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Health utilities has been used as weighted for a quality adjusted life year in health technology
assessment. There are limited data on the utilites value in diabetic retinopathy and retina diseases in the
South Asian region. The aim of this project are to estimate the visual health utility (HU) in patients with
diabetic retinopathy (DR), age-related macular degeneration (AMD), and cataract. Moreover, we intended to
evaluate an appropriate health utility instrument among a direct choice-based, traditional time trade-off (tTTO)
and composite time trade-off (cTTO), and multiple attribute utility instrument (MAUI) ( EQ-VAS, European
Quality of Life (QoL) Five Dimension (EQ-5D-5L), and Health Utility Index 3 (HUI3) in patients, along with its
association to a vision specific QoL measured by the National Eye Institute visual function questionnaire 25 (NEI
VFQ-25). In this multicenter cross-sectional survey a total 309 patients from tertiary eye centers (DR=141, wet
AMD=90, and cataract=78) were interviewed.We used the cTTO, EQ-5D-5L, HUI3, and NEI VFQ-25 for face-to-
face interviews. We collected demographic data and Early Treatment Diabetic Retinopathy Study visual acuity
from the participant during particular ophthalmic visits with the interview. The main outcome meaures are
health utility and visual acuity.The overall mean utility value from the lead time cTTO, EQ-VAS, EQ-5D-5L, and
HUI3 was 0.84 +0.25, 0.73 +0.15, 0.70 +0.19, and 0.68 +0.26, respectively. The mean NEI VFQ-25 score was
70.71 £17.76. VA in the best-seeing eye was significantly associated with a negative change in the HU score in
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CcTTO and HUI3 displayed a significant response to severe visual impairment status or worse. HU from HUI3
(r=0.54, p<0.01) and EQ-5D-5L (r=0.43, p<0.01) displayed a moderate correlation with the NEI VFQ-25 score.
cTTO shows lower correlation (r=0.21). There were no significant differences in HU among DR , wet AMD, and
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between DR with and with out macular edema. Factors associated with non-trader in tTTO were old age,
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Chapter 1
Introduction
Background

Health technology assessment and cost-effectiveness analysis study within the
decision-making in health care have been increasingly implemented worldwide to
find the best relevant clinical practice, including treatment in a limited resources
circumstance. Quality-adjusted life year (QALYs) has been developed to measure the
effect of health intervention in cost-effectiveness analysis or cost-utility analysis. The
QALYs are a combination of quality of life and length in a specific health
state.(Fortney, Pyne, & Burgess, 2014) To calculate the QALYs, a weighted value of
health state utility value (HU) represented a Health- related quality of life (HRQoL)
which has been used in a combination of a duration of life in specific health
states.(Sassi, 2006) Utilities are measured by an interval scale of 0 — 1, where 0
indicates the health state of death and 1 indicates the full health status. The
negative value may indicate a state worse than death.

The World health organization (WHO) defines health as “a state of completed
physical, mental, and social wellbeing and not merely the absence of disease or
infirmity. It is an individual’s perception of their position in life in the context of the
culture and value systems in which they live and concerning their goals,
expectations, standards, and concern”. (Organization, 1997) HRQoL has been widely
used in patient-reported outcome measurement (PRO). The concept included the
evaluation of physical function, social function, and mental health status.

The conceptual model of HRQOL has resulted in multiple aspects such as
functional status, symptom status, health perception, and quality of life, including
biological and social variability(Wilson & Cleary, 1995). The different cultures and
geographic may give rise to different perceptual of individual health states. In
ophthalmology, the disease or treatment will affect on vision but not a person’s life
which is measured by visual acuity. A better vision is related to good quality of life to

the patient.(G. C. Brown, 1999) The change in visual acuity levels are associated with
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utility value changes, and it is an important parameter in modeling to see the effect
of treatment or any intervention of the disease/condition.(T. H. Tung et al., 2005)

Visual impairment (VI) and blindness are global concerns that affect about 293
million and 43 million people worldwide, respectively. The prevalence of these two
conditions have been doubling in the past ten years. The World Health Organization
(WHO) classifies VI based on the International Classification of Diseases 11 (2018)
into distance VI and near VI. The severity of distance VI is defined as mild, Snellen
visual acuity (VA) worse than 20/40 to 20/70; moderate, VA worse than 20/70 to
20/200; severe, VA worse than 20/200 to 20/400; and blindness in the Snellen visual
acuity worse than 20/400.("World report on vision,") Among retina diseases, age-
related macular degeneration and diabetic retinopathy are the top significant causes
of VL.

Diabetes retinopathy (DR) is one of the most common leading causes of
vision loss and results from complicated vascular disease.(Duh, Sun, & Stitt; Robinson
& Spencer, 2006; Ting, Cheung, & Wong, 2016) Wild et al. predicted the prevalence of
diabetes in 2030 to reach 4.4% of the population worldwide, that indicates the
number of diabetes will rise from 171 million in 2000 to 366 million in 2030.(Wild,
Roglic, Green, Sicree, & King, 2004) Visual deterioration from diabetes retinopathy can
result from diabetic macular edema (DME) , Neovascularization complication,
Tractional retinal detachment, and macular ischemia.(Tarr, Kaul, Wolanska, Kohner, &
Chibber, 2012) Currently, Risk factor controls and routine screening play an important
role in preventing the development of the visual deterioration of DR.(Duh et al,
Kollias & Ulbig, 2010). Moreover, A treatment of DR complications included pan
retinal photocoagulation , focal/erid laser photocoagulation, vitreoretinal surgery,
intravitreal steroid injection and Anti-vascular endothelial growth factor injection has
been continuous growing in the last few decades.(Cai & Bressler, 2017; Cantrill, 1984,
Lally, Shah, & Heier, 2016; Sullivan & Laidlaw, 2004) Cost effectiveness analysis (CEA)
with in decision making in DR screening and treatment options has increasingly
worldwide to find the best relevance in a limited resource circumstance. Visual
acuity level has been common used as a primary outcome in clinical research in

ophthalmology field. The vision loss from DR could reflect in a reduction in health
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utility.(M. M. Brown, Brown, Sharma, & Shah, 1999) Wet-age related macular
degeneration (wet AMD), is a common retina condition in elderly, causes vision loss
in an elderly population, results damage by exudative and choroidal
neovascularization (CNV).(Seddon & Chen, 2004) Unlike a complication of systemic
changes in DR, the primary cause of vision loss in wet AMD is mainly in the macular
area and contributes to irreversible damage. Regular treatment with anti-vascular
endothelial growth factor (anti-VEGF) helps reduce the incidence of severe vision
loss.(Chew et al.,, 2014) When comparing DR and wet AMD, the HRQoL seems to be
influenced by the amount of vision loss rather than the cause of it.(Melissa M Brown,
Gary C Brown, Sanjay Sharma, Jennifer Landy, & Jeff Bakal, 2002). Cataracts, unlike DR
and wet AMD which presented in a chronic fashion, is also one of the common
causes of vision loss in the elderly but most regain their vision through lens removal
surgery with artificial lens implantation. Visual acuity level in cataract patients is
associated with health utility and quality of life.(J. Lee, Fos, Zuniga, Kastl, & Sung,
2000).

The vision level contributes mainly to the HRQoL, but nevertheless, the level
differs among eye diseases.(B. S. Lee et al., 2008). Furthermore, the level of HRQoL or
HU are various cross-culturally.(J. E. Lee, Fos, Zuniga, Kastl, & Sung, 2003) A QALY
weights data for retina disease are still limited in South East Asian region.(Au Eong et
al., 2012; Wagle, Lim, Yap, Neelam, & Eong, 2011; ussad, 2019). The conceptual
model of HRQOL results in multiple aspects, as shown in Figure 1. The different
culture and geographic may give rise to different perceptual of individual health
state. Up to now, CEA analysis in Thailand in ophthalmology aspect are using the

utilities value to calculate QALYs obtained from western publications.
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Figure 1: Relationships among measures of patient outcome in health-related

quality of life conceptual model

(Ira B. Wilson et al. JAMA,1995)(Wilson & Cleary, 1995)

Study questions

1. What is the health utility level in eye patients in the Thai population?

2. What instruments can measure the impact of visual acuity on HRQoL in an
ophthalmic patient in the Thai population?

3. What is the impact of diabetic retinopathy and its complication on health utility?

4. Are there any differences between diabetic retinopathy and other retina diseases:

wet AMD, and cataract?

Study objectives
1. Primary Objectives
- To evaluate a health utility in response to the change of visual acuity
- To compare health utility by using direct preference methods and multi-
attribute utility instruments (EQ-5D-5L and HUI3) in ophthalmic patients
2 Secondary Objectives
- To evaluate the feasibility of using TTO, EQ-5D-5L, HUI3, and NEI VFQ-25 in
Thai elderly
- To evaluate the impact of religion on death-related questions of TTO

- To assess the response of health utility to an impaired visual status
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- To determine the correlation between health-related quality of life and
disease-specific quality of life
- To evaluate the impact of eye diseases on HRQoL

- To evaluate the impact of diabetic macular edema on HRQoL

Significances of the study

The finding of this study will give references to the health utility of patient who
has diabetic retinopathy, wet AMD, Cataract, or other related conditions in a context
similar to Thailand. Moreover, this study evaluates the response of health utility
among the level of visual acuity obtained by different methods. It helps in a
selection of suitable health utility instruments to be used in the patient with visual
disability and vision-related diseases population, which claims to be less responsive
to the change of visual acuity in some methods, especially without integration of
vision function concept in a utility valuation process. Moreover, visual impairment
remains a public health burden, and an evaluation of health utility and quality of
life, including factors associated with it, could be used in policy planning. This study
also focuses on a diabetes-related eye condition, one of the most common causes
of visual loss worldwide. Understanding how this condition impacts the quality of
life, both vision-specific and health-related, helps to expand the capability to

support patients with this condition and emphasizes how to prevent its burden.

Hypotheses
The main hypothesis of this study are;
There is an association between visual acuity on health utility.
Ho There is no association between visual acuity and health utility.

Han There is an association between visual acuity and health utility.

The health utility measuring by Time trade-off, EQ-5D-5L, and HUI3 are different.
Hy There is no difference in health utility among instruments.

Ha There are different health utilities among instruments.
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Chapter 2

Literature review
Health utility instruments
The measurement of HU represents an exhibit of the perception of individual

health conditions as resulting in a humanistic outcome.

1. Direct preference methods

1.1 A visual analog scale (VAS) or rating scale method is the patient is asked
to estimate their own health on a range scale from 0 to 100, with 0
representing the worst imaginable health state and 100 being the
best.("EuroQol - a new facility for the measurement of health-related
quality of life," 1990) The level that the patient feels will point on the
scale and be interpreted as health utility value. VAS is the easiest way to
understand the question but lacks theoretical basis.

1.2 Standard gamble (SG) has been proposed since 1944 by von Neumann
and Morgenstern(Von Neumann & Morgenstern, 2007) to allow the
quantification of uncertainty, and later in 1977, Weinstein and Stassen
developed this theory to be applied in health care. (Weinstein & Stason,
1977) The SG method is determined by comparing a specific number of
years in one health state (A) for a specific time or gamble the offering
treatment of receiving full health for the same number of time and
immediate death. The probability of full health state gain is varied until
the individual respondent feels similar to these two alternatives is the
utility value of a specific health state. (Bleichrodt & Johannesson, 1997)

1.3 The time trade-off (TTO) theory was developed as a model of economic
evaluation in health care in 1992 by Torrence W. et al.(Torrance, Thomas,
& Sackett, 1972). The method is based on how many years in the current
health state an individual with that health condition would give up in
exchange for the number of years to gain in perfect health. The number

of years respondents need to trade for a full health state varies. The
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utility evaluates at the point when respondents feel no difference

between the alternative way.

1.3.1

1.3.2

Traditional TTO (tTTO), a calculation of utility value, is the
number of years expected life — Number of years that
respondent trade-off and divided by the number of years
expected life.(Torrance et al., 1972) A modified uncomplicated
technique has been used in ophthalmology reported by Brown
et al.(M. M. Brown et al.,, 1999) The patient will be asked with a
trade-off question which related to an estimation of time of
their remaining life expectancy. Afterward, the hypothetical
situation where patients could return to their normal vision
with special treatment would decrease their life expectancy.
Then the patient will be asked to quantify the maximum
number of years that they accept to trade to return to normal
vision.

The utility value will be calculated as utility value =
(No of years expected life — No of years trade-off)/No of years
expected.
Composite TTO , is a technique developed in 1993 called MVH
protocol by adopting the conventional TTO using the fixed
time horizon of t=10 years. The EQ-VT protocol is another
technique adopted from MVH protocol by starting with a
comparison to 10 years in full health with immediate death
and current health state to separate the better than death
(BTD) and worse than death (WTD).Then for BTD states, life A 'is
living in full health for x years followed by death while life B is
living in the impaired state for 10 years followed by death .
The titration is 1 year, or 6 months increments and corrections
of 6 months whenever preference reversal occurs until
reaching the state of indifference. For WTD stage, composite

TTO as mentioned above, is used. (Oppe, Rand-Hendriksen,
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Shah, Ramos-Goni, & Luo, 2016) Even though EQ-VT has been
widely used with standard protocol; however, computer
software is needed to complete the full techniques in an
original protocol. In the valuation of EQ-5D , cTTO was used
(Oppe et al., 2016) were used for BTD stage and if the
respondents report WTD, lead-time TTO is used. The
respondents will be asked between 2 hypothetical lives in
which the first option involves x years of healthy life then,
followed by death (alternativel). The downside of cTTO is
worse than WTD stage, which gives a negative value, and
sometimes creates an extremely negative one, especially the
original TTO from Torrance et al. (Torrance, 1976). Later, there
was subsequently transformed to varying arbitrary rules to a
scale with a minimum of -1.(B. M. Janssen, Oppe, Versteegh, &
Stolk, 2013) The new concept for TTO approach, which are
"lead-time" and "lag-time," TTO was invented to provide more
trading time in order to draw out the problematic prefer to the
dead state of conventional TTO by adding trading time in full
health to the state of being valued. Hence, when valuing the
WTD health state, the respondents have more time to trade
for the same health state with the same duration. If the
additional time is placed before the health state being valued,
that is called "lead time TTO" and vice versa for "lag-time TTO".
The technique of cTTO has been described and widely used.
The cTTO give rise to a more consistent approach of negative
values adjustment and have high validity in a face-to-face
interview setting.(B. M. Janssen et al., 2013) Furthermore,
instead of Full health stage and death as alternative, this
technique defined the best health state by EQ-5D-3L (health
state "11111") and immediate death.

