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Abstract

Summary The aim of the study was to investigate prospec-
tively whether the levels of urinary pentosidine could
predict fractures in postmenopausal women from the
OFELY cohort. The results of the study suggest that urine
pentosidine concentration is not an independent risk factor
for fractures in postmenopausal women from a French
cohort.

Introduction Pentosidine has been described as an inde-
pendent risk factor for hip and vertebral fracture in
postmenopausal Japanese women. We investigated the
prediction of urinary pentosidine on all fragility fracture
risk in healthy untreated postmenopausal women from the
OFELY cohort.

Methods Urinary pentosidine was assessed at baseline in
396 healthy untreated postmenopausal women aged 63.3+
8.4 years from the OFELY cohort using high-performance
liquid chromatography method. Incident clinical fractures
were recorded during annual follow-up and confirmed by
radiographs, and vertebral fractures were assessed on
radiographs performed every 4 years. Multivariate Cox’s
regression analysis was used to calculate the risk of urinary
pentosidine levels after adjustment for age, prevalent
fractures, and total hip bone mineral density (BMD).
Results During a mean follow-up of 10 years, 88 of the 396
postmenopausal women have undergone incident vertebral
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(n=28) and peripheral (n=60) fractures. Fracture risk was
higher in postmenopausal women with pentosidine in the
highest quartile (p=0.02), but it did not remain significant
after adjustment for age, BMD, and prevalent fracture.
Conclusions Urine pentosidine concentration is not an
independent risk factor of osteoporotic fracture in healthy
postmenopausal women from the OFELY cohort.
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Introduction

Low bone mass is a major predictor of osteoporotic fracture
risk, but both bone density and bone quality affect bone
strength [1]. Thus, many osteoporotic fractures occur
among women with a bone mineral density (BMD) level
above the diagnostic threshold of osteoporosis defined as a
T-score of —2.5 SD [2, 3]. Some other determinants
including clinical factors such as age, changing endocrine
pattern, genetic background, lifestyle factors (dietary
calcium, exercise, smoking, alcohol abuse), body weight,
prevalent fractures, glucocorticoid treatment, muscle func-
tion, and propensity to fall may have significant influence
on bone fragility [3—7]. The material and structural
component of bone determine the bone strength indepen-
dently of BMD, and their impairment results in bone
fragility and an increase in fracture rate [8, 9]. Biochemical
markers of bone turnover, especially those reflecting bone
resorption rate such as serum type I collagen C-telopeptide
(CTX) [10] and urinary type I collagen N-telopeptides
(NTX) [10, 11], serum bone alkaline phosphatase (BAP)
[11], undercarboxylated osteocalcin [12], IGF-1 [13], and
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17Bestradiol [14], have been reported to be associated with
the risk of fracture independently of age and BMD.

Pentosidine, one of the most widely studied advanced
glycation end products (AGEs), is a senescent nonenzy-
matic crosslink due to a spontaneous interaction between
arginine and lysine amino acids and free sugars [15].
Pentosidine measurement is straightforward and represents
the whole AGEs that are formed in vivo. Levels of AGEs
are generally higher with aging and particularly in tissues
characterized by a low turnover [16—18]. Pentosidine has
been shown to accumulate with age in cortical bone of
human femur [19]. Accumulation of AGEs in bone
collagen matrix has been associated with an impairment in
the mechanical properties of cortical and trabecular bone
[20, 21]. Thus, Saito et al. has suggested that excessive
formation of pentosidine in cortical and trabecular bone is
connected to an impairment of bone quality in osteoporotic
patients with hip fracture [22]. Serum and urinary pentosi-
dine concentrations increase significantly with age [23, 24].
Menopause has no effect on serum pentosidine levels [24].
It has been shown that pentosidine levels are significantly
increased in serum of osteoporotic patients—diagnosed by
densitometry and without information on fracture—
compared to age-matched healthy subjects [25]. In addition,
Shiraki et al. has reported that a high level of urinary
pentosidine was an independent risk factor for osteoporotic
vertebral fractures in a 5-year prospective study in Japanese
women [26].

