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ORIGINAL INVESTIGATION

Vitamin D status is associated with skin 
autofluorescence in patients with type 2 
diabetes mellitus: a preliminary report
Y H M Krul‑Poel1, R Agca1, P Lips2, H van Wijland3, F Stam1 and S Simsek1,2*

Abstract 

Background: Skin autofluorescence is a non‑invasive measurement of advanced glycation end products (AGE), 
which are suggested to be one of the major agents in the pathogenesis and progression of diabetes related cardio‑
vascular complications. Recently, low vitamin D status has been linked to the progression of type 2 diabetes mellitus 
(T2DM) and cardiovascular disease. The aim of this study is to investigate the association between vitamin D status 
and skin autofluorescence in patients with T2DM.

Methods: In this preliminary report skin autofluorescence was measured non‑invasively with an AGE‑reader in 245 
patients with T2DM treated with lifestyle advice, metformin and/or sulphonylurea‑derivatives. All patients were ran‑
domly assigned to receive either vitamin D 50,000 IU/month or placebo for 6 months.

Results: Skin autofluorescence was significantly higher in patients with a serum 25(OH)D <50 nmol/l compared to 
patients with a serum 25(OH)D >75 nmol/l (2.81 versus 2.41; p < 0.001). Mean serum 25(OH)D was 60.3 ± 23.4 nmol/l 
and was independently associated with skin autofluorescence (β −0.006; p < 0.001). Mean vitamin D increased 
from 60.8 to 103.6 nmol/l in the intervention group, however no effect was seen on accumulation of skin AGEs after 
6 months compared to placebo.

Conclusions: Vitamin D status is independently associated with skin auto fluorescence in patients with well‑con‑
trolled T2DM. No effect was seen on the amount of skin AGEs after a short period of 6 months vitamin D supplemen‑
tation. Further research with longer follow‑up and measurement of circulating advanced glycation end products is 
needed to elucidate the causality of the association.
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Background
One of the chronic consequences of hyperglycaemia is 
the accelerated formation of advanced glycation end 
products (AGEs), which are suggested as one of the major 
pathogenic mechanisms causing end organ damage in 
diabetes [1, 2]. AGEs are formed nonenzymatically by the 
modification of proteins, lipids and nucleic acids by glu-
cose. AGEs are highly reactive pro-inflammatory mole-
cules and accumulate slowly over a persons’ lifetime with 
an estimated lifetime of 15 years [3, 4]. Diabetes mellitus, 

chronic renal failure and aging accelerate the genera-
tion of AGEs [5]. AGEs act by binding to the receptor for 
AGEs (RAGE), which is expressed on neutrophils, T-lym-
phocytes, macrophages and synovial fibroblasts. Upon 
binding of AGE to its receptor the transcription of pro-
inflammatory genes is stimulated, leading to the up-reg-
ulation of endothelial adhesion molecules contributing to 
the development of atherosclerosis [6]. In patients with 
type 2 diabetes mellitus (T2DM) AGEs seem to represent 
inflammatory, oxidative and cumulative metabolic stress 
[3]. Earlier research demonstrated an increased skin 
autofluorescence, as a measure of AGE accumulation, in 
patients with T2DM compared to healthy controls [7]. In 
addition, skin autofluorescence predicts both micro- and 
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macrovascular complications in patients with T2DM, 
and has a strong association with the severity of diabetes-
related complications and mortality [2, 8–14].

Similar to the consequences of AGE accumulation, low 
vitamin D status has been linked to numerous biochemi-
cal and clinical disturbances, including the pathogenesis 
and progression of T2DM and cardiovascular disease 
[15–18]. The prevalence of vitamin D deficiency is high 
worldwide, especially in patients with T2DM compared 
to healthy persons [19, 20]. The underlying mechanism 
explaining the association between vitamin D status, 
T2DM and cardiovascular disease is not clarified yet. 
Earlier data suggest a potential independent role for vita-
min D in the regulation of glucose metabolism in a set-
ting of obese patients [21]. It is known that besides the 
classical role of vitamin D in calcium and bone homeo-
stasis, vitamin D is linked to numerous non-skeletal dis-
eases due to the elucidation that most cells, including 
the pancreatic beta-cells and cardiomyocytes contain 
the vitamin D receptor (VDR), and most of them also 
have the capability to produce the biologically active 
1,25-dihydroxyvitamin D for paracrine functions [22, 23]. 
Experimental studies have established a role for vitamin 
D in T2DM and cardiovascular disease by interacting 
with inflammation, insulin resistance, renin-angiotensin 
system, thrombosis and gene regulation [24–28]. To our 
knowledge no literature is available about the associa-
tion between AGEs and vitamin D status in patients with 
T2DM. Hypothetically, vitamin D may reduce inflamma-
tion, oxidative stress and insulin resistance, and thereby 
reducing the accumulation of AGEs. Interestingly, in 
diabetic rats vitamin D supplementation attenuated 
the deposition of AGEs in the vascular system [29] and 
decreased the diabetic effects on the receptor of AGEs in 
rats [30]. Therefore, the aim of our study is to investigate 
the association between vitamin D status and skin auto 
fluorescence in patients with T2DM.

