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            Abstract

            
               
Background: Hypertension is a leading cause of morbidity and mortality and is associated with the risk of cardiovascular, cerebrovascular
                  disease, and target organ damage. The risk increases exponentially in individuals with diabetes. Hypertensive retinopathy
                  is a marker for target organ damage, so screening for hypertensive retinopathy helps in cardiovascular risk stratification.
                  This study was conducted with an objective to screen for hypertensive retinopathy among known diabetics using a portable non-mydriatic
                  fundus camera to ascertain its prevalence. 
               

               Materials and Methods: The study was conducted in three selected field practice areas of the Department of Community Medicine. A house-to-house
                  survey was performed using a predesigned, pretested questionnaire among 302 known diabetics. The study participants were subjected
                  to visual acuity examination using Snellen's chart and retinal fundus examination using a portable non-mydriatic Bosch Mobile
                  Eye Care Solutions fundus camera. The fundus images were transferred to a laptop and were reviewed and graded by an experienced
                  Ophthalmologist. 
               

               Results: Among the 302 participants studied, 60 were diagnosed with hypertensive retinopathy. The prevalence of hypertensive retinopathy
                  among diabetic patients was 19.9 % (95% CI: 15.7% - 24.6%). The prevalence was found to be higher in ** (21.8%; 95% CI: 16%
                  - 28.6%) as compared to ** (17.5%; 95% CI: 11.8% - 24.6%). 
               

               Conclusion: Early detection of hypertensive retinopathy with cardiovascular risk stratification and initiation of prompt treatment among
                  the high-risk individuals will help reduce the morbidity caused due to end-organ damage and premature mortality to a greater
                  extent and will pave the way forward to achieving sustainable developmental goals.
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               Introduction

            Systemic hypertension is a leading cause of morbidity and premature mortality worldwide and contributes to 7.6 million deaths
               globally annually. Premature mortality occurs predominantly due to cardiovascular, cerebrovascular, and renal diseases. Around
               1.28 billion adults in the world were diagnosed with hypertension, and approximately two-thirds of them live in low- and middle-income
               countries. Hypertension tends to be asymptomatic in the initial stages and is commonly detected by screening procedures.1, 2 An estimated 46% of hypertensive adults are unaware of their disease status. Hence, a large number of these subjects present
               with target organ damage on their first arrival at a hospital or clinic.3 

            Diabetes and hypertension are a dual burden to the health care system as they often exist together. Hypertension affects approximately
               70% of diabetic patients. 4 Both diabetes and hypertension are vascular risk factors and significantly increase the risk of ischemic cerebrovascular
               disease and retinopathy. 5 When diabetes and hypertension coexist, the risk of cardiovascular diseases increases exponentially. Similarly, retinopathy
               becomes rapidly progressive due to endothelial dysfunction and results in accelerated diabetic retinopathy, causing subsequent
               damage to the eyes and visual impairment. Diabetic retinopathy is a potentially blinding condition, while hypertensive retinopathy
               is not as devastating for vision as diabetic retinopathy but serves as a marker for end-organ damage. Place alongside this
               fact that systemic hypertension is also a risk factor for several potentially blinding conditions like (i) central retinal
               artery occlusion, (ii) branch retinal artery occlusion, (iii) central retinal vein occlusion, (iv) branch retinal vein occlusion,
               (v) glaucoma, (vi) age-related macular degeneration, and (vii) suprachoroidal hemorrhage during ophthalmic surgeries. 6 Hypertension acts as a silent killer for many years before the systemic target organ damage is clinically apparent. Hypertensive
               retinopathy serves as a marker for overt target organ damage. Hence, the diagnosis of hypertensive retinopathy helps in cardiovascular
               risk stratification. Early detection of hypertensive retinopathy and end-organ damage coupled with prompt management determines
               the cardiovascular prognosis to a greater extent.
            

