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Abstract: We studied the macular pigment ocular density (MPOD) in patients with early age 
macular degeneration (AMD) before and 1 year after nutritional supplementation with lutein and 
docosahexaenoic acid (DHA). Forty-four patients with AMD were randomly divided into two 
groups that received placebo (n = 21) or a nutritional supplement (n = 23, 12 mg of lutein and  
280 mg of DHA daily). Heterochromatic flicker photometry was used to determine the MPOD. 
At baseline, the MPOD in AMD patients with placebo was 0.286 ± 0.017 meanwhile in AMD 
patients with supplementation it was 0.291 ± 0.016. One year later, the mean MPOD had 
increased by 0.059 in the placebo group and by 0.162 in patients receiving lutein and DHA. This 
difference between groups was significant (p < 0.05). Lutein and DHA supplementation is 
effective in increasing the MPOD and may aid in prevention of age related macular degeneration. 
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1. Introduction 

Understanding the pathogenesis of age-related macular degeneration (AMD), the most common 
cause of visual disability in elderly patients in developed countries, is advancing rapidly, but is still 
unclear [1,2]. Epidemiologic reports have suggested that diets rich in vitamins C and E, zinc, lutein, 
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zeaxanthin, and docosahexaenoic acid (DHA) are associated with the greatest reduction in the risk of 
development of early and advanced AMD [3,4]. Higher dietary intake of lutein and zeaxanthin was 
associated independently with a decreased likelihood of having AMD [5] and dietary omega-3  
long-chain polyunsaturated fatty acid intake is associated with a decreased risk of progression from 
bilateral drusen to advanced AMD [6]. Lutein, zeaxanthin and meso-zeaxanthin are xanthophylls 
(carotenoids that contain one or more polar functional groups) that selectively accumulate in the retina 
and are particularly dense in the foveal region, or macula, where they are the main components of the 
macular pigment (MP) [7]. In addition, lutein is the precursor of meso-zeaxanthin, a major component 
of MP [8]. They are known to function as antioxidants [9] and blue-light filters and thereby may 
protect the macular retina and retinal pigment epithelium from light-initiated oxidative damage [10]. 
Oxidative stress is high in the eye because of repeated exposure to light and the high rate of oxidative 
metabolism in the retina. In addition, the LAST [11] and LUNA [12] studies have evaluated the 
beneficial effect of lutein supplementation in patients with AMD. 

DHA is a fatty acid found in the retina, with a high concentration in the rod outer segment [13,14]. 
Because photoreceptor outer segments are constantly being renewed, a constant supply of DHA may 
be required for proper retinal function. Marginal depletion may impair retinal function and influence 
the development of AMD [15]. Moreover, in two prospective follow-up studies it was reported that 
DHA intake was inversely related to the risk of AMD [3,16]. Of note is the observation that 
supplemental DHA increases HDL and HDL subfractions in serum [17–19]. Given that the carotenoids 
transport is made by lipids (HDL) [20,21], DHA supplementation could increase its transport to the 
retina and subsequently cause a MP ocular density (MPOD) increase. Therefore, DHA may, in part, 
decrease risk of AMD via increased transport of lutein into the macula. MPOD has been evaluated as a 
predictor of the retinal response to nutritional intervention with lutein in patients with AMD with the 
hope of retarding visual loss, disease progression, or both [22]. 

Although the formulation in the AREDS, which prevents development of advanced AMD, was 
comprised of vitamins C and E, beta-carotene, and zinc, currents trends in AMD nutritional prevention 
also are based on the use of lutein and long-chain polyunsaturated fatty acids like DHA [23]. 

Few data have been reported on the effect of the combined supplementation in MPOD [15]. 
Johnson et al. reported that although lutein supplementation increases MPOD in nonsmoking elderly 
women without AMD, when lutein and DHA were administered together, the increase in MPOD was 
not significant. This study investigates the influence of lutein and DHA supplementation on MPOD 
and vision performance. 

