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Purpose: Periostin (POSTN) is a secreted �-carboxyglutamic acid-containing protein expressed
mainly in the periosteum in adult individuals. POSNT deficient mice develop periodontis and
osteoporosis with decreased bone strength. The relationship between serum POSTN and bone
metabolism and fracture risk in postmenopausal women is unknown.

Subjects and Methods: Serum POSTN was measured in 607 postmenopausal women (mean age
66.6 � 8.4 y) from the Os des Femmes de Lyon cohort at the ninth annual follow-up visit (baseline
visit of the current analysis). Nonvertebral and clinical vertebral incident fragility fractures were
reported annually during 7 years. Areal bone mineral density (BMD; measured by dual energy X-ray
absorptiometry) of the hip and bone markers (intact N-terminal propeptide of type I collagen,
osteocalcin, and serum type I collagen C-telopeptide) were also measured.

Results: At baseline, serum POSTN did not correlate with age, bone markers, and BMD. After a
median of 7 years of follow-up, 75 women sustained an incident clinical vertebral or nonvertebral
fragility fracture. The proportion of women who had an incident fracture was significantly higher
in women with levels of POSTN in the highest quartile than that of women in the three other
quartiles (19.5% vs 10.1%, P � .018) after adjustment for age and prevalent fracture. The highest
quartile of POSTN was associated with an increased risk of incident fracture with a relative risk (95%
confidence interval) of 1.88 (1.1–3.2) after adjustment for age, prevalent fracture, and hip BMD
T-score. Patients with both low hip BMD (T-score � �2.5) and high levels of POSTN (fourth quartile)
had a relative risk of fracture of 7.1 (95% confidence interval 2.4–21.8) after adjustment for age.

Conclusion: High serum POSTN levels are independently associated with increased fracture risk in
postmenopausal women. These data suggest that serum POSTN could be useful to improve fracture
risk assessment. (J Clin Endocrinol Metab 99: 2533–2539, 2014)

In postmenopausal women, measurement of bone min-
eral density (BMD) has been shown to be a strong pre-

dictor of fracture risk (1). However, half of patients with
incident fractures have baseline BMD above the World
Health Organization diagnostic threshold of osteoporosis
because of the multiple determinants of skeletal fragility,
eg, age, history of fracture, and microstructural deterio-
ration of bone tissue (2). It means that many women who

will fracture in their lifetime will not be identified to be at
high risk on the basis of BMD assessment alone. This sit-
uation calls for the identification of new BMD indepen-
dent parameters to improve fracture prediction in post-
menopausal women. As recently reviewed by Vasikaran et
al (3) in a position paper from the International Osteopo-
rosis Foundation, several epidemiological studies have
shown that some markers of bone turnover and especially
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those of bone resorption predict fracture risk in postmeno-
pausal women. In the Os des Femmes de Lyon (OFELY)
study, we previously showed that over a 5-year follow-up,
increased levels of serum bone alkaline phosphatase, uri-
nary-free deoxypyridinoline, urinary type I collagen N-telo-
peptides, and urinary and serum type I collagen C-telopep-
tides (CTX-I) are associated with an approximately 2-fold
increased risk of fractures (4, 5). Serum CTX-I has also been
associated with hip fracture risk (6). Moreover, the com-
bined use of BMD measurement and biochemical markers is
helpful in riskassessment, especially in thosewomenwhoare
not identified as at risk by BMD measurement alone (4, 7, 8).

