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Abstract

Objectives: This study aimed to assess the multifocal electroretinography (mfERG) findings in diabetic patients without
retinopathy according to the HbAlc levels and diabetes duration.

Methods: A total of 62 eligible patients with Type 2 diabetes mellitus and 30 healthy controls which were matched by
age and sex were included in the study. Only the right eye of each patient was analyzed. All of the participants underwent
a comprehensive ophthalmic examination, and the mfERG responses which were N1-P| amplitude, NI implicit times and
Pl implicit times were calculated.

Results: The mfERG NI-P| amplitude was significantly reduced in diabetic patients compared to controls in inner two
rings. There was significant different between controls and stable patients’ mfERG P implicit times in ring 2. It was found
that there were negative correlation trends between diabetes duration and mfERG NI-P| amplitude, there were negative,
positive correlation trends between diabetes duration and NI implicit times and P implicit times in all rings. There was a
statistically significant negative correlation between diabetes duration and N1-P| amplitude only in ring 5. Furthermore, it
was found that there were statistically significant positive correlations between diabetes duration and NI implicit times in
ring I, 2 and 5. There was a significant correlation between diabetes duration and P| implicit times only in ring 2.
Conclusion: We demonstrated that mfERG NI-P| amplitude was reduced in inner retinal areas (ring | and ring 2), and
P implicit time was delayed only in ring 2 in Turkish diabetic patients without retinopathy. There was a statistically signif-
icant correlation between diabetes duration and NI-P| amplitude and NI implicit times in some retinal areas.
Keywords: Diabetes, diabetic retinopathy, multifocal electroretinography.

Introduction

In 2012, there were approximately 93 million people with
diabetic retinopathy (DR), 17 million with proliferative DR,
21 million with diabetic macular edema, and 28 million with
vision-threatening DR worldwide (1). DR was the fifth most
common cause of preventable blindness and fifth most com-
mon cause of moderate-severe visual impairment (MSVI) be-

tween 1990 and 2010. Furthermore, the age-standardized
prevalence of DR causing MSVI had increased slightly from
1990 to 2010 (2).

Electroretinography (ERG) is an objective method of
evaluating the retinal function and also demonstrates abnor-
mal results in diabetic patients without any ophthalmoscopic
findings (3). The multifocal ERG (mfERG) enables assess-
ment of many retinal areas within roughly 8 min per eye (4).
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Palmowski et al. (5) found that in patients with diabetes
mfERG amplitudes were reduced and implicit times were
increased compared to healthy peoples. Harrison et al.
found that mfERG implicit time is a good predictor of DR
onset in patients with diabetes without DR (6). The ability
of the mfERG findings to predict the future retinopathy
provides clinicians a good tool to screen, follow-up, and
even consider early prophylactic treatment of the patients
with DR (7).

As shown by many studies, preventing elevated blood
glucose significantly reduces the risk of ocular and visual
complications of diabetes (8-11). Kahn and Bradley found
a strong positive association between retinopathy and du-
ration of diabetes in a random sample of 914 diabetic pa-
tients (12). Among younger-onset patients with diabetes,
the prevalence of any retinopathy was 8% at first 3 years,
25% at 5 years, 60% at 10 years, and 80% at |5 years. The
prevalence of proliferative DR was 0% at first 3 years and
increased to 25% at |5 years. The 4-year incidence of devel-
oping proliferative retinopathy in the younger-onset group
increased from 0% during the first 5 years to 27.9% during
years |3—14 of diabetes (13).

The aims of this study were to compare mfERG findings
(NI1-P1 amplitude and Pl-implicit time) in diabetic patients
without DR who had different HbAlc levels to healthy con-
trol participants without diabetes and to assess the correla-
tion mfERG responses with diabetes duration.

Methods

Study Population and Ethical Considerations

This prospective study was performed in the Departments
of Ophthalmology at Ankara Training and Research Hospital,
Turkey. This study was approved by the Institutional Review
Board. Informed consents were obtained from all patients
and tenets of the Declaration of Helsinki were followed.