2. Experimental Section  

2.1. Sample Size and Inclusion Criteria 

For reasons aforementioned, we conducted a small prospective study to determine the basal MPOD 
in 44 patients with early AMD (stage II-III AREDS classification corresponding to small/intermediate 
drusen and large drusen with/without pigment changes). All subjects underwent a screening 
examination that included a medical history and a physical examination. Volunteers with any history 
of lactose intolerance, liver, kidney, or pancreatic disease, anemia, insulin-dependent diabetes, 
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hyperlipoproteinemia or alcoholism were excluded from the study. Other exclusion criteria included 
current use of antihistamine drugs, steroids or nonsteroidal anti-inflammatory drugs and use of any 
nutrient supplement for previous 2 months or carotenoid supplements for the previous 6 months. The 
present project has been performed following the Declaration of Helsinki, was approved by the Ethics 
Committee of the Clinica Universidad de Navarra and all participants received and signed an informed 
consent for the study. Randomization was done by coin toss by the same ophthalmologist who enrolled 
them in the study.  

2.2. Nutritional Supplementation 

The patients with AMD were distributed randomly in two groups; one group (placebo group) were 
asked to take two placebo tablets daily for one year (n = 21), and the other group (intervention group) 
were asked to take two tablets daily of a supplemental complex with lutein and DHA (n = 23). The two 
intervention tablets contained a total daily dosage of 12 mg of lutein, 0.6 mg of zeaxanthin, and 280 
mg of DHA. The placebo (containing sugar) and intervention tablets presented with the same look, 
smell, taste, packaging, and were manufactured by the same laboratory (Laboratorios Thea, Barcelona, 
Spain). Patients as well as ophthalmologists were blinded as to which group were taking the placebo 
tablets and which group were taking the intervention tablets until the end of the study. 

2.3. Macular Pigment Ocular Density (MPOD) Measurement 

The instrument used was the Eye Maculometer® (modified version: [24], School of Biosciences, 
University of Westminster, London, UK) to provide central fixation for both the foveal and parafoveal 
condition. This device is based on Heterochromatic Flicker Photometry (HFP) and uses Light Emitting 
Diodes (LED) as the near monochromatic light source, similarly to other published studies for the 
assessment of MPOD [22,24–27]. The Eye Maculometer® described in 1998 had only one test field 
and required eccentric fixation for the parafoveal measurement. This field was imaged on the fovea by 
direct fixation by the subject or on a patch of retina 5 degrees from the fovea by getting the subject to 
fixate on a small red light placed to one side of the single test field. Many subjects found this eccentric 
fixation was not easy to maintain. Consequently, the Eye Maculometer® was modified to provide 
central fixation for both the foveal and parafoveal condition. This improved device was the used in our 
study [24].  

2.4. Visual Parameters 

Visual function was tested before and after supplementation by measuring the best-corrected visual 
acuity with the ETDRS chart (Vectorvision, Greenville, Ohio, USA), and by contrast sensitivity with 
Pelli-Robson charts (Clement Clarke International, Edinburgh Way, Harlow, Essex, UK). Macular 
thickness was measured by Stratus optical coherence tomography (Carl Zeiss Meditec,  
Jena, Germany). 
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2.5. Statistical Analysis 

Values are reported as the mean ± standard error of the mean (SEM). Statistical significance was 
evaluated by T student or U Mann-Whitney tests to analyze the differences between the placebo group 
and the nutritional supplementation group. Statistical significance was accepted at the 95% confidence 
level (p < 0.05) and analysis was performed by using the computer program SPSS (version 15.0, SPSS 
Inc. Chicago, USA). 

3. Results  

3.1. Participant Characteristics 

Of 69 participants screened for this study, 44 were AMD patients that were assigned randomly to 
receive treatment or placebo. Of the 44 participants, 26 (59.0%) were women and 18 (41.0%) were 
men. Mean age ± Standard Error of Mean (S.E.M.) was 67.8 ± 9.2 years for AMD patients with 
placebo and 69.2 ± 7.8 years for AMD patients with supplementation. Mean body mass index ± S.E.M. 
was 24.8 ± 1.4 kg/m2 for placebo group and 25.2 ± 1.5 kg/m2 for supplementation group. There were 
not statistical differences between both groups in any of these demographic parameters (Table 1). 

