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Abstract: Early identification of patients at risk for diabetes mellitus (DM) and associated morbidities 

such as diabetic retinopathy (DR) is essential for effective lifestyle intervention and treatment. Large-

scale, cost-effective, and minimally invasive screening programs are critical for this purpose. This study 

evaluated the prevalence and history-based risk factors for DR and whether the non-mydriatic fundus 

camera is a useful screening method in Turkey at local health centers. A total of 5182 adults 40 years 

and older were invited to local health centers in rural Eskisehir, Turkey, for DR risk factor assessment 

and screening by fundus examination. Fundal images were graded on-site by trained ophthalmology 

assistants for DR and diabetic macular edema (DME). Patients with DR and DME were referred to the 

tertiary center for follow-up. The severity of DR was associated with female sex, older age, longer 

duration of DM, insulin usage, lower body mass index (BMI), lower educational level, higher systolic 

and diastolic blood pressure, and poor control of blood glucose. DR was not associated with alcohol 

intake or smoking. DME was associated with DM duration and age. Identifying DR prevalence and risk 

factors is essential for disease control. Non-mydriatic fundus camera imaging proved useful for large-

scale DR screening. 
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1.Introduction 

It is projected that 592 million patients with DM will be living in worldwide in 2035 [1]. DR is 

the most common complication of the DM with microvascular damage. All patients with diabetes are at 

risk of developing DR [2]. 
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DR classification into non-proliferative and proliferative DR. If the burden changes the macula, 

macular edema can occur [3] One-third of diabetic patients have DR[4] and account for 5 % of all 

blindness [1]. 

 Because of both economic damage and preventable cause of blindness, almost the working-aged 

group indicate the importance of early diagnosis and treatment of DR[3-5]. Regular eye examination 

and effective treatment are essential for DM and DR management [6]. 

 Although it is known risk factors of DR, the mechanism and progression have not been fully 

understood, so prompt diagnosis is essential through efficient screening [7].  

Approximately 50 % percent of the diabetes patients are not diagnosed, or diagnosed patients are 

not follow up and regularly treated [8]. Therefore inexpensive, easily accessible, and highly diagnostic 

devices can be better for us to follow up. 

The aim of the study to evaluate risk factors of DR in the area by non-mydriatic fundus camera 

and its efficacy for DR follow up. 

2. Materials Subjects and Methods 

This research was supported by the faculty with a research project named 'Evaluation of the 

relationship between intraocular pressure and demographics, ocular and systemic factors in the 

population over 40 years of age in Eskişehir area’. This study was designed by the glaucoma department 

of Osmangazi university medical faculty. For the screening program, those who live in that area were 

informed before the study begins. The participants were invited to family health centers. Five thousand 

one hundred eighty-one patients who applied for screening in health centers were examined. A 

questionnaire was first applied to the participants. Questionnaires consisted of two parts. As shown in 

the form, the first part of the questionnaire questioned demographic information. The second part was 

also interrogating DM.(tobacco and alcohol usage, education level, etc.) 

The diagnosis of diabetes was made according to the patients' anamnesis and the medication they 

used. The photographs of the patients who answered the questions thoroughly were taken by the assistant 

of ophthalmology. When retinal photographs were taken, Kowa (Kowa, Nagoya, Japan) nonmydriatic 

fundus camera was used. Pupils were not dilated. AAO Preferred Practice scheme [9]was used for 

Diabetic Retinopathy monitoring and treatment. Participants who have  DR and DME were directed to 

the tertiary care center. Patients did not undergo an additional examination. 

Ethical statement 

This is a cross-sectional study of all procedures conformed to the tenets of the Declaration of 

Helsinki, and the study was approved by the Osmangazi University institutional ethical review board. 

(Date:31.10.2006 //Approval number:2006-03). 

2.1.Inclusion criteria 

Over 40 years of age 

Living in the Eskişehir province 

Adapting to Fundus photography 

2.2.Exclusion criteria 

Patients whose retinal photographs could not be evaluated clearly.  
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In the present study, fundus photographs of diabetic patients were scanned retrospectively. 415 

photos of 643 DM patients could be evaluated clearly. 

All procedures conformed to the tenets of the declaration of Helsinki, and the local ethics 

committee approved the study. 

2.3. Statistical Analysis 

Pearson chi-square, Mann Whitney U tests, Kruskal Wallis H test, One Way Analysis of Variance 

(ANOVA) was used. Kolmogorov-Smirnov and Shapiro-Wilk tests of normality were used to check the 

normality of variable distributions. The SPSS 22.0 program was used in all the analyses. A value of 

p<0.05 was accepted as significant. 

3.Results 

A total of 5182 cases participated in the study were 3680 women (71%) and 1501 men (29%). 

Four hundred ninety-six women (9.5%) and 147 men of the participants had diabetes (2.8%). The rate 

of diabetes was 12.4% in the study. There was a statistically significant difference between male and 

female gender (p <0.001). DM was seen more in women. The frequency of DR was found to be 21% in 

the participating diabetic community, while the frequency was found to be 2% when all participants 

were included. DR was found more frequently in the female gender (p <0.05). The demographic data 

and risk factors of DR and DM was shown in Table 1. 

