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Abstract
·AIM: To determine healthcare resource utilization and

the economic burden associated with wet age -related
macular degeneration (AMD) in Thailand

· METHODS: This study included patients diagnosed

with wet AMD that were 60 years old or older, and had
best corrected visual acuity (BCVA) measured at least
two times during the follow -up period. We excluded
patients having other eye diseases. Two separate sub -
studies were conducted. The first sub -study was a
retrospective cohort study; electronic medical charts
were reviewed to estimate the direct medical costs. The
second sub -study was a cross -sectional survey
estimating the direct non-medical costs based on face-

to-face interviews using a structured questionnaire. For
the first sub -study, direct medical costs, including the
cost of drugs, laboratory, procedures, and other
treatments were obtained. For the second sub -study,
direct non -medical costs, transportation, food,
accessories, home renovation, and caregiver costs, were
obtained from face-to-face interviews with patients and/
or caregivers.

·RESULTS: For the first sub-study, sixty-four medical

records were reviewed. The annual average number of
medical visits was 11.1依6.0. The average direct medical
costs were $3 604 依4 530 per year. No statistically -
significant differences of the average direct medical costs
among the BCVA groups were detected ( =0.98). Drug
costs accounted for 77% of total direct medical costs.
For direct non-medical costs, 67 patients were included.
Forty-eight patients (71.6%) required the accompaniment
of a person during the out -patient visit. Seventeen
patients (25.4% ) required a caregiver at home. The
average direct non -medical cost was $2 927依6 560 per
year. There were no statistically-significant differences in
the average costs among the BCVA groups ( =0.74).
Care-giver cost accounted for 87% of direct non-medical
costs.

·CONCLUSION: Our study indicates that wet AMD is

associated with a substantial economic burden,
especially concerning drug and care-giver costs.
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INTRODUCTION

A ge-related macular degeneration (AMD) is
well-recognized as the leading cause of blindness in

elderly populations in western countries [1]. Traditionally,
AMD has been considered as an eye disease of Caucasian
populations because the prevalence of AMD in these
populations was higher than that of Asian populations [2,3].
However, some studies have suggested that the prevalence of
AMD in Asian populations was comparable to that reported
in Caucasian populations [4-8]. These studies indicated that
pooled prevalence estimates of early and late AMD in Asian
populations were 6.8% and 0.56% respectively, while
corresponding prevalence estimated in Caucasian populations
were 8.8% and 0.59% respectively [9]. The prevalence of
AMD in Thailand was lower than that in other Asian and
Caucasian populations. Data from the national survey in
2006-2007 indicated that 2.7% and 0.3% of persons aged
more than 50 years suffered from early and late AMD,
respectively. These estimates were projected to
approximately 20 000 patients with wet AMD in Thailand[10].
AMD contributes to 80%-85% of blindness[11]. The treatment
of wet AMD has been recognized as one of the major
breakthroughs in the treatment of eye disease in recent years.
The outcome of the treatment of this disease has been
shifted-from stabilizing vision using laser photocoagulation or
photodynamic therapy to improving vision using anti-vascular
endothelial growth factor (anti-VEGF) medications [12-14].
Given the high prevalence of AMD worldwide, especially
when a substantial growth in the number of elderly persons is
expected in the next decade, the cost of the treatment for
improving the vision of patients with wet AMD would be
tremendous [15]. AMD constitutes a major public health
priority for global health systems, but only a few studies
focusing on economic assessment have been conducted. For
example, Bonastre [16] estimated the economic burden of
wet AMD in 105 patients and found that its annual costs
were 3 660 Euros. As this study was conducted from the
French payer perspective, the findings are unlikely to be
applicable to countries in the Asia-Pacific region due to
differences in patient behaviors, treatment patterns, and
healthcare systems. For example, in many countries
ranibizumab is the treatment of choice for treating wet AMD.
In Thailand, bevacizumab is the most commonly chosen drug
for treating AMD because bevacizumab's cost is covered
under the national pharmaceutical benefit package.
Furthermore, based on our knowledge and review, no
previous study has been conducted to determine the
economic burden of wet AMD in Asia.
In order to understand the overall economic burden

