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Qrsemr

Background: Korea is expected to become an ultra-aged society, in which the elderly
population will account for more than 20% of the total population, after 2025. Thus, the
social costs due to osteoporotic fractures are expected to increase. Therefore, this study
aimed to measure disability weights (DWs) of osteoporosis and osteoporotic fractures in
Korea. Methods: The scenarios were developed to standardize the severity of 6 health
statuses: osteoporosis and osteoporotic fractures including wrist, hip, post-hip, vertebral,
and post-vertebral fracture. The values for these 6 health statuses were sought via a per-
son trade-off (PTO) approach. We measured the value by PTO and we calculated it to
DW of 6 health statuses. Three clinical expertise panels of 33 experts were established,
and face-to-face interviews were conducted from July to December 2017. Results: The
distribution of DW varied by panel. DWs ranged from 0.5 (Osteoporosis) to 0.857 (Hip
fracture) for Panel 1, 0.091 (Osteoporosis) to 0.5 (Hip fracture) for Panel 2, and 0.091 (Os-
teoporosis) to 0.726 (Hip fracture) for Panel 3. The final values for the 6 health statuses
obtained by pooling all data from 3 panels ranged from 0.286 (Osteoporosis) to 0.750
(Hip fracture). There was no significant difference in rankings for the 6 health statuses
among the 3 panels. Conclusions: Comparing the DW of osteoporotic fracture in this
study with other diseases in previous studies, it is predicted that osteoporotic fractures,
especially hip fractures, will have a considerable burden of disease.

Key Words: Disability weights - Korea - Osteoporosis - Osteoporotic fractures - Person-
Trade-Off

INTRODUCTION

In 2017, Korea became an aged society since the elderly population aged 65
and over exceeded 15% of the total population 2025.[1,2] According to the Health
Insurance Review and Assessment Service’s report in 2011, osteoporotic fractures
have increased by 4% annually among people over 50 years of age, and hip frac-
tures, one of the major causes of elderly mortality, have increased 4-fold in com-
parison to a decade ago.[3] The report pointed out the seriousness of osteoporotic
fractures in the elderly by emphasizing that the social cost was estimated to be
more than 1 trillion Korean won.[2]

Since Korea is expected to become an ultra-aged society, in which the elderly
population accounts for more than 20% of the total population, after 2025,[2] the
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social costs due to osteoporotic fractures are expected to
increase. However, considering the limited resources for
healthcare, it is inevitable to consider the priority of dis-
eases for efficient resource allocation. The high priority of a
particular disease for resource allocation means that the
disease is highly burdensome to society. Therefore, it is im-
portant to study the burden of diseases. Global burden of
disease (GBD) studies have been conducted by the World
Health Organization (WHO) and a GBD study group (http://
www.who.int/healthinfo/global_burden_disease/about/
en/) for the last 20 years.

GBD is expressed using Disability-Adjusted Life-Years
(DALY), which are constructed using Years of Life Lost and
Years Lost Due to Disability following various epidemio-
logical and demographic indicators to comprehensively
measure and compare the burden of disease.[4] To calcu-
late Years Lost Due to Disability, it is necessary to have dis-
ability weights (DWs) for the specific health status.

Some researchers argued that we should reflect societal
judgments of the value of different diseases rather than in-
dividual judgments of the disutility of the disease.[5,6] In
1996, the GBD team designed and used person trade-off
(PTO) methodology.[7] Through the calculation of disease
specific disutility, we can measure the population mean
preference value for particular health status. And this wei-
ghting is multiplied by the number of years lived in that
health status and added to the number of years lost due to
that disease. Namely, the burden of disease is affected by
disutility.

Fortunately, there have been many studies measuring
DALY in a Korean context. Yoon et al.[8] studied GBD on
smoking. Lee et al.[9] conducted a study on the priority of
chronic degenerative diseases and injuries. Jo et al.[10]
and Lee [11] investigated the burden of diseases on alco-
hol drinking. Studies on global burden of mental diseases,
burden of diseases among the elderly, burden of COPD,
and burden of enteritis due to climate changes were also
conducted in a Korean context by Park et al.,[12] Lee and
Kwon,[13] Kim,[14] and Shin et al.,[15] respectively. How-
ever, these studies employed the WHO's DW for the exam-
ined diseases and did not directly measure them [9-15] in
a Korean population. In addition, some studies attempted
to measure DWs applying to similar disease category as in
the WHO's GBD research among Korean populations. As
GBD studies by the WHO did not specify osteoporosis and
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osteoporotic fractures for their disease classification sys-
tem,[16,17] they omitted osteoporosis and osteoporotic
fractures in the Korean studies.[18] Therefore, this study
aimed to measure DWs of osteoporosis and osteoporotic
fractures in Korea.