The aim of this study was to investigate prospectively
the levels of urinary pentosidine in the prediction of all
types of fragility fractures in postmenopausal women in a
French cohort and to determine whether pentosidine is an
independent risk factor of osteoporosis.

Materials and methods
Participants

We investigated 396 healthy untreated postmenopausal
women (women were considered postmenopausal if they
had not been menstruating for at least 1 year at the entry of
the study) who had been enrolled in a prospective study of
the determinants of bone loss (OFELY study). The whole
cohort comprised 1,039 Caucasian women, 31-89 years of
age, randomly selected from the regional section of a health
insurance company (Mutuelle Générale de 1’Education
Nationale) from the Rhoéne district (i.e., Lyon and its
surroundings in France) with an annual follow-up. Written
informed consent was obtained from each woman, and the
study was approved by the local ethical committee. The
OFELY cohort has been described elsewhere [27, 28].
Women from this cohort were followed during a mean
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10.1£2.6 years. Among the 672 postmenopausal women
recruited at baseline, 248 women were excluded because of
the presence of treatment or disease that could influence
bone metabolism (hormone replacement therapy, tamoxi-
fen, fluoride bisphosphonates, calcitonin, thyroid hor-
mones, corticosteroid, Paget’s disease of bone, primary
hyperparathyroidism, hyperthyroidism, cirrhosis, or diabe-
tes mellitus), 18 women because of renal impairment
(creatinine clearance<30 ml/min), and ten women because
either pentosidine or creatinine level was not available,
thus, leaving 396 women for this analysis.

Pentosidine measurement

For each woman, first morning void urine was collected at
baseline and stored at —70°C until assayed. Pentosidine
stability in frozen urine was evaluated by its measurement
in five successive follow-ups. No indication of pentosidine
degradation was displayed in the oldest frozen samples.
Pentosidine was measured by high-performance liquid
chromatography according to previously published methods
with some modifications [29]. Urine samples were pre-
treated on SPE Chromabond® Crosslinks columns
(Macherey Nagel GmbH a Co.KG, Diiren, Germany) to
remove interfering fluorophores. Briefly, 200 pl of urine
sample were added to 1.8 ml of buffer composed of
acetonitrile and acetic acid in a 8:1 ratio (v/v), respectively.
Interfering fluorophores were removed by washing the
column with 10 mL of a solution containing acetonitrile,
acetic acid, and water (8—1-1), respectively. Pentosidine
was eluted with 600 uL of 1% n-hepafluorobutyric acid
(HFBA) and then separated on an Atlantis dC18, 3 pm,
4.6x100 mm reversed phase column protected by an
Atlantis dC18, 3 um 4.6x20 mm guard cartridge (Waters
Corp., Milford, MA, USA) at a flow rate of 1.2 ml/ min
with an isocratic elution of 12% acetonitrile in 0.12% of
HFBA and quantified by fluorimetry. Effluent was moni-
tored for fluorescence at an emission of 385 nm and an
excitation of 335 nm. The amount of pentosidine was
quantified using a synthetic standard previously calibrated
with a calibrator of pentosidine generously gifted by Dr.
Masaaki Takahashi (Hamamatsu University School of
Medicine, Shizuoka, Japan). The within- and between-run
imprecision were less than 1% and 5%, respectively. The
pentosidine recovery rate was 93+4%, and the assay was
linear over the validated amount range of 0—-0.5 nmol with a
detection limit <0.02 pmol. Urinary pentosidine data were
corrected by the urinary creatinine (Cr) concentration
measured by a standard colorimetric method. Creatinine
stability was checked by remeasurement of 20 urine
samples already measured at the beginning of the OFELY
study. Creatinine levels were not significantly changed
despite urine sample long-freezing period.
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Biochemistry

As previously described, bone resorption was evaluated in
urine at baseline with an enzyme-linked immunosorbent
assay of NTX and in serum with an enzyme-linked
immunosorbent assay of CTX breakdown products [11].
The within- and between-run imprecision were less than
10% for NTX assay and 5% and 8%, respectively, for CTX
assay. Serum BAP was measured with an immunoradio-
metric assay using two monoclonal antibodies directed
against the human bone isoenzyme and bone phosphatase
purified from human SAOS-2 osteosarcoma cells as a
standard (Ostase™, Hybritech, inc., San Diego, CA, USA)
[11]. Serum IGF-1 was measured by radioimmunoassay
after acid ethanol extraction (Diagnostic Systems Labora-
tories, Webster, TX, USA) [13]. The within- and between-
run imprecision were less than 10% for both assay. Serum
creatinine was measured by standard laboratory methods.
Creatinine clearance was calculated using the Cockroft
equation.

