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Abstract

Purpose—To investigate the relationship between long-term glycemic control and photopic 

negative response (PhNR) changes in the blue flash ERG in adolescents with type 1 diabetes 

(T1D) without diabetic retinopathy (DR).

Methods—After light adaptation, ERG responses to 1.60 cd·s/m2 blue (420 nm) flashes (blue 

flash ERG) and 3.0 cd·s/m2 white flashes (LA 3.0 ERG) were recorded in 22 patients (age range, 

12 to 19 years) and 28 age-similar control subjects. The primary outcome measure was the 

amplitude of the PhNR. Secondary outcome measures were the amplitude and implicit time of the 

a-wave and b-wave. Multiple regression analyses were conducted with glycated hemoglobin 

(HbA1c) values and the time since diagnosis of T1D as covariates.

Results—Blue flash ERG PhNR amplitudes were reduced (P = 0.005) in patients compared with 

control subjects. Multiple regression analysis demonstrated that a 1-unit increase in HbA1c was 

associated with a 15% decrease in the blue flash ERG PhNR amplitude (r = 0.61, P = 0.003). 

Compared with controls blue flash ERG a-waves (P = 0.03) and b-waves (P = 0.02) were delayed 

in patients but were not significantly associated with HbA1c or time since diagnosis of T1D. None 

of the ERG measures in the LA 3.0 ERG were significantly different in patients compared with 

controls.

Conclusions—Poorer long-term glycemic control is associated with worsening inner retinal 

dysfunction involving short-wavelength cone pathways of adolescents with T1D and no clinically 

visible DR. Future studies are warranted to determine whether changes in the blue flash ERG 

PhNR are a predictive marker of subclinical DR.
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Diabetic retinopathy (DR) is a chronic microvascular complication of diabetes mellitus and 

the single leading cause of visual impairment among those of working age in developed 

countries.1 It affects nearly all people with type 1 diabetes (T1D) with a duration of disease 

between 15 and 20 years.2 Recent data show that the prevalence of DR has decreased due to 

improved diabetes management and glycemic control.3 In view of the prevailing diabetes 

epidemic, however; there is increasing concern about the burden that DR will have on young 

populations. Every year approximately 78,000 children world-wide are diagnosed with T1D 

and the incidence increases yearly by 3%.4

Current standards for the diagnosis of DR rely on the presence of clinically visible 

pathology on retinal examination. These standards are based on the modified Airlie House 

classi-fication which identifies vascular lesions and related deposits as important clinical 

features of DR.5 Some of these clinical features are sight-threatening but they are not visible 

on clinical examination until the disease has progressed to a later stage. Clinical markers of 

DR in its early stage are needed to reduce the risk of vision loss in adolescents with diabetes.

The function of short-wavelength sensitive (S)-cone pathways in patients with diabetes may 

have unique clinical relevance for identifying early changes associated with DR. S-cone 

pathways are particularly vulnerable to disease and insult.6–9 A loss of functional integrity in 

S-cone pathways occurs before10–13 and worsens with clinically visible vascular changes in 

patients with diabetes.8,14,15 Functional losses in S-cone pathways occurring in early stage 

DR are accompanied by less severe or no functional abnormalities in L/M-cone pathways.7

The full-field short-wavelength cone sensitive electroretinogram (S-cone ERG) is an 

objective measure of functional abnormality in S-cone retinal pathways.16–21 Decreased S-

cone ERG b-wave amplitudes are evident in patients with diabetes before the appearance of 

vascular lesions.22,23 S-cone ERG b-wave implicit times are delayed when vascular changes 

are clinically visible.24 A negative-going wave appears after the b-wave in the S-cone ERG.
17,24–26 This response is known as the photopic negative response (PhNR) and it was 

identified originally in primates using red flashes on a rod-saturating blue background.27 

The PhNR is related to the activity of retinal ganglion and/or amacrine cells.27,28 The 

reduction of the PhNR in the S-cone ERG of patients with glaucoma is consistent with 

deficits in the inner retina.25,26 Inner retinal changes occur in patients with diabetes before 

vascular changes29–32 and with early stage DR.33–35 Considering the unique vulnerability of 

S-cone pathways to retinal disease,6–9 the S-cone PhNR may be a sensitive marker of DR in 

adolescents before it is clinically visible.