            The eyes are the only organs in the body where vascular changes can be observed in vivo. The retina serves as a window to
               study human circulation as the retinal arterioles share similar anatomical and physiological properties with cerebral and
               coronary microcirculation. 3 Poorly controlled systemic hypertension causes damage to the retinal microcirculation. Retinal vascular examination using
               direct ophthalmoscopy can be used to determine the extent of hypertensive vascular changes. 7 Using non-invasive procedures such as non-mydriatic fundus imaging are widely accepted in the general population and may
               serve as an ideal tool for population-based screening procedures. The non-mydriatic fundus imaging using a portable fundus
               camera brings hypertensive retinopathy screening procedure to the doorsteps of the individuals and thereby has the following
               advantages; (i) reduce the travel cost, (ii) has wide acceptance and increased participation (iii) cost-effective. The population-based
               screening procedures enables to screen larger population with no apparent clinical manifestation who often tend to be missed
               out during hospital-based screening procedures. Hence, this study was designed with an objective to screen for hypertensive
               retinopathy among the known diabetic patients using a portable non-mydriatic fundus camera as a community-based screening
               procedure and estimate its prevalence.
            

         

         
               Materials and Methods

            
                  Data collection method

               A community-based cross-sectional study was conducted in three selected field practice areas of the Department of Community
                  Medicine of a tertiary care teaching hospital in ** between December 2018 and January 2020. The known participants were identified
                  by reviewing Non-Communicable Disease (NCD) registers, community-based health information and management system records, and
                  family folders. A house-to-house survey was conducted among 302 known diabetic individuals. All the participants were briefed
                  about the study procedure. The participants were interviewed using a predesigned and pretested questionnaire, and information
                  regarding their demographic profile, and treatment history, etc., were obtained. The study participants were subjected to
                  clinical examination, and blood pressure was recorded. The visual acuity examination was performed using Snellen's chart.
                  A comprehensive ocular examination and retinal fundus examination using a portable handheld Bosch Mobile Eye Care Solutions
                  fundus camera [Model Number: 311600460910] without pupillary dilation (non-mydriatic mode). A minimum of 2 sets of images
                  was captured for each participant in each eye. The images were transferred to a laptop via Bosch external connector and were
                  grouped into patient-specific folders. The fundus images were reviewed and reported by an experienced Ophthalmologist from
                  the same hospital. Hypertensive retinopathy was graded based on Keith, Wagener, and Barker hypertensive retinopathy classification.
                  8 

               
                     
                     Table 1

                     Grading of hypertensive retinopathy using Keith, Wagener, and Barker classification
                     

                  

                  
                        
                           
                              	
                                 
                              
                               Grade

                              
                           
                           	
                                 
                              
                               Classification

                              
                           
                           	
                                 
                              
                               Symptoms

                              
                           
                        

                        
                              	
                                 
                              
                               Grade I

                              
                           
                           	
                                 
                              
                               Mild generalised retinal arteriolar narrowing and sclerosis

                              
                           
                           	
                                 
                              
                               No symptoms

                              
                           
                        

                        
                              	
                                 
                              
                               Grade II

                              
                           
                           	
                                 
                              
                               Definite focal narrowing and arteriovenous crossing. Moderate to marked sclerosis of the retinal arterioles. Exaggerated
                                 arterial light reflex
                              

                              
                           
                           	
                                 
                              
                              Asymptomatic

                              
                           
                        

                        
                              	
                                 
                              
                               Grade III

                              
                           
                           	
                                 
                              
                               Retinal haemorrhages, exudates and cotton wool spots. Sclerosis and spastic lesion of retinal arterioles.

                              
                           
                           	
                                 
                              
                               Symptomatic 

                              
                           
                        

                        
                              	
                                 
                              
                               Grade IV

                              
                           
                           	
                                 
                              
                               Severe grade III and papilledema

                              
                           
                           	
                                 
                              
                               Reduced survival

                              
                           
                        

                     
                  

               

            

            
                  Geographical information system

               Geographical Information System (GIS) is a system used to capture, store, integrate, analyze and display data that are spatially
                  referenced to the earth. The system is gaining importance lately due to its ability to analyze data spatially and plot them
                  graphically into maps. It serves as a decision-making tool in health care and guides the formulation of health sector policies
                  and programs. 9 GIS mapping of diseases helps identify areas of risk and enables decision-making in order to serve the priority areas.10 Hence, during the household survey, the geographical coordinates of the location of the study participants were marked using
                  the mobile phone-based application Epicollect5. These geo-coordinates were uploaded in the GIS software ArcGIS software version
                  10.4 developed by Environmental Systems Research Institute, Redlands, California, and the region-specific prevalence map was
                  developed.
               