3.2. Macular Pigment Optical Density (MPOD) 

The baseline MPOD in the intervention group was (0.291 ± 0.016 unit) and was not statistically 
different from that of the placebo group (0.286 ± 0.017 unit) (p > 0.05, Table 1 and Figure 1A). 
Additionally, there was no significant difference between MPOD in the AREDS categories 2 and 3  
(p > 0.05, Figure 1B). 

Table 1. General Parameters and basal macular pigment ocular density (MPOD) in age 
macular degeneration (AMD) patients with placebo and supplementation with lutein and 
docosahexaenoic acid (DHA). 

 
Placebo group 

(n = 21) 
Intervention group  

(n = 23) 
Men/women 8/13 10/13 
Age (years) 67.8 (9.2) 69.2 (7.8) 
BMI (kg/m2) 24.8 (1.4) 25.2 (1.5) 

MPOD a 0.286 (0.017) 0.291 (0.016) 
BMI = body mass index. Age, BMI, and MPOD measurements are expressed as the mean ± S.E.M.  
a p < 0.01. 
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Figure 1. (A) MPOD in AMD patients with placebo and AMD patients with 
supplementation. (B) MPOD separately for the Age Related Eye Disease study (AREDS) 
categories 2 and 3. Data are presented as means ± S.E.M.  

 
 
When we compared the MPOD values in patients with AMD after 1 year of follow-up, we found a 

significant increase in the supplementation group (0.453 ± 0.028 unit) compared to the placebo group 
(0.345 ± 0.026 unit) (p < 0.01, Table 2 and Figure 2A). Moreover, total MPOD increased very 
significantly after nutritional supplementation for 1 year (p < 0.01; Figure 2B). However, the VA, 
contrast sensitivity, and macular thickness did not change after 1 year of supplementation (Table 2). In 
addition, the increase (0.059 units) in MPOD in the group taking placebo after 1 year compared to 
baseline was not statistically significant. When we evaluated the non-responders to supplementation, 
i.e., patients with less than a 5% increase in the total MPOD, four of 23 were non-responders among 
the patients with AMD who received nutritional supplement (17.4%). 

Table 2. Ophthalmic parameters in patients with early AMD who received placebo or 
supplementation with lutein and DHA.  

Parameters Period 
Placebo Group 

(n = 21) 
Intervention Group 

(n = 23) 
P Value 

MPOD 
Baseline 0.286 (0.017) 0.291 (0.016)  

1 year after 0.345 (0.026) 0.453 (0.028) p < 0.01 

ETDRS (letters) 
Baseline 78.3 (6.2) 76.4 (8.7)  

1 year after 75.9 (5.8) 74.3 (9.2) ns 
Contrast sensitivity  

score (letters) 
Baseline 26 (5) 25(5)  

1 year after 26 (6) 26 (5) ns 
OCT macular 

thickness (μm) 
Baseline 246 (20.7) 248 (32.5)  

1 year after 249 (29.8) 246 (43.2) ns 
BCVA = best-corrected visual acuity; OCT = optical coherence tomography. All values are expressed as the 
mean (± S.E.M.). The Best Corrected Visual Acuity tested with the Early Treatment Diabetic Retinopathy 
Study charts and contrast sensitivity are expressed in number of letters (ETDRS). p < 0.01. 
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Figure 2. (A) MPOD in AMD placebo group and AMD supplemented group at time 0 
(basal) and one year after treatment. (B) The MPOD change (1year–0 month) in AMD 
placebo group and AMD supplemented group. Data are presented as means ± S.E.M.  
** p < 0.01. 

 

4. Discussion 

This study investigates the influence of lutein and DHA supplementation on MPOD and vision 
performance. We found a significant increase in the MPOD levels in patients with AMD treated  
for 1 year with nutritional supplementation compared with the patients with AMD who received 
placebo, indicating that supplemental pills with lutein and DHA can significantly improve MP and 
increase retinal antioxidant protection in patients with this retinal disease. These results also agree with 
other similar studies and reaffirmed the hypothesis that the lutein and zeaxanthin macular 
concentrations constitute a modifiable nutritional risk factor [28]. However, visual function did not 
improve after supplementation, a result also reported previously [29]. Of note is that the increase in 
MPOD in the group taking placebo was not statistically significant. Our hypothesis is that those 
patients suffered the “placebo effect” and their behavior on dietetics could have changed. Probably, 
they were more motivated and took better care of themselves.  

