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ABSTRACT

Introduction: We aimed to determine the
prevalence and risk factors for diabetic
retinopathy (DR) in a multi-primary healthcare
facilities-based DR screening project by analyz-
ing single-field fundus photographs among
patients with diabetes in Rafsanjan City, Iran,
based on the Rafsanjan Cohort Study, as a part
of the prospective epidemiological research
studies in IrAN (PERSIAN).
Methods: Of all participants in the Rafsanjan
Cohort Study (performed in four primary
healthcare facilities across Rafsanjan City from
August 2015 to December 2017), patients with
diabetes were recruited in this study. All par-
ticipants underwent a standardized interview
and clinical and paraclinical examinations for
demographic characteristics, and medical con-
ditions according to the PERSIAN’s protocols. In
addition, digital fovea-centered and single-field
fundus photography was performed for DR

identification and grading. For assessment of
agreement, a subgroup of participants under-
went fundus examination, randomly. DR was
graded as nonproliferative (NPDR) or prolifera-
tive (PDR).
Results: Of 8414 screened participants, 1889
had diabetes. The total prevalence of DR was
6.93% [131 individuals including 110 (5.82%)
with NPDR, and 21 (1.11%) with PDR] based on
single-field fundus photographs, with almost
perfect agreement with fundus examinations
(j = 0.82). On adjusted multivariate analysis,
duration of diabetes (OR 1.16, 95% CI
1.13–1.19), positive family history for diabetes
(OR 1.73, 95% CI 1.09–2.75), fasting plasma
glucose (FPG) C 126 mg/dL (OR 1.98, 95% CI
1.16–3.39), and serum creatinine level (OR 1.79,
95% CI 1.08–2.98) were associated with DR.
Factors including age, education level, physical
activity, body mass index, hypertension, and
cardiovascular and renal diseases did not have
association with DR on adjusted multivariate
analysis.
Conclusions: Single-field fundus photography
can be used for screening of DR in primary
healthcare facilities. In individuals with dia-
betes, duration of diabetes, positive family his-
tory for diabetes, FPG C 126 mg/dL, and serum
creatinine level may be associated with DR.
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epidemiological research studies in IrAN
(PERSIAN)

Key Summary Points

The prevalence of diabetes in Rafsanjan
City, Iran, is estimated 19.1%, and this is
the first study to report the prevalence of
diabetic retinopathy (DR) in this city.

This population-based study assessed the
prevalence of diabetic retinopathy (based
on fundus photography, as an available
and effective screening tool) and its
associated factors.

Single-field fundus photography is
sufficient for screening of diabetic
retinopathy in comparison with fundus
examinations.

Duration of diabetes, family history
positive for diabetes, FPG C 126 mg/dL,
and serum creatinine level may be
associated with diabetic retinopathy.

INTRODUCTION

Visual impairment due to uncontrolled diabetes
has shown an increasing trend worldwide,
affecting quality of life. Diabetic retinopathy
(DR) occurs in approximately three-fourths of
patients with diabetes two decades after diag-
nosis of the disease [1]. The prevalence of DR in
patients with diabetes varies among different
populations [2–7]. In Iran, the prevalence of DR
in population-based studies is estimated at
29.6% [8].

To decrease the burden of DR, current
guidelines recommend that, for type 1 diabetes,
a dilated fundus examination be performed 3–-
5 years after the diagnosis and then annually. In
type 2 diabetes, the first dilated fundus exami-
nation should be done upon the diagnosis and
annually thereafter [9]. These regular screenings
are suggested for DR detection at early stages to
prevent severe retinal complications [10].

Despite these serial examinations, DR remains a
leading cause of irreversible visual impairment
[11]. In addition, this approach is labor inten-
sive and costly. Therefore, performing alterna-
tive screening techniques including fundus
photography seems logical [12, 13]. Multiple-
and even single-field images are reliable and
cost-effective screening tools for DR [14–16].

Factors that play a role in the development
of DR include duration of diabetes, glycemic
control, and urinary albumin [4, 17, 18]. Here,
we conducted a study in Rafsanjan City, Ker-
man Province, Iran, using data from the Raf-
sanjan Cohort Study (RCS) to evaluate the
prevalence of DR (based on single-field fundus
photographs) and its associated factors. The
characteristics of Rafsanjan City and its popu-
lation are described elsewhere [19]. The preva-
lence of diabetes among this population is
relatively higher (19.1%) than the mean of Ira-
nian population [20].

METHODS

Study Design and Patient Selection

This cross-sectional study was conducted on the
participants of RCS, as a part of the prospective
epidemiological research studies in IrAN (PER-
SIAN). Rafsanjan is a city in the southeast of
Iran. RCS is also part of the PERSIAN Eye Cohort
Study (including five other cities in Iran) for
determining the prevalence of and factors
associated with major ocular diseases including
DR. The details of the PERSIAN and the RCS
profiles are described elsewhere [10, 11, 19, 21].
A total of 9990 individuals (5335 female and
4655 male) aged between 35 and 70 years from
four urban and suburban areas of Rafsanjan City
during August 2015 to December 2017 partici-
pated in this study according to the PERSIAN’s
protocols [21]. The ethics committee of Raf-
sanjan University of Medical Sciences approved
this study (ethics code IR.RUMS.REC.1400.122).
In addition, this study was performed in accor-
dance with the Declaration of Helsinki, and
written informed consent was obtained from all
participants.
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Data Collection

All participants underwent a self-reporting
standardized interview to complete validated
questionnaires containing questions on demo-
graphics, dietary intake, and medical and
habitual history. Questionnaires were validated
in the PERSIAN [21].

Diabetes was diagnosed at fasting plasma
glucose (FPG) of C 126 mg/dL, or if a patient
was receiving blood glucose-lowering treatment
[22, 23]. The duration of diabetes was recorded
in years. The duration of diabetes in newly
diagnosed patients was considered as zero years.
History of diabetes was defined as the propor-
tion of individuals with diabetes who were
aware of their diabetes at the time of partici-
pating in the study [22].

Blood pressure and anthropometric indices
were also assessed. Blood pressure was measured
in a supine position in the right arm, using a
standard mercury sphygmomanometer, using
the first and fifth Korotkoff sounds to the
nearest 2 mmHg. Participants rested for 10 min
before testing [24]. Hypertension was defined as
present if systolic blood pressure (SBP)
was C 140 mmHg, diastolic blood pressure
(DBP) was C 90 mmHg, or the participant
reported current treatment for hypertension
[25]. Mean arterial pressure (MAP) was calcu-
lated as DBP ? 1/3 (SBP-DBP) [26]. Height and
weight were measured in light clothing by a
trained observer. Body mass index (BMI) was
calculated as weight (kg)/height (m2) [27]. FPG,
total cholesterol, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), triglyc-
erides, blood urea nitrogen (BUN), creatinine,
serum glutamic-oxaloacetic transaminase
(SGOT), serum glutamic pyruvic transaminase
(SGPT), alkaline phosphatase (ALP), and
gamma-glutamyl transferase (GGT) were mea-
sured using a Biotecnica analyzer (BT 1500,
Italy) at the central laboratory in cohort center
of Rafsanjan City. Glomerular filtration rate
(GFR) was calculated as (140 - age) 9 (
weight) 9 (0.85 if female)/(72 9 serum crea-
tinine) [28].