Fracture assessment

Prevalent fractures were those that occurred after the age of
40 years and were identified at baseline by questionnaire.
Incident fractures were diagnosed by a questionnaire at
each annual follow-up. For women who did not come to the
clinical center, a letter was sent every year to identify the
occurrence of fractures. Peripheral fractures were assessed
by radiographs or by surgical reports. Only low-trauma
fractures (i.e., those occurring after falls from standing
height or less) were taken into account. Vertebral fractures
were identified on lateral X-ray films of the thoracic and
lumbar spine according to the semiquantitative method of
Genant [30]. The clinical vertebral fractures (radiographi-
cally confirmed) were collected in the annual questionnaire,
whereas vertebral fractures that did not reach clinical
attention were assessed on the X-ray films performed every
4 years.

Clinical and physical evaluation

At the initial screening women were submitted to a detailed
clinical evaluation, as described previously [5]. Physical
activity was assessed by a score calculated from sport or
recreation, job, and home activity as described previously [5].

Bone density

BMD was measured at baseline at the lumbar spine (L1-4)
and total hip by DXA with a QDR 2000 device (Hologic
Inc., Waltham, MA, USA) with a short-term CV of 0.9%
and 1%, respectively.

Statistical analyses

Owing to a skewed distribution, pentosidine concentrations
were analyzed as quartile and as continuous, natural log-
transformed values. First, comparisons of baseline charac-
teristics according to fracture groups were made using
ANOVA, for continuous variables, and Chi-squared tests
for categorical variables. Then, Spearman’s correlations
were calculated to determine relationships between pento-
sidine and potential confounders at baseline. A Cox
proportional hazards model based on time to first fracture
was used to evaluate fracture risk for the highest quartile
compared with the three lowest quartiles (or or 1 log
pentosidine increase). We have tested the proportional
hazard assumption with a model including prevalent
fracture, hip BMD T-score, pentosidine, and time interac-
tion with covariables showed p=0.32 for the proportional-
ity test. Results were expressed as hazard ratios (HR) with
95% confidence interval. Age adjustment and multivariate
analysis were done to take into account potential con-
founders. The multivariate analysis included age, prevalent
fractures, and hip T-score. All statistical analyses were
performed using the Statistical Analysis Software (SAS
VO.1; SAS Institute, Cary, NC, USA).

Results

During the 10.1+2.6 years follow-up, 88 women have
undergone incident osteoporotic fractures. Only the first
incident fracture was taken into account, including 28
vertebral fractures and 60 peripheral fractures: wrist
(n=20), hip (n=8), humerus (n=5), and other sites (n=27,
rib, ankle, patella, metatarsi, femur, knee, sacrum, elbow,
clavicle, scapulae) within the postmenopausal cohort.

Baseline characteristics of postmenopausal women with
and without incident fragility fracture are given in Table 1.
Women who had fractures during the study were 4 years
older, had significantly lower BMD, IGF-I levels, and
creatinine clearance, and had significantly more prevalent
fractures than those without incident fracture. On the other
hand, body mass index (BMI), serum creatinin, and bone
resorption markers levels were comparable in the two
groups. In addition, women who had osteoporotic incident
fractures during the follow-up had significantly higher
urinary pentosidine levels than the others (»p=0.01).

Mean pentosidine was 110.8+£32.4 pmol/mg Cr, and
there was a significant correlation between age and natural
log-transformed values of urinary pentosidine (log —Pen=
6.75-0.077xage+0.001 xage?, 1*=0.2, p<0.0001; Fig. 1).

