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Abstract

Background: The use of glycemic thresholds for diabetes diagnosis is controversial. However, no information is available regarding
glycemic and glycated hemoglobin (HbA1c) thresholds for detecting diabetic retinopathy (DR) in the Iranian population.
Objectives: The main purpose of the current investigation was to examine the association of fasting plasma glucose (FPG) and HbA1c
levels with diabetic retinopathy (DR), and to determine the relevant cut-off levels in an Iranian population.
Patients and Methods: This cross-sectional, population-based study was performed during 2012-2013 in Urmia, the capital of West
Azerbaijan province, Iran. The subjects were 3,010 Iranians aged 40-81 years. The FPG levels were determined using the glucose ox-
idase method whereas, the HbA1c values were measured using a standardized assay by high performance liquid chromatography.
DR was evaluated by an examination of the fundus photograph of each eye. The photographs were graded according to the interna-
tional clinical diabetic retinopathy disease severity scale by photograph graders who were masked to the clinical information.
Results: Of the subjects, 59 had DR. The prevalence of DR increased steeply between the ninth and the tenth deciles for both vari-
ables. The ROC curve analysis showed overall glycemic thresholds for DR of 6.5 mmol/L (117 mg/dL) for FPG and 6.2% (44 mmol/mol)
for HbA1c. The sensitivities and specificities were 78.0% and 87.1% for FPG and 89.8% and 89.5% for HbA1c, respectively. The areas
under the ROC curves indicated that HbA1c was a stronger discriminator of retinopathy: the area under curve was 0.880 for FPG and
0.946 for HbA1c P < 0.001). However, the thresholds for detecting DR for the two measures showed no significant differences after
excluding individuals receiving anti-hyperglycemic medication.
Conclusions: These findings suggest that the HbA1c and FPG thresholds for detecting diabetes in the Iranian population are lower
than the current diagnostic criteria.
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1. Background

The world health organization (WHO) has published
several guidelines since 1965 for the diagnosis of diabetes
mellitus (DM) (1). One of the preferred diagnostic crite-
ria is the determination of the glycemic thresholds (2)
by calibrating glycemic tests against diabetic retinopathy
(DR) observations (3). DR is an early and specific clini-
cal complication of diabetes and is used as the basis for
determining diagnostic cut-off points for DM (4, 5). Sev-
eral population-based studies have investigated the rela-
tionship between the prevalence of retinopathy and some
glycemic measures such as fasting plasma glucose (FPG),
2-hour post oral glucose load plasma glucose (2hPG), and
glycated hemoglobin (HbA1c) levels (2, 5-10). These inves-
tigations and many other published clinical studies have
recommended diagnostic cut-off points for diabetes as an

FPG level of ≥ 7.0 mmol/L (126 mg/dL) and an HbA1c level
of ≥ 6.5% ( ≥ 48 mmol/mol) (11-13).

Other studies in the literature have suggested some-
what different optimal cut-off values, based on the pres-
ence of DR. The differences in these recommendations
could partly arise due to the differences in the various stud-
ies, such as the subject population, ethnicity, or age range
of the included subjects (2, 14-16). The different statistical
methods utilized in these studies could also have affected
the final decisions on cut-off points (17, 18). In addition,
the glycemic cut-off points associated with DR may also
be affected by disease control within the sample popula-
tion (2). On the other hand, almost all of these investiga-
tions adopted a very broad definition of retinopathy that
included many cases of mild retinopathy, which is claimed
to have causes other than hyperglycemia (19). Hence, a bet-
ter result might be obtained by limiting the inclusion crite-
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ria to diabetes-specific retinopathy (moderate or more se-
vere levels of retinopathy) that can be clearly attributed to
hyperglycemia.

The incidence of diabetes has steadily and dramatically
increased throughout the world, including in Iran. The
prevalence of DM is estimated as 24% among Iranian indi-
viduals older than 40 years of age and it increases by 0.4%
with each year after 20 years of age (20). The dramatic in-
crease in the diabetic population is inevitably accompa-
nied by increased diabetic complications and enormous
health costs. Therefore, early detection and screening of
high-risk individuals for diabetes is of great importance
and interest to investigators and health care providers.

2. Objectives

The current investigation was undertaken to exam-
ine the relationships between DR prevalence and FPG and
HbA1c levels and to determine the optimal FPG and HbA1c
cut-off points for diagnosing diabetic retinopathy in a pop-
ulation from Northwest Iran. These glycemic measures
were also compared for their efficacy in detecting DR as a
truly diabetic state.