Our results differed from those of Johnson et al. [15] who found that the MPOD did not differ 
significantly when lutein and DHA were administered together. However, there are several differences 
between both populations that may explain that difference. Firstly, the population in the study of 
Johnson et al. was comprised of only women, and the current study included both genders. Secondly 
and probably more important, the population in the study of Johnson were patients without AMD and 
our supplementation was given to patients with AMD, who may have a better response to that 
supplementation, because those individuals with the lowest MPOD values were in the greatest need of 
supplementation and the most likely to benefit [15].  

Additionally, the percentages of non-responders to lutein and DHA supplementation in our study 
were even lower than those observed by other authors in AMD patients (17.4% and 21.4%) [15]. In 
contrast, several recent studies in normal subjects [25] and healthy subjects with atypical spatial profile 
of MP (lack of a typical central peak) [27] showed a low rate of non-responders (<5%) because of the 
rapid increase in MP by the meso-zeaxanthin supplementation. They suggested that family history of 
AMD and smoking cigarettes may inhibit meso-zeaxanthin generation from lutein at the  
macula [25,27]. This hypothesis could explain the high rate of non-responder in our older AMD 
population supplemented with lutein given that it is well documented that atypical spatial profiles are 
more common in older subjects like AMD patients [26]. Moreover, it is possible that the  
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non-responders in supplementation studies are individuals who lack the ability to convert lutein into 
meso-zeaxanthin. However, recent data has shown that when meso-zeaxanthin is provided in a 
supplement, it has a rapid and dramatic effect on serum carotenoid levels [27,30]. Thus, in our  
non-responders meso-zeaxanthin supplementation could be more effective than lutein.  

Our device is based on the subjective HFP method, however several limitation need to be taken into 
account. For example: The inability to customise the flicker and the fact that this works in an 
independent mode as opposed to the yoked mode. However, we have found similar results than other 
authors using objective techniques [28]. Moreover, another limitation was the small sample size and 
the use of a subjective technique such as HFP. Therefore, the results obtained herein should be 
interpreted with full appreciation of their sample size and the device. This fact could result in a 
likelihood of chance findings in either direction. Thus, it would be necessary to complete the study 
with more information with respect to diet, smoking, exercise, plasma lutein levels, etc. 

5. Conclusions  

In conclusion, the daily intake of a nutritional complex containing 12 mg of lutein, 0.6 mg of 
zeaxanthin, and 280 mg of DHA had a beneficial effect on the MPOD levels in patients with AMD. 
However further clinical trials like AREDS 2 [31] are required to investigate the optimum dosage 
levels of all vitamins, micronutrients, and carotenoids that will protect the retina against degenerative 
diseases such as AMD. 

Acknowledgements 

Authors want to thank to all patients that collaborated in the present project. Funding: “The present 
work was partially funded by a Thea Laboratoires’ Grant and partially supported by RETICS 
(RD07/0062) from ISCIII, Ministerio de Ciencia e Innovación, Spain”. 

Conflict of Interest 

The authors declare no conflict of interest.  

References  

1. Klaver, C.C.; Wolfs, R.C.; Vingerling, J.R.; Hofman, A.; de Jong, P.T. Age-specific prevalence 
and causes of blindness and visual impairment in an older population: The Rotterdam Study. Arch. 
Ophthalmol. 1998, 116, 653–658. 

2. Klein, R.; Wang, Q.; Klein, B.E.; Moss, S.E.; Meuer, S.M. The relationship of age-related 
maculopathy, cataract, and glaucoma to visual acuity. Invest. Ophthalmol. Vis. Sci. 1995, 36,  
182–191. 

3. Cho, E.; Hung, S.; Willett, W.C.; Spiegelman, D.; Rimm, E.B.; Seddon, J.M.; Colditz, G.A.; 
Hankinson, S.E. Prospective study of dietary fat and the risk of age-related macular degeneration. 
Am. J. Clin. Nutr. 2001, 73, 209–218. 