One of the new candidate biomarkers could be perios-
tin (POSTN). POSTN is a secreted protein of 836 amino
acids containing several putative sites for �-carboxylation
of their glutamic acid residues (9). It belongs to the ma-
tricellular protein family because it contains binding sites
for extracellular matrix proteins, such as type I and type V
collagens, and the cell surface receptor integrins (10).
POSTN is predominantly expressed in the periosteum,
which covers a large majority of bones (11). Higher
POSTN expression has been detected during embryogen-
esis and bone growth (12). POSTN is also expressed in
collagen-rich fibrous connective tissues subjected to me-
chanical stress, such as periodontal ligaments, heart
valves, and tendons (13–15). The preferential expression
of POSTN in periosteum suggests that it may be involved
in bone microarchitecture and bone strength. POSTN-de-
ficient mice develop periodontis and osteoporosis with
lower BMD, altered microarchitecture, and decreased
bone strength (16). It has also been shown to be an im-
portant mediator of the effects of mechanical factors and
PTH on BMD and bone strength (16, 17). In addition, a
recent study using a single-nucleotide polymorphism ap-
proach suggested that the POSTN gene was a candidate
for BMD variation and vertebral fracture risk (18).

Because POSTN is a secreted soluble factor, a specific
immunoassay has been recently developed to measure its
concentration in serum and plasma. Serum POSTN has
been investigated mainly in the context of oncogenesis,
and some studies have reported increased serum levels in
patients with prostate cancer, cholangiocarcinoma, breast
cancer bone metastases, non-small cell lung carcinoma,
and colorectal cancer (19). To our best knowledge, there
is no published study that has investigated the relation-
ships between serum POSTN and fracture risk in post-
menopausal women. We speculated that low POSTN lev-
els could be associated with an increased risk of fracture
because rodents deficient in POSTN are characterized by
decreased BMD and bone strength (16, 17).

The main objective of this study was to investigate the
relationship between serum POSTN and fractures risk as-

sessed prospectively in a large population of postmeno-
pausal women. We have also examined the association of
serum POSTN with bone turnover, BMD, and endoge-
nous hormones.

Materials and Methods

Subjects
We investigated 607 postmenopausal women (mean age

66.6 � 8.4 y) from the OFELY cohort at the ninth annual follow-
up. Menopause was defined as an absence of menses for at least
12 months. OFELY is an ongoing prospective study of the de-
terminants of bone loss in 1039 volunteer women, 31–89 years
of age, recruited between February 1992 and December 1993,
randomly selected from the affiliates of a large health insurance
company (Mutuelle Générale de l’Education Nationale) from the
Rhône district with an annual follow-up. The OFELY cohort has
been described in detail elsewhere (20, 21). We have chosen this
ninth follow-up visit (2001) as the baseline for this analysis be-
cause serum was no longer available from the earlier assess-
ments. The creatinine clearance was estimated at the inclusion in
the OFELY cohort (1992–1993) with the Modification of the
Diet in Renal Disease formula (22).

Fracture assessment
Nonvertebral and clinical vertebral fractures were reported

during 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. All fractures were confirmed by radio-
graphs or by a surgical report. Only low-trauma fractures (ie,
those occurring as a result of falls from standing height or less)
were taken into account in this analysis, and we excluded frac-
tures of fingers, toes, skull, and face. All clinical vertebral frac-
tures were confirmed by X-ray of the thoracic and lumbar spine.
Spine radiographs were obtained at baseline in 547 women (90%
of the total population) at baseline and in 472 women during the
follow-up (78%). The semiquantitative method of Genant et al
(23) was used by a trained rheumatologist. For the present anal-
ysis, prevalent fragility fractures were all those that occurred
between the inclusion visit and the ninth annual follow-up in
addition to the fragility fractures of the wrist, humerus, verte-
brae, or hip that occurred before the inclusion and after the age
of 40 years. Incident fragility fractures were all those that oc-
curred between the ninth (baseline visit of the current analysis)
and the 16th annual follow-up.

Bone mineral densitometry
Areal BMD was measured at ninth annual follow-up visit by

dual-energy X-ray absorptiometry (DXA) at the lumbar spine
and total hip (QDR 4500A; Hologic). The in vivo precision error
of DXA, expressed as the coefficient of variation (CV), was 0.9%
and 1% for lumbar spine and total hip BMD, respectively. A
control phantom was scanned every day, and all DXA measure-
ments were performed by the same experienced operator.

Biochemistry
Blood samples were collected between 8:00 and 9:30 AM after

an overnight fast at the ninth annual follow-up visit (baseline
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assessment of the current analysis). Serum samples were stored
frozen at �70°C until assayed.

