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Abstract
Background To compare changes in bone mineral density (BMD) in patients with morbid obesity and type 2 diabetes (T2D) a
year after being randomized to metabolic gastric bypass (mRYGB), sleeve gastrectomy (SG), and greater curvature plication
(GCP). We also analyzed the association of gastrointestinal hormones with skeletal metabolism.
Methods Forty-five patients with T2D (mean BMI 39.4 ± 1.9 kg/m2) were randomly assigned to mRYGB, SG, or GCP. Before
and 12 months after surgery, anthropometric, body composition, biochemical parameters, fasting plasma glucagon, ghrelin, and
PYYas well as GLP-1, GLP-2, and insulin after a standard meal were determined.
Results After surgery, the decrease at femoral neck (FN) was similar but at lumbar spine (LS), it was greater in the mRYGB group
compared with SG and GCP − 7.29 (4.6) vs. − 0.48 (3.9) vs. − 1.2 (2.7)%, p < 0.001. Osteocalcin and alkaline phosphatase
increased more after mRYGB. Bone mineral content (BMC) at the LS after surgery correlated with fasting ghrelin (r = − 0.412,
p = 0.01) and AUC for GLP-1 (r = − 0.402, p = 0.017). FN BMD at 12months correlatedwith post-surgical fasting glucagon (r =
0.498, p = 0.04) and insulin AUC (r = 0.384, p = 0.030) and at LS with the AUC for GLP-1 in the same time period (r = − 0.335,
p = 0.049). However, in the multiple regression analysis after adjusting for age, sex, and BMI, the type of surgery (mRYGB)
remained the only factor associated with BMD reduction at LS and FN.
Conclusions mRYGB induces greater deleterious effects on the bone at LS compared with SG and GCP, and gastrointestinal
hormones do not play a major role in bone changes.
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Introduction

Bariatric surgery is the most effective treatment for morbid
obesity [1]. However, it exerts some negative effects on the
bone that can differ among surgical techniques [2–7]. This
might be especially deleterious in patients with type 2 diabetes
mellitus (T2D) that have increased bone fragility attributed to
damaged bone matrix by glycation end products [8]. Several
mechanisms have been proposed to be responsible for bone
loss after bariatric surgery including skeletal unloading, reduc-
tion in leptin and adipose tissue aromatase activity, and the rise
in adiponectin concentrations [9–11]. Also, calcium and vita-
min D deficiency caused by malabsorption and decreased in-
take leads to secondary hyperparathyroidism that contributes
to bone loss [9, 12]. More recently, the role of gastrointestinal
hormones on bonemetabolism has been suggested with scarce
evidence coming mainly from animal and in vitro studies
[13–17]. In this sense, GLP-1 administration in rodents has
shown an anabolic effect on bone, and GLP-2 provoked a
reduction in bone resorption markers [14, 15]. In in vitro stud-
ies, ghrelin administration resulted in suppression of osteo-
clastogenesis and enhancement of osteoblast proliferation
and differentiation [16]; conversely, PYY has been positively
associated with bone resorption [17].

It is reasonable to suppose that the effect on skeleton me-
tabolism might be different between different bariatric tech-
niques. This would depend not only on the amount of weight
loss, the degree of calcium, and vitamin D malabsorption but
also on the effect of adipose tissue and gastrointestinal hor-
mone changes. The aim of our study was to compare changes
in bone mineral density (BMD) and bone remodeling markers
in patients with morbid obesity and T2D a year after being
randomized to: metabolic gastric bypass (mRYGB), sleeve
gastrectomy (SG), and greater curvature plication (GCP), in
the setting of a randomized controlled trial (RCT). Also, we
analyzed the association of gastrointestinal hormone changes
with skeletal metabolism.

