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Feasibility of Serum Pentosidine Level as a
Potential Risk Factor for Osteoporotic Vertebral
Compression Fracture
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Study Design: Feasibility study.

Purpose: To evaluate the feasibility of using serum pentosidine level as a potential marker for osteoporatic vertebral compression
fracture (OVCF).

Overview of Literature: A review of previous studies suggests a negative correlation between serum pentosidine concentration and
bone strength. However, it is unclear whether serum pentosidine level might be a potential marker of OVCF in Koreans.

Methods: Forty patients who underwent bone mineral density examination were included in this study, and their serum pentosidine
levels were prospectively analyzed. Serum pentosidine level was evaluated using enzyme-linked immunosorbent assay. Among all the
patients, 11 with OVCF were assigned to the vertebral fracture group and 29 who did not have vertebral fracture were included in the
non-fracture group. In addition, we used the Fracture Risk Assessment (FRAX) tool Korean version for assessing the 10-year probabil-
ity of fracture.

Results: There was a statistically significant difference in the mean serum pentosidine level (p=0.04) of the vertebral fracture group
(110.8 ng/mL) and the non-fracture group (64.3 ng/mL). Logistic regression analyses showed that serum pentosidine was significantly
associated with OVCF. The vertebral fracture group had significantly higher 10-year probability of major osteoporotic fracture as per
FRAX than the non-fracture group. There was a positive correlation between pentosidine level and FRAX results (r=0.35, p=0.02).

Conclusions: These results suggest that increased serum pentosidine level could be a potential marker for OVCFE.
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Introduction

Osteoporosis is a skeletal disorder characterized by com-
promised bone strength, and bone strength is determined
by bone density and bone quality [1]. The World Health
Organization (WHO) has proposed that osteoporosis
be defined as bone mineral density (BMD) 2.5 standard

deviations (SD) or more below the mean value for young
health women (T-score <-2.5 SD) using dual-energy
radiography absorptiometry (DXA). This definition has
been accepted by most regulatory agencies worldwide. It
is being used as a cutoff to limit treatment access [2,3].
In 2005, Simon [4] reported that osteoporosis is defined
as a disease characterized by low bone mass and micro-
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architectural deterioration of the bone tissue, leading to
enhanced bone fragility and a consequent increase in
fracture risk.

Type I collagen is a bone component; therefore, bone
strength may be affected by the nature of collagen fibers in
the bone. Several reports have indicated that the proper-
ties of collagen, including its composition and cross-links,
can influence bone strength [5-7]. To evaluate the rela-
tionship between collagen and bone properties, it is nec-
essary to understand the process of collagen formation in
the bone. Stabilization of newly formed collagen fibers is
initially achieved by the formation of covalent cross-links
between adjacent collagen molecules. Collagen cross-links
can be divided into the following two types: (1) lysine hy-
droxylase and lysyl oxidase-controlled cross-links (enzy-
matic cross-links), and (2) glycation or oxidation-induced
advanced glycation end (AGE) products cross-links (non-
enzymatic cross-links) [8]. Enzymatic cross-links may
improve bone strength [9]. However, it has been generally
accepted that non-enzymatic cross-links deteriorate the
biological and mechanical functions of the bone [8,10].
Pentosidine, a well-known AGE, has been considered a
useful surrogate marker of AGE in the bone [8].

There was a negative correlation between the serum
pentosidine concentration and bone strength [11-13].
However, it is unclear whether serum pentosidine level
can be a potential marker for osteoporotic vertebral com-
pression fracture (OVCF) in Koreans. The hypothesis of
this study was that serum pentosidine level is higher in
people with OVCE. Therefore, this study aimed to evaluate
whether it is feasible to use serum pentosidine level as a
potential marker for OVCE

Materials and Methods

From March 2015 to December 2015, 40 patients who

Tahble 1. Demographic data

Characteristic

Vertebral fracture group

were admitted at our hospital because of degenerative spi-
nal disorders, including OVCE, and agreed to participate in
this study were included. Further, this study was approved
by the Institutional Review Board at the Kwangju Christian
Hospital (IRB approval no., KCHIRB-M-2014-067). And
informed consent was obtained from patients. To identify
osteoporosis-related fractures, a cutoff value of 50 years
of age was used [14,15]. Patients aged <50 years were ex-
cluded. Serum pentosidine level is elevated in people with
diabetes mellitus [8] or decreased kidney function [16];
therefore, such patients were excluded. Patients with any
history of medication that might affect bone metabolism,
including glucocorticoids, sex hormones, warfarin, and
bisphosphonates, were also excluded [17].