associated with wet AMD, this study was conducted to
estimate its direct medical and non-medical costs in Thailand.
The cost estimates obtained from this study can be used as
key input parameters in economic evaluations of
interventions for patients with wet AMD for similar
populations using similar healthcare systems.
SUBJECTS AND METHODS
This study estimated the costs of care of patients with wet
AMD in Thailand using the societal perspective. Patients
with wet AMD aged 60 years or older were included in this
study. Only direct medical and non-medical costs were
measured; we did not measure indirect costs because we
included only patients aged 60 years or older and assumed
that these patients had no productivity. In order to determine
overall economic burden, this study was separated into two
parts. The first sub-study was a retrospective cohort study;
electronic medical charts were reviewed to estimate the direct
medical costs. The second sub-study was a cross-sectional
survey estimating the direct non-medical costs based on
face-to-face interviews using a structured questionnaire. Both
sub-studies were reviewed and approved by the ethic
committees of Rajavithi Hospital, Maharaj Nakorn Chiang
Mai Hospital, and Songklanakarin Hospital.
Patients and Study Design Direct medical costs: In the
retrospective cohort sub-study, patients with wet AMD that
visited an ophthalmic clinic in an academic hospital in the
southern region of Thailand during January 1, 2007 to May
31, 2010 were recruited. Our inclusion criteria were: 1)
having a diagnosis of wet AMD [International classification
of disease version 10 (ICD-10):H35.3 and confirmed by chart
reviews]; 2) being 60 years old or older; 3) having best
corrected visual acuity (BCVA) measured at least 2 times
during the follow-up period because confirmation of the
patients' continuing of care in the hospital was desired.
Patients were excluded if they had other eye diseases.
Direct non-medical costs: a cross-sectional sub-study was
conducted. A 30-item questionnaire covering three main
domains, demographic, clinical, and cost domains, was used.
This questionnaire was administered using a structured
face-to-face interview. From March 2010 to November 2010,
patients with wet AMD were recruited from two settings: an
ophthalmic clinic of an academic hospital located in the north
of Thailand and an ophthalmic clinic of a university-affiliated
hospital in Bangkok. The same inclusion and exclusion
criteria as in the direct medical cost sub-study were applied.
Potential subjects were identified by ophthalmologists during
routine services at the study sites.
Data Collection and Costs Estimation Direct medical
costs: patients were followed from when the diagnosis of wet
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AMD was made to May 31, 2010. Data included age, sex,
health insurance, diagnosis, and the date of diagnosis. The
BCVA of the better-seeing eye was used to determine the
baseline BCVA of each patient. Charges including drugs,
laboratory, medical procedures, the doctor's orders, and other
treatments were also obtained. The drug charges included
charges of AMD drugs, as with bevacizumab, ranibizumab,
and verteporfin photodynamic therapy and other drugs. To
estimate the direct medical costs, the ratio of cost to charge
(RCC) was used to convert charges to cost value (0.77 for
2008, 0.90 for 2007, 2009 and 2010). The RCC was collected
from a University-affiliated hospital. Costs were converted to
the value in the year 2012 using an average consumer price
index in the medical and personal care sector and then were
converted to US$ using an exchange rate of 29.42 baht/US
$ [17-18]. The total direct medical annual costs were estimated.
The costs were also calculated using the Snellen BCVA of
the better-seeing eye (4 BCVA groups: 逸20/50, <20/50-
20/160, >20/160-20/400, <20/400) because BCVA is an
important factor affecting the costs of eye care[19-21].
Direct non-medical costs: direct non-medical costs were
obtained from interviews with the patients with wet AMD or
their caregivers. After the patients provided written informed
consent, trained interviewers interviewed them or their
care-givers for approximately 15min. The standard structured
questionnaire was developed and tested in five patients with
eye disease prior to actual data collection. The 30-item
questionnaire covered three domains; namely, demographic,
clinical, and cost domains. The demographic domain
contained a patient identification code, sex, date of birth,
education, occupation, and health insurance. The clinical
domain contained a diagnosis of the AMD eye (left, right, or
both eyes), type of diagnosis, and the BCVA of both eyes.
Cost domain included data on the cost of transportations,
food incurred during medical visits or hospitalizations,
accessories required for the patients, house renovation
associated with low vision from wet AMD, and caregivers.
The data on the demographic and clinical domains were
obtained by medical chart reviews, while the cost domain
data were obtained by interviews. Specifically, the costs
associated with the caregivers included time costs allocated
for accompanying patients to seek medical care and
employing a caregiver to take care of the patients. In the case
of non-employment, the time that the relatives spent caring
for the patients was calculated and converted to monetary
value using the minimum wage rate at 245.00 baht, reported
by the Ministry of Labour, Thailand in 2012 [22]. Costs were
converted to the value in the year 2012 and then were
converted to US$ using an exchange rate of 29.42 baht/US

