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Abstract 

PURPOSE: Food intakes against advanced glycation end products (AGEs), which is involved in 
aging and related pathologies, remain explored. The current study was aimed to investigate the 
relationship between some food intakes and skin AGEs in a general elderly population. 
METHODS: In 39 subjects (19 men/20 women, mean age 76.6 years), a questionnaire on intakes 
of foods, including mushrooms, was self-reported. Their AGEs were measured in the skin of upper 
arm by an AGE ReaderTM employing a method of autofluorescence (AF). 
RESULTS: The mean skin AF value was 2.1 AU and the mean mushroom intake was 15.7 g per 
day. The mushroom intake was significantly and inversely correlated with skin AF (correlation 
coefficient = -0.42, P < 0.05). 
CONCLUSIONS: The inverse correlation between the mushroom intake and skin AF in this 
population may imply the mushroom intake to be lowering AGEs. This is preliminary; thus, future 
research is warranted. 
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Introduction 
Advanced glycation end products (AGEs), 

formed via the Maillard reaction during aging process 
and related diseases [1], have been implicated in 
several pathologies such as metabolic and 
cardiovascular disorders [2,3]. As foods contain 
AGEs, food intake is one of the factors influencing the 
formation of AGEs [4,5]. Indeed, foods which contain 
some nutrients such as polyphenols [6], vitamin D 
[5,7] and vitamin B6 [8] can reduce the AGEs. 

While assessment on the in vivo levels of AGEs is 
also an issue to study the relationship between food 
intake and AGEs, a simple method to measure the 
AGEs in the skin by autofluorescence has been 
recently used [9-15]. The use of skin AGEs is thought 
to have merits as an index reflective to their long-term 
accumulation [9]. Elderly people can be a population 
suitable for assessing a long-term accumulation of 
AGEs. Thus, the current study was aimed to 
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investigate preliminarily the relationship between 
some food intakes and skin AGEs in a general elderly 
population. 

Methods 
Thirty-nine subjects (19 men/20 women, mean 

age 76.6 ± 4.8 [standard deviation] years) were 
recruited from a community (the Yurin area in Kyoto 
City, Japan). Subjects who were ≥ 65 years of age and 
in self-reportedly good physical situation were 
included and those with overt cardio- and 
cerebro-vascular diseases were excluded. The study 
protocol was approved by Doshisha University (No. 
0832, 14089) and all subjects gave informed consent. 

The body mass index (BMI) was calculated by 
height and body weight (BS-221; DRETEC Co., Ltd., 
Saitama, Japan). The skin AGEs were assessed with a 
level of autofluorescence (AF) measured by an AGE 
ReaderTM (DiagnOptics, Groningen, the Netherlands) 
[15]. The measurements were conducted three times 
at the site of 10 cm above the elbow inside of the 
upper arm and the mean value was used for the 
study. The coefficient variation of skin AF is 2.7% [15]. 
Subjects with hypertension, hyperlipidemia and 
diabetes mellitus were identified in cases of 
self-reported medication for these diseases. The intake 
(per day) of food was self-reported by each subject 
using the brief-type diet history questionnaire [16]. 
The questionnaire included the following: cereals 
(rice, noodles, bread), potatoes, sugar, confectioneries, 
fruits, fruit juice, vegetables (green/yellow, 
hypochromic), seaweeds, mushrooms, fish/shellfish, 
meat, eggs, soybeans, milk/dairy products, and 
alcoholic beverages. 

The correlation coefficients between food intakes 
and skin AF were analyzed by Pearson or Spearman 
correlation tests with an unadjusted model and the 
model adjusted for age, gender and BMI. The 
between-group difference in skin AF was analyzed by 
t-test. All statistical analyses were conducted using 
the SPSS program (IBM SPSS 20.0, Tokyo, Japan). A P 
value < 0.05 was considered significance. 

Results 
Clinical characteristics of all subjects and their 

correlations with skin AF are shown in Table 1. The 
mean value of skin AF was 2.1 AU. The subject age 
was significantly and positively correlated with the 
skin AF, while there were no significant correlations 
between the other parameters and skin AF. 

Clinical values of food intakes and their 
correlations with skin AF are shown in Table 2. The 
mean of mushroom intake was 15.7 g per day. The 
mushroom intake was significantly and inversely 

correlated with the skin AF. This correlation remained 
to be maintained after adjusting for age, gender and 
BMI. When we divided all subjects into the two 
subgroup, by the mean of 15.7 g, the subgroup with ≥ 
15.7 g showed a significant lower skin AGE value (n = 
17, value [standard deviation] = 1.92 [0.34]) than the 
subgroup with < 15.7 g (n = 22, 2.18 [0.28]; P = 0.01). 
No significant correlations were observed between 
the other food intakes and skin AF. 

 

Table 1. Clinical characteristics of all subjects and their 
correlations with skin autofluorescence. 

Parameters  Values Correlation coefficient 
(P) 

Age (years) 76.6 (4.8) 0.38 (0.02)* 
Gender (female %) 20 (51.3%) -0.30 (0.06) 
Body mass index (kg/m2) 22.8 (2.8) -0.01 (0.95) 
Hypertension 19 (48.7%) -0.11 (0.61) 
Hyperlipidemia 10 (28.2%) -0.08 (0.61) 
Diabetic mellitus 5 (12.8%) -0.02 (0.92) 
Skin autofluorescence (AU) 2.1 (0.3)  - 
Values: mean (standard deviation) or number (%). *P: < 0.05 (significance). 

