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Abstract: Hyperreflective dots (HRD) are activated retinal microglial cells induced by retinal
inflammation in diabetic patients. This study was conducted to compare the HRD count of normal
and diabetic subjects; to determine the correlation between hemoglobin A1c (HbA1c) levels and
HRD count; to determine HbA1c cut-off levels for the appearance of HRD in diabetic patients.
A cross-sectional study was conducted among normal and diabetic patients. Fundus photos, SD-OCT
images and HbA1c levels were taken. A total of 25 normal subjects, 32 diabetics without retinopathy
and 26 mild-to-moderate nonproliferative diabetic retinopathy (NPDR) diabetics were recruited.
There was a statistically significant difference between the mean count of HRD among the normal
group, the diabetic without retinopathy group and the mild-to-moderate NPRD group. The mean
HRD count in the inner retina layer was significantly higher compared to the outer retina layer.
There was a significant linear relationship between the HbA1c levels and HRD count. Using the
receiver operating curve, the HbA1c level of 5.4% was chosen as the cut-off point for the appearance
of HRD. The positive linear correlation between the HbA1c levels and the appearance of HRD may
indicate that hyperglycemia could activate retina microglial cells in diabetic patients.
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1. Introduction

Diabetic retinopathy (DR) is a chronic progressive, potentially sight-threatening disease of the
retinal microvasculature, and is associated with prolonged hyperglycemia and other conditions
linked to diabetes mellitus such as hypertension [1], hyperlipidemia, dysregulated hormones levels
and growth factors. These induce a cascade of biochemical and physiological changes that lead
to neurovascular damage in the retina through oxidative stress, inflammation and apoptosis [2].
High blood sugar levels (hyperglycemia) in diabetes mellitus is considered the most causative etiology
for DR [3]. A hyperglycemia environment in the retina can stimulate the accumulation of inflammatory
mediators and reactive oxygen species (ROS), which induce the activation of microglia cells [4].
Other than these conditions, studies have suggested a strong relationship between elevated plasma
homocysteine and DR [5–8]. However, a systematic review has shown that there is an association
between elevated levels of plasma homocysteine and the risk of DR, but this association was stronger for
type 1 DM (odds ratio = 1.83, 95% confidence interval, 1.28–2.62) than type 2 DM (odds ration = 1.59,
95% confidence interval, 1.28–2.62) [9].

In hyperglycemia, the activated microglia cells secrete pro-inflammatory molecules and
cytokines used for phagocytosis and the destruction of damaged cells, which arise to retinal
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neurodegeneration [10]. Retinal neurodegeneration and inflammation are suggested as the early events
that precede the clinical signs of DR in diabetic patients. Retinal microglia cell activation has been
shown to cause initial inflammatory response, and is capable of causing vascular abnormalities and
neuronal degeneration [3].

Hyper-reflective dots (HRD) are described as the activation of microglia cells (aggregation of
microglial cells) [11]. HRD are often described as small, mostly punctiform, and highly reflective dots
which can be counted quantitatively on SD-OCT B-scans, in both the inner retina (IR) and the outer
retina (OR). They are believed to act as valuable SD-OCT findings for diagnosis, prediction of disease
progression, and follow-ups in diabetic patients [10,11]. HRD have also been observed in other retinal
diseases such as age-related macular degeneration (ARMD) and retinal vein occlusion (RVO) [12–14].

N-terminal valine residue of erythrocyte hemoglobin become irreversibly glycosylated in
proportion to circulating glucose concentrations, and the resultant product is referred to as hemoglobin
A1c (HbA1c) [15]. In comparison with fasting blood sugar (FBS), HbA1c can provide a long-term
glycemic value, as the life span of glycosylated hemoglobin, which is approximately 120 days, is highly
correlated with fasting blood sugar (FBS) measurements [16], and does not require measurement in the
fasting state.

This study aims to compare the HRD count in normal subjects, diabetic subjects without
retinopathy, and those with mild non-proliferative diabetic retinopathy (NPDR); to determine the
correlation between HbA1c levels and HRD count; and to determine the HbA1c cut-off level for the
appearance of HRD in diabetic patients.

2. Materials and Methods

2.1. Sampling

This was a prospective, cross-sectional study with purposive sampling among normal and diabetic
patients who attended an ophthalmology clinic in a government hospital in the Klang Valley, Selangor,
from September to December 2018. The inclusion criteria for diabetic patients were type 2 diabetes
without retinopathy, and mild-to-moderate NPDR; normal subjects were to show no signs of any
retinal or choroidal diseases. The exclusion criteria were diabetic macular edema (DME), previous
retinal treatment, previous intraocular surgery, myopia greater than −6 diopters, age below 18 years
old, and pregnant women.

This study was conducted according to the tenets of the Declaration of Helsinki of human subjects,
and research approval was obtained from the Research Ethics Committee, Universiti Kebangsaan
Malaysia (NN-2018-117) and the Medical Research and Ethics Committee (MREC) Ministry of Health
Malaysia (NMRR-18-1101-40586). Written informed consent was obtained from the subjects after a
detailed explanation of the study.