Methods
We performed a preliminary cross-sectional and longi-
tudinal analysis of 245 patients with T2DM. The patients 
were included between July 2012 and April 2013 in a ran-
domised placebo-controlled trial (“the SUNNY trial”), in 
which the effect of 50,000  IU/month vitamin D supple-
mentation during 6 months versus similar looking placebo 
was examined on glycemic control in patients with T2DM 
[31]. The trial was approved by the Medical Ethics Com-
mittee of North-Holland, the Netherlands. The trial pro-
tocol is described in greater detail elsewhere [32]. In brief, 
adult patients (≥18  years), treated with lifestyle advice, 
metformin or sulphonylurea-derivatives, whether or 
not in combination, were invited for participation in the 
trial. The main exclusion criteria were previous treatment 

with insulin, serum 25-hydroxyvitamin D (25(OH)D) 
<15  nmol/l or >150  nmol/l, hypercalcaemia (serum cal-
cium >2.65  nmol/l), impaired renal function (estimated 
glomerular filtration rate [eGFR] <30  ml/min, meas-
ured by the MDRD formula) urolithiasis, and no signed 
informed consent. Throughout the study no drug altera-
tions regarding hypoglycemic agents and statins, and no 
vitamin D supplements were allowed. Informed consent 
was obtained from all patients before start of the trial.

Outcome measures
Outcome measures were obtained at baseline (immedi-
ately prior to dosing), and after 6 months. The following 
data were collected during the first visit: age, gender, eth-
nicity, social status, diabetes duration, medical history, 
family history of T2DM, medication use, diabetic com-
plications, previous cardiovascular disease, co-morbidity, 
smoking status, alcohol use, diet (especially fish and dairy 
products), physical activity, sun exposure, and season of 
blood collection. Cardiovascular disease was defined as 
coronary artery disease/ischemic heart disease, stroke, 
hypertensive heart disease, aortic aneurysms, cardiomyo-
pathy and peripheral artery disease. Standard anthropo-
metric data (height, weight, waist and hip circumference, 
blood pressure) were obtained from each patient. Venous 
blood collection for serum 25(OH)D, HbA1c, fasting 
blood glucose and insulin, lipid profile, serum calcium, 
albumin, estimated glomerular filtration rate (eGFR) 
and parathyroid hormone (PTH) were collected after 
an overnight fast at 8.00–9.30 am. Serum 25(OH)D was 
measured on an iSYS automated immunoanalyser (IDS 
GmbH, Frankfurt, Germany). All samples are stored at 
−20°C for future research on circulating AGE levels.

Skin autofluorescence
Skin autofluorescence levels were measured with an 
AGE reader (Diagnoptics Technologies B.V., Groningen, 
the Netherlands). This non-invasive method utilizes the 
characteristic fluorescent properties of AGEs, and has 
been validated with specific AGE measurements in skin 
biopsies [33]. Autofluorescence was defined as the aver-
age light intensity per nanometer in the range between 
420 and 600 nm, divided by the average light intensity per 
nanometer in the range between 300 and 420 nm. It was 
expressed in arbitrary units (AU) using the AGE reader 
software. Skin autofluorescence was measured at room 
temperature while patients were in a seated position, 
at the volar side of the lower arm. Measurements were 
not specifically performed in a fasting state. Previous 
research has demonstrated that repeated AGE measure-
ments on 1 day showed an overall Altman error percent-
age <6.0%. Intra-individual seasonal variance showed an 
Altman error percentage <6.0% [33].
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Statistical analysis
All data were analysed using the statistical package 
SPSS software (version 20.0, SPSS Inc, Chicago, IL, 
USA). For the purpose of our study and consistent 
with the widely used cut-off values of vitamin D, the 
patients were stratified into three vitamin D groups: (1) 
serum 25(OH)D: 15–49  nmol/l, (2) serum 25(OH)D: 
50–74 nmol/l, and (3) serum 25(OH)D: 75–150 nmol/l 
[34]. Baseline characteristics were compared using χ2-
test for categorical variables and ANOVA or Kruskal–
Wallis for continuous variables depending on normal 
distribution. Data are presented as mean  ±  standard 
deviation if normally distributed and otherwise as 
median and interquartile range. Multiple linear regres-
sion analysis was used to determine independent 
associations between vitamin D status and skin auto-
fluorescence. We adjusted for confounders based on 
the literature and regression correlation coefficient dif-
ference >10%: age, season of measurement, duration 
of diabetes, renal function, gender, ethnicity, smoking 
behaviour, lipid profile, HbA1c, and the presence of car-
diovascular disease. Linear regression analysis was used 
to assess the mean difference between intervention 
and placebo groups after 6  months (mean difference 
is reported as beta). A p value <0.05 was considered as 
statistically significant.