One trained optometrist took ocular history
including any previous ocular surgery or retinal
laser therapy from all participants. She

measured uncorrected distance visual acuity
(UDVA), cyclorefraction, and corrected distance
visual acuity (CDVA). Then after pupillary
dilation, fundus photography was done, for all
participants. These photographs were taken
using Topcon TRCNW6S (Topcon America
Corp., Paramus, NJ, USA) fundus camera with a
single-field 45� digital color retinal image (ef-
fective size of 64 megapixels) centered on the
fovea. If the quality of the image was insuffi-
cient, it was retaken. If the retaken image had
still a poor quality, the photograph was con-
sidered ungradable and the patient was referred
for clinical examinations. Images were stored as
uncompressed tagged image format files (TIFF)
and were displayed on a standard 17-inch
monitor. One ophthalmologist (A.Z.) graded
the fundus photographs for DR. Randomly, 331
(17.52%) patients with diabetes underwent
dilated fundus examination by ?90 diopter lens
by one ophthalmologist (M.S.) for assessment of
agreement for DR identification and grading
between examination and photography.

The patients with diabetes were divided into
three different grades for DR: (1) no DR, (2)
nonproliferative DR (NPDR; i.e., presence of
dot-blot hemorrhages, cotton-wool spots,
venous beading, or intraretinal microvascular
anomalies in the absence of neovasculariza-
tion), and (3) proliferative DR (PDR; i.e., neo-
vascularization of the disk, elsewhere of the
retina or iris, or vitreous hemorrhage) [29].
Patients with evidence of regressed or treated
PDR including previous pan-retinal photocoag-
ulation or vitrectomy due to complicated PDR
were categorized as having PDR, too. This
grading was based on the worst eye and was
applied for evaluations of fundus photographs
and clinical examinations.

Patients with presence of macular edema
were referred for macular optical coherence
tomography (OCT) for confirmation. The defi-
nitions for diabetic macular edema (DME),
including clinically significant macular edema
(CSME) on fundus photographs, are described
elsewhere by the Multi-Ethnic Study of
Atherosclerosis (MESA) and the National Health
and Nutrition Examination Survey (NHANES)
[30, 31].
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Statistical Analysis

Chi-square test was used to analyze categorical
variables across DR categories. t-Test was used to
compare continuous variables among the
groups. In addition, we used univariate and
multivariate analysis to determine the odds
ratios (ORs) and the corresponding 95% confi-
dence intervals (CI) for the relation of DR with
selected risk factors. Potential risk factors vari-
ables were introduced sequentially into the
models. The adjusted model included age
(continuous variable), education years (contin-
uous variable), BMI (continuous variable),
hypertension (yes/no), cardiovascular diseases
(yes/no), renal disease (yes/no), diabetes dura-
tion (continuous variable), family history of
diabetes (yes/no), physical activity level (con-
tinuous variable), FPG C 126 (yes/no), and cre-
atinine (continuous variable). Kappa values
were calculated and interpreted according to
the Landis and Koch classification (0–0.20,
slight; 0.21–0.40, fair; 0.41–0.60, moderate;
0.61–0.80, substantial; 0.81–1.00, almost per-
fect) [32]. All analyses were performed using
SPSS software (IBM SPSS Statistics for Windows,
Version 20.0. Armonk, NY). All p values are two-
sided, and p values\0.05 and 95% confidence
intervals were considered as statistically
significant.

RESULTS

Demographic, Selected Medical,
and Laboratory Characteristics
of Participants

From the 9990 participants, 8414 individuals
had complete charts and enrolled for diabetes
screening. Among this population, 22.45%
(1889) had diabetes. Of the participants with
diabetes, 82.48% (1558) had history of diabetes
and 17.52% (331) were newly diagnosed with
diabetes at the time of participating in the
study.

Mean age was 55.36 ± 8.22 years. Females
accounted for 60.40% of the sample. The mean
number of education years was 6.93 ± 5.08. For
all patients (1889), mydriatic single-field fundus

photographs were taken. Grading of DR was
done according to the fundus photographs, as
described in detail in the methods section. In
addition, 331 (17.52%) individuals were selec-
ted randomly for dilated complete fundus
examination to evaluate the agreement
between the photography and the examination.
Just 11 patients had disagreement between
photography (no DR) and examination (mini-
mal or mild NPDR). We showed almost perfect
agreement in detecting DR and its severity
between these two methods (j = 0.82). Oph-
thalmic examinations of seven patients with
ungradable photographs revealed media opaci-
ties (including corneal scar, significant cataract,
or dense vitreous hemorrhage). Of the patients,
6.93% (131) had retinopathy. The prevalence of
NPDR and PDR (regardless of retinal laser
treatment) was 5.82% (110) and 1.11% (21),
respectively. Evidence of macular edema was
present in 2.17% (41) of them. The character-
istics of the participants (in total and according
to retinopathy status) are presented in Table 1.
Subjects with DR (compared with those without
DR) had the following characteristics: older age,
lower mean of education level and BMI, higher
duration of diabetes, positive family history for
diabetes, histories of diabetes treatment,
hypertension, cardiovascular and renal diseases,
lower mean of physical activity, higher mean of
FPG, BUN, creatinine, and ALP, and lower mean
of LDL, SGPT, and GFR (all p\ 0.05).

From the respondents, 81.40% were under
treatment (with oral agents and/or insulin) for
diabetes currently. Overall, diabetes duration
was 5.08 ± 6.07 years. Patients with PDR had
longer duration of diabetes compared with the
individuals with NPDR (17.24 ± 5.54 versus
12.47 ± 7.99 years, respectively, p = 0.01), but
mean of FPG was not different between PDR
and NPDR participants (200.48 ± 63.94 versus
204.30 ± 77.38 mg/dL, respectively, p = 0.83).