2.2. Sample Size Calculation

Power analysis for a one-way analysis of variance (ANOVA) with three groups was conducted in
G*Power 3.1 to determine a sufficient sample size using an alpha of 0.05, a power of 0.80, and a large
effect size (f = 0.40) [17]. Based on the software calculation, the desired sample size was 66. Taking into
account the drop-out rate of 10%, a total of 75 subjects (eyes) divided into three groups as shown in
Figure 1, were required for this study. Only one eye of each subject was used for the SD-OCT analysis.
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OCT images scanned by a Zeiss Primus 200, and HbA1c levels determined by the high-performance 
liquid chromatography (HLPC) method.  
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In search of the presence of HRD, single 1800 SD-OCT line scans (6mm in length), which fixate 
on the center of the fovea, were analyzed for each patient. Two red vertical lines were traced at 500 𝜇m and 1500𝜇m from the center of the fovea in the temporal region [5], thus excluding the foveal 
avascular zone, as shown in Figure 2. A manual count of the HRD, defined as small, punctiform, 
white lesions, was performed by two masked examiners. The location (inner or outer retina) and size 
of HRD were also recorded. The HRD, which were identified on the OCT B-scan were then compared 
with their corresponding image on the en face map and their color fundus photo, in order to exclude 
exudates and microaneurysms which mimic the hyperreflective appearance of HRD. Only one eye of 
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Figure 1. Grouping of subjects.

2.3. Procedure

Subjects who passed the diabetic screening (normal control group) or underwent ophthalmology
examination (diabetic study group) by an ophthalmologist at the government hospital were selected to
have fundus photos taken using a Canon CR-2 non-mydriatic camera, SD-OCT images scanned by
a Zeiss Primus 200, and HbA1c levels determined by the high-performance liquid chromatography
(HLPC) method.

2.4. HRD Image Grading

In search of the presence of HRD, single 1800 SD-OCT line scans (6 mm in length), which fixate on
the center of the fovea, were analyzed for each patient. Two red vertical lines were traced at 500 µm
and 1500 µm from the center of the fovea in the temporal region [5], thus excluding the foveal avascular
zone, as shown in Figure 2. A manual count of the HRD, defined as small, punctiform, white lesions,
was performed by two masked examiners. The location (inner or outer retina) and size of HRD were
also recorded. The HRD, which were identified on the OCT B-scan were then compared with their
corresponding image on the en face map and their color fundus photo, in order to exclude exudates
and microaneurysms which mimic the hyperreflective appearance of HRD. Only one eye of each
subject was used for the SD-OCT analysis.
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Figure 2. Spectral domain OCT linear scans in the macula. Two vertical lines were traced at 500 µm
and 1500 µm from the center of the fovea in the temporal region. The blue arrow indicates the presence
of Hyperreflective dots (HRD).
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2.5. HbA1c Levels

The automated cation-exchange high performance liquid chromatography (HPLC) Bio-Rad D-10
Hemoglobin Testing System was used [18]. It utilizes principles of ion-exchange. The samples were
automatically diluted and injected into the analytical cartridge. The D-10 delivered a programmed
buffer gradient of increasing ionic strength to the cartridge. The hemoglobins were separated based on
their ionic interactions with the cartridge material. The separated hemoglobins then passed through
the flow cell of the filter photometer, where exchanges in the absorbance at 415 nm were measured.

Blood samples were collected in a vacuum collection tube containing EDTA by nurses at the
hospital. The samples were then sent to the lab for analysis. For the determination of HbA1c, a lysis of
the blood cells was first performed. The samples were incubated at 37 ◦C to eliminate the unstable
aldimine form. After centrifugation, the supernatant was injected into the HPLC system. The gradient
separation via HPLC at 30 ◦C lasted 5 min. The chromatograms were recorded by a UV detector.
The quantification was performed with the delivered blood calibrator, and the concentration was
calculated via the integration of the peak heights. A sample report and a chromatogram were generated
for each sample.

2.6. Statistical Analyses

Statistical analyses for this study were performed using the Statistical Package for the Social
Sciences (SPSS) version 22.0 for Windows (SPSS inc, Chicago, IL, USA). A p-value less than 0.05 was
defined as statistically significant. The Kolmogorov–Smirnov test was used to test normality of the
data distribution. A descriptive analysis was used to illustrate the mean value; standard deviation
(SD); median; range and percentage of HRD numbers; HbA1c levels; age; gender; duration of diabetes.

Cohen’s kappa coefficient was used to measure intra and inter-rater agreements for the image
grading of the HRD. Comparison in the number of HRD between the normal control group and diabetic
groups was conducted by means of ANOVA. Pearson’s correlation coefficient was used to determine
the correlation between the HbA1c levels and HRD count. A receiver operating characteristic (ROC)
curve was plotted to determine the HbA1c cut-off level for the appearance of HRD, and the cut-off

point of the number of HRD to detect diabetes.

3. Results

Although the calculation of the sample size required a minimum of 75 subjects, a total of 83 subjects
were recruited and divided into three groups, of which, 25 were normal subjects, 32 were diabetics
without retinopathy and 26 were mild-to-moderate NPDR diabetics. Only one eye with the highest
image quality was selected for each subject, and thus, 42 right eyes and 41 left eyes were analyzed.

3.1. Demographic Data

There were 54 (65.1%) female and 29 (34.9%) male subjects. The demographic data are shown
in Table 1. The mean age was 52.4 ± 10.3 years (age range of 35 to 73 years) for normal subjects,
58.5 ± 6 years (age range of 47 to 69 years) for diabetics without DR, and 58.4 ± 3.3 years (age range of
52 to 65 years) for mild-to-moderate NPDR diabetics. There was no significant difference in the mean
age between the groups. There were more female subjects than male subjects. There was a significant
difference in the mean diabetes duration between the mild-to-moderate NPDR group and the diabetic
without retinopathy group (t (56) = −5.80, p < 0.05). This result suggests subjects with a longer duration
of diabetes tend to have a more severe stage of DR.