$ [18]. The total non-direct medical annual costs were
estimated. The costs were also calculated using the Snellen
BCVA of the better-seeing eye (4 BCVA groups: 逸20/50,
<20/50-20/160, >20/160-20/400, <20/400).
Statistical Analysis Descriptive statistics were used to
describe value patients' demographic characteristics and
outcomes. Continuous variables were tested for normal
distribution by visualized histograms. Mean and standard
deviation were used when data were normally distributed,
while median and inter-quartile ranges (IQR) were used
when the data were not normally distributed. Discrete or
dichotomous variables were presented as frequencies and
percentages with a 95% confidence interval. Cost differences
across the range of the Snellen BCVA of the better-seeing
eyes (4 BCVA groups: 逸20/50, <20/50-20/160, >20/160-
20/400, <20/400) were assessed using the Kruskal-Wallis
test. STATA package version 11.0 (StataCorp誖 , College
Station, TX, U.S.A.) was used for analysis.
RESULTS
Patient Characteristics Direct medical costs: A total of 64
patients with wet AMD were included in the sub-study
estimating direct medical costs. Of these, 59.4% were male,
with a mean age of 71.9依7.8 years. Most patients were under
the universal coverage insurance scheme (51.6% ). About
17.2% of these patients were diagnosed with wet AMD for
both eyes. About one-third (29.7%) had severe visual loss at
baseline (BCVA <20/400). The average follow-up duration
of each patient was 1.2 years. The demographic and clinical
characteristics of the patients are presented in Table 1.
Direct non-medical costs: A total of 67 patients with wet
AMD were included. Forth-seven point eight percent were
male, with a mean age of 71.9 依6.8 years. Most patients
(43.3%) were under the civil servant medical benefit scheme,
and most patients (61.2% ) had a lower primary school
education or lower. About 22.4% of the patients were
diagnosed with AMD for both eyes. About one-third (27.3%)
had severe visual loss (BCVA <20/400). The demographic
and clinical characteristics of the patients are also presented
in Table 1.
Resource Utilizations and Costs Direct medical costs: The
average number of outpatient visits was 11.1依6.0 visits per
patient per year. About 6.3% of patients were treated with
best supportive care. About 6.3%, 14.1%, 25.0%, 6.3%, and
48.5% of these patients were treated with best supportive
care, bevacizumab, ranibizumab, verteporfin photodynamic
therapy, and combination therapy respectively冶. On average,
annual direct medical cost was $3 604依4 530. The median of
annual direct medical cost with inter-quartile range was
$1 584 (686-5 360) (Table 2).
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When categorized by the BCVA groups, the average annual
costs in the BCVA group of 逸20/50, <20/50-20/160,
>20/160-20/400, <20/400 were $3 484, $3 235, $2 489, and
$4 909, respectively (Table 3). No statistically-significant
differences of the average costs among the BCVA groups
were detected ( =0.98). Drug costs were a major driver of
direct medical costs, accounting for 77% of the direct
medical costs (Figure 1).

Direct non-medical costs: The average number of outpatient
visits was 8.5依6.1 visits per patient per year. About 71.6%
[95% confident interval ( ); 65.9%-86.3%] of patients had
at least one relative accompanying them while visiting the
outpatient department. Among the patients needing caregivers,
the caregivers spent 9.2依9.5h per outpatient visit on average.
Only two of the patients [3%(95% ; 0.0%-7.01%)] were
hospitalized during the period of six months prior to the

Table 1  Demographic characteristics of patients included in direct medical and non-medical cost sub-studies  n (%) 

Demographic characteristics Direct medical costs sub-study 
(n=64) 

Direct non-medical costs sub-study  
(n=67) 

Age, mean (SD) 71.9 (7.8) 71.9 (6.8) 
Gender   
M 38 (59.4) 32 (47.8) 
F 26 (40.6) 35 (52.2) 

Health insurance   
Universal coverage 33 (51.6) 25 (37.3) 
Civil servant medical benefit schemes 30 (46.9) 29 (43.3) 
Social security schemes 0 (0.0) 1 (1.5) 
Out-of-pocket 1 (1.5) 10 (14.9) 
Others 0 (0.0) 2 (3.0) 

