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Introduction: Oxytocin (OT), a neurohypophysial hormone regulated by estrogen and leptin, may
play a role in bone metabolism in humans as suggested by animal studies. This study assessed the
relationship between OT and bone status in a large population of postmenopausal women.

Subjects and Methods: Subjects were included in the Osteoporosis and Ultrasound study, a 6-year
prospective study in a population-based cohort. Final visit data were used for this cross-sectional study.
OT, leptin, and estradiol serum levels were measured in 1097 postmenopausal women and compared
with bone mineral density (BMD), fractures, and the bone turnover markers (BTMs) procollagen type
1 N-terminal propeptide, bone alkaline phosphatase, and C-telopeptide of type 1 collagen.

Results: The median age was 70.8 years, 16% were osteoporotic, 48% were osteopenic, and 29%
had at least one fracture. The OT serum level was related to spine (r � �0.12, P � .0002) and total
hip BMD (r � �0.21, P � .0001) and with BTM (procollagen type 1 N-terminal propeptide: r � �0.13,
P � .0001, bone alkaline phosphatase: r � �0.07, P � .02, C-telopeptide of type 1 collagen: r �

�0.18, P � .0001). The relationship of OT with BMD was independent of BTM. After adjustment
for confounding factors, the correlation between OT serum level and BMD remains significant at
the hip in women with unmeasurable estradiol or leptin above the median value. There was no
significant relationship between OT serum levels and fractures.

Conclusion: High OT levels are associated with high BMD, especially at the hip in women with low
estradiol or high leptin serum levels. The mechanism may be explained by the effect of OT on bone
turnover. (J Clin Endocrinol Metab 99: E634–E641, 2014)

Many factors are involved in the control of bone re-
modeling. Recently the role of a hypothalamic

nonapeptide, the oxytocin (OT), has been suggested in the
control of bone remodeling.

OT is a neuropeptide predominantly synthesized
within the magnocellular neurones of the hypothalamus
and recognized as the most prevalent hypothalamic-spe-
cific mRNAs (1). It is also synthesized in some peripheral
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tissues, including the reproductive system, heart, and bone
(1). OT and its receptors are positively regulated by es-
trogens, through estrogen receptor-� because oral admin-
istration of estrogen induces an increase in OT serum lev-
els within 12 hours in humans (2–4). The relationship
between OT and leptin is complicated and not well un-
derstood: in the central nervous system, Honda et al
(5)suggested that leptin inhibits OT secretion, but
Yamamoto et al (6) found that leptin had no effects on
plasma OT secretion and OT gene expression in the su-
praoptic nucleus. At the peripheral level, during lactation
in a rat model, plasma leptin and OT are highly correlated
(7, 8). Interestingly, leptin stimulates OT secretion in vitro
by ovarian cells (7, 8). OT is involved in several central and
peripheral functions including parturition, milk letdown
reflex, and social behavior (1).

Human osteoblasts and osteoclasts express the OT re-
ceptor (9, 10). Intramuscular injection of OT in rats causes
a decrease in serum calcium and soluble receptor activator
of nuclear factor-�B ligand, an increase in osteoprote-
gerin, and a weak effect on bone remodeling in favor of
bone formation (11). Subcutaneous OT injection reverses
bone loss in ovariectomized mice and enhances bone mi-
croarchitecture and biomechanical strength (12). OT and
OT receptor knockout mouse develop osteoporosis (OP),
through a decrease in bone formation related to a decrease
in osteoblast differentiation; this bone deleterious effect
could be rescued by ip injection of OT (13). In a prelim-
inary study of 20 postmenopausal osteoporotic women
with at least one bone fracture compared with 16 healthy
controls, low OT serum levels was significantly associated
with severe OP, independently of other factors associated
with OP or known to regulate OT serum levels, such as
age, estradiol, or leptin (12, 14). In amenorrheic athletes,
nocturnal OT secretion is decreased and is associated with
site-dependent microarchitectural parameters (15).

