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ABSTRACT

Background

Diabetic retinopathy (DR) is a common microvascular complication of diabetes mellitus which can

lead to sight loss, if not detected and treated in time.

Objectives

This study aimed to assess the feasibility of integrating DR screening (DRS) services into free public
sector health care in Sri Lanka. The objectives were to identify barriers to access DRS, to determine
the most appropriate DRS modality and to assess acceptability of a health educational intervention

(HEI).

Methods

The study was conducted using mixed methods. The barriers were assessed through systematic litera-

ture search and qualitative studies. A systematic literature review and meta-analysis was conducted to

assess the diagnostic accuracy of DRS using digital retinal imaging. Based on the results of the forma-
tive stages, a local context specific DRS modality was defined and validated at a tertiary level medical
clinic by trained physician graders. Finally, a HEI was adapted and acceptability was assessed using

participatory approach.

Results

The formative studies revealed that lack of knowledge and awareness on DR, lack of skilled human
resources and DRS imaging infrastructure as the main barriers. In the meta-analysis, highest sensitiv-
ity was observed in mydriatic more than two field strategy (92%, 95% CI1 90-94%). In the validation
study, sensitivity of the defined referable DR was 88.7% for grader 1 and 92.5% for grader 2, using
mydriatic imaging. The specificity was 94.9% for grader 1 and 96.4% for grader 2. The overall ac-

ceptability of the HEI material was satisfactory.



Conclusions

Knowing the barriers to access DRS is a pre-requisite in development of a DRS program. Non-mydri-
atic 2-field strategy is a more pragmatic approach in implementing DRS programs in low income non-
ophthalmic settings, with dilatation of pupils of those who have ungradable images. The process of
adapting HEI was not simply translation into local language, instead a tailored approach for the local

context.
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Preamble

Backgorund of the research student and how ideas for the thesis developed

I started working as an ophthalmic medical officer at the National Eye Hospital - Colombo, starting
from the year 2010 after selection through a competitive examination conducted by Post Graduate
Institute of Medicine of the University of Colombo. Following which, | underwent training in general
ophthalmology for 1 year and in vitreo-retina sub-specialty for 2 years. The lead retinologists of the
retinal department at the National eye Hospital - Colombo, assigned me with the task of handling
issues related to patients awaiting trans pars plana vitrectomy (TPPV), as he observed a particular rise
in the number of patients requiring the surgery. This was the only functioning retinal unit in the
country at that time. With the opportunity, | conducted a cross sectional survey of the patients who
were referred for treatment. In which, | was able to reveal that the majority (>90%) of the patients
who were awaiting TPPV surgery had diabetes mellitus (DM) and significant proportion had

advanced diabetic retinopathy (DR) and tractional retinal detachments.

It also found that a major cause of delayed presentation was lack of knowledge and awareness on DR.
This led to my preliminary work on prevention of blindness and visual impairment on DR, leading to
a master’s dissertation on situational analysis of availability of services for DR in the Western
province of Sri Lanka. This foundation helped me to design the present study, leading to an
application for a research degree at London School of Hygiene and Tropical Medicine-UK and a grant
application to the Queen Elizabeth Diamond Jubilee Trust through the Commonwealth Eye Health
Consortium-UK. My experience with relevant clinical work, identification of the local community
need, evidence from the master’s dissertation and guidance from the supervisor were helpful in

developing a strong research question for this PhD project.
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Chapter 1
INTRODUCTION

1.1 Global burden of diabetes mellitus

Diabetes mellitus (DM) is one of the most prevalent non-communicable diseases. DM imposes a
significant impact on global health systems. In the latest estimations of International Diabetes
Federation (IDF), there were 425 million people with DM (PwDM) (2017) and this will increase to
629 million by 2045 [1.1] (Figure 1.1). Other estimates representing 130 countries indicate an
increase to 592 million by the year 2035 [1.2]. DM prevalence increases by 2.8-3.0% annually
worldwide [1.3] and causes a significant economic impact on the health systems globally [1.4]. The
increase in the prevalence of DM will be much higher (69%) in low and middle income countries
(LMICSs) in the next decade compared to the high-income countries (HIC) (20%) [1.5]. The highest
number of PwDM are aged 40-59 years currently and this will shift to those aged 60-79 years by 2030
[1.5] (Figure 1.2). No country has shown a significant reduction in the prevalence of DM from 1980
to 2014 [1.6]. This suggests that DM is a major public health problem and will remain so in the future

too.

EUROPE

AMERICA & CARIBBEAN

USD 1in every USD 4 of the global diabetes 1 i1 6 tive births is affected by
healtheare spending occurs in this region hypergtycaemia in pregnancy

WESTERN
PACIFIC

SOUTH-EAST ASIA

Ly 48%
2017

Figure 1.1 - Regional estimates of diabetes prevalence in 2017 and prediction for year 2045
[Developed by International Diabetes Federation] [1.1].
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Most of the reviews concluded that the burden of DM was much higher in low and middle-income
countries (LMIC). This is expected to result in an increasing number of PwDM with complications
[1.2,1.6,1.7]. The LMICs are facing an epidemiological transition from communicable to non-
communicable diseases. The prevalence of DM is growing relatively faster even in rural LMICs
compared to rural populations in HIC (1985-1989 to 2005-2011: rural LMIC 1.8% to 7.5% and rural
HIC 8.2% to 14.3%) [1.8]. A rapid rise in prevalence of type 2 DM has been reported from the South
East Asia region and the South Asian region. This could be due to changes in socio-economic and
demographic profiles [1.9,1.10]. The percentage increase in prevalence of DM from 2010 to 2030 is
72.1% in South Asia [1.5] (Table 1). Further, there are high proportions of undiagnosed PwWDM in
LMICs (overall 83.8%, in South East Asia region: 35.8-69.5%, 20-79 years age group). PWDM in
these countries are identified late and therefore report with more advanced complications leading to
an economic burden on the health systems [1.11]. Therefore, strategies for planning of diabetic care

and its complications are needed to address this key global health issue.

25%
20%
= High income countries
== Middle income countries
Low income countries
15%__
12% 15%
10% 99, 12%
: 8% 8%
5% 7% o ™ ‘
5%
0%

20-24  25-29 30-34 35-39 40-44 45-49 50-D4 55-59 60-64 65-69 70-74 75-79

Figure 1.2 - Prevalence estimates of diabetes by income and age group [Developed by International
Diabetes Federation] [1.1].
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Many countries spend a significant proportion of their health budgets (5-13%) on DM, resulting in a

significant burden on economy [1.12]. The situation is further aggravated by aging of the populations,

complexities in disease management and rising technological costs [1.13,1.14]. Moreover, there is a

significant disparity in this expenditure as 90% of available financial resources are being used for care

of DM in HICs [1.12].

Table 1.1 - Regional predictions of prevalence of diabetes by 2030 — [Estimated by Shaw JE et al

(2014)] [1.5].

Region 2010 2030 Diabetes Percentage of
Diabetes Prevalence (%) | Increase (%) from
Prevalence (%) 2010 to 2030
Africa 3.8 47 98.1
Eastern Mediterranean and Middle 9.3 10.8 93.9
East
Europe 6.9 8.1 20.0
North America 10.2 12.1 42 .4
South & Central America 6.6 7.8 65.1
South Asia 7.6 9.1 72.1
Western Pacific 4.7 5.7 47.0
World 6.4 7.7 54.1

1.2 Diabetes mellitus epidemic in Sri Lanka

A rising trend of the DM prevalence has been observed in the South Asian countries in the recent past.

One meta-analysis showed a high epidemicity index i.e., ratio of impaired glucose tolerance to total

glucose intolerance, of DM in Sri Lanka (52.8% in year 2005/2006) compared to other South Asian

countries [1.15]. This predicts a higher incidence of DM with time. Katulanda, P. et al. studied a

population-based sample of 4388 (>20years) in the year 2011 and recorded a crude prevalence of DM

of 12.6% [1.16]. In this study the highest prevalence of DM of 18.6% (95% CI 15.8-21.5) was

observed in the Western province [1.16]. Ethnic Sri Lankan Tamils had the highest prevalence among
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the ethnic groups (22.1%; 95% CI 15.2-29.1) [1.16]. Most of the studies done in Sri Lanka showed a
higher prevalence of DM in Tamil ethnic group [1.17,1.18]. In addition, one study showed a higher
rate of DM among the poorer groups and variable associations with socio-economic status [1.19].
Most of the studies from Sri Lanka showed a temporal increase in prevalence of DM over the past few
decades and a recent study showed higher prevalence among urban populations (men 20.3% and
women 19.8%) [1.20]. There is a dramatic increase of 966% in DM prevalence in Sri Lanka from

2002 to 2012 (Figure 1.3).

Table 1.2 - Prevalence of DM in Sri Lanka

Study DM Sample Age of | Prevalence | Prevalence | Generalisabi
diagnostic | characteristics | the of DM of DR lity
criteria sample
Katulanda P etal | ADA* N=4388 adults | >20 12.6% Not Can be
(2011) [1.16] guidelines | (population years assessed generalised
based, cluster Western
sampling) province
18.6%
(95% ClI
15.8% -
21.5%)
Pinidiyapathirage | FBS T N=2986 adults | 35to Men 20.3% | Not More
MJ et al (2012) >=7 in one district | 64 mentioned | generalizable
[1.20] mmol/I (Western years Women to urban
province / 19.8% populations
IFG? Urban)
(5.6-6.9)
mmol/I Randomly
selected from
the Electoral
Registry
De Silva P et al FBS >126 | N=1234 adults | 35-64 | Overall Not Less (done
(2012) [1.17] mg/dI (in one district) | years 14.7% assessed only in
Male Kalutara
14.1% district)
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Female

15.2%
IllangasekaraU | FBS N=220 adults, | >18 8.5% Not Less (done
et al (2004) random sample | years assessed only in a rural
[1.21] village in the
(rural Central Central
province, same province)
cohort of the
previous study)
Illangasekara U | Self- N=1325 >18 2.1% Not Less (Done
et al (2002) reported years assessed only in arural
[1.22] village in the
Central
province)

* American Diabetic Association, T Fasting Blood sugar, { Impaired Fasting Glucose

Prevalence of DM in Sri Lanka

®

2002

Figure 1.3 - Change of prevalence of DM in Sri Lanka over time
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1.3 Epidemiology of diabetic retinopathy

1.3.1 Global magnitude of diabetic retinopathy

Diabetic retinopathy (DR) is a common microvascular complication caused by chronic
hyperglycaemia [1.23]. The burden of health issues due to DR has increased globally [1.24]. It is the
5" most common cause of blindness and moderate to severe visual impairment globally [1.25] and a
leading cause of blindness among the young and middle age adults of working age in HICs [1.26].
The study of global estimates of prevalence of blindness reported that DR accounted for 1% of
blindness [1.27]. A recent meta-analysis showed that DR blindness could be 2.6% in 2010 affecting
0.8 million people globally [1.25]. Though the proportions are low, the visual rehabilitation of these
people is a burden to any health systems and economy of a country [1.4]. Therefore, DR is of public
health concern. Globally 28 million people have STDR [1.24] and 21.3 million PwDM diabetic

macular oedema (DME) [1.28]. DME is expected to increase to 32.8 million by 2030 [1.28].

1.3.2 Public health significance

It is apparent that with the growing number of PwDM in the world, public health significance and
attention towards DR has grown and scope for the prevention of blindness has broadened. However,
we need proactive measures to overcome these issues. LMIC governments are striving for controlling
the DR blindness and visual impairment in the populations, and also to achieve the goals of universal
eye health coverage, mitigating inequality. Without these measures at present, we would have
expected reactive responses resulting in increasing morbidity (as well as mortality). In this regard, one
major requirement is availability of evidence from the local context in order to set appropriate
priorities. The policy and decision makers would require evidence on burden of the condition, what
works in the local context and effectiveness of those interventions. The LMICs spend very low
expenditure per person in provision of diabetic care which is inadequate even for cost of the oral anti-
diabetic medication per annum [1.12]. Therefore, these countries will have to adopt more innovative

and cost-effective strategies to overcome DM and its complications.
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1.3.3 Prevalence of diabetic retinopathy

The reported prevalence of any DR is 34.6% (95%CI 34.5-34.8%) [1.24]. Among known PwDM the
prevalence of proliferative DR (PDR) is 6.96% (95% CI 6.87-7.04%) [1.24]. Available estimates
suggest that the prevalence of sight threatening diabetic retinopathy (STDR) is 10.2% (95%CI 10.1-
10.3%) globally [1.24]. Pooling data from 35 studies showed that the prevalence of diabetic macular
oedema (DME) was 11.7% in 2010 (95% CI 11.6-11.8%) [1.28]. The prevalence of DME was high
among the type 2 PwDM (Type 1: 4.2-7.9% vs Type 2: 1.4-12.8%) [1.29]. One systematic review
showed that the prevalence of DR was higher among the South Asians compared to Caucasian
populations [1.30]. However, another review concluded that racial differences were inconclusive due

to inconsistencies in the studies [1.31].

In South India a prevalence of any DR of 18% (95% CI 16.0-20.1%) was reported and this is less than
the overall global prevalence [1.32]. A meta-analysis conducted in India estimated that 14.9% (95%
Cl10.7-19.0%) of the PwDM (>30 years of age) have DR which increased to 18.9% (95% CI 14.8-
21.4%) when considering those aged >50 years [1.33]. Though the prevalence of any DR is low in
LMICs, the proportion with STDR could be high due to different untreated risk factors affecting DR
blindness [1.30]. A higher proportion of PwDM with DME was reported in LMICs, the cause of
which is not known. A review stated that the prevalence of diabetic macular oedema is high in South
Asian populations (6.3%-17.6%) [1.30]. The lack of evidence from population-based studies, poor
reporting of diagnosis of DM and institutional bias in samples recruited from health care facilities

were concerns when reviewing evidence from LMICs [1.15,1.34].

1.3.4. Incidence / Cumulative incidence of DR

The incidence of DR and DME varies by settings and there is limited evidence from LMIC settings.
The incidence of STDR and DME are declining in HIC due to better control of risk factors, early
screening and treatment. On the contrary, in the LMICs this is increasing due to poor availability of
control measures. Comparing the evidence from Europe and United States after 4 years of follow-up,

incidence of any level of DR varies from 22.5% to 50% [1.29]. In Asian countries, there is much
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higher proportion of PwDM with STDR (e.g., China, 5-year cumulative incidence of DR (46.9) and

33% had STDR) [1.29].

1.3.5 Diabetic retinopathy blindness in Sri Lanka

There are no population-based DR prevalence studies from Sri Lanka. The latest national level
blindness survey conducted in 2013-2014, reported a prevalence of blindness of 1.7% (>40 years of
age, 95% CI 1.3-1.9) [1.35]. A study conducted in a diabetes clinic in the year 1993 stated that
prevalence of DR was 31.3% (95% CI 28.0-31.6%, n=1003) and 4.1% (95% CI 2.1-6.0%) were blind
due to advanced retinal disease [1.36]. In a population-based sample of 536 PwDM, researchers
documented a prevalence of any DR as 27.4% in Sri Lanka (male 30.5% and females 25.6%, p=0.41)
[1.37]. Another study done on a sample of young adults (mean age 37.1+5.9 years) recorded a
prevalence of any degree of DR as 18.1% (mean duration of diabetes 5.2 years) [1.38]. This study
found that about 50% had not undergone previous DR screening by an ophthalmologist highlighting
the need of systematic DR screening program for the country [1.38]. A recent institutional study has
reported a very high prevalence of DR among the PwDM (any DR prevalence 38.6%, 35.6% among
males and 40.2% among females, commonest - non-proliferative DR (NPDR) prevalence 22.2%),
however this study has a high institutional bias since it provides tertiary level retinal care [1.39]. In
contrast another study conducted in a sample of PwDM (n=2603, duration of DM 5-15 years -72.9%)
presenting at a private sector institution in Southern Sri Lanka, reported a very low prevalence of DR
(7.53%), perhaps they had more access to control of DR and majority were Sinhala ethnic group
(97%) [1.40]. Another study done in the Western province of Sri Lanka including a large sample of
PwDM (n=6765, 95.5% type 2 DM) reported a prevalence of DR 6.8% when DM duration < 1 year
and 57.8% when > 20 years [1.41]. The evidence from Sri Lanka shows that DR is an emerging

public health issue.

1.4 Strategies to control diabetic retinopathy blindness

The control of risk factors is the main primary prevention strategy to prevent development of DR. The

longer duration of DM, poor glycaemic control, uncontrolled systolic blood pressure and
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hyperlipidaemia are major risk factors for progression of DR [1.24]. Intensive glucose control was
beneficial in reducing the progression of DR by 54% as shown in the ‘Diabetes Control and
Complications Trial’ (DCCT, 1983-1993) [1.42]. The ‘United Kingdom Prospective Diabetes Study’
(UKPDS, 1977-1999) highlighted that role of hypertension in development of DR and effects of
elevated lipid levels in the development of retinal complications [1.43]. In addition, UKPDS showed
that intensive treatment to maintain the glycaemic levels would reduce the microvascular endpoints by
25% [1.44,1.45] (Table 1.3). The genetic susceptibility of developing DR has also been postulated
[1.46]. The modifiable risk factors can be targeted for control of sight loss due to DR. One
epidemiological review suggests novel risk factors of DR based on inflammatory markers (e.g.,
interleukin-6, tumour necrosis factors) and metabolic hormones (e.g., leptin, adiponectin) which

require further confirmatory research [1.29].

Table 1.3 - Risk factors for development / progression of DR

Study Risk factor Outcome

DCCT [1.47] Glycaemic level Progression of DR
UKPDS
Wisconsin Epidemiologic Male gender Progression of DR
Study of Diabetic Retinopathy | HbAlc
(WESDR) xxii [1.48] Body mass index
WESDR ii [1.49] Duration of diabetes Development of DR
WESDR xvii [1.50] High blood pressure Predictor of development
UKPDS of DR
Early Treatment Diabetic Serum lipids levels Associated with vision
Retinopathy Study (ETDRS) loss due to macular
Report 22 [1.51] problems
UKPDS

Alcohol, smoking No enough evidence

Most of the recent reviews also showed a similar pattern of risk factors for DR. A systematic review
including 35 studies concluded that longer duration of DM, poorer glycaemic control and

hypertension are strongly associated with DR [1.24]. Another systematic review and meta-analysis
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showed that being over-weight or obese is not a risk factors for development of DR (OR 0.89, 955%
Cl10.75-1.07, p=0.21, 12 65%) [1.52]. In contrast another review article described that higher body
mass index was associated with having DR, where they did not meta-analyse the results [1.53]. A
systematic review that included 8 randomised trials concluded that lipid lowering agents were
protective against development of DR, however it was not protective against sight loss (worsening eye
visual acuity OR 0.96, 95% CI 0.81-1.14, p=0.64) [1.54]. A meta-analysis found an inverse
association of axial length and risk of STDR, concluding that having myopia is protective against
STDR (risk of STDR in each millimetre increase in axial length OR 0.70, 95% CI 0.60-0.82, p=0.000)
[1.55]. In addition a recent review showed that elevated homocysteine level was associated with
increased risk of DR [1.56]. Confirming the conventional idea, a recent meta-analysis showed that
there was no association of alcohol intake and incidence of DR [1.57]. There wasn’t adequate
evidence to show the association of smoking and risk of DR [1.58]. However smoking has been

mentioned as a modifiable risk factor for DR in the literature in general [1.59].

A strong body of evidence exists that shows that early screening and treatment for diabetic retinal
pathologies would reduce the progression to visual impairment. In these secondary prevention
strategies, two land mark studies showed the benefits of early recognition and effectiveness of
photocoagulation in prevention of sight loss due to DR [1.60,1.61]. The ‘Diabetic Retinopathy Study’
(1971-1975) showed that pan-retinal photocoagulation (scatter laser) reduced the risk of sight loss by
60% in proliferative DR (PDR) [1.62]. One main finding of ‘Early Treatment Diabetic Retinopathy
Study’ (ETDRS) was focal laser photocoagulation reduced the moderate vision loss due to macular
oedema by 50% [1.63,1.64]. The ‘Diabetic Retinopathy Vitrectomy Study’ (DRVS, 1987-1997, report
4) demonstrated that early vitrectomy was beneficial in restoring the vision in advanced PDR

[1.65,1.66].
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Figure 1.4 - Strategies for prevention of sight loss due to DR

Many interventions are available that can be applied at population level to control the DR blindness
and visual impairment (Figure 1.4). In various populations, factors affecting DR blindness and visual
impairment vary based on demographic, genetic and socio-economic characteristics. The longest
duration of follow up for population-based DR screening is from Iceland (25 years). In Iceland, DR
blindness reduced from 2.4% in the year 1980 to 0.5% over a 25years period following a population-
based DR screening program [1.67]. The recommendations of the World Health Organization (WHO)
and professional bodies are to use these effective interventions rather than development of new
technologies [1.68]. However, despite availability of a strong body of evidence, these strategies are
underutilised in LMICs. Therefore, as an initial approach we propose that diagnosed PwDM at
institutional level should receive screening services. Therefore, it is justifiable to have DR screening
program for a South Asian country like Sri Lanka at this stage despite the high prevalence of
avoidable blindness due to other causes. In addition, PwDM have more likelihood of developing other
conditions such as lens opacities (except nuclear sclerosis) and glaucoma compared to those who do
not have DM [1.69,1.70]. Therefore, screening of PwDM for DR will facilitate and provide

opportunity to identify other blinding conditions earlier as a secondary outcome [1.29].
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1.5 Screening of diabetic retinopathy

The early detection of DR depends on the ability of the screening method to capture the retinal signs

accurately. Currently, the minimum detectable sign is considered to be the ‘micro aneurysms’ and

treatment starts at moderate to severe non-proliferative level or at detection of macular oedema,

depending on the availability of resources in the context. The gold standard of DR screening is

considered to be the ETDRS mydriatic 7-field stereoscopic retinal imaging system [1.71]. However,

this method is a complex system to adopt in a resource poor setting. Therefore, various systems of

classifications have been adopted according to the local requirements. Some of these classifications

have been successfully used in national level DR screening programs. Various referral levels of DR

are defined in these screening guidelines, in order to screen the population effectively, complying

with the screening modality and skills of the primary graders (Table 1.4). A review on development of

DR screening and treatment care in LMICs highlighted the necessity of DR screening guidelines for

successful program implementation [1.72]. A study on assessment of screening guidelines stated that

80% of the available guidelines are from HICs while the burden for DR screening was high among the

LMICs [1.73].

Table 1.4 - Table of comparison of different classification systems (as examples) based on retinal
signs (extracted from Royal College of Ophthalmologists - UK guidelines) [1.74].

ETDRS Classification UK - National Scottish Guidelines American Academy
Screening Committee of Ophthalmology
guidelines Guidelines
10 None RO None RO None No DR
20 Micro aneurysms R1 Background R1 Mild BDR * Mild NPDR ¥

35 Mild NPDR

Moderate NPDR

43 Moderate NPDR

R2 Pre-proliferative

R2 Moderate BDR

53 A-D Severe NPDR

R3 Severe BDR

Severe NPDR

61 Mild PDR

R3 Proliferative

R4 PDR}

PDR

*-Background DR, f-Non-proliferative DR, }-Proliferative DR

Most of the DR screening guidelines recommend screening annually and there is less evidence to

propose increasing the screening interval beyond one year [1.75]. There are various methods of
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examining the fundus, such as direct ophthalmoscopy, slit lamp bio-microscopy, indirect
ophthalmoscopy and retinal imaging. The latest technology is digital retinal imaging. This gives an
objective assessment and recording of the signs. Various countries have adopted DR screening using
digital imaging according to the requirements of the local context. Here one consideration is the

diagnostic test accuracy and effectiveness of the model of the DR screening at the population level.

1.6 Pathogenesis and detectable retinal signs in DR screening

There are various theories that describe the pathogenesis of DR based on the aetiology of
hyperglycaemia though the exact mechanisms remain unknown. Main theories are based on aldose
reductase pathway and platelet derived growth factor pathways [1.76]. The earliest pathological sign
that appears in the retinal vasculature is the loss of pericytes. The loss of pericytes leads to weakening
of the blood-retina barrier. In addition, glycation of the basement membrane leads to thickening and
alterations in the retinal vasculature. The loss of pericytes and loss of vascular endothelial adhesions
trigger endothelial cell proliferation. The earliest clinically visible sign in DR is micro-aneurysms.
The derangements in the blood-retinal barrier will lead to macular oedema, where vascular endothelial
growth factors play a major role. Later these changes in the internal environment will lead to increase
in permeability of the vasculature leading to hard exudates and haemorrhages. Further progression of
the disease will lead to loss of functional vessels hence retinal ischaemia. Retinal ischaemia escalates

the new vessels growth, venous abnormalities leading to advanced STDR [1.23].

Microaneurysm

¢

Hemorrhage \

Hard Exudates

Fig 5a -Normal Fundus Fig 5b -Moderate NPDR
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Figure 1.5 - Normal fundus and fundi with signs of DR progression (Images reference International
Council of Ophthalmology) [1.77].

1.7 Overview of Sri Lanka

1.7.1 Overview

Sri Lanka is a LMIC, which has a free health system available through the government sector island
wide. The country has a well-developed primary care sector and achieved remarkable development in
the health sector domains of the ‘Millennium Development Goals’ (MDG), such as maternal and child
care, compared to other countries in the South Asian region [1.78,1.79]. The gross domestic product
(GDP) per capita is 4,074 US $ (2017). The total health expenditure as a percentage of GDP is 1.59%
[1.80]. The population is ageing very fast with an average life expectancy of 75 years and proportion
of people above 60 years of age has doubled over two decades (1980 - 6.6%, 2012 - 12.4%) [1.81].
Further, disease patterns have changed from communicable to non-communicable diseases, over the
past few decades, increasing the burden on the free public sector [1.82]. Sri Lanka is comprised of 25
districts and is home to a population of 20.27million in the year 2012 [1.83]. The Western province,
which comprises of three districts, namely Colombo, Kalutara and Gampaha has recorded the highest
population of 5.82 million (28.71%) and the capital city is in the Colombo district (Figure 1.6). The
Western province has the highest population density of 3428 persons/km? amongst the various

provinces in Sri Lanka [1.83].
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Figure 1.6 - Map of Western province - Sri Lanka (Developed from maps available from Department
of Census and Statistics - Sri Lanka) [1.83].

In Sri Lanka, proportion of population 18 years and above is 70% [1.83]. The proportion of people in
15-59 years age group in the Western province is 63.9% and 13.4% of the population is 60 years and
above [1.83]. The ageing population is increasing in Sri Lanka and becoming a burden on economic
development [1.84]. The proportion of no schooling (aged 5 years and above) is 3.8%, very low
compared to other South Asian countries and literacy rate is very high (population aged 10 years and
above; overall 95.6%, male 96.8%, female 94.6%) [1.85]. The proportion of economically active is
reported as 51.9% and males are engaged more (75.8%) compared to females (30%) [1.86]. The
proportions of urban population in each district of the Western province is as follows: Colombo
77.6%, Gampaha 15.6% and Kalutara 8.9%. The majority of the people are Sinhala ethnic group and

Buddhist by religion in the Western province (Sinhala 84.2%, Tamil 6.8%, Moor 7.9%; Buddhist
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73.4%, Hindu 4.8%, Islam 8.6%, Roman Catholic 11.1%, Other 2.1%) [1.83]. The population in the

Western Province has high employment rates (male 60.1%, female 39.9%) [1.83].
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Figure 1.7 - Divisional secretariat divisions of 3 districts of the Western province of Sri Lanka
(Developed from maps available from Department of Census and Statistics - Sri Lanka) [1.83].
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1.7.2 Health systems in Sri Lanka

Sri Lankan health system comprises of a free public sector and a paid private sector. Public sector
provides preventive care through 341 medical officer of health units and curative care through 631
institutions distributed island wide [1.87]. The health system is centrally governed by the Ministry of
Health (MOH) and provincially through nine provincial directors of health services. Sri Lanka has an
exemplary network of primary care units throughout the country with a special focus on maternal and
child health. Private sector provides health care on a ‘fee-for-service’ basis. Currently primary care
system is being reformed to strengthen the approach to address public health issues of non-
communicable diseases (NCD) through a “shared care cluster system” [1.87] which has some
implications in integrating DR screening. Sri Lanka absorbs health care related human resources
through public sector funded training and post-graduate institutions, which select candidates through
competitive examinations. As observed in other LMICs, one of the major challenges in provision of
eye care is maldistribution of human resources [1.88]. In addition, there is a requirement of capacity
building with the rapid changes in disease transitions and advancement of medical technology. Sri
Lanka should adopt innovative strategies complying with these transitions, according to the needs of
the population and improving the quality of care. One major consideration on improving eye care
services in Sri Lanka is there is an urgent need for advocacy, using the evidence from the local
context. As an example, DR blindness or blindness prevention in general had not been considered in
the recent ‘National Strategic Framework for Development of Health Services 2016-2025 published

by the MOH-Sri Lanka.

Sri Lanka has about 21,000 medically qualified physicians (allopathic) throughout the country and
17,900 are currently employed in the public sector [1.89]. The physicians are allowed to work in both
sectors and this has resulted in a ratio of 1 physician per 671 people in Sri Lanka [1.89]. It is predicted
that there are an adequate number of physicians in Sri Lanka up to the year 2025 [1.89]. The eye care
services provision in the public sector is mainly through secondary and tertiary levels of service
delivery institutions only (Figure 1.8). Eye care services are provided by the eye care units headed by

a specialist eye surgeon and a team comprised of ophthalmic residents, ophthalmic medial officers,
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ophthalmic technologists (opticians / optometrists) nursing officers and assistants. There is no proper

clinical ophthalmology and eye care services provision training for these cadres other than for

specialist eye surgeons and ophthalmic technologists. The post-graduate diploma in ophthalmology

for medical officers was terminated more than 20 years ago. Therefore, skilled human resources in

eye care is highly scarce and there are only about 98 specialist eye surgeons (1 eye surgeon per

200,000 people) in the country and 40% of them are employed in the Western province. Under this

health system environment, the available ophthalmologists are overburdened with people with

blinding eye conditions such as cataract. Therefore, DR Screening has got a very low priority. The

current system of DR screening is an opportunistic screening only.

Ministry of Health Sri

Lanka

o

N

Free Public J/ Paid Public
Sector \ Sector
Provincial Director of
\L Health Services
Tertiary Medical Officers of Private GP
Health Promotion level SEE%C(Z?W Health Area Units System
Bureau i . .
ospralsy~ | | FospiEs |1 O e Nursing
Vertical program N=615 Homes
ertical programs N=16 N=341
Eg. National i i Multi-specialty
Blindness Prlmar)_/tcurfz;/g and super
Prevention carelunl SanI/IOH specialty
Program (overlappe ) Institutions *
Preventive Sector Insurance
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N=3183

Figure 1.8 - A highly concise schematic diagram of health system of Sri Lanka (* where specialist eye

care available)
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1.8 Training and assessment of the primary graders in the Western province of Sri Lanka

Poor allocation of resources in LMIC generally hamper eye service delivery. The ophthalmologists
are a scarce resource in low income settings [1.90]. A survey conducted in Pakistan concluded that
DR screening uptake could be increased by task sharing [1.91]. In the planning process of DR screen-
ing, effective usage of available resources is recommended for low income settings [1.92]. A review
stated that task shifting is a feasible option to improve efficiency and cost effectiveness of service de-
livery [1.93]. Most of the ophthalmic skills are vested with high cost professionals in LMIC. Skill mix
and task-shifting is essential to achieve universal coverage. Therefore, delegation of primary screen-
ing to another cadre is an appropriate intervention. This meets the urgent needs of the population. A
systematic review concluded that task shifting would enable cost savings in improving health of the
population and in improving the efficiency of health systems. However, one concern in applying these
principles is, most of the task shifting has been applied in primary care and in highly prevalent infec-
tious disease management such as HIV/AIDS and tuberculosis. Whether task shifting would work in
DR screening is debatable and it would be necessary to assess the validity of each model within the

local context.

Most of the ophthalmic personnel are overburdened with other highly prevalent conditions such as
cataract, uncorrected refractive errors and glaucoma. Though the ophthalmologists are scarce, there
are an adequate number of physicians in Sri Lanka. The first contact for PwDM is institutional physi-
cians in the Sri Lankan health system as there is no general practitioner (GP) based referral system.
Therefore, DR screening when the PwDM present for medical care would be an efficient strategy for
the provider as well as for the user. It was apparent that there is adequate capacity to deliver DR treat-
ment services at tertiary and higher secondary level of service delivery institutions in the Western
province of Sri Lanka. However, capacity to deliver DR screening services is inadequate in terms of

skills of mid-level human resources.

During formative research work in Western Sri Lanka, most of the service providers acknowledged
that DR screening should start at the first meeting point with the PwDM to ensure high uptake. There-
fore, physicians are a suitable category to screen PwDM for stratification before referring them to the
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ophthalmologist’s clinic. A defined referable level will reduce the DR screening workload at ophthal-
mologist clinics as well. All public sector physicians in Sri Lanka are qualified medical graduates.
Therefore, training of physicians on DR screening would be an appropriate intervention to provide
DR screening services at medical clinic level. The long-term implication of this task shifting needs

assessment in future research.

