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Abstract

Clinical Relevance: Optometrists often are the first to examine previously underdiagnosed diabetic patients because of its 
ocular manifestations such as a change in refractive status. This study is relevant to help optometrists identify patients with 
diabetes using changes in pupil mydriasis as a marker.
Background: This study compared the pupillary dilatation in subjects with diabetes mellitus and those without diabetes 
mellitus. The purpose of the study was to use this difference as a diagnostic marker for identification of diabetes in previously 
undiagnosed subjects who present for eye examination.
Methods: An experimental study was conducted involving 40 non-diabetic and 80 diabetic subjects with or without diabetic 
retinopathy. Baseline pupil diameter was measured using Orbscan and Aberrometer. Mydriasis was elicited using a combination 
eye drop (0.8% Tropicamide and 5% Phenylephrine). Pupil diameter was measured at 15, 30, 45 and 60 minutes after the 
instillation of the eye drops. The difference in pupil diameter amongst the three groups was determined using factorial ANOVA 
to account for the effect of age.
Results: There was no significant difference between the mean pupil diameter among the three groups at baseline when 
measured with Orbscan (p=0.187) and Aberrometer (p=0.146). There was a significant difference in the mean and mean 
change in pupil diameter among the three groups with either Orbscan or Aberrometer at 30, 45 and 60 minutes after the 
instillation of mydriatic drops. The non-diabetics have larger pupil diameter while the diabetics with retinopathy have the 
least pupil diameter.
Conclusion: The study showed that there was a significant difference in pupil diameter between non-diabetics, diabetics 
without retinopathy and diabetics with retinopathy during mydriasis. Alongside a history of symptoms of diabetes, this 
difference could be explored as an ocular biomarker to identify previously undiagnosed diabetes in individuals who present 
for routine eye examination.
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Introduction

Diabetes mellitus is a heterogeneous group of 
disorders with distinct genetic, etiologic, immunologic 
and pathophysiologic mechanisms that result in glucose 

intolerance and hyperglycemia [1]. Given global lifestyle 
changes, there has been an increase in the prevalence of 
diabetes globally. An estimated 26 million people were 
reported to have diabetes in 2010 with an additional 
79 million individuals older than 20 years of age with 
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prediabetes [2]. The increasing prevalence of diabetes 
mellitus is associated with several risk factors such as aging, 
physical inactivity, obesity and diet [3].

Diabetes is a multi-systemic disease that often have 
implications for other organs of the body including the 
microvasculature of the retina leading to diabetic retinopathy 
which is one of the leading causes of visual impairment 
globally. People living with diabetes have a 25 times likelihood 
of becoming blind compares to normal population [4]. In the 
US, diabetic retinopathy is responsible for 12,000 to 24,000 
new cases of blindness annually raising considerable public 
health concern [5]. In a Europe-wide study, it was reported 
that 26% of patients with microvascular complications of 
Type 2 diabetes had diabetic retinopathy and other related 
ocular complications [6]. Besides diabetic retinopathy, 
other mechanism through which diabetes may cause visual 
impairment include cataract, glaucoma, nerve palsy and 
macular degeneration [7].

Prompt and early diagnosis for diabetes mellitus is a 
critical element in adequate management of diabetes and 
its associated ocular and other microvascular complications. 
Several risk factors including pupil diameter, glycated 
hemoglobin, fructosamine, glycated albumin etc. have been 
identified and used as biomarkers to predict diabetes and 
diabetic retinopathy [8-18]. However, these biomarkers 
have been reported to have inherent limitations. It has 
been reported that “no single biomarker will also likely 
have inherent limitations” [11]. They therefore suggested 
combining several biomarkers to improve early identification 
of diabetes and diabetic retinopathy. 

Individuals presenting for eye examination often may 
require a dilated funduscopy. Diabetes affects the autonomic 
nervous system and has been reported to influence pupil 
diameter. Previous study has reported association between 
baseline pupil diameter and duration of diabetes and 
HbA1c [13]. This study was conducted among children aged 
6-17 years who have diabetes. The authors used Polaroid 
photography to measure pupil diameter. In another study 
it was reported that an inverse relationship between the 
duration of diabetes and pupil dilation in a South Indian 
population [19]. In their study vertical pupil diameter was 
measured at 40 mins post-instillation of mydriatic agent 
using pupil gauge under bright illumination. There have 
been contentious reports that there is variation in pupil 
size between diabetic and non-diabetic subjects. Whereas 
some authors Karavanaki K, et al. [13], George A, et al. 
[19] has ported changes in pupil size between diabetic and 
non-diabetic subjects, others Coblentz J, et al. [20] did not 
observe such difference in their study. We hypothesized that 
the contention may be related to the methods employed in 
the respective study.

The current study was aimed at exploring 
pharmacologically-induced pupillary dilation as a marker 
for diabetes. The present study used objective measurement 
of pupil diameter (Orbscan and Aberrometer) which is 
more accurate than the manual methods of measuring 
pupil diameter that was used in the previous study [19]. 
Furthermore, we explored the temporal effect of mydriasis 
in non-diabetics and diabetics with and without retinopathy 
by measuring pupil diameter over a range of time intervals. 
This study was carried out among Indian population because 
it has been reported that environmental and genetic factors 
influence pupillary dilatation [21].

