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ecreased Density of Corneal Basal
pithelium and Subbasal Corneal
erve Bundle Changes in Patients
ith Diabetic Retinopathy

ei-Yao Chang, MD, Hyman Carrel, MS,
en-Shang Huang, MD, I-Jong Wang, MD, PhD,
u-Chih Hou, MD, Wei-Li Chen, MD, PhD,

iun-Yi Wang, PhD, and Fung-Rong Hu, MD

URPOSE: To define alterations in the density of corneal
asal epithelium in relation to diabetic retinopathic se-
erity and the alteration of corneal innervation using
onfocal microscopy.
ESIGN: Prospective case-control study.
ETHODS: Forty-two type II diabetic patients stratified into
ondiabetic (NDR), nonproliferative diabetic (NPDR),
nd proliferative diabetic (PDR) retinopathy and 14
ge-matched healthy control subjects were studied. Epi-
helial and stromal cell densities and subbasal nerves
ere investigated by confocal microscopy.
ESULTS: Corneal basal epithelial cell density (P �
0001), nerve fiber density (NFD) (P < .0001), nerve
ranch density (NBD) (P � .0003), and tortuosity
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TABLE 1. Clinical Data of Study Patient

Parameter

Control

(n � 14)

Nondiabetic Retinopa

(n � 14)

Male (%) 28.6 42.9

Age (yrs) 64.6 � 9.6 63.4 � 4.8

Diabetic duration (yrs) 0 14.3 � 6.3

Fasting blood sugar (mg/dl) �110 128.1 � 24.3

HbA1c (%) �6.6 7.2 � 0.7
*data expressed as mean � standard deviation.

© 2006 BY ELSEVIER INC. A88
oefficient (Tc) (P < .0001) were significantly different
mong the four groups. Basal epithelial density was
ignificantly correlated with NFD (r � 0.43, P �
0009), NBD (r � 0.36, P � .007), and TC (r � �0.58,

< .0001).
ONCLUSIONS: Patients with diabetes show alterations in
orneal innervations and basal epithelial cell density in
ifferent retinopathic stages. We demonstrate that re-
uced density in basal epithelial cell is correlated with
hanges in innervation. (Am J Ophthalmol 2006;142:
88–490. © 2006 by Elsevier Inc. All rights reserved.)

ONFOCAL MICROSCOPY, A NONINVASIVE IN VIVO

method for corneal examination, has been used to
uantify corneal nerve density and morphology. These
easurements can be correlated with the severity of
europathy in diabetic patients.1,2,3 However, few studies
valuated corneal basal epithelial cell density with its
ossible relation to corneal problems. Our study compares
asal epithelium density between diabetic retinopathic pa-
ients and controls by in vivo confocal microscopy to deter-
ine whether corneal basal epithelium density change is

ssociated with an alteration of corneal innervation.
Forty-two type II diabetic patients, including 14 nondi-

betic retinopathic (NDR), 14 nonproliferative diabetic
etinopathic (NPDR), and 14 proliferative diabetic reti-
opathic (PDR) patients, and 14 age-matched control
ubjects underwent corneal confocal microscopic exam-
nation (Nidek-ConfoScan 3, Tokyo, Japan). Age, gen-
er, duration of diabetes, fasting blood sugar, and HbA1c

ere not significantly different among NDR, NPDR,
nd PDR groups (Table 1). No marked differences in the
orphology of corneal basal epithelium, stroma, and

h Diabetes and Non-diabetic Controls*

Nonproliferative Diabetic Retinopathy

(n � 14)

Proliferative Diabetic Retinopathy

(n � 14)