Task shifting itself would not solve the problem. There is a need for development of training curric-
ula, clinical guidelines and continuous medical education programs [1.94]. In addition, there are barri-
ers to task shifting such as retention of trained personnel and unavailability of resources for training.
A customised training plan is needed to train the selected primary graders in the Western province of
Sri Lanka. Here, we assumed that training of selected graders on DR screening imaging and grading
and provision of screening infrastructure would improve the access to DR screening by PwDM at in-
stitutional level. A review reiterated that ‘radical health systems re-thinking’ is essential for achieving
the universal coverage of eye care services in LMICs [1.95]. This will be helpful to identify the dy-
namic interactions of the health system building blocks and the avenues for integration of DR screen-

ing services into the public sector health system (Figure 1.9).

Financing
Human Resources
o —”  (Phsysician Graders) DR Screening
overnance i
. Health Information — Services
- Ministry of | —» Delivery
Health Screening Equipment
(Retinal cameras)
Medical Supplies
Through Public Sector — Tertiary Level Medical Through the Feasibility Study

Clinics

Figure 1.9 - Application of health systems to develop a DR screening model for Sri Lanka
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Assuming that physician graders are the primary graders, we had to develop a relevant and less com-

plicated training module to train the graders within a limited time-period. Therefore, we proposed to

train them, using on-line training resources available from the International Council of Ophthalmol-

ogy (ICO). Further, this was linked to on-line grading practicing systems developed by ICO. Two

trainer retinologists from a tertiary level eye care centre in the Western proince delivered the training

modules. The training program mainly consisted of knowledge and skills components and details and

the results are described in chapter six (methods) and chapter 11 and 12 (results).
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Chapter 2

REVIEW OF LITERATURE

2.1 Need for screening for DR

The World Health Organization (WHO) announced that member states should target to achieve uni-
versal eye health coverage according to the global action plan from 2014 to 2019 [2.1]. The factors
affecting effective utilisation of DR screening services are unique to a health system. One review re-
ported that there are many reasons for underutilisation of eye care. Also, the definition of ‘high risk’
for blindness varies with the context [2.2]. It is mentioned that evidence based cost effective strategies
should be adopted to control DR blindness [2.3]. Most of the LMIC settings have some sort of DR
screening services. However, these services are not available universally. The principles of universal
eye health coverage are applicable to setting up DR screening as well [2.4]. DR screening is a well-
established preventive strategy to control sight loss in DR. However this has not been integrated in to
most of the LMIC health systems due to various barriers [2.4]. On the other hand, there are inequities

in DR screening service provision even in HIC settings [2.5].

The available evidence strongly suggests that early screening and treatment prevents sight loss due to
DR. In Sri Lanka, provision of DR screening services is an imperative due to the increasing preva-
lence of DM. Screening for DR can be opportunistic or proactive. Screening refers to application of a
diagnostic test to a population, which has no symptoms of the disease. DR screening complies with
‘Wilson and Jungner Screening Criteria’ of implementation of a disease screening program [2.6].
However, the issue is how to deliver acceptable level of quality services, cost effectively and in an eqg-
uitable manner in low income settings [2.6]. Further, tests used in DR screening should be safe, pre-

cise and validated [2.7]. DR screening models use digital imaging in many parts of the world.

2.2 Process of developing DR screening models

The development of a DR screening model is a complex process especially in resource poor LMIC

settings. A systematic review conducted in India to assess the burden of DR among the PwDM stated
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that preventive strategies such as early detection was not considered in blindness prevention programs
[2.8]. This is the situation in most of the LMICs. In addition, there should be facilities to treat the
identified pathologies. The current ‘status quo’ model adopted in most of the LMICs does not favour
the development of a full population-based DR screening program. Therefore, in these settings, alter-
native screening models need consideration. Universal coverage cannot be achieved without address-

ing the barriers [2.9].

2.3 Assessing diagnostic test accuracy

The retinal imaging technique used in ETDRS is generally considered as the gold standard for DR
screening [2.10]. However, this method is not feasible at a program level. The knowledge of diagnos-
tic test accuracy (DTA) is an important factor to develop an effective DR screening modality.
Achievement of required level of DTA is a challenge in any setting. Various factors pertaining to the
imaging system, human resources involved in grading and characteristics of the PwDM affect the
DTA. A systematic review showed that mydriatic imaging was an effective strategy in detection of
DR [2.11]. However, one study documented that variation in pupil size did not influence the sensitiv-
ity (mydriatic 84.5% vs non-mydriatic 82.9%, OR 0.89 (95% CI 0.56-1.41, p=0.61)) or specificity
(mydriatic 88.6% vs non-mydriatic 87.9%, OR 0.94 (95% CI 0.57-1.54, p=0.80)) of DR screening
[2.12]. The different field strategies, pupil status and degree of view were the main technical features
that determined the DTA using retinal imaging. A systematic review on using telemedicine for detect-
ing DR, showed that sensitivity of detecting absence of DR was 80% (95% CI 75-84%) with non-
mydriatic digital imaging, and this increased to 91% (95% CI 84 -94%) following mydriasis (Speci-
ficity non-mydriatic 95% (95% CI 93 -96%), mydriatic 95% (95% CI 94 -96%)) [2.13]. Most of the
studies showed that >85% of sensitivity in detecting any level of DR could be achieved using mydri-
atic 2-field method [2.14-2.21]. This is compatible with the ‘Diabetes UK’ criteria for minimum sen-
sitivity level of 80% which most of the national programs follow [2.22]. Most of the 1-field strategies
could not achieve this recommended level [2.14,2.15,2.18,2.23-2.25]. Non-mydriatic methods have

become popular due to the ease of use and increased image quality with advanced technology.
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However, evidence on selection of a best-suited modality for a resource poor setting like Sri Lanka is

still scarce.

Table 2.5- Comparison of validity of different method of DR screening (based on available systematic
reviews and meta-analyses)

Method of Method of Measure of di- Measure of Limitations Study
screening analysis agnostic accu- | diagnostic ac- author,
racy curacy year
o o and ref-
(Sensitivity) (Specificity)
erence
(95% CI) (95% CI)
number
Retinal pho- | Detecting any Overall 82.5% Overall 88.4% | Polaroid film cam- | Bragge
tography level of DR (75.6-87.9) (84.5-91.4) era, digital imaging | P, etal.
o o and clinical exami- | (2011)
Mydriatic Mydriatic )
nation accuracy [2.12]
84.5% 88.6%
levels were aggre-
(76.9-90.0) (83.7-92.1) i
gated in to one
Non-mydriatic | Nonmydriatic | summary estimate
82.9% 87.9%
(73.9-89.2) (81.6-92.2)
Tele-medi- Detecting vari- | >70% except se- | >90% except Different field Shi L, et
cine using ous levels of DR | vere NPDR mild NPDR strategies combined | al.
digital imag- | combining all 53% (45-62) 89% (88-91) in to one estimate (2014)
ing field strategies [2.13]
Retinal Pho- | Detecting any 1 field - range 1 field - range | Pupil status and Govinda
tography DR compared to | 66-87% 45-96% type of imaging not | A, et al.
7 field imaging ) ) specified (2011)
2 field - range 2 field - range
as a reference [2.26]
86-98% 78-95%
3 field - range 3 field - range
66-98% 72-86%
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Automated DR vs No DR, 90.5% 67.4% Pupil status and Nor-
screening ungradable im- | (89.3-91.6) (66.0-68.8) type of imaging not | gaard
ages included in specified MF, et
the analysis al.
(2018)
[2.27]

2.4 Successful task-shifting approaches to DR screening

Human resources (HR) involved in DR grading is a key factor in development of a successful DR
screening program. Sometimes it is the major limitation in implementing DR screening in many low
income countries [2.28]. Due to the scarcity of ophthalmologists in low-income settings, it is not an
efficient use of their time to use them for the first level DR screening. Many non-ophthalmic cadres
such as endocrinologists and family physicians have been successfully validated to screen DR [2.29—
2.31]. One review concluded that digital fundus photography had become the preferred method for
detecting DR. This review suggested non-mydriatic retinal imaging by a trained technician as a feasi-

ble method [2.32]. However, selection of specific personnel is context specific.

2.5 Role of an enabling environment for DR screening

One systematic review showed that improving infrastructure and processes in the health system and
increasing service user awareness can significantly promote DR screening [2.33]. Health system as-
sessments mention that economic and logistic reasons hinder the provision of DR screening services
[2.34]. Various geographic and cultural issues need to be addressed according to the context [2.35]. It
has also been mentioned that the lack of policy or public health approach to screening could be a bar-
rier to develop programs [2.28,2.36]. Such factors need assessment for implementing a DR screening
program in Sri Lanka. The lack of scientific evidence from the local context is a major obstacle in per-

suading the decision makers.

Introductory Chapters - Page No - 68



2.6 Client perceptions on DR screening

Awareness of need for detecting DR at a symptomless stage is a key factor that facilitates regular fol-
low up. State of ‘symptom-less-ness’ in DR may be a crucial factor in health seeking behaviour of a
PwDM in any community. The most consistent barrier across most of the studies is lack of knowledge
regarding DR screening among the PwDM [2.37-2.44]. Reports also state that even when PwDM had
the appropriate knowledge, absence of a recommendation by the service provider may hinder access
[2.45]. Culturally competent care is desirable in a diverse patient community overcoming the soci-
ocultural barriers [2.46,2.47]. Access barriers are different for different segments of the population -
e.g. for people with disabilities [2.48]. Certain high risk populations are vulnerable to sight loss due to
underutilization of services [2.2]. Implementing public health interventions in general, would still
have problems in accessing health care for certain communities which require further investigations
[2.49]. One report mentioned that inequalities have been observed in detection and treatment of DR
which require multi-sectoral engagement [2.5]. Defining the barriers will enable to implement public
health strategies to improve access [2.50]. Therefore, it is necessary to understand the potential barri-

ers in access and challenges in provision of DR screening services in Sri Lanka.

Social norms, beliefs, attitude and motivation of PwDM should be considered to overcome the barri-
ers to accessing DR screening [2.34,2.51]. Some researchers reported that psychological reasons, atti-
tude of the family members and limited personal mobility may also result in failure to attend
[2.37,2.39,2.51-2.53]. PwDM may not like to attend screening due to the discomfort of mydriasis
[2.54,2.55]. Studies have also shown that patient satisfaction on the screening modality is important in
addressing the barriers [2.35]. Factors such as cost of the services, affordability and not having an in-
surance could be a barrier in a paid system [2.56-2.60]. Another important barrier relates to coopera-
tion and communication problems with service providers [2.35,2.41,2.61]. When reviewing literature,
it is apparent that lot more is needed in the Western province of Sri Lanka with regard to assessing the
specific barriers for DR screening. There was no literature from Sri Lanka answering these research

guestions.
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2.7 Provider perspective of DR screening

In order to understand the barriers, it is important to assess the service providers’ views and system
factors as well. The knowledge of DR and DR screening among the physicians and availability of
training programs are important in addressing the barriers to access [2.36,2.62]. Apart from service
users’ knowledge, lack of provision of health education from the service provider is considered as a
barrier [2.34,2.43,2.63]. In addition comprehensiveness of the given information is also important
[2.44,2.58,2.64]. Service providers’ attitude on performing a dilated fundoscopy on an asymptomatic
patient and non-adherence to guidelines could also affect the uptake of services [2.65,2.66]. Further,
unavailability of screening and cost of services have also been identified as major barriers to access
[2.37,2.41,2.56,2.57]. It was shown that availability of a diabetics register and communication system
would improve accessibility [2.39,2.52]. There should be a confidence/trust in the service provider by
the PwDM in order to improve the access [2.35,2.45]. Factors such as waiting time, time taken to
share results were also considered as barriers in accessing screening services [2.51,2.54,2.67]. Some
authors found that transferring patients from one service provider to another, type of eye care provider
performing the last eye examination etc. may affect uptake of screening services on follow up visits
[2.53,2.68]. Referral pattern is an important aspect in addressing DR screening barriers which has im-

plications in developing a DR screening service for the Western province [2.42,2.60].

2.8 Need for integrated service delivery

In the assessment of health care systems governance, financing, service delivery, human resources
(HR), medical supplies and health information systems are the major components [2.69]. In this local
setting, governance may have major implications on initiation of a DR screening program due to lack
of quality evidence. There is lack of government responsiveness and less preference for DR blindness
and visual impairment prevention in Sri Lanka. This despite the high burden of diabetes and DR ob-
served by clinicians. Therefore, lobbying for DR screening programs is lacking in this context. Hence
there were no policy directives until now. Integration provides solutions for most of the issues in

health systems for chronic disease services delivery [2.70]. DR screening requires appropriate
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integration for sustainability [2.36]. To understand the priorities of integration more systematically,
assessing the need of the group of subsets concerned (e.g., PwDM at medical clinics) and analysing
their utilization patterns is desirable. The need for multi-sectoral engagement for successful integra-
tion has also been emphasised. A review reported that integrated health care systems positively affect
the quality of care [2.71]. Most authors mention that there is no single best mode of integration to

achieve required outcomes [2.72].

It is recommended that integration should not happen in a context with low resources and services
should be provided in a user friendly and cost effective manner and as a continuum [2.73]. The objec-
tive of integration is to strengthen the people centred care delivery designed according to their needs
[2.74]. The integration of services can be two dimensional- vertical and horizontal. The WHO defines
the typologies of integration as follows [2.74] i.e., organizational, functional, service and clinical. In
most of the LMICs, services are delivered at centres/institutions developed based on a particular
health issue and this has led to defragmentation of the health system [2.75]. Since it is a long-drawn
process and multi-sectoral engagement is needed, it has not been popular with the providers. One
school believes that integrated services will improve the access and efficiency of delivering services
and it is not merely a solution for lack of resources [2.75]. Most programs developed to integrate the
services at the place of delivery help in enhancing the bond between provider and the user [2.75].
However, vertical programs have shown many disadvantages, leading to reduced efficiency and mul-
tiplication of service delivery [2.76]. Further, in vertical programs, there is a possibility of shifting of

scarce skilled HR from the routine services [2.76].

2.9 Models of integrated care

The models of integrated DRS care are diverse. Irrespective of the design of the model, integration
aims to achieve patient satisfaction, quality of care and improved access [2.77]. However, there is less
evidence on cost effectiveness of integrated models [2.78]. In terms of the outcomes, different stake-

holders may have different perceptions of the outcome of the integrated care [2.77]. A review stressed
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that integrated care was not a ‘panacea’ for all [2.77]. The intensity of the integration at 3 levels has
been recently described [2.70,2.79,2.80] (see Figure 2.10 and 2.11). The three critical elements are
linkage, coordination and full integration. The stage of full integration needs pooling resources to-
wards an objective geared to the needs of people. Before integration, it is necessary to understand the

processes, methods and tools required for delivering the intended integrated care [2.79,2.80].

Full integration

Formally pooling
resources, allowing a new
organisation to be created
alongside development of
comprehensive services
aligned to the needs of
specific patient groups.

Coordination

Operating through existing organisational units so as to
coordinate different health services, share clinical information
and manage transition of patients between different units (for

example chains of care, care networks).

Linkage

Taking place between existing organization units with a view to referring patients to the right

unit at the right time and facilitating communication between professionals involved in order

to promote continuity of care. Responsibilities are clearly aligned to different groups with no
cost shifting.

Figure 2.10- Leutz (1999) model of integration (Adapated from Leutz 1999 and further developed by
Shaw S, et al 2011 - Extracted from Reference no [2.79])

2.10 Integrated DR screening

DR screening services integration can be done at various levels of service delivery. In this feasibility
study, we focused on tertiary level institutions considering the requirement of availability of DR treat-
ment facilities. We aimed to overcome the barriers to access DR screening by the PwDM and maxim-

ize the use of available resources in this model. Contextual differences should be appraised when
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implementing models [2.77]. A systematic review mentioned four main elements that can be consid-
ered in integrated care, i.e., improving patient care, changes in the organisation and system, changes
in human resources and finance and governance [2.77]. In our study, the focus is on training HR in
DR screening to improve DR screening services delivery through the free public sector health care

institutions.

¢ Multidisciplinary teams manage all care in all
key settings.

¢ Common records used as part of joint
practice/management.

¢ Fund pooling for purchasing from both
sides/new services.

High

Identify population “at risk”.
Discharge planning.

Routine, bidirectional reporting.
Case managers/linkage staff.

¢ Defined payment arrangements.

Moderate

User need

o Identify “emergent need”.

o  Refer and follow-up.

o Provide information on request.
o Understand who pays for what.

Low

Linkage ‘ Coordination - Integration

Level of integration

Figure 2.11 - Level of integration and user need as described by Leutz (1999) (Adapted from Leutz
1999 and further developed by Nolte E, et al 2008 - Extracted from reference no [2.80]).
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Chapter 3

PRIOR WORK DONE LEADING TO THE PROJECT

My prior work leading to the project mainly comprised of the research undertaken for my Master’s in
public health for eye care in the year 2014 and the training and observerships done in UK and India

during the first year of the PhD.

3.1 Situational analysis of availability of diabetic eye care service delivery in health care

institutions of the Western province of Sri Lanka

My work builds on what I did for my MSc where | looked at the available infrastructure, human re-
sources and services for screening and treatment of DR in Sri Lanka. | undertook previous work also
in the Western province of Sri Lanka. The previous work, available evidence and preparatory work
done helped me in identifying the research question. The lack of an organized effort for screening for
DR at the physician clinics and the huge drop out when referred to an eye clinic by a physician were
deemed as critical factors impeding prevention of vision loss in DM in Sri Lanka. The increasing life
expectancy and consequently the proportion of people who are at risk of DM and its complications
need a one-stop solution where comprehensive management of DM and its complications are inte-

grated.

A situational analysis was conducted in the year 2014 to assess the availability of DR screening and
treatment facilities in the Western province of Sri Lanka [3.1]. The public sector and private sector
health care facilities, where there a specialist ophthalmologist or a retinologist was available were in-
cluded in this study. | assessed these health care facilities for availability of DR screening services,
technology and skilled human resources. There were 51 institutions in both public and private sectors
providing specialised eye care. There were 25 (25/51, 49%) secondary level and 9 (9/51, 17.6%) ter-
tiary level eye care service providers. There were 16 (16/51, 31.4%) government institutions. Majority

(33/51, 64.7%) of the institutions were in the Colombo district [3.1].
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3.1.1 Estimation of burden of DR screening and treatment and gap in service delivery in the

Western province

There is no structured DR screening and follow up program in the Western province of Sri Lanka at
present despite a high prevalence of DM. The survey found that there were only 135,816 opportunistic
screening visits per year in the region [3.2]. However according to the estimated prevalence of DM
and DR; it is expected that there should be 806,789 patient visits per year in the province, considering
the population aged more than 35 years (Table 3.6). This estimation showed a huge unmet need in the
population for DR screening annually. In addition, only about 13,553 laser sessions had been done in
this region. However, the estimated burden showed a requirement of 124,243 laser sessions per year,

showing that only about 1/10™ of required laser sessions per year were done in this region [3.2].

Table 3.6 - Diabetic retinopathy screening services delivery gap analysis for the Western province of
Sri Lanka - Year 2014 (Extracted from reference no [3.1])

District Colombo Gampaha Kalutara Province
Level

Population >35 years 1,069,441 1,039,472 558,722 2,667,635

DR Screening burden * 323,437 314,374 168,978 806,789

(by number of visits)

No: screened per year 96,784 26,313 12,722 135,819

(by number of visits)

Proportion screened 29.9% 8.37% 7.5% 16.8%

DR Laser burden 49,809 48,413 26,021 124,243

(Number of procedures)

Number of laser procedures 10,949 2604 0 13,553

done per year

Proportion of laser done 21.9% 5.37% 0 10.9%

[Gap analysis baseline data — * - Prevalence of diabetes — 18.6%, prevalence of DR among the dia-
betics — 31.3%, 7 - Prevalence of STDR among the diabetics 10%, prevalence of blindness among the
diabetics due to DR 4%, number of screening by the number of visits not by patient, Laser by number
of laser sessions not by the patient number and assuming that one patient needs at least 4 laser ses-
sions]
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3.1.2 Availability of eye care infrastructure and human resources for managing diabetic

retinopathy in the Western province of Sri Lanka

Skilled human resources (HR) and infrastructure are major pre-requisites for development of a DR
screening program in any setting [3.3]. HR development is a fundamental concept in a health system
[3.4]. There was no scientific evidence from the Western province of Sri Lanka, in this regard to draw
the attention of decision makers. The aim of this component of the situation analysis was to identify
the inputs for a systematic DR screening program. Therefore, in the next stage of the survey, | as-
sessed availability of HR and infrastructure for DR in eye care facilities. | collected data on infrastruc-
ture, HR and level of training and skills during the site visits by observation, frequency counting and
interviewing [3.1,3.5]. One major limitation of this study was that we assessed the HR and infrastruc-
ture only at the eye care facilities. | did not assess the situation at non-ophthalmic settings in this sur-

vey [3.1,3.5].

3.1.3 Availability of human resources

There were 40 board certified (qualification awarded through the Post Graduate Institute of Medicine-
Sri Lanka) general ophthalmologists and six retinologists in the Western province. Majority (77%,
31/40) of the ophthalmologists and retinologists (83%, 5/6) were based in the Colombo district. | ob-
served that there were no retinologists in the public sector institutions of peripheral districts of Gam-
paha and Kalutara. There was no specific category as ophthalmic photographers / retinal readers.
However, five eye care workers were trained and employed for this task. Considering the possibility
of the same professional working in both public and private sectors according to the local regulations,
there were 107 general ophthalmologists in this region. Of the general ophthalmologists, 21.4%
(23/107) were in the public sector. Similarly, only 14% (3/22) of the retinologists were in the public
sector. Fifty seven percent (61/107) of the general ophthalmology and 45% (10/22) of retinal clinics

were in secondary level of service delivery centres [3.1,3.5].
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Table 3.7 -District wise human resources ratios per 100,000 population (Table extracted from
reference no [3.1] and [3.5])

Category Colombo Gampaha Kalutara
Ophthalmologist 1:74,000 1:380,000 1:400,000
Retinologist 1:460,000 1:2,290,000 0
Medical officer 1:25,000 1:104,000 1:93,000
Optometrist 1:50,000 1:127,000 1:173,000
Clinic nurse 1:52,000 1:176,000 1:304,000
Operating theatre nurse 1:18,000 1:49,000 1:48,000
Clinic assistants 1:21000 1:63000 1:81000

I identified that only the ophthalmologists and retinologists in this region were competent in DR
screening and treatment (mean skills score: retinologists - 0.98, 95% CI 0.9-1.0, general ophthalmolo-
gist - 0.81, 95% CI 0.78-0.84). The competency of the medical officers was comparatively low (Medi-
cal officers: <4 years in eye care, mean score - 95% CI1 0.17-0.29, >4 years in eye care 95% CI 0.23-
0.41) though they involved in screening and managing DR. There were no training programs or cur-

ricula for mid-level personnel [3.1,3.5].

3.1.4 Availability of infrastructure

Out of the 43 institutions included in my survey, there were 49 general ophthalmology clinics (since
some institutions had facilities for more than one clinic) and eight vitreo-retinal (VR) clinics in the
Western province. There were ten VR operating theatre facilities in the region, and this was not avail-
able in Kalutara district. Moreover, DR laser treatment facilities (n=13 eye units) were available only
in Colombo and Gampaha districts. | observed that Colombo and Gampaha districts have the capac-
pity to deliver DR treatment services. | could observe that most of the ocular imaging facilities were
in the private sector (81% of fundus photography and 89% of ocular angiography). Seventy seven per-
cent of the laser treatment facilities and 80% VR major theatre facilities were also provided by the pri-

vate sector [3.1,3.5].
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Table 3.8 - Population adjusted (per 100,000) district wise distribution of infrastructure (Table
extracted from reference no [3.1] and [3.5].

Category Colombo Gampaha Kalutara

Total population 2,309,809 2,294,641 1,217,260
Slit Lamp Examination 3.85 1.35 0.98
Refraction 2.25 1.08 0.65
Fundus Imaging 0.43 0.04 0

Ocular Angiography 0.35 0.04 0

OCT Macular Imaging * 0.22 0 0

Laser Treatment 0.48 0.09 0

VR Minor Surgical facility 0.645 0.26 0.25

VR Major Surgical Facility 0.35 0.09 0
Phacoemulsification 0.78 0.35 0.41

* - Optical coherence tomography

When population adjusted (per 100,000) rates of infrastructure was evaluated, it was observed that the
highest infrastructure rates were reported from the Colombo district. There was no infrastructure in
ocular imaging, laser and VR major surgical facilities in Kalutara district. Most of the DR manage-

ment infrastructure was in tertiary level institutions [3.1,3.5].

Western province of Sri Lanka has skilled retinologists and general ophthalmologists with knowledge
and skills in screening and treatment of DR. All institutions had the essential equipment for perform-
ing the dilated fundoscopic examination, with refraction services. Besides this, infrastructure was un-
derutilised for DR screening services in the Western province. The barriers to access DR screening
should be assessed, considering the wide gap in service delivery. Capacity building of mid-level per-
sonnel, such as medical officers, is a vital requirement in establishment of a DR screening program in

this region.
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3.2 Courses of actions - Training and observerships on DR screening using retinal imaging

As this was the first ever scientific evaluation on using digital retinal imaging in Sri Lanka, | as the
PhD student had to undergo several months of training on various modalities of DR screening in UK
and India. With the guidance of my main supervisor, | was able to gain knowledge and hands on
experience in various modalities of DR screening, including digital retinal imaging, during a training
an observership visits to four states of India. This was very helpful to understand how an intervention
would work in a practical setting. Further, | was able to observe the level of skills required in each
model and to get an idea about the acceptance of DR screening by PwDM in India, which has cultural

similarities to Sri Lanka.

I also had the opportunity to experience how these screening programs run in high-income settings
with my observation visits within the English National Screening Program for DR. These visits
covered: Moorfields Eye Hospital, Stoke Mandeville District Hospital, Mile End Hospital and one DR
screening program in Brighton. This was helpful for me to understand the processes involved in DR

screening, starting from primary screening of a PwDM up to the level of quality control of a program.
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Chapter 4

RATIONALE AND JUSTIFICATION

4.1 Conceptual framework of defining the research question and achieving the aim

I intended to assess the feasibility of an integrated DR screening program in the Western province, Sri
Lanka before applying it at regional / national level. There were no specific guidelines to develop a
DR screening modality in a LMIC like Sri Lanka. The best practice of evidence based health care
depends on communicating and translating the available evidence usefully and carefully [4.1].
Implementing a new strategy in a context is an iterative process that would require assessment of
feasibility and pilot testing leading to refinement. This would facilitate identification of the best suited
strategy for a local context [4.2]. In addition, the most suitable practice should be adopted to the
context with the emphasis on socio-cultural acceptability [4.1]. In this approach main considerations
are purpose of the proposed modality, performance relative to the gold standard, actual performance

in the setting, and understanding of how target groups benefited by the system.

In this feasibility study we are planning to determine whether an integrated DR screening model is ap-
propriate for this context in order to develop a relevant and sustainable DR screening program [4.3].
This was necessitated by, a lack of evidence from the local context. The main aspect of this feasibility
study is assessment of the ‘practicality’ of the proposed modality [4.3]. Here, we are interested in
whether the proposed modality would work in the system in the first instance and whether it would be
sustainable in the long run. This feasibility study in the Western province of Sri Lanka is a pre-requi-
site before implementing a program and this would enable us to assess the likelihood of success of a
future program [4.4]. A previous study showed that to select appropriate interventions in Asian
LMICs, it is necessary to address demand side barriers as well as the supply side barriers at the same
time [4.5]. It will be helpful to assess the acceptability of the suggested model, participants character-

istics and resource management in advance [4.6].

Introductory Chapters - Page No - 92



Translating evidence into practice is a challenging task [4.1]. The scope of this project was to identify
an appropriate modality to improve the uptake of DR screening and integration in the general health
system at an appropriate level [4.7]. Service readiness, developing skilled human resources and devel-
oping appropriate infrastructure were considered in the health system approach for this research ques-
tion, leading to universal coverage [4.8]. Feasibility studies involved assessment of five main aspects.
They were: 1) Operational feasibility, 2) Cultural, legal and political feasibility (some classifications
legal as separate component), 3) Technical feasibility, 4) Economic feasibility and 5) Schedule feasi-
bility (Table 4.9). The technical feasibility of integrating the DR screening at medical clinics has been

assessed in this study [4.9]. The DR screening is proposed to be integrated at tertiary levels of service

delivery assuming less resistance for task shifting and availability of facilities for further assessment

and treatment. The main focus was technical feasibility and areas such as cultural acceptability of the

proposed modality and practicality had been considered when designing the feasibility study [4.10].

Table 4.9 - Components of feasibility assessment

Does Western province -

implement a DR screen-
ing program using digital
imaging?

Sri Lanka possess the nec- |  What are the
essary infrastructure and benefits of DR
technological expertise to screening?

Operational | Cultural, Po- Technical Feasibility Economic Fea- | Schedule Feasi-
Feasibility | litical and Le- sibility bility
gal Feasibility | (Main focus of this pro-
ject)

How well the |  Will the ser- Is the proposed DR What are the | Are the time lines
proposed DR | vice users and | screening model practical costs of DR realistic for the
screening providers ac- in this setting? screening using proposed DR
model solves cept the digital imaging? | screening pro-
the problem? change? gram model?

A systematic review on strategies for integrating primary health services and WHO guidelines men-

tioned that integration increases the coherence and efficiency of services from both service users and

providers [4.11-4.13]. Integration of non-ophthalmic personnel for DR screening was considered in
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this study. This will allow comprehensive diabetic care service delivery under one roof. The use of
services had been mentioned as just an ‘operational proxy’ and there are many other dimensions such
as affordability and acceptability, that should be addressed to improve access [4.5]. Though the under-
pinning mechanisms that socio-economically deprived PwDM end up in sight loss due to DR is un-
clear. Previous studies showed that this could be due to barriers to access [4.14]. As described in
Medical Research Council-UK guidelines, a key concern in development of a complex intervention

was whether it would be effective in day to day practice (Figure 4.12) [4.15].

2. Formative Research

o Address the context specific
barriers (Serviee user and
v service provider)

3. Feasibility/ piloting

o Testing of the proposed

interventions
o Assessment of the Feasibility NG
1. Development Phase (Technical feasibility — skills '
and technology and
o Analyse the problem (Situational aceeptability) .
analysis) A
o Identify the evidence of
efficacious interventions
(Systematic literature review) .
o Analyse the barriers and 4 Evaluation
assumptions (Literature review) (Next stage)
o Identify key interventions

appropriate to the context.
(Combining outcomes of
literature reviews and barriers
assessment using ‘Theory of

Change’).

5. Implementation

W (Next stage)

Figure 4.12 - Schematic representation of the steps involves in the feasibility study (steps 1, 2 and 3).
(The 4™ and 5" steps are beyond the remit of this project) (Adopted from Medical Research Council —
UK guidelines) [4.15].
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4.2 Theory of change

4.2.1 Mapping of how the change can happen in the Western province of Sri Lanka based on
“Theory of Change”

In preventive strategies, decisions made are distinctive for each setting, according to the expectations
and available resources [4.12]. We need to assess six dimensions to understand the functionality of an
eye health system. i.e., governance, health financing, service delivery, human resources, medical
products and health information systems [4.7]. In this study we focused on tertiary level of service de-
livery, where there are adequate levels of HR and infrastructure to screen and treat DR. DR screening
by non-ophthalmic personnel has been suggested in most of the technical reports. Ophthalmologists
are a scarce HR even in HICs [4.12]. The WHO and ICO consultations stated that adequate level of
DTA in detecting any level of DR could be achieved by various non-ophthalmic cadres [4.12]. There-

fore, the best-suited alternative HR was identified and validated for primary screening in this study.

I designed this study by considering situational analysis data and the evidence in the literature. The
process of how this change can happen in the Sri Lankan context (action movements) was mapped
following assessment of barriers and using the “Theory of Change”. To identify the content of the
framework, formative research was done that identified, the barriers and ‘potential’ enablers and their
relationships. The PwDM’ knowledge, attitude, behavioural patterns and perceived barriers in access-
ing DR screening were assessed before developing the interventions as explained in behavioural mod-
els [4.16,4.17]. A health educational intervention (HEI) to improve the uptake of DR assessment and
treatment services at ophthalmologist’s clinic by PwWDM in the Western province of Sri Lanka was
considered in the next stage [4.17]. The effectiveness of similar interventions had been assessed in
some other disciplines such as cardiac care and primary care as documented in the literature
[4.18,4.19]. It has been postulated that the following (see figure 4.13) barriers may be encountered in
the process of achieving the desired goal of less number of people with blindness and vision impair-
ment due to DR. We explored two strategies of achieving this goal in this feasibility study. They

WEre;
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1) Service provider-based intervention (propose an appropriate DR screening modality) and
2) Service user-based intervention (HEI).
Further this hypothesis has been developed based on the assumption that this modality will improve

the uptake of DR screening by the population of PwDM presenting at the tertiary care level.

