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Aim: The objectives of this study were to explore parents’ views about their children’s use of 

regular eye drops and whether they would consider a sustained-release subconjunctival injection 

as a replacement for daily drops.

Methods: A survey was conducted with 134 parents of children with chronic eye diseases at the 

Singapore National Eye Centre. Parents were asked their views about their children’s use of eye 

drops and were then presented with a discrete choice experiment that, via a series of trade-off 

tasks, allowed for estimating demand for a series of hypothetical subconjunctival injections that 

varied along product features, including interval between administrations, risk of complications, 

out-of-pocket cost and whether it is recommended by the patient’s treating physician.

Results: Results showed that the vast majority of parents did not find administration of eye 

drops to be inconvenient (78%) nor did children complain about using daily eye drops (78%). 

Furthermore, only about half of parents whose child missed doses stated concerns about the 

consequences of non-compliance. The discrete choice experiment revealed that only one in 

five parents would consider a subconjunctival injection for their children. These parents tended 

to be more concerned about the consequences of non-compliance with eye drops, had children 

who administered the drops themselves or had other chronic disease requiring regular medica-

tion. Among these parents, risk of complications had the largest effect on injection uptake.

Conclusion: This study shows that parents do not find administration of daily eye drops to be 

a significant burden. As a result, most would not consider a subconjunctival injection unless 

risk of complications was extremely small.

Keywords: sustained-release subconjunctival injection, parent preferences, children’s use of 

eye drops

Introduction
Topical administration of eye drops is the primary method of delivering eye medicine 

for chronic eye conditions. Such medicated eye drops can be effective in reducing 

the rate of disease progression if they are administered according to the prescribed 

regimen. Poor compliance with daily eye drops may lead to poor disease control and 

progressive visual loss, leading to blindness.1–3 This is especially concerning in pedi-

atric patients who may not fully comprehend the seriousness of non-compliance and 

whose parents may not be able to fully monitor administration.

Alternative routes of drug delivery are in development.4 One strategy already being 

tested in clinical trials is a subconjunctival injection of liposomal latanoprost that 

releases the appropriate daily drug dosage over an extended period of up to several 

months.5 This mechanism of drug delivery avoids the challenges that come with 
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daily medication use and has the potential to increase both 

adherence and eye health. Yet, it presents alternative con-

cerns. It requires a minimally invasive procedure performed 

every few months in the eye clinic. This is something that 

many children may not want to repeatedly undergo. As with 

any procedure, there is also a small chance of complications, 

such as conjunctivitis, subconjunctival scarring and injury to 

the deeper layers of the eye, as well as the risks of infection 

and subconjunctival scarring from multiple injections in the 

long term. These risks, combined with the likely increased 

cost compared with daily medication use, could further 

reduce parental enthusiasm for the technology.

The objective of this study was to field a survey, includ-

ing a discrete choice experiment (DCE), to increase our 

understanding of factors that influence parents’ demand for 

such a technology. We first explore parent’s experiences 

and attitudes about their children’s use of regular eye drops 

for chronic eye diseases. Utilizing DCE tasks, we then ask 

whether they would ever consider opting for an injectable 

solution for their children and explore the relative influence of 

select product-specific and family-specific factors on this deci-

sion. Product-specific factors include interval between injec-

tions, risk of complications, annual out-of-pocket cost, and 

whether it is recommended by the patient’s treating physician. 

We hypothesize that all of these factors will influence potential 

demand but that even a very small risk of complications will 

greatly reduce stated uptake (ie, demand). This is because 

many parents will not want to put their children at increased 

risk for an elective procedure.6 Yet, many studies have shown 

that physician’s recommendations strongly influence patient’s 

treatment decisions.7 It is possible that a physician recom-

mendation could offset concerns over risks and cost.

Family characteristics include who in the household 

administers the eye drops, whether the child complains about 

the daily use of eye drops, how concerned parents are about 

non-compliance and whether the child has other chronic 

diseases requiring regular medication. We expect that parents 

whose child administers eye drops themselves, whose child 

complains about eye drops, who have concerns about their 

child’s compliance with his/her eye drops and/or whose child 

has other chronic diseases requiring regular medication will 

be more willing to adopt the new technology.