Methods and Materials

A total of 80 subjects with diabetes mellitus (comprising 
40 diabetics without retinopathy and 40 with retinopathy) 
and 40 controls (who do not have diabetes mellitus) aged 
40-80 years who presented to the outpatient department 
of Lotus Eye Hospital and Institute, Coimbatore, India, were 
included in the study. All the patients required pupil dilatation 
and fundus examination. Patients with prior intraocular 
surgeries, posterior synechiae, shallow anterior chamber, 
angle closure glaucoma and ocular diseases that could 
affect the iris, history of hypertension, cardiac problems and 
injuries were excluded from the study.

The diabetic group was selected based on positive 
history of diabetes as diagnosed by the attending physician 
and accompanied by their blood sugar levels. Those with 
retinopathy were diagnosed based on ophthalmologic 
examination. All the subjects’ diabetic history includes 
duration of diabetes, recent blood sugar levels, and current 
mode of treatment.

The diameter of the pupil was measured before 
dilatation to obtain baseline pre-mydriatic pupil diameter 
in all subjects in a dark room using Aberrometer (Zyoptix, 
Bausch & Lomb) first and then followed by OrbscanIIz 
(Bausch & Lomb). This is to avoid the effect of light exposure 
caused by Orbscan. After the subject is dark adapted for two 
minutes, pupil diameter is evaluated using aberrometer 
with monocular vision. Aberrometer uses infrared light with 
fixation target and measures digitally the pupil diameter 
using the distributed pattern of the reflected wave front using 
Hartmann-Shack principle. After aberrometer readings were 
taken the subject is shifted to orbscan instrument situated in 
the same room and instructed to fix his monocular viewing 
to the central part of the placidos disc. OrbscanIIz uses 
combination of placidos disc and scanning slit technology 
and uses series of light slits passing over the cornea at angle 
of 45º to the camera and records mesopic pupil diameter. This 
was followed by the instillation of Tropicamide (0.8%) and 
Phenyephrine (5%). While instilling the drops, the examiner 
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digitally depressed the nasal canthus of the patient so as to 
occlude the punctum and prevent the systemic uptake of the 
eye drops. This would reduce the complications associated 
with Phenylephrine. After instillation, pupil diameter was 
measured at 15, 30, 45 and 60 minutes using Orbscan and 
Aberrometer in a dark room. Three readings were taken at 
each time interval and the average of the three readings was 
used for analysis. All the measurements were performed 
one individual between 11am and 1pm each session. This 
was done to avoid inter-examiner bias and diurnal variation. 
Pupil diameter was reported as mean ±SD. The Smirnoff-
Komogorov test of normality was used to assess the normality 
of the pupil diameter. The unity-based normalization (min-
max normalization) was performed to ensure that the data 
set was normal. Levene test of homogeneity of variance 
was performed to assess the homogeneity of variance 
among the groupsas this was the condition for performing 
factorial analysis of variance. The 3x4 (diabetes status x age 
group) factorial analysis of variance (ANOVA) was used to 
compare the pupil diameter among the three groups (non-
diabetics and diabetics with and without retinopathy) and 
the Bonferroniposthoc correction was used to determine 
the difference between each group. Pearson’s correlation 
coefficient was used to compare the relationship between 
pupil diameter and age. Furthermore, to account for the 
effect of age on pupil diameter, the measured pupil diameters 
at different time intervals were normalized to the baseline 
using the expression [22].

Change in pupil diameter at time (t) = pupil diameter at 
time (t) – baseline pupil diameter at time (t=0).

All data analyses were performed using the SPSS version 
24.0.

Ethical Consideration

This study was approved by the ethics committee of the 
Lotus Eye Hospital and Institute, Coimbatore, India. The Lotus 
Eye Hospital and Institute exist to provide care for patients in 
an ethical and professional manner. The study was conducted 
such that patient confidentiality was guaranteed and ensured 
that no harm was done to study participants as required 
by the hospital research policy. The study was conducted 
following the tenets of the Declarations of Helsinki on 
medical research involving human subjects. All the patients 
were informed about the study and informed consent was 
sought and obtained from all eligible participants.

Results 

A total of 120 subjects participated in this study. This 
comprised of 40 subjects (age range 40-73 years) who did 
not have diabetes mellitus and 80 subjects (age range 40-80 
years) living with diabetes mellitus (comprising 40 subjects 
each with diabetic retinopathy and no diabetic retinopathy). 
The mean age of the non-diabetic subjects was 48.68±7.93 
(95% CI=46.13-51.21) years while for the diabetic group 
was 59.35±8.94 (95% CI 57.38-61.32) years. The diabetic 
group was significantly older than the non-diabetic group 
(p<0.0001). The subjects with diabetes but no retinopathy 
were aged 40-80 years with a mean age of 58.75±9.61 years 
(95% CI=55.68-61.82). Subjects with diabetes who had 
diabetic retinopathy were aged 45-74 years with a mean age 
of 59.95±8.28 years (95% CI=57.30-62.60). There was no 
significant difference between the mean age of subjects with 
diabetes who had retinopathy and those who do not have 
retinopathy (p=0.552). Table 1 shows the descriptive data of 
both the diabetic and non-diabetic groups.

