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ABSTRACT

Objective: HIV-1 infection is associated with an increased cardiovascular disease (CVD) risk. Advanced 
glycation end products (AGEs) are formed as stable markers of glycemic and oxidative stress. Skin 
autofluorescence (SAF) as marker of accumulated AGEs is increased and predictive of CVD events in 
diabetes mellitus, chronic kidney disease (CKD) and pre-existing CVD. We determined SAF levels in 
HIV-1 infected patients, testing the hypothesis that SAF predicts CVD events in HIV infection.
Design: Single centre prospective cohort study.
Methods: In 2010-2011 SAF was measured in 91 patients. Development of CVD events was monitored 
during a median follow-up of 4.8 years. SAF values of the subjects were expressed as a ratio (rSAF) to 
expected SAF levels in age-matched healthy volunteers.
Results: Sevety-nine men and 12 women were included, mean age 47 years; 81 patients were on 
combination antiretroviral therapy. With a mean rSAF of 1.155, SAF levels in patients were 15.5% higher 
than predicted for their age (95% confidence interval, 10.0-20.0; P<0.001). In multivariate regression 
analysis rSAF was associated with nadir CD4+ T-cell count <200 cells/mm3 (  -0.274; P=0.01), smoking 
(  0.240; P=0.03), and men having sex with men (MSM) (  0.202; P=0.07). CVD events occurred in 6 
patients (7%). In Cox regression analysis including age, SAF, smoking, diabetes, hypertension and CKD, 
SAF (P=0.01) and CKD (P=0.03) remained as independent predictors of CVD events.
Conclusion: SAF is increased in HIV-infected subjects, and related with smoking, low nadir CD4+ T-cell 
count and MSM. Larger studies are needed to confirm whether SAF is an independent predictor of CVD 
events.
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INTRODUCTION 

In the current era of combination antiretroviral therapy (cART), premature morbidity and mortality 
in HIV-1 infected patients is mainly caused by non-AIDS age-related comorbidity, in particular 
cardiovascular disease (CVD) caused by atherosclerosis [1]. Both HIV-1 infection itself, as well as 
antiretroviral medications may contribute to increased atherosclerosis compared with age-matched 
HIV-uninfected controls [2-6]. This may be due to persistent low-grade inflammation and immune 
activation, and subsequent oxidative stress despite viral suppression by cART, and to antiretroviral 
drugs themselves, promoting insulin resistance and dyslipidemia [7-9]. Advanced glycation end 
products (AGEs) are the end products of nonenzymatic glycation of proteins, lipids, and nucleic acids 
but are also more rapidly formed from reactive carbonyl compounds during oxidative stress [10,11]. 
They accumulate on long-lived proteins with aging in all subjects. Increased accumulation of AGEs 
occurs in diabetes mellitus because of hyperglycemia, and in chronic kidney disease (CKD) mainly 
because of decreased excretion of AGE precursors. Accumulation is also increased in patients with 
prior CVD, and in inflammatory diseases like systemic lupus erythematosus [12,13]. Accumulation of 
AGEs can be assessed noninvasively in the skin using their characteristic fluorescence properties [14]. 
High levels of skin autofluorescence (SAF) have been shown to be predictive of macrovascular and 
microvascular complications and mortality in diabetes mellitus, and of CVD and mortality in patients 
with CKD [15-18]. Most studies did not find a significant association of SAF with current HbA1c level or 
blood glucose level, demonstrating its value as marker of metabolic memory [19,20]. 

Our hypothesis was that HIV-infected people have higher levels of SAF compared with healthy subjects 
with the same age, and that SAF might be a predictor of CVD events. 

METHODS 

All patients with an HIV-1 infection, who were treated at our hospital, and for whom a valid SAF 
measurement was available, were included. There were no further exclusion criteria. SAF measurements 
have become a standard procedure in the evaluation of CVD assessment in our centre, and because 
other data, including those on development of CVD events, are collected as part of usual care, the 
study was not subject to the national Medical Research Involving Human Subjects Act (WMO). 