Results
Baseline skin autofluorescence level was determined in 
245 of 275 patients included in the SUNNY trial. Skin 
autofluorescence was not measurable in 30 patients, 
mainly due to low reflection caused by dark coloured 
skin. Demographic, anthropometric and clinical char-
acteristics of all 245 patients, and stratified to vitamin 
D level are presented in Table  1. The mean age of the 
patients was 67  ±  8  years and 64% were male, with a 
median diabetes duration of 6.0 (3.0–8.0) years. Overall 
mean serum 25(OH)D was 60.3 ± 23.4 nmol/l and mean 
skin autofluorescence 2.64 ±  0.6. Vitamin D deficiency 
(serum 25(OH)D <50 nmol/l) was present in 89 patients 
(37%), 96 patients (39%) had a serum 25(OH)D level 
between 50–74 nmol/l and 60 patients (24%) had a serum 
25(OH)D >75 nmol/l.

Skin autofluorescence values were significantly higher 
in the vitamin D deficient group compared to the group 
with a serum 25(OH)D >75  nmol/l (2.81  ±  0.6 versus 
2.41 ± 0.5; p < 0.001). Skin autofluorescence significantly 
raised with increasing age (2.44 ± 0.49 to 2.91 ± 0.61 in 
patients aged <60 and >70  years, respectively, data not 
shown). No difference in skin autofluorescence was seen 
in patients treated with metformin (n = 225) compared 
to patients without metformin treatment (n = 20) (data 
not shown).

Linear regression analyses were performed to determine 
the association between serum 25(OH)D and skin autoflu-
orescence. A significant association between serum 25(OH)
D and skin autofluorescence (β = −0.007; p  <  0.01) was 
demonstrated. Confounders for this association were age, 
ethnicity, season, sun exposure, diabetes duration, presence 
of cardiovascular disease, eGFR, alkaline phosphatase and 
LDL cholesterol. No effect of HbA1c, sex, smoking behav-
iour or the use of statins and/or antihypertensive drugs was 
measured on the association between serum 25(OH)D and 
skin auto fluorescence. After adjustment for above men-
tioned confounding risk factors, the association between 
serum 25(OH)D and skin autofluorescence remained sta-
tistically significant (β = −0.006; p < 0.01) (Table 2). For the 
complete model see Additional file 1.

In patients with previous cardiovascular disease 
(n  =  67) mean skin autofluorescence was significantly 
higher compared to patients without cardiovascular 
disease (n =  178) (AGEs: 2.79 ±  0.57 and 2.59 ±  0.62; 
p = 0.02, respectively). In patients without previous car-
diovascular disease mean skin autofluorescence was sig-
nificantly higher in patients with a serum 25(OH)D level 
<50 nmol/l compared to patients with a serum 25(OH)D 
level >75 nmol/l (2.77 ± 0.60 and 2.37 ± 0.52; p = 0.003, 
respectively). This result was also seen in patients with 
cardiovascular disease, although this difference was not 
statistically significant (2.94 ±  0.54, and 2.58 ±  0.57 in 
patients with a serum 25(OH)D level <50 and >75 nmol/l; 
p = 0.16, respectively) (Figure 1).

Longitudinal analysis
210 out of 245 (85%) patients completed the trial and 
conducted a skin AGE measurement after 6 months. The 
majority of the excluded patients throughout the study 
had changed their hypoglycemic agents on own initia-
tive or due to an HbA1c level >69  mmol/mol (n =  19), 
two patients had a serum 25(OH)D <15  nmol/l, one 
patient suffered from new onset urolithiasis, and eight 
patients did not show at their last visit. Serum 25(OH)
D raised from 60.8 to 103.6  nmol/l in the vitamin D 
group (n =  107) (p =  <  0.01) and decreased from 61.0 
to 60.3 nmol/l in the placebo group (n = 103) (p = 0.78). 
Mean skin autofluorescence significantly increased 
(2.63  ±  0.53 to 2.74  ±  0.56; p  =  0.02) in the placebo 
group, whereas in the vitamin D group mean skin auto-
fluorescence increased less profoundly which was not sig-
nificant (2.67 ± 0.64 to 2.73 ± 0.69; p = 0.19). Comparing 
the change in mean skin autofluorescence from baseline 
to 6 months, no significant difference was found between 
both groups (β −0.05, 95% CI −0.17 to 0.08, p = 0.47). 
No significant change over time in HbA1c was seen in the 
intervention group whereas mean BMI increased signifi-
cantly (Table 3).
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Table 1 Baseline demographic and clinical characteristics

All Serum 25 (OH)D 
15–49 nmol/l

Serum 25 (OH)D 
50–74 nmol/l

Serum 25 (OH)D 
75–150 nmol/l

p value

N 245 89 96 60

Male (%) 156 (63) 49 (55) 66 (69) 41 (68) 0.09

Age (years) 67 ± 8 67 ± 9 67 ± 9 67 ± 7 0.82

White skin colour (%) 234 (95) 80 (90) 93 (97) 60 (100) 0.01

Diabetes duration (years) 6.0 (3.0–8.0) 5.0 (3.5–7.0) 6.0 (3.0–8.0) 6.0 (3.0–8.0) 0.59