Altogether these observations suggest the involvement
of OT in the pathophysiology of postmenopausal OP.
Thus, the aim of this study was to further evaluate the
relationships between OT serum level and bone status in
the frame of a large European cohort of postmenopausal
women, from the Osteoporosis and Ultrasound Study
(OPUS). We analyzed this relationship according to two
determinants of OT secretion and bone metabolism, ie,
estradiol and leptin serum levels (2, 15, 16).

Subjects and Methods

Subjects
The study subjects were postmenopausal women participat-

ing in the OPUS cohort, a study that included five European
centers (Aberdeen, United Kingdom; Berlin, Germany; Kiel, Ger-

many; Paris, France; and Sheffield, United Kingdom) and was
coordinated by the Medical Physics Research Group in Kiel,
Germany. Participants in the OPUS study were recruited from
random population samples between April 1999 and April 2001,
as previously described (16). At baseline, 2419 women in the age
group of 55–79 years were included and 1566 had further eval-
uation approximately 6 years later (median 5.99 y, range 4.5–7.5
y). The present study has been conducted on the 6 years of fol-
low-up visit data because of technical concerns (requirement of
at least 1 mL of serum for biological measurements that were no
more available at the inclusion visit). All subjects provided in-
formed consent before OPUS cohort inclusion, and the study was
approved by an appropriate ethics committee. The present study
has been conducted in accordance with the French national reg-
ulations regarding patient consent and ethical review.

Methods

Bone mineral density (BMD) assessment
BMD was measured by dual-energy X-ray absorptiometry

(DXA) of the spine and the proximal femur in posteroanterior
projection (Hologic QDR-4500; Hologic, at Kiel, Paris, and
Sheffield) or in anteroposterior projection (Lunar Expert devic-
es; GE Lunar, at Aberdeen and Berlin). Lumbar spine, total hip,
and femoral neck measurements were standardized, and because
we used DXA devices of different brands, cross-calibration of
BMD was done using published formulae and was expressed in
milligrams per square centimeter (sBMD) (17, 18). Both the Ab-
erdeen and Berlin centers replaced their densitometers by a dif-
ferent Lunar model (Prodigy) during the study. For consistency,
a single European spine phantom was circulated to all the cen-
ters. At each center, the phantom was measured on 10 occasions
during each of the two visits, and follow-up measurements were
standardized against the baseline mean. In the present study, we
analyzed sBMD results at the 6-year follow-up visit. BMD status
was defined according to World Health Organization (WHO)
definition (WHO 1994), taking into account the lumbar spine
T-score and the total hip T-score: normal (T-score � �1 SD),
osteopenia (�2.5 SD � T-score � �1SD), osteoporosis (T-
score � �2.5 SD); the global T-score was defined by the lower
T-score of both sites.

Questionnaires
Each participant completed the OPUS Risk Factor Question-

naire, a modified version of the Risk Factor Questionnaire used
in the European Vertebral Osteoporosis Study (19), which was
administered by interview. It included a family history of osteo-
porosis, a self-reported medical history, previous fractures, and
medications known to affect skeletal metabolism. Height and
weight were also measured, with the participant wearing light-
weight clothing and no shoes. At the 6-year follow-up visit, a
second questionnaire was completed, focusing mainly on any
changes since the first visit.

Fractures
Lateral lumbar and thoracic spine radiographs were per-

formed at both visits, according to standardized procedures. All
X-rays were analyzed at a single site (Berlin) by one radiologist.
Nonvertebral fractures were captured through self-report, and
incident fractures were then verified by radiographs or medical
records. All nonvertebral fractures at any skeletal site, whether
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caused by high or low trauma, were included. Details of the
estimated degree of trauma and the site of fracture (hip, wrist,
proximal humerus, or other) were recorded.

Biochemical measurements
Venous blood was taken between 12:00 and 15:00 PM, and

samples were left to clot at room temperature for 30 minutes and
then centrifuged. Aliquots of the serum supernatant were stored
at �80°C until assay.

