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Abstract
Background This study evaluated early and medium-term changes in bone turnover markers, and their associations with weight
loss, total bone mineral density (BMD), and hormonal changes after biliopancreatic diversion (BPD).
Methods Ancillary study from a one-year prospective cohort of 16 individuals assessed before, 3 days, 3 and 12 months after
BPD. Bone turnover markers (C-terminal telopeptide (CTX), intact osteocalcin (OC), sclerostin, and osteoprotegerin (OPG)) and
several hormones were measured at each visit. Total BMD by DXAwas assessed at baseline, 3 and 12 months after BPD. Three
participants were lost to follow-up.
Results CTX increased significantly at 3 days (+ 66%), 3 months (+ 219%), and 12months (+ 295%). OC decreased at 3 days (−
19%) then increased at 3 months (+ 69%) and 12months (+ 164%). Change in sclerostin was only significant between 3 days and
3 months (+ 13%), while change in OPG was significant between baseline and 3 days (+ 48%) and baseline and 12 months (+
45%). CTX increase correlated negatively with weight loss at 3 (r = − 0.63, p = 0.009) and 12months (r = − 0.58, p = 0.039), and
total BMD decrease (r = − 0.67, p = 0.033) at 12 months. Change in insulin and adiponectin correlated with changes in bone
turnover markers independently of weight loss.
Conclusion BPD causes an earlier and greater increase in bone resorption over bone formation markers and a decrease in total
BMD. Sclerostin did not increase as expected following extensive weight loss. Changes in insulin and adiponectin seem to play a
role in the activation of bone remodeling after BPD.
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Introduction

Bariatric surgery is gaining in popularity as a treatment of
severe obesity [1]. Biliopancreatic diversion with duodenal
switch (BPD) is a weight loss procedure that includes a re-
strictive component (sleeve gastrectomy) and an important
modification in caloric and nutrient absorption. It is one of
the most effective surgery to induce weight loss and resolve
comorbidities associated with obesity [2, 3]. Despite clear
benefits on several health outcomes, mounting evidence sug-
gests that especially bariatric procedures that induce malab-
sorption, including BPD, can adversely affect bone health [4].
Indeed, they have been shown to increase biochemical
markers of bone turnover, reduce bone mineral density
(BMD), impair bone microarchitecture and strength, and in-
crease fracture risk [5–8].
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Numerous studies have described changes in bone turnover
markers and BMD after all types of bariatric procedures [4, 9],
but assessments were performed after at least 6 months post-
operatively. Early marked increase in the bone resorption
marker C-terminal telopeptide (CTX) (i.e., at 10 days) and
an increase in sclerostin were reported after Roux-en-Y gastric
bypass (RYGB) [10, 11], but no study evaluated these out-
comes after BPD. This knowledge is important as it may con-
firm that changes in bone remodeling also occur rapidly after
BPD, justifying early intervention to prevent future bone loss
and deterioration of bone microarchitecture.

Mechanisms by which bariatric surgery affects bone re-
modeling are probably multifactorial but remain incompletely
understood. Among those factors, weight loss per se and al-
terations in the secretion of pancreatic, gut- and adipose tissue-
derived hormones induced by weight loss and by anatomical
modifications resulting from intestinal bypass are likely in-
volved [12–14]. No previous study has reported factors asso-
ciated with bone remodeling after BPD.

This study aim was to evaluate the early- and medium-term
effects of BPD on bone turnover markers (CTX and intact
osteocalcin (OC)) and on regulators of bone turnover
(sclerostin and osteoprotegerin (OPG)). A secondary explor-
atory aim was to assess correlations between changes in bone
remodeling markers and change in total BMD, weight loss
and changes in several hormones that may potentially affect
bone remodeling. We hypothesized that BPD will lead to
marked early increases in bone turnover markers, sclerostin
and OPG, and that bone resorption markers will increase to a
greater extent and earlier than bone formation markers. We
also hypothesized that changes in bone remodeling markers
would correlate with weight loss, change in total BMD and
hormones such as insulin, adipokines, and gut-derived
hormones.

