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Abstract 

Background: Advanced glycation end-products (AGEs) can accumulate in organs and tissues 
during ageing and diabetes. Increased levels of AGEs are found in the bone tissue of patients with 
osteoporosis. The purpose of this study was to evaluate circulating AGEs in patients with oste-
oporosis.  
Methods: We evaluated plasma AGEs, osteoporosis-related biomarkers, and bone mass in 82 
menopausal women with osteoporosis or osteopenia, 16 young women with osteopenia, and 43 
healthy women without osteoporosis or osteopenia. 
Results: Higher levels of serum AGEs were found in the osteoporosis or osteopenia group 
compared to healthy women (P < 0.0001). A negative correlation was observed between serum 
AGEs and lumbar spine bone density (BMD of lumbar spine, r = -0.249, P = 0.028; T-score of 
lumbar spine, r = -0.261, P = 0.021). Women with a increased level of serum AGEs (> 8.12 U/mL) 
had a 5.34-fold risk of osteopenia regarding lumbar spine T-score and a 3.31-fold risk of osteopenia 
regarding the hip T-score. 
Conclusion: Serum AGEs could be used to monitor the severity and progression of osteoporosis. 
An increased serum level of AGEs was associated with impaired bone formation and was a risk 
factor for the development of osteoporosis. Targeting AGEs may represent a novel therapeutic 
approach for primary or secondary osteoporosis. 
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Introduction 
Osteoporosis is a skeletal disorder characterized 

by a generalized increase in bone fragility resulting in 
fracture of the hip, spine, or wrist. A higher mortality 

is observed in these patients after osteoporotic frac-
tures occur [1]. Lower bone mineral density (BMD) 
can be found in the person with osteoporosis and is 
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assessed with dual x-ray absorptiometry (DXA). The 
World Health Organization has defined osteoporosis 
based on the management of DXA, and the reference 
of standard deviation (SD) is used by young adult 
female (T-score). Osteopenia (low bone mass) is a 
value of BMD more than one but less than 2.5 SD be-
low the young adult female reference mean (T-score 
less than -1 and greater than -2.5 SD). Osteoporosis is 
defined by a T-score of less than or equal to -2.5 SD 
[2].  

Bone microdamage, including linear microcracks 
or diffuse damage, can be found in patients with os-
teoporosis and exhibits an age-related variation [3]. 
Intra- and extra-cellular advanced glycation 
end-product (AGE) accumulation occurs in an 
age-dependent manner in human tissues such as car-
tilage, brain, vessels, kidney, and retina [4-7]. AGE is a 
non-enzymatic glycation protein product, and gener-
ation involves steps in the classical Maillard reaction 
and the polyol pathway between glucose (or carbo-
hydrates and α-dicarbonyls) and the amino group of 
proteins [8,9]. Elevated AGE levels are found in the 
serum or plasma of patients with rheumatic diseases, 
including rheumatoid arthritis (RA) and systemic 
lupus erythematosus [10,11]. RA is a systemic im-
munologic disease with polyarthritis, abnormal jux-
ta-articular osteopenia, and bony erosion. Different 
degrees of bone erosion or loss occur during the 
course of RA by abnormal activation of osteoclast. 
Osteoporosis is also a disease of osteopenia caused by 
an imbalance between osteoclasts and osteoblasts. 
AGEs, which increase exponentially in cortical bone 
during aging [12], regulate the proliferation and dif-
ferentiation of osteoblasts. In vitro, AGEs have a det-
rimental effect on human osteoblast functions and 
exert a dose-dependent inhibition on bone formation 
[13]. Among the patients with diabetes, higher per-
centage of osteoporosis is observed, and there is a 
positive correlation between hyperglycemia and low 
bone mass [14]. The possible mechanisms include 
enhancement of reactive oxygen species by hyper-
glycemia, glucose toxicity to osteoblasts, imbalance of 
calciotropic hormones or growth factors [14,15]. In-
creased production of AGEs formation is found in 
diabetes rats with a negative correlation of bone den-
sity [16]. Circulating AGEs may also lead to decrease 
in bone strength by damage of structural bone [17]. 
AGEs play a major role in the progression of osteo-
porosis or osteopenia and are associated with aging 
and hyperglycemia.  