POSTN assay
Serum POSTN was measured by a novel sandwich ELISA

assay (USCN) using two antibodies raised against the same part
of the human recombinant POSTN, the fasciclin-1-like domain
(amino acids 97–230). Briefly, microtiter plates were precoated
with a rabbit polyclonal antibody. Serum samples or standards
(recombinant fasciclin-1-like domain of POSTN) are incubated
with a rabbit polyclonal biotinylated antibody for 2 hours at
37°C. The unbound material is eliminated by washing. Then
avidin conjugated to horseradish peroxidase is added to each
microplate well and incubated for 1 hour at 37°C. After a wash-
ing step, the substrate 3, 3�, 5, 5�-tetramethyl benzidine is added
to the well, which reacts with horseradish peroxidase and color
is formed. After 15 minutes of incubation, the reaction is stopped
with the addition of a sulfuric acid solution and the plate is read
at 450 nm. The amount of color generated is directly propor-
tional to the amount of POSTN in the sample. In our laboratory,
the intra- and interassay coefficients of variation were lower than
10% and 12%, respectively. The linearity of the assay was eval-
uated by testing four human serum samples with high levels of
endogenous POSTN diluted in buffer assay to 75%, 50%, and
25%. The mean recovery was 83%. The detection limit, defined
as the concentration of POSTN corresponding to the OD value
of standard 0�3 SD, was 29 ng/mL. None of the samples tested
had POSTN values below the lower limit of detection or above
the upper limit of quantification corresponding to 2500 ng/mL.
The recovery of the spiked standards, which was tested by adding
two different concentrations of standard into four different se-
rum human samples presenting with various levels of endoge-
nous POSTN ranged from 91% to 103%.

Bone formation and bone resorption markers
Serum intact N-terminal propeptide of type I collagen, serum

osteocalcin, and �-isomerized CTX-I were measured using an
automatic test (Elecsys P1NP, Elecsys N-MID Osteocalcin, Elec-
sys �-Crosslaps; Roche Diagnostics). Intra- and interassay CVs
were below 8% for all three markers.

Hormones
Serum total 17�-estradiol (E2) was measured by direct RIA

(CIS Bio International SAS). This assay shows a limit of detection
of 11 pM/L and was validated by the Agence Française de Sé-
curité Sanitaire des Produits de Santé for the determination of

very low E2 concentrations, especially in postmenopausal
women. Intraassay and interassay CVs were less than 10%.
SHBG was measured by an immunoradiometric assay (CIS Bio
International). Bioavailable E2 was calculated by multiplying
total E2 concentration by the percentage of non-SHBG bound
E2. Non-SHBG bound E2 was determined by differential pre-
cipitation of serum proteins after equilibration of the serum with
tritiated tracer amounts of E2 (total radioactivity). At the end of
the reaction, SHBG and E2 bound to it are precipitated using a
50% ammonium sulfate solution. After centrifugation, the ra-
dioactivity measured in the supernatant represents the bioavail-
able E2 fraction of the total radioactivity. Serum total T was
measured by a RIA after extraction, with a limit of detection of
0.04 nM/L. The intra- and interassay CVs were less than 10%.

Serum intact PTH was measured by an immunoradiometric
assay using two monoclonal antibodies (ELSA-PTH; Cisbio).
The intra- and interassay CVs are lower than 6% and 11%,
respectively, and the limit of detection of 0.7 pg/mL. Serum 25-
hydroxyvitamin D [25(OH)D] was measured by an automatic
competitive two-step chemiluminescence assay (LIAISON
25OH Vitamin D TOTAL; Dia-Sorin). The intra- and interassay
CVs are below 7% and 14%, respectively, and the sensitivity is
4 ng/mL.