I selected the most suitable DR screening modality following a formative research component. This
consisted of an assessment of barriers and enablers through a systematic review of literature and
qualitative research studies with PwDM and providers in the Western province of Sri Lanka. We
observed that DR screening at medical clinics by the physicians who treat the PwDM was a feasible
strategy to start the primary screening. | assessed the avenues for development of an integrated DR
screening modality using the World Health Organization (WHO) health systems building blocks
approach. According to the outcome of formative research work (qualitative research with service
users and providers and systematic literature reviews), we proposed 2-field digital retinal imaging
using a hand-held retinal camera, by physicians at the medical clinic as a feasible modality. The DTA
of a DR screening modality depends on the imaging system, human resources and characteristics of
the PwDM. Therefore, we validated the proposed DR screening modality before applying it at the
population level. We assumed that establishing evidence regarding the level of validity of this
modality in such a context is a key factor prior to lobbying for establishing and scaling up a system of
DR screening. Afterwards we developed an ‘HEI’ in local languages to improve the uptake of DR
assessment and treatment at ophthalmologist’s clinic. This targets those with a referable level of DR
at the medical clinic. We assessed acceptability of the HEI in a sample of PwDM and among the
providers involved in delivering the HEI using qualitative research methods. We will evaluate the

implementation and scalability of the proposed modality following this study.
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Outcome

Patients with DM
undergo regular
screening for DR.

Patients with DM
willing to undergo
regular screening.

Output

Patients with DM have
better knowledge of
DR and need for

regular screening.

Intervention- Health
Education of patients
with DM and DR,

Inputs- Strategy-
Health Education
Material, messages,
displays for DR
detection and
treatment.

Inputs
(Intervention)

(5)
4
(1)

Less blindness from DR.,

i)

Gireater coverage and uptake of effective detection + treatment

of effective STDR.

s

High uptake of attendance for treatment of

STDR.

ir

Greater number of Diabetics identified with

STDR.

) .

Exve care staff skill in

detectmg STDR with No-

mydriatic retinal camera
and referral of STDR.

—

Medical staff skilled in

detecting any DR with

Non-mydriatic camera
+ Referral,

Eye care staft skilled
in diagnosing and
treating STDR.

Educational materials

Traimers

Intervention-Competency based training in detection of STDR,

Inputs- Competency based training framework

Equipment / consumables

HMIS (Health management information systems)

Intervention-
Refresher training

Inputs- Revision of
the curriculum

Trainers

Guidelings and
Protocols

HMIS

and treatment service

Available evidence — Early screening and treatment reduce the progression of DR

Target systems — Diagnosed PwDM under medical care in the Western province of Sri Lanka

Situation — High number of people with blindness due to DR, wide service delivery gap in DR screening

Assumptions based on modelling — Medical care personnel skilled in detection referable DR using a
screening intervention and behaviour change health educational intervention would improve the uptake of
screening and treatment services at ophthalmologist clinic

Figure 4.13 - Theory of change idea mapping (1-8 numbers denotes - assumed processes in DR

screening and treatment where an intervention can be implemented - number 1 and 2 interventions

were considered for this study)
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There is a need to develop a model and test its feasibility in Sri Lanka. Though there are many barri-
ers for provision of DR screening services in the Western province of Sri Lanka, there is adequate ca-
pacity to manage the increased workload following implementation of a screening program as esti-

mated and shown in the following table.

Table 4.10 - DR treatment burden assessment and capacity to deliver services at the Western province
[4.22, 4.23]

Population Number of people with Work load of DR
diabetes and DR Treatment
e Total population of the e Number of people with ¢ Number of laser
Western province - 5.82 diabetes in the Western procedures required per
million province (age > 18 yrs) - year - 165,327 (by
e Population >18yrs 754,230 number of laser
(69.6%) - 4.05 million e Number of people with sessions)
with any DR (>18yrs) - ¢ Human Resources -
206,659 retinologists :
e Number of people population ratio -
(>18yrs) with vision Colombo district
threatening DR (VTDR) - 1:460,000
20,666 e Infrastructure -

¢ Laser facilities (per
100,000 population) -
0.2

¢ Vitreo retinal major
theatre facilities (per
100,000 population) -
0.17

Reasons for choosing the Western province are as follows;

- Demography - most populated province in Sri Lanka [4.20].

- Evidence - highest prevalence of DM [4.21], wide gap in DR screening service deliv-
ery [4.22] and availability of human resources and infrastructure for DR screening
and treatment [4.22,4.23].

- Logistics - Logistically feasible to conduct the study.
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Chapter 5

HYPOTHESIS, RESEARCH QUESTIONS, AIMS AND OBJECTIVES

5.1 Research Hypothesis

My hypothesis is that trained physicians would accurately identify those who have referable level of
retinopathy at the medical clinics using a proposed DR screening modality. This improves access for
DR screening for the PwDM. A service user-based health educational intervention would improve the
referral uptake at the next level of ophthalmologists’ / retinologists’ clinic, for those who have been

identified as having referable level of DR using the proposed modality.

5.2 Research questions
| addressed the following specific research questions:

- What are the barriers to access DR screening services?

- What is the best screening method for physicians undertaking screening for DR in the West-
ern province of Sri Lanka? and

- Would a health educational intervention be feasible and acceptable to improve the uptake of
services at ophthalmologists’ / retinologists’ clinic by those who have been identified by the

physicians as having referable level of retinopathy?
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5.3 Aim and objectives

5.3.1 Aim

To assess the technical feasibility of integrating DR screening services into public sector medical care
and to assess whether health education improves the referral uptake at ophthalmologists’ / retinolo-

gists’ clinic by the PwDM who have been identified as having referable level of DR.

5.3.2 Objectives

=  Objectivel -

= 1.1) To ldentify documented barriers (themes) to access DR screening services by service us-
ers and barriers / enabling factors in provision of DR screening services (provider perspec-
tives) through systematic literature search.

= 1.2) To identify barriers in accessing DR screening services by people with diabetes and to
identify the barriers and enabling factors of service providers in delivering DR screening ser-

vices in the Western province.

= Objective 2 -

= 2.1) To assess the diagnostic accuracy of digital retinal imaging using different field strate-
gies, pupil status and human resources through systematic literature search.

= 2.2) To determine the most appropriate DR screening modality for the Western province and

to assess its validity.

= Objective 3 -
= 3.1) To assess the feasibility and acceptability of a health educational intervention integrated
with DR screening to improve the referral uptake at ophthalmologist’s / retinologist’s clinic

by those who have been identified as having referable level of DR.
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5.3.3 Progression of the project work according to the objectives

The project work conducted according to the objectives was as follows.

Systematic literature review on Systematic literature review on DR
Barriers to access DR screening screening using digital retinal
Identification of barriers and 'maging
enablers at service user and Assessment of diagnostic accuracy
provider level by country income using different strategies through a
category meta-analysis

& &

Assessment of barriers to access DR screening by the PwDM -
using focus group discussions

Assessment of barriers and enablers for the service providers
through semi-structured interviews

&

Proposal of a suitable integrated DR
screening modality and assessment of
validity

&

Adaptation and development of a

health educational intervention in

local languages and assessment of
acceptability

Figure 5.14 - The tasks of the project work conducted according to the objectives of the study.
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Chapter 6

METHODS

6.1 Ethical clearance

Ethics Review Committees of the National Eye Hospital of Sri Lanka and from the London School of

Hygiene and Tropical Medicine (LSHTM)-UK provided ethics approval. The National Eye Hospital

of Sri Lanka-Ethics Committee is the only national level tertiary centre in Sri Lanka that reviews eye

care related research projects. | obtained permission from the respective heads of the institutions and

heads of the units where applicable. | applied separately for ethical clearance for the stages before and

after upgrading (Appendix 1).

Objective 1

Objective 2

Objective 3

o ASSESSMENT OF BARRIERS TO ACCESSS DR SCREENING
« Systematic review of the literature

¢ Assessment of barriers and enablers in the local context using qualitative
research

e DETERMINE MOST APPROPRIATE DR SCREENING MODALITY
« Systematic review of the literature

* Training of physician graders

¢ Assessment of the validity of the proposed modality

e ASSESSMENT OF ACCEPTABILITY OF A HEALTH EDUCATIONAL
INTERVNETION

« Adaptation and development of a health educational intervention in local
langauges using participatory approach

¢ Assessment of acceptability of the intervention

Figure 6.15 - Sequential implementation of the research project according to the objectives
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6.2 Study design and main stages of the research project

This project was comprised of mixed methods and was conducted in three stages (see Figure 6.15). In
the first stage, | conducted a systematic literature review to assess the barriers and enablers of DR
screening globally. In this review, | identified barriers under the domains of service user (PwDM) and
service provider. | categorized the barrier themes by country income category. This was needed to
identify obstacles that could be faced in development of a DR screening program in the Western prov-
ince, Sri Lanka. | then assessed barriers and enablers to access and provision of DR screening in the

local context using qualitative research methods.

In the second stage, | conducted a systematic review to assess the most suitable screening method us-
ing digital imaging. In this review, | calculated summary estimates of diagnostic test accuracy (DTA)
of DR screening using different pupil status, field strategies and for different non-ophthalmic HR.
This helped me to select most effective strategy of DR screening for the Western province of Sri
Lanka. | proposed a feasible DR screening modality using the key findings of this review and forma-

tive research after validating the same.

In the final stage, a health education intervention was adapted and developed in local languages. | as-
sessed the acceptability of the health education intervention in improving the uptake of DR screening

assessment from a medical clinic to an ophthalmologist’s clinic following referral.

6.2.1 Objective 1

6.2.1.1 Formative systematic literature review - Assessment of barriers to access DR screening
services by service users, and challenges and enablers for the providers

The first systematic literature review was designed to review the available evidence on barriers to ac-
cess DR screening. The PICOC (population, intervention, comparison, outcome and context) frame-
work was followed in the development of the protocols [6.1]. In the reporting, ‘Preferred Reporting
Items for Systematic Reviews and Meta-Analyses’ (PRISMA) guidelines were followed [6.2]. | ex-

tracted titles and abstracts from the database to a reference manger software following electronic data-
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base search. Two reviewers first independently reviewed and identified relevant articles for detailed
assessment. | reviewed papers in the data extraction and synthesis. Table 6.11 represents the summary

of the protocol and the detailed protocol and results are described in Chapter 7 - publication 1.

Table 6.11 - Summarised protocol of the systematic review 1

Systematic Review 1

Population Diagnosed PwWDM (service user).

Service providers involved in managing PwDM and people with DR.

Intervention | Not a requirement (if any-Interventions to improve the uptake of DR screening - in-
terventions based on user) (if any-interventions to improve the adherence to the rec-

ommended screening guidelines-interventions based on provider).

Comparison | Not a requirement (if any-adherence to recommended DR screening vs non-adher-

ence-user) (if any-adherence to recommended guidelines-provider).

Outcome Barriers or enablers to uptake of DR screening by users (service users’ perspec-
tives).
Barriers or facilitators in provision of DR screening (service providers’ perspec-

tives).

Context Health facility based PwDM management, sub-divided by country income category.

Type of Study | Not restricted.

Designs

Inclusion (Mentioned in the publication draft).
Criteria
Exclusion (Mentioned in the publication draft).
Criteria

Information | -MEDLINE
Sources -The Cochrane library

-EMBASE
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Method of As- | Critical Appraisal of Skills Program (CASP) for case control, qualitative, cohort and
sessment of RCT and National Institute of Health-Quality Assessment Tool (NIH-QAT) for

Risk of Bias | cross sectional studies [6.3,6.4].

6.2.1.2 Qualitative study on assessment of barriers confronting PwDM and challenges faced by
the providers in the Western province of Sri Lanka

| assessed barriers to access DR screening by PwWDM using focus group discussions (FGD). The chal-
lenges faced by the providers and enablers for provision of DR screening or development of a DR

screening program in the local context were assessed by semi-structured interviews (SSI).

Preparation, research team and reflexivity

I developed topic guides for FGD and SSI after a detailed literature review and in consultation with an
adviser in qualitative research. The topic guides were translated into two local languages (Sinhala and
Tamil), piloted and changes made where appropriate. | selected co-moderators (sociologists in medi-

cal research) locally and conducted training sessions to familiarize them with the topics.

Study setting

Three public sector heath care institutions in the Western province were included considering the cen-
tral location, high turnover and diversity of the PwDM attending daily. Further, | considered availabil-
ity of resources for the treatment of DR in these institutions, considering the overall aim of the pro-

ject.
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Image file 6.1 - Selection of the eligible and consented participants for the FGDs at medical, general
eye and retinal clinics.

Selection of the participants

Service users

A purposive sample of PwDM attending for medical care, general eye care and retinal care partici-
pated in the FGDs. Presence of diabetes mellitus (with or without DR) was confirmed from medical
records. They were divided into subgroups based on location of recruitment (medical clinic, general
eye clinic and retinal clinic), gender (male, female), and native language (Sinhala-Sinhala ethnic

group, Tamil-Tamil and Moor ethnic groups).

Service providers

A purposive sample of service providers was selected according to their engagement in clinical man-
agement of PwDM and institutional / national level decision making capacity in prevention of DR
blindness and visual impairment. They were mainly clinicians, hospital administrators, representatives

from professional bodies and program planners under the Ministry of Health.

Method of data collection

Investigators made non-participatory observation visits to understand the processes in management of

PwDM and DR. Written informed consent was obtained from the PwDM and service providers for
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participation, audio recording and usage of anonymous quotes in the publications. The FGD / SSI
were conducted in a closed room at hospital / institution to maintain the privacy of the participants.
Each FGD lasted 45-90 minutes and carried on until we reached the level of data saturation. All FGD
were recorded (audio) and later transcribed for analysis. Each SSI was 20-40 minutes and was audio
recorded with the consent of participants. The main investigator / moderator recorded field notes

when permission was not there for audio recording. For analysis, all the SSI was transcribed.

Introductory Chapters - Page No - 111



Image file 6.2 - Conducting focus group discussions at National Hospital of Sri Lanka and National
Eye Hospital - Colombo with the local sociologists.

Data analysis

We used ‘thematic analysis’ for analysing the qualitative data. The main investigator and a team of
local sociologists (under supervision of an adviser in qualitative research from LSHTM-UK) con-
ducted the analysis. Two data coders did the initial coding in local languages. A series of concepts
were documented while reading the responses. Focused coding was generated after triangulation.

Each initial coding was revised again, and similar codes were categorised under a broad theme. We
used inductive methods and constructive approach to develop valid and meaningful themes using the
collected data. These themes with quotations were later translated into English for publications / thesis
presentation. The results were reported according to the COREQ (Consolidated Criteria for Reporting

Qualitative Research) guidelines [6.5]. Chapter 8 and 9 publication draft 2 and 3 describe the results.

6.2.2 Objective 2

6.2.2.1 Formative systematic literature review-DTA of DRS using digital imaging

The second systematic review looked at the available literature on DRS using digital imaging. Same

guidelines were followed (i.e., PICOC and PRISMA) as in the first review. The following table
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represents a summary of the protocol and detailed protocol and results are described in the Chapter 10

-publication 4.

Table 6.12 - Summarised protocol of the systematic review 2

Systematic Review 2

Population The diagnosed adult PwDM attending for DR screening at an established health care
facility.
Intervention | Index test-A defined on-site DR screening and grading modality using digital retinal
imaging which we conducted in a permanent health care facility.
Reference standard-A pre-defined accepted reference standard (ETDRS 7-filed im-
aging or mydriatic bio-microscopy by ophthalmologist) to compare the findings of
the index test.
Comparison | DR screening modality of the index test compared to an accepted reference standard
Outcome 1ry - DTA of the index test compared to the reference standard
2ry - DTA of non-ophthalmic graders compared to the reference standard
Context Diagnosed PwWDM at an established health care facility
Type of Study | Cross sectional observational study
Designs
Inclusion (mentioned in the published article)
Criteria
Exclusion (mentioned in the published article)
Criteria
Information | -MEDLINE
Sources -Cochrane Library

Method of As-

sessment of

Risk of Bias

Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) [6.6].
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6.2.2.2 Training and assessment of physician graders in the Western province of Sri Lanka

6.2.2.2.1 Training curriculum

The main objective was to train general physicians in a tertiary level medical clinic to capture and
grade different levels of DR using digital imaging (using a hand held digital retinal camera, inde-
pendently). This curriculum was developed as a training module, applicable to a resource poor setting.
This was the first training module on hand held digital retinal cameras in Sri Lanka. This has been
adopted from existing successful DR screening training programs in HICs and following International
Council of Ophthalmology (ICO) guidelines [6.7]. Institutional needs assessment was done by a situa-
tional analysis described in Chapter 3. The needs at individual level (providers’ skills - task based,
i.e., ability to screen and grade DR) were assessed by formative research. The potential graders and
DR screening sites (i.e., medical clinics) were identified at this stage. The current role of the potential
physician graders and their gaps in knowledge with regard to DRS and grading were identified during

the formative research.

= Currentrole - Physicians’ current role is medical management of a PwDM and refer
them to an eye clinic for DR screening annually.
= Expected role - DR screening and grading using a non-mydriatic camera at medical

clinics by physicians (in addition to the medical management).

Purpose - Purpose of the training program was to train the physicians to accurately identify and clas-
sify different levels of DR in PwDM presenting at outpatient medical care (Referable criteria were

recommended for the local context after the validation study).

Learning objectives

-To train physicians on non-mydriatic and mydriatic digital retinal imaging using a hand-held

retinal camera.

-To train physicians to pharmacologically dilate the pupils at the medical clinic.
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-To train medical officers grading on DR, macular signs and image quality/gradability accord-
ing to a locally adopted classification system (developed based on English National DR

screening program guidelines - UK).

Setting - Training was conducted at a tertiary level vitreo-retinal department in the Western province.
Hands on training of imaging and grading was conducted at the retinal clinic and then at the medical

clinic where validation study was conducted.

Outcome of the training - The expected outcome of the training was skill physicians to inde-
pendently perform retinal imaging using a hand-held digital camera and grading using the locally

adopted classification system (including image quality/gradability) at a medical clinic.

Outline of the content - The content of the curriculum mainly comprised of knowledge and skills

components.

= Knowledge component - Normal anatomy of retina, pathogenesis of DR, grading of
DR and pharmacological dilatation of pupils.
= Skills component - handling a hand-held retinal camera, techniques of imaging, grad-
ability of imaging, dilatation of pupils using mydriatic agents and grading of the DR
status.
Modes of learning - | used active adult learning process in this training by making the participants
responsible for acquiring their own skills. Competency based education and self-learning methods
were applied as described in the literature [6.8-6.10]. The training was conducted in two small groups
(n=4 each) due to limitation of resources and difficulty in mobilising all physicians at the same time

from their duty rotations.

Competency based education (CBE) model of DR screening using digital imaging

a) Skills component - The main investigator and two consultant retinologists led practical training on

handling technical features of camera, techniques of retinal imaging and capturing of 2-fields.
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Technique of imaging - Technique of handling camera showed using video tutorials initially. After-

wards, physicians were trained to capture two fields of retina in a retinal clinic setting.

Field 1 - Align the centre of the macula at the intersection and optic disc towards the nasal retina.

Centre points of macula region and optic disc should be on horizontal diameter.

Figure 6.16 - Retinal field 1

Field 2 - Centre the temporal edge of the optic disc at the inter-section, with a partial view of the mac-

ula.

Figure 6.17 - Retinal field 2

Physicians were trained to capture the same fields in each eye following the pharmacological dilata-

tion of the pupils.
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Table 6.13 - Components of the required skills and method of assessment

Competency Domain

Competency ex-
pected by the graders

in the context

Learning method

options

Method of

assessment

1.Handling of hand
held non-mydriatic
retinal camera by phy-
sician graders

Usage of retinal cam-
era at medical clinic
minimising technical

failures

Self-learning of tutori-
als provided by manu-
facturer

(video tutorial link)

Self-learning of user
manual supplied by

manufacturer (user
manual link

Practical handing of
camera by each partic-
ipant to familiarise

with the device.

Demonstration of

technical features of
camera by the physi-
cian - assessment by

main investigator

2.Imaging of required
retinal fields (2 field
technique) by physi-

cian grader

Retinal imaging of
PwDM presenting at
outpatient retinal and

medical clinics

Self-learning of tutori-

als provided by manu-

facturer (video tutorial
link)

Teaching of tech-
niques of retinal imag-
ing by main investiga-

tor

Self-practical learning
of two field imaging
on minimum of 15 pa-

tients at a clinic setting

Physician grader prac-
tice sessions and
demonstrations -
assessment by main

investigator

Assessment of grada-
bility and applicability
(according to the re-
quired fields) of im-
ages (self-assessment
by the physicians and
compare the findings
with retinologist (us-

ing saved images)
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3.Dilating pupils using
mydriatic agents

Pharmacological dila-
tation of pupils of per-
sons with ungradable

images

Teaching and demon-
stration of performing
mydriasis

Practical demonstra-

tion of pharmacologi-
cal mydriasis by phy-
sician grader - assess-
ment by main investi-

gator

4.Assessing quality of

images

Identification of grad-
able and ungradable
images at medical

clinic

Demonstration of cate-
gorisation of gradabil-
ity of images by main

investigator

Identification of rea-
sons for ungradability
/ poor quality of im-
ages while practicing
at medical clinic set-
ting by grader - under
supervision of main

investigator

Testing of graders’
finding of ungradabil-
ity in the final assess-
ment using a set of ret-
inal images (by exami-

nation).

5.Grading of the DR
status according to the

given guidelines

Grading of DR of
PwDM at the medical

clinic

Teaching by trainer
retinologists of grad-

ing of retinal images.

Practical sessions of
grading of retinal im-
ages using a set of im-

ages.

Self-learning of DR
grading using a self-
directed web source

(self learning web

link)

Testing of graders
findings of 40 images
compared to a refer-
ence standard

(by examination)
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b) Knowledge component - Instructor (a specialist retinologist) led training sessions were conducted

to teach anatomy of retina, pharmacological dilatation of pupils and identification of signs of DR on

fundus images for the whole group in the 1% week.

Table 6.14 - Content of the knowledge component

Level Theoretical Outcome Trainer Learner Time | Resources
content activity activity needed
1.Knowle | Normal anat- Identify Teaching Label struc- 1 Power point
dge on omy of retina normal physician tures of retina | hour | presentation
retina structures | graders slides of
of retina anatomy of
retina
2.Knowle | Pharmacology | Correct Teaching Practical 2 Power point
dge on of mydriasis method of | theoretical learning of in- | hours | presentation
mydriasis | and contraindi- | instilla- content stillation of
cations for my- | tion of eye drops at Practical
driasis eye drops | Demonstra- | retinal clinic demonstra-
and iden- | tion of instil- | after exclud- tions at reti-
tify risks | lation of eye | ing contrain- nal clinic
and side drops dications
effects
3.Knowle | Pathogenesis Identify Teaching Grading of 8 Power point
dge on and risk factors | DR signs | theoretical retinal signs hours | presentation.
signs of for DR on fundus | content in given im- Printed edu-
DR images ages cational ma-
Practical terial on DR
demonstra- signs and
tion of signs grading.
of DR using Electronic
digital im- copy of the
ages ICO 2017
DR guide-
lines
(ICO guide
web link)
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6.2.2.2.2 DR classification system for the local context

DR screening guideline was developed adapting the English national screening program for DR

[6.11]. A simplified classification was used in the medical clinics.

DR grading classification

Table 6.15 - Adapted DR classification for the validation study

Signs No DR | Mild BDR® Moderate Severe NPDR | Prolifera-
(RO) /| NPDR® BDR / NPDR (R3) tive DR
(R1) (R2) (PDRY)
(R4)
Microaneurysms No Few Multiple Multiple Present
Hard Exudates ? No Few Multiple Multiple Present
Cotton wool spots No Occasional | Multiple Multiple Present
) >20in 1-3 >20 in 4 quad-
Intra retinal haemorrhage | No Few Present
guadrants rants
) ) Presentin 1-2 | Present in >2
Venous beading No Occasional Present
guadrants guadrants
Present ~1 Prominent >1
IRMA © No No Present
guadrant guadrant
NVD ¢ No No No No Present
NVE ¢ No No No No Present
) ) Present -
Vitreous / pre-retinal haem-
No No No No advanced
orrhage
PDR
Present -
Traction No No No No advanced
PDR
Present -
Fibrosis No No No No advanced
PDR

2 Not within the definition of maculopathy
bIntra retinal microvascular abnormalities

¢ Neo-vascularisations over the disc / elsewhere

d Background DR, ¢ NPDR — Non-proliferative DR, f PDR-Proliferative DR
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Table 6.16 - Macular signs classification

Maculopathy absent Maculopathy present
(M0) (M1)
Signs up to 2-disc diameters No signs Presence of hard exudate/s and
from the centre of fovea / or blot haemorrhage/s
(Referable)

Method of evaluation of the image quality

The physician grader evaluated the image quality and gradability during the grading. If images were
detected to be of poor quality when capturing, they were requested to find out a reason. If correctable,
they were requested to re-shoot the required fields. If it was not correctable, physicians were asked to

document the possible reasons.

Levels of gradability

1. Very good - Can see 100% of the imaged field clearly

Figure 6.18 - Example of 100% clear image

2. Good - Can see only about 75% of the field clearly

Figure 6.19 - Example of 75% image clarity
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3. Satisfactory - Can see only about 50% of image.

Figure 6.20 - Example of 50% image clarity

4. Poor - Can see < 50% of the retinal field.

Figure 6.21 - Example of un-gradable image

The category of un-gradability applied only for this category.

6.2.2.2.3. Assessment of the physician graders

The training was evaluated to assess to what extent participants (n=8 physicians) improved their abil-
ity to grade an image by using a standard set of retinal images (n=40) from the local context. The
graders findings were compared, and kappa agreement was calculated, compared to a retinologist. The

physicians (n=2) who had the highest level of agreement were selected for the validation study.
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6.2.2.3 Validation study protocol [Published protocol paper moved to end of the Chapter 6]

Development and Validation of a diabetic retinopathy screening intervention using a hand held
non-mydriatic digital retinal camera by physician graders at a tertiary level medical clinic -

Validation study protocol

The validation study protocol has been published in the open source of Journal of Medical Internet

Research (Study Protocols) and the manuscript is attached at the end of Chapter 6 separately.

Introductory Chapters - Page No - 123



6.2.3 Objective 3

We developed a local context specific health educational (HE) intervention (HEI) by adapting availa-
ble resources on improving DR screening and referral uptake at ophthalmologist’s clinic. This was

done in 2 phases: i.e., 1) development phase and 2) field testing phase as described in Figure 6.22.

Development Phase Field Testing Phase
Phase 1 Phase 2
+Search and adaptation of HEI to the local +Pilot testing of the HE intervention
context (Assessment of acceptability of HEI)

«Stakeholder consultations for adaptation
and refinement of HEI

*Development of acceptable HEI to the
local context using participatory
approach

Figure 6.22 - Phases of the adaptation and development of HEI for the local context

6.2.3.1 Objective 3.1-Phase 1 - Adaptation and development of HEI in local languages

a) Search, review and selection and adaptation of available HE material

In the first phase, we searched for the existing HE material in improving the uptake of DR screening
and DR assessment following a referral to eye clinics. The materials identified were then categorised
and archived by the medium of delivery. They were assessed using HE material development guide-

lines (using a guideline of ‘Patient Education Materials Assessment Tool-PEMAT) [6.12].
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Image file 6.3 - preliminary stages of HEmaterial adaptation - discussion with the research team
(Research assistants and sociologists)

b) Incorporation of findings of formative research (FGDs with PwDM and SSI with providers)

The service users’ and service providers’ perceptions with regard to current HE provided and devel-
opment of HEIs in the Western province was assessed during the formative (using gualitative meth-
ods) research conducted before upgrading. Relevant findings (themes) of this study were incorporated

in the process of development of HEI specific to the local context.

Image file 6.4 - Continuation of HE material development
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c) Key Stakeholder consultation- 15t Meeting-Preliminary adaptation of the HEI by reviewing

sample material

The key stakeholders’ consensus was obtained on adaptation of HEI appropriate to the local context in

local languages (Tamil and Sinhala). One main aim of this consultation was to define content frame-

work and medium of delivery of the intervention. We focused on the following areas of HE interven-

tion adaptation during the consultation meeting: 1) Defining the target group/audience, 2) Defining

the content of the intervention and cultural relevance (content framework and inclusion of a compo-

nent on behavioural change), 3) Defining the mode of delivery (medium of delivery, location of deliv-

ery and personnel involved).

Table 6.17 - Key stakeholders for consultation (suitable representatives from following authorities)

Public health sector

Service delivery personnel

1) Health Education and Promotion Unit-Minis-
try of Health-Sri Lanka

2) College of Community Physicians of Sri
Lanka

3) Diabetes Education Unit-National Hospital of
Sri Lanka

4) Vision 2020 Program (DR blindness preven-
tion program)-Ministry of Health-Sri Lanka

5) Department of Sociology (Medical anthropol-
ogy)

6) Media personnel (a newspaper reporter)

7) A person with diabetes and a person with DR
from the Western province (patient representa-
tive)

8) Association of Vitreo Retina Specialists of
Sri Lanka

9) College of Ophthalmologists of Sri Lanka
10) Association of Optometrists-Sri Lanka
11) Ceylon College of Physicians-Sri Lanka

12) College of Endocrinologists-Sri Lanka
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Image file 6.5 - Conducting an interview with the head of the diabetic retinopathy screening
programme - Vision 2020 country program of Sri Lanka

Image file 6.6 - HE material assessment with a group of stakeholders

Image file 6.7 - Assessment of HE material with an expert patient (A PwDM identified in the
validation study - a retired sociologist)
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d) Participatory workshop with a sample of PwDM and DR in development of the HEI

We conducted a participatory workshop (8 sessions-4 in each medium-Sinhala and Tamil) with a pur-
posive sample of PwDM and people with DR divided in to 2 groups by native language, to incorpo-
rate their ideas on development and adapting HEI to the local context. In the initial sessions, need as-
sessment with regard to the uptake of DR screening and assessment at the ophthalmologist clinic was
done. We assessed the participants’ ideas and perceptions about the acceptability, comprehension of
key messages, content design and medium of delivery. In the final phase, participants were provided
with a guidance in the development and assessment of HEI. In the final stage they were provided with
samples of provisional material in local languages to comment. Key findings of the participatory work
were discussed among the participants and presented by the moderators. Participatory workshops
were audio recorded with their consent and the group work key findings were noted and documented

by the moderators on flip charts.

Table 6.18 -Activity schedule of the participatory workshop

Day Participants Activity
Day 1 All Introduced to the research gquestion by main investigator
Subgroup 1 - Sinhala Group work on identifying needs, problems and solu-
Subgroup 2 - Tamil tions on accessing services at ophthalmologist’s / reti-

nologist’s clinic following referral from medical clinic-

facilitated by moderators

Subgroups 1 and 2 Exposure to adapted and developed provisional HE in-

terventions-facilitated by moderators

Day 2 Subgroups 1 and 2 Development / modification of HE interventions appro-
priate to the local context by incorporating participants’

ideas - facilitated by moderators

Day 3 Subgroup 1 Presentation and discussion of findings of assessment of

developed HE interventions by participants - facilitated
Day 4 Subgroup 2 o ) )
by main investigator with co-moderators.
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Image file 6.8 - Conducting participatory workshops and assessment of provisional HE material

e) Stakeholder consultation-2"* meeting-content validity assessment and refinement

After preliminary development of HEI stake holders’ consensus was obtained about information
available on material (clinical, educational, technical and affective assessment) before assessing it
with services users, using HE material development guidelines used in cancer research [6.13]. The
stakeholders’ consensus was also obtained for selection of appropriate medium for delivery for the
local context. The outcome of the participatory workshops was submitted to the stakeholders in order
to receive their opinion on finalizing the HEI. Based on the findings of the participatory work and
based on stakeholders’ consensus HEI was further modified and defined in local languages for the

Western province of Sri Lanka.
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Image file 6.9 - Shooting of the video HE intervention

6.2.3.2 Objective 3.2 - Phase 2 - Field testing of the health educational intervention-Assessment
of feasibility and acceptability of HE intervention
The developed HEI was tested on a purposive sample of PwDM identified as having referable level

DR identified at medical clinics (n=45).

= Service user-Inclusion criteria-PwDM (>18 years of age) attending for medical care and
identified as having referable level of DR at the medical clinic.
= Exclusion criteria-PwDM who have undergone DR treatment / currently under DR
screening or DR treatment / currently under any HE to promote referral uptake.
= Service providers-A sample of service providers at medical clinic and eye clinic (person-
nel delivered the HEI, physicians and ophthalmologists).
The baseline demographic and clinical history data were collected using a questionnaire schedule fol-
lowing informed consent. In the next step proposed HEI was delivered to them at the medical clinic
by physician graders (assisted by trained research assistants for Tamil medium). The acceptability of
the HEI by the participants was assessed using semi-structured interviews (SSI), by inviting them to
participate in the interview at medical / eye clinic with a period of 4 weeks. The SSI topic guide has

been developed according to a predefined coding structure of dimensions of acceptability using open
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ended questions. In addition, acceptability of the HEI was assessed among a sample of service provid-

ers, in the final stage of the study.