In this study, we hypothesized that AGEs con-
tribute to the initiation of bone remodeling and pro-
cessing in osteoporosis. In addition to traditional pa-
rameters such as age, estrogen, osteopontin (OPN), 
collagen type 1 cross-linked telopeptide (CTX), and 

bone-specific alkaline phosphatase (BAP), the serum 
AGE level may be an independent risk factor for bone 
loss. Our study focused on the evaluation of the levels 
of serum AGEs in women with and without low bone 
mass.  

Patients and Methods 
Study participants  

All study participants were 20 years of age or 
older and all provided written informed consent. No 
patient was excluded from participation based on sex 
or ethnicity. Patients who were bedridden, diabetic, 
using steroids or estrogen, abused alcohol, or had a 
history of renal disease and cancer were excluded. 
Hyperglycemia can induce the formation of AGEs. 
Therefore, we excluded the patients with diabetes or 
using steroid. The patients with long-time bedridden 
were excluded due to influence of BMD by persistent 
immobilization. This study was approved by the In-
stitutional Review Board of the Chung-Shan Medical 
University Hospital. 

Menopausal women with osteopenia (low bone 
mass) 

Menopausal women with osteopenia (a T score 
between -1 and -2.5 over the hip or vertebral bone) 
were selected for evaluation. This group of patients 
consisted of 34 women ranging from 44 to 87 years 
(mean age, 61 years). 

Menopausal women with osteoporosis  
Menopausal women over 45 years of age with 

severe osteoporosis (T score < -2.5 with concomitant 
hip or vertebral fracture, in accordance with the 
World Health Organization definition) were enrolled. 
This group of patients consisted of 48 women ranging 
from 46 to 94 years (mean age, 74 years). Levels of 
plasma AGEs, OPN, and estrogen were checked and 
BMD was evaluated by DXA.  

Young women with low bone mass 
This group consisted of 16 young women with 

low bone mass (a T score between -1 and -2.5 over the 
hip or vertebral bone) who were selected for evalua-
tion. 

Healthy controls 
This group consisted of 43 healthy individuals 

ranging in age from 20 to 77 years (mean age, 36 
years) who were recruited for evaluation as controls. 
These participants were required to complete a brief 
questionnaire regarding previous or current medical 
conditions.  
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Bone density evaluation 
BMD determinations by DXA of the lumbar 

spine, femoral neck, and Ward's triangle were per-
formed with a GE Healthcare Lunar Prodigy densi-
tometer on all candidates. The BMD of the lumbar 
spine and hip was measured. Osteopenia (low bone 
mass) is a value of BMD more than one but less than 
2.5 SD below the young adult female reference mean 
(T-score less than -1 and greater than -2.5 SD). Oste-
oporosis is defined by a T-score of less than or equal 
to -2.5 SD. The definition is according to hip or lumbar 
spine.  

Characteristics of the four study groups  
Blood samples for both markers were withdrawn 

in fasting state, early in the morning. CTX was meas-

ured by electrochemiluminescence immunoassay 
(Roche Diagnostics, Mannheim, Germany). BAP was 
measured by the chemiluminescence immunoassay 
(DiaSorin LIAISON® BAP OSTASE® assay). Serum 
fasting glucose and the levels of hemoglobin and cre-
atinine were also assessed. The general data of the 
different groups and healthy controls are listed in 
Table 1. A higher proportion of older women were 
noted in the osteopenia and osteoporosis groups. The 
patients with osteopenia and osteoporosis had signif-
icantly lower BMD and T-scores or Z-scores in the 
lumbar spine and hip compared with the healthy 
control group. The osteoporosis group had more se-
vere bone loss. There were no siginificant differences 
including serum fasting glucose, creatinine, hemo-
globulin in each group. 

 
 

Table 1. Clinical parameters of the 4 study groups. 

