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Abstract

Background Skin autofl uorescence (AF) is a non-invasive marker for Advanced Glycation 

Endproducts, which are protein bound compounds derived from glycaemic and oxidative 

stress. We aimed to assess whether skin AF is associated with carotid intima media thickness 

(IMT) and vascular risk factors (VRFs), and complements commonly used cardiovascular risk 

scores in identifying subjects with increased IMT.

Materials and methods This was a cross-sectional, observational local sub- study to the 

“Carotid Intima Media Thickness and IMT-Progression as Predictors of Vascular Events in a 

High Risk European Population (IMPROVE)” study. A total of 186 subjects with ≥3 traditional 

vascular risk factors (VRFs) without a history of cardiovascular disease (CVD) were included. 

Main outcome measures were skin AF, SCORE risk score (SCORE), Framingham risk score 

(FRS), and carotid IMT.

Results Skin AF correlated with IMT (r=0.15; P=0.039), C-reactive protein (r=0.19; 

P=0.015), leukocyte count (r=0.27; P<0.001), waist circumference (r=0.24; P=0.002), 

BMI (r=0.25; P=0.001), and fasting glucose (r=0.21; P=0.007), and was higher in smokers 

(P=0.038), even after correction for age. Age adjusted IMT also correlated with FRS 

(r=0.25; P=0.001), SCORE (r=0.22; P=0.002), HDL-cholesterol (r=-0.24; P=0.002) and 

was higher in males (P=0.021) and smokers (P=0.022). Combining FRS or SCORE with skin 

AF improved detection of subjects with the highest IMT values. 

Conclusions Skin AF is age independently associated with carotid IMT, infl ammation, and 

VRFs, and may add incremental information to global risk assessment scores in identifying 

asymptomatic subjects at high risk for CVD.
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Introduction

Atherosclerosis is the leading cause of death worldwide1. It is a multi-factorial condition, 

associated with well known conventional vascular risk factors (VRFs) and is characterized 

by infl ammation and oxidative stress2. Although, in primary prevention, commonly used 

risk scores help to identify individuals at high cardiovascular risk, a substantial proportion 

of events occurs in those considered at low or intermediate risk3. Therefore, there is a need 

for novel techniques to identify those subjects that remain unidentifi ed by traditional VRFs, 

such as hypertension, smoking, and dyslipidaemia. 

Oxidative modifi cation of carbohydrates and lipids enhances the formation of Advanced 

Glycation Endproducts (AGEs). Although classically associated with diabetes and renal 

failure4, these compounds also play a role in atherosclerosis5. We developed a device to non-

invasively estimate skin accumulation of AGEs by measuring skin autofl uorescence (AF). 

It has been validated with glycaemic and oxidative stress derived AGEs measured in skin 

biopsies, and independently predicts future cardiovascular disease in patients with diabetes 

and renal failure6;7.  Furthermore, we recently demonstrated that skin AF is elevated in 

patients with coronary artery disease and is associated with serum levels of neopterin, a 

monocyte activation marker, and the soluble isoform of the receptor for AGEs8.  

In this study we investigate whether skin AF is related to carotid intima media thickness 

(IMT), as a surrogate marker for atherosclerosis, and whether it assists in detecting subjects 

with elevated IMT in a group of subjects with ≥3 VRFs without a history of cardiovascular 

disease (CVD).

Methods

This was a cross-sectional, local sub-study to the “Carotid Intima Media Thickness and IMT-

Progression as Predictors of Vascular Events in a High Risk European Population (IMPROVE)” 

study, and included 186 subjects with at least 3 of the following VRFs: male or at least 5 year 

postmenopausal female; hypercholesterolemia (LDL-cholesterol >160 mg/dL or treatment 

with lipid lowering drugs); hypertriglyceridemia (triglycerides >200 mg/dL after diet or 

treatment with triglycerides lowering drugs); hypoalphalipoproteinemia (HDL-C <40 mg/

dL); hypertension (diastolic blood pressure >90 mmHg and/or systolic blood pressure >140 

mmHg or treatment with anti-hypertensive drugs); diabetes (fasting glucose >110 mg/dL or 

treatment with insulin or oral hypoglycemic drugs); smoking (at least 10 cigarettes/day for 

at least thirty months); family history of CVD. Exclusion criteria were: abnormal anatomical 

confi guration of carotid arteries limiting reliable IMT measurement; personal history of 

myocardial infarction, angina pectoris, stroke, transient ischaemic attack, aortic aneurysm 

