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ABSTRACT

BACKGROUND: This study aimed to know the association of visual status and hyperreflective foci in patients with
diabetic macular edema (DME).

MATERIAL AND METHODS: This observational cross-sectional study included patients with diabetes mellitus type 2
(DM2) with DME or non-proliferative diabetic retinopathy (NPDR). Baseline assessment included: ophthalmic
examinations such as best-corrected visual acuity (LogMAR), color vision, contrast sensitivity, intraocular pressure
(I0P), fundus examination by direct, indirect ophthalmoscopy, slit-lamp biomicroscopy with 90D, and spectral-
domain — optical coherence tomography (SD-OCT) [counting of hyperreflective foci (HF) were done manually].
Retina specialists performed counting and classification of HE The correlation was calculated to establish the asso-
ciation between HF with visual status. p-value < 0.05 was considered statistically significant.

RESULTS: In majority of the patients (46.67%), HF was < 50 followed by 51-100 (30.83%) and > 100 (17.50%).
With increasing HE, there was a significantly decreasing trend of best-corrected visual acuity (BCVA) (0.2 in no
HF t0 0.5 in HF > 100, p = 0.001) and contrast (1.58 in no HF to 1.35 in HF > 100, p = 0.0004). HF were found
to significantly increase with increasing duration of the disease (4 in no HF to 17 in HF > 100, p = 0.0001). The
lab parameters such as glycated haemoglobin (HbA,,), serum urea, serum creatinine, triglycerides, very low-density
lipoproteins (VLDL), low-density lipoproteins (LDL), and high-density lipoproteins (HDL) showed significant
derangement with increasing HF (p < 0.05).

CONCLUSION: The presence of HF in patients with DME negatively affects BCVA and contrast sensitivity. The
severity of HF may increase with the increasing duration of DME and altered glycemic index.
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INTRODUCTION patients, with an incidence varying from 13.9% to

Diabetic macular edema (DME), the charac- 25.4% [1, 2].
teristic feature of diabetic retinopathy (DR), is the Significant progress is seen in the microstruc-
most common cause of vision loss among diabetic tural visualization of the integrity of the inner seg-
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ment-outer segment (IS/OS) junction, disruption
of which is a significant predictor of visual acuity
among DME patients [3, 4].

One of the important aspects in the assessment
of disruption IS/OS junction is the presence of
hyperreflective foci (HF), which is defined as “the
presence of small discrete, well-circumscribed,
dot-shaped lesion with equal or greater reflectivity
than the retinal pigment epithelium (RPE) band
on spectral-domain — optical coherence tomog-
raphy (SD-OCT) [5, 6]. Hyper-reflective material
may represent small intra-retinal protein and lipid
deposits acting as precursors of hard exudates. The
presence of HF could be demonstrated in all types
of DME, in diffuse and in cystoid focal or gen-
eralized edema. A possible source of these depos-
its was found in dilated intraretinal vessels, which
were identified as micro-aneurysms. HF can also be
found among those with age-related macular degen-
eration (ARMD), retinal venous occlusion (RVO),
DR, central serous chorioretinopathy, Stargardt dis-
ease, and retinitis pigmentosa [7].

Diabetic macular edema has been seen to be
an essential differential for hyperreflective deposits
(HD) which may occur due to fluid leakage and
lipid-protein deposits. Diabetic macular edema re-
sults in blurring and distortion of vision reflected by
reduced visual acuity (VA) and coexisting presence
of HF [5, 7].

We conducted this study to know the association
of visual status and HF in patients with DME.

MATERIAL AND METHODS

An observational cross-sectional study was con-
ducted in the Department of Ophthalmology of
a tertiary care hospital (Safdarjung Hospital, New
Delhi, India) for 18 months. Consecutive patients
with DM over 40 years with DME or non-prolif-
erative diabetic retinopathy (NPDR) were included
[8]. Any patient with PDR, ARMD/hereditary mac-
ular degeneration, vascular occlusion disease, raised
intraocular pressure (IOP), central chorioretinitis,
corneal opacities, cataract, vitreous hemorrhage,
and epiretinal membrane were excluded. Patients
were treated patient with intravitreal anti-VEGF
injection or grid photocoagulation.

