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Objective: Laparoscopic sleeve gastrectomy (LSG) is one of the most effective therapies to
treat obesity. Due to a lack of longitudinal research, we explored the changes in BMD and
bone metabolism in Chinese patients with obesity before and after LSG.

Materials and Methods: A total of 49 obese Chinese patients with obesity were recruited
from the Second Xiangya Hospital of Central South University. All patients underwent LSG,
and the metabolic indicators were evaluated, including the serum osteocalcin (OC), total-
terminal propeptide of type I procollagen (TPINP) and carboxy terminal telopeptide of
collagen type I (CTX) levels at baseline and 2, 6 and 12 months postoperatively. Dual
energy X-ray absorptiometry (DEXA) was used to measure body composition and BMD
before and 12 months after LSG.

Results: The body mass index (BMI) significantly decreased at 12 months postoperatively,
and no patients developed osteoporosis. The BMD of femoral neck and total hip significantly
decreased from the baseline to 12 months postoperatively, while the BMD of lumbar spine
did not change significantly. The OC, TPINP and CTX levels significantly increased at 12
months postoperatively. The excess BMI loss (EBMIL) was positively related while the
reduction in visceral adipose tissue (VAT) mass was negatively related to the decreases in
BMD of the femoral neck and total hip at 12 months postoperatively. The increase in OC was
negatively correlated with the decrease in BMD of the femoral neck, while the increase in
TPINP was positively correlated with the decrease in BMD of total hip.

Conclusion: Based on the 12-month follow-up results, the BMD of the femoral neck and
total hip was decreased in Chinese patients with obesity after LSG, while bone remodelling
was active. This finding suggested that weight loss, a decrease in the VAT mass and an
increase in bone remodelling may be correlated with a reduction in BMD.

Keywords: laparoscopic sleeve gastrectomy, obesity, bone mineral density, bone metabolism
markers

Introduction

Obesity is an important public health concern worldwide, and the global prevalence of
obesity in adults has been increasing in recent decades.! Metabolic surgeries, such as
laparoscopic sleeve gastrectomy (LSG) and Roux-en-Y gastric bypass (RYGB), are
effective interventions that can lead to marked weight loss and improved glucose
control” and have been considered one of the treatments for obesity.” The LSG procedure
has gained popularity in the past decade because it is easy to perform and is associated
with a low incidence of serious complications.* The effects of LSG on BMD in the
Chinese population are not yet clear.
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Many factors cause a decrease in BMD and increase
the risk of osteoporosis and fractures, including a low
body mass index (BMI),” insufficient protein intake, and
calcium and vitamin D deficiencies.® Research results on
the relationship between obesity and BMD are not consis-
tent. It has been demonstrated that women with obesity
have higher volumetric BMD in the lumbar spine and that
both men and women with obesity have higher volumetric
BMD in the distal radius and distal tibia than normal
weight individuals.” In addition, a positive association
between BMI and BMD has been identified.® On the
other hand, researchers have also found that a high BMI
can interfere with bone metabolism, which may cause
bone loss and an increased risk of fractures.”'® It has
also been suggested that adipose tissue mass may have
a dual effect on BMD, and too much or too little fat mass
can have adverse effects on the bone.'" Overweight and
underweight are associated with an increased incidence of
fractures at various sites.'> The above research results
suggest the importance of maintaining a normal BMI for
the prevention of osteoporosis.

The existing studies on the effects of metabolic surgery
on bone have mainly involved RYGB."* The results on the
changes in BMD after LSG are inconsistent.'*'® It has been
shown that femoral neck BMD decreases, spine BMD
increases, and total body BMD remains unchanged in men
with obesity after LSG,'* while another study has shown
that BMD increases during the first and second years after
LSG.” In addition, researchers have found that BMD
decreases after LSG,'*™'® and the effect of LSG on BMD
differs between genders, decreasing significantly in females
while remaining unchanged in males.'® The effects on BMD
and bone metabolism in the Chinese population remain
unknown. The purposes of our study were to investigate
the effect of LSG on the BMD and bone metabolism of
Chinese people with obesity and to explore clinical factors
that may be related to changes in BMD.