A total of 62 eligible patients with Type 2 diabetes mel-
litus and 30 age- and sex-matched healthy controls were
included in the study. The diagnosis of Type Il diabetes
mellitus was based on criteria of the World Health Organi-
zation (WHO). Exclusion criteria included best-corrected
visual acuity (BCVA) worse than 20/20, high spherical or
cylindrical >+ 1 diopter refractive errors, pseudoexfoliation
syndrome, DR, history of uveitis, gluacoma, ocular trauma,
previous intraocular surgery, and presence of systemic dis-
eases, such as renal or hepatic dysfunction, obesity, and
rheumatological diseases. Furthermore, people who were
currently smoking or using alcohol, and/or had prosthetic
devices or electromagnetic field generating devices, were
excluded in the study.

Age, sex, duration of diabetes, and HbAIc levels were
recorded. Diabetic patients were classified into two groups

by HbA I c levels. Patients with 7% or less HbA | c levels were
grouped as a stable patient group, patients with >7% were
grouped unstable patient group. Furthermore, only the right
eye of each patient was analyzed.

All of the patients underwent a comprehensive oph-
thalmic examination, including medical history review, re-
fraction, BCVA, and intraocular pressure measured by Gold-
mann applanation tonometer, anterior, and fundus segment
examinations.

Multifocal ERG
Retiscan Retipor 32 TM (Roland Consult, Wiesbaden, Ger-
many) was used for recording according to the International
Society for Clinical Electrophysiology of Vision standards
(201 I edition) (14). After the anesthetizing with topical 0.5%
proparacaine hydrochloride, the active electrodes (ERG-Jet
Universo, Switzerland) were placed on the cornea following
pulling up the upper eye limb. The neuter of the reference
electrodes was placed at the frontal region; the other one
was positioned to 2 cm lateral of the external canthal region,
with plaster after the concave inner surfaces were filled with
2-3% methylcellulose.

The local retinal sensitivity changes were observed in the
61 points from the totally 60° field which were 30° on either
side of the fixation point after the case was positioned 24 cm
away from the screen. The test was applied after the pupils
were dilated with 1% tropicamide and 2.5% phenylephrine,
and the participants were standing in room light for |5 min.
The stimuli were presented on a 20-inch monitor (Sony Mul-
tiscan G520 TM, Japan), driven at a 60-Hz frame rate and
consisted of an array of 61 hexagonal elements, according
to binary m-sequence with a base interval of 13.3 ms. White
hexagons had a luminance of 120 cd/m? and dark hexagons
were | cd/m?in local contrasts of 99%. Signals were amplified
100.000 times and filtered with a range of 10-100 Hz and
recorded with a sampling interval of 83 ms (16 times per
video frame) under fixation control. In the presence of the
conditions that caused the degradation of the signals such as
blinking of patients and loss of fixation, the recording was re-
peated. The averages of the first-order kernel mfERG ampli-
tudes and latancies were calculated for each five concentric
rings. The retinal areas of rings were ring | (central-2.1°),
ring 2 (1.4°-6.7°), ring 3 (5.7°-12.0°) ring 4 (9.5°-19.8°), and
ring 5 (15.1°-28.5°).

Statistical Analysis

Statistical analyzes were performed with the Statistica ver-
sion 10 (StatSoft Inc.). Descriptive statistics (median, mini-
mum, maximum, and frequencies) were used to describe the
baseline characteristics of the study groups. Kruskal-Wallis
test was used to compare non-normally distributed quan-
titative variables between the study groups. Multiple com-



Balta et al., Multifocal electroretinography in diabetic patients

M

parisons of mean ranks for all groups were carried out as
post hoc test, and Bonferroni adjustment was used for p
values. To compare qualitative variables, the Pearson Chi-
square test was used. The association of diabetes duration
with mfERG NI-P| amplitude, NI implicit times and Pl im-
plicit times were analyzed by Spearman correlation test in
diabetes patients.