After adjustment for age, pentosidine levels were no
longer significantly correlated with BMI, body weight,
body height, and BMD (Table 2). In addition, there was no

@ Springer



246

Osteoporos Int (2010) 21:243-250

Table 1 Baseline characteristics of postmenopausal women with and without incident fragility fracture

Baseline characteristics Women with fracture n=88 Women without fracture n=308 p Value
Age (years) 66.5+8.3 62.5+8.2 <0.0001
BMI 24.1+£3.3 24.4+3.6 0.64
Weight (kg) 60.1£9.1 61.1£9.4 0.63
Height (cm) 157.8+5.5 158.3+5.9 0.66
Physical activity score <14% 333 41.6 0.18*
Prevalent fracture (%) 21.8 10.0 0.004°
Lumbar spine BMD (g/cmz) 0.791+0.12 0.867+0.14 <0.0001
Total hip BMD (g/cm?) 0.741+0.09 0.809+0.11 <0.0001
Serum total protein (g/dl) 7.12+£4.46 7.18+4.78 0.36
IGF-1 (pg/L) 207.6+62.6 227.1+£65.9 0.006
Serum creatinine level (mg/l) 9.51+1.36 9.39+1.29 0.54
Creatinine clearance (Cockroft) 49.12+11.1 53.6+£13.0 0.007
Serum CTX (ng/ml) 0.566+0.22 0.541+0.22 0.18
Urinary NTX (nM BCE/mg Cr) 45.6+29.0 47.2+28.5 0.48
Urinary pentosidine (pmol/mg Cr) 117.9+£36.0 109.0£30.9 0.02

BCE bone collagen equivalent

chi square test

significant correlation between pentosidine levels and bone
resorption markers, serum creatinine, and IGF-1 levels as
well as renal creatinine clearance (Table 2).

The mean value of log-transformed pentosidine among
women with prevalent fracture was significantly higher
than that of women without prevalent fracture (p<0.001),
but this did remain significant after age adjustment
(»p=0.29).

The mean concentrations in urinary pentosidine were
80.8+6.9, 97.1+4.3, 114.8+5.9, and 157.2+33.7 pmol/mg
Cr from the lowest (Q1) to the highest quartile (Q4). There
were 13 fractures (four vertebral and nine peripheral), 23
(five vertebral and 18 peripheral), 23 (ten vertebral and 13
peripheral), and 29 (nine vertebral and 20 peripheral),
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Fig. 1 Relation between pentosidine (log) and age
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respectively, from the lowest to the highest quartile. Figure 2
shows the incidence of vertebral and peripheral fractures
and time of follow-up according to quartiles of pentosidine
in urine. The fracture rate was significantly (p=0.02) higher
in the highest quartile (Q4) than in the lowest quartile of
urinary pentosidine (Q3 to Q1). The incident fracture rate
was the lowest in Q1. Rates were comparable in Q2 and
Q3. In addition, age increased significantly across those
quartiles from 59.8+6.1 in the lowest to 68.4+9.8 in the
highest quartile (»p<0.0001).

The HR for 1 log pentosidine increment was 2.65 (95%
ClI, 1.23-5.76, p=0.01). However, after adjustment for age,
prevalent fracture, and BMD, high levels of urinary

Table 2 Spearman partial correlation between pentosidine and baseline
characteristics of postmenopausal women after age adjustment

Baseline characteristics r p Value®
Weight —0.04 0.39
Height —-0.06 0.27
BMI —0.03 0.60
Lumbar spine BMD 0.099 0.052
Total hip BMD 0.023 0.65
Serum CTX 0.01 0.85
Urinary NTX 0.03 0.55
Serum creatinine 0.03 0.53
Serum IGF1 —0.04 0.43
Creatinine clearance —-0.079 0.12

# After age-adjustment
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Fig. 2 Incident vertebral and peripheral fractures and time of follow-
up according to quartiles of pentosidine in urine

pentosidine were no longer associated with an increased
fracture risk (p=0.62; Table 3). After 10 years of follow-up,
low levels of serum IGF-I (1 log decrease) at baseline were
associated with an increased fracture risk after age
adjustment with a HR of 0.45 (95% CI, 0.2-0.997), p=
0.049, whereas high values of serum BAP only tended to be
associated with fracture risk with a HR of 1.63 (95% CI,
0.96-2.80), p=0.07. High value of Serum CTX and urinary
NTX were not significant predictors of fracture risk.