Antidiabetic treatment

 Lifestyle adjustments 11 (5) 5 (6) 4 (4) 2 (3) 0.55

 Metformin 155 (63) 50 (56) 62 (65) 43 (72)

 SU‑derivative 9 (4) 3 (3) 4 (4) 2 (3)

 Metformin + SU‑derivative 70 (28) 31 (35) 26 (27) 13 (22)

DM‑complications (%)

 Retinopathy 11 (5) 5 (6) 4 (4) 2 (3) 0.80

 Neuropathy 32 (13) 11 (12) 11 (12) 10 (17) 0.63

 Microalbuminuria 30 (12) 16 (18) 9 (9) 5 (8) 0.13

Antihypertensive drugs (%)

 Diuretics 88 (36) 38 (42) 28 (30) 22 (37) 0.20

 Calcium channel blockers 44 (18) 19 (21) 14 (15) 11 (18) 0.53

 ACE inhibitors/AT‑II receptor  
antagonists

135 (55) 56 (63) 45 (47) 34 (57) 0.34

 Beta blockers 92 (38) 35 (39) 35 (37) 22 (37) 0.95

Statins (%) 205 (84%) 75 (83%) 80 (84%) 50 (83%) 0.99

Cardiovascular disease (%) 67 (27) 23 (26) 32 (33) 12 (20) 0.16

Smoking status

 Current (%) 36 (15) 17 (19) 12 (12) 7 (12) 0.20

Alcohol use (%) ≤2 units/day 216 (89) 75 (83) 84 (88) 66 (92) 0.03

Exposure to sun

 <5 h/week 102 (42) 51 (57) 36 (37.5) 15 (25) <0.001

 5–10 h/week 103 (42) 33 (37) 45 (47.9) 25 (42)

 >10 h/week 40 (16) 5 (6) 15 (15.6) 20 (33)

Physical activity

 <2 h/week 78 (32) 38 (43) 30 (31) 10 (17) 0.03

 2–5 h/week 112 (45) 38 (43) 46 (48) 28 (47)

 >5 h/week 55 (23) 13 (14) 20 (21) 22 (36)

Season of blood collection

 Spring 24 (10) 10 (11) 11 (11) 3 (5) 0.047

 Summer 66 (27) 16 (18) 24 (25) 26 (43)

 Autumn 119 (48) 48 (54) 45 (47) 26 (43)

 Winter 36 (15) 15 (17) 16 (17) 5 (9)

Body mass index (kg/m2) 28.8 ± 4.5 29.9 ± 4.4 28.0 ± 4.6 28.2 ± 3.9 0.009

WTH ratio 0.98 (0.93–1.04) 0.99 (0.92–1.04) 0.97 (0.93–1.04) 1.00 (0.94–1.03) 0.77

AGE‑value 2.64 ± 0.6 2.81 ± 0.6 2.63 ± 0.6 2.41 ± 0.5 <0.001

Fasting glucose (mmol/l) 7.5 (6.9–8.2) 7.4 (6.9–8.2) 7.5 (6.9–8.6) 7.7 (6.9–8.4) 0.84

Fasting insulin (mU/l) 14.5 (9.0–21.0) 14.9 (9.5–21.8) 13.8 (8.8–21.0) 14.6 (8.7–20.9) 0.78

HbA1c (mmol/mol) 51 (47–55) 51 (49–54) 52 (45–56) 51 (46–55) 0.96

HbA1c (%) 6.8 (6.5–7.2) 6.8 (6.6–7.1) 6.9 (6.3–7.3) 6.8 (6.4–7.2) 0.96

LDL‑cholesterol (mmol/l) 2.5 ± 0.9 2.5 ± 1.0 2.5 ± 1.0 2.4 ± 0.7 0.77

eGFR (ml/min/1.73 m2) 81 ± 18 82 ± 20 81 ± 17 82 ± 17 0.94

Calcium (mmol/l) 2.33 ± 0.08 2.32 ± 0.08 2.33 ± 0.08 2.34 ± 0.07 0.22

Albumine (g/l) 40 (38–41) 39 (38–41) 40 (38–41) 40 (39–41) 0.07
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Discussion
We found a significant inverse association between 
serum 25(OH)D and skin autofluorescence independ-
ent of major confounders, including age, season, diabetes 
duration and renal function in a group of patients with 
relatively tight controlled T2DM. For each 10  nmol/l 
increment in serum 25(OH)D level skin autofluorescence 
decreases with 0.06 in patients with T2DM. Patients with 
a serum 25(OH)D <50 nmol/l had a significantly higher 
skin autofluorescence compared to patients with an ade-
quate serum 25(OH)D level >75 nmol/l (2.81 ± 0.6 and 
2.41 ±  0.5, respectively). Six months of vitamin D sup-
plementation did not alter the amount of skin auto fluo-
rescence significantly compared to the placebo group. 
However, the duration of the intervention could be too 
short for this outcome measure, as skin AGEs have a 
mean half live of 10–15 years [35].