Glycated hemoglobin (HbA1c) levels are a measure of long-term glycemic control. The 

Diabetes Control and Complications Trial (DCCT) demonstrated that a high HbA1c, an 

indicator of poor long-term glycemic control, is a strong risk factor for the increased 

incidence and progression of DR.36,37 Glycemic control is particularly impaired in 

adolescents with diabetes. Puberty worsens metabolic control in this age group38,39 and is a 

high-risk period for the development of clinically visible DR.40,41

The primary purpose of the present study was to investigate the relationship between long-

term glycemic control and PhNR changes in the blue flash ERG in adolescents with T1D. 
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The blue flash ERG records responses primarily from S-cone pathways. We conducted a 

multiple regression analysis with known risk factors for DR, HbA1c, and time since 

diagnosis, as covariates. Secondary outcome measures of interest were the amplitude and 

implicit time of the a-wave and b-wave. The light-adapted 3.0 ERG (LA 3.0 ERG) was used 

to assess the integrity of the cone response in this cohort.

Methods

Subjects

Thirty-six adolescents with T1D were recruited at the Hospital for Sick Children. Inclusion 

criteria were duration of T1D of at least 5 years, age 12 to 20 years, and normal visual 

development. Participants with DR were excluded based on seven-field, 30° stereoscopic 

fundus photographs. These photographs were taken at the time of testing and graded by 

retinal specialists according to the Airlie House classification. Patients and controls with a 

refractive error worse than ±5 diopters (D) (spherical equivalent), poor visual acuity (worse 

than 0.30 logMAR), and/or abnormal color vision test results were excluded. Also excluded 

were patients with an HbA1c measurement taken >3 months before the ERG test date, 

hemoglobinopathy, any other eye disease, those with neurologic disorders, and those taking 

medications affecting visual or retinal function.

Of the 36 patients who were recruited, 14 were excluded. These included three who did not 

attend the scheduled testing session and one patient who requested to be withdrawn from the 

study. Ten patients did not meet the inclusion criteria: three patients had vascular retinal 

abnormalities, two patients had refractive errors greater than − 5D, one patient had 

protanopia, and four patients had a HbA1c measurement >3 months before the test date. 

Although another patient had an HbA1c measurement 5 months from the ERG test date, this 

patient was not excluded, as their HbA1c readings remained relatively unchanged over a year 

before the ERG recording. HbA1c measurements were obtained at The Hospital for Sick 

Children using a cation exchange column (Bio-Rad Variant II HPLC; Bio-Rad Laboratories 

Inc, Hercules, CA). All samples were tested using this equipment. Data from the remaining 

22 patients were analyzed. Twenty-eight age-similar participants acted as control subjects. 

Informed consent was obtained from all participants after the purpose, protocol, and 

potential harms and benefits of the study were explained. All procedures were approved by 

the Research Ethics Board at the Hospital for Sick Children and conformed to the tenets of 

the Declaration of Helsinki.

Data Acquisition

All participants were tested at the Hospital for Sick Children. Because ambient blood 

glucose levels are known to affect ERG responses in patients with diabetes,42,43 patients’ 

blood glucose levels were measured by a registered nurse at least three times: before 

psychophysical testing, before ERG testing, and after ERG testing. Glucose levels were 

maintained between 4 to 10 mM/L with light exercise and/or the administration of insulin.

Each participant had one eye randomly selected for testing. The untested eye was occluded. 

Participants had visual acuity (ETDRS, logMAR) and contrast sensitivity (Pelli-Robson) 
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assessed. Color vision was tested using Hardy Rand and Rittler (H.R.R.) 

Pseudoisochromatic Plates and the Mollon-Reffin Minimalist test. A topical corneal 

anesthetic (0.5% proparacaine) and dilation eye drops (2.5% phenylephrine and 1% 

tropicamide) were instilled in the tested eye. A dilated ophthalmic examination was 

performed on most patients (18/22). It included the measurement of refractive error and 

funduscopic assessment of ocular media and posterior pole. HbA1c values and the date of 

diagnosis of T1D were obtained from hospital records.

Full-Field Electroretinography

Blue flash ERGs and LA 3.0 ERGs were recorded in participants. A Ganzfeld stimulator 

was used to provide all stimulus flashes and background luminance (ColorDome; Diagnosys 

LLC, Lowell, MA). Blue flashes were obtained by placing a filter (Wratten 47B; Kodak; 

Rochester, NY) in front of the Ganzfeld Xenon (white) flash. White flashes were obtained 

through a combination of red, green, blue, and amber LEDs (ColorDome; Diagnosys LLC) 

with spectral curves peaking at 635 nm, 513 nm, 470 nm, and 594 nm respectively. 