SAF was measured noninvasively with the AGE Reader™ (DiagnOptics Technologies BV, Groningen, 
The Netherlands), a desktop device using the characteristic fluorescent properties of certain AGEs 

to estimate the level of AGE accumulation in the skin. Technical details concerning the optical 
technique and measuring procedure have been extensively described elsewhere [14]. The device is still 
investigational in the United States of America. The AGE Reader software 2.3 was used. The device 
considers measurements not valid when the ultraviolet light reflectance level is <6 %, occurring 
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in persons with dark skin colour or use of certain skin creams [21,22]. The measurement, taking 
approximately 30 s, was performed on the flexor side of the forearm. The mean value of three SAF 
measurements, expressed as Arbitrary Units (AU), was used for analysis. SAF values of the patients 
were expressed as a ratio, rSAF, defined as the SAF value of the patients relative to the expected SAF 
levels in age-matched healthy volunteers, rSAF = SAF / SAFage, with SAFage =0.024 * age + 0.83, as was 
derived previously [23]. CVD risk factors were assessed: blood pressure, body mass index, nonfasting 
total, HDL and LDL-cholesterol, smoking status, diabetes, history of CVD, family history. In addition, 
C-reactive protein, creatinine/estimated glomerular filtration rate, cytomegalovirus serostatus, HIV-
RNA, CD4+ T-cell count, and past and current use of antiretroviral agents and nadir (or pretreatment) 
CD4+ T-cell count were assessed. To determine 10-year CVD risk, we used the Systematic Coronary Risk 
Evaluation (SCORE) equation as applied in the Netherlands, SCORE-NL 2011, a risk function based on 
Dutch cohorts [24,25]. In addition, we used the risk score derived from a large multicentre cohort study 
of HIV-infected patients, the Data Collection on Adverse Effects of Anti-HIV Drugs (D:A:D) Study, that 
predicts 5-year CVD risk [26]. 

We performed a follow-up study in our cohort to examine the relationship of SAF levels with the 
occurrence of CVD events. Data were collected from hospital patient files up till November 2015; ICD-
10 codes were used to define CVD events. 

Data were analyzed with SPSS software, version 22.0 (IBM Corp., Armonk, New York, USA) using 
independent-samples t-test or Spearman’s rank correlation as appropriate. Backward stepwise 
regression analysis was performed to determine independent predictors of rSAF; variables were 
excluded when P>0.1. Cox regression model was used to identify independent risk factors for CVD 
events at follow-up. Event-free survival was computed with the Kaplan-Meier method. 

RESULTS 

SAF was measured in 2010 and 2011 in 121 persons (99 men). In 91 persons, a valid SAF measurement was 

obtained, 30 persons were excluded because reflectance levels were <6%.In total, 79 men and 12 women 
were included for analysis. Of these participants 87 were of white ethnicity. Mean duration of the HIV-
1 infection was 9.7 years (SD 7.1). Three patients had coinfection with hepatitis B virus and five with 
hepatitis C virus, 11 had hypertension, two diabetes mellitus. For further characteristics see Table 1.

Mean SAF in the patients was 2.27 AU (SD 0.52), which was increased compared with the expected 
value for control subjects (mean difference 0.30 AU; 95% confidence interval [CI], 0.22-0.39; P<0.001). 
With a mean rSAF of 1.155 SAF levels in patients were 15.5% higher than expected for their age 
(95% CI: 11.0-20.0; P<0.001). Univariate analyses and correlations were performed to determine the 