Table 1 continued

All Serum 25 (OH)D 
15–49 nmol/l

Serum 25 (OH)D 
50–74 nmol/l

Serum 25 (OH)D 
75–150 nmol/l

p value

Serum 25(OH)D (nmol/l) 60.3 ± 23.4 36.9 ± 8.0 61.5 ± 7.2 92.9 ± 13.4 <0.001

PTH (pmol/l) 5.1 (4.0–6.8) 5.2 (4.4–7.0) 5.4 (4.1–6.9) 4.3 (3.6–5.9) 0.01

AP (U/l) 72.6 ± 20.6 74.6 ± 24.0 70.1 ± 19.3 73.3 ± 16.6 0.38

Data are presented as numbers (%), mean ± SD or median (ICR).

25(OH)D 25‑hydroxyvitamin D, ACE angiotensin‑converting enzyme, AGE advanced glycation endproduct, AP alkaline phosphatase, AT-II angiotensin II, DM diabetes 
mellitus, eGFR estimated glomerular filtration rate, PTH parathyroid hormone, SU-derivatives sulphonyl‑urea derivatives, T-chol/HDL ratio total cholesterol–high density 
lipoprotein ratio.

Table 2 Linear regression analysis of serum 25(OH)D (independent variable) and skin auto fluorescence (dependent vari-
able)

25(OH)D 25‑hydroxyvitamin D, AGE advanced glycation end product, AP alkaline phosphatase, BMI body mass index, CVD cardiovascular disease, LDL low density 
lipoprotein.

β (95% CI) SE B p value

Model 1: crude analysis −0.007 (−0.010 to −0.004) 0.002 <0.01

Model 2: Model 1 + age, ethnicity, season, smoking, BMI −0.007 (−0.010 to −0.004) 0.002 <0.01

Model 3: Model 2 + sun exposure, diabetes duration, CVD, HbA1c, eGFR, AF, LDL cholesterol −0.006 (−0.009 to −0.003) 0.002 <0.01

Figure 1 Mean skin autofluorescence in vitamin D subgroups 
stratified by cardiovascular disease. 25OHD 25‑hydroxyvitamin D, AGE 
advanced glycation endproducts, CVD cardiovascular disease.

Table 3 Comparison of the main outcomes before and after intervention between both groups

25(OH)D 25‑hydroxyvitamin D, AGE advanced glycation end product, BMI body mass index.

Variable Vitamin D group (n = 107) Placebo group (n = 103) β (95% CIs) p value

0 month 6 months 0 month 6 months

Serum 25(OH)D (nmol/l) 60.8 ± 23.0 103.6 ± 25.7 61.0 ± 23.4 60.3 ± 26.5 42.5 (35.8–49.6) <0.01

AGE‑value 2.67 ± 0.64 2.73 ± 0.69 2.63 ± 0.53 2.74 ± 0.56 −0.05 (−0.17 to 0.08) 0.47

BMI (kg/m2) 28.8 ± 4.8 29.1 ± 4.4 28.7 ± 4.7 28.8 ± 4.8 0.23 (0.01–0.46) 0.04

HbA1c (mmol/mol) 51.1 ± 6.0 50.0 ± 6.3 50.3 ± 5.3 49.4 ± 6.2 1.2 (−0.1 to 2.6) 0.07
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A possible underlying mechanism for the association 
found between skin AGEs and vitamin D status, could be 
a reduction of oxidative stress by vitamin D and thereby 
a decrease in the formation of AGEs and pro-inflamma-
tory cytokines that mediate microvascular and macro-
vascular complications in T2DM. A recent in vitro study 
demonstrated a decrease of cytokine-mediated endothe-
lial inflammation after addition of calcitriol, supporting 
the concept that calcitriol may act as a vascular protec-
tive agent counteracting the probable deleterious actions 
of AGEs on endothelial cell activities [13, 36]. Moreover, 
several studies have shown protective effects of vita-
min D on vascular wall function and cell membranes by 
maintaining steady levels of certain intracellular antioxi-
dants, by reducing lipid peroxidation and by reducing the 
overproduction of reactive oxygen species [37]. A recent 
study performed by Stürmer et al. [38] among 119 healthy 
en 27 hypertensive non-diabetic participants with a mean 
serum 25(OH)D 56.2 ± 22.2 nmol/l, revealed no associa-
tion between vitamin D status and skin autofluorescence.

Our results regarding the significantly higher skin 
autofluorescence found in patients with previous cardio-
vascular disease compared to patients without cardiovas-
cular disease (mean skin autofluorescence: 2.79 ±  0.57 
versus 2.59  ±  0.62) are in line with previous studies 
which demonstrated mean skin autofluorescence values 
of 2.57 in patients with T2DM without diabetes-related 
complications, and skin AGEs of 3.12, 2.91 and 2.71 in 
patients with T2DM and both micro- and macrovascular 
complications, solely macrovascular complications and 
solely microvascular complications, respectively [7].