METHODS

1. Panel participants

Three clinical expertise panels of 33 experts were estab-
lished, and face-to-face interviews were conducted from
July to December 2017. In order to select panelists, first,
we chose the clinical subdivision that most frequently di-
agnosed osteoporosis and osteoporotic fracture patients.
And then, the panelists were recommended by the society
of each clinical subdivision. Most of the panelists worked
in university hospitals. Panel 1 had 13 orthopedic special-
ists working at university hospitals, Panel 2 had 10 endo-
crine physicians working at university hospitals, and Panel
3 had 10 emergency medical specialists. The 3 panels of
experts were selected based on their expertise on osteo-
porosis and fractures as well as their frequency of treating
these patients.

2.PTO

DW reflects the social values or preference inherent in
each person making up the society.[15] However, as the
severity of a disease is assessed differently from person to
person, even in the same disease, standardization tools
have been devised to measure and apply the values of dif-
ferent individuals' social values. Typical tools include PTO,
time trade-off (TTO), Visual Analog Scale, and Standard
Gamble.

GBD was measured and compared using PTO by WHO
and GBD groups.[16] The GBD group developed a disease
classification system consisting of 107 diseases and injuries
based on the International Classification of Diseases codes.
[16,17] In the evaluation of the DW and its reliability in a
Korean setting, Lee et al.[18] suggested a classification of
123 diseases and deliberately selected 16 index diseases to
measure DW. However, none of the above studies consid-
ered osteoporosis and osteoporotic fractures.

The PTO method places the respondent in the position
of a decision maker with a limited budget who must choose
from among a series of alternative healthcare interven-
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tions.[19] Assuming that only 1 group between W persons
in Health Status A and Z number of persons in Health Sta-
tus B can be treated, and all treated individuals could sur-
vive until the same period after treatment, the point where
W and Z become indifferent should be detected. This is ex-
pressed as follows:
W(1-U(A))=Z(1-U(B))
(1-U(B))=[W/Z](1-U(A))

The PTO technique was first devised by Patrick et al.[20]
under the name of "equivalence of numbers technique”.
The term PTO was assigned by Nord.[7] It is a method that
draws the individual valuation of given health status through
a trade-off procedure, which is similar to the TTO technique.

The variables considered in PTO are, first, the number of
people who will benefit from the selected health care in-
tervention and, second, the health improvement that the
selected health care intervention will bring. So far, most
PTO studies [18-22] have been composed of representative
valuations of the general population except for the WHO
study in 2000 and a study by the Dutch DWs Group con-
ducted in the Netherlands.[21]

3. DW measurements

The scenarios were developed to standardize the severi-
ty of 6 health statuses: osteoporosis and osteoporotic frac-
tures including wrist, hip, post-hip, vertebral, and post-ver-
tebral fracture. Through literature reviews, 6 standard health
statuses were objectively described and confirmed by the
orthopedic specialists on osteoporosis and fractures (Sup-
plementary Appendix 1). Compared to other fractures,
vertebral and hip fractures still have difficulties in daily life
and complete function recovery even after 6 months of
fracture. Thus, vertebral and hip fractures were defined
separately after 6 months of fracture. Except for post-ver-
tebral and post-hip fracture, wrist, hip, vertebral fracture
are short term case within 1 month after fracture.

Based on these 6 health statuses, the values were sought
for PTO 1 and PTO 2.

PTO 1 was to obtain the number of N1 persons by assum-
ing that N1 persons in each health status could match their
1 year of life extension to the equivalent life extension of
1,000 healthy persons. Thus, respondents were asked as
decision-makers how many persons (N;) with osteoporo-
sis—for example, living 1 year in their health status—are
equivalent to 1,000 healthy persons living 1 year in healthy
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status. PTO 2 was to get the number of N2 persons who
were completely cured from a certain health status and
extend their life in perfect health by 1 year.