By allowing for independent assessment of the relative 

contribution of select features of the new technology, a DCE 

represents a novel approach to increase our understanding of 

parents’ preferences over different modes of administration 

of daily eye mediation.8,9 Findings will help increase our 

understanding of the current challenges that parents face in 

ensuring that their children are adherent to eye medications 

and the extent to which this new technology could be a 

potential solution.

Methods
Study participants
A survey was conducted with parents of pediatric patients 

(aged 1–18 years) at the outpatient clinics at the Singapore 

National Eye Centre (SNEC), the largest eye center in 

Singapore. Patients who have chronic eye disease were iden-

tified from the medical records and their parents were 

approached by a trained interviewer for consent to participate 

in a brief survey. Only parents whose children have been 

treated with medicated eye drops regularly were eligible for 

the study. After informed consent was obtained, the question-

naire was administered via face-to-face interviews in English, 

the primary language in Singapore. Data collection occurred 

between May and June 2016. Of the 160 eligible parents who 

were approached, 134 agreed to participate. The study was 

ethically reviewed and approved by the Institutional Review 

Board of Singapore Health Services.

Survey development
The questionnaire contained questions on who administers 

the eye drops, whether the child complains about the daily 

use of eye drops, whether the parent is concerned about 

non-compliance with eye drops, and sociodemographic 

characteristics.

Prior to the DCE portion, respondents were told that the 

injectable solution would replace all eye drops that the child 

is using and that the solution would be at least as effective as 

eye drops, with greater effectiveness resulting for children 

who are not fully adherent. The injection would be adminis-

tered by an ophthalmologist with the child undergoing either 

moderate sedation or general anesthesia, depending on age 

and the child’s ability to cooperate during the procedure. 

Parents were told that general anesthesia is recommended 

as first line for younger children or those unlikely to coop-

erate during the procedure but that moderate sedation is 

recommended for children aged .8 years. (Supplementary 

material 1 provides the full survey instrument).

Parents were told that candidate injections varied across 

4 primary features, termed attributes: 1) the interval between 

injections, 2) the annual out-of-pocket cost of the injections, 

3) the risk of complications, and 4) whether or not it was 

recommended by child’s treating physician over daily eye 

drops. The interval between injections ranged from 3 to 

12 months. The levels of out-of-pocket costs spanned from 

$0 to $2,000 a year. Although the cost of injection is expected 

to be higher than the costs of eye drops, free injections might 
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be possible if the insurance companies fully cover the cost. 

The risk of complications included conjunctivitis and injury 

to the deeper layers of the eye and ranged from 0% to 0.1%. 

Physician recommendation was set up such that only one 

of the options is recommended by the physician or no rec-

ommendation is provided. Table 1 provides the full list of 

attributes and their levels used in the study. These attributes 

and their levels were selected based on a series of cognitive 

interviews with a convenience sample of 9 respondents and 

discussions with ophthalmologists.

After the introduction of the attributes, in a series of 

DCE tasks, respondents were offered 3 options of treat-

ment for their child – continuing with eye drops or opting 

for 2 variants of subconjunctival injections that differed by 

levels of the attributes described previously. Respondents 

were asked to identify their most preferred option and second 

most preferred option among the 3 alternatives. An example 

is shown in Figure 1. This question format, which provides 

information on the full ranking of the alternatives within a 

choice set, was used to maximize the amount of data avail-

able for model estimation.

The DCE tasks were constructed via an experimental 

design that required identifying the specific attribute level 

for each alternative and matching of the alternatives in each 

DCE task. The experimental design was created using SAS 

(SAS Institute, Cary, NC, USA)10 and produced 16 tasks that 

were then divided into 2 blocks of 8 tasks to reduce cogni-

tive burden on respondents. Each respondent was randomly 

assigned to one of the blocks and answered 10 DCE tasks 

in total. Respondents were also asked to answer 2 additional 

tasks. One task was designed to test whether respondents 

paid attention to the levels shown.11 In this task, respondents 

were presented with 2 injections where one of the injection 

alternatives was better than the other injection. Respondents 

who did not choose the injection with better attributes were 

excluded from the study. The second task was a hold-out 

task created to evaluate the performance of the model by 

investigating whether the uptake predicted from the model 

(excluding the hold-out task) is similar to the percentage of 

respondents who choose injections A and B in the hold-out 

task.12 An accurate prediction of the percentage choice of 

injections A and B by the model estimates provides additional 

credibility to the study results.

