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e Higher skin autofluorescencé norrinvasve measure ofddvanced glycation engroducts)is
significantly associated with early retinopathy and abnormal cardiac autrfonation in
adolescents witiiype ldiabetes.

e Skin autofluorescenceeflectsup to 10 year®f glycaemic historyin adolescentsvith Type 1

diabetesand may provide a measurergtabolic memory

Aim To test.thehypothesisthat noninvasive skin autofluorescence, a measure of advanced
glycation endproducts, wouldprovide a surrogate measure loihgterm glycaemia andbe
associatedvith-early: markers of microvascular complicationsadolescents witilype 1diabetes
Methods Forearmskin autofluorescencgrbitrary units)was measureth a crosssectional study
of 135 adolescentsvith Type ldiabetedmeant sb agel56 + 2.1 \eas, diabeteduration8.7 =
3.5 yeas, HbA 72 + 16 mmol/mol (8.7 + 1.%6)]. Retinopathy,assessedising sevenfield
stereoscopic=fundal photographwas defined as>1 microaneurysm or d&marhage. Cardiac
autonomic funetion was measured by standard deviation of consecutive RR intervals-onna 10
continuouselectrocardiogramecording, as eneasure of heart rate variability

Results Skin autéfltiorescenoeas significantly associated with ag&£0.15; P<0.001). Age and
genderadjustedskin, autofluorescenceras associated with concurrent HRAR?=0.32 P<0.001)
and HbA. over the previous 2-80 years R=0.34—-0.43 P<0.002). Age-and genderdjusted
meanskin autofluerescence was higheradolescents with retinopathyg thosewithoutretinopathy
[mean 1.387(95% CI 1.29, 1.48 vs 1.22 (95%CI 1.17, 1.2%6) arbitrary units P=0.002]. In
multivariableanalysis retinopathywas significantly associated with skin autofluoresceadgisted
for duration(Rf=0.19; P=0.03). Cardiac autonomic dysfunctiomas alsandependentlyassociated
with skin autoflieresceno@’=0.11;P=0.006).

Conclusions Higher skin autofluorescencis associated withretinopathyand cardiac autonomic
dysfunction inadolescents witlype 1diabetesThe relationship betweeskin autofluorescence
and previousglycaemiamay provide insight into metabolic memonyongitudinal studieswill
determine the utility okkin autofluorescencas a nofinvasive screening tool to prediftiture

microvasculacomplications.

The physiologicalaccumulation of advanced glycation end prod(&ES) in long-lived proteins,
such as skin collagen and lens crystalliosgcurs throughout lifeand isaccelerated infype 1

diabeteqd1]. AGEs formed as a result of chronic hypergigmia and oxidative stresgmve been

This article is protected by copyright. All rights reserved



implicated in the development and progression thé macrovascularand microvascular
complications ofdiabetes[2]. The DiabetesControl and Complications Tridpidemiology of
Diabetes Interventions and ComplicatigpsCCT/EDIC) showedthat skinAGE accumulatiorwas
significantly associated with complication outconmasstly independent dfibA;. levels (recent
and cumulative up té years)[3], andmadea greater contributiothan HbA levelsto risk of
complications over the subsequent 10 yg&rd-or these studie®GE accumulation was measured
by complex hiochemical analyses on full thickness skin bio3j8% butit can now be measured
non4{nvasivelyusing a device suitable for the clinical settiBfin autofluorescence correlatgell

with both fluorescent and non-fluorescent AGEs in biopsiedaskiagen[6].

Most studiesexaminingthe utility of skinautofluorescenct date have bedn aduls with Type 1
diabetes[7-11], [Type 2 diabetes[12] or chronic kidney diseaséAs serum AGEs are renally
excreted, impairment of renal function can lead to AGE accumuldfi8h and may be a
confounder in adult studiekowever, herearelimited published dataon AGE accumulation and
their microvascularassociationgn young people witiType l1diabetedeforethe onset of clinically
significant renal impairment he relative contribution of current HhAvs glycamic history[9,14]

in this age groupwith relatively shortdiabetes duration, has not been described previously.