Materials and Methods

This study was part of a prospective single-center and non-
blinded RCT, including patients with morbid obesity and
T2D. Patients were consecutively recruited from the obesity
and diabetes outpatient clinic of Bellvitge University Hospital,
Barcelona, Spain. The study was conducted according to the
principles of the Declaration of Helsinki and all patients
signed an informed consent form approved by the institutional
ethics committee. Inclusion and exclusion criteria have been

published in a previous paper [18]. Buse criteria were used to
define T2D remission in each procedure at 1 year of follow-up
[19]. The trial was registered at www.controlledtrials.com as
ISRCTN14104758.

Randomization

Patients were randomly assigned 1:1:1 to undergo mRYGB,
SG, or GCP, with stratification according to baseline levels of
HbA1c (greater or lower/equal to 7%). The detailed study pro-
tocol has been described previously [18]. After surgery,
800 UI of vitamin D and 1000 mg of calcium were prescribed
as an oral supplement in all patients in addition to a multivi-
tamin pill once daily. Patients undergoing mRYGB required
higher doses of vitamin D (16,000 units of vitamin D every
15 days).

Anthropometric Parameters

Body weight and height were measured during every visit.
Weight change after surgery was reported as total weight loss
percentage (TWL%). Body composition (fat mass and lean
mass (kg), whole body bone mineral content (BMC) (g), and
BMD (g/cm2) at lumbar spine (LS) L2-L4 and proximal femur
were measured by DXA (Hologic QDR 4500; Hologic Inc.,
Waltham, MA, USA) before and a year after surgery.
Osteopenia (T score between − 1.0 and − 2.5) and osteoporosis
(T score below − 2.5) were defined according to the WHO
criteria [20].

Standard Meal Test

The standard meal test (SMT) was performed before bariatric
surgery and at months 1 and 12. The SMT consisted of
200 mL of a liquid meal (Edanec®). Blood was drawn imme-
diately before and 15, 30, 60, and 120 min following the SMT
for determination of GLP-1, GLP-2, and insulin. Fasting
ghrelin, PYY, and glucagon levels were determined before
the SMT.

Laboratory Determinations

Phospho-calcium metabolism and markers of bone remodel-
ing were determined before and 1 year after bariatric interven-
tion. Glucose, calcium, phosphorus, and alkaline phosphatase
were determined using standard enzymatic methods. 25-
hydroxyvitamin D [25(OH)D3] concentrations were deter-
mined using a radioimmunoassay (DiaSorin, Stillwater, MN,
USA). Intact serum parathyroid hormone (PTH) was
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measured by a two-site immunoradiometric assay (Diagnostic
System Laboratories, Webster, TX, USA). Osteocalcin was
measured by electrochemiluminescence immunoassay (E170
Modular System; Roche, Mannheim, Germany). Plasma insu-
lin was analyzed by immunoassay (Coat-A-Count Insulin;
Diagnostic Products Corp., Los Angeles, CA). GLP-1 was
measured by radioimmunoassay (Millipore, Saint Charles,
MO), and plasma ghrelin by enzyme immunoassay
(CUSABIO, China). GLP-2, glucagon, and PYY were mea-
sured by enzyme immunoassay (Yanahaira Institute Inc.,
Awakura, Fujinomiya-shi Shizuoka, Japan).

Surgical Procedures

mRYGB combines restriction, creating a small gastric pouch,
wi th malabsorpt ion, accompl ished by a 200-cm
biliopancreatic limb and an alimentary limb of 100 cm. SG
is a restrictive technique consisting of a gastric volume reduc-
tion of 75–80% by resecting the stomach over a 36 French
catheter beginning 4 cm from the pylorus and ending at the
angle of His. GCP is a reversible restrictive technique with no
stomach resection, in which an invagination of the greater
gastric curvature is performed with two running non-
absorbable sutures, calibrated over a 36 French catheter.