Group 1  2  3 4 
Number 43 34 48 16 
Age (years) 36.47 ± 13.69 61.93 ± 10.66† 74.75 ± 9.11†,§ 28.01 ± 6.03 
Glucose (mg/dL) 101.9 ± 11.3 102.9 ± 11.9 104.2 ± 12.5 102.3 ± 10.6 
Creatinine (mg/dL) 1.08 ± 0.22 1.08 ± 0.32 1.07 ± 0.62 1.13 ± 0.14 
Hemoglobulin (g/dL) 13.21 ± 0.84 13.11 ± 1.16 13.36 ± 1.29 13.06 ± 0.52 
BMD of lumbar (g/cm2) 1.19 ± 0.11 0.95 ± 0.13† 0.72 ± 0.12†,§ 1.08 ± 0.07‡ 
BMD of total hip (g/cm2) 0.98 ± 0.10 0.81 ± 0.09† 0.66 ± 0.13†,§ 0.83 ± 0.07 
BMD of neck (g/cm2) 0.94 ± 0.23 0.76 ± 0.09† 0.62 ± 0.11†,§ 0.82 ± 0.09 
Estrogen (pg/mL) 81.17 ± 86.12 43.46 ± 41.79‡ 38.65 ± 14.09‡ 78.84 ± 31.17 
T-score of lumbar spine 0.48 ± 0.87 -1.38 ± 0.99† -3.30 ± 0.78†,§ -0.47 ± 0.68‡ 
Z-score of lumbar spine 0.70 ± 1.01 -0.41 ± 1.15† -1.36 ± 0.89†,§ -1.75 ± 0.65‡ 
T-score of hip 0.30 ± 0.84 -1.13 ± 0.69† -2.09 ± 1.04†,§ -1.06 ± 0.55† 
Z-score of hip 0.53 ± 0.73 0.07 ± 0.78 -0.08 ± 0.84‡ -0.78 ± 0.63† 
BAP (μg/L) 1.38 ± 1.28 2.12 ± 1.39† 1.93 ± 1.39‡ 0.92 ± 0.52 
CTX (ng/mL) 0.16 ± 0.11 0.31 ± 0.36† 0.35 ± 0.34† 0.12 ± 0.06 
Group 1 = healthy control; Group 2 = menopausal women with osteopenia (low bone mass); Group 3 = menopausal women with osteoporosis; Group 4 = young women with low bone 
mass. 
† Significant difference when compared with Group 1, P < 0.0001. 
‡ Significant difference when compared with Group 1, P < 0.005. 
§ Significant difference when compared with Group 2, P < 0.005. 

 
 

Plasma AGE evaluation  
AGEs were analyzed by the Hitachi 7020/902 

auto analyzer. The Hanson® Advanced Glycosylation 
End Products immunoassay kit (Hanson Hong Bio-
medical Co, Ltd, Taipei, Taiwan) was used and the 
results are expressed as unit/mL. The within and 
between CV was 1.3% and 2.8%, respectively. The kit 
was removed from the refrigerator and left at room 
temperature while a colorimetric tube was labeled for 
each serum sample. Anti-AGE reagent (0.25 mL) was 
added to each labeled colorimetric tube and the OD 
value (H1) at 340 nm was recorded for each tube. Each 
sample was diluted 1:4 after standing for 30 min. Di-
luted serum (15 mL) was added to the differently la-
beled colorimetric tubes that contained 0.25 mL of the 

anti -AGE reagent from which the OD value had been 
recorded as H1. The OD value was obtained at 340 nm 
immediately after a 360-s incubation; this value was 
recorded as the H2 value. To obtain the true OD value 
of the diluted serum in accordance with the standard 
curve, the following equation was used: H2 - H1 = H0. 
This value for the diluted serum was multiplied by 4 
to obtain the final result. 

Plasma OPN evaluation 
The plasma OPN concentration was measured 

using the enzyme-linked immunosorbent assay 
(ELISA) method with TiterZyme® Osteopontin de-
tection ELISA kits (TiterZyme, USA). Plates were in-
cubated with PBS-Tween containing 1% fetal calf se-
rum at 37°C for 60 min to block nonspecific binding. 
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Subsequently, OPN standards and serum samples 
were added to the plate. After incubation at 37°C for 
60 min, 100 μl of antibody was added to each well 
with the exception of the blank well and the plates 
were incubated at room temperature for 60 min. The 
plates were washed with PBS, 100 μl of conjugate was 
added to each well with the exception of the blank 
well, and the plates were incubated at room temper-
ature for 30 min. The plates were washed and the 
substrate solution and color were added and meas-
ured at 570 and 590 nm by a microtiter plate reader 
(Model 550, BIO-RAD, Hercules, California). The 
OPN concentration was calculated using linear re-
gression by plotting the average net OD for each 
standard versus the human OPN concentration in 
each standard. An approximation of a straight line 
was made through the points and the concentration of 
human OPN in the serum was determined by inter-
polation. 