Materials and Methods

Study Design and Population

This is an ancillary study from a one-year prospective obser-
vational cohort study that aimed primarily at assessing fatty
acid metabolism during type 2 diabetes remission after BPD
[15]. Patients undergoing BPD at a tertiary bariatric care cen-
ter (Institut de cardiologie et de pneumologie de Québec-
Université Laval (IUCPQ) located in Quebec City, Canada)
were offered consecutively to participate in the study from
July 2012 to July 2014. Briefly, 16 men and women aged
18–65 years, with a BMI ≥ 35 kg/m2, and with or without type
2 diabetes according to the American Diabetes Association’s
criteria, were evaluated before and after BPD. Exclusion
criteria included but were not limited to: pharmacological
treatment with fibrate, insulin, thiazolidenedione, beta-

blocker, corticosteroids, hormone replacement therapy, treat-
ment for osteoporosis, or any other medication known to af-
fect bone or lipid metabolism, uncontrolled thyroid disease,
decompensated or severe renal or hepatic disease other than
non-alcoholic fatty liver disease, or other serious medical con-
dition. Participants suffering from major medical or surgical
complications following surgery were also excluded. The pro-
tocol was approved by the IUCPQ Ethics Committee. All
subjects signed the informed consent prior to study inclusion.

Calcium and Vitamin D Supplementation

Participants were prescribed variable doses of vitamin D3 be-
fore BPD to ensure normal preoperative 25-hydroxyvitamin D
(25OHD) levels. A standard prescription including a multivi-
tamin pill per day (Centrum Forte®), calcium carbonate
500 mg twice daily, vitamin D (vitamin D2 50,000 IU per
day), vitamin A, and iron was given to all participants after
surgery, and doses were adjusted based on blood results at
3 months and 12 months.

Outcome Measures

Outcome measures were assessed before BPD (a mean of 45
± 8 days before surgery) as well as at 3 days, 3 months, and
12months after BPD. Blood was sampled in the morning after
a 12-h fast and plasma was frozen at − 80 °C. Fasting frozen
plasma was used to measure CTX (intra-assay CV 1.8–4.5%
and inter-assay CV 2.5–6.5%) and intact OC (intra-assay CV
0.7–2.4% and inter-assay CV 2.0–4.1%) with an automated
electrochemiluminescence assay (Elecsys, Roche
Diagnostics). OPG (Biomedica Immunoassays, Vienna, AT;
intra-assay CV 2–3% and inter-assay CV 3–5%) and
sclerostin (TECOmedical Group, Sissach, CH; intra-assay
CV 3.4–4.0% and inter-assay CV 4.3–4.8%) were also quan-
tified with an enzyme-linked immunosorbent assay (ELISA)
according to the manufacturer’s instructions. Glucagon-like
peptide 1 (GLP-1), glucose-dependent insulinotropic peptide
(GIP), leptin, adiponectin, and insulin were assessed, as pre-
viously described [16]. Parathyroid hormone (PTH) (Elecsys,
Roche Diagnostics) and 25OHD (Cobas 8000, Roche;
DEQAS certification obtained) were also measured by an
ECLIA method. Bodyweight was measured before, 3 months,
and 12months after BPD in light clothing to the nearest 0.1 kg
using a bioimpedance scale (InBody520, body composition
analyzer, Biospace, LA, California) calibrated for subjects
with severe obesity, and height with a wall-mounted
stadiometer to the nearest 0.1 cm. BMI was calculated and
reported in kilogram per square meter. Assessment of total
BMD and body composition by dual-energy X-ray absorpti-
ometry (DXA) (Lunar Prodigy, GE) was also performed be-
fore surgery and at 3 months and 12 months after BPD.
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Statistical Analyses

Statistical analyses were performed using JMP Pro version
12.1.0 and SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA). Concentrations of bone turnover markers, regulatory
proteins influencing bone metabolism, hormonal factors, and
BMD results, as well as their changes at each time point, were
assessed using a general linear mixed model with a variance
component covariance structure for repeated measures. The
chosen matrix was based on minimal Akaike information cri-
terion (AICc). The subject-specific intercept was considered a
random effect, and time was considered a fixed effect. If re-
quired, variables were log-transformed prior to analysis to
ensure normality of distribution. The Tukey-Kramer adjust-
ment was used for multiple comparison tests, comparing all
timepoints versus all other timepoints. Spearman correlations
were used to assess changes from baseline value in bone turn-
over markers and total BMD. Partial Spearman correlations
adjusted for weight loss were used to assess correlations be-
tween changes from baseline in bone turnover markers and
hormonal factors. No subgroup analysis is presented since all
results were similar between participants with or without type
2 diabetes at baseline. Data are presented as mean ± SD, un-
less stated otherwise. A two-tailed p value < 0.05 was consid-
ered statistically significant for all analyses.

