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Abstract

Skin auto fluorescence (SAF) is used as a proxy for the accumulation of advanced glycation

end products (AGEs) and has been proposed to stratify patients into cardiovascular disease

(CVD) and diabetes mellitus (DM) risk groups. This study evaluates the effects of seven dif-

ferent ethnicities (Arab, Central-East African, Eastern Mediterranean, European, North Afri-

can, South Asian and Southeast Asian) and gender on SAF as well as validating SAF

assessment as a risk estimation tool for CVD and DM in an Arabian cohort. SAF data from

self-reported healthy 2,780 individuals, collated from three independent studies, has been

linear modelled using age and gender as a covariate. A cross-study harmonized effect size

(Cohens’d) is provided for each ethnicity. Furthermore, new data has been collected from a

clinically well-defined patient group of 235 individuals, to evaluate SAF as a clinical tool for

DM and CVD-risk estimation in an Arab cohort. In an Arab population, SAF-based CVD and/

or DM risk-estimation can be improved by referencing to ethnicity and gender-specific SAF

values. Highest SAF values were observed for the North African population, followed by

East Mediterranean, Arab, South Asian and European populations. The South Asian popu-

lation had a slightly steeper slope in SAF values with age compared to other ethnic groups.

All ethnic groups except Europeans showed a significant gender effect. When compared

with a European group, effect size was highest for Eastern Mediterranean group and lowest

for South Asian group. The Central-East African and Southeast Asian ethnicity matched

closest to the Arab and Eastern Mediterranean ethnicities, respectively. Ethnic and gender-

specific data improves performance in SAF-based CVD and DM risk estimation. The pro-

vided harmonized effect size allows a direct comparison of SAF in different ethnicities. For
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the first time, gender differences in SAF are described for North African and East Mediterra-

nean populations.

Introduction

The enzymatic cross-linking of carbohydrates to other organic molecules, e.g., proteins, is

commonly referred to as glycosylation and is one of the most important post-translational

modifications, essential for human cell signaling and metabolism. Usually less commonly

known is the non-enzymatic and therefore less specific reaction equivalent, which was first

described in 1912 and named eponymously after its discoverer Louis-Camille Maillard. The

Maillard reaction takes place in multiple steps and eventually leads to the irreversible forma-

tion of advanced glycation end products (AGEs). Generally, the formation of AGEs is a slow

process which occurs physiologically in vivo, with accumulation of AGEs in tissues with slow

renewal rates (e.g., retina, dermis). In situations of metabolic and oxidative stress, however,

accelerated AGE accumulation rates have been described, such as in individuals with cardio-

vascular disease (CVD) [1,2] and diabetes mellitus (DM) [3,4]. The fairly quick (seconds) and

non-invasive assessment of skin autofluorescence (SAF) has been demonstrated to serve as a

surrogate marker of tissue accumulation of AGEs [5,6] and recent efforts have been under-

taken to develop stratification tools for the clinical assessment of a patient’s risk for cardiovas-

cular disease (CVD) [7–9] and diabetic complications [10–12].

In previous studies, we have shown that SAF baseline intensity is ethnicity-specific with sig-

nificant gender effects present in a Middle Eastern but not in European populations [13–15].

These findings suggest that the currently available SAF-based risk scoring models, which have

been established with mainly Caucasian [16] and Asian populations [17,18], cannot be cor-

rectly applied to non-European ethnicities. Thus, a detailed characterization of ethnicity and

gender driven differences in SAF is required to improve the models’ accuracies.

The purpose of the present study is two-fold: First, to provide a cross-study harmonized

effect size (the mean standardized difference) for ethnicity and gender differences in SAF lev-

els, which allows to directly compare gender and ethnicity effects in different cohorts. Second,

to validate the utility of SAF assessment for the screening and monitoring of CVD and DM in

an Arab population, monitoring beyond the previous characterization of SAF values in a

’healthy’ Saudi Arabian population.

Materials and methods

Data

The present study combines 2,780 SAF measurements for self-reported healthy individuals

from three independent data sets, [13–15] (S1 Table). Additional SAF measurements have

been newly collected at King Abdulaziz University Hospital from 235 adults suffering either

from CVD, diabetes mellitus (DM) or both, between September 2015 and September 2016.