ELISA of estrogen levels 
The levels of estrogen in the serum was calcu-

lated using the enzyme-linked immunosorbent assay 
(ELISA) method with TiterZyme® Estrogen detection 
ELISA kits (DRG International, Inc, Mountainside, NJ, 
USA). Plates were incubated with phosphate-buffered 
saline (PBS)-Tween® containing 1% fetal calf serum 
(Gibco, Carlsbad, CA, USA) at 37° C for 60 minutes to 
block nonspecific binding. Estrogen or CTx standards 
and serum samples were added to the plate. After 
incubation at 37° C for 60 minutes, 100 µL of yellow 
antibody was added, except for the blank, and the 
plates were incubated at room temperature for 60 
minutes. After a PBS wash, 100 µL of blue conjugate 
was added, except for the blank, and the plates were 
incubated at room temperature for 30 minutes. The 
plates were washed, and the substrate solution and 
color were added and measured at 570 and 590 nm by 
a microtiter plate reader (Model 550; BIO-RAD, Her-
cules, CA, USA). The concentration of estrogen was 
calculated using linear graph paper, plotting the av-
erage net optical density for each standard versus the 
human estrogen concentration in each standard. An 
approximation of a straight line was made through 
the points. The concentration of human estrogen in 
the serum was determined by interpolation. 

Statistical analysis 
SPSS version 15.0 software (SPSS Inc., Chicago, 

IL, USA) was used to perform all statistical analyses. 
Differences between the median values of the defined 
patient groups were compared using the nonpara-
metric Mann-Whitney U test. A Spearman’s rank 
correlation was used to detect correlations among 
different study parameters. P values less than 0.05 

were considered statistically significant.  

Results 
Serum AGE levels were increased in patients 
with osteopenia or osteoporosis 

Elevation of serum AGEs was found in patients 
with osteopenia or osteoporosis compared with 
healthy controls (Table 2 and Figure 1A). A signifi-
cantly higher level of AGEs was found in the osteo-
penia and osteoporosis groups compared with 
healthy controls (P < 0.0001; Table 3 and Figure 1B). 
Furthermore, a higher level of serum AGEs was ob-
served in patients with osteoporosis compared with 
the osteopenia group (P = 0.04; Table 3 and Figure 1B).  

 

Table 2. Clinical parameters of patients with osteopenia or 
osteoporosis and healthy controls. 

Group Healthy control Osteopenia or 
osteoporosis 

P value 

Number 43 82  
Age (years) 36.47 ± 13.69 69.43 ± 11.62 <0.0001 
AGEs (U/mL) 8.12 ± 4.03 14.75 ± 5.30 <0.0001 
OPN (ng/mL) 7.82 ± 2.16 14.03 ± 4.56 <0.0001 
BMD of lumbar (g/cm2) 1.19 ± 0.11 0.82 ± 0.17 <0.0001 
BMD of total hip 
(g/cm2) 

0.98 ± 0.10 0.73 ± 0.13  <0.0001 

BMD of neck (g/cm2) 0.94 ± 0.23 0.68 ± 0.13  0.025 
Estrogen (pg/mL) 81.17 ± 86.12  40.54 ± 28.14 0.001 
T-score of lumbar spine 0.48 ± 0.87 -2.51 ± 1.79  <0.0001 
T-score of hip 0.30 ± 0.84 -1.68 ± 1.03  <0.0001 
BAP (μg/L) 1.38 ± 1.28 2.01 ± 1.39  0.002 
CTX (ng/mL) 0.16 ± 0.11 0.33 ± 0.25  <0.0001 

 

Table 3. Serum biomarker in the 4 groups. 

Group 1  2  3 4 
Number 43 34 48 16 
AGEs (U/mL) 8.12 ± 4.03 12.67 ± 4.61† 16.22 ± 5.31†§ 15.74 ± 4.39† 
OPN (ng/mL) 7.81 ± 2.16 13.18 ± 4.77† 14.63 ± 4.36† 7.60 ± 1.43 
Estrogen (pg/mL) 81.17 ± 86.12 43.46 ± 41.79‡ 38.65 ± 14.09‡ 78.84 ± 31.17 

Group 1 = healthy control; Group 2 = menopausal women with osteopenia (low bone 
mass); Group 3 = menopausal women with osteoporosis; Group 4 = young women with 
low bone mass. 
† Significant difference when compared with Group 1, P < 0.0001. 
‡ Significant difference when compared with Group 1, P < 0.005. 
§ Significant difference when compared with Group 2, P < 0.005. 