Similarly, there was also a significant difference in the mean HbA1c levels between the
mild-to-moderate NPDR group and the diabetic without retinopathy group (t (56) = −11.32, p < 0.05).
Patients with higher HbA1c levels tend to have changes in the retina. A receiver operating characteristic
(ROC) curve was plotted to determine the cut-off point of HbA1c to detect DR, as shown in Figure 3.
Several choices of HbA1c levels were compared to choose the optimal cut-off point to detect DR,
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as shown in Table 2. The HbA1c level range of 6.9–7.1 was considered a good cut-off point to detect
DR because the sensitivity and specificity exceeded 90%. The area under the curve (AUC) was almost
perfect (0.99), which reveals that HbA1c is a good indicator, capable of identifying subjects with and
without DR correctly by approximately 99%.

Table 1. Demographic data of subjects (n = 83).

Characteristics Frequency
(%)

Mean ± SD
Confidence Interval

Normal
(n = 25)

Diabetic without
Retinopathy

(n = 32)

Diabetic with Mild
to Moderate NPDR

(n = 26)

Age (years)
Mean ± SD

(Range) 52.40 ± 10.30 58.50 ± 6.04 58.38 ± 3.35

95% Confidence Interval 48.2–56.7 56.3–60.7 57.0–59.7

Gender

Male 29 (34.9) 11 11 7
Female 54 (65.1) 14 21 19

Race/ethnicity

Malay 54 (65.1) 16 23 15
Chinese 12 (14.5) 6 3 3
Indian 17(20.5) 3 6 8
Other 0 0 0 0

Diabetes
duration (years)

Mean ± SD
(Range) 6.6 ± 1.6 9.0 ± 1.6

95% Confidence Interval 6.0–7.1 8.4–9.6

HbA1c level
Mean ± SD

(Range) 4.80 ± 0.34
6.43 ± 0.41 7.66 ± 0.41

95% Confidence Interval 6.3–6.6 7.5–7.8
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Table 2. Sensitivity and specificity of each HbA1c level to detect DR.

HbA1c Level Sensitivity (%) Specificity (%)

6.80 100.00 87.70
6.90 96.20 91.20
7.00 96.20 93.00
7.10 92.30 98.20
7.20 88.50 98.20

3.2. Hyper-Reflective Dots (HRD) Count

The number of HRD was counted manually by two masked examiners. Cohen’s kappa coefficient
was used to measure the inter-rater agreement for image grading of the HRD. The intra-grader and
inter-grader agreements were evaluated. There was very strong agreement, according to Landis and
Koch (1977), for inter-rater and intra-rater agreements, κ = 0.841 (95% CI), p < 0.05 and κ = 0.871
(95% CI), p < 0.05 respectively.

A one-way ANOVA test was conducted to compare the HRD count between the normal group,
the diabetics without retinopathy group, and the mild-to-moderate NPDR group [F (2, 80) = 183.45,
p < 0.05]. Post hoc comparisons using the Tukey test indicated that the mean HRD count for the normal
group (0.48 ± 0.87) was significantly different to the diabetic without retinopathy group (10.25 ± 3.37),
and the mean number of HRD for the diabetic without retinopathy was also significantly different
to the mild-to-moderate NPRD group (14.96 ± 3.08), as shown in Table 3. This result suggests that
subjects with a more severe stage of retinopathy tend to have a higher HRD count. The mean HRD
count in the inner retina layer (8.58 ± 6.31) was significantly higher compared to the outer retina layer
((0.25 ± 0.60), t = 12.20, p < 0.05).

Table 3. Comparison of number of HRD.

Groups HRD Count (Mean ± SD) T-Test (Total IR vs. OR)

Inner Retina (IR) Outer Retina (OR) Total t-Value p-Value

Normal 0.48 ± 0.87 0 0.48 ± 0.87
12.20 <0.05Diabetic without retinopathy 10.16 ± 3.30 0.09 ± 0.39 10.25 ± 3.37

Mild-to-moderate NPDR 14.42 ± 3.50 0.54 ± 0.90 14.96 ± 3.08

3.3. Correlation between HbA1c Levels and HRD Count

Figure 4 shows that there is a linear relationship between HbA1c levels and HRD count. A Pearson
correlation coefficient was computed to assess the relationship between the HbA1c levels and HRD
count, and a strong, positive correlation was found (r = 0.952, n = 83, p < 0.05).

3.4. HbA1c Cut-Off Level for the Appearance of HRD

As an initial step towards determining the HbA1c cut-off level for the appearance of HRD, a ROC
curve was created using the normal and diabetic patients. ROC curves show the pairing of true-positive
and false-positive coordinates across a range of cut-off points that distinguish positive cases from
controls. For the ROC curve, the true-positive rate (sensitivity) represents the proportion of patients
with HRD that were correctly classified by the HbA1c. The false-positive rate (1–specificity) represents
the proportion of patients without HRD incorrectly classified as having HRD. Figure 5 shows the
ROC curve and the area under the curve for the appearance of HRD in diabetic patients. The area
under the curve (AUC) was 0.945, which indicates that HbA1c is an excellent indicator, capable of
identifying subjects with and without HRD correctly by 94.5%. A few HbA1c levels were selected to
compare and choose the cut-off point with the highest sensitivity and specificity as shown in Table 4.
The HbA1c level of 5.4% was chosen as the cut-off point for the appearance of HRD because it has both
high sensitivity (89.20%) and specificity (96.60%).



Int. J. Environ. Res. Public Health 2020, 17, 3154 7 of 11

Int. J. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW 7 of 12 

 

 

Table 3. Comparison of number of HRD. 

