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Objective: Diabetic retinopathy (DR) is the leading cause of visual loss worldwide in patients with diabetes mellitus (DM). The aims 
of our study are to describe the costs associated with (DR) and to evaluate its economic impact in Jordan.
Methods: Retrospectively, we included all patients with DM and classified them according to the severity of DR. Data regarding 
medical history, ophthalmic history, stage of DR, presence of DME, and the ophthalmic procedures and operations were collected. The 
total DR-related cost was measured as a direct medical cost for the outpatient and inpatient services.
Results: Two hundred and twenty-nine patients were included in the study. Only 49.7% of the patients presented without DR, and 
21% presented with diabetic macular edema (DME) unilaterally or bilaterally. The DR-related cost was significantly associated with 
insulin-based regimens, longer duration of DM, higher HbA1c levels, worse stage of DR at presentation, the presence of DME at 
presentation, the presence of glaucoma, and increased mean number of intravitreal injections, laser sessions, and surgical operations. 
Multivariate analysis should the presenting stage of DR, presence of DME, and the presence of DME be the independent factors 
affecting the DR-related cost.
Conclusion: This study is the first study to be conducted in Jordan and encourages us to establish a screening program for DR for 
earlier detection and treatment. DM control and treatment compliance will reduce the heavy costs of the already exhausted healthcare 
and financial system.
Keywords: diabetic retinopathy, economic burden, intravitreal injections, diabetic macular edema

Introduction
Diabetic retinopathy (DR) is a type of microangiopathy caused by diabetes mellitus (DM). DR is a leading cause of 
vision impairment in 25–74 years of age.1–4 In Jordan, the prevalence of DR has been estimated at 34.1%. Similarly, the 
prevalence of DR around the world is 34.6% (93 million people).5,6 DR progresses over chronological pattern. The first 
stage is non-proliferative diabetic retinopathy (NPDR), which may be accompanied by diabetic macular edema (DME). 
Then, proliferative diabetic retinopathy (PDR) progressively develops, which if not treated aggressively, may lead to 
advanced PDR and permanent visual loss.7 The prevalence of PDR in Jordan is 9.6%.5 Worldwide, the prevalence rate 
has been estimated at 10.2%.6,8 Treatment of DR is challenging, individualized, and multidisciplinary. Based on the stage 
of DR, intravitreal anti-vascular endothelial growth factor (VEGF) injection, panretinal photocoagulation argon laser, and 
surgical procedures can be adopted. DM control is crucial for all patients.9

Irreversible damage can result from DME or from complicated PDR.10 The progressive stages and the eventual irreversible 
damage can, however, be significantly postponed or prevented. Screening is the most effective method for the earliest possible 
diagnosis of DR, along with precise and accurate treatment.11 A direct, low-cost, and highly sensitive screening method is 
needed. This guarantees the best possible success while ensuring cost-efficiency by preventing or delaying a very high incidence 
of blindness and related costs. The total financial DR-related cost in the United States (US) residents aged 40 years or older in 
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2004 was estimated at 493 million US dollar, and the average annual total cost per DR patient was about 629 US dollar.12 On the 
other hand, the cost of screening of DR by one modality was much less in US, which was reported by Kirkizlar et al.13

In this study, we investigate the burden of DR in Jordan, a country in the Middle East where the DM prevalence is 
high, and the control is poor. In addition, this study evaluates the factors that affect the DR-related costs with the related 
visual outcome.

Patients and Methods
Patients and Data
After obtaining the approval of the Institutional Review Board (IRB) of Jordan University of Science and Technology 
(37/137/2021), this cross-sectional study was conducted at a tertiary care center located in Jordan affiliated with the 
aforementioned university. Retrospectively, all diabetic patients being treated or screened for diabetic retinopathy (DR) 
from June 2021 to June 2023 were included for attributed cost estimation and factor analysis. The hospital medical 
electronic records were used to extract patients’ data. Demographic (age and sex) data were collected. In addition, 
medical status (DM duration, type of DM treatment, HbA1c, the co-existence of diabetic nephropathy and lower limb 
ischemia); method of presentation; and number of follow-up visits. In addition, details of procedures such as the number 
of intravitreal injections, number of laser sessions, and number and type of ophthalmic operations were included. 
Moreover, clinical ophthalmic and visual data were retrieved.