Multivariate Analysis for Diabetic
Retinopathy by the Selected Risk Factors

For multivariate analysis, age, education level,
BMI, hypertension, cardiovascular and renal
diseases, duration of diabetes, diabetic
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Table 1 Demographic, selected medical and laboratory characteristics of diabetic participants according to retinopathy
status

Characteristics Total
(N = 1889)

Retinopathy
(N = 331)

No retinopathy
(N = 1558)

p value

Age (years) 55.36 ± 8.22 58.53 ± 6.33 55.12 ± 8.29 \ 0.001

Female, N (%) 1141 (60.40) 80 (61.07) 1061 (60.35) 0.872

Education level (years) 6.93 ± 5.08 5.66 ± 4.97 7.03 ± 5.07 0.003

BMI (kg/m2) 29.20 ± 4.77 28.35 ± 4.50 29.27 ± 4.79 0.035

MAP (mmHg) 86.18 ± 11.36 87.18 ± 11.43 86.10 ± 11.36 0.295

Hypertension, N (%) 898 (47.59) 74 (56.49) 824 (46.92) 0.034

Cardiovascular diseases, N (%) 366 (19.40) 39 (29.77) 327 (18.62) 0.002

Renal diseases, N (%) 17 (0.93) 4 (3.05) 13 (0.074) 0.007

Diabetes duration (years) 5.08 ± 6.07 13.24 ± 7.82 4.48 ± 5.46 \ 0.001

Diabetic treatment, N (%) 1536 (81.40) 130 (99.24) 1406 (80.07) \ 0.001

Positive family history for diabetes,

N (%)

1208 (64.02) 100 (76.34) 1108 (63.10) 0.002

Current habitual history

Cigarette, N (%) 395 (20.98) 22 (16.79) 373 (21.29) 0.223

Opium, N (%) 394 (20.92) 27 (20.61) 367 (20.95) 0.927

Alcohol, N (%) 124 (6.59) 5 (3.82) 119 (6.79) 0.185

Dietary macronutrient components

Carbohydrate (g/day) 71.70 ± 4.29 71.62 ± 4.16 71.71 ± 4.30 0.835

Lipid (g/day) 12.48 ± 3.17 12.60 ± 3.22 12.47 ± 3.17 0.644

Sum of carbohydrate and lipid

(g/day)

84.18 ± 2.07 84.22 ± 2.16 84.17 ± 2.07 0.784

Physical activity level 37.65 ± 5.37 36.54 ± 4.22 37.73 ± 5.44 0.014

FPG (mg/dL) 159.93 ± 58.95 203.69 ± 75.17 156.66 ± 56.24 \ 0.001

Lipid profile

Triglyceride (mg/dL) 198.31 ± 141.17 209.82 ± 191.39 197.45 ± 136.73 0.333

LDL (mg/dL) 103.50 ± 33.94 97.39 ± 39.55 103.96 ± 33.45 0.033

HDL (mg/dL) 57.10 ± 10.84 56.35 ± 10.56 57.15 ± 10.86 0.418

Cholesterol (mg/dL) 198.09 ± 43.86 192.45 ± 52.66 198.51 ± 43.12 0.127

Renal function tests

BUN (mg/dL) 14.43 ± 4.53 15.95 ± 5.73 14.32 ± 4.41 \ 0.001

Creatinine (mg/dL) 1.05 ± 0.026 1.13 ± 0.40 1.04 ± 0.24 \ 0.001

GFR (mL/min) 68.39 ± 12.48 63.66 ± 14.03 68.74 ± 12.29 \ 0.001
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treatment, positive family history for diabetes,
physical activity, FPG C 126, and serum crea-
tinine level were entered into a logistic regres-
sion model. Age, hypertension, cardiovascular
and renal diseases, duration of diabetes, positive
family history for diabetes, FPG C 126, and
serum creatinine level were shown to be inde-
pendently associated with diabetic retinopathy.
On the adjusted analysis, duration of diabetes,
positive family history for diabetes,
FPG C 126 mg/dL, and serum creatinine level
were associated with diabetic retinopathy. Each
additional year of diabetes duration was associ-
ated with 16% higher odds of having DR (OR
1.16; 95% CI 1.13–1.19). Adjusted odds of hav-
ing DR were 1.73 times higher among partici-
pants with positive family history for diabetes
compared with patients with no history (OR
1.73; 95% CI 1.09–2.75). Adjusted odds of hav-
ing DR were 1.98 times higher among those
who had FPG C 126 mg/dL compared with
patients with FPG\ 126 mg/dL (OR 1.98; 95%
CI 1.16–3.39). Each additional mg/dl of serum
creatinine level was associated with 79% higher
odds of having DR (OR 1.79; 95% CI 1.08–2.98).
The effects of other factors such as age, hyper-
tension, and cardiovascular and renal diseases
dissipated in the adjusted model (Table 2).

DISCUSSION

The study showed that the prevalence of dia-
betic retinopathy was 6.93% among diabetic
patients in Rafsanjan City. In a systematic
review by Maroufizadeh et al. [7], the preva-
lence of diabetic retinopathy in Iran (including
general population, diabetic and eye clinics)
was reported as 41.9% (95% CI 35.6–48.2). In
another systematic review, the pooled preva-
lence of DR in population-based studies in Iran
was 29.6% (95% CI 22.6–36.5) [8]. They showed
that the rate was 31.8% (95% CI 24.5–39.2) in
diabetic clinics and 57.8% (95% CI 50.2–65.3)
in eye clinics. In the adjacent countries of Iran,
prevalence of DR was 36.2% in Armenia [6] and
46.0% in Russia [33]. In other Asian countries,
the prevalence of DR varied between 10.5% and
44.7% [3, 5, 34–38]. In Western countries, that
is, Australia, the UK, and the USA, the preva-
lence of DR is reported as 15.3%, 19%, and
28.5% respectively [2, 4, 39]. The prevalence of
DR in this study was lower than the mentioned
rates. The lower rate of DR in this study can be
explained by relatively short duration of dia-
betes among participants (5.08 ± 6.07 years),
compared with previous studies. In addition,
17.52% had new onset diagnosis of diabetes.
Other causes of these differences in DR preva-
lence are difference in methodology (including
the screening tool; the prevalence may be

Table 1 continued

Characteristics Total
(N = 1889)

Retinopathy
(N = 331)

No retinopathy
(N = 1558)

p value

Liver function tests

SGOT (U/L) 20.04 ± 12.02 18.12 ± 7.87 20.19 ± 12.26 0.058

SGPT (U/L) 23.74 ± 17.31 20.82 ± 10.98 23.96 ± 17.68 0.045

ALP (U/L) 240.36 ± 68.81 252.48 ± 71.34 239.43 ± 68.55 0.036

GGT (U/L) 32.98 ± 28.59 30.60 ± 17.60 33.16 ± 29.24 0.323

Data are mean ± SD or number (percentage)
N number, BMI body mass index, MAP mean arterial pressure, FPG fasting plasma glucose, HDL high-density lipoprotein,
LDL low-density lipoprotein, BUN blood urea nitrogen, GFR glomerular filtration rate, SGOT serum glutamic-oxaloacetic
transaminase, SGPT serum glutamic pyruvic transaminase, ALP alkaline phosphatase, GGT gamma-glutamyl transferase

210 Diabetes Ther (2023) 14:205–217



underestimated by single-field photography in
comparison with complete fundus examination
or seven-field photography) [16, 40, 41], setting
and risk of selection bias (the prevalence is the
lowest in general population, primary health-
care facilities, diabetic or eye clinics, and hos-
pitals) [7, 8], diagnostic method (diagnosis of
diabetes based on patient self-report, without
laboratory testing, may overestimate the
prevalence of DR due to the exclusion of undi-
agnosed diabetes from the sample) [8], sample
size, ethnicity (ethnic variations may be due to
related social and economic differences and
access to diabetes care) [42], nutrition, demo-
graphic, and lifestyle [4].