Oxytocin RIA (Phoenix Pharmaceuticals) was performed ac-
cording to manufacturers’ instructions. The detection limit was
2.5 pg/mL (corresponding to 0.3 pg/mL because samples were
concentrated eight times), and intraassay variability was 15% as
reported by the manufacturers.

Serum samples were extracted to eliminate interfering mol-
ecules and concentrate the sample before analysis. Sample ex-
traction was performed using a solid-phase extraction recom-
mended by RIA kit assay manufacturers and as described by
Szeto et al (20). Briefly, solid-phase extraction of samples was
performed using 200 mg C18 Sep-Pak columns (Phoenix Phar-
maceuticals). The columns were equilibrated with 1 mL buffer B
and washed three times with 3 mL of buffer A. Then 0.8 mL of
serum was mixed with an equal volume of buffer A, centrifuged
at 17 000 � g for 20 minutes at 4°C, and the clarified serum was
then applied to the column. The flow-through fraction was dis-
carded; the columns were washed twice with 3 mL of buffer A.
Oxytocin was eluted with 3 mL of buffer B. The solvent was
evaporated under a stream of nitrogen gas. For immunoassay,
the samples were reconstituted in 100 �L of assay buffer pro-
vided by the RIA kit. OT quantification was done in duplicate
using 40 �L of reconstituted samples. Extraction efficiency was
approximately 95% as determined by adding various amounts of
OT to serum samples before extraction.

Leptin serum levels were measured using a TECO leptin
ELISA kit (TECOmedical Group) according to the manufactur-
er’s instructions. The detection limit was 0.2 ng/mL, and the
coefficients of variation within and between assays are, respec-
tively, 6.1% and 7.6%. Estradiol was measured using ADVIA-
Centaur XP (Siemens), a highly sensitive chemiluminescence as-
say. The limit of detection was 11.8 pg/mL and the coefficients
of variation within and between assays were 10% and 6.7%,
respectively.

Serum type I collagen C-terminal telopeptide (CTX), a bone
resorption marker, and procollagen type I N-terminal propep-
tide (PINP) and bone alkaline phosphatase (ALP), bone forma-
tion markers, were measured using an immunoassay analyzer
iSYS (IDS). Blood samples were collected at the same time of the
day to mitigate the effects of diurnal variation. Coefficients of
variation were less than 8.1% (serum CTX), less than 1.1%
(PINP), and less than 3.5% (bone ALP).

Inclusion and exclusion criteria for analysis
Subjects were included in this analysis if they were postmeno-

pausal, had at least 1 mL of serum available at the 6-year fol-
low-up visit, and a valid dosage of OT. These criteria were met
by 1097 subjects.

Statistical analysis
Pearson’s simple correlation coefficient (Spearman’s correla-

tion coefficient where necessary) was used to assess the correla-
tion between OT serum level and sBMD measurements at the

three sites and correlation between bone turnover markers
(CTX, PINP, bone ALP) and, respectively, OT serum level and
sBMD at all sites. We further studied the relation between BMD
status, defined according to lumbar spine T-score, total hip T-
score, and global T-score as normal, osteopenic or osteoporotic,
and OT serum level. We first assessed differences across all BMD
status conditions for each T-score parameter using the Kruskal-
Wallis’ test. If statistically significant, we then compared the
conditions by pairs using the Wilcoxon rank sum test. Here, to
account for multiple comparisons, we used the Bonferroni
method, and only values of P � .017 were considered as statis-
tically significant.

