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Abstract: This study was conducted to determine the barriers to the utilization of diabetic retinopathy
(DR) screening in Papua New Guinea (PNG). A list of patients booked for DR screening at Madang
Provincial Hospital Eye Clinic (MPHEC) between January 2017 and December 2021 who had not
been screened was retrieved, and the patients were invited to participate in the study. The data were
collected using a structured questionnaire, and IBM Statistical Package for Social Sciences version 26
was used for the analysis. p < 0.05 was considered statistically significant. One hundred and twenty-
nine patients (37.4%) did not attend DR screening for the period under study. The study response rate
was 80.6%. The mean ± SD age of the respondents was 51.5 ± 10.9 years. The majority of the study
respondents were female (62.5%), people living in rural settings (53.8%), and farmers (22.1%). Time
constraints, poor knowledge about DR, and long waiting periods at the DR screening center were the
main barriers to the uptake of DR screening. Compared to respondents in urban communities, those
in rural settings were significantly concerned about cost (p < 0.001), travel distance to the MPHEC
(p < 0.001), and poor information about DR screening (p = 0.002). More than half of the respondents
(63.5%) had discontinued using pharmacotherapy for DM. There is a high rate of nonadherence to
diabetes (DM) and DR treatment in PNG. There is a need for public health campaigns about DM and
strategic DR screening at the community level in PNG and similar countries.
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1. Introduction

Diabetic retinopathy (DR) is the most common complication of diabetes (DM) [1–3],
and its main risk factors are disease duration, poor glycemic control, and hypertension [1].
The disease remains a clinical problem [4], and it is the leading cause of working age and
adult-onset blindness in spite of improvements in diabetes care [2,5]. Thus, it is a great
concern for people with diabetes and healthcare providers. Several years of research into
the pathophysiology and management of DR have improved the understanding of the
disease process [6–8]. In order to prevent sight loss from DR, all persons with diabetes
are encouraged to undergo a comprehensive eye examination for the early detection and
treatment of DR, herein referred to as DR screening.

DR is categorized into two main forms based on the clinical features of the disease,
namely non-proliferative DR (NPDR) and proliferative DR (PDR) [9]. Cotton wool spots,
retinal hemorrhages, retinal exudates, and microaneurysms are often the hallmark of NPDR.
PDR is distinguished from NPDR by the presence of new blood vessels in the retina and/or
iris (neovascularization). These new blood vessels are fragile and often cause further
complications, such as vitreous hemorrhage. PDR, together with diabetic macular oedema,
are the main causes of vision-threatening DR [10].
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The low level of DR screening in Papua New Guinea (PNG), coupled with the growing
prevalence of diabetes, is worrisome. Burnett et al. indicated in their study that more than
three-quarters of the patients with known diabetes in the National Capital District of PNG
never had an eye examination [11]. They further discovered that nearly half of those with
diabetes had developed retinopathy and/or maculopathy [11]. While this low level of DR
screening may be attributed to a lack of a national DR screening program in PNG, it is
worth exploring the barriers to the utilization of DR screening in settings in the country
where the service is available.

In 2007, the Madang Provincial Hospital Eye Clinic (MPHEC) implemented systematic
DR screening for all people with diabetes to identify and treat sight-threatening retinopathy
using the “Pacific Diabetes Retinal Screening, Grading and Management Guidelines” [12].
In this guideline, people with DM but no DR are expected to undertake annual retinal
screening, while those with DR are scheduled for periodic screenings, depending on
the clinical features and severity of the condition [12]. The MPHEC is one of the three
centers in the country that offer DR screening, such as fundus photography and laser
treatment. Ophthalmic clinicians and ophthalmologists in the country are trained to detect
and refer DR cases to either the MPHEC or the other two centers at Port Moresby for further
assessment and management. DR screening at the MPHEC is at no cost to the patients.

A recent finding indicated that 50% of all ophthalmic patients aged ≥30 years who
visited the MPHEC in the first half of 2021 were either pre-diabetic or diabetic [13]; hence, it
was paramount that they undergo DR screening. Despite the availability of the free retinal
screening service at the facility, the uptake of the service has been very low, at an average
of two patients per month for the years 2017 to 2021. It was therefore necessary to identify
the reasons for the nonadherence to DR screening among patients who had records at the
MPHEC.

This study explored the views of patients who had not yet attended DR screening
or missed review appointments over a 5-year period. Our findings have the potential to
direct policymakers to develop strategies to enhance the quality and uptake of DM and DR
services in PNG and other similar countries.