3. Patients and Methods

3.1. Study Population

This cross-sectional, population-based study was con-
ducted between September 2012 and August 2013 in Urmia,
the capital of West Azerbaijan province, Iran. Participants
were recruited by voluntary participation through adver-
tisement among citizens who were ≥ 40 years of age. In-
dividuals were selected using a systematic random sam-
pling method that selected every nth subject. The value of
n depended on the number of patients expected on each
day of testing, in order to include 15 participants per day.
The eligibility criteria included an age of ≥ 40 years, fully
completed questionnaires, no missing values for HbA1c or
FPG, and sufficient mental and physical ability to partic-
ipate. We also limited the inclusion criteria to diabetes-
specific retinopathy (moderate or more severe levels of
retinopathy). The exclusion criteria included a previous
history of endocrinopathies; hypothyroidism; liver, kid-
ney, or heart failure; neoplasia; hemoglobinopathies; ane-
mia; pregnancy; evidence of any other ocular diseases,
except for refraction errors; hypertension; a history of
major surgery; blood transfusion within the previous 6
months; severe illness; and weight gain or loss > 10% dur-
ing the past 3 months. After clinical screening (medical his-
tory, physical examination, and laboratory tests), a total of
3,010 non-hypertensive subjects were randomized into the

study, as described above. All included subjects received
baseline examinations, including FPG and HbA1c measure-
ments, an ophthalmic examination, and blood pressure
measurement, in addition to completing a general health
and lifestyle questionnaire. Participant educational status,
ethnicity, anti-hypertensive and anti-hyperglycemic medi-
cations, smoking status, and prevalent medical conditions
were obtained by this questionnaire. Individuals with sys-
tolic/diastolic blood pressures higher than 140/90 mmHg
or subjects who were using anti-hypertensive medications
were considered as hypertensives and were excluded from
the study. The study protocol was approved by the ethics
committee of the Urmia medical university and written in-
formed consent was obtained from all the participants.

3.2. Measurements

Blood samples were collected after a minimum fast-
ing time of 8 hours for the determination of plasma glu-
cose and HbA1c levels. Plasma glucose was determined by
the glucose oxidase method, whereas HbA1c was measured
by high performance liquid chromatography (Tosoh G7,
Tokyo, Japan).

3.3. Ophthalmic Examination and Definition of Diabetic
Retinopathy

All participants received eye examinations by an oph-
thalmologist and had a bilateral retinal photograph taken
of the fundus through dilated pupils. After pupil dilata-
tion with 1.0% tropicamide and 10% phenylephrine, fundus
photographs (45° color digital images of the retina) were
taken from both eyes of each participant by a technologist
using a Topcon TRC-NW7SF fundus camera (Topcon corpo-
ration, Tokyo, Japan). The first image was centered on the
macula, whereas the second one was centered on the optic
nerve. The photographs were assessed according to the in-
ternational clinical DR severity scale (21) by photographic
graders who were blinded to the clinical information of
participants. This scale rates DR at five different levels: (i)
no retinopathic changes (equivalent to the early treatment
of diabetic retinopathy study [ETDRS] scale level 10); (ii)
mild non-proliferative retinopathy (NPDR) (equivalent to
ETDRS level 20); (iii) moderate NPDR (equivalent to ETDRS
levels 35, 43, and 47); (iv) severe NPDR (equivalent to ET-
DRS levels 53A-53E); and (v) proliferative retinopathy (PDR)
(equivalent to ETDRS levels 61 or higher). The final DR grad-
ing for each participant was determined according to the
diagnosis in the more severely affected eye. As mentioned
previously, the presence of DR was defined as the presence
of moderate (level iii) or severe non-proliferative (level iv)
DR, or proliferative (level v) DR in either eye.
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3.4. Statistical Analysis