All patients underwent BMD examination and bio-
chemical markers measurements. BMD was examined us-
ing DXA as per the manufacturer’s instructions (Explorer;
Hologic Co., Bedford, MA, USA). Osteoporosis was diag-
nosed as per the WHO criteria. Vertebral fractures were
diagnosed with plain radiological examination and mag-
netic resonance imaging.

Eleven of the patients with OVCF were assigned to the
vertebral fracture group, and 29 who did not have verte-
bral fracture were included in the non-fracture group. The
average age of the subjects (two men and nine women)
in the vertebral fracture group was 76.5 years. All the pa-
tients in the vertebral fracture group were diagnosed with
osteoporosis. The average age of the subjects (five men
and 24 women) in the non-fracture group was 68.4 years.
Of the 29 patients, 19 were diagnosed with osteoporosis.
There were no significant differences in the sex, age, or
BMD of the two groups (Table 1).

For biochemical measurements, the patients’ fasting
blood samples were obtained, and their fasting plasma
glucose, glycosylated hemoglobin (HbAlc), blood urea
nitrogen (BUN), serum creatinine, serum alkaline phos-

Non-fracture group

No. of patients 1
Gender

Male 2
Female 9
Mean age (yr) 76.5

Bone mineral density (T-score) -3.9

29
0.94

5

24
68.4 0.09
-2.4 0.23
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phatase, and osteocalcin levels were measured. The results
of these biochemical measurements were compared be-
tween the two groups. The serum pentosidine level was
measured using a quantitative sandwich enzyme-linked
immunosorbent assay (ELISA) kit (Human Pentosidine
ELISA Kit; MyBioSource Inc., San Diego, CA, USA).

All the patients answered the questionnaire that en-
abled the calculation of the 10-year probability of fracture
with BMD using the Korean version of Fracture Risk As-
sessment (FRAX) tool (https://www.shef.ac.uk/FRAX/
tool.jsp?lang=ko) to determine significant risk factors of
OVCEF [18]. Although the use of corticosteroids at the
time of the fracture was excluded in materials, the FRAX
tool was analyzed as a risk factor in patients who had
taken it for more than three months during their lifetime,
as specified in the FRAX system. Moreover, we analyzed
the correlation between FRAX and the pentosidine level.

Statistical analyses were performed using IBM SPSS Sta-
tistics ver. 22.0 for Windows IBM (IBM Corp., Armonk,
NY, USA). Sex, age, and osteoporosis status of the patients
were compared using the chi-square test. Clinical results
were analyzed using the Mann-Whitney U-test. The cor-
relation between FRAX and serum pentosidine level was
analyzed to determine the significance of their relation-
ship. Logistic regression analyses were performed to ex-
amine the contribution of each factor to OVCE A p-value
<0.05 was considered statistically significant.

Results

The mean serum pentosidine level was 110.8 ng/mL in the
vertebral fracture group and 64.3 ng/mL in the non-frac-
ture group. There was a statistically significant difference
in the mean serum pentosidine level between the verte-
bral fracture group and the non-fracture group (p=0.04).

Logistic regression analyses showed that corticosteroids
use (odds ratio [OR], 19.97; p=0.03), smoking (OR, 14.82;
p=0.01), serum pentosidine (OR, 1.03; p=0.01), body
weight (OR, 0.94; p=0.01), HbAlc (OR, 0.91; p=0.01), and
BMD (OR, 0.58; p=0.01), were significantly associated
with OVCF (Table 2).