Groups HRD Count (Mean ± SD) T-Test (Total IR vs 
OR) 

 Inner retina 
(IR) 

Outer retina 
(OR) 

Total t-value p-value 

Normal 0.48 ± 0.87 0 0.48 ± 0.87 

12.20 <0.05 
Diabetic without 

retinopathy 
10.16 ± 3.30 0.09 ± 0.39 

10.25 ± 
3.37 

Mild-to-moderate NPDR 14.42 ± 3.50 0.54 ± 0.90 
14.96 ± 

3.08 

3.3. Correlation between HbA1c Levels and HRD Count  

Figure 4 shows that there is a linear relationship between HbA1c levels and HRD count. A 
Pearson correlation coefficient was computed to assess the relationship between the HbA1c levels 
and HRD count, and a strong, positive correlation was found (r = 0.952, n = 83, p < 0.05). 

 

Figure 4. Correlation between HbA1c levels and HRD count. 

3.4. HbA1c Cut-Off Level for the Appearance of HRD 

As an initial step towards determining the HbA1c cut-off level for the appearance of HRD, a 
ROC curve was created using the normal and diabetic patients. ROC curves show the pairing of true-
positive and false-positive coordinates across a range of cut-off points that distinguish positive cases 
from controls. For the ROC curve, the true-positive rate (sensitivity) represents the proportion of 
patients with HRD that were correctly classified by the HbA1c. The false-positive rate (1–specificity) 
represents the proportion of patients without HRD incorrectly classified as having HRD. Figure 5 
shows the ROC curve and the area under the curve for the appearance of HRD in diabetic patients. 
The area under the curve (AUC) was 0.945, which indicates that HbA1c is an excellent indicator, 
capable of identifying subjects with and without HRD correctly by 94.5%. A few HbA1c levels were 
selected to compare and choose the cut-off point with the highest sensitivity and specificity as shown 
in Table 4. The HbA1c level of 5.4% was chosen as the cut-off point for the appearance of HRD 
because it has both high sensitivity (89.20%) and specificity (96.60%).  
  

0

5

10

15

20

25

0 2 4 6 8 10

HR
D 

co
un

t

HbA1c levels

Figure 4. Correlation between HbA1c levels and HRD count.

Int. J. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW 8 of 12 

 

 

Table 4. Sensitivity and specificity of each HbA1c level for the appearance of HRD. 

HbA1c level (%) Sensitivity (%) Specificity (%) 
4.90 95.40 61.10 
5.00 93.80 61.10 
5.10 90.80 77.80 
5.20 90.80 83.30 
5.30 90.80 94.40 
5.40 89.20 96.60 
5.50 87.10 96.60 

 
Figure 5. ROC curve and area under the curve (AUC) for the appearance of HRD. 

4. Discussion 

The present study was conducted to determine the correlation between HbA1c levels and HRD 
count. The duration of diabetes was shown to be significantly different between the two diabetic 
groups, namely, the diabetic subjects without retinopathy, and those with mild-to-moderate NPDR. 
There are many studies that suggest that the duration of diabetes is closely linked to the prevalence 
of diabetic retinopathy (DR) [19–21]. According to the World Health Organization (2016), less than 
5% of patients will have retinopathy at diagnosis, while its prevalence can rise up to 40%–50% after 
ten years. After 20 years of diabetes, most patients with type 1 diabetes, and 60% of patients with 
type 2 diabetes have some degree of DR. The duration of diabetes is significantly associated with the 
development and severity of DR, with the odds ratio (OR) ranging from 1.00 to 8.74 in a study 
conducted by Lim et al. [22]. The OR was 1.00 for less than 3 years, 2.49 for 3 to 6 years, 5.61 for 7 to 
11 years, and 8.75 for 12 years or longer. Another study reported OR as high as 8.62 if the duration of 
DM is more than 15 years [23].  

In our study, there was a significant difference between the mean value of HbA1c levels in the 
normal group (4.80 ± 0.34), the diabetic without retinopathy group (6.43 ± 0.41), and the mild-to-
moderate NPRD group (7.66 ± 0.41). Our results correlate well with the study of Sabanayagam et al., 
[24] which mentioned that in subjects with mild-to-moderate NPDR, HbA1c levels in the range of 
7.0%–7.9% and ≥8.0% had a nine-fold and 30-fold higher prevalence, respectively, than in subjects 
with HbA1c ≤ 6.9%. In their study, the optimal cut-off points with maximum sensitivity and 

Figure 5. ROC curve and area under the curve (AUC) for the appearance of HRD.

Table 4. Sensitivity and specificity of each HbA1c level for the appearance of HRD.

HbA1c Level (%) Sensitivity (%) Specificity (%)

4.90 95.40 61.10
5.00 93.80 61.10
5.10 90.80 77.80
5.20 90.80 83.30
5.30 90.80 94.40
5.40 89.20 96.60
5.50 87.10 96.60



Int. J. Environ. Res. Public Health 2020, 17, 3154 8 of 11

4. Discussion

The present study was conducted to determine the correlation between HbA1c levels and HRD
count. The duration of diabetes was shown to be significantly different between the two diabetic
groups, namely, the diabetic subjects without retinopathy, and those with mild-to-moderate NPDR.
There are many studies that suggest that the duration of diabetes is closely linked to the prevalence
of diabetic retinopathy (DR) [19–21]. According to the World Health Organization (2016), less than
5% of patients will have retinopathy at diagnosis, while its prevalence can rise up to 40%–50% after
ten years. After 20 years of diabetes, most patients with type 1 diabetes, and 60% of patients with
type 2 diabetes have some degree of DR. The duration of diabetes is significantly associated with
the development and severity of DR, with the odds ratio (OR) ranging from 1.00 to 8.74 in a study
conducted by Lim et al. [22]. The OR was 1.00 for less than 3 years, 2.49 for 3 to 6 years, 5.61 for 7 to
11 years, and 8.75 for 12 years or longer. Another study reported OR as high as 8.62 if the duration of
DM is more than 15 years [23].

