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Abstract

Purpose—To analyze clinical signs and symptoms of ocular surface disease in patients with 

diabetes mellitus (DM), based on severity of diabetic peripheral neuropathy (DPN).

Methods—This cross-sectional study included participants who were carefully phenotyped by a 

multidisciplinary team and categorized into groups based on severity of DPN. All study 

participants underwent ophthalmic evaluation and completed the Ocular Surface Disease Index 

(OSDI) and Visual Function Questionnaire (VFQ-25).

Results—The 34 study participants were: healthy controls (n=9), patients with DM and mild or 

no DPN (n=16), and patients with DM and severe DPN (n=9). Tear osmolarity was increased, and 

corneal nerve fiber length was decreased, with increasing severity of DPN. In addition, patients 

with DM were found to have decreased Schirmer’s test values when compared to healthy controls. 

No statistically significant differences were found between groups in OSDI, tear break-up time, or 

corneal sensitivity. No statistically significant correlations were noted between the OSDI or 

VFQ-25 scores and clinical signs of dry eyes.

Conclusions—This study demonstrates increased clinical signs of ocular surface disease, but 

not an increase in subjective symptoms of dry eyes, with increasing severity of DPN. Furthermore, 

no significant correlation was found between OSDI scores and clinical signs of dry eye. A periodic 

evaluation of the ocular surface is important for patients with DM, in addition to retinopathy 

screening, as they may be asymptomatic but have severe dry eye disease, which can lead to further 

ocular surface complications such as corneal ulceration.
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Introduction

According to the CDC, the prevalence of diabetes mellitus (DM) in the United States in 

2010 was 25.8 million, or 8.3% of the population.1 It is well known that DM is a common 

cause, or risk factor, for ocular disease including retinopathy, cataract, and glaucoma.2 There 

is also evidence of increased ocular surface disease in DM that includes: dry eye disease 

(DED), recurrent corneal erosions, neurotrophic corneal ulceration, and delayed epithelial 

healing.3,4,5

In addition to ocular manifestations of DM there are also a plethora of well-known systemic 

abnormalities associated with DM, including vasculopathy and diabetic peripheral 

neuropathy (DPN). DPN is the most common complication of DM and is estimated to affect 

up to 50% of patients with DM.6,7 The risk of DPN has been found to increase with age and 

duration of diabetes.8

Previous studies have established a correlation between DED and diabetic retinopathy.9 

However, a recent study did not find a significant correlation between DED and DPN, using 

the Michigan neuropathy screening instrument (MNSI) to detect DPN.10 However, the 

MNSI, although a sensitive clinical instrument for detecting the presence of DPN, was not 

designed to evaluate DPN severity.

The goal of this study was to analyze clinical signs and symptoms of DED in patients with 

DM and different DPN severities, as defined using comprehensive, gold-standard 

evaluations11 performed by a multidisciplinary team.

Methods

This cross-sectional study included participants who were either healthy controls or had 

diabetes. This study was approved by the Institutional Review Board of the University of 

Michigan and is in compliance with the Declaration of Helsinki. All participants signed a 

written consent.

Main inclusion criteria were: age ≥ 18 years of age and presence of diabetes as defined by 

the American Diabetes Association12 for the diabetic group. Exclusion criteria included the 

following: 1) any systemic neuropathy other than DPN; 2) history of any ocular surgery or 

corneal disease; 3) history of cancer; 4) history of stroke; 5) history of previous back surgery 

or spinal stenosis; 6) any neurodegenerative condition like multiple sclerosis.13

All participants were carefully phenotyped using nerve conduction and quantitative sensory 

testing by a multidisciplinary team to determine the presence, and severity of DPN. 

Participants were classified as having mild DPN if they had the following: 1) Small fiber 

dysfunction, as defined by abnormal quantitative sensory testing (QST) and an abnormal 

neurologic examination performed by a board certified neurologist; 2) the presence of ≥ 1 

abnormal attribute (of amplitude, latency, F-wave, or nerve conduction velocity) in ≥ 2 

separate nerves among the median, peroneal, and sural nerves in nerve conduction studies 

(NCS).13
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Participants were classified as having severe DPN if they had the following: a combination 

of neuropathic symptoms and signs of distal sensorimotor polyneuropathy with ≥ 2 of the 

following: decreased/absent distal sensation (as diagnosed by a neurological examination 

from a board certified neurologist and abnormal QST), unequivocally decreased or absent 

ankle reflexes, abnormalities in NCS as described above, and the absence of a recordable 

sural nerve amplitude.13

Participants were: healthy controls (group 1), patients with DM and mild or no DPN (group 