relationship of different parameters with rSAF. rSAF levels were significantly higher in current smokers 
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compared with nonsmokers (mean 1.22 [SD 0.24] versus 1.11 [SD 0.18], P=0.02), in men who have sex 
with men (MSM) compared with the other individuals (mean 1.19 [SD 0.21] vs. 1.07 [SD 0.23], P=0.02), 
and in patients with a nadir CD4+ T-cell count <200 cells/mm3 compared with those with a higher nadir 
CD4+ T-cell count (mean 1.22 [SD 0.19] versus 1.10 [SD 0.22], P=0.02). D:A:D risk score was significantly 
correlated with rSAF (r= 0.29; P=0.04), correlation between rSAF and SCORE was not statistically 
significant (r=0.13; P=0.27). Systolic and diastolic blood pressure , total, LDL and HDL-cholesterol 
showed no significant association with rSAF (data not shown). Other patient characteristics also had 
no significant influence on rSAF (Table 1). Current use of abacavir and ever exposed to abacavir were 
almost significant. Backward linear regression analysis of rSAF was performed with smoking, MSM, 
nadir CD4+ T-cell count, D:A:D risk score, current use of abacavir, and ever exposed to abacavir. Nadir 
CD4+ T-cell count <200 cells/mm3 (  -0,274; P=0.01), smoking (  0.240; P=0.03), and MSM (  0,202; 
P=0.07)were the significant determinants of rSAF (Table 1).

Table 1. Patient characteristics and relation with relative skin autofluorescence 

Characteristics Relation with rSAF

Univariate 
analysis

Multivariate regression 
analysis

Age, year, mean (SD) 47 (11) P=0.76 -

Sex n (%)

Male / female 79/12 (87/13) P=0.47 -

MSM n (%) 63 (69) (4 missing) P=0.02 0.202; P=0.07

On cART n (%) 81 (89) P=0.24 -

Current use of abacavir n (%) 38 (42) P=0.07 NS

Ever exposed to abacavir n (%) 44 (48) P=0.08 NS

Current smoker n (%) 39 (43) P=0.02 0.240; P=0.03

HIV-1 RNA <40 copies/ml n (%) 71 (78) (1 missing) P=0.11 -

Current CD4 count <200 cells/mm3 n (%) 6 (7) P=0.11 -

Nadir CD4 count <200 cells/mm3 n (%) 40 (44) (4 missing) P=0.02 -0.27; P=0.01

CKD category ≥3 n (%) 7 (8) P=0.81 -

C reactive protein ≥5 n (%) 19 (21) (12 missing) P=0.43 -

Family history of CVD n (%) 27 (30) (5 missing) P=0.98 -

History of CVD n (%) 9 (10) P=0.86 -

History of malignancy n (%) 17 (19) P=0.17 -

IgG anti-CMV seropositive n (%) 82 (90)  P=0.37 -

SCORE-NL 2011, %, median (IQR) 4 (2-8) (17 missing)  r=0.13; P=0.27 -

D:A:D risk score, %, median (IQR) 3.2 (1,5-6.6) (9 missing)  r=0.29; P=0.04 NS

SAF skin autofluorescence, rSAF indicates ratio of the SAF value of the patients and the expected SAF level in age-matched 
healthy volunteers; MSM men who have sex with men; cART combination antiretroviral therapy; PI protease inhibitor; CKD 
chronic kidney disease category ≥3 (eGFR <60 ml/min* 1.73 m2); CMV cytomegalovirus; CVD cardiovascular disease; SCORE-
NL Systematic Coronary Risk Evaluation version Netherlands; D:A:D Data Collection on Adverse Effects of Anti-HIV Drugs. 
Variables reported as numbers, unless otherwise specified. NS=not significant (P>0.10). 
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During a median follow-up of 4.8 years (interquartile range 4.4-5.0) CVD events occurred in six patients 
(two myocardial infarction/ischemia, two peripheral artery disease, one cerebrovascular accident, 
and one sudden cardiac death). In a Cox regression analysis including age, SAF, smoking, diabetes, 
hypertension, and CKD, SAF and CKD remained as independent predictors of CVD events (SAF P=0.01, 
CKD P=0.03). In Kaplan-Meier survival curves according to SAF values above or below the median, or 
stratified by tertiles, no significant difference was found. Due to the small numbers, no optimal cut-off 
levels for SAF could be determined (Figure 1). 