Statistical Analysis

Based on preliminary data, the study was designed to detect a
20% difference in GLP-1 secretion (measured by the area
under the curve [AUC] after SMT) before and 1 month after
bariatric surgery, with a power of 80% and an α risk of 0.05
[18]. The primary outcome of the study was the predictive
value of gut hormone dynamics (GLP-1, glucagon, PYY,
and ghrelin) on glucose metabolism improvement at 1 and
12 months after surgery for each procedure. The study of
BMD was a secondary outcome. Biochemical, hormonal,
and body composition parameters were compared between
procedures by analysis of variance; categorical variables were
compared using chi-square test and quantitative variables
using ANOVA test or the Kruskal-Wallis test. GLP-1 area
under the curve (AUC) was calculated by the trapezoidal
method [21]. Bivariate (Pearson or Spearman) and multivari-
ate linear regression analyses were employed to determine the
predicting factors of BMD decrease after bariatric surgery.
Relevant clinical variables previously associated were includ-
ed in the model (type of surgery, changes in weight, gastroin-
testinal hormones concentrations, phospho-calcium metabo-
lism and metabolic parameters, and the presence of diabetes
remission). Statistical analysis was performed using R soft-
ware version 3.4.0 (R Foundation for Statistical Computing,
Vienna, Austria). A p value < 0.05 was considered statistically
significant.

Results

Forty-five morbidly obese patients with T2D, aged 49.4 ±
7.8 years, BMI 39.4 ± 1.9 kg/m2, initial HbA1c 7.7 ± 1.9%,
were consecutively randomized to mRYGB (n = 15), SG
(n = 15), or GCP (n = 15). Sixty-six percent of patients were
women and menopause was present in 62% of those undergo-
ing mRYGB, 60% in SG, and 75% inGCP, p = 0.704. Follow-
up compliance at 1 year was 97.78% (n = 44). Initial clinical,
biochemical, and body composition characteristics were com-
parable between groups, except BMI that was higher in GCP
(Table 1).

As a summary of previously published data [11], TWL% at
12months was significantly greater in the mRYGB group than
in SG and GCP groups at 12 months, − 35.29 ± 8.17 vs. −
27.26 ± 5.66 vs. − 20.24 ± 7.49%, respectively, p < 0.05. At
1 year of follow-up, HbA1c was significantly lower in the
mRYGB group and short-term complete diabetes remission
at 1 year was found in 80% of patients in the mRYGB group
(n = 12), 53.8% in the SG group (n = 7), and 16.7% in the
GCP group (n = 2), p < 0.001.

Changes in biochemical and body composition parameters
are shown in Table 2. One year after surgery, greater signifi-
cant weight loss, metabolic improvement, and lower fat mass
values were observed after mRYGB.However, leanmass after
the intervention was similar among groups. Serum calcium
was significantly lower after mRYGB but within normal
values and no differences were observed in phosphate, PTH,
or vitamin D concentrations (all within normal ranges).

Changes in BMD Parameters and Bone Remodeling
Markers After Bariatric Surgery

Baseline BMD parameters were similar between all groups. A
year after surgery, a significant reduction in the femoral neck
(FN) BMD was observed in the three groups without differ-
ences when comparing mRYGB vs. SG vs. GCP − 10.34
(6.05) vs. − 5.30 (6.17) vs. − 6.69 (5.68)%, p = 0.118.
However, at the LS, a greater decrease was observed after
mRYGB compared with SG and GCP − 7.29 (4.6) vs. −
0.48 (3.9) vs. − 1.2 (2.7)%, p < 0.001. No significant differ-
ences were observed between SG and GCP (Fig. 1). A year
after surgery, FN osteopenia was observed in 35.7% of pa-
tients mRYGB vs. 30.8% after SG and 9% after GCP, respec-
tively, p = 0.251. At LS, osteopenia was observed in 50% of
patients after mRYGB vs. 7.69% and 18.2%, p = 0.098.
Osteoporosis developed in 7.14% of patients after mRYGB
compared with 7.69% and 9.09%, respectively, p = 0.075. No
bone fractures were observed. Bone remodeling markers
osteocalcin and alkaline phosphatase were increased after sur-
gery to a greater extent after mRYGB compared with SG and
GCP (Fig. 2).