For CVD cohort, we recruited previously diagnosed CVD patients with one or more of the fol-

lowing pathologies: Ischemic heart disease, myocardial infarction, cardiac failure, angina and

atherosclerosis (see shared dataset). Those patients had echocardiography and/or coronary

angiography as a standard procedure, and the results were evaluated by an experienced inter-

ventional cardiologist. Diabetes patients were selected according to WHO diagnosis criteria

with fasting venous plasma glucose level of equal or greater than 7 mmol/L and/or 2-h post

glucose load of equal or greater than 11.1 mmol/L at initial diagnosis. Only patients with
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established medical history and on medication for the specific disease were recruited from the

specialty outpatients’ clinics of King Abdulaziz University Hospital. Cancer patients, pregnant

women and subjects with kidney diseases were excluded from the study as well as subjects

with skin type V-VI on Fitzpatrick scale. The study was approved by the Research Ethics Com-

mittee of King Abdulaziz University and written informed consent was obtained from all

participants.

SAF values were measured at the right forearm using the AGE Reader1 (DiagnOptics

Technologies B.V., Groningen, the Netherlands, Software V 2.3.0.7) as described in detail pre-

viously [13]. A questionnaire was used to survey demography, ethnicity, country of birth, life

style and medical history information, and physical measurements such as weight, waist cir-

cumference, hip circumference, blood pressure were also recorded according to a standard

protocol.

Linear modelling and univariate statistics

Linear regression models were established for each geographic cluster, using SAF as the depen-

dent variable and age [years] and gender as independent variables:

SAF ¼ b0 þ b1 � ageþ b2 � gender

With b1 and b2 representing the coefficients for age and gender, respectively, whereas the

gender variable was binary coded with 1 (male) or 0 (female). Ethnicity was determined by the

participants’ country of birth, rather than current residence. To compare the different ethnici-

ties directly, an additional linear model was established that includes the variable ethnicity and

an interaction term of gender and ethnicity:

SAF ¼ b0 þ b1 � ageþ b2 � gender þ b3 � ethnicityþ b4 � gender : ethnicity

From this model, p values were extracted for each estimated model coefficient. Model residu-

als were assessed graphically by plotting the residuals quantiles against the quantiles of a theoreti-

cal normal distribution with identical mean and standard deviation (this plot type is commonly

referred to as Q-Q plot). Model residuals showed approximate normal distribution with no obvi-

ous patterns or trends, indicating that linear regression modelling is an appropriate choice for

modelling SAF in the context of age, ethnicity and gender.

Normally and non-normally distributed variables were expressed as mean (+/- standard

deviation) and median (range), respectively. Statistical group comparison was performed with

the t-test for normally distributed variables and the Mann-Whitney U test, as a non-parametric

alternative, for non-normally distributed variables. All presented p values represent two-tailed

tests. Group comparisons were deemed as statistically significant if the resulting p value was

below a threshold of 0.05.

Effect size

To assess the magnitude and strength of a relationship between two variables, e.g., SAF in men

and women, the standardized mean difference (MSD), also known as Cohen’s d, was chosen as

an effect size measure. The Cohen’s d is defined as the difference between two group means

(�x), normalized by the pooled standard deviation (s):

d ¼
�xa � �xb

sab
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Whereas s denotes the pooled standard deviation of group a and b, defined as

sab ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffi
s2

a þ s2
b

2

r

With s2 referring to the sample variances. In general, Cohen’s d values below an absolute

value of 0.2 are considered as negligible, whereas absolute values below 0.5 and 0.8 are consid-

ered as small and intermediate effect sizes, respectively. An absolute Cohen’s d value of 0.8 or

higher is considered as a large effect size.

Performance assessment of CVD risk engine

SAF-based CVD risk engines were applied to individuals with CVD, DM or mixed patholo-

gies, resulting in the stratification of patients into three risk groups (no risk, elevated risk, high

risk) as described previously elsewhere [13]. Accuracy has been chosen as a measure of perfor-

mance, defined as

Accuracy ¼
TPþ TN

n

with TP representing the number of individuals suffering from CVD, DM or both and strati-

fied into risk group I or higher; TN indicates the number of healthy individuals stratified into

risk group 0 and n represents the total number of participants.