Statistical analysis
All data were reported as mean � SD unless otherwise spec-

ified. �2 and Wilcoxon tests were used to compare characteristics
between women with incident fractures and controls. A corre-
lation analysis between serum POSTN and age, BMD, bone
markers, and hormones was assessed by the nonparametric
Spearman test because most of the variables were not normally
distributed. Association of serum POSTN with incident fracture
was analyzed by logistic regression analyses using POSTN levels
as continuous or categorized (per quartile) variables. All statis-
tical analyses were performed using Stata 12 (StataCorp LP).

Results

Baseline characteristics of women with and without
incident fractures are shown in Table 1).

At baseline, 102 postmenopausal women had a prev-
alent fracture. During a median 7 years (interquartile 6.8–
7.1 y) of follow-up, 75 women sustained an incident clin-
ical vertebral (n � 11) or nonvertebral fragility fracture

Table 1. Baseline Characteristics of Women With and Without Incident Fractures.

Women With Incident
Fracture (n � 75)

Women Without Incident
Fracture (n � 532) P Value

P Value, Age
Adjusted

Age, y 72 � 9 66 � 8 �.0001
BMI, kg/m2 24 � 4 25 � 4 .25 .17
Total hip BMD, g/cm2 0.767 � 0.11 0.856 � 0.12 �.0001 �.0001
Prevalent fractures, % 25 15 .03 .78
Serum CTX-I, ng/mL 0.47 � 0.24 0.44 � 0.24 .17 .9
Serum PINP, ng/mL 39 � 20 40 � 21 .84 .32
Serum osteocalcin, ng/mL 30 � 14 28 � 12 .46 .90
Serum POSTN, ng/mL 1249 � 340 1162 � 298 .03 .10
Number of women with HRT, % 15 (20%) 172 (32%) .03 .96

Abbreviations: BMI, bone mass index; HRT, hormone replacement therapy; PINP, collagen type I N-propeptide.
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(n � 64). As expected, women with incident fractures were
older and had a lower BMD, and a greater proportion of
them had a prevalent fracture. There was no significant dif-
ference inbonemarkers,whereas serumPOSTNwasslightly
but significantly higher in women with incident fractures.

Baseline association of POSTN with age, bone turnover
markers, BMD, and hormones are shown in (Table 2).

Serum POSTN was not significantly associated with
age, BMD of the spine or the hip, Serum intact N-terminal
propeptide of type I collagen, serum CTX-I, and serum
osteocalcin. There was also no significant association of
POSTN with hormones tested (total estradiol, free estra-
diol, T, intact PTH) and 25(OH)D (data not shown).
However, serum POSTN was modestly associated with
creatinine clearance (r � �0.12, P � .004).

POSTN and fracture risk (Figures 1 and 2)
When considered as a continuous variable, serum

POSTN was significantly associated with an increased risk
of fracture with a relative risk [95% confidence interval
(CI)] of 2.81 (1.1–7.3, P � .03) for each unit increase.
However, the risk did not reach statistical significance
after adjustment for age (P � .10) and prevalent fracture
(P � .13). When considered in quartiles, the proportion of
women who had an incident fracture was significantly
higher in women with levels of POSTN in the highest quar-
tile than that of women in the three other quartiles (19.5%
vs 10.1%, P � .02), a difference that remained significant
after adjustment for age and prevalent fracture (P � .018)
(Figure 1). The highest quartile of POSTN was associated
with an increased risk of incident fracture with a relative
risk (95% CI) of 1.88 (1.1–3.2, P � .023) after adjustment
for age, prevalent fracture, and hip BMD T-score. When
a further adjustment for CTX-I was performed, the odds
ratio remained similar [1.72 (0.96–3.05)], although it did
not reach statistical significance (P � .07). The association
remained, however, significant after further adjustment
for creatinine clearance (P � .02) or hormone replacement
therapy (P � .02).

When nonvertebral fracture were analyzed separately
(n � 64), the highest quartile of POSTN was associated
with an increased risk of incident nonvertebral fracture of
2.05 (95% CI 1.16–3.63, P � .01) after adjustment for
age, prevalent fracture, and hip BMD T-score.