            

            
                  Statistical analysis

               The data was entered in EpiData software version 3.1 developed by EpiData Association, Denmark. The data was exported and
                  analyzed using Statistical Package for Social Sciences (SPSS) software version 21 developed by IBM PASW Statistics, New York,
                  U.S. The outcome variable was classified based on the findings of non-mydriatic fundus images. The categorical variables were
                  expressed as percentage/proportion. The continuous variables were reported as mean and standard deviation and, while median
                  with interquartile range (IQR) was commuted for data with skewed distribution. The 95% confidence interval range for the categorical
                  variable was calculated using SPSS software version 21.
               

            

            
                  Ethical clearance

               The study was commenced after obtaining approval from the Institutional Ethics Committee [IEC NO: RC/18/68]. All the study
                  participants were briefed about the study procedure and informed written consent was obtained. 
               

            

         

         
               Results

            About 302 known diabetic participants were screened for hypertensive retinopathy using a portable non-mydriatic Bosch Mobile
               Eye Care Solutions fundus camera. The demographic characteristics of the study participants are shown in Table  2.
            

            
                  
                  Table 2

                  Demographic characteristics of the study population (n=302)
                  

               

               
                     
                        
                           	
                              
                           
                            Variable

                           
                        
                        	
                              
                           
                            Hypertensive retinopathy

                           
                        
                        	
                              
                           
                            Total (n=302)

                           
                        
                     

                     
                           	
                              
                           
                            Present (n=60)

                           
                        
                        	
                              
                           
                            Absent (n=242)

                           
                        
                     

                     
                           	
                              
                           
                            N

                           
                        
                        	
                              
                           
                            %

                           
                        
                        	
                              
                           
                            N

                           
                        
                        	
                              
                           
                            %

                           
                        
                     

                     
                           	
                              
                           
                            Mean Age

                           
                        
                        	
                              
                           
                            53.53 years

                           
                        
                        	
                              
                           
                            61.64 years

                           
                        
                        	
                              
                           
                            53.5

                           
                        
                     

                     
                           	
                              
                           
                            Gender

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Male

                           
                        
                        	
                              
                           
                            25

                           
                        
                        	
                              
                           
                            22.3

                           
                        
                        	
                              
                           
                            87

                           
                        
                        	
                              
                           
                            77.7

                           
                        
                        	
                              
                           
                            112

                           
                        
                     

                     
                           	
                              
                           
                            Female

                           
                        
                        	
                              
                           
                            35

                           
                        
                        	
                              
                           
                            18.4

                           
                        
                        	
                              
                           
                            155

                           
                        
                        	
                              
                           
                            81.6

                           
                        
                        	
                              
                           
                            190

                           
                        
                     

                     
                           	
                              
                           
                            Education

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            No formal schooling

                           
                        
                        	
                              
                           
                            23

                           
                        
                        	
                              
                           
                            18.7

                           
                        
                        	
                              
                           
                            100

                           
                        
                        	
                              
                           
                            81.3

                           
                        
                        	
                              
                           
                            123

                           
                        
                     

                     
                           	
                              
                           
                            Primary school

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            31.3

                           
                        
                        	
                              
                           
                            22

                           
                        
                        	
                              
                           
                            68.8

                           
                        
                        	
                              
                           
                            32

                           
                        
                     

                     
                           	
                              
                           
                            Middle school

                           
                        
                        	
                              
                           
                            16

                           
                        
                        	
                              
                           
                            18.2

                           
                        
                        	
                              
                           
                            72

                           
                        
                        	
                              
                           
                            81.8

                           
                        
                        	
                              
                           
                            88

                           
                        
                     

                     
                           	
                              
                           
                            High school

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            22.9

                           
                        
                        	
                              
                           
                            37

                           
                        
                        	
                              
                           
                            77.1

                           
                        
                        	
                              
                           
                            48

                           
                        
                     

                     
                           	
                              
                           
                            Graduate

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            100

                           
                        
                        	
                              
                           
                            11

                           
                        
                     

                     
                           	
                              
                           
                            History of hypertension

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Present

                           
                        
                        	
                              
                           
                            47

                           
                        
                        	
                              
                           
                            34.3

                           
                        
                        	
                              
                           
                            90

                           
                        
                        	
                              
                           
                            65.7

                           
                        
                        	
                              
                           
                            137

                           
                        
                     

                     
                           	
                              
                           
                            Absent

                           
                        
                        	
                              