Group Variable Range Mean ± SD

Diabetic patients without 
retinopathy

Age (years) 40 - 80 58.75 ± 9.61
Duration of diabetes (years) 0.1 - 23 6.55 ± 5.39

Pupil diameter measured with Orbscan (base line) (mm) 2.9 - 5.0 4.03 ± 0.55
Pupil diameter measured with Aberrometer (baseline) (mm) 4.75 - 7.05 6.07 ± 0.51

Diabetic patients with 
retinopathy

Age (years) 45 - 74 59.95 ± 8.29
Duration of diabetes (years) 0.5 – 27 8.91 ± 6.01

Pupil diameter measured with Orbscan (base line) (mm) 3.00 - 4.90 3.83 ± 0.51
Pupil diameter measured with Aberrometer (baseline) (mm) 4.75 - 6.90 5.72 ± 0.55

Non-diabetic patients
Age (years) 40 - 73 48.68 ± 7.93

Pupil diameter measured with Orbscan (base line) (mm) 3 - 5.1 4.19 ± 0.65
Pupil diameter measured with Aberrometer (baseline) (mm) 4.75 - 7.75 6.18 ± 0.74

Table 1: Baseline data representing the descriptive statistics of all subjects.

The mean duration of diabetes was 7.73±5.80 (95% 
CI 6.44-9.02) years. The duration of diabetes ranged from 
0.1-27 years. The mean duration for diabetic subjects 

with no retinopathy was 6.55±5.39 (95% CI=4.83-8.27) 
(range=0.1-23) years while for the diabetic subjects with 
retinopathy the mean duration of diabetes was 8.91±6.01 
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(95% CI=6.99-10.83) (range=0.5-27) years. There was no 
significant difference between the mean duration of diabetes 
in diabetic subjects with or without retinopathy (p=0.068).

There was a significant low to moderate negative 
correlation between pupil diameter and duration of 
diabetes at baseline and at the different time intervals after 
instillation of the mydriatic eye drop (r=-0.245 at 15 mins 
post-instillation to -0.639 at 45 mins post-instillation using 
Orbscan and r=-0.245 at 15 mins post-instillation to -0.559 
at 45 mins post instillation using Aberrometer). At baseline, 
there was significant moderate negative correlation between 
pupil diameter and age of study subjects using Orbscan (r=-
0.508, p<0.0001) and Aberrometer (r=-0.424, p<0.0001).

The Smirnoff-Kolmogorov test indicated that pupil 
diameter was not normally distributed (p<0.001). At 
baseline, the mean pupil diameter for the non-diabetic 
subjects was 4.19±0.65mm (Orbscan) and 6.18±0.74mm 

(Aberrometer). For the diabetic subjects, the mean pupil 
diameter was 3.93±0.54mm (Orbscan) and 5.90±0.55 mm 
(Aberrometer). For all the study participants, there was a 
significant difference in the pupil diameter measured with 
Orbscan compare to values measured with Aberrometer at 
baseline and at 15 and 30 mins (p<0.0001) after instillation 
of mydriatic eye drop. However, this difference was not 
significant at 45mins (p=0.111) and 60mins (p=0.822) post-
instillation.

For diabetic subjects without retinopathy, the mean 
pupil diameter at baseline was 4.03±0.55mm (Orbscan) 
and 6.07±0.51mm (Aberrometer). For diabetic subjects 
with retinopathy, the mean pupil diameter at baseline was 
3.83±0.51 mm (Orbscan) and 5.72±0.55 mm (Aberrometer). 
(Figures 1 & 2) shows the mean pupil diameter measured at 
baseline and the different time intervals using the Orbscan 
and Aberrometer respectively for non-diabetic, diabetic with 
no retinopathy and diabetic with retinopathy.

Figure 1: Comparison of mean pupil diameter over the time interval as measured using Orbscan(Error bar represents ±1 
standard deviation).