All statistical analyses were performed using the SPSS
(statistical package for the social sciences ver. 17). All data
were presented as a frequency percentage for categorical
variables and as the mean ± standard deviation (SD) for
continuous variables. Receiver operating characteristic
(ROC) curve analysis was performed to determine the opti-
mal cut-off value of HbA1c and FPG for identifying DR. The
sensitivity was defined as the measured level of HbA1c or
FPG that correctly identified subjects with DR, while the
specificity cut-off point was defined as the level that cor-
rectly identified subjects who did not have DR. The Youden
index (sensitivity + specificity - 1) was utilized to evaluate
the discriminatory power of FPG and HbA1c for predicting
DR (22). The discriminatory power of HbA1c and FPG lev-
els for retinopathy was further assessed as the area under
the receiver operating characteristic curve (AUC), where an
AUC of 1 would indicate perfect predictive value, with no
false positives or false negatives, and an AUC of 0.5 would
indicate a discrimination no better than chance. The dif-
ference in the AUC was estimated by the method of De-
Long et al. (23). The effect of HbA1c and FPG concentrations
on the risk of DR was evaluated by multiple logistic re-
gression analysis, using HbA1c and FPG categories as inde-
pendent variables and DR as a response variable. Diabetes
was diagnosed based on an HbA1c reading of ≥ 6.5% (48
mmol/mol), FPG of ≥7.0 mmol/L (126 mg/dL), self-reported
diagnosed diabetes, or current use of anti-hyperglycemic
medications. Two-sided P values less than 0.05 were con-
sidered statistically significant for all analyses.

4. Results

After exclusion of the non-eligible subjects, 3010 indi-
viduals (1413 men and 1597 women) participated in this in-
vestigation. The mean concentration of HbA1c was 48.5 ±
0.2 mmol/mol (5.6 ± 0.1 %) and the mean level of FPG was
5.9 ± 1.9 mmol/L (106.2 ± 34.2 mg/dL) in our population.
Table 1 shows the demographic and clinical characteristics
of the studied population. The mean age of the partici-
pants was 54.7 ± 8.4 years, and men comprised 46.9% of
the group. The individuals with DR had higher FPG, HbA1c,
and BMI levels when compared with subjects without DR.
The patient group also had a higher prevalence of diabetes.
Among the cases with diabetes, those with DR had a longer
duration of diabetes.

The overall prevalence of diabetic retinopathy in the
investigated population was about 2 %. A total of 35 par-
ticipants had moderate NPDR, 13 had severe NPDR, and 11
had PDR. Among those with diabetes, the prevalence of dia-
betic retinopathy was 32.6% (95% CI: 23.1-54.7%), including a

prevalence of 33.7% (95% CI: 20.4-67.7%) in those with HbA1c
≥ 6.5% (48 mmol/mol), 40.1% (95% CI: 27.2-71.7%) in those
with known diabetes, and 2.2 % (95% CI: 0.0-5.8) in individ-
uals with normal HbA1c and normal FPG.

Figure 1 shows the prevalence of DR by deciles of the
distribution of the FPG and HbA1C levels. These plots sug-
gest a curvilinear relationship between FPG or HbA1C and
retinopathy. The prevalence of DR was very low in the first
through ninth deciles for both glycemic measures (6.3-7.0
mmol/L for FPG and 6.4-6.8% for HbA1c), but started to in-
crease markedly between the ninth and the tenth deciles
for both variables. Indeed, the prevalence of DR in the
tenth deciles was 9.0% and 10.3% for FPG and HbA1c respec-
tively, whereas the prevalence in the ninth deciles was 1.2%
for FPG and 1.3% for HbA1c.
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Figure 1. The Prevalence of Diabetic Retinopathy According to Glycated Hemoglobin
(HbA1c) and Fasting Plasma Glucose (FPG) Deciles

Figure 2 displays the ROC curves for FPG and HbA1c in
detecting DR. The overall optimal cut-off points of HbA1c
and FPG values for diagnosis of DR, determined by maxi-
mizing the sensitivity and specificity, were 6.5 mmol/L (117
mg/dL) for FPG and 6.2% (44 mmol/mol) for HbA1c. The sen-
sitivity and specificity were 78.0% and 87.1% for FPG and
89.8% and 89.5% for HbA1c, respectively (Figure 2). We also
evaluated the ability of the HbA1c and FPG measures to
identify the presence of DR by comparing the AUCs for
these two glycemic measures (Figure 2). The AUC for HbA1c
was 0.946 (95% CI: 0.877-0.978) and was significantly larger
than that for FPG [0.880 (95% CI: 0.791-0.930); p for differ-
ence < 0.001] (Figure 2). After excluding individuals re-
ceiving anti-hyperglycemic medication, the thresholds for
detecting DR were 6.6 mmol/L (118.8 mg/dL) for FPG and
5.9% (41 mmol/mol) for HbA1c. In this case, the AUC for FPG
was 0.845 (95% CI: 0.748-0.943), whereas the area under the
ROC curve for HbA1c was 0.876 (95% CI: 0.699-0.941). These
measures showed no significant differences in terms of de-
tecting DR (P = 0.116).