PTO 1 and PTO 2 were first recorded for 1 and 2 hr and
revised after deliberation on the panel members’ explana-
tions and discussions. Then, finalized values of PTO 1 and
PTO 2 were presented. The PTO 1 and PTO 2 values for each
of the 6 health statuses were assigned to the following for-
mula to obtain the DW.

1000 _ 1000
PTO1 _ PTO2

Disability Weight =1 —

The consistency of PTO 1 and PTO 2 was emphasized in
the GBD study.[23,24] However, Mansley and Elbasha [22]
argued that it was difficult to meet the consistency of PTO
1 and 2 in practice and recommended asking only PTO 1
because there was a gap of social value for recovery. In this
study, we examined both PTO 1 and 2 from 33 specialists,
but only PTO 1 was used to derive the results; PTO 2 was
used to identify consistency and provide opportunities for
revision through discussion. However, as Mansley and El-
basha [22] asserted, it was very difficult to identify consis-
tency. The PTO survey form used in this study can be found
in Supplementary Appendix 2.

4. Analysis

The results of the PTO valuations were converted by lin-
ear transformation into a 0 to 1 scale ranging from no dis-
ability (0) to extreme disability (1). The median was calcu-
lated as the DW for each health status. Interquartile range
(IQR) was calculated for distribution of DWs measured by
each panel member. The quartiles represent the values
corresponding to each rank when the values are divided
into 4 quarters after being collected from the lowest to the
highest order. The IQR is the range between the first quar-
tile and the third quartile. It can be expresses as follows.

IQR=3rd quartile-1st quartile

The Spearman’s rank correlation among the 3 panels was
tested to check the agreement of the order of disability wei-
ghing judgment. This rank correlation coefficient is usually
expressed as p, and the formula to calculate it is as follows.

63 D?

CN(VE-1)
Where D is the difference between the 2 ranks of each

p=1

observation, and n is the number of observations. All sta-
tistical analyses were performed using SPSS version 21.0
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Table 1. Disability weights for 6 health states related to osteoporosis and osteoporaotic fractures

Health state Total (n=33) Panel 17 (n=13) Panel 2% (n=10) Panel 39 (n=10)
Osteoporosis 0.286 (0.286) 0.500(0.363) 0.091(0.223) 0.091(0.274)
Wrist fracture 0.333(0.266) 0.408 (0.205) 0.167 (0.288) 0.310(0.137)
Hip fracture 0.750(0.388) 0.857(0.139) 0.500(0.313) 0.726 (0.208)
Post-hip fracture 0.630(0.297) 0.833(0.257) 0.411(0.298) 0.565 (0.358)
Vertebral fracture 0.550 (0.464) 0.833(0.275) 0.333(0.241) 0.524(0.216)
Post-vertebral fracture 0.500(0.399) 0.500(0.333) 0.286 (0.292) 0.474(0.233)
The data is presented as mean (interquartile range).
?0rthopedic surgeon. "Endocrinologist. “Emergency medical specialist.
(SPSS Inc., Chicago, IL, USA). Table 2. Inter-panel correlations
Panel 1° Panel 2" Panel 3¢

5. Ethical statements Panel 1 - 0.883 0.883

The study protocol was approved by the Institutional Panel 2° 0.883 - 1.000
Review Board (IRB) of Mokwon University, Daejeon, Korea Panel 3¢ 0.883 1.000

(IRB no.2017AA0706).

RESULTS

As shown in Table 1, median values of the DW for 6 health
statuses including osteoporosis and wrist, vertebral, post-
vertebral, post-hip, and hip fractures according to 3 panels
were calculated.

The distribution of DWs varied by panel. DW ranged from
0.5 (Osteoporosis) to 0.857 (Hip fracture) for Panel 1, 0.091
(Osteoporosis) to 0.5 (Hip fracture) for Panel 2, and 0.091
(Osteoporosis) to 0.726 (Hip fracture) for Panel 3. In fact, the
final values for 6 health statuses were obtained by pooling
all data from the 3 panels and ranged from 0.286 (Osteo-
porosis) to 0.750 (Hip fracture).