Education   
Lower than primary education NR 41 (61.2) 
Primary education NR 4 (6.0) 
Secondary education NR 13 (29.4) 
Bachelor degree NR 9 (13.4) 

AMD diagnosis   
Only one eye 53 (82.8) 52 (77.6) 
Both eyes 11 (17.2) 15 (22.4) 

Baseline visual acuity1   
≥20/50 12 (18.8) 17 (25.8) 
<20/50-20/160 18 (28.1) 15 (22.7) 
<20/160-20/400 15 (23.4) 16 (24.2) 
<20/400 19 (29.7) 18 (27.3) 

AMD: Age-related macular degeneration; NR: Not reported, SD: Standard deviation. 1One patient did not have information 
about visual acuity (VA). 

Table 2  Resource utilization and direct medical and non-medical costs in Thailand 
Resources utilization Results (mean±SD) 
Direct medical costs sub-study (n=64)  

Average number of outpatient visit per year (times /year) 11.1±6.0 
Annual average costs in US$ (SD) 3 604±4 530 
Costs of drug 2 775±4 303 
Costs of laboratory 1.8±3.9 
Costs of medical procedure 762±552 
Other treatment and doctor order costs 64±34 

Annual median of costs in US$ (IQR)  1 584 (686-5 360) 
Direct non-medical costs sub-study (n=67)  

Average number of outpatient visit per year (times/year) 8.5±6.1 
Percentage of patients with an accompany during outpatient visit (95%CI) 71.6% (65.9%-86.3%) 
Average time spending for each outpatient visit; hours  9.2±9.5 
Percentage of patients that need house renovation (95%CI) 9.0% (2.1%-15.9%) 
Percentage of patients that need caregiver services at home (95%CI) 25.4% (15.0%-35.8%) 
Average hour per day for assistance at home 5.1±4.8 
Annual average costs in US$ (SD) 2 927±6 560 
Costs of transportation 205±339 
Costs of food incurred during medical visit or hospitalization 77±237 
Costs of accommodation during medical visit or hospitalization 20±110 
Costs of house renovation or accessory requirement 83±555 
Costs associated with caregiver 2 540±6 291 

Annual median of costs in US$ (IQR) 207 (74-1 894) 

AMD: Age-related macular degeneration; IQR: Inter-quartile range; SD: Standard deviation; 95% CI: 95% confidence interval. 
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interviews. One patient was hospitalized once and another
was hospitalized twice. About one-tenth [9.0%(95% ; 2.2%-
15.9%)] of patients reported that they had to renovate their
house or buy accessories because of the low vision associated
with wet AMD. Almost a quarter [25.4%(95% ; 15.0%-
35.8%)] of them reported that they required supportive care
provided by their family members (so-called "unpaid
caregiver services"), which had no associated direct costs.
Among those that used unpaid caregiver services, the average
number of hours spent for care giving per day was 5.1依4.8h.
The average direct non-medical cost was $2 927依6 560. The
median of annual direct non-medical cost with inter-quartile
range was $207 (74-1 894) (Table 2).
When categorized by the BCVA groups, the average annual
costs in the VA group of 逸20/50, <20/50-20/160, >20/160-
20/400, <20/400 were $2 304, $2 750, $3 989, and $2 873,
respectively (Table 3). There were no statistically-significant
differences in the average costs among the BCVA groups
( =0.74). The care-giver cost was the largest component of
direct non-medical costs (87%) (Figure 2).
DISCUSSION
Our study is the first that reports the direct medical and
non-medical costs of patients with wet AMD in Asia. The
findings highlight the importance of the economic burden
associated with wet AMD. This information is very crucial
for practitioners and policymakers in efficiently planning and
allocating scarce resources to achieve optimal eye care at the
population level.