Results

Baseline Characteristics of the Participants

Baseline characteristics of the participants are shown in
Table 1. The study sample included five men and 11 women
with a mean age of 41.6 ± 8.8 years and ameanBMI of 49.4 ±
5.6 kg/m2. At baseline, 11 participants had type 2 diabetes and
two women were postmenopausal. Two participants did not
complete the 12-month visit due to pregnancy (n = 1) and a
diagnosis of low-grade breast cancer (n = 1) during follow-up.
Moreover, one participant’s 12-month frozen sample was lost.

Weight Loss and Changes in Body Composition
and Total BMD After BPD

Three months after surgery, mean total weight decreased by
19% (p < 0.0001), with a reduction of 10% (p < 0.0001) in fat
mass and 9% (p < 0.0001) in fat-free mass (FFM). Mean total
weight loss reached 43% (p < 0.0001) 12 months after BPD,
which was mainly explained by a decline in fat mass (− 34%
at 12 months, p < 0.0001) as FFM remained stable during this
period (− 9%, p > 0.05 between 3 and 12months). Total BMD
decreased by 4.7% (p = 0.0007) at 3 months and by 9.9%
(p < 0.0001) at 12 months.

Changes in Bone Turnover Markers After BPD

Descriptive data of bone turnover markers at each timepoint
are presented in Table 2. Despite non-significant weight loss,
CTX started to rise significantly by 66% (p < 0.0001) at 3 days
after BPD, followed by further increase that reached 219%
(p < 0.0001) at 3 months and 295% (p < 0.0001) at 12months.
Intact OC first decreased significantly by 19% (p = 0.01) at
3 days after BPD, but then increased significantly by 69%
(p < 0.0001) and 164% (p < 0.0001) at 3 and 12 months, re-
spectively (Fig. 1). Although we found statistically significant
changes in sclerostin between 3 days and 3 months (+ 13%,
p = 0.007), changes were modest overall. Changes in OPG
were only significant between baseline and 3 days (+ 48%,
p = 0.02) and baseline and 12 months (+ 45%, p = 0.03) after
BPD.

Changes in Hormonal Factors After BPD

Descriptive data of all hormones at each timepoint are shown
in Table 3. Fasting insulin decreased rapidly at 3 days postop-
eratively (− 53%, p < 0.0001) and continued to decline up to
12 months after BPD (− 71% at 3 months and − 83% at
12 months, p < 0.0001 for both timepoints). Fasting levels of
GLP-1 first increased at 3 days after BPD (+ 46%, p < 0.002),
returned to the baseline level at 3 months and then did not
change significantly 12 months after BPD. Leptin levels de-
creased significantly throughout follow-up (− 40% at 3 days,

− 62% at 3 months and − 90% at 12 months, p < 0.0001 for
all timepoints) whereas adiponectin levels were unchanged at

Table 1 Baseline characteristics of the study population (n = 16)

Male (%) 5 (31%)

Age (years) 41.6 ± 8.8

Type 2 diabetes (%) 11 (69%)

Postmenopausal women (%) 2 (18%)

BMI (kg/m2) 49.4 ± 5.6

Weight (kg) 136.2 ± 18.7

Fat mass (kg) 64.6 ± 7.2

Fat-free mass (kg) 69.5 ± 16.1

Fasting plasma glucose (mmol/L) 7.1 ± 1.6

Fasting insulin (pmol/L) 194.4 ± 104.9

GLP-1 (pmol/L) 40.8 ± 15.1

GIP (pmol/L) 10.7 ± 4.2

Leptin (μg/L) 28.0 ± 27.4

Adiponectin (μg/mL) 1.4 ± 0.8

PTH (pmol/L) 4.2 ± 1.0

25OHD (nmol/L) 59.6 ± 8.3

Data are presented as mean ± SD or n (%)