Figure 1. Kaplan-Meier estimates of time to cardiovascular disease events according to the median skin 
autofluorescence value as cut-off level. The tick marks indicate censoring events.

DISCUSSION

We show that HIV-1 infected individuals have increased rSAF values compared with healthy age-
matched controls. Furthermore, Cox regression analysis showed that rSAF is an independent predictor 
of CVD in this population over a 5-year follow-up period. SAF is a validated marker for accumulation 
of tissue AGEs in the skin [14]. Deposition of tissue AGEs has been shown to be elevated in patients 
with increased cardiovascular risk, such as patients with CKD and diabetes, conditions characterized 

by increased oxidative stress or glycemic stress [15,27]. Under both conditions, SAF is an independent 
predictor of CVD events [15,28]. Recently, it was also demonstrated in patients with peripheral artery 
disease that SAF was independently associated with all-cause mortality and with CVD events [29]. 

These studies suggest a role of AGEs in generalized atherosclerosis independent of diabetes and 
CKD. HIV-1 infection is characterized by systemic immune activation and inflammation and by a 
procoagulant state [30,31]. Interleukin-6, C-reactive protein, and D-dimer levels are increased and 
independently associated with increased CVD risk [32]. Although cART decreases most markers of 
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immune activation and inflammation, immune activation persists, even after many years of ART-
induced viral suppression [33]. Despite effective cART, HIV-infected patients, when compared with 
the general population, still experience higher morbidity and mortality because of chronic illnesses 
as CVD, cancer, CKD, and neurocognitive decline [34-39]. These so-called HIV-associated non-AIDS 
conditions are associated with age and chronic inflammation. Their increased incidence may be due to 
accelerated aging, although there is debate whether HIV-1 infection accelerates aging or accentuates the 
prevalence of chronic diseases at every age [40-43]. The increased rSAF in our cohort indicates a higher 
biological age of the participants. In multivariate analysis, increased rSAF was associated with smoking, 
low nadir CD4+ T-cell count (<200 cells/mm3) and MSM. Smoking can be considered as a condition in 
which there is chronic inflammation and oxidative stress. Notably, the high prevalence of smoking in 
our cohort is in accordance with the up to three times increased prevalence rate among HIV-infected 
patients compared with the general population [44]. A low nadir CD4+ T-cell count before start of cART 
has been associated with a premature onset of chronic non-AIDS related conditions, compared with HIV-
uninfected persons [45-47]. Studies comparing HIV-negative MSM with heterosexual men have found 
conflicting results regarding increased levels of CVD risk [48]. Traditional CVD risk factors other than 
smoking showed no correlation with rSAF. Overall CVD risk scores, SCORE and D:A:D, showed only a 
significant relationship between D:A:D risk score and rSAF in univariate, but not in multivariate analysis. 

The use of abacavir has been associated with a higher risk of myocardial infarction and other CVD 
events [49-51]. However, some studies did not confirm these findings [52,53]. We did not find a 
statistically significant relationship between rSAF and current use of abacavir and ever exposure of 
abacavir in multivariate analysis. 

The main strength of our study is the duration of follow-up, median 4.8 years. However, the study 
has several limitations. The sample size is small, and consequently lacking power to detect potential 
influence of several parameters on the level of SAF. We could not calculate CVD risk scores for all our 
patients. Furthermore, our conclusions can only be applied to a white population, because in most 
nonwhite patients no reliable SAF measurements could be obtained owing to a low reflectance of the 

excitation light. 

In conclusion, SAF may be of value as independent predictor of CVD events in HIV infection. However, 
our finding should be replicated in a larger cohort. Also, because of the relatively limited increase 

of 15.5% in SAF in the HIV-infected population, clearer definitions of risk cut-off levels for CVD risk 
prediction are warranted.

Conflicts of interest
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