2. Materials and Methods
2.1. Study Setting

The study was designed and conducted by using clinical records from the MPHEC.
It was one of the three DR screening centers in PNG at the time of this study. The facility
routinely screens patients aged ≥30 years for DM at no cost and, in addition, provides free
DR services for walk-in and referred patients with diabetes (DM). Therefore, our study
included patients from across the country, not just Madang Province. At the MPHEC and
the other eye clinics, patients are first examined by an ophthalmologist or ophthalmic
clinician before a recommendation is given for DR screening.

2.2. Study Design and Sampling Techniques

Purposive sampling was used in this descriptive cross-sectional study, as only DM
and DR patients’ records at the MPHEC were selected for the study.

2.3. Inclusion and Exclusion Criteria

The records of DM patients and the DR referral list of the MPHEC from January 2017
to December 2021 were reviewed, and those who had not yet undertaken DR screening or
missed follow-up retinal screenings were selected. These patients were contacted via the
phone, and standardized information about the identity of the researchers, the purpose
of the study, the estimated time to complete the questionnaire, voluntary participation,
privacy, confidentiality, and anonymity of the data to be collected was given to the patients
before inviting them to participate in the study. The study excluded 20 patients who could
not be reached, 4 patients who did not consent, 1 deceased patient, and records before
January 2017 and after December 2021.
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2.4. Data Collection Procedure

A structured questionnaire was designed based on similar studies [14–18] and used for
this study (see Supplementary Material). It comprised four parts: the first part determined
the respondents’ sociodemographic data, the second portion evaluated the barriers directly
related to the patients, the third aspect investigated service-related challenges, and the final
set of questions inquired if the patients were on any diabetes treatment. The responses were
rated on a 10-point scale, where 1 meant that it was not a barrier at all and 10 meant that
it was a very strong barrier. Respondents were also given the opportunity to provide any
further comments. Data collection was done during phone calls and in-person interactions
when possible, and the respondents’ responses were recorded by researchers M.T., J.K., and
N.Z. Data was collected from June to October 2022.

2.5. Data Management and Analysis

The data were analyzed using IBM Statistical Package for Social Sciences (SPSS)
version 26. Frequencies and percentages were used to summarize the categorical variables,
while the continuous variables were summarized using means (±standard deviation)
and medians (interquartile range). The Wilcoxon rank-sum test and Kruskal–Wallis test
were used to determine associations, and Bonferroni correction was done for multiple
comparisons. Statistical significance was established at p < 0.05.

3. Results
3.1. Sociodemographic Features of the Respondents

A total of 345 patients were listed in the DR screening and referral registers for the
period under study, out of which 129 patients (37.4%) failed to undertake their first DR
screenings or missed follow-up visits. Of this number, 104 patients participated in the
study, giving a response rate of 80.6%. There were more female respondents (62.5%) than
male. The age of the study respondents ranged from 24 to 75 years, with a mean of
51.5 ± 10.9 years. The majority of the respondents (53.8%) were from rural settings, and
more than three-quarters of them were residents of Madang Province. Farming (22.1%) was
the most common primary occupation among the respondents, and people with tertiary
education (42.3%) were the highest respondents. The demographic characteristics of the
study respondents are detailed in Table 1.

Table 1. Demographics of the study respondents.

Characteristics Respondents; n (%)

Gender

Male 39 (37.5)

Female 65 (62.5)

Residential Location

Urban 48 (46.2)

Rural 56 (53.8)

Age Group (years)

21–30 4 (3.8)

31–40 14 (13.5)

41–50 30 (28.8)

51–60 33 (31.7)

61–70 20 (19.2)

Above 70 years 3 (2.9)
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Table 1. Cont.

Characteristics Respondents; n (%)

Level of Education

Primary 16 (15.4)

Secondary 34 (32.7)

Tertiary 44 (42.3)

No formal education 10 (9.6)

Residential Province

Madang 89 (85.6)

Simbu 4 (3.8)

East New Britain 2 (1.9)

Milne Bay 2 (1.9)

Jiwaka 2 (1.9)

Others a 4 (3.8)

Not reported 1 (1.0)

Primary Occupation

Farmer 23 (22.1)

Retail trader/self employed 14 (13.5)

Teacher/lecturer 12 (11.5)

Housewife 11 (10.6)

Manager/director 9 (8.7)

Health worker 7 (6.7)