In our study, there was a significant difference between the mean value of HbA1c levels in
the normal group (4.80 ± 0.34), the diabetic without retinopathy group (6.43 ± 0.41), and the
mild-to-moderate NPRD group (7.66 ± 0.41). Our results correlate well with the study of
Sabanayagam et al. [24] which mentioned that in subjects with mild-to-moderate NPDR, HbA1c
levels in the range of 7.0%–7.9% and ≥8.0% had a nine-fold and 30-fold higher prevalence, respectively,
than in subjects with HbA1c ≤ 6.9%. In their study, the optimal cut-off points with maximum sensitivity
and specificity to detect mild to moderate DR were 6.6% and 7.0%, and the AUCs were 0.899 and 0.904,
respectively. The two cut-off points of sensitivity and specificity were in agreement with other studies
which recommended the HbA1c cut-off points of ≥6.5% and 7.0%, respectively [25,26]. However,
another two studies showed different cut-off points, which were in the range of 6.0% to 7.0% [27,28].
For our study, the range of cut-off points was 6.9% to 7.1%. The possible reasons for the variability in
optimal cut-off points could be due the different assay methods, such as ion exchange chromatography,
boronate affinity and immunoassays [29]. We used ion exchange chromatography as the assay, as with
this method chromograms can be inspected for hemoglobin variants, and it is very precise. Boronate
affinity has less interference from hemoglobinopathies, but it measures glycated α and β chains which
may affect readings. Immunoassays are relatively easy to implement under many different formats,
but are affected by hemoglobinopathies [30]. Gallagher et al. [31] documented several other factors
that induce variable HbA1c levels such as erythropoiesis, altered hemoglobins, glycation (alcoholism,
aspirin, vitamin C and E, genetic determinants), and erythrocyte destruction (drug-induced).

Our present study reported the presence of HRD and their location (inner retina or outer retina
layer) in normal subjects, diabetic subjects without retinopathy, and subjects with mild-to-moderate
NPDR on linear B-scans (SD-OCT), and compared these to en face fundus photo to exclude hard
exudates, microaneurysm, and blood vessels. In our study, the presence and number of HRD increased
in diabetic subjects without retinopathy, and especially in diabetic subjects with clinical signs of DR
(mild-to-moderate NPDR), when compared with normal subjects. HRD were first described in a study
conducted in 2012 [32]. They were described as small, punctiform hyper-reflective spots that are
scattered throughout all retina layers (mostly in the outer retina) in late stage age-related macular
degeneration (AMD). The authors described HRD as activated microglial cells, because the number of
HRD was reduced quickly after anti-inflammatory injection treatment, providing optimal improvement
in the visual acuity of subjects. Thus, the amount of baseline HRD was suggested to be a predictive
factor for therapy outcome, and to demarcate the severity of the disease. A previous study reported the
increase in HRD in diabetic subjects versus normal subjects and diabetic subjects without any clinical
retinopathy [11]. They suggested that HRD may represent aggregates of activated microglial cells that
have migrated from more inner retina layers to more outer retina layers depending on the progression
of the disease. Another study proposed that HRD in the outer retina in diabetic macular edema were
closely associated with the disrupted external limiting membrane and inner or outer segment lines,
suggesting that they originated from degenerated photoreceptors, or from macrophages engulfing
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them [33]. Therefore, our study which mostly consists of subjects with early diabetic changes, may not
have a significant presence of HRD in the outer retina layer because the external limiting membrane
and inner or outer segment lines may still remain intact.

We also report that HRD were significantly more numerous in the inner retina (IR) layer of
diabetics, and almost absent in the outer retina (OR) layer of subjects in the normal group. This is
because the resting retinal microglia is physiologically located in the IR layers, and the activation
process begins in, and expands from the IR layers before migrating toward the OR layer [34]. In our
study, it is likely that HRD are activated microglial cells because of the location in the inner retina
(where the resident microglia are present), lack of back shadowing, small size, and the absence of
vessels or any other lesion in the en face fundus photos. This is also documented in a study which
showed a similar HRD presence [11].

An almost perfect correlation (r = 0.952, p < 0.05) between HbA1c levels and number of HRD
was achieved in our study. Overall, the increase in the number of HRD correlated with the increase in
HbA1c levels. This was supported by a study which showed that the baseline HRD amount correlated
positively with HbA1c values, and indicated the severity of disease [35]. Two studies were completed
to interpret HRD as activated microglial cells which were caused by chronic inflammation in the
retina [33,34]. This chronic inflammation is more likely caused by hyperglycemia or poor control of
blood glucose levels [36]. This low-level inflammation may be tolerated by diabetic patients for years
without causing any damage, but the accumulating alteration may ultimately break the tolerance
and worsen DR. Two studies showed that insulin resistance and type 2 diabetes are associated with
higher levels of C-reactive protein (CRP), interleukin-6 (IL-6), and tumour necrosis factor-α (TNF- α),
which are markers of subclinical systemic inflammation [37,38]. Thus, we used HbA1c as an indicator
of retinal inflammation (hyperglycemia) and tested the correlation with presence of HRD (activated
microglial cells). According to our results, we can conclude that hyperglycemia could be the reason
behind the activation of microglial cells and the increase in the appearance of HRD.

