity. Studies to estimate
the direct and indirect costs of dry eye have been conducted
in European countries and in the US.'#!! The average annual
direct costs of dry eye have been reported to be 600 US
dollars in studies from six European countries.® In addition,
the indirect financial burden in the form of work absences
and decreased productivity cannot be overlooked, with
studies showing that patients with dry eye lose 2—-5 working
days per year and work with the symptoms for more than
6 monthg. 101!

Assessing multiple aspects of the burden of this'disease

appears to be important from the perspective of medical

care assessment or medical economics. The Dry Eye Survey
Group consisting of 15 facilities, mostly affiliated with the

National Hospital Organization in Japan, has been conducting
a multicenter prospective cohort study on dry eye patients

to investigate the effect of the disease from the patient

perspective. Thls articlc reports the results of ana1y51s on

the direct costs of dry eye patients in Japyan.

Materials and methods )
This study was performed as part of a multicenter cohort

study being conducted at 15 facilities comprising 13 affiliate

hospitals of the National Hospital Organization, Keio
University, and Tokyo Dental College (see Appendix). The
subjects enrolled in the study were dry eye patients aged
20 years and older who visited any of the facilities. The
diagnostic criteria used in this study complied with those
defined by the Japanese Dry Eye Socnety, with a slight
modification (Table 1)." All cases with definite dry eye
according to the criteria were enrolled in the study. The
principles of the World Medical Association Declaration of

Table 1 Diagnoﬁis cr‘iterié ‘for‘dry eye fér this A‘s‘tudiyy ; k

Having subjective symptoms due to dry eye
Abnormality in tear function

1. Schirmer's | testing (withotit anesthesia) <5mm
2. Tear film break-up time - <5 seconds
Positive when either of | or 2 is'applicable
Abnormality in corneal and conjunctival epithelium. .
I. Fluorescein staining score (range 0—9)» ‘ ) >3
2. Rose béngai staining score (range 0-9) k ) >3

Positive when either of 1 or 2 is applicable

Notes: The criteria primarily complied with those defined by Japanese Dry-Eye
Society with a slight modification.'? Definite dry eye was diagnosed when all
conditions were met.

Helsinki were followed. Each ksubjeuc'fWas givena thor6ugh
explanation of the purpose of the study and all procedures
involved, and the subjects provided written informed consent:
prior to enrollment. Approval for this research was granted
by the Committee for the Protection of Human Subjects at
each hospital. .
The cases were registered between April 2005 and March
2008, with a total of 158 cases being initially registered. For
the registered cases, information on ocular findings from
the responsible physicians was collected. One year after
registration in the cohort study, clinical data were collected
from each facility. Information on drug expenses and number
of hospital visits was also collected from the patients through
a survey questionnaire. For this particular report, we analyzed
the prescribed drugs and number of hospital visits in one year
based on clinical data and patient questionnaire data collected
during registration and one year later. Twelve patients were
excluded because clinical data at one year after registration
could not be ‘obtained from the facilities. Twenty-eight
patients were excluded because the survey‘questionﬁaire at
one year was not returned. Consequently, we used the data

from 118 subjects for analysis.

All medical costs are uniformly standardized by the

social medical insurance system in Japan. Medical costs

associated with dry eye were calculated based on the Japanese
Social Insurance Medical Fee Payment for 2008. Based
on hospital visits in one year, doctor fees were calculated
assuming that an examination, slit-lamp biomicroscopy,

‘and vital staining for corneal and conjunctival epithelium
* were performed at each hospital visit, and that a Schirmer’s

test, intraocular pressure measurement, and corrected vision

“testing were performed once a year. Costs for punctal plugs

were calculated from the data based on the number of punctal
plugs inserted. Drug costs were the one-year total of the
basic preparatxon charges, charges for issuing prescriptions,
and drug costs. The ophthalmic solutions focused on were

‘hyaluronic acid eyedrops, artificial tears, chondroitin sulfate

eyedrops, steroid eyedrops, nonsteroidal anti-inflammatory

* drug eyedrops, and antimicrobial eyedrops and ointments. In

the case of patients using over-the-counter eyedrops, numbers
of units and expenses were calculated approximately from
questionnaires because the details could not be found in
outpatient medical regcords. The direct cost consists of the

medical and drug costs, and the expenses of plug insertion.

"Results

The age of the 118 patients (10 men, 108 Women) enrolled
in the study ranged from 33 to 84 years with an average of

Clinical Ophthalmology 2012:6
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64.1 + 11.2 years. Of these 118 patients, 47 had Sjogren’s
syndrome. Accordingly, some patients with Sjogren’s
syndrome visited the internal medicine department and the

ophthalmology department on the same day. There were no .

ocular comorbidities, such as glaucoma and retinal dlsorders
which mlght affect thekfrequency‘ of hospital visits. Results
of clinical tesis for dry eye at the time of enrollmént and one
year later are shown in Table 2. There were no étatistically
significant differences in the results of clinical tests
between enrollment and one year . later (P > 0.05, Mann-
Whitney test).

The annual number of hospxtal visits made by the 118
patients in the study was5.8+3.6 (range 1-19). W1th regard
to treatment modalities, hyaluromc acid ophthalmic solutions
were used by 73.7% of patients, artificial tears in by 33.9%
of patients, antimicrobials by 15. 3% of patients, steroids
by 18.6% of patients, nonsteroidal antl—mﬁammatory drugs
by 7.6% of patients, chondromn sulfate eyedrops by 9.3%
of patients, and over-the-counter eyedrops by 12.7% of
patients (Table 3). Punctal plugs were used by 11 patients
(9.3%); whereas there were no cases treated with other
surgical procedures, such as surgical punctal occlusion
or tarsorrhaphy. Among those who used the respective
ophthalmic solutions, the numbers of bottles used per year
were as follows: 32.1 £ 20.8 bottles of hyaluronic acid
ophthalmic solution (87 patients), 53.1 + 42.2 bottles of
artificial tears (40 patients), and 33.2 £ 23.2 of over-the-
counter eyedrops (15 patients). In patients with punctal plugs,
4.1+ 3.9 plugs were used annually.

From these data, the annual chmcal cost was estimated
to be 16,318 + 9961 Japanese yen (165 + 101 US dollars,
calculated based on the yen-US dollar exchange rate in
~ March, 2008, Table 4). The pharmacologicalkcost was
32,000+21,675 Japanese yen (323 £219US dollai's) per year,
and the cost of punctal plugs was 4149+ 17,876 J apanese yen
(42 = 181 US dollars). The mean annual cost per patient was
52,467 38,052 Japanese yen (530 + 384 US dollars).

Table 2 Characteristics of patients with dry eye in the survey

At One year
enrollment later
Results of clinical tests (worse eye; n= 118)
Schirmer’s testing {mm) 37+28 44+35
Tear film break-up time (sec) 37217 38+ 16
Fluorescein staining score (range 0-9) 19+ 1.6 2.1 +17
. Rose bengal staining score (range 0-9) 20+20 20+ 1.9

Notes: Results are expressed as the mean + standard deviation. There were no
statistically significant differences in results of clinical tests between enroliment and
one year later (P > 0.05, Mann-Whitney test).