The study population included all diabetic patients older than 18 years of age, have either type 1 or type 2 DM, who 
presented to our clinics for either screening of DR, or receiving treatment for DR. Exclusion criteria included diagnoses 
other than DR for which the treatment was conducted (retinal vein occlusion, uveitis, age-related macular degeneration, 
central serous chorioretinopathy). Moreover, pregnant patients and patients who lost follow-up were excluded.

Duration of DM was measured from the diagnosis of DM in years. The treatment of DM was divided into either oral 
hypoglycemic agents (OHGA) or insulin-based regimens. The last Hb1Ac reading was recorded for all patients. The 
method of presentation included either screening for DR in patients who were not known to have DR, presenting with 
symptoms of blurry vision, or being referred from secondary centers as a case of advanced DR for management. Other 
presentation methods included treatment for other abnormalities such as refractive errors, cataracts, or incidental findings.

The International Clinical Diabetic Retinopathy (ICDR) classification severity scale was utilized as a base for our 
classification of DR and diabetic macular edema (DME).14 The findings were assessed at the first presentation visit, 
6-month-visit after the presentation, and at the last follow-up visit. DME was studied separately and was diagnosed by 
optical coherence tomography (OCT). DME was classified as no DME was detected, the presence of DME in one eye, 
and the presence of DME in both eyes. DR was categorized into four classes. The first category is patients without 
evidence of clinical DR. The second category is non-proliferative DR (NPDR), comprising mild, moderate, and severe 
NPDR cases. The third group is the low-risk proliferative DR (PDR), which includes PDR cases that are not sufficient to 
meet the criteria of high-risk PDR or patients who achieved stabilization of the PDR status after successful treatment. 
The last category is the advanced PDR, which is defined by the presence of disc neovascularization greater than third disc 
area, any disc neovascularization with vitreous hemorrhage (VH), any retinal neovascularization greater than half disc 
area with VH, and the presence of advanced surgical features such as non-resolving VH and tractional retinal detachment 
(TRD). DR in the worst affected eye was used for retinopathy grading.

The procedures that were applied were intravitreal injections, retinal laser photocoagulation, and surgical interven
tions. The mean number for intravitreal injections was calculated for each eye and included anti-vascular endothelial 
growth factor injections (ranibizumab and aflibercept) and intravitreal dexamethasone implants. The number of retinal 
laser photocoagulation sessions was also quantified for each eye. The surgical operations were divided into two groups: 
major operations, which included pars plana vitrectomy and glaucoma surgery, and minor operations, which included the 
rest of operations, such as cataract operations. The presence of glaucoma in both eyes was also studied and documented. 
Both primary open-angle glaucoma and neovascular glaucoma were included.

The visual outcome was assessed in LogMAR and analyzed at the first visit, 6-month-visit after the presentation, and 
at the last follow-up visit. Schulze-Bonsel et al study was referenced for patients with visual acuity of counting fingers, 
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hand motion, light perception, or “no light perception”.15 Number of follow-up visits and the duration of follow-up were 
evaluated.

The total cost that was analyzed is the total cost that the hospital expends on treating DR regardless of whether the 
patient is “non-paying” or “paying.” The cost analysis addressed only resources related to DR (not included treatment for 
other DM-related systemic complications). Medical, inpatient, and outpatient direct costs were gathered from patient 
charts through the hospital record system. The medical costs included consultations, investigations (such as OCT and 
angiography), and medical interventions like lasers, intravitreal injections, and surgery. Prescription fees (such as anti- 
glaucoma) were added. These values were derived and adhered to a uniform value system for pricing in Jordan regardless 
of the type of insurance. Medication costs were taken from the Jordanian Food and Drug Administration and included all 
relevant medications for DR. The indirect expenses, such as disability, sick leave, blindness allowances, and early 
retirement due to DR, were not assessed. The total cost was analyzed in Jordanian Dinar (JOD). The total cost included 
treatment for both eyes within the entire period of treatment and follow-up.