2), and patients with DM and severe DPN (group 3). Gender, age, race, body mass index 

(BMI), hemoglobin A1c, type and duration of DM were recorded for all participants. All 

study participants completed the Ocular Surface Disease Index (OSDI; Allergan, Inc, Irvine, 

CA, USA),14 a subjective 12-question survey for dry eye patients that gives a score denoting 

severity of dry eye symptoms, and the National Eye Institute Visual Function Questionnaire 

(VFQ-25),15 which is designed to measure vision-targeted health status. The VFQ-25 

measures the influence of visual disability and visual symptoms on generic health domains 

such as emotional well being and social functioning, in addition to task-oriented domains 

related to daily visual functioning.

Participants also underwent clinical testing for: tear osmolarity (Tearlab, San Diego, CA), 

tear break up time (TBUT), corneal sensitivity (Cochet-Bonnet esthesiometry), Schirmer’s 

test (with anesthesia), and ocular surface staining with fluorescein and lissamine green. 

Clinical evaluations were done on both eyes and the mean of the two eyes was used for 

analysis.

Corneal confocal microscopy (CCM) was performed to determine corneal nerve fiber length 

(CNFL). CCM was performed only on the right eye of study participants. All subjects 

underwent CCM imaging of the central corneal sub-basal nerve plexus using the Heidelberg 

Retina Tomograph-2 (HRT-2) Rostock cornea module (Heidelberg Engineering, Heidelberg, 

Germany). After instilling one drop of topical proparacaine hydrochloride 0.5% into the 

right eye, the patient placed his/her head into the headrest of the confocal microscope. A 

small amount of Genteal eye gel (Novartis Pharmaceuticals, East Hanover, NJ) was applied 

to the lens of the microscope, and a sterile plastic cap (Tomocap, Heidelberg Engineering, 

Heidelberg, Germany) was placed over the lens. The patient was instructed to look straight 

ahead as the plastic-covered lens contacted the patient’s cornea. “Sequence” mode was used 

to record consecutive 400 × 400 µm images of the sub-basal nerve layer at 8 frames per 

second.13

Analysis of the corneal nerve images began with selection of five representative, focused, 

non-overlapping images of the sub-basal nerve plexus from the central cornea from each 

participant. A masked grader used NeuronJ software (publicly available at http://

www.imagescience.org/meijering/software/neuronj/) to calculate the sum length of all nerve 

fibers within each image. From this number, the CNFL was derived by dividing the sum 

length of the nerve fibers in each image by the area of the image (1600 µm2). The five CNFL 

measurements from each individual were averaged to determine the final CNFL per 

patient.13
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Statistical analysis was performed using STATA Data Analysis and Statistical Software 

(Release11.StataCorpLP, College Station, TX). Analysis of variance (ANOVA) was used to 

analyze differences between groups depending on severity of peripheral neuropathy and 

correlation testing was performed between areas of interest, using the Bonferroni correction 

for multiple comparisons. The chi square test was used to analyze differences amongst the 

groups with regards to fluorescein and lissamine green staining, race, sex, and type of DM. 

The T-test was utilized to compare continuous variables including duration of diabetes 

between the two diabetic groups.

Results

The 34 study participants were: age-matched healthy controls (group 1, n=9), patients with 

DM and mild or no DPN (group 2, n=16), and patients with DM and severe DPN (group 3, 

n=9). Their characteristics (age, gender, race, BMI, hemoglobin A1c, type and duration of 

DM) are shown in Table 1. As perhaps expected, patients with DM and more severe DPN 

were older and had a longer duration of DM.

Clinical evaluation of ocular surface parameters revealed statistically significant differences 

between groups with regards to tear osmolarity, Schirmer’s test, corneal nerve fiber length 

(Figure 1), and VFQ-25 score. Tear osmolarity was greater in patients with DM than 

controls, and increased with severity of DPN. Schirmer’s test values were higher in controls 

than in diabetic patients, but did not decrease with increasing severity of DPN. Corneal 

nerve fiber lengths were higher in controls than in patients with DM, and declined with 

increasing DPN severity (Figure 2). The VFQ-25 score was greatest in controls, but did not 

decrease with increasing DPN severity.