Table 3 Treatment modalities for dry eye patients in the survey

) Number;qf
users (%)

Units used
annually in users

Ophthalmic solutions .

Hyaluronic acid 87 (73.7%) 32.1 £208
Artificial tears. 40 (33.9%) 53.1+£422
Antimicrobial drops . - 18 (15.3%) 13.8+ 183
Steroidal drops 22 (18.6%) 184+ 165
NSAID drops 9 (7.6%) 139+9.0
Chondroitin sulfate - 11(9.3%) 263+£175
OTC eyedrops 15 (12.7%) 332+232
Puncral plugs 11 (9.3%) 4.1+39

Note: Numbers of units used for treatment are expressed as the mean * standard
deviation.

Abbreviations: NSAID, nonsteroidal anti-inflammatory drug; OTC, over-the counter.

Discussion .

In the current study, the annual direct costs for dry eye in
Japan were estimated to be 52,467 Japanese yen (530 US
dollars), which included clinical costs of 16,318 Japanese yen
(165 US dollars), pharmacological costs of 32,000 Japanese
yen (323 US dollars), and costs of punctal plugs of 4149
Japanese yen (42 US dollars). It should be noted that treatment
modalities for dry eye in Japan are different from those in the
US and in European countries. Topical immunosuppressants,
such as cyclosporine, and oral medications have not been
approved for clinical use in the treatment of dry eye in Japan.
Instead, hyaluronic acid eyedrops and artificial tears have
been used as the major treatment modalities for dry eye. As
shown in Table 3, other treatment modalities, such as steroid
eyedrops, over-the-counter eyedrops, and punctual plugs,
were concurrently used in some cases. Recently, two new
topical agents for treating dry eye, diquafosol tetrasodium
3% and rebamipide 2%, have been approved for clinical use
in Japan. These new drugs may alter the preferred practice
patterns for the treatment of dry eye, but were not approved
at the time of this study.

Clegg et al reported the results of the annual cost of dry
eye patients in six European countries by using statistical
data and interviews (Table 5).% Although there was a marked
difference between the lowest amount of 273 US dollars in

Table 4 Direct costs for dry eye per year in the survey (Japanese
yen)
Types of costs

Annual costs (mean * SD, range)

16,318 9961 (range 2864-53,084)
32,000 + 21,675 (range 4816~135,944)
4149 + 17,876 (range 0—152,320)
52,467 + 38,052 (range 7680-294,858)

Abbreviation: SD, standard deviation.

Clinical costs

Drug costs

Costs for punctal plugs
Mean direct cost per patient

Clinical Ophthalmology 2012:6
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Table 5 Annual costs for dry eye in various countries -

Country Costs (US$) Reference
France. k! 7 Cleggetalf
Germany 536 Clegg etal®’

Italy R 645 - ' Clegg et al®
Spain 765 i Clegg et al®
Sweden : 415 Clegg et al®

UK = 1100 Clegg et al® -

Us : 456 Pflugfelder! :

UsS . 11355+ Enzenauer et al’ -
us i 22]%* Reddy et al'® .
Japan 530 “ MIZUNO(current study)

Notes: *Drug costs. only; **Clinical costs only.

France and the highest amount of 1100 US dollars in the UK,
the average expense of 622 US dollars was almost the same

as that estimated in our study. The result in the US reported

by Pflugfelder of 446 US dollars was also comparable.!
Enzenauer et al reported that the annual cost in the particular
case of ophthalmic solutions was 11-355 US dollars, which
was in the same range as our results, though there is a
difference arising from the type of ophthalmic solutions
used.? Gayton estimated that 7-10 million Americans spend
an average of 320 US dollars per year on artificial tears.!®
Reddy et al reported that the average doctor fees per year was
211 US dollars.*® Although there are differences in preferred
‘treatment modalities for dry eye among countries, there is
no marked difference between the costs in the countries
compared. ‘ ‘
There are possible limitations to our research. In this
study, 39% of patients had dry eye associated with Sjégren’s
syndrome. The predominance of females (92%) in the study
is partly explamed by this comorbidity, although dry eye is
usually more common in women than in men. Further, this

study was a hospital-based survey rather than a population-

based survey. One of the clinical issues associated with dry
eye is that many of the patients have not received medical
management.? Therefore, it should be noted that the subjects
in the study may not be representatlves of the ma_]onty of
patients with dry ¢ eye '

There are several studies of other eye diseases that
indicate a concern about direct financial burden. It was
reported that the direct costs of glaucoma in stage 4 were
2464 US dollars in the US, with approximately half of
that amount spent on drugs.* Schmier et al réported that
yearly expenditures forlatanoprost and travoprost in the US
were 1360 US dollars and 1278 US dollars, respectively.'
The expenses for diabetic retinopathy are 1118 US dollars
in the US,'¢ and for age-related macular degeneration are
7349 Euros in France, 12,445 Euros in Geri‘nany, and

5732 Euros in Spain.!” Expénditures on other eye diseases
are high in comparison with the direct financial burden of
rlrv eve. Drnoq for drv eve, are cnmnnmﬁvg!v mexpenmve"
and surgical remedies are generally not undertaken except
for punctal plugs. However, when considering the high
prevalence of this condition, the direct cost of this chromc ‘k
condition may be s1gmﬁcant ‘ ‘ -
Although not examined in this study, the indirect financial
burden of dry eye is equally important, with 7% of patients’
obliged to change jobs and 11% forced to cut back on their
working hours.!® The subjective symptoms inherent in the
disease, including eye discomfort for more than 6 months,
contribute to the necessity of taking 25 days off from work
in a year. In the present study, we have shown that patients
with dry eye visit the hospital on average 5.8 times a year.
When this time is converted into opportunity cost, it turns
out to be approximately 500 US dollars. Although there are
differences in indirect financial burden due to economic
conditions, working conditions, and calculation methods,
depending on each country, this cost is a cause of concern
for the patients and cannot be overlooked. The estimation of
indirect financial burden of dry eye should be 1nvest1gated
in the future. \
The research method used here does not involve
an assessment of outcomes and is called cost analysis.
Moreover, other methods include cost utility analysis using
utility and quality-adjusted life years, and cost effectiveness
analysis based on specific outcomes (eg, life years and
treatment results) and costs. Although cost analysis is easy
to implement, it has a disadvantage in that it cannot be used
to determine directly the distribution of medical resources
and relative effectivehess of a given strategy for a specific
treatment. Therefore, the burden of disease and treatment
assessments using cost effectiveness analysis and cost utility
analysis are topics for future investigation. k
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Appendix =
The Dry Eye Survey Group of Natlonal

Hospital Organization in Japan
The following individuals and National Hospltal Orgamzatlons
part1c1pated in the study : ~