Image file 6.10 - HE intervention delivery and assessment

Data Analysis

The service users’ demographic data were analysed quantitatively. The qualitative data on acceptabil-
ity of the intervention by service users and service providers were analysed by thematic analysis and
main themes derived were presented under a predefined coding structure used in the development of
topic guides. The recommendations for further steps of HEI on improving referral uptake in DR in the

Western province of Sri Lanka were made according to the outcome of the field-testing.
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Abstract

Backzground: Visnzl impairment and blindness from diabatic retinopathy (DE), which can be redunced by early screening and
Teatment, is an emerging public health concem in low-income and middle-income counimies (LMIC:) owing to the increasing
prevalence of disbetes mallitus (DAL However, no systematic screening axists in most LMIC settings. The Western province of
Sri Lanka has the highest prevalence of DM (18.6%) in the couniory. A simatonal analysis identified 3 marked gap im DF. screening
(DE.5) and treatment services uptake in this region; only oppermnistic screening is practiced cmmently.

Objective: The aim of this profocol is o describe the methods of development and walidation of 3 DES intervention using a
hand-hald nonmydriatic digiml camera by physician graders in 4 nen-ophthalmelagical sstting at 3 terdary-level medical clinic
to propose 3 valid and feasible modality to improve uptake.

Methods: DES modality was developed after assessing barmiers and identifyimg the most appropriate personnsl, methods, and
location for screening services, following formative rezearch work. The validation will be conducted in a public sector tertary
care center in the Western province of 5n Lanka. The selacted physicians will be trained on caphoring and grading images according
to 3 valid locally adopted protocel. Two physicians rated high on waining will screen 2 sample of 504§ people with DM at 3 medical
climic. They will use nonrwydriatic and mydratc 2-field imaging sirategy. The validity of the proposed screening procedurs will
be aszessed and compared with the mydnatic indirect biomicroscopic examination by 3 senior refinologist.

Besolts: The validity of scresning by physician graders will be anatyzed and the sensidvity, specificity, and predictive values
{with 05% CIs) calomlated by the dilation stams and for each grader The disgnestc acoaracy at each level of severity of DE will
be aszessed to define the most appropriate referable croteria. Diata is currenily being collected

Conduwosions: The outcome of this study will be nseful for the detection of a defined level of DE. at non-ophithalmological setting
to filter the people with DM before referral o an eye clinic. This will be helpful to improve the uptake and idendfy rsk groups
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6.2.2.3 Validation study protocol

Development and Validation of a diabetic retinopathy screening modality using a hand held
non-mydriatic digital retinal camera by physician graders at a tertiary level medical clinic -
Protocol for a validation study

Piyasena MMPN, Gudlavalleti VSM, Gilbert C, Yip JL, Peto T, MacLeod D, Fonseka C, Kulatunga
A, Bandutilake B, Dhanapala M, Pathirana L, Dissanayake H. Development and Validation of a
Diabetic Retinopathy Screening Modality Using a Hand-Held Nonmydriatic Digital Retinal Camera
by Physician Graders at a Tertiary-Level Medical Clinic: Protocol for a Validation Study. JMIR Res
Protoc 2018;7(12): €10900. DOI: 10.2196/10900. PMID: 30530458. PMCID: 6305894

Abstract

Introduction

Visual impairment and blindness from diabetic retinopathy (DR) (which can be reduced by early
screening and treatment) is an emerging public health concern in low and middle-income countries
(LMIC) due to increasing prevalence of diabetes mellitus (DM). However, there is no systematic
screening in most of LMIC settings. The Western province of Sri Lanka has the highest prevalence of
DM (18.6%) in the country. A situational analysis identified a significant gap in DR screening (DRS)
and treatment services uptake in this region, and only opportunistic screening is practiced currently.
This paper describes the methods of development and validation of a DRS intervention using a hand
held nonmydriatic digital camera by physician graders in a non-ophthalmological setting, to propose a

valid and feasible modality to improve uptake.

Objective

This study aims to validate DRS using a hand held nonmydriatic digital camera by trained physician

graders at a tertiary level medical clinic.

Methods

The DRS modality was developed, after assessing barriers and identifying the most appropriate

personnel, methods and location for screening services, following formative research work. The
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validation will be conducted in a public-sector tertiary care centre in Western province of Sri Lanka.
The selected physicians will be trained on capturing and grading images according to a valid locally
adopted protocol. Two physicians rated high on training will screen a sample of 506 people with
diabetes (PwDM) at a medical clinic. They will use nonmydriatic and mydriatic two field imaging
strategy. The validity of the proposed screening procedure will be assessed and compared with the

mydriatic indirect bio-microscopic examination by a senior retinologist.
Results

Validity of screening by physician graders will be analysed and sensitivity, specificity and predictive
values (with 95% confidence intervals) calculated by dilation status and for each grader. The
diagnostic accuracy at each level of severity of DR will be assessed to define the most appropriate

referable criteria.
Conclusion

The outcome of this study will be useful for detection of a defined level of DR at non-
ophthalmological setting to filter the PwDM before referral to an eye clinic. This will be helpful to
improve the uptake and identify the risk groups in advance to prevent sight threatening DR. Evidence
from this study will be useful for implementation of a DRS program in this region and in similar

communities.
Key words
Diabetes, diabetic retinopathy, digital imaging, hand held retinal camera, screening, Sri Lanka.

Registered report identifier number - RR1-10.2196/10900
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Introduction

The prevalence of diabetes mellitus (DM) and the number affected is increasing rapidly in all regions.
The International Diabetes Federation (IDF) estimated 425 million people had diabetes in 2017 which
will increase to 629 million in 2045 globally [1]. This increase expected to be the highest in low and
middle-income countries (LMIC) compared to the high-income countries (HIC) [2]. Diabetic
retinopathy (DR) is a common microvascular complication of DM which can lead to visual
impairment and blindness if not detected early and treated [3]. Many studies report that visual loss
from DR can be largely prevented by early screening and appropriate treatment [4—6]. Diabetic
retinopathy screening (DRS) can be done in two ways, systematic screening similar to national level
programs in HIC versus opportunistic screening and case detection, which is common in low income
settings. Most of the LMIC are unlikely to have full population-based screening program due to
resources constraints. Current method of DRS in most LMIC is direct ophthalmoscopy which has a
lower diagnostic accuracy and found to be ineffective even after training [7]. The mydriatic bio-
microscopic examination by an ophthalmologist is practically not possible in these countries due to
low number of ophthalmologists and eye clinics are over burdened with highly prevalent blinding

conditions such as cataract [8].

The reasons for unavailability of DRS programs (DRSP) in LMIC settings are mostly due to lack of
skilled human resources, lack of financial resources and due to lack of evidence of what works in the
local system [9-11]. Therefore, it would be important to understand the approaches for screening,
especially in non-ophthalmologist settings. Conventional digital cameras need a larger space, skilled
photographers and large image storage devices. In addition, systematic screening using sophisticated
table top imaging systems incur high capital investment though they are cost effective [12]. The hand-
held digital cameras are easy to move, require minimum space, minimum power consumption and are
user friendly [13]. In addition, nonmydriatic hand held cameras are less discomforting to the

participants and can be used while people with DM (PwDM) are waiting in front of a physician for
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consultation. Usage of the camera without pupil dilatation is comfortable to PwDM, as well as easy

for the provider. However, the latter, depends on the quality of the image, available for grading [14].

There are various photographic studies, looked at the diagnostic test accuracy (DTA) of DRS using
digital imaging. Most of these studies used static table top imaging systems and conducted in HICs.
These studies have shown sensitivity of 68-97% and specificity of 71-100% in nonmydriatic imaging
using ophthalmic human resources as index graders [15-18]. Similarly, in mydriatic imaging, most of
the studied have used table top imaging systems, index test graders were ophthalmic human resources
and conducted in HICs. These studies have shown sensitivity of 77-97% and specificity of 76-98% in
mydriatic digital imaging [19-22]. There is a gap in evidence in digital retinal imaging in LMICs
using non-ophthalmic human resources. In addition, usage of context specific imaging systems such

as hand held digital retinal camera in non-ophthalmic setting was not reported in current literature.

Sri Lanka has achieved a remarkable development in the health sector. However, there are public
health concerns such as DR which have not been addressed to date [23]. The crude prevalence of DM
in Sri Lanka was 12.6% (>20 years), being highest in Western province (18.6%, 95%CI 15.8-21.5%)
[24]. In the Western province there are approximately 750,000 (>18 years) PwDM, 150,000 (20%) of
whom are likely to have non-proliferative DR (NPDR). A situational analysis conducted in this region
shown that number undergoing opportunistic screening and free treatment at the public sector was far
lower than the estimated need [25]. There is no systematic DRS in Western province despite the high
prevalence of DM [25]. There is no published data on this topic from Sri Lanka. The aim of this
protocol is to describe the methods of validation of a DRS approach using digital imaging by
physician graders in a tertiary level public sector medical clinic. This will demonstrate functional and
technical feasibility of using a hand-held digital camera, in a LMIC non-ophthalmologist setting, and

assess the diagnostic accuracy.
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Methods

Ethics review committees of National Eye Hospital - Colombo - Sri Lanka and London School of

Hygiene & Tropical Medicine - United Kingdom granted ethics approval.

Development of the DRS modality and training

Initial formative research showed that nonmydriatic digital retinal imaging at medical clinics by
general physicians was a potential option for the local setting. Nine general physicians were selected
from a tertiary level institution following informed consent and underwent a competency-based
training by two retinologists from a tertiary centre, which included the following: capturing retinal
fields using a hand-held fundus camera, identification of signs of DR (including macular signs) using
images and DR grading according to an adapted classification system (Table 1). DR signs are graded
at 4 levels as; none - RO, mild non-proliferative DR (NPDR) - R1, moderate NPDR - R2, severe
NPDR - R3 and proliferative DR (PDR) and above - R4. Macular changes are graded as none - MO;
exudate/s - or blot haemorrhage/s within 2-disc diameters from the centre of the fovea - M1 (table 2).
Guidelines were used to standardize reporting of image quality, which included ungradable images
based on the proportion of the retina visible for grading (figure 1). After the training, Physicians were
tested using a set of standard images of DR and the two who reached the required level of agreement

with the retinologist (k=0.8-0.9) were selected as graders in the validation study.

Figure 1. Evaluation of image quality - levels of gradability based on the proportion of the image
which can be graded

Gradable Ungradable

100% Gradable 75% Gradable 50% Gradable <50% Visible
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Table 1. Adapted diabetic retinopathy classification for the validation study

Signs No DR | Mild BDRY Moderate Severe Proliferative
(RO) /| NPDR® BDR / NPDR NPDR DR (PDRY)
(R1) (R2) (R3) (R4)
Microaneurysms No Few Multiple Multiple Present
Hard Exudates 2 No Few Multiple Multiple Present
Cotton wool spots No Occasional | Multiple Multiple Present
Intra retinal haemorrhage | No Few >201in 1-3 >20in4 Present
quadrants quadrants
Venous beading No Occasional Presentin 1-2 ) Present in >2 Present
guadrants guadrants
Present ~1 Prominent
b
IRMA No No quadrant >1 quadrant Present
NVD ¢ No No No No Present
NVE ¢ No No No No Present
Vitreous / pre-retinal haem- Present - ad-
orrhage No No No No vanced PDR
. Present - ad-
Traction No No No No vanced PDR
. . Present - ad-
Fibrosis No No No No vanced PDR

2 Not within the definition of maculopathy

®Intra retinal microvascular abnormalities

¢ Neo-vascularisations over the disc / elsewhere

d Background DR, ¢ NPDR — Non-proliferative DR, f PDR-Proliferative DR

Table 2. Macular signs classification

Maculopathy absent
(MO0)

Maculopathy present
(M1)

Presence of hard exudate/s and
/ or blot haemorrhage/s

Signs up to 2-disc diameters
from the centre of fovea

No signs

(Referable)

Sample calculation and recruitment

The sample size (n=506) was calculated based on 95% confidence intervals, 10% margin of error,
expected sensitivity 70% and prevalence of moderate NPDR among PwDM of 20%. This included an

additional 25% to take account of ungradable images. Interim analysis will be undertaken to ascertain
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the level of ungradable images (i.e. <50% of the retina visible) and the sample size increased, if

required.

This study is a prospective observational study by design. A consecutive sample of diagnosed PwDM
(>18 years) without previous DRS at an eye clinic will be eligible to participate, after giving written
informed consent. Eligible participants will be recruited by trained research assistants when PwDM
present for routine medical care at the main tertiary centre in Colombo. The PwDM with previous
retinal screening, DR related treatment (laser treatment, intra-vitreal injections and pars-plana-
vitrectomy), and those who were currently under any DRSP or treatment will be excluded from study.
Participants flow diagram is shown in figure 3. Participants characteristics will be documented into a

guestionnaire schedule by research assistants on recruitment.

Figure 2. Participants flow diagram in the validation

Eligible known people with diabetes at
medical clinic

1. Participant registration
and baseline data collection
2. Coding of the participants

Index Test Index Test

v

DR screening and grading

DR screening and grading _—
using the proposed modality
- (2 field, Non-mydriatic) by
Grader 1 (at medical clinic)

N=506 (1* set of images)

DR screening and grading
following mydriasis

(2 field, mydriatic) by
Grader 1 (at medical
clinic)

N=506 (4" set of images)

using the proposed modality
- (2 field, non-mydriatic) by
Grader 2 (at medical clinic)

N=506 (2™ set of images)
]

of the participants
at medical clinic

Pupillary dilatation

DR screening and grading
following mydriasis

(2 field, mydriatic) by
Grader 2 (at medical
clinic)

N=506 (3™ set of images)

Participants attend to Retinal clinic,
(Further pupillary dilatation if
required)

Reference standard

(Retinologists performing mydriatic bio-
microscopy+ indirect ophthalmoscopy)

Recording findings in a fundus diagram - N=506
(Exit of the participants from the study)
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Imaging system, capturing images and grading

Two field nonmydriatic and mydriatic retinal images will be captured and stored. (figure 2). Partici-
pants will undergo digital retinal imaging (using Carlzeiss-Visuscout100® hand held non-mydriatic
fundus camera-2017-Germany) by the physician graders at the time of presentation. This imaging sys-
tem has a 40° field of view with 5 mega pixels (5 MP CMOS, resolution 800x480) and captures col-
our and red free images in a focus range of —20 D (diopters) to +20 D. The minimum pupil size re-

quired is 3.5mm and 9 light emitting diodes (LED) are available for internal fixation.

Firstly, two field (1% field-macula centred, 2" field-disc centred) (figure 2), 40° retinal images will be
captured in each eye by each physician grader without pupillary dilatation. Subsequently, participants’
pupils will be dilated using 2.5% phenylephrine and the same fields will be captured, following ade-

guate mydriasis (5-6 mm).

Figure 3. Two retinal fields captured

Field 1- Centred on the macula Field 2 - Centred on the optic disc

Each set of images will be coded and stored by research assistants after capturing. The coded image
sets will be given back to the same physician graders for grading. During grading, the nonmydriatic
images will be graded first. The graders will be masked to the history and clinical examination find-

ings. The retinopathy and macular signs will be identified and entered by the physician graders into a
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hard copy data table. Finally, it will be entered into a MS Excel data sheet by research assistants. The

grading data consistency checks and cleaning will be done by an independent statistician.

Reference test

The reference test will entail a detailed, dilated fundus examination by an experienced retinologist us-
ing slit-lamp bio-microscopy with a 90D lens and indirect ophthalmoscopy using a 20D lens. This ex-
amination will take place as early as possible, after imaging. The retinologist will be masked to the
clinical status and physician graders’ findings. In addition, a detailed anterior segment examination
(clarity of cornea, status of lens) and media (vitreous) examination will be done by the reference test
grader. The lens opacity will be graded according to the lens opacity classification system - three

(LOCS 111).

Quiality assurance and agreement analysis

For quality assurance 15% of each nonmydriatic and mydriatic image sets will be evaluated by the
retinologist for technique, ability to image the required field and gradability. Fifteen percent of each
hundred image sets will be given back to the physician graders for double grading to assess the
repeatability and intra-grader agreement in 1% attempt and 2™ attempt of grading images. A sample of

the same images sets (n=200) will be graded by the retinologist to calculate inter-grader agreement.
Data analysis

We will analyse the validity of screening by physician graders and calculate sensitivity, specificity
and predictive values with 95% confidence intervals for each method of screening and by grader. The
analysis will be conducted by including and excluding the ungradable images and considering each
eye as unit of analysis, and by person considering the worst eye. Intra and inter-grader agreement
(kappa) for both mydriatic and nonmydriatic index tests will be calculated and compared to the
findings by the retinologist. Subgroup analysis will be conducted for identification of presence /
absence of DR (any DR), moderate NPDR and above with / without macular signs, to make

recommendations for a referable criterion for the local context. In addition, a multiple logistic
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regression analysis will be conducted to identify the factors that could be used to predict the image

gradability.

Results

The physician graders have been trained and currently, validation is being done in the Western
province of Sri Lanka. The results of this study will be published in detail according to the Quality
Assessment of Diagnostic Accuracy Study guidelines (QUADAS-2) [26]. Data will be entered using
MS Excel (2016) worksheet and transferred into STATA/IC-v14.2 (2015-USA) analytical package
following cleaning, consistency checks and analysis. The sensitivity, specificity and predictive values
for each strategy and each level of DR will be presented using average of the same variables of two
physician graders (non-mydriatic and mydriatic separately), compared to the reference standard, along

with 95% confidence intervals.

Discussion

The level of skills acquired by the physician graders is an important factor in the screening outcome.
Different non-ophthalmologist graders have conducted DRS successfully in some settings [27-29].
We will describe the diagnostic accuracy of detection of DR by physician graders. In addition, we will
be able to study the effect of a range of population characteristics on the validity of detecting DR
using imaging and to understand the role of non-ophthalmic personnel in order to make
recommendations for a systematic DRSP. We will describe the referral criterion applicable to this
local context based on the validation study results. Defining a referable level DR at a non-
ophthalmological setting, in a context where there is no systematic DRS will filter out those not
needing a referral and therefore reduce the workload at ophthalmologist’s clinic. The 7-field imaging
strategy used in early treatment diabetic retinopathy study (ETDRS) is considered as the gold standard
in DRS [30]. However, this technique is practically not feasible in this context due to resources
constrains. Therefore, we proposed to use the locally accepted reference standard of retinologist’s
examination as the suitable reference standard. Digital retinal imaging has previously shown
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diagnostic accuracy levels that would comply with accepted standards of established national level

screening programs [15,22,31].

There are a few studies (conducted in HICs) which used non-ophthalmologist human resources in
DRS, with which we could compare our results. In Singapore a non-mydriatic fundus camera showed
a sensitivity of 69.8% (95% CI 61.3-77.2%) and specificity of 94.4% (95% CI 92.3-96.1%) for non-
physician graders using a single field [32]. A study done in UK in DRS by general practitioners using
35mm colour images showed that detecting any level of DR increased, 62.6% (95% CI 55.9-69.4%)
with direct ophthalmoscopy to 79.2% (95% CI 73.6-84.9%) using retinal photographs (and specificity
remained unchanged (direct ophthalmoscopy 75.0% (95% CI 69.5-80.5%) vs 73.5% (95% CI 68.0-
79.1%) [33]. They concluded that retinal photography by trained general practitioners in primary care
settings, could attain an acceptable level of detection of sight threatening DR (STDR) (87%) [33]. In
Thailand use of single field digital nonmydriatic imaging showed a sensitivity 80% and specificity of
96% in a sample of PwDM where 54.7% were 41-60 years old and 45.3% had 1-5 years of diabetes

[34].

Another important consideration in this study would be gradability of the images. The image
gradability will depend on the lens opacity, media opacity, pupil size and reflectivity of the fundus.
We envisaged poor gradability in nonmydriatic imaging considering the high prevalence of cataract in
this local setting. Further iris colour, age and other population characteristics may affect the quality of
images [14]. Scanlon P. et al. showed that in the > 80 years of age group the technical failure rates
reduced from 41.6% to 16.9% following mydriasis [35]. This study concluded that the odds of having
one eye ungradable increases by 2.6% (95% CI 1.6-3.7%) for each extra year since diagnosis of DM
and major cause of ungradability was having central cataract (57%) [35]. We will describe the factors

affecting gradability of images in addition to the DTA results.
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Conclusion

In this study we will demonstrate the diagnostic accuracy of the physician graders compared to the

retinologist, to make recommendations for developing an integrated DRSP in LMICs where there is

no systematic DRS. The outcome of this study will be useful for implementation of a systematic

DRSP in this region and in similar communities.
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Image file - (not included in the publication)

Image file 6.11 - Recruitment of PwDM and conducting screening interventions validation study at
the medical clinic by selected physician graders
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Image file 6.12 - Pupil dilatation of a PwDM and a PwDM identified with mature cataract at the
screening.

Image file (not included in the publication)

Image file 6.13 - Preparation and conducting the reference standard test at the retinal clinic of
National Eye Hospital - Colombo.
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RESULTS

Preamble to Chapters 7 to 13

Preamble

The next sections of the thesis comprised of results and the main discussion. In the first section of the
thesis, | present results, according to the objectives numbered 1 to 3. Afterwards, | have presented the
main discussion of the thesis. In order to identify the submitted / published mansucripts, those have
been marked with page borders. In addition, MS Word document of the manuscript has been provided
for better readability. The manuscripts and lists of references were formatted according to the respec-
tive journal guidelines. The information sheets, consent forms, data collection questionnaire schedules
and additional files were included in Appendices no: 2 to 10. Appendix 11 contains the open sources’

copyright statements and permission letters from the co-authros.

Results pertaining to objective number 1 (Chapter 7, 8 and 9)

The chapters 7, 8 and 9 provide results for objective number 1 on assessment of barriers to access
DRS in three separate publication drafts. These manuscripts have been submitted for consideration of
publication under open sources of PLoS ONE and Bio Med Central (BMC). The chapter 7 describes
the barriers / enablers to access DRS by PwDM and challenges / facilitators faced by the providers in
provision of these services. This is a narrative literature review which described the barriers themes
by country income setting. I have revised the chapter 7, according to the editor’s and reviewers’ com-

ments from PLoS ONE.

The next two chapters; 8 and 9; contain two publication drafts on the formative qualitative research
work conducted in the Western province of Sri Lanka. The first manuscript describes the services us-
ers’ perspectives and the next manuscript highlights providers’ perspectives on accessing DRS ser-
vices in the Western province. | have revised chapters 8 and 9 according to the editor’s and reviewer’s

comments from the BMC Public Health and Health Services Research.
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Results pertaining tobjective number 2 (Chapter 10, 11 and 12)

The chapters 10, 11 and 12 contain results for the objective numbered 2. The chapter 10 consisted of a
published article of assessing the diagnostic test accuracy of digital retinal imaging through a meta-
analysis. This has already been published in BMC-Systematic reviews. The chapter 11 illustrates the
outcomes of training of physician graders. The chapter 12 describes the results of the validation of the
proposed DRS modality in the Western province of Sri Lanka. This manuscript has been submitted to

the BMC-Ophthalmology open sources, reviewed and accepted for publication.

Results pertaining to objective number 3 (Chapter 13)

The chapter 13 contains the results for the objective numbered 3. The submitted manuscript draft de-
scribes the process of adaptation and development of a health educational intervention in local lan-
guages to improve the referral uptake at eye clinics. This has been submitted to the BMC-Public
Health (sub section on health behaviour, health promotion and society), reviewed and accepted for

publication.
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Abstract

Background

D abetic retinopathy (DF) can lead o visual impalrment and blindness if not detected and
treated in tme. Knowing the bamers/enablers in advance in contrasting different country
income settings may accelerale development of a successful DR screening (DRS) program.
This wolild be especially applicable in the low-ncome Settings with the riging prevalence o DR,

Objectives
The aim of this systematic review is to identify and contrast the bamiers/enablersto DBRS for

different contexts uing both consumers i.e., people with diabetes [ PwDM) and provider per-
spectives and system level factors in different country income settings.

Methods

We searched MEDLINE, Embase, CENTRAL in the Cochrane Library from the databases
start date to December 2018. We included the studies reported on bamiers and enablers to
access DRS services based at health care facilities. We categonsed and synthesized
themes related 1o the consumers (individuals), providers and the health systems (envi on-
ment) as main dimensions according 1o the constructs of social cognitive theory, suppoted
by the guantitative measures le., odds ratios as reported by each of the study authors.

Main results

Wae included 77 studies primarily describing the bamers and enablers. Most of the shidies
were from high income settings (72.7%, 58/77) and cross sectional in design (78.6%, 59/
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Chapter 7

Systematic Review on Barriers and Enablers for Access to Diabetic

Retinopathy Screening Services in Different Income Setting

Piyasena MMPN, Murthy GVS, Yip JYL, Gilbert C, Zuurmond M, Peto T, Gordon I, Hewage S,
Kamalakannan S. Systematic Review on Barriers and Facilitators for Access to Diabetic Retinopathy
Screening Services in Different Income Settings. PLoS ONE 14(4): e0198979.
https://doi.org/10.1371/journal.pone.0198979

Abstract
Background

Diabetic retinopathy (DR) can lead to visual impairment and blindness if not detected and treated in
time. Knowing the barriers/enablers in advance in contrasting different country income settings may
accelerate development of a successful DR screening (DRS) program. This would be especially appli-

cable in the low-income settings with the rising prevalence of DR.
Objectives

The aim of this systematic review is to identify and contrast the barriers/enablers to DRS for different
contexts using both consumers i.e., people with diabetes (PwDM) and provider perspectives and sys-

tem level factors in different country income settings.
Methods

We searched MEDLINE, Embase, CENTRAL in the Cochrane Library from the databases start date
to December 2018. We included the studies reported on barriers and enablers to access DRS services
based at health care facilities. We categorised and synthesized themes related to the consumers (indi-
viduals), providers and the health systems (environment) as main dimensions according to the con-

structs of social cognitive theory, supported by the quantitative measures i.e., odds ratios as reported

by each of the study authors.
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Main Results

We included 77 studies primarily describing the barriers and enablers. Most of the studies were from
high income settings (72.7%, 56/77) and cross sectional in design (76.6%, 59/77). From the perspec-
tives of consumers, lack of knowledge, attitude, awareness and motivation were identified as major
barriers. The enablers were fear of blindness, proximity of screening facility, experiences of vision
loss and being concerned of eye complications. In providers’ perspectives, lack of skilled human re-
sources, training programs, infrastructure of retinal imaging and cost of services were the main barri-
ers. Higher odds of uptake of DRS services was observed when PwDM were provided health educa-

tion (odds ratio (OR) 4.3) and having knowledge on DR (OR range 1.3-19.7).

Conclusion

Knowing the barriers to access DRS is a pre-requisite in development of a successful screening pro-
gram. The awareness, knowledge and attitude of the consumers, availability of skilled human re-

sources and infrastructure emerged as the major barriers to access to DRS in any income setting.

Key words - Barriers, Challenges, Enablers, Facilitators, Diabetes, Diabetic retinopathy, Screening,

Health systems.

Systematic review registration number - Not Registered

[Pre-print unedited draft was available for open review at - https://www.biorxiv.org/con-

tent/10.1101/335638v1]
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Introduction

Diabetes mellitus (DM) is one of the most prevalent non-communicable diseases which imposes a sig-
nificant impact on health systems. The International Diabetes Federation (IDF) estimated that there
were 425 million people with diabetes (PwDM) in the world in year 2017 and this will increase to 629
million by 2045 [1]. It has been emphasised that efforts should be made to prevent the complications
of DM as per the targets set in St Vincent declaration in 1989 [2]. It was targeted to reduce the blind-
ness due to diabetic retinopathy (DR) by one third, by raising awareness among the PwDM and by
improving the capacity to deliver services by the providers. DR is a common microvascular complica-
tion of the eyes caused by chronic hyperglycaemia. Blindness due to DR is common among the work-
ing age populations and it is becoming a global issue due to rising prevalence of DM [3]. Though pro-
portion of blindness due to DR is low compared to other causes of blindness, expenditure related to

DR is a burden to any health system [4].

Penchansky and Thomas described the concept of access as the “degree of fit”” between clients and
the health system [5]. Healthcare access for PwDM has an especially significant role in the prevention
of sight loss due to DR. Access to health care remained a vague concept, until recently, impeding the
work of health care policy makers. Optimal access to health care was defined by Rogers et al., (1999)
as “providing the right service at the right time in the right place” [6]. In generic literature it is men-
tioned that access has multiple dimensions and it is not merely the entry in to the healthcare system
[5]. Further it is an outcome of people’s potential to use health care and manifestations of patients ac-
tual use [7]. Donabedian has observed that the proof of access is use of service, not simply the pres-
ence of a facility [8]. Some authors argue that it depends on acceptability of the services as well
[9,10]. It is mentioned that inequalities have been observed in detection and treatment of DR which
require multi-sectoral engagement [11]. Further, universal coverage cannot be achieved without ad-
dressing the barriers [12]. One review mentioned that there are many reasons for underutilization of

eyecare and that the risk of blindness varies with the context [13]. It has been shown that culturally
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competent care should be delivered in a diverse patient community overcoming the sociocultural bar-

riers [14,15]. This is especially relevant with regard to healthcare delivery for DR.

Screening of DR can be done opportunistically or proactively. Current literature shows that proper
disease control of DM, diabetic retinopathy screening (DRS) and early identification and treatment of
pathologies will reduce progression of sight threatening DR (STDR) [16-20]. Awareness of the need
for detecting DR at a symptomless stage is a key factor in uptake and regular follow up of DRS ser-
vices [21]. There are many obstacles for implementation and maintaining satisfactory level of uptake
in DRS at a program level. One important approach to address this issue is identification of barriers
and enablers in the system in advance. The barriers to access DRS could vary according to the country
income level and various system factors in each setting. Different economic and socio-cultural factors
would affect the access. Knowing the impeders in each setting will enable successful implantation of
DRS strategies. Especially this will enable to identify effective strategies for low and middle-income
settings, as we can expect a rise in number with DR in future [1]. Defining a barrier will enable imple-
mentation of public health strategies to improve access [5]. The barriers such as lack of knowledge
and awareness on DR by the consumers and lack of training, skills and screening equipment for the
providers would impede the access to DRS. A barrier could lead to a different outcome for a certain
community such as difficulties in mobility for people with disabilities [22]. In system assessments au-
thors mentioned that economic and logistic reasons hinder the provision of screening services [23].
Yet, it is mentioned that effective strategies are frequently underutilised in developing countries to
overcome such barriers [24]. Therefore, it is necessary to understand the potential barriers in access-

ing and challenges in provision of DRS services in any health system.

The successful uptake of DRS services depends on the personal factors related to the consumer as an
agency [25]. These factors may be modifiable or not modifiable according to the environment. The

required behavioural change techniques for a target population could be hypothesised using various
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behavioural models. The “social cognitive theory” explains how persons acquire and maintain specific
behavioural patterns and it provides the basis of most intervention strategies to overcome a defined
barrier [26]. A person’s behaviour influences and is influenced by personal factors and the social en-
vironment (‘Reciprocal determinism’) [27]. This will lead to self-efficacy of the person to achieve
confidence for performing a particular behaviour. We hypothesised that identification of barriers at
individual PwDM and provider / system level as the environment would enable to identify the imped-
ers in advance. Therefore, assessment of behavioural patterns and perceived barriers in accessing DRS

services may be useful in developing strategies for a successful DRS program in any context.

The current evidence provides information on barriers without considering the settings. However, bar-
riers to access DRS are different in various country income levels and health systems. One review
described interventions to promote DRS uptake [28]. In addition, there was another Cochrane review
on quality improvement interventions to increase DRS attendance [29]. Another recently published
review has also considered the barriers to access DRS without specifying the setting [30]. In addition,
this review mostly focused on improving the attendance at existing services. In our review we ex-
plored the barriers in broader dimensions including planning and implementation especially in low
income settings, without limiting to attendance. Moreover, most of the available reviews described
barriers based on modifiable themes or factors that would affect DRS uptake. However, we proposed
to identify non-modifiable barriers as well, since this knowledge will be useful to identify the default-
ers / those who are at risk of sight loss in advance. In addition, another review has included studies
only after the year 2003 considering the effective implementation of programs following ‘St Vincent
Declaration’ [31]. However this review was then limited to the studies only from high income coun-

tries (HIC) since most of the programmes were implemented in European countries [31].

Most of the available studies had provided the evidence of barriers to access DRS services according

to the presumed typology of barriers. The processes related to DRS uptake can be considered at three
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levels i.e., consumer, service provider and eyecare system. Therefore, in this review we categorised
the reported themes or variables under above categories. We specifically tried to assess the challenges
faced by the providers at established healthcare facilities that have DRS services, in addition to study-
ing barriers for consumers. In broad definitions, barriers to access to DRS are not only limited to the
access issues at the point of delivery, but it also involves all the steps which take place starting from
perceptions of a PwDM at one end to the whole eye care system at the other end which are inter-re-

lated and connected to each other.

Objectives

The overall aim of the review was to explore barriers to access DRS in various country income set-

tings. The review has the following specific objectives.

-To assess the barriers and enablers to uptake of DRS services by PwDM by country income

category.