All computation was performed with the statistical programming language R (V 3.2.2) [19]

running on a Mac OSX machine.

Results

Baseline characteristics

The present study includes SAF measurement performed in Saudi Arabia, Qatar and Slovakia

for a total of 3,015 individuals representing 36 different countries (Fig 1, S1 Table). A subset of

2,780 individuals self-reported the absence of disease (further referred to as healthy), with a

median age of 35 years (18–81 years), and a median SAF and Skin reflectance (SR) value of

1.70 AU (0.75–4.84 AU) and 0.12 (0.04–0.50), respectively (S2 Table). The remaining 235 indi-

viduals suffered from at least one pathology that is associated with increased SAF intensities,

that is CVD (n = 50), DM (n = 111) or mixed phenotypes (DM+CVD, n = 74). The median

age in this group was 46 years (18–90 years), with a median SAF value of 2.80 AU (1.20–6.92

AU) and a median SR value of 0.08 (0.06–0.22) (S2 Table). The gender distributions of both

cohorts were approximately the same with a respective female:male ratio of 1.1 and 0.9 for the

healthy and disease cohort, respectively.

Characterization of SAF in different ethnicities and gender

For further analysis, individuals were stratified into the following geographic clusters based on

ethnicity or, if that was unavailable, country of birth: European (n = 1,177), North African

(n = 137), Eastern Mediterranean (n = 92), Central-East African (n = 12), Arab (n = 1,181),

South Asian (n = 152) and Southeast Asian (n = 29) (lower panel of Fig 1, S3 Table).

Linear modelling of SAF vs age of healthy individuals, including gender as a covariate,

showed that over the entire age range, the North African population, comprising mainly Egyp-

tians (90%), had the highest SAF values (b0 coefficient = 1.55, p value = 2.1 x 10−14) with a pro-

nounced gender effect, men displayed on average lower SAF values than women (male gender

coefficient = -0.61, p value = 1.8 x 10−12) (Table 1). Comparable but slightly lower SAF profiles
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and gender effects have been observed for Arab and Eastern Mediterranean individuals, with

b0 coefficients of 1.40 (p value < 2 x 10−16) and 1.44 (p value = 1.4 x 10−11), respectively and a

male gender coefficient of -0.41 for both ethnicities (p value< 2.0 x 10−16 and 1.0 x 10−4 for

Arab and Eastern Mediterranean ethnicity, respectively). In contrast, the European cohort,

comprising mainly Slovak individuals (99%), showed lowest SAF signals (b0 coefficient = 0.86,

p value < 2 x 10−16) with a negligible small gender effect (male gender coefficient -0.07, p

value = 3.4 x 10−8) (Table 1), as noted before [5], [14]. The South Asian cohort showed a SAF

profile with a very similar gender effect to the Arab and Eastern Mediterranean population

Fig 1. Ethnicities and sample numbers for all study participants (upper panel); geographic

stratification for subsequent statistical analysis (lower panel).

https://doi.org/10.1371/journal.pone.0185175.g001

Table 1. SAF model comparison for different ethnic groups.

Ethnicity Model coefficients R2 Cohen’s d

effect size§

b0 Age Male

Arab (n = 1,181) 1.40* 0.022* -0.41* 0.33 1.3

East. Mediterranean (n = 92) 1.44* 0.021* -0.41* 0.31 1.5

European (n = 1,177) 0.86* 0.020* -0.07* 0.48 -

North African (n = 137) 1.55* 0.021* -0.61* 0.39 1.4

South Asian (n = 152) 1.13* 0.027* -0.41* 0.31 1.2

§ compared to European population after adjusting for age and gender

* p value < 0.01.

https://doi.org/10.1371/journal.pone.0185175.t001
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(male gender coefficient -0.41, p value = 9.4 x 10−6), but with SAF intensities between those of

European and Eastern Mediterranean populations (b0 coefficient = 1.13, p value = 2.8 x 10−10)

and slightly steeper increasing SAF values with age (age coefficient = 0.027, p value = 3.6 x

10−12). Linear model residual and leverage plots indicated no model irregularities (S1 Fig).

