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Background: Screening of diabetic retinopathy (DR) using the current digital imaging facilities in a primary health care setting is still
in its early stages in Saudi Arabia. This study aims to reduce the risk of vision impairment and blindness among known diabetic people
through early identification by general practitioners (GP) in a primary health care setting in Saudi Arabia. The objective of this study
was to evaluate the accuracy of diabetic retinopathy (DR) detection by general practitioners (GPs) by comparing the agreement of DR
assessment between GPs and ophthalmologists' assessment as a gold standard.

Methods: A hospital-based, six-month cross-sectional study was conducted, and the participants were type 2 diabetic adults from the
diabetic registries of seven rural PHCs, in Saudi Arabia. After medical examination, the participants were then evaluated by fundus
photography using a non-mydriatic fundus camera without medication for mydriasis. Presence or absence of DR was graded by the
trained GPs in the PHCs and then compared with the grading of an ophthalmologist which was taken as a reference or a gold standard.
Results: A total of 899 diabetic patients were included, and the mean age of the patients was 64.89 = 11.01 years. The evaluation by
the GPs had a sensitivity of 80.69 [95% CI 74.8-85.4]; specificity of 92.23 [88.7-96.3]; positive predictive value, 74.1 [70.4-77.0];
negative predictive value, 73.34 [70.6-77.9]; and an accuracy of 84.57 [81.8-89.88]. For the consensus of agreement the adjusted
kappa coefficient was from 0.74 to 0.92 for the DR.

Conclusion: This study demonstrates that trained GPs in rural health centers are able to provide reliable detection results of DR from
fundus photographs. The study highlights the need for early DR screening programs in the rural areas of Saudi Arabia to facilitate
early identification of the condition and to lessen impact of blindness due to diabetes.

Keywords: diabetic retinopathy, rural health, primary health care, diabetes mellitus, non mydriatic camera, retinal imaging, fundus
photography, primary health care, diabetes, family health, ophthalmology, prevention, screening

Background

Vision impairment among adults from undiagnosed diabetic retinopathy (DR) affects one in every three diabetic
persons.! Early detection, treatment, and management by diabetic screening has been reported to prevent visual loss in
up to 95% of cases.' > According to the current report of the World Health Organization (WHO) for the rate of diabetes,
Saudi Arabia holds the second highest rank in the Middle East, and seventh in the world.* An estimated 7 million of the
population in Saudi Arabia are known to be diabetic, and around 3 million have pre-diabetes.’ This increasing pattern of
the prevalence of the condition makes the affected population vulnerable to diabetes-related complications, including
blindness.

Although different types of screening for DR based on retinal photography have been proposed by many studies,®’
the most convenient and accessible is the single-field fundus photography using a non-mydriatic camera and is the most
common method for DR screening.®* '® Non-physicians, family physicians, trained in digital fundus imaging for DR
screening have been reported to have a sensitivity of 61% to 90%, and a high specificity of 85% to 97%, comparable to

that of an ophthalmologist’s examination.'' '
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Currently, the accepted practice for the diabetic eye screening in Saudi Arabia is through a visit to an ophthalmologist
where single field digital fundus images are acquired and read, leading to decisions of referral and treatments.'® Very few
consultation clinics for glaucoma and diabetic retinopathy treatment have been launched in Saudi Arabia for this
purpose.'’ In the rural PHCs the availability of DR screening would be economic for patients with limited access to
a specialist clinic for the same purpose.

Many studies assess the knowledge about and preferences regarding DR'®?? in Saudi Arabia, but, to date, the
performance of GPs for DR detection from digital fundus images has never been directly compared with that of
ophthalmologists. Such studies can expose the need and suitability of an early DR screening program in the rural as
well as urban primary health care facilities in Saudi Arabia. This study is explicit in its purpose to investigate the use DR
screening by trained GPs in all PHCs across Saudi Arabia, as an alternative to a visit to a specialist center for the same.
The present study has thus a clear objective to identify the accuracy of detecting diabetic retinopathy (DR) by general
practitioners (GPs) by comparing the agreement of DR assessment between GPs and ophthalmologists in Saudi primary
health care (PHC) settings.

Methods

A hospital-based, cross-sectional study of DR assessment from retinal images using a single field non-mydriatic camera
taken from seven rural primary health care centers of Saudi Arabia was performed. The Institutional Research Board
(IRB) at Majmaah University, Saudi Arabia (MRIEC07/BHSRC1084) approved this study, and this study adhered to the
guidelines of the Declaration of Helsinki.

Patient Sample
The participants were adult patients with diabetes registered at the seven selected primary health care centers in Saudi
Arabia, who were screened under this study in January 2022 to June 2022.

The sample was recruited using a convenience strategy from the pool of patients enrolled in the diabetes registries of
the PHCs.