We thereforeevaluated the relationship between satofluorescenceand microvascular
complicationsin ‘young peoplewith Type 1 diabetes, and assess#tke relationship of skin
autofluorescence-tmeanHbA ;. over time.We hypothesiedthat skinautofluorescence would X1
provide a surrogate measurecoimulative glycamic burdenin Type ldiabetesover 10 yearand

(2) be associated-with early markers of microvascular complications in adolescents

1N~

Participants wererecruited through the Diabetes Complications Assessment Servicehat
Children's Hospital at Westmeatoseaged<18 yearswith Type 1 diabetes duratiat® years were
eligible for the study Clinical data collectedncluded age, diabetes duraticamthropometry

biochemistry and.ecomplication outcomes.

Blood pressure was measured by auscultation afeemin rest in the seated position, using an
appropriate sized cuff, with agand genderelatedsp scores calculated according to published
standardg15]. Height was measured using a Harpenden stadiometer and weight using electronic
scales. Current HbA . was measured at the clinic visit and all past Haluesrecorded for the

total diabetes duration for each participamtre retrieved from the medical records. HbAvas
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assessed by higherformance liquid chromatography (Variant analydgin-Rad Laboratories,
Hercules,CA, USA until December 2009, then Adams Arkray Inc., Kyoto, Japan from January
2010 onwards; Adams = 1.0566x Variant, wh&e=0.98). Lipid profiles and creatinine were
measured by routine laboratory methdstimatedGFR (eGFR) was calculatefdom the formula:
eGFR (ml/min/1.731) = 42*height (cm)/plasma creatinine (umol/l).

Skin autofluorescencavas measured using the AGE Read®iagnoptics, Groningenthe
Netherlandys and results reported arbitrary units(AU) as the meanof threereadings on the volar
surface of each arm, correctied skin pigmentatiorj16]. Data oncontrolsubjects without diabetes
datawere obtained using the same equipment. Based on publisheadmlatan autofluorescence
(same equipmentj adultswith diabetegmean(sp) 0.016 (0.004)AU vs agematched controls
0.018 (0.005AU] 6], we calculated thatO participants would be required in each group to detect

a mean differencbetweerthe diabetes groups.

Retinal assessmenwvas performed usingevenrfield stereoscopic fundal photographiarly
retinopathywas defined as the presence of at least one microaneurysiemornhage X21)

graded according to modified Airlie House criteid].

Urinary albumin was measureagith an Immulite 1000immunoassayanalyser (Siemens Los
Angeles, CA,USA). Early indicators of nephropathy were defined Bselevated mean albumin
excretion rate"(AERY7.5 ug/min (above 98 percentile of te normal adolescent populatidi]

and @) albuminuria(AER >20 pg/min in at least two of three samples from timed overnight urine

collections.

Peripheral nervdunction wasassessd bythermal threshold at the dorsum of the left foot and
vibration thresheld. at the left malleolus and left great toe (Neurosensoryll T&8W Vibratory
Sensory AnalyseiMedoc Ltd, Ramat Yishai, Isrgeland compareavith reference anges derived

from age and gender-adjusted controls [19].

Autonomic function was assessed bgupillary reaction to light stimulus using an infrared
pupillometer (Pupilscan; Fairnd Medical Optics AmershamlJK) [20]. Heart rate variability, as a
measure of cardiac autonomic function, was derived using LabCha@APrimstruments, Sydney,
NSW, Australia) based on a hin continuouselectrocardiogranmmecording at restand included
stardard deviation of mean NN intervalehere NN indicates successive RR intervals on the
electrocardiogramNormal reference ranges werderived from heart rate variability of local

contemporary controls measuresingthe same equipment. Abnornsthndarddeviation of mean
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NN intervalswas defined as above th8 percentile for age and gender.

The study was approved by the Human Research Ethics Committee Ghildren’s Hospital
WestmeadWritten informed consent was obtained from participants andfdmailies.