Recordings were obtained using a visual evoked potential system (Espion V5; Diagnosys 

LLC). The incoming signal was sampled at 1000 Hz and filtered with a 0.312–300 Hz 

bandpass filter.

A ground electrode was taped onto the forehead and a bipolar contact lens electrode 

(Burian-Allen; Hansen Ophthalmic Development Laboratory; Iowa City, IA) was placed on 

the cornea. Participants were light-adapted for 10 minutes using an ISCEV-recommended 29 

cd/m2 white rod-suppressing background and thereafter for 30 seconds using an amber 

(λmax =594 nm, 11 cd/m2) background. Blue flash ERGs were recorded after light-

adaptation using 2 Hz low intensity blue (λmax =420 nm, 1.60 cd · s/m2) flashes on an 

amber (λmax 594 nm, 11 cd/m2) background. LA 3.0 ERGs were recorded according to 

ISCEV standards. Flashes in both protocols were brief (4 ms) and presented for 20 seconds.

Data Analysis

Recordings containing obvious and/or large artifacts were identified manually and excluded. 

The remaining recordings were used to generate an average waveform. The primary 

outcome measure was the amplitude of the photopic negative response (PhNR). Secondary 

outcome measures were the amplitude and implicit time of the a-wave and b-wave.

The amplitude of the blue flash ERG PhNR was measured from baseline (0 mV) at 135 ms 

after flash onset. A fixed time point was chosen because pilot data from 13 controls and 13 

patients demonstrated that in most patients blue flash PhNRs did not have a clear voltage 

minimum. The timing of the group voltage minimum of the PhNR from control data were 

therefore used to score patient data (Fig. 1).

The amplitude of the LA 3.0 ERG PhNR was measured at the maximum negativity between 

the b-wave and the i-wave in line with previous studies.44–46 The amplitude of the a-wave 

was measured at the maximum negativity relative to the baseline and the amplitude of the b-

wave was measured from the maximum peak relative to the a-wave.
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Two-tailed t-tests comparing patient and control PhNR amplitudes and a-wave and b-wave 

amplitude and implicit times were conducted (P < 0.05 was considered significant). A 

Mann-Whitney (nonparametric) test was applied to data where the residuals were 

nonnormally distributed. To correct for multiple comparisons, P values were adjusted using 

the Šidàk procedure. The Šidàk procedure is less conservative than the traditional Bonferroni 

procedure.47 ERG measures showing a significant difference from the control group were 

investigated further in a multiple regression model. Descriptive statistics were performed 

using statistical software (SPSS version 15.0; SPSS Inc, Chicago, IL) and are reported as the 

mean ± SD.

Multiple Regression Modeling

The relationship between blue flash ERG abnormalities and long-term glycemic control was 

examined using a multiple linear regression model. The influence of duration of diabetes 

was considered in the analysis. A normal multiple regression is used to model data that are 

continuous, while controlling for other variables in the model. A regression consists of 

parameter estimates (βs) which are an index of the change in the dependent variable per unit 

change in the independent variable.48

Multiple regression analysis was conducted on patient data using statistical software (R 

version 2.8.1; http://www.R-project.org). The outcome variable was the blue flash ERG 

PhNR amplitude. Covariates considered for inclusion in the model were HbA1c (percentage) 

closest to the date of testing and time since diagnosis of T1D (years). Two covariates were 

considered because at least 10 subjects per covariate are required to conduct a multiple 

regression analysis of adequate power.48 Time since diagnosis of T1D and HbA1c were not 

correlated. This allowed for their simultaneous inclusion in the regression analysis.

A manual backward selection procedure was used to arrive at the final model. P ≥ 0.157 was 

the criterion used in the preliminary stages of model fitting for the removal of a covariate.
48,49 This criterion was used to prevent potential variables from being excluded too early on 

in the analysis.49 In the final stage, P < 0.05 was used for the covariate to be included in the 

final model.48

The likelihood ratio test was used to test the null hypothesis that none of the covariates 

significantly explains the variability in the dependent variable. The presumed final model 

was therefore compared with a model without covariates (all βs = 0). The likelihood ratio 

test evaluates how well one model fits the data compared with another.48

Results

Demographic data and psychophysical testing results for patients and controls are shown in 

Table 1. There were no significant differences in age, visual acuity, or contrast sensitivity 

between patients and controls. Color vision results in both groups were within normal limits. 

