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Abstract Advanced glycation endproducts (AGEs) are
the products of non-enzymatic glycation and oxidation of
proteins and lipids. Low-turnover tissues such as articular
cartilage seem to be susceptible to the accumulation of
AGEs, which might lead to cartilage degradation. Recently,
a non-invasive method for measuring skin AGE accumula-
tion was developed by using the AutoXuorescence Reader
(AFR). To examine the usefulness of measuring skin AGE
in patients with bone and joint diseases, we examined auto-
Xuorescence (AF) levels in skin of patients with osteoar-
thritis (OA), rheumatoid arthritis (RA), and dialysis-related
spondyloarthropathy (DRSA). Ninety-three patients with
RA, 24 patients with OA, and 29 patients with DRSA were
examined, and 43 healthy volunteers were used as controls.
Skin AF was assessed on the lower arm with the AGE-
Reader. Mean AF was signiWcantly higher in the patients
with RA (median 2.13 and range 1.25-2.94) or with DRSA
(median 2.21 and range 1.29–3.88) than in the patients with
OA (median 1.63 and range 1.07–2.31) or in the controls
(median 1.74 and range 1.10–2.46). There was no signiW-
cant diVerence between OA and the controls, or between
RA and DRSA. These Wndings suggest that diVerences of
AGE accumulation in the skin might reXect the diVerent
pathologies of these diseases.
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Introduction

Non-enzymatic glycation of proteins results in the forma-
tion of advanced glycation endproducts (AGEs), which
have been shown to play a role in the pathogenesis of sev-
eral diseases, such as diabetes mellitus, renal failure, and
arteriosclerosis [1]. AGEs accumulated in bone, cartilage,
synovia, or ligaments also induce various deleterious eVects
on musculoskeletal functions [2–4]. Spondyloarthropathy is
a serious complication for long-term hemodialysis patients,
and deposition of AGE �2-microglobulin (�2M) was found
in the ligamentum Xavum or vertebral bone of such patients
[5, 6]. Pentosidine, a sensitive marker for AGEs, is present
in serum, synovial Xuid, and articular cartilage from
patients with osteoarthritis (OA) and rheumatoid arthritis
(RA) [7–9]. The accumulation of AGEs in articular carti-
lage aVects chondrocyte metabolism and might lead to car-
tilage degradation [4, 10]. Clinically, OA and RA as well as
destructive spondyloarthropathy (DSA) Wnally cause bone
and joint destruction; however, little is known about how to
protect against them.

Recently, a non-invasive method for measuring skin
AGE accumulation was developed by using the AutoXuo-
rescence Reader (AFR). It has been reported that skin levels
of AGEs obtained by biopsy correlated with those mea-
sured using the AFR [11], suggesting that autoXuorescence
(AF) of the skin might reXects the AGE levels in various
tissues, including bone and cartilage. To examine the use-
fulness of measuring skin AGEs in patients with bone and
joint diseases, we measured AF levels in the skin of
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patients with OA, RA, and dialysis-related spondyloarthr-
opathy (DRSA).

Patients and methods

Patients

Ninety-three patients with RA (mean age 61 and range 22–
83 years) fulWlling the 1987 ACR criteria [12], 24 patients
with OA of 11 hips or of 13 knees (mean age 69 and range
47–87 years), and 29 patients with DRSA (mean age 62 and
range 50–82 years) were examined. Forty-three healthy
volunteer are used as a control (mean age 40 and range 23–
72 years). RA patients were classiWed into three groups
according to the degree of joint destruction: slight: radio-
logically normal or only a few small joints were damaged.
Moderate: one or two major joints were damaged. Severe:
more than three major joints were severely damaged. All
OA patients included in this study were in the advanced
stage of the disease, showing severely damaged joints. The
duration of hemodialysis in patients with DRSA was
18.2 § 9.9 years. Although all 29 patients with DRSA were
aVected neurologically, only 24 severe cases were treated
by surgery. Radiologically, destruction of the spine (DSA)
was found in 20 patients, while nine patients were normal
(non-DSA).

Skin autoXuorescence

Skin AF was assessed on the ventral site of the lower arm
with an AGE-Reader (DiagnOptics BV, Groningen, The
Netherlands). In brief, the AGE-Reader consists of a table-
top box containing a black light excitation light source
(peak wavelength »360 nm). Light emitted from the skin is
measured with an integrated spectrometer. AF was calcu-
lated by dividing the average light intensity emitted per nm
over the 420–600 nm range by the average light intensity
emitted per nm over the 300–420 nm range.

Statistical analysis

Non-parametric methods were used to analyze the data.
Analysis of statistical correlation was performed using the
Spearman test of rank correlation. The Kruskal–Wallis test
and the Mann–Whitney U-test were used to analyze diVer-
ences between groups.