For women with hip BMD T-score less than �2.5 (n �
36), the relative risk of fracture was 4.1 (95% CI 1.9–8.7)
after adjustment for age. For women with both low hip
BMD levels (T-score � �2.5) and high levels of POSTN
(fourth quartile) (n � 15), the relative risk was 7.2 (95%
CI 2.4–21.8) after adjustment for age (Figure 2).

Discussion

We report for the first time a significant association of
serum POSTN with incident fracture risk in a population
of postmenopausal women followed up prospectively for
7 years. The association was independent of known risk
factors for fragility fractures including BMD and prior
fractures, suggesting that POSTN could be a new biolog-
ical marker of fracture risk.

Recent animal knockout studies have demonstrated
that POSTN plays an important role in mediating the me-

Figure 1. Number (percentage) of women with incident fracture
according to quartiles of serum POSTN at baseline. Q, quartile.

Figure 2. Combination of BMD and serum periostin to predict the risk
of fractures in postmenopausal women.

Table 2. Association of Serum POSTN With BMI,
BMD, Bone Turnover Markers, and Creatinine Clearance
in 607 Postmenopausal Women

Variable r Value P Value

Age �0.01 .82
BMI �0.03 .45
Spine BMD �0.04 .37
Total hip BMD �0.02 .55
Serum PINP �0.02 .60
Serum osteocalcin �0.06 .15
Serum CTX-I �0.03 .47
Creatinine clearance �0.12 .004

Abbreviations: BMI, body mass index; PINP, collagen type I N-propeptide.
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chanical effects on bone formation and bone strength by
modulating sclerostin expression and the Wnt-�-catenin
signaling pathway (16, 17). In these animal models, me-
chanical loading induced an overexpression of POSTN
preferentially at the periosteal site, and serum levels were
correlated with histological parameters of periosteal for-
mation, periosteum bone formation rate, mineral apposi-
tion rate, bone volume, and the moment of inertia (16).
This overexpression of POSTN precedes the inhibition of
SOST gene expression. These animal data suggest that this
marker may be indicative of periosteal metabolism, which
is not reflected by conventional bone turnover markers.
Indeed, in elderly men, the bone formation makers, os-
teocalcin and bone alkaline phosphatase, have been
shown to reflect endosteal bone remodeling and were not
related to parameters of periosteal apposition (24). The
absenceof correlationbetweenPOSTNandbone turnover
markers in our study further support the view that these
two types of biochemical markers reflect different bone
metabolism processes.

POSTN is not specific for bone tissue because it has
been shown to be overexpressed in tissues submitted to
mechanical strains such the ligaments, tendons, and the
heart (13–15, 25, 26). Serum levels were also reported to
be increased in conditions of inflammation such as asthma
and in various types of cancers (27). POSTN participates
in tumor angiogenesis, metastasis, and cell migration (28–
30). Circulating POSTN is likely to reflect the metabolism
of several tissues and the contribution of bone in healthy
individuals is currently unknown. Thus, the true associa-
tion of fracture risk and localized bone POSTN may be
underestimated when using circulating measurements.

Higher POSTN levels were associated with an in-
creased risk of fracture, which may appear counterintui-
tive due to the positive effects of POSTN on bone forma-
tion and bone strength in rodents (16, 17). The reasons for
this unexpected finding are unclear. One hypothesis is that
circulating POSTN may reflect the adaptation of meta-
bolic activity of periosteum cells to the existing bone
strains to maintain the steady state of bone quality.
Women with lower bone mass and strength may have
higher mechanical strain in the remaining bone that would
increase POSTN expression. This increased expression of
POSTN would be reflected in serum by an increase of
circulating POSTN levels. However, at the bone sites, the
increase of POSTN expression driving in an increase of
bone formation would not be enough to compensate the
bone loss leading to fragility fractures. Moreover, we ob-
served no significant association between serum POSTN
and 25(OH)D.