When our analysis was restricted to 5 years follow-up,
46 women had sustained incident osteoporotic fractures.
Among them, there was no significant association between
pentosidine levels and fracture risk with a HR of 1.7 (95%
CI 0.23-12.8), p=0.61. In addition, we found that the
highest quartile of serum BAP was a significant predictor of
fracture risk with a HR of 2.9 (95% CI, 1.5-5.5), p=0.02.
In the present analysis, at 5 years of follow-up, high levels
of urinary NTX and serum CTX were not significantly
associated with risk of fracture.

Discussion

In the present study, we found that increased levels of
urinary pentosidine were not significantly associated with
increased risk of all fragility fracture after adjusting for age,
BMD, and prevalent fracture in a large prospective cohort
of healthy untreated postmenopausal women from 50 to
89 years.

Pentosidine is one of the well-characterized AGEs in
humans. Its assessment in tissues and biological fluids has
been greatly facilitated by its acid stability and its natural
fluorescent properties. Pentosidine accumulates with age
and diabetes, predominantly in long-lived molecules such
as collagen, in a variety of normal and diabetic human
tissues including skin, tracheal cartilage, bone, aorta,
cardiac muscle, lung, liver, and kidney [31]. In blood,
pentosidine is mainly associated with plasma proteins and
is markedly elevated with kidney failure [32]. Pentosidine
levels in urine and serum has been also regarded as a
potential biomarker in the assessment of chronic age-related
diseases such as diabetes mellitus, rheumatic disease,
atherosclerosis, and renal failure [33-36].

Shiraki et al. have recently shown in a 5-year prospective
study among Japanese postmenopausal women from the
Nagano cohort that urine pentosidine levels were positively
associated with the presence of vertebral fractures indepen-
dently of others fractures risks such as prevalent fracture,
BMD, or age [26]. They have reported a significant HR for
incident fracture of 1.33 (95%CI, 1.01-1.76, p=0.04)
comparing the highest quartile of urinary pentosidine versus
the three others. In the Shiraki study, it should be noticed
that 16.7% of postmenopausal women underwent incident
vertebral fractures after 5 years of follow-up when 8.6% of
postmenopausal women had pre-existing vertebral frac-
tures. In comparison, the proportion of incident vertebral
fractures was only of 4.3 after 5 years of follow-up in our
study when 7.4% of postmenopausal women had prevalent
vertebral fractures.

Thus, in the present study, we have decided to analyze
the predictive value for all types of bone fragility fractures
including vertebral and other peripheral sites of fractures
during a longer follow-up, and we have found that high
levels of urinary pentosidine were not significantly associ-
ated with the incident fracture rate after adjusting for age,
BMD, and prevalent fracture. When we have limited our
analyses to 5 years of follow-up, results were unchanged.
As in the Shiraki study, urinary pentosidine levels were
higher in postmenopausal women with prevalent fractures
than women without fracture, but this was no longer
significant after age adjustment. In our study, after 5 and
10 years of follow-up, low serum IGF-1 predicts the risk of
fracture independently of other risk factors confirming data
previously published for postmenopausal women from