No statistically significant differences were found between groups with the OSDI (Figure 1), 

TBUT, or corneal sensitivity. OSDI scores tended to be lower in controls than in the groups 

with DM, but decreased with severity of DPN. There was a correlation between decreased 

corneal sensitivity and increasing DPN severity. In addition, no significant differences were 

noted between the 3 groups when comparing fluorescein (positive staining noted in 22% of 

group 1, 31% of group 2, and 33% of group 3 patients, p = 0.85) and lissamine green 

staining (positive staining noted in 11% of group 1, 40% of group 2, and 33% of group 3 

patients, p = 0.32). No statistically significant correlations were noted between the OSDI or 

VFQ-25 score and the following clinical signs of dry eyes: tear osmolarity, TBUT, and 

Schirmer’s test. Likewise, no significant correlations were present between CNFL and the 

clinical signs of DED or corneal sensation.

Discussion

The goal of this study was to analyze clinical signs and symptoms of ocular surface disease 

in patients with DM, based on severity of DPN. Our results demonstrated that patients with 

DM have decreased Schirmer’s test results and increased tear osmolarity when compared to 

healthy controls, and that tear osmolarity increases with severity of DPN. In addition, 

corneal nerve fiber length was found to decrease with increasing severity of DPN.
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Even though there were increased clinical findings of DED with increasing severity of DPN, 

dry eye symptoms, as measured by OSDI, were not significantly different based on severity 

of DPN. OSDI scores were higher in patients with DM vs. healthy controls, but were 

actually found to decrease with increasing DPN severity. This suggests that patients with 

increasing severity of DPN may have some pathology, like hypoesthesia of the cornea, 

which prevents them from being severely symptomatic even in the presence of advanced 

clinical findings. Our study demonstrated a non-statistically significant correlation between 

decreasing corneal sensitivity, as measured by Cochet-Bonnet, and increasing severity of 

DPN (r=−.022, p=.23). This may help explain the lack of subjective dry eye symptoms in 

patients with severe DPN. Previous studies16 have found statistical significance when 

comparing corneal sensitivities of diabetic and non-diabetic patients. Our small sample size 

likely precluded us from obtaining a similar statistical significance, but a correlation was 

noted. The OSDI has been shown to be a good measure of subjective symptoms in patients 

with dry eyes in the general population, but this may not hold true specifically for patients 

with DM and DPN. On a similar note, previous studies have also noted that patients with 

diabetic retinopathy seldom complain of dry eye symptoms despite clinical 

manifestations.17,18

The VFQ-25, in contrast to the OSDI, assesses a more comprehensive visual quality of life. 

Previous studies have shown a decrease in the VFQ-25 score in patients with dry eyes,19 and 

our study adds to that by demonstrating a significant decrease in VFQ-25 scores with 

increasing severity of DPN. Given the lack of correlation between dry eye symptoms and 

clinical signs in patients with DM, we suspect that VFQ-25 scores may be decreased in 

patients with severe DPN because of the association of DPN with other systemic and ocular 

complications of DM that decrease vision related quality of life.

It has previously been established that patients with diabetes have an increased prevalence of 

ocular surface disease and DED.19 Previous studies have shown that DM has been associated 

with decreased TBUT, Schirmer’s test values, subbasal nerve densities, and corneal 

sensitivity and increased tear osmolarity, and fluorescein and lissamine green 

staining.3–5, 18–21 A recent study also found that corneal nerve fiber lengths differed 

significantly between healthy controls and patients with DM, and progressively worsened 

with increasing neuropathy severity.22 Our study confirms these associations. Several other 

studies have also analyzed structural and metabolic corneal abnormalities that contribute to 

ocular surface disease in patients with DM.10,16 It is notable that the Schirmer’s test is 

comparably decreased in patients with DM regardless of level of DPN. There is known 

decrease in exocrine function in DM, and it is possible that DM affects tear function early in 

the disease but is not necessarily progressive.23

This study has several strengths. First, DPN was evaluated and quantified with a method that 

utilized nerve conduction velocity as part of a multidisciplinary evaluation. Unlike our study 

that finds increased clinical signs of dry eyes with increasing severity of DPN, a recent study 

in 2013 did not find a significant correlation between DED and DPN.10 However, this study 

used the Michigan neuropathy screening instrument (MNSI) for diagnosis of DPN, which 

the authors pointed out is not as accurate as methods such as nerve conduction velocities. 

Second, measurements of CNFL in our study were done in a masked fashion by the same 
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person in all of the study participants, which minimizes potential bias in image assessment. 