35.7 50

64.6 � 7.3 63.4 � 9.5

19.3 � 8.2 17.6 � 9.7

120.4 � 34.8 135.0 � 36.7

7.3 � 0.8 8.26 � 2.2
s wit

thy
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ndothelium between nondiabetic and diabetic patients
ere observed.
Qualitative assessment of the subbasal nerve plexus layer of

he control showed nerve fibers with typical beaded appear-
nce, normal tortuosity, and adequate branching. Compara-
ively, a patient with proliferative diabetic retinopathy had
ewer branches from the main nerve trunk and increased
ortuosity (Figure). Descriptive statistics for the cell density of
ach corneal layer and morphometric variables of the sub-
asal nerve plexus are given in Table 2. The basal epithelium
ell density was significantly different among the four clinical
roups (P � .0001)(U-ANOVA) (see Supplementary Figure
at AJO.com). Post hoc analysis by Dunnett test demon-

trated that the basal epithelium cell density was significantly
ecreased in the NPDR (P � .002) and PDR groups (P �

0001) compared with control.
Nerve fiber density (NFD), the total number of major

erves observed in one image, showed a statistically
ignificant difference among the four groups (P � .0001).
ost hoc analysis demonstrated that NFD was significantly
ecreased in NDR (P � .0011), NPDR (P � .0005), and
DR groups (P � .0001) compared with control. Nerve
ranch density (NBD), the total number of branches
manating from major nerves observed in one image,
howed a statistically significant difference among the four
roups (P � .0003). Post hoc analysis demonstrated that
BD was significantly decreased in NDR (P � .04), NPDR

P � .005), and PDR groups compared with control (P �
0001). Additionally, tortuosity coefficient (TC), as previ-
usly described,3 defined as the difference in slope and
urvature between actual nerve trajectory and the line
onnecting its endpoints, revealed a statistically signifi-
ant difference among the four groups (P � .0001). Post
oc analysis demonstrated that TC was significantly

ncreased in the PDR group (P � .0001) compared with
ontrol (see Supplementary Figure 2 at AJO.com).

Corneal basal epithelium density was not significantly
orrelated with duration of diabetes (r � �0.41, P � .13),
C sugar (r � 0.09, P � .65), or HbA1c (r � �0.31, P �

2). Corneal basal epithelium density was significantly
orrelated with NFD (r � 0.43, P � .0009), NBD (r �
.36, P � .007), and TC (r � �0.58, P � .0001).
These results imply corneal nerve change and basal cell

ensity of corneal epithelium are correlated with severity of
iabetic retinopathy, and possibly may explain clinical man-
festations of corneal complications in the severe form of
iabetic retinopathy before and after retinal surgery. Basal
pithelial cells secrete a 50 nm thick basement membrane
omposed of type IV collagen, laminin, and other proteins.
ajor epithelial basement membrane components in diabetic

ornea, including laminin-1, laminin-10, and type IV colla-
en isoforms, were markedly diminished as revealed by
mmunofluorescence in a previous study.4 We hypothesize the
ecreased density of basal epithelial cells might have less
dhesive macromolecules and poor epithelial adherence abil-
IGURE. More tortuous and less branching of the corneal subbasal
erve plexus pattern with increasing severity of diabetic retinopathy.
Top left) This view shows the corneal subbasal nerve plexus of the
tudy control. (Top right) This image shows the changes seen in a
atient with nondiabetic retinopathy (NDR). (Bottom left) The
xtent of nerve changes in a patient with nonproliferative diabetic
etinopathy (NPDR). (Bottom right) The nerves are shown in a
atient with proliferative diabetic retinopathy (PDR).
ty, which results in a fragile epithelium in diabetic patients.
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ore studies need to be conducted to support our hypothesis.
oreover, our observations further support that diabetes has
significant impact on corneal nerve integrity.5 Corneal

pithelial metabolism, cell adhesion, and wound healing
epend on adequate corneal innervation.4 By virtue of our
tudy, we cannot prove directly that the basal epithelial
hanges are primarily attributable to the nerve alteration.
owever, this study provides evidence that corneal innerva-

ion changes are possible predictors for decreased basal epi-
helial cell density in diabetes.