Figure 2: Comparison of mean pupil diameter over the time interval as measured using Aberrometer (Error bar represents 
±1 standard deviation).
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The mean pupil diameter at baseline and at each time 
interval after the instillation of mydriatic agent for non-
diabetics, diabetics with no retinopathy and diabetics 
with retinopathy as measured using the Orbscan and the 
Aberrometer as well as the mean change in pupil diameter 
from baseline is shown in Table 2. The Levene test of 
homogeneity of variance indicated that the variances among 
the groups was homogeinous (p=0.606). A 3x4 (diabetes 
status x age group) factorial analysis of variance (ANOVA) 
performed on the normalized data indicated that there was 
a significant difference in pupil diameter among the three 
groups irrespective of the instrument used in measuring the 
pupil diameter. At baseline, there was no significant difference 
among the three groups with either instrument (p=0.187 
and p=0.146 for Orbscan and aberrometer respectively. At 15 
minutes after the instillation of the mydriatic drops, there was 
a significant difference among the three groups as revealed 
by the 3x4 (diabetes status x age group) factorial ANOVA 

(Table 2). This difference persisted throughout the duration 
of the mydriasis. The partial eta squared (ƞ2)value indicated 
that differences in diabetic status was responsible for 3.1%, 
25.7%, 24.9%, 55.7% and 57.5% of the variation in pupil 
diameter at baseline, 15, 30, 45 and 60 minutes respectively 
after the instillation of the mydriatic agent when measured 
with Orbscan. Over the same time interval, age accounted for 
19.4%, 10.4%, 11.9%, 17.3% and 8.6% respectively.. Similar 
to the Orbscan values, when measured with the aberrometer, 
significant difference in pupil diameter was observed at 15 
minutes after instillation of the mydriatic agent and this 
persisted up to 60 minutes post-instillation. The partial eta 
squared (ƞ2)indicated that the difference in diabetic status 
accounted for 3.5%, 8.7%, 6.2%, 47.1% and 51.7% of the 
variation in pupil diameter measured with Aberrometer for 
each of the time interval starting at baseline respectively 
while age accounted for 14.1%, 1.0%, 6.2%, 9.5% and 4.9% 
respectively (Table 3).

a) Orbscan
Diabetes 

Status
 Age 

Group
0 Mins

 (Mean ± SD)
15 mins

 (Mean ± SD)
30 mins

 (Mean ± SD)
45 mins 

(Mean ± SD)
60 mins

 (Mean ± SD) N

No diabetes

40 - 49 4.45 ± 0.49 6.20 ± 0.43 7.82 ± 0.36 9.72 ± 0.22 9.99 ± 0.04 26
  1.76 ± 0.53 3.37 ± 0.54 5.28 ± 0.46 5.55 ± 0.48 26

50- 59 3.94 ± 0.63 6.10 ± 0.34 7.73 ± 0.25 9.44 ± 0.25 10.00 ± 0.00 10
  2.16 ± 0.69 3.79 ± 0.74 5.50 ± 0.76 6.06 ± 0.63 10

60 - 69 3.17 ± 0.29 6.07 ± 0.45 7.67 ± 0.06 9.20 ± 0.10 9.93 ± 0.12 3
  2.90 ± 0.52 4.40 ± 0.26 6.03 ± 0.30 6.77 ± 0.40 3

70 – 79 3.00 ± 0.00 5.60 ± 0.00 7.00 ± 0.00 8.80 ± 0.00 9.40 ± 0.00 1
  2.60 ± 0.00 4.00 ± 0.00 5.80 ± 0.00 6.40 ± 0.00 1

Total 4.19 ± 0.65 6.15 ± 0.41 7.76 ± 0.34 9.59 ± 0.30 9.98 ± 0.10 40
  1.97 ± 0.65 3.58 ± 0.65 5.40 ± 0.57 5.79 ± 0.62 40

Diabetes 
without 

retinopathy

40 – 49 4.14 ± 0.62 5.98 ± 0.22 7.34 ± 0.37 8.70 ± 0.34 9.56 ± 0.35 5
  1.84 ± 0.51 3.20 ± 0.49 4.56 ± 0.47 5.42 ± 0.50 5

50 - 59 4.24 ± 0.39 5.98 ± 0.34 7.48 ± 0.30 8.71 ± 0.27 9.61 ± 0.13 15
  1.74 ± 0.28 3.24 ± 0.28 4.47 ± 0.28 5.37 ± 0.41 15

60 – 69 4.05 ± 0.57 5.69 ± 0.35 7.17 ± 0.37 8.46 ± 0.30 9.50 ± 0.30 14
  1.64 ± 0.29 3,12 ± 0.37 4.41 ± 0.43 5.45 ± 0.34 14

70 - 79 3.37 ± 0.34 5.35 ± 0.26 6.87 ± 0.34 8.23 ± 0.34 9.42 ± 0.17 6
  1.98 ± 0.30 3.50 ± 0.36 4.87 ± 0.39 6.05 ± 0.45 6

Total 4.03 ± 0.55 5.79 ± 0.38 7.26 ± 0.39 8.55 ± 0.33 9.54 ± 0.24 40
  1.76 ± 0.33 3.23 ± 0.36 4.52 ± 0.39 5.51 ± 0.45 40
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Diabetes 
retinopathy

40 - 49 3.90 ± 0.64 5.32 ± 0.74 6.82 ± 0.81 8.03 ± 0.59 8.92 ± 0.39 6
  1.42 ± 0.12 2.92 ± 0.26 4.13 ± 0.14 5.02 ± 0.36 6

