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Abstract

Background: The advanced glycation end products (AGEs), which 
can be assessed through skin autofluorescence (SAF), have been 
linked to chronic kidney disease (CKD), diabetes mellitus (DM), and 
aging. However, it is unknown how frailty and SAF levels are associ-
ated with cardiovascular disease (CVD).

Methods: We enrolled 1,000 consecutive CVD patients who par-
ticipated in phase II cardiac rehabilitation (CR) and underwent as-
sessment of SAF between November 2015 and September 2017 at 
Juntendo University Hospital. Of these, 48 patients were excluded as 
duplicate cases, and a deficiency in SAF data led to the exclusion of 
an additional 146 patients. The final analysis included 806 patients.

Results: Seventy percent of patients were male, and the mean age 
was 67.0 ± 12.9 years. In this study, the patients were divided into two 
groups (high SAF group and low SAF group) based on the median SAF 
level (2.9 a.u.), which is known as a cutoff value to increase the risk of 
CVD in previous studies. Compared with the low SAF group (n = 368, 
45.7%), the high SAF group (n = 438; 54.3%) was older, and the Kihon 
Checklist (KCL) total score and prevalence of DM and CKD were sig-
nificantly higher (all, P < 0.05). Multivariate regression analyses dem-
onstrated that age was the only independent associated factor (P < 0.05) 
in the low SAF group. Conversely, in the high SAF group, creatinine, 
hemoglobin A1c (HbA1c) and the sub-total KCL score (1 - 20) were 
independently associated with SAF levels (all, P < 0.05).

Conclusions: Frailty assessed by KCL is one of the factors signifi-

cantly correlated with the accumulation of AGEs as well as creati-
nine, HbA1c and brain natriuretic peptide (BNP) levels in the high 
SAF group of patients with CVD undergoing phase II CR, who have 
the higher risk of the onset of CVD and all-cause mortality.

Keywords: Advanced glycation end products; Cardiac rehabilitation; 
Cardiovascular disease, Frailty

Introduction

Advanced glycation products (AGEs) are harmful compounds 
formed by proteins, lipids, and nucleic acids [1]. Smoking, 
unhealthy diets which make the chemical transformation of 
amine-containing molecules by reducing sugars, and aging 
contribute to the accumulation of AGEs in the body. This accu-
mulation is accelerated by conditions such as hyperglycemia, 
inflammation, and oxidative stress [2, 3].

Traditionally, enzyme-linked immunosorbent assays and 
other methods have been used to measure AGEs for circulating 
and tissue-bound AGEs [4]. It is also known that tissue-bound 
AGEs are more stable than circulating AGEs, which have great-
er physiological variability. In particular, tissue-bound AGEs in 
slow-turnover tissues, such as the epidermis, vascular wall, and 
eyeball, are suitable for AGE measurement because of their high 
accumulation [5]. Although skin is one of the most accessible 
tissues to measure AGEs, it still required invasive, expensive, 
and time-consuming analysis, as the golden standard for per-
forming biopsy and biochemical analysis. However, the clinical 
application of AGEs measurement has recently become feasible 
with the development of a device that measures skin autofluo-
rescence (SAF), a straightforward, noninvasive, and accurate 
method for assessing AGEs accumulation in the skin [6].

Some previous research has demonstrated an association 
between AGEs and aging, diabetes mellitus (DM), and chronic 
kidney disease (CKD) [7]. Moreover, it has been discovered that 
SAF levels predict the risk of the onset of cardiovascular dis-
ease (CVD) and all-cause mortality [8-11]. Because of cumula-
tive losses in several physiological systems, frailty is thought to 
be a biological syndrome characterized by diminished reserve 
and resistance to stressors, making people susceptible to nega-
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tive outcomes, such as poor lifestyle choices, the need for nurs-
ing care, and even death. Apart from medical issues, the term 
“frailty” also refers to mental health and psychological issues, 
including depression and cognitive impairment, as well as social 
issues, such as living alone and financial hardship [12].

As the population ages, the prevalence of CVD and life-
style-related diseases continues to rise [13, 14]. However, 
there is limited research on the relationship between AGEs 
accumulation and physical frailty in patients with CVD. This 
study aims to use SAF levels to assess the association between 
AGEs accumulation and clinical indicators, including frailty 
characteristics, in patients with CVD undergoing cardiac reha-
bilitation (CR).