Health statuses listed in order from highest to lowest DW
by health status were hip fracture, post-hip fracture, verte-
bral fracture, wrist fracture, post-vertebral fracture, and os-
teoporosis for Panel 1. For Panels 2 and 3, the order was
similar: hip fracture, post-hip fracture, vertebral fracture,
post-vertebral fracture, wrist fracture, and osteoporosis.

As shown in Table 2, the Spearman’s rank correlation
among 3 panels was tested, and the result showed a sig-
nificant correlation among 3 panels (p=0.883; P=0.05).
This means that there was no significant change in ranking
6 health statuses among the 3 panels.

DISCUSSION

This study is the first attempt to measure the DWs for os-
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teoporosis and osteoporotic fractures in Korea. DWs were
surveyed by 3 panels composed of 13 orthopedic surgeons,
10 endocrine physicians, and 10 emergency medical spe-
cialists. Although there were significant differences in the
observed DWs among the panels, the calculated median
values of DWs were in the following order: osteoporosis,
0.286; and wrist, 0.333; vertebral, 0.550; post-vertebral,
0.500; post-hip, 0.630; and hip, 0.750 fractures. As expect-
ed, this study indicates that that hip fractures, including
post-hip fractures, most substantially affect patients with
osteoporosis from the perspective of physicians caring for
them.

In a 2013 GBD study which was conducted for the gen-
eral population, DWs of each fracture were reported as fol-
lows: 0.111 (short term) to 0.005 (long term) for vertebral
fractures, 0.035 for humerus fractures, and 0.050 (short
term) to 0.055 (long term) for ankle fractures.[25,26] The
2013 GBD study showed that the DW value for most health
statuses was smaller than that of a 2010 GBD study since
the number of respondents from Western Europe was grea-
ter in 2013 than in 2010.[25-27] On the other hand, The
Australian Burden of Disease and Injury study, which was
conducted for the health care professionals assigned a DW
of 0.372 to short-term cases of hip fracture.[28] The CHAN-
CES is a consortium of 14 cohorts from Europe and the
USA that was established in 2010 for an elderly population
health study. In this study, they used the DWs proposed by
the National Osteoporosis Foundation which was conduct-
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ed for the experts, assigning a weight of 0.468 related to
hip fracture.[29]

In our study, the DWs were estimated to be higher than
in previous studies. We think this is because the panels
who consider osteoporosis and related fractures most seri-
ously owing to their specialty valued high. In addition, de-
spite our effort for the thorough explanation, there is a
possibility that the panels overestimate about osteoporot-
ic fractures.

Among studies conducted in a Korean context, Do et al.
[30] did not include osteoporosis and fractures but dem-
onstrated DWs in low birth weight, 0.256; hepatitis B and C,
0.344; diabetes mellitus, 0.394; epilepsy, 0.433; rheumatic
heart disease, 0.616; ischemic heart disease, 0.727; and
stomach cancer, 0.847. Referring to this study, osteoporo-
sis had higher DW than low birth weight and lower than
hepatitis B and C, and wrist fracture had similar DW to hep-
atitis B and C. Hip fracture had a higher burden than rheu-
matic heart disease and ischemic heart disease but lower
than stomach cancer.

Our study has limitations. First, the panels were made up
entirely of medical professionals, as in previous studies.
[11,16,21] Some studies did not limit respondents to medi-
cal doctors for the DW surveys, and public view was also
worth adopting.[24,27] Second, the results of this study
showed higher values than those of other countries. As the
questionnaires in this study did not included other serious
diseases such as cancer, there might be a bias to overesti-
mate the given health statuses. Also, since the panels were
composed to medical experts who mainly treat osteoporo-
sis and fractures, their weights for these diseases might be
biased. Despite these limitations, the present study was
the first attempt to measure the DWs for osteoporosis and
fractures in Korea. Further studies are necessary to validate
our study results in the future. In addition, this study may
instigate DW measurements for GBD studies in Korea.