                           
                            13

                           
                        
                        	
                              
                           
                            7.9

                           
                        
                        	
                              
                           
                            152

                           
                        
                        	
                              
                           
                            92.1

                           
                        
                        	
                              
                           
                            165

                           
                        
                     

                     
                           	
                              
                           
                            History of cardiovascular disease

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Present

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            42.3

                           
                        
                        	
                              
                           
                            15

                           
                        
                        	
                              
                           
                            57.7

                           
                        
                        	
                              
                           
                            26

                           
                        
                     

                     
                           	
                              
                           
                            Absent

                           
                        
                        	
                              
                           
                            49

                           
                        
                        	
                              
                           
                            12.8

                           
                        
                        	
                              
                           
                            227

                           
                        
                        	
                              
                           
                            82.2

                           
                        
                        	
                              
                           
                            276

                           
                        
                     

                  
               

            

            The mean age of participants was 53.5 years (SD ± 9.65). Most of the study participants were females, 190 (62.9%). About 123
               (40.7%) of the participants had no formal school education. Around 137 (45.4%) known diabetic participants had a history of
               hypertension, and about 26 (8.6%) had coexisting cardiovascular diseases. 
            

            Out of the 302 diabetics studied, 60 (19.9%, 95% CI: 15.7% - 24.6%) were found to have some degree of hypertensive retinopathy
               as indicated by the presence of arteriolar attenuation and arteriovenous changes in the fundus photographs. Out of 60 participants
               diagnosed with hypertensive retinopathy, 35 (58.3%) were females, and 25 (41.6%) were males.Table  2  
            

            
                  
                  Table 3

                  Distribution of the hypertensive retinopathy patients based on its severity (n=60).
                  

               

               
                     
                        
                           	
                              
                           
                            S.No.

                           
                        
                        	
                              
                           
                            Hypertensive retinopathy classification

                           
                        
                        	
                              
                           
                            Right Eye

                           
                        
                        	
                              
                           
                            Left Eye

                           
                        
                     

                     
                           	
                              
                           
                           
                              Frequency (n)
                              
                           

                           
                        
                        	
                              
                           
                           
                              Percentage (%)
                              
                           

                           
                        
                        	
                              
                           
                           
                              Frequency (n)
                              
                           

                           
                        
                        	
                              
                           
                           
                              Percentage (%)
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            Grade I

                           
                        
                        	
                              
                           
                            52

                           
                        
                        	
                              
                           
                            91.2

                           
                        
                        	
                              
                           
                            55

                           
                        
                        	
                              
                           
                            91.7

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            Grade II

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            7.0

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            6.7

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            Grade III

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            1.8

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            1.6

                           
                        
                     

                     
                           	
                              
                           
                            Total

                           
                        
                        	
                              
                           
                            57

                           
                        
                        	
                              
                           
                            100

                           
                        
                        	
                              
                           
                            60

                           
                        
                        	
                              
                           
                            100

                           
                        
                     

                  
               

            

            The participants diagnosed with hypertensive retinopathy were graded using Keith-Wagner-Barker classification (Table  3). About 91.2% and 91.7% were diagnosed with grade I hypertensive retinopathy in the right and left eye. About 7 % and 6.7%
               were diagnosed with grade II hypertensive retinopathy in the right eye and left eye, respectively. Only one participant was
               diagnosed with grade III hypertensive retinopathy in both eyes.
            

            In this study, Geographical Information System was used to map the locations of hypertensive retinopathy patients using ArcGIS
               software and the region-specific prevalence maps were developed (Figure  2). The prevalence of hypertensive retinopathy was found to be slightly higher in Tamil Nadu (21.8%; 95% CI: 16% - 28.6%) as
               compared to that of Puducherry (17.5%; 95% CI: 11.8% - 24.6%).Table  3  
            

            
                  
                  Figure 1

                  Non-mydriatic fundus images showing features suggestive of hypertensive retinopathy.