Statistical analysis

Descriptive data are summaed as mean sD for parametric data. Skiautofluorescencevas
multiplied by "10"AU*10) andanaly®d as a continuous variable. The presence of any retinopathy,
abnormal albumin excretiomperipheral nerve abnormalitiesnd pupillary abnormalitiesvere
analy®d as categorical outcoméseart rate variabilitfas measured kstandard deviation of mean
NN intervalg.was/analygd asboth continuousand categoricaloutcomes.Mean differences
betweergroups were compared usinglependensamples-tests (diabetessvcontrols, retinopathy
vs retinopathyfree). Multivariable inear regression was used to model the association beskieen
autofluorescencend clinical explanatory variables (age, diabetes duration,{iBAimulative
mean HDbA. over the past 10 yeais 25-year time blocks Multivariable linear and logistic
regression analgs were used to examine the association betweemplications outcomes and
clinical explanatory variables (with or without skin autofluorescencd)e prevalence of
retinopathy and abnormatandard deviation of mean NN intervasadolescentsvith Type 1
diabetesdivided“according to HbA groups (above and belowalinical target of 58 mmol/mol
(7.5% and skinautofluorescencgroups (highestertile >13.3 AU vs lower two tertiles was
compared ‘using Fishisrexact test. All statistical analyses were conducted ussrgsversion 22
(IBM SPSS Statistics, Chicago, IL, USA)

The characteristics of tHeype ldiabetes group antbntrol groupat the first study visit arghown
in Table 1. he mear(+ sb) age ofthe adolescents withype ldiabetes wa$5.6 (+ 2.1)yearswith

mean diabetes.durati@? (+ 3.5)years Diabetesdurationwas>5 yearsin 113 84%), >7.5 years
in 83 61%) and=10 yearsn 46 participants(34%). The najority of participantsvere intensively
managedising«nsulinpumptherapy(56%) ormultiple daily injectiong30%), while the remainder

were treatedvith fewerthan four injections per day.

The clinical characteristics of the diabetes gr@grording tccomplicationstatus are described in
Table2. Retinopathy was found in 16¢22/135) elevated AER in 23%29/127)and albuminuria
in 2% of the participant$2/124) eGFR range from 78 to 200 ml/min/1.73f) and noparticipant

had renal imairment,as defined by eGFR6© ml/min/1.73m. Pupillary abnormalities were found
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in 65% (79/121) peripheral nerveysfunctionin 25% (30/122) anccardiac autonomiabnormality
(standard deviation of mean NN interyadgsmeasure of overalieart rate variabilifyin 11% of
participantg19/128).

In adolescents with diabetdggher skinautofluorescencevas significantly associatedvith older
age,which explained 15% of the variatigB = 0.52, 95% CI 0.3—0.72 P<0.001;R?=0.15), longer
duration (B=10.26,95% CI10.13-0.38;P<0.001;R?=0.11),female genderg = 1.6,95% CI0.7—

2.5, P<0.001;R’=0.08), concurrent HbA. (B = 0.58,95% CI10.28-0.88 P<0.001;R°=0.10) and
HbA1. over the previous 10 year®8 (= 0.99, 95% Cl 0.27-1.73 P=0.008; R*=0.15). Skin
autofluorescenceadjusted for chronological age and genees significantly associatedith
concurrent HbAe(B = 0.51,95% C10.25-0.77 P<0.001;R?=0.32),mean HbA. over the past 2.5
years(B = 0.65/95% CI0.36—0.93 P<0.001; R*=0.34) 5 years B = 0.67,95% CI0.31-1.02
P<0.001; R?=0.40, 7.5 years(B = 0.74,95% Cl0.24-1.24 P=0.004 R*=0.42 or 10 yeargB =
0.75,95% C10.12—1.39 P=0.02; R?=0.40).Skin autofluorescence was not significantly associated

with total cholesterol levels, triglycerides or eGFR.

Age- and gendeagdjustedskin autofluorescenceas significantly highem adolescents with early
diabetic etinopathy(mean 1.3895% CI 1.29-1.48 AU) comparedwith those without retinopathy
(meanl.22,95% CI'1.17-1.26AU; P=0.002)and to controlfmeanl.16,95% CI1.101.24 AU;

P<0.00% Fig. 1)~There was no statistically significant difference in mean skioflawrescence

(unadjusteflin the adolescents witfiype ldiabetes comparasith controls (Table 1).