Results

Out of 30 control participants 18 (60.0%), out of 30 stable
patients 18 (60.0%) and out of 32 unstable (62.5) were male.
The mean age of controls was 49.4+4.7, stable patient group
was 51.914.8, and unstable patient group was 49.717.6. The
gender (p=0.987) and age (p=0.314) were not statistically
different between study groups (Table I).

In-ring 1, the mfERG NI-PI amplitude was significantly
reduced in stable and unstable patients compared to con-
trols (0.0003). In post hoc analysis, it was found that there
was a statistically significant difference between controls and
stable patients (p=0.0051), and unstable patients (p=0.0004).
In-ring 2, there were also statistically significant differences
between controls and patient groups (p=0.0267). In post
hoc test, while there was no significantly significant differ-
ence between controls and stable patients (p=0.1683), and

Table . Baseline characteristics of the study group

there was a statistically significant difference between con-
trols and unstable patients (p=0.0265) in ring 2. The mfERG
NI-PI amplitude findings of controls and patient groups
were statistically similar in rings 3, 4, and 5. In post hoc anal-
ysis, there was no statistically significant difference between
two patient groups in all rings (post hoc test results were
not shown) (Table 2).

It was found that there were no statistically significant
differences in the mfERG PI implicit times findings between
controls and patient groups in rings |, 3, 4, and 5. How-
ever, there was a significantly significant difference between
groups in ring 2 (p=0.0138). In post hoc analysis, while there
was significantly significant difference between controls and
stable patients (p=0.0169), and there was no statistically sig-
nificant difference between controls and unstable patients
(p=0.1913) in ring 2 (post hoc test results were not shown)
(Table 3).

In an analysis of the mfERG NI implicit times, it was
found that there were no statistically significant differences
between controls and patient groups in all rings I, 2, 3, 4,
and 5 (Table 4).

Although it was found that there were negative corre-
lation trends between diabetes duration and mfERG NI-PI
amplitude, there were positive correlation trends between

Controls (n=30) Stable patients (n=30) Unstable patients (n=32) P

Gender

Male (%) 18 (60.0) 18 (60.0) 20 (62.5) *0.987

Female (%) 12 (40.0) 12 (40.0) 12 (37.5)
Age (years)

MeantSD 49.4+4.7 51.9+4.8 49.7£7.6 **0.314

Median 50.0 50.0 51.5

Minimum 42.0 42.0 40.0

Maximum 60.0 59.0 60.0
*Chi-square test was used; **Kruskal-Wallis test was used; SD: Standard deviation.
Table 2. Median, minimum and maximum NI-P| amplitude (nV/deg?) for 5 rings of retina
Area of retina Controls (n=30) Stable patients (n=30) Unstable patients (n=32) *p

Median Min Max Median Min Max Median Min Max

Ring | 123.45 84.90 157.90 103.45 59.70 144.10 96.90 61.80 155.60 0.0003
Ring 2 54.30 40.80 75.40 53.00 1.50 71.60 49.30 7.90 76.10 0.0267
Ring 3 27.90 20.40 41.30 28.60 12.00 35.10 25.40 17.90 37.90 0.1033
Ring 4 19.00 15.40 26.70 19.85 10.20 26.20 17.95 11.50 25.60 0.0936
Ring 5 12.25 7.84 121.10 11.45 7.12 16.60 11.50 5.63 17.70 0.1148

*Kruskal-Wallis test was used.
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Table 3. Median, minimum and maximum P| implicit times (ms) for 5 rings of retina

Area of retina Controls (n=30) Stable patients (n=30) Unstable patients (n=32) *p
Median Min Max Median Min Max Median Min Max

Ring | 35.80 33.80 38.80 35.80 33.90 39.80 35.80 31.90 41.80 0.116l1

Ring 2 31.90 3.90 32.90 32.40 30.90 37.80 31.90 9.00 35.80 0.0138

Ring 3 31.40 29.90 33.90 31.90 30.90 34.80 31.90 29.90 35.80 0.0521

Ring 4 31.90 29.90 33.90 32.90 30.90 35.80 31.90 3.90 36.80 0.1551

Ring 5 32.90 30.90 35.80 33.90 31.90 36.80 32.90 31.90 39.80 0.2809

*Kruskal-Wallis test was used.