50 - 59 4.09 ± 0.47 5.53 ± 0.36 7.03 ± 0.50 8.19 ± 0.27 8.90 ± 0.40 13
  1.44 ± 0.44 2.94 ± 0.65 4.10 ± 0.50 4.81 ± 0.59 13

60 – 69 3.64 ± 0.43 5.24 ± 0.44 6.74 ± 0.60 7.98 ± 0.45 8.94 ± 0.40 15
  1.60 ± 0.35 3.10 ± 0.54 4.34 ± 0.45 5.30 ± 0.44 15

70 - 79 3.63 ± 0.49 4.92 ± 0.57 6.33 ± 0.60 7.55 ± 0.71 8.57 ± 0.60 6
  1.28 ± 0.54 2.70 ± 0.51 3.92 ± 0.72 4.93 ± 0.74 6

Total 3.83 ± 0.51 5.30 ± 0.53 6.79 ± 0.62 7.99 ± 0.50 8.87 ± 0.43 40
  1.47 ± 0.39 2.96 ± 0.54 4.17 ± 0.49 3.21 ± 0.70 40

p-value (for 
raw data)  0.187 < 0.001 < 0.001 < 0.001 < 0.001  

p-value 
for change 

in pupil 
diameter

  < 0.001 < 0.001 < 0.001 < 0.001  

b) Aberrometer
Diabetes 

Status
 Age 

Group
0 Mins 

(Mean ± SD)
15 mins 

(Mean ± SD)
30 mins

 (Mean ± SD)
45 mins

 (Mean ± SD)
60 mins 

(Mean ± SD) N

No diabetes

40 - 49 6.44 ± 0.57 7.13 ± 0.37 8.05 ± 0.52 9.68 ± 0.19 9.97 ± 0.07 26
  0.68 ± 0.72 1.60 ± 0.81 3.23 ± 0.56 3.53 ± 0.58 26

50- 59 5.89 ± 0.88 7.20 ± 0.18 7.84 ± 0.28 9.49 ± 0.28 10.00 ± 0.00 10
  1.31 ± 0.87 1.95 ± 0.97 3.60 ± 1.04 4.11 ± 0.88 10

60 - 69 5.15 ± 0.10 7.02 ± 0.12 7.68 ± 0.15 9.22 ± 0.08 9.93 ± 0.12 3
  1.87 ± 0.21 2.53 ± 0.23 4.07 ± 0.16 4.78 ± 0.21 3

70 – 79 5.30 ± 0.00 6.90 ± 0.00 7.30 ± 0.00 8.80 ± 0.00 9.40 ± 0.00 1
  1.60 ± 0.00 2.00 ± 0.00 3.50 ± 0.00 4.10 ± 0.00 1

Total 6.18 ± 0.74 7.13 ± 0.32 7.95 ± 0.46 9.58 ± 0.28 9.96 ± 0.11 40
  0.95 ± 0.81 1.77 ± 0.85 3.40 ± 0.72 3.78 ± 0.74 40

Diabetes 
without 

retinopathy

40 – 49 6.18 ± 0.50 7.07 ± 0.17 7.65 ± 0.28 8.70 ± 0.34 9.60 ± 0.39 5
  0.89 ± 0.51 1.47 ± 0.37 2.52 ± 0.40 3.52 ± 0.40 5

50 - 59 6.31 ± 0.35 7.07 ± 0.41 7.79 ± 0.27 8.71 ± 0.27 9.60 ± 0.14 15
  0.76 ± 0.38 1.48 ± 0.28 2.40 ± 0.26 3.29 ± 0.37 15

60 – 69 6.04 ± 0.56 6.97 ± 0.41 7.45 ± 0.35 8.46 ± 0.28 9.50 ± 0.30 14
  0.94 ± 0.51 1.41 ± 0.52 2.42 ± 0.45 3.46 ± 0.37 14

70 - 79 5.48 ± 0.18 6.61 ± 0.32 7.19 ± 0.21 8.23 ± 0. 34 9.42 ± 0.17 6
  0.82 ± 0.10 1.72 ± 0.19 2.75 ± 0.37 3.94 ± 0.20 6

Total 6.07 ± 0.51 6.97 ± 0.40 7.56 ± 0.36 8.55 ± 0.33 9.54 ± 0.25 40
  0.90 ± 0.44 1.49 ± 0.38 2.48 ± 0.37 3.47 ± 0.40 40
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Diabetes 
retinopathy

40 - 49 5.88 ± 0.44 6.44 ± 0.42 7.38 ± 0.38 8.11 ± 0.51 8.93 ± 0.46 6
  0.58 ± 0.52 1.50 ± 0.50 2.23 ± 0.44 3.05 ± 0.35 6

50 - 59 5.84 ± 0.62 6.52 ± 0.47 7.38 ± 0.46 8.05 ± 0.63 8.85 ± 0.57 13
  0.68 ± 0.82 1.53 ± 0.77 2.21 ± 1.09 3.01 ± 0.96 13

60 – 69 5.45 ± 0.51 6.84 ± 0.56 7.41 ± 0.71 8.21 ± 0.39 9.03 ± 0.33 15
  1.39 ± 0.60 1.96 ± 0.80 2.76 ± 0.59 3.58 ± 0.53 15