Materials and Methods

Study population

In this retrospective observational analysis, 1,000 consecutive 
patients with CVD who undergoing phase II CR at Juntendo 
University Hospital in Tokyo, Japan, between November 2015 
and September 2017 were included. CR is a comprehensive 
program for secondary CVD prevention that improves the 
long-term prognosis, and it is covered by insurance for 150 
days from the acute phase (phase I) to the late recovery phase 
(phase II) stage [15]. Patients who had completed early phase 
II CR and stable cardiac states were enrolled in this trial. Of 
these, 48 patients were excluded as duplicate cases, and a 
deficiency in SAF data led to the exclusion of an additional 
146 patients. The final analysis included 806 patients (Fig. 1). 

Before participation, all patients provided written, informed 
consent. The study protocol followed the Declaration of Hel-
sinki and was approved by our institution’s ethics committee 
(CRB3180012). Trial ID jRCTs032180156 was used to regis-
ter this study in the Japan Registry of Clinical Trials (jRCT) 
database.

Data collection and measurements

The patient’s medical records were used to determine age, 
gender, smoking history, comorbidities, and medical history. 
The hemoglobin A1c (HbA1c) level of 6.5 or above or DM 
medication was required to diagnose the disease. The Japanese 
Society of Nephrology defined the estimated glomerular fil-
tration rate (eGFR) for CKD as < 60 mL/min/1.73 m2 [16]. 
Following a nighttime fast (over 9 h), blood samples were ob-
tained early in the morning.

At the beginning of phase II CR, measurements were 
made of body composition, grip strength, and SAF levels 
[17]. A bioelectrical impedance analysis (TANITA, MC-780 
A, Tokyo, Japan) was used to quantify body composition pa-
rameters, including body fat percentage, lean body mass, and 
muscle mass.

SAF

While the individual was seated, SAF levels were measured 
using an AGE Reader (DiagnOptics Technologies B.V., Gro-
ningen, Netherlands) on the upper arm. The AGE Reader is a 
recently developed device that can easily and noninvasively 

Figure 1. Flow diagram for enrolling patients. Phase II CR was performed on 1,000 consecutive patients with CVD. Of these, 48 
patients were excluded as duplicate cases, and an additional 146 patients were not included because of insufficient SAF data. 
The final analysis included 806 patients. CR: cardiac rehabilitation; SAF: skin autofluorescence.
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measure the degree of photoexcited fluorescence, which can 
be used to precisely assess the accumulation of AGEs in the 
skin [7, 18, 19]. SAF levels are known to be described as a 
linear function of age up to age of 70 years [4]. And it is also 
known that CVD risk is significantly increased at SAF lev-
els of 2.9 or higher in any age group [18]. Autofluorescence 
represents the spontaneous emission of the substrate after ab-
sorbing light [7]. Autofluorescence is also observed in many 
redox-regulated fluorophores, including reduced nicotinamide 
adenine dinucleotide (NADH), flavin-adenine dinucleotide, 
and porphyrin [18, 19]. However, approximately 76% of the 
variation in SAF levels can be explained by variations in the 
concentration of pentosidine, the major AGE in the skin [20]. 
Therefore, SAF levels are based on the autofluorescent prop-
erties of some AGEs, including pentosidine [21]. Pentosidine 
has an excitation wavelength of 325 - 335 nm and an emis-
sion wavelength of 375 - 385 nm. Meanwhile, the SAF levels 
were calculated by the AGE Reader as the ratio of the average 
excitation light intensity in the 300 - 420 nm and the average 
light intensity in the 420 - 600 nm wavelength ranges. Thus, 
the AGE Reader measures SAF levels as part of the fluores-
cence spectrum of pentosidine; this depicts the accumulation 
of AGEs between the skin’s dermis and epidermis.