A large number of patients with diabetes do
not receive appropriate ophthalmic examina-
tions for early detection and management of DR
[43, 44]. A variety of alternative techniques can
be performed to identify and classify DR,
including mydriatic or nonmydriatic photogra-
phy [40]. Seven-field stereoscopic color pho-
tography is the gold standard for the detection
and classification of DR, as suggested by the
Early Treatment Diabetic Retinopathy Study
(ETDRS) group [45]. However, this technique
requires high-tech photography devices, film
processing, skilled photographers, and expert

photograph readers [14]. A systematic review by
Williams et al. [14] demonstrated that single-
field fundus photographs in individuals with
diabetes can be considered as a reliable screen-
ing tool for detection of DR in primary health-
care services. In addition, Lin et al. [46] showed
excellent agreement (j = 0.97) between the
single-field nonmydriatic fundus photography
and seven-standard field photographs for the
degree of DR. Ku et al. [47] showed moderate
agreement (j = 0.67) between the single-field
mydriatic fundus photography and dilated
fundus examination for any grades of DR
among 360 patients. Here, we used single-field
mydriatic fundus photography as the screening
tool for DR identification, and also grading with
acceptable agreement with dilated fundus
examination (j = 0.82). Our calculated kappa
value was higher than that reported by Ku et al.
[47]. This difference may be due to different
imaging devices and techniques, photograph
resolution, and also factors that can affect the
quality of images, including media opacities
[14].

With age, chances of getting DR and its
severity increase in patients with diabetes
[39, 48, 49]. Some authors suggest that age
might be a surrogate marker of duration of DR

Table 2 Odds ratios (95% confidence interval) for diabetic retinopathy by the selected risk factors

Risk factor Unadjusted OR (95% CI) Adjusted OR (95% CI)

Age (years) 1.06 (1.03–1.08) 1.02 (0.98–1.05)

Education level (years) 0.95 (0.91–0.98) 0.96 (0.92–1.00)

BMI (kg/m2) 0.96 (0.92–1.00) 0.98 (0.94–1.03)

Hypertension 1.47 (1.03–2.10) 0.97 (0.64–1.49)

Cardiovascular diseases 1.85 (1.25–2.75) 1.27 (0.80–2.01)

Renal diseases 4.22 (1.36–13.14) 3.48 (0.95–12.73)

Diabetes duration (years) 1.17 (1.14–1.20) 1.16 (1.13–1.19)

Positive family history for diabetes 1.89 (1.25–2.86) 1.73 (1.09–2.75)

Physical activity 0.95 (0.91–0.99) 0.96 (0.92–1.01)

FPG C 126 mg/dL 2.03 (1.26–3.28) 1.98 (1.16–3.39)

Creatinine (mg/dL) 2.29 (1.36–3.87) 1.79 (1.08–2.98)

OR odds ratio, CI confidence interval, BMI body mass index, FPG fasting plasma glucose
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in patients [17]. In this study, although age was
associated with DR on unadjusted analysis, but
this association was not significant on adjusted
multivariate analysis.

Diabetic education programs will help
patients to improve their awareness about dif-
ferent aspects of diabetic retinopathy [50, 51].
Previous studies showed patients with lower
educational level had a higher risk for DR,
similarly to our findings [52, 53].

The duration of diabetes in the present study
was strongly associated with DR, similar to
previous literature [3, 4, 6]. Studies have
revealed that the duration of diabetes might
reflect glycemic control over time [4].

In a study by Maghbooli et al. [54], the
investigators showed that family history of
diabetes was associated with DR. They suggest
that DR may have genetic and epigenetic basis.
Similarly, in this study we revealed that positive
family history for diabetes in first-degree rela-
tives was associated with higher risk of DR. The
familial clustering of diabetic complications
(including DR) could result from a combination
of genetic factors and environmental exposures
(including lifestyle characteristics) [55].

Most studies showed positive association
between high BMI with DR [56–58], while other
studies revealed contradictory results
[6, 17, 59–61]. Our study found no statistically
significant association between BMI with DR on
multivariate analysis.

Previous studies have shown that hyperten-
sion and high SBP are risk factors for DR
[38, 39, 62, 63]. In this study, unadjusted mul-
tivariate analysis revealed hypertension to be a
risk factor for DR, but this correlation was not
confirmed on adjusted multivariate analysis.

Several studies have shown a significant
association between having chronic noncom-
municable diseases (renal and heart diseases)
and DR [2, 64]. However, in our study, this
association was not proven on multivariate
analysis. It is possible that our analysis failed to
reveal the association between chronic non-
communicable diseases and DR because we used
self-reported data on these conditions instead of
data obtained from medical records.

Results of previous studies were not consis-
tent for the association of smoking or alcohol

consumption with DR [4, 6, 62, 63, 65–68]. In
this study, no significant associations were
found between cigarette, alcohol, or opium
consumption and DR.

Previous studies have shown association of
high total caloric intake with higher risk of DR
[69]. Another study reported that risk of DR was
higher in patients with higher consumption of
rice [70]. However these associations were not
found in the present study.

The reported associations of physical activity
with retinopathy have not been consistent
[6, 71, 72]. In this study, we found physical
activity was not statistically significant associ-
ated with DR on multivariate analysis.

Previous studies showed that the incidence
of diabetic retinopathy was significantly asso-
ciated with elevated baseline FPG levels [4, 73].
Similarly, we found participants with current
FPG C 126 mg/dL had higher risk for DR
development. Previous studies showed that
higher BUN and creatinine were associated with
DR [3, 74]. In agreement these studies, we
showed that higher BUN, creatinine, and GFR
were associated with DR on univariate analysis.
In addition, higher creatinine level was associ-
ated with higher risk of DR on multivariate
analysis. However, on univariate analysis,
serum LDL, SGPT, and ALP were associated with
DR, but these associations have not been con-
sistent in previous studies [4, 36, 75–78].

The large sample size with extensive infor-
mation on potential confounders is one of the
main strengths of our study. The adjustment for
recognized risk factors of diabetic retinopathy
such as demographic, lifestyle, and medical
history was another major strength of our
investigation. Nonetheless, our study had some
limitations. First, the prevalence statistics
reported in our study were based on the patients
with diabetes who were registered in primary
healthcare facilities in Rafsanjan City. It is pos-
sible that those who refused or were unable to
participate were systematically different from
those who were included in the study, particu-
larly in terms of their diabetes status and vision
problems. Second, in this study we used single-
field and macula-centered fundus photographs
for grading of diabetic retinopathy, which may
underestimate the severity of retinopathy due
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to lack of peripheral retina evaluation. For
assessing the importance of this limitation, we
compared the results of DR grading according to
fundus examinations and photographs, which
showed good agreement between these two
screening methods, similar to the previous
studies. Third, some of the risk factor variables
that were used in the study, including chronic
noncommunicable diseases, years of having
diabetes, habitual history, and physical activity,
were based on self-report of the patients due to
absence of quality measurements, which may
cause recall bias. Fourth, we did not divide
participants with diabetes into types 1 and 2 of
the disease for further analysis to assess for dif-
ferences between them.