When comparing age and gender-adjusted SAF profiles across ethnicities, using the Euro-

pean population as a reference, the highest effect size was observed for Eastern Mediterranean

populations (Cohen’s = 1.5), closely followed by North African (Cohen’s d = 1.4), Arabian

Peninsula (Cohen’s d = 1.3) and South Asian (Cohen’s d = 1.2) populations (Table 1). The

same trends have been observed for a linear model obtained by including the variable ethnicity

and an ethnicity:gender interaction term (see S1 Text).

Since the number of individuals with Central-East African and Southeast Asian ethnicity

was low (n<50), we abstained from training separate linear models for these cohorts; however,

predicting SAF intensities of individuals with Central-East African and South Asian ethnicities

with age and gender using the established linear models, indicated that the Arab and Eastern

Mediterranean ethnicities provided the best fit with the smallest residual variation, with R2 val-

ues of 0.60 and 0.56, respectively.

Effect of DM and CVD on SAF in an Arab cohort

Comparing SAF intensities between individuals suffering from DM, CVD or mixed patholo-

gies to those from an age, gender and BMI matched healthy individuals in an Arab cohort,

showed that SAF values were significantly increased in all tested disease groups (Table 2), with

an effect size ranking of DM + CVD, CVD and DM (Cohen’s d = 1.4, 1.1 and 1.0, respectively).

Interestingly, the SAF gender difference was also observed in disease phenotypes with higher

effect sizes in women in the DM disease group (Cohen’s d 1.6 vs 0.4 for women and men,

respectively), as well as for the DM + CVD group (Cohen’s d 1.9 vs 1.2 for women and men,

respectively). These differences were also visible when plotting SAF values against age (Fig 2).

Further, we applied the CVD risk engine for healthy Saudi populations [13] to the disease

cohorts and compared its performance to the traditional CVD risk engine provided by AGE

reader software version 2.3.07 that has been derived from a healthy Dutch cohort [16]. Overall,

the accuracy of both risk schemes resembled the effect size ranking. The DM + CVD group

reached an accuracy of 78% (81% and 76% for women and men, respectively) when using the

risk engine for Saudi populations, compared to 66% (63% and 68% for women and men,

respectively) when using the conventional risk engine (Table 2). The accuracy for the CVD

group dropped to 70% for the Saudi risk engine, with higher accuracy in men than in women

(71 vs 66, respectively) and to 63% with the standard AGE-Reader provided risk engine. The

DM group reached an accuracy of 69% when predicted with the Saudi risk engine, and 55%

with the conventional Dutch risk engine, with generally higher accuracy in women than in

men. Conversely, using the Dutch risk engine a slightly higher accuracy was observed in men

(Table 2).

Discussion

The present study shows that CVD and DM risk assessment can be improved by using gender

and ethnicity-specific SAF reference values in a Saudi population. Linear modelling of SAF

over age for five different ethnicities showed that Arab and Eastern Mediterranean ethnicities

were comparable, so that the earlier proposed CVD risk stratification scheme for a Middle

Eastern cohort can be readily applied to Eastern Mediterranean individuals. The North Afri-

can population showed slightly higher but comparable baseline SAF values than the Arab and

Eastern Mediterranean ethnicities, however, the gender effect (higher SAF in females) was
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Table 2. Associations of SAF with different disease phenotypes in an Arab cohort.

Disease Phenotype n p value* Cohen’s d

effect size*
Accuracy % (risk > 0)

Ahmad Koetsier

Diabetes (DM) 111 5.3 x 10−15 1.0 69 55

Women 64 5.1 x 10−14 1.6 78 52

Men 47 2.0 x 10−3 0.4 57 60

Cardiovascular Disease (CVD) 50 6.1 x 10−7 1.1 70 63

Women 15 5.7 x 10−3 1.1 66 63

Men 35 1.5 x 10−5 1.1 71 63

DM and CVD 74 5.5 x 10−13 1.4 78 66

Women 27 1.3 x 10−7 1.9 81 63

Men 47 4.5 x 10−8 1.2 76 68

* derived from age and gender-adjusted SAF values.

https://doi.org/10.1371/journal.pone.0185175.t002

Fig 2. Comparison of SAF intensities between healthy individuals and CVD patients with and without diabetes in an Arab cohort.