Kihon Checklist (KCL)

The Japanese Ministry of Health, Labor and Welfare created 
the KCL, a questionnaire designed to identify vulnerable el-
derly people needing long-term support or medical attention 
under a long-term healthcare insurance system [22]. The 25 
questions on the KCL are self-administered and cover the fol-
lowing topics: daily living activities (three questions), social 
activities of daily living (four questions), physical function 
(five questions), nutritional status (two questions), oral function 
(three questions), cognitive function (three questions) and de-
pressive mood (five questions). All questions in the KCL com-
prise two yes-or-no questions, each of which is counted with 
a score of 1 or 0. The physical, psychological, functional, and 
social status of older persons without disabilities can be evalu-
ated in many dimensions using this extensive questionnaire. A 
high score in any checklist domain denotes a high likelihood 
of requiring support or care in that area. The Cardiovascular 
Health Study (CHS) frailty index, as reported by Fried et al, is 
a currently used and highly accepted tool for evaluating frailty 
[12]. In previous studies, the KCL has been shown to correlate 
significantly with the CHS frailty index, with a KCL score of 
≥ 8 indicating frailty and 4 - 7 indicating prefrailty [23]. Also, 
subtotal scores of 1 - 20, excluding the mood domain of the 
KCL, are shown to have a high correlation with frailty, indicat-
ing that a subscore of ≥ 6 is considered frailty [24].

Statistical analysis

Welch’s t-test was used for continuous variables, mean ± stand-
ard deviation was used for normally distributed values, median 
(interquartile range) was used for non-normally distributed 

variables, and Chi-squared test was used for categorical data 
to assess group comparison. To investigate the correlation be-
tween the SAF level and additional variables, univariate analy-
sis was employed. Among the factors that were found to be 
significant in this univariate analysis, the stepwise method was 
used in order to explore factors related to the amount of change 
in SAF levels. We performed those analysis for all patients, 
low SAF level group and high SAF level group, respectively. 
When P < 0.05 was reached, the differences were deemed sta-
tistically significant. Statistical analyses were performed using 
JMP version 17.0 (SAS Institute, Cary, NC, USA).

Results

SAF data and baseline attributes

A total of 806 patients were included for the examination. 
There were 570 (70.7%) males, with a mean age of 67.0 ± 12.9 
years (Table 1). The distribution of the SAF levels is displayed 
in Figure 2. The SAF levels were 3.0 ± 0.6 a.u. for the mean 
and 2.9 a.u. for the median (interquartile range: 2.5 - 3.3 a.u.). 
This median level was consistent with the significant threshold 
for increased CVD risk development, as noted above. There-
fore, the patients were divided into the low (< 2.9 a.u., n = 368) 
and the high (≥ 2.9 a.u., n = 438) SAF groups.

Comparing the groups with high and low SAF levels

Table 1 shows the comparison of the clinical parameters be-
tween the two groups. The sex ratio did not significantly differ 
between the two groups. Compared with the low SAF group, 
the high SAF group was significantly older (70.9 ± 10.6 vs. 
62.4 ± 13.7 years old, P < 0.01) and had a significantly higher 
DM prevalence (39.7% vs. 24.2%, P < 0.01), CKD (40.4% vs. 
25.6%, P < 0.01), body fat percentage (23.4 ± 9.0% vs. 21.9 ± 
8.6%, P = 0.03), creatinine (0.9 (0.7 - 1.1)) vs. 0.8 (0.6 - 0.9) 
mg/dL, P < 0.01) , HbA1c (6.1±1.0% vs. 5.9±0.8 %, P < 0.01), 
and brain natriuretic peptide (BNP) (100.1 (42.2 - 286.0) vs. 
71.6 (27.7 - 177.2)) pg/mL, P < 0.01) levels. Furthermore, 
the prescription rate of statins (58.8% vs. 45.8%, P < 0.01), 
oral hypoglycemic agents (21.7% vs. 9.3%, P < 0.01), insulin 
(10.3% vs. 1.6%, P < 0.01), and total score of KCL (6.2 ± 4.3 
vs. 5.5 ± 4.1, P = 0.02) were significantly higher. However, 
in the low SAF group, the quantity of patients suffering from 
aortic disease (5.7% vs. 9.8%, P = 0.03), lean body mass (46.1 
± 9.1 vs. 47.1 ± 10.2 kg, P = 0.04), grip strength (28.1 ± 8.4 vs. 
29.8 ± 9.5 kg, P = 0.03), hemoglobin (12.7 ± 1.9 vs. 13.4 ± 1.9 
g/dL, P < 0.01), albumin level (3.8 ± 0.5 vs. 3.9 ± 0.5 g/dL, P < 
0.01), and eGFR (64.0 ± 28.2 vs. 75.3 ± 23.9 mL/min/1.73m2, 
P < 0.01) were significantly higher.