GLP-1, glucagon-like peptide-1; GIP, glucose-dependent insulinotropic
polypeptide; PTH, parathyroid hormone; 25OHD, 25-hydroxyvitamin D
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3 days after surgery, but then increased at 3 months (+ 80%,
p < 0.0001) and 12 months (+ 241%, p < 0.0001). PTH initial-
ly increased at 3 days after BPD (+ 87%, p < 0.0001) but then
remained within normal limits at 3 and 12 months. Besides,
25OHD levels remained unchanged at 3 days and 3 months
after surgery but increased significantly at 12 months after
BPD (+ 61%, p < 0.0001). Fasting GIP did not change at
any timepoint after BPD.

Correlations Between Changes in Bone Turnover
Markers, Changes in BMD, Weight Loss and Changes
in Hormonal Factors After BPD

Change in CTXwas the only bone turnover marker associated
with weight loss at 3 months (r = − 0.63, p = 0.009) and
12 months (r = − 0.58, p = 0.039) after BPD. Besides, a nega-
tive correlation between changes in sclerostin and fat mass
was found at 3 months after surgery (r = − 0.59, p = 0.015),
which did not remain significant at 12 months after BPD (r =
− 0.23, p = 0.451). Furthermore, change in CTX correlated
with change in total BMD (r = − 0.67, p = 0.033) at 12months
after BPD. Correlations adjusted for weight loss were also
found between changes in bone turnover markers and changes
in insulin and adiponectin. At 3 days after BPD, change in
sclerostin correlated negatively with change in insulin (r = −
0.60, p = 0.018). At 3 months, a negative correlation was
found between change in CTX and change in insulin (r = −
0.59, p = 0.019) as well as between change in sclerostin and
change in adiponectin (r = − 0.60, p = 0.018). At 12 months
after BPD, change in OC correlated negatively with change in
adiponectin (r = − 0.66, p = 0.021). There were no significant
correlations between changes in GLP-1, GIP, leptin, PTH, and
25OHD, with changes in any bone turnover marker.

Discussion

In this study, we examined for the first time the early changes
in bone turnover markers and their association with weight
loss and changes in BMD, fasting insulin, 25OHD, PTH, sev-
eral gastrointestinal hormones, and adipokines in patients with
severe obesity who had undergone BPD. As early as 3 days
postoperatively despite likely non-significant weight loss,
BPD resulted in a striking increase in the bone resorption
marker CTX and a significant decrease in the bone formation
marker intact OC. While CTX continued to rise up to 1 year
after surgery, the increase in intact OC was delayed and small-
er, resulting in a twofold higher augmentation of bone resorp-
tion over bone formation markers at 1 year. Moreover, con-
trary to our hypothesis, sclerostin did not increase substantial-
ly after BPD despite extensive weight loss. Besides, we found
significant negative correlations between change in CTX and
total weight loss and change in sclerostin and fat massTa

bl
e
2

D
es
cr
ip
tiv

e
st
at
is
tic
s
of

bo
dy

co
m
po
si
tio
n
an
d
bo
ne

tu
rn
ov
er

m
ar
ke
rs
be
fo
re

an
d
at
3
da
ys
,3

m
on
th
s,
an
d
12

m
on
th
s
af
te
r
B
PD

B
as
el
in
e

3
da
ys

3
m
on
th
s

12
m
on
th
s

p
va
lu
e

T
uk
ey
-K

ra
m
er

ad
ju
st
m
en
t

B
od
yw

ei
gh
t(
kg
)

13
6.
2
±
18
.7

N
ot

m
ea
su
re
d

11
0.
3
±
13
.3

77
.7

±
11
.3

<
0.
00
01

Si
gn
if
ic
an
tb

et
w
ee
n
al
lt
im

ep
oi
nt
s

Fa
tm

as
s
(k
g)

64
.6

±
7.
1

N
ot

m
ea
su
re
d

50
.8

±
8.
5

18
.1

±
8.
0

<
0.
00
01

Si
gn
if
ic
an
tb

et
w
ee
n
al
lt
im

ep
oi
nt
s

Fa
t-
fr
ee

m
as
s
(k
g)