CONCLUSION

Single-field fundus photography is a sufficient
screening tool for identification of DR in pri-
mary healthcare facilities. Duration of diabetes,
positive family history for diabetes,
FPG C 126 mg/dL, and serum creatinine level
may be associated with DR.

ACKNOWLEDGEMENTS

We thank the people who participated in the
study, the study-site personnel, and members of
the Rafsanjan cohort center in Rafsanjan, Iran.

Funding. The Iranian Ministry of Health and
Medical Education has contributed to the
funding used in the PERSIAN Cohort through
Grant no 700/534. This study has also been
supported by the Vice Chancellery for Research
& Technology of Rafsanjan University of Medi-
cal Sciences. The context of this article are the
views of the authors and the funder had no role
in design of the study and collection, analysis,
and interpretation of data, decision to publish
and writing the manuscript.

Authors’ Contributions. Authors are
Mohammadreza Soleimani (MS), Fateme Ali-
pour (FA), Yousef Taghavi (YT), Marjan Fate-
mipour (MF), Hamid Hakimi (HH), Zahra Jamali

(ZJ), Parvin Khalili (PK), Fatemeh Ayoobi (FAy),
Maryam Sheikh (MSh), Roya Tavakoli (RT) and
Amin Zand (AZ). MS, AZ and HH designed the
study and supervised the project. AZ reviewed
the photographs. MS performed ophthalmic
examinations. RT performed optometric exam-
inations. MSh took photographs. ZJ, FAy and
MSh collected the data. AZ and ZJ prepared
tables. PK performed the statistical analysis. AZ,
FA, YT, MF, HH and ZJ wrote and revised the
main manuscript text. All the authors read and
approved the final manuscript.

Disclosures. Mohammadreza Soleimani,
Fateme Alipour, Yousef Taghavi, Marjan Fate-
mipour, Hamid Hakimi, Zahra Jamali, Parvin
Khalili, Fatemeh Ayoobi, Maryam Sheikh, Roya
Tavakoli and Amin Zand have nothing to dis-
close. None of the authors has any financial
interest in the subject matter of this paper.

Prior Publication. This manuscript has not
been previously presented or published.

Compliance of Ethics Guidelines. The ethics
committee of Rafsanjan University of Medical
Sciences approved this study (Ethical codes: ID:
IR.RUMS.REC.1400.122). Written informed
consent was obtained from the participants.
The data of participants kept confidential and
was only accessible to the study investigators.
All methods were carried out in accordance
with relevant guidelines and regulations.

Data Availability. The datasets used during
the current study are available on the PERSIAN
Adult Cohort Study Center, Rafsanjan Univer-
sity of Medical Sciences, Iran. The data is not
available publicly due confidentiality. However,
upon a reasonable request, the data can be
obtained from the corresponding author.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and

Diabetes Ther (2023) 14:205–217 213



indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Pizzarello L. VISION 2020: the right to sight. Arch
Ophthalmol. 2004;122(4):615. https://doi.org/10.
1001/archopht.122.4.615.

2. Zhang X, Saaddine JB, Chou C-F, Cotch MF, Cheng
YJ, Geiss LS, et al. Prevalence of diabetic retinopa-
thy in the United States, 2005–2008. JAMA.
2010;304(6):649. https://doi.org/10.1001/jama.
2010.1111.

3. Zhang G, Chen H, Chen W, Zhang M. Prevalence
and risk factors for diabetic retinopathy in China: a
multi-hospital-based cross-sectional study. Br J
Ophthalmol. 2017;101(12):1591–5. https://doi.org/
10.1136/bjophthalmol-2017-310316.

4. Tapp RJ, Shaw JE, Harper CA, de Courten MP,
Balkau B, McCarty DJ, et al. The prevalence of and
factors associated with diabetic retinopathy in the
Australian population. Diabetes Care. 2003;26(6):
1731–7.

5. Gadkari S, Maskati Q, Nayak B. Prevalence of dia-
betic retinopathy in India: the All India Ophthal-
mological Society Diabetic Retinopathy Eye
Screening Study 2014. Indian J Ophthalmol.
2016;64(1):38. https://doi.org/10.4103/0301-4738.
178144.

6. Giloyan A, Harutyunyan T, Petrosyan V. The
prevalence of and major risk factors associated with
diabetic retinopathy in Gegharkunik province of
Armenia: cross-sectional study. BMC Ophthalmol.
2015;15(1):46. https://doi.org/10.1186/s12886-015-
0032-0.

7. Maroufizadeh S, Almasi-Hashiani A, Hosseini M,
Sepidarkish M, Omani Samani R. Prevalence of
diabetic retinopathy in Iran: a systematic review
and meta-analysis. Int J Ophthalmol. 2017;10(5):
782–9.

8. Sadat Mahmoudi Nezhad G, Reza Razeghinejad M,
Janghorbani M, Mohamadian A, Hassan Jalalpour
M, Bazdar S, et al. Prevalence, incidence and eco-
logical determinants of diabetic retinopathy in
Iran: systematic review and meta-analysis. J Oph-
thalmic Vis Res. 2019. https://knepublishing.com/
index.php/JOVR/article/view/4790

9. Retinopathy Working Party. A protocol for screen-
ing for diabetic retinopathy in Europe. Diabet Med.
1991;8(3):263–7.

10. Squirrell DM, Talbot JF. Screening for diabetic
retinopathy. JRSM. 2003;96(6):273–6. https://doi.
org/10.1258/jrsm.96.6.273.

11. Resnikoff S, Pascolini D, Etya’ale D, Kocur I,
Pararajasegaram R, Pokharel GP, et al. Global data
on visual impairment in the year 2002. Bull World
Health Organ. 2004;82(11):844–51.

12. Wong TY, Sabanayagam C. Strategies to tackle the
global burden of diabetic retinopathy: from epi-
demiology to artificial intelligence. Ophthalmo-
logica. 2020;243(1):9–20.

13. Watson MJG, McCluskey PJ, Grigg JR, Kana-
gasingam Y, Daire J, Estai M. Barriers and facilitators
to diabetic retinopathy screening within Australian
primary care. BMC Fam Pract. 2021;22(1):239.
https://doi.org/10.1186/s12875-021-01586-7.

14. Williams GA, Scott IU, Haller JA, Maguire AM,
Marcus D, McDonald HR. Single-field fundus pho-
tography for diabetic retinopathy screening. Oph-
thalmology. 2004;111(5):1055–62.

15. Martinez J, Hernandez-Bogantes E, Wu L. Diabetic
retinopathy screening using single-field digital
fundus photography at a district level in Costa Rica:
a pilot study. Int Ophthalmol. 2011;31(2):83–8.
https://doi.org/10.1007/s10792-010-9413-9.