Correlation between SAF levels and clinical parameters

The correlation between SAF levels and clinical parameters is 
shown in Table 2. Significant correlations were observed be-
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Table 1.  The Comparison of Clinical Characteristics of Patients Between the High and Low SAF Groups

Total (n = 806) Low SAF (n = 368) High SAF (n = 438) P value
Basic characteristics
    Age, years 67.0 ± 12.9 62.4 ± 13.7 70.9 ± 10.6 < 0.01
    Male, n (%) 570 (70.7) 254 (69.0) 316 (72.2) 0.33
    BMI, kg/m2 22.9 ± 3.8 22.7 ± 3.8 23.1 ± 3.7 0.10
    Diabetes mellitus, n (%) 263 (32.6) 89 (24.2) 174 (39.7) < 0.01
    Hypertension, n (%) 505 (62.6) 218 (59.2) 287 (65.5) 0.07
    Dyslipidemia, n (%) 400 (49.6) 172 (46.7) 228 (52.1) 0.13
    Chronic kidney disease, n (%) 271 (33.6) 94 (25.6) 177 (40.4) < 0.01
    Atrial fibrillation, n (%) 141 (17.5) 81 (18.5) 60 (16.3) 0.42
    Cancer, n (%) 104 (12.9) 43 (11.7) 61 (13.9) 0.34
    Current smoking, n (%) 82 (10.2) 38 (10.4) 44 (10.1) 0.05
CVD at beginning of CR
    CHF, n (%) 208 (25.8) 91 (24.7) 117 (26.7) 0.50
    AMI, n (%) 55 (6.8) 24 (6.5) 31 (7.1) 0.75
    AP, n (%) 30 (3.7) 11 (3.0) 19 (4.3) 0.31
    Post open-heart surgery, n (%) 444 (55.1) 204 (55.5) 240 (54.8) 0.86
    Aortic disease, n (%) 61 (7.7) 36 (9.8) 25 (5.7) 0.03
    Peripheral artery disease, n (%) 8 (0.9) 2 (0.5) 6 (1.4) 0.23
Anthropometric data
    Body fat percentage, % 22.7 ± 8.8 21.9 ± 8.6 23.4 ± 9.0 0.03
    Lean body mass, kg 46.6 ± 9.6 47.1 ± 10.2 46.1 ± 9.1 0.13
    Grip strength, kg 28.9 ± 9.0 29.8 ± 9.5 28.1 ± 8.4 0.06
Cardiac function indicator
    LVEF, % 63 (52 - 70) 63 (53 - 70) 63 (52 - 69) 0.56
Laboratory data
    Hemoglobin, g/dL 13.0 ± 1.9 13.4 ± 1.9 12.7 ± 1.9 < 0.01
    Albumin, g/dL 3.9 ± 0.5 3.9 ± 0.5 3.8 ± 0.5 < 0.01
    Creatinine, mg/dL 0.8 (0.7 - 1.0) 0.8 (0.6 - 0.9) 0.9 (0.7 - 1.1) < 0.01
    eGFR, mL/min/1.73m2 69.1 ± 26.9 75.3 ± 23.9 64.0 ± 28.2 < 0.01
    TG, mg/dL 102 (74 - 139) 103 (73 - 145) 100 (76 - 132) 0.32
    HDL-C, mg/dL 49.4 ± 15.5 49.5 ± 15.4 49.3 ± 15.6 0.85
    LDL-C, mg/dL 99.9 ± 30.9 101.7 ± 31.9 98.4 ± 30.1 0.13
    HbA1c, % 6.0 ± 0.9 5.9 ± 0.8 6.1 ± 1.0 < 0.01
    BNP, pg/mL 88.2 (34.1 - 227.7) 71.6 (27.7 - 177.2) 100.1 (42.2 - 286.0) < 0.01
    SAF, a.u. 3.0 ± 0.6 2.4 ± 0.3 3.4 ± 0.5 < 0.01
Medication
    Aspirin, n (%) 645 (80.2) 293 (79.8) 352 (80.6) 0.80
    ACE-I/ARB, n (%) 267 (33.2) 115 (31.3) 152 (34.8) 0.30
    β-blocker, n (%) 579 (72.0) 254 (69.2) 325 (74.4) 0.10
    Calcium antagonist, n (%) 153 (19.0) 63 (17.2) 90 (20.6) 0.22
    Loop diuretics, n (%) 601 (74.8) 277 (75.5) 324 (74.1) 0.66
    Statin, n (%) 425 (52.9) 168 (45.8) 257 (58.8) < 0.01
    Oral hypoglycemic agent, n (%) 129 (16.0) 34 (9.3) 95 (21.7) < 0.01
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tween SAF levels and age, gender, body mass index, level of 
hemoglobin, albumin, creatinine, eGFR, lipid profiles, HbA1c 
and BNP. Furthermore, there were significant differences in 
both total and sub-total KCL score and the prevalence of frailty 
and prefrailty calculated by them. Next, we examined the rela-
tionship between clinical measures and SAF levels in the high 
and low SAF groups. In the high SAF group, SAF levels were 
associated with age, level of hemoglobin, albumin, creatinine, 
eGFR, high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), HbA1c, and BNP. In 
addition, there were significant differences in both total and 