                  Figure  1A-AD) depict the features suggestive of hypertensive retinopathy as indicated by arteriovenous changes in the fundus photographs
                     including the presence of arteriolar attenuation, arteriolar thinning, AV nicking, exudates and cotton wool spots.
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/46d47ac3-8475-487f-8ff6-e60760014204image1.png]

            

            
                  
                  Figure 2

                  Geographical map depicting the area-wise prevalence of hypertensive retinopathy.The location of the hypertensive retinopathy
                     patients mapped using Epicollect 5 were imported into Arc GIS software and were developed in prevalence maps to depict the
                     region-specific prevalence. The prevalence was found to be slightly higher in ** (21.8% 95% CI: 16% - 28.6%) when compared
                     to ** (17.5%; 95% CI: 11.8% - 24.6%).
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/46d47ac3-8475-487f-8ff6-e60760014204image2.png]

            

         

         
               Discussion

            Non-communicable diseases have emerged as a global public health crisis and a leading cause of premature mortality. Hypertension
               and diabetes mellitus being vascular risk factors increase the risk of both cardiovascular and cerebrovascular events. Uncontrolled
               hypertension damages the retinal vasculature resulting in hypertensive retinopathy. Hence active screening of hypertensive
               retinopathy helps in early detection and cardiovascular risk stratification. The diagnosis of hypertensive retinopathy is
               based on findings seen on fundoscopic examination, usually under adequate mydriasis in an outpatient department which is time-consuming
               and hence frustrates large-scale screening. On the other hand, the non-mydriatic fundus camera is a portable device that can
               be used in a house-to-house survey without dilating the pupils and hence requires less amount of patient time. This offers
               a clear advantage for screening efforts. This study was undertaken to determine the prevalence of hypertensive retinopathy
               in known diabetics using the portable non-mydriatic Bosch Mobile Eye Care solutions fundus camera in a community-based setting
               saved time as pupils are not dilated and so can be used as an effective tool for screening in the house-to-house survey or
               in a rural clinic. Other modalities of fundus examination require mydriasis and costly equipment in an outpatient department.
               Spectral-domain and swept-source optical coherence tomography, SD-OCT and SS-OCT, respectively, are newer modalities of imaging
               that can demonstrate thinning of the retina, pigment epithelium detachment, serous retinal detachment, and areas of choroidal
               non-perfusion. 11 

            The mean age of the study participants in the present study was 53.5 years (SD ± 9.65). Similar findings were reported by
               a study by Mondal et al., which reported a mean age of 51.8 years. 12 The prevalence of hypertensive retinopathy increases with age likely findings were suggested by Yu T, et al. study that retinopathy
               is correlated with increased age and the severity of hypertension. 13

            In the present study, most of the study participants were female (190), which is similar to the study done by Besharati MR
               et al. among 213 hypertensive patients in Yazd, Iran.14

            Yet the prevalence of hypertensive retinopathy was high among males as compared to that of females and these findings are
               in line with the study done in Bangladesh by Mondal RN et al. which showed an increased prevalence in males than females (64.1%
               vs. 35.9%) (P value- 0.006).12 Similar findings were observed in a study in Maharashtra by Priyadarshini et al. The study observed that hypertensive retinopathy
               occurs more among males with a male: female ratio of 1.7:1.15

            In the present study, 137(45.4%) known diabetic participants had a history of hypertension. Thirteen (21.6%) participants
               diagnosed with hypertensive retinopathy did not have a history of hypertension and were not aware of their disease status.
               Hypertension is commonly known as a silent killer disease because of the fact that it tends to be asymptomatic in most patients
               for several years causing serious damage to the organ system.16  Generalised and focal retinal arteriolar narrowing has been shown to predict the risk of hypertension in normotensive people.17  This fact highlights the silent nature of the disease and the need for regular population-based screening and helps in risk
               prediction. Eleven (42.3%) of the known diabetic individuals with coexisting cardiovascular diseases were diagnosed with hypertensive
               retinopathy. The cohort study by Jibran et al. reported hypertensive retinopathy as an independent risk factor for post-acute
               STEMI in people with pre-existing cardiovascular disease and also associated with an increased relative risk of complication
               by 3.17 times. 18 
            

            Among the 302 known diabetics screened, about 60 [19.9% (95% CI: 15.7% - 24.6%)] were diagnosed to have some degree hypertensive
               retinopathy as indicated by the presence of arteriolar attenuation and arteriovenous changes in the fundus photographs. The
               study conducted by Salaria NS et al. in a tertiary care hospital at Mathura observed a similar prevalence of 28.1%. 19 Yet few studies suggest a very high prevalence of hypertensive retinopathy ranging from 29% to 70%. The study by Ray S et
               al. observed a prevalence of 62.25%. 20 These findings suggest that hypertensive retinopathy predominately remains to be disease following the iceberg phenomenon
               and emphasis the need for screening.
            