or claudication; re-vascularization in carotid, coronary or peripheral arteries, congestive 

heart failure (NYHA Class III-IV); history of serious medical conditions that might limit 

longevity and skin photo type V-VI (i.e. skin of colour). Ten year CVD risk was calculated 

using the Framingham Risk Score (FRS), estimating the 10 year risk for myocardial infarction 

and coronary death and the SCORE risk score (SCORE) estimating the 10 year risk for total 

fatal CVD, based on a North-American and a European population, respectively9;10. Blood 

pressure was assessed twice on the right arm in sitting position after 5 minutes of rest using 
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a validated oscillometric device (Omron 705 CP). This study was approved by the local ethics 

committee; all subjects gave written informed consent.

Skin Autofl uorescence

Skin AF was assessed on the ventral site of the lower arm with a prototype of the current 

AGE-Reader (DiagnOptics BV, Groningen, The Netherlands) as described elsewhere (11-

13). In short, the AGE-Reader consists of a tabletop box, containing a black light excitation 

light source (peak wavelength ~360 nm). Light emitted from the skin is measured with 

an integrated spectrometer. Measurement is fully automated and takes approximately 30 

seconds to be performed, giving an average value over 50 individual scans. Skin AF is 

calculated by dividing the mean value of the emitted light intensity per nm between 420-

600 nm by the mean value of the excitation light intensity per nm between 300-420 nm, 

expressed as arbitrary units (AU). The intra-individual Altman error percentage is 5.0% on 

a single day and 5.9% for seasonal changes11.

Carotid IMT and blood collection

Ultrasound scanning of the carotid arteries was performed by expert sonographers, blinded 

for subject characteristics, using a high-resolution ESAOTE ultrasound system; model 

TECHNOS (Genoa, Italy). The near and far walls of the right and left common and internal 

carotid arteries and bifurcations in three different projections (anterior, lateral and posterior) 

were scanned using a standard protocol14, and were averaged to calculate IMT for each 

subject. Blood was collected by venepuncture and routine laboratory methods were used. 

C-reactive protein (CRP) was measured using a high sensitivity method.

Statistical analysis

We determined that a sample size of 177 subjects would have 80% power to explain at least 

5% of the variance in IMT by skin AF at α=0.05. Skewed variables were log transformed 

when appropriate. Pearson correlation coeffi cient was used for unadjusted correlations. 

Adjustment for age was performed using partial correlations for continuous variables and 

one-way analysis of covariance for categorical variables. Stepwise selection was used to 

construct two multivariate models with IMT as the dependent variable, including FRS or 

SCORE; variables with P-values <0.10 were retained in the model. A two-sided P-value 

<0.05 was considered statistically signifi cant. All statistical analyses were carried out with 

SPSS software (version 12.0.2, 24 March 2005).

Results

Subject characteristics are outlined in Table 1. A substantial proportion of subjects was 

treated with statins (36%), antihypertensive (66%) or antidiabetic agents (12%). 

IMT (r=0.33; P<0.001), skin AF (r=0.27; P<0.001), FRS (0.37; P<0.001) and SCORE 

(r=0.64; P<0.001) correlated with age. Age adjusted IMT correlated with skin AF (r=0.15; 

P=0.039), FRS (r=0.25; P=0.001), SCORE (r=0.22; P=0.002) and HDL-cholesterol (r=-

0.24; P=0.002), and was higher in male subjects (P=0.021) and in smokers (P=0.022). The 

regression models identifi ed an independent association of IMT with skin AF (β=0.17; 95% 
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confi dence interval (CI), 0.03-0.30; P=0.016) and SCORE (β=0.35; 95% CI, 0.21-0.48; 

P<0.001) (r2=0.17; P<0.001) or with skin AF (β=0.15; 95% CI, 0.01-0.28; P=0.038), FRS 

(β=0.25; 95% CI, 0.11-0.39; P=0.001) and age (β=0.21; 95% CI, 0.06-0.35; P=0.006) 

(r2=0.19; P<0.001), without signifi cant contribution of other VRFs. Skin AF itself was age 

independently associated with CRP (r=0.19; P=0.015), leukocyte count (r=0.27; P<0.001), 

waist circumference (r=0.24; P=0.002), BMI (r=0.25; P=0.001), and fasting glucose 

(r=0.21; P=0.007), but not with risk scores, and was higher in smokers (P=0.038). Figure 

1 demonstrates that IMT increases with the rise in both skin AF and FRS; combining skin AF 

with SCORE produced a similar graph (not shown). 