Analysis of the DCE data
As a first step, respondents were divided into 2 groups based 

on their responses to the DCE tasks: potential adopters 

and non-adopters. Potential adopters refer to respondents 

who chose an injection as their first choice in at least one 

of the choice tasks. Non-adopters refer to respondents who 

always chose eye drops as their first choice in all choice 

tasks. A binary logistic regression was used to explore the 

family characteristics that predict being a potential adopter. 

The dependent variable was assigned 1 if the respondent 

was identified as a potential adopter and 0 otherwise. The 

independent variables were whether child administers eye 

drops themselves, whether child complains about using 

eye drops, whether parent is concerned about their child’s 

(non)compliance with his/her existing eye drops, and whether 

child has other chronic disease requiring regular medica-

tion. An independent variable was considered statistically 

significant if the p-value was ,0.10.

Data from DCEs are routinely analyzed using random 

utility models. Random utility models assume that the utility 

an individual receives from a product can be modeled based 

on the attribute levels of that product, and that for each choice 

task the individual will choose either the injectable solution 

or eye drops, depending on which one would provide the 

higher level of utility. Utility of injections was modeled as:
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where V denotes the utility, the β coefficients denote the 

marginal utility of each product attribute, ε denotes the 

unobserved utility, and ASC
Eyedrops

 denotes the alternative 

specific constant for eye drops, capturing the average effect 

of attributes not used in the study on the utility of eye drops 

relative to injections.

Table 1 Product attributes and levels used

Attribute Level

Interval between 
injections

Every 3 months
Every 6 months
Every 12 months

Risk of complication 
per injection

0% (=0 patients)
0.01% (=1 in 10,000 patients)

0.10% (=10 in 10,000 patients)
Out-of-pocket cost 
per year

$0
$300
$1,000
$2,000

Doctor’s 
recommendation

Recommends injection A
Recommends injection B
Recommends eye drops
No recommendation

Note: Currency used is Singapore dollars.
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Since respondents were asked to rank the options, a 

rank-ordered logit model was used to analyze the DCE 

data. Linearity of numerical attributes was tested and the 

attributes that were found to be nonlinear were estimated 

using dummy variables. Given that the risk of complications 

was described per injection, we expected interaction effects 

between interval between injections and risk of complica-

tions. The preliminary models showed that the interaction 

effects were not statistically significant; thus, they were not 

included in the final model.

The analysis was limited to potential adopters as non-

adopters were considered “out of the market” such that 

their preferences over different attribute levels are of 

little interest.

The model estimates were used to calculate the relative 

importance of each attribute conditional on the levels used 

in the analysis and to calculate uptake of candidate products. 

Supplementary material 2 provides detailed information on 

the calculation of relative attribute importance and uptake. 

We used STATA version 12 for all statistical analysis.

Results
The characteristics of the respondents (parents) and their 

children are presented in Table 2. About two-thirds of the 

respondents were female, which reflected the tendency of 

mothers to perform caregiving duties for their children. The 

majority of the sample was Chinese (90%) and university 

degree holders (71%), and the average age was 43.7 years. 

About half of the children were male, and the average age was 

10.6 years. An overwhelming majority of the patients were 

on follow-up for myopia (96%), for which they used 1 type 

of eye drops once a day. This is reflective of the pediatric 

ophthalmology service offered at SNEC, which has a strong 

reputation of research in delaying myopia progression with 

atropine eye drops.

Most parents (78%) reported that their children did 

not complain about using eye drops. About one-third of 

the respondents reported that their child administers the 

eye drops themselves. Among parents who administer eye 

drops, most (78%) did not find administering eye drops 

for their children to be inconvenient. Among parents who 

reported that their child misses eye drops, only about half 

the parents (53%) were concerned about the consequences 

of non-compliance. The majority of children (85%) uses eye 

drops once a day and about 12% has other chronic diseases 

that require regular medication.