-To assess the challenges faced by the services providers in provision of DRS services and to

identify the enablers for development of a DRS program in each setting.
The secondary objectives of this review were;
-To assess the socio-demographic and economic factors that could affect DRS uptake.

-To assess the barriers or enablers to develop a DRS program in a health care system.

Methods

We included studies that focused on assessing barriers and enablers to access DRS. In addition, we
found studies that described factors affecting the uptake of DRS services. Following criteria were

used for assessment of eligibility of the studies. (There is no protocol registration for this review and
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Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist was in-

cluded as S1 Table 1 in Appendix 5).

Inclusion of studies -

-Consumers - The studies which have assessed the barriers at group or individual level of

PwDM at or who had been referred to a permanent health care facility for DRS.

-Service providers - Studies in which participants were service providers who have direct
contact with PwDM in a permanent health care institution and / or clinical decision makers /

other stake holders involved in DRS service-related decision making.

Exclusion of studies -

-Studies which have obtained the study sample from the general population without specify-

ing the status of DM.

-Absence of standard diagnostic criteria for DM.

-Studies assessing barriers for eye care in general, without specifying DRS.

-Studies assessing barriers for screening DM complications in general, without specifying the

barriers for DRS.

We did not restrict the studies for inclusion by study design. We included studies that used qualitative,

guantitative and mixed methods.

Type of participants

We included the studies that have covered PwDM who were attending an existing DRS program, dia-

betic medical care or an eye care facility.

Type of interventions
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We included studies that delivered or considered DRS primarily at an established health care facility.
We defined the DRS as performance of dilated retinal screening using imaging (digital / colour films)
or by direct / indirect ophthalmoscopy by a trained / skilled eye care professional (preferably an oph-

thalmologist / retinologist) to identify the signs of DR.

Type of outcome measures

We defined access as all level of factors affecting the processes of DRS in a health care facility.
Phenomena of interest

We included the studies which have assessed barriers or enablers to access DRS by PwDM and chal-
lenges or incentives faced by providers in provision of screening services in current screening pro-

grams or at opportunistic screening.
Search method for the identification of studies

We searched Ovid MEDLINE, Embase and CENTRAL in the Cochrane Library from the databases
inception up to 15" December 2018. The search strategy was developed by an information specialist
from Cochrane Eyes and Vision (IG) (search terms available in S2 Table 2 in Appendix 5). We did
not use any filtering methods to limit the results by study design, year of publication or language. This
yielded a comprehensive coverage of published articles. However due to resource restraints we were

not able to translate any non-English reports.
Data collection and analysis

Two reviewers (MMPNP and SK) independently assessed the eligibility of inclusion by going through
titles and abstracts of 16,388 articles after, importing them to an EndNote® library. The potential arti-
cles (full papers as identified by either or both reviewers) were retrieved from publishers. These pa-
pers were then assessed independently by the two reviewers (MMPNP and SK). Disagreements be-
tween the reviewers were resolved by a 3" arbitrary reviewer (GVSM). Reviewers assessed full pa-

pers independently to retrieve accurate data. We aimed to include all relevant studies from different
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income settings to avoid bias in selecting articles. Therefore, we were able to extract a range of barrier

themes with a greater variation and a greater conceptual diversity.

Data extraction and management

We developed an MS Office Excel® data sheet to directly transfer extracted data from full articles.
The topics to be extracted were developed according the “Strengthening the Reporting of Observa-
tional Studies in Epidemiology” (STROBE) statement and modelling has been done according to the

review question [32]. The accuracy of extracted data was cross-checked by a third reviewer (SH).

We extracted information on first author’s name, year of publication, country of study (by income cat-
egory), place of the study, sample size, gender distribution, mean age, method of diagnosing DM,
level of DM and DR of the participants and method of DRS in the 1% set of data. In the next step we
collected information on type of study design, objective, study setting, data sources, sampling strategy
and time period when study was conducted. The methodological quality assessment and applicability
for review question were done separately as subsequently described. We extracted the results and

main outcomes of each study according to the review question.

In the synthesis of evidence “informants” were authors of the individual studies rather than the partici-
pants. The authors’ interpretations were presented as narrative themes supported by numerical values

of statistical significance levels wherever available.

While authors’ interpretations were primarily collected from the results section of each paper, some-
times interpretations were also found in the discussion section. These were also extracted when rele-
vant and if adequately supported by data. Finally, we tabulated the results by level of income of the

country according to the World Bank 2016 classification.
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Assessment of risk of bias in included articles

We carried out the risk of bias and quality assessment according to the guidelines of critical appraisal
of skills program (CASP) tools for case-control, qualitative, cohort and randomised controlled study
designs [33] and National Institute of Health, United States quality assessment tool (NIH-QAT) for
observational cohort and cross sectional study designs [34]. Two reviewers (SH and MMPNP) inde-
pendently applied the set of quality criteria to each included study. We appraised how well the indi-
vidual studies which contributed to narrative synthesis, were conducted using the above tools. Empha-
sis was given more to the applicability of the study according to the inclusion criteria. It has been
noted that applicability to the review question was the main concern in the synthesis rather than the

overall level of quality of a study (S3 Table - Appendix 5).

Assessment of methodological limitations

When several studies with varied methodological limitations contributed to a finding, we made an
overall judgement about the distribution of strengths and weaknesses of the study rather than for indi-

vidual components in the tools.

Assessing coherence

We assessed the coherence of each review finding by looking at extent to which we could identify a
clear pattern across the data contributed by each of the individual studies. This was supported by
when clarity of the themes was consistent across different contexts and the variations were explained
by the study authors according to the data collected, when supported by numerical data (odds ratios).

This was further strengthened when findings were drawn from different settings.

Data synthesis

Most of the eligible studies were observational and descriptive in nature hence narrative reporting ap-

proach was used to generate new insights. We analysed and synthesised the descriptive and qualitative

Results - Submitted Manuscripts - Page No - 169




data narratively supported by other associated variables with levels of statistical significance. We de-
scribed the barriers and enablers according to the dimensions of the typology of barriers and this in
turn was tied with processes involved in DRS. We followed a content analysis, by developing themes
a priori and tabulation and frequency counting to identify the major themes. We considered consumer,
provider and system factors as the major constructs according to the social cognitive theory. Themes
were presented graphically using harvest plots. When describing the themes, we did not re-phrase the
original findings or conclusions mentioned by authors. We used imputations up to a certain degree in

describing enabler themes.

Considering the participants of the studies, the themes that emerged were divided in to three catego-
ries complying with the objectives of the systematic reviews. These categories were consumer per-
spectives, provider perspectives and system factors. We assumed that this type of decomposition will
be helpful to commission to inform strategies for development of a successful program and enhance

the policy relevance and applications.

Results

Results of the search

Search and study selection procedures are summarized in the PRISMA flow diagram (Figure 1). The
database search identified a total of 16,388 records. Duplicate records were removed, and we assessed
16,331 titles and abstracts for potential inclusion in the review. We excluded 16,204 records based on
the information given in the title and abstract. After assessing the full text of 127 reports of studies,
we excluded 50 studies which did not meet the inclusion criteria and included a total of 77 studies in

the review.

Results - Submitted Manuscripts - Page No - 170




MEDLINE (Ovid) EMBASE (Ovid) | | CENTRAL on Cochrane Library
1946-2018 1946-2018 Issue 12 of 12 Dec 2018
3710 Citation(s) 11,34 Citation(s) 1334 Citation(s)
16,388 Non-Duplicate

Citations Screened (n 16,331)

Inclusion/Exclusion ; :
16,204 Articles Excluded Afier Title/Abstract Screen

Criteria Applied

|
127 Articles Retrieved

50 Auticles Excluded (n 50)

-Not relevant to the study objective (Barriers on ARMD, Glaucoma etc) - 15
-Barriers not defined - 3

LConference proceeding abstracts - 9

Inclusion/Exclusion
Criteria Applied

50 Articles Excluded After Full Text Screen -Barriers to eye care in general and not specific for DR screening - 3

-Articles not in English - 4

Identification of partcipants as PWDM was not verified - 4
-Reviews articles not related to study objectives -9

Review articles - related to the study objective - 3

A

17 Articles Included

Figure 1. PRISMA Flow chart
Overview of the included studies

We identified a total of 16,331 titles and abstracts and considered 127 full text papers for inclusion in
this review and data were extracted from 127 full reports. Seventy-seven (77/127, 60.6%) studies
were eligible for inclusion in the narrative review according to the objectives. The S4 Table in Appen-

dix 5 file contains the details of participants and settings.
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Included studies

This analysis mainly comprised of cross-sectional observational studies. In the included 77 studies,
there were 59 (59/77, 76.6%) cross sectional observational studies (observational 33, retrospective
studies 8, postal surveys 1, telephone interview 2, 1 mixed method audit and 14 population-based
studies (14/77, 18.1%)). Other study designs were 3 controlled trials (3/77, 3.9%),1 case control study
(1/77, 1.3%), 4 cohort studies (4/77, 5.2%) and 8 qualitative studies (8/77, 10.4%). There were also 2

reviews (2/77, 2.6%) in the included studies.

Methodological quality of the studies

The methodological quality assessments of included studies are presented in S3 Tables 1 to 5 in Ap-
pendix 5 according to the study design. In the included cross-sectional studies, 96% (57/59) of the
studies clearly stated study objective matching the review question. Sample size justification was not
available in 51% (30/59) of the studies. Participation of eligible persons i.e., facility based diagnosed
PwDM, at least 50% was not seen in seven (7/59, 12%) studies and eight studies (8/59, 13%) did not
report on this aspect. Four of the studies (4/59, 7%) had not recruited the participants from a similar
population. The outcome measures were not clearly defined in 14 studies (14/59, 24%) and confound-

ers were not adjusted in eleven studies (11/59, 19%).

An acceptable method of recruitment of the cohort was not followed in all four of the included cohort
studies. In included randomised controlled study designs, applicability of the results to the PwDM
was not observed in two studies (2/3, 66%). In qualitative study designs, most of the quality assess-
ment criteria were met except, relationship between researcher and the participants were not ade-
quately considered in two studies (2/8, 25%) and in one study (1/8, 12.5%) recruitment strategy was
inappropriate; i.e., those who had worse vision (no perception to light in any eye) had been excluded

from the qualitative interviews. There was one case-control design with appropriate methodology.

Results - Submitted Manuscripts - Page No - 172




Study populations/groups

All the studies main group of respondents were PwDM. Some authors have sought barrier perspec-
tives form providers as well. Fifty-four studies (70.1%, 54/77) described barriers related to consum-
ers, providers and eye care system, 3 studies on consumers and system (3.9%, 3/77), 2 studies on pro-
vider and system (2.6%, 2/77) and 12 studies on consumer and provider (15.6%, 12/77). Only 5 stud-
ies (6.5%, 5/77) described barriers of consumers only and one study has focused only on providers

(1.3%, 1/77). In these 77 studies, two studies reported the outcome as a review [35,36].

Study Settings-by income

Only three (4.8%, 3/63) studies were from low income countries (LIC) (Sub-Saharan Africa (as a re-
view), Tanzania and Nepal) [35,37,38]. Eleven were from lower middle income countries (LMIC)
(14.2%, 11/77) (Indonesia, India, Yemen, Kenya, Myanmar, Nigeria and Bangladesh) [39-49], seven
from upper middle income countries (UMIC) (9.1%, 7/77) (Turkey, Iran, Mediterranean countries and
China) [50-56] and 56 from HICs (72.7%, 56/77); (17/77 - 22.1% from United Kingdom, 20/77 -
25.9% from United States, Other 40/77 - 51.9% - Germany, France, Ireland, Singapore, Canada,

Oman, Hong Kong, South Korea, Australia, Taiwan, Italy and Netherland) [21,57-111].

Setting-by type of institution

Most of the data collections were done under the primary level general practices, local clinics, rural
outreach clinics and primary care clinics (20/77, 25.9%) [44,48,49,59,60,63,66,67,69,71,85,89,92,93,
95,102,105,106,109,110]. There were 14 population-based studies (14/77, 18.1%) [45, 54, 55, 61,62,
75,76,79,81,88,90,91,98,100]. Eleven studies were conducted at tertiary level institutions (11/77,
14.3% - 8 eye clinics, 1 diabetic clinic, 1 general medical clinic and 1 endocrinology clinic) [37-39,
41,46,47,50,53,99,111,112]. Seven studies were conducted in existing DRS programs (7/77, 9.1%)
[64,86,87,96,97,103,107]. Nine studies were conducted at secondary level medical and diabetes clin-

ics (9/77, 12.7%) [43,51,68,70,74,84,104,108,113].
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Five studies were conducted by analysing existing data bases (5/77, 6.5%) [72,77,78,80,83]. There
was one study where authors did not mention about the setting, however we could assume it was at an
ophthalmologist clinic through an insurance scheme [73] and two studies reported the barriers as a re-
view [35,36]. Two studies collected the sample of PwDM at a screening camp and at an annual cam-
paign.[40,101]. One study was conducted in a an ambulatory clinic based at a nursing home [57].
Three studies conducted at eye clinics (3/77, 3.9%; 2 at general eye clinic [42,94] and 1 optometry
practice [82]. One study conducted using at a model of not for profit health model [65]. A study ex-

clusively on providers’ perspectives recruited stakeholders at national level [56].

Synthesis

Our main objective was to identify barriers or enablers to access DRS. Our findings are summarised

in the S5 and S6 Tables in Appendix 5 files according to the country income.

Narrative summary - Barriers

The following main themes were derived from descriptive and qualitative studies (S5 Table 1 to 4 in

Appendix 5).

Low income countries

The most prominent barriers to access DRS among the consumers in LIC were lack of knowledge on
DM eye complications, lack of awareness about importance of eye examination and lack of
knowledge about availability of eye clinics. Among providers, main challenges were lack of skilled
human resources and lack of access to DR imaging and treatment infrastructure. Further, non-exist-
ence of a referral system and lack of multi-disciplinary care approach were barriers to provision of
DRS services. In LIC, lack of a national policy and competing disease priority environments were the

main obstacles in the system (S5 Table 1).

Lower middle-income countries
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Consumers’ barriers related to knowledge and awareness could be observed in the LMIC as well. This
was associated with poor general education and low functional health literacy. Most of the studies
found that health beliefs such as no need of screening at asymptomatic stage, misconceptions on DR
and unawareness of the need for regular screening affected the attitude of uptake of services. In addi-
tion, studies with PwDM reported that lack of time and lack of family support hindered access. Addi-

tionally, financial barriers and disabilities emerged as themes of barriers.

In providers perspectives lack of DM health education and financial constraints were the main barri-
ers. Lack of human resources, uneven distribution of skilled personnel, lack of availability of equip-
ment i.e., imaging technology, DRS related consumables such as pupil dilating drops and treatment
facilities were observed as main service provider barriers. Some studies reported that lack of
knowledge and awareness on DR among the physicians, lack of skills in identifying DR as well. In
addition, low referral rates and time constraints in busy eye clinics were the main challenges faced by
providers in LMICs in provision of DRS services. In system analysis lack of training, lack of accessi-
ble eye centres, poor public transportation systems and lack of epidemiological studies were emerged

as main barriers (S5 Table 2).

Upper middle-income countries

The lack of awareness and knowledge on DR emerged as the main barrier among the PwDM in
UMIC. This was associated with low literary and poor educational levels in UMIC as well. Poor phy-
sician-patient communication was also a barrier in these countries. In provider perspectives scarce hu-
man resources, lack of training, high number of PwDM were the main challenges faced. In addition,
poor provider awareness on screening guidelines and lack of imaging technology hindered provision
of services. In the system analysis limitations in prevention and health promotion, poor usage of prev-
alence data, lack of information systems, lack of auditing systems, civil unrest, disparity in urban and
rural services, lack of transportation and problems in insurance schemes were the main barriers to ac-

cessing DRS services (S5 Table 3).

High income countries
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In HIC living alone, problems in mobility, multiple comorbidities, negative self-perceptions, problems
in accessing general practitioner, effects of mydriasis prohibiting driving, reluctance to change behav-
iour, disliking the method of examination, change of residence, problems in securing appointments,
being employed, extended vacations were observed as the main barriers among the consumers. In
some HIC, lack of knowledge regarding eye examination, lack of knowledge on need of screening
during asymptomatic stage, misconceptions, lack of awareness of eye care, lack of flexibility in ad-
justing attitude and behaviour and lack of understanding of rationale and importance of annual eye
examination were observed as barriers to access DRS services. Even in the HIC socio-economic ine-
qualities, poor communication skills, social deprivation and poorer literacy were barriers to access

DRS services among some communities.

In the providers perspectives; level of experience of the screener, lack of attention by the general prac-
titioners, non-adherence to guidelines, lack of information provided to patients, lack of physician rec-
ommendations, lack of coordination between general practitioners and screeners, limited knowledge
on DR among the health professionals, long waiting time (large number of patients per doctor), failure
to refer by general practitioner, perceptions of side effects of mydriasis, limited knowledge-attitude
and practice of physicians, limited experience in using ophthalmoscope, long waiting time for treat-
ment, lack of communication between screening services and practices were mentioned as barriers.
Providers mentioned that problems associated with consumers such as confused and immobile pa-
tients, unawareness of importance of mydriasis, poor physician-patient communication, different per-
ceptions in making appointments, after effects of mydriasis, fear of laser, and wrong assumption on

patient’s level of knowledge could hinder to access DRS services.

In HIC system analysis lack of understanding among the specialities, frequent change of staff, lack of
human resources, unavailability of medical records, lack of adequately trained optometrists, lack of
proper referral and reminding system, lack of insurance coverage, financial barriers, unavailability of
national programs, problems in transportation and lack of screening programs in remote areas were

barriers to access or provision of DRS. The studies reported that among system factors, integration of
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screening to the general health systems, governance, quality and safety should be considered in con-

ducting screening programs (S5 Table 4).

Overall barriers themes using harvest plots

Considering the number of times a theme appeared irrespective of the country income level; lack of
knowledge (19/77 studies, 25%), lack of awareness (15/77, 20%), low educational attainment and
poor literacy (16/77, 21%), asymptomatic nature of DR (16/77, 21%), financial barriers (31/77, 40%)
and time and priority issues (12/77, 16%) emerged as the major themes at consumer level. Similarly,
at the provider level accessibility issues related with appointments (23/77, 30%), lack of human re-
sources (10/77, 13%), lack of knowledge and awareness among the providers (11/77, 14%), lack of
screening infrastructure (11/77, 14%), cost of services (11/77, 14%) and deficiencies in educating the

users (21/77, 27%) reported as major barriers (Figure 2 and Figure 4).

Narrative summary - Enablers

Themes of enablers are summarised in the S5 Tables 1 to 4 in Appendix 5 files according to the coun-

try income category.

Low income countries

In LIC settings consumers’ knowledge on DR, having a family member with DM and prior fundus
examination were enablers to attend DRS. Provision of imaging and treatment infrastructure, in-
creased human resources, provision of training on retinal care and prioritisation of development of

subspecialties were mentioned as enablers for the providers (S5 Table 1).

Lower middle-income countries

The enablers for uptake of services by the consumers were presence of symptoms, more severe DM
and comorbidities, better understanding of risk factors and detrimental effects, patient satisfaction

over the modality of screening and presence of visual impairment / blindness. Training of non-
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ophthalmologist physicians on DRS, availability of fundus camera, educational strategies aimed at
both patients and physicians, reminders of the serious consequences of failure to undergo DRS, avail-
ability of written communication when referring for screening and public health education using me-

dia were emerged as enablers to improve uptake of DRS services in LMIC (S5 Table2).

Upper middle-income countries

Higher literacy, person’s concern about the vision loss, severe DR stage and having knowledge on DR
were the main enablers for users of DRS services uptake. In UMIC awareness among the physicians
DM complications, availability of referral guidelines, availability of continuous medical education
programs, training of human resources, involvement of community groups and community-based

health education were enablers to improve DRS services by provider side (S5 Table 3).

High income countries

The main enablers for screening uptake in HICs were awareness of eye care and possibility of treating
DR, positive reinforcement through negative screening results, worrying about vision loss, attending
DM education classes, discussion of DM complications with health care professionals, trust on pro-
vider, having health insurance with eye care services coverage, higher level of education and being
obliged to attend for screening. Adherence to the best practice guidelines by the consumers and hav-

ing eyes examined by primary care physicians were enablers.

In HIC availability of educational interventions, DM education programs, adherence to guidelines,
targeted screening of high-risk groups, reinforcing the importance of eye examination by health care
providers, constant screening location, personalised strategies on follow up (phone calls and door to
door visits), on-line patient access booking system, recall system, showing fundus photograph and
teaching patients, ability to change appointments were incentives for uptake of DRS services. The
studies conducted in remote areas reported that mobile tele-screening models it-self was an enabler to

improve access (S5 Table 4).

Results - Submitted Manuscripts - Page No - 178




Overall enabler themes using harvest plots

Considering the number of times, a theme appeared irrespective of the country income level; presence
of symptoms (15/77, 19%), presence of DR or other eye diseases (15/77, 19%), higher level of educa-
tion (12/77, 15%), better attitude (12/77, 15%) and high income (10/77, 13%) were the main enablers
for the PwDM. In providers perspective having health education on regular eye examination (46/77,

60%) and factors convenient for the users (31/77, 40%) were main enablers (Figure 3 and Figure 5).

Lack of knowledge

Other (spirituality, dicrete choices) 5 Lack of awareness
Transporation Lack of knowledge and awareness
30
Problems in appointments Lack of understanding on annual DR screening
25
Missed appointments 0 Lack of education on diabetes complications
15
L . Gap between knowledge and
Unaceeptability of the examination method . understandingpractice
5
Lack of assistance and poor family support Low educational attainment and poor literacy
Time and priority issues Low language fluency
Low income, financial barriers and costs Lack of attitude
Socio-economic deprivation Lack of concern
Dizadvantaged health habits Reluctance to change
Presence of other illnesses Denial of having diabetes
Presence of disability Asymtomatic nature of the condition (DR)

[Scale - number of times a theme appear]

Figure 2. Harvest plot showing user barriers
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Figure 3. Harvest plot showing user enablers
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Figure 4. Harvest plot showing provider barriers
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Figure 5. Harvest plot showing providers enablers

Quantitative Data Synthesis

The data extracted for quantitative synthesis are available as supporting information S5 Table file in

Appendix 5.

Knowledge and Awareness

The main barriers identified in this systemic review were factors associated with consumers. The most
consistent barrier across most of the studies was knowledge regarding DR. One study mentioned that
knowledge (mean knowledge score 4.7 among those who had examination vs 3.6 without examination
(p<0.001) and awareness about DR was associated with seeking screening services (odds ratio (OR)

1.52, 95%CI 1.1-2.1, p=0.01) [39]. This concept was further emphasised in a randomised controlled
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trial conducted to evaluate the effectiveness of a health educational intervention, where the interven-
tion arm participants had higher odds of eye examination status (OR 4.3, 95% CI 2.4-7.8) [68]. A
study from China showed that having a higher DR knowledge score was a potential predictor for ever
had an eye examination. (OR 1.31, 95% CI 1.1-1.5, P<0.001) [53]. Similarly, a study conducted in
Bangladesh reported that awareness of DM (OR 8.47, 95% CI 3.95-18.18) and DR (OR 5.15, 95% CI

1.89-14.01) were associated with improved uptake of DRS services [48].

In a study conducted to enhance the compliance with DRS recommendations, it was seen that when
PwDM were given educational material and a notification there was a significant difference in screen-
ing uptake (OR 1.4, McNemars X?=102.7; P < 0.0001) [114]. A study conducted in Tanzania showed
that those who had knowledge on damages to eye due to DM had higher odds of undergoing dilated

fundus examination in the past year (OR 19.7, 95% CI 7.0-55.2) [38].

Even the knowledge on DM alone was associated with uptake of DRS. A study mentioned that less
practical knowledge about DM (OR 1.5, 95% CI 1.2-2.1) was a factor associated with non-adherence
[88]. A similar finding was reported in the study conducted by Srinivas et al., (2017) in India, which
shows good knowledge of DM was associated with good practice of DR (OR 3.95, 95% CI 1.97-7.94
p<0.01) [41]. On the other hand another study mentioned that knowledge on effects of DR on vision
was an incentive for uptake of DRS (OR 3.3, 95% CI 2.0-5.5) [93]. It was seen that awareness on pos-
sibility of treating DR was an incentive for attending screening (OR 1.6, 95% CI 0.9-3.0) [93]. In con-
trast, a study conducted in Nigeria showed that associations between knowledge, attitude and practice
and authors concluded that there was no significant correlation between knowledge and practice (cor-

relation coefficient r=0.086, p=0.385) [47].

Factors associated with awareness

Most of these studies had analysed the various patient characteristics and disease factors associated
with awareness. Lack of awareness was associated with older age (OR 10.4, p=0.03), poorly con-
trolled HbAlc (OR 4.9, p<0.001) and male gender (OR 1.2, 95% CI 0.7-1.8, p=0.47) [61]. Huang et

al., (2013) showed that unawareness was associated with lower education (primary or less, adjusted
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OR 1.9, 95% CI 1.4-2.5, p<0.0001), lower income (Singapore $ <2000, adjusted OR 1.7, 95% CI 1.2-
2.5, p=0.003) and poorer literacy (unable to write - adjusted OR 1.4, 95% CI 1.0-2.0, p=0.03) [115].
Katibeh et al., (2017) also showed that a good level of awareness on DR was associated with second-
ary or higher education (OR 1.88, 95% CI 1.23-2.88, p=0.004) [55]. Thapa et al., (2012) mentioned
that literate patients are more likely to have awareness on DR (OR 2.7, 95% CI 1.3-5.6, p=0.006)
[37]. One study showed that higher awareness on DR was seen among the more educated people (OR
1.8, 95% CI 0. 9-3.4, p=0.0000) [54]. Those who have a history of prior fundus evaluation elsewhere
(other than retinal clinics in this study) had higher odds of having awareness on DR (OR 11.9, 95% CI

5.7-25.2) p<0.001) [37].

Attitude

It was also reported that PwDM themselves may not have the judgemental ability over seeking care
and recommendation by the provider would improve access (OR 341, 95%CI 164-715, proportion of
attendees 99.4% vs non-attendees 34.5%) [93]. In health seeking behaviour, those who thought eye
examinations were needed every 6 months (OR 1.2, 95% CI 1.1-1.4) and those who worry much re-
garding their vision (following telephone call intervention, OR 3.47, 95% CI 1.8-6.8) showed higher
odds of DRS uptake [108,116]. A study showed that perception of a PwDM should have eye examina-
tion every 12 months (OR 2.62, 95% CI 1.7-4.1, p<0.0001) was associated with previous dilated eye
examination [71]. Another study showed that fear among patients on impaired vision was an incentive
for DRS (OR 1.9, 95% CI 1.5-2.5) [93]. Lian et al., (2018) reported that those who worry more about

vision loss were highly likely to attend screening (OR=1.72, 95% CI 1.31-22.26, p<0.001) [105].

Secondary outcomes of quantitative data - Factors associated with uptake of screening /

adherence / regular follow up

Service user costs

One major factor associated with undergoing DRS was having an insurance scheme. This was ob-
served mainly in the paid systems, when services are delivered at a user fee and health services were
not available free of charge. Having an insurance coverage either national or private, depending on the

Results - Submitted Manuscripts - Page No - 183




context, was associated with compliance for annual eye examination (National health insurance, OR
2.2, 95% CI 1.2-4.3 p=0.02) [89], increased eye screening (private health insurance, OR 3.2, 95% ClI
2.2-4.7, p=0.00) [62] and higher chance of undergoing screening (health insurance - type not speci-
fied, adjusted OR 1.7, 95% CI 1.4-2.2) [78]. It is shown that those who have vision loss (blindness)
are 100% willing to pay for the services (mean amount willing to pay-No DR - Taiwan dollars (NTD)

468.9 £ 327.7 vs Blindness NTD 822.2 + 192.2, p=0.0005) [91].

One randomised controlled trial showed that PwDM are less likely to undergo DRS when a co-pay-
ment is applied compared to the free services (OR 0.6, 95% CI 0.5-0.7) [67]. Those who had no health
insurance (OR 2.5, 95% CI 1.7-3.7) were less likely to be compliant with screening [81]. Sheppler et
al., (2014) mentioned that those who had an insurance coverage complied more with annual eye ex-
amination (OR 2.2, 95% CI 1.1-4.3, p =0.02) [89]. Lian et al., (2013) showed that being in the pay
groups was negatively associated with uptake of screening (OR 0.6, 95% CI 0.5-0.7) following ran-
dom allocation of PwDM to screen for DR at a user fee (US $ 8) or for free [67]. The study done by
Moss et al., (1995) showed that having a health insurance with eye examination covered (OR 3.3,

95% Cl 2.2-5.1, p<0.0001) was associated with previous dilated eye examination [71].

Family income

Two studies found that a higher family income was associated with having had a dilated eye examina-
tion (US $ >50,000 vs US $ <40,000, OR 1.9, 95% CI 1.3-2.9 [90] and US $ >35,000, OR 1.3, 95%ClI
0.8-2.2) [98]. The study done by Paskin-Hall et al., (2013) showed that those who have a higher in-
come ($35,000-$49,000 adjusted OR 1.3, 95% CI 1.1-1.5) had higher odds of undergoing DRS [78].
Another study done in South Korea by Rim et al., (2013) showed that those who were in the highest
monthly income quintile (OR 1.4, 95% CI 1.1-1.8, p<0.01) had higher odds of undergoing screening

[83].

Gender

The odds of having had a dilated fundoscopy in the past year was high among women (OR 1.2, 95%
C1 0.9-1.5) [90] and past eye care use decreased by being male (OR 0.5, 95% CI 0.3-0.8, p<0.01)
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[79]. However a study done in UK showed males had higher odds of attending screening following
invitation (OR 1.4, 95% CI 1.1-1.7) [111]. Therefore, role of gender with regard to uptake of DRS

could be context specific.

Age

The PwDM > 70 years of age showed higher odds of having undergone dilated fundoscopy compared
with those <40 years of age (OR 1.9, 95% CI 1.5-2.6) [90]. Most of the studies showed that older
PwDM had higher odds of undergoing screening (age >65 years, OR 2.6, 95% CI 1.6-4.1)[98], (OR

1.02, p<0.001) [72].

It was observed that eye care services utilization with in a 12 month period, was lower in those who
are younger (age 20-39 years, OR 0.1, 95% CI1 0.01-0.70 p<0.05) [79]. Similarly, a study done in UK
showed that younger age was associated with non-attendance (18-34 years, adjusted OR 1.4, 95% ClI

1.1-1.7, 35-44 years, OR 1.4, 95% CI 1.2-1.7) [111].

Level of education

Most of the studies mentioned the association between level of education and DRS uptake. For
PwDM having more than high school education vs less than ninth grade education (OR 1.5, 95% CI
1.0-2.1) was associated with higher likelihood of having a dilated eye examination [90]. The reasons
for non-adherence mentioned in another study was education less than high school (OR 1.5, 95% CI
1.1-2.1) [81]. It was observed that the odds of past eye care use dropped with the decrease in number

of years of educational attainment (<10 years, OR 0.4, 95% CI 0.2-0.9, p<0.05) [79].

In addition, education up to high school or more was a predictor of knowledge that uncontrolled dia-
betes could cause eye disease (OR 2.4, 95%CI 1.5-4.0, P<0.05) [73]. Xiong et al., (2015) also showed
that higher awareness of DR was seen among the more educated people (OR 1.8, 95% CI 0. 98-3.44,
p=0.0000) [54]. Islam et al., (2018) reported that having secondary or higher education was associated

with improved DRS uptake (OR 11.8 (95% CI 4.02-34.7) [48].

Disease factors associated with uptake of screening
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Higher level of glycosylated haemoglobin was associated with non-compliance with screening (>9%,

OR 1.7, 95% CI 1.1-2.6) [81].

Diabetes / Eye care education

One study mentioned that those without DM education (OR 0.4, 95%CI 0.2-0.6) are less likely to un-
dergo screening [50]. Hwang et al., (2015) in Canada showed that increased eye screening was associ-
ated with health professional discussing DM complications with PwDM (OR 2.0, 95% CI 1.3-3.2,
p=0.00) [62]. Persons having attended a DM education class (OR 1.5, 95% CI 1.2-1.9) had higher

likelihood of having a dilated eye examination [90].

A study done in USA showed that eye care education (OR 1.6, 95% CI 1.2-2.1) was associated with
receipt of dilated eye examination [98]. No formal DM education (OR 1.3, 95% CI 1.1-1.6) and less
practical knowledge on DM (OR 1.6, 95% CI 1.2-2.1) were associated with non-adherence [88].
Those who had attended a DM education class had higher odds of having a dilated eye examination in
the past year (OR 1.5, 95% CI 1.2-1.9) [90]. It is shown that when there has not been any education
on DM, patients are less likely to visit an ophthalmologist on a regular basis (OR 0.39, 95% CI 0.24-

0.65) [50].

Personnel who conducted the last eye examination

The described reasons for non-adherence to DRS included, the type of personnel that conducted the
last eye examination. It is shown that non-adherence was high when last examination had been con-

ducted by non-ophthalmologist personnel (OR 4.3, 95% CI 2.3-6.2) [88].