16. Vujosevic S, Benetti E, Massignan F, Pilotto E, Var-
ano M, Cavarzeran F, et al. Screening for diabetic
retinopathy: 1 and 3 nonmydriatic 45-degree digi-
tal fundus photographs vs 7 standard early treat-
ment diabetic retinopathy study fields. Am J
Ophthalmol. 2009;148(1):111–8.

17. Dowse GK, Humphrey ARG, Collins VR, Plehwe W,
Gareeboo H, Fareed D, et al. Prevalence and risk
factors for diabetic retinopathy in the multiethnic
population of Mauritius. Am J Epidemiol.
1998;147(5):448–57. https://doi.org/10.1093/
oxfordjournals.aje.a009470.

18. Stratton IM, Kohner EM, Aldington SJ, Turner RC,
Holman RR, Manley SE, et al. UKPDS 50: risk factors
for incidence and progression of retinopathy in
type II diabetes over 6 years from diagnosis.

214 Diabetes Ther (2023) 14:205–217

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1001/archopht.122.4.615
https://doi.org/10.1001/archopht.122.4.615
https://doi.org/10.1001/jama.2010.1111
https://doi.org/10.1001/jama.2010.1111
https://doi.org/10.1136/bjophthalmol-2017-310316
https://doi.org/10.1136/bjophthalmol-2017-310316
https://doi.org/10.4103/0301-4738.178144
https://doi.org/10.4103/0301-4738.178144
https://doi.org/10.1186/s12886-015-0032-0
https://doi.org/10.1186/s12886-015-0032-0
https://knepublishing.com/index.php/JOVR/article/view/4790
https://knepublishing.com/index.php/JOVR/article/view/4790
https://doi.org/10.1258/jrsm.96.6.273
https://doi.org/10.1258/jrsm.96.6.273
https://doi.org/10.1186/s12875-021-01586-7
https://doi.org/10.1007/s10792-010-9413-9
https://doi.org/10.1093/oxfordjournals.aje.a009470
https://doi.org/10.1093/oxfordjournals.aje.a009470


Diabetologia. 2001;44(2):156–63. https://doi.org/
10.1007/s001250051594.

19. Hakimi H, Ahmadi J, Vakilian A, Jamalizadeh A,
Kamyab Z, Mehran M, et al. The profile of Rafsanjan
cohort study. Eur J Epidemiol. 2021;36(2):243–52.
https://doi.org/10.1007/s10654-020-00668-7.

20. Salem Z, Neshat A, Bagherian K, Sheikh Fathollahi
M, Sajadi M. Incidence of type 2 diabetes among
Rafsanjan population (over the age 30) in year 2001
(in Persian). J Rafsanjan Univ Med Sci. 2004;3(1):
9–15.

21. Poustchi H, Eghtesad S, Kamangar F, Etemadi A,
Keshtkar A-A, Hekmatdoost A, et al. Prospective
epidemiological research studies in Iran (the PER-
SIAN cohort study): rationale, objectives, and
design. Am J Epidemiol. 2018;187(4):647–55.

22. Khamseh ME, Sepanlou SG, Hashemi-Madani N,
Joukar F, Mehrparvar AH, Faramarzi E, et al.
Nationwide prevalence of diabetes and prediabetes
and associated risk factors among Iranian adults:
analysis of data from PERSIAN cohort study. Dia-
betes Ther. 2021;12(11):2921–38.

23. American Diabetes Association. Standards of medi-
cal care in diabetes-2019 abridged for primary care
providers. Clin Diabetes. 2019;37(1):11–34.

24. Ward M, Langton JA. Blood pressure measurement.
Contin Educ Anaesth Crit Care Pain. 2007;7(4):
122–6.

25. James PA, Oparil S, Carter BL, Cushman WC, Den-
nison-Himmelfarb C, Handler J, et al. 2014 evi-
dence-based guideline for the management of high
blood pressure in adults. JAMA. 2014;311(5):507.
https://doi.org/10.1001/jama.2013.284427.

26. Papaioannou TG, Protogerou AD, Vrachatis D,
Konstantonis G, Aissopou E, Argyris A, et al. Mean
arterial pressure values calculated using seven dif-
ferent methods and their associations with target
organ deterioration in a single-center study of 1878
individuals. Hypertens Res. 2016;39(9):640–7.

27. Nihiser AJ, Lee SM, Wechsler H, McKenna M, Odom
E, Reinold C, et al. Body mass index measurement
in schools. J Sch Health. 2007;77(10):651–71.
https://doi.org/10.1111/j.1746-1561.2007.00249.x.

28. Jin R, Grunkemeier GL, Brown JR, Furnary AP.
Estimated glomerular filtration rate and renal
function. Ann Thorac Surg. 2008;86(1):1–3.

29. Wu L. Classification of diabetic retinopathy and
diabetic macular edema. World J Diabetes.
2013;4(6):290.

30. Wong TY, Klein R, Islam FMA, Cotch MF, Folsom
AR, Klein BEK, et al. Diabetic retinopathy in a
multi-ethnic cohort in the United States. Am J
Ophthalmol. 2006;141(3):446-455.e1.

31. Centers for Disease Control and Prevention.
National Health and Nutrition Examination Survey
(NHANES) Digital Grading Protocol. [cited 17 July
2021]. https://www.cdc.gov/nchs/data/nhanes/
nhanes_05_06/NHANES_ophthamology_digital_
grading_protocol.pdf

32. Landis JR, Koch GG. The measurement of observer
agreement for categorical data. Biometrics.
1977;33(1):159–74.

33. Dedov I, Maslova O, Suntsov Y, Bolotskaia L, Mile-
nkaia T, Besmertnaia L. Prevalence of diabetic
retinopathy and cataract in adult patients with type
1 and type 2 diabetes in Russia. Rev Diabet Stud.
2009;6(2):124–9.

34. Hu Y, Teng W, Liu L, Chen K, Liu L, Hua R, et al.
Prevalence and risk factors of diabetes and diabetic
retinopathy in Liaoning Province, China: a popu-
lation-based cross-sectional study. PLoS ONE.
2015;10(3):e0121477. https://doi.org/10.1371/
journal.pone.0121477 (Mori K, editor).

35. Wang FH, Liang YB, Zhang F, Wang JJ, Wei WB, Tao
QS, et al. Prevalence of diabetic retinopathy in rural
China: the Handan eye study. Ophthalmology.
2009;116(3):461–7.

36. Zheng Y, Lamoureux EL, Lavanya R, Wu R, Ikram
MK, Wang JJ, et al. Prevalence and risk factors of
diabetic retinopathy in migrant Indians in an
urbanized society in Asia. Ophthalmology.
2012;119(10):2119–24.

37. Wong TY, Cheung N, Tay WT, Wang JJ, Aung T,
Saw SM, et al. Prevalence and risk factors for dia-
betic retinopathy. Ophthalmology. 2008;115(11):
1869–75.