OBES SURG (2020) 30:180–188182



Table 1 Baseline patient’s
characteristics Parameter Metabolic gastric bypass

(n = 15)

Sleeve
gastrectomy

(n = 15)

Greater curvature plication

(n = 15)

p

Sex (male/female) 7/8 5/10 3/12 0.301

Age (years) 51.10 ± 7.70 49.20 ± 9.16 49.70 ± 8.12 0.827

Weight (kg) 103.01 ± 10.8 102.30 ± 10.7 105.53 ± 11.8 0.301

BMI (kg/m2) 38.73 ± 2.01 39.02 ± 1.68 40.90 ± 1.44 0.004*

HbA1c (%) 7.39 ± 1.95 7.89 ± 1.71 8.05 ± 2.15 0.498

Calcium (mmol/l) 2.35 ± 0.12 2.37 ± 0.12 2.6 ± 0.12 0.978

Phosphate
(mmol/l)

1.06 ± 0.16 1.09 ± 0.18 1.08 ± 0.15 0.856

PTH (pmol/l) 4.75 ± 4.46 3.66 ± 1.58 5.05 ± 4.45 0.803

Vitamin D (nmol/l) 54.99 ± 21.35 52.67 ± 29.78 52.78 ± 25.97 0.606

Fat mass (kg) 36.53 ± 8.09 34.22 ± 5.57 35.01 ± 12.27 0.414

Lean mass (kg) 57.39 ± 10.80 53.78 ± 8.29 50.82 ± 17.33 0.670

FN BMD 0.89(0.10) 0.90 (0.11) 0.95 (0.13) 0.344

FN T score − 0.05 (0.85) 0.08 (0.80) 0.85 (1.25) 0.077

FN Z score 0.81 (0.78) 0.96 (0.91) 1.54 (1.06) 0.134

LSBMD 1.03 (0.09) 1.11 (0.13) 1.08 (0.14) 0.255

LS T score − 0.59 (0.84) 0.28 (0.91) 0.09 (1.33) 0.082

LS Z score 0.01 (0.85) 0.79 (1.47) 0.62 (1.37) 0.239

Data is expressed as mean ± standard deviation for normal distributed variables and median (first and third
quartiles) for non-normal distributed ones. BMD, bone mineral density; BMI, body mass index; FN, femoral
neck; LS, lumbar spine; P, statistical significance; PTH, parathyroid hormone; *, p < 0.05 was considered statis-
tically significant

Table 2 Patient’s characteristics
1 year after bariatric surgery Parameter Metabolic gastric

bypass

(n = 15)

Sleeve
gastrectomy

(n = 15)

Greater curvature
plication

(n = 15)

p

Sex (male/female) 7/8 5/10 3/12 0.301

Age (years) 51.10 ± 7.70 49.20 ± 9.16 49.70 ± 8.12 0.827

Weight (kg) 66.61 ± 10,7 74.95 ± 10,09 83.59 ± 13,56 0.003*

BMI (kg/m2) 25.0 ± 3.03 28.63 ± 2,50 32.31 ± 2,66 < 0.001*

HbA1c (%) 5.09 ± 0.62 6.21 ± 0,82 6.61 ± 1,30 < 0.001*

Calcium (mmol/l) 2.26 ± 0.16 2.36 ± 0,11 2.40 ± 0,09 0.014*

Phosphate
(mmol/l)