Secretary 7 (6.7)

Others b 21 (20.2)

Expected Year of DR Screening

2017 10 (9.6)

2018 15 (14.4)

2019 22 (21.2)

2020 44 (42.3)

2021 13 (12.5)

Category of Nonadherence

First DR screening appointment 37 (35.6)

Follow-up visits/reviews 58 (55.8)

Taking Any Diabetes Treatment/Medication

Yes 38 (36.5)

No 66 (63.5)

Diabetes Medication

Metformin 27 (26.0)

Daonil 6 (5.8)

Herbs and traditional remedy 3 (2.9)

Insulin 1 (1.0)

Nifedipine 1 (1.0)
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Table 1. Cont.

Characteristics Respondents; n (%)

Reasons For Not Taking Diabetes Treatment

No reason 32 (30.8)

Diet 21 (20.2)

Managing other comorbidity first 6 (5.8)

Poor access to a health facility 3 (2.9)

Financial constraint 2 (1.9)

Side effect of medication 1 (1.0)

Poor understanding of the treatment plan 1 (1.0)
a East Sepik—1; Enga—1; Morobe—1; Eastern Highlands—1. b Musician—2; Retired—4; Sailor—1; Air traffic
staff—1; Customer care representative—5; Electrician—1; Carpenter—1; Security person—3; Unemployed—2;
Clergy—1.

3.2. Personal Barriers

The majority of respondents indicated that time constraints (86.5%) was a barrier to
their uptake of DR screenings. In addition, more than half of the respondents considered
poor knowledge about DR, cost, good vision in the fellow eye, their eye problem not being
a serious issue, the need for a guardian, no reminders about screening appointments, and
the asymptomatic nature of their conditions as their personal reasons for not attending DR
screenings. The details are shown in Table 2.

Table 2. Reported barriers to DR screening.

Personal Barriers Respondents; n (%)

Insufficient income or cost 54 (51.9)

Good vision in the fellow eye 58 (55.8)

Eye problem is not serious enough 73 (70.2)

Time constraints or other priorities 90 (86.5)

No escort or guardian to help 56 (53.8)

Culture/traditional beliefs 34 (32.7)

Forgot or no reminder 62 (59.6)

No symptoms 57 (54.8)

Poor knowledge about DR 80 (76.9)

Prefer to use alternative service 42 (40.3)

Service-related Barriers Respondents; n (%)

Not well informed that I need DR screening 68 (65.4)

Do not know where to get services 36 (34.6)

Eye/screening center is too far 58 (55.8)

Long waiting time at eye/screening center 81 (77.9)

Low quality service by clinicians 32 (30.8)

Unfriendly staff at eye/screening center 33 (31.7)

Fear of procedure complications 78 (75.0)

Lack of trust in healthcare institutions 38 (36.5)

Among all the respondents, the most important personal barriers to DR screenings
were time constraints (median (IQR) = 7/10 (9/10–3/10)) and poor knowledge about DR
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(median (IQR) = 5/10 (9/10–2/10)). Overall, culture and traditional beliefs and the use of
an alternative treatment did not appear to be hindrances to DR screening services among
the respondents (each median (IQR) = 1/10 (2/10–1/10)). The details are shown in Figure 1.
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Figure 1. General personal barriers to diabetic retinopathy screening in Madang District. Responses
were rated from 1 (not a barrier) to 10 (a very strong barrier). Center lines indicate the medians; box
limits indicate the 25th and 75th percentiles; whiskers extend 1.5 times the interquartile range. Dots
indicate outliers.

Respondents from rural settings more often indicated that insufficient income or cost
(median (IQR) = 8/10 (10/10–1/10)), having other priorities that demanded their time
(median (IQR) = 8/10 (9/10–4.3/10)), and poor knowledge about DR (median (IQR) = 7/10
(9/10–2/10)) were the main personal challenges to DR screenings (Figure 2A). Similarly,
the most important personal barriers to DR screening among respondents in urban commu-
nities were time constraints (median (IQR) = 5/10 (8/10–2/10)) and poor knowledge about
DR (median (IQR) = 3/10 (8/10–1/10)). The details are shown in Figure 2A. Respondents
from rural settings reported cost (p < 0.001), having good vision in the fellow eye (p = 0.040),
time constraints (p = 0.016), poor knowledge about DR (p = 0.007), the need for a guardian
(p < 0.001), and reminders (p = 0.001) as significant barriers compared to respondents from
urban settings (Figure 2A).