38. Shrestha MK, Paudyal G, Wagle RR, Gurung R, Ruit
S, Onta SR. Prevalence of and factors associated
with diabetic retinopathy among diabetics in
Nepal: a hospital based study. Nepal Med Coll J.
2007;9(4):225–9.

39. Kostev K, Rathmann W. Diabetic retinopathy at
diagnosis of type 2 diabetes in the UK: a database
analysis. Diabetologia. 2013;56(1):109–11. https://
doi.org/10.1007/s00125-012-2742-7.

40. Goh JKH, Cheung CY, Sim SS, Tan PC, Tan GSW,
Wong TY. Retinal imaging techniques for diabetic
retinopathy screening. J Diabetes Sci Technol.
2016;10(2):282–94. https://doi.org/10.1177/
1932296816629491.

Diabetes Ther (2023) 14:205–217 215

https://doi.org/10.1007/s001250051594
https://doi.org/10.1007/s001250051594
https://doi.org/10.1007/s10654-020-00668-7
https://doi.org/10.1001/jama.2013.284427
https://doi.org/10.1111/j.1746-1561.2007.00249.x
https://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/NHANES_ophthamology_digital_grading_protocol.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/NHANES_ophthamology_digital_grading_protocol.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/NHANES_ophthamology_digital_grading_protocol.pdf
https://doi.org/10.1371/journal.pone.0121477
https://doi.org/10.1371/journal.pone.0121477
https://doi.org/10.1007/s00125-012-2742-7
https://doi.org/10.1007/s00125-012-2742-7
https://doi.org/10.1177/1932296816629491
https://doi.org/10.1177/1932296816629491


41. Salz DA, Witkin AJ. Imaging in diabetic retinopa-
thy. Middle East Afr J Ophthalmol. 2015;22(2):
145–50.

42. Sivaprasad S, Gupta B, Crosby-Nwaobi R, Evans J.
Prevalence of diabetic retinopathy in various ethnic
groups: a worldwide perspective. Surv Ophthalmol.
2012;57(4):347–70.

43. Schoenfeld ER, Greene JM, Wu SY, Leske MC. Pat-
terns of adherence to diabetes vision care guide-
lines. Ophthalmology. 2001;108(3):563–71.

44. Lee PP, Feldman ZW, Ostermann J, Brown DS, Sloan
FA. Longitudinal rates of annual eye examinations
of persons with diabetes and chronic eye diseases.
Ophthalmology. 2003;110(10):1952–9.

45. Early Treatment Diabetic Retinopathy Study
Research Group. Grading diabetic retinopathy from
stereoscopic color fundus photographs—an exten-
sion of the modified Airlie House classification.
ETDRS report number 10. Ophthalmology.
1991;98(5 Suppl):786–806.

46. Lin DY, Blumenkranz MS, Brothers RJ, Grosvenor
DM. The sensitivity and specificity of single-field
nonmydriatic monochromatic digital fundus pho-
tography with remote image interpretation for
diabetic retinopathy screening: a comparison with
ophthalmoscopy and standardized mydriatic color
photography. Am J Ophthalmol. 2002;134(2):
204–13.

47. Ku JJ, Landers J, Henderson T, Craig JE. The relia-
bility of single-field fundus photography in
screening for diabetic retinopathy: the Central
Australian Ocular Health Study. Med J Aust.
2013;198(2):93–6. https://doi.org/10.5694/mja12.
10607.

48. Chen M-S, Kao C-S, Chang C-J, Wu T-J, Fu C-C,
Chen C-J, et al. Prevalence and risk factors of dia-
betic retinopathy among noninsulin-dependent
diabetic subjects. Am J Ophthalmol. 1992;114(6):
723–30.

49. Yamamoto T, Iimuro S, Ohashi Y, Sone H, Yama-
shita H, Ito H. Prevalence and risk factors for dia-
betic maculopathy, and its relationship to diabetic
retinopathy in elderly Japanese patients with type 2
diabetes mellitus. Geriatr Gerontol Int. 2012;12:
134–40. https://doi.org/10.1111/j.1447-0594.2011.
00821.x.

50. Khalaf FR, Fahmy HM, Ibrahim AK, Mohamed GA,
El Sayed Ez Eldeen M, Elkady A, et al. Does a dia-
betic retinopathy educational program raise
awareness among elderly diabetic patients? Dia-
betes Metab Syndr Obes Targets Ther. 2019;12:
1867–75.

51. Hosseini SS, Shamsi M, Khorsandi M, Moradzadeh
R. The effect of educational program based on
theory of planned behavior on promoting
retinopathy preventive behaviors in patients with
type 2 diabetes: RCT. BMC Endocr Disord.
2021;21(1):17. https://doi.org/10.1186/s12902-021-
00680-2.

52. Emoto N, Okajima F, Sugihara H, Goto R. A
socioeconomic and behavioral survey of patients
with difficult-to-control type 2 diabetes mellitus
reveals an association between diabetic retinopathy
and educational attainment. Patient Prefer Adher-
ence. 2016;10:2151–62.

53. Bek T. Low educational level increases the inci-
dence of vision-threatening diabetic retinopathy.
Dan Med J. 2020;67(10):A03200181.

54. Maghbooli Z, Pasalar P, Keshtkar A, Farzadfar F,
Larijani B. Predictive factors of diabetic complica-
tions: a possible link between family history of
diabetes and diabetic retinopathy. J Diabetes Metab
Disord. 2014;13(1):55. https://doi.org/10.1186/
2251-6581-13-55.

55. The Diabetes Control and Complications Trial
Research Group. Clustering of long-term compli-
cations in families with diabetes in the diabetes
control and complications trial. Diabetes.
1997;46(11):1829–39.

56. Kawasaki R, Tanaka S, Tanaka S, Yamamoto T, Sone
H, Ohashi Y, et al. Incidence and progression of
diabetic retinopathy in Japanese adults with type 2
diabetes: 8 year follow-up study of the Japan Dia-
betes Complications Study (JDCS). Diabetologia.
2011;54(9):2288–94. https://doi.org/10.1007/
s00125-011-2199-0.

57. Ballard DJ, Melton LJ, Dwyer MS, Trautmann JC,
Chu C-P, O’Fallon WM, et al. Risk factors for dia-
betic retinopathy: a population-based study in
Rochester, Minnesota. Diabetes Care. 1986;9(4):
334–42.

58. Zhang L, Krzentowski G, Albert A, Lefebvre PJ. Risk
of developing retinopathy in diabetes control and
complications trial type 1 diabetic patients with
good or poor metabolic control. Diabetes Care.
2001;24(7):1275–9.

59. West KM, Erdreich LJ, Stober JA. A detailed study of
risk factors for retinopathy and nephropathy in
diabetes. Diabetes. 1980;29(7):501–8.

60. Nilsson SV, Nilsson JE, Frostberg N, Emilsson T. The
Kristianstad survey. II. Studies in a representative
adult diabetic population with special reference to
comparison with an adequate control group. Acta
Med Scand Suppl. 1967;469:1–42.