5. Conclusions

Our study has shown that HRD count increases with the severity of HbA1c levels. There was
a positive linear correlation between HbA1c levels and the presence of HRD. This indicates that
hyperglycemia may activate microglial cells in inner retina, thus causing a chronic level of retinal
inflammation. This study has also determined the HbA1c cut-off level for the appearance of HRD
in diabetics. The AUC from the ROC curve was 0.945, which indicated that HbA1c is an excellent
indicator, capable of identifying diabetic subjects with and without HRD correctly by approximately
94.5%. The optimal cut-off point for the appearance of HRD is the HbA1c level of 5.4%. This suggests
that when a diabetic patient has a HbA1c level higher than 5.4%, the chances of the patient having an
appearance of HRD is extremely high. Thus, HbA1c is correlated with the appearance of HRD and,
is therefore, an excellent predictor for the appearance of HRD in diabetics, which could be caused by
the activation of microglial cells.

Author Contributions: S.S.-K. and N.F.N. conceived and designed the study; B.S.W. performed the tests and
collected the data; S.S.-K., N.F.N., R.R.S. and B.S.W. analyzed the data; original draft preparation was completed by
B.S.W. and S.S.-K. and N.F.N. critically revised the paper; final review, editing and visualization were completed
by S.S.-K. All authors have read and agree to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We like to thank all the staff of the Ophthalmology Clinic of the government hospital where
the study was conducted for their cooperation in recruiting the study subjects and to all the patients who
participated in this study. The authors would also like to thank the Director-General of Health Malaysia for
permission to publish this study.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2020, 17, 3154 10 of 11

References

1. Gardner, T.W.; Abcouwer, S.F.; Barber, A.J.; Jackson, G.R. An integrated approach to diabetic retinopathy
research. Arch. Ophthalmol. 2011, 129, 230–235. [CrossRef] [PubMed]

2. Malaguarnera, G.; Gagliano, C.; Bucolo, C.; Vacante, M.; Salomone, S.; Malaguarnera, M.; Leonardi, D.G.;
Motta, M.; Drago, F.; Avitabile, T. Lipoprotein(a) serum levels in diabetic patients with retinopathy.
Biomed. Res. Int. 2013, 2013, 943505. [CrossRef] [PubMed]

3. El-Asrar, A.M.A. Role of inflammation in the pathogenesis of diabetic retinopathy. Middle East Afr.
J. Ophthalmol. 2012, 19, 70–74. [CrossRef] [PubMed]

4. Rains, J.L.; Jain, S.K. Oxidative stress, insulin signaling, and diabetes. Free Radic. Biol. Med. 2011, 50, 567–575.
[CrossRef] [PubMed]

5. Malaguarnera, G.; Gagliano, C.; Giordano, M.; Salomone, S.; Vacante, M.; Bucolo, C.; Caraci, F.; Reibaldi, M.;
Drago, F.; Avitabile, T.; et al. Homocysteine serum levels in diabetic patients with non proliferative,
proliferative and without retinopathy. Biomed. Res. Int. 2014, 2014. [CrossRef] [PubMed]

6. Dong, N.; Shi, H.; Tang, X. Plasma homocysteine levels are associated with macular thickness in type 2
diabetes without diabetic macular edema. Int. Ophthalmol. 2018, 38, 737–746. [CrossRef]

7. Brazionis, L.; Rowley, K., Sr.; Itsiopoulos, C.; Harper, C.A.; O’Dea, K. Homocysteine and diabetic retinopathy.
Diabetes Care 2008, 31, 50–56. [CrossRef]

8. Tawfik, A.; Mohamed, R.; Elsherbiny, N.M.; DeAngelis, M.M.; Bartoli, M.; Al-Shabrawey, M. Homocysteine:
A potential biomarker for diabetic retinopathy. J. Clin. Med. 2019, 8, 121. [CrossRef]

9. Xu, C.; Wu, Y.; Liu, G.; Liu, X.; Wang, F.; Yu, J. Relationship between homocysteine level and diabetic
retinopathy: A systematic review and meta-analysis. Diagn. Pathol. 2014, 9, 167. [CrossRef]

10. Ibrahim, A.S.; El-Remessy, A.B.; Matragoon, S.; Zhang, W.; Patel, Y.; Khan, S.; Al-Gasyyar, M.M.;
El-Shishtawy, M.M.; Liou, G.I. Retinal microglial activation and inflammation induced by amadori-glycated
albumin in a rat model of diabetes. Diabetes 2011, 60, 1122–1133. [CrossRef]

11. Vujosevic, S.; Bini, S.; Midena, G.; Berton, M.; Pilotto, E.; Midena, E. Hyperreflective intraretinal spots in
diabetics without and with nonproliferative diabetic retinopathy: An in vivo study using spectral domain
OCT. J. Diabetes Res. 2013, 2013, 5. [CrossRef] [PubMed]

12. De Benedetto, U.; Sacconi, R.; Pierro, L.; Lattanzio, R.; Bandello, F. Optical coherence tomographic
hyperreflective foci in early stages of diabetic retinopathy. Retina 2015, 35, 449–453. [CrossRef] [PubMed]

13. Ores, R.; Puche, N.; Querques, G.; Blanco-Garavito, R.; Merle, B.; Coscas, G.; Oubraham, H.; Semoun, O.;
Souied, E.H. Gray hyper-reflective subretinal exudative lesions in exudative age-related macular degeneration.
Am. J. Ophthalmol. 2014, 158, 354–361. [CrossRef] [PubMed]

14. Turgut, B.; Yildirim, H. The causes of hyperreflective dots in optical coherence tomography excluding diabetic
macular edema and retinal venous occlusions. Open J. Ophthalmol. 2015, 9, 36–40. [CrossRef] [PubMed]

15. Gorst, C.; Kwok, C.S.; Aslam, S.; Buchan, I.; Kontopantelis, E.; Myint, P.K.; Heatlie, G.; Loke, Y.; Rutter, M.K.;
Mamas, M.A. Long-term glycemic variability and risk of adverse outcomes: A systematic review and
meta-analysis. Diabetes Care 2015, 38, 2354–2369. [CrossRef]

16. Florkowski, C. HbA1c as a diagnostic test for diabetes mellitus–reviewing the evidence. Clin. Biochem. Rev.
2013, 34, 75–83.