Most patients (19/22) were diagnosed with T1D before the age of 10 years. Approximately 

half of the patients had duration of T1D between 8 and 13 years and an HbA1c value 

between 7.4% and 8.8%. These HbA1c values are higher than the 7.0% target recommended 
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by the Canadian Diabetes Association.50 The average duration of time between HbA1c 

measurements and ERG recordings was 0.09 ± 1.84 months.

Blue flash ERG PhNR amplitudes were reduced (P = 0.005) in patients compared with 

control subjects. The amplitude of the PhNR in the LA 3.0 ERG was not significantly 

different in patients compared with controls (Fig. 2).

Further, compared with control subjects, blue flash ERG a-waves (P = 0.03; Fig. 3) and b-

waves (P = 0.02; Fig. 4) were delayed in patients. No significant changes were found 

between groups in the a- and b-waves of the LA 3.0 ERG.

Average waveforms of the blue flash ERG are shown in Figure 5. In individual records, 16 

of the 21 patients with a recordable blue flash ERG PhNR had no detectable trough. Four 

patients had clearly detectable troughs between 120 and 140 ms and one patient had a trough 

at 100 ms. Average waveforms of the LA 3.0 ERG are shown in Figure 6.

Multiple Regression Modeling Based on Blue Flash ERG PhNR Amplitudes

Multiple regression analysis using PhNR amplitudes of the blue flash ERG yielded 

significant findings. However, regression analyses using a- and b-wave blue flash ERG data 

did not yield significant findings with HbA1c or time since diagnosis.

One iteration of the backward selection procedure was performed using blue flash ERG 

PhNR data. The first model showed that time since diagnosis did not significantly explain 

the variation in the patient PhNR amplitudes (P = 0.94). Therefore, time since diagnosis was 

excluded as a covariate. This led to the final model which included HbA1c as the 

independent variable (P < 0.157) and blue flash ERG PhNR data as the dependent variable 

(Table 2).

A likelihood ratio test comparing the final model to the null model (all βs = 0) was 

significant (P = 0.001). This means that the final model explains better the variability in the 

dependent variable than the null model. The final model demonstrated that a one-unit 

increase in HbA1c was associated with a decrease in the amplitude of the blue flash ERG 

PhNR response by 12 μV or by 15%. A scatterplot of this univariate correlation (Fig. 7) was 

significant with a Pearson’s r of 0.61 (P = 0.003).

Discussion

The main finding of our study is that poorer long-term glycemic control, as measured by 

glycated HbA1c, is associated with a reduced amplitude of the inner retinal blue flash ERG 

response in adolescents with T1D before clinical signs of DR. The importance of this 

finding is that long-term glycemic control is a strong risk factor for DR. To the best of our 

knowledge, this is the first study to demonstrate an association between HbA1c and a blue 

flash electrophysiological measure. This is an important step toward identifying sensitive 

and specific biomarkers of subclinical DR.

The results of the present study differ from those of Mort-lock et al.24 who found no changes 

in the S-cone ERG PhNR before clinical signs of DR. The difference in scoring methods for 
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the PhNR may account for the discrepancy in results. In the Mortlock study, the amplitude 

of the PhNR was measured from the trough of the PhNR to the peak of the b-wave. The 

variation in the PhNR amplitudes at different time points in addition to the variation in b-

wave amplitudes across subjects may have contributed to the lack of significant difference in 

the measured PhNR amplitude between patient and control groups. The present study 

benefited from the measurement of the blue flash ERG PhNR amplitude from baseline 

(corrected to 0 mV) at a fixed timing (135 ms). This scoring method reduced the variation of 

the measured PhNR amplitude.

Although the waveforms produced by Mortlock et al.24 and the present study are similar, the 

protocols are difficult to compare, as they use fundamentally different techniques. The 

Mortlock study uses a silent substitution technique in which two light stimuli are 

subjectively matched in intensity for L- and M-cones by flicker photometry. These stimuli 

are presented in counterphase on a rod-suppressing background. The silent substitution 

technique corrects for differences in media absorption by virtue of the flicker photometry 

performed by each subject. This is an important factor to take into consideration with regard 

to patients with diabetes. Increased short-wavelength absorption, such as that caused by lens 

yellowing, is a prominent feature in adults (median, 30 years) with diabetes51 and is 

associated with attenuated S-cone ERG responses.52 While the blue flash technique is not 

able to correct for individual variations in media absorption, the young age of our cohort 

(mean age, 16 years) reduced the prospect of lens yellowing as a confounder.