Table 2 presents the diagnostic properties for diabetic
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Table 1. Clinical and Biochemical Characteristics of the Study Population

Total Retinopathy No retinopathy P Value

Frequency, N 3010 59 2951

Age, y, mean ± SD 54.7 ± 8.4 52.8 ± 7.5 54.9 ± 8.0 0.562

Males/Females, No. (%) 1413/1597 22/37 1391/1560 0.133

BMI, Kg/m2 , mean ± SD 23.3 ± 0.5 25.8 ± 0.6 23.1 ± 0.4 0.025

Smokers, No. (%) 356 (11.8) 6 (10.2) 350 (11.9) 0.893

Diabetes, No. (%) 327 (10.9) 14 (23.7) 313 (10.6) 0.001

Diabetic duration, y, mean ± SD 7.3 ± 0.6 11.11 ± 0.6 7.1 ± 05 0.031

FPG, mmol/L, mean ± SD 5.9 ± 1.9 8.9 ± 2.0 5.9 ± 0.3 < 0.001

HbA1c, mmol/mol, mean ± SD 48.5 ± 0.2 72.1 ± 1.4 47.9 ± 0.1 < 0.001

HbA1c (%), mean ± SD 5.6 ± 0.1 8.5± 0.3 5.5 ± 0.1 < 0.001
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Figure 2. Thresholds of Fasting Plasma Glucose (FPG) and Glycated Hemoglobin
(HbA1c) for Diabetic Retinopathy from Receiver-Operating Characteristic (ROC)
Curve Analyses

retinopathy (i.e., sensitivity, specificity, positive predictive
value, negative predictive value, and Youden index) at var-
ious cut-off points of FPG and HbA1c. These parameters
were evaluated by calculating the sensitivity and speci-
ficity of each threshold using the ROC curve, as shown else-
where (10, 24). Below our determined threshold values,
the prevalence of DR was 0.9% (95% CI: 0.10-2.31) for the
threshold of HbA1c [6.2% (44 mmol/mol)], 1.32% (95% CI:
0.18-3.56) for the threshold of FPG (6.5 mmol/L, 117 mg/dL),
and 0.09% (95% CI: 0.03-0.17) for the threshold of both
HbA1c and FPG. The positive and negative predictive values
(PPV and NPV) of FPG cut-off point (6.5 mmol/L, 117 mg/dL)

were 10.8% and 96.7%, respectively, while the PPV and NPV
of the HbA1c cut-off point [6.2% (44 mmol/mol)] were 14.6%
and 98.1%, respectively. The pre-existing thresholds of 6.5%
(48 mmol/mol) for HbA1c and 7.0 mmol/L (126 mg/dL) for
FPG for diagnosing diabetes showed 83.1% and 64.4% sen-
sitivity, respectively. The specificity of these pre-existing
thresholds for diagnosing diabetes was 91.5% for HbA1c and
92.3% for FPG. As shown in Table 2, the use of these pre-
existing thresholds improved the specificity and the pos-
itive predictive value. On the contrary, the negative pre-
dictive value and the sensitivity of the pre-existing thresh-
olds were reduced compared with the use of the optimal
glycemic thresholds suggested from this study.

Table 3 presents the association of FPG and HbA1c with
DR in two models: an unadjusted model and a model ad-
justed for gender, age, and smoking. The categories used
in Table 3 are as follows: i) concentrations less than our
cut-offs (< 6.2% for HbA1c and < 6.5 mmol/L for FPG); ii)
concentrations between our cut-offs and those proposed
by the American diabetes association (ADA) (6.2-6.4% for
HbA1c and 6.5-6.9 mmol/L for FPG); and iii) concentrations
greater than the ADA proposed cut-offs (6.5% ≤ for HbA1c
and 7.0mmol/L ≤ for FPG). The odds ratio (OR) for DR in-
creased with increasing categories of FPG and HbA1c (Refer-
ence = lowest category), both before and after adjustment.