A sample of 120 eyes of diabetic with macular
edema was recruited under the assumption that
the correlation(r) between HF with visual status to
be 0.3, level of significance () as 5%, and pow-
er (1-8) as 90%. The formula used is as follows

n = [(Za + Z B)! C]? +3, where Za = 1.96 at 5%
and Zf = 1.282 at 90% power, are the standard
normal variates.

Patients fulfilling the criteria mentioned above
were enrolled in the study after explaining pertinent
details of the study and obtaining valid informed
consent for the same. Once patients were selected,
a baseline assessment was done, including: routine
ophthalmic examinations such as best-corrected vi-
sual acuity (LogMAR); color Vision; contrast sensi-
tivity; IOP; fundus examination by direct; indirect
ophthalmoscopy; slit-lamp biomicroscopy with
90D; and SD-OCT (counting of HF were done
manually); and other laboratory investigations such
as blood sugar (fasting and PP), HbA,,, total lipid
profile, and kidney function tests (KFT).

Hyperreflective foci was defined as discrete
and well-circumscribed particles, having similar or
greater reflectivity than the RPE band on SD-OCT,
which are about 20-40 xm in diameter. Counting
of the HRF within a 1.500 zm radius centered on
the fovea on horizontal raster scan was performed
manually [9].

Two experienced retina specialists performed
counting of HF. If a disagreement between the two
graders was > 20%, the discussion was done to solve
the differences. The average of both investigators
was used for analysis.[10]

Patients are then divided into four groups
for comparison.

* Group 1 — DME with no HF;

*  Group 2 — DME with HF (1-50);

*  Group 3 — DME with HF (51-100);
*  Group 4 — DME with HF (> 100).

Statistical analysis

Data were presented, and descriptive values
[mean, standard deviation (SD), 95% confidence
interval (CI)], etc., of quantitative variables, were
provided. The correlation was calculated to establish
the association between HF with visual status. Fre-
quency distribution was given for qualitative vari-
ables. x° was applied to qualitative variables if need-
ed. p values for correlation were given, and the sig-
nificance of the correlation was seen if p < 0.05. All
p values were provided in the results.

RESULTS
In the present study, the patient’ mean (+SD) age
was 61.84 (+9.2) years, and 67.50% of the patients
were males. The left eye and right eye were affected
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in 50.83% and 49.17% of patients, respectively.
Mean values of best-corrected visial acuity (BCVA),
contrast, and IOP was 0.53 + 0.23, 1.33 + 0.18, and
15.82 + 3.7, respectively. The mean central macular
thickness was 428.2 + 102.71 um. Color vision was
deranged in 20.00% of patients. The median dura-
tion of the disease was 15.72 + 7 years. The baseline
demographic and clinical characteristics are shown
in Table 1.

We found that HF was present in 114 eyes out of
120 eyes. In 46.67% of patients, HF was < 50 fol-
lowed by 51-100 (30.83%) and >100 (17.50%).
HEF was absent in only 6 out of 120 patients (Fig. 1).

Figure 2 shows a representative case of 59 years
old female with diabetic macular edema showing
hyper-reflective foci (HF), which are seen as highly
reflective dots in the retinal layers on optical coher-
ence tomography.

The mean values of serum urea was
41.02 + 7.07 mg/dL, serum creatinine was
1.07 + 0.25 mg/dL; among glycemic parameters,
mean HbA, (%) was 6.99 + 0.88, mean fasting glucose
level was 127.53 + 20.53 mg/dL, mean postprandial
glucose level was 217.11 + 29.4 mg/dL); among lipid
profile, mean triglycerides was 207.96 + 26.24 mg/dL,
mean very low-density lipoproteins (VLDL) was
31.22 + 6.26 mg/dL, mean low-density lipopro-
teins (LDL) was 131.18 + 11.86 mg/dL, and
mean high-density lipoproteins (HDL) was
52.92 + 8.24 mg/dL (Tab. 2).