sub-total KCL score and the prevalence of frailty and prefrailty 
calculated by them. In the low SAF group, SAF levels were as-
sociated with age, and level of albumin and eGFR.

Multivariate analysis of SAF levels

In all patients, multiple regression analysis with clinical pa-
rameters correlated with SAF levels showed that age, BMI, 
creatinine, HbA1c and BNP were significantly associated with 
SAF levels (β = 0.54/0.19/0.80/0.45/0.51, all P < 0.05). In the 

Total (n = 806) Low SAF (n = 368) High SAF (n = 438) P value
    Insulin, n (%) 51 (6.3) 6 (1.6) 45 (10.3) < 0.01
Frailty
    Sub-total KCL score (1 - 20) 4.4 ± 3.3 4.2 ± 3.2 4.6 ± 3.3 0.05
        Frailty (1 - 20), n (%) 260 (32.3) 108 (29.3) 152 (34.7) 0.11
    Total KCL score (1 - 25) 5.9 ± 4.2 5.5 ± 4.1 6.2 ± 4.3 0.02
        Frailty (1 - 25), n (%) 260 (32.3) 109 (29.6) 151 (34.5) 0.14
        Prefrailty + frailty (1 - 25), n (%) 525 (65.1) 235 (63.9) 290 (66.2) 0.49

High SAF is defined as SAF levels ≥ 2.9. Frailty (1 - 20) is defined as ≥ 6 points of sub-total score of KCL. Frailty (1 - 25) is defined as ≥ 8 points of 
total score of KCL. Prefrailty (1 - 25) is defined as 4 - 7 points of total score of KCL. Data are shown as n (%), median (interquartile range), or mean 
value ± standard deviation. BMI: body mass index; CVD: cardiovascular disease; CR: cardiac rehabilitation; CHF: chronic heart failure; AMI: acute 
myocardial infarction; AP: angina pectoris; LVEF: left ventricle ejection fraction; eGFR: estimated glomerular filtration rate; TG: triglyceride; HDL-C: 
high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; HbA1c: hemoglobin A1c; BNP: brain natriuretic peptide; SAF: skin 
autofluorescence; ACE-I: angiotensin converting enzyme inhibitor; ARB: angiotensin II receptor blocker; KCL: Kihon Checklist.

Table 1.  The Comparison of Clinical Characteristics of Patients Between the High and Low SAF Groups - (continued)

Figure 2. SAF level distribution. The SAF levels were 3.0 ± 0.6 a.u. for the mean and 2.9 a.u. for the median (interquartile range: 
2.5 - 3.3 a.u.). The Shapiro-Wilk test of normality: P < 0.05. SAF: skin autofluorescence.
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low SAF group, age was the only factor significantly associ-
ated with SAF levels (β = 0.16, P < 0.01). However, in the high 
SAF group, creatinine, HbA1c, BNP (β = 0.56/ 0.35/ 0.48, all 
P < 0.05), and the sub-total score of KCL (β = 0.15, P = 0.01) 
were independently associated with SAF levels (Table 3).