Our findings revealed that the composition of total costs in
Thailand was different from that in previously-published
literature. Drug costs accounted for the largest proportion
(42.5% ) of total costs associated with wet AMD, while
Bonastre [16] reported that a major cost driver was the eye
examination cost (28.3% ). Other studies reported that the
caregiver cost was the largest cost incurred in wet AMD care[21,23].
The difference in the proportion of expenditure could be
explained by the different pattern of medical care in the two
studies. The proportion of patients receiving medical
treatment in Bonastre [16] was 31.4% which was
substantially lower than that in our study. Another
explanation is the difference of healthcare systems. Several
anecdotal reports indicated that drugs are a major driver cost
in the Thai healthcare system [24,25]. It was shown that a large
proportion of the budget for healthcare management was
allocated for drug expenditure. In addition, our study found
that only one-fourth of the patients required care from
caregivers. The lower rate of caregivers used in Thailand is
substantially different from that reported in Lotery [23]

and Schmier [21].
Our study found that there were no significant differences in
direct medical and non-medical costs among the 4 BCVA
groups. The study of Bonastre [16] was the only study
that reported a significant difference in direct non-medical
costs between patients with wet AMD with BCVA <20/64
and BCVA>20/64, whereas no significant difference in terms
of direct medical costs was found between them.Javitt [20]

investigated the direct medical care costs among patients with

Table 3 Annual direct medical and non-medical costs by level of visual impairment in Thailand                  n (     )  
Snellen best corrected visual acuity 

Costs of wet AMD 
≥20/50 <20/50-20/160 >20/160-20/400 <20/400 

P 

Direct medical costs sub-study ($) 12 (3 484±3 886) 18 (3 235± 3061) 15 (2 489±2 368) 19 (4 909±6 814) 10.98 
2Direct non-medical costs sub-study ($) 17 (2 304±5 460) 15 (2 750±8 091) 16 (3 989±4 847) 18 (2 873±7 901) 10.74 

AMD: Age-related macular degeneration; SD: Standard deviation. 1Tested by Kruskal-Wallis test; 2One patient did not have 
information about VA. 

sx ±

Figure 1 Annual direct medical cost by types of cost.
Figure 2 Annual direct non-medical cost by types of cost.
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three varying BCVA levels (moderate: BCVA <20/40, severe
<20/200, and blindness <20/400). They found that at the
higher severity level of BCVA, higher average direct medical
costs were observed. Schmier [21] also evaluated
caregiver time costs among patients with either wet or dry
AMD and found a trend of elevated costs only with increased
loss of vision. Our results are likely to be different from other
studies because of the small sample size issue. More studies
that investigate the differences in wet AMD-associated costs
across the BCVA groups are warranted, especially in Asia
Pacific countries.
In our study, an important assumption is that our included
patients, aged 60 or older, had no productivity, and this led us
to not measure indirect costs. This assumption is suitable for
the Thai context because in that system, citizens are retired
after the age of 60 years. Therefore, it is difficult for patients
with visual problems from AMD in Thailand to be productive
after retirement.
The question of whether our research findings can represent
national estimates is also debatable. Our study estimated the
resource utilizations and healthcare costs from tertiary and
university-based hospitals. Moreover, in our fist sub-study,
the percentage of male in our study (59.4%) differs from the
previous Thai study [26]. It indicated that the percentage of
male in patients with AMD was 41.4%. It might be argued
that the results are not generalizable to other clinical settings,

provincial and private hospitals. However, most patients
with wet AMD seek care from large hospitals, similar to the
hospitals in which we conducted this study. The selected
settings were the hospitals from which the largest proportion
of AMD patients in Thailand seek care. For this reason, we
believe that our results are somewhat representative of the
overall AMD cost estimates of Thailand.
A couple of limitations exist and deserve to be discussed
regarding this study. First, recall bias may have occurred
during the interviews regarding the direct non-medical cost
data because the patients or the caregivers were asked about
all non-medical resource utilizations associated with wet
AMD occurring in the last 6 months. Second, even though
we attempted to estimate only the costs related to wet AMD,
it was very difficult to genuinely distinguish between the
costs of wet AMD and the costs of other age-related
disorders.
Placed in a larger perspective, our study demonstrated that
the total cost associated with wet AMD was substantial. The
total annual wet AMD associated costs were $6 528, which
were slightly higher than the Gross Domestic Product per
capita ($4 972) of Thailand in the year 2011[27]. Policymakers
should seriously consider allocating resources and managing

them properly and effectively to improve the vision of
patients that suffer from this high-cost disease.
In conclusion, our study indicated that wet AMD is
associated with a substantial amount of economic burden,
especially regarding drug and caregiver costs. This study has
highlighted the important issues for practitioners and policy
makers, potentially leading to the optimal prevention and
management of wet AMD.
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