Materials and Methods

Participants

In this observational cohort study, 49 subjects with obesity
were recruited from the Second Xiangya Hospital of Central
South University (CSU) (Changsha, Hunan, China). LSG was
performed on all patients with obesity who met the surgical
criteria.®> The exclusion criteria for all the participants were
diseases or medications known to affect bone metabolism
(hyperthyroidism, hyperparathyroidism, Cushing, chronic

kidney disease, glucocorticoids, osteoporosis therapy, hor-
mone replacement therapy, etc.); type 1 diabetes mellitus;
secondary diabetes; inflammation, infectious diseases, or
other autoimmune disorders; pregnancy; and malignant dis-
eases. This study protocol was conducted in accordance with
the Declaration of Helsinki and was approved by the ethics
committee of the Second Xiangya Hospital of CSU. All
participants provided informed consent for the study
programme.

Study Design and Laboratory Analysis
Subjects with obesity underwent assessments (after 10 h of
fasting overnight) within 1 week before, 2 months after, 6
months after and 12 months after surgery. Study physi-
cians recorded the body height, weight and waist circum-
ference before and 2, 6, and 12 months after the therapy.
Body mass index (BMI) was calculated as the body weight
(kg)/height (m)?, and excess BMI loss (EBMIL) (%) was
calculated as (BMlpagetine-BMlgoriow-up)/ (BMlIpaseiine-24). It
has been recommended that serum total-terminal propep-
tide of type I procollagen (TPINP) and osteocalcin (OC)
levels are used as reference bone formation markers and
that serum carboxy terminal telopeptide of collagen type
I (CTX) is used as the reference bone resorption marker.'”
Fasting venous blood samples were tested for albumin,
serum calcium, serum phosphorus, intact parathyroid hor-
mone (iPTH), 25-OH-vitamin D, serum OC, serum TPINP,
serum CTX, fasting plasma glucose (FPG), fating
C-peptide (FCP) and haemoglobin A;. (HbA;.). A dual-
energy X-ray absorptiometry (DEXA) body fat composi-
tion analyser and bone density scanner (Discovery,
HOLOGIC, Bedford, MA) were used to measure BMD
in the lumbar spine, femoral neck and total hip, fat mass,
lean mass and visceral adipose tissue (VAT) mass. All
scans were performed with the same device for each
individual. The definition of osteoporosis assessed by
DEXA was a T-score of <-2.5 and a Z-score of <-2, and
that of osteopenia was a T-score of <—1 and >—2.5.%° The
definition of the clinically significant reduction in BMD
(>0.03 g/cmz) used the smallest detectable difference.”’

Definitions of Vitamin D Deficiency and
Supplementation

Vitamin D deficiency was defined as a 25-OH-vitamin
D of <20 ng/mL, and vitamin D insufficiency as 25-OH-
vitamin D of 21-29 ng/mL.** Most (39/49) subjects were
diagnosed with vitamin D deficiency before LSG in our
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study. All the participants were instructed to take vitamin
D 800 IU and Ca 300 mg, as the levels of 25-OH-vitamin
D were <30 ng/mL.

Surgical Procedure

All LSG surgeries were performed in the Department of
Metabolic Surgery at the Second Xiangya Hospital
of CSU.

Statistical Analysis

Data are presented as the mean + SD for normally dis-
tributed parameters or as the median (25th—75th percen-
tile) for nonnormally distributed parameters. To compare
the changes from baseline to the postsurgical time points
within groups, repeated measures ANOVA with the
Bonferroni post hoc test was performed. A multivariable
linear regression analysis was performed to identify the
clinical factors associated with changes in BMD. For the
statistical analysis, SPSS version 20.0 (IBM Corporation,
Chicago, IL) and GraphPad Prism 5 (GraphPad Software,
San Diego, CA) software were used. A two-tailed P < 0.05
was considered statistically significant.

Results

The Metabolic Indicators Significantly
Improved After LSG, While the Levels of
25-OH-Vitamin D Were Deficient Before
and After LSG