216 Diabetes Ther (2023) 14:205–217

https://doi.org/10.5694/mja12.10607
https://doi.org/10.5694/mja12.10607
https://doi.org/10.1111/j.1447-0594.2011.00821.x
https://doi.org/10.1111/j.1447-0594.2011.00821.x
https://doi.org/10.1186/s12902-021-00680-2
https://doi.org/10.1186/s12902-021-00680-2
https://doi.org/10.1186/2251-6581-13-55
https://doi.org/10.1186/2251-6581-13-55
https://doi.org/10.1007/s00125-011-2199-0
https://doi.org/10.1007/s00125-011-2199-0


61. Klein R. Is obesity related to microvascular and
macrovascular complications in diabetes? Arch
Intern Med. 1997;157(6):650. https://doi.org/10.
1001/archinte.1997.00440270094008.

62. Hammes HP, Kerner W, Hofer S, Kordonouri O,
Raile K, Holl RW. Diabetic retinopathy in type 1
diabetes—a contemporary analysis of 8,784
patients. Diabetologia. 2011;54(8):1977–84. https://
doi.org/10.1007/s00125-011-2198-1.

63. Pugliese G, Solini A, Zoppini G, Fondelli C, Zerbini
G, Vedovato M, et al. High prevalence of advanced
retinopathy in patients with type 2 diabetes from
the Renal Insufficiency And Cardiovascular Events
(RIACE) Italian Multicenter Study. Diabetes Res
Clin Pract. 2012;98(2):329–37.

64. Ghaem H, Daneshi N, Riahi S, Dianatinasab M. The
prevalence and risk factors for diabetic retinopathy
in Shiraz, Southern Iran. Diabetes Metab J.
2018;42(6):538. https://doi.org/10.4093/dmj.2018.
0047.

65. Lee CC, Stolk RP, Adler AI, Patel A, Chalmers J, Neal
B, et al. Association between alcohol consumption
and diabetic retinopathy and visual acuity—the
AdRem Study. Diabet Med. 2010;27(10):1130–7.
https://doi.org/10.1111/j.1464-5491.2010.03080.x.

66. Chen C, Sun Z, Xu W, Tan J, Li D, Wu Y, et al.
Associations between alcohol intake and diabetic
retinopathy risk: a systematic review and meta-
analysis. BMC Endocr Disord. 2020;20(1):106.
https://doi.org/10.1186/s12902-020-00588-3.

67. Moss SE, Klein R, Klein BE. Association of cigarette
smoking with diabetic retinopathy. Diabetes Care.
1991;14(2):119–26.

68. Moss SE, Klein R, Klein BEK. Cigarette smoking and
ten-year progression of diabetic retinopathy. Oph-
thalmology. 1996;103(9):1438–42.

69. Wong MYZ, Man REK, Fenwick EK, Gupta P, Li L-J,
van Dam RM, et al. Dietary intake and diabetic
retinopathy: a systematic review. PLoS ONE.
2018;13(1):e0186582. https://doi.org/10.1371/
journal.pone.0186582 (Liu G-S, editor).

70. Kadri R, Vishwanath P, Parameshwar D, Hegde S,
Kudva A. Dietary associations with diabetic
retinopathy—a cohort study. Indian J Ophthalmol.
2021;69(3):661.

71. Haddad E, Wells GA, Sigal RJ, Boul NG, Kenny GP.
Meta-analysis of the effect of structured exercise
training on cardiorespiratory fitness in type 2 dia-
betes mellitus. Diabetologia. 2003;46(8):1071–81.
https://doi.org/10.1007/s00125-003-1160-2.

72. Irvine C, Taylor NF. Progressive resistance exercise
improves glycaemic control in people with type 2
diabetes mellitus: a systematic review. Aust J Phys-
iother. 2009;55(4):237–46.

73. Mitchell P, Smith W, Wang JJ, Attebo K. Prevalence
of diabetic retinopathy in an older community.
Ophthalmology. 1998;105(3):406–11.

74. Jee D, Lee WK, Kang S. Prevalence and risk factors
for diabetic retinopathy: the Korea national health
and nutrition examination survey 2008–2011.
Investig Opthalmology Vis Sci. 2013;54(10):6827.
https://doi.org/10.1167/iovs.13-12654.

75. Chew EY. Association of elevated serum lipid levels
with retinal hard exudate in diabetic retinopathy.
Arch Ophthalmol. 1996;114(9):1079. https://doi.
org/10.1001/archopht.1996.01100140281004.

76. Gupta R, Bhat SPS, Gangadhar PR, Kulamarva G,
Kellari A, PS P. Study of liver function tests in
patients with long standing type 2 diabetes mellitus
in comparison to healthy individuals. J Evol Med
Dent Sci. 2021;10(5):289–93.

77. Song D, Li C, Wang Z, Zhao Y, Shen B, Zhao W.
Association of non-alcoholic fatty liver disease with
diabetic retinopathy in type 2 diabetic patients: a
meta-analysis of observational studies. J Diabetes
Investig. 2021;12(8):1471–9. https://doi.org/10.
1111/jdi.13489.

78. Javadi MA, Katibeh M, Rafati N, Dehghan MH,
Zayeri F, Yaseri M, et al. Prevalence of diabetic
retinopathy in Tehran Province: a population-based
study. BMC Ophthalmol. 2009;9(1):12. https://doi.
org/10.1186/1471-2415-9-12.

Diabetes Ther (2023) 14:205–217 217

https://doi.org/10.1001/archinte.1997.00440270094008
https://doi.org/10.1001/archinte.1997.00440270094008
https://doi.org/10.1007/s00125-011-2198-1
https://doi.org/10.1007/s00125-011-2198-1
https://doi.org/10.4093/dmj.2018.0047
https://doi.org/10.4093/dmj.2018.0047
https://doi.org/10.1111/j.1464-5491.2010.03080.x
https://doi.org/10.1186/s12902-020-00588-3
https://doi.org/10.1371/journal.pone.0186582
https://doi.org/10.1371/journal.pone.0186582
https://doi.org/10.1007/s00125-003-1160-2
https://doi.org/10.1167/iovs.13-12654
https://doi.org/10.1001/archopht.1996.01100140281004
https://doi.org/10.1001/archopht.1996.01100140281004
https://doi.org/10.1111/jdi.13489
https://doi.org/10.1111/jdi.13489
https://doi.org/10.1186/1471-2415-9-12
https://doi.org/10.1186/1471-2415-9-12

	Single-Field Fundus Photography for Screening of Diabetic Retinopathy: The Prevalence and Associated Factors in a Population-Based Study
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study Design and Patient Selection
	Data Collection
	Statistical Analysis

	Results
	Demographic, Selected Medical, and Laboratory Characteristics of Participants
	Multivariate Analysis for Diabetic Retinopathy by the Selected Risk Factors

	Discussion
	Conclusion
	Acknowledgements
	References