Table 1. Subject characteristics  
   

Age (yrs) 61 (58 - 68)

Male 89 (48%)

Body mass index (kg/m2) 28.0 (25.7-31.4)

Waist circumference (cm) 101 ± 14

Current smoking 35 (19%)

Previous smoking 89 (72%)

Hypercholesterolemia 101 (54%)

Hypertriglyceridemia 70 (38%)

Hypoalphalipoproteinemia 64 (34%)

Hypertension 158 (85%)

Family history of CVD 152 (82%)

Diabetes 32 (17%)

Framingham Risk Score (10 yr risk %) 11 (5 - 18)

SCORE (10 yr risk %) 6 (3 - 10)

C-reactive Protein (mg/L) 3.2 (1.3 - 5.8)

Leukocyte count (* 109/L) 6.1 (5.2 - 7.2)

Creatinine (mg/dL) 0.92 ± 0.20

Creatinine >1.2mg/dL  17 (9%)

Fasting glucose 88 (81 - 99)

Systolic blood pressure (mmHg) 148 ± 19

Diastolic blood pressure (mmHg) 83 ± 9

Total/HDL-C ratio 4.5 ± 1.2

Triglycerides (mg/dL) 125 (89 - 188)

LDL-C (mg/dL) 128 ± 38

Skin AF (*10-2 AU) 2.25 ± 0.44

Intima media thickness 0.90 (0.76 - 1.11)

Values are means ± SD, median (inter quartile range), or number subjects (percentage); BMI = body 

mass index; CVD = Cardiovascular Disease; HDL-C = High Density Lipoprotein-Cholesterol; LDL-C = 

Low Density Lipoprotein-Cholesterol; AF = Autofl uorescence
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Discussion

To the best of our knowledge, this is the fi rst study to demonstrate an association between 

a non-invasive marker for AGEs and carotid IMT, independently of traditional VRF and 

diabetes. Skin AF provided additional information for identifying subjects with the highest 

IMT, beyond risk stratifi cation based on commonly used risk scores alone. Furthermore, 

skin AF was associated with infl ammatory markers, including CRP and leukocyte count. This 

supports our previous reports that skin AF is strongly related to skin accumulation of primary 

oxidative stress derived AGEs (carboxy-methyl-lysine, carboxy-ethyl-lysine, also referred to 

as Advanced Lipidoxidation Products)11 and inversely correlated with plasma vitamin C levels 

(a strong antioxidant) in subjects with renal failure15.

A causative role of AGEs in atherosclerosis is supported by several experimental studies, 

indicating that lowering AGE levels or antagonizing their receptors indeed attenuates 

atherosclerotic plaque formation16-18. Furthermore, lowering dietary AGE intake results 

in marked decreases in serum levels of infl ammatory mediators such as CRP in clinical 

studies19. 

Figure 1.  Median carotid Intima Media Thickness (IMT) among subject with ≥3 vascular risk factors wit-
hout a history of cardiovascular disease, according to tertiles of Framingham Risk Score (<6%, 6-16%, 
>16%) and tertiles of skin Autofl uorescence (AF, tertiles: <2.1, 2.1-2.4, >2.4). P-value was <.001 for 
trend.
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Clinical usefulness of skin AF has been tested in patients with diabetes and renal failure, 

which are both conditions associated with premature atherosclerosis6;7;12;20. In these 

patients, skin AF predicted long-term CVD morbidity and mortality, independently of other 

risk factors6;7. The present cross-sectional data, with IMT being a well validated but still 

surrogate marker for atherosclerosis, provide preliminary evidence that these observations 

may also be generalized to other populations at cardiovascular risk. However, prospective 

studies with clinical end points are warranted, especially in moderately high-risk persons21, 

in whom skin AF may provide additional and therapeutically relevant information. From 

previous investigations we have learnt that in subjects with skin photo type V-VI (i.e. skin of 

colour), skin AF cannot be reliably measured yet12. For this study, however, these skin types 

were excluded and research for improving measurement is ongoing. The objection that the 

broad use of drugs affecting components of the risk scores may have fl awed the relation with 

IMT may be justifi ed, but is characteristic for current clinical practice and actually supports 

the use of additional risk indicators. In conclusion, the data presented in this study suggest 

that skin AF could provide a non-invasive method to assist in identifying asymptomatic 

subjects at high risk of developing CVD. 
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