Insets show the distribution of risk groups as calculated with the established risk engine that is implemented in the AGE-Reader apparatus and

the adjusted risk scheme for Middle Eastern populations, both described in Ahmad et al. [13].

https://doi.org/10.1371/journal.pone.0185175.g002
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significantly more pronounced. The South Asian ethnicity was characterized by a similar gen-

der effect as in Arabs and Eastern Mediterraneans but with lower baseline SAF values and a

slightly steeper increase in SAF over time. In contrast, European ethnicities have lower SAF

baseline values and a negligible gender effect. These results illustrate that the studied ethnicities

show marked differences to the European population (range Cohen’s d = 1.2–1.5), indicating

that the consideration of both, ethnicity and gender, in risk stratification schemes is likely to

improve risk estimation in other ethnicities, as well as in other conditions that are linked to

increased SAF values, such as coronary artery calcification [20], peripheral artery disease [8],

cardiovascular prognosis [9,21], cardiovascular mortality [22], diabetic foot ulceration [23]

and carotid artery intima media thickness [24].

Comparing the fit of the statistical models by means of coefficient of determination (R2, a

statistical measure of how close the data are to the fitted regression line), shows that the Euro-

pean model has the best fit (R2 = 0.48). This may be due to the fact that our European model

was built on a homogeneous cohort with mainly Slovak individuals. The model trained for

Arab, North African, South Asian and Eastern Mediterranean ethnicities showed reasonable

fits (range R2 = 0.31–0.39); however, a substantial degree of variation remains unexplained

and requires further evaluation.

A major environmental factor that is likely to have profound effects on AGE accumulation

is diet; however, only sparse data are available on this subject. Klenovics et al. reported that

breastfed infants (consuming AGEs-poor diet) had lower SAF intensities than formula-fed

infants (consuming AGEs-rich diet) [14]. Other dietary components that have been linked to

SAF include caffeine, which has been positively associated with SAF, accounting for 4% of SAF

variation [25], [26], and meat consumption, where lower SAF values have been observed for

vegetarians in haemodialysis patients [27].

Besides environmental components, genetic factors are likely to contribute to the observed

SAF phenotypes. While early studies with twin and sibling pairs have implicated that the

genetic makeup is at least partly responsible for lens and skin fluorescence variations [28,29], a

recent genome-wide association study identified a strong association of skin fluorescence with

the N-acetyltransferase 2 (NAT2) acetylator genotype [30]. Another study has linked NAT2

with increased insulin resistance [31] that is prevalent in type 2 diabetes patients and is a

known risk factor for CVD. It is thus possible that there exist interaction effects between envi-

ronmental and genetic components that contribute to the individual SAF phenotype. The fact

that the evolutionary diversity of NAT2 has been linked to dietary habits and ecoregions in

sub-Saharan African populations [32] seems to further support this hypothesis.

The observed gender differences in SAF values are unlikely to be attributable to genetic

contributions alone, as there are no reports about sex-chromosome linked association of SAF.

Earlier, we speculated that these gender differences might be related to vitamin D deficiency

with women tending to be habitually less exposed to sunlight. A recent report supports this

hypothesis where SAF values were found negatively associated with serum vitamin D concen-

tration [33]. Factors other than vitamin D, such as skinfold thickness, degree of forearm hairi-

ness (men usually have more forearm hair and hair can quench light) might also play a

significant role.

The European cohort in this study is mainly composed of Slovak individuals, for which

generally lower SAF values have been reported when compared with the Dutch reference val-

ues [14]. This observation illustrates that that there might be differences in SAF intensity

within the defined geographic clusters. The extent of SAF variations due to geographic location

or cultural tradition is largely unknown and deserves further investigation.

This study is limited by its cross-sectional design and we recruited CVD and DM patients

solely based on their medical history and medication use. We did not collect data about
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duration of diabetes and/or CVD. We included self-reported healthy subjects for the main

analysis and did not screen for diabetes, CVD or renal function, therefore, results should be

interpreted with caution. We do not have data for potential covariates such as smoking, hyper-

tension and physical activity across all ethnic groups. However, in our previous study based on

self-reported data, we found no significant association of smoking, hypertension and physical

activity with SAF after adjusting for known confounding factors such as age, BMI, diabetes

and SR [13].

Overall, our results emphasize the importance of conducting further large-scale studies

comprising of multi-ethnic populations residing in different regions of the world to unravel

genetic and/or environmental contributions in ethnic and gender difference in SAF and its

role in CVD risk assessment.