The inclusion criterion for participants were definitive diagnosed cases of type 2 diabetes mellitus patients presenting
to the PHC between January 2022 and June 2022. The exclusion criteria were the presence of other visual defects, and
unwillingness to participate in the study. Patients with type 1 diabetes were not included because of its low prevalence in
the primary care. Informed consents were obtained from participants after informing them about the study procedure and
any consequences involved. The participant’s age, gender, blood pressure, blood glucose levels, HbAlc, duration of
diabetes were registered into a tailor-made spread sheet.

A total of seven GPs participated in this study from seven selected PHCs, and they were trained in person in their
PHC, to identify presence or absence of DR using these images according to Saudi Diabetes Clinical Practice Guidelines
(SDCPG).* Dilation of pupil was deemed not necessary as this study was a non-mydriatic approach to take the fundus
photographs. A non-mydriatic 45 degree digital retinal TRC-NW8 fundus camera (TopCon Medical Systems Tokyo,
Japan) was used to acquire bilateral single field retinal digital photographs centered on the macula and encompassing the
optic disc.

The GPs graded all the digital retinal images taken, and a pre-designed spread sheet was filled following their
assessment outcomes. These digital photographs were then cloud saved and were read in a masked form by an
ophthalmologist of the King Khalid hospital at Majmaah, Saudi Arabia. The GPs were not informed about the results
of the comparison assessment of their grading to those of the ophthalmologist.

The presence or absence of DR based on the standard definitions and clinical guidelines®**

was used for achieving
the first objective of this study. “No” equal to “absent DR” was given to the identification of isolated microaneurysms
(MAs) or questionable MAs. “Yes” equal to “presence of DR” was marked for MAs, retinal hemorrhages, hard exudates,
cotton wool spots, and neovascularization.”?” The GPs and the ophthalmologist were allowed to label images as
gradable or ungradable, based on their judgement. The patients identified with a definite DR diagnosis were referred for

further investigations and treatments. The GPs were not asked to categorize the DR into different types or to categorize
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according to severity of the condition. The ophthalmologist’s evaluation was used to construct a gold standard only for
the identification of the DR from the fundus photographs.

The clinical and laboratory characteristics of the participants were described using descriptive statistics using means
and standard deviations for normally distributed variables and medians and quartiles for nonparametric variables.
Q-Q plot, Shapiro—Wilk, and Kolmogorov—Smirnov tests were employed to evaluate these variables.

The inter-rater agreement was assessed using the adjusted kappa statistic, and a kappa (x) value between 0.81 and
1.00 was accepted as a perfect agreement.”® Prevalence of DR was established by the ophthalmologist with 772 (42.94%)
patients and an average for the GPs as seen in Table 1. Adjusted kappa coefficients for prevalence was used for analyzing
the agreement of the accuracy in the diagnostic performance of GPs using WINPEPI environment. Sensitivity, specificity,
positive predictive value, negative predictive value, and the accuracy of GPs were calculated by comparison to the
ophthalmologist’s ratings (gold standard). Positive and negative agreement between GP and ophthalmologist’s ratings
were calculated. All statistics were performed using Stata version 16.1 (StataCorp, TX, USA).

Result

A total of 1828 digital retinal images were obtained, from 914 patients. Missing patient data like lack of consent (#n=8), did not
attend imaging (n=18), and fundus photos of eyes with advanced media opacity (»=1) or insufficient pupil size (n=3) led to
discarding of 30 images, and thus only 1798 fundus images from 899 patients were retained to be assessed by the GPs and the
ophthalmologist. All the 7 GPs assessed DR in roughly the same number of eyes, respectively. Table 2 features demographic,

Table | Diabetic Retinopathy Prevalence in the Study Population

Gold Standard* GPI GP2 GP3 GP4 GP5 GPé6 GP7
Diabetic retinopathy present, n (%) 772 750 743 697 759 707 768 770
(42.94%) (41.32%) (38.77%) (38.77%) (42.21%) (39.32%) (42.71%) (42.83%)
Kappa [95% ClI] 0.8 0.73 0.88 0.78 0.77 0.71 0.82 0.74
[0.78-0.83] [0.66-0.8] | [0.8-0.96] | [0.73-0.7] | [0.75-0.8] | [0.64—-0.78] | [0.79-0.86] | [0.71-0.79]

Note: *Ophthalmologist.
Abbreviation: GP, general practitioner.