1.15 ± 0.22 1.10 ± 0.18 1.09 ± 0.16 0.44

PTH (pmol/l) 5.08 ± 2.38 3.44 ± 2.10 3.71 ± 1.77 0.113

Vitamin D (nmol/l) 81.44 ± 97.46 85.93 ± 47.82 69.62 ± 38.45 0.387

Fat mass (kg) 16.96 ± 5.48 22.60 ± 5.31 30.53 ± 6.14 0.001*

Lean mass (kg) 47.81 ± 8.63 47.67 ± 7.86 49.72 ± 8.19 0.785

FNBMD 0.80 (0.10) 0.84 (0.10) 0.83 (0.13) 0.741

FN T score − 0.79 (0.80) − 0.25 (0.80) − 0.22 (1.15) 0.210

FN Z score 0.02 (0.70) 0.52 (0.77) 0.68 (1.11) 1.11

LSBMD 0.96 (0.08) 1.10 (0.15) 1.03 (0.14) 0.018*

LS T score − 1.15 (0.68) 0.10 (1.39) − 0.44 (1.22) 0.023*

LS Z score − 0.54 (0.74) 1.65 (3.39) 0.48 (1.25) 0.041*

Data is expressed as mean ± standard deviation for normal distributed variables and median (first and third
quartiles) for non-normal distributed ones. BMD, bone mineral density; BMI, body mass index; FN, femoral
neck; LS, lumbar spine; P, statistical significance; PTH, parathyroid hormone; *, p < 0.05 was considered statis-
tically significant
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Changes in Gastrointestinal Hormones After Bariatric
Surgery

As described in detail previously [11], when analyzing hor-
mone changes after bariatric surgery, the increase in the AUC
for GLP-1 and GLP-2 fasting values of PYYand ghrelin were

significantly higher in the mRYGB group than in SG andGCP
groups p < 0.05, without differences between SG and GCP
groups (p > 0.05). Fasting levels of glucagon were not differ-
ent between the three groups.

Correlations of BMC with Gastrointestinal Hormones

Before surgery, FN BMC correlated with fasting PYY (r =
0.325, p = 0.044) and AUC for insulin (r = 0.378, p = 0.02).
Also, LS BMC correlated positively with fasting PYY and
fasting glucagon (r = 0.468, p = 0.02) and (r = 0.374, p =
0.018), respectively. Twelve months after surgery, BMC at
the LS showed an inverse correlation with fasting ghrelin
and AUC for GLP-1 (r = − 0.412, p = 0.01) and (r = − 0.402,
p = 0.017), respectively.

Correlations of BMD and Bone Remodeling Markers
with Gastrointestinal Hormones

FN BMD at 12 months correlated positively with post-
surgical fasting glucagon (r = 0.498, p = 0.04) and insulin
AUC (r = 0.384, p = 0.030). LS BMD at 12 months correlated
with the AUC for GLP-1 at the same time period (r = − 0.335,
p = 0.049). When analyzing the different surgical techniques,
the correlations were similar with the exception of GLP-1 and
LSBMD that was only observed in the mRYGB group. No
correlation was found between bone remodeling markers and
gastrointestinal hormones.

Fig. 2 Changes in bone remodeling markers during the first year after bariatric surgery. mRYGB, metabolic gastric bypass; SG, sleeve gastrectomy;
GCP, greater curvature plication. The asterisk indicates p < 0.05 comparing mRYGB with SG and GCP

Fig. 1 Changes in bone mineral density one year after bariatric surgery.
BMD, bone mineral density; mRYGB, metabolic gastric bypass; SG,
sleeve gastrectomy; GCP, greater curvature plication. The asterisk
indicates p < 0.05 comparing mRYGB with SG and GCP
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Changes in BMD Regarding T2D Outcomes After
Surgery

Taking into account the probable influence of metabolic out-
comes on skeleton metabolism, we compared BMD changes
in patients achieving T2D remission vs. non-remitters. FN
BMD was similar between both groups. On the contrary, LS
BMD reduction was greater in patients with T2D remission
compared with patients with partial remission and non-
remitters − 4.26 (5.13) vs. − 7.17 (5.57) vs. 0.12 (2.37) p =
0.012. Higher osteocalcin values were also observed in pa-
tients with T2D remission 38.4 (20.7) vs. 29.1 (22.2) vs.
21.3 (10.2), p = 0.045.

Predicting Factors of BMD Decrease After Bariatric
Surgery

We performed a bivariate analysis to explore variables asso-
ciated with FN and LS BMD after surgery (Table 3). In the
multiple regression analysis after adjusting for age, sex and
BMI, the type of surgery (mRYGB) remained the only factor
associated with BMD decrease at LS and FN. No association
was found with gastrointestinal hormones nor with phospho-
calcium parameters. The association of BMD decrease with
diabetes remission was also explained by the surgical tech-
nique (mRYGB) in the multivariate analysis.