The white flash used in this study (LA 3.0 ERG) receives contribution from the three cone 

types. The major contribution would reflect L/M-cone pathways. While the PhNR from 

adolescents tested before evidence of vascular lesion was not different significantly from 

control subjects (Fig. 2), previous studies show that the PhNR of the white flash ERG is 

reduced in patients with nonproliferative (NP) DR.44,53 This L/M-cone pathway dominated 

response from the inner retina may show marked dysfunction when vascular lesions are 

apparent, but not before this time.

The blue flash used in the present study is a higher intensity than that used conventionally 

for S-cone recordings. The advantage of using a higher intensity is the ease of measurement 

of the higher amplitude PhNR response in comparison with the low amplitude PhNR 

response (1–10 μV) in the S-cone ERG traditionally recorded.16,17,24–26 We showed 

previously no significant rod photoreceptor response to a 0.01 cd · s/m2 flash in scotopic 

conditions for at least 15 minutes after light adaptation conditions used for the blue flash 

protocol.54 However, we cannot say that rod intrusion was completely eliminated. Arden et 

al.18 calculated rod intrusion in a range of S-cone protocols covering a range of stimulus and 

background intensities. In addition to possible rod intrusion from the standard rod response 

(slow rod pathway) there may be additional rod intrusion from the fast rod pathway through 

the suggested rod-cone gap junctions.55 Abnormalities in the rod system do occur in patients 

with diabetes before vascular changes.56–58 The lack of significant correlations between rod 

system sensitivity and the level of retinopathy,59 however, minimizes the probability that rod 

system function would be a useful predictor of progression of early stage DR.
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To the best of our knowledge, this is the first study to demonstrate a delay in both the a-wave 

and the b-wave of the blue flash ERG in patients with diabetes before clinical evidence of 

DR. Delays were not found in the LA 3.0 ERG a- or b-waves. Multiple regression modeling 

with blue flash a- and b-wave ERG measures could not demonstrate any significant 

relationship with glycemic control or time since diagnosis. The results suggest that there is 

outer and middle retina dysfunction in short-wavelength sensitive cone pathways in patients 

with diabetes that are attributed to factors other than HbA1c and duration of disease.

Inner retinal dysfunction in S-cone pathways may be an important component in the 

pathogenesis of subclinical DR. Our finding of reduced blue-flash ERG PhNR amplitudes 

with increasing HbA1c may be related to a loss of integrity of small bistratisfied ganglion 

cells found only in S-cone pathways.60,61 Small bistratisfied ganglion cells selectively 

enlarge, an indication of cell death, after a few months of uncontrolled hyperglycemia.60 

Glycemic control may play an important role in the loss of integrity of these cells. 

Hyperglycemia increases levels of retinal glutamate which are toxic to inner retinal cells.
62,63 Hyperglycemia also contributes to retinal hypoxia,64 presumably by decreasing retinal 

blood flow,65–67 which reduces markedly the basal spiking rate of retinal ganglion cells.68 

Although there are contributions to the amplitude of the blue-flash ERG PhNR from the 

upstream outer and middle retina, in the present study, there was no significant blue flash a-

wave (Fig. 3) or b-wave ERG amplitude reduction (Fig. 4). Mild delays were found for the 

outer and middle short-wavelength responses; however a 1 or 2 ms timing delay would not 

affect the amplitude of the PhNR due to the slow and extended nature of the trough in the 

group with diabetes. Changes in the PhNR provide an easily measurable clinical marker for 

retinal dysfunction caused by diabetes.

Glycated hemoglobin levels are a widely used clinical measure to assess average glycemic 

control over the preceding 3 to 4 months69,70 and are strongly associated with complications 

of diabetes.36,37 It is interesting to note, however, that this index of glycemic control is 

weighted heavily on more recent history71,72 and may not provide complete information 

about a patient’s long-term glycemic control. It has been suggested that variability in 

ambient blood glucose levels better captures a patient’s glycemic control over time73,74 and 

is a risk factor for complications of diabetes.75,76 However, given conflicting results77 and 

the lack of consensus on a measure that best reflects glycemic variability,78–81 glycated 

hemoglobin levels closest to the date of testing were chosen as the best measure of glycemic 

control in this study. An examination of HbA1c values from 11 patients who had more than 

one value available in the 12 months previous to the date of testing demonstrated that HbA1c 

values were relatively stable over this time (mean variation = 0.40, SD = 1.33). We therefore 

believe that the HbA1c value is a good approximate of glycemic control in our adolescent 

cohort over the long-term.