5. Discussion

The glycemic thresholds for diabetes diagnosis have
been determined separately in several countries, includ-
ing the USA, Japan, Egypt, South Korea, China, Australia,
France, and Singapore (2, 6-10, 15, 17, 18, 25-27). However,
no information has yet been provided for the Iranian pop-
ulation. This community-based cross-sectional study re-
vealed a significant increase in the prevalence of diabetic
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Table 2. Percentage of Cases, Sensitivity, Specificity, and Positive and Negative Predictive Values at Different Fasting Plasma Glucose (FPG) and Glycated Hemoglobin (HbA1c)
Cutoffs

Cutoff Number of Retinopathy Cases/Total Number of Participants Sensitivity (%) Specificity (%) Youden Index PPV (%) NPV (%)

Below the Cutoff (%) Above the Cutoff (%)

HbA1c

> 5.5 % 1/1049 (0.1) 58/1961 (3.0) 98.3 35.5 0.34 3.0 99.9

> 6.0 % 3/2302 (0.1) 56/708 (7.9) 94.9 77.9 0.73 7.9 99.5

> 6.1 % 4/2450 (0.2) 55/560 (9.8) 93.2 82.9 0.76 9.8 99.2

> 6.2 % 6/2647 (0.2) 53/363 (14.6) 89.8 89.5 0.79 14.6 98.1

> 6.3 % 7/2669 (0.3) 52/341 (15.2) 88.1 90.2 0.78 15.2 97.6

> 6.4 % 9/2689 (0.3) 50/321 (15.6) 84.7 90.8 0.76 15.6 96.8

> 6.5 % 10/2710 (0.4) 49/300 (16.3) 83.1 91.5 0.75 16.3 96.2

> 6.7 % 13/2752 (0.5) 46/258 (17.8) 78.0 92.8 0.71 17.8 94.2

> 6.9 % 16/2799 (0.6) 43/211 (20.4) 72.9 94.3 0.67 20.4 91.3

> 7.0 % 18/2822 (0.6) 41/189 (21.7) 69.5 95.0 0.64 21.7 89.2

> 7.5 % 21/2875 (0.7) 38/135 (28.1) 64.4 96.7 0.61 28.1 82.2

FPG

> 5.5 mmol/L 2/1286 (0.2) 57/1724 (3.3) 96.6 43.5 0.40 3.3 99.9

> 6.0 mmol/L 4/1515 (0.3) 55/1495 (3.7) 93.2 51.2 0.44 3.7 99.7

> 6.1 mmol/L 5/1846 (0.3) 54/1164 (4.6) 91.5 62.4 0.54 4.6 99.6

> 6.2 mmol/l 6/1989 (0.3) 53/1021 (5.2) 89.8 67.2 0.57 5.2 99.4

> 6.3 mmol/L 7/2152 (0.3) 52/858 (6.1) 88.1 72.7 0.61 6.1 99.1

>6.4 mmol/L 9/2340 (0.4) 50/670 (7.4) 84.7 79.0 0.64 7.5 98.6

> 6.5 mmol/L 13/2583 (0.5) 46/427 (10.8) 78.0 87.1 0.65 10.8 96.7

> 6.7 mmol/L 16/2645 (0.6) 43/365 (11.8) 72.9 89.1 0.62 11.8 95.3

> 6.9 mmol/L 19/2704 (0.7) 40/306 (13.1) 67.8 91.0 0.59 13.1 93.3

> 7.0 mmol/L 21/2745 (0.8) 38/265 (14.3) 64.4 92.3 0.57 14.3 91.6

> 7.5 mmol/L 26/2788 (0.9) 33/222 14.9) 55.9 93.6 0.50 14.9 87.9

Table 3. Association Between the Categories of Glycated Hemoglobin (HbA1c) and Fasting Plasma Glucose (FPG) and the Risk of Diabetic Retinopathy (DR)

Categories (%) HbA1c Categories (mmol/L) FPG

Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)

i) < 6.2 1 1 i ) < 6.5 1 1

ii) 6.2-6.4 7.13 (1.89-25.16) 8.64 (2.11-26.33) ii) 6.5-6.9 13.43 (3.87-29.73) 19.23 (5.44-49.36)

iii) 6.5 ≤ 35.85 (10.09-78.32) 44.14 (14.55-100.26) iii) 7.0 ≤ 37.35 (7.83-116.54) 43.42 (9.64-124.74)

retinopathy significantly between the 9th and 10th deciles
for both FPG and HbA1c. In addition, the optimal thresh-
olds for detecting prevalent DR in our population, based
on ROC analyses, were 6.2% (44 mmol/mol) for HbA1c and
6.5 mmol/L (117 mg/dL) for FPG, which were lower than
those currently used as diagnostic criteria for diabetes.

The diagnostic cut-offs for HbA1c or FPG in diabetes
have been modified according to the optimal sensitivity
and specificity for DR (28). In 1997, the ADA recommended
lowering the threshold for FPG from 7.8 mmol/L (140.4
mg/dL) to 7.0 mmol/L (126 mg/dL), because multiple inves-
tigations had shown a linear increase in the prevalence of
retinopathy above this level and the latter cut-off corre-

lated better with a 2h plasma glucose ≥ 11.1 mmol/L (3, 7,
17). In 2010, based on a data pooling analysis of five stud-
ies, the ADA proposed HbA1c ≥ 48 mmol/mol (6.5 %) as the
diagnostic cut-off point for diabetes (1, 6, 29).

