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Abstract

Background: In vivo corneal confocal microscopy (IVCCM) is being recognized as a non-invasive, early
diagnostic tool for diabetic neuropathy, for it provides a clear image of corneal subbasal nerve plexus in
detail. Nerve growth factors (NGF) are believed to regulate peripheral and central nervous system, neuronal
differentiation, and regeneration of damaged nerves, and their role in diabetic neuropathy is being
emphasized these days. Moreover, NGFs and receptors are also expressed in retina and renal mesangial cells,
suggesting their possible role in the common pathogenesis of diabetic microvascular complications. We plan
to examine corneal structures of diabetic patients and compare IVCCM with conventional tools and analyze
their serum and tear NGF levels.

Methods: IVCCM, nerve conduction velocity (NCV), and serum, urine, and tear samplings were done to 42
diabetic patients. From IVCCM, we measured corneal nerve density, branch, and tortuosity, total
corneal/epithelial thickness, and the number of endothelial/keratocyte cells, and we checked patients’
biochemical profiles and serum and tear NGF levels.

Results: Patients with more severe neuropathy had less corneal endothelial cells (3105 + 218 vs. 2537 + 142
vs. 2350 + 73/mm” vs. 1914 + 465/mm’ P = 0.02), higher serum NGF (36 + 15 vs. 60 + 57.66 vs. 80 + 57.63
vs. 109 + 60.81 pg/mL, P = 0.39) and tear NGF levels (135.00 + 11.94 vs. 304.29 + 242.44 vs. 53850 + 251.92
vs. 719.50 + 92,63 pg/mL, P = 0.01). There was a positive correlation between neuropathy and corneal nerve
tortuosity (r = 0.479, P = 0.044) and negative correlation between neuropathy and endothelial cell count (r*
= -0.709, P = 0.002). Interestingly, similar changes were seen in other microvascular complications as well.
Conclusion: Our results provide a possibility of using novel tools, IVCCM and NGF, as common diagnostic
tools for diabetic microvascular complications, but it should be followed by a large population study. (J Kor
Diabetes Assoc 31:351~361, 2007)
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Table 1. Baseline characteristics of patients based on the severity of neuropathy

Normal Mild Moderate Severe P-value
Gender (M:F) 2:2 0:7 1:5 1:1 NS
Age (yrs) 3475 + 22.85 60.43 + 4.11 68.67 + 18.40 48.5 £ 16.26 0.025
BMI (kg/mz) 252 £ 3.0 249 £ 7.2 25.5 + 4.1 246 £ 6.1 NS
DM Duration (yrs) 14 + 2,71 18.57 = 3.74 22.83 + 10.69 12.50 + 10.61 NS
FBS (mg/dL) 114 £+ 50.50 119 + 32.77 1245 = 18.51 112 + 26.87 NS
HbAlc (%) 85 + 1.94 7.8 + 230 8.1 = 239 6.1 = 0.14 NS
C-peptide (ng/mL) 033 £ 058 070 + 023 2.02 + 1.58 3.0 £ 0.00 - NS
Insulin (uIL/mL) 223 + 214 470 £ 2.77 7.00 £ 1.15 5.70 + 0.00 NS
BUN (mg/dL) 14.6 £ 10.59 19.8 £ 6.38 272 + 14.81 36.6 + 3.68 NS
Creatinine (mg/dL) 1.0 £ 037 09 + 0.34 1.5 + 1.04 4.8 + 4.67 0.038
TC (mg/dL) 167 + 25.20 181 = 15.24 182 + 26.69 146 = 52.33 NS
LDL-C (mg/dL) 100 + 25.04 96 = 2143 103 + 9.01 81 £ 19.09 NS
HDL-C (mg/dL}) 115 + 71.24 48 = 12.31 51 + 2247 42 + 14.14 NS
TG (mg/dL) 96 + 66.49 144 = 74.89 99 + 78.36 117 = 94.75 NS
DMN (nl/microfovert) 2:1:0 6:0:0 0:3:2 0:1:1 < 0.001
DMR (none/NP/P) 3:1:0 2:3:2 0:3:3 0:0:2 < 0.001

Data are expressed by means + SD, except for frequency data. BMI, body mass index; FBS, fasting blood glucose; TC,
total cholesterol; LDL-C, Low density lipoprotein-cholesterol; HDL-C, High density lipoprotein-cholesterol; TG,
triglyceride; DMN, DM nephropathy; nl, normal; micro, microalbuminuria; overt, overt proteinuria; DMR, DM retinopathy;
NP, non-proliferative; P, proliferative; NS, not significant.