Indirect preference methods
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Health state utilities can also measure from a multi-attribute utility
instrument (MAUI) (Richardson, Khan, lezzi, & Maxwell, 2015; Torrance, 1987) in the
form of a questionnaire. An MAUI (Multi-attribute utility instrument) is an alternative
method for evaluating utilities and measuring HRQoL. Each life domain of MAUI might
be affected by health state, and a scoring algorithm based on population is
applied.(Fenwick, Pesudovs, et al., 2012) The benefits of PROs include providing a
sufficient and necessary set of questions to measure the outcome in a logical order
and the response and clear instruction scoring of the instrument, all of which are

feasible for outcome measurement by an investigator’?.

2.1 EQ-5D is a widely use instrument worldwide to measure generic health
status which has been validated and weighted in Thai by Tongsiri S et
al.(Tongsiri & Cairns, 2011) The studied patients were randomly selected
from 76 provinces of Thailand and had face-to-face interviews. The health
state gives into 3 stages (EQ-5D-3L): mild, moderate, and severe health
stage. The Dolan(Dolan, 1997) and Dolan et al.(Dolan & Roberts, 2002)
models were estimated and compared with Shaw et al.(Shaw, Johnson, &
Coons, 2005) model. The Dolan 1997 model was preferred for using in the
Thai algorithm with better in logical consistency, parsimony, and
predictive performance when compared to other methods. Eighty-six
health states were valued in the study and the highly consistent
respondents tend to give a higher score for mild states and a lower score
for the severe states when compared to the highly inconsistent
respondent. The EuroQol EQ-5D, an MAUI, is recommended by the
National Institute for Health and Clinical Excellence (NICE) for HU
measurement in economic evaluation.(Kay & Ferreira, 2014) In Thailand,
EQ-5D also recommended to use in HTA.(Pattanaphesaj et al., 2018) But
EQ-5D-3L is not included visual function as in the health status. This
technique might not be the best suitable to evaluate current health state

of ophthalmologic disease.
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2.2 SF-36 item short-form survey (SF-6) is a generic questionnaire to measure
patient quality of life and has been used worldwide. The 8 dimensions in
SF36 included 1) Limitation of physical activity due to health state
2)limitation in physical activities 3)limitation in usual role activities 4) body
pain 5) general mental health, which is psychological distress and well-
being 6)limitation in usual role activities because of emotional problem 7)
vitality (energy and fatigue( and 8) general health perception(Ware Jr &
Sherbourne, 1992).

2.3 The Health utility index3 (HUI3) consists of 41 questions that include a
question concerning how individuals perceive their own quality of life in
the dimensions of hearing, speech, ambulation, dexterity, emotion,
cognition, pain and vision. (Heintz, Wiréhn, Peebo, Rosenqvist, & Levin,
2012) The translation of HUI3 has been reported in Saiguay W and
Sakthong P.(Saiguay & Sakthong, 2013) validated in ischemic heart disease
patients. The overall test-retest reliability is 0.90, and specific in vision
dimension is 0.52. However, it has not been evaluated in Thai ophthalmic
patients.

2.4 The visual function Questionnaire-utility index (VFQ-UI) was estimated
from the response from, a vision-specific QoL, NEI VFQ-25 in macular
edema following a retinal vein occlusion, macular edema related to
diabetes, uveitis, glaucoma and central vision loss related eye diseases.
The health state classification includes 6 questions of Near vision, Social
vision, Distance vision, Role difficulty and vision dependency and mental
health.(Kowalski et al., 2012) Usage of VFQ-UI has still limited.(Goh,
Fenwick, & Skalicky, 2016; Rentz et al., 2014)

Disease-specific quality of life instruments

1. The National Eye Institute Visual Function Questionnaire 25 (NEI VFQ-25)
Vision-specific patient-reported outcomes are also proposed for evaluating

patient health states and determining vision status and its impact on individual

quality of life. The National Eye Institute's Visual Function Questionnaire (NEI VFQ) is
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widely used in the ophthalmic evaluation.(A. Lloyd et al., 2008; Payakachat et al.,
2009; Tosh, Brazier, Evans, & Longworth, 2012) The instrument was designed to
reduce the patient's burden as from an original consisted of 51 items and 3 subscales
which were reduced to NEI VFQ-39 and then NEI VFQ-25.(Marella et al., 2010) The
questionnaire is composed of 6 dimensions in visual function (near vision activities,
distance vision activities, vision-specific social functioning, role difficulties,
dependency, and mental health).NEI VFQ-25 has been widely used to evaluate
patient QoL in dry eye, chronic ocular disease, glaucoma, macular disease, cataract,
and visual impairment.(Lesin Gacina et al,, 2021) Moreover, it has been used as a
secondary outcome in a clinical trial and validated in the different countries
worldwide, such as Norway, USA, Sweden, Thailand, Greece, China, Denmark, Turkey ,
Germany Brazil, Japan, Italy and Serbia.(Assi et al., 2021; Jelin, Wislgff, Moe, &
Heiberg, 2019) The test-retest reliability has been show as moderately to high (0.6-
0.7).(Kovac et al., 2015; Simao, Lana-Peixoto, Araljo, Moreira, & Teixeira, 2008) In Thai
version, Thai NEI VFQ-25 showed a Cronbach's alpha coefficient of 0.8 with total
content validity of 0.8. The correlation of Thai-NEI VFQ-25 and Thai-SF 36 general
health quality of life questionnaire was 0.6.(Setthawatcharawanich, Aui-aree,
Sathirapanya, Phabphal, & Limapichat, 2009). Even though it has been widely used
but some limitations were issued, including construct validity, clinical validity, and
interpretability.(Petrillo, Bressler, Lamoureux, Ferreira, & Cano, 2017) New proposal of
a revision called VFQ-28R seems to demonstrate the performance of response
threshold and reduced ceiling effect. However, still limited in usage and acceptable
in the ophthalmology field.(Petrillo et al., 2017) Unlike, other vision specific quality of
life questionnaires, NEI VFQ-25 has shown responsive information on general health

status. (Brémond-Gignac, Tixier, Missotten, Laroche, & Beresniak, 2002)

2. The Impact of vision impairment (IVI)

The impact of vision impairment questionnaire (IVI) was designed to use for daily
living quality of life evaluation in visual impairment in the low vision rehabilitation
population.(Weih, Hassell, & Keeffe, 2002) IVl shows the high psychometric quality

and good content validity, including reproducibility, good discriminative ability, and
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reliability.(De Boer et al., 2004; Lamoureux et al., 2007) IVI comprises 32 items which
require 6 levels of scale responses. It captured a vision-specific profile of restriction
and participation but not a clinical symptom of a disease and specific physical
performance.(Weih et al., 2002) The development of IVl is based on a short version
of SF-36, an SF-12 general health questionnaire.(Weih et al., 2002) IVI has been
evaluated in low vision and rehabilitation patients (Lamoureux, Hassell, & Keeffe,
2004a), diabetic retinopathy(Lamoureux, Hassell, & Keeffe, 2004b), age-related
macular degeneration and glaucomatous patient.(Noe, Ferraro, Lamoureux, Rait, &
Keeffe, 2003) Thai version of IVI validated by Ratanasukon et al. (Ratanasukon,
Tongsomboon, Bhurayanontachai, & Jirarattanasopa, 2016) the Cronbach's alpha
range from 0.7 to 0.8 with test-retest reliability intraclass correlation of 0.96.
However, IVI are still lacking of construct validity, interpretability including

reproducibility.(De Boer et al., 2004)

3. The Visual Function Index (VF-14) Questionnaire

VE-14 questionnaire aims to evaluate the dependent activities of the patient in
everyday life. The questionnaire was developed for usage in patients who are
affected by cataract conditions (43) and has been widely used in cataract and
refractive surgery since then.(Lamoureux, Fenwick, Pesudovs, & Tan, 2011; Lawrence,
Fedorowicz, & van Zuuren, 2015) Further usage in other diseases has been reported,
including glaucoma(Altangerel, Spaeth, & Rhee, 2003) AMD(Riusala, Sarna, &
Immonen, 2003) corneal disease(Prem Senthil, Chakraborty, & Lim, 2022),
strabismus(Sabri, Knapp, Thompson, & Gottlob, 2006) and other retina diseases
(Linder et al,, 1999). VF-14 is a self-administered questionnaire which gave a scoring
of 0 to 100. The questionnaire focus on five dimensions, includes near-sight acuity,
long-sight acuity, unclear sight, and driving during the day and night time. VF-14 also
demonstrates a good responsiveness when assessing an outcome of eye
surgery.(Sabri et al., 2006) With the lack of general health aspect, VF-14 has been
used in conjunction with SF-36 to capture a general quality of life aspect. (Mylona,
Aletras, Ziakas, & Tsinopoulos, 2021)A shortened version of VF-14 to VF-10 was also
proposed(Pesudovs & Elliott, 2006)
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Health utility measurement in diabetic retinopathy and eye conditions

TTO and SG in retinal patients demonstrate strong validity with the visual
acuity in the best-seeing eye in retina patients. The disadvantage of these techniques
is the difficulty to understand by respondents, especially older patients.(Sharma et
al., 2002) Brown M. et al. used TTO to evaluate the patient with bilateral good visual
acuity and unilateral good visual acuity. The study reported good bilateral VA had
the highest utility value. From the patient reference-based point of view, the
individual ocular disease affected QoL and TTO valued correlated with the visual loss
in the better-seeing eye.(M. M. Brown, Brown, Sharma, Busbee, & Brown, 2001)
Regarding to the report of Chinchongju W and Amornnopparattanakul studied in 36
Thai samples by using VAS, TTO and SG. The study results found that TTO and SG
values were no large different and seem to be higher than VAS. The difficult to
understand rankings from lower to the most difficult were VAS, SG and TTO. The
general belief, horoscope, basic family status, household income, and age of heritage
were concerned from sample when answering the questions. When asking SG
questions, study samples need more explanation in payment, treatment detail, and
risk of death from treatment.(Shingsongju W) TTO is one of the most common used
direct methods to obtain the utility status of diabetic retinopathy patients as shown
in Table 1.

Brown G. et al.(Gary C Brown, Brown, et al., 2000) studied 292 diabetic
patients and utility by TTO method was measured. The study found that factors
associated with the decrease in diabetic-associated QoL are the requirement of
insulin, presence of depression, presence of diabetic retinopathy, and presence of
co-morbidities. Huang E et al. (Huang, Brown, Ewigman, Foley, & Meltzer, 2007)
interviewed 701 adults patient with diabetes in Chicago, USA to evaluate the impact
of utility and co-morbidity of DM. TTO methods were used in this study. Blindness,
end-stage renal disease, and Major stroke gave the lower mean utility. Diabetic
retinopathy also had a mean utility of 0.53. The TTO and SG in eye patients

demonstrate strong validity with the visual acuity in the best-seeing eye. The
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disadvantage of these techniques is the difficulty of understanding by respondents,
especially older patients.(Sharma et al., 2002)

The EQ5-D index score in Thai diabetes patients were published by Sakthong
P. et al.(Sakthong, Shabunthom, & Charoenvisuthiwongs, 2008) A cross-sectional of
303 type 2 diabetics outpatient had face-to-face interviews, including EQ-5D and VAS
questionnaires. In that study group, 64 patients were randomly selected for test-
retest reliability. UK, US, and Japan preference weights for EQ-5D was evaluated. The
results of this study shown US weights had the highest EQ-5D score. From the test-
retest reliability results, Japan's weight had an excellent agreement by ICC while both
derived from UK and US had a good agreement. The Japan's weight also gave the
best discriminant validity. The Japan weight scheme was recommended to use in
Thai diabetic type2 populations. The new version of EQ-5D has been developed by
increasing the levels of response from 3 levels to 5 levels (EQ-5D-5L) to reduce the
ceiling effect.(Herdman et al,, 2011; M. F. Janssen, Birnie, Haagsma, & Bonsel, 2008)
The measurement properties of EQ5D-5L compared to EQ-5D-3L was reported by
Pattanaphesaj J. and Thavorncharoensap M.(Pattanaphesaj & Thavorncharoensap,
2015) who studied in 117 diabetes patient. The self-completion questionnaire of 3L
and 5 L response scale, EQ-VAS and SF-36 generic questionnaire were evaluated. The
5L shows more power of discrimination and lower ceiling effect when compared to
3L. However, test-retest reliability showed higher weighted kappa coefficient in 3L
but Intraclass correlation in 3L and 5L were 0.64 and 0.07 which indicated excellent
reproducibility for both treatments. EQ-5D-5L is suggested to use over 3L. The Thai

version of EQ-5D-5L is available at http://www.hitap.net/documents/24389. However,

EQ-5D, similar to other generic instruments, lacks a direct question to vision-specific
items. These resulted in a controversy about its responses to the change in visual
level.(Macedo et al., 2022; Macedo et al., 2017) .