We then studied the relation between OT serum level and
sBMD using multivariate linear regression models adjusted for
age (years), estradiol serum levels (picograms per milliliter), lep-
tin serum levels (nanograms per milliliter), and body mass index
(BMI; continuous variables) and parental hip fracture, current
smoking (�20 cigarettes/d), alcoholism (� 20 g/d), previous
treatment by bisphosphonates, steroids (�3 months), or hor-
mone replacement therapy (binary variables) because they are
known potential confounders in analyses of sBMD. These ad-
justed models are referred to as model 1 in the text. We also
adjusted the relationship between OT serum level and sBMD at
all sites for bone turnover markers and finally introduced bone
turnover marker variables in model 1. We, a priori, decided to
repeat our analyses stratifying on estradiol, using as a cutoff the
detection limit (11.79 pg/mL), and then on leptin with the me-
dian (19.1 ng/mL) as a cutoff value according to the associations
already described in the literature with OT secretion.

We finally compared OT serum levels according to the pres-
ence of osteoporotic fractures (vertebral and or nonvertebral)
using the Wilcoxon rank sum test.

All statistical analyses were performed using the SAS software
package version 9.1.3 (SAS Institute).

Results

The clinical characteristics of the population are listed in
Table 1, biological characteristics in Table 2, and bone
status (BMD and fractures) in Table 3. The OT serum level
was below 13 pg/mL in all subjects except three (values

Table 1. Clinical Characteristics of the Study
Population

Study Population
(n � 1097)

%

Age, y (median, IQR) 1097 70.8 (66.0–76.9)
BMI, kg/m2 (median, IQR) 1085 26.2 (23.6–29.6)
Parental fracture hip 123 11.3
Smoking � 20 cigarettes/d 27 2.5
Past or current steroid use more than

3 months
83 7.7

Alcohol 3 U/d or more 19 1.8
Hormone replacement therapy ever

use
354 38.8

Bisphosphonate therapy ever use 135 12.6

Values are n and percentage unless otherwise stated.
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higher than 25 pg/mL), suggesting a possible interference
such as stress or technical artifact; thus, these three women
have been excluded and analyses performed on the 1094
remaining women. OT measurements were below the
limit of detection (�0.3 pg/mL) for 463 women and were
set to 0.3 pg/mL. Estradiol measurements were below the
limit of detection (�11.8 pg/mL) in 971 subjects (89.6%)
and were set to 11.8 pg/mL. As expected in a random
sample of the general population, a large majority of the
women were osteopenic, more than one third had normal
BMD, and 16% had low BMD, fulfilling the WHO criteria
of OP (Table 3); fragility fractures were observed in 313
women (28.6%), including 158 osteopenic women.

OT, BMD, and bone remodeling
Univariate analysis showed a positive weak correlation

between OT serum level and sBMD (milligrams per square
centimeter) at all sites (Table 4). As shown in Figure 1, the
OT serum level was significantly associated with bone sta-
tus defined by T-score: lower in osteopenic than in healthy

women at all sites and lower in osteoporotic than in os-
teopenic women at the lumbar spine and global T score,
but this difference did not reach the significance at the total
hip. We also observed a significant positive association
between OT serum level and low bone turnover (Table 4)
and, as expected, a significant negative correlation be-
tween bone turnover markers and sBMD at all sites (data
not shown).

There was no association between age and OT serum
level, but a positive correlation with BMI (r � 0.25, P �

.0001) was observed. There was a positive correlation be-
tween OT and estradiol (r � 0.34, P � .0001), OT, and
leptin (r � 0.23, P � .0001) but no correlation between
estradiol and leptin. In a multivariate analysis, the asso-
ciation between OT and leptin remains significant after
adjustment on BMI (P � .03, � � .007).

In a multivariate analysis, after adjustment for known
determinants of sBMD, estradiol, leptin, age, BMI, paren-
tal hip fracture, current smoking, alcoholism, previous

Table 3. Bone Status of the Study Participants

Characteristics

Study Population (n � 1097)

n %

Lumbar spine sBMD, mg/cm2 (median, IQR) 1071 1026 (914–1148)
Femoral neck sBMD, mg/cm2 (median, IQR) 1085 722 (648–811)
Total hip sBMD, mg/cm2 (median, IQR) 1088 839 (751–932)
Lumbar spine BMD status 1071

Normal 519 48.4
Osteopenia 411 38.4
Osteoporosis 141 13.2

Total hip BMD status 1088
Normal 587 54.0
Osteopenia 445 40.9
Osteoporosis 56 5.1

Global BMD status (global T-score)a 1096
Normal 390 35.6
Osteopenia 531 48.4
Osteoporosis 175 16.0

Vertebral fracture 170 15.7
Nonvertebral fracture 212 19.5
Subject with at least one fragility fracture (vertebral and/or nonvertebral) 313 29.1

Values are n and percentage unless otherwise stated.
a Global T-score is defined by the lower T-score at both sites.