            The severity of hypertensive retinopathy is significant in cardiovascular risk stratification. Grade III and IV hypertensive
               retinopathy are associated with poor prognosis and decreased survival. Several grading systems were used in grading hypertensive
               retinopathy. Keith, Wagner, Barker came up with the first classification based on arteriovenous changes, haemorrhages, exudate,
               and disc edema.8 Wong and Michel simplified the grading into mild indicated by arteriovenous changes, moderate by retinal haemorrhages, cotton
               wool spots, and hard exudates and severe by moderate retinopathy plus optic disc swelling.21 Hypertensive choroidopathy is marked by Elschnig's spots, lesions appearing as black spots surrounded by yellow or red halos
               at retinal pigment epithelium (RPE) level due to non-perfusion of the overlying choriocapillaris and resultant focal ischemic
               damage to RPE, whereas Siegrist streaks are linear hyperpigmented streak along choroidal arteries due to ischemia. Choroidal
               dysfunction can affect the pumping mechanism of retinal pigment epithelium which can lead to serous retinal detachments. 22 The significance of hypertensive retinopathy lies in the fact that signs of mild hypertensive retinopathy are associated
               with coronary artery disease, stroke and renal dysfunction.23, 24, 25 In the Ibaraki Prefectural Health Study, mild hypertensive retinopathy was found to be a risk factor for cardiovascular mortality
               independent of cardiovascular risk factors. Signs of moderate hypertensive retinopathy were even more strongly associated
               with two- to four-times higher risk of death from cardiovascular causes. Hypertensive chorioretinopathy is a feature more
               commonly associated with younger patients. It is seen in conditions like malignant hypertension, pre-eclampsia, acute or chronic
               renal failure, renal artery stenosis, and adrenal carcinoma. These conditions require immediate medical treatment.26 In the present study, 52(91.2%) and 55(91.7%) participants were diagnosed with grade I hypertensive retinopathy in the right
               and left eye. About 4(7 %) and 4(6.7%) were diagnosed with grade II hypertensive retinopathy in the right eye and left eye,
               respectively. Only one participant was diagnosed with grade III hypertensive retinopathy in both eyes. Similar findings were
               observed done in Ghana among civil servants where the prevalence of mild grades of hypertensive retinopathy was as high as
               69.4%. 27

            In this study, Geographical information system was used to map the locations of hypertensive retinopathy patients. The use
               of GIS in healthcare has helped in identifying high prevalence areas that require action on a priority basis as well as in
               planning and decision-making. The prevalence was found to be slightly higher in Tamil Nadu (21.8%; 95% CI: 16% - 28.6%) as
               compared to that of Puducherry (17.5%; 95% CI: 11.8% - 24.6%). The prevalence map suggested a difference in area-wise distribution
               of hypertensive retinopathy. The study found a prevalence of hypertensive retinopathy in different areas as follows: 35.13%
               in ** area, 17.52% in ** area and 10.98% in ** area. The first two areas with higher prevalence require more attention in
               healthcare planning and also to ascertain the various causes that could be behind this finding. GIS technology can also be
               utilised in mapping the behavioural risk factors contributing to non-communicable diseases and also identify clustering of
               patients with high risk factors.28

         

         
               Conclusion

            The coexistence of systemic hypertension not only exacerbates diabetic retinopathy, which is potentially a blinding condition,
               but also is an independent risk factor for coronary artery disease, cerebrovascular disease, renal dysfunction and other potentially
               blinding conditions like central retinal and vein occlusions, branch retinal vein occlusion, non-arteritic ischemic optic
               neuropathy, glaucoma, age-related macular degeneration and suprachoroidal haemorrhage during ophthalmic surgeries.6  This fact highlights the need for better screening measures which will pick out those who are at risk without an elaborate
               health check-up which can defeat screening efforts. To this end, the incorporation of portable non-mydriatic camera can go
               a long way. The GIS helps in identifying high prevalence areas so that appropriate preventive measures can be directed where
               needed. Early detection of hypertensive retinopathy and prompt treatment will help in reducing the morbidity and premature
               mortality due to hypertension to a greater extent and is a way forward to achieving Sustainable Developmental Goal.
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