There was no statistically significant difference in the responses from males and
females (Figure 2B). From Figure 2C, respondents without formal education significantly
considered their eye problems as not being serious enough compared to respondents with
secondary (p = 0.013) and tertiary educations (p = 0.029).
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3.3. Service-Related Barriers

At the service level, the majority of the respondents were concerned about long waiting
times at the eye screening center (77.9%), fear of procedure complications (75.0%), not being
well informed about DR screening (65.4%), and the distant location of the screening center
(55.8%) (see Table 2). The main service-related barriers to the uptake of DR screening
among all the respondents were the long waiting periods at the eye center (median (IQR)
= 5/10 (9/10–2/10)), not being well informed about DR screening (median (IQR) = 3/10
(5.8/10–1/10)), and a fear of procedure complications (median (IQR) = 3/10(3/10–1.3/10)).
Further details are shown in Figure 3A.

Respondents from rural communities were more concerned about the long waiting
times at the screening center (median (IQR) = 8/10 (9/10–3/10)) and proximity (median
(IQR) = 8/10(10/10–1.25/10)). Respondents from urban settings also showed increased
concern about the long waiting periods at the screening center (median (IQR) = 5/10
(9/10–1/10)). Barriers such as not being well informed that the respondents needed DR
screening and the long-distance location of the screening center were significantly reported
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by respondents in rural settings compared to their urban counterparts (p = 0.002 and <0.001,
respectively). These are highlighted in Figure 3B. Similar responses were reported by
respondents with secondary and tertiary educations (p = 0.048 and 00.46, respectively;
Figure 3D). The responses from male and female respondents were comparable (Figure 3C);
however, the female respondents were significantly concerned about unfriendly staff at the
screening center (p = 0.006).
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4. Discussion

There is a rise in the global prevalence of DM, and current projections indicate that
1.3 billion people will have DM by the year 2050 [19]. This will have significant implications
for the eye health sector due to the effect and complications of DM on the eyes. Patients
with DM may not be aware of its damaging effects on their eyes until the onset of visual
symptoms; by which time, any sight loss is irreversible. However, sight loss caused by
complications of DM can be prevented by timely and effective interventions, such as regular
DR screening and early treatment [15]. An effective screening and management program
requires that patients and their caregivers are willing to actively adhere to treatment proto-
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cols. This study aimed to understand the barriers influencing DR screening nonattendance
at one of the three DR screening centers in PNG and propose measures to address these
challenges.

The World Health Organization recently recommended that countries should monitor
the proportion of people with DM attending DR screening appointments, preferably by
using data from health facilities [20]. DR screening is at no cost to patients who visit the
MPHEC, but a substantial proportion of DM patients (37.4%) did not attend DR screening
during the period under review. Suboptimal adherence to DR screening is not unique
to this setting and other developing countries. In Australia, retinal screening coverage
among people with DM remains a challenge in spite of Medicare benefits that include non-
mydriatic fundus photography due to other barriers, such as time constraints, the cost of
retinal cameras, and a lack of expertise in delivering DR services [16]. It is well established
that DR is the most significant cause of visual impairment and blindness among adults
and the working age population [21,22]. In this study, the average age of the respondents
was 51.5 ± 10.9 years, similar to a study in Saudi Arabia that reported an average age of
54.0 years [14]. All these data suggest that both developed and developing economies are
at risk of losing a productive workforce if measures are not put in place to strengthen the
adherence to DR screening programs.

Irrespective of the sociodemographic characteristics of the respondents, poor knowl-
edge about DR, time constraints, and long waiting periods at the eye center were the main
influencers associated with nonadherence to DR screening. A recent study reported that
the majority of ophthalmic patients in Madang Province depend on health facilities for
information about DM and DR [23]. Taken together with the outcomes of the current study,
the two studies support a need for public education on DM and its complications in PNG
and similar settings. An effective public health education about the complications of DM,
effects of DR, and the benefits of timely and regular DR screening among persons with
DM could reduce the burden of sight-threatening DR in PNG. This is especially important
among respondents in rural communities and those with less than a secondary level of
education.