The visual acuity and relationship in diabetes patients has been evaluated by
Clarke P M. et al(Clarke, Simon, Cull, & Holman, 2006) which studied in a large
population of diabetes in the UK. There were a negative association of SF-36 domain
utility score with declining visual acuity. The Thai version of SF-36 was validated in

2000 (Leurmarnkul & Meetam, 2000) and has been used in Thailand.(Kongsakon,
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Silpakit, & Udomsubpayakul, 2007) The scoring of SF-36 has been estimated and
generated to a utility value by a special derived version of SF-36 (the "SF-6D") to be
more convenient for survey process and take shorter questionnaire time (Brazier,
Roberts, & Deverill, 2002). SF-6D utility is associated with the change of visual acuity
in retina disease.(Reeves et al., 2009; Visser, Amarakoon, Missotten, Timman, &
Busschbach, 2017) Because of the lack of specific visual detention, SF-6D is less
sensitive to visual acuity changes when compared to the TTO direct
method.(Bozzani, Alavi, Jofre-Bonet, & Kuper, 2012) The comparison of EQ-5D-5L and
SF-6D of chronic disease in Thai found that EQ-5D-5L was more related to physical
aspect while SF-6D related to the mental aspect. The EQ-5D was more sensitive than
SF-6D in discriminating patient with chronic diseases at different levels.(Sakthong &
Munpan, 2017)

According to the systematic review conducted by Edith Poku et al. in
2013(Poku, Brazier, Carlton, & Ferreira, 2013a) , the study reviews health state utilities
in patient with diabetic retinopathy , diabetic macular edema and age-related
macular degeneration . From 17 studied reviews shown no relevant study specific
for diabetic macular edema patient. The study reclassify visual acuity from included
study to "Brown" visual acuity(M. M. Brown, G. C. Brown, S. Sharma, J. Landy, & J.
Bakal, 2002) grouping which is Good reading vision (20/20 - 20/25), Legal driving
vision (20/30 - 20/40), Moderate visual loss (20/50 - 20/100) and Legal blindness
(equal or worse than 20/200) . The relationship between Health state utility value
(HSUV) and visual acuity were analyzed. The generic instrument EQ-5D was found to
be unresponsive to the changes in VA levels, while TTO and SG showed the
consistent utility changes correlated with VA changes. SG seems to have a higher
utility value than TTO. TTO shows decreasing of utility associated with a reduction of
VA in best-seeing eye (BSE). HUI3 and EQ-5D showed estimates for a good reading
vision for VA corresponding to counting fingers or worse ranged. A Significant
relationship between VA in BSE and TTO values by regression analysis. Another
systematic review of generic preference-based measures of HRQoL in visual
disorder(Tosh et al., 2012) shows poor performance of EQ-5D in different VA ranges in

DR and AMD. HUI-3 instrument was found to perform best in differentiation between
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severity groups in glaucoma, AMD, DR, and cataracts. However, the small sample size
was a limitation(A. Lloyd et al., 2008) Similar results were found in a systematic
review of utility weight in wet AMD. TTO and HUI3 methods were sensitive to the
change of VA, while EQ-5D and SF-6D had a poor impact on visual changes related to
QoL.(I. Pearson, C. Rycroft, A. Irving, C. Ainsworth, & K. Wittrup-Jensen, 2013)
Furthermore, SF-6D were shown to differentiate between patient with AMD. SG
method was not common used for diabetic retinopathy patients due to the difficulty
for imagination and patient demographic such as age, education level and religious
belief might interfere the results. TTO is more simple and is preference-based for
ophthalmology.(Alinia, Mohammadi, Lashay, & Rashidian, 2017)

Szabo S. et a(Szabo et al.,, 2010)l use NEI VFQ to compare TTO in
measurement impact of DR patients. The development and progression of DR are
associated with decreasing of health state in NEI VFQ preferences, but no association
found with sex, age, VFQ quartile or status of better/worse seeing eye. Retnz et al.
also created an algorithm to convert NEI VFQ in to a visual function health state (the
Visual Functioning Questionnaire-Utility Index)(Rentz et al., 2014) and validated in
diabetic macular edema and other retinal diseases.(Khadka, McAlinden, & Pesudovs,
2012; Lloyd, Loftus, Turner, Lai, & Pleil, 2013; Suner et al., 2009) Brazier J. et al(Brazier
et al,, 2017) evaluated the relationship between visual acuity and utility by using EQ-
5D and VFQ-UI from the large aflibercept DME trail, VIVID, and VISTA study.(D. M.
Brown et al., 2015) The responsive of VFQ-25 in RISE and RIDE study which collected
data in DME shows a correlation with change of visual acuity during treatment follow-
up.(Suner et al., 2017) The new utility data were generated and shows more
sensitivity than EQ-5D for measuring the impact of VA in BSE and worse-seeing eye
(WSE). The study also supports the impact of utility-related to BSE. The poor visual
acuity would give a large variation in the utility value, but different types of retina
disease might not give significant differences in utility value.(Hornberger, Shewade,

Doberne, Kowalski, & Nguyen, 2008)

Table 1 Review publications for utilities value in diabetic retinopathy

Sample Region ‘ Method of ‘Data gained‘ Results ’ Authors ‘ Notes
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utility
measurement
Diabetic UK (5 clinical Visual analog Telephone Overall by SG Lloyd et - SG utility score is
retinopathy sites for scale and interview 6/6 - 6/9 al.(A. Lloyd not significantly
(n=122) patients and SG :0.814 et al., 2008) different between
Type 1 or general public EQ-5D 6/12- 2008 the three HRQoL
Type 2 advertisement HUI-3 6/18:0.728 - Declining vision in
diabetes (n = | for the public) VFQ-25 6/24 - 6/36: DR is associated
49) 0.674 with declining in
General 6/60 - 6/120 : utility.
public UK (n 0.629
= 150) CF-HM: 0.570
Age>40 years India ( TTO 2 trained - 2 people Polack S et - TTO decreased
Total n=249 Chennai and EQ5D Interviewer refused and 1 al.(Polack, when DR increased
No DR (n=30) Tamil - unable to Alavi, (p<0.001)
NPDR (n=73) speaking) finish TTO Rachapalle | - Blindness from DR
Sight - Utility by TTO Reddi, gives lower utility
threatening - Kulothungan, value in EQ-5D
DR (n=114) 6/6 — 6/9 :0.78 & Kuper, than TTO
Blind from DR 6/12-6+/18 2015) (2015)
VA less than :0.72
<6/60 (n=32) 6/24-6/60: 0.63
DR staging by
international
classification
system
Age>30 year, Taiwan TTO One-to one - mean utility Tung T et al. | - Half of the patient
Type2 (Kinmen) interview value: 0.92 +/- (T. H. Tung have 1.0 health
diabetes Community- 0.12 et al, state
No DR( based cross- - Utility by TTO | 2005)(2005) | - Factors associated
n=289) sectional No DR: 0.94 with utility value
NPDR (n=87) study from NPDR: 0.87 are age, DR status
PDR (n=21) 1991 - 1993) PDR: 0.83
Legal Legal
blindness blindness: 0.81
(n=9)
DR patient USA (Retina TTO Interview 64 from 95 Brown M. et
VA<20/40 Vascular Unit, SG willing for TTO alM. M.
N=95 Wills Eye 47 patients Brown et al,,
Diabetic hospital) from 64 TTO 1999) 1999
retinopathy

having SG
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Less than or
equal to
20/200: 0.60
- Utility value
from TTO in
AMD
20/20 - 20/25:
0.84
20/30 - 20/40:
0.80
20/50 -
20/100: 0.71

Less than or

20/20 - 20/25 - Utility from
(n=15) TTO
20/30 - 20/50 20/20 -
(n=48 20/25:0.84
20/60 - 20/30 -
20/100 (n=21) 20/50:0.78
20/200 - 20/60 -
20/400 (n=7) 20/100:0.78
CF - HM (n=4) 20/200 -
20/400:0.64
CF to HM :0.59
- Utility from
SG
20/20 -
20/25:0.90
20/30 -
20/50:0.92
20/60 -
20/100:0.84
20/200 -
20/400:0.71
CF to HM :0.70
DR and AMD | USA (Wills Eye TTO Interview - Utility value Brown M.et - No difference
patients hospital) from TTO in DR al(M. M. between utility
N= 617 20/20 - 20/25: Brown et al,, value in DR and
DR(n=333) 0.86 2002) 2002 AMD
AMD (n= 246) 20/30 - - Visual acuity in
20/40:0.80 better-seeing eye
20/50 - was significantly
20/100:0.77 associated with

utility value
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equal to
20/200: 0.59
DR with Canada TTO Interview Visual acuity Sharma - Utility cross
VA<20/30 better seeing S.(Sharma et border compares
N= 186 eye by TTO al., 2003) with Brown M. et al
6/7.5 or better 2002 1999 shows no
:0.881 statistical different
6/9 - 6/15:
0.786
6/18 -6/30:
0.728
6/60 - 6/120:
0.730
CF to NPL
0.478
DM type 1,2 Sweden TTO Telephone BSE utility Heintz E. et - HUI3 and EQ-VAS
(N=129) (Lingkoping EQ-VAS interview value al(Heintz et | detected significant
No DR (n=35) university EQ-5D (adjusted) al, 2012) differences
BR (n=37) hospital) HUI-3 - HUI3 2012 between different
PDR (n=26) VFQ-25 No DR: 0.88 vision and
DME (n=31) DR0.86 pathological
Legal PDRO0.57 progression in the
blindness DMEO0.83 worse eye. HUI3
(n=23) Blindness0.48 shows a high

- EQ-5D
No DR:0.82
DR:0.78
PDR:0.84
DME:0.86
Blindness:0.69

-TTO
No DR:0.87
DR:0.78
PDR:0.81
DME:0.89
Blindness:0.62

EQ-VAS
No DR: 80.59
DR:74.67
PDR:76.70
DME" 76.94
Blindness:60.08

correlation to VFQ

25 (r=0.54)
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DM or AMD USA TTO Interview TTO utility (DM Shah V. et - No effect on
VA<20/40 and AMD), al(Vv. A utility score on age,
(N=150) 20/20 - Shah, Gupta, education level
DR (n=88) 20/40:0.88 Shah, and prior to ocular
AMD (n =48) 20/50 - Vinjamaram, surgery
20/100:0.90 & Chalam, - Significant
20/200 to no 2004) 2004 decrease in utility
light score found in the
:0.76perception poor visual acuity
group
DM age > 22 Iranian VAT Face-to-face SG utility Alinia C. et - Factors that
years old SG interview (vision health al.(Alinia et affected utility
(N=150) TTO scale) al,, 2017) were gender,
No DR to No DR to 2017 smoking status,
moderate moderate diabetic
NPDR without NPDR without comorbidity

DME (n-37)
Severe NPDR
without DME

(n=29)
PDR without
DME (n=22)

No DR to
moderate

NPDR with

DME (21)
Severe NPDR
with DME

(n=23)
PDR with DME

(n=18)

DME:1.0
Severe NPDR
without
DME:0.97
PDR without
DME 0.92
No DR to
moderate
NPDR with
DME:1.0
Severe NPDR
with DME :0.94
PDR with DME
:0.87

TTO
No DR to
moderate
NPDR without
DME: 0.98
Severe NPDR
without DME
:0.90
PDR without
DME 0.81
No DR to
moderate

NPDR with

- Macular edema
was influencing

utility value
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DME:0.95
Severe NPDR
with DME :0.85
PDR with DME
:0.72

VAT
No DR to
moderate
NPDR without
DME:0.97
Severe NPDR
without DME
:0.92
PDR without
DME 0.75
No DR to
moderate
NPDR with
DME:0.90
Severe NPDR

with DME :0.79
PDR with DME
:0.68
Australia Fenwick E. et
(Melbourne) al.(Fenwick,
Xie,
Pesudovs, et
al,, 2012)
2012
DR age>18 Canada TTO Interview TTO utility in Szabo S. et - 6 health stats
years (N=98) (Ontario and NEI VFQ BSE and al.(Szabo et were identified by
Bilateral Vancouver) preference al,, 2010) VFQ response and
(n=82) value 2010 visual acuity
DME (n=27) 20/20- - Preference weight
20/40:0.81 to declined with
0.98 increasing bilateral
20/50 - disparity
20/80:0.76 to
0.91
20/100 -
20/160: 0.70
20/200 :0.67
DM (N=2213) USA (Kaiser EQ5D Self- EQ-5D utility Smith D. H.
include DR Permanente complete 20/20: 0.82 et al.(Smith
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and DME Northwest questionnaire | 20/40: 0.75 et al,, 2008)
diabetes Less than 2008
registry) 20/80 :0.71

VAT=visual analogue thermometer, DM= Diabetes mellitus, DR=Diabetic retinopathy,
DME-Diabetic macular edema, TTO=time-trade off, SG=Standard gamble, VFQ=Visual

function questionnaire

Effect of cultural and beliefs on health state utility
1. Cultural and religious effect on health state utility

Cultural and religious can effect on the response of health state interview. In the
study of Elbarazi et al., explored the relationship of religious and health perception
in Muslim population, about 80% of the participant feel their health state influenced
by spiritual or religious belief.(Elbarazi et al., 2017) Papadimitropoulos et al. also
studied in Arab emirates , found that respondents had been reluctant to accept the
state of worse than dead situation.(Papadimitropoulos et al., 2015) Health state
preferences are a combination of results from demographic factors such as sex, age,
personality, religion, occupation, and individual illness. Religions are known to affect
the perception of death. Spiritual well-being and religion can reduce the anxiety
related to death and mediate the depth perception.(Jeon, Kim, & Yoon, 2015) In the
TTO question, imaginary death status is required to express the degree of individual
health perception and mediate optimism, self-esteem, and life satisfaction.(Masel,
Schur, & Watzke, 2012) No previous studies have demonstrated the association

between religious belief and death-related health preference questions.

2. Language effect on the response of health state utility

Language and understanding of health utility measurement can give rise to varied
utility level, for example, Luo et al., using EQ5D and HUI2/3 studied in Hispanic
population across three languages; Non-Hispanic surveyed in English (NHE), Hispanics
surveyed in English(HE), and Hispanics surveyed in Spanish(HS). The study found that
NHE reported more problems and disabilities in HUI2/3, while EQ5D showed no

difference between languages.(Luo, Ko, Johnson, & Coons, 2009)
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Factors effect to the TTO response

Factors associated with the TTO answer such as sex , age, marital status and
education have been reported.(van Nooten, van Exel, Eriksson, & Brouwer, 2016)
Furthermore, TTO responses related to the loss of life and attitudes on future life,
including death, may play a role in the respondent's decision.(Rutten-van Molken,
Hoogendoorn, & Lamers, 2009) F.E. Van Nooten et al. studied the understanding in
the beliefs on respondents regarding their future health and death, including the
desire to witness certain life events. The studied survey on 3 TTO imperfect health
states (own current health, perfect health and dead) using a 10 years timeframe,
Health-Risk Attitude Scale (HRAS), the Expectations Regarding Aging (ERA)
questionnaires, the importance of life events that take place in TTO time frame and
more question about future health including death and after death life. The studied
results have shown respondent's beliefs about future health, death, and desires to
witness a life event significantly affected the year of TTO trade-off. (van Nooten et
al., 2016) From the above mentioned, We know that different cultures, countries and
ways of life can contribute to the response of TTO, which it should be explored in
Thai population.