Duration of diabetes

The duration of DM was a predictor of having DR. Those who have had DM for a shorter duration
(<5 years, OR 0.04, 95% CI 0.01-0.10) were less likely to be having DR [42]. One study mentioned
that PwDM who were <5 years (OR 0.4, 95% CI 0.3-0.8) of duration after diagnosis are less likely to

undergo screening [50].
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Hwang et al., (2015) in Canada showed that duration of DM longer than 10 years (OR 1.5, 95% CI
1.04-2.25, p=0.03)] was associated with increased eye screening [62]. Similarly Saadine et al., (2008)
mentioned that when the DM duration was longer (>15 years , OR 1.9, 95%CI 1.4-2.6, p<0.0001)

those PwDM were more likely to attend follow up [84].

A factor positively correlating with eye care use was, time since diagnosis of DM (20 years, OR 2.7,
95% CI 1.2-5.9, p=0.041) [79]. In contrast to other studies one research showed that when the dura-
tion of DM goes up, the likelihood of not attending screening also increases (5 to 9 years, OR 1.9,

95% Cl 1.6-2.2), (>20 years , OR 3.4, 95% CI 2.7-4.2) [111].

Type of diabetes treatment

Eye care use by PwDM was higher when the treatment is with oral antidiabetics and insulin (OR 2.8,

95% CI 1.1-7.4, p=0.161) [79].

Regularity of clinic visits

It was observed that the odds of using eye care in the past year decreased with those who are in the
younger age categories (age 20-39 years, OR 0.09, 95% CI 0.01-0.70, p<0.05), and having lesser
number of years in educational attainment (<10 years, OR 0.37, 95% CI 0.16-0.88, p<0.05) [79]. Fur-
ther noncompliance was associated with those who had no routine physical examination > 1 year ago

(OR 1.8, 95% CI 1.3-2.5) [81].

Mukamel et al., (2016) showed that patients who visit their primary care physicians more often (OR

1.3, 0.001<p<0.01) had higher probability of attending screening in the past 12 month period [72].

Marital status

It was observed that past eye care use as being lower in those who were never married (OR 0.14, 95%

C1 0.03-0.76, p<0.05) [79].

Unemployment

Unemployment was inversely associated with eye care use (OR 0.5, 95% CI 0.2-1.1, p=0.091) [79].
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Alcohol intake

Heavy alcohol consumption was inversely associated with eye care use (OR 0.3, 95% CI 0.1-0.7,

p=0.003) [79].

Having other complications of diabetes

Factors inversely associated with eye care use was having diabetic foot disease (OR 0.4, 95% CI 0.2-
0.9, p=0.35) [79]. In contrast a study conducted by Bennet et al., (2018) found that having non-ocular

complications of DM increased DRS attendance (OR 2.7, 95% CI 1.1 to 6.4) [99].

Physician recommendation

Physician recommendation is a predictor of having regular eye examinations as mentioned in one
study done in Ireland (OR 1.3, 95% CI 1.1-1.6) [108]. Van-EijK et al., (2011) showed that recommen-
dation by the care provider was a strong incentive for undergoing DRS (OR 341, 95% CI 164-715)
[93]. A similar association has been mentioned by the Wang et al., (2010) (OR 2.2, 95% CI 1.5-3.3,
P<0.001) [53]. Being referred for eye examination was a strong predictor of high uptake in a study

conducted in Kenya (OR 20.5, 95% CI 10.2-40.9, p < 0.001) [49].

Having other eye diseases and visual impairment

Those who have other eye diseases (OR 1.2, 95% CI 1.1-1.6) and those who think that eye examina-
tions are needed every 6 months (OR 1.2, 95% CI 1.1-1.4) showed higher odds of DRS uptake [108].
Study by Moss et al., (1995) showed that history of cataract (OR 2.9, 95%CI 1.9-4.4, p<0.0001) was
associated with previous dilated eye examination [71]. Hwang et al., (2015) in Canada showed that
increased eye screening was associated with having visual impairment (OR 2.6, 95% CI 1.7-3.9,

p=0.00) [62].

Social deprivation

Even in HIC people living in deprived areas failed to attend DRS (OR 2.3, 95% CI 1.9-2.8) [66]. One

study stated that people living in most deprived areas (OR 1.2, 95% CI 1.2-1.3) were more likely to
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not adhere with screening recommendations [77]. A study done in UK showed the factors associated
with non-attendance following an invitation for screening in a sample of 31,484 diabetics in a DRS
program. In this study social deprivation (adjusted OR 1.4, 95% CI 1.2-1.6, p<0.001) was associated

with non-attendance [111].

Another study done in South Korea by Rim et al., (2013) showed that those who lived in urban areas
(OR 1.5, 95% 1.2-1.8, p<0.01) and those in the highest monthly income quintile (OR 1.4, 95% ClI
1.1-1.8, p<0.01) had higher odds of undergoing screening [83]. Scanlon et al., (2008) mentioned that
with each increasing quintile of socioeconomic deprivation the probability of having been screened

for DR decreased (OR 1.1, 95%Cl 1.1-1.2, P<0.001) [85].

Risk of development of DR among non-attendees

The relative risk of having DR was higher in non-attendees for screening, as shown in one study con-
ducted in Yemen (Relative risk of having DR 1.5, 95% CI 1.2-2.2), (bilateral blindness 4.0 , 95% CI

1.4-11.6) (low vision disability 2.4, 95% CI 1.8-3.5) [42]. Saadine et al., (2008) mentioned that those
who have moderate or worse retinopathy (OR 2.2, 95%Cl 1.6-2.9, p<0.0001) were more likely to at-

tend follow ups [84].

Discussion

We assessed the barriers and enablers to access and provision of DRS services in various country
level income settings. This is the first systematic review to explore consumer, provider and health sys-
tem barriers / enablers, and to understand these in the context of country income level. Knowing the
barriers / enablers by country income setting is useful to identify and streamline interventions for the
impeders in advance. Though the potential benefits to PwDM are widely known, attendance is at a
sub-optimal level in DRS programs even in HIC settings [117]. DRS has been shown to be cost effec-
tive in terms of sight years preserved [118]. In most parts of the world DRS remains non-systematic.

The findings from this narrative review will be useful to emphasise the barriers faced by consumers
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and providers in a DRS program. This will be helpful to explore the avenues for successful implemen-
tation of a DRS program in a country and how to conduct a program conveniently for both users and
providers. We assumed that identification of secondary factors associated with uptake will be useful

in efficiently continuing the programs and to identify the risk groups in advance.

We identified that knowledge and awareness among PwDM as the main barrier to access in all in-
come settings. A recent review has also emphasised that lack of knowledge and awareness among
PwDM as a major barrier to improve uptake [30]. Under the knowledge theme we identified many
subthemes that would be useful for development of health educational interventions. Few such sub-
themes are asymptomatic nature of DR and knowledge on frequency of DRS. This aspect has been
described in a recent review as behavioural economics to improve access [119]. Therefore, we could
assume that health educational interventions may improve uptake of services. However, the uptake of
DRS services can be affected by various socio-economic factors as well, as observed in the review

outcomes.

In our review, we identified that in the HIC most of the barriers to access were related to processes of
DRS while in LIC and LMIC they were related to major system factors such as unavailability of ser-
vices, lack of human resources and infrastructure. Most of the HIC settings provide population-based
DRS using digital retinal imaging. Therefore, the barriers / enablers of HICs described in our review
were attuned to the processes of DRS using imaging. However, most of the low-income settings still
do not have systematic DRS and it is done as an opportunistic intervention only. Moreover, mode of
DRS in low income settings were based on bio-microscopy / ophthalmoscopy. At the provider level in
LIC and LMIC settings, lack of skilled human resources and lack of DRS infrastructure were the main
barriers, while in UMIC and HIC it was lack of training and poor coordination between physicians /
general practitioners and screeners. In addition, the LIC and LMIC ophthalmologists are overbur-

dened with most prevalent blinding conditions such as cataract. This reflected in most of the studies as
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a barrier, stating the lack of and maldistribution of ophthalmologists. On the other hand, it has led to

increased waiting time for PwDM, which hindered uptake of services.

Synthesis of existing evidence helped to narrow down barriers to identify modifiable themes. In gen-
eral, knowledge appeared as the main modifiable barrier to access, from the user side. However, in a
paid healthcare system, low income and financial constrains had been mentioned frequently. We iden-
tified financial barriers as a recurrent theme in the harvest plots. In addition, most frequently men-
tioned (i.e., frequency of studies with the theme) barrier by consumers was asymptomatic nature of
DR as shown in harvest plot in Figure 2. Therefore, the need to undergo regular screening even with-
out visual symptoms should be an aspect that should be emphasised. Complementary to these out-
comes, the most common incentives mentioned in included studies were better knowledge on DR /
DRS, higher level of education, presence of symptoms and higher level of income as shown in Figure
3. When considering the most frequently cited barriers by providers, deficiencies in educating users
on DR/ DRS, issues in accessibility when making appointments, and long waiting time at eye clinics
emerged as the main barriers (Figure 4). The main enablers for providers were educating users on reg-

ular eye examination and providing better access for PwDM (Figure 5).

Strengths and Limitations

This review included 77 articles from diverse settings. We used a comprehensive approach to capture
all possible articles on this review question. Inclusion of studies without restricting the study design
allowed us to derive a wide range of themes. We used narrative synthesis of data due to high hetero-
geneity among the studies. Further we attempted to provide wide range of barrier and enabler themes
by all income settings, incorporating both qualitative and descriptive quantitative studies, without re-

stricting to any study design or income setting.

In order to maintain the homogeneity among the included studies, we divided the studies according to
the income setting. Further we explored whether there were differences in barriers and enablers be-
tween different income settings.
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A majority of the studies were focused on the perspectives of the users when describing the barriers.
Almost none of the studies explored the perspectives of the policy makers or program planners.

Therefore, this review lacks several aspects of stakeholder perspectives.

We did not look at the community level programs which may take place outside of a medical or eye
care centre. We did not specifically assess the reach or availability of DRS programs, which could be

an important component in access.

The included studies reflected the barriers in a cross section of time. All the studies used diagnosed
PwDM at institutional level as their study samples. There were no studies that used long term socio-

logical and ethnographic approaches to study barriers to access in their natural environment over time.

Many of the barriers or enablers identified in this review were peculiar to modality of screening in the
local context. We used a reductionistic approach in this narrative synthesis without further synthesis
of new themes. Another aspect is that the barriers or enablers were assessed in different health sys-
tems which may have different socio-cultural and economic back grounds. Therefore, we could not
assess the interactions between each of the themes we derived. Though we simplified and de-contex-

tualised the barriers themes, generalizability may depend on the context.

One of the limitations of this review is lack of eligible randomised controlled trials on the review
guestion and primary outcomes were described as explained by the authors. Considering the paucity
of systematic reviews under this topic, we found it is difficult to compare and comment in contrast on

our findings.

Implications and public health significance of the findings

The narrative synthesis by country income level supported by quantitative data would be helpful to
identify potential strategies to overcome barriers in each setting. We observed that most important
factor to define barriers is the setting. Therefore, we recommend carrying out an assessment of barri-

ers and enablers in each context before making recommendations for a DRS program.
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Diabetic retinopathy screening program implementation involves a high capital expenditure. There
will be a high level of financial risk when implementing a program for the first time. By knowing the
potential barriers, the risks can be minimised, and access can be improved by implementing interven-

tions to overcome potential barriers.

The outcomes of the current review will be useful to identify the modifiable barriers which could be
further explored in a local context before implementing costly DRS programs and interventions. As-
sessment of user and provider perspectives together enables the identification and subsequent catering

to needs from the demand side as well as the supply side of DRS.

The results of this review show that there are modifiable barriers such as lack of knowledge on DRS

among the PwDM which could be addressed in the development of health promotional strategies.

This review highlights the gaps in evidence on this topic in LIC and LMIC. Further there was limited

evidence on system factors and perspectives of stakeholders.

Conclusion

The evidence in this review clearly suggests that the barriers and enablers are different in each income
setting. The most consistent barrier across different income settings was lack of knowledge and
awareness on DR and DRS among the users. In providers point of view, lack of skilled human re-
sources and screening infrastructure was the main barrier. Knowing the modifiable barriers in a spe-
cific context would be helpful to identify the risk groups early and to improve DRS uptake among in-
stitutional PwDM. A main recommendation of this review is to carry out an assessment of barriers
and enablers in each context before implementing a DRS program. The consumer-based health educa-
tional interventions and provider-based skills and DRS infrastructure development would improve the

access to DRS especially in low income settings.
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Chapter 8

A Qualitative Study on Barriers and Enablers to Uptake of Diabetic
Retinopathy Screening by People with Diabetes in the Western Province of

Sri Lanka

Piyasena MMPN, Murthy GVS, Yip JYL, Gilbert C, Peto T, Premarathne M, Zuurmond M. A
Qualitative Study on Barriers and Enablers to Uptake of Diabetic Retinopathy Screening by People
with Diabetes in the Western Province of Sri Lanka. Trop Med Health. 2019 May 17;47:34. doi:
10.1186/s41182-019-0160-y. PMID: 31139011

Abstract

Background

Blindness and visual impairment from diabetic retinopathy (DR) are avoidable through early detection
and timely treatment. The Western province of Sri Lanka has the highest prevalence of diabetes melli-
tus (DM) (18.6%) in the country. A situational analysis identified a significant gap in DR screening
services (DRSS) uptake in this region. Barriers that hinder people with DM (PwDM) from attending
DRSS are poorly understood. The purpose of this study is to understand the factors which influence
uptake of DRSS and follow up to inform health promotion strategies and improve uptake of these ser-

vices.
Methods

Eleven focus group discussions (FGDs) were conducted with PwDM who presented to medical, gen-
eral eye and vitreo-retinal services in three public sector institutions (two tertiary and one secondary
level) in the Western province between October 2016 and March 2017. We enrolled six groups (4 Sin-
hala speaking, 2 Tamil) of women and five groups (3 Sinhala and 2 Tamil) of men representing eth-
nicity and gender. We performed a thematic analysis and described the main themes and subthemes

using the socio-ecological model as a framework.
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Results

We identified lack of knowledge of both, the condition and the need for screening as key barriers to
access DRSS. Socio-cultural factors in the family environment, economic reasons and institutional
factors were also important barriers. Additional reasons include long waiting time at eye clinics and
poor referrals exacerbated by the lack of a systematic DRSS. In addition, attitudes to DRSS such as
fear of discomfort from the procedure and the need for accompaniment following mydriasis were also

deterrents to follow up screening.

Conclusion

This study has shown that there are inter-related user, family and institutional factors which affect the
uptake of DRSS. Understanding how DR is conceptualised by PwDM in this region is essential to re-
fine strategies to improve access to DRSS. Strategies to improve knowledge need to be more cultur-

ally acceptable and relevant to PwDM and their families, with increased availability of DRSS at con-

venient locations may increase timely uptake of screening.

Keywords

Barriers, Diabetes mellitus, Diabetic Retinopathy, Screening, Sri Lanka.
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Background

Diabetes mellitus (DM) is an emerging global epidemic. The International Diabetes Federation esti-
mated that there will be 629 million people with diabetes (PwDM) by the year 2045 [1]. Diabetic reti-
nopathy (DR) is a common microvascular complication of DM potentially leading to visual impair-
ment and blindness. DR has an asymptomatic stage that can go unnoticed until it affects vision lead-
ing to blindness [2]. Several studies have shown that good control of blood glucose levels and hyper-
tension, DR screening, with timely identification and treatment of significant retinal changes reduce
the progression of sight threatening DR [3-7]. However, delivering an effective screening programme

with a high level of coverage is difficult even in high income settings [8].

Sri Lanka is a lower middle-income country which has a distinctive and sustainable health system. Sri
Lanka has achieved a remarkable development in health indicators compatible with the millennium
development goals and a high literacy rate (>10 years of age, males 96.9%, females 94.6%) compared
to neighbouring countries in the region [9,10]. The country has a population of 20.2 million (2012),
5.82 million (28.7%) of whom live in the Western province [10]. This province has three districts
namely, Colombo, Gampaha and Kalutara, with several different ethnic groups. Colombo is the most
densely populated city in Sri Lanka with 3428 persons/km? [10]. Health care in Sri Lanka is provided
at the point of delivery in the public sector, without needing a referral from a general practitioner and
eye care is free. Individuals of middle or high socio-economic status tend to favour the private sector,

including for DM management and eye care.

The crude prevalence of DM in Sri Lanka was estimated at 12.6% (age >20 years) as reported in a
national level survey with the highest prevalence (18.6%, 95% CI 15.8-21.5%, age >20 years) in the
Western province [11]. The prevalence of any DR among PwDM ranged from 18.1% (mean age 37.1
years) to 27.4% (mean age 56.4 years) [12,13]. A situational analysis of the Western province in 2014

indicated a wide gap between the background need and screening provision for DR, with an estimated
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additional 670,970 DR screening visits and 110,690 laser procedures which need to be performed to
prevent sight loss due to DR per year to address the unmet need [14]. Sri Lanka does not have a sys-
tematic screening program for DR, but PwDM who attend out-patient medical care are given a refer-
ral letter for an annual retinal examination at the nearest eye clinic [14]. Clinicians in the Western
province report significant numbers presenting with more severe stages of DR, leading to costly eye
surgeries and poorer outcomes. This is a burden to the health system, leading to long waiting time for

surgeries, extending beyond 1-2 years.

Access to health care depends on a complex interaction of various factors. The availability of screen-
ing services will inevitably influence uptake [15]. Studies that explored eye health seeking behaviour
and barriers to access of DR screening services (DRSS) by PwDM have identified a range of socio-
cultural factors which are likely to be context specific. Barriers including low economic status
[16,17], low level of literacy [18] and other socio-economic inequities in access [19] affect the uptake
of eye care services [20,21]. Low levels of awareness and knowledge among the PwDM about DR
and its screening is another common barrier [22—25]. However, there are no known studies which

have looked at the specific barriers in the Sri Lankan context and this study addresses this gap.

Methods
Aim

The aim of this study was to explore why PwDM do not take-up referral for free eye examinations in
the Western province of Sri Lanka, from the patients’ perspectives. We were interested in identifying
the barriers in the care pathway in this local context. This study was conducted as part of a larger fea-
sibility study, to develop an integrated DRSS program in Sri Lanka. We assumed that identifying bar-
riers for PwDM will enable us to make recommendations for a systematic DRSS strategy in Sri Lanka

and to inform the development of health education interventions to facilitate access.
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Conceptual Framework

We used the “Socio-Ecological Model” framework to analyse the study. This model describes dy-
namic interactions amongst and between various personal and environmental factors and their impact
on an intended outcome [26,27]. We used this model to develop our understanding of the multi-fac-
eted interactions between individuals (PwDM) and their environment and therefore explain patients’
behaviour in relation to access of DRSS. This model was also used for examining barriers within the

different layers of the individual, family and society, including interactions with the service providers

(see Figure 1) [28,29].
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\
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Figure 1. lllustration of socio-ecological model to understand interactions of PwDM and environment

depicting barriers at each level
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Research team and reflexivity

The team of investigators comprised the lead investigator (MMPNP), four moderators (three males
and one female) and two research assistants (one male and one female). The moderators were all ex-
perienced Sri Lankan sociologists and each of them were fluent in either Sinhala or Tamil language.
The research team spent a few hours at a study centre observing the clinics before conducting FGDs.
The objective of non-participatory observations was to identify the processes involved in manging a
PwDM and for the sociologists to familiarize themselves with the context. The FGDs were conducted
in a closed room of the hospital to maintain privacy. Each FGD lasted between 45-90 minutes (The

topic guide available as Additional file 1 in Appendix 6).

The topic guide for FGDs was informed by a literature review, translated into the two key languages,
pilot tested and then revised. It explored knowledge, awareness, socio-economic and cultural factors

that could affect the DRSS health seeking behaviour of a PWDM.

Study sites

We purposefully selected urban public sector clinic settings in two districts of the Western province;
two tertiary care institutions (one multi-speciality and one eye hospital in Colombo district) and one
secondary level institution (a general hospital in Gampaha district). These clinics are all attended by a
large number of people every day, most commonly those with chronic disease and lower socio-eco-

nomic position and are in urban settings [30].

Participant selection

Potential participants at the out-patient clinics were asked to complete a short questionnaire by study
research assistants, whilst waiting for their consultation. We used the completed questionnaires to pur-
posively sample participants >18 years of age to ensure representation from different ethnic groups
(Sinhala, Tamil and Moor), men and women, different economic and educational backgrounds and at
different stages of care or different stages of diabetic eye disease, ranging from no DR to those al-

ready receiving treatment for DR. DM and DR status were determined by referring to the medical
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records and socio-economic position was assessed using the house-hold income categories of the pop-

ulation census. Eleven FGDs were held with a total of 87 participants. These FGD were conducted

separately according to the gender and ethnicity and language. The Moor minority ethnic group speak

the Tamil language and were combined these FGD due to pragmatic reasons. Seven FGDs in Sinhala

and four in Tamil were conducted (see Table 1).

Table 1. Composition of focus groups

Medium of discussion - Sinhala language

Medium of discussion - Tamil language

Female

Male

Female

Male

Group 1: In medical
care
N=9

Group 5: In medical
care
N=7

Group 8: In medical
care
N=5

Group 10: In medical
care
N=9

Group 2: In medical

care

Group 3: Had been re-
ferred to an eye clinic
N=6

Group 6: Had been re-
ferred to an eye clinic
N=10

Group 4: Had previous
DR treatment and ma-
jor surgery

N=12

Group 7: Had previous
DR treatment and ma-
jor surgery

N=9

Group 9: Mixed
group: had been re-
ferred to an eye clinic
or who had previous
DR treatment and ma-
jor surgery

N=5

Group 11: Mixed
group: Had been re-
ferred to an eye clinic
or who had previous
DR treatment and ma-
jor surgery

N=6

Analysis

A thematic analysis was conducted in the two main local languages. Audio records were transcribed

into local languages, and two separate researchers coded (in Sinhala and Tamil) data after familiaris-

ing themselves with the content. Afterwards the coding was cross checked by a sociologist (MP) and

experienced qualitative researcher. All data under a theme were further analysed in detail and catego-

rised into subthemes and tabulated. Further triangulation of data was conducted by a 2™ reviewer
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(MMPNP). The main themes, sub-themes and relevant quotations that emerged were translated into

English for this paper.

Results

Description of the sample

Eighty three percent of the participants were >50 years of age (mean 58.7 years £1.12), all had type 2
DM (mean duration of DM 9.5 years +0.75, mean age at DM diagnosis 48.8 years £1.39), 68% were
from lower socio-economic background, as identified through the house-hold income level. Ninety-
two percent had education up to primary and above. Fifty two percent were women, 72.4% were Sin-
halese which reflects the proportion in Western province and a mix of those from urban (48.3%) and
rural areas (51.7%). On average participants lived between 10-20 km away from the hospital. Twenty
four percent of the participants had not had any previous examination. Approximately one fifth
(18.3%) presented late and were found to have more severe late stage of DR (Tractional retinal de-

tachments) and had previously received major eye surgeries (see Table 2).

Table 2. Participants’ characteristics

Variables Data
Gender Male n=42 (48.3%)
Female n=45 (51.7%)

Age (years) Mean 58.7 years
Range (26 - 79) years

Duration of dia- | Mean 9.6 years

betes (years) Range (1 - 28) years
Age at diagnosis | Mean 48.9 years

of diabetes Range (20 - 70) years
Ethnic group Sinhalese n=63 (72.4%)

Tamil n=18 (20.7%)
Moors n=5 (5.8%)
Other n=1 (1.1%)
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Main language Sinhala n=61 (70.11%)

Tamil n=26 (29.89%)

Level of educa- No School n=7 (8.1%)

tion Primary n=26 (30.2%)

Secondary n=12 (13.9%)

GCE n=39 (45.3%)

Degree and above n=2 (2.3%)
Income (per LKR <39,220 n=31 (35.6%)

month) LKR (39,220 - 69,880) n=28 (32.2%)
LKR >69,880 n=28 (32.2%)

Knowledge and awareness

One of the main barriers to accessing DRSS was a lack of awareness and knowledge about DR
amongst PwDM. This included low levels of knowledge that DM could lead to loss of vision includ-
ing blindness and a lack of understanding among those who has vision loss that visual impairment
was attributable to DM. Although most participants had a vague idea that DM could affect the eyes,

their knowledge of DR blindness was basic.

“I do not know how diabetes causes loss of vision. I do not know how to tell more about it”

(FGD 1, female (F), Sinhala speaking(S))

Most PwDM understood that DM was a disorder of the blood and they generally called diabetes
“sugar” in the local language. However, there was limited understanding of the causal link between

“blood sugar” levels and how this could lead to vision problems.

It was more common in the Sinhala FGDs for the reduced vision to be explained by a weakness in the
small blood vessels, “nahara” (tubes) in local language. The Sinhalese often correlated diseases of
any organ as weakness in blood vessels. In contrast, it was more common in the Tamil FGDs for the

loss of vision to be attributed to God as illustrated in the following quotation.

“God will decide what will be given to us, If God has thought that it is better not to give dis-

eases to this person....that is His decision. If god has given an illness to you, you cannot
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refuse it. You will have to ask from the god to take it back... So we have to pray to the God to

heal the disease”. (FGD 8, F, Tamil speaking (T))

Vision problems were frequently explained as being caused by cataracts, the need for glasses or glau-
coma; all of which are ‘conditions’ familiar to the local population. Therefore, many PwDM thought
that undergoing cataract surgery and wearing spectacles would solve their eye problems. We detected
considerable confusion around the different types of eye conditions; some Sinhala participants mistak-
enly conflated DR with glaucoma, mentioning the word “glucose ”. We also found poor understand-
ing of different structures within the eye, such as the retina, which are not visible, and which further

impeded their understanding of the disease.

“I got to know that when diabetes increased you get glaucoma. | think glaucoma means in-

creased glucose in your blood. Because of that you become blind”. (FGD 5, Male (M)-S)

In contrast, FGDs conducted with PwDM in the vitreo-retinal clinics, who had already experienced
sight loss and treatment had better comprehension of the condition. They generally indicated that their
awareness grew after experiencing symptoms and treatment, as illustrated by a 54 years old man who

recently received surgery.

“After you lose sight, it is very difficult to restore, whatever you do. The reduced vision will
remain for ever. Even if you put a lens (intra ocular lens implantation) you cannot take back
your previous good vision. | underwent a big surgery recently, as there was blood inside my

eye-ball. Now | know it is difficult to cure”. (FGD 7, M-S)

Poor understanding of asymptomatic early stages of DR was a related sub-theme. Participants de-
scribed suffering from other illnesses, lack of visual symptoms or discomfort in their eyes affected
their DRSS uptake, illustrated in one of the female FGDs; “I do not want to rush to check my eyes
since I do not feel any problems in my eyes”. Participants were reluctant to take actions when there
was no immediate threat to life, and health seeking behaviour was influenced by personal experiences
of visual symptoms in the past, such as reduced vision or vision loss. They were not aware of treat-

ment options available to manage DR.
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“When you say chest pain, you are scared....When you say kidney problem, you are scared.
When you say you would get reduced sight, you would try to correct it with glasses and any
how try to see. If you can see with the glasses, you would not have much concern about it”.

(FGD 2, F-S)

Socio-cultural and economic factors

The socio-cultural environment also impacted upon decision-making to access services. The sub-
themes included responsibilities of looking after family members, domestic work and the patriarchal
role of other male family members in determining women’s access to eye clinic / the hospital. There

were considerable gender differences, reflecting societal and gender norms in Sri Lanka.

Data collected in female FGDs revealed societal values as barriers to attending DRSS. There was evi-
dence that the traditional patriarchy dictated decisions on activities and spend by family members.
Women were further subordinated by their own perceptions as they commonly stated that they did not
like to be a burden on other family members, even for health matters; because their role was to serve
the family. Further, they were commonly not in a position to prioritise their own health care, when
there were many responsibilities at their home environment, a theme that did not emerge in the male

FGDs.

“Though I have an appointment date [to check eyes], I was not able 10 go due to some rea-
son, mainly problems at home. ... suddenly children get ill....or children say there is a par-

ents’ meeting at school”. (FGD 2, F-S)

“Because of problems and day to day work load at home, I couldn’t go [to the eye clinic].
When we are ploughing the paddy field, I have to prepare meals for the workers, also | have
to accompany my son to the school. Because of this and that reason I could not go”. (FGD 9,

F-T)

In contrast, it was more common for the male FGDs to offer economic reasons as a barrier, citing fi-

nancial constraints. They saw their family role as a breadwinner. Under these circumstances financial
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constraints, difficulties in obtaining leave from work and loss of daily earning were the main barriers
to attending DRSS. The fact that they had to attend the clinic at least two or three times to complete a
full eye examination, often with long waiting queues, further exacerbated the loss of earnings. In this
work priority environment, men prioritised income generation over accessing DRSS especially given

the asymptomatic nature of early DR.

“I have a small tea kiosk in Pettah (Colombo)...I cannot close it even for a single day. It is a
very small income. However, | would lose that amount also if | close the stall. Therefore, | do

not have much time to attend a clinic.” (FGD 11, M-T)

“When my father died, I was eleven. Since the age of 11, I worked and looked after my family
members... So, I have to earn my expenses to look after them.... Therefore, I could not care

much about my health. I am a mason and | work 24x7 continuously. I did not have time to go

to check my eyes. (FGD 7, M-S)

Institutional factors

Patient experience in clinics and hospitals also shaped people’s willingness to take up referrals. One
sub-theme was the poor organization of care; including very long waiting times, some even waiting a
whole day without eating, crowded and uncomfortable waiting areas with limited seating and confus-

ing appointment systems which impeded efforts to rebook a missed appointment.

“I went to check my eyes at X hospital. | came back without checking my eyes after seeing the

large crowd there”. (FGD 8, F-T)

“There are long queues. So, it is very difficult to find a place to sit as there are many people.

Also, there are no chairs to sit. There is no proper canteen to have a meal. We have to bring

our own water bottle”. (FGD 3, F-S)

Other sub-themes related to their experience with the doctors at medical/eye clinics. Participants re-

ported very limited time for consultation, poor referrals and limited counselling for how to follow up
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their screening test. PwDM showed poor appreciation of the value of regular screening, especially

when the screening outcome was negative.

“I'was asked to go to Y hospital and checked my eyes. So, I went there once, and they
checked everything and told me that nothing was wrong with my eyes. Afterwards they gave
me a letter to come back, But | did not go back, | thought, there was no need to check again,

since they told me that my eyes were alright” (FGD 7, M-S)

Poor experience of previous eye examination such as discomfort of the dilating eye drops and reduced
vision after dilating, in particular the resulting need for a companion to the clinic appeared to be an-
other hurdle which they had to negotiate within the family that may prevent them from attending

again.

“It is very difficult after putting the drops and very difficult to see when you go back
home under bright sunlight... it is really blurring.....I usually do not go for checking
if there is no one to accompany. You cannot do this and come alone afterwards.”

(FGD 3, F-S)

Overall participants described various inter-related factors which contributed to their decision to de-
cline or to delay attending screening services. We found evidence of an interplay of societal, institu-

tional and personal and inter-personal factors that contribute to poor attendance of DRSS.

Discussion

This study explored barriers to access of DRSS by PwDM in the Western province of Sri Lanka,
which revealed barriers at the individual, family and institutional levels. We found that lack of
knowledge and awareness, socio-cultural, economic and institutional factors were the main domains
of detected barriers. Individual-level barriers identified include poor understanding of DR
characteristics which resulted in low uptake of screening as well as poor follow-up. Other studies
have also shown that lack of knowledge and awareness about DR form a barrier to uptake of DRSS in
low and middle income countries [22,23] and high income countries [32—34]. The ‘St Vincent
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declaration’ states that plans for the prevention, identification and treatment of DM and its
complications should be implemented as it is a growing problem [31]. However these targets were not

achieved in most of the low and middle income countries.

We observed that the absence of colloquial words for “diabetic retinopathy” and “retina” in local
languages, and common use without understanding of bio-medical jargon contributed to patients’
misunderstanding, further aggravated by the short consultation time in clinics, and the use of English
language terms by the doctors, without taking time to explain. Providers were reported have used the
English term of “diabetic retinopathy” when describing the condition. Some PwDM confused
“diabetic retinopathy” with “glaucoma”; possibly due to the homophonic syllables in “glucose” and
“glaucoma”. The confusion between the terms could also be attributed to health promotion activities
on glaucoma in this region. The perceived disconnect between DM, sugar levels and the effects on the

eye may be a key target to improving the knowledge of the PwDM on DR.