Table 2. Confocal parameters according to theseverity of neuropathy

. Endothelial Enithelial Anterior Posterior

NFD/image NFB/image Tortuosity cel/lmcr:r(l)%mt thjclgmss (um) ke;z:cr);:;te ke;:ﬁ?nc?'te

Normal 1.00 £ 0.00 1.00 £ 0.00 0.00 £ 0.00 3105 + 218 11 = 0.00 73 + 11.0 59 £ 11.0

Mild 143 + 079 186 = 1.22 057 + 1.13 2537 + 142 38 = 0.00 69 + 9.0 54 £ 110

Mod 133 £ 052 183 175 083+ 175 2350+ 73 28 + 0.00 64 £ 17.0 49 + 10.0

Severe 1.00 £ 0.00 2.00 £ 0.00 2.00 £ 0.00 1914 + 465 11 *+ 0.00 72 + 0.0 59 £ 00
P-value NS NS NS 0.020 NS NS NS

Data are expressed by means + SD. P-value < 0.05 represents a significant difference in each confocal parameter among
groups of different degrees of neuropathy. No, number; NFD, nerve fiber density; NFB, nerve fiber branch; Mod,
moderate; NS, not significant. ’
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Table 3. Serum and tear NGF levels according to the severity of neuropathy
Serum NGF (pg/mL) Tear NGF (pg/mL)

Normal 3550 + 15.00 135.00 + 11.94
Mild neuropathy 59.86 = 57.66 304.29 + 24222
Moderate neuropathy 79.67 + 57.63 538.50 + 251.92
Severe neuropathy 109.00 + 60.81 719.50 £ 92,63
P-value NS 0.01

Data are expressed by means + SD, P-value < 0.05 represents a significant difference in serum or tear NGF levels
among groups of different degrees of neuropathy. NS, not significant.
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Fig. 3. Relationship between tear NGF level and neuropathy.
There is a positive correlation between tear NGF level
and neuropathy.
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Table 4. Relationship between confocal parameters and diabetic microvascular complications

NFD/image NFB/image Tortuosity Endothelial cell count/mm”
DM Retinopathy r 0.443 0.401 0.365 -0.510
P-value 0.006 0.014 0.029 0.002
N 37 37 36 35
DM Nephropathy r 0.531 0.523 0.419 -0.223
P-value 0.004 0.005 0.033 0.274
N 27 27 26 26

Data are expressed by means * SD, P-value < 0.05 represents a significant correlation between each confocal parameter
and the degree of DM retinopathy or nephropathy. 1%, Pearson correlation; NFD, nerve fiber density; NFB, nerve fiber

branch.

Table 5. Confocal parameters and NGF levels according to diabetic retinopathy

Normal (n = 7) NPDR (n = 18) PDR (n = 17) P - value
Serum NGF (pg/mL) 32.57 + 11.24 27.67 £ 9.80 116.07 = 33.84 < 0.001
Tear NGF (pg/mL) 124.71 £ 19.82 227.69 *+ 109.84 569.00 + 189.42 < 0.001
NFD/image 0.17 £ 041 0.76 £ 0.75 1.29 £ 0.99 0.024
NFB/imgae 033 £ 0.82 124 £ 1.15 1.93 £ 1.59 0.049
Tortuosity 0.00 + 0.00 094 * 0.90 1.15 £ 1.14 0.051
Endothelial cell/mm’ 3051 + 343 2660 + 304 2453 + 402 0.006
Ant keratocyte 78.00 = 8.27 65.06 + 12.25 73.31 + 13.44 0.06
Pos keratocyte 63.17 £ 11.58 52.14 + 11.31 55.15 + 9.06 NS

Data are expressed by means *

SD. P-value < 0.05 represent

s a significant difference

in confocal parameters or NGF

levels among groups of different degrees of DM retinopathy. NPDR, non-proliferative DM retinopathy; PDR,
proliferative DM retinopathy; NFD, nerve fiber density; NFB, nerve fiber branch; ant, anterior; pos, posterior; NS, not

significant.

ule} SRS ol A Ak A Sude AR 2
2, 7k WSlAES) 471 Il ZHAIIEke105 + 218
vs. 2537 £ 142 vs. 2350 + 73 vs. 1914 + 465, P = 0.02).
Aapael WEsh ¥4, E3, Aol & A, Aot o)
AT A, 12l 2ot ZPARAAILS) Lol Sirls)
= zol7} BA=|A] egkehTable 2). 22U, ol&< 43
BAS B4 RS o, A7FHSo] A 5 a4l
¥9] 47} 7+Ask3l(Spearman correlation = -0.651, P =
0.006) Zt=FA17d ] F<(Spearman correlation = 0.562, P =
0.015)-2 AslFckFig. 2).