Table 2. Biological Characteristics of the Study Population

Biological Markers

Study Population (n � 1097)

n Serum Values

OT, pg/mL (median, IQR) 1097 0.4 (0.3–1.1)
High sensitive estradiol, pg/mL (median, IQR) 1083 11.8 (11.8–11.8)
Leptin, ng/mL (median, IQR) 1089 19.1 (11.1–31.7)
PINP, ng/mL (median, IQR) 1078 42.4 (29.4–57)
Bone ALP, �g/L (median, IQR) 1091 14.9 (11.8–19.4)
CTX, ng/mL (median, IQR) 1088 0.3 (0.2–0.5)

Values are n.
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treatment by bisphosphonates, steroids, and hormone re-
placement therapy, the relation between OT and sBMD
was no longer significant.

In a separate multivariate analysis, after adjustment for
bone turnover markers, the relationship between OT and
sBMD was still significant at all sites (spine � � 11.47, P �
.007; femoral neck � � 9.70, P � .0006; total hip � �
18.01, P � .0001).

OT, BMD, and bone remodeling according to
estradiol and leptin levels

We observed, in the subgroup of women with an un-
detectable serum estradiol level (n � 776 subjects) that the
OT serum level correlated positively with BMD (milli-
grams per square centimeter) at all sites (spine, r � 0.07,
P � .04; femoral neck, r � 0.09, P � .005; hip, r � 0.17,
P � .0001) and negatively with bone turnover markers
(bone ALP, r � �0.07, P � .01; PINP, r � �0.13, P �
.0001; CTX, r � �0.15, P � .0001). Meanwhile, in the
subgroup with high estradiol (n � 93), OT was only
weakly correlated with hip sBMD (r � 0.18, P � .05) and
not with bone markers. In a multivariate analysis (model
1 without estradiol), in the low estradiol subgroup, OT
serum level remained associated only with total hip sBMD

(Table 5), but this relationship was no longer significant
after adjustment on bone turnover markers.

OT serum level was positively correlated with sBMD at
all sites, regardless of leptin subgroup (data not shown).
OT levels were negatively correlated with bone markers in
the subgroup with high leptin (bone ALP, r � �0.11, P �

.007; PINP, r � �0.13, P � .001; CTX, r � �0.17, P �

.0001), whereas in the subgroup of low leptin, only CTX
was significantly correlated with OT (r � �0.13, P �

.001). In a multivariate analysis (model 1 without leptin),
in the subgroup of high leptin (n � 423 subjects), the OT
serum level was significantly associated with total hip
sBMD (Table 5), and this relation remained weakly sig-
nificant after further adjustment on bone turnover mark-
ers (� � 7.11 � 3.58, P � .048). In the subgroup of low
leptin, the relationship between OT and sBMD was no
longer significant (Table 5).

Relationships of OT and fracture
OT serum levels were not significantly different in

women with prevalent fractures (vertebral and/or nonver-
tebral) and women without fractures, neither in the sub-
group with low estradiol nor in the subgroup previously or
currently treated with hormone replacement therapy or
bisphosphonates. However, OT serum levels were signif-
icantly lower in women with prevalent fracture and low
BMD (T-score � �2.5 SD at least at one site) compared
with women with normal BMD at all sites and no previous
fragility fracture [respectively, n � 76, median OT, 0.33
pg/mL (interquartile range [IQR] 0.30–0.71) vs n � 303,
0.46 pg/mL (IQR 0.30–1.36), P � .02].