CONCLUSIONS

This study was the first to measure the DW of osteoporo-
sis and osteoporotic fractures in Korea using a PTO appro-
ach. The findings can be used to derive the disability ad-
justed life years of osteoporosis and osteoporotic fractures
in a Korean context. Comparing the DW of osteoporotic
fracture in this study with other diseases in previous stud-
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ies, it is predicted that osteoporotic fractures, especially
hip fractures, will be a significant burden of disease in Ko-
rea.
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SUPPLEMENTARY MATERIAL

Supplementary Appendix 1. Six health states in accordance with major fractures

Osteoporosis

You are a postmenopausal woman with osteoporosis. Your condition in osteoporosis is as follows. Your bones are very
fragile and more easily breakable compared to women in their thirties. In particular, the vertebral, hip, and wrist bones are
weak and have at least 5 times more fractures than women of the same age who do not have osteoporosis. You have to be
careful not to fall on everything, and even a minor falling accident can break your bones. Avoid behaviors such as lifting
heavy loads (2 shopping carts or 3- to 4-year-olds), and avoid strenuous movements that can cause vertebral fractures. You
should also avoid exercises that require intense activities such as aerobics, jogging, and golf. It does not affect other daily life.

Wrist fracture

You are experiencing a wrist fracture and being treated. The pain at the time of fracture was relieved by the pain medica-
tion, and now you feel almost no pain. You sleep well enough and do not suffer from pain. Daily life (hair washing, bathing,
showering, dressing, toilet using, etc.) can be done without any problems, and no help is needed. Your wrist fracture experi-
ence does not make you feel your health has worsened. However, fear of fall accidents and additional fractures remains.

Hip fracture

You had a hip fracture. You were hospitalized for about 3 weeks after your surgery and were discharged. Your condition
due to the hip fracture is as follows. It is difficult to move your legs during about 3 weeks of hospitalization. The pain is very
strong, and you cannot endure without analgesics. This pain often causes you to get little or no sleep. You can use the toilet
alone, but you need someone's help when you put on your clothes or take a shower. Meal preparation and housework are
not possible. It is also impossible to carry or lift heavy luggage or shopping carts. It is very difficult to be alone when you are
lying in bed or sitting on a chair after you have been discharged. You need a walking stick or walker to walk. Because of the
hip fracture, it is impossible to bend, stretch, and walk. Even if you take painkillers, you can hardly sleep because of the pain,
fear of falling, and fear of fracture. In addition, you feel frightened and depressed in situations in which your dependence
on others can persist. In general, the mortality rate is 17% within 1-year due to hip fracture in patients over 50 years old.

Hip fractures after 6 months (post-hip)

Six months have passed since you experienced a hip fracture. You are limited in activity and are going to the hospital ev-
ery month for a regular check-up. If you had no problems walking before your hip fracture, you can walk 6 months after the
hip fracture, but about 73% of hip fracture patients will have limited activity. If walking was a little uncomfortable due to
problems such as old age or joints before the hip fracture, normal walking is almost impossible after the hip fracture.

Vertebral fracture

You had a vertebral fracture and were hospitalized for 2 weeks without surgery. In the early stages, you feel a lot of pain
every time you move. You cannot sleep because of the pain. Even with pain medication, you feel pain every time you move.
However, within 2 weeks, the pain will be substantially reduced. Because of the vertebral fracture, you should stay in the
hospital for about 2 weeks and walk with a hard brace for about 3 weeks. In daily life (washing hair, bathing, dressing, using
the toilet), you can function by yourself with a little help if you endure the pain that you feel when you move. Meal prepara-
tion and housework can be done with a little help, but you can’t carry heavy loads or carts. Standing up from or lying down
in a chair or a bed is very difficult and requires the help of others. You can move with a hard brace that wraps around your
entire abdomen. It is impossible to bend and stretch your waist. There is fear of falling accidents and other fractures. In ad-
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dition, there is a concern about dependency and the need for help from others. In general, mortality within 1-year due to
vertebral fracture is 7.0% in patients older than 50 years.

Vertebral fractures after 6 months (post-vertebral)

Six months have passed since you experienced a vertebral fracture. You have recovered from the fracture. You have regu-
lar monthly visits to the hospital to check for osteoporosis and fracture sites. Spinal fractures are characterized by multiple
occurrences. Approximately 6.6% of patients with vertebral fractures are known to experience additional vertebral fractures
within 1-year. If you have had a vertebral fracture for the first time, your condition after 6 months allows you to live daily life,
and there is no other discomfort. However, after the second fracture, there is pain and difficulty in daily life even after recov-
ery. There is fear of falling accidents and additional fracture.