Hyperreflective foci showed significant associa-
tion with BCVA, contrast, central macular thick-
ness, and duration. With increasing HE there was

B No HF

B <50 ™ 51-100 > 100

FIGURE 1. Distribution of hyperreflective foci of study subjects

Table 1. Distribution of socio-demographic and clinical

characteristics of study subjects

and hiieal chractorisics | Frewency | Porcentage
Age [years]

<50 12 10.00%
51-60 50 41.67%
61-70 34 28.33%
>170 24 20.00%
Mean = SD 61.84 = 9.2
Median (25"-75" percentile) 60 (55.75-68.25)
Range 44-84

Gender

Female 39 32.50%
Male 81 67.50%
Eye involved

Left 61 50.83%
Right 59 49.17%
Best corrected visual acuity

Mean = SD 0.53 +0.23
Median (25"-75" percentile) 0.5(0.3-0.7)
Range 0.1-1

Color vision

Deranged 24 20.00%
WNL 96 80.00%
Contrast

Mean = SD 1.33 £0.18
Median (25"-75" percentile) 1.35(1.2-1.5)
Range 0.9-1.65

Central macular thickness [um]

Mean =+ SD 428.2 = 102.71
Median (25"-75" percentile) 433.5 (359.25-500)
Range 207-631

10P

Mean = SD 15.82 = 3.7
Median (25"-75" percentile) 16 (12.75-19)
Range 9-23

Duration (years)

Mean = SD 15.72 £ 17
Median (25"-75" percentile) 14 (11-20.25)
Range 3-34

SD — standard deviation; WNL — within normal limits; I0P — intraocular pressure

a significantly decreasing trend of BCVA (0.2 in no
HF t0 0.5 in HF > 100, p = 0.001), a significantly de-
creasing trend of contrast (1.58 in no HF to 1.35 in
HF > 100, p = 0.0004), and a significant increase
in the Central macular thickness (265 + 35.18 in
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FIGURE 2. A. Optical coherence tomography (OCT) showing the macular area; B. The arrow shows macular edema due to diabetes
(DME) and hyperreflective foci (HF)

Table 3. Association of ophthalmological characteristics with hyperreflective foci

Ophthalmological No HF <50 51-100 > 100 Total value | Test performed
characteristics (n = 6) (n = 56) (n=37) (n=21) P P
Best corrected visual acuity

. o or=) Kruskal Wallis
LRI ) 2 05(0.3-0.7) | 0.6(0.4-0.6) | 06(0.5-0.8) | 0.5(0.3-0.7) | 0.001 test;
percentile) (0.125-0.275) p

¥* = 15.483
Color vision
Deranged 0(0%) 11 (19.64%) 7(18.92%) 6 (28.57%) 24 (20%) 0.476 ' =2.496
WNL 6 (100%) 45 (80.36%) 30(81.08%) 15 (71.43%) 96 (80%)
Total 6 (100%) 56 (100%) 37 (100%) 21 (100%) 120 (100%)
Contrast

. —— Kruskal Wallis
Median (25757 | 4 5¢ (1 5_1.65) | 1.35(1.35-1.5) | 1.35(1.2-15) |1.35(1.05-1.35)| 1.35(1.2-1.5) | 0.0004 test;
percentile) 2

%* = 17.984
Central macular thickness [um]
ANOVA;
Mean + SD 265 + 35.18 |420.43 + 103.91 | 435.78 = 89.69 | 482.19 = 83.4 | 428.2 = 102.71 | <.0001
F value = 8.515
10P [mm Hg]

. . Kruskal Wallis
Median (25757 | 14 & (14-16.5) | 16 (12-19) 16(12-19) | 16(13-18) | 16(12.75-19) | 0.898 test;
percentile) 2

¥* = 0592
Duration [years]

. A Kruskal Wallis
pELIEI R 4(3.25-7) | 14(10-20.25) | 14 (12-20) 17(15-23) | 14(11-20.25) | 0.0001 test;
percentile) y*=20.512

SD — standard deviation; WNL — within normal limits; 0P — intraocular pressure

No HF to 482.19 + 83.4 in > 100 HE p < 0.0001).
HF was found to significantly increase with increas-
ing duration of the disease (4 in no HF to 17 in
HF > 100, p = 0.0001) (Tab. 3).