Discussion

To our knowledge, this is the first study that has compared
bone outcomes between three different bariatric procedures
(mRYGB, SG, and GCP) in the setting of a RCT. We found
similar BMD loss at the FN but greatest descent at LS a year
after mRYGB. Also, our study assessed the contribution of
gastrointestinal hormones on bone metabolism. In spite of a
few observed correlations of these hormones with BMD pa-
rameters, our findings indicate that they might influence but
do not play a major role in bone health in the short term after
bariatric surgery.

The effect of bariatric surgery on bone might differ among
techniques but only a few studies have compared BMD out-
comes after different surgical procedures [2–7], most of them
comparing RYGB with SG in a non-randomized manner
[2–6]. The Stampede study is the most important RCT com-
paring RYGB and SG to intensive medical treatment in T2D
with grade I obesity [7]. At 2 years, in this trial, BMD changes
and bone fractures were similar between groups, but at 5 years,
RYGB showed a greater increase in bone metabolismmarkers
compared with SG [22]. Our findings are in this line, observ-
ing greater BMD loss at LS and increases in bone remodeling
markers after mRYGB. One explanation might be that
mRYGB is characterized by a more malabsorptive component
compared with standard gastric bypass, and even though vita-
min D and PTH were similar between groups, we cannot rule
out higher deficiencies of other minerals important for the
bone matrix after this procedure. Another factor that might
have an influence is the superior amount of weight loss after
mRYGB, since the mechanical unloading reduces sclerostin
that stimulates osteoclastogenesis [23]. Moreover, as the
weight descends, there is usually a decrease not only in fat
mass but also in lean mass that can lead to sarcopenia further
impairing bone health [24]. Nevertheless, in our study, lean
mass was similar after the three techniques, probably related
to a protein-rich diet with protein powder supplementation
and exercise counseling provided to patients.

The role of gastrointestinal hormones in the regulation of
bone metabolism has been elucidated, but in humans, there is
still scarce information of this gut-bone axis after bariatric
surgery [11, 25]. In vitro, the orexigenic gut peptide ghrelin
suppresses osteoclastogenesis and enhances osteoblast prolif-
eration and differentiation in rats [26]. In humans, Carrasco
et al. [2] described a reduction in ghrelin that was associated
with BMD loss after RYGB and SG. In our study, fasting total
ghrelin after surgery had an inverse correlation with BMC at
the LS. The rise in ghrelin concentrations after mRYGB as a
compensatory response to the negative energy balance at the
time of maximal bone loss might explain this negative asso-
ciation. Studies performed in anorexic patients have shown a
negative association between PYY and bone formation
markers and lumbar BMD [27]. As bariatric surgery is related

Table 3 Correlations of bone mineral density at the femoral neck and
lumbar spine 12 months after surgery with body composition,
biochemical, and hormonal parameters