The maintenance of ambient blood glucose levels is an important factor when testing 

patients with diabetes, as hyperglycemia affects ERG responses.42,43 In the present study, 

blood glucose levels were monitored and maintained within 4 to 10 mM throughout the 

testing session. This broad range is close to physiological norms and was chosen in lieu of 

the small window of time available for testing. Glucose control can be difficult in 

adolescents with T1D due to hormonal changes and noncompliance to glucose monitoring 
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techniques. The broad range allowed for the safe adjustment of blood glucose levels during 

testing. While it is likely that ambient blood glucose levels may have changed slightly 

during testing, blood glucose levels were adjusted in consultation with a nurse to ensure that 

any changes that occurred during data acquisition were within the 4 to 10 mM/L range.

There are a few limitations in this study that must be considered. Although a strong 

association was found between HbA1c and the blue flash ERG PhNR, the relatively small 

sample size of subjects reduces the statistical power of the linear model. Also, HbA1c values 

were not obtained at the time of testing which may introduce systematic bias.

The results of this study offer insight about the integrity of S-cone pathways in adolescents 

with diabetes. S-cone pathways are particularly disrupted in adolescents with diabetes before 

vascular changes are apparent. Poorer long-term glycemic control is associated with 

worsening inner retinal dysfunction in S-cone pathways before DR is clinically visible. The 

blue-flash ERG PhNR may be a useful marker of early stage inner retinal damage. By virtue 

of its association with HbA1c, it may also be a potential biomarker of subclinical DR.
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Figure 1. 
Patient and control blue flash ERG responses (pilot data: 13 controls, 13 patients).
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Figure 2. 
Between-group comparisons of the PhNR amplitude in the blue flash ERG and LA 3.0 ERG 

(*P < 0.05). Boxes represent the 25th and 75th percentiles, the line represents the median. 

Whiskers represent 1.5 interquartile range (IQR), circles are data beyond the 1.5 IQR.
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Figure 3. 
Between group comparisons of a-wave amplitudes and implicit times in the blue flash ERG 

and LA 3.0 ERG (*P < 0.05, †Mann-Whitney test). Boxes represent the 25th and 75th 

percentiles, the line represents the median. Whiskers represent 1.5 IQR, circles are data 

beyond the 1.5 IQR.

McFarlane et al. Page 16

Invest Ophthalmol Vis Sci. Author manuscript; available in PMC 2014 January 03.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



Figure 4. 
Between group comparisons of b-wave amplitudes and implicit times in the blue flash ERG 

and LA 3.0 ERG (*P < 0.05, †Mann-Whitney test). Boxes represent the 25th and 75th 

percentiles, the line represents the median. Whiskers represent 1.5 IQR, circles are data 

beyond the 1.5 IQR.
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Figure 5. 
Patient and control blue flash ERG responses.
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Figure 6. 
Patient and control LA 3.0 ERG responses.
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Figure 7. 
Univariate correlation between HbA1c and blue-flash ERG PhNR amplitudes.
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Table 1

Demographic Data and Psychophysical Testing Results for Patients and Control Subjects

Patients (n = 22) Controls (n = 28)

Age at testing, y 15.89 ± 1.65 (12.67 to 18.22) 16.90 ± 3.26 (12.58 to 25.21)

Sex, male/female 8/14 9/19

Time since diagnosis, y 11.00 ± 3.54 (5.36 to 15.87) —

HbA1c, % 8.38 ± 1.32 (6.40 to 12.00) —

Visual acuity, logMAR −0.02 ± 0.10 (−0.20 to 0.24) −0.03 ± 0.14 (−0.26 to 0.28)

Contrast sensitivity 1.70 ± 0.18 (1.05 to 1.95) 1.68 ± 0.20 (1.05 to 1.95)

Data are presented as mean ± SD (range).
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Table 2

Description and Results of Final Model Including HbA1c as a Covariate

β Standard Error 95% Confidence Interval P

Intercept, β0 149.54 30.03 0.005 to 299.07 0.00008

HbA1c, % −11.79 3.53 −23.57 to 0.00 0.003*

*
P < 0.05.
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