 
 

Serum AGE levels were increased in the group 
of young women with low bone mass 

The group of young women with low bone mass 
included in this study had T-scores between -1 and 
-2.5. These patients could not be diagnosed with os-
teoporosis because they were young and had not un-
dergone menopause. These women had low bone 
density as demonstrated by their T-scores and BMDs 
of the hip and lumbar spine (T-scores between -1 and 
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-2.5). They also had significant lower Z-score of lum-
bar spine and hip when compared with healthy con-
trol (Table 1). The serum AGE level was higher in the 
young women with low bone mass compared to 
healthy controls (P < 0.0001; Table 3 and Figure 1B). 
However, significant differences were not found in 
the levels of serum OPN, estrogen, BAP, and CTX.  

 

 
Figure 1. (A) Serum AGE levels in healthy control and osteopenia or 
osteoporosis groups. (B) Serum AGE levels in the 4 groups including 
healthy control, osteopenia, osteoporosis, and young women with low 
bone mass. *** P value < 0.0001; ** P value < 0.005. 

 

The peripheral estrogen level did not differ 
between the osteopenia and osteoporosis 
groups 

Although a lower level of estrogen was observed 
in patients with osteopenia and osteoporosis com-
pared with healthy controls (P = 0.001; Table 2), the 
level of estrogen did not differ between the osteopenia 
and osteoporosis groups (P = 0.425). Patients with 
severe estrogen deficiency (estrogen < 20) had lower 
hip T-scores compared with patients without severe 
estrogen deficiency (-1.22 ± 1.35 vs -1.92 ± 1.11, P = 
0.040). AGEs, OPN, the lumbar T-score, and the lum-
bar and hip BMDs were not significantly different 
between the severe estrogen deficiency and estrogen 

deficiency groups. The estrogen level was not associ-
ated with the AGE and OPN biomarkers. 

The serum AGE level was correlated with 
bone density 

A negative correlation was found between se-
rum AGEs and the lumbar spine bone density (lum-
bar BMD, r = -0.249, P = 0.028; lumbar T-score, r = 
-0.261, P = 0.021, Figure 2). However, a significant 
correlation was not found between serum AGEs and 
age (P = 0.087) in the patients with osteopenia or os-
teoporosis. A trend of positive correlation between 
age and AGEs could be found in osteoporosis or os-
teopenia patients. We could find the association of age 
and AGEs in all study subjects (r=0.741, P<0.0001; 
Figure 3). Age was the major confounder about cir-
culating AGEs. Therefore, we used Z-score (the ref-
erence of standard deviation is used by average per-
son of the same age) to evaluate the effects of AGEs in 
low bone mass. There was still a negative correlation 
between AGEs and Z-score of lumbar spine (r=-0.295, 
P=0.001), and negative correlation between OPN and 
Z-score of lumbar spine (r=-0.336, P<0.001). This in-
dicates that the mean increased level of serum AGEs 
found in patients with osteoporosis or osteopenia was 
not due to a significant correlation with increased age. 
Other clinical parameters were also evaluated. A 
negative correlation was found between CTX and 
BMD of neck (r=-0.328, P=0.013). There was no sig-
nificant correlation between BAP or estrogen and 
clinical bone density. There is a negative correlation 
between OPN and BMD of hip or neck (BMD of hip, r 
= -0.364, P = 0.005; BMD of neck, r = -0.262, P = 0.049; 
T-score of hip, r = -0.296, P = 0.03). The circulating 
levels of AGEs, CTX and OPN could serve as bi-
omarkers of bone density in the patients with osteo-
penia or osteoporosis. 

A high level of serum AGEs was a risk factor 
for the development of osteopenia  

Multivariate logistic regression analyses were 
performed to evaluate which variables increased the 
risk of osteopenia (T-score < -1) in women. Women 
with a high level of serum AGEs (>8.12 U/mL, the 
mean value of healthy control) had an approximately 
5.34-fold risk (95% confidence interval (CI) = 2.25–
12.63) of osteopenia regarding the lumbar T-score and 
an approximately 3.31-fold risk (95% CI = 1.44–7.61) 
of osteopenia regarding the hip T-score (Table 4) 
compared with women with low serum AGE levels 
(≦8.12 U/mL). After adjusting for age, a high serum 
AGE level had 3.51-fold risk of osteopenia regarding 
the lumbar T-score. After adjusting for age, estrogen, 
OPN and glucose, a high serum AGE level (>8.12 
U/mL) still had a 2.76-fold risk (95% CI = 1.12–11.70) 
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for the development of osteopenia regarding lumbar 
T-score. Therefore, serum AGE levels were a signifi-
cant independent risk biomarker for the progression 
of osteoporosis. 