Table 2 Demographic, Clinical, and Laboratory Characteristics of the Participants Classified by Diabetic
Retinopathy Status

Characteristic Overall Number of Participants | Retinopathy Present | P-value*
N (%) 899 386 (43%)

Age in years, mean + SD 64.89 = 11.01 6833 + 11.93 0.079
Male, n (%) 552 (61.40%) 402 (44.7%) 0.081
Female, n (%) 347 (38.60%) 370 (41.5%) 0.157
Diabetes duration in years, mean * SD 99 + 8.1 303 (204-67) 0.07
Hemoglobin AIC % <6.5%, n (%) 392 (43.6%) 384 (42.71%) 0.001

Blood pressure status, n (%)

Normotensive 198 (22%) 2 (1.01%) 0.075
Controlled hypertension 569 (63.29%) 130 (14.46%) 0.137
Uncontrolled hypertension 132 (14.68%) 101 (11.23%) 0.07

Notes: Data are presented as number (%), or mean * standard deviation. *P-value for differences between diabetic retinopathy and
not diabetic with p < 0.05 is statistically significant.
Abbreviation: IQR, interquartile range.
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clinical, and laboratory characteristics of the participants classified by diabetic retinopathy status. The mean age + standard
deviation of the study population was 64.89 + 11.01 years, and all the participants were of Saudi origin.

The sample was overwhelmingly hypertensive 701 (77.97%) (including the controlled and the non-controlled), and
the glycated hemoglobin levels were <6.5% in 392 (43.6%) of participants. The overall prevalence of DR according to
the gold standard was 772 (42.94%) and an average by the GPs was 745 (41.48%). Table 1 summarizes this prevalence
observation comparison between the ophthalmologist and the GPs.

Table 3 is descriptive of the performance of general practitioners (GPs) and the ophthalmologist for screening of
diabetic retinopathy (DR). The average sensitivity of GPs to evaluate DR was 80.69 [74.8-85.4]; specificity, 92.23 [88.7—
96.3]; positive predictive value, 74.1 [70.4—77.0]; negative predictive value, 73.34 [70.6-77.9]; and accuracy, 84.57
[81.8-89.88]. As described in Table 4, agreement between the gold standard and the GPs, calculated using the adjusted
kappa coefficient, ranged from 0.74 to 0.92 for DR, and the percent agreement ranged from 79.3% to 983.9% for DR.

As the kappa statistics range represents 0 as random agreement and 1 as perfect agreement, the cutoffs for
classification used in this study were 0.6-0.8 for good agreement, and 0.8—1 for very good agreement. The coefficients
were thus adjusted for prevalence in the sample of this study. The percentage of agreement of the GPs compared with the

Table 3 Performance of General Practitioners (GP) and Ophthalmologists (Gold Standard) for Screening of Diabetic Retinopathy
(OR)

Sensitivity Specificity Positive Negative Accuracy (%) Positive Negative
[95% CI] [95% CI] Predictive Predictive Agreement | Agreement
Value (PPV) Value (NPV) (%) (%)
[95% CI] [95% CI]
GPI 91.6 [90.7-99.3] 89.3 [82.6-91.1] 78.9 [76.1-83.6] 68.1 [66.2-73.1] 84.9 73.1 715
GP2 92.6 [88.1-95.8] 91.2 [89.8-96.4] 67 [65.9-73.5] 76.1 [70.8-80.9] 91.2 90.2 724
GP3 66.2 [63.2-75.9] 95.7 [92.3-89.7] 75.1 [74.3-83.1] 79.3 [76.9-82.2] 9l1.1 822 68.8
GP4 80 [78.7-86.9] 92.1 [89.7-95.2] 71 [69.8-72.7] 69.4 [66.4-71.3] 89.6 92.1 66.1
GP5 75.4 [71.4-82.8] 93.1 [89.2-98.5] 73.1 [89.9-76.3] 70.8 [69.4-73.1] 69.4 73.1 79.1
GP6 84.2 [81.1-89.1] 91.6 [88.7-95.7] 78.1 [71.3-84.2] 80.7 [77.2-84.5] 772 84.5 83.5
GP7 94.8 [91.5-99.2] 92.6 [88.4-94.1] 75.5 [72.1-82.7] 69 [65.9-74.3] 88.6 743 89.5
Average 80.69 [74.8-85.4] 92.23 [88.7-96.3] 74.10 [70.4-79.0] | 73.34 [70.6-77.9] | 84.57 [81.8-89.88]. 81.36 75.84

Abbreviation: GP, general practitioner.