Table 3 Association between
pentosidine and fracture

*Cox model
® Without adjustment
¢ Adjusted for age, prevalent frac-

Hazard ratio® 95% CI p Value
Pentosidine Highest quartile/ others quartiles 1.55° 0.98-2.48 0.06
Log pentosidine for 1 log pentosidine increase 2.65° 1.23-5.76 0.01
Pentosidine Highest quartile/ others quartiles 1.16¢ 0.72-1.90 0.56
Log pentosidine for 1 log pentosidine increase 1.23¢ 0.54-2.82 0.62

ture, and T-score of hip BMD
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OFELY cohort followed during 5 years [14]. Our data show
that high serum BAP level predicts the risk of fracture after
5 years of follow-up as previously published but is no
longer significant after 10 years of follow-up [11]. In
addition, we could not find a significant association
between serum CTX and the risk of fracture after 5 and
10 years of follow-up as previously reported for postmen-
opausal women from OFELY cohort followed during
5 years [11]. At 5 years of follow-up, we find a HR in the
highest quartile of 1.7 (95% CI 0.83-3.6), p=0.14. The
discrepancy between the two studies could be explained by
a smaller number of women with and without incident
fracture in the present analysis (46 and 350, respectively)
compared to the prior published analysis (55 and 380,
respectively), as the point estimate is similar to that
previously reported but with wider confidence interval.
Garnero et al. have shown that most postmenopausal
women with high bone turnover at baseline were similarly
classified 4 years later [37], suggesting that the absence of
prediction by bone markers after 10 years of follow-up does
not depend on a change in bone turnover rate. In addition,
BMD is still a major predictor of fracture risk after 10 years
of follow up, but the effect is diminished during the course
of long-term follow-up probably diluted by other risk
factors. Taken together, those data indicate that the long-
term prediction of fracture using biological variables is less
strong than over the first years [38—40].

Among the baseline characteristics of the two popula-
tions, age was similar, OFELY postmenopausal women
were slightly taller and bigger, and their lumbar spine BMD
and urinary NTX levels were slightly lower than that of the
Nagano postmenopausal women. However, urinary levels
of pentosidine were 2.6 times higher in the OFELY than in
the NAGANO postmenopausal women (110.8+32.4 versus
42.6+17.7, respectively).

Different factors could explain these discrepancies.
Differences between pentosidine concentrations obtained
in the two cohorts could stem from two HPLC methods
using their own calibrators which have not been standard-
ized. In addition, pentosidine is not specific of bone tissue,
and its urinary excretion reflects only in part bone turnover,
so it lacks specificity as a bone marker. Consequently, the
influence of others tissues and nutrition habits among the
two populations should be taken into consideration. Indeed,
it has been shown that caloric restriction decreases age-
dependent accumulation of pentosidine in tissues [41, 42]
and that serum and urinary pentosidine excretion is
significantly influenced by food dietary intake [43]. In
addition, studies have suggested that the kidney plays a
critical role in pentosidine disposal. In plasma, its half life
is directly related to renal function and pentosidine
accumulates in renal failure [44]. In rats, it has been shown
that pentosidine is filtered through the glomeruli and
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reabsorbed in the proximal tubules where it is modified or
degraded to be eventually cleared in the urine, and intact
pentosidine represents only 20-30% of the urine metabo-
lites [45]. We have excluded from our study women with
renal failure (creatinine clearance<30 ml/min). In our
population, after age adjustment, creatinine clearance was
not associated with pentosidine levels. Unfortunately, we
could not compare the renal function between the two
cohorts as these data were not reported in Shiraki’s study.

Our study has some limitations. Despite a long follow-
up, we had relatively few vertebral and peripheral fractures
as the OFELY women are healthy and relatively young.
Pentosidine concentrations were measured at baseline in
urine samples which were kept frozen since the beginning
of the study. The effect of nutrition on pentosidine content
in tissues and its urinary excretion levels has not been taken
into account when the study was set up. Indeed, our results
are based on a single measurement of urinary pentosidine
which may not accurately reflect the bone turnover status
because of the presence of pentosidine in the other tissues
and the possible variability in its measurement due to
dietary intake of glycation compounds and to pentosidine
renal catabolism.

In conclusion, we could not confirm that the urinary
pentosidine level is an independent risk factor of fragility
fractures in healthy postmenopausal women over the age of
50 years. Pentosidine appears to be a marker of frailty
reflecting health, nutritional state, and renal impairment
which is significantly associated to aging. Its measurement
could provide some information concerning mechanisms
leading to bone fragility but may be of limited clinical
interest in the assessment of fracture risk.

Conflicts of interest None.
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