FNBMD LSBMD

R p value R p value

Weight12 (kg) 0.180 0.288 0.301 0.071

Fat mass12 0.055 0.741 0.255 0.122

Lean mass12 0.078 0.642 0.008 0.960

Vitamin D12 0.324 0.051 0.194 0.249

PTH12 − 0.141 0.405 − 0.284 0.088

Osteocalcin12 − 0.213 0.212 − 0.325 0.053

APh12 − 0.230 0.170 − 0.241 0.152

HbA1c12 − 0.067 0.693 0.145 0.391

AUC.GLP-1 12 − 0.149 0.393 − 0.335 0.049*

PYY 12 − 0.012 0.948 − 0.082 0.656

Glucagon12 0.392 0.027* 0.311 0.083

Ghrelin12 − 0.267 0.115 − 0.305 0.070

AUC Insulin12 0.384 0.030* 0.181 0.322

Spearman and Pearson analysis were performed. APh, alkaline phospha-
tase;AUC, area under the curve;BMD, bonemineral density;FN, femoral
neck; GLP-1, glucagon like-peptide 1; HbA1c, glycated hemoglobin; LS,
lumbar spine; PTH, parathyroid hormone; PYY, peptide YY; *p < 0.05
was considered statistically significant
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to increases in PYY levels [28], a potential negative effect
would be expected in the bone. A small study performed after
RYGB and adjustable gastric banding found that changes in
fasting peptide YY positively correlated with C-terminal
telopeptide (CTX) and procollagen type 1 N-terminal
propeptide (P1NP) [29]. However, in our study, fasting PYY
correlated positively with BMD at the LS before surgery and
showed no association with bone remodeling markers. These
differences could be explained by the fact that most studies
previously performed in humans come from anorexic patients
that have opposed phenotypes to our morbidly obese patients.

In our study, fasting glucagon before surgery also cor-
related positively with BMC at the LS. In agreement with
these findings, a previous study performed in rodents em-
bryonic bone showed a direct inhibitory effect of gluca-
gon on bone resorption [30]. GLP-1 receptors have been
described in osteoblasts [31] and their agonist has shown
an anabolic effect on bone in rodents [14] but not in
humans [32]. GLP-2 receptors are also expressed in oste-
oclasts and inhibit bone resorption [33]. In a previous
study after RYGB and lap band, no correlations were
found between GLP-1 and CTX or P1NP levels [29].
Our study is the first to analyze the relationship of these
hormones with bone metabolism after bariatric surgery.
The increase in the AUC for GLP-1 during the first year
correlated negatively with BMD at the LS at the same
time period. Probably, the fact that the most important
increase in GLP-1 was observed after mRYGB that also
showed the greatest BMD loss might explain this associ-
ation. No correlations were observed between BMD and
GLP-2. It is important to highlight that all the associations
observed between gastrointestinal hormones and bone pa-
rameters lost significance after adjusting for weight loss
and type of surgery. This suggest that they may be surro-
gates of the relationship between weight, BMD reduction,
and hormonal secretion changes after surgery, rather than
having a strong direct effect on bone loss.

In T2D, a reduction in bone turnover [34] and an alter-
ation of bone matrix mechanical properties by advanced
glycation end products have been described [35]. As bar-
iatric surgery can induce diabetes improvement and remis-
sion, some authors have proposed that bone turnover
markers might be influenced by glycamia changes [36,
37]. Ivaska et al. [38] described similar trends in
osteocalcin in patients who had diabetes remission after
bariatric surgery compared with those without T2D previ-
ous to intervention. However, in other papers, increases in
CTX were significantly associated with diabetes remis-
sion [39] and an inverse correlation was observed be-
tween HbA1c and fasting CTX [29]. Our results showed
greater LS BMD descent and higher osteocalcin values in
patients with T2D remission, probably explained by a
greater weight loss decline observed in these patients.

The overall analysis of factors influencing BMD showed
that the strongest predictor of BMD changes at the FN and LS
was the type of surgery (mRYGB) employed. The mRYGB
procedure being the one that occasioned the greatest changes
at all levels (in weight, body composition, metabolism, and
hormonal environment). This therefore should be taken into
account when choosing the surgical option in a patient with
osteoporosis and with risk of fracture. Moreover, those pa-
tients undergoing mRYGB should have their BMD closely
monitored.

Our study has several limitations, the number of patients
was small and the follow-up was short, being only 12 months
after surgery. Also, we used DEXA scans that are of limited
accuracy after surgery due to changing fat-lean tissue ratios in
the region of interest. We only determined a few gut hormones
but others might be implicated in bone metabolism. Our ob-
servations nevertheless warrant further studies in larger co-
horts that could provide higher statistical power with longer
term follow-up.

In conclusion, our study has shown that mRYGB induces
greater short-term deleterious effects on bone mainly at the LS
compared with SG and GCP. Gastrointestinal hormones cor-
relate with some BMD parameters but do not play a major role
in bone changes in the short term after bariatric surgery. Bone
metabolism of patients undergoing this type of surgery should
be closely followed.
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