Only 4 out of 134 respondents failed the choice task 

testing respondent attention; they were excluded from the 

DCE analysis. Out of the remaining 130 respondents, only 

31 were potential adopters of injections (23.8%) and 99 were 

Figure 1 Example choice task.
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non-adopters (76.2%). Parents were more likely to be poten-

tial adopters if they reported that eye drops were administered 

by the child (odds ratio [OR]: 2.36, p-value: 0.071), if they 

were concerned about the consequences of non-compliance 

to eye drops (OR: 2.50, p-value: 0.040) and if the child has 

other chronic disease requiring regular medication (OR: 

3.59, p-value: 0.037) (Table 3). Child complaining about 

the daily use of eye drops was found to be not significant at 

the 10% level.

Rank-ordered logit model estimates (Supplementary 

material 3) show that, as hypothesized, potential adopters 

preferred injections with a longer interval between administra-

tions, lower risk of complications and lower cost. A doctor’s 

recommendation also increased the demand. Risk of compli-

cations was the most important attribute (44.3%), followed 

by cost (27.8%), interval between injections (16.4%) and 

whether the physician recommended the injection (11.6%). 

The predictive power of the model was confirmed by its 

precision in predicting the uptake of the hold-out task. The 

model predicted an injection uptake of 9.7%, close to the 

10.8% uptake based on respondents’ choices.

Figure 2 shows how the predicted uptake varies by 

interval between injections, risk of complications and out-

of-pocket cost, assuming that the physician recommends the 

injection. Recognizing that 76.2% of the respondents were 

found to be non-adopters and would not likely purchase 

an injection, the highest predicted uptake was estimated to 

be 19.3% for an injection that lasts 1 year, poses no risk of 

complications, is free and is recommended by a physician. 

Table 2 Family characteristics (N=134)

Family characteristics
Parent age 43.7 years
Patient age 10.6 years
Parent female gender 62.0%
Patient female gender 47.8%

Eye disease, %
Myopia 95.5
Glaucoma 1.5
Others 3.0

Duration since diagnosis 57.1 months
Duration of eye drop usage 23.6 months
Types of eye drops used, %

1 type 96.3
2 types 1.5
3 types 0
4 or more types 2.2

Frequency of eye drop usage, %
Once a day 85.1
Twice a day 3.7
Three times a day 0.7
Four or more 0.7
Others 9.7

Child has other chronic disease requiring regular medication, %
Yes 11.8
No 88.2

Child complains about usage of eye drops, %
Often 2.2
Sometimes 11.2
Rarely 8.2
Never 78.4

Child administers eye drops him/herself 33.6
(If parents administer eye drops) Parents find administering eye drops 
inconvenient (N=89), %

Yes, very 5.6
Yes, somewhat 16.9
No 77.5

Child has ever missed eye drops before 65.7
(If child has ever missed eye drops) Parents concerned about 
consequences of non-compliance (N=88), %

Very concerned 19.3
Somewhat concerned 33.0
Somewhat unconcerned 15.9
Very unconcerned 31.8

Table 3 Logistic model identifying predictors of being a potential 
adopter

Odds 
ratio

Standard 
error

p-value

Parents were concerned about the 
consequences of non-compliance to 
eye drops

2.50 1.11 0.040

Eye drops were administered by the child 2.36 1.12 0.071
Child complains about eye drops 1.43 0.89 0.566
Child has other chronic disease requiring 
regular medication

3.59 2.20 0.037

Constant 0.12 0.05 ,0.001
Log likelihood −65.45

Figure 2 Predicted uptake for injections.
Notes: Uptake calculations assume that there is only one type of injection in 
the market as an alternative to eye drops. The calculations assume that physician 
recommends the injection.
Abbreviation: m, months.
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There was no stated demand for an injection that was admin-

istered 4 times a year, poses 0.10% risk, costs $2,000 per year 

and is not recommended by a physician.

Risk of complications had the largest effect on uptake. For 

an injection that is administered every 3 months, costs $600 

per year and is recommended by the physician, reducing the 

risk from 0.1% to 0.01% triples uptake from 2.2% to 7.4% 

and reducing the risk to 0% increases uptake to 12.6%.