Supplementary Appendix 2. Person trade-off (PTO)"?

PTO 1: A thought experiment in which you trade-off life years of healthy people for life years of individuals who
are not in perfect health

Imagine the following: You are a decision maker. You have exactly enough funds for a single health intervention. You have
a choice between 2 mutually exclusive health interventions. If you opt for intervention A, the life of 1,000 individuals will be
extended by exactly 1-year. After that year they will all die. If you do not choose this intervention, these people will all die
immediately.

Alternatively, your scarce funds may be used to purchase health intervention B. Opting for B means that the life of N indi-
viduals in the less than perfect health state X would be extended by exactly 1-year. After that year, they will all die. Not choos-
ing intervention B means that the persons in health state X will all die immediately.

Example: The choice is in the first instance between 1-year of life extension for 1,000 healthy individuals (intervention A)
and T-year of life extension of 2,000 blind people (intervention B). If you opt for B, you will be faced with a new choice in
which the number of blind individuals whose life can be extended with intervention B is reduced to, i.e., 1,500. If you decide
to purchase A, the number of blind individuals will be raised. This process of choosing is continued until you are no longer
able to make a choice between the 2 interventions: your indifference point.

In summary: PTO 1: the number of individuals in health state X for whom 1-year of life extension is equal in your eyes to
1-year life extension for 1,000 healthy individuals. The number is always bigger or equal to 1,000.

N=21,000 individuals
ina

disabling health
state

1,000 healthy
individuals

'We refer to the PTO 1 and 2 form in the following paper and translate it into Korean (Stouthard MEA, Essink-Bot ML, Bonsel GJ, et al. Disability weights for diseases
in the Netherlands. Rotterdam, the Netherlands: Department of Public Health, Erasmus University Rotterdam, the Netherlands; 1997).
ZSix health statuses including osteoporosis and hip, vertebral, post-hip, post-vertebral, and wrist fractures used the same PTO form above.
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A PTO 1 of 1,000 implies that you value the given health state A as equal to ‘perfect health’ A PTO 1 of 1,000,000 (1 mil-
lion) means that you value the given health state X as extremely bad. Your PTO 1 valuations may be anywhere between
these 2 extremes.

PTO 2: Make a trade-off between life extension for healthy individuals and an improvement in the quality of life
of individuals in a disabling health state®

Imagine the following: You are a decision maker. You have exactly enough funds for a single health intervention. You have
a choice between 2 mutually exclusive health interventions. If you opt for intervention A, the life of 1,000 individuals will be
extended by exactly 1-year. After that year they will all die. If you do not choose this intervention, these people will all die
immediately.

Alternatively, your scarce funds may be used to purchase health intervention B. With intervention B, N individuals in health
state X will undergo a complete recovery. Intervention B will allow them to live for 1-year in perfect health. After that year,
they will all die. If you choose not to purchase intervention B, they will live for 1-year in health state X, after which they will
all die. A decision maker purchasing intervention B trades-off 1,000 healthy life years for the full recovery of N individuals in
health state X.

Example: The choice is in the first instance between 1-year of life extension for 1,000 healthy individuals (intervention A)
and the full recovery of 2,000 blind people (intervention B). If you opt for B, you will be faced with a new choice in which the
number of blind individuals able to regain perfect health with intervention B is reduced to, i.e., 1,500. If you decide to pur-
chase A, the number of blind individuals who regain their sight will be raised. This process of choosing is continued until
you are no longer able to make a choice between the 2 interventions: your indifference point.

In summary: PTO 2: the number of individuals in health state X for whom a complete recovery, followed by 1-year of per-
fect health is equal in your eyes to 1-year life extension for 1,000 healthy individuals. The number is always bigger or equal
to 1,000.

1,000 healthy
individuals +

N > 1,000
individuals

in disabling state

N > 1,000
healthy
individuals

A PTO 2 of 1,000 implies that you value the given health state X as equal to ‘perfect health’ A PTO 2 of 1,000,000 (1 mil-
lion) means that you value the given health state X as extremely bad. Your PTO 2 valuations may be anywhere between
these 2 extremes.

*Six health statuses including osteoporosis and hip, vertebral, post-hip, post-vertebral, and wrist fractures used the same PTO form above.
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