The lab parameters such as HbA,, serum urea, se-
rum creatinine, triglycerides, VLDL, LDL, and HDL
showed significant association with HE With increas-
ing HE there was a significantly increasing trend of
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Lab parameters Mean + SD Median (25"-75" percentile) Range
Serum urea [mg/dL] 41,02 = 7.07 41 (36-46) 20-61
Serum creatinine [mg/dL] 1.07 +0.25 1.1(0.9-1.3) 0.5-1.5
Glycemic parameters

HbA,. (%) 6.99 = 0.88 7(6.1-7.6) 5.6-10.2
Fasting glucose levels [mg/dL] 127.53 + 20.53 124 (114-135) 90-238
Post prandial glucose level [mg/dL] 217.11 = 29.4 212 (196-234) 124-347
Lipid profile

Triglycerides [mg/dL] 207.96 + 26.24 208 (192-224) 104-262
VLDL [mg/dL] 31.22 = 6.26 30 (26-36) 20-45
LDL [mg/dL] 131.18 = 11.86 134.5 (122.75-140) 106-152
HDL [mg/dL] 52.92 + 8.24 54 (48-58) 34-68

HbA,,— glycated haemoglobin; VLDL — very low-density lipoproteins; LDL — low-density lipoproteins; HDL — high-density lipoproteins

HBA,, (5.8 in no HF to 7.4 in HF > 100, p = 0.004),
serum urea (34 in no HF to 45 in HF > 100,
p = 0.0001), serum creatinine (0.7 in no HF to 1 in
HF > 100, p = 0.005), triglycerides (186 in no HF to
231 in HF > 100, p < .0001), VLDL (25 in no HF
to 36 in HF > 100, p <.0001), LDL (110 in no HF
to 142 in HF > 100, p <.0001), HDL (68 in no HF
to 43 in HF > 100, p <.0001) (Tab. 4).

DISCUSSION

In the present study, patients with DME were
evaluated, where we found that HF was present
in 114 eyes out of 120 eyes. HF showed signifi-
cant association with BCVA, contrast, HbA,. (%),
lipid profile (triglycerides, VLDL, LDL, HDL),
renal function test parameters (serum urea and
creatinine), duration of disease, and central macu-
lar thickness.

In present study, in 46.67% of patients,
HF was < 50 followed by 51-100 (30.83%)
and > 100 (17.50%). HF was absent in only 6 out
of 120 patients. Compared to the index study,
in the study by Chatziralli et al. [11], the mean
HF at baseline was 12.0 + 11.5 in patients with
dexamethasone implant and 10.7 + 10.4 in the
ranibizumab arm. Chung et al. [12] reported that
mean HF in DR and branch retinal vein occlusion
(BRVO) was 8.4 and 4.2, respectively. Kim et al.
[13] reported that the mean number of HF in the
entire retina, inner retina, and outer retina were
11.38 + 3.07, 5.44 + 1.50, and 5.94 + 2.74, respec-
tively in the early recurrence group and 7.54 + 3.60,
4.08 + 1.70, and 3.46 + 2.30, respectively in late
recurrence group.

Diabetic macular edema causes visual impair-
ment among patients with diabetes, mediated by
the breakdown of the blood-retinal barrier (BRB)
and associated neuroglial dysfunction.

In the index study, compared to the patients
with no HE patients with HF had a significantly
worse BCVA (higher logMAR, p < 0.0001), sig-
nifying the negative impact the HF carries on
the vision.

Similarly, Uji etal. [14] reported that the presence
of HF in the outer retinal layers is significantly asso-
ciated with poor VA in patients with DME. Visual
acuity (logMAR) was significantly higher in patients
with HF in outer retinal layers as compared to those
without them (0.463 + 0.382 ws. 0.127 + 0.2006,
p < 0.0001). Similar findings were seen in some of
the previous studies as well [11, 15, 16].

On the contrary to our findings, Berasategui
et al. [17] reported that the number or location of
the HF was not an independent influence on VA
(p = 0.513 and p = 0.324, respectively). This was
explained by the protective effect of the treatment
(generally local or systemic steroids) on photorecep-
tors and/or the BCVA test’s inadequate ability to
highlight the functional damage. However, overall
it is presumed that HF disrupts the photoreceptors
and leads to the reduced vision of an increasing pro-
portion related to the number of HE. Thus it is vital
to detect DME early as long-standing DME results
in irreversible vision loss.