The mode of administration of TTO gave rise to a different levels of health states.
Norman R et al. compare face-to-face interviews and remote electronic tools to
obtain TTO health levels. The study showed a pattern of response different by mode
of administration with a larger standard deviation and higher proportions of response
from the electronic tool.(Norman et al., 2010) One to-one interviewer technique was
more favorable than the group interview and self-complete. (K. K. Shah, Lloyd, Oppe,
& Devlin, 2013) However, in some countries, computer-based was

preferred.(Papadimitropoulos et al., 2015)

Diabetic retinopathy, wet AMD, and Cataract
DR is one of the most common retina diseases and a leading cause of vision
loss resulting from complicated systemic vascular disease with increasing

prevalence.(Duh et al.; Robinson & Spencer, 2006; Ting et al., 2016) The vision loss
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from diabetic retinopathy is reflected in a reduction in health utility.(M. M. Brown et
al., 1999)

Wet AMD, a common retina condition, causing vision loss in an elderly
population, results in damage by exudative and choroidal neovascularization
(CNV).(Seddon & Chen, 2004) Unlike a complication of systemic changes in DR, the
primary cause of vision loss in wet AMD is mainly in the macular area and contributes
to irreversible damage. Regular treatment with anti-vascular endothelial growth factor
(anti-VEGF) helps to reduce the incidence of severe vision loss.(Chew et al., 2014)
When comparing DR and wet AMD, the HRQoL seems to be influenced by the
amount of vision loss rather than the cause of it.(Melissa M Brown, Gary C Brown,
Sanjay Sharma, Jennifer Landy, et al., 2002)

Cataracts, unlike DR and wet AMD, which presented in a chronic fashioned, is
also one of the common causes of vision loss in the elderly but most regain vision
through the lens removal surgery with artificial lens implantation. Visual acuity level
in cataract patients is associated with the level of health utility and quality of life.(J.
Lee et al., 2000) The vision level contributes mainly to the HRQoL, but the level
differs among eye diseases.(B. S. Lee et al., 2008) Furthermore, the level of HRQoL or
HU are various cross-culturally.(J. E. Lee et al.,, 2003) A QALY weights data for retina
disease are still limited in South East Asian region.(Au Eong et al.,, 2012; Wagle et al,,
2011; ussad, 2019).
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Chapter 3

Methods and Procedure

This project consists of 2 phases of study which are.
1. Phase I: Pilot study and feasibility evaluation of Time trade-off technique, EQ-
5D-5L, HUI3 and NEI VFQ-25
2. Phase Il: Multicenter Health states survey study in a patient with DR, wet
AMD, and Cataract by using TTO, EQ-5D-5L, HUI3

Instruments and outcome measurements
1. Health utility Instruments
1.1.  Traditional time-trade off (tTTO)

tTTO is a traditional TTO, the concept originally proposed by Torrance et al.
(Torrance, 1987) and used in retina patients described by Sharma S et al. (Sharma et
al., 2002). tTTO score calculated as

“Utility value= (Number of years expected life - number of years trade-off)/ Number
of year expected life”
A questionnaire related to tTTO can be found in Appendix.

1.2. Composite time-trade off (cTTO)

The cTTO questionnaire was modified from EQ-VT protocol for TTO valuation in
EuroQol protocol.(B. M. Janssen et al., 2013; Williams, 1995). A full health state
defines as perfect vision in each eye. cTTO questions started with explaining an
interview process and introducing the visual aid for comparison, then starting with
one sample question. For a better than dead health state, participants were asked to
choose between ten years of full health state (life A) and their vision condition
health state for ten years (life B). If life B has been chosen, the participant was asked
an explanation of the answer to determine the participant’s cognitive and
understanding of the question. If life A was selected or found to be equal to life B,
participants would move to the next question to choose between life A in 0 year

and life B in 10 years. If life A was chosen, a worse than the dead situation was
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applied, and utility set as 0. If life B was preferred, the number of years in life A was
started with x year with a healthy eye then followed by the dead. The x started with
0 and upward titration every 1 year until indifference or reversal occurred. The visual
aid TTO board was used instead of a digital computer presentation as visual guide for
respondents. Questionnaire related to cTTO can be found in Appendix.

1.3. EuroQol EQ-5D-5L questionnaire (EQ-5D-5L)
The EQ-5D-5L interview started with EQ-VAS and was followed by five domains of
questions as in EuroQoL protocol. The Thai version of EQ-5D-5L interview The Thai
version of EQ-VT questionnaire.(Pattanaphesaj, 2014) started with EQ-VAS and was
followed by five domains questions as in EuroQoL protocol. A hybrid model value
set for Thai population was used to calculate the EQ-5D-5L utility
score.(Pattanaphesaj et al., 2018) The domain of EQ-5D-5L includes mobility, self-
care, pain/discomfort, usual activities and depression/anxiety. Each domain comprise
5 response question. The utility score from EQ-5D-5L range from 0 to 1.

1.4. Health utility index 3 questionnaires (HUI3)
The translated and validated Thai version of HUI3 was used in this study.(Saiguay &
Sakthong, 2013) The interview and HU calculation were followed by instructions from
HUI® (HUInc, Hamilton , Canada).(Feeny et al., 2002; Horsman, 2012) There are 8
dimentions in HUI3 questionnaires, including vision, hearing, speech, ambulation,
dexterity, emotion, cognition, and pain. There are 41 questions on this questionnaire.
However, a responder was not required to answer all of the items, the number of
questions required to respond are related to an answer of the first question in each
domain. The HUI3 result gives rise to a utility score range from -0.36 to 1.0

1.5. The National Eye Institute Visual Function Questionnaire (NEI VFQ-25)
The Thai version of NEI VFQ-25(Mangione et al., 2001; Setthawatcharawanich et al.,
2009) comprises of 1 general health item, and 24 visual-related items, were used to
evaluate the visual related QoL. All instruments had been authorized to use prior to
the study. The NEI VFQ-25 score range from 0 to 100 , where a higher score indicates

better visual function.
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Measurement of visual acuity and visual impairment
The number Early treatment diabetic retinopathy study chart (ETDRS chart
(Precision Vision, inc, IL, USA) were used to measure distant visual acuity. The visual
acuity measure as presented distance visual acuity (Patient required to put their
distant glasses on to read the chart) and pin-hole visual acuity were performed.
When the patient couldn’t read the charts, finger counting (FC), hand movement
(HM), and light perception (LP) were tested. Converting to LogMar scale was applied
to FC,HM,LP or complete blindness.(Schulze-Bonsel, Feltgen, Burau, Hansen, & Bach,
2006).
1. The ETDRS letter converting to LogMar visual acuity scale by using a
formula(Holladay, 2004)
LogMAR = -0.02 (X) + 1.7 . where X = count of ETDRS letters
2. The Snellen visual acuity calculated by using a formula(Holladay, 2004)r
Snellen denominator = 20/10™ , where X- count of ETDRS letters
3. Visual impairment grading according to status according to WHO
classification.(Pan, Wang, Wang, Xu, & Song, 2018). Level of visual impairment are

indicated in Table 2.

Table 2 The levels of visual impairment

Level of VI Distant snellen visual acuity in the Definition
best-seeing eye
0 20/20 to 20/40 No vision impairment
1 20/40 to 20/60 Mild vision impairment
2 20/60 to 20/200 Moderate vision
impairment
3 20/200 to 20/400 Severe vision impairment
il 20/400 to 5/300 Blindness
5 Light perception Blindness
6 No light perception Blindness
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1. Diabetes mellitus defines according to an American diabetes association (ADA)

guidelines(Association, 2020) which criteria are;

1.1. Clinical symptom of hypoglycemia or hyperglycemia crisis with random

plasma glucose> 200 mg/dl

1.2. Fasting plasma glucose (8 hours fasting) > 126 mg/dl

1.3. 2- hour plasma glucose > 200 mg/dl after oral intake of 75 grams of glucose

solution in water

1.4. Hemoglobin A;C > 6.5%

2. Diabetic retinopathy grading was followed the International classification of

diabetic retinopathy (ICDR) (Wilkinson et al., 2003) and diabetic macular edema

(Das et al., 2021), which detail are as in Table 3. However, a justification for

disease diagnosis was referenced by retina specialist and ophthalmologist at a

local study site.

Table 3 Classification of diabetic retinopathy and macular edema

Disease severity

Findings observable upon dilated

ophthalmoscopy

Diabetic retinopathy (DR)

No apparent DR

No abnormalities

Mild NPDR

Microaneurysms only

Moderate NPDR

More than just microaneurysms but less than Severe
NPDR, (microaneurysms with other signs like
intraretinal hemorrhages, hard exudates, cotton wool

spots)

Severe NPDR

Any of the following: (4:2:1)

1. More than 20 intraretinal hemorrhages in each of 4
quadrants

2. Definite venous beading in 2+ quadrants

3. Prominent intraretinal microvascular abnormalities
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IRMA in 1+ quadrant (And no signs of PDR)

PDR

One or more of the following:
1. Neovascularization

2. Vitreous/preretinal hemorrhage

Diabetic macular edema (DME) by clinical appearance

No apparent DME

No retinal thickening or hard exudates at macula

Mild DME

Some retinal thickening or hard exudates in posterior

pole but distant from the center of the macula

Moderate DME

Retinal thickening or hard exudates approaching the

center of the macula but not involving the center

Severe DME

Retinal thickening or hard exudates involving the

center of the macula

DME classification by Center of macula involvement using Optical Coherence

Tomography (OCT)

Non-central involving

DME

Retinal thickening in the macula that does not

involve central subfield zone in OCT (1 mm diameter)

Center involving DME

Retina thickening in the macula that involves the

central subfield zone in OCT (1 mm diameter)

Tractional retinal detachment (TRD) defines as fibrous traction on retina with

elevation of retina tissue as a result from diabetic retinopathy. The diagnosis was

based on a justification by retina specialist or ophthalmologist at local study site.

Non-medical expenses and income lost

1.

Travel expense defines as an expense for transportation-related items for the

doctor’s visit, including gas, public transportation, and car rental.

Other non-medical expenses define as an expense which not related to medical

treatment and transportation, including food and accommodation

Income losses
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3.1. Patient income lost defines as an amount in monetary that patient lost from
absence of work on the doctor’s visit day
3.2. Caregiver income lost defines as an amount in monetary, that caregiver who

brings the patient to hospital, losses on the doctor’s visit day

Evaluation of systemic comorbidity

To evaluate the impact of systemic comorbidity on health utilities and quality
of life. The Charlson comorbidity index (CCl) was used, it is a method for a prediction
of mortality or use as weighting of comorbid conditions. It has been used to evaluate
a burden of multiple systemic diseases. The comorbidity from the Charlson
comorbidity included myocardial infarction, congestive heart failure, peripheral
vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease,
rheumatologic disease, peptic ulcer disease, liver disease, diabetes with/ without
chronic complication, hemiplegia or paraplegia, renal disease, malignancy including
metastatic solid tumor and AIDS/HIV disease.(Charlson, Pompei, Ales, & MacKenzie,
1987) The CCl has been cited for more than 40,000 times and has been used widely

in clinical practice including the data gathering from hospital chart.(Quan et al., 2011)

Methods for Pilot (Phase I) study
1. Study design

This study was a cross-sectional study that interviewed patients from an
ophthalmic outpatient clinic at King Chulalongkorn Memorial Hospital from October
2019 to December 2019. We recruited consecutive patients attending the retina clinic
and general eye clinic. Before the interview process, all patients were informed
about the study and provided consent to be interviewed and for their clinical data
records to be used. This study was approved by the local institutional review board
committee and registered in the Thai clinical trial registry before data collection
began (TCTR20190831002). Methods of this study has been
published.(Pongsachareonnont, Sakthong, & Kulvichit, 2022)
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2. Inclusion and exclusion criteria
The inclusion criteria were patients who were diagnosed of cataracts, wet-age-
related macular degeneration (wet AMD) or diabetic retinopathy (DR). Patient who

had mental impairment or non-native Thai speakers were excluded from the study.

3. Data collection
Participants were invited to the interview after their doctor visit by the principal

investigator or research coordinator. None of the invited patients refused to join the
study. Five trained interviewers with experience in health interviewing for at least 1
year conducted the face-to-face interviews. All interviews consisted of the same
sequences of questionnaires. The licensed questionnaires were authorized before
data collection was started. After completion of the QoL questionnaires, respondents
and interviewers were asked their opinions about the feasibility of the interview, and
their responses were recorded at the end of the interview. Snellen VA and clinical
examination data were collected from the patient’s chart of that visit. Interview
started with demographic data and clinical data. The utility instruments started in a
order with tTTO, cTTO, EQ-VAS, EQ-5D-5L and HUI3. After utility instruments were
asked an NEI VFQ-25 was interviewed. An open-ended question was used to gather
the interviewer’s opinion about the understanding of the respondent, asking if the
interviewer thought that there were important issues that might affect the accuracy
of the respondent’s answers during the interview. The respondent’s understanding of
the interview questions, based on the perception of the interviewer, was rated on a
Likert-type scale ranging 0 to 4, where “0” means that the respondent understood
0%-25% of the questions, “1” means that the respondent understood 26%-50% of
the questions, “2” means the respondent understood 51%-75% of the questions,
“3” means the respondent understood 76%-99% of the questions, and “4” means
the respondent understood fully or 100% of the interview questions.

An interviewer’s low confidence in the accuracy of the answers was defined as a
rating of less than 50%. Open-ended questions were asked at the end of each

questionnaire, including “Are there any parts of this questionnaire interview that
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make you feel discomfort, troubled, or inconvenienced? Please specify,” and “Are
there any parts that you dislike about this specific questionnaire?” The interview
started by asking for general demographic health information, followed by tTTO,
cTTO, EQ-VAS, EQ-5D-5L, HUI3, and NEI VFQ-25; and then closed with open-ended

questions about the respondent’s opinion of the questionnaires.