70 - 79 5.93 ± 0.38 6.75 ± 1.04 7.21 ± 0.21 7.98 ± 0.43 8.82 ± 0.31 6
  0.82 ± 1.00 1.28 ± 0.46 2.05 ± 0.38 2.88 ± 0.23 6

Total 5.71 ± 0.55 6.66 ± 0.61 7.36 ± 0.53 8.11 ± 0.49 8.92 ± 0.43 40
  0.95 ± 0.79 1.65 ± 0.74 2.40 ± 0.79 3.21 ± 0.70 40

p-value (for 
raw data)  0.146 0.007 0.041 < 0.001 < 0.001  

p-values 
for change 

in pupil 
diameter

  0.077 0.041 < 0.001 < 0.001  

Table 2: Mean pupil diameter as well as mean change (from baseline) in pupil diameter (boldface) for each of the study groups 
and the respective age groups as measured with (a) Orbscanand (b) Aberrometer.

Instrument
Time after 

instillation of 
drops (min)

Percentage variation 
in pupil size due to 

difference in diabetic 
status (h2 x 100)

Percentage variation 
in pupil size due to 

difference in age (h2 x 
100)

p-value for effect of 
diabetic status

p-value for 
effect of 

age

Orbscan

Baseline (0 min) 3.1 19.4 0.187 < 0.001
15 25.7 10.8 < 0.001 0.006
 20.6 6.2 < 0.001 0.062

30 24.9 11.9 < 0.001 0.003
 23 5.7 < 0.001 0.081

45 55.7 17.3 < 0.001 < 0.001
 51.1 3.2 < 0.001 0.293

60 57.5 8.6 < 0.001 0.002
 33.2 12.8 < 0.001 0.001

Aberrometer

Baseline (0 min) 3.5 14 0.146 0.001
15 8.7 1 0.007 0.782
 4.4 13.1 0.077 0.001

30 5.7 6.2 0.041 0.073
 5.5 4.4 0.041 0.164

45 47.1 9.5 < 0.001 0.013
 34 5.4 < 0.001 0.094

60 57.7 8.6 < 0.001 0.02
 21 11.8 < 0.001 0.002

Table 3: Variation in pupil size and mean change in pupil size (boldface) due to differences in diabetes status and age as well as 
the respective p-values for the effects.
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A 3x4 (diabetes status x age group) factorial ANOVA 
indicated that there was a significant difference in the mean 
change in pupil diameter for the three groups (p<0.001) 
for Orbscan at all the time intervals after instillation of 
dilating agent. However, with the Aberrometer, there was 
a significance difference in the change in pupil diameter 
among the three groups at 30, 45 and 60 minutes post 
instillation of mydriatic drops (p<0.05) (Table 2). Table 3 
also shows that the effect of diabetic status increased from 
20.6% at 15 minutes to reach a peak of 51.1% at 45 minutes 
post instillation of mydriatic drops for Orbscan while for 
Aberrometer, it was 4.4% to reach a peak of 34% over the 
same time interval.

Discussion

We investigated the effect of combined phenylephrine 
and tropicamide eye drops on pupillary dilatation with the 
aim of using the difference in pupil dilatation on diabetic 
and non-diabetic patients as a marker for diabetes mellitus. 
We also compared pupil dilatation in diabetic patients with 
retinopathy and without retinopathy. 

The 3x4 (diabetes status x age group) factorial analysis 
of variance (ANOVA) indicated that there was a significant 
difference in pupil diameter among the three study groups 
at 15 mins post-instillation of the mydriatic agent which 
persisted up to the 60 minutes post-instillation irrespective 
of the instrument used to measure pupil diameter. However, 
post-hoc indicated no significant difference at baseline 
between the non-diabetic and the diabetic group with a 
significant difference only noted between diabetics and 
diabetic retinopathy group irrespective of the instrument 
used. As the mydriasis progressed a significant difference was 
noted among the three groups. The differences in diabetic 
status (non-diabetics, diabetics and diabetic retinopathy 
groups) accounted for variation in pupil diameter to 
different degrees (Table 3). It was observed that at 45 mins 
after the instillation of the mydriatic drops, differences 
in diabetic status accounted for 55.7% and 47.1% when 
measured with Orbscan and Aberrometer respectively while 
the corresponding effect of age was 17.3% and 9.5% for each 
respective instrument. 

Similarly, there was a significant difference in the change 
in pupil diameter relative to baseline at all-time interval 
for both instruments except for the first 15 minutes with 
Aberrometer (Table 2). The peak effect was also notice at 45 
minutes with diabetic status accounting for 51.1% and 34.0% 
of the change in pupil diameter for Orbscan and Aberrometer 
respectively.