Setting
A single vitreoretinal consultant surgeon performed clinical diagnosis and treatment plans. The ophthalmic examination 
was conducted by well-trained residents and confirmed by the consultant vitreoretinal surgeon for suspicious cases. 
According to the international guidelines, similar protocols were adopted for intravitreal injections and were given by 
well-trained senior residents. Through argon laser, pan-retinal photocoagulation (PRP) laser treatment was performed 
after fully dilating the pupil. The surgical operations were performed by a consultant vitreoretinal surgeon.

Statistical Analysis
Raw data were entered into a spreadsheet and analyzed using the IBM statistical package for the social sciences (SPSS) 
v.26 (Armonk, New York, NY, USA). In brief, data were expressed as frequency (percentage) or mean ± standard error of 
the mean (SEM). Statistical significance is determined using the chi-square test for categorical variables and the ANOVA 
test for continuous variables. A simple linear regression test is applied to study the relation between two continuous 
variables, and the B coefficient with standard error is used to express the relation. Multiple logistic regression analyses 
were performed to investigate the confounding effects of different variables. P≤0.05 was considered to be statistically 
significant.

Results
Patients’ Characteristics
The study population included 229 diabetic patients with 458 eyes who were enrolled and investigated. More than half of 
the patients were male (54.6%) and the mean age of the patients was 60.1 years. The mean duration of DM was 12.4 
years. OHGA was utilized by 115 (50.2%) patients, while the other half received insulin within their regimens. The mean 
HbA1c percent was 8.50%. Seventeen patients (8.2%) have a range of diabetic nephropathy and 8 (3.8%) patients 
complain of diabetic foot.

Regarding the mode of presentation, 82 (35.8%) patients presented for screening of DR, 78 (34.1%) presented with 
symptoms of blurry vision, 12 (5.2%) were referred from a primary center as a case of advanced DR, and the remaining 
patients were presented seeking ophthalmic advice for other indications. Table 1 summarizes the patients’ characteristics 
of the population.

At the first presentation visit, 16 (7%) patients had DME in one eye, and 32 (14%) had DME in both eyes. In addition, 
56 (24.5%) patients had NPDR at the presentation, 32 (14%) had low-risk PDR, and 27 (11.8%) had advanced PDR. 
Only 114 (49.7%) patients presented without DR. The mean best corrected visual acuity (BCVA) at the presentation was 
0.5022 LogMAR. At the last follow-up visit, 20 (9.1%) patients had DME in one eye, and 18 (8.1%) had DME in both 
eyes. Furthermore, 59 (25.8%) patients had NPDR, 52 (22.7%) had low-risk or stable PDR, and 19 (8.3%) had advanced 
PDR. The mean BCVA at the last follow-up visit was 0.4923 LogMAR. Table 2 summarizes the clinical and visual 
outcomes at the presentation, the 6-month follow-up visit, and the last follow-up visit.
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Table 1 General Demographics and Characteristics

Variables Number* Percentage (%)

