Skin Intrinsic Fluorescence Strongly Correlates with Autonomic and Distal Symmetrical Polyneuropathy
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Table 3: Independent Correlates of CDSP.

Table 2: Independent Correlates of AN.

Abstract

Statistical Analysis

o Updated mean HbAlc was calculated by taking the average HbAlc
during the 18 years of follow-up.
Pearson correlations were used to determine the association of age-

The ability to identify those prone to develop neuropathy in Type 1 diabetes remains a challenge. We have previously observed a cross sectional relationship
between skin intrinsic fluorescence (SIF), a marker of advanced glycation end products, and confirmed distal symmetrical polyneuropathy (CDSP) in a small subgroup
(n=47) of our childhood onset type 1 diabetes (Pittsburgh Epidemiology of Diabetes Complication Study) participants and now extended these analyses to a larger
sample size (n=111) and also examine the cross sectional SIF association with autonomic neuropathy (AN). SIF was measured using the SCOUT DM device (Veralight,
Inc). AN was defined as an electrocardiographic abnormal heart rate response to deep breathing (expiration/inspiration ratio <1.1). CDSP was defined using the ®
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Diabetes Control and Complications Trial clinical exam protocol (the presence of two or more of: symptoms, sensory and/or motor signs, and/or reduced/absent Age 3.59 1.96-5.59 2.87 1.52-5.42 Age 4.89 2.40-9.98 3.44 1.74-6.77
tendon reflexes consistent with DSP) confirmed by the presence of an abnormal age-specific vibratory threshold (Vibratron Il testor). Age and diabetes duration were adjusted skin fluorescence with the Vibratory threshold (USing the Updated mean HbAlc NS NS
49 and 40 yrs, respectively. The prevalence of AN and CDSP were 61 and 80% respectively. SIF was significantly higher in those with AN (p<0.0001). In multivariable . . . Updated Mean HbAlc 1.91 1.11-3.27 NS
analyses controlling for age and updated mean (18-year average) HbAlc level, and allowing for other univariately and clinically significant correlates of AN (including Vlbatron " tEStOr) Of the blg toe and the E'I ratio Blood pressure 10.60 1.83-61.57 7.55 1.30-43.71
smoking), each standard deviation change in SIF was associated with a 3.5 greater likelihood of AN (p=0.0003). ROC analyses revealed that SIF and updated mean 18- °« g . . . c g medication use Skin intrinsi NA 2.70 1.41-5.17
year HbA1lc accounted for 83 and 57%, respectively, of the area under the curve (AUC) for AN. SIF was also significantly higher in those with CDSP (p<0.0001) and ¢ L0g|St|C regrESS|0n analyS|S was used to determlne the association Of flulgrlens:;?\s::
remained so in multivariable analyses (OR=3.4, p=0.0004). ROC analyses revealed that SIF and updated mean HbA1c accounted for 79 and 60%, respectively, of AUC . . A history of smoking 4.53 1.42-14.42 3.39 1.03-11.16
for CDSP. Age adjusted SIF was significantly related to the R-R interval (r=0.47, p=0.002) and the log-transformed toe vibrator threshold (r=-0.43, p<0.0001). SIF, a Skln ﬂuorescence and mean HbAlC Wlth AN and CDSP ...
marker of AGEs, appears to be strongly associated with presence of both CDSP and AN. o R e c e | V er 9) p er a t Oor C h ar ac t er | S t | C ( R gbI@TnSIC*C Uur I\{/A e s a nZﬁ 1A3"|5'4f( e k e ! S
uorescence
. . . ope . AlIC 96.895 92.153
Information Criterion (AIC) were used to compare the ability of skin
Background fluorescence and long term glycemic control (updated mean HbA1c) AIC 110.245 101.566

* Diabetic neuropathy is a common late complication of diabetes and a leading cause of in detecting AN and CDSP

nontraumatic amputations
e AGEs are increased in diabetes due to both hyperglycemia and oxidative stress

NA=not applicable. NS=not selected.

*Natural log-transformed before analyses.

OR expressed as per standard deviation change continuous variables.

Stepwise selection models allowed for age at skin intrinsic fluorescence measurement, skin intrinsic fluorescence, updated mean
HbAlc, heart rate, body mass index, serum creatinine, high density lipoprotein cholesterol, non-high density lipoprotein cholesterol,
systolic blood pressure, diastolic blood pressure, blood pressure medication use, ACE inhibitor use, and a history of smoking.

T e | | Results
e The pathogenesis of diabetic neuropathy is poorly understood, but the formation of

advanced glycation end products (AGEs) is thought to play a role?