Studies have reported a significant difference in pupil 
diameter between diabetics and non-diabetic controls with 

the reported change occurring at 40 mins after instillation of 
mydriatic eye drop [13,19]. However, the findings from this 
study cannot be compared with the study [19] that reported 
differences in pupil diameter at 40 minutes post-instillation 
of mydriatic eye drops because of the different instrument 
used in measuring pupil diameter. Notwithstanding the 
difference in the instrument used in measuring pupil 
diameter, it can be concluded that this variation exists as 
we also observed this difference irrespective of whether 
the Orbscan or Aberrometer was used in pupil diameter 
measurement. Studies [13,23] have reported reduced pupil 
diameter in children and adolescents with diabetes compared 
with their non-diabetic counterparts with Karavanakiand co-
workers reporting a weak negative correlation with duration 
of diabetes [13]. Significant differences in baseline pupil 
diameter have also been reported in adults [24]. Similar 
significant difference in the pupil diameter of diabetic and 
non-diabetic controls have been reported [25], with the 
later having larger pupil diameter. In the present study, 
there was also a significant difference in the pupil diameter 
of diabetic and non-diabetic patients at 15mins, 30 mins, 
45 mins and 60 mins post dilatation (Table 2), consistent 
with the results of previous studies. Whereas previous 
studies examined variation in pupil diameter between 
diabetics and non-diabetics at a specific time interval, the 
present study evaluated the pupil diameter among non-
diabetics and diabetics with and without retinopathy as well 
as at 15 minutes interval for one hour post instillation of 
mydriatic agent. From the post-hoc analysis, the difference 
in pupil diameter was not significant at baseline but became 
significant as mydriasis progressed.

In contrast to the previous [19,23-25] and the present 
study, Coblentz J, et al. [20] did not report the difference 
in mean pupillary diameter between diabetics and non-
diabetics. This could be due to the difference in the 
pharmacological protocol used. In the present study, 0.8% 
tropicamide and 5% phenylephrine without pre-instillation 
of anesthetics to achieve mydriasis whereas Coblentz J, et 
al. [20] used 10% phenylephrine and 1% tropicamide with 
pre-instillation of 0.5% proximetacaine (local anesthetics) to 
achieve mydriasis. 

The result showed that non-diabetics have larger pupil 
diameter compared to diabetics with or without retinopathy, 
with the retinopathy group consistently having lower pupil 
size at baseline and at each time interval after instillation of 
mydriatic agent (Table 2). This finding is consistent with the 
result of previous report that non-diabetics have larger pupils 
compared to diabetic patients [26]. In the present study, we 
further observed that non-diabetics have the largest pupil 
diameter before and during dilation followed by diabetics 
without retinopathy and the retinopathy group having the 
least pupil diameter. This trend was present irrespective of the 
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instrument used. Furthermore, the change in pupil diameter 
from baseline values also indicated a similar decrease with 
respect to the diabetes status. The non-diabetic groups had 
the largest change followed by the diabetic groups without 
retinopathy while the diabetic retinopathy group showed 
the least change in pupil diameter from baseline. With the 
Orbscan, the changes in pupil diameter with respect to the 
three groups were significant at 15, 30, 45 and 60 minutes 
from baseline. Significant change in pupil diameter was only 
recorded at 30, 45 and 60 minutes from baseline with the 
Aberrometer (Table 2). Whereas the effect of the diabetes 
status on the change in pupil diameter from baseline was 
significant at the different time intervals for Orbscan and at 
30, 45 and 60 minutes for Aberrometer, the effect of age was 
only significant at 60 minutes from baseline with Orbscan and 
at 15 and 60 minutes from baseline for Aberrometer (Table 
3). In any case, the percentage variation due to difference in 
diabetic status was as much as 51.1% for Orbscan and 34.0% 
for Aberrometer with both effects achieved at 45 minutes 
from baseline while that due to age was consistently less 
than 15% and less than the variation due to diabetic status 
except at 15 minutes for Aberrometer (Table 3). 

From the results, it is obvious that diabetic status does 
affect pupil diameter and the response to mydriatic agent 
with the maximum effect being attained at 45 minutes 
following instillation of mydriatic agent.

Our study shows that at 45 minutes after installation 
of first drop of Tropicamide and phenylephrine, the pupil 
size was larger than the pupil size of 7.74 mm in non-
diabetic and 7.23 mm in diabetic patients 40 minutes after 
the instillation of mydriatic agent that has been previously 
reported [19]. This difference could be due to the differences 
in the methods of measuring pupil diameter. The pupil gauge 
(manual method) was used to determine the pupil diameter 
in the study George A, et al. [19] whereas the current study 
used the Orbscan and Aberrometer. These instruments give 
objective measurements of pupil diameter and might be more 
accurate than the manual pupil gauge. Manual measurement 
of pupil diameter may underestimate the true pupil diameter 
because it actually measures the diameter of the exit pupil 

With both the Orbscan and Aberrometer, the largest 
mean difference in pupil diameter in diabetic and no-
diabetic patients was recorded at 45 minutes after 
initiation of mydriasis (1.31mm and 1.26mm respectively). 
Aberrometer gave a higher pupil diameter than the Orbscan. 
This difference was significant at baseline and at 15 and 
30 mins (p<0.0001) after instillation of mydriatic eye drop 
but it was not significant at 45mins (p=0.111) and 60mins 
post- instillation (p=0.822). This difference is expected 
because of the difference lighting operations used by the two 
instruments to measure pupil diameter. The Orbscan uses 

white light while the Aberrometer uses infrared light for 
the measurement. Differences have been reported when the 
Orbscan and Aberrometer were used to measure pupil size 
[26].