Discussion
The goal of this study was to understand parents’ experiences 

and attitudes about their children’s use of regular eye drops 

for chronic eye diseases and to explore whether they would 

ever consider opting for an injectable solution for their child 

and if so, the product-specific and family-specific factors that 

influence that decision.

Results showed that the vast majority of parents did not 

find administration of eye drops to be inconvenient nor did 

their children complain about having to use daily eye drops. 

Furthermore, only half of participants stated concerns about 

the consequences of non-compliance. For these reasons, 

it is not surprising that the DCE showed little demand for 

the injectable solution; more than three-fourth of parents 

were deemed “out of the market” based on the DCE results. 

Yet, there was a subset of parents, those whose children 

administered the drops themselves, those who were con-

cerned about the consequences of non-compliance and 

whose children had other chronic disease requiring regular 

medication, who showed strong interest in the new technol-

ogy. This suggests that the primary appeal to parents of this 

new technology is the potential health gains from greater 

compliance, as opposed to the convenience factor of parents 

not having to administer daily eye drops.

Even for those parents who might consider the new tech-

nology, demand was highly responsive to the levels of the 

product features, with risk of complications being the most 

important factor. This is consistent with parents focusing 

largely on the health gains when considering whether or not 

to adopt this technology. In fact, any risk of complications 

had a significant negative influence on demand; a prototypical 

product with absolutely zero risk had a predicted uptake of 

12.6%, whereas increasing risk of a moderate side effect to 

just 0.01% reduces demand by nearly 50%. This suggests 

that for a product to be successful in this market, the risks of 

even moderate side effects must be extremely low. Interval 

between injections, out-of-pocket cost and a physician’s 

recommendation also influence demand; however, first and 

foremost, parents need to be reassured that the product is safe 

for their child to even consider it.

This study has several limitations. First, participants were 

told to state their preference in a hypothetical scenario, which 

may not reflect their actual behavior when faced with a real 

scenario. However, hypothetical questions were necessary 

since the technology is not currently available in the market 

yet. Second, parents were used as a proxy for their children 

on questions related to their children’s use of regular eye 

drops. However, parents’ knowledge or observation about 

their children’s view may not be completely accurate. In addi-

tion, parents were assumed to be the sole decision maker on 

choosing a delivery method. Although parents are likely to 

consider their children’s opinion on using a new delivery 

system or remaining on eye drops, they are likely to be the 

final decision makers. Third, we used a convenience sample 

of parents of children with chronic eye conditions who 

are not representative of those in Singapore; thus, results 

may not generalize to other conditions and/or other patient 

groups. The predominant disease in this study was myopia, 

which neither leads to blindness as imminently as other eye 

diseases like glaucoma nor causes uncomfortable symptoms 

that affect the child’s activities on a daily basis. Uptake 

would differ if the mix of conditions were skewed toward 

other conditions. Fourth, demand for an injectable solution 

was calculated assuming that it is the only available new 

technology in the market. If there are more than one type of 

such products in the market, the predicted uptake would be 

shared by all available new technologies. Fifth, we found that 

a physician’s recommendation was the least important factor 

in parents’ decisions. However, the effect of physician’s 

recommendations on decisions is likely to be higher when 

parents receive a recommendation from their children’s 

physician in person, especially from one that they have 

an ongoing relationship with, compared to a hypothetical 

recommendation. Finally, respondents were told to assume 

that the injectable solution would be at least as effective as 

eye drops, with greater effectiveness resulting for children 

who are not fully adherent. Future studies can explore how 

providing specific effectiveness information affects parents’ 

and children’s willingness to opt for injections.

In conclusion, this study shows that parents of children 

with chronic eye disease do not find administration of daily 

eye drops to be a significant burden such that most would 

not consider alternative forms of delivery. However, a small 

subset of parents, primarily those whose children administer 

the eye drops themselves, those concerned about the conse-

quences of non-compliance and/or those whose child has other 

chronic disease requiring regular medication, would consider 

the injectable solution if risk of complications were extremely 

small and efficacy is at least as good as daily drops.
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