17. Faul, F.; Erdfelder, E.; Lang, A.G.; Buchner, A. G* Power 3: A flexible statistical power analysis program for
the social, behavioral and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [CrossRef]

18. Automated Bio-Rad D-10 Hemoglobin Testing System Brochure. Available online: https://www.mdkhospital.
com/documents/Hemoglobin%20A1c%20D10.pdf (accessed on 4 February 2020).

19. Jenchitr, W.; Samaiporn, S.; Lertmeemongkolchai, P.; Chongwiriyanurak, T.; Anujaree, P.; Chayaboon, D.;
Pohikamjorn, A. Prevalence of diabetic retinopathy in relation to duration of diabetes mellitus in community
hospitals of lampang. J. Med. Assoc. Thai. 2004, 87, 1321–1326.

20. Tapp, R.J.; Shaw, J.E.; Harper, C.A.; De Courten, M.P.; Balkau, B.; McCarty, D.J.; Taylor, H.R.; Welborn, T.A.;
Zimmet, P.Z. The prevalence of and factors associated with diabetic retinopathy in the Australian population.
Diabetes Care 2003, 26, 1731–1737. [CrossRef]

21. Zhang, X.; Saaddine, J.B.; Chou, C.F.; Cotch, M.F.; Cheng, Y.J.; Geiss, L.S.; Gregg, E.W.; Albright, A.L.;
Klein, B.E.; Klein, R. Prevalence of diabetic retinopathy in the United States, 2005–2008. JAMA 2010,
304, 649–656. [CrossRef]

http://dx.doi.org/10.1001/archophthalmol.2010.362
http://www.ncbi.nlm.nih.gov/pubmed/21320973
http://dx.doi.org/10.1155/2013/943505
http://www.ncbi.nlm.nih.gov/pubmed/23862162
http://dx.doi.org/10.4103/0974-9233.92118
http://www.ncbi.nlm.nih.gov/pubmed/22346117
http://dx.doi.org/10.1016/j.freeradbiomed.2010.12.006
http://www.ncbi.nlm.nih.gov/pubmed/21163346
http://dx.doi.org/10.1155/2014/191497
http://www.ncbi.nlm.nih.gov/pubmed/24877066
http://dx.doi.org/10.1007/s10792-017-0528-0
http://dx.doi.org/10.2337/dc07-0632
http://dx.doi.org/10.3390/jcm8010121
http://dx.doi.org/10.1186/s13000-014-0167-y
http://dx.doi.org/10.2337/db10-1160
http://dx.doi.org/10.1155/2013/491835
http://www.ncbi.nlm.nih.gov/pubmed/24386645
http://dx.doi.org/10.1097/IAE.0000000000000336
http://www.ncbi.nlm.nih.gov/pubmed/25170862
http://dx.doi.org/10.1016/j.ajo.2014.04.025
http://www.ncbi.nlm.nih.gov/pubmed/24794284
http://dx.doi.org/10.2174/1874364101509010036
http://www.ncbi.nlm.nih.gov/pubmed/25926902
http://dx.doi.org/10.2337/dc15-1188
http://dx.doi.org/10.3758/BF03193146
https://www.mdkhospital.com/documents/Hemoglobin%20A1c%20D10.pdf
https://www.mdkhospital.com/documents/Hemoglobin%20A1c%20D10.pdf
http://dx.doi.org/10.2337/diacare.26.6.1731
http://dx.doi.org/10.1001/jama.2010.1111


Int. J. Environ. Res. Public Health 2020, 17, 3154 11 of 11

22. Lim, M.C.; Lee, S.Y.; Cheng, B.C.; Wong, D.W.; Ong, S.G.; Ang, C.L.; Yeo, I.Y. Diabetic retinopathy in diabetics
referred to a tertiary centre from a nationwide screening programme. Ann. Acad. Med. Singap. 2008,
37, 753–759. [PubMed]

23. Krishnaiah, S.; Das, T.; Nirmalan, P.K.; Shamanna, B.R.; Nutheti, R.; Rao, G.N.; Thomas, R. Risk factors for
diabetic retinopathy: Findings from the andhra pradesh eye disease study. Clin. Ophthalmol. 2007, 1, 475–482.
[PubMed]

24. Sabanayagam, C.; Liew, G.; Tai, E.S.; Shankar, A.; Lim, S.C.; Subramaniam, T.; Wong, T.Y. Relationship
between glycated haemoglobin and microvascular complications: Is there a natural cut-off point for the
diagnosis of diabetes? Diabetologia 2009, 52, 1279–1289. [CrossRef] [PubMed]

25. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care 2014,
37, S81–S90. [CrossRef]

26. Peters, A.L.; Davidson, M.B.; Schriger, D.L.; Hasselblad, V. A Clinical approach for the diagnosis of diabetes
mellitus: An analysis using glycosylated hemoglobin levels. JAMA 1996, 276, 1246–1252. [CrossRef]