Mean ± SEM

Sex
Male 125 54.6
Female 104 45.4

Age (years) 60.1 ± 0.6

Type of DM treatment
OHGA 115 50.2
Insulin-based regimen 114 49.8

Duration of DM (years) 12.4 ± 0.6

HbA1c (%) 8.5 ± 0.2

Diabetic nephropathy 17 8.2

Lower limb ischemia 8 3.8

Method of presentation
Screening 82 35.8

Decrease of vision 78 34.1

Referral case 12 5.2
Others 57 24.9

Mean number of intravitreal anti-VEGF injections:
Right eye 2.39 ± 0.3

Left eye 2.18 ± 0.3

Total both eyes 4.57 ± 0.5

The mean number of laser sessions
Right eye 0.71 ± 0.1
Left eye 0.64 ± 0.09

Total both eyes 1.35 ± 0.2

Surgical operation of the right eye:
No operation 138 60.3

Minor operations 65 28.4
Major operations 26 11.4

Surgical operation of the left eye:
No operation 152 66.4

Minor operations 53 23.1

Major operations 24 10.5

Glaucoma:
No glaucoma 195 85.2
One eye 8 3.5

Both eyes 26 11.4

Duration of FU (months) 37.3 ± 1.7

Number of FU visits 8.83 ± 0.5

Total cost 1233.90 ± 103.1

Note: *Number= 229. 
Abbreviations: SEM, standard error of the mean; DM, diabetes mellitus; OHGA, oral hypoglycemic agents; 
VEGF, vascular endothelial growth factor; FU, follow up.
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The mean number of intravitreal injections provided during the study period was 4.57 (mean of 2.39 injections for the 
right eye and 2.18 injections for the left eye). The mean number of retinal photocoagulation sessions was 1.35 (mean of 
0.71 for the right eye and 0.64 for the left eye). The right eye underwent 26 major operations and 65 minor operations. 
The left eye underwent 24 major operations and 53 minor operations. It is important to notice that 26 (11.4%) patients 
have bilateral glaucoma, and 8 (3.5%) patients have unilateral glaucoma.

The mean follow-up duration was 37.3 months, and the mean number of follow-up visits was 8.83 visits. The mean 
total medical and non-medical DR-related cost was 1233.9 Jordanian dinars (JOD).

Table 2 Visual and Clinical Outcome

Variables Number* Percentage (%)

Mean ± SEM

DME at presentation
No DME 181 79.0
One eye 16 7.0

Both eyes 32 14.0

DME at six months
No DME 139 75.5

One eye 16 8.7
Both eyes 28 15.2

DME at the last follow-up visit
No DME 183 82.8

One eye 20 9.1

Both eyes 18 8.1

Worst stage of DR at presentation
No DR 114 49.7
NPDR 56 24.5

Low-risk PDR 32 14.0

Advanced PDR 27 11.8

Worst stage of DR at six months
No DR 83 43.5

NPDR 51 26.7

Low-risk PDR 42 22.0
Advanced PDR 15 7.0

Worst stage of DR at last FU visit
No DR 99 43.2

NPDR 59 25.8

Low-risk PDR 52 22.7
Advanced PDR 19 8.3

Mean BCVA (LogMAR)
At presentation 0.5022 ± 0.04

At six months 0.4883 ± 0.04

At the last FU visit 0.4923 ± 0.05

Note: *Number: 229. 
Abbreviations: SEM, standard error of the mean; DME, diabetic macular edema; DR, diabetic 
retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retino
pathy; FU, follow up; BCVA, best corrected visual acuity.
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Cost Evaluation and Factors Analysis
Age, sex, and the presence of diabetic feet were not associated with DR-related costs. The insulin-based regimen was 
associated with higher DR-related costs than OHGA (1611.6 JOD for the insulin-based regimen versus 840.4 JOD for the 
OHGA). Also, the longer duration of DM was associated with higher DR-related costs (for each one-year longer duration 
of DM, the cost increased by 69.1 JOD). In addition, the higher HbA1c level was related to higher DR-related costs (For 
each unit increase in the Hb1Ac, the cost increased by 239.1 JOD). Furthermore, the presence of diabetic nephropathy 
was associated significantly with higher DR-related costs.

Patients who presented for screening of DR were associated with the lowest possible DR-related costs. However, 
referral cases were associated with the highest burden expenses on the system. Moreover, the presence of DME in one 
eye or two eyes at presentation was associated with higher costs. In addition, the worse the DR stage, the higher the DR- 
related cost. Patients with advanced PDR were associated with the highest costs. Furthermore, BCVA was negatively 
associated with DR-related cost. The worse the BCVA, the higher the DR-related cost (for each LogMAR unit increase in 
the BCVA, the cost increased by 813.6 JOD).