 
 

Table 2. Correlation coefficient between food intakes and skin 
autofluorescence 

Food groups (g/day) Values Unadjusted (P) Adjusted (P) 
Cereals 412.0 (165.0) 0.08 (0.63) -0.25 (0.14) 
 Rice 268.9 (120.4) -0.03 (0.86) -0.25 (0.15) 
 Noodles 82.4 (58.2) 0.06 (0.70) -0.12 (0.47) 
 Bread 60.7 (37.6) 0.23 (0.17) -0.09 (0.59) 
Potatoes 58.3 (50.6) -0.17 (0.30) -0.24 (0.16) 
Sugar 7.3 (5.0) -0.13 (0.43) -0.17 (0.33) 
Confectioneries 81.3 (63.1) 0.10 (0.56) 0.15 (0.40) 
Fruits 180.6 (100.6) -0.02 (0.91) -0.10 (0.55) 
Fruit Juice 55.3 (79.5) 0.18 (0.29) 0.22 (0.21) 
Vegetables 342.2 (153.3) -0.02 (0.89) -0.09 (0.60) 
Green/yellow 
vegetables  

137.3 (75.5) 0.09 (0.60) -0.14 (0.43) 

Hypochromic 
vegetables 

204.9 (90.4) -0.14 (0.41) -0.12 (0.49) 

Seaweeds 15.5 (14.6) -0.16 (0.34) -0.13 (0.44) 
Mushrooms 15.7 (11.1) -0.42 (< 0.01)* -0.48 (< 0.01)* 
Fish/Shellfish  133.8 (70.8) -0.24 (0.15) -0.20 (0.24) 
Meat 75.9 (33.5) 0.03 (0.84) -0.09 (0.62) 
Eggs  44.4 (29.4) 0.13 (0.43) -0.01 (0.95) 
Soybeans 84.0 (57.7) -0.05 (0.78) -0.15 (0.38) 
Milk/dairy products 169.7 (116.8) 0.54 (< 0.01)* 0.14 (0.40) 
Alcoholic beverages 14.8 (27.3) 0.13 (0.45) 0.00 (1.00) 
Values: mean (standard deviation). *P: < 0.05 (significance). 
Unadjusted: an unadjusted model, Adjusted: an age-, gender- and body mass 
index-adjusted model. 
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Concerning the correlations between the 
mushroom intake and the other food intakes, 
mushroom intake was significantly correlated with 
hypochromic vegetables (correlation coefficient = 
0.51, P < 0.01), potatoes (correlation coefficient = 0.44, 
P < 0.01), fruits (correlation coefficient = 0.33, P = 0.04) 
and seaweeds (correlation coefficient = 0.36, P = 0.03). 
The significant inverse correlation between the 
mushroom intake and skin AF remained to be 
maintained after adjusting for the respective food 
intakes (data not shown). 

 The energy intake, protein intake, fat intake, and 
carbohydrate intake rates were not significantly 
correlated with the skin AF even after being adjusted 
for age, gender, and BMI (data not shown). 

Discussion 
 There was an inverse correlation between the 

mushroom intake and skin AF in the 
community-dwelling elderly subjects. Given the 
involvement of AGEs in several pathologies is well 
documented [2,3] and foods which suppress excess 
AGEs [5-7] have been explored, the addition of 
mushrooms to the candidate for lowering AGEs 
appears to be of note. That is, the current study 
findings may stimulate further investigation to 
prevent the accumulation of AGE in the aging 
population, although we must acknowledge that this 
is based on preliminary data in a small study. 

Vitamin D exhibits anti-glycation/anti- 
oxidation, which suppresses the Maillard reaction, 
and increases soluble receptors for AGEs, which act as 
decoys for binding to AGEs and lead to a reduction of 
AGEs [17,18], Mushrooms are generally vitamin 
D-enrich and in fact, a possibility of mushrooms 
correlated inversely to AGEs has been implied [3,6,8]. 
Ergothioneine also exhibits anti-oxidation [19] and 
mushrooms are known to be a rare source of 
ergothioneine. The suppressive effects of selenium, 
fiber and minerals on AGEs are considered [19]. As 
the volume of selenium, fiber and minerals in 
mushrooms is said to be equal to or more than the 
volume in vegetables [20], the components may partly 
influence the AGEs. The current study did not 
measure these factors; thus, further research for 
mechanistic explanation is necessary. 

The current study is associated with several 
limitations. The sample size was small. The study was 
cross-sectional not fully to define the causality. The 
data of diets were self-reported. Only a single method 
to measure AGEs was used. The other methods such 
as biochemical indices of blood AGEs could be added 
to the skin AF measurement. These must be address 
in the future work. 

Collectively, the current study found an inverse 
correlation between the mushroom intake and skin 
AF in the community-dwelling elderly subjects. While 
the mushroom intake for lowering AGEs is suggested, 
future research is needed to validate second 
population and intervention study. 
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