Our study had several limitations, including the relatively small number of subjects which 

likely limited our ability to find greater statistical significance. We were also unable to avoid 

some potential confounding factors, including differences in age, gender, body mass index, 

and duration of DM.

In conclusion, this study demonstrates increased clinical signs of ocular surface disease, but 

not an increase in subjective symptoms of dry eyes, with increasing severity of DPN. 

Furthermore, no significant correlation was found between OSDI scores and clinical signs of 

dry eye. It is well known that routine screening for diabetic retinopathy is beneficial for 

patients with DM. The results of this study suggest that a periodic evaluation of the ocular 

surface is also important for DM patients, as they may be asymptomatic but have severe 

DED, which can lead to further ocular surface complications such as corneal ulceration.
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Figure 1. 
Differences in dry eye signs and symptoms between the following groups: healthy control 

(N=9), DM with mild/no DPN (N=16) and DM with severe DPN (N=9) in A: Mean tear 

osmolarity (p=0.007); B: Mean corneal nerve fiber length (p=0.004); C: Mean Schirmer's 

test values (p=0.019); D: Mean total OSDI score (p=0.260). Abbreviations: DPN, Diabetic 

Peripheral Neuropathy; DM, Diabetes Mellitus; OSDI, Ocular Surface Disease Index.
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Figure 2. 
Representative images of confocal microscopy of the sub-basal nerve plexus of a healthy 

control (left) compared with a patient with diabetes and peripheral neuropathy (right).

DeMill et al. Page 9

Br J Ophthalmol. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DeMill et al. Page 10

Ta
b

le
 1

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s

N
or

m
al

 C
on

tr
ol

s
(N

=9
)

D
M

 W
it

h 
N

o/
M

ild
D

P
N

 (
N

=1
6)

D
M

 w
it

h 
Se

ve
re

D
P

N
 (

N
=9

)
P

-
V

al
ue

M
ea

n 
(S

D
)

M
ea

n 
(S

D
)

M
ea

n 
(S

D
)

A
ge

 [
ye

ar
s]

43
.9

3 
(1

0.
24

)
52

.0
1 

(1
2.

78
)

55
.4

3 
(9

.2
1)

0.
09

8a

D
ur

at
io

n 
of

 D
M

[y
ea

rs
]

N
A

7.
57

 (
3.

78
)

11
.9

4 
(5

.3
2)

0.
08

7b

B
od

y 
M

as
s 

In
de

x
22

.6
6 

(3
.2

9)
36

.8
4 

(6
.2

1)
31

.9
3 

(4
.9

3)
0.

00
0a

H
em

og
lo

bi
n 

A
1c

[m
m

ol
/m

ol
]

5.
41

 (
0.

16
)

7.
86

 (
1.

07
)

8.
09

 (
1.

47
)

0.
00

1a

N
 (

%
)

N
 (

%
)

N
 (

%
)

G
en

de
r

0.
05

3c

Fe
m

al
e

6 
(6

6.
67

)
6 

(3
7.

5)
1 

(1
1.

11
)

M
al

e
3 

(3
3.

33
)

10
 (

62
.5

)
8 

(8
8.

89
)

R
ac

e
0.

81
3c

C
au

ca
si

an
7 

(7
7.

78
)

12
 (

75
.0

)
7 

(7
7.

78
)

A
fr

ic
an

-A
m

er
ic

an
2 

(2
2.

22
)

2 
(1

2.
5)

1 
(1

1.
11

)

O
th

er
0 

(0
)

2 
(1

2.
5)

1 
(1

1.
11

)

T
yp

e 
of

 D
M

0.
15

8c

Ty
pe

 1
0 

(0
)

6 
(3

7.
5)

1 
(1

1.
11

)

Ty
pe

 2
0 

(0
)

10
 (

62
.5

)
8 

(8
8.

89
)

A
bb

re
vi

at
io

ns
: D

PN
, D

ia
be

tic
 P

er
ip

he
ra

l N
eu

ro
pa

th
y;

 D
M

, D
ia

be
te

s 
M

el
lit

us
; N

A
, N

ot
 A

va
ila

bl
e.

a A
N

O
V

A
,

b T-
Te

st
,

c C
hi

 S
qu

ar
e.

Br J Ophthalmol. Author manuscript; available in PMC 2017 July 01.


	Abstract
	Introduction
	Methods
	Results
	Discussion
	References
	Figure 1
	Figure 2
	Table 1