The anthropometric and laboratory data are listed in Table 1.
At baseline, the age of the patients with obesity was 29.3 +
1.3 years. Compared with baseline, the BMI significantly
decreased in the patients with obesity at 12 months after
LSG (27.2 + 0.5 vs 40.0 + 0.8 kg/m* P = 0.000). The
EBMIL was 81.6 + 2.9% at 12 months after LSG. The
waist circumference, FPG, FCP, HbA ., fat mass, lean mass
and VAT mass all significantly decreased in the patients with
obesity from the baseline to 12 months after LSG (P < 0.05).
The albumin and serum calcium levels increased at 12
months after LSG (P = 0.000 and 0.004, respectively). The
25-OH-vitamin D, iPTH and serum phosphorus levels were
not significantly different from the baseline to 12 months
after LSG (P > 0.05). The levels of 25-OH-vitamin D before
and after surgery were both deficient, while the levels of
serum calcium, phosphorus and iPTH were in the normal
ranges. We used each patient’s last follow-up visit to deter-
mine the use of vitamin D supplements. A total of 22 (44.9%)
patients were still using vitamin D supplements at 12 months,

while 27 (55.1%) patients never used them during the 12
months. There was no significant difference in the levels of
25-OH-vitamin D between the patients with and without
vitamin D supplementation.

Serum Bone Metabolism Markers
Increased the in Patients with Obesity
After LSG

As shown in Figure 1A and B, the levels of the bone
formation markers,'” serum OC (P = 0.000, P = 0.000,
P =0.000, respectively) and TPINP (P = 0.001, P = 0.000,
P =0.000, respectively), significantly increased at 2
months, 6 months and 12 months after LSG compared
with baseline. Moreover, the median percentage increases
in serum OC and TPINP were +100.0% and +45.1%,
respectively, at 12 months after LSG. As shown in
Figure 1C, the bone resorption marker'® serum CTX also
significantly increased at 2 months, 6 months and 12
months after LSG compared with baseline (P = 0.000,
P =10.000 and 0.000, respectively). The median percentage
increases in serum CTX were +85.9%, +79.3% and
+52.8% at 2 months, 6 months and 12 months after LSG,
respectively. As shown in Supplementary Table 1, serum
OC, TPINP, and CTX increased at 12 months after LSG in
both the female and male subjects with obesity (all

P < 0.05). As shown in Supplementary Table 2, serum
OC, TPINP, CTX increased at 12 months after LSG in the
subjects with obesity with T2DM and without T2DM (all
P <0.05).

BMD of the Femoral Neck and Total Hip
Decreased in the Patients with Obesity
After LSG

As shown in Table 2, there were 2 patients (4.1%) with
osteopenia at baseline, while there were 8 patients (16.3%)
with osteopenia and no patients with osteoporosis or frac-
tures at 12 months after LSG. A clinically significant
reduction in BMD (>0.03 g/cm”) at 1 or more sites was
observed in 43 patients (87.8%) at 12 months after LSG.
As shown in Figure 2A, the BMD of femoral neck and
total hip significantly decreased at 12 months after LSG
(P = 0.000, P = 0.000, respectively), while the BMD of
lumbar spine was not significantly changed at 12 months
after LSG. In Figure 2B, the Z-scores of femoral neck,
total hip and lumbar spine decreased at 12 months after
LSG (P = 0.000, P = 0.000, P = 0.000, respectively). As
shown in Figure 2C, the T-scores of the femoral neck, total
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Table | Anthropometric and Laboratory Data of the Subjects with Obesity

FCP (pmol/L)
HbA c (%)
Albumin (g/L)

iPTH (pmol/L)
Fat mass (g)
Lean mass (g)
VAT mass (g)
OC (ng/mL)
TPINP (ng/mL)
CTX (pg/mL)

25-OH-vitamin D (ng/mL)

Serum calcium (mmol/L)

Serum phosphorus (mmol/L)

1063.2 (813.6-1375.3)
73%20

408 + 3.0

143 %52

222 £ 0.1

125 + 0.2

436 +2.08
45409.6 + 11764.2
60759.4 + 11862.4
11002 + 239.1
149 £ 9.1

73.53 + 35.05
5344 £219.9

756.4 (532.6-980.5)%*
5.4 & 0.7

4.1 & 3.5

16.8 + 7.8

\

\
\
\
\

\

21.7 £ 8.2%%*
85.04 + 31.18%
957.4 £ 4147+

Baseline 2 Months 6 Months 12 Months
Age (years) 28.0 (23.5-35.0)
Gender (female/male) 20/29
Hormone status (menopause/not menopause) 0/20
Smoking status (non-smokers/smokers) 45/4
T2DM (with/without) 32/17 0/49 0/49 0/49
BMI (kg/m?) 40.0 £ 54 32.8 £ 4.1%% 29.3 # 3.2k 27.2 & 3.3%%
EBMIL (%) \ 488 + 194 69.8 + 183 81.6 + 20.1
Waist (cm) 121.8 £ 13.0 106.8 £ 10.5%%* 97.2 £ 9.3k 91.0 £ |5.7%*
FPG (mmol/L) 5.8 (4.6-7.9) 4.7 (4.2-5.2)FF* 4.5 (4.2-4.8)** 4.4 (4.0-4.8)*+*