Table 4. Odds ratios of serum AGE levels in women with os-
teopenia (low bone mass) according to lumbar spine and hip 
T-scores. 

Serum AGEs (U/mL) Lumbar T-score Odds ratios 
 ＜-1 (n = 86) ≧-1 (n = 39)  
AGEs ＞ 8.12  41  51 5.34 (2.25-12.63)  
AGEs ≦ 8.12  11  21  1 
 Hip T-score  
 ＜-1 (n = 81) ≧-1 (n = 44)  
AGEs ＞ 8.12  39  54  3.31 (1.44-7.61) 
AGEs ≦ 8.12  12  20  1 

 
 
 

 
Figure 2. Correlation of serum AGE levels and clinical parameters in 
patients with osteopenia or osteoporosis. (A) BMD of lumbar spine (r = 
-0.249, P = 0.028) and (B) T-score of lumbar spine (r = -0.261, P = 0.021). 

 
Figure 3. Correlation of age and serum AGEs in all study subjects. 

 

Discussion 
Osteoporosis is a systemic disease with abnor-

mal bone metabolism between osteoclasts and osteo-
blasts. Numerous factors can influence the degree of 
osteoporosis and risk factors include age, estrogen, 
cytokines, and inflammation. Estrogen deficiency in-
fluences the immune system, resulting in the eleva-
tion of Interferon-γ (INF-γ), interleukin (IL)-7, and 
IL-1 [18,19]. Estrogen withdrawal results in the up-
regulation of T-cell Tumor necrosis factor-α produc-
tion and T-cell activation in the thymus and bone 
marrow [20]. Estrogen loss results in increased T-cell 
activation and production of pro-osteoclastogenic 
cytokines by a complex pathway. Following abnormal 
activation of the immune system and T- and B-cells, 
bone loss progresses due to the induction of osteo-
clastogenesis by T-cells or over expression of receptor 
activator of nuclear factor-kappa B ligand (RANKL) in 
activated B-cells [21,22]. AGEs induced abnormal 
T-cell apoptosis in an in vitro study [23] and signifi-
cant trabecular bone mass loss of the vertebrae and 
femur was observed in T-cell deficient-mice [24]. In-
creasing AGE accumulation has been observed in 
various tissues including the heart, skin, bone, carti-
lage, and kidney [4-7]. AGEs induce reactive oxygen 
species via the AGE-specific receptor, which plays key 
roles in the inflammatory response of diabetic com-
plications such as nephropathy and atherosclerosis 
[25]. In clinical, Type 2 diabetes patients with high 
AGE levels have a high risk of osteoporosis [14]. 

The presence of AGE-modified proteins such as 
carboxymethyl lysine and imidazolone is found in 
osteoporotic bone with a different intensity, and a 
negative correlation has been observed between AGE 
staining and the percentage of osteoblasts that cover 
the bone surface [26]. In vitro experiments have 
shown that osteoclast bone resorption is enhanced by 
the addition of AGE-modified albumin [27]. A soluble 
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AGE receptor may prevent the proinflammatory ef-
fects of bony destruction in RA patients [28]. AGEs 
appear to trigger inflammation and bone loss in the 
pathogenesis of RA and osteoporosis. Therefore, 
AGEs play major role in the impaired bone formation. 
Our investigation showed increasing AGE levels in 
the peripheral circulation of patients with osteoporo-
sis or osteopenia (Figure 1A) and the serum AGE level 
was associated with the severity of bone density loss 
(Figure 2). Significantly elevated serum AGEs were 
found in young women with low bone mass, as de-
fined by DXA (Figure 1B). Although these young 
women could not be diagnosed with osteoporosis, the 
condition of bone density loss was progressive. Es-
trogen and OPN levels did not differ between the 
osteopenia group and the osteoporosis group (Table 
3) and the serum AGE level did not differ between the 
estrogen deficiency group and the severe estrogen 
deficiency (< 20 pg/mL) group. Thus, serum AGE 
levels were not influenced significantly by serum es-
trogen, and the serum AGE level could be used to 
predict the progression of osteoporosis despite serum 
estrogen levels.  