As expected, the mean numbers of intravitreal injections and laser sessions were associated with higher DR-related 
costs. Moreover, undergoing major operations was associated with significantly higher DR-related costs. Furthermore, 
the presence of glaucoma was related to higher DR-related costs.

On multiple regression analysis, the worse the stage of DR at presentation, the presence of DME at presentation, and 
the presence of glaucoma were the independent and most effective burden factors that increased the cost on the 
healthcare system. Table 3 summarizes the factors affecting the DR-related cost.

Table 3 Factors Affecting Total Direct Medical DR-Related Cost

Variables Mean ± SEM* or B Regression Coefficient ± SEM**

Total Salary (JOD) P value

Sex*
Male 1133.2 ± 136.1 NS

Female 1354.9 ± 156.2

Age (years)** 3.44 ± 0.1 NS

Type of DM treatment*
OHGA 840.4 ± 116.5 0.0001
Insulin-based regimen 1611.6 ± 169.3

Duration of DM (years)** 69.1 ± 10.2 0.001

HbA1c (%)** 239.1 ± 41.1 0.0001

Diabetic nephropathy* 2230.7 ± 441.1 0.009

Lower limb ischemia* 1603.5 ± 321.7 NS

Method of presentation*
Screening 575.1 ± 89.1 0.0001
Decrease of vision 1437.4 ± 112.3
Referral case 3487.5 ± 130.5

Others 1413.2 ± 113.6

Mean number of intravitreal anti-VEGF injections** 138.1 ± 78.2 0.001

The mean number of laser sessions** 301.9 ± 45.1 0.001

(Continued)
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Factors Affecting the Mean BCVA at the Last Follow-Up Visit
According to Table 4, the mean BCVA had a similar pattern for the cost. Age, sex, and the presence of diabetic foot were 
not associated with the mean of BCVA. However, insulin-based regimen, the longer the duration of DM, the higher the 
HbA1c level, and the presence of diabetic nephropathy were associated with worse BCVA at the last follow-up visit. 

Table 3 (Continued). 

Variables Mean ± SEM* or B Regression Coefficient ± SEM**

Total Salary (JOD) P value

Surgical operation of the right eye*
No operation 665.8 ± 190.1 0.001
Minor operations 1595.2 ± 312.3

Major operations 3345.8 ± 365.6

Surgical operation of the left eye*
No operation 786.4 ± 67.1 0.001
Minor operations 1471.6 ± 114.6

Major operations 3657.6 ± 567.1

Glaucoma*
No glaucoma 1032.3 ± 81.2 0.001

One eye 2111.9 ± 256.4
Both eyes 2476.1 ± 315.7

Duration of FU (months)** 14.6 ± 9.1 0.001

Number of FU visits** 130.6 ± 89.1 0.001

Presence of DME at presentation*
No DME 871.9 ± 64.1 0.0001
One eye 2339.9 ± 157.3
Both eyes 2728.3 ± 162.6

Worst stage of DR at presentation*
No DR 497.6 ± 30.2 0.00001
NPDR 1440.6 ± 180.1
Low-risk PDR 2014.2 ± 197.1

Advanced PDR 2991.9 ± 202.1

Mean BCVA at presentation (LogMAR)** 813.6 ± 183.1 0.001

Notes: *The statistical test used is ANOVA test and data presented in Mean with SEM. **The statistical test used is linear logistic regression test 
and data presented with B coefficient with SEM. 
Abbreviations: SEM, standard error of the mean; DM, diabetes mellitus; OHGA, oral hypoglycemic agents; VEGF, vascular endothelial growth 
factor; DME, diabetic macular edema; DR, diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic 
retinopathy; FU, follow up; BCVA, best corrected visual acuity.

Table 4 Factors Affecting the BCVA at the Last Follow-Up Visit

Variables Mean ± SEM* or B Regression Coefficient ± SEM**

BCVA at Last Follow-Up (LogMAR) P value

Sex*
Male 0.4657 ± 0.05 NS
Female 0.5260 ± 0.03

Age (years)** 0.006 ± 0.004 NS

(Continued)
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Table 4 (Continued). 