In univaride analysis retinopathy was associated witigler skinautofluorescenc¢odds ratio
(OR) 1.32 95% C1'111-1.57 R?=0.13],0lder agg(OR 1.35,95% CI1.03-1.77=0.03;R*=0.07)
longer diabetesdufation OR 1.26, 1.091.45; P=0.002; R’*=0.14) higher concurrent Hb# (OR
1.50,95% CI11.11-2.04P=0.009;R?=0.09), higher mean HbA, over2.5years(OR 1.71,95% ClI
1.22-2.39P=0.002;R?=0.13), Syears QR 1.77,95% Cl1.18-2.64=0.006;R*=0.11) 7.5 years
(OR2.10,95% Cl11.21-3.64£=0.008;R*=0.15) or10 year§OR 2.15,95% CI1.06—4.34P=0.03;
R’=0.17). Retinopathy was not associated with gender, e@févated AERsystolic or diastolic
blood pressuretotal cholesterol or triglyceride levels. In multivariable analysis, retinopathy
remainedsignificantly associated with skin autofluorescence, in separate nmemjalted forage
(R?=0.15),duration R=0.19),concurrent HbA. (R*=0.16), mean HbA. over 25 years R=0.19)

or mean HbA. over 5years R°=0.18 all P<0.03 Table 3). Retinopathy was not associated with
skin autofluorescence when adjusted for both the time factor (age or duration)easdrenof

glycaemia (concurrent Hb4 or mean HbA. of previous years) in the same multivariable model.
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Retinopathy was significantly more prevalent among cases in the highest tertile of skin
autofluorescence comparedith those in the lower two tertiles, regardlegsvhether their current

HbA . was below or above the clinical target ofrBol/mol (7.5% Fig. 2a).

Cardiac autonomic dysfunctiodgefined asabnormalstandard deviation of mean NN intervéis
age and genderpwas associated with higher skin autaftearee(OR 1.29,95% CI11.08-1.54;
P=0.006;R*=0.11) and higher triglyceride level©OR 2.09,95% Cl1.20-3.65:P=0.01; R*=0.09).
Abnormal standard deviation of mean NN intervalss not associated witldiabetes duration,
HbA ., eGFRyor AERN univariateanalysesin a rrultivariable modelabnormal standard deviation
of mean NN intervalsvas associated with higher skin autofluoresce@i® 1.32 95% CI1.09—
1.59 P=0.005), triglycerides@R 1.93,95% CI1.06-3.52;P=0.03)and eGFROR 1.02,95% ClI
1.00-1.05;P=01045,R?=0.23). Standard deviation of mean NN intervals a continuous variable

was not associated with skin autofluorescence.

Abnormal standard deviation of mean NN intervalas also significantly more prevalenamong
thosein thehighest tertileof skin autofluorescenasomparedwith those in the lower two tertilesf
skin autofluorescencdor thediabetesggroup withcurrent HbA. above 58mmol/mol (7.%%6; Fg.
2b).

Higher skin autefluorescence was also associated with greater number of complications in the
adolescentsswiti ype 1diabetesThere was no associatitwetweenskin autofluorescencand the

other complication outcoméperipheral nervelysfunction,pupillometryabnormalitiesor elevated

AER).

In this crosssectional studyn adolescents witfilype 1diabeteshigher skinautofluorescenceas
significantly.asseciated witharly retinopathyandcardiac autonomic dysfunctiomhe association
with retinopathyremainedafter adjusting foage andneanHbA 1 up to5 years Whereas ge- and
genderadjusted=skinautofluorescenceeflecied the previous 1@ear glycaemic history a large
proportion ofsthe variability may be relatedo individual variations in metabolic handling of

hyperglycaemia and resultimgidative stress.

In this group with shorter diabetes duration than in adult stuthag;term glycaemic history
contributedto up to42% of the variability in age and gender-adjusteskin autofluorescencim
adolescentsin contrast to some adult studies, we found that concurrent;Hl@&els also