Discussion

The present study assessed SAF levels in patients with CVD 
undergoing phase II CR and examined the relationship be-
tween SAF levels and clinical background characteristics, 
such as frailty. In patients with CVD undergoing CR, espe-
cially in the high SAF group, we found that frailty assessed 
by KCL was significantly correlated with AGEs which were 
measured by SAF levels, HbA1c, renal function, and BNP. 

This is the first report of an association between SAF levels 
measured on the forearm and frailty in patients with CVD un-
dergoing phase II CR. In this study, the median SAF level was 
2.9 a.u. (interquartile range: 2.5 - 3.3 a.u.), which is consistent 
with the boundary value for increased risk of developing CVD 
already shown in previous studies [18]. The present study also 
showed that, in the low SAF group, age was the only factor 
independently associated with SAF levels. It is well recog-
nized that age contributes significantly to the accumulation 
of AGEs in all organs, which increases linearly with age in 
healthy subjects under 70 years of age and is even higher in 
those over 70 [4]. In addition, in the high SAF group, sub-total 
scores of KCL, creatinine, HbA1c and BNP levels were sig-
nificantly independent factors associated with SAF levels. It 
is well established that individuals with diabetes have greater 
SAF levels than healthy individuals. It is known that the ac-

Table 2.  Correlation Between SAF Levels and Clinical Parameters

Total (n = 806) Low SAF (n = 368) High SAF (n = 438)
r P value r P value r P value

Basic characteristics
    Age 0.34 < 0.01 0.21 < 0.01 0.10 0.04
    Male -0.07 0.04 -0.05 0.39 -0.09 0.06
    BMI 0.08 0.02 0.03 0.57 0.08 0.10
Anthropometric data
    Body fat percentage 0.07 0.05 -0.01 0.90 0.03 0.56
    Lean body mass -0.02 0.60 0.03 0.56 -0.04 0.41
    Grip strength -0.10 0.06 0.03 0.66 0.09 0.23
Cardiac function indicator
    LVEF -0.03 0.35 0.03 0.63 -0.06 0.25
Laboratory data
    Hemoglobin -0.21 < 0.01 -0.04 0.49 -0.57 < 0.01
    Albumin -0.20 < 0.01 -0.16 < 0.01 -0.15 < 0.01
    Creatinine 0.32 < 0.01 0.06 0.27 0.36 < 0.01
    eGFR -0.33 < 0.01 -0.12 0.02 -0.34 < 0.01
    TG -0.01 0.74 -0.02 0.76 0.05 0.30
    HDL-C -0.09 0.01 -0.03 0.59 -0.20 < 0.01
    LDL-C -0.09 0.01 < 0.01 0.94 -0.11 0.02
    HbA1c 0.21 < 0.01 0.07 0.17 0.14 < 0.01
    BNP 0.25 < 0.01 0.06 0.23 0.30 < 0.01
Frailty
    Sub-total KCL score (1 - 20) 0.14 < 0.01 0.04 0.41 0.20 < 0.01
        Frailty (1 - 20) 0.12 < 0.01 0.03 0.51 0.17 < 0.01
    Total KCL score (1 - 25) 0.14 < 0.01 0.03 0.54 0.16 < 0.01
        Frailty (1 - 25) 0.10 < 0.01 0.05 0.36 0.12 0.01
        Prefrailty + frailty (1 - 25) 0.07 0.04 0.02 0.67 0.12 0.01