Variables Mean ± SEM* or B Regression Coefficient ± SEM**

BCVA at Last Follow-Up (LogMAR) P value

Type of DM treatment*
OHGA 0.2929 ± 0.03 0.01
Insulin-based regimen 0.6509 ± 0.06

Duration of DM (years)** 0.028 ± 0.005 0.001

HbA1c (%)** 0.105 ± 0.02 0.001

Diabetic nephropathy* 0.9328 ± 0.03 0.001

Lower limb ischemia* 0.800 ± 0.01 NS

Method of presentation*
Screening 0.2234 ± 0.04 0.001
Decrease of vision 0.5579 ± 0.05

Referral case 1.3500 ± 0.09

Others 0.5804 ± 0.06

Mean number of intravitreal anti-VEGF injections** 0.031 ± 0.004 0.01

The mean number of laser sessions** 0.072 ± 0.002 0.01

Surgical operation of the right eye*
No operation 0.3927 ± 0.05 0.001
Minor operations 0.4318 ± 0.08
Major operations 1.1462 ± 0.1

Surgical operation of the left eye*
No operation 0.4425 ± 0.04 0.001
Minor operations 0.3135 ± 0.05
Major operations 1.1833 ± 0.09

Glaucoma*
No glaucoma 0.3633 ± 0.03 0.001

One eye 1.2255 ± 0.07

Both eyes 1.200 ± 0.08

Duration of FU (months)** 0.001 ± 0.002 NS

Number of FU visits** 0.022 ± 0.004 0.01

Presence of DME at presentation*
No DME 0.3529 ± 0.05 0.001
One eye 0.8875 ± 0.8
Both eyes 1.0531 ± 0.1

Worst stage of DR at presentation*
No DR 0.1693 ± 0.01 0.0001

NPDR 0.4838 ± 0.04

Low-risk PDR 0.9403 ± 0.07
Advanced PDR 1.1722 ± 0.2

Notes: *The statistical test used is ANOVA test and data presented in Mean with SEM. **The statistical test used is linear logistic regression 
test and data presented with B coefficient with SEM. 
Abbreviations: SEM, standard error of the mean; DM, diabetes mellitus; OHGA, oral hypoglycemic agents; VEGF, vascular endothelial growth 
factor; DME, diabetic macular edema; DR, diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic 
retinopathy; FU, follow up; BCVA, best corrected visual acuity.
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Additionally, the advanced PDR stage of DR, the presence of DME at presentation, and the presence of glaucoma were 
associated with worse BCVA. Moreover, patients who received higher numbers of intravitreal injections, laser sessions, 
and major operations were related to worse BCVA at the last follow-up visit.

Similar to the cost analysis, on multiple regression analysis, the worse the stage of DR at presentation, the presence of 
DME at presentation, and the presence of glaucoma were the independent and most crucial burden factors associated 
with worse BCVA at the last follow-up visit.

Discussion
Currently, most studies about the economic burden and cost analyses of DR have been reported from the Western 
world.16–19 Despite the high prevalence of DM and DR, similar data have not been published in Jordan. This study is the 
first to investigate the burden and cost analysis of DR in Jordan and the Middle East, where this region is complaining of 
a high DM prevalence, poor DM control, and relatively low community resources.20–23 This study highlights that DM 
control parameters are associated directly with increasing the DR-related cost. The longer the duration of DM, the higher 
the HbA1c level, and the insulin-based regimen were related to the rising cost of DR. In addition, the stage of DR at 
presentation, the presence of DME at presentation, and the presence of glaucoma were the independent risk factors for 
DR-related costs. Subsequently, increasing numbers of intravitreal injections, laser sessions, and ocular operations were 
associated with higher DR-related costs.