significantly contributed to skin autofluorescence readiAgeecent @ediatric study also found
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significant associatiobetweenskin autofluorescencand both concurrent and mean HhAover
the preceding yedR1], whereasskin AGE accumulation in adslhasshowna stronger correlation
with longterm HbA . rather than concurrent HRA[9]. In an early study involving skin biopsies,
mean HbA. over the past year correlated more closely with skin AGE levels than thg Méalde
closest in timing to the biopg$]. In amore recenstudy, skin autofluorescenceneasured using
another nonnavasive devicSCOUT L5, VeraLight, Albuquerque, NMJSA) was associated with
the pasR0-year history of HbA., but with the weakest magnitude when the most recent 5 gkars
data were includegil4]. Similarly in the DCCTEDIC cohort ata mean diabetes duraticof 30
years, log skinautofluorescenceshowed strongecorrelaton with mean HbA. over the total
duration comparedith the most recent-80 yeard22]. The differenceébetweerchildren and adult
datamight relatestomore rapidcollagen turnover in childremwho are younger and growing, or

mightrelate to individual HbA. levels trackingvell during this period.

This is also the first study examining skin AGEs in relation to early markers of microvascular
complicationsin=adolescents with Type diabetes We found thathigher skin autofluorescence
remained significantly associated with retinopathy outcoafés adjustingfor traditional risk
factorsof age; duration omeanHbA ;. up to5 years Furthermore, kevated skin autofluorescence
wasfound in adolescents who had evidenceedinopathydespiteconcurrent HbA¢ within target
glycaemic range The independent association between skin autofluorescence and retinopathy in
this adolescentohort provids further evidencehat skin autofluorescence refleetametabolicor
epigeneticrisk profile beyond currentHbA1., which includes glyaemic history and other
biochemical factors involved in metabolic memanythis group with relatively short diabetes
duration. Adult_studies have shown a strong associatibetween skin autofluorescenceand
retingpathy, whichdid not persist after adjustment for HpA7] or total gly@emic exposur9]. In

the presenstudyy=skin autofluorescence was no longelependentlyassociated with retinopathy
when mean=HbAes=0Over 5-10 yearswas considered in the modeThis sugges that skin
autofluoreseence is hindependent ofongerierm gly@emic controlbeyond 5Syearsof diabetes
duration which iscensistent withdata inadults (nean diabetes duration of 30 ygamshere skin
autofluorescencavas no longer associatedth retinopathywhen adjusted for mean HhAover
time [9].

In the presentstudy, there wasa significant difference in ageand gendeadjusted skin
autofluorescence between the diabetes group with retinopathy compéteccontrols. N
significant difference in ageand genderadjusted skin autofluoresceneeas foundbetweenthe

diabetes groupvithout retinopathyand controls This further suggestghat there a individual
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factors beyonddiabetes stas which led to AGE accumulation and protective factors in
adolescents with diabetes who amanplicationfree may relate to their ability tonaintaina similar

degree of AGE accumulati@as adolescentsithout diabetes.

We also found an independent associabetweenskin autofluorescencand cardiac autonomic
dysfunctionsin=the~Epidemiology of Diabetes Complications cohort with mean diabetes duration
>35 years, skin autofluorescen¢measured noinvasively by the SCOUT systenghowed
stronger association with autonomic neuropathy than cumulatiyed8mean HbA: level [10].
Thefindingsin our adolescent study group wedlmean diabetes duration of <10 years support the
existing hypothesis of AGE accumulation@hogenidn autonomic dysfunctigreven at shorter
diabetes dration,_andthe potentialrole of autonomic dysfunction in perpetuating inflammation and
further build-up of pathogenic AGEs [23].

In contrast to the adult studi¢$1,12] we did not find a significant association between skin
autofluorescence and peripheral nerve abnormalities on thermal and vibration threshogl t
These differences the findingsmay relate to thearyingdefinitions and methods of assessment of
peripheral neuropathy, in addition to tb#ferencesin clinical cohorts(adult vs adolescentas

well asstudysample sizeot powered to detect these differences

The prespt studyalsoexplored the role ofenal functionon skinAGE accumulation, althoughe
did not findarstatistically significantassociation betweeskin autofluorescence ard5FRin this
study group In the DCCT/EDC cohort (nean diabetes duration 3Qear3, eGFR <60
ml/min/1.73nfwas a significant determinant bfgher skin autofluorescencg9], but in another
cohort (mean.diabetes duration 36 years), this eGFR threshold eliminated amgtiassbetween
skin autofluorescence and mean HpAevel [14]. In adolescentsGFR (and eGFR)can be
paradoxically‘elevated in early diabetic nephropathy, which could lead to falsely doskire
autofluorescenceand may be followed byreducedGFR in more advancecknal disease.Skin
autofluorescence may therefore not show a linear relationship with eGFR omABR younger

age group.