Terada H. Tachlkawa Dlsaster Medlcal Center T Katsuta
K Fujiike; S Hatou, Tokyo Medical Center; Tokyo,YYamada
Tokyo Hospital, Klyose Hleose KToura, NagoyaMedlcal
Center ‘Nagoya; M Yamamoto, N Yoshlda N. Kawagoe
Kyoto Medlcal Center, Kyoto, Y Oton Y Sa1t0 Y Sakamoto ,
Osaka Natxonal Hosp1ta1 Osaka, TNakamura Kure Medlcal

Centerand Chﬁgeku Caricei‘Cehter‘ Kure; M Kogiso Zentsuji
National Hospltal Zentsujl, HEnalda Nagatoml Kyusyu:
Memcal Center, Fukuoka; A Takehara, 'S Kubota, E Niiro, k
Ureshino Medical Center, Ureshino; H AOkl Kumamoto
Medlcal Center Kumamoto; N Mlyamura H Hayashxda,‘
Nagasak1 Medical Center, Ohmura; M Kaido, M Dogru,
K Tsubota Keio University School of Medlcme Tokyo,"
S Den J Shimazaki, Tokyo Dental College Chiba;
M Yamada, Y Mizuno, G Hanazono, K Tsunoda, Y Miyake,
National Institute of Sensory Organs Tokyo Medlcal

Center, Tokyo

Dower
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Background. The purpose of this study was to evaluate the impact of dry eye on work pro-

*ductivity of office workers, especially in terms of presentecism.
“Methods: A total of 396 individuals aged =20 years (258 men and 138 women, mean age
43.4 £ 13.0 years) were recruited through an online survey. Data from 355 responders who did

not have missing values were included in the analysis. They were classified into the following
four groups according to the diagnostic status-and subjective symptoms of dry eye: a definite
dry eye group; a marginal dry eye group; a self-reported dry eye group;and a control group. The
impact of dry eye on work productivity was evaluated using the Japanese version of the Work
Limitations Questionnaire. The cost of work productivity loss associated with dry eye and the
economic benefits of providing treatment for dry eye were also assessed.

Resulfs. The degree of work performance loss was 5 65% in the definite dry eye group, 4.37%
inthe margmal dry eye group, 6.06% 1 the self reported dry eye group, and 4,27% 1n the control

" group. Product1v1ty in the self- reported dry eye group was sigmficantly lower than that i the

control group (P < 0.05). The annual cost of work productmty loss assomated with dry eye
was estimated to be USD 741 per person.

Conclusion: Dry eye impairs work performance among office workers, which may lead to a
substantial loss to industry. Management of symptoms of dry eye by providing treatment may
contribute to improvement in work productivity.’

Keywords: burden of disease, dry eye, presenteeism, quality of life

- Introduction

‘Although the prevalence of dry eye varies among the reports, it is widely recognized
that dry eye is a chronic eye disorder that is highly prevalent in mahy countries,
including Japan.'? Although the probability of dry eye causing blindness or perma-
nent visual impairment is low, it is considered to have a'significant impact on the
daily and social lives of affected patients.* Miljanovic et al reported that patients
with dry eye syndrome had more difficulty reading, carrying out professional work,
using a computer, watching television, and driving compared with those without dry
eye.b Utility assessment is a formal method for quantifying the relative impact of a
given health state or disease on patient lives, which is defined on a continuous scale
from 0 to 1, where 0 corresponds to the worst possible quality of life weight (equal to

‘death) and 1 corresponds to the best possible quality of life weight (equal to perfect
“health). Schiffiman et al reported that the utility of moderate dry eye was 0.81 and that
- of severe dry eye was 0.72.7 The burden of dry eye disease from both the prevalence

and patient morbidity standpoints appears to be considerable.

ClinicoEconomics and Outcomes Research 2012:4 307-312
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The disease burden can be divided into three categories,
ie, direct costs such as medical fees; indirect costs such as
low employment, absence from work, and impaired produc-

tivity; and a decrease in quality of life. Given that dry eye

is highly prevalent among people of working age as well as
in the elderly, its impact on work productivity is considered
to be substantial. Moreover, it has been reported that the
incidence of dry eye is particularly high in workers using
visual display terminals, including laptops, tablets, electronic
readers, and smartphones.®!? Based on this background, it
would appear worthwhile to evaluate work productivity in
patients with dry eye, but few studies have been conducted
from this viewpoint.

Loss of work product1v1ty may occur through either
absenteeism (absence, early leavmg) or presenteeism.
Presenteeism is a concept proposed by Auren in 1955" to

describe productivity loss when employees come to work but -
are not fully productive. In a study on the burden of dry eye
disease, Reddy et al reported that patients with dry eye take -
2-5 days off work annually, while they were present at work -

having symptoms for 191-208 days annually, indicating that
presenteeism is a greater issue than absenteeism among those
having dry eye."

Patel et al conducted a study to evaluate presenteelsm

in pat1ents with a d1agnos1s of dry eye usmg the Work Pro-

ductivity and Act1v1ty Impan’ment Questionnaire, and found
that those with higher scores of the Ocular Surface Disease
Index, which were obtained by a questionnaire éoncerning
Subjectivé symptoms of dry eye, had a greater loss of work
productivity.’* However, because this study did not include
any subjects without dry eye, comparison of presenteeism
against healthy individuals was not possible. In the present
study, we evaluated the impact of dry eye on presenteeism
using the Japanese version of the Work Limitations Ques-
tionnaire (WLQ-J, Sompo Japan Healthcare Services Inc,
Tokyo, Japan) which is an established tool for evatuation of
presenteeism. ¢ Furthermore, the cost of work productivity
loss associated with dry eye and economic benefits of provid-
ing treatment for dry eye were also assessed.

Materials and methods
Subjects

Using the general consumer panel (appr0x1mately 1,396,000
persons registered) run by Cross Marketing Inc (Tokyo,

Japan), an Internet online survey was carried out targeting
office workers aged =20 years. The survey is based on the
WLQ-J, a questionnaire consisting of 25 questions. Questions
concerning the background of participants, such as age

Doveas

and gender, diagnostic status of dry eye, and 12 questiong
concerning their subjective symptoms were also asked. Of
618 individuals who initially showed an intention to partici-
pate in the study, 396 responded and answered the quers_}tions‘
during the study period. The study period was between
June 10, 2011 and July 4, 2011. Those who were engaged in
medical services, eye-related industry, and market research
were excluded from participating in the present study. The
study was conducted in accordance with the Declaration of
Helsinki of the World Medical Association, and the Ethical
Guidelines for Epidemiology Research issued by the Ministry
of Education, Culture, Sports, Science, and Technology
and the Ministry of Health, Labour, and Welfare of Japan

(July 17, 2002). The study was reviewed by a nomprofit

organization, the MINS Institutional Review Board, through
Nielsen Company Japan (Tokyo, Japan), which organized
the questionnaire survey, and was conducted appropnate]y
in accordance with their advice on the clinical study: -
Participants were divided into subgroups- according to
their diagnostic status and subjective symptoms of dry eye.
Those who had consulted an ophthalmologist in the past and
received a diagnosis of dry eye were defined as hav:ng dry
eye. Moreover, participants were asked whether or not they
had subjective symptoms of dry eye within the past month
according to the following 12 criteria: eyes get tired easily;
have eye mucus; eyes feel gritty; eyes feel heavy; eyes feel
dry; eyes fecl;unéomfortable; eyes feel painful; have tears

- without reason; have blurry eyesight; eyes feel itchy; feel

the light dazzling; eyes are often reddened. Those who met
more than five criteria were defined as having subjective
symptoms according to the report of Toda et al.!” Based on
the results, participants were classified into the following
four groups: definite dry eye group, ie, those who have both
symptoms and a diagnosis; marginal dry eye group, ie, those
who have a diagnosis but no symptoms; self-reported dry
eye group, ie, those who have symptoms but no diagnosis;
and a control group, ie, those who have neither symptoms
nor a diagnosis.