Conclusions

We show that a SAF-based risk engine developed by using ethnic and gender-specific data

improves performance in CVD and DM risk estimation. Furthermore, we provide harmonized

effect sizes for SAF that allows a direct comparison of ethnicities. We report gender difference

in SAF values for the first time in North African and East Mediterranean populations.

Supporting information
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14. Simon Klenovics K, Kollárová R, Hodosy J, Celec P, Sebeková K. Reference values of skin autofluores-

cence as an estimation of tissue accumulation of advanced glycation end products in a general Slovak

population. Diabet Med. 2014; 31: 581–5. https://doi.org/10.1111/dme.12326 PMID: 24111899

15. Mook-Kanamori MJ, Selim MME-D, Takiddin AH, Al-Homsi H, Al-Mahmoud KAS, Al-Obaidli A, et al.

Ethnic and gender differences in advanced glycation end products measured by skin auto-fluorescence.

Dermatoendocrinol. 2013; 5: 325–30. https://doi.org/10.4161/derm.26046 PMID: 24194974

16. Koetsier M, Lutgers HL, de Jonge C, Links TP, Smit AJ, Graaff R. Reference Values of Skin Autofluor-

escence. Diabetes Technol Ther. 2010; 12: 399–403. https://doi.org/10.1089/dia.2009.0113 PMID:

20388050

17. Yue X, Hu H, Koetsier M, Graaff R, Han C. Reference values for the Chinese population of skin auto-

fluorescence as a marker of advanced glycation end products accumulated in tissue. Diabet Med.

2011; 28: 818–823. https://doi.org/10.1111/j.1464-5491.2010.03217.x PMID: 21204956

18. Sugisawa E, Miura J, Iwamoto Y, Uchigata Y. Skin autofluorescence reflects integration of past long-

term glycemic control in patients with type 1 diabetes. Diabetes Care. 2013; 36: 2339–2345. https://doi.

org/10.2337/dc12-1077 PMID: 23579177

19. R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria: R Founda-

tion for Statistical Computing;

20. Conway B, Edmundowicz D, Matter N, Maynard J, Orchard T. Skin fluorescence correlates strongly

with coronary artery calcification severity in type 1 diabetes. Diabetes Technol Ther. 2010; 12: 339–

345. https://doi.org/10.1089/dia.2009.0152 PMID: 20388043

21. Jochemsen BM, Mulder DJ, Van Doormaal JJ, Mulder G, Volmer M, Graaff R, et al. Relation between

food and drinking habits, and skin autofluorescence and intima media thickness in subjects at high car-

diovascular risk. J Food Nutr Res. 2009; 48: 51–58.

22. Meerwaldt R, Lutgers HL, Links TP, Graaff R, Baynes JW, Gans ROB, et al. Skin autofluorescence is a

strong predictor of cardiac mortality in diabetes. Diabetes Care. 2007; 30: 107–112. https://doi.org/10.

2337/dc06-1391 PMID: 17192342

23. Vouillarmet J, Maucort-Boulch D, Michon P, Thivolet C. Advanced glycation end products assessed by

skin autofluorescence: a new marker of diabetic foot ulceration. Diabetes Technol Ther. 2013; 15: 601–

5. https://doi.org/10.1089/dia.2013.0009 PMID: 23631605

24. Lutgers HL, Graaff R, De Vries R, Smit AJ, Dullaart RPF. Carotid artery intima media thickness associ-

ates with skin autofluoresence in non-diabetic subjects without clinically manifest cardiovascular dis-

ease. Eur J Clin Invest. 2010; 40: 812–817. https://doi.org/10.1111/j.1365-2362.2010.02329.x PMID:

20597962

25. Eny KM, Orchard TJ, Miller RG, Maynard J, Grant DM, Costacou T, et al. Caffeine Consumption Con-

tributes to Skin Intrinsic Fluorescence in Type 1 Diabetes. Diabetes Technol Ther. 2015; 17: 726–734

9p. https://doi.org/10.1089/dia.2015.0017 PMID: 26192006

26. van Waateringe RP, Slagter SN, van der Klauw MM, van Vliet-Ostaptchouk J V, Graaff R, Paterson AD,

et al. Lifestyle and clinical determinants of skin autofluorescence in a population-based cohort study.