The persistent'benefit of intensivBabetes managements evidentn the DCCT/EDIC cohortfor

many years aftersthe defined period of study interventiowas initially demonstrated fronthe
follow-up of that cohort that HbA;, measured2-3 years earlierhad the greatest relative risk
contribution to current retinopathy progression, whilst values up to 8 years ago continued to have an
impact [24]. This concept, wherebyprior glycaemic control contributes to the development of

microvascular and macrovascular complicatidress been described asetabolic memory[25],
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with increasing recognition of the contributioh factors beyondjlycaemiasuch asAGE-related
protein modification or even prolonged memory of past lifestyle faf26is Skin autofluorescence
may therefore provide a quantification of the contribution of metabolic memory onicliiabetes
complicationsln addition, he presence of microalbuminuria relateghteviousglycaemic control,
has been shown to have independesit for future cardiovascular disease, and if associated with

lower GFR, may have secondary effects through altering the renal clearance of AGEs.

We previouslyshowedthe predictive role of plantar fascia thickness, anotherimaasive measure

of collagen glycationpn microvascular @amplications independent of HhAover a3-year follow

up period[27]..The presentstudy provids further evidence ogarly detectable accumulation of
AGEs which“probaly contibute to the early pathophysiology of diabetes complications over a

relatively short periodusing a nonnavasive clinically feasible tool

The imitationsof this study includehe sample size and relatively low frequency of complication
eventsin adolescentswhich preclude analysis with all of the explanatory variabiethe same
multivariable \modelandthe crosssectional naturgreventing evaluation of the predictive value of
skin autofluorescence on the development and progression of these early markers of coraplication
Furthermore, we did not have datamakersof oxidative stress or inflammation which may impact
AGE formatien.as,well aggenetic[28] and environmental determinants of skin AGE&luding
smoking, caffeine“eonsumptioi29] and dietary AGE burdef80]. Technical aspectthat may
theoretically impact on the skin AGieading include skin pigmentation and topical agents on skin
surface. The model of AGE Readesed inthe presenstudyincorporates an algorithm to correct
skin aubfluoreseence readings for skin pigmentatjd®]. We also ensured there were no skin
lesions orsur¥blocking agents on the skin surface of the testing region at the studySusiy.
strengths includethte detailed clinicatharacteration and historical data in a young populatiotin
Type ldiabetesThis age group may also provide an opportunityseas metabolic memory with
fewerconfounding factors thamsuallyfound in the adult population in whi¢here are higher rates

of impaired renal function, concurrent medication use and smoking history.

In conclusion, higher skiautofluorescence iadolescerstwith Type ldiabeteds associated with

early retinopathyandcardiacautonomic dysfunctiomdependent of traditional risk factors atler

age, longer diabetesduration orworse glycaemic control, and provides a simple and strong
compositemeasure of glygmic history up to 10 year§kin autofluorescence may have future
clinical value as it reflectdongterm gly@emic control over several years. Further studies are
required tadetermine whether skin autofluorescence may also reflect other aspects of glycaemia not

captured by a clinic HbA value, such as glycaemic variability, in addition to ngigcaemic
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factors. Furthermore, longitudinal studies examining skitofluorescencwiill help determinethe

earlyrole of AGEs on retinopathy and autonomic dysfunction in adolescentSwi 1diabetes.
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(a) Age- and gendendjusted skin autofluorescence for the control and diabetes groups.
(b) Age- and gender-adjusted skin autofluorescence for control group; age- and gamtedad;
abnormal/normal standard deviation of mean NN intervals (SDNN; standardatewoit
consecutive RR intervals on a tfin continuous EC@ecording. AU, arbitrary units. Data are
mean and 95%].

(@) Xxx. (b) Xxx.

Characteristics adidolescentwith Type ldiabetes and contrglbjects

Diabetes Controls P
n 135 40
Age,years 15.6 +2.1 154 +4.4 0.64
Gender% male 51 55 0.40
Skin autofluoreseengeAU 1.23 £0.27 1.14 +0.29 0.06

Type 1 diabeteduration years 8.7+35 -

HbA -
mmol/mol 72 £16
% 8.7+1.5

eGFR mL/min/l.73nt 127 + 23 -

AU, arbitraryjunitsyeGFR, estimated GFR.
Data are mean D, unless otherwise specified.