4. Landrum, J.T.; Bone, R.A. Lutein, zeaxanthin, and the macular pigment. Arch. Biochem. Biophys. 
2001, 385, 28–40. 



Nutrients 2012, 4 550 
 

 

5. SanGiovanni, J.P.; Chew, E.Y.; Clemons, T.E.; Ferris, F.L., 3rd; Gensler, G.; Lindblad, A.S.; 
Milton, R.C.; Seddon, J.M.; Sperduto, R.D. The relationship of dietary carotenoid and vitamin A, 
E, and C intake with age-related macular degeneration in a case-control study: AREDS Report No. 
22. Arch. Ophthalmol. 2007, 125, 1225–1232. 

6. SanGiovanni, J.P.; Chew, E.Y.; Agron, E.; Clemons, T.E.; Ferris, F.L., 3rd; Gensler, G.;  
Lindblad, A.S.; Milton, R.C.; Seddon, J.M.; Klein, R.; et al. The relationship of dietary omega-3 
long-chain polyunsaturated fatty acid intake with incident age-related macular degeneration: 
AREDS report no. 23. Arch. Ophthalmol. 2008, 126, 1274–1279. 

7. Snodderly, D.M. Evidence for protection against age-related macular degeneration by carotenoids 
and antioxidant vitamins. Am. J. Clin. Nutr. 1995, 62, 1448S–1461S. 

8. Johnson, E.J.; Neuringer, M.; Russell, R.M.; Schalch, W.; Snodderly, D.M. Nutritional 
manipulation of primate retinas, III: Effects of lutein or zeaxanthin supplementation on adipose 
tissue and retina of xanthophyll-free monkeys. Invest. Ophthalmol. Vis. Sci. 2005, 46, 692–702. 

9. Schalch, W. Carotenoids in the retina—a review of their possible role in preventing or limiting 
damage caused by light and oxygen. EXS 1992, 62, 280–298. 

10. Hammond, B.R., Jr.; Wooten, B.R.; Snodderly, D.M. Preservation of visual sensitivity of older 
subjects: association with macular pigment density. Invest. Ophthalmol. Vis. Sci. 1998, 39,  
397–406. 

11. Richer, S.; Stiles, W.; Statkute, L.; Pulido, J.; Frankowski, J.; Rudy, D.; Pei, K.; Tsipursky, M.; 
Nyland, J. Double-masked, placebo-controlled, randomized trial of lutein and antioxidant 
supplementation in the intervention of atrophic age-related macular degeneration: The Veterans 
LAST study (Lutein Antioxidant Supplementation Trial). Optometry 2004, 75, 216–230. 

12. Trieschmann, M.; Beatty, S.; Nolan, J.M.; Hense, H.W.; Heimes, B.; Austermann, U.; Fobker, M.; 
Pauleikhoff, D. Changes in macular pigment optical density and serum concentrations of its 
constituent carotenoids following supplemental lutein and zeaxanthin: The LUNA study. Exp. Eye 
Res. 2007, 84, 718–728. 

13. Bazan, N.G.; Reddy, T.S.; Bazan, H.E.; Birkle, D.L. Metabolism of arachidonic and 
docosahexaenoic acids in the retina. Prog. Lipid Res. 1986, 25, 595–606. 

14. Fliesler, S.J.; Anderson, R.E. Chemistry and metabolism of lipids in the vertebrate retina. Prog. 
Lipid Res. 1983, 22, 79–131. 

15. Johnson, E.J.; Chung, H.Y.; Caldarella, S.M.; Snodderly, D.M. The influence of supplemental 
lutein and docosahexaenoic acid on serum, lipoproteins, and macular pigmentation. Am. J. Clin. 
Nutr. 2008, 87, 1521–1529. 

16. Seddon, J.M.; Cote, J.; Rosner, B. Progression of age-related macular degeneration: association 
with dietary fat, transunsaturated fat, nuts, and fish intake. Arch. Ophthalmol. 2003, 121,  
1728–1737. 

17. Foulon, T.; Richard, M.J.; Payen, N.; Bourrain, J.L.; Beani, J.C.; Laporte, F.; Hadjian, A. Effects 
of fish oil fatty acids on plasma lipids and lipoproteins and oxidant-antioxidant imbalance in 
healthy subjects. Scand. J. Clin. Lab. Invest. 1999, 59, 239–248. 