Evaluation of work performance loss
using WLQ-]

Loss of work performance was evaluated using the WLQ-J,
which is a questionnaire consisting of 25 items to estimate
the degree to which health problems interfere with specific
aspects of work performance and theimp‘ac’t of these work
limitations on productivity by calculating scores using a
specific algorithm. Tn addition to a total score to evaluate
overall work performance, we also calculated subscale

ClinicoEconomics and Outcomes Research 2012:4
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scores to evaluate four aspects of work limitations, ie, time

management and physrcal mental/mterpersonal and output  80wereinthe self-reported dry eye group, and 78 were in the

demands.

Calculation of cost of work productivity .
loss and economic benefits of treatment

Data on the average annual Wage in Japan frorn the Basrck
Survev on Wage Structure 2010 released bv the Japanese ‘
Mlmstry of Health Labour and Welfare13 ard the degree of

work performance loss assoc1ated wrth dry eye as measured
by the WLQ-J were used to calculate the cost of work produc—
tivity loss due to dry eye We prevrously estrmated the annual
drrect cost mcurred by dry eye patrents, whrch 1ncludes the

expenses for medrcal consultatron drug costs 1nclud1ngk\

over-the counter drugs and cost of punctal plugs 19 The
direct cost of dry eye in Japan was werghed agaxnst the cost

of work productmty loss to evaluate the economic beneﬁts
of provrdmg treatment for dry eye. Values in Japanese yen.

were cenverted to US dollars using the currency exchange
rate as of]une 26, 2011 a yen 0 0124 dol]ars)

Statistical analysis

Dunnett’s test was used for comparison of the degree of work
performance loss mn each group, with a P value of <0.05
considered to be statistically significant.

Results

Participants

A total of 396 individuals (258 men [65.2%] and 138 women
[34.8%]) aged 43.4 + 13.0 (mean + standard deviation) years
responded to the survey. The age distribution was as follows:
175 (44.2%) were aged 20--39 years; 170 (42.9%) were aged

40-59 vears; and 51 (12.9%) were aged =60 years. Of the
responders, 355 who did not have missing values were enrolled

and classified mnto four groups according to a diagnosis and
subjective symptoms of dry eye. Consequently, 69 were in

Table I Background of participants (n = 355)

the dry eye group, 128 were in the marginal dry eye group,

control group. There was no significant difference in terms

©of age or gender among the groups (Table 1).

Impact of dry eye on work performance
The degree of work performance loss according to diagnostic
status and symptoms of dry eye was 5.65% in the definite
dry eye group, 4.37% in the marginal dry eye group, 6.06%
in the self-reported dry eye, and 4.27% in the control group.
‘Work performance in the self-reported dry eye group was
<1gmﬁcantly lower than that in the control group. (P < 0.05,
Figure 1). The subscale scores for the four aspects (time
management, physical demands, mental/interpersonal, and
output demands) were also calculated. Although the mental/
interpersonal score was significantly lower in the definite dry
eye group (P < 0.05) and the self-reported dry eye group
(P < 0. Ol), no mgmﬁcant difference was observed among
the other groups (Figure 2).

Cost of work productivity loss associated
with dry eye ;

The cost of work productivity loss assomated with dry eye
was calculated. The differences in work productivity com-
pared with the control group was 1.38%, 0.10%, and 1.79%
in the definite dry eye group, the marginal dry eye group,
and the self-reported dry eye group, respectively. Given that
the average annual wage in Japan is currently USD 57,873
according to the Basic Survey of Wage Structure 2010
released by the Japanese Ministry of Health, Labour, and
"Welfare,'® the cost of work productivity loss per person in
each group was calculated as USD 799, USD 58, and USD
1036, respectively. Based on the difference in costs between
the definite dry eye group and the control group, the cost of
work productivity loss per person associated with dry eye
was considered to be USD 799.

Definite dry Marginal dry Self-reported dry Control group P-value
eye group eye group eye group
Participants (n) 69 128 80 78
Gender {men/women) 41/28 87/41 47/33 57121 0.168°
Age (years)? 429+ 124 42.5£12.9 428+ 125 418+ 11.0 0.944¢
Age distribution (years)
20-39 3 63 37 ' 33 0.289"
40-59 30 51 32 42
=60 8 14 i 3

Notes: "Values are expressed as the mean = standard deviaticn; The following statistical anzlyses were used for ccmpansons between groups: "Chi-square test; “analysis of

variance.
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Deﬁnite dry eye Conlrol

Figure | Work performance loss in-each group.

Notes: The degree of work performance loss was 5.65% in the def‘ nite dry eye.

group, 4.37% in'the margmal dry eye group, 6. 06% in the self-reported dry eye group,
and 4.27%.in the control group. Productivity in the self-reported dry eye group was
signifi czntly lower than that in the control group. *P < 0.05 (Dunnetts tesc) Error
bar shows 95% confidence interval,

Moreover although partxcrpants in both the deﬁmte dry‘ k

eye group and the margmal dry eye group were dragnosed
as having dry eye, they are different in terms of the presence
of subjectlve symptoms. Therefore, we assumed that the
difference in work performance loss between the definite

dry eye group and the marginal dry eye group was due to

impaired work performance because symptoms of dry eye
were not controlled. Multiplying this difference (1.28%) by
the average annual wage resulted in USD 741. Given that it
has been reported that the annual cost for treatment of dry eye
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treatment for dry eye equal or outwe1gh the cost mcurred byk ‘
productivity loss.