4. Feasibility assessment

The feasibility assessment of the questionnaires focused on the questionnaire
interview time, the interviewer’s rating of the respondent’s understanding of the
questionnaires, the open-ended problems of the difficulty in responding to each
questionnaire, respondent feedback of the questions, respondent preferences, and

the association between HU with the level of VI and vision-specific QoL score.

5. Statistical analysis

A prespecified sample size of 40 subjects was designated for this pilot and
feasibility study. Continuous data were described as means and standard deviations.
Proportions were described in percentages. Chi-square or Fisher’s exact test was used
to test the distribution of categorical data. We used Pearson correlation or Spearman
correlation coefficients to explore the correlation between the HU and NEI VFQ-25
QoL scores. Analysis of covariance (ANOVA) were used to compare the mean HU
among types of eye disease in from all questionnaire instruments. Multivariable
linear regression analysis was used to explore the association between VI and HU.
STATA/IC 15.1 (StataCorp LLC®, Texas, USA) was used for statistical analysis. A p

value <0.05 indicated statistical significance. Complete case analysis was used.

Methods for Multicenter (Phase II) study
1. Study design

This cross-sectional survey was conducted in four study sites across Thailand from
September 22, 2020 to April 02, 2021. The study protocol had been approved by the
local ethics committee at each study site and adhered to the tenets of the

Declaration of Helsinki. Clinical trial registration was submitted before commencing



a6

the patient enrollment (TCTR20190831003). The participants were informed about
the study by the research coordinators, and their consent was obtained prior to the
interview. We requested all participants to partake in the survey following their
doctor’s visit. The participants were recruited from ophthalmic outpatient clinics
across tertiary care centers in Bangkok province (Central region), Chiang Mai province
(Northern region), Khon Kaen province (Northeastern region), and Songkhla province

(Southern region).

2. Inclusion and exclusion criteria

The inclusion criteria were as follow: (1.) age > 18 years diagnosed with either
diabetic retinopathy (DR) or screened for diabetic retinopathy, visually affected
cataract or wet AMD ; (2.) native Thai speaker; and (3.) no history of mental
retardation or impaired cognitive function. Patients who were unwilling to response
or trade-in any TTO question or had a dense cataract that substantially affected their
vision following the diagnosis of wet AMD, DR or DR screening were excluded from

the study.

3. Data collection

Participants were invited to the interview after their doctor visit by the principal
investigator or research coordinator. The interview order commenced with general
information and demographic data, followed by tTTO, cTTO. Following TTO
questions, HUI3 or EQ-5D-5L was administered using a prespecified simple
randomization sequences to offset the potential for sequence bias. Initially
administered HUI-3 was administered, followed by EQ-5D-5L and vice versa.
Eventually, we administered the National Eye Institute Visual function questionnaire
(NEI VFQ-25). Face-to-face interviews were performed by trained local interviewers in
similar fashion at all study sites. ETDRS visual acuity test was obtained before the
pupil dilatation procedure. Charlson comorbidity index were calculated by using the

interview and doctor records.

4. Statistical analysis
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Data were entered and managed using REDCap® electronic data capture tools
hosted at the Chulalongkorn University, Thailand. Data analysis was performed using
STATA® version 15.1 (StataCorp.2017, StataCorp LLC, Tx, USA). Continuous data were
summarized using means and standard deviations (SD), whereas categorical data
were reported using percentages and counts. We performed the Student’s t-test to
compare two continuous means, and used the general linear model for more than
two groups. We performed the Pearson chi-square test to compare the categorical
variables. Pearson correlation coefficients were used for the correlation between HU
score and NEI VFQ-25 score. Concordance correlation coefficient were used to
determined the agreement of instrument to measure HU. We conducted a
multivariable modeling of continuous outcomes using the linear mixed model (LMM)
with study site as a fixed effect because it can account for any clustering effect,
which many be an outcome of our multicenter design effect. Possible confounders
to the relationship between VA and HU, including QoL score, were included in the
model based on prior knowledge. For the relationship between predictor and
confounder, variance inflation factors less than 10 as consider level of
multicollinearity. A p-value < 0.05 was considered statistically significant throughout

all inferential analyses.

5. Sample size

The utility scores were the primary response outcomes. We calculated the
sample size to detect a minimal clinical difference (effect size) of 0.15 utility score
among any of the disease groups using an alpha of 0.05, power of 80%, and a cluster
effect of intraclass correlation (ICC) = 0.1. Patients with DR displayed greater
prevalence; thus, DR was oversampled at a proportion of 2:1. This yielded an overall
sample size of at least 256 participants (128 participants with DR, 64 participants with
wet AMD, and 64 participants with cataracts). The calculation of sample size
calculated by STATA® . The testing methods and formulars can be found at

https://www.stata.com/manuals/pss-2powertwomeanscluster.pdf.
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Chapter 4

Results
The pilot study: results (Pongsachareonnont et al., 2022)
Forty respondents participated in this survey (1 missing demographic data).
Table 4 shows the respondents’ demographics. All respondents had Buddhism
religious beliefs, except for one person who was Christian. According to WHO VI
criteria, about 43.59% of all respondents had mild VI, 25.64% had moderate VI,
23.08% had severe VI, and 7.69% were blind. None of participants were excluded

after the recruitment.

Table 4 Demographics of 39 respondents in the pilot study among Diabetic
retinopathy (DR), Cataract, and Wet-age-related macular degeneration (wet

AMD) patients

DR Cataract Wet AMD P value
Factors N =16 N =15 N=8
72.00
Age [mean in year (SD)] 63.19 (9.63)  58.47(7.70) (8.40) >0.001
Sex [n(%)] Male 6 (38) 10 (67) 2 (25) 0.12
Location
[n(%)] Bangkok 9 (60) 8 (53) 3(38) 0.65
Others 6 (40) 7(47) 5(62)
Employment
status [n(%)] Unemployed or housewife 5031 4.(27) 2 (25) 0.88
Government worker 1(6) 2 (13) 0(0)
Daily employment 3(19) 4.(27) 1(12.5)
Employment/nongovernment 4 (25) 2(13) 1(12.5)
Retirement/monk 3(19) 3(20) 4 (50)
Marital status
[(n(%)] Single 3(18.8) 2(13) 2 (25) 0.22
Married 7(43.8) 12 (80) 5(62.5)
Others/widow/divorce 6 (37.4) 1(7) 1(12.5)

Education Lower than grade 3 or none 4(25) 3(20) 1(12.5) 0.19



[n(%)]

Average
income per

month [n(%)]

Treatment
coverage

[n(%)]

Caregivers
accompany to

hospital [n(%)]

History of
alcohol

drinking [n(%)]

History of
smoking [n(%)]

Visual acuity

in BSE** [n(%)]

Grade 3 to grade 9

High school or technical school

Bachelor or above

No direct income
Less than 10,000 baht
10,000 to 25,000 baht
Above 25,000 baht

No coverage/others
Government reimbursement
Universal health coverage
program (30 baht)

Social security insurance

None
Family
Others

No

Yes

No

Yes

20/20 to 20/40
20/50 to 20/70
20/80 to 20/200
Less than 20/200

6 (37.5)
4 (25)
2(12.5)

5(31.3)
6 (37.5)
3(18.7)
2(12.5)

5(31.3)
3(18.7)

6 (37.5)
2(12.5)

4. (25)
11 (69)
1(6)

9 (56)
7 (44)

12 (75)
4(25)

6 (38)
5(31)
4(25)
1(6)

3 (20)
6 (40)
3(20)

3 (20)
4.(27)
6 (40)
2(13)

2(13.3)
3(20)

8(53.3)
2(13.4)

5(33)
10 (67)
0(0)

6 (40)
9 (60)

11 (73)
4 (27)

7 (50)
3(21.5)
3(21.5)

1(7)

1(12.5)
1(12.5)
4 (50)
2(25)

2(25)
3(37.5)

1(12.5)
2(25)

2(25)
5(62.5)
1(12.5)

4(50)
4 (50)

6 (75)
2(25)

3(37.5)
2 (25)
2 (25)

1(12.5)
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0.64

0.55

0.83

0.65

1.00

0.99
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Visual acuity

in WSE***
[n(%)] 20/20 to 20/40 1(6.3) 2 (14) 2 (25) 0.74
20/50 to 20/70 2(12.5) 3(21) 1(12.5)
20/80 to 20/200 9 (56.2) 4(29) 3(37.5)
less than 20/200 4(25) 5(36) 2(25)

* Categorical P value calculated by Fisher’s exact test
** Best-seeing eye

*** Worse-seeing eye

Table 5 shows the mean utility score of the tTTO and cTTO, EQ-5D-5L, and HUI3
instruments. There were no statistically significant differences in all HU scores among
DR, wet AMD and cataracts. Four of 40 respondents denied trading their life in tTTO
because of the following reasons: satisfaction with vision status and personal beliefs.
Off all non-traders for tTTO, two respondents had a visual acuity in a best-seeing eye
(VABSE) of 20/20 to 20/40, with one subject diagnosed as DR (age 68 years) and
another one had wet AMD (age 73 years); one respondent had VA 20/50 to 20/70
with a diagnosis of DR (age 65 years), and one respondent had VA 20/80 to 20/200
with a DR diagnosis (age 57 years). All respondents were Buddhist with a high school
education level or lower. Among these non-traders for tTTO, three respondents had
difficulty understanding the life-trading concept, and they all chose to answer the
cTTO with the reason of easier to understand in concept. Meanwhile, one non-trader
in the tTTO understood the concept of trading life but had an idea of acceptance in
life and fatalism that caused a denial to trade for tTTO. ALl tTTO traders were able to
respond to the cTTO instruments. Two patients with negative tTTO were willing to
trade more years than their life span: one patient was diagnosed with cataract with a
VABSE in the range of 20/80 to 20/200, and the other was diagnosed with wet AMD
with a VABSE less than 20/200. The mean interview duration of the tTTO, cTTO,
EQ5D-5L, HUI3, and NEI VFQ-25 were 2.89 minutes (SD 1.68, min-max: 0.3-7), 3.92
minutes (SD 2.43, min—-max: 1-15.16), 3.07 minutes (SD 1.85, min-max: 1-12), 5.50
minutes (SD 2.10, min—-max: 2-13), and 8.20 minutes (SD 2.87, min—-max: 3—17),
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respectively. The answers of one respondent received a rating of low confidence
accuracy from the interviewer on the tTTO and cTTO. Two respondents on the tTTO
questionnaire and one respondent on the cTTO questionnaire had difficulty
understanding the concept of trading life for better health state, whereas none of
the respondents to the EQ-5D-5L, HUI3, and NEI VFQ-25 showed nonunderstanding of
the questions. For the effect of religion on the imagination of death and shortening
of life, 87.5% reported some effect, 10% reported a moderate effect, and 2.5%
reported a marked effect on the decision related to TTO questions. None of the
respondents reported no effect of religion on the TTO decision, and none felt

discomfort on all questions.

Table 5 Utilities score and quality of life score

Instruments n Mean SD Min Max
tTTO 36 0.50 0.50 -1.50 0.94
cTTO a0 0.49 0.48 -0.95 1.00
EQ-VAS a0 0.67 0.17 0.30 1.00
EQ-5D-5L a0 0.80 0.12 0.51 1.00
HUI3 39 0.61 0.30 -0.04 1.00
NEI VFQ-25 40 65.59 16.38 31.04 91.52

SD: standard deviation, Min: minimum, Max: maximum

Figure 2 shows the positive correlation between utility scores and visual-
specific QoL questionnaire scores, demonstrating that utility scores from the EQ-VAS,
EQ-5D-5L, and HUI3 are statistically significantly correlated with the VFQ-25 score. For
the association of HU and VI status, a univariable analysis is shown in Table 6. When
adjusting for baseline demographics, the utility scores obtained from HUI3 and EQ-
5D-5L significantly decreased in mild and moderate to severe VI when compared

with normal VI, as shown in Table 7.
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Figure 2 Correlation between the utility scores and the NEI VFQ-25 score in the

pilot study
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The multicenter study: results

Utility scores and quality of life scores
1. Utility scores and vision specific quality of life score

We enrolled 324 patients for the study, and only 309 patients were eligible for
the interviews (Figure 3). From our sample, 79,68,78, and 84 participants were from
the northern, northeastern, south, and central part of the country. There were 141,
78, and 90 patients in the DR, cataract and wet AMD groups, respectively. Table 8
summarizes the demographic and baseline characteristics. There were statistically
significant differences in the mean age group, the region of participants, marital
status, the proportion of Buddhism follower, and types of healthcare coverage
programs among the three diseases. The overall mean utility score obtained from
tTTO, cTTO, EQ-VAS, EQ-5D-5L and HUI3 (mean +SD) were 0.66 +0.20, 0.84 +0.25,

0.73 +0.15, 0.70 £0.19 and 0.68 +0.26, respectively. The mean VFQ-25 score was
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70.71 £17.76. Table 9 summarizes the mean utility score and VFQ-25 score among
levels of visual impairment. Details of the utility score among types of eye diseases
are provided in Table 10. In the paired comparison, the mean cTTO was higher than
the HUI3 (mean difference + SE: 0.16+0.02 , p<0.001) and EQ-5D-5L (mean difference
+SE: 0.14+0.02 , p<0.001). There was no difference between the HUI3 and EQ-5D-5L
(mean difference + SE: -0.02+ 0.02 , p<0.23). Table 11 summarizes an association of
health utility scores across WHO visual impairment level. The NEI VFQ-25 score
among visual impairment and association with visual impairment status are shown in
Table 12. There were significant differences in all levels of visual impairment

compared to normal vision from NEI VFQ score.