In most cases, DR progresses in an orderly arranged to more advanced stages and it is essential to detect the stages earlier 
which in turn can prevent/delay the rate of severe vision loss up to 90%.4 Many studies have demonstrated a promising effect 
of intravitreal anti-VEGF injections in cases of DME and even PDR cases.24–26 The previous Diabetic Retinopathy Study 
examined the utilization of a PRP and found that a PRP laser reduced visual loss by 50% compared to no treatment.27 PRP 
laser aims to ablate the ischemic areas and reduce the intravitreal VEGF levels. In DR, surgery is indicated for severe active 
FVM or for persistent vitreous hemorrhage. One study demonstrated that at 4 years follow-up, the final visual acuity of 20/40 
or better was achieved by 44% of the early vitrectomy cases and 28% of the conventional management cases.28 Although the 
visual outcome may be variable, tractional retinal detachment with recent macular involvement is a well-established indication 
for vitrectomy surgery.29 In our study, 50 eyes underwent major vitrectomy surgery for advanced DR stages, which is costly 
and has a burden on the healthcare system. In addition, the mean number of laser sessions in this study was 1.3 sessions, 
meaning that at least all patients underwent slightly more than one session of laser.

Direct DR-related costs increased as the stages of the disease progress, with higher costs increasing between severe 
NPDR and PDR. This is consistent with reports from other Asian countries, Singapore and India.30,31 In Singapore’s 
study by Zhang et al, they revealed that the presence and severity of DR was associated with increased direct medical 
costs in a multi-ethnic Asian diabetic patient. The total cost for PDR patients was 3.79 times the non-DR patients.30 

A study from India by Orji et al demonstrated that treatment of DR benefits, but the DR-related cost increases with 
disease stages and visual impairment. They demonstrated that a nearly 3-fold difference in DR-related cost per eye for 
subjects with severe visual loss (<3/60).31 In a USA study, after adjustment for demographic characteristics, the mean 
direct DR-related cost is significantly higher in patients with DR than those without DR.19 Within the DR subgroups, 
PDR cases had twice DR-related cost over the NPDR cases.19 In Germany, the ratio of DR-related costs for mild, 
moderate, and severe NPDR and PDR relative to no DR were 1.2, 2.5, 3.2, and 7.4, respectively.16 In our study, patients 
presented with advanced PDR had a total cost of about 6.2-times more than patients without DR. Moreover, patients 
presented with bilateral DME had a total cost of 3.1-fold of patients presented without DME.

DM costs the United States an estimated $327 billion annually, with $237 billion coming from direct medical costs and 
$90 billion coming from indirect cost related to disability. Patients with DM are at risk for ophthalmic sequela other than DR, 
including glaucoma, cataracts, and serious infections. Nearly 30% of patients with DM suffer from diabetic retinopathy 
worldwide. Additionally, patients with DR have noticeably higher medical costs than those with other diabetes-related 
conditions. Fortunately, early detection and treatment can reduce the risk of blindness from DR by 95%.32

DR can be avoided with early detection. The traditional methods available for this purpose are taking longer and the 
prediction accuracy is low. If the problem is identified in advanced stages, the chance of efficient treatment for recovery 
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is low. Hence, early detection with high accuracy plays a major role in DR. Deep learning and artificial intelligence are 
technologies that are shown to be efficient in DR screening.33–37

Our study is not without limitations. First, the sample size is relatively small. Second, the subdivision of the total cost 
was not achieved. The total cost for DR is composed of direct medical and non-medical (transportation, relocation, and 
informal care) costs, indirect costs (disability), and intangible costs (psychological pain, discomfort, and distress related 
to diabetes).38 In this study, the directed medical costs were only investigated. Patients with DR may have a higher 
proportion of indirect and intangible costs. Third, patients in tertiary medical centers, like our center, tend to have more 
complicated DR stages than primary centers, which may affect the cost.

Conclusions
Jordanian patients tend to have poor DM control, which was reflected in the cost and visual outcome. Less than half of 
the patients presented without DR and a fifth of them had DME at presentation. Worse stage of DR, presence of DME, 
presence of glaucoma, and increased mean number of intravitreal injections, laser sessions, and surgical operations were 
associated with higher DR-related cost. Screening programs to detect DR at earlier stages should be promoted to reduce 
the total cost in a country where resources are limited.
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