Table 1: Characteristics of Participants by Peripheral Neuropathy Status

_ Autonomic Nueropathy Distal Symmetrical Polyneuropathy

e AGEs are observed in both myelinated and unmyelinated fibers of sural, peroneal, and
saphenous nerves of individuals with diabetes?3 and may contribute to the segmental

Cases (n=66) Non-cases (n=43) m Cases (n=80) Non-cases (n=31) m

demyelination of diabetic neuropathy* Skin intrinsic fluorescence, AU 0.0098 (0.0024)  0.0075 (0.0015)  <0.0001 0.0095 (0.0024)  0.0074 (0.0016)  <0.0001
e Certain dermal AGEs fluoresce and thus skin intrinsic fluorescence (SIF) is a novel Age, years 51.3 (7.0) 44.4 (5.9) <0.0001  50.7(7.1) 43.3 (5.1) <0.0001 ROC for Presense of AN ROC for Presense of DSP
marker of skin AGE accumulation Duration, years 4100 (10.0) 35.4 (11.7) 0.008 42.0 (7.0) 34.9 (4.2) <0.0001
Sex, female 59.1 39) 51.2 (22) 0.42 57.5 (46) 51.6 (16) 0.58
Height, cm 167.6 (10.2) 168.7 (10.6) 0.58 167.4 (10.6) 169.6 (9.5) 0.31
StUdy Ai ms Heart rate, beats/minute 75.0 (11.2) 71.6 (13.1) 0.16 74.3 (12.6) 72.1(10.7) 0.40
] ] o o o ] Expiration/Inspiration ratio? 1.06 (0.04) 1.24 (0.11) <0.0001 1.09 (0.09) 1.22 (0.13) <0.0001 >
e Investigate the cross-sectional association of skin intrinsic fluorescence with Body mass index, kg/m? 26.1 (5.0) 26.2 (3.2) 0.96 26.0 (4.8) 26.5 (3.1) 0.54 E
autonomic and distal symmetrical polyneuropathy in type 1 diabetes HbA1c, % 7.3 (1.4) 7.2 (1.1) 0.46 7.4 (1.4) 7.0 (0.83) 0.08 =
e Compare SIF with a measure of long-term glycemic exposure for detecting autonomic Updated mean HbA1lc, % 8.9 (1.1) 8.6 (0.94) 0.24 8.9 (1.1) 8.5 (0.81) 0.09 2
and distal symmetrical polyneuropathy in type 1diabetes Albumin excretion rate, pg/min  18.2 (5.6-116.5) 4.6 (3.2-7.0) <0.0001 14.1(4.9-102.0) 4.1(2.9-5.6) <0.0001 g
Serum creatinine, mg/dL 1.0 (0.89-1.20)  0.99 (0.80-1.10)  0.0004  1.00 (0.83-1.20)  0.97 (0.80-1.05) 0.24
. Systolic blood pressure, mm Hg 117.6 (15.7) 109.0 (10.5 0.001 116.4 (15.4) 109.0 (10.2) 0.006
POpU lation Diastolic blood pressure, mm Hg 62.9 (18.3) 55.9 (16.2) 0.10 63.6 (10.6) 66.0 (10.0) 0.30
o ,
o Pittsburgh Epidemiology of Diabetes Complications Study cohort Blood pressure medication use 28.1 (18) 4.9 (2) 0.004 22.4 (17) 13. (4) 0.42 0
_ . _ _ Hdl cholesterol, mg/dL 62.6 (18.3) 55.9 (16.2) 0.06 61.0 (18.8) 57.3 (14.6) 0.34 0 02 04 0.6 0.8 1 0 02 04 06 0.8 1
e Childhood onset (age < 17 years) type 1 diabetes (diagnosis : 1950-1980) Non-hdl cholesterol, mg/dL 107.4 (26.3) 113.8 (31.1) 0.26 110.9 (29.2) 107.8 (26.5) 0.70 1-Specificity 1-Specificity
e Study baseline: 1986-1988 (N=658) ACE medication use 60.9 (39) 46.3 (19) 0.14 59.2 (45) 43.3 (13) 0.14
° Mean age at study baseline: 28 (range: 8-48 years) Current smoker 19-1(12) 50(2) 0.07 35.1(26) 23.3(7) 0.24 Figure 2: Receiver operator characteristic curves for the cross-sectional association of SIF
. : : cDS 90.9 (60 25.6 0.000 : . :
o Mean diabetes duration at study baseline : 19 (range: 7.7-37.4 years) A:I ’ bt 2l <0-000% 795 (62) 12.9(a) <0.0001 and mean HbA1c to AN (left) and CDSP (right). SIF was more strongly associated with
« Assessed biennially ) | | | | disease state then mean HbAlc.
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o o e  Age adjusted SIF was significantly related to the R-R interval (r=0.47, p=0.002) and
Assessment Methods ol N ' the log-transformed toe vibrator threshold (r=-0.43, p<0.0001)
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o SIF measured using the SCOUT DM (Veralight, Inc.)
o Time period: 2007-2008
o Excitation wavelength: 376 nm

with presence of both confirmed distal symmetrical polyneuropathy and

Natural log-transformed E-I ratio of the R-Rinterval Natural log-transformed vibratory threshold

Figure 1: Scatter plot with linear regression line of natural log transformed skin intrinsic autonomic neuropathy in patients with long duration type 1 diabetes.

fluorescence and a) the natural log transformed E-l ratio of the R-R interval and
b) the natural log transformed toe vibratory threshold

o Emission (detection) wavelengths: 441-496 nm References

o Sampling location: volar forearm
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