Characteristics of young people witlgpe 1diabetesstratified by complicationstatus

Retinopathy No retinopathy P Abnormal SDNN  Normal SDNN P
n 22 113 19 109
Age * years 165+1.6 154+2.1 0.03 16.7 £1.6 154+2.1 0.007
Gender % male 50% 51% 1.00 16% 84% 0.002
Skin autofluorescenceAU 142 +0.27 120x0.25 0.001 141%0.25 1.21+0.26 0.03
Type 1 diabeteduration 11.0+24 8.3+£35 0.001 86%45 84111 0.87
years
Glycaemia
Concurrent HbA. 0.006 0.14
mmol/mol 80+9 70+£14 76 24 70£13
% 9.510.8 8.6+1.3 9.1+22 8.6+1.2
Mean HbA; over 2.5yeas 0.001 0.06
mmol/mol 7919 68 £ 12 75+23 68 £ 12
% 94+17 84+11 9.0+21 84+11
Mean HbA. over Syeas 0.002 0.001
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mmol/mol 76 + 18 67 +10 78 +21 67 +10

% 91+1.6 8309 9.3%+19 8309

Mean HbA; over 7.5 yas 0.002 0.004
mmol/mol 75+ 16 66 £ 8 76 £ 15 66 +9
% 9.0+1.5 82+0.7 91+14 82+0.8

Mean HbA. over 10 was 0.01 0.01
mmol/mol 76 £18 66 +7 78 £16 66 + 10
% 91+1.6 82+0.6 9315 82+0.9

Other risk factors

Total cholesteral mmolA 46+0.7 43+0.9 0.30 46+10 43+0.9 0.27
Triglycerides mmoli 1.3+0.6 1.3+0.8 0.99 1.7+1.0 1.2+0.7 0.004
SBP, sb scores 0.08+x1.14 0.04x1.21 0.91 -0.07 £1.52 0.11+1.12 0.55
DBP, spDscores -0.02+0.81 0.00+0.91 0.93 0.23+0.85 -0.02+£0.89 0.27
BMI, sbscores 0.82+0.89 0.49+0.96 0.13 0.78+£0.79 0.51 +1.00 0.48
eGFR ml/min/1.73m% 121 £ 23 128 + 24 0.21 137 £ 25 126 + 23 0.048
Elevated AER >7 Snegimin  5/21(24) 24/106 (23) 1.00  3/17 (18) 25/105 (24)  0.76
n/N (%)

AU, arbitrary unitspAER,.albumin excretion ratio; DBP, diastolic blood pires®GFR, estimated GFR; SBP, systolic blood
pressure; SDNNstandard/deviation of mean NN intervals

Data are mean D, unless otherwise specified.

Effect ofwskin autofluorescencen retinopathy outcomes after adjustment for each potential

confoundinggselinical variable

Models Odds ratio(95% Cl) P R
Unadjustedskin autofluorescencéAU*10) 1.32 (1.1+1.57) 0.002 0.13
Skin autofluorescencedjusted for age 1.27 (1.05-1.53) 0.01 0.15
Skin autofluoreseencadjusted for duration 1.23 (1.02-1.49) 0.03 0.19
Skin autofluoreseencedjusted for eGFR 1.35 (1.131.62) 0.001 0.17
Skin autofluorescencadjusted foHbA ;. 1.30 (0.941.81) 0.01 0.16
Skin autofluorescencadjusted for mean HbAover 2.5 1.24 (1.031.49) 0.03 0.19
years

Skin autofluorescencadjusted for mean HbAover 5 1.25 (1.041.51) 0.02 0.18
years

This article is protected by copyright. All rights reserved



Skin autofluorescencadjusted for mean HbAover 7.5 1.22 (1.061.49) 0.05 0.21
years
Skin autofluorescencadjusted for mean HbQAover 10 1.14 (0.961.46) 0.28 0.20

years

AU, arbitrary unitseGFR, estimated GER
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