Table 4. Median, minimum and maximum NI implicit times (ms) for 5 rings of retina

Area of retina Controls (n=30) Stable patients (n=30) Unstable patients (n=32) *p
Median Min Max Median Min Max Median Min Max

Ring | 16.90 12.90 149.00 16.90 14.90 20.90 16.90 13.90 22.90 0.3446

Ring 2 14.90 12.90 16.90 14.90 13.90 16.90 14.90 12.90 17.90 0.1203

Ring 3 14.90 12.90 16.90 14.90 13.90 17.90 14.90 12.90 17.90 0.0895

Ring 4 15.40 12.90 17.90 15.40 14.90 18.90 15.90 12.90 19.90 0.4047

Ring 5 16.90 13.90 18.90 16.90 15.90 18.90 16.40 14.90 19.90 0.1123

*Kruskal-Wallis test was used.

Table 5. The correlation of diabetes duration with mfERG NI-P| amplitude, NI implicit times and P implicit times

Area of retina Diabetes duration with

NI-Pl amplitude

Diabetes duration with

Diabetes duration with

NI implicit times Pl implicit times

Correlation *p Correlation *p Correlation *p
Coefficient (R) Coefficient (R) Coefficient (R)
Ring | -0.127 0.342 0.287 0.029 0.249 0.059
Ring 2 -0.207 0.118 0.438 0.001 0.342 0.009
Ring 3 -0.099 0.461 0.225 0.089 0.170 0.201
Ring 4 -0.196 0.140 0.221 0.096 0.186 0.162
Ring 5 -0.317 0.015 0.270 0.040 0.172 0.197

*Spearman Correlation test was used; mfERG: Multifocal electroretinography.

diabetes duration and NI implicit times and Pl implicit
times in all rings (Fig. I). There was a statistically significant
negative correlation between diabetes duration and NI1-P|
amplitude in ring 5 (r=—0.317, p=0.015), but not significant
correlation in other rings. Furthermore, it was found that
there were statistically significant positive correlations be-
tween diabetes duration and NI implicit times in ring |, 2,
and 5, but not in ring 3 and 4.

While there were not statistically significant correlations
between diabetes duration and Pl implicit times in ring 1, 3,

4, and 5, there was significant correlation between diabetes
duration and P| implicit times only in ring 2 (Table 5).

Discussion

The WHO estimates that, globally, 422 million people aged
over |8 years were living with diabetes in 2014. In 2012,
there were 1.5 million deaths worldwide directly caused by
diabetes, and it was the eighth leading cause of death (15).
DR was the cause of MSVI in 1.9% and of blindness in 2.6%
globally in 2010 (2). Good metabolic control significantly re-
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duces the risk of development and progression of ocular and
visual complications of both Type | and Type 2 diabetes (9).

Bearse and Sutter reported that abnormal mfERG im-
plicit times are locally predictive of the development of new
DR over | and 2 years, and these functional abnormalities
are spatially associated with retinopathy once it is present.
They said that retinal dysfunction in early DR is primarily due
to neuropathy or neuro vasculopathy rather than microvas-
cular pathology alone (7).

It is complicated whether sex/gender itself or other re-
lated risk factors cause the male and female differences in
diabetes and DR. Therewithal, sex/gender is a variable that
must be considered inaccurate viewpoints of diabetes and
DR in any case of etiology (16, 17). There is a huge literature
about age’s effect on diabetes. Namperumalsamy et al. re-
ported that older age (>50 years) was a significant risk factor
for the prevalence of DR in a South Indian community (I8).
The Wisconsin epidemiological study of DR reported that
severity of retinopathy was related to younger age at diagno-
sis, and the |10-year incidence of retinopathy and progression
of retinopathy were highest in the group disease onset be-
fore 30 years (19, 20). In this study, sex and age were statis-
tically similar between study groups. This situation made the
evaluation of the study results convenient.