OPN is a phosphorylated acidic argi-
nine-glycine-aspartate-containing glycoprotein that 
originally was identified as a major component of the 
noncollagenous bone matrix expressed by both oste-
oblasts and osteoclasts [29]. OPN is associated with 
pathological processes such as wound healing, bone 
turnover, tumorigenesis, inflammation, ischemia, and 
immune responses [30]. OPN knockout mice are re-
sistant to ovariectomy-induced bone resorption 
compared with wild-type mice [31]. In the adaptive 
immunity of T cells, OPN inhibits production of the 
Th2 cytokine IL-10, which leads to an enhanced Th1 
response [29]. Th1 cytokines, especially IFN-γ and 
IL-1, can promote osteoclast formation and activity 
[32]. We previously demonstrated that increased se-
rum OPN is a risk factor for osteoporosis in meno-
pausal women and the serum level of OPN is nega-
tively correlated with the hip and neck BMD and the 
hip T-score [33]. OPN serves as a biomarker for eval-
uating the severity of osteoporosis because of its cor-
relation with bone density. In this study, we evaluated 
the serum OPN levels and found a similar negative 
correlation with bone density: BMD of hip, r = -0.364, 
P = 0.005; BMD of neck, r = -0.262, P = 0.049; T-score of 
hip, r = -0.296, P = 0.03; and CTX, r = 0.388, P < 0.0001 
and a positive correlation with age (r = 0.217, P = 
0.05). Although elevated serum OPN levels were 
found in patients with osteoporosis or osteopenia, we 
did not find a significant OPN elevation among the 
young women with low bone mass (Table 3). There-
fore, OPN appears to be useful for evaluating the se-

verity of osteoporosis but not for the prediction of 
osteoporosis progression.  

In present study, we found that AGEs and OPN 
could be used as biomarkers to evaluate the severity 
and risk of this disease in menopausal or childbearing 
women. T-cells excrete pro-inflammatory cytokines 
when stimulated with AGEs and OPN induces acti-
vation of Th1 cytokine [28,29,32]. An abnormal 
RANKL activation signal is observed when serum 
AGEs and OPN are elevated [34-36]. Thereafter, an 
imbalance between osteoclasts and osteoblasts can 
develop and progress to gradual bone loss. AGEs in-
creased osteoblast apoptosis in vitro, and a bisphos-
phonate or an anti-AGE antibody blocked 
AGE-induced osteoblast apoptosis [37]. Our evalua-
tion of serum AGEs revealed a significantly increased 
risk of osteopenia or low bone mass (T score < -1) in 
the hip and lumbar spine when AGEs were elevated 
(Table 4). We also could find the association of age 
and AGEs in all study subjects (r=0.741, P<0.0001; 
Figure 3). After adjusting for age, estrogen, OPN and 
glucose, a high serum AGE level (>8.12 U/mL) still 
had an 2.76-fold risk (95% CI = 1.12-11.70) of osteo-
penia regarding lumbar T-score compared with 
women with low serum AGE levels (≦8.12). Serum 
AGE levels might also be used to predict the progres-
sion of osteoporosis clinically, resulting in the early 
detection or prevention of osteoporosis. Bisphospho-
nate treatment results in changes in AGE accumula-
tion and a reduction in the energy absorption of cor-
tical bone [38]. Therefore, serum AGEs might be also 
used to monitor the progression of osteoporosis in 
patients who received anti-osteoporosis therapy in-
cluding bisphosphonates, parathyroid hormone, cal-
cium, and calcitonin. In clinical, we used DXA to 
evaluate the severity of osteoporosis. However, the 
patient could not be received the detection due to 
radiologic exposure or poor convenience. The serum 
AGEs may be more easily checked from peripheral 
blood and be as one of the parameter to monitor the 
severity or possible progression of osteoporosis. Se-
rum AGEs levels cannot be instead of the role of DXA, 
and need for further evaluation in the future. 

In conclusion, OPN is associated with bone re-
sorption (a positive correlation with serum CTX) and 
AGEs are associated with impaired function of osteo-
blasts [13]. Serum OPN levels are strongly associated 
with bone density loss, including the hip and neck 
BMDs and the hip T-score. Serum AGEs are associ-
ated with bone loss in the lumbar spine. Therefore, 
serum levels of AGEs and OPN could be used to 
monitor the severity and progression of osteoporosis. 
Targeting AGEs may represent a novel therapeutic 
approach for primary or secondary osteoporosis. 
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