69
.5

±
16
.1

N
ot

m
ea
su
re
d

57
.1

±
10
.2

57
.2

±
11
.4

<
0.
00
01

A
ll
si
gn
if
ic
an
te
xc
ep
tb

et
w
ee
n
3
m

an
d
12

m
:p

=
0.
96

To
ta
lB

M
D
(g
/c
m

2
)

1.
43

±
0.
10
7

N
ot

m
ea
su
re
d

1.
34

±
0.
08
4

1.
29

±
0.
07
6

<
0.
00
1

Si
gn
if
ic
an
tb

et
w
ee
n
al
lt
im

ep
oi
nt
s

C
T
X
(μ
g/
l)

0.
26

±
0.
06

0.
42

±
0.
11

0.
81

±
0.
20

1.
01

±
0.
32

<
0.
00
01

Si
gn
if
ic
an
tb

et
w
ee
n
al
lt
im

ep
oi
nt
s

O
C
(μ
g/
l)

14
.9
4
±
4.
04

12
.0
7
±
3.
40

25
.1
8
±
5.
06

39
.4
5
±
14
.7
6

<
0.
00
01

Si
gn
if
ic
an
tb

et
w
ee
n
al
lt
im

ep
oi
nt
s

Sc
le
ro
st
in

(n
g/
m
l)

0.
82

±
0.
20

0.
75

±
0.
19

0.
85

±
0.
19

0.
79

±
0.
23

0.
00
8

N
on
e
si
gn
if
ic
an
te
xc
ep
tb

et
w
ee
n
3
d
an
d
3
m
:p

=
0.
00
7

O
PG

(p
m
ol
/l)

4.
14

±
1.
27

4.
65

±
1.
98

3.
70

±
1.
48

4.
54

±
1.
97

0.
01

N
on
e
si
gn
if
ic
an
te
xc
ep
tb

et
w
ee
n
0
an
d
3
d:

p
=
0.
02
;0

–1
2
m
:p

=
0.
04

D
at
a
ar
e
pr
es
en
te
d
as

m
ea
n
±
S
D
;p

va
lu
e
re
fe
rs
to

th
e
ov
er
al
lm

od
el

0,
ba
se
lin

e;
3
d,
3
da
ys
;3

m
,3

m
on
th
s;
12

m
,1
2
m
on
th
s;
C
TX

,C
-t
er
m
in
al
te
lo
pe
pt
id
e;
O
C
,i
nt
ac
to

st
eo
ca
lc
in
;O

P
G
,o
st
eo
pr
ot
eg
er
in
;B

M
D
,b
on
e
m
in
er
al
de
ns
ity

OBES SURG (2019) 29:990–998 993



reduction, as well as between change in CTX and change in
total BMD. Significant negative correlations were also ob-
served between changes in several bone turnover markers
and changes in insulin and adiponectin. Moreover, correla-
tions between bone turnover markers and hormones were in-
dependent of weight loss, suggesting an implication of
glucose-insulin metabolism and adiponectin in the activation
of bone remodeling following BPD.

Our results extend current knowledge on the effects of
malabsorptive bariatric procedures on bone metabolism by
adding to the limited data on changes in bone turnover
markers after BPD, and by providing novel information on
changes occurring very early after this bariatric procedure.
Indeed, we could identify only a handful of studies that
assessed changes in bone turnover markers after BPD
[17–20]. Of these, only two presented prospective changes
in bone turnover markers relatively late after BPD [17, 20].
Similar to our results, the increase in CTX was more than two
times larger than the increase in OC at 3 months [20] and
1 year [17, 20] after surgery. In the study by Marceau et al.,
significant increases in OC and in bone alkaline phosphatase
were shown at 4 years after BPD, but bone resorption markers
were not measured [21]. As opposed to the paucity of data
after BPD, numerous studies addressed changes in bone turn-
over markers after RYGB [10, 11, 13, 18, 20, 22–25].
Although no study compared directly both procedures in sim-
ilar populations, the increments in bone resorption markers
reported after RYGB resembled what we found after BPD,
with increases in CTX varying between 80–200% at 3 months
and 144–220% at 12months after RYGB, vs. 219% and 295%

after BPD in our study. Despite the abundant literature on
changes in bone turnover markers > 3 months after RYGB,
only the study by Yu et al. measured bone turnover markers as
early as 10 days after surgery [10]. In this study, CTX in-
creased by 69% at 10 days, matching the 66% increase in
CTX that we observed at only 3 days after BPD.