The misconceptions on how and why a screening programme is delivered and deterred access have
been observed in other studies. One UK study found some PwDM confused DRS with retinal
photographs taken during routine eye examinations at optometrists [32]. The reason for annual eye
examinations was also reported to be poorly understood in other studies [35,36]. The particular
challenge of understanding the importance of regular checkups in the asymptomatic stage is also not
new, and has been shown in several other studies in low income [24,37-39] as well as in high income
countries [40-43]. The early asymptomatic phase has similary been observed as a barrier to access
services in the eye condition of glaucoma [44,45]. It is a challenge for the providers to convince an
apparently healthy person to participate in routine screening programmes in the absence of a
perceived threat to sight. The asymtomatic nature of DR was shown to be an important element in
health promotional material [46]. An individual’s better understanding of their susceptibility to vision

loss may increase motivation to attend a screening examination.
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Our study showed that people with advanced proliferative DR, such as tractional retinal detachment
and who had undergone treatment had, perhaps not surprisingly, a better understanding of the link
between DM and vision loss. Symptoms form triggers for action in participants, as observed in other
studies [37,39,47]. A qualitative study with PwDM in a high income setting found that fear of
blindness was an incentive to attend DR screening [35] but few of the participants in our study knew

that DR was asymptomatic and could lead to blindness.

The importance of understanding the patient within the context of their family, and how this
influences patients’ decission-making and actions has also been observed in the uptake of cataract
services in Tanzania. This study showed that the perceived need and mobilisation of resources for
cataract surgery was dependent on the family and wider social context [48]. Some studies have also
examined the role of the family in DRSS uptake, such as marital status [43], requirement of a person
to accompany [49] and household finances [35]. Sri Lanka has a collectivistic’ society and family
system, where needs of the family or a group is considered as a priority over individual needs, as seen
in other South Asian countries. Though public health services are free, women defer to men prior to
access. Patriarchal norms dictate that the father, husband or the eldest male member plays the central
role in earning and decision making [50,51]. Older people also rely on family members for
addresssing their health needs, since there are limited social protection mechanisms [52]. The wider

social norms interacts with family roles and influences an individual’s health care seeking behaviuor.

Women lack power and authority to attend healthcare services. Previous studies have shown that older
women are less motivated to seek eye care, unwilling to use limited family income, and reluctant to be
a burden on others. This combined with a lack of decision making power form significant barriers to
access healthcare [53-55]. Family issues such as child care and family attitudes have also formed
deterents to uptake of DRSS in both low income [24,25,37,56] and high income countries [35,42]. So

whilst women play a primary role in looking after family health, their own health needs are ancillary.
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Women'’s perceptions of their own needs reinforce the men’s authority in the household. We did not

detect any differences in this theme between ethnic groups.

Though men have greater power and independence within the household, our study shows that male
PwDM also did not attend screening. Work was a priority and absence from work formed an oppor-
tunity cost in an economy where, many participants were earning daily wages, reflecting the lower
socioeconomic position of the public clinic patients. The economic role of men in this society contrib-
utes to both men and women’s ability to attend healthcare services. Again, the asymptomatic nature of
the condition may also contribute to low engagement with screening. Work commitments has been
observed in other studies [32]. A study from Hipwell, A.E. et al set in UK found that family attitude
and work commitments hinder access [32]. Walker, E.A. et al also showed prioritisation of work as a
barrier to access [57]. Our sample was drawn from public sector institutes, which provides service for
poorer communities, and is consistent with studies where socio-economic position are also determi-
nants of healthcare access [16,19,58]. The Western province has highly a dynamic and industrial
economy with significant competition for employment making attendance at work more important

than attendance at a screening examination.

This study highlighted a number of institutional-level barriers previously shown in other settings. The
eye care services lack capacity in this region and the clinics are overcrowded. Our participants did not
attend an organised screening program and their appointments were interspersed with other clinic
commitments. Consequently, PwDM faced many obstacles and developed negative perceptions about
the providers in their experience of DRSS. As described above, economic and family factors suggest
that patients would intend to spend a minimum time for DRSS. Most of the participants stated that
long waiting times without food was a deterrent for screening attendance. This was a significant con-
cern for PwDM on anti-diabetic medications such as insulin injections with a risk of hypoglycaemia.

Similar concerns were raised in a study from the UK [59]. Other institutional barriers such as weak
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appointment systems [43,60,61], time constraints in examination [35,37,42], inability to cope with
large number of PwDM, [38] less space in screening clinics [62] have also been reported in else-
where. Discomfort following instillation of pupil dilating eye drops also discourages attendance at
DRSS, in the Western province and elsewhere [59,63,64]. These findings imply that a DRSS should

consider using more patient-centred and culturally sensitive strategies.

Access to health care has multiple components beyond healthcare utilisation [65]. Studies have
advocated for relevent and culturally competent care delivered to a diverse patient community
[20,66]. The services should be expanded in a way of able to provide universal eye care to PwDM
with diverse values, beliefs and behaviours; reducing the disparity. The identification of social norms
and other barriers to access DRSS by the PwDM in the Western province of Sri Lanka highlights
both challenges and areas for development. The socio-ecological model enabled us to understand the
interactive effects of personal and environmental factors that determined patient access to DRSS [27].
Building on this work, we can use these insights to inform interventions designed ot improve uptake

of DRSS In this region.

Limitations

We sampled participants from urban areas attending secondary and tertiary care clinics and these
views do not represent those living in rural areas and attending primary care. The Sri Lankan public
health system mainly provides for people from a lower socio-economic background. Therefore, more
affluent PwDM are not represented in this study. Since this is a cross section of PwDM population,
temporal patterns and seasonal factors may not be reflected. We also recruited low numbers of people
from Tamil and Moor ethnic groups, and this may have biased the results and over-represented views
from the Sinhala ethnic group. Further exploration with different ethnic groups would be useful to
gauge their views in greater depth. Our FGDs were conducted in hospital settings and not in the par-

ticipants’ own home environment, which may have influenced what participants were willing to say.
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We selected people attending clinics, and we did not include PwDM who failed to access services

completely. However, our sample did capture those who had delayed seeking DRSS and treatment.

Conclusion

Understanding how DR is conceptualised in this region and responded by the PwDM is essential to
define strategies to improve uptake of DRSS. This study shows that there are modifiable barriers to
DRSS access in the Western province of Sri Lanka. These are inter-connected personal, inter-per-
sonal, institutional, organizational and environmental barriers which hinder the uptake of DRSS.
Availability of DRSS at a convenient location using methods acceptable, culturally and gender sensi-
tive and relevant to PwDM together with strategies to improve the knowledge and awareness among

the PwDM may facilitate uptake of screening services in this province.

Recommendations

Implementation of strategies to improve service availability through a health system approach may be
helpful to expand DRSS in this province. There is an urgent need to expand the DRSS in this province
with focus on improving waiting times, lengthening consultation periods, and developing an orga-
nized referral pathway. To address workforce issues, task-shifting or sharing may improve capacity
limitations, and allow more time for counselling in the busy hospital and clinic settings and reduce
waiting times. Our findings indicate health promotion strategies should be focused on engaging with
the families of PwDM and their nested environment, in addition to efforts targeted at individual level.
Health educational interventions should be gender sensitive, and in local languages. A work-based
mobile screening approach, i.e., using telemedicine or mobile health (m-health) possibly for larger

employers in this region and outreach screening may also improve coverage of DRSS.

Additional files in Appendix 6

6.1 - Additional File 1 - Topic guides of the FGDs
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Chapter 9

Service Providers’ Perspectives on Barriers and Enablers to Provision of
Diabetic Retinopathy Screening Services in the Western Province of Sri

Lanka

Piyasena MMPN, Murthy GVS, Yip JYL, Gilbert C, Zuurmond M. Service Providers’ Perspectives
on Barriers and Enablers to Provision of Diabetic Retinopathy Screening Services in the Western

Province of Sri Lanka. Submitted to BMC-Health Services Research and reviewed.

Abstract

Background

Diabetic retinopathy (DR) is a common microvascular complication of diabetes mellitus (DM) that
can lead to sight loss. It significantly impacts health systems. The highest prevalence of DM (18.6%)
in Sri Lanka is in the Western province where there is no systematic DR screening. People with DM
undergo free opportunistic screening in the public-sector, with overall poor uptake of services. This

study aimed to explore barriers to services perceived by health care providers.
Methods

This study was a formative research component of a larger feasibility study to develop an integrated
DR screening program. A purposive selection of a wide range of providers were sought at a national
and provincial level in the free public health care system. Semi-structured interviews were conducted
with 27 providers: clinicians, mid-level personnel, hospital administrators and national level policy
makers and planning staff. A thematic analysis was undertaken, using the framework of the World

Health Organization health system building blocks.
Results

Lack of skilled human resources and infrastructure for DR screening were the main challenges

identified. The majority stated that poor availability of screening services and lack of an organised
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referral system hinder uptake. Providers suggested that DR screening should take place in medical
clinics where most people with DM present regularly, using a method such as fundus photography.
Limited knowledge and awareness about DR among people with DM was also perceived as a major

barrier.

Conclusion

This study highlights that in order to improve provision of DR screening, there is a need to consider
task sharing and training of non-ophthalmic mid-level human resources, such as medical officers on
primary DR screening. In addition, screening instruments should be reformed using local adaptable
innovative technologies. Primary screening of people with DM when they present for medical care,
incorporated with health educational interventions to improve knowledge and awareness would be an

appropriate strategy to improve access.

Key words

Access, Diabetic retinopathy, Health systems, Health care providers, Qualitative research, Sri Lanka.
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Background

The diabetes epidemic is increasing globally, with an estimated 425 million people with diabetes
mellitus (DM) in the world in 2017 which is projected to increase to 629 million by 2045 [1]. Diabetic
retinopathy (DR) is a common microvascular complication of DM that can lead to sight loss. It
significantly impacts health systems. It is estimated that globally, 28 million people with DM may
currently have sight threatening DR [2]. Sight loss due to DR can be prevented by early screening and
treatment. One of the main aspects of development of cost-effective strategies to control DR blindness

depends on the organizational structure of screening and service delivery [3].

Annual screening is currently recommended to prevent sight loss from DR [4]. However, the
screening interval can be extended, based on level of risk of the people with DM at baseline. Biennial
screening is recommended for low risk people with DM [5] which is a more pragmatic approach for
resource poor settings. However, achieving a recommended level of DR screening coverage is a
challenge in any setting. A range of user, provider and system factors affect uptake of screening and
understanding these is crucial to the development of services [6,7]. Providers’ perceptions on barriers

and enablers are explored in this study.

Sri Lanka is a lower-middle income country which has achieved remarkable development in health
status compared to other countries in South Asia. Free government health care is provided for all
aspects of eye care. However, eye care is only available at tertiary and secondary levels of service
delivery. The national prevention of blindness program, mostly overlaps with the VISION 2020
country program under the Ministry of Health provides ad hoc free screening and preventive eye care
services through mobile campaigns, in addition to facility-based services. In addition, there is a
national plan for DR, to refer all the people with DM present at health care facilities to the nearest eye
clinic to screen for DR. Yet, despite free services, visual impairment and blindness due to DR is

emerging as a major public health issue. The Western province, where the capital city Colombo is
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located has the highest estimated prevalence of DM of 18.6% (95% CI 15.8-21.5%) in the country [8].
Despite the high prevalence, there is no national screening program [9]. People with DM undergo
opportunistic DR screening, following referral by a general physician, or when they present at an eye
clinic. A situational analysis conducted in the Western province showed a gap between the numbers

screened and treated, and the expected number requiring treatment [9].

This study is one of the formative components of a wider project on assessment of feasibility of
development of an integrated DR screening program in the Western province of Sri Lanka. In the
current study we aimed to assess the views of a range of health service providers on barriers and
enablers to service uptake and their recommendations to improve DR screening services available in
the public health system. Services are mostly delivered by the medical officers who are qualified
medical graduates, under supervision of a specialist and assisted by a team of para-medical staff. Our
focus was on how to improve uptake at the tertiary and higher secondary institutional level, as an
initial step. A separate study which looks at service user perspectives is described in a separate article
(under review of BMC Tropical Medicine and Health). In order to provide more in depth
understanding of the barriers in this local context, we have incorporated relevant user perspectives in

the discussion.

Conceptual Framework

This study was a formative research component of a larger feasibility study to develop an integrated
DR screening program. The World Health Organization (WHO) describes six essential building
blocks in a health system and this was used as a guiding framework to explore barriers/enablers
related to provision of DR services [10]. This analytical approach would allow specific
recommendations to be made on how different components of the health system would need to be

strengthened or modified to deliver DR screening.
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Methods

A qualitative research design was adopted, in order to explore in greater depth, the views of a range of
service providers. Individual face to face semi-structured interviews were conducted with 27
providers in their workplace, ideally in a closed room to afford privacy. Interviews were conducted in
Sinhala, Tamil or English and the average duration was 45 minutes. The interviews were audio
recorded, or where permission was not given for recording, detailed notes were taken. On several
occasions, (4/27, 14.8%) interviews required 2-3 sessions, due to the busy schedules of the providers.
The main investigator of the project (MMPNP) conducted all interviews, whilst two research
assistants and two local sociologists assisted with taking field notes, transcribing, translating, and

analysing.

The interview guide covered the following key areas, in line with the WHO health system building
blocks; i.e., leadership, finances, medical supplies (mainly DR screening equipment), human
resources, health information systems and service delivery [10] (see Additional File 1 in Appendix 7
for details). We formulated the topic guide to explore the current challenges faced by the providers
and enablers identified by them in the local context, in relation to development of a DR screening

programme.

Participant selection

A purposive selection was made to include a range of providers, from the policy and planning level
through to front-line clinical staff, at both the national and provincial level. All were public sector
providers at the national level or working in the Western province of Sri Lanka. Service providers
were recruited from two tertiary level public sector hospitals in Colombo district (one multi-speciality
and one eye hospital) and one secondary level hospital in Gampaha district (see Table 1 and 2). These
hospitals were selected because they have potential to develop a DR screening program as they have a

high daily attendance of people with DM, and facilities are available to treat DR.
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Table 1. Hospital level providers participated in the study (clinical staff and administrators)

Public sector — health care institutions

Tertiary level (Eye Care)

Tertiary level (General)

Secondary level (General)

Institutional Administrators:

-Head of the institution

Specialists
-General physician
-Ophthalmologists

-Vitreo-retinal surgeon

Mid-level cadres

-Medical officer-eye care
-Medical officer-medical care
-Nursing officer-eye care (im-
aging)

Number of institutions n=1

Number of interviews n=7

Administrator
- Head of the institution

Specialists
-General physician

-Ophthalmologists (visiting)

Mid-level cadres

-Medical officer-eye care
-Medical officer-medical care
-Nursing officer-medical care
-Resident (physician)

Number of institutions n=1

Number of interviews n=7

Administrator
-Head of the institution
-Matron (Administrator of

nursing staff)

Specialists
-General physician

-Ophthalmologists

Mid-level cadres
-Medical officer-eye care

-Medical officer-medical care

Number of institutions n=1

Number of interviews n= 6

Table 2. Providers participated in the study with national level program planning capacity

Ministry of Health, Sri
Lanka

Professional bodies engage in
DR screening program devel-

opment

Professional bodies of eye
care related paramedical
staff

National blindness prevention

program

VISION 2020 National pro-

gram

College of Ophthalmologists of
Sri Lanka

Association of Vitreo-retina

Specialists of Sri Lanka

School of Ophthalmic Tech-

nologists of Sri Lanka

School of Nursing
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Sri Lanka Optometric Associ-
VISION 2020 Diabetic reti- Ceylon College of Physicians ation

nopathy blindness prevention
program College of Endocrinologists of
Sri Lanka

Twenty interviews were conducted with clinicians which included physicians, ophthalmologists,
including retina specialists and other clinical staff, i.e., medical officers and nursing officers. Criteria
for their selection was having active involvement in DR blindness prevention programme planning
and clinical management of people with DM. Seven interviews were conducted with staff at a policy,
planning and advisory level. At the national level, programme planners were selected from the
Ministry of Health and representatives of professional bodies. At the institutional level hospital
administrators i.e., head of the same selected hospital were selected. Details of the providers are

described in Tables 1 and 2.

Analysis

A thematic analysis was undertaken. Interviews conducted in local language were translated into
English. Two stages of the analysis were conducted. All scripts were read by the lead sociologist who
identified the key themes and then a second sociologist reviewed the coding, and in further discussion
with the main investigator final themes and sub-themes were agreed upon. The derived themes were
categorised according to the WHO health system building blocks and additional themes were
categorised separately and considered for inclusion in relevance to development of an integrated DR

screening programme in the Western province.
Ethics

Ethical approval was obtained from both ethics review committees of the National Eye Hospital-Sri

Lanka and the London School of Hygiene & Tropical Medicine-United Kingdom. Written informed
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consent was obtained from the providers after explaining study objectives. Consent was obtained for

participation, audio recording and for the use of anonymous quotes in publications.

Results

Providers characteristics

Fifty two percent (14/27) of the service providers were male. Eleven (11/27, 40%) were program
planners or policy makers at national or institutional level (representatives from the national blindness
prevention program, representatives of professional bodies, heads of the institutions and a nursing
administrator). The other 16 providers consisted of clinical staff, including seven specialists (from
internal medicine, endocrinology, general ophthalmology and sub-speciality of vitreo-retina). The
overall educational level of participants was high with 78% (21/27) having completed tertiary level
medical training and the remainder had a diploma in nursing or optometry. On average, the providers
had worked for 20 years in government health services including 14 years in diabetes care / eye care.
Over half of the providers (16/27, 60%) were senior officials working in the Ministry of Health at

national level or under the Regional Director of Health Services.

Perceptions of the providers

The main themes and subthemes identified were overall provider knowledge and awareness of the
current load of DR screening i.e., what is being done by the clinicians as well as what needs to be
done, lack of a systematic approach for referrals, limited skilled human resources (HR) and poor DR

screening infrastructure to deliver including equipment and technology.

In addition, providers described their perception of the barriers faced by people with DM when
accessing screening services. The barriers, enablers and providers’ suggestions to implement a

program are described in Figure 1 (see Additional File 2 in Appendix 7 for full details).
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Figure 1. Schematic representation of provider perceptions

*Lack of health work force
-Lack of training for mid-level human resources

sLack of DRS equipment and technology
-Lack of screening equipment

-Negative

perceptions on current technology

*Weak referral systems
-Practical barriers with regard to the current referral

system
-Negative

perceptions on the referral system

sLack of awareness about the DR screening burden
-At policy and planning national) level

*Lack of health education for PwDM
-Lack of knowldge and awareness among thePwDM
as perceived by the providers.

{

Perceptions of the providers regarding the
'barriers' in the health system

\\‘

Perceptions of the providers regarding the
‘enablers' in the health system

\
sLeadership
-Capacity of personnel

*Human resources
-Availability of suitable non-ophthalmic personnel
for DR screening
*Service delivery
-Medical clinic as a suitable place for DR screening
*Finance
- Ability to fiance a DR screening programme
sImprovement of screening infrastructure with
suitable equipment
-Fundus photography as a suitable DR screening
modality

sAdequate level of awareness among the clinicains

-as DM and DR is an emerging epidemic in Sri Lanka /

Overall provider awareness on current DR screening situation

Overall there was good awareness about the current prevalence of DR in the region amongst all levels

of providers and recognition that DR is an important emerging health problem. It was common for cli-

nicians to reflect on their very high workload, as described here by a retinologist, “It is a burden. So

exactly I don’t have the figures, but I am getting a lot of patients”.

Hospital administrators generally reflected on the broader social and economic implications, “It is re-

ally an emerging issue. It is a challenge for us, economically, socially and psychologically” (Hospital
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administrator, 3ry level). Despite gaps in service delivery, and burden on clinicians, there was poorer

knowledge at the policy level about the availability of screening services.

Barriers to systematic DR screening

Health work force

Mid-level cadres of staff, such as the medical officers, reported that training on DR screening was not
available for them, which commonly resulted in referring all people with DM to the next level of al-
ready over-subscribed ophthalmologist’s clinic. They pointed out that the relevant skills were not ac-
quired in general medical training, and that unless a medical officer underwent residency in ophthal-
mology, they would not have been trained in DR screening and treatment.

“You know in current setting; one patient coming with an eye problem is seen by
several doctors. This is happening because nobody has proper training on DR
screening on their career other than consultant ophthalmologists or vitreo-retinal
surgeons”. (Medical officer, 3ry level)

In contrast, program planners were more likely to express their concern that introducing DR screening
training may destabilize the existing system, and that it would be difficult to find someone who would
be willing to take on the responsibility of training on DR screening. “It is like a ‘ball passing game’.
Identifying personnel with genuine interest in this problem is the biggest challenge, in the develop-

ment of a screening program”.

Poor DR screening equipment and technology

Medical officers in general medical clinics currently screen for DR using direct ophthalmoscopy with-
out dilating the pupils. They described lack of suitable equipment and poor diagnostic services in their
clinics as a limiting factor, which generally resulted in all people with DM being referred to eye clin-
ics. This has implication for people with DM who had to make yet another hospital visit, as well as
adding to the workload on specialist eye clinics, as illustrated by one medical officer. “Generally, we

do un-dilated direct ophthalmoscopy as the DR screening intervention at medical clinics. You know...
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you can hardly see anything. Therefore, we refer all the patients to specialist’s eye clinic”. (Medical

officer, 2ry level).

In addition, some medical officers at secondary level hospitals highlighted the lack of DR screening
equipment as another challenge they faced,-“We don’t have the needed gadgets like even the simple
ophthalmoscopes” (Medical officer, 2ry level). Clinicians’ knowledge was also poor about the process
of procurement and purchase of medical supplies related to DR screening at the clinic level. Similarly,
knowledge about the equipment requirements for screening was limited at the programme planning
level. Overall most providers recommended the need to develop and assess the feasibility of DR
screening using fundus photography, recognising that only retinologists currently have adequate tech-

nical knowledge to do this.

Referral systems
Weak referral systems from medical clinic to eye clinic, as a key barrier was a major recurrent theme.
The lack of a register of people with DM at any level was the main challenge highlighted by clini-
cians: “One of the issues is, we don’t have a proper referral system in this country, any patient can
walk into our clinics at any time, whether private sector or public”. (General Ophthalmologist, 3ry
level). The clinicians further elaborated that there was no coordination between medical and eye clin-
ics, and a system for follow up, and that this contributed to drop out after referral. In addition, medical
officers at medical clinics stated that current referral system is very inconvenient for people with DM
including those with disabilities due to long waiting time at the specialist eye clinic. Non-ophthalmic
providers had a view that only the dedicated eye care hospitals should provide DR screening services.
Therefore, they referred most of the people with DM to one institution, without referring to the near-
est specialist eye clinic.
“Only those who are coming to the XX Hospital are undergoing DR screening at that
occasion. It is not a regular thing. I think only about half of the diabetics in this re-
gion undergo screening” (Physician, 2ry level).
In contrast, ophthalmologists provided a different view stating that they screen all the people with DM

attending an out-patient department irrespective of the availability of a referral letter, “We identify the
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all diagnosed diabetics at OPD (out-patient department) level and in my unit, | have advised the jun-
iors (doctors) to screen all the diabetics on the same day”. (Ophthalmologist, 3ry level). In addition,
physicians stated electronic or manual record system like diabetic patients’ register would enable

tracking for follow-up.

Lack of health education

Low levels of knowledge and awareness of DR among people with DM was another identified sub-
theme, and a reason given for poor uptake of treatment. Providers emphasised that this is due to lack
of health educational interventions on DR in hospitals or clinics level: “We don’t have a proper
health education system in our hospitals. The health education on DR, educating the patients about
the gravity, follow up should be tackled at primary care levels, may be by physicians or medical offic-

ers”. (Ophthalmologist, 2ry level).

Enablers to develop a DR screening program

Capacity of personnel in leadership

There were two main contrasting views about who should lead the development and implementation
of a DR screening program. Most of the specialist clinicians thought that implementation of a DR
screening program, should be under the leadership of an ophthalmologist i.e., as a head of a campaign
while senior administrators with decision making capacity suggested that leadership and governance

of a program should be by a medical administrator in the Ministry of Health.

Suitable non-ophthalmic personnel for DR screening

For the first line of screening, all levels of providers agreed that this should be undertaken by medical
officers in the medical clinics i.e., where people with DM receive care for their diabetes. Some pro-
viders were of the view that screening should be provided wherever they come into contact with
health care personnel, suggesting that this be done by non-ophthalmic personnel in medical clinics,

general practitioners’ clinics and sub-speciality clinics such as endocrinology clinics; “The doctor
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who treat diabetes could be a GP (general practitioner), or maybe a physician, maybe an endocrinol-
ogist, whoever the primary care physician who is looking after the condition (diabetes mellitus), is the

ideal person”. (General physician, 3ry level).

Financing

There were contrasting views about means of financing a DR screening program. Sub-themes were
funding through the Ministry of Health, non-governmental funds and raising funds by a user fee or
through foreign aid. Some service providers pointed out that the main difficulties lay in efficient chan-
nelling of funds for a screening program as described by a senior ophthalmologist: “Money itself is
not a problem. Most of the problems are due to administrative issues in handling and channelling the

funds”.

Improvement of screening infrastructure with suitable equipment

Most providers suggested that the most suitable modality of DR screening for this region would be
fundus photography. In addition, they proposed that the competency of non-ophthalmic personnel in
retinal imaging should be developed rather than that of ophthalmic personnel. Ophthalmologists sug-
gested that a comprehensive network of screening could be achieved by having peripheral screening
units connected through tele-ophthalmology, “The best modality would be digital retinal imaging
with facility to transfer images for expert opinion using tele-ophthalmology”. (Ophthalmologist, 3ry
level). Further, it was highlighted that this was a practical option, as this approach was already being

used in the region, in private sector.

Discussion

The WHO recommends provision of patient centred care for DR by using locally adaptable strategies
such as selecting the most appropriate method and personnel for DR screening [11]. However, this is
often not followed in most low and middle-income countries (LMICs) for a broad range of reasons. In

this study, we identified the barriers and enablers in the Sri Lanka context from the public sector
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provider’s perspective. This is one of several articles which are part of a larger feasibility study which

inform the development of a systematic DR screening program.

There is a paucity of studies on challenges faced by those providing DR screening services in LMICs,
and this is one of the first studies in Sri Lanka. Our study showed that program planners and adminis-
trators had low levels of awareness of the very high workload in clinics and hospitals resulting from
the increasing number of patients with DR. Similar findings have been reported in other LMIC set-
tings, such as India [12] and Nigeria [13]. Provider understanding on the need and current situation of
services are key elements of development of a successful systematic screening program [14]. This
points to the need for improve channels of communication on service level needs, as well as stronger

leadership on training HR and implementing a DR screening program.

The lack of skilled HR was another key barrier in our study, which has also been reported in studies
conducted in other settings; Sub-Saharan Africa [15], Kenya [16] and the Mediterranean region [17].
In the Western province this is unlikely to be due to a shortage of medical staff as this province has
the highest number of health care professionals in the country [18]. Instead it points to the needs for
training of a suitable cadre such as mid-level medical officers in DR screening. Task shifting has been
used as a means of identifying DR in Nigeria for example, where non-ophthalmologist physicians
were trained to examine the retina of PwDM, which improved uptake [13]. The potential for task
sharing has been assessed in Pakistan and Cambodia showing the possibility of improving access
[19,20] . To achieve task shifting, training needs to be competency based with systems for quality as-
surance, and screening methods with high level of validity should be used, such as retinal imaging. In
addition, screening by non-ophthalmic personnel needs to be acceptable to the providers as well as
those being screened, for example, a study conducted in Fiji reported that general doctors are suitable
for DR screening [21]. The lack of awareness about techniques of DR screening has been observed as

a barrier in various studies in both low and high income settings; a study done in Myanmar showed
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lack of familiarity on techniques of fundus examination among the general practitioners [22] and the
lack of training on preferred practice patterns among the physicians was a hindrance to screening up-
take in a study conducted in China [23]. Further, need of prioritisation of vitreo-retina as a sub-speci-

ality has been mentioned as a requirement to establish DR screening programs in LMICs [15].

Low levels of awareness about DR and the importance of screening amongst PwDM, combined with
an absence of available health education materials were also barriers highlighted in our study. We re-
ported a similar finding in our previous study of assessing the user perspectives using focus group dis-
cussions. Recent ‘Rapid Assessment of Avoidable Blindness - DR’ (RAAB-DR) studies demonstrate
the need of increased awareness among the users [24]. The lack of effective communication between
providers and service users has been reported in several countries [25-28] whilst the need for educa-
tional strategies for both clinicians and people with DM have been shown to improve uptake of DR
screening services in various studies [22,29,30]. The previous studies showed that provision of health
education by the service provider was an incentive to improve uptake [25-31]. Factors which improve
uptake of screening in these studies include showing fundus images to the people with DM [32], em-
phasising the importance of an annual eye examination [33] and using simple language in letters invit-
ing people for screening [34]. However, health education requires staff to have good communication
skills and adequate time which appear to be lacking in the clinics in Sri Lanka, and task sharing, and

training may be a way forward.

Lack of an organised systematic system for screening, including onward referral was another barrier

in the Western province, which has also been reported from studies in Nigeria and Turkey [13,35]. In
our previous study we reported similar barriers faced by the service users when accessing DR screen-
ing services in the Western province. Even in high income countries a weak appointment system is a
barrier to access [36]. A study set in the United Kingdom showed that re-organisation of the booking

systems is required to improve efficiency [37]. Service providers in the Western province
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recommended that the most suitable health management information system would be an electronic
system. However, considering the limited resources, a manual record system is likely to be the more

pragmatic approach for this local context.

Our study showed lack of suitable equipment and lack of efficient new techniques such as digital im-
aging was a major barrier to uptake. This has been similarly highlighted in a RAAB-DR study con-
ducted in Costa Rica [38]. The reports from International Agency for the Prevention of Blindness
highlighted that low income countries are ill equipped to identify and manage DR [39]. However, fea-
sibility of using imaging technologies should be assessed in the local context, as reported in a study
conducted in India [40]. The medical officers identified the practical limitations of the current method
of DR screening using direct ophthalmoscopy, whilst dilated eye examination method with bio-micro-
scopic examination was only available at specialist eye clinics. In addition, facilities should be able to
offer for procedures such as visual acuity checking and pupil dilation, and the feasibility of this would
need to be assessed before implementing a screening program. The lack of imaging and treatment in-
frastructure has similarly been shown to be one of the most common barriers in studies conducted in

LMICs [13,15,16,22,41].

In our study, the recommendation from the majority of providers was the need to have more effective
DR screening at the level of the medical clinic where it can be integrated with general diabetic care.
This also ties in recommendations in other studies [42—-45]. This should be accompanied by stronger
leadership in directing the program. However, DR screening in a non-ophthalmic setting would de-
pend on the acceptance of task shifting by the physicians. Most of the providers agreed that DR

screening using imaging would be the most suitable modality.

There were a range of views on how best to finance a DR screening program. Financial barriers are
major barriers in implementing a DR screening program in any setting [29]. However, financing a
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program through the government would be feasible in Sri Lanka according to the providers’ views.
Considering the health system and how the blindness prevention programs in Sri Lanka is planned,
incorporating DR screening program under the administration of VISION 2020 country program
would be more appropriate and sustainable. In addition, it could attract external donors for bilateral
funding schemes. On the other hand, the DR screening programs run by the governments have the po-
tential to be more sustainable and scalable because of financial assurance and ability to use existing

HR and infrastructure.

Limitations

There were several limitations to this study. There may have been an element of bias in interpretation
of the data as the main investigator is a male Sri Lankan ophthalmologist who has worked in this re-
gion for a long time, and his occupation may have influenced what providers were willing to say to
the investigator. Cultural factors, such as the hierarchical nature of the health system, may also have
influenced the interviews, and there may have also been social desirability bias from staff who were
unwilling criticise the system. However, we worked closely with a team of sociologists on the analy-
sis and key themes, and this will have gone some way to mitigate any bias. In addition, local sociolo-
gists had different views regarding the current public health system in general which may have some
effects on data analysis and interpretation. Another limitation is that providers working in the non-
communicable disease control programme were not interviewed, as the program is not yet well estab-

lished.

Only the tertiary and higher secondary levels health settings were targeted in this research and there-
fore the barriers and enablers at peripheral hospitals and primary care settings may have highlighted
different issues. Another limitation was that the study was in the Western province only and therefore

these findings may not be generalisable to a different region.
Conclusion

This study showed a range of provider perceived barriers to DR screening and their recommendations

to improve uptake. It highlights a combination of service delivery issues at the medical clinic level
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which need to be addressed, as well as the need for improved understanding of the needs at national
level, with need for strong leadership commitment to implement a screening program. Training of
existing non-ophthalmic human resources at medical clinic level by careful task-shifting and
development screening infrastructure such as imaging systems under the funding schemes of Ministry

of Health would be a feasible strategy to improve screening uptake.

Recommendations

= Improve the availability of DR screening by increasing the availability of skilled HR and in-
struments for screening. DR screening using an imaging method where people with DM pre-
sent for their routine medical care, combining with a central tele-ophthalmology reading cen-

tre may improve the access.

= Train mid-level HR in medical clinic level as a preliminary strategy to assess the feasibility of
an integrated DR screening program in this region. Task shifting, and training might improve
the skills of DR screening among the mid-level personnel, enabling an environment for im-

plementing systematic screening during routine medical care.

= Robust health educational strategies to improve the knowledge and awareness on DR and DR

screening among the people with DM.

= Strengthen the referral network linking the medical and nearest specialists eye clinics for fur-

ther assessment and treatment.

= Explore the channels of effective communication in between medical and eye clinics for im-
proved follow-up of people with DM. Moreover, means of communications should be devel-

oped in between clinicians and programme planners.