Discussion

This study is the first demonstration, in a large cohort of
postmenopausal women recruited from the general pop-
ulation, that OT serum level is correlated to BMD. Fur-
thermore, in women with undetectable estradiol serum
levels, OT is a determinant of hip BMD.

The neurohypophyseal hormone OT has been thought
for a long time to be solely a modulator of lactation and
social bonding; however, recently its potential effects on
bone metabolism have been investigated. After the de-
scription of OT receptors on bone cells, in vitro and in vivo
studies raised evidence that OT promotes bone formation
(11–13, 21). Since then, only few human data on the role
of OT in bone metabolism are available, performed on
small groups of selected populations (12, 14, 22, 23).

One of the key points of this study was to use a reliable
assay to determine OT serum level. Different, but concor-
dant, methods for measuring plasma OT have been de-

Table 4. Correlation Coefficients of OT Serum Level
With BMD (Milligrams per Square Centimeter) and Bone
Turnover Markers

Correlation
Coefficient

P
Valuea

Spine sBMD (n � 1068) 0.12 .0002
Femoral neck sBMD (n � 1082) 0.13 �.0001
Hip sBMD (n � 1085) 0.21 �.0001
Bone ALP (n � 1088) �0.07 .02
PINP (n � 1075) �0.13 �.0001
CTX (n � 1085) �0.18 �.0001

a Pearson’s simple correlation coefficient (Spearman’s correlation
coefficient where necessary) was used to assess correlations.
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Figure 1. OT serum level according to BMD status. Pairwise
comparisons of OT serum level according to BMD status (defined by
T-score at lumbar spine, total hip, and global T-score) were performed
using the Wilcoxon rank sum test. To account for multiple
comparisons, only values of P � .017 were considered as statistically
significant.
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veloped over the past 4 decades, but since 2004 several
commercially available methods have been favored in re-
search with humans. Evaluation of these methods reveals
that they lack reliability when used on unextracted sam-
ples of human fluids and that they tag molecules in addi-
tion to OT (24). In the present study, we used a reliable
technique to measure peripheral OT, which includes ex-
traction and concentration steps combined with a RIA as
recently described by Szeto et al (20). The use of unex-
tracted samples gives abnormally high OT levels due to the
presence of multiple immunoreactive species, 10–100
times higher-than-expected concentrations. Extraction,
using reverse-phase C18 Sep-Pak columns (Phoenix Phar-
maceuticals), allows the removal of these nonspecific im-
munoreactive products and concentration of the samples
(eight times) increasing the chances to have detectable
values.

Our study shows that, in postmenopausal women, OT
serum levels are positively correlated with BMD at the
spine and hip in univariate analysis. BMD is known to
have multiple determinants and after adjustment on most
of them, the association between OT and BMD was no
longer significant. One major determinant of BMD in
postmenopausal women is the residual estrogen serum lev-
el; women with lower estradiol serum levels are known to
be at higher risk of osteoporotic fractures (25–27). More-
over, estrogen and OT are closely related in the central
nervous system, and OT and its receptors are known to be
positively regulated by estrogen; at the peripheral level, it
has been shown that human osteoblasts produce OT, and
this production is under the control of estrogen by a non-
genomic mechanism (21). In a murine model, bone mar-
row OT mediates the anabolic action of estrogen in skel-
eton (2, 3, 28, 29). For all these reasons, we performed an
analysis according to estrogen status; in the women with
undetectable estradiol (89.6% of our study population),
the OT serum level was significantly associated with total
hip BMD (milligrams per square meter), even after mul-
tiple adjustments (Table 5).