Results

AutoXuorescence was signiWcantly higher in the patients
with RA (median 2.16 and range 1.45–2.94) or with DRSA

(median 2.21 and range 1.29–3.88) than in the patients with
OA (median 1.63 and range 1.07–2.31) or in the control
group (median 1.74 and range 1.10–2.46). There was no
signiWcant diVerence between patients with OA and the
control group. Although some patients with DRSA showed
high levels of AF, there was no signiWcant diVerence
between the RA and DRSA groups (Fig. 1) Relationships
between age and AF levels were obtained in the OA
(r = 0.54 and P < 0.01) and RA (r = 0.25 and P = 0.015)
groups (Fig. 2), but not in the DRSA or control group (data
not shown).

In DRSA, there was no relationship between duration of
hemodialysis and AF. However, patients with DSA tended
to have higher AF (median 2.418 and range 1.288–3.878)
than radiologically normal cases (median 1.903 and range
1.487–3.007), although the diVerence was not signiWcant
(Fig. 3).

In RA, there was no relationship between AF and serum
CRP levels or the duration of disease. Patients with severe
joint destruction tended to show higher AF (median 2.31
and range 1.45–2.94) compared to those with slight joint
destruction (median 2.127 and range 1.55–2.68) or moder-
ate (median 2.120 and range 1.50–2.82), although the
diVerence was not signiWcant (Fig. 4).

Discussion

In this study, we have shown that patients with DRSA or
RA had higher AF levels compared to those with OA or
healthy controls. These Wndings suggest that long-term
hemodialysis as well as RA increase the systemic accumu-

Fig. 1 AutoXuorescence (AF) values of patients with dialysis-related
spondyloarthropathy (DRSA), rheumatoid arthritis (RA) or osteoarthri-
tis (OA), and of healthy controls. Box plots show the 25th and 75th per-
centiles. Horizontal lines within the boxes indicate the median.
Vertical bars indicate the 5th and 95th percentiles
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lation of AGE, while deposition of AGEs in OA might be
restricted to the aVected joint. The Wnding that AF levels in
OA were the same as those in the controls despite the fact
that the mean age of patients in the OA group was much

higher than that of the controls was unexpected. In DRSA,
some patients showed high AF, but some showed low AF,
resulting in a wide range of AF values and consequently in
the lack of a signiWcant diVerence between RA and DRSA.
It is possible that the dark skin color of patients with long
hemodialysis might have aVected the AF of the skin and
contributed to the variability of AF.

It was reported that AGE modiWcation of �2M occurred
during long-term hemodialysis [13], and that AGEs that
accumulated in the tissue around bones induced inXamma-
tion and damaged the bone [14, 15]. Consistent with these
reports, we showed here that the DSA group tended to have
higher AF levels comparing to those in the non-DSA group.
In a previous study, we demonstrated immunohistologically
that the deposition of AGE �2M in the ligamentum Xavum
was higher in the DSA group [5]. These Wndings suggest
that AF also reXects the accumulation of AGEs in the spinal
tissue.

Rheumatoid arthritis is a state of oxidative stress associ-
ated with chronic inXammation. Although pentosidine lev-
els in plasma were reported to correlate with CRP levels [7,
8, 16], there was no relationship between AF and serum
CRP levels in this study. However, RA patients with severe
destruction of joints tended to show higher levels of AF
compared to those in patients in the groups with slight or
moderate destruction, suggesting that AGEs might be
related to the joint damage.

Receptor for AGE (RAGE) is present in articular carti-
lage and is increased with aging and in OA [10, 17], and it
has been reported that AGE stimulates RAGE on chondro-
cytes and synoviocytes, inducing catabolic activity and car-
tilage degradation [4, 10]. These Wndings suggest that AGE
accumulation in the joints also plays a role in the develop-

Fig. 2 Association between autoXuorescence (AF) and age of patients
with osteoartritis (a) or with rheumatoid arthritis (b). The Spearman
rank correlation coeYcient (r) and P-value are given

Fig. 3 Comparison of autoXuorescence (AF) values of patients with
dialysis related spondyloarthropathy with and without destructive
spondyloarthropathy (DSA). Box plots show the 25th and 75th percen-
tiles. Horizontal lines within the boxes indicate the median. Vertical
bars indicate the 5th and 95th percentiles

Fig. 4 Comparison of autoXuorescence (AF) values of patients with
rheumatoid arthritis with various degree of joint destruction: slight,
moderate, and severe. Box plots show the 25th and 75th percentiles.
Horizontal lines within the boxes indicate median. Vertical bars indi-
cate the 5th and 95th percentiles
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ment of OA, although the AF in the OA group was the low-
est in this study. There might be some diVerences in the
local or systemic pattern of the distribution of AGE,
according to the type of disease.

This is the Wrst report to examine the AF of Japanese
patients with DRSA, RA, and OA using the AGE-Reader.
AGE accumulation in the skin in part reXects the diVerent
pathologies of these diseases. However, there are some lim-
itations to this study, including the following. First, the skin
color of patients might aVect the AF, because the AGE-
Reader is not reliable for dark brown skin. Second, the AF
value showed such high variation in each disease that a
larger number of patients should be included in a larger
study to enable better statistical analysis.

This simple, rapid, and non-invasive method for mea-
surement of skin AF could be one of the useful methods for
assessing bone and joint diseases.
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