Table 1.Characteristics of participants in the study 

 

 
DM - DR- NPDR PDR 

Age (years) 55.43±0.15  58.98±0.47 57.96±1.1 63.11±2.91  

Gender 

Male (n) 

Female (n)  

 

1415 

3351 

 

66 

262 

 

17 

61 

 

3 

6 

BMI (kg/m2) 28.16±0.4 29.04±0.24  28.87±0.7 27.03±2.01  

Tabaco use (n) 1022 50 4 2 

Alcohol use (n) 305 11 1 0 

SBP (mmHg) 139.69±1.46  140.14±1.28  143.17±4.36  142.15±3.25 

DBP (mmHg) 80.87±0.17  82.72±0.6 83.87±0.6 82.69±2.15 

DME (n) - - 17 2 

Insulin usage - 15 7 3 

BGLC - 292 53 9 

n, number of the participant; BMI, Body Mass Index; SBP, Systolic Blood Pressure (SBP); DPB, Diastolic Blood 

Pressure; DME, Diabetic Macular Edema; BCGL, Blood glucose control at every six months. 

In the study, the prevalence of non-proliferative DR (NPDR) and proliferative DR (PDR)  in DM 

patients, 16% and 5%, respectively.  

In the diabetic group, the mean age was found to be higher and statistically significant. (p<0.001). 

Although the mean age in the PDR group was higher than the NPDR group that was not statistically 

significant. 
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Participants' SBP and DBP values were as in the table. Both SBP and DBP were higher in both 

the diabetic patients and the patients had DR. 

Participants were analyzed for BMI. BMI was higher in patients with diabetes and DR and it was 

statistically significant (p <0.05). But there was no difference between the patients with NPDR and PDR 

in terms of BMI (p> 0.05). 

The medication used by DM patients was investigated. Insulin usage increased as the severity of 

the DR increased. (p <0.05) 

In the present study, diabetic patients without DR measured blood glucose more frequently than 

the others (p <0.05). 

The presence of DME in diabetic participants was investigated. Nineteen of diabetic patients had 

DME. 16 cases were women and 3 cases were men. There was a statistically significant difference 

between proliferative and non-proliferative groups in terms of the presence of DME (p <0.001). In the 

non-proliferative group, DME was higher. 

The relationship between the duration of diabetes mellitus and DR was evaluated, as shown in 

table 2. The incidence and severity of diabetic retinopathy were increasing as the duration of the disease 

increases (p<0.001). 

 

Table 2. Duration of diabetes mellitus associated with diabetic retinopathy. 

 5 years 6-10 years 11-15 years 16-20 years 21 years 

Non-proliferative DR (n) 11 27 10 4 4 

Proliferative DR (n) 1 1 1 3 3 

Non-DR (n) 149 113 37 16 12 

n: number of the participant; DR, Diabetic retinopathy. 

 

Participants were assessed for diabetic retinopathy and education level, as shown in Table 3. The 

education level was higher in the group which had not DR (p<0.05). However, there was no difference 

between the non-proliferative group and the proliferative group for education. 

 

Table 3. Education level association with diabetic retinopathy. 

 Uneducated Primary education High school University 

Nonproliferative DR (n) 10 64 2 1 

Proliferative DR (n) 2 5 2 - 

Non-DR (n) 48 264 11 4 

n, number of the participant; DR, Diabetic retinopathy. 

4. Discussion 

The prevalence of DR varies widely among geographic regions and demographic groups. Further, 

estimates within populations have differed markedly across studies. For instance, the rate of DR among 

DM patients was reported to be 9.6% in India10 but 43.1% in Indonesia.[11] In the present study, DR 

was identified in 21% of diabetic participants (2% of the entire participant cohort), an estimate consistent 

with one previous study of DR prevalence among DM patients in Turkey (23.6%) but substantially lower 

than two others (36% and 32.7%) [12−14]. These differences among studies may be caused by 
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insufficient sample size, leading to variation in risk factor distributions (e.g., age and disease duration) 

and (or) to the methods used for fundus examination [15]. 

In the current study, DR was significantly higher in diabetic females, in contrast to several 

previous studies reporting no significant sex difference in DR [16−19] or greater prevalence in males 

[4,20−23]. Participants were examined during working hours on weekdays, which may have increased 

the participation rate of women who do not work full time. Furthermore, most previous trials were 

hospital-based, so the frequency and severity of DR were higher. Also, the greater mortality of male 

diabetics may have influenced these hospital-based estimates. Thus, sampling bias may influence the 

relative prevalence of DR between sexes. Also, sex differences in lifestyle factors and genetic 

predisposition may contribute [21]. A wide-scale epidemiological study with careful sampling control 

is required to determine conclusively whether there is a female preponderance for DR among DM 

patients in Turkey and other regions. 