Usually diabetic retinopathy occurs in patients with 
longstanding diabetes or uncontrolled blood sugar. Pupil 
diameter measured by Orbscan and Aberrometer shows a 
significant difference (p<0.0001) in mean values between 
non retinopathy diabetic subjects and diabetic retinopathy 
subjects at all intervals after installation of drops. These 
findings further suggest that reduction in pupil diameter 
in majority of diabetes subjects may be an indicator of 
development of diabetic retinopathy with uncontrolled 
blood sugar levels or long standing diabetes. With both the 
Orbscan and Aberrometer, the largest mean difference in 
pupil diameter in diabetic patients with and without diabetic 
retinopathy was recorded at 60 minutes after initiation of 
mydriasis (0.64mm and 0.65mm respectively). 

The duration of diabetes in this study ranged between 0.1 
to 27 years with a mean duration of 7.73 years. This is similar 
to the mean duration of 7.10 years previously reported 
George A, et al. [19] but different from the range of 0.4 to 
13.9 years (median=4 years) children and adolescents with 
diabetes [13]. In the present study, we noted a significant 
but moderate negative correlation between duration of 
diabetes and pupil diameter using both the Orbscan and 
Aberrometer (r= -0.480 and -0.353 respectively, p<0.001). 
This was consistent with previous studies Karavanaki K, 
et al. [13], George A, et al. [19] which has also reported an 
inverse relationship between pupil dilatation and duration 
of diabetes.

In the present study, there was a significant difference 
among the non-diabetic, diabetic and diabetics with 
retinopathy subjects (p< 0.001) with the non-diabetics 
significantly being the youngest and the diabetics with 
retinopathy being the oldest. Although pupil diameter has 
been reported to decrease with age, we observed that the 
difference in pupil size among the three study groups was 
more due to the effect of the differences in the diabetic status 
than the age as can be seen from (Table 3). At baseline where 
the effect of age exceeds the effect of difference in diabetic 
status, there was no significant difference in pupil size among 
the three groups. Post-instillation of the mydriatic drops 
when the variation of pupil size became significant, the effect 
of variation in diabetic status exceeded the effect of age. The 
observation that differences in diabetic status may play a 
role in the variation in pupil size among the three groups, 
we performed analysis of covariance (ANCOVA) to control for 
the effect of age. It was observed that after controlling for 
age, the variation in pupil size among the study groups was 
significant at all-time intervals except at baseline.
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Furthermore, our study revealed a significant but low 
to moderate negative correlation between age and pupil 
diameter at baseline and at the different time intervals after 
initiation of mydriasis. Notwithstanding, the study also 
noted difference in the pupillary diameter between diabetic 
patients with and without retinopathy despite both groups 
having similar mean age. 

The poor pupillary dilatation amongst diabetic patients 
could relate to the autonomic neuropathy associated with 
diabetes. The dilator muscles of the iris which is supplied 
by the sympathetic branch of the autonomic nervous system 
and responsible for pupillary dilatation could have been 
affected by the autonomic neuropathy in diabetes resulting 
in reduced action. Furthermore, glycogen has been reported 
to be deposited in the pigment epithelium of the iris Smith 
ME, et al. [27], Yanoff M, et al. [28] and these have been 
suggested to be responsible for poor pupil dilatation in 
diabetic patients [25].

In spite of the insights provided by this study, there 
are certain limitations that need to be mentioned. In the 
present study, the diabetic status of the subjects was made 
without consideration of the HbA1c status. The fact that 
the age of the diabetic and non-diabetic subjects were not 
matched could have influenced the difference in pupil 
diameter between the two groups examined. The relatively 
low to moderate negative correlation between age and pupil 
diameter coupled with difference in the magnitude of the 
effect of diabetic status and age group on pupil diameter 
in the factorial ANOVA indicated that diabetic status was 
more accountable for the variation in pupil size than age. 
Furthermore, studies that used comparable age groups have 
reported differences in pupil diameter between diabetic and 
non-diabetic patients indicating that the influence of age on 
pupil diameter between the two groups may be minimal.

From our study we have demonstrated that there is 
reduced pupillary dilatation in diabetic subjects compared 
to non-diabetic subjects. Noting this reduced pupillary 
dilatation in individuals who present for eye examination 
could be used as a signal to further investigate for diabetes. 
Through additional history to elicit symptoms of diabetes, 
routine pupil dilatation during regular eye examination could 
be used to triage for diabetes in previously undiagnosed 
diabetes. Notwithstanding the results of this study, further 
studies from different population might be needed to ensure 
the utility of pupillary dilation as a marker for diabetes.
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