However, there was no significant differences in the
fasting blood glucose (p=0.70), HbAlc (p=0.70), blood
creatinine (p=0.24), BUN (p=0.33), blood alkaline phos-
phatase (p=0.17), or serum osteocalcin (p=0.55) levels of
the two groups (Table 3). The mean lumbar BMD was -3.9
in the fracture group and -2.4 in the non-fracture group
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Table 2. Multivariate regression analysis for osteoporotic vertebral
fracture

Variable p-value Odds ratio
Corticosteroid use (yes or no) 0.03 19.97
Smoking (yes or no) 0.01 14.82
Creatinine (mg/dL) 0.07 1.07
Pentosidine (ng/mL) 0.01 1.03
Body weight (kg) 0.01 0.94
Glycosylated hemoglobin (%) 0.01 0.91
Osteocalcin (ng/mL) 0.07 0.79
Bone mineral density (T-score) 0.01 0.58
Age (yr) 0.52 0.45
507 r=0.351
p=0.026
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Fig. 1. Positive correlation between the serum pentosidine levels and
FRAX results in major osteoporotic fracture. FRAX, Fracture Risk As-
sessment tool.

(p=0.23) (Table 1).

The 10-year probability of vertebral fracture using
FRAX was 19.1% in the vertebral fracture group and
10.8% in the non-fracture group. The vertebral fracture
group had a significantly higher 10-year probability of
fracture than the non-fracture group (p=0.05). Further,
there was a positive correlation between the serum pento-
sidine level and the FRAX results (r=0.35, p=0.02) (Fig. 1).

Discussion

Pentosidine is a well-known AGE discovered from aging
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Table 3. Comparison of biochemical results between the vertebral fracture group and the non-fracture group

VENED]L Vertebral fracture group Non-fracture group p-value
Glycosylated hemoglobin (%) 6.0 59 0.70
Fasting blood glucose (mg/dL) 125.7 123.0 0.70
Alkaline phosphatase (U/L) 743 70.0 0.17
Blood urea nitrogen (mg/dL) 13.1 15.0 0.33
Creatinine (mg/dL) 0.8 09 0.24
Osteocalcin (ng/mL) 16.3 18.0 0.55
Pentosidine (ng/mL) 110.8 64.3 0.04

Values are presented as mean results.

human extracellular matrix [19]. Pentosidine is accumu-
lated in patients with low-turnover bone diseases, such
as diabetes [20] or in those for whom bone resorption is
suppressed with bisphosphonate [21] or the aging process
[7]. To eliminate factors that might influence the serum
pentosidine level in this study, patients with diabetes or
on bisphosphonate medication were excluded. Further-
more, those with a history of medications that might af-
fect bone metabolism were also excluded. Several studies
have revealed that pentosidine content in the cortical or
trabecular bone from the vertebra is negatively associ-
ated with the mechanical properties [7,11,22]. The serum
pentosidine level is reported to have a significant linear
correlation with pentosidine in the cortical bone [23].
Pentosidine deteriorates the osteoblastic function [24]. Its
accumulation makes the collagen fibers brittle and dete-
riorates the post-yield properties and toughness [25,26].
Our results suggest that increased serum pentosidine level
could be a potential risk factor for OVCE

The FRAX tool was developed by the WHO to evaluate
the individualized 10-year probability of hip and major
osteoporotic fracture [27]. The FRAX tool is based on in-
dividual patient models that integrate the risks associated
with clinical risk factors and BMD at the femoral neck [28].
The FRAX score reflects the possibility of future osteopo-
rotic fracture. Further, the National Osteoporosis Foun-
dation guideline for treatment eligibility was changed to
incorporate fracture history, BMD, and 10-year fracture
probability as per FRAX. Therefore, we analyzed the cor-
relation between FRAX results and serum pentosidine
levels to determine the significant risk factor of serum
pentosidine in OVCF additionally. In this study, the 10-
year probability of major osteoporotic fracture, calculated
using the FRAX, was significantly higher in the vertebral

fracture group than in the non-fracture group. Moreover,
there was a positive correlation between the serum pento-
sidine level and FRAX results (r=0.35, p=0.02).

This study has certain limitations. First, the sample size
was small, and the statistical power was weak. Second,
there was nonhomogeneous demographic data between
the vertebral fracture group and the non-fracture group.
Third, there was no clarification for the cutoff pentosidine
level for OVCE However, despite these limitations, this
study identified the potential areas for future research.

Conclusions

These results suggest that increased serum pentosidine
level could be a potential risk factor for OVCE However,
to achieve more reliability, prospective large cohort stud-
ies are needed to investigate the true effect of the potential
risk of high serum pentosidine level for OVCF in the fu-
ture.
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