18. Nelson, G.J.; Schmidt, P.C.; Bartolini, G.L.; Kelley, D.S.; Kyle, D. The effect of dietary 
docosahexaenoic acid on plasma lipoproteins and tissue fatty acid composition in humans. Lipids 
1997, 32, 1137–1146. 



Nutrients 2012, 4 551 
 

 

19. Thomas, T.R.; Smith, B.K.; Donahue, O.M.; Altena, T.S.; James-Kracke, M.; Sun, G.Y. Effects 
of omega-3 fatty acid supplementation and exercise on low-density lipoprotein and high-density 
lipoprotein subfractions. Metabolism 2004, 53, 749–754. 

20. Cardinault, N.; Abalain, J.H.; Sairafi, B.; Coudray, C.; Grolier, P.; Rambeau, M.; Carre, J.L.; 
Mazur, A.; Rock, E. Lycopene but not lutein nor zeaxanthin decreases in serum and lipoproteins 
in age-related macular degeneration patients. Clin. Chim. Acta 2005, 357, 34–42. 

21. Parker, R.S. Absorption, metabolism, and transport of carotenoids. FASEB J. 1996, 10, 542–551. 
22. Stringham, J.M.; Hammond, B.R.; Nolan, J.M.; Wooten, B.R.; Mammen, A.; Smollon, W.; 

Snodderly, D.M. The utility of using customized heterochromatic flicker photometry (cHFP) to 
measure macular pigment in patients with age-related macular degeneration. Exp. Eye Res. 2008, 
87, 445–453. 

23. Coleman, H.; Chew, E. Nutritional supplementation in age-related macular degeneration. Curr. 
Opin. Ophthalmol. 2007, 18, 220–223. 

24. Mellerio, J.; Ahmadi-Lari, S.; van Kuijk, F.; Pauleikhoff, D.; Bird, A.; Marshall, J. A portable 
instrument for measuring macular pigment with central fixation. Curr. Eye Res. 2002, 25, 37–47. 

25. Connolly, E.E.; Beatty, S.; Loughman, J.; Howard, A.N.; Louw, M.S.; Nolan, J.M. 
Supplementation with all three macular carotenoids: response, stability, and safety. Invest. 
Ophthalmol. Vis. Sci. 2011, 52, 9207–9217. 

26. Kirby, M.L.; Beatty, S.; Loane, E.; Akkali, M.C.; Connolly, E.E.; Stack, J.; Nolan, J.M. A central 
dip in the macular pigment spatial profile is associated with age and smoking. Invest. Ophthalmol. 
Vis. Sci. 2010, 51, 6722–6728. 

27. Nolan, J.M.; Akkali, M.C.; Loughman, J.; Howard, A.N.; Beatty, S. Macular carotenoid 
supplementation in subjects with atypical spatial profiles of macular pigment. Exp. Eye Res. 2012, 
101, 9–15. 

28. Kaya, S.; Weigert, G.; Pemp, B.; Sacu, S.; Werkmeister, R.M.; Dragostinoff, N.; Garhofer, G.; 
Schmidt-Erfurth, U.; Schmetterer, L. Comparison of macular pigment in patients with age-related 
macular degeneration and healthy control subjects—a study using spectral fundus reflectance. 
Acta Ophthalmol. 2012, 90, e399–e403. 

29. Bartlett, H.E.; Eperjesi, F. Effect of lutein and antioxidant dietary supplementation on contrast 
sensitivity in age-related macular disease: A randomized controlled trial. Eur J. Clin. Nutr. 2007, 
61, 1121–1127. 

30. Meagher, K.A.; Thurnham, D.I.; Beatty, S.; Howard, A.N.; Connolly, E.; Cummins, W.; Nolan, 
J.M. Serum response to supplemental macular carotenoids in subjects with and without age-
related macular degeneration. Br. J. Nutr. 2012, 5, 1–12. 

31. Age-Related Eye Disease Study 2. Available online: http://www.areds2.org/ (accessed on 6 
February 2013). 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 