High proportions of the patients who failed to attend DR screening in this study were
female (62.5%), people living in rural communities (53.8%), and farmers (22.1%). Cost
(such as for transport, accommodations, and food) was a major barrier to DR screening
among respondents living in rural settings. Respondents from rural settings were also more
often concerned about the distant location of the DR screening center from their homes.
Socioeconomic deprivation is a major risk for nonattendance of DR screenings even in
developed countries such as the United States of America, the United Kingdom, and Saudi
Arabia [15]. Xiao et al. suggested that DR outreach screenings in rural communities in China
are more reliable in reaching women, older populations, and less-educated individuals
compared to passive case detection in hospitals and referral centers [24]. Therefore, a
mobile DR screening program is an effective strategy that could be adopted in PNG to meet
the population demands and enhance the uptake of DR services.

With the advancements in technology and teleophthalmology and the easy access to
smartphones, stakeholders of eye care in PNG could consider implementing smartphone-
based and/or portable handheld fundus imaging in rural and resource-constrained com-
munities. Although this strategy may not replace conventional fundus photography at
present, reports indicate that it is cost effective and has high accuracy at detecting sight-
threatening DR [25–28]. This can increase the accessibility to DR screening services and
minimize the long waiting periods at the screening center. In addition, the government and
non-governmental organizations in PNG could consider subsidizing the cost of conven-
tional retinal cameras to make them readily available in primary and secondary health care
facilities and plan towards a national DR screening program. These proposed measures
would require that clinicians in these facilities are well trained to use the fundus cameras for
effective DR screening, a greater investment into the eye health workforce, and integration
with the diabetes sector.
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In many resource-constrained settings, clinicians rely on microvascular changes ob-
served via ophthalmoscopy and/or retinal photography to diagnose, grade, and monitor
the treatment of DR. However, the available data have shown that DR is not only a vascular
disease but also shows neurodegenerative dysfunction [9]. Neural changes may occur
before microvascular changes and visual defects are detected in the clinic. For example,
in their quest to find biomarkers for the early diagnosis of DR, Harrison et al. found
that multifocal electroretinogram was a powerful tool to predict the development of DR
among persons with DM but no retinopathy [29]. Therefore, it is important that health care
service providers and clinicians explore diagnostic techniques that examine both neural
and vascular changes for the efficient and accurate diagnosis of DM and DR.

At present, binocular indirect ophthalmoscopy and fundus photography are the tests
performed to detect DR among patients reporting to the MPHEC. Evidence suggests that
other techniques such as electroretinogram [29,30], optical coherence tomography (OCT),
and OCT angiography [10,30–34] provide additional key features and information for the
early and improved diagnosis of DM and DR, as well as monitoring the treatments. These
retinal imaging tools could be explored by DR screening centers such as the MPHEC, albeit
this would require the training of clinicians and financial investments in the technologies,
as previously noted above.

The study further investigated whether the study respondents were still taking their
DM medications. Unexpectedly, two-thirds of them (63.5%) were not on any medication;
out of which, 32 (30.8%) had no reason for refusing treatment, while 21 (20.2%) reported
that they were managing their condition with diet instead of drugs. Despite the fact that
there is no complete cure for DM at the time of this study, patient-centered care [35–37] and
adherence to pharmacotherapy and lifestyle changes are extremely valuable in reducing
hyperglycemia and, hence, complications of DM, including DR [36,38–40]. This study
remarks the need for a future study to identify the barriers and influencers of nonadherence
to DM treatment in PNG to reduce the burden of DM and its complications in the coun-
try. In addition, since blood glucose levels fluctuate [41], we recommend that healthcare
facilities that provide DM and DR screening services such as the MPHEC could include the
measurement of glycated hemoglobin (HbA1c) in their tests. HbA1c measures the blood
glucose history over the previous two to three months and therefore provides a better
understanding of a glycemic control compared to only a fasting or random blood glucose
measurement [42,43]. Hence, it is a better predictor of DM and its complications.

The current evidence provides insight into DR screening services in PNG, but the
findings are focused only on patients who were identified by or referred to the MPHEC
during the 5-year period. Further study is necessary to detect the barriers to DM and
DR care across communities in PNG and at the national level and implement appropriate
interventions.

5. Conclusions

Ophthalmic clinicians and ophthalmologists in PNG are trained to examine the retina
and refer patients for appropriate treatment based on the Pacific Diabetes Retinal Screening,
Grading and Management Guidelines, yet a large proportion of persons with DM remain
unscreened. This study identified time constraints, cost, poor knowledge about DR, long
waiting times, and long travel distance to the DR screening center as the main barriers to
the uptake of DR screening services. Several enabling strategies have been proposed in this
study to increase the access to and adherence to DR screening at the MPHEC and across
PNG.
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