Interestingly, the patients in the highest vitamin D 
group in our study had a mean skin autofluorescence 
comparable with the non-diabetic population demon-
strated in a study by Koetsier et  al. [39]. The authors 
generated a formula for calculating the mean skin auto-
fluorescence in the general population without diabetes 
mellitus: 0.024 × age + 0.83. When this formula is applied 
to our study population with a mean age of 67 years, the 
calculated mean skin autofluorescence is 2.44. In our 
study results the patients with T2DM in the highest vita-
min D group had a lower mean autofluorescence level: 
2.41 ± 0.5. This could imply a protective effect of vitamin 
D on the formation and accumulation of AGEs in patients 
with T2DM. However, an important limitation in our 
study is that we measured the accumulated AGEs in the 
skin using an AGE-reader, and other known AGE types, 
such as circulating AGEs and AGEs without fluorescent 
properties could have provided different results within the 
vitamin D subgroups. In addition from this point of view 
the association between vitamin D status and skin auto-
fluorescence found in our study could be explained by the 
fact that in theory cutaneous AGE accumulation could 

hinder the photoconversion of the provitamin D into vita-
min D. Nevertheless, our results show that vitamin D suf-
ficiency is mainly found in patients with T2DM without 
high cardiovascular risk profile as indicated by the age-
adjusted AGE levels within the normal range. Further-
more, we plan to conduct future analyses with the stored 
serum of all patients to measure circulating AGEs.

In contrast to previous studies, smoking was not cor-
related to skin autofluorescence in our study. This may be 
due to the small group of smokers in our study population 
(n = 36; 15%). HbA1c, which is also an end product of gly-
cation, was not associated with skin autofluorescence. This 
is not surprisingly as earlier research demonstrated only a 
weak effect between skin autofluorescence and HbA1c. A 
logical explanation is that HbA1c represents AGE accu-
mulation over a short period of approximately 6–8 weeks, 
while skin AGEs accumulate over 10–15 years [35].

In conclusion, this preliminary report demonstrates an 
independent association between vitamin D status and 
skin autofluorescence in patients with tight controlled 
T2DM. A short intervention of vitamin D supplementa-
tion, however did not have any effect on the amount of 
skin autofluorescence. Future research should focus on 
measuring circulating AGEs after a longer follow-up and 
treatment with vitamin D.

Abbreviations
25(OH)D: 25‑hydroxyvitamin D; AP: alkaline phosphatase; AST: aspartate 
transaminase; CVD: cardiovascular disease; MAP: mean arterial pressure; PTH: 
parathyroid hormone; VDR: vitamin D receptor.

Authors’ contributions
Each author has contributed in a substantial way to the work described in the 
manuscript and its preparation. YK was responsible for the acquisition of the 
data. YK and RA wrote the initial manuscript. SS initiated the study and study 
design and revised the paper critically. YK, FS, HvW and PL contributed to the 
study design and revised the paper critically for important content. RA and YK 
are responsible for statistical analysis. All authors read and approved the final 
manuscript.

Author details
1 Department of Internal Medicine, Medical Centre Alkmaar, PO Box 7057, Wil‑
helminalaan 12, 1815 JD Alkmaar, The Netherlands. 2 Department of Internal 
Medicine/Endocrinology, VU University Medical Centre, Amsterdam, The Neth‑
erlands. 3 Department of General Practice, DIAZON, Alkmaar, The Netherlands. 

Acknowledgements
We thank Natasja van Schoor and Tjeerd van der Ploeg for advices concerning 
the statistical methods used in the study.

Additional file

Additional file 1: Linear regression analysis of serum 25 (OH)D as 
independent variable and skin auto fluorescence as dependent variable. 
Model 1: crude analysis. Model 2: as model 1 + age, ethnicity, season, 
smoking, and BMI. Model 3: as model 2 + sun exposure, diabetes dura‑
tion, CVD, HbA1c, eGFR, AF (this should be AP), and LDL cholesterol. 
25(OH)D 25‑hydroxyvitamin D, AGE advanced glycation end product, AP 
alkaline phosphatase, BMI body mass index, CVD cardiovascular disease, 
LDL low density lipoprotein.



Page 7 of 7Krul‑Poel et al. Cardiovasc Diabetol  (2015) 14:89 

Compliance with ethical guidelines

Competing interests
The authors declare that they have no competing interests.

Funding 
No external funding was sought for preparation of this manuscript.