Longer duration of diabetes and older age were associated with DR in the present study, consistent 

with several previous studies [4,21,24,25]. However, the presence of DR could not be attributed to 

participant age, as in some studies [21,24] even if diabetic patients were elderly [15,19]. Differences in 

other risk factors, such as body weight, blood pressure, and life span (i.e. earlier mortality in one 

population compared with another) may have obscured an effect of age alone. 

Previous studies have reported an association between severe retinopathy and insulin treatment 

[19, 24, 26] by the current study. Also, using a hypoglycaemic agent was associated with DR [27]. 

Alternatively, a study in Hong Kong found a relatively high prevalence of microvascular complications 

despite a low insulin usage rate [28]. The years of initiation of insulin and the level at which the disease 

has started have not been explicitly stated in studies. This result suggests that the evaluation of only one 

factor associated with DR development may lead to a failure to follow disease progression.  

Hypertension treatment has been associated with a higher incidence of DR [24], and high SBP, in 

particular, predicted a significantly greater incidence of DR [4,15,18,19,21,25,27,29]. These results 

were verified in the present study. 

Although DME can be observed at any stage of DR, it is related to DR severity [30−32]. In the 

current study, however, DME was more common in patients with DR, but was not related to the severity 

of DR. This the result may be due to fewer proliferative DR participants, who are usually monitored 

more often. 

Several studies have reported a direct relationship between DR and alcohol use [4, 27, 33], 

whereas others have not found such an association. [19,26,34,35] In one meta-analysis of studies, it was 

argued that some alcoholic beverage types protect against the development of retinopathy [5]. In the 

present study found no relationship between alcohol use and DR but did not record frequency and type 

of alcoholic beverages consumed and other dietary or social factors. This issue warrants further analysis 

[5]. The current study also evaluated the association between smoking and DR, and the absence of a 

relationship is in accord with several previous studies [4, 19, 26] but the contrast to another [22]. The 

most important limiting factor in our study was that a large proportion of the participants were non-

alcoholic and non-smoking females. Also, the amount of alcohol and the number of cigarettes consumed 

and how long they were used before stopping was not recorded. Glycaemic control is among the most 

important risk factors for DR [2,3,7,21,36]. In agreement with the current study, a previous investigation 

found that intensive glucose control reduced DR, although not all-cause mortality [37]. 
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This study also revealed a significant relationship between low BMI and DR. Although there is 

strong evidence for an association of DR with BMI, the direction of the relationship has been 

inconsistent across studies, with several in accord with our findings[15,28,38] and others reporting a 

significant relationship between DR and high BMI [19,21,22,39]. These inconsistencies may stem from 

differences in the proportion of adipose tissue, diabetes severity, ketosis presence, and insulin secretion 

among study groups [1]. Finally, lower educational attainment was a significant risk factor for DR as in 

other studies [19,28,40]. Better communication on lifestyle choices and the importance of self-care (such 

as intensive glucose control) may improve DM management among this population. 

Complications of diabetes, such as retinopathy, can be prevented by reducing lifestyle-related risk 

factors. Moreover, early diagnosis can increase the chances of slowing disease progression and 

successful treatment. Knowing the risk factors will help patients make appropriate choices and aid in 

the screening of high-risk populations. Regular screening is essential for these goals, so it is also 

important that the diagnostic methods are easily accessible, cost-effective, and minimally invasive to 

increase the reach of screening, such as a non-mydriatic fundus camera. These criteria are achieved 

using non-mydriatic fundus camera imaging. 

Many of the aforementioned studies were hospitals based, and eyes were dilated during fundus 

imaging. Nonetheless, results were similar to the present study; when the information mentioned in this 

study is compared with the literature, there is a close resemblance, and these were done by evaluating 

only the photographs taken with a non-mydriatic fundus camera and patient information. Suggesting 

that the non-mydriatic fundus camera can also be used safely for screening and follow-up, especially in 

areas where access to a doctor is difficult and also  non-mydriatic fundus camera with machine-learning 

programs will be able to reach wider audiences in the future. 

We also had restrictive factors in our study. In the present study could not measure the 

participant's blood glucose levels, not use OCT and fundus fluorescein angiography in evaluating 

macular demand retinopathy and not evaluate vision 

5. Conclusion 

Complications of diabetic retinopathy is a health problem that can be detected and prevented. 

Knowing the risks of diabetic retinopathy, informing patients, and screening patients with these risks is 

important for survival. Patients with risk factors should be screened more often. The fact that most of 

the risk factors are changeable helps prevent the progression of the disease. So, it is also important that 

the screening methods are easy and accessible in terms of reaching many patients, such as non-mydriatic 

fundus cameras. In a short time, in the present study was screened a large group of participants with a 

non-invasive method. This study can be a pioneer for deep learning and machine learning-based 

programs. So, it can help an extensive health screening with less budget in the future. If the non-

mydriatic fundus camera can be used with machine- learning, it seems that this will lead to significant 

public health. 
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