= Explore the possibility of financing a DR screening program through bi-lateral funding

schemes.
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= Further research on the assessment of provider views incorporating all levels of service deliv-

ery with a special attention at peripheral district hospitals and primary level of service deliv-

ery.

Additional files in Appendix 7

7.1 - Additional file 1 - Semi-structured interview topic guide

7.2 - Additional file 2 - Tables of main domains of barriers and enablers identified by the providers
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Chapter 10

Systematic Review and Meta-Analysis of Diagnostic Accuracy of Detection

of Any Level of Diabetic Retinopathy Using Digital Retinal Imaging

Piyasena MMPN, Murthy GVS, Yip JYL, Gilbert C, Peto T, Gordon I, Hewage S, Kamalakannan S.
Systematic review and meta-analysis of diagnostic accuracy of detection of any level of diabetic
retinopathy using digital retinal imaging. BMC Systematic Reviews 2018. 7:18
https://doi.org/10.1186/s13643-018-0846-y

Abstract

Background

Visual impairment from diabetic retinopathy (DR) is an increasing global public health concern,
which is preventable with screening and early treatment. Digital retinal imaging has become a pre-
ferred choice as it enables higher coverage of screening. The aim of this review is to evaluate how dif-
ferent characteristics of the DR screening (DRS) test impacts on diagnostic test accuracy (DTA), and

its relevance to a low-income setting.

Methods

We conducted a systematic literature search to identify clinic-based studies on DRS using digital reti-
nal imaging of people with DM (PwDM). Summary estimates of different subgroups were calculated
using DTA values weighted according to the sample size. The DTA of each screening method was
derived after exclusion of ungradable images and considering eye as the unit of analysis. The meta-
analysis included studies which measured DTA of detecting any level of DR. We also examined the
effect on detection from using different combinations of retinal fields, pupil status, index test graders

and setting.
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Results

6646 titles and abstracts were retrieved, and data extracted from 122 potentially eligible full reports.
Twenty-six studies were included in the review and 21 studies, mostly from high income settings
(18/21, 85.7%), were included in the meta-analysis. The highest sensitivity was observed in mydriatic
>2 field strategy (92%, 95% CI 90-94%). The highest specificity was observed in >2 field methods
(94%, 95% CI 93-96%) where mydriasis did not affect specificity. Overall, there was no difference in
sensitivity between non-mydriatic and mydriatic methods (86%, 95% CI 85-87) after exclusion of un-
gradable images. The highest DTA (sensitivity 90%, 95% CI 88-91%; specificity 95%, 95% CI 94-

96%) was observed when screening was delivered at secondary/tertiary level clinics.

Conclusions

Non-mydriatic 2-field strategy could be a more pragmatic approach in starting DRS programs for fa-
cility based PwDM in low-income settings, with dilatation of pupils of those who have ungradable
images. There was insufficient evidence in primary studies to draw firm conclusions on how graders’

background influences DTA. Conducting more context specific DRS validation studies in low-income

and non-ophthalmic settings can be recommended.

Key words

Diabetes mellitus, Diabetic retinopathy, diagnostic test accuracy, digital imaging, mydriatic, nonmyd-

riatic, low income, screening
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Background

Diabetes mellitus (DM) is one of the most prevalent non-communicable diseases and has significant
impacts on health systems [1]. The International Diabetes Federation (IDF) estimated that there were
425 million people with DM (PwDM) in the world in 2017 which is projected to increase to 629 mil-
lion by 2045 [2]. The greatest impact affects low and middle income countries (LMIC) (overall in-
crease 69%) due to ageing population, obesity and sedentary life style [3]. This is exacerbated by
weak health systems coupled with slow economic development [4]. Diabetic retinopathy (DR) is a
common microvascular complication of DM caused by chronic hyperglycaemia [5]. A pooled meta-
analysis using population based studies conducted in USA, Australia, Europe and Asia showed that
the prevalence of any DR in PwDM aged 20 to 70 years was 34.6% (95% CI 34.5-34.8%): prolifera-
tive DR affected 6.96% (95% CI 6.87-7.04%) and sight threatening DR (STDR) affected 10.2% (95%
Cl110.1-10.3%), globally translating to approximately 28 million PwDM affected by STDR [6]. DR is
a leading cause of blindness among the young and middle-aged adults in most of the high-income

countries (HIC).

Many studies have shown that control of risk factors, early DR screening (DRS) and appropriate treat-
ment can reduce the risk of blindness and visual impairment due to DR [7-12]. Digital retinal imag-
ing has been widely practiced and an accurate method for DRS [13]. Providing appropriate training to
photographers is of paramount importance, and with enough practice, high levels of competence can
be achieved by those taking imaging regularly. Non-mydriatic digital imaging methods cause less dis-
comfort and are more convenient for service providers. However poor image quality is an important
limitation of digital retinal imaging, particularly if non-mydriatic systems are being used, in countries

where cataract is common [14].

In current literature, a systematic review showed that dilated imaging aided by fundoscopy for un-

gradable images was an effective modality to screen for DR [15]. This review included studies from
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1985 to 1998 when digital retinal imaging technology was not available. Shi, L. et al. concluded that
accuracy of detecting presence/absence of DR by tele-medicine using digital imaging is high (pooled
sensitivity 80%, 95% CI 84-88%, pooled specificity 89%, 95% CI 88-91%) [16]. Another meta-analy-
sis concluded that dilatation of pupils did not have a bearing on the diagnostic test accuracy (DTA) for
any level of DR (sensitivity: odds ratio (OR)-0.89, 95% CI 0.56-1.41, p=0.61 and specificity: OR
0.94, 95% CI 0.57-1.54, p=0.80) [17]. A limitation of this review was that results from different imag-

ing methods (i.e., polaroid, film and digital) and clinical examination were pooled into one estimate.

A DRS modality which is suited to the health system and its context is a key factor in the success of a
program [18]. A screening program requires substantial investment in infrastructure and workforce
development. LMICs have low capacity to implement a population-based DRS program (DRSP) with
routine call/recall and full DR patient list. Yet there is a high burden of unmet need, with higher levels
of uncontrolled DM leading to higher rates of DR progression. Weak health systems require a DRSP
where detection of any DR using most effective and efficient instruments would be most useful. In
addition, resources are scarce, and so efficient use of both equipment and human resources are essen-
tial. The detection of clinic based PwDM, with any DR will enable identification and stratifying risk
groups early and screen safely at a lower threshold at non-ophthalmic settings. Therefore, a feasible
way of providing accessible services is to offer digital photographic DRS when PwDM present for
routine medical care at diabetologist/physicians clinics. In a low-income setting, identification of a
person with any DR / no DR would be a helpful stratification for the providers. In a practical program
guideline, we would suggest performing mydriatic imaging or refer to the next level for those with
ungradable images. There is also a lack of understanding among the PwDM about the benefits of my-
driasis. Discomfort experienced after pupil dilatation has led to low uptake in dilated examination
[19]. Therefore, it is important to understand the best method to detect any DR in non-specialist set-

tings, that will be suited to LMICs [18].
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The objectives of this review were to evaluate how using or not using pharmacological dilation of the
pupil and the number of fields captured influence DTA and how well different ophthalmic and non-
ophthalmologist health care professionals perform DR grading compared to 7 field image grading or
mydriatic ophthalmoscopy by ophthalmologists in different clinical settings. This will inform decision
making for choosing strategy in those aspects of a DRSP. This is an assessment of accuracy of instru-
ments for a systematic clinic-based screening rather than a population-based screening tool. We plan
to propose most efficient modality for provision of DRS to PwDM at non-ophthalmic settings (i.e.,

medical clinic, endocrinology clinic) using this evidence.

Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines were

followed in reporting (The PRISMA checklist is available as Additional file 1 in Appendix 8).

Eligibility criteria and study context

We included studies of cross-sectional study designs, that aimed to evaluate the accuracy of DRS us-
ing digital imaging as the index test, in PwDM at permanent healthcare facilities. We used the Early
Treatment Diabetic Retinopathy Study (ETDRS) 7-field image interpretation as the gold standard, and
mydriatic bio-microscopy/ophthalmoscopy by an ophthalmologist / retinologist as the clinical refer-
ence standard where the gold standard was not performed. The primary context considered for this re-
view was institutional DRS clinics/programs using digital imaging. We categorised the context as ei-
ther primary or secondary/tertiary. We excluded studies: conducted in informal health facilities, used
automated analysis systems, used non-digital imaging methods in index test, used mobile screening

methods or did not report on DTA as an outcome measure.

Primary outcome

The outcome examined was sensitivity and specificity of detection of ‘any level of DR’. It is im-

portant to understand the optimal method to detect any DR in non-specialist settings, especially in
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LMICs where PwDM have higher risk of progression, due to poorly controlled risk factors and irregu-
lar follow up. ‘Any level’ of DR was considered appropriate as we felt that such an approach would
have collateral benefits like raising awareness among the providers as well as augmenting awareness
of PwDM regarding the importance of regular follow up and control of the risk factors minimising the

progression to STDR.

Search and study selection

We developed a comprehensive search strategy to obtain published articles by consulting an infor-
mation specialist and searched MEDLINE (Ovid), Cochrane Database of Systematic reviews (CDSR)
and CENTRAL in the Cochrane Library. The data bases were searched from the date of inception of
the data bases to September 2016, to identify any published reviews on this topic and to see whether
relevant trials where included in the CENTRAL database. The search terms and strategy are shown in
Table 1 and Figure 1 respectively. Two reviewers (PN and SK) independently assessed the eligibility

of the titles and abstracts, and discrepancies were solved by consulting a 3™ reviewer (GV). Full pa-

pers of the eligible articles (n=122) were obtained from the publishers/authors.

Table 1. Electronic data bases search terms

1.Exp mass screening/

2.Exp vision tests/

3.Exp telemedicine/

4.Exp Photography/

5.Exp ophthalmoscopes/

6.Exp ophthalmoscopy/

7.(ophthalmoscop$ or fundoscop$ or
funduscop$) . ti .

8.((photo$ or imag$) adj3 fundus) . tw .
9.(Photography or retinopgraphy) . tw .
10.((mydiatric or digital or retina$ or funduc or
stereoscopic) adj3 camera) . tw .

11.((mydiatric or digital or retina$ or fundus or
stereoscopic) adj3 imag$) . tw .

12.Screen$ . tw .

13.((eye$ or retina$ or ophthalm$) adj4 exam$).tw .
14.((eye$ or vision or ophthalmic) adj4 test$) . tw .
15.((eye$ or retina$ or ophthalm$) adj4 visit$) . tw .
16.0Office visits/

17.(telemedicine$ or telemonitor$ or telescreen$) .
tw .
18.1or2o0r3or4or5o0r6or7or8or9orl0or
11or12o0r13o0r 14 or15o0r 16

19. exp diabetes mellitus/

20. exp diabetes complications/

21.190r 20

22. exp diabetic retinopathy/

23. ((diabet$ or proliferative or non-proliferative)
adj4 retinopath$).tw.

24. 21 or 22

25.18 and 21 and 24

Data collection process
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A data extraction form was prepared, and data were extracted and entered into a formatted MS Excel®
database. Data from all the full reports of filtered citations (n=122) were extracted. We used a modi-
fied Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines for
cross sectional studies to identify the components to extract [20]. The modifications made were based
on Cochrane guidelines on conducting systematic reviews of studies of DTA [21]. Two independent
reviewers extracted the data (PN and SK) from full reports. In the piloting stage data were extracted
from 10% (12/122) of the articles by two reviewers and consistency was checked (SH). Corrections to
the data extraction sheets and databases were done at this stage. The data extracted of all the included

articles (n=26) were checked by the co-reviewer (SK) for consistency.

Data items

The data extracted from each study included country, study design, study setting, sample size and par-
ticipant characteristics (mean age with standard deviation and range, male to female ratio, number of
years with DM). The next section of the extraction included study objectives, sampling strategy,
methods of index test (degree of view, number of fields, pupil status and type of camera) and method
of reference standard. Finally, data on DTA (sensitivity with 95% CI, specificity with 95% CI, num-
ber of true positives, true negatives, false positives and false negatives, kappa value and gradability)
were extracted. Studies were categorized according to the status of pupils, number of fields in imag-

ing, type of index test grader and type of reference standard.

Meta-analysis

Meta-analysis of the data was conducted to examine differences in outcome due to pupil status (myd-
riatic and non-mydriatic), number of retinal fields (1 field, 2 fields, >2 fields), type of index test
grader (ophthalmologist, retinologist, retinal reader, ophthalmic registrars) and by the context (pri-
mary and secondary/tertiary). A subgroup meta-analysis was undertaken to determine the DTA of
‘any level’ of DR by non-ophthalmic personnel. Further sub-analyses were conducted by considering
the studies which reported on DTA using the same participant imaged before and after pupil dilata-

tion.
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Risk of bias in individual studies

We assessed the variations in bias using the Quality assessment of diagnostic accuracy studies - 2"
version (QUADAS-2) framework [22]. The methodological quality and applicability of the studies
was considered using signalling questions under the four domains of patient selection, index test, ref-
erence standard and flow and timing [22]. We examined the differences in reported DTA estimates
based on QUADAS-2 quality assessment guidelines and given results in the meta-analysis were based
on the studies identified to have low risk of bias. The methodological quality of the studies included
in the review and meta-analysis are described in Table 2. All included studies were cross sectional in
design as these demonstrated less bias in the QUADAS assessment. We considered the signalling
guestions according to the QUADAS-2 guidelines as examples, masking of the graders, inclusion of
range of spectrum to reduce the spectrum bias, all participant undertaking all tests etc. when assessing

the bias.

Synthesis of results

Meta-analysis was conducted using STATA/IC (version-14.1, 2015-Texas-77845-USA) after acquir-
ing the 2x2 table (TP, FP, TN and FN) values for number of eyes screened as the unit of analysis in
each method of DRS. These values were cross checked by the number of DR positives and negatives
reported in classification of findings under different categories of DR. The meta-analysis was con-
ducted using the DTA of any DR, after excluding the ungradable images. Sub-analyses were con-
ducted using the estimates that reported DTA on same participant groups before and after pupil dilata-

tion and by non-ophthalmic index test graders.

Heterogeneity was assessed between the studies and between different modalities in the same study.
Due to differences in definitions of the ungradable image category, we decided to exclude all un-
gradable images to minimise heterogeneity. At a practical program level, all PwDM with ungradable
images will be referred to the ophthalmologist’s clinic for further assessment. However, in this study
we were interested in the accuracy of the intervention to detect any DR, rather than any referable

PwDM in a program model.
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Results

The electronic data base search yielded 6646 titles and abstracts and 122 studies were selected to re-

view full reports. Twenty-six studies were included in the review (Figure 1). The details of the ex-

cluded articles are available as Additional file 2 in Appendix 8. We included 26 cross sectional studies

and 88% (23/26) were conducted in HICs [23-45]. The remaining studies (3/26, 11%) were con-

ducted in South East Asian upper-middle income countries (Thailand (one) [46], China (one) [47] and

Taiwan (one) [48]). There were 6 studies (10 estimates) which reported DTA in which the same par-

ticipant underwent imaging before and after pupil dilatation [25,35,40,42,44,47].

MEDLINE
1946-2016
6493 Citation(s)

CDSR and CENTRAL on Cochrane Library
Issue 9 2016
153 Citation(s)

N

6600 Non-Duplicate

Citations Screened

Inclusion/Exclusion

Criteria Applied

6478 Articles Excluded
After Title/Abstract Screen

122 Articles Retrieved

Inclusion/Exclusion

Criteria Applied

96 Articles Excluded
After Full Text Screen

0 Articles Excluded

During Data Extraction

26 Articles Included

Figure 1. PRISMA flow diagram of the study selection process
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The mean sample size of the studies was 316 PwDM screened (SE + 72.3, 95% CI 166-467, range
51-1549). Thirty percent (8/26) of studies selected participants from local and regional primary care
units. Other studies recruited PwDM from retinal care (5/26, 19.2%), diabetes care (4/26, 15.3%), ex-
isting DR screening programs (4/26, 15.3%), medical and ophthalmology care (1/26, 3.8%), retinal
and ophthalmology care (1/26, 3.8%), ophthalmology care (1/26, 3.8%), private sector optometry net-
work (1/26, 3.8%). One study did not report the setting (1/26, 3.8%). The mean age of participants
was 57.4 years (SE +1.52, 95% CI 54.3-60.7, range 16-89 years): the mean age of participants in
nonmydriatic strategies 58.9 years and mydriatic 59.0 years. The mean duration of known diabetes
among participants was 12.0 years (SE +1.5, 95% CI 8.8-15.3 years, and 50.5% were male (SE +2.7,
95% CI 44.8-56.3). Participants’ characteristics tables of the studies included in this review are availa-

ble as Additional file 3 in Appendix 8.

Meta-analysis

Of these 26 studies, 5 studies (5/26, 19.2%) were not eligible for the meta-analysis. Those were ex-
cluded from the meta-analysis due to unavailability of required 2x2 table data, very high level of bias
and heterogeneity. The study conducted by Perrier M et al (2003) used the same participants as in the
study by Boucher MC et al (2003) which has been included and another study was excluded due to a
high likelihood of bias [33,36]. The study conducted by Schiffman RH et al (2005) was excluded as
index test pupil status and number of retinal fields were not mentioned [30]. Two further studies were
excluded: one only reported DTA for STDR [41] and another from Singapore (Bhargava M et al,

2012), did not provide DTA data [34].

Among 21 studies included in the meta-analysis 39 different modalities were identified in terms of
pupil status, retinal field strategy and human resources involved in index test DR grading. Forty six
percent (18/39 modalities) of the studies used non-mydriatic methods (13/21 studies)
[25,26,29,31,35,38,40,42,44,45,47-49], 44% (17/39 modalities) used mydriatic methods (11/21 stud-
ies) [23-25,32,35,37,39,40,42,44,47] and ophthalmic personnel currently trained and practiced in DR

grading had performed index test grading in these studies. In 10%, (4/21) [27,28,46,48] newer non-
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ophthalmologist personnel had performed index test grading. Six studies reported mydriatic and non-
mydriatic methods (6/21) [25,35,40,42,44,47]. One study reported DTA values for ophthalmic and
non-ophthalmic personnel [48]. The DTA of each screening strategy is available in Additional file 4

in Appendix 8.

Table 2. Methodological quality and applicability assessment of the included studies (Using
QUADAS-2 guidelines)

Domains Risk of bias Applicability concerns
Study Patient Index | Reference Flow Patient Index test | Reference
selec- test standard and selection standard
tion timing

1.Ahmed, J. et al 2006 Low Low Low High High Low Unclear
2.Aptel, F. et al 2008 Low Low Low Unclear | Low Low Low
3.Baeza, M. et al 2009 High Low Low Low Low Low Low
4.Boucher, M. C. et al 2003 Low Low Low High High High Low
5.Ding, J. et al 2012 Low Low Low Low Low High Low
6.Hansen, A. B. et al 2004 High Low Low Low Low Low Low
7.Henricsson, M. et al 2000 Low Low Low Unclear | Low Low Low
8.Herbert, H. M. et al 2003 Low Low Low Low Low High Low
9.Ku, J. J. et al 2013 Low Low Low Unclear | High Low Low
10.Kuo, H. K. et al 2005 Low Low Low Low High Low Low
11.LopezBastida, J. et al 2007 Low Low Low Unclear | Low Unclear Low
12.Maberley, D. et al 2002 Low Low Low Low High High Low
13.Massin, P. et al 2003 Unclear | Unclear | Low Low High High Low
14.Murgatroyd H et al 2003 Low Low Low Low Low Low Low
15.Neubauer, A. S. et al 2008 Low Low Low Unclear | Low Low Low
16.0lson, J. A. et al 2003 Unclear | Low Low Unclear | Low Low Low
17.Phiri, R. et al 2006 Unclear | Low Low Low Low High Low
18.Scanlon, P. H. et al 2003 Low Low Low Low High High Low
19.Scanlon, P. H. et al 2003 (2) Low Low Low Low Low High Low
20.Suansilpong, A et al 2008 Low Low Low Low Low Low Low
21.Sundling, V. et al 2013 Low Low Low Low Low Low Low

Studies excluded in meta-analysis

22.Bhargava, M. et al 2012 High High High Unclear | Low High Low
23.Mizrachi, Y. et al 2014 High High High High High High Low
24.Perrier, M. et al 2003 High Low Low High High High Low
25.Schiffman, R.M. et al 2005 Low High High Unclear | Low High High
26.Tu, K.L. et al 2004 High High High Low Low High Low
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Studies included in secondary output analysis

Four studies were eligible for secondary output of meta-analysis of DTA of DRS as they used differ-
ent non-ophthalmologist personnel [27,28,46,48]. However, there weren’t adequate number of studies
to meta-analyse by pupil status and field strategy. The details of these studies are described in Addi-

tional file 3 (participants’ characteristics) and 4 (DTA) of Appendix 8.
Risk of bias and applicability concerns within studies

The methodological quality and applicability assessment of the included studies (Table 2) were ac-
cording to the QUADAS-version 2 guidelines. In the assessment of bias, it was minimal (15.38% high
risk) in conducting the index tests and reference tests. Nineteen percent of the studies showed high
risk of bias in selection and 30.7% in participant flow and timing (Figure 2). In the assessment of ap-
plicability, risk was minimal in reference standard (3.8%) and 34% of the studies showed high risk in

applicability with regard to patient selection and 50% in index test (Figure 3).

Risk of Bias

0% 20% 40% 60% 80% 100%

H Low Unclear mHigh

Figure 2. Proportion of included studies with a risk of bias
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Applicability Concerns

0% 20% 40% 60% 80% 100%

N Low Unclear mHigh

Figure 3. Proportion of included studies with applicability concerns

Risk of bias in the included studies.

There was selection bias in some studies: Baeza M et al excluded patients who had visited an ophthal-
mologist within 6 months of screening and those with hyper-mature cataract [44] and Boucher MC et
al purposively selected participants who had a greater risk DR [31]. There were also applicability con-
cerns when authors reported the DTA of referable level of DR [38-40,43,47]. The study conducted by
Hansen AB et al, which selected people with diabetes through a record review, was weighted towards
less severe retinopathy, as mentioned by the authors [25]. Two studies attempted non-mydriatic
methods and ended up dilating the pupils due to high proportion of ungradable images [23,32]. In the
study by Lopez-Bastida J et al, the time interval between the index and reference tests was not stated,
nor whether participants with ungradable images (90/773, 10%) underwent mydriasis while perform-
ing the index test [45]. Similarly time and flow was not mentioned in the study by Ku JY et al [37].
Two studies selected indigenous populations which lead to generalizability concerns [32,37]. Further-
more, some studies were conducted in eye/retinal clinics where there was a possibility of high preva-

lence of advanced DR [39,43,48].

Reporting of DR was not uniform. In several studies DTAs were reported for different levels of DR

leading to some heterogeneity [25,26,31,39,40,43]. In these studies, we considered results for the
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detection of any level of DR. For example, Phiri, R. et al had defined DR including the macular signs

which other authors had not considered and which would have an impact on the analysis [38].

Diagnostic test accuracy in non-mydriatic imaging

Among the 21 studies included in the meta-analysis, 18 used the following non-mydriatic imaging
strategies: 1-field (8/18-44.4%), 2-field (4/18-22.2%) and >2 fields (6/18-22.2%). The pooled sensi-
tivity of detection of any level of DR using non-mydriatic digital imaging was 86% (95% CI 85-87%).
The 2-field strategy gave the highest estimate of sensitivity of 91% (95% CI 90-93%). The 1 and >2
field strategies gave summary estimates of sensitivity of 78% (95% CI 76-80%) and 88% (95% CI 86-
91%), respectively. (Figure 4, Table 3) The mean proportion of ungradable images in non-mydriatic
methods was 18.4% (SE £2.2, 95% CI 13.6-23.3%). The summary estimate of specificity of detection
of any level of DR using non-mydriatic digital imaging was highest in 2-field and >2 field strategy
(94%, 2 field 95% CI 93-95%, >2 filed 95% CI 93-96%). The 1-field strategy gave pooled specificity

values of 91% (95% CI 90-92%) (Figure 5 and Table 3).
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1field

Aptel Nonmyd 1F (2008)
Baeza_Nonmyd_1F (2009)
Ding_MNonmyd_1F (2012)
Kuo_Nonmyd_1F (2005)
Murgatroyd Nonmyd_1F (2003)
Neubauer Nonmyd_1F (2008)
Scanlon_MNonmyd_1F (2003)
Phiri_Nonmyd_1F (2006)

2 fields

Baeza Nonmyd 2F (2009)
Boucher Nonmyd_2F (2003)
Ding_MNonmyd_2F (2012)

Lopez-Bastida_MNonmyd_2F (2007)

=2 fields
Ahmed_Nonmyd_3F (2006)
Aptel_Nonmyd_3F (2008)
Baeza Nonmyd 3F (2009)
Hansen Nonmyd_SF (2004)
Hansen_Nonmyd_SF (2004)
Massin_Nonmyd_5F (2003)

Test for heterogeneity between subgroups X2

Overall Z=150.86, P<0.001

11013, di=2, P<0.001
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Sensitivity (95% CI) Weight (%)

0.77 (0.62,0.88) 0.75
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0.86 (0.80, 0.91) 4.00
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)
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Study Specificity (95% Cl) Weight (%)
1 field i
Aptel_Nonmyd_1F (2008) =+ 099(095 1.00) 1418
Baeza_Nonmyd_1F (2009) : =+ 098(095 099) 1248
Ding_Nonmyd_1F (2012) - : 080(077,083) 524
Kuo_Nonmyd_1F (20035) —_— 089(0.80,094) 076
Murgatroyd_Nonmyd_1F (2003) — 091(0.88,094) 447
Neubauer_MNonmyd_1F (2008) * | 0.89(0.57,098) 0.09
Scanlon_Nonmyd_1F (2003) - | 081(0.79,0.82) 11.26
Phiri_Nonmyd_1F (2006) —_— : 0.71(0.64,0.78) 0.75
OI 0.91(0.90,092) 49.23
|
2 fields :
Baeza_Nonmyd_2F (2009) :-o- 097(094,098) 752
Boucher_Nonmyd_2F (2003) —_— 086(0.78,092) 075
Ding_Nonmyd_2F (2012) - ' 080(0.77,082) 513
Lopez-Bastida_Nonmyd_2F (2007) + 096(094,097) 2316
IO 094(093,095) 3657
1
=2 fields :
Ahmed_Nonmyd_3F (2006) —_— 0.86(0.82,090) 226
Aptel_Nonmyd_3F (2008) — 097(093,099) 481
Baeza_Nonmyd_3F (2009) =~ (96(093,098) 637
Massin_Nonmyd_5F (2003) —_— 086(0.78,092) 075
Hansen_Nonmyd_5F (2004) : (Excluded)
Hansen Nonmyd_5F (2004) : (Excluded)
:() 094(093,096) 1420
Tests for heterogeneity between subgroups X2 = 16.90, df= 2, P <0.001 :
Overall Z =291.29 , P <0.001 b 0.93(0.92,0.93) 100.00
:
1
| |

15

Figure 5 - Forest plot of summary estimates of specificity of non-mydriatic imaging using different
field strategies (1: 1 filed, 2: 2 fields, 3: >2 fields)

Diagnostic test accuracy in mydriatic imaging

The highest pooled sensitivity of detection of any level of DR using different mydriatic digital imag-
ing field strategies was for the >2 field strategy (92%, 95% CI 90-94%). The sensitivity of the 1-field

strategy was 80% (95% CI 77-82%) and it was 85% (95% CI 84-87%) for the 2-field strategy (Figure
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6, Table 3). The mean proportion of ungradable images for the mydriatic method was 6.2% (SE +2.2,
95% CI 1.7-10.8%). The summary estimation of specificity in detection of any level of DR using
mydriatic digital imaging was highest in >2 field strategy at 94% (95% CI 93-96%) followed by the 1

field, 93% (95% CI 92-94%) and then 2-field 82% (95% CI 81-83%) (Figure 7, Table 3).

Study Sensitivity (95% CI) Weight (%)
1 field !
Aptel_Myd_1F (2008) —#— 0.90(0.77,0.96) 1.42
Baeza_Myd_1F (2009) — 0.77 (0.70, 0.82) 3.34
Ding_Myd_1F (2012) — 0.78 (0.72, 0.83) 4.38
Herbert_Myd_1F (2003) —_— ! 0.38 (0.28, 0.50) 0.92
Maberley_Myd_1F (2002) —_— 0.84 (0.74, 0.90) 1.87
Murgatroyd_Myd_1F (2003) —— 0.86 (0.81, 0.89) 7.61
Ku_Myd_1F (2013) — ! 0.74 (0.67, 0.80) 2.72
19, ! 0.80 (0.77, 0.82) 22.26
1
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Baeza_Myd_2F (2009) —— 0.86 (0.80, 0.90) 4.93
Ding_Myd_2F (2012) — 0.86 (0.81, 0.90) 6.20
Olson_Myd_2F (2003) — 0.83 (0.77, 0.88) 3.44
Scanlon_Myd_2F (2003) —_ 0.80 (0.75, 0.85) 4.85
Scanlon_Myd_2F (2003) —_— 0.83 (0.77, 0.87) 5.22
Scanlon_Myd_2F (2003) - 0.87 (0.84, 0.89) 24.72
¢ 0.85 (0.84, 0.87) 49.36
1
>2 fields i
Aptel_Myd_3F (2008) \— 0.98 (0.87, 1.00) 5.23
Baeza_Myd_3F (2009) — 0.85 (0.79, 0.89) 4.64
Hansen_Myd_5F (2004) | —= 0.95(0.90,0.98) 8.18
Murgatroyd_Myd_?F (2003) —— 0.90 (0.86, 0.93) 10.34
. O 0.92(0.90,0.94) 28.39
Tests for heterogeneity between subgroups X 2 =61.47, df= 2. P <0.001 :
Overall Z = 152.24, P < 0.001 : ;
_ ¢ 0.86 (0.85, 0.87) 100.00
I
T T ' T
-5 0 5 1

Figure 6 - Forest plot of summary estimates of sensitivity of mydriatic imaging using different field
strategies (1: 1 filed, 2: 2 fields, 3: >2 fields)
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Figure 7 - Forest plot of summary estimates of specificity of mydriatic imaging using different field
strategies (1: 1 filed, 2: 2 fields, 3: >2 fields)

Hierarchical summary receiver operating characteristics (HSROC) curve interpretation

Both non-mydriatic and mydriatic strategies showed very high discriminative power in ruling out
presence or absence of any level of DR with the diagnostic odds ratio (DOR) of nonmydriatic strate-
gies being 68.03 (95% CI 35.5-130.0) and positive likelihood ratio of 11.79 (SE 3.04, 95% CI 7.1-
19.5) (Figure 8). Similarly, mydriatic DOR was 53.98 (95% CI 31.1-93.5) and the positive likelihood

ratio was 9.5 (SE 2.1, 95% CI 6.1-14.7) (Figure 9). After adjusting for ungradable images, we
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observed that the pooled sensitivity of detection of any level of DR was the same for non-mydriatic
and mydriatic strategies: 86% (95% CI1 85-87%) for both. The specificity of detection of any level of
DR was higher using both nonmydriatic and mydriatic >2 field strategies (94%, 95% CI 93-96%) and
in 2 field non-mydriatic strategy (94%, 95% CI 93-95%). The highest diagnostic odds ratio (DOR)
was obtained for the >2 field strategy (nonmydriatic DOR 182.4 (SE 145.2, 95% CI 38.3-868.5),
mydriatic DOR 140 (SE 76.1, 95% CI 48.2-406.7)). Therefore, we have to consider the number of

fields in a DRS strategy (Figure 10 and Additional file 9 in Appendix 8).
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Figure 8. HSROC curve in nonmydriatic imaging strategies
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Figure 9. HSROC curve in mydriatic imaging strategies
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Figure 10. HSROC curves by field strategy and pupil status
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Summary estimates were derived by the reference test, to assess the variability in DTA according to

the reference standard. The pooled sensitivity of detection of any level of DR was higher in non-myd-

riatic imaging using 7-field ETDRS images as the reference than direct/indirect ophthalmoscopy:

(87%, 95% CI 85-89% vs 86%, 95% CI 85-88% in mydriatic). There was no significant difference

when compared with mydriatic bio-microscopic ophthalmoscopy as the reference standard
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(nonmydriatic 86%, 95% CI 85-88% vs mydriatic 86%, 95% CI 85-87%). Pooled estimates of speci-

ficity were high in both nonmydriatic (96%, 95% CI 95-97%) and mydriatic (96%, 95% CI 95-97%)

imaging using 7-field ETDRS images as the reference standard compared to mydriatic bio-micros-

copy (nonmydriatic 91%, 95% CI 91-92 vs mydriatic 87%, 95% CI 86-88%) (Table 3 and Forest plots

available in Additional file 6 in Appendix 8).

In the analysis of DTA by setting, highest estimates were shown in secondary/tertiary settings using

nonmydriatic imaging (sensitivity 90%, 95% CI 88-91; specificity 95%, 95% CI 94-96%) compared

to mydriatic imaging (sensitivity 87%, 95% CI 8