Received: 13 February 2015   Accepted: 30 June 2015

References
 1. Brownlee M (2001) Biochemistry and molecular cell biology of diabetic 

complications. Nature 414:813–820
 2. Meerwaldt R, Lutgers HL, Links TP, Graaff R, Baynes JW, Gans RO et al 

(2007) Skin autofluorescence is a strong predictor of cardiac mortality in 
diabetes. Diabetes Care 30:107–112

 3. Meerwaldt R, Links T, Zeebregts C, Tio R, Hillebrands JL, Smit A (2008) The 
clinical relevance of assessing advanced glycation endproducts accumu‑
lation in diabetes. Cardiovasc Diabetol 7:29

 4. Verzijl N, DeGroot J, Thorpe SR, Bank RA, Shaw JN, Lyons TJ et al (2000) 
Effect of collagen turnover on the accumulation of advanced glycation 
end products. J Biol Chem 275:39027–39031

 5. Brownlee M, Cerami A, Vlassara H (1988) Advanced glycosylation end 
products in tissue and the biochemical basis of diabetic complications. N 
Engl J Med 318:1315–1321

 6. Ramasamy R, Yan SF, Schmidt AM (2012) The diverse ligand repertoire of 
the receptor for advanced glycation endproducts and pathways to the 
complications of diabetes. Vascul Pharmacol 57:160–167

 7. Lutgers HL, Graaff R, Links TP, Ubink‑Veltmaat LJ, Bilo HJ, Gans RO et al 
(2006) Skin autofluorescence as a noninvasive marker of vascular damage 
in patients with type 2 diabetes. Diabetes Care 29:2654–2659

 8. Genuth S, Sun W, Cleary P, Sell DR, Dahms W, Malone J et al (2005) Glyca‑
tion and carboxymethyllysine levels in skin collagen predict the risk of 
future 10‑year progression of diabetic retinopathy and nephropathy in 
the diabetes control and complications trial and epidemiology of diabe‑
tes interventions and complications participants with type 1 diabetes. 
Diabetes 54:3103–3111

 9. Gerrits EG, Lutgers HL, Kleefstra N, Graaff R, Groenier KH, Smit AJ et al 
(2008) Skin autofluorescence: a tool to identify type 2 diabetic patients 
at risk for developing microvascular complications. Diabetes Care 
31:517–521

 10. Lutgers HL, Gerrits EG, Graaff R, Links TP, Sluiter WJ, Gans RO et al (2009) 
Skin autofluorescence provides additional information to the UK Prospec‑
tive Diabetes Study (UKPDS) risk score for the estimation of cardiovascu‑
lar prognosis in type 2 diabetes mellitus. Diabetologia 52:789–797

 11. Noordzij MJ, Mulder DJ, Oomen PH, Brouwer T, Jager J, Castro CM et al 
(2012) Skin autofluorescence and risk of micro‑ and macrovascular com‑
plications in patients with type 2 diabetes mellitus‑a multi‑centre study. 
Diabet Med 29:1556–1561

 12. de Vos LC, Mulder DJ, Smit AJ, Dullaart RP, Kleefstra N, Lijfering WM et al 
(2014) Skin autofluorescence is associated with 5‑year mortality and car‑
diovascular events in patients with peripheral artery disease. Arterioscler 
Thromb Vasc Biol 34:933–938

 13. Hofmann B, Adam AC, Jacobs K, Riemer M, Erbs C, Bushnaq H et al (2013) 
Advanced glycation end product associated skin autofluorescence: a 
mirror of vascular function? Exp Gerontol 48:38–44

 14. de Vos LC, Noordzij MJ, Mulder DJ, Smit AJ, Lutgers HL, Dullaart RP et al 
(2013) Skin autofluorescence as a measure of advanced glycation end 
products deposition is elevated in peripheral artery disease. Arterioscler 
Thromb Vasc Biol 33:131–138

 15. Mitri J, Muraru MD, Pittas AG (2011) Vitamin D and type 2 diabetes: a 
systematic review. Eur J Clin Nutr 65:1005–1015

 16. Norman PE, Powell JT (2014) Vitamin D and cardiovascular disease. Circ 
Res 114:379–393

 17. Pittas AG, Lau J, Hu FB, Dawson‑Hughes B (2007) The role of vitamin D 
and calcium in type 2 diabetes. A systematic review and meta‑analysis. J 
Clin Endocrinol Metab 92:2017–2029

 18. Sciacqua A, Perticone M, Grillo N, Falbo T, Bencardino G, Angotti E et al 
(2014) Vitamin D and 1‑h post‑load plasma glucose in hypertensive 
patients. Cardiovasc Diabetol 13:48

 19. Scragg R, Sowers M, Bell C (2004) Serum 25‑hydroxyvitamin D, diabetes, 
and ethnicity in the third national health and nutrition examination 
survey. Diabetes Care 27:2813–2818

 20. Tahrani AA, Ball A, Shepherd L, Rahim A, Jones AF, Bates A (2010) The 
prevalence of vitamin D abnormalities in South Asians with type 2 diabe‑
tes mellitus in the UK. Int J Clin Pract 64:351–355

 21. Bellan M, Guzzaloni G, Rinaldi M, Merlotti E, Ferrari C, Tagliaferri A et al 
(2014) Altered glucose metabolism rather than naive type 2 diabetes 
mellitus (T2DM) is related to vitamin D status in severe obesity. Cardio‑
vasc Diabetol 13:57