Figure 3 Patients enrollment workflow
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2 Factors associated with the utilities and quality of life

The crude and adjusted for baselines patient-characteristic effect for HU from all

measurements by using multivariable linear mixed model analysis are provided in

the Table 13 and 14. Briefly, the VA in worse-seeing eyes was significantly associated

with decreasing HU in EQ-5D-5L, HUI3 and cTTO. In better-seeing eyes, the HU from

cTTO was significantly decreased along with the VA worsening. For adjusted factors,

older age, marital status and non-smokers were significantly associated with HU

increase in EQ-VAS. There were statistically significant differences in HU scores among

the types of healthcare coverage in EQ-5D-5L, whereas HUI3 displayed potentially
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different but statistically insignificant scores. The income level was significantly
associated with increasing of HU in EQ-VAS, EQ-5D-5L and HUI3. There were no
differences of HU among patients with DR, wet AMD and cataract when adjusted for
VA levels and baseline characteristics. There were significantly reduce of the mean

utility scores when the CCl increased in EQ-VAS, EQ-5D-5L and HUI3.
3 Utility and QoL among types of eye diseases

A one-way analysis of variance determined the mean HU among patients with DR,
wet AMD and cataract in each utility instrument. There were no significant differences
in the mean HU among these diseases. The NEI VFQ-25 score was insignificantly
different between these diseases as well. Moreover, the linear mixed model
adjustment did not demonstrate statistically different HU obtained from all
techniques and the NEI VFQ-25 scores among the DR, wet AMD and cataract groups.
In the DR group, the percentage of no DR, non-proliferative DR, proliferative DR and
DR with tractional retinal detachment (TRD) was 8.4%, 27.3%, 51% and 13.3%,
respectively. There were no differences in the HU between participants with and
without diabetic macular edema (DME). However, the HU from cTTO score
demonstrated that TRD patients had statistically significantly lower compared to no

DR (p = 0.041, 95%Cl of mean difference: -0.40 to -0.008)
4. Non-trader for tTTO

Of all 309 participants, only 230 patients were willing to trade their life to gain
healthy vision in tTTO. The reasons for non-trader in the tTTO were that they
considered their vision was in good condition (49.38%), accepted with their eye
conditions/ or were happy with the impaired visual status (36.71%), not worthy of
trading their life to gain healthy vision or could not accept the idea of a shortening of
life (8.9%), and provided no reasons to be explanation (5%). For tTTO, participants in
the non-trader group had higher age than those in the trader group (67.9% vs.

62.6%). The percentage of non-trader were higher than the traders in the central and
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the Northern region (32.9% and 35.4%). The number of Buddhist participants was
higher in the non-trader group than that in the trader group (97.5% vs. 90.0%).
Moreover, the mean VA in worse-seeing eyes was lower in non-traders compared
with traders (1.0 LogMar vs 1.2 LogMar). Table 15. Summarizes a detail of the
comparison. Owing to the limitation of the willing to trade in tTTO, only cTTO was

used to represent the visual utility of the direct method in the analysis.

Distribution of health utilities and NEI VFQ score and test of linearity
assumption in the multicenter study

The distribution of utility score has shown left-skewed. cTTO has showed the
most skewed of data. Figure X below shows histograms of the HU scores and QoL
scores. Q-Q plot of the residual from regression function of the primary outcome (
HU) and primary predictor ( VA) is shown in Figure XX. The Q-Q plot has shown mild
left skew distribution in tTTO, EQ-VAS, EQ-5D-5L, HUI3, and NEI VFQ-25, however,
cTTO showed moderate left-skewed. None of the plots showed under/over disperse
of the distribution. Although there were mild left skewed, but with the large samples
(N=309), the central limit theorem was applied and linear regression analysis was
acceptable for analysis. For the test of multicollinearity between adjusted variable
for HU and VA in BSE, the variance inflation factors (VIF) was calculated. The VIF
above 10 was considered as a high correlation and had significant multicollinearity.

None of the results had shown a VIF score > 5.
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Figure 4 Histogram of the utility scores
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Figure 5 Q-Q plot of the residual ( Health utility scores and Qol scores with the

visual acuity in the best-seeing eye)
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Table 8 Respondents demographics and baseline variables

62

p-
Total DR AMD Cataract value
N=309 N=141 N=90 N=78
71.0 <0.0
Age, year (mean, SD) 63.9 (11.7) 57.9(10.1) (10.6) 66.5(9.9) 01
Region 0.004
18 28
North 79 (25.6%) 33 (23.4%) (20.0%) (35.9%)
24 23
North east 68 (22.0%) 21 (14.9%) (26.7%) (29.5%)
26 12
South 78 (25.2%) 40 (28.4%) (28.9%) (15.4%)
22 15
Central 84 (27.2%) 47 (33.3%) (24.4%) (19.2%)
Gender 40 33
Male 132 (42.7%) 59 (41.8%) (44.4%) (42.3%) 0.93
History of alcohol
32 26
drinking Yes 100 (32.4%) 42 (29.8%) (35.6%) (33.3%) 0.64
History of smoking 23 16
Yes 59 (19.1%) 20 (14.2%) (25.6%) (20.5%) 0.08
Having a caregiver 78 58
Yes 251 (81.2%) 115 (81.6%) (86.7%) (74.4%) 0.12
Marital status Single 30 (9.7%) 19 (13.5%) 5(5.6%)  6(7.7%) 0.03
55 52
Married 204 (66.0%) 97 (68.8%) (61.1%) (66.7%)
Separated 13 (1 4.2%) 2(1.4%) 5(5.6%)  6(7.7%)
24 13
Divorce /Widow 60 (19.4%) 23 (16.3%) (26.7%) (16.7%)



Religions

Education level

Average income per

month

(1 USD = 35 THB)

Health coverage program

Charlson comorbidity

index

Buddhism

Other

Less than High school

High-school and

diploma degree

Bachelor’s degree or

higher

Less than 10,000 THB

10,000 to 25,000 THB

Above 25,000 THB

Missing

Government or state
enterprise officer

reimbursement

Universal health
coverage program (30-

Baht)

Social security

scheme

Out of pocket,
private insurance or

others

284 (91.9%)

25(8.1%)

173 (56.0%)

66 (21.4%)

70 (22.7%)

165 (53.4%)

67 (21.7%)

76 (24.6%)

1 ( 0.3%)

156 (50.5%)

113 (36.6%)

20 (6.5%)

20 ( 6.5%)

61 (19.7)

111 (35.9)

105 (33.9)

123 (87.2%)

18 (12.8%)

73 (51.8%)

34 (24.1%)

34 (24.1%)

70 (49.6%)

32 (22.7%)

39 (27.7%)

0 ( 0.0%)

59 (41.8%)

60 (42.6%)

12 (8.5%)

10 ( 7.1%)

0(0)

57 (40.4)

64 (45.4)

84
(93.3%)

6 (6.7%)

57
(63.3%)

15
(16.7%)

18
(20.0%)

54
(60.0%)

21
(23.3%)

15
(16.7%)

0 ( 0.0%)

ar
(52.2%)

36
(40.0%)

1(1.1%)

6(6.7%)

31 (34.45)

31 (34.45)

22 (24.45)

63

77 0.00
98.7%) 6
1(1.3%)

43

(55.1%) 0.54

17
(21.8%)

18
(23.1%)

41
(52.6%) 0.27

14
(17.9%)

22
(28.2%)

1(1.3%)

50 0.00
(64.1%) 4

17
(21.8%)

7(9.0%)

4 (5.1%)

<0.0
30 (38.45) 01

23(29.5)

19 (24.35)



Worse eye visual

impairment level*

Best eye visual

impairment level *

Normal to mild

Moderate

Severe

Blindness

Normal to mild

Moderate

Severe

Blindness

14 (4.5)

18 (5.8)

97 (31.4%)

84 (27.2%)

24 ( 7.8%)

104 (33.7%)

192 (62.1%)

81 (26.2%)

15 (14.9%)

21 (6.8%)

7(5)

13(9.2)

48 (34.0%)

42 (29.8%)

9 ( 6.4%)

42 (29.8%)

93 (66.0%)

34 (24.1%)

3(2.1%)

11 (7.8%)

22
(24.4%)

18
(20.0%)

11
(12.2%)

39
(43.3%)

55
(61.1%)

24
(26.7%)

7(7.8%)

4(4.4%)

64

3(3.85)
3(3.85)

27
(34.6%) 0.09

24
(30.8%)

4 (5.1%)

23
(29.5%)

44
(56.4%) 0.33

23
(29.5%)

5(6.4%)

6 (7.7%)
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Diabetic retinopathy and health utility scores

1. Utilities among DR levels

There were 141 respondents from total 309 participants categorized in DR group.
In DR group, there were 10 participants (7.1 %) had DR screening but diagnosed as no
DR, 39 participants (27.5%) diagnosed of NPDR , 73 participants (51.1%) diagnosed as
PDR, and 19 participants (13.4%) diagnosed as TRD. There were 41 participants (29%)
in DR group had no history of foveal involvement DME ,while 100 participants (71%)
had no foveal involvement DME. The utility scores among DR levels shows in Table

16.

In the DR group, the percentage of no DR, non-proliferative DR, proliferative DR
and DR with tractional retinal detachment (TRD) was 8.4%, 27.3%, 51%, and 13.3%,
respectively. There were no statistically significant differences in the HU between
participants with and without diabetic macular edema (DME) in all instruments when
adjusted for confounder and baseline visual acuity level. The 95% Cl of difference
between DME compared with non DME from cTTO, EQ-5D-5L, HUI3 and NEI VFQ-25
were -0.03 to 0.15, -0.07 to 0.07, -0.05 to 0.13, and -2.6 to 8.3, respectively. However,
the HU from cTTO score demonstrated that TRD patients had statistically significant

lower comparing to no DR as shown in Table 17.

Table 16 Mean and SD of utility scores in levels of diabetic retinopathy

tTTO cTT1O EQ-5D-5L HUI3

Mean SD Mean SD Mean SD Mean SD
NODR 0.63 0.19 0.93 0.04 0.67 0.16 0.73 0.19
NPDR 0.71 0.23 0.85 0.23 0.73 0.20 0.72 0.28
PDR 0.69 0.19 0.85 0.22 0.70 0.20 0.67 0.26
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TRD 0.66 0.20 0.69 0.39 0.61 0.21 0.51 0.30

Table 17 The types of diabetic retinopathy and the changes of health utility

scores

cTTO EQ-5D-5L HUI3 NEI VFQ-25

B Adjusted 95% Cl B Adjusted 95% Cl B Adjusted 95% Cl B Adjusted 95% Cl

NPDR -0.13 -0.29 0.04 0.02 -0.11 0.15 0.01 -0.16 0.18 9.12 -0.84 19.07

PDR -0.12 -0.28 0.03 0.01 -0.12 0.13 -0.02 -0.19 0.14 1.61 -8.00 11.21

TRD -0.25 -0.44 -0.06 -0.04 -0.20 0.11 -0.13 -0.34 0.07 -8.44 -20.28 3.41

* No DR as a reference level
** Linear mixed model regression analysis adjusted by age, sex, smoking, caregiver,
alcohol, marital status, education level, income level, religious and health coverage

program and visual acuity levels.

2. Utility scores between DME vs Non-DME

In an analysis of DME only subgroup, the level of visual acuity of BSE and WSE,
along with a number of intravitreal injections indicated for DME is shown in Table 18.
The mean visual acuity in WSE is better in patients who had a higher number of IVT
treatments. Along with this, the increased number of DME Intravitreal treatments
resulted in better HU and QoL scores when adjusted for visual acuity level and other

possible confounders. The result is shown in Table 19.
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Table 18 Level of visual acuity with number of intravitreal injection

treatments for diabetic macular edema in the diabetic retinopathy

Number N

of Mean visual
injection acuity (LogMar)
No DME a8

1 tob a1

6 to 10 16

> 11 36

WSE

Mean visual

acuity
Max  (LogMar) Min  Max
1.9 1.21 0.1 27
1.7 1.15 0.2 3
1.2 1.11 0.4 3
1.6 0.89 0 1.9

*BSE: Best-seeing eye, WSE: Worse-seeing eye

Table 19 Health utility scores and QoL associated to the number of DME

intravitreal injection

Number
of
injection  cTTO EQ-5D-5L NEI VFQ-25
B Adjusted 95% CI B Adjusted 95% CI Adjusted 95% CI B Adjusted 95% Cl
1 tob

6 to 10 0.17  0.07 0.28 0.07

> 11 0.14  0.05 0.22 0.09

0.31 0.18 1257  5.64 19.49

0.21 0.18 7.75 2.10 13.40

*Linear mixed model regression analysis adjusted

by age, sex, smoking, caregiver,

alcohol, marital status, education level, income level, religious and health coverage

program and visual acuity levels.



Direct cost and indirect cost of treatment
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Non-medical-related expenses and income lost for the doctor visited (same

visit with the interview) are described in Thai Baht. Details are in Table 20.

Table 20 Non-medical expense and income lost ( Thai Baht)

Mean SD Median N Min Max
Non-medical expense
Travel expenses 567.94 518.63 500 305 0 4000
Non-travel expenses (eg.
Food) 204.74  210.93 150 282 0 1500
Total non-medical
expenses 756.91 623.02 600 305 10 4900
Income lost
Patient 440.87 229742 O 196 0 30000
Caregiver(s)* 517.75 1456.44 0 173 0 14000
Total income lost/ family ~ 720.05 267555 0 196 0 30450

*Maximum 2 persons

The average non-medical expenses and total family income lost categorized by

study location is demonstrated in Table 21. There were 2 participants in

Northeastern had extremely family income lost above than 10,000 baht while the

remaining participants in all study site had the family income lost less than 10,000

baht. There were 18.6%, 45.9%, 56% and 80% from North, Northeast, South and

central, respectively, reported no family income lost on the doctor visited day. None

of participants reported no non-medical cost.