A novel finding of our study is the significant decrease in
the bone formation marker intact OC at 3 days after surgery,
which was followed by a significant augmentation at 3 and
12 months. While several studies demonstrated that after
RYGB, the increase in bone formation was smaller and de-
layed compared with the increase in bone resorption markers
[10, 11, 23], an early reduction in bone formation following
any bariatric procedure has not been documented previously.
Moreover, in the only study that assessed bone formation
markers early after RYGB, P1NP remained unchanged at
10 days after surgery while it increased by roughly 95% at
1 year [10]. The later increase in bone formation could be
explained by the coupling of bone formation with bone re-
sorption [26]. Possible explanations for the initial decrease
and then the delayed increase in bone formation include the
acute caloric restriction following BPD. Indeed, human and
animal studies have shown that caloric restriction results in a
decrease of bone formation [27–29]. Oxidative stress increas-
ing after surgery [30] may also contribute to lower bone for-
mation since it has been associated with decreased osteoblast
differentiation and activity, and increased apoptosis [31].

In line with the greater increase in bone resorption markers
over bone formation markers, we found a decrease in total
BMD of nearly 10% at 1 year that was associated with the
increase in the bone resorption marker CTX. This magnitude
of BMD loss is well over the expected decrease of 0.5–1% per
year in a population composed mainly of premenopausal
women and young men [32]. Our results are also in agreement
with existing literature suggesting an adverse effect of mixed
restrictive and malabsorptive bariatric surgery on BMD [33].

Another interesting and unexpected finding of our study is
the lack of significant increment of sclerostin following exten-
sive weight loss. Indeed, reduced bone strain caused by
weight loss is predicted to stimulate sclerostin production by
the bone osteocytes [11, 24, 34, 35]. In concordance with this,
Muschitz et al. reported a two to threefold increase in
sclerostin levels as early as 1 month after RYGB, which was
sustained over 2 years [11]. Nevertheless, another study found
a time course change in sclerostin after RYGB that was similar
to our study with an initial increase of about 60% over the first
3 months (vs. a smaller increment of 13% at 3 months in our
study) followed by a return to baseline levels at 12 months
[23]. One possible explanation for the divergent results obtain-
ed between studies is the use of different assays to measure
sclerostin. Still, we used the ELISA kit that was reported as the
most accurate and specific assay [36]. Lastly, we found that
OPG levels were elevated at 3 days and 12 months after BPD,

Fig. 1 Change in percentage from baseline in CTX and OC at 3 days,
3 months, and 12 months after BPD. CTX increased as early as 3 days
after BPD and continued to increase at 3 months and 1 year, while OC
first decreased at 3 days and then increased 3 months and 1 year after
BPD. BPD, biliopancreatic diversion with duodenal switch; CTX, C-
terminal telopeptide; OC, intact osteocalcin

994 OBES SURG (2019) 29:990–998



but not at 3 months. The significance of higher OPG levels at
certain timepoints after BPD remains uncertain, especially in
light of opposite results obtained from the only other study
that measured OPG levels after bariatric surgery, which found
reduced OPG levels at 3, 12 and 24 months after RYGB [23].

Several mechanisms have been put forward to explain the
increase in bone remodeling after BPD. First, it may be ex-
plained by the large amount of weight loss experienced after
this procedure [37, 38]. Indeed, the significant correlations
that we found between the increase in CTX and weight loss
at 3 and 12 months after surgery and between change in
sclerostin and fat mass at 3 months, which was also reported
in the study by Biagioni et al. [23], lends support to this hy-
pothesis. However, the increase in CTX as early as 3 days
after surgery while weight was presumably still unchanged
suggests that weight loss is not the primary driver of the early
increase in bone resorption following BPD, and that other
mechanisms are involved. For instance, inflammation, oxida-
tive stress and increased cortisol levels resulting from postop-
erative stress may stimulate bone resorption early after surgery
[39, 40], but data to support their implication after bariatric
surgery is lacking.