Previous studies have shown a higher risk of fracture for
patients with kidney disease (31). Recent studies have also

shown that serum POSTN may be a biomarker for kidney
injury in experimental animal models and in renal diseases
(32, 33). Although serum POSTN was modestly associ-
ated with creatinine renal clearance, adjustment for this
parameter had virtually no influence on the relationship
with fracture risk.

The prediction of fracture risk can be improved by the
combination of several predictors. Several studies have
reported that in women with a low BMD, the presence of
increased bone turnover markers has an additive effect on
fracture risk (3). In the OFELY study, we previously re-
ported that postmenopausal women with both a low BMD
and high bone degradation marker urinary CTX-I have a
higher risk of fracture than women with either risk factor
alone (4). In this study, women with low BMD (��2.5 T
score) had a higher risk of fracture in the next 7 years than
women having a higher BMD (odds ratio 4.03; 95% CI
1.88–8.63; P � .0001). In contrast, there was no signif-
icant association between serum CTX and the risk of frac-
ture. These data contrast with the positive association we
previously reported in this cohort (4), probably because
the follow-up duration was longer (7 vs 5 y). In this same
cohort, we now observed that women with both low hip
BMD levels and high levels of POSTN had also a higher
risk of fracture than women with only low BMD or high
POSTN. Moreover, the combination of low BMD with
high POSTN has to be considered with caution because we
do not yet know how to use the various markers developed
so far, and particularly the relationship between serum
POSTN and fracture risk needs to be clarified. Additional
data are required with the incorporation of reference ana-
lytes using standardized methodology to improve our
knowledge of the complex bone biology (3). This combi-
nation allows detecting a subgroup of 15 women with a
high risk of incident fracture and nine of them will undergo
a fragility fracture. Consequently, additional studies are
needed to confirm the interest of this combination, but at
the moment it does not appear useful in clinical practice
due to the low numbers.

Our study has strengths and some limitations. We in-
vestigated for the first time the association between serum
POSTN and fracture risk in a large and well-characterized
population of postmenopausal women followed up pro-
spectively over a long period of time. We analyzed the
association of serum POSTN with BMD and a panel of
biochemical markers, sex steroids, calcium metabolism
hormones, and creatinine clearance. The long-term sta-
bility of POSTN has not been investigated because assays
have become available only recently. However, the aver-
age values of POSTN in this study (1162 � 298 ng/mL)
with samples stored 10 years were similar to those mea-
sured on fresh specimens (1088 � 186 ng/mL), suggesting
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that the loss of POSTN during long-term storage is prob-
ably limited. Because all samples were stored for an aver-
age of 10 years, if a loss of immunoreactivity has occurred,
this would affect similarly samples from facture cases and
women without fracture. Therefore, the potential long-
term storage effect has probably limited impact on the
investigated association. The number of incident vertebral
fractures was limited (n � 11), and we could not analyze
them separately. We could not assess the association of
POSTN with cortical and trabecular BMD and other pa-
rameters of bone architecture because data on high-reso-
lution computed tomography were not available at the
time POSTN was measured. POSTN has been shown to be
increased in patients with atherosclerotic and rheumatic
valvular heart disease (34). Aortic calcification is highly
prevalent in postmenopausal women and was shown to be
associated with increased risk of fracture in some but not
all studies (35–37). Thus, we can not preclude that aortic
calcification may account in part for the increased serum
POSTN levels found in women with incident fractures.
However, each year all women filled a questionnaire con-
cerning their health status. No women reported myocar-
dial infractions, and only 10 of them had a cancer at base-
line (follow-up 9). Consequently, it is unlikely that these
two conditions, which have been shown to alter POSTN
metabolism, are responsible for the increased POSTN lev-
els (10). The assay we used is believed to detect all isoforms
of circulating POSTN. However, we do not know which
isoform is the most relevant to assess bone metabolism.
Moreover, additional studies are needed to determine the
proportion of circulating POSTN coming from the skel-
etal origin.

In summary, we found that serum POSTN is associated
with fracture risk in postmenopausal women independently
of BMD and prior fracture. The mechanisms relating serum
POSTN to bone strength remain to be determined.
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