3. Szt ARAWE KoM S W 7Y AAMIRIX

AR ARBAE Al TAste] G A7dwHFe] A
Sol| whe} 3RS o], ¥4 o ri AHAA
A3t Az, AZHE0] AYTE, FH ARFAAARIAL 2]
AA Z7FHR31(135.00 £11.94 vs. 304.29 * 24222 vs.
538.50 + 251.92 vs. 719.50 = 92.63, P = 0.01), &A A7
AARIAE. Z7ksle FAlgey A odule {gich
(35.50 * 15.00 vs. 59.86 = 57.66 vs. 79.67 £ 57.63 vs.
109.00 * 60.81, P = 0.39) (Table 3). %3}, 74 A734%4
AR AdWET Quigle ko] AFAE HlrkFig.
3). B3], AZHZ0] gl T AAHZ] e ToE v

356

e Wi ohjel, Aol Sl T o) Ay
| QM Foz ol EAsY FARAS sge W)
ol AARAIARE o] ¥ P FRAEE eigle 43

< FAc} (P = 0.028).

3

4. 7IE} Sy DM BHHESE WA 248 SxH
S0 3 MAMEQIXIQI| A

1) Gz¥y otHEDo| 2|

FEA gehdEst AA Zhe 2 "ol s
Zre] BAll sl 24 B Az, A gehdge] 4
g F Y55 AeRiAe dEet BA, 250 Fkisle
o(® = 0443, P = 0.006: © = 0401, P = 0.014: I =
0365, P = 0.029: =AE) ZehisjEe] 47} 24}
Aeke? = -0.510, P = 0.002) (Table 4). I, B4l 4=t
WE Wg xS o] B8t Azt A4 o w1 2
ehHZ SRR Hrh FAA g el B 2
AR xS BR), FFo| Fylksla, WEAEY = 7
48139 cKTable 5).

a3, 9% 9 7 AR guwA ek
W2 32 Yol B3 Az, g dekge] A¥
2 5 o Zlgae’ = 0569, P < 0.001, r* = 0.594, P
< 0.001, SANE)(Fig. 4), A 24 Ak AT vls



XM Q| 170! : Shxt OlMiEnt SS0lM AR 210t Z=F #0Ri(in vivo Corneal Confocal Microscopy) it ARIMEIOIXKNerve Growth Factor)2) 2J9|

°
o 8
150~ e
°
[] 8
8 600-]
o
= =
E 100 £
] )
8 K]
] & #00
z k4
“' J
s ©
a 200
s 8
R Sq Linear = 0.560 b R SqLines = 0.504
o
p-value=0.000 p-value=0.000
o~ o
T 1 T T 1
Q (5] 1 15 2 ,0 0‘5 I! II 5 E
OMAR DMR
° o
80
° °
(L I °
°
o 001
TE; 100 L] ?E.
8 8
w0 w
9 400
¢ g
o o
504 A
° R SqLinsar=024 go ] R Sq Linear = 0.203
8 p-value=0.082 p-value=0.004
[ 7
T T T T T T T T T T \J T
0 1000 2000 3000 4000 5000 ¢ toao 2000 3000 w0 080
Ualbumin_24h Uslbumin_24h

Fig. 4. Relationships between serum and tear NGF and other microvascular complications. (A, serum NGF vs. DMR;
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non-proliferative retinopathy; 2, proliferative retinopathy)

Table 6. Confocal parameters and NGF levels according to diabetic nephropathy

Normal (n = 13) Microalb (n = 9) Overt (n = 7) P-value
Serum NGF (pg/mL) 4723 + 43.85 54.89 £ 51.81 97.33 + 55.73 NS
Tear NGF (pg/mL) 238.15 + 18898 480.29 t 283.06 509.00 + 251.18 0.028
NFD/image 023 + 0.44 0.71 + 0.49 0.71 + 0.76 0.017
NFB/imgae 0.69 = 1.25 1.57 £ 1.13 229 = 095 0.021
Tortuosity 0.54 £ 1.05 1.14 = 0.90 1.50 = 0.55 NS
Endothelial cell/mm’ 2770 + 441 2667 + 386 2540 = 450 NS
Ant keratocyte 69.00 + 1146 6929 £ 12.19 65.17 + 16.34 NS
Pos keratocyte 57.62 + 10.58 54.14 £10.31 49.50 + 8.06 NS

Data are expressed by means + SD. P-value < 0.05 represents a significant difference in confocal parameters or NGF
levels among groups of different degrees of nephropathy. Microalb, microalbuminuria; Overt, overt proteinuria; NFD,
nerve fiber density; NFB, nerve fiber branch; ant, anterior; pos, posterior; NS, not significant.
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Table 7. Relationship between confocal parameters and serum and tear NGF

NFD/image NFB/image Endothelial cell/mm’
Serum NGF (pg/mL) r 0.397 0.335 -0.430
P-value 0.017 0.046 0.011
N 36 36 34
Tear NGF (pg/mL) r 0.368 0.333 -0.485
P-value 0.030 0.051 0.004
N 35 35 33

P-value < 0.05 represents a significance in the correlation between each confocal parameters and serum or tear NGF levels.
r2, Pearson correlation; NFD, nerve fiber density; NFB, nerve fiber branch.

0.240, P = 0.082, r* = 0.203, P = 0.004, =AH) (Fig. 4).
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