27. Wong, T.Y.; Liew, G.; Tapp, R.J.; Schmidt, M.I.; Wang, J.J.; Mitchell, P.; Klein, R.; Klein, B.E.; Zimmet, P.;
Shaw, J. Relation between fasting glucose and retinopathy for diagnosis of diabetes: Three population-based
cross-sectional studies. Lancet 2008, 371, 736–743. [CrossRef]

28. Tapp, R.J.; Zimmet, P.Z.; Harper, C.A.; de Courten, M.P.; McCarty, D.J.; Balkau, B.; Taylor, H.R.; Welborn, T.A.;
Shaw, J.E. Diagnostic thresholds for diabetes: The association of retinopathy and albuminuria with glycaemia.
Diabetes Res. Clin. Pract. 2006, 73, 315–321. [CrossRef]

29. Radin, M.S. Pitfalls in hemoglobin A1c measurement: When results may be misleading. J. Gen. Intern. Med.
2014, 29, 388–394. [CrossRef]

30. World Health Organisation Consultation. Use of Glycated Haemoglobin (HbA1c) in the Diagnosis of
Diabetes Mellitus. 2011. Available online: https://www.who.int/diabetes/publications/report-hba1c_2011.pdf
(accessed on 24 June 2018).

31. Gallagher, E.J.; Le Roith, D.; Bloomgarden, Z. Review of hemoglobin A1c in the management of diabetes.
J. Diabetes 2009, 1, 9–17. [CrossRef]

32. Coscas, G.; De Benedetto, U.; Coscas, F.; Calzi, C.I.; Vismara, S.; Roudot-Thoraval, F.; Bandello, F.; Souied, E.
Hyperreflective dots: A new spectral-domain optical coherence tomography entity for follow-up and
prognosis in exudative age-related macular degeneration. Ophthalmologica 2013, 229, 32–37. [CrossRef]

33. Uji, A.; Murakami, T.; Nishijima, K.; Akagi, T.; Horii, T.; Arakawa, N.; Muraoka, Y.; Ellabban, A.A.;
Yoshimura, N. Association between hyperreflective foci in the outer retina, status of photoreceptor layer,
and visual acuity in diabetic macular edema. Am. J. Ophthalmol. 2012, 153, 710–717. [CrossRef] [PubMed]

34. Grigsby, J.G.; Cardona, S.M.; Pouw, C.E.; Muniz, A.; Mendiola, A.S.; Tsin, A.T.; Allen, D.M.; Cardona, A.E.
The role of microglia in diabetic retinopathy. J. Ophthalmol. 2014. [CrossRef] [PubMed]

35. Framme, C.; Schweizer, P.; Imesch, M.; Wolf, S.; Wolf-Schnurrbusch, U. Behavior of SD-OCT–detected
hyperreflective foci in the retina of anti-VEGF–treated patients with diabetic macular edema.
Investig. Ophthalmol. Vis. Sci. 2012, 53, 5814–5818. [CrossRef] [PubMed]

36. Tang, J.; Kern, T.S. Inflammation in diabetic retinopathy. Prog. Retin. Eye Res. 2011, 30, 343–358. [CrossRef]
[PubMed]

37. Gustavsson, C.G.; Agardh, C.D. Inflammatory activity increases with haemoglobin A1c in patients with
acute coronary syndrome. Scand. Cardiovasc. J. 2009, 43, 380–385. [CrossRef] [PubMed]

38. Brucklacher, R.M.; Patel, K.M.; VanGuilder, H.D.; Bixler, G.V.; Barber, A.J.; Antonetti, D.A.; Lin, C.M.;
LaNoue, K.F.; Gardner, T.W.; Bronson, S.K.; et al. Whole genome assessment of the retinal response to
diabetes reveals a progressive neurovascular inflammatory response. BMC Med. Genom. 2008, 1, 26.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.ncbi.nlm.nih.gov/pubmed/18989491
http://www.ncbi.nlm.nih.gov/pubmed/19668525
http://dx.doi.org/10.1007/s00125-009-1360-5
http://www.ncbi.nlm.nih.gov/pubmed/19387611
http://dx.doi.org/10.2337/dc14-S081
http://dx.doi.org/10.1001/jama.1996.03540150048030
http://dx.doi.org/10.1016/S0140-6736(08)60343-8
http://dx.doi.org/10.1016/j.diabres.2006.02.008
http://dx.doi.org/10.1007/s11606-013-2595-x
https://www.who.int/diabetes/publications/report-hba1c_2011.pdf
http://dx.doi.org/10.1111/j.1753-0407.2009.00009.x
http://dx.doi.org/10.1159/000342159
http://dx.doi.org/10.1016/j.ajo.2011.08.041
http://www.ncbi.nlm.nih.gov/pubmed/22137207
http://dx.doi.org/10.1155/2014/705783
http://www.ncbi.nlm.nih.gov/pubmed/25258680
http://dx.doi.org/10.1167/iovs.12-9950
http://www.ncbi.nlm.nih.gov/pubmed/22836760
http://dx.doi.org/10.1016/j.preteyeres.2011.05.002
http://www.ncbi.nlm.nih.gov/pubmed/21635964
http://dx.doi.org/10.1080/14017430902822999
http://www.ncbi.nlm.nih.gov/pubmed/19291585
http://dx.doi.org/10.1186/1755-8794-1-26
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Sampling 
	Sample Size Calculation 
	Procedure 
	HRD Image Grading 
	HbA1c Levels 
	Statistical Analyses 

	Results 
	Demographic Data 
	Hyper-Reflective Dots (HRD) Count 
	Correlation between HbA1c Levels and HRD Count 
	HbA1c Cut-Off Level for the Appearance of HRD 

	Discussion 
	Conclusions 
	References