REFERENCES

. Rosenberg ME, Tervo TM, Immonen IJ, Muller LJ, Gronha-

TABLE 2. Confocal Data of Cell Density and Morphometric V

Control

(n � 14)

ND

(n �

Density of basal epithelial cell 5894.1 � 414.9 5690.1

Density of anterior stroma cell 818.3 � 113.6 821.8

Density of posterior stroma cell 564.3 � 60.7 606.7

Density of endothelial cell 2771.1 � 427.7 2861.5

NFD (#/mm2) 26.5 � 7.5 17.5

NBD (#/mm2) 34.9 � 6.8 27.5

TC 19.0 � 7.5 15.2

NDR � nondiabetic retinopathy; NPDR � nonproliferative diabetic

density; NBD � nerve branch density; TC � tortuosity coefficient.

The first four rows are expressed in cells per square millimeters.

P is determined by ANOVA (analysis of variance).

*NPDR vs control, P � .002; PDR vs control, P � .0001.
†NDR vs control, P � .001; NPDR vs control, P � .0005; PDR vs
‡NDR vs control, P � .037; NPDR vs control; P � .005, PDR vs
§PDR vs control; P � .0001.
gen-Riska C, Vesaluoma MH. Corneal structure and sensitiv-

AMERICAN JOURNAL OF90
ity in type 1 diabetes mellitus. Invest Ophthalmol Vis Sci
2000;41:2915–2921.

. Malik RA, Kallinikos P, Abbott CA, et al. Corneal confocal
microscopy: a non-invasive surrogate of nerve fiber damage and
repair in diabetic patients. Diabetologia 2003;46:683–688.

. Kallinikos P, Berhanu M, O’Donnell C, Boulton AJ, Efron
N, Malik RA. Corneal nerve tortuosity in diabetic patients
with neuropathy. Invest Ophthalmol Vis Sci 2004;45:
418 – 422.

. Ljubimov AV, Huang ZS, Huang GH, et al. Human corneal
epithelial basement membrane and integrin alterations in
diabetes and diabetic retinopathy. J Histochem Cytochem
1998;46:1033–1041.

. Beuerman RW, Schimmelpfennig B. Sensory denervation of
the rabbit cornea affects epithelial properties. Exp Neurol

les of Subbasal Nerve Plexus in Study Patients and Control

NPDR

(n � 14)

PDR

(n � 14) P

.7 5375.7 � 380.3 5253.6 � 301.5 .0001*

.0 773.0 � 81.8 822.1 � 165.4 .66

5 616.4 � 103.6 587.9 � 117.1 .49

.7 2743.1 � 433.2 2802.6 � 552.7 .89

16.9 � 6.1 13.8 � 5.7 �.0001†

25.4 � 4.8 21.7 � 9.0 .0003‡

27.3 � 19.2 75.1 � 41.0 �.0001§

opathy; PDR � proliferative diabetic retinopathy; NFD � nerve fiber

nce homogeneity among groups was determined by Bartlett test.

rol; P � .0001.

ol; P � .0001.
ariab

R

14)

� 414

� 113

� 60.

� 289

� 5.5

� 9.4

� 7.9

retin

Varia

cont

contr
1980;69:196–201.

OPHTHALMOLOGY SEPTEMBER 2006



S
c
s
t
7
o
(
d
r

S
(
d
T
D
p
e
r

V

UPPLEMENTARY FIGURE 1. Basal epithelial densities in
ontrol and diabetic subjects. The “*” is the mean of the data
et. The horizontal line within the box represents the median of
he data set. The upper and lower limits of the box indicate the
5th and 25th centiles, respectively. The upper and lower limits
f the whiskers indicate the 90th and 10th centiles, respectively.
NDR � nondiabetic retinopathy; NPDR � nonproliferative
iabetic retinopathy; PDR � proliferative diabetic
etinopathy).
BRIEF REPOL. 142, NO. 3
UPPLEMENTARY FIGURE 2. (Top). Nerve fiber density
NFD) in control and diabetic subjects. (Middle) Nerve branch
ensity (NBD) in control and diabetic subjects. (Bottom)
ortuosity coefficient (TC) in control and diabetic subjects.
escription of the statistics shown in the box and whisker

lots. (NDR � nondiabetic retinopathy; NPDR � nonprolif-
rative diabetic retinopathy; PDR � proliferative diabetic
etinopathy).
ORTS 490.e1
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