Discussion !
Available objectlve survey mstruments to evaluate presen-_’
teeism mclude the WLQ, Sta'lford Plesenteersm Scale and‘
Work Productrvxty and Actrvrty Impalrment Questlonnarre
for each of whrch relrabrhty and valrdrty have been
estabhshed WLQ is a measurement tool developed by”
Lerner et al (Tufts Medlcal Center, Boston MA) to assess
work productrvrty loss assocrated w1th health pro lems, and L f
has been used for chromc condmons, such as depressron
osteoarthrrtls, hack pam, mlgrame and eprlepsy e N
In the present study, we evaluated the 1mpact of dry eye }
on presenteeism among office Workers usmg WLQ J. The
degree of Work performance loss by WLQ-J was 5 65% m’k
the deﬁnlte dry eye group and 6. 06% m the self reported k
dry eye group, showmg hxgher scores compared with the_
control group, and there was a significant difference between
the self-reported dry eye group and the control group. Thrs .
revealed that subgectwe symptoms of dry eye led to an
1mparrment in Work performance among ofﬁce workers On :
the other hand, the degree of work performance loss in the
marginal dry eye group was 4. 37%, which was comparable"‘
with that in the control group, suggesting that presenteeism.
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Figure 2 Work productivity loss by subscale scores for four aspects of work limitations, ie, time management (A), physical demands (B), mentalfinterpersonal (C) and

output demands (D).

Notes: The mentalfinterpersonal score was significantly lower in the definite dry eye group (P < 0.05) and the self-reported dry eye group'(P-< 0.01): *P < 0.05; *P < 0.01"
(one-way analysis of variance; Tukey or Games-Howell test was used for multiple comparisons). Error bar shows 95% confidence interval. Participants who had missing values’
(11 in group [; 15 in group 2; four in group 3; |1 in group 4) were excluded from the analysis.
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may not be affected when subjective symptoms of dry eye

have lessened due to treatment, even when the d1agnos1s has

been established.

When work productivity loss was converted into an amount
of mmoney, the annual difference between the definite dry eye
group and the control group was USD 799. This indicates that
dry ;eyeposesva signiﬁéénf disease burden on individual office
workers. Moreover, the amount of money for work productivity
loss caused by uncontrolled subjective symptoms as éalgililated
by the difference between the definite dry eye group and the
marginal dry eye group was USD 741 annually, which is
equivalent to the annual medical treatment cost for. treatmg dry
eve in Japan of USD 651.This suggests that providing treat-
ment to control symptoms of dry eye can be justified from the

viewpoint of medical costs in addition to other benefits, such’

as 2nhancing daily function and improving quality of life.

According to longitudinal data from the labor force
survey (February, 2011) issued by the Statistics Bureau,
the Ministry of Internal Affairs and Communications, and
a statistics training institution, the number of employees in
Jepan is estimated to be 62,940,000.% Of these, 87.5% are
office workers who use personal computers.? Therefore, it is
estimated that there are 55,070,000 office workers in Japan
who use personal computers at work. Since the incidence
of dry eye among visual display terminal workers in Japan
has been reported to be between 23%? and 32.3%,’ office
wcrkers with dry eye are estimated to number between
12,666,100 and 17,790,000. When the cost of work perfor-
mance loss associated with uncontrolled dry eye is assumed
to be USD 741 based on the difference between the definite
drv eye group and the marginal dry eye group in the present
study, the annual loss of productivity associated with dry
eve in Japan is estimated to be USD 9386-15,386 million
(12,666,100-20,770,000 x USD 741/year).

One of the clinical issues associated with dry eye
is that many of the patients have not received medical
management.'>? In the present study, the degree of work
performance loss was most prominent in the self-reported dry
ey= group, which included those who had symptoms of dry
eys but who had not been diagnosed. This indicates that the

consultation rate for patients with dry eye is generally low.
 Given thatit is estimated that there are 12,666,100-20,770,000
offce workers with dry eye m Japan, the economic benefits
produced by medical treatment and subsequent increased
productivity will reach USD 939-1539 million if 10% of
the office workers with dry eye received medical treatment,\
and USD 4694-7693 million when 50% of them received
medical treatment (Figure 3).

8,000
£ 7,000
:g 6,000 | Maximum benefit
M
e
H g 5,000 -
0 *3 P
= 5 4000+ -
8B :
“E 2 3,000+
8
5 2000}
.9 )
w000k
0 S - L |
0 10 20 30 40 50 . (%)
. ~ Consultation rate
Consultationrate (%) 0 10 20 30 40 50
Minimum benefit [ 839 1,878 2817 3,755 ‘4,694
Maximum benefit 0 1,539 3,078 4,817 6,156 7,695

(Unit: USD million)

Figure 3 Economic benefits in productivity from providing treatment for dry eye.
Note: When 50% of office workers with dry eye received treatment, the economic
benefits were estimated to be USD 4694-7693 million.

The present study shows that office workers with
symptoms of dry eye had work performance loss, which
can lead to a substantial loss in work productivity. It was
also shown that the medical cost for the treatment of dry
eye outweighs the loss of productivity, producing economic
benefits Thus, 1t is very important to provide treatment for
dry eye, because it not only improves quality of life for
individual office workers, but also contributes to vitalization
of the entire industry. In view of this, it may be important
to enhance awareness of dry eye among office workers by
educational activities.
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Introduction ESAs can mcrease self-reported levels of energy, and a review by

o Leaf and Goldfarb came to a similar conclusion [2}.
Anerma causes fatigue m predialysis patients with chromc

kidney disease (CKD) That fatigue is alleviated when Hb levels
increase after treatment with erythropolesis-stmulating agents
(ESAs) The effects of such treatment are often measured as self-
reported decreases in fatigue and mcreases mn energy or vitality. In
a recent review of 14 studies, Gandra et al. [1] concluded that

‘). PLoS ONE | www.plosone.org

In this context, one question 15 how scores on the vitahty (V1)
subscale of the SF-36 should be mterpreted. Changes m VT scores
are most commonly mterpreted m terms of mumally important
differences [3] or standardized effect sizes [4]. Minimally
important differences are cutoff points; they can be used to
distinguish treatments that have a pre-specified magmtude of effect
from those that do not. Standardized effect sizes such as Cohen’s d

July 2072 | Volume 7 | Issue 7 | e40455



Table 1, Demcgrawp.‘.:c and clinical characteristics, and the
frequency of gomg out.
n (%), or mean * SD

Sex

M - 144 (46.6)

F -~ 165 {53.4)

| Age (vears) i : 647118

<65 138 (44.7)

265 ' 171 (53.3)
Underlying Disease

Chronic glomerulonephritis 135 (43 7)

Diabetic nephropathy ' 67 217) i

Other . 107 (346)
Weig‘ht‘(kg) +56.46%11.06:
Hemoglobin (g/dL) 9.17tq,83 b
Ferritin (ng/mL) 128.6%2038
TSAT (%) 3102£12.29
Serum creatinine (mg/dL) 3.55+1.07
Cer (mL/min) ) ) 18.79£6.67
o o 6414212
Frequency of going out

Almost never 31 (10.0) .

1-2 days a week 100 (32.45

3-4 days a week 78 (25.2)

5 or more days a week 100 (324)

el . 3090100
doi:10.1371/journal.pone.0040455.t001

express the magmtude of an effect m standard-deviation units and
are often interpreted as “small,” “large,” etc. By itself, however,
neither a ninimally mportant difference nor a standardized effect

size provides mformation about how differences v1tahty affect

CKD patients’ lives.