High SAF is defined as SAF levels ≥ 2.9. Frailty (1 - 20) is defined as ≥ 6 points of sub-total score of KCL. Frailty (1 - 25) is defined as ≥ 8 points of 
total score of KCL. Prefrailty (1 - 25) is defined as 4 - 7 points of total score of KCL. BMI: body mass index; LVEF: left ventricle ejection fraction; eGFR: 
estimated glomerular filtration rate; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; HbA1c: 
hemoglobin A1c; BNP: brain natriuretic peptide; KCL: Kihon Checklist.
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cumulation of AGEs is a predictor of the onset and progres-
sion of DM. In previous studies, the SAF levels of DM sub-
jects without complications was 2.56 a.u. (interquartile range: 
2.26 - 2.90 a.u.), whereas the SAF levels of DM subjects with 
microvascular complications, such as microalbuminuria, retin-
opathy, and neuropathy, was 2.79 a.u. (interquartile range: 2.38 
- 3.29 a.u.). Moreover, the SAF levels of DM subjects with 
cardiovascular or cerebrovascular disease were 2.85 a.u. (in-
terquartile range: 2.41 - 3.41 a.u.), and those with both were 
2.96 a.u. (interquartile range: 2.56 - 3.60 a.u.) [25]. Thus, ac-
cording to reports, the accumulation of AGEs in patients with 
DM with complications is significantly higher than in those 
without complications. According to other previous research, 
the buildup of AGEs is significantly correlated with age, renal 
function, and DM [26, 27]. Furthermore, we have demonstrat-
ed in a previous study that accumulation of AGE is substan-
tially linked with age, HbA1c, and renal function in patients 
with CVD undergoing CR [28]. Although no previous studies 
have shown a direct relationship between the accumulation of 
AGEs and BNP levels, it has been reported that pentosidine, a 
representative component of AGEs, was high in patients with 
heart failure, and the degree of elevation correlated with the 
severity of heart failure [29]. In this study, the high SAF group 
had significantly higher BNP levels than those of the low SAF 
group, although there were no significant differences in the 

distribution of CVD at the initiation of CR. Therefore, BNP 
levels, a useful indicator of controlling heart failure, were con-
sidered one of the independent factors associated with SAF 
levels, representing the amount of pentosidine accumulation. 
The binding of AGEs to AGE receptors activates inflammatory 
responses and oxidative stress pathways, including interleukin 
(IL)-6, and this response has also been suggested to increase 
frailty [30, 31]. In addition, we have demonstrated a correla-
tion between exercise tolerance and the accumulation of AGEs 
in patients undergoing CR [28]. These reports may support 
the present association between AGEs and frailty, especially 
the KCL subscore. However, there are some limitations to this 
study. First, this was a cross-sectional, single-center study. 
Therefore, it is difficult to prove causality in this study alone. 
Second, patients with CVD were included in the study under 
phase II CR. Therefore, it is difficult to discuss this study as 
a patient with general CVD. Third, the study is based on the 
accumulation of AGEs obtained by the SAF level on the skin 
surface, which does not measure all AGEs in the body.

Conclusions

Frailty assessed by KCL is one of the factors significantly cor-
related with the accumulation of AGEs, which is increased by 

Table 3.  Multivariate Regression Analysis With Clinical Parameters Correlated SAF Levels in All Patients and the High and Low 
SAF Groups

β P value β P value β P value
Multivariate analysis for all SAF group
    Age 0.54 < 0.01 0.06 < 0.01 0.06 < 0.01
    BMI 0.19 0.01 0.07 0.01 0.07 < 0.01
    Creatinine 0.80 < 0.01 0.12 < 0.01 0.12 < 0.01
    HbA1c 0.45 < 0.01 0.10 < 0.01 0.10 < 0.01
    BNP 0.51 < 0.01 0.17 < 0.01 0.17 < 0.01
    Sub-total KCL score (1 - 20) 0.06 0.29
    Total KCL score (1 - 25) 0.06 0.26
    Adjusted R2 0.24 0.24 0.24
Multivariate analysis for low SAF group
    Age 0.16 < 0.01 0.16 < 0.01 0.16 < 0.01
    Sub-total KCL score (1 - 20) < 0.01 0.97
    Total KCL score (1 - 25) < 0.01 0.95
    Adjusted R2 0.04 0.04 0.04
Multivariate analysis for high SAF group
    Creatinine 0.57 < 0.01 0.56 < 0.01 0.56 < 0.01
    HbA1c 0.36 < 0.01 0.35 < 0.01 0.35 < 0.01
    BNP 0.52 < 0.01 0.48 < 0.01 0.50 < 0.01
    Sub-total KCL score (1 - 20) 0.15 0.01
    Total KCL score (1 - 25) 0.11 0.07
    Adjusted R2 0.18 0.19 0.18

SAF: skin autofluorescence; BMI: body mass index; HbA1c: hemoglobin A1c; BNP: brain natriuretic peptide; KCL: Kihon Checklist.
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oxidative stress and the progression of atherosclerosis, as well 
as creatinine, HbA1c and BNP levels, in the high SAF group 
of patients with CVD undergoing phase II CR, who have the 
higher risk of the onset of CVD and all-cause mortality.
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