We found that mfERG NI-P| amplitude was reduced in
inner retinal areas (ring | and ring 2) in diabetic patients
compared to controls. Furthermore, we found that Pl im-
plicit time was delayed only in ring 2, and NI implicit time
was similar in the diabetic patient group which had different
HbAIlc levels compared to the control group. There was a
statistically significant negative correlation between diabetes
duration and NI-PI amplitude only in ring 5. Furthermore, it
was found that there were statistically significant positive cor-
relations between diabetes duration and N1 implicit times in
ring |, 2, and 5, and there was significant correlation between
diabetes duration and P| implicit times only in ring 2.

Adhikari et al. (21) demonstrated reduced mfERG N 1P|
amplitude and delayed Pl-implicit time in Nepalese diabetic
patients without retinopathy. They found that diabetes dura-
tion and fasting blood glucose have a significant influence on
implicit time, but not on amplitude.

Han et al. (22) studied mfERG responses to predict the
development of DR with 22 patients which || are diabetic
patients with nonproliferative DR (NPDR), and || are dia-
betic patients without retinopathy. They retested patients
12 months after the first examination. They found that new
retinopathy developed in 7 of the eyes with NPDR, and the
eyes without retinopathy did not develop new retinopathy
after | year. Furthermore, they reported that mfERG im-
plicit times were more delayed in NPDR eyes, but not in
eyes without retinopathy and control eyes, and mfERG am-

plitudes had no predictive power.

Dhamdhere et al. (23) found that Type 2 diabetes patients
had reduced mfERG amplitude and longer Pl implicit time
than the controls and Type | diabetes patients in their trial
which was studied 45 diabetic patients without retinopathy
(10 with Type | and 35 with Type 2 diabetes).

In a 78 eyes included study to predict local formation of
DR in diabetic patients without retinopathy, it was reported
that multivariate analysis (mfERG implicit time Z-score, sex,
diabetes duration, blood glucose, HbA | c, age, and diabetes
type) showed mfERG implicit time to be predictive for DR
development in a zone after adjusting for diabetes type, with
a sensitivity of 80% and a specificity of 74% (6).

Laron et al. (24) reported that mean mfERG implicit time
was significantly longer in the patients compared with con-
trols, but amplitude was similar, in their study which they
evaluate associations between mfERG responses in | 15 Type
| diabetic adolescents without retinopathy compared to 30
controls. They found that implicit time was positively corre-
latedwith HbA | c but not correlated with diabetes duration,
BG, or age.

In a study conducted with 14 Type | diabetic patients with-
out retinopathy and 14 healthy controls, authors found that,
during acute normoglycemia, patients demonstrated an overall
[.36-ms delay of the PI first-order implicit times (p=0.0013)
and a 0.72-ms delay of the second-order Pl (p=0.0049)
compared with healthy subjects. They reported that, during
acute hyperglycemia, the P| first-order delay was only 0.81
ms (p=0.02), and the P| second-order implicit time was com-
parable to that of healthy subjects (p>0.05). The magnitude
of the diabetes-associated implicit time delay, at both levels
of glycemia, was proportional to the level of chronic hyper-
glycemia at study entry, as expressed by the patients’ HbAlc.
They said that the results show that chronic hyperglycemia in-
duces an adaptational response that tends to normalize retinal
implicit times at a higher level of habitual glycemia (25).

Conclusion

We demonstrated that mfERG NI-P| amplitude was reduced
in inner retinal areas (ring | and ring 2), and Pl implicit time
was delayed only in ring 2 in Turkish diabetic patients with-
out retinopathy. There was a statistically significant negative
correlation between diabetes duration and NI-PI amplitude
only in ring 5, and statistically significant positive correlations
between diabetes duration and N1 implicit times in some reti-
nal areas. These results may be specific to the study group, so
further multicenter and longitudinal studies are required to
evaluate different manifestation forms of diabetes.
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