For cxample, in a recently reported randonmized controlled trxal
pauents with chirome kidney disease were given an ESA, with one
of two possible Hb targets [5]. The between-group difference

the change from the baseline value was 4.8 points on the VT scale,

which 15 very close to the mlmmally important difference of 5

points that was suggested by Bjorner et al. {6]. That difference was
also statistically significant (p=0.025) However, when we ask:

what that difference means, then the p value of course gives no

answer, and the mnimally mmportant difference is mterpretable. -

only m terms of the population-level phenomena by which it was
ongmally defined. ‘
Interpretability 1s recognized as an important characteristic of
patient-reported ontcomes [7], and the mpact of anemia
treatment on the quality of life of pre-dialysis CKD patients has
been studied [8-10], but connections between VT scores and daily
life are still obscure. Therefore; we analyzed the association
between differences m VT ‘scores and a variable that is not
generally considered to be a direct mamifestation of health-related
quality of life, but is nonetheless meaningful to patients and ‘to
society: the frequency of going out (we translate the japanese gai-
shutsu as “going out?). This paper shows how differences’'in VT
scores, both differences between participants  at™ baseline’ and

@ PLoS ONE | www.plosone:org
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" differerices over time within participants; could be used to predict

differences in the frequency of gomg out.

Meﬁh@ds

Data from thosc patlents in Aklzawa et al s study [3] whose
quahity-of-ife (QOL) questionnawes at baselne and also at 12

“weeks- after the start' of drug administration” were complete,
~ without regard to. the group to which they were assigned, were
. analyzed. VT was measured with 4 question 1tems and scored on'a
- scale. from 0. t0-100, with-lugher scores reflecting ‘greater vitality
[11]. The questionnaires also included one question asking about

the frequency of gomng out. That question had four choices as
responses. “1 almost never go out”, “I go out one or two days each
week”, “I go out three or four days each week ’, and “I'go out five

' or'more days each week”’

" The relatlonshlp at baséhne between. VT score “and the

_‘frequency'of gomg out was. analyzed as was the relationship
“between ¢ angcs in VT scores and changes m the frequency of
gomg ‘out,

This study ‘was ; approved by the Instltutlonal Revxew Boards at

. Ikegami General Hospital, the Medical Corporation of Showakai,

and Kochi Takasu Hospital. .. All- participants - giave “wrtten

mformed consent.

Statlsncal Analyss L
Analyses of data collected at baseline. To analyze the
relationship at baseline between VT score and the frequency of
going out, two logistic-regression models were used. In both
models, the dependent vanable was the baselne frequency of
going out, which had been dichotomized mto low frequency (fewer

.than three times each week) and high frequency (three or more
- times each. week). :

In the sumple model (model A), there was only one independent
variable: the baseline VT score. In the more complex model
(model B), sex, age, and the presence or absence of diabenc
nephropathy were mcluded as covariates. :

Amnalyses of changes over time. To model the association
between changes m VT scores and changes mn the frequency of
going out, logistic regression was agam used.

There were two independent variables one was the change m
VT score,” and the other was that change expressed as a
standardized effect size and- then categorized (SES) [4]. The SES
of the change m VT score was computed as follows. (individual
score at 12 weeks - indwidual score at baselme)/ standard
dewviation of the scores at.baseline. : -

SES results are often uiterpreted in terms of categories, and for
this study five categories of SES were defined. The values most
commonly used as “borders” between SES categories are 0.2, 0 5,

) and 0.8 [4] Using those three criteria, we defined: the highest

category as “greater than or equal to 0 8”, the next lower category
as “from 0.5 to 0.8”, and the next lower category as “from 0 2 to
0.5” SES values less than 0.2 mclude both very small positive
effects and also all negative effects. Therefore, to separate the
positwve effects from the negative effects, we defined the two lowest
categories as “from 0 to 0 2” and “less than 0” This gave a total of
five categories.

The dependent vanable was the change m’ the frequency of
going out after it had been dichotormzed into-“increase” and “no
mcrease” '

Two simple models, each of which had only one mdependéht
variable (exther the change i VT score (model C1) or the category
of SES (model C2)), were tested. More complex models were also
used, m which sex, age, and the presence or absence of diabetic

July 2012 | Volume 7 | Issue 7 | e40455
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nephropdthy were mcluded as covarlates ’models Dl and D2).
¥inally; the more complex ‘models were used again, ‘but after
exclusion of data from the participants who at baseline were in the
lowest categon of gomg out. (models El and E2). They were
excluded because of concern that increases from the lowest
category might have been caused by regression toward the mean.

For all analyses, alpha =0. 03 (mo sided), and 85% confidence
mtervals are shown )

Results

Usable data were obtamed from 144 men-and 165 women
{Table 1).

the independent variable).

Table 2. Analyses of data collected at baseline: associations of VT score and frequency of going out.

B Standard Error : ~Wald 22 Odds ratic 95% {1 P
Model A
Imercept —0.87 0.38 G = : - -
VT score a5 continuous variable 0019 0.01 Coe3 . ©1.01-1.03 0.001
Model B i
lntercept 51 | A 076 078 L Sl : - -
VT score as;contin(jous variable - 0.02 0.01 :044 ; .02 1.01-1.03 0.001
Age . o oo —003 0.01 ,"791 : 097 0.95-0.99 0,005
Sex (Male). ol e 024 0.26 T 1.28 0.77-2.12 10340
Diabetic nephropathy yes/no (non‘" tic 031 0.30 105 136 0.7572§44 B 70305
nephropatny) : ; : e Loy
dbm0'11371/joumal{pong{ooqoqss.top; .

Data Collected at Basehne :

At baseline (Iable 2), hlgher VT scores were associated with
going out more often. Age was also associated with going out, but
sex and diabetic nephropathy were not.

Changes Over Time

Greater changes in VT scores were associated wath greater
changes in the frequency of going our.(Table 3), with both the
univanate model {model C1) and the multivanate models (models
D1 and E1). In the muluvariate models; none of the covariates had
ap value less than 0.05.

Tigure 1 shows, for each SES category, the proportion of
respondents 1n_that. category whose frequency of going out

Table 3. Associations between the change in VT scores and the improvement in the frequency of going out (VT change score as

B _ Standard Error

yes/no (non-diabetic
nephropathy)-

Wald 57 Odds ratio 95%Cl} ‘ P
Model C1
intercept -1.23 0.14 - - - -
YT chenge score £.03 C.0% 13.8% L3 <0001
(Continuous) :
Model D1 {covariates: age, sex, diabetic nephropathy)
Intercept —~2.28 . 0.83 - : - - -
VT change score 0.02 0.01 14.26 1.03 1.01-1.05 <0.001
(Continuous) )
Age ) 0.02 0.01 1.85 1.02 0.99-1.04 0.162
Sex {Male) —0.09 ..0.28 0.08 0.92 0.52-1.63 0.769
Diabetic nephropathy -0.06 0.34 0.03 0.94 0.48-1.84 0.855
yes/no (non-diabetic : .
nephropathy)
Mddel El: Sénﬁe as Model D1 except patients at the floor at baseline were excluded to avoid regression to the mean
Intercept =217 . “091 R - -
VT change score 0.02 0.01 765 1.02 1.01-1.04 0.005
(Continuous) . :
Age 002 - 001 s 1.02 ©0.99-1.04 0.263
Sex (Male) -0.30 033 0.86 0.74 ‘ 0.39—1 40 0.354
Diabetic nephropathy ~ =0.11 ‘ 0.39 008 090 1 042-192 0783

doi:10.1371/journal.pone.0040455.1003
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Percentage with improvement in going out (%)

Less From From0.2  From05  08or
“than 0 1002 1005 t0 0.8 greater
(n=128)  (n=53)  (n=39)  (n=31) (=50}

Standardized effect size for the change in vitality score .