Eur J Clin Invest. 2016; 46: 481–490. https://doi.org/10.1111/eci.12627 PMID: 27002914

27. Nongnuch A, Davenport A. The effect of vegetarian diet on skin autofluorescence measurements in

haemodialysis patients. Br J Nutr. 2015; 113: 1040–1043. https://doi.org/10.1017/S0007114515000379

PMID: 25761438

28. Kessel L, Hougaard JL, Sander B, Kyvik KO, Sørensen TI a, Larsen M. Lens ageing as an indicator of

tissue damage associated with smoking and non-enzymatic glycation—a twin study. Diabetologia.

2002; 45: 1457–62. https://doi.org/10.1007/s00125-002-0925-3 PMID: 12378389

29. Barat P, Cammas B, Lacoste A, Harambat J, Vautier V, Nacka F, et al. Advanced Glycation End Prod-

ucts in Children With Type 1 Diabetes: Family Matters? Diabetes Care. American Diabetes Association;

2011; 35: e1—e1. https://doi.org/10.2337/dc11-1398 PMID: 22187444

Ethnicity and skin autofluorescence-based risk-engines for cardiovascular disease and diabetes mellitus

PLOS ONE | https://doi.org/10.1371/journal.pone.0185175 September 20, 2017 11 / 12

https://doi.org/10.1016/j.jdiacomp.2016.04.024
https://doi.org/10.3164/jcbn.15-132
https://doi.org/10.3164/jcbn.15-132
http://www.ncbi.nlm.nih.gov/pubmed/27013780
https://doi.org/10.1038/srep10198
http://www.ncbi.nlm.nih.gov/pubmed/25974028
https://doi.org/10.1111/dme.12326
http://www.ncbi.nlm.nih.gov/pubmed/24111899
https://doi.org/10.4161/derm.26046
http://www.ncbi.nlm.nih.gov/pubmed/24194974
https://doi.org/10.1089/dia.2009.0113
http://www.ncbi.nlm.nih.gov/pubmed/20388050
https://doi.org/10.1111/j.1464-5491.2010.03217.x
http://www.ncbi.nlm.nih.gov/pubmed/21204956
https://doi.org/10.2337/dc12-1077
https://doi.org/10.2337/dc12-1077
http://www.ncbi.nlm.nih.gov/pubmed/23579177
https://doi.org/10.1089/dia.2009.0152
http://www.ncbi.nlm.nih.gov/pubmed/20388043
https://doi.org/10.2337/dc06-1391
https://doi.org/10.2337/dc06-1391
http://www.ncbi.nlm.nih.gov/pubmed/17192342
https://doi.org/10.1089/dia.2013.0009
http://www.ncbi.nlm.nih.gov/pubmed/23631605
https://doi.org/10.1111/j.1365-2362.2010.02329.x
http://www.ncbi.nlm.nih.gov/pubmed/20597962
https://doi.org/10.1089/dia.2015.0017
http://www.ncbi.nlm.nih.gov/pubmed/26192006
https://doi.org/10.1111/eci.12627
http://www.ncbi.nlm.nih.gov/pubmed/27002914
https://doi.org/10.1017/S0007114515000379
http://www.ncbi.nlm.nih.gov/pubmed/25761438
https://doi.org/10.1007/s00125-002-0925-3
http://www.ncbi.nlm.nih.gov/pubmed/12378389
https://doi.org/10.2337/dc11-1398
http://www.ncbi.nlm.nih.gov/pubmed/22187444
https://doi.org/10.1371/journal.pone.0185175


30. Eny KM, Lutgers HL, Maynard J, Klein BEK, Lee KE, Atzmon G, et al. GWAS identifies an NAT2 acety-

lator status tag single nucleotide polymorphism to be a major locus for skin fluorescence. Diabetologia.

2014; 57: 1623–1634. https://doi.org/10.1007/s00125-014-3286-9 PMID: 24934506

31. Knowles JW, Xie W, Zhang Z, Chennemsetty I, Assimes TL, Paananen J, et al. Identification and valida-

tion of N-acetyltransferase 2 as an insulin sensitivity gene. J Clin Invest. 2015; 125: 1739–1751. https://

doi.org/10.1172/JCI74692 PMID: 25798622
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