Table 21 Average income lost by study location (THB)
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Study Total non-medical expenses Total income lost/ family
site
n Mean  SD Medi  Min. Max n Mean SD Medi  Min Max
an an

North 79 5144 559.4 300 30 2600 a3 642.0 591.6 500 0 2700
3 8 9 5

Northea 67 9446 7775 800 70 4900 48 1611.  5169. 350 0 3045

st 3 7 46 61 0

South 77 8572 4748 700 100 2000 48 4520 7618 O 0 4000
7 7 8 5

Central 82 7429 5957 561 10 3400 57 2538 8827 0 0 6000
2 6 5

SD: standard deviation, Min: minimum, Max: maximum

Health utilities among instruments

1. Correlation of MAUI instruments with the direct method

The correlation between cTTO, EQ-5D-5L, HUI3 utilities and NEI VFQ-25 were

calculated by the Pearson’s correlation analysis. The correlation is shown in

Table 22. HUI3 and EQ-5D-5L show a positive moderate correlation with the

vision specific QoL, while cTTO shows mild correlate. The tTTO has no significant

correlation to either NEI VFQ-25 score and health utility from MAUI, however,

there was significant positive correlation to cTTO. In subgroup of 3 categories of

VI : normal to mild VI ,moderate VI; and severe or worse VI, the correlation of

MAUI instruments and NEI-VFQ-25 is shown in Table 23.
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Table 22 Pearson’s correlation coefficients of health utilities from tTTO, cTTO,

EQ-5D-5L, HUI3 and the vision specific QoL score.

tTTO clTO EQ-5D HUI3
tTTO 1
clTO 0.21* 1
EQ-5D 0.09 0.16** 1
HUI3 -0.007 0.12* 0.56** 1
NEI VFQ 25 -0.02 0.23** 0.43** 0.54**

* p-value <0.05

** p-value <0.01

Table 23 Pearson’s correlation coefficients of MAUI instruments and disease

specific quality of life score

Normal to mild VI Moderate VI Severe VI or worse
(n=157) (n=94) (n=53)
r r r

cTTO 0.13 0.14 0.44

EQ-5D- 0.41 0.28 0.62

5L

HUI3 0.53 0.54 0.51

r: Pearson’s correlation coefficients

2. Agreement of cTTO and MAUI instruments

Concordance correlation coefficient is a method to evaluate an agreement on a

continuous measure which gather by two person or methods.(Liao & Lewis, 2000)

In this context, the utility score from each instrument were pair and evaluate for

an agreement. The concordance correlation coefficient (Rho _c) of cTTO and EQ-

5D-5L score, cTTO and HUI3 score; and HUI3score and EQ-5D-5L score are shown

in Table 24. The HUI3 and EQ-5D-5L shown better agreement compare with the

pair with cTTO.



85

Table 24 Concordance correlation coefficients among utility instruments

Rho C SE Obs  95% Cl p-value
cTTO - EQ-5D-5L 0.13 0.05 308 0.04 022 0.004
cTTO - HUI3 0.10 0.05 303 0.01 019 0.04
HUI3 - EQ-5D-5L 0.53 0.04 304 046 0.61 <0.001

Obs: number of observation , SE: standard error, 95%Cl: 95% confidence

interval

Bland-Altman plot of cTTO and EQ-5D-5L score is shown in Figure 6. We can see
than there was more agreement when the utility score higher than 0.6 and the trend
toward utility score of 1.0 from Figure 6. The Bland-Alman plot of cTTO and HUI3
utility score is shown in Figure 7. Similar pattern was found between Figure 6 and
Figure 7. There were more agreement from MAUI instrument with cTTO for
measuring utility when the utility level are high. Fisure 8 demonstrates Bland-Altman
plot between utility score from HUI3 and EQ-5D-5L. HUI3 and EQ-5D-5L utility score
has better agreement when comparing to cTTO, with the Rho_c of 0.53. There was

more agreement when the utility moves toward a full health state in Figure 8.

Figure 6 Bland-Altman plot of cTTO and EQ-5D-5L utility score
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Chapter 5

Discussion

Health utility in diabetic retinopathy and other eye diseases

Despite the different nature of diseases in DR, AMD and cataract, our finding
demonstrated that the HRQoL and vision-specific QoL were not different between
similar VA levels. Several findings support this conclusion. (Melissa M Brown, Gary C
Brown, Sanjay Sharma, Jennifer Landy, et al,, 2002; B. S. Lee et al., 2008; V. A. Shah et
al.,, 2004) The utility loss from DR substantially associated with the visual status over
the DR severity(M. M. Brown et al., 1999) and the presentation of DME.(Fenwick et
al., 2020; Fenwick, Xie, Ratcliffe, et al.,, 2012) Bilateral DR associated with a lower

utility compared to no DR.(Pan et al., 2018)

In our study, there was no significant difference in the HU from DME
presentation. TRD demonstrated a significant impact on lower HU; However, the
worse visual acuity in TRD might take a primary role on the HU. T-H Tung et al.
reported only 41% of the DR patients were willing to trade their life to be free from
DR. The DR severities were substantially to HU when compared to no DR. Fenwick et
al. reported on a novel instrument called Diabetic Retinopathy Utility Index (DRU-I),
to estimate the utilities associated with vision-threatening in DR and visual
impairment. This instrument demonstrated good validation.(Fenwick et al., 2020)
However, there are limited data on this instrument. There were differences in HU
when comparing DR in any stage to no DR. (T.-H. Tung et al,, 2005) A shorter
duration of age-related macular degeneration(AMD) diagnosis had a lower utility
value compared with a diagnosis of >1 year, with a mean difference of 0.17.(Gary C

Brown, Sharma, Brown, & Kistler, 2000)
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Using time-trade-off method in ophthalmology

A value-based medicine reflects the quality of life that an individual perceives.
This patient-reported outcome (PROs) is used in an outcome parameter of evidence-
based trial and decision-making in economic evaluation. The standard methods in
the direct utility analysis that were commonly used were the time trade-off
technique and standard gambles technique, the former has been more frequently
compared to the latter due to the easier to understand by old people and can be
modified to evaluate the ocular utility values (Gary C Brown et al,, 2004; M. M.
Brown, Brown, Sharma, & Busbee, 2003; Heintz et al.,, 2012) . In general medicine, a
perfect health state in time trade-off utility analysis is defined as a full health status
without any systemic disease while, in ocular utility, analysis defines perfect health
as a normal vision and perfect eye status. The TTO is a preference-based method for
developing a health state and has been used to develop MAUI such as the EQ-5D, to
determine the health state from TTO. It requires the respondents to trade their
remaining lifetime for perfect health status. (Lugnér & Krabbe, 2020) Generally,
perfect health represents a complete cure of the disease and regain of full general
health function. However, normal vision represents a perfect health state in retina
diseases and vision-related conditions. The TTO method necessitates respondents to
understand the nature of health states and a the being dead concept. This concept
is cognitively challenging and requires careful instruction during the
interviews.(Lugnér & Krabbe, 2020) Some countries prefer direct choice-based
methods from real conditions, such as TTO. However, the valuation of utility from
the general public are widely accepted for cost-utility analyses.(Tavakoli, Davies, &
Thomson, 2000) In the ophthalmic field , patient evaluation with TTO correlated
with the commonly used vision-specific QoL such as the NEI VFQ-25 score.
Researchers have criticized the visual utility to be overvalued than a general
HU.(Kymes & Lee, 2007; B. S. Lee et al,, 2008) There are some key differences

between the TTO and MAUI instruments.



90

The impact of ocular utility can diminish the general utility analysis with the
value of +0.3.(M. M. Brown et al,, 2003). Visual acuity are the factors that highly
impact in ocular health utility. TTO reflects the impact from a patient perspective.
TTO has been widely used in utility measurement in ophthalmology when compared
to the Standard gamble technique. It has been shown good validity in visual
impairment with long-term reproducibility and has high correlation to vision in better-
seeing eye.(M. M. Brown, Brown, Sharma, Smith, & Landy, 2001; Hollands et al., 2001;

Sharma et al., 2002)

The Multi-attribute utility instrument usage in the visual related conditions

An MAUI, EQ-5D-5L instrument is composed of items on five domains, including
mobility, self-care, pain/discomfort, usual activities, and depression/anxiety domains,
but no vision-specific domain. EQ-5D-5L health state derived from TTO valuation by
describing various health states to the general healthy public person to get the utility
values. This is different from a TTO visual utility value obtained from a patient

perspective (Kind, Brooks, & Rabin, 2005)

The HUI3 contains eight dimensions (vision, hearing, speech, ambulation,
dexterity, emotion, cognition and pain) originally describing the health condition of
the population in Canada and provides novel information and distinct dimension
from the EQ-5D.(Furlong, Feeny, Torrance, & Barr, 2001) The slightly dissimilar nature
of the origin of the visual utilities TTO and MAUI, could simplify our results regarding
the higher mean visual utility from cTTO score compared with the EQ-5D-5L and the
HUI3 scores. However, there were while no difference in both EQ-5D-5L and HUI3
utility scores. In our study, cTTO generated the most response in the reduction of
visual impairment level, followed by HUI3 and EQ-5D-5L, whereas HU changes with

VA levels were inconsistent with the EQ-VAS.
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Previous publications demonstrated a better responses to the changes in vision-
related conditions and retina disease in HUI3 comparing to EQ-5D-5L. Heintz et al.
conducted telephonic interviewed with patients with DR and compared the HU
between TTO, EQ-VAS, HUI-3 and EQ-5D scores. All instruments could identify the
visual impairment level in better-seeing eyes, whereas only HUI3 displayed a
significant response from the worse-seeing eyes and DR levels. Therefore, the EQ-5D
did not differentiate between DR levels in both worse-seeing and better-seeing eyes.
The HUI3 displayed the most relative efficiency compared to other measurements.
However, no specific version of the EQ-5D nor the definition of full health was

described in this study.(Heintz et al., 2012)

In Southeast Asia , Gandhi M. et al. reported on the HUI3 is the most sensitive to
vision changes in patients with cataracts in Singapore, compared with the EQ-5D.(Luo
et al, 2015) In age-related macular degeneration, the HUI3 contributed to a higher
correlation with the change in VA followed by TTO. By contrast, results from the EQ-
5D and SF-6D were controversial. However, the range of HU levels among VA levels
was substantially different; nonetheless, we observed a significant trend toward
increasing utility scores following VA improvement.(Espallargues et al., 2005; Isobel
Pearson, Catherine Rycroft, Adam Irving, Claire Ainsworth, & Kim Wittrup-Jensen,
2013) The EQ-5D-5L comprises greater item response levels than the original EQ-5D-
3L; nonetheless, increased response levels seldom affect the vision disorder and may
introduce variability in responses.(Luo et al., 2015) The EQ-5D index displays a low
predictive power while mapping with a disease-specific QoL instrument NEI VFQ-
25.(Kay & Ferreira, 2014) With this limitation, a vision “bolt-on” had developed for
the add-on to the EQ-5D-3L, in order to increase the sensitivity to use in vision-

related aspects but data still limited.(Longworth et al., 2014; Luo et al., 2015)

Table 12 demonstrates the diminishing of vision specific quality of life score
along with the worsening of visual impairment. HUI3 and EQ-5D-5L have shown a

highest correlation to the NEI VFQ-25 score, while cTTO seems less correlate. With
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the cTTO conceptual, the utility obtained from individual perception (holistic
concept) which called “Visual health utility” while HUI3, EQ-5D-5L have a specific
question related to specific activity domains aims to evaluate the general health,
these domain concepts also implement in the disease specific quality of life NEI VFQ-
25 questionnaire. The general health utility score and visual health utility score has
been shown a slightly differ in number in the evaluation of cataract patient.

(Perneger, Combescure, & Courvoisier, 2010)

The impact of visual impairment and health utilities

Visual impairment exert a major influence on the lower QoL and HU in
ophthalmic conditions.(Gary C Brown, Sharma, et al.,, 2000; M. M. Brown et al., 1999;
B. S. Lee et al, 2008) The good condition of VA in both eyes of an individual is
necessary for binocular vision and provides stereopsis. The loss of vision in only one
eye can impact driving ability and reduce the field of vision. Nonetheless, patient
with monocular vision could maintain good general physical to live in society and
mental health status.(Fenwick, Xie, Ratcliffe, et al.,, 2012) Poor VA played a higher
effect on the change of HU than normal vision.(A Lloyd et al., 2008) Knauer et al.
described an ophthalmic patient with a vision of 20/20 to 20/25 willing to pay only
11-15% of their remaining life time for the perfect vision while patient whose VA 22
to 28% of their remaining lifetime and patient whose VA 20/200 to 20/400 would like
to exchange 39-48% of their remaining life, blind patient would like to trade 60% of
their life to gain back the vision. Patients with AMD and low vision would even
exchange more time of their life.(Knauer & Pfeiffer, 2008) The TTO value decrease in
visual impaired person.(M. M. Brown et al., 2003; Knauer & Pfeiffer, 2008) In average,
the mean TTO utility in eye diseases with VA 20/20 to 20/25 is 0.85 to 0.89 , VA
20/30 to 20/50 is 0.78 to 0.81, VA 20/60 to 20/100 is 0.57 to 0.72, VA 20/200 to

20/400 is 0.52 to 0.64 and CF to LP is 0.40 to 0.59.
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In our study, only the cTTO was significantly correlated with the change in LogMar
VA in the better-seeing eyes. However, the trend with HUI3 could not reach a
statistically significant level. By contrast, the worse-seeing eyes were associated with
HU changes in the EQ-5D-5L, HUI3 and cTTO. Brown M. et al. used the tTTO to
evaluate patients with bilateral and unilateral good VA. From the patient reference-
based point of view individual ocular disease affected QoL and TTO value correlated
with the visual loss in the better-seeing eye and patient with bilateral good visual
acuity had the highest utility value.(M. M. Brown, Brown, Sharma, Busbee, et al., 2001)
Better-seeing eyes primarily accounted for the HU but worse-seeing eyes contributed
to it as well.(Boye et al,, 2014; Hahn & Krummenauer, 2017) In patients with AMD,
poor VA levels displayed a high tendency to trade their remaining lifetime for perfect
vision, compared with good VA in patients with the particular disease. In the Asia
population, Eong K G Au et al. reported utility in AMD patients in Singapore and
found weak association in only the worse-seeing eyes to HU from the TTO, while HU
from EQ-5D was weakly correlated with both better-seeing eyes and worse-seeing
eyes.(Au Eong et al., 2012) Our current results show minimal changes in VA and the
variability in VA measurement have resulted in mild fluctuation in the association.
Nevertheless, upon categorizing the better-seeing eye into an ordinal level of visual
impairment status, HUI3 demonstrated effective responses to moderate or worse
visual impairment. Moreover, the EQ-5D-5L utility score significantly reduced in
blindness level. Furthermore, the HU displayed a decreasing trend with the reduction

of vision in the cTTO, EQ-5D-5L and HUI3.