Figure 1. Relationship between the SES categories of changes
in VT scores and the proportion of participants who had
improvement in the frequency of going out. Comparing the
group with the greatest increase in VT score to the group with a
decrease and to the group with almost no increase, the Figure shows
that more than twice as many people in the former group reported
improvement in their frequency of going out. That is, groups with
greater increases in VT scorés had more peole who reported increases
in the frequency of going out.

doi:10.1371/journal.pone.0040455.g001

mcreased. The frequency of gong out mcreased mn approximately

15% of those whose SES was less than 0.2, and 1t increased m

more than 30% of those whose SES was greater than or equal to
02 In these data, an SES of 0.2 was equal to a change m VT
score of 4 2 pomts.

Figures 2, 3, and 4 show odds ratios and adjusted odds ratios for
mereases in the frequency of gomg out The SES category of “less
than zero” was the reference category For both the umivanate and
the multivariate models, the patterns are similar to that shown in
Figure 1 None of the covariates m models C2, D2, or E2 had a p
value less than 0.05

Discussion

The results of the analyses of the baselme data show that VT
was associated with the frequency. of going out, and the.results of
the analyses of changes over time show that increases m VT were
associated with mcreases in the frequency of going out.

We expect that documenting such associations will be partic--* -

ularly important for patient-centered climeal practice, in which 1t
1s necessary to ‘“‘translate” risk reductions, numbers needed to
treat, and QOL scores mto more concrete terms to help patients
understand their meaning and also to give healthcare workers
insights mto patients’ lives outslde the context of the clmical
encounter

Reports of QOL scores have become common m many climcal
fields, mcluding clinical nephrology [8], but such reports do not
often give clear ideas about how the scores can be mterpreted. For
example, patients may be told that treatment of their anermia can

"@f.« PLoS ONE | www.plosone.org
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Qdds ratio
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Figure 2. Associafidn between changes in VT scores and
changes in the frequency of going out. The independent variable
is the categories of SES (SES of "<(0" as the reference standard). This
Figure shows the results from model C2, in which the change in VT
score was the only independent variable. Greater changes in VT scores
were clearly associated with going: out more frequently
doi:10.1371/journal.pone.0040455.9002

be expected to mcrease thewr VT score by about 5 pomts (as found
by Akizawa [5]), but of course that alone 15 not very mformative It
raises the question “What doés a 5-pomt mcrease rneanp ” Some
previous studies have approached such questions via the concept
of the minimally important difference. For example, BJorner et al.
[6] quantified the effects of various medical conditions on VT
scores, as well as the association between VT scores and life events
such as job loss, hospitalization, and death. On the basis of their
results, they proposed that 5 pomts be used as the minimally
mportant difference for groups with below-average VT scores.
Applymg that criterion, we might expect treatment of anermia to
result m a group-level difference m VT scores that would be
unportant. '

Another common approach to QOL scores involves expressmg
differences m standard-deviation wnts. As noted by Norman et al.
{12}, minimally detectable differences are often about 0.5 SDs. In
this'study, a VT score difference of about 5 was within the 0.2 to
04 range of standardized effect size that 1s usually called !

“medium” or “moderate” [2]

Nonetheless, whether we focus on minmally important
differences (quantified by disease and by life events) or on
thresholds in standard-deviation units, the implications from a .
patient’s perspective can still be vague. Thus, attention should also
be paid to the link between VT scores and effect mdicators that are
more mmmediately understandable to patients and more directly
relevant to social policies. We examined the frequency of gar-shutsu
as one such effect mdicator :

Interpretatmn of the present results therefore depends greaﬂy on. -
the meamng of the term gar-shutsu. While we translate 1t mto-
Enghsh as “gomg out”, it should be kept in mmnd that gar-shutsu is
generally not used to descmbe any and all mstances of leaving one’s
home. Instead, 1t is generally used to describe instances of leaving

July 2012 | Volume 7°[ Issué 7 | e40455
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Figure 3. Association between changes in VT scores and
changes in the frequency of going out. The independent variable
is the categories of SES (SES of “<<0" as the reference standard) This
Figure shows the results from model D2, which included age, sex, and
the presence or absence of diabetic nephropathy as covariates. The
odds ratios are almost exactly the same as those shown in Figure 2,
which indicates that the association of increases in VT scores with going
out more frequently was robust even after likely confounders were
accounted for.

doi:10.1371/journal.pone.0040455.g003

either one’s home or one’s workplace for a non-obligatory activity
Thus, 1t generally does not mclude gomng to work or to school. It
mght also not mclude gomg to a chnic or a hospital for a pre-
scheduled outpatient appomtment. In such a situation one would
probably not use the general term ga-shuisu, but would mstead
mention the destination exphcitly. Gar-shutsu can include gomg out
alone, but it also covers many activities done i groups.

With that meaning in mind, these results provide a basis for
seemg changes in VT scores as indicators of patients’ daily lives. In
particular, among older people m Japan and in Japanese society
generally, social isolaton and the looseming of family and
community ties are becomng mnportant problems. The propor-
tion of elderly people living alone mcreased from 4 3% for men
and 11.2% for women in 1980 to 9 7% for men and 19 0% for
women 1 2005 [13]

Any resultng tendency toward social isolation might be
alleviated by mterventions promoting activiues outside the home.
It is reasonable to expect that unemployed elderly people who go
out (in the sense of ga-shutsu, as described above) are less likely to
burden their family or social-service agencies. Increases m vitality
might provide a foundation for increasmg gai-shutsu, which would
be both individually and socially beneficial. Another implication of
the present work 1s that such improvements might be expected
from medical interventions, and specifically from the treatment of
anerma [2]

One mportant caveat denves from the fact that ths study was a
type of secondary analysis. The data were origmally collected as
part of a randomized trial of two different targets for anti-anemia
therapy, and the opportumity to use them for the present purpose

@ PLoS ONE | www.plosone.org
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Figure 4. Association between changes in VYT scores and
changes in the frequency of going out. The independent variable
is the categories of SES (SES of “<0" as the reference standard). This
Figure shows the results from model E2, which was same as Model D2
except that patients whose values were at the floor at baseline were
excluded. Compared with the results of model E2 (Figure 3), the most
noteworthy difference is that the magnitude of the association was
somewhat attenuated in the highest of the four categories of VT
increase. We interpret this result as indicating that the strong
association between increases in VT scores and increases in the
frequency of going out was not caused by regression to the mean.
doi:10.1371/journal.pone.0040455.9004

was madental. Therefore these results must not be taken as
definitive and conclusive. Because future confirmatory work 1s still
required, these results can mstead be seen as suggestive of a
possibly important association. They can also be used to guide the
design of future prospective research.