As already mentioned, the optimal cut-off thresholds
for FPG and HbA1c for defining DR can vary between pop-
ulations. Previous ROC curve analyses indicated an opti-
mal FPG threshold level of 7.1 mmol/L (127.8 mg/dL) in Aus-
tralia (the AusDiab study) (18), 6.7 mmol/L (120.6 mg/dL) in
the US population (NHANES III) (7), and 6.8 mmol/L (122.4
mg/dL) in the Pima Indian population (8). The DETECT-2
collaboration writing group, which investigated approxi-
mately 45,000 participants, showed glycemic thresholds
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for diabetes-specific retinopathy (defined as moderate or
more severe DR) of 6.4% (46 mmol/mol) for HbA1c and 6.5
mmol/L (117 mg/dL) for FPG (6). Our optimal HbA1c thresh-
old for DR was similar to those of other studies, such as
the fifth Korea national health and nutrition examination
survey (6.2%; 44 mmol/ mol) (10), a Japanese population
study (6.2%; 44 mmol/ mol) (30), and an Egyptian study
(6.3%; 45 mmol/ mol) (17), but our values were higher than
those other investigations, such as the AusDiab study (6.1%;
43 mmol/mol), NHANES 2005-2006 (5.5%; 37 mmol/mol),
and a Japanese study (5.3-5.7%; 34-39 mmol/mol) (14, 15, 18).
In the case of FPG, our cut-off value was consistent with
the results obtained by the Hisayama Studies (6.4 and 6.5
mmol/L; 115.2 and 117 mg/dL) (9, 15), a Chinese population
study (6.4 mmol/L, 115.2 mg/dL) (2), and the DETECT-2 inves-
tigation (6.6 mmol/L, 118.8 mg/dL) (6).

The use of HbA1c measurement to diagnose diabetes
remains somewhat controversial (31). HbA1c has several
diagnostic benefits over FPG, such as the independence
from fasting, lower day-to-day variation compared with
FPG, lower pre-analytical instability, and lower biologic
variability (10, 32). These advantages have implications for
the early identification and treatment of undiagnosed di-
abetes. Our analysis demonstrated a significantly larger
area under the ROC curve for HbA1c than for FPG when
considering the whole population. However, this differ-
ence lost statistical significance when individuals receiv-
ing anti-hyperglycemic medication were excluded. This
finding indicates that the discriminative ability of HbA1c
for detecting individuals with diabetes or with a high risk
for diabetes was comparable to that of FPG. This was consis-
tent with the findings of the Korean diabetes association
(KDA) (12).

The strengths of our study include its population-
based design with a homogeneous ethnic background,
the precise interpretation of retinal photography by an
ophthalmologist, and stringent inclusion criteria. In fact,
the studied subjects were limited to those who were non-
hypertensive and had diabetes-specific retinopathy. These
criteria reduced the chance of observing the spurious re-
sults. However, some limitations should also be acknowl-
edged. First, our analyses included people with previous
or current hypoglycemic treatment. Hypoglycemic med-
ications could have affected the levels of glycemia and
might have influenced the distribution of HbA1c or FPG
levels. Second, this study was based on cross-sectional
data, which might have affected the threshold values of
the glycemic measures. Ideally, the diagnostic thresh-
olds would be derived from prospective studies, which
would allow a more accurate evaluation of the relation-
ship between glycemic measures and incident microvascu-
lar complications. Third, other glycemic measures, such as

2-hour PG, glycated albumin (GA), and 1,5-anhydroglucitol
(1,5-AG) values, were not included in this analysis.

In conclusion, our study showed that the HbA1c and
FPG thresholds for diagnosing diabetes in an Iranian pop-
ulation were lower than the current diagnostic criteria.
According to the present investigation, the prevalence of
retinopathy increased when the HbA1c and FPG cut-off val-
ues of 6.2% (44 mmol/mol) and 6.5 mmol/L (117 mg/dL), re-
spectively, were utilized. In addition, HbA1c showed a bet-
ter discriminatory power than FPG for detecting the pres-
ence of retinopathy. A follow-up study with a larger sample
size is needed to confirm the relationship of FPG and HbA1c
to the incidence of DR.
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