Table 4 Evaluation of Agreement in Diabetic Retinopathy (DR) Between General
Practitioners (GP) and Ophthalmologists

Percent Agreement % | Concordance Measures
Kappa Adjusted Kappa
GPI 85.6 0.67 (0.47 to 0.67) 0.82
GP2 798 0.55 (0.38 to 0.57) 0.78
GP3 79.3 0.37 (0.26 to 0.48) 0.74
GP4 90.8 0.067 (—0.12 to 0.25) 0.88
GP5 939 0.48 (0.28 to 0.67) 0.92
GP6 93.8 0.12 (-0.12 to 0.37) 0.92
Average 87.2 0.84

Abbreviation: GP, general practitioner.
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Figure | Non-mydriatic fundus photos used in the study. (A) Positive identification of DR from the multiple hard exudates and aneurysms on the fundus photo of a right
eye, by all the GPs. (B) Missed DR identification from the few microaneurysms at the macula and small hard exudates by 4 GPs.

ophthalmologist’s ranged from 93.9% to 79.3% for the DR assessment. Along with screening, all the cases of apparent
DR both by the GPs and the ophthalmologist were referred by GPs. Figure 1A is a non-mydriatic photograph of a right
eye; all the seven GPs participating in the study could positively identify the DR from the multiple hard exudates and
aneurysms on the fundus photo. Figure 1B is a fundus photo from the current study where 4 GPs missed identifying the
DR from the few microaneurysms at the macula and small hard exudates present.

It can be clearly seen from this study that the GPs' assessments of DR from the fundus photographs are notably in
agreement with the ophthalmologist’s assessment. Thus, this supports and highlights the view that a GP assessment of
DR from non-mydriatic retinal photographs is reliable and can be promoted as a regular clinical practice in PHCs across
Saudi Arabia.

Discussion
This study demonstrated the agreement of GPs in the assessment of DR from non-mydriatic single field fundus
photographic images, when compared against a reference from an ophthalmologist. This implies that the assessment
by GPs in the DR screening is accurate enough, economic, and a valuable aid in reducing the burden of risk from DR.
The prevalence of DR in this study is correlated with the recent study in Majmaah city of Saudi Arabia®’ which
was 35.8%.

Studies from other countries have reported the assessment of DR by non-physician graders (NPGs) and para-medical

professionals'>~%!

with the grading of NPGs as quite sensitive. This study, with a higher sample size, has findings that
confirm that a trained GP’s assessment of DR from the digital images shows considerable consensus with an eye
specialist's interpretation. Various studies have been done on DR screening with categorizing its severity along with
identifying maculopathy.>*>* However, limited evidences are available on the reliability of GPs' rating and assessment of
DR from the digital retinal photographs. Studies have explored the possibility of severity grading and categorizing of the
types of DR from retinal images by family physicians (FPs).>” It has been reported that FPs have 79% sensitivity for DR
assessment, when compared by ophthalmoscopy.?

A decreased sensitivity of 85% for DR detection by FPs was observed when compared to retinal specialists’
evaluation®® with single-field non-mydriatic digital images. An achievement of reduction in the undiagnosed or
misdiagnosed DR has been reported® by 24% using ophthalmoscopy and to 8% by digital photography in a tertiary
center, when compared with the reference standard of seven-field standard mydriatic stereoscopic color photographs. No
significant differences were reported in the sensitivity and specificity for DR identification between non-mydriatic and
mydriatic retinal photography.®” Use of non-mydriatic photography relieves patients from the discomfort and limitations
of using pharmacological mydriasis.*® Newer technological innovations like artificial intelligence (AI)-supported features
with automated algorithms for DR detection®” ** have recently been developed and have been shown to achieve
promising performance supporting the findings of an ophthalmologist. In near future the PHC-based DR screening can
incorporate newer technological innovations, paving the way for a cost-effective early and precise detection of DR.
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The GPs in PHC require adequate experience in handling non-mydriatic cameras to enhance the image quality and hence
the DR assessment outcomes. It can be suggested that the reliability of the DR screening facilities in PHCs can be improved
and enhanced through internal auditing in PHCs in order to establish a baseline standard, against which prospective inter-
rater assessments and agreements can be established. Training the GPs to grade and acquire digital fundus photographs in
PHCs will provide easy data transmission, archiving, and retrieval. The future strategy in health care of Saudi Arabia should
focus on the potential of developing and implementing early and economic diagnostic diabetic eye care in PHCs.

Limitations

This study had some limitations. One was that the GPs in this study did not grade the severity of DR and did not identify
maculopathy from the digital retinal images. The requirement of the GPs to be trained demanded further time lapse in the
study conduction. The economic benefit of the study needs validation in prospective studies, as it is assumed in this study that
a visit to a PHC would be cost-effective for a rural population who have limited access to a full-fledged ophthalmic center.

Conclusion

The use of a single field non-mydriatic camera to acquire images and identify DR at a rural PHC level by GPs is
comparable to its use by ophthalmologists. For countries like Saudi Arabia where diabetes mellitus is highly prevalent
and is on the rise, this study's findings have broad health policy implications. These pre-assessed and early detected DR
can support clinicians who are burdened with increasing clinical workload in planning prompt treatment plans.
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