Such prospective studies are realisiic and they should be done.
Gomg out 1s not very commonly measured, but use of the SF-36 1s
now well-estabhshed in Japan, and it is widely used in contexts
rangmg from in-hospital RCTs to community-based observational
studies {14,15]. The many ongoing and planned uses of the SI-36
will result in VT scores bemg recorded, and plans can be made
prospectively to use those scores as sources of information about
how often people go out Plans can also be made to mnclude, as an
mmportant part of future studies, measurements of the frequency of
gomg out. If the results of the present study are confirmed, then
information about connections between V1 and gar-shutsu rmght
expand the possibilities for interpreting the results of a wide range
of climcal iterventions and social-welfare programs. Asking about
the frequency of gat-shutsu is of course not the only way to explore
the meanmg of VT scores, and we hope that other work will
contmue putting chinical measurements mto concrete and easily
understood terms.
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Purpose To examine the sex differences in the impact of
low back pain (LBP) on health- related quahty of life among
community-dwelling persons from a nationwide sample.
Methods ~ Our analysis enrolled 2,358 participants from
among 3,477 randomly selected subjects in Japan The
cumulative days each individual experienced LBP were
prospectively measured over 1 month. The Physical
Component Summary (PCS) and Mental Component
Summary (MCS) in the Short Form §-item Health Survey
were evaluated before and after the study period. Sex dif-
ferences in the impact of the cumulative number of LBP
days on PCS and MCS scores were evaluated using linear
regression analysis.

Results  Among the 2,170 participants with complete data,
the prevalence of LBP in women (32%) was hi gher than that
in men (25%) during the st’udy‘ period. One-day increases in
1RP days were associated with greates decreases in PCS
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scores among men than among women (—0:72 vs. —0.29,
sex difference P < 0.001). In contrast, no relationship was
noted between the number of LBP-days and the change in
MCS score for either sex after adjustment.

Conclusions Although a greater incidence of LBP was
noted in women, health-related quality of life- was meore
seriously affected in men with the same number-of days
with LBP in the month.

Keywords Low back pain - Sex differences - SF-8 -
PCS:- MCS ‘

Abbreviations
LBP - Low back pain
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PCS Physical health component summary symptoms, we investigated the sex differences in HRQOL
MCS Mental health component summary changes in response 10 LRP.

LOWESS Locally weighted scatter plot smoothing

Introduction  Materials and’kmethods

An important goal of healthcare is prolonging life while
maintaining its quality. Although recent decades have seen
an increase in the prevalence of chronic diseases, evalua-
tion of the status of patients suffering from such conditions
remains msufficient, in part due to the insensitivity of
traditional outcome measures, such as mortality and mor-
bidity. Among various proposed solutions, health-related
quality of life (HRQOL) has recently gained recognition as
a more sensitive, and thus more suitable, measure of
chronic care outcome [1, 2

Low back pain (LBP) is a major public health concern;

there is a high prevalence of LBP:in the general population,.

which. creates- .an economic. burden ‘on society: through--
increased utilization of health services [3-5] and,:on.a. -
more individual level, causes. poot. physical health overall /-

[6]. An analysis.of eight datasets involving over 15,000

patients showed that the impact .of musculoskeletal-condi=. -
tions on physical health in. HRQOL was similar to.or

greater than that of other common chronic conditions,
including cardiovascular conditions, cerebrovascular/neu-
rological conditions, and visual impairment [1]..
Researchers have recently reported sex differences m
various aspects of LBP. Studies have shown that the
prevalence of LBP 1s higher in women than in men,-and
women with LBP are more likely to seek care and to take

sick leave than men [7-10]. Biological studies exploring -
the reasons for these phenomena have found that women .

tend to have lower pain thresholds -and tolerance nocicep-
tive stimuli than men [11, 12]. In contrast; some psycho-
logical studies bave found men to have a greater increase in
negative mood than women when exposed to the same

degree of pain {13, 14]. These nconsistent findmgs make .

the overall influence of LBP on HRQOL uncertain.
Several studies have foundthat gender is related to
HRQOL in subjects with LBP. Generally, these studies

show that women with LBP have worse physical healthk
scores than men with LBP [15]. Bmgefors et al. [16] fur-:

ther examined the sex differences in the eight components
of Short Form 36 and reported that women had worse
physical functxon scores than men, while men tended to

report worse in bodlly pain and general health scores than

women Due to their cross-sectional design, however, these
studies do not reveal information concerning the sex dif-

ferences in the impact of LBP on HRQOL Using the,_

nationwide data of the Health Diary Study, in which the
participants documented their daily health events and

@_ Springer

Study sample

We used data obtamed from the Health Dxary Study (HDS), ; «
whxch alrns to descnbe the frequency of health-related.
events, symptoms, and care-seeking behaviors in a
nationwide sample of the Japanese population [17]. Study
participants kept a health diary for 1 month during which
they documented all health symptoms and related health-
care use every day between. October 1. and 31, 2003, and ;
completed pre- and post-diary questionnaires. :
The HDS study was designed to represent the Japanese

population based on a panel of 210,000 households regis- .
tered with Japan Statistics. & Research Co., Ltd. The.
sample process mvolved two steps: selectlng persons .
wxlhng to partlclpate and then resamphng the selected
persons, to represent the Japanese populatlon In the first.
step, the whole reglstered panel was stratified by res1dent1a1:
area size (metropohtan areas, cmes with 100 000 or more
residents, cities under 100,000 resxdents and rural areas),

and a total of 5,387 households were randomly selected , ‘
~ from these strata and contacted to assess thelr w1llmgness

to pa*ncxpate in the study. Of the 1,857 households that
agreed to paruclpate in the study, 1464 households con-
taining 3,852 mdmduals were resampled to attain a sample
population structure representing the general Japanese_
population. By the end of the study, 3,477 parnmpants

 (87.8%) from 1,286 ‘households had completed the health

diary and both pre- and post-diary questionnaires. Because
this study focused on HRQOL associated with LBP, we .
limited our sample to persons aged between 18 and 75, for
whom the HRQOL scale included in the study was

designed [18]. We also excluded persons who were hos-- '

pitalized during the survey period. The final sample
included 2,358 individuals. The HDS protocol was
approved by the Research Ethics Committee of the Kyoto
University Graduate School of Medlcme

Variables

Cumulative number of LBP days

The cumulative number of LBP ddys was defined as the
total number of days during the 1-month study period in
which a participant documented 1n his or her diary “pain”
or any other unusual feeling in either the back.or lumbar
region. The number 'of LBP days ranged from 0°to 31.