Despite decreasing the visual acuity, HF had
no significant effect on color vision (p = 0.476).
Though it has been seen that Macular edema de-
creases the transmission of light to the photorecep-
tors and affects color vision, but since all the present
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Table 4. Association of laboratory parameters with hyperreflective foci

Ophthalmological _ _ 51-100 (n = _ Test

characteristics No HF(n = 6) < 50 (n = 56) 37) > 100 (n = 21) Total p value e

HbA,; (%)

Median Kruskal

0 ol . 5.8(5.65-6.625) | 6.85(6—7.525) 7(6.6-7.2) 7.4(6.9-8) 7(6.1-17.6) 0.004 | Wallis test;

(25"-75" percentile) .
x°=13.161

Fasting glucose levels [mg/dL]

Median 111 Kruskal

(25"_75" percentile) | (107.25-125.25) 124 (119-135) 124 (111-134) 132(114-141) 124 (114-135) 0.14 V\iallls test;
x> =5.476

Post prandial glucose level [mg/dL]

. Kruskal
Median 182 211.5 - )
(25"-75" percentie) | (180.5-226.26) | (195.75-233.25) | 2222072300 | 217 (19%-245) | 212(196-234) | = 0.308 ;/C\ﬁaﬂ'ztgf :
Serum urea [mg/dL]

Median Kruskal
g, ) 34 (23.5-34) 38.5 (34-45) 45 (39-47) 45 (40-46) 41 (36-46) 0.0001 | Wallis test;
(25"-75" percentile) 7
x'=21.814
Serum creatinine [mg/dL]
Median Kruskal
r—— ) 0.7 (0.55-0.775) | 1.2(0.9-1.25) 1.1(0.9-1.3) 1(0.9-1.4) 1.1(0.9-1.3) 0.005 Wallis test;
(25"-75" percentile) 2
2 =12.815
Triglycerides [mg/dL]
Median 186 Kruskal
(25"_75" percentile) | (155.25-186) 198 (190-212) | 211(201-222) | 231(225-246) | 208(192-224) | <.0001 VYaII|stest;
y'=47.243
VLDL [mg/dL]
Median Kruskal
e ) 25(22-26.5) 28 (24.75-30.5) 34 (28-38) 36 (36-42) 30 (26-36) <.0001 | Wallis test;
(25"-75" percentile) .
y'=45.939
LDL [mg/dL]

. Kruskal
Median 110 134.5 - )
(25"_75" percentile) | (108.5-113.75) 128 (120-136) 140 (136-140) 142 (129-146) (122.75-140) <.0001 Vyalllstest,

¥ = 41.485
HDL [mg/dL]
Median Kruskal
D orf ) 68 (64.25-68) 56 (51.5-59.25) 54 (50-56) 43 (38-47) 54 (48-58) <.0001 | Wallis test;
(25"-75" percentile) = 51.316

study participants were of DME and NPDR, it is
possible that HF might not have an independent
effect on color vision [18].

Diabetic reinopathy is associated with abnormal
and decreased contrast sensitivity (CS). Impairment
in CS can be found even among diabetic patients
who have good VA. Therefore, CS is a significant
outcome measure, and it can be an adjunct to stand-
ard VA testing for the complete evaluation of visual
function in DME patients [19].

In the present study, compared to the patients
with no HE patients with HF had a significantly
less contrast; and the contrast showed a signifi-

cant decrease with an increasing number of HF
(p = 0.0004). Our findings were in line with Echo-
Is et al. [20] who found that HF was associated
with worse contrast sensitivity (p = 0.0278), low
luminance VA (p = 0.0010), low luminance deficit
(p = 0.0031), and mesopic sensitivity.