The NEI VFQ-25 is associated with visual impairment and VA reduction in retina
disease, glaucoma, cataract and other eye conditions.(Deramo, Cox, Syed, Lee, &
Fekrat, 2003; Mangione et al., 2001; Marella et al,, 2010) Likewise, the NEI VFQ-25
score displayed a significantly negative correlation with an increase in the ETDRS VA

LogMar in both better-seeing eyes and worse-seeing eyes. The HU from all
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instruments were positively correlated with the NEI VFQ -25 score, but not to the

tTTO score.

The response of health utility in good vision

There was a lack of response in HU from eye diseases when the vision reduced
from normal to mild or moderate VI, unlike that when the vision altered to severe VI
or blind.(V. A. Shah et al.,, 2004) Our study, the correlation of utility scores and vision
specific quality of life score calculated among 3 levels of VI: normal to mild,
moderate; and severe vi or worse . The severe VI or worse has shown a good
correlation in both cTTO and MAUI instrument. HUI3 demonstrates good correlation
in all VI levels, while EQ-5D-5L have fair correlation in moderate VI level. cTTO
demonstrates good correlation to NEI VFQ-25 score only in severe VI level. These
finding support the finding of Shah et al.(V. A. Shah et al,, 2004) on the lack of
response of the health utility in good or mild visual impairment. All instruments from
our study show a good response in a worse VI level which impact on the lower

quality of life.

Factors associated to health utilities

From previous data, factors associated with the HU include old age, the type of
eye diseases, systemic conditions, diabetes-related microvascular complications, sex,
VA in better-seeing eyes and worse-seeing eyes, and vision-specific QoL level .(A.
Lloyd et al, 2008; Mok, Kwok, Ng, Leung, & Quan, 2021; Pan et al, 2018; Poku,
Brazier, Carlton, & Ferreira, 2013b; T.-H. Tung et al,, 2005; T. H. Tung et al.,, 2005) We
demonstrated that age, history of smoking, marital status types of health care
coverage program, and income levels were associated with HU levels: nonetheless,
the significant effects were inconsistent among utility instruments. Higher income

seems to give a better health utility. An education and income status indicated an
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inequalities (Doorslaer & Koolman, 2004) which resulted on quality of life. Low
socioeconomic status are related to the lower health utility value.(Roberge,

Berthelot, & Wolfson, 1995)

The comorbidity were significant associate to health utility. Our study found that
the higher number of Charlson comorbidity score were associated with the lower of
health utility score, significant effect was found in EQ-VAS, EQ-5D-5L and cTTO. HUI3
has not shown a significant effect from the comorbidity condition, possible
explanation is that the effect of comorbidity could diluted from the domain of the
instrument. Health is a combination of multiple aspect of patient. However, some
previous publication report non-significant effect of ocular utility from patient’s
systemic condition.(M. M. Brown, Brown, Sharma, Hollands, & Landy, 2002) The
overall health utility are affecting from the major adversely condition of

individual.(Real, Brown, Brown, & Brown, 2008)

Factors associated with the non-trader for TTO

Older age, demographic region, Buddhism religion and good VA were associated
with the non-trader of tTTO. These findings supported that an emotional status was
associated with the patient perception of vision loss and willing to trade part of their
life.(Crewe et al,, 2011) The TTO framework concept is related to a shortened life
expectancy, which is shown to have an impact on religious beliefs. These beliefs, in
turn, can affect the perception of life and is correlated with utility value in
Christian(Jakubczyk, Golicki, & Niewada, 2016), Buddhist(Zeng et al., 2021), and Islamic
respondents(Elbarazi et al., 2017). Studies in Europe also showed that religious
beliefs have an effect on euthanasia and are prone to assigning a value worse than
death for HU measurement by TTO. In the current study, about 87.5% of
respondents reported a mild effect of religious belief on decision making in the TTO

questions, and 2.5% reported a marked effect on their decision to shorten life,
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whereas in their study conducted in an Islamic population(Elbarazi et al., 2017),
Elbarazi et al reported that 81% of health states in TTO were influenced by
respondents’ religious beliefs and spirituality.(Zeng et al,, 2021) However, some
surveys have shown nonsignificant effects related to the decision of utility
measurement.(Barry et al., 2018) In a small survey of Thai wet AMD patients reported
24%(ussad, 2019) of patients were non-trader from tTTO, which is no large
differences from our study( 34%). As Thailand is a Buddhism country, religious
beliefs and culture could affect the concept of dying and life after dead in
TTO.(Papadimitropoulos et al., 2015) It supports the evidence of cultural and region
influence to the perception of life when measuring the QoL. Notely, that convenient
sampling was used in the tertiary care outpatient clinic for the survey. The region

effect might be a result of the selection bias.

Instrument for measuring the health utilities in Thailand
Feasibility of instruments

This novel study used TTO and HUI3 for the evaluate the HU of patients with
retina disease and visual impairment in South East Asia.(Mok et al,, 2021) In our
study, The HU from all instruments were positively correlated with the NEI VFQ -25
score but not to the tTTO score. The HUI3 and EQ-5D-5L demonstrated a high
correlation compared with others. This may be explained by the fact that the
tTTO(Gary C Brown, Brown, et al.,, 2000; Sharma et al., 2002), which directly inquired
the patients for the number willing to trade for their health, principally used in
multiple utility measurements in eye disease in the North America may be unsuitable
for our population. Moreover, a verbal explanation with an imagination of the dead
may be difficult for the elderly. In our pilot study, 4 patients from 40 participants
not willing to trade their life in tTTO open questions. The main factors associated
with the willingness to trade are individual subjective life expectancy and the status

of vision(Heintz et al.,, 2012; Van Nooten, Koolman, & Brouwer, 2009) The tTTO was
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an open-end question that asked the patient to imagine their subjective life
expectancy which can be a result from multifactorial from physical mental emotion
and the perception of life, with these unstable question the 10 year lead time cTTO
might be more appropriate and easy to understand for respondents and it will
eliminate the variability life expectancy factor of each individual to 10 years.
However, the 10 year-TTO concepts may affect the loss of a relatively expected life
year and amount of the trade-off time compared to the TTO concept in tTTO.(Van

Nooten et al., 2009)
Using EQ-5D-5L and HUI3 in Thailand

HTA guidelines in Thailand recommended EQ-5D for assessing a utility in Thai
population.(Pattanaphesaj et al., 2018) Thailand also have a specific value set for
their population.(Pattanaphesaj, 2014; Pattanaphesaj et al., 2018; Tongsiri & Cairns,
2011). To use in ophthalmic patient of Thai’s population, both EQ-5D-5L and HUI3
shown responsive to the change of vision, especially in the severe level of visual
impairment; and demonstrates higher correlation to the disease specific
questionnaire score. These MAUI instruments and NEI VFQ-25 had shown a same
level of correlation to the utility changes by cTTO. Both MAUI instruments could be
feasible in used in the evaluation of HTA in an ophthalmic disease resulting to a poor
VI status. The limitation of HUI3 in this context are the high number of question

which required longer interview time; and the charge of using fees.

Using utility instrument as patient-reported outcome

For the interview time, TTO questions comprised of a short list of questions
which require a short interview duration of about 2.89 minutes. This method might
be suitable to obtained in-clinic visits for a clinician to evaluate their patient
Qol.(Gary C Brown, Sharma, et al., 2000; M. M. Brown et al., 2003). The EQ-5D-5L also

demonstrates a quick interview time about 3.07 minutes with less complex question
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to TTO. Moreover, it has shown a response in the reduction to severe visual
impairment level. The instrument could implement in an evaluation of general

health quality of life in our population.

EQ-5D-5L has been introduced to routine collection of patient-reported outcome
to measure a condition of patients. Devlin et al. applied EQ-5D in the NHS services
and reported the different changes of EQ-5D score after surgical procedure.(N. J.
Devlin, Parkin, & Browne, 2010) The instruments also applied in PROs in variety of
diseases such as cancer, chronic disease, psychiatry and quality of life evaluation in
clinical studies.(Astrom et al., 2020; N. Devlin, Parkin, & Janssen, 2020; Jonsson,
Orwelius, Dahlstrom, & Kristenson, 2020; Pickard, Jiang, Lin, Rosenbloom, & Cella,
2016; Revicki et al,, 2009). The instruments could be applied in wide range of age
group in worldwide. In ophthalmology, EQ-5D has been used as PROs in cataract
surgery treatment. However, It might not highly correlates specific correlation to the

mild changes of visual function.(Fung et al., 2016; Gandhi et al., 2019)

In our study, an EQ-5D-5L is feasible to measured the impact of vision loss in
wet AMD , DR and cataract patient. The uncomplexity of EQ-5D-5L might suitable
because these patients usually presented in elderly who might have problem in

complex PROs question.

Strengths

The strength of our study was that we used a patient perspective individualized
report, which could address the concerns of patients regarding their disease rather
than an imaginary health stage that may not develop appropriately or represent the
target population. The majority of HU data in ophthalmic diseases are obtained from
the European region and North America; our study provided additional data for
QALYs weighted as an outcome of clinical trials and decision-making policies in the

Southeast Asia, thus representing the low and middle-income countries (LMIC).
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Moreover, it demonstrated the HU score and vision utility score in common eye

diseases from multiple centers across the country with a large sample population.

Limitations

Future research that expands the HU in other ophthalmic conditions could
facilitate the generalization of data. Moreover, researchers should include a larger
sample size in subtypes of DR or AMD to evaluate the HU in a specific group, such as
the burden of intravitreal treatment on the QoL. The major limitation of this study
was its cross-sectional design, which may not reflect the effect of time series on the
change in the HU and VA. In addition, we included only the primary variables in
ophthalmic conditions and demographics in an analysis model, whereas QoL was a
combination of systemic diseases as well. For the survey method, the interviewer's
assistance may have influenced the response of participants which lead to
interviewer-dependent values. The respondents from our study were approached at
an out-patient clinic, thus suggesting they were able to ambulate. We did not
evaluate bed-ridden patients or those without transportability. Moreover, this study
conducted in a tertiary care center, the characteristic of the patients might not fully
represent a patient in general of the country. Thereby these resulting in a limitation

for the generalization of our results.
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Chapter 6

Conclusion

This study demonstrates the effect of visual acuity levels are more important
than types of diseases. This novel study used TTO and HUI3 to evaluate the HU of
patients with retina disease and visual impairment in South East Asia.(Mok et al,,
2021) Importantly, The VA level exerted a higher impact on the patient’s QoL than
the type of eye disease. The Low VA resulted in poor QoL and HU. MAUI instruments
and cTTO are suitable in HU measurement in DR, wet AMD, and cataract. With the
good correlation to the vision-specific quality of life and changes of visual acuity
level, HUI3 is recommended to evaluate HU in an ophthalmic patient in Thailand.
The patient-reported outcome can be used to reflect on the patient's visual
function. The types of diabetic retinopathy and other eye conditions have less

influence on the HU compared to the level of visual acuity.

Although, It has been known that visual acuity has been the most common
primary outcome in the measurement of ocular conditions in clinical trials and
various research studies. Though, it represents the main ability of a person to
visualize and function in daily living. Other visual functions such as contrast sensitivity
and visual field also contribute to the capability of an individual to “see” and live,
which affecting on the individual quality of life. This raises the question whether the
visual acuity can truly represent the real-world effect of treatments or diseases on
individual person. While a small change of VA had limited effect on the HU, but the
visual specific QoL could be another way to report visual function from individual.
The MAUI and TTO questions might not captures a small changes of vision function
but the instruments might be helpful to evaluate the burden when there is a

significant decrease in visual function.
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Religion seems to have an effect on the dead-related question in TTO. tTTO,
cTTO, EQ-5D-5L, HUI3, and NEI VFQ-25 are feasible to be used in Thai ophthalmic
elderly patients. However, worse than the dead stage-related question is not
preferred. With the prespecified questions and multiple-choice type of answer,

indirect HU methods cause less confusion to respondents.

In Thailand, EQ-5D-5L which is recommended to use in HTA guidelines of the
country, has been shown to be feasibly for using in ophthalmic patient in order to
evaluate the burden of visual impairment. cTTO and HUI3 has shown an acceptable
feasibility as well. Moreover, the instruments could be implemented as PROs so as to

portray the impact of disease the patient’s quality of life.

Future research that expands the HU in other ophthalmic conditions could
facilitate data generalization. Moreover, researchers should include a larger sample
size in subtypes of DR or AMD to evaluate the HU in a specific group, such as the

burden of intravitreal treatment on the QoL.
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Patient’s clinical information form
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Diabetic retinopathy screening/treatment

129

oD O nNooDR
O wpoR Mild/moderate/severe/very severe
O Por/vH Quiet/ Active
O Tro Surgery Ono Oves
WhEN..oircnes
[J PrP treatment
O no
O Yeswhen e
[ History of DME
O no
O ves
O vecr Number of injection ........cccc.......
1% treatment when.................... 0
Last injection when .................
Type of med  AV/RA/AF/Mixed
Regimen Fix/p.r.n./T&E/No regimen...........
Disease status  Active / quiet or stable /
conservative
O Focalgrid When
[@SEr e
0S O nNooDR
O wpDR Mild/moderate/severe/very severe
OO Por/VH Quiet/ Active
O Tro
O Pre treatment
O nNo
O Yes when e
O History of DME
O no
O ves
O  vecr Number of injection .......ccoveeeee.



History of angiography (FFA) when (last)

Result

OCT imaging

OD: This visit date: .......

Previous Visit: ....ccoeiieeeeenns

OS: This visit date: .......

Previous Visit: ...c.ceeeveeeveeens

General eye examination:

Lid

Cornea

AC

OO0OoO0oOooao

Lens

oD

Normal

Abnormal .....

Normal

Abnormal .....

Normal

Abnormal .....

Pseudophakic
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