Hormonal changes resulting from anatomical modifica-
tions induced by surgery may also contribute to postoperative
stimulation of bone remodeling [18, 19, 25, 35, 41]. Indeed,
the fact that we found strong correlations that were indepen-
dent of weight loss between changes in bone resorption mark-
er CTX and changes in insulin at 3 months after BPD suggests
that insulin-glucose homeostasis may be implicated in the
activation of bone remodeling after this surgery. Consistent
with our results, two studies found negative associations be-
tween change in CTX and change in insulin [42, 43], while
another study could not find any association [44]. These in-
consistent findings underscore the need for additional studies
to confirm that the relationship between bone metabolism and
insulin described in animal studies also exists in humans
[45–48]. Furthermore, although changes in sclerostin were
minor overall, we found a strong negative correlation between
change in sclerostin and change in insulin at 3 days after BPD.
This correlation is supported by the results of a large cohort
study where negative associations between sclerostin and
fasting insulin were found [49], and another study that showed
a link between hyperglycemia and higher sclerostin levels
[50]. Lastly, our findings, along with these data, suggest a
crosstalk between bone and glucose-insulin metabolism.

In addition, we observed significant negative correlations
between both changes in OC and sclerostin, with changes in
adiponectin, suggesting that adipokines may also be involved
in the activation of bone remodeling following BPD.
Although no study reported an association between change
in sclerostin and change in adiponectin, association between
OC and adiponectin are documented in in vitro and animal
studies. Indeed, adiponectin and OC may act in an endocrineTa
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loop as adiponectin stimulate OC expression in osteoblasts
[51, 52], and OC enhances adiponectin expression in adipose
tissue [53, 54]. Thus, changes in adiponectin may affect bone
remodeling after BPD but larger studies that confirm the cor-
relations that we observed in this small cohort are needed.

Gut-derived hormones including GIP and GLP-1 as well as
PTH have also been implicated in the regulation of bone me-
tabolism [55–58]. However, in line with the study by Yu et al.,
we did not find that changes in GLP-1 and GIP after bariatric
surgery were associated with changes in bone turnover
markers [10]. Moreover, no correlations were found between
PTH and any of the bone turnover markers, which may be
explained by generally normal levels of PTH maintained
throughout the study. Nevertheless, an elevation in PTH level
was observed at 3 days after BPD, whichmay be explained by
transient hypocalcemia. Unfortunately, calcium levels were
not measured.

Our study has notable strengths. Indeed, this is the first
study to evaluate early changes in bone turnover markers,
OPG, and sclerostin after BPD. Moreover, we measured a
large number of hormonal factors potentially contributing to
changes in bone turnover after bariatric surgery. However, our
study also has limitations including small sample size, which
limited our power to find significant associations between
changes in bone turnover markers and hormonal changes as
well as to assess significant differences between individuals
with or without type 2 diabetes, men and women and across
age g roups . Fu r t h e rmore , a s s e s smen t o f bone
microarchitecture and other bone remodeling markers (includ-
ing P1NP, RANK, and RANKL) could have provided valu-
able information to improve our understanding of the changes
in bone metabolism after BPD. Moreover, hormones were
only measured in the fasting state, and postprandial assess-
ments would have been more appropriate for gut-derived hor-
mones such as GLP-1 and GIP. Also, we did not measure
serum calcium and calcium carbonate was prescribed to our
patients instead of calcium citrate, which is typically recom-
mended after malabsorptive bariatric surgery. Moreover, giv-
en the limitations stated above, our analyses remain explor-
atory. Finally, BPD only represents about 1% of all bariatric
surgeries performed worldwide.

In conclusion, BPD leads to an earlier and greater increase
in bone resorption over bone formation markers, potentially
contributing to bone loss, as determined by a significant re-
duction in total BMD.Moreover, sclerostin did not increase as
expected following massive weight loss, suggesting that fac-
tors other than mechanical unloading could be involved in the
regulation of sclerostin levels by osteocytes. Finally, changes
in insulin and adiponectin may play a role in the activation of
bone remodeling after BPD. Associations between gut- and
adipose tissue-derived hormones and bone turnover markers
should be further investigated in a larger cohort of patients
post bariatric surgery. In addition, studies exploring potential

mechanisms to explain the early reduction in bone formation
and the impaired sclerostin response after BPD should be
conducted. These studies may guide the development of strat-
egies to mitigate the acute activation of bone remodeling and
future bone loss after BPD.
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