 22. Bland R, Markovic D, Hills CE, Hughes SV, Chan SL, Squires PE et al (2004) 
Expression of 25‑hydroxyvitamin D3‑1alpha‑hydroxylase in pancreatic 
islets. J Steroid Biochem Mol Biol 89–90:121–125

 23. Zehnder D, Bland R, Williams MC, McNinch RW, Howie AJ, Stewart PM 
et al (2001) Extrarenal expression of 25‑hydroxyvitamin d(3)‑1 alpha‑
hydroxylase. J Clin Endocrinol Metab 86:888–894

 24. Alvarez JA, Ashraf A (2010) Role of vitamin d in insulin secretion and 
insulin sensitivity for glucose homeostasis. Int J Endocrinol 2010:351385

 25. Chagas CE, Borges MC, Martini LA, Rogero MM (2012) Focus on vitamin D, 
inflammation and type 2 diabetes. Nutrients 4:52–67

 26. Ferder M, Inserra F, Manucha W, Ferder L (2013) The world pandemic of 
vitamin D deficiency could possibly be explained by cellular inflamma‑
tory response activity induced by the renin‑angiotensin system. Am J 
Physiol Cell Physiol 304:C1027–C1039

 27. Hewison M (2012) An update on vitamin D and human immunity. Clin 
Endocrinol (Oxf ) 76:315–325

 28. Zitman‑Gal T, Green J, Pasmanik‑Chor M, Golan E, Bernheim J, Benche‑
trit S (2014) Vitamin D manipulates miR‑181c, miR‑20b and miR‑15a 
in human umbilical vein endothelial cells exposed to a diabetic‑like 
environment. Cardiovasc Diabetol 13:8

 29. Salum E, Kals J, Kampus P, Salum T, Zilmer K, Aunapuu M et al (2013) 
Vitamin D reduces deposition of advanced glycation end‑products in the 
aortic wall and systemic oxidative stress in diabetic rats. Diabetes Res Clin 
Pract 100:243–249

 30. Lee TW, Kao YH, Lee TI, Chang CJ, Lien GS, Chen YJ (2014) Calcitriol modu‑
lates receptor for advanced glycation end products (RAGE) in diabetic 
hearts. Int J Cardiol 173:236–241

 31. Krul‑Poel YHM, Westra S, ten Boekel E, ter Wee MM, van Schoor NM, van 
Wijland H et al (2015) Effect of vitamin D supplementation on glycemic 
control in patients with type 2 diabetes (SUNNY Trial): a randomized 
placebo‑controlled trial. Diabetes Care. doi:10.2337/dc15‑0323

 32. Krul‑Poel YH, Van WH, Stam F, Ten BE, Lips P, Simsek S (2014) Study pro‑
tocol: a randomised placebo‑controlled clinical trial to study the effect 
of vitamin D supplementation on glycaemic control in type 2 Diabetes 
Mellitus SUNNY trial. BMC Endocr Disord 14:59

 33. Meerwaldt R, Graaff R, Oomen PH, Links TP, Jager JJ, Alderson NL et al 
(2004) Simple non‑invasive assessment of advanced glycation endprod‑
uct accumulation. Diabetologia 47:1324–1330

 34. Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, Clinton SK et al 
(2011) The 2011 report on dietary reference intakes for calcium and 
vitamin D from the Institute of Medicine: what clinicians need to know. J 
Clin Endocrinol Metab 96:53–58

 35. Gerrits EG, Lutgers HL, Kleefstra N, Groenier KH, Smit AJ, Gans RO et al 
(2008) Skin advanced glycation end product accumulation is poorly 
reflected by glycemic control in type 2 diabetic patients (ZODIAC‑9). J 
Diabetes Sci Technol 2:572–577

 36. Talmor Y, Golan E, Benchetrit S, Bernheim J, Klein O, Green J et al (2008) 
Calcitriol blunts the deleterious impact of advanced glycation end prod‑
ucts on endothelial cells. Am J Physiol Renal Physiol 294:F1059–F1064

 37. Miyata T (2002) Alterations of non‑enzymatic biochemistry in uremia, 
diabetes, and atherosclerosis (“carbonyl stress”). Bull Mem Acad R Med 
Belg 157:189–196

 38. Sturmer M, Sebekova K, Fazeli G, Bahner U, Stab F, Heidland A (2015) 
25‑Hydroxyvitamin d and advanced glycation endproducts in healthy 
and hypertensive subjects: are there interactions? J Ren Nutr 25:209–216

 39. Koetsier M, Lutgers HL, de Jonge C, Links TP, Smit AJ, Graaff R (2010) 
Reference values of skin autofluorescence. Diabetes Technol Ther 
12:399–403

http://dx.doi.org/10.2337/dc15-0323

	Vitamin D status is associated with skin autofluorescence in patients with type 2 diabetes mellitus: a preliminary report
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Outcome measures
	Skin autofluorescence
	Statistical analysis

	Results
	Longitudinal analysis

	Discussion
	Authors’ contributions
	Received: 13 February 2015   Accepted: 30 June 2015References