As explained by Keane et al. [21] there is a close
link between contrast sensitivity and both orienta-
tion and mobility, which may offer important infor-
mation related to functional status in patients with
DME. Moreover, contrast sensitivity is also helpful
for medical retina specialists in clinical settings and
a secondary endpoint in clinical trials.
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In line with the odds, we found a significant as-
sociation of disease duration with HF (p = 0.0001).
Our findings were in line with Schreur et al. [10]
(2019), who found that numbers of HF were asso-
ciated with longer diabetes duration; however, they
included patients with type 1 diabetes in their study.
Few studies such as by Chung et al. [12] and Uji et
al. [14] found no association of duration of diabetes
with a mean number of HE

In the present study, compared to the patients
with no HE patients with HF had a significantly
more central macular thickness(um); and the central
macular thickness(pm) showed a significant increase
with an increasing number of HF (p < 0.0001).
The findings of the index study are in accordance
with previous studies [14, 17, 22] who reported
that maculae with HF in the outer retinal layers
were thicker than those without HF in the outer
retinal layers. This can be explained by the fact that
HFs are precursors of lipid exudates and, therefore,
a sign of hyperpermeability; this can describe the
association between a number of foci and macular
thickness. The reason behind this association could
also be that severe breakdown of the BRB might
result in thickening of the retinal parenchyma and
extravasation of macromolecules or macrophages.

The biochemical parameters can serve as biomar-
kers for the severity of DME and HF as they are
objective, quantifiable characteristics of a biologi-
cal process, pathogenic process, or pharmacologic
response to therapeutic intervention; and thus, de-
termining their association becomes important for
future interventions.

We found significantly deranged glycemic pa-
rameters and lipid profile with an increasing number
of HF (p < 0.05), which indicates some role of hy-
perglycemia and lipid derangement.

Our findings are in accordance with the study by
Davoudi et al. [23], who reported that mean HbA,,
was significantly higher in patients with HF com-
pared to those without HF (8.5 vs. 7.9, p = 0.03);
Wong et al. [24] found that there was a linear rela-
tionship between HbA,, levels and HF count with
a strong, positive correlation (r = 0.952, n = 83,
p< 0.05). Vujosevic et al. [16] mentioned the rise
in HF in diabetics compared to normal individu-
als and diabetics without clinical retinopathy. It is
proposed that hyperglycemia can induce the col-
lection of inflammatory cells, which may activate
microglial cells and increase HE Here the severity
of inflammation and disease severity may increase

the number of HE

The role of circulating lipids in microvascular
complications is still controversial, while the direct
correlation was established in macrovascular com-
plications of diabetes.

We observed that compared to the patients with
no HE patients with HF had significantly higher
triglycerides, VLDL, and LDL and significantly less
HDL (p < 0.0001).

Some of the previous studies support our find-
ings. Davoudi et al. [23] found significant associa-
tion of total cholesterol in with presence of exudates
(OR = 1.07, 95% CI = 1.003-1.14, p = 0.04).
Chung et al. [12] found a significant correlation
of HF with triglycerides (r = 0.523, p = 0.002).
In a previously mentioned study by Chung et al.
[12], higher level of triglycerides was associated with
thicker choroi.

Although we determined the relationship of hy-
percholesterolemia with HE, the causal relationship
between dyslipidemia and HF needs to be proven
by future prospective studies, based on which cli-
nicians try oral lipid-lowering medications for the
treatment of DME.

We also found that serum urea and creatinine
significantly increased with the increasing number
of HF (p < 0.0001 and p = 0.005, respectively).
Our findings were indirectly in line with Saxena
et al. [25]. They found a significant positive cor-
relation of serum levels of urea and creatinine
with the severity of retinopathy and an increase in
grades of disruption of the external limiting mem-
brane (ELM) and inner segment ellipsoid zone
(EZ). They suggested that appreciating the role
of serum urea and creatinine as surrogate markers
for structural alterations in retinal photoreceptors
provides a mutual corroboration between DN and
DR. However, no study has directly determined
the association of HF with deranged renal func-
tion tests.

Limitations of the study
The limitation was the study’s cross-sectional na-
ture, which does not allow us to assess the temporal
sequence of these associations. Another limitation of
our study is the subjective assessment and counting
of HE Lastly, the location of HF was not assessed.

CONCLUSION
The presence of HF in patients with DM nega-
tively affects BCVA and contrast sensitivity. The
severity of HF may increase with the increasing
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duration of the DME, thus requiring early screening
and intervention.

The biomarkers such as HbA,. (%), lipid profile
(triglycerides, VLDL, LDL, HDL), and renal func-
tion test parameters (serum urea and creatinine)
showed a significant association with HE Thus their
role may be explored in the future to monitor the
disease severity and treatment response.
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