This finding is in agreement with data from Lawson et
al (22, 23), who studied OT in two types of women char-
acterized by their hypo estrogenic status; in amenorrheic
athletes, after controlling for estradiol, a decrease in noc-
turnal OT secretion is strongly associated with alteration
of bone architecture, assessed by high-resolution periph-
eral quantitative computed tomography; in women with
anorexia nervosa, a decrease in nocturnal OT levels is
associated with low BMD assessed by DXA at all sites of
measure. Our results suggest that the effect of OT on bone
metabolism is particularly crucial when the major regu-
lating factor, namely estrogen, is very low, suggesting that
OT may plays a role of rescue. The mechanism of OT
action on bone metabolism is not yet fully understood,
associating indirect effects through estrogen and estrogen
independent effects on bone metabolism. Indeed, on the
one hand, Colaianni et al (29) recently reported that OT
mediates the anabolic effect of estrogen on the skeleton.
On the other hand, we and others showed that OT had an
in vitro and ex vivo direct effect on osteoblasts and oste-
oclasts, in the absence of estrogen (12, 13). Moreover, in
ovariectomized mice, OT administration was able to re-
store bone loss induced by estrogen deficiency, which is an
argument of a direct effect of OT on bone cells, indepen-
dently of estrogen anabolic action.

Leptin is recognized both as a negative regulator of
hypothalamic OT secretion and as a complex regulating
factor of bone metabolism (5, 30). In this study, we ana-
lyzed peripheral OT and found a positive correlation be-
tween OT and leptin, suggesting that OT secretion follows
different rules at the peripheral level compared with hy-
pothalamic secretion. In women with a high level of leptin,
we observed a positive correlation between OT serum
level and BMD at all sites, which remains significant at the
hip in a multivariate analysis (Table 5). These findings
suggest that OT and leptin may act in an opposite manner
on bone metabolism in postmenopausal women.

OT has been recently described to promote bone for-
mation, as demonstrated by its ability to promote in vitro

Table 5. Multivariate Analysis of sBMD (Hip Site) and OT Serum Level Associations (Regression Coefficients � With
SE) in Estradiol and Leptin Subgroupsa

Subgroups n � (SE)
P
Value

OT Serum Level,
pg/mL, Median (IQR)

Total Hip sBMD,
mg/cm2, Median (IQR)

Estradiol
�11.79 pg/mL 776 7.42 � 3.82 .05 0.4 (0.3–0.9) 826.5 (747–919.5)
�11.79 pg/mL 93 3.81 � 5.97 .52 0.7 (0.3–2.1) 925 (842–997)

Leptin
� 19.1 ng/mL 450 �1.93 � 6.33 .76 0.3 (0.3–0.7) 803.5 (709–901)
�19.1 ng/mL 423 9.28 � 3.65 .01 0.5 (0.3–1.4) 876 (797–966)

a Adjusted for age, BMI, parental hip fracture, current smoking, alcoholism, previous treatment by bisphosphonates, steroids, hormone
replacement therapy, and leptin or estradiol.
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osteoblasts differentiation, and to have dual effects on
osteoclasts, stimulating their formation and inhibiting the
bone-resorbing activity of mature osteoclasts (12, 13, 31).
In our study, high OT serum levels are associated with low
bone remodeling assessed by bone turnover markers. We
cannot compare our results with any other human study
on the relationship between OT and bone turnover mark-
ers. The association between OT and BMD could be me-
diated by the effect of OT on bone remodeling because we
also observed in the subgroup of women with low estra-
diol serum levels that, after adjustment on main known
confounding factors, the relationship between OT and
BMD, significant at the hip, was no longer significant after
adjustment on bone turnover markers.

In this study, we did not find a relationship between OT
serum levels and the presence of fractures. Few fractures
were observed in our population, and half of them were
observed in subjects with BMD above the diagnostic
threshold of osteoporosis, precluding any definite
conclusion.

Conclusion
This study conducted in postmenopausal women shows
that high OT serum levels are associated with high BMD,
and this appears to be a direct effect on bone cells inde-
pendent of estradiol OT-mediated action. The involved
mechanism might be explained by the effect of OT on bone
turnover, high OT levels being associated with low bone
turnover markers. These results reinforce the concept that
OT plays a role in the pathophysiology of postmenopausal
osteoporosis.
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