612.5 (460.0-806.5)***
5.3 & 05w

444 + 3.0

157+ 7.9

2.37 + 0.20%

132 % 0.16*

404 £ 127

29117.6 + 8136.5%
48744.8 + 9118 475
643.4 + 202.3%%%
25.1 + 8.0%¢*
101.08 + 32.86%
922.8 + 304, %

500.6 (372.3-647.5)%+
53 & 0.5k

4438 + 2.9%

160 + 5.3

2.32 + 0.20%

130 £0.17

419+ 1.85

25316.8 + 7775.0%%
479918 + 8878.8%*
571.8 + 176.9%%
27.6 % || |55

98.31  40.02%+
831.4 + 300.8%

Notes: Data are presented as the mean + SD or the median (25th—-75th percentile). *P < 0.05 compared with baseline, **P < 0.0] compared with baseline, ***P < 0.001

compared with baseline.

Abbreviations: BMI, body mass index; CTX, carboxy terminal telopeptide of collagen type |; EBMIL, excess BMI loss; FCP, fating C-peptide; FPG, fasting plasma glucose;
HbA, ., haemoglobin A,; iPTH, intact parathyroid hormone; OC, osteocalcin; T2DM, type 2 diabetes mellitus; TPINP, total-terminal propeptide of type | procollagen; VAT,

visceral adipose tissue.

hip and lumbar spine also decreased at 12 months after
LSG (P = 0.000, P = 0.000, P = 0.000, respectively). As
shown in Supplementary Table 1, the BMD of femoral

neck and total hip in the female subjects with obesity were
significantly lower than in the male subjects with obesity
at both baseline and 12 months after LSG (all P < 0.05).
As shown in Supplementary Table 1, compared with base-

line, the BMD of femoral neck and total hip significantly
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decreased at 12 months after LSG in both the female and
male subjects with obesity (all P < 0.05), while the BMD
of lumbar spine was not significantly changed at 12
months after LSG (all P > 0.05). As
Supplementary Table 2, compared with baseline, the

shown in

BMD of femoral neck and total hip were significantly
decreased at 12 months after LSG in the subjects with
obesity with T2DM and without T2DM (all P < 0.05),
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Figure | Alterations (mean * SD) in the levels of OC (A), TPINP (B) and CTX (C) in patients with obesity during the 12 months after LSG. **P < 0.01, ***P < 0.001

compared with the baseline.

Abbreviations: CTX, carboxy terminal telopeptide of collagen type I; OC, osteocalcin; TPINP, total-terminal propeptide of type | procollagen.
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Table 2 Variations in Bone Mineral Density of Subjects with
Obesity

Baseline 12 Months
Bone status (normal/osteopenia/ 47/2/0 41/8/0
osteoporosis)
Sites of BMD reduction >0.03 g/lem® | \ 6/11/21/11
(0/17213)
Total body
BMD (g/cm?) 1.22 £0.15 | 1.21 £0.12
T-score 0.50 £ 1.21 | 0.53 £ 1.20
Z-score 052 £ 1.21 | 0.52 % |.17
Femoral neck
BMD (g/cm?) 0.97 £ 0.15 | 091 £ 0.14%
T-score 1.29 £ 1.46 | 0.57 £ |.38%*
Z-score 1.56 £ 1.59 | 0.76 £ |.4]***
Total hip
BMD (g/cm?) .14 £0.12 | 1.02 £ 0.13%*
T-score 225 £ 252 | 0.65 £ |. 4%
Z-score 223 £ 1.24 | 0.84 £ |.26%%
Lumbar spine
BMD (g/cm?) 1.08 £0.13 | 1.07 £0.13
T-score 0.76 £ 1.16 | 0.50 £1.24%*
Z-score 1.25 £ 1.29 | 0.75 £ |.36%**

Notes: Data are presented as the mean = SD. **P < 0.01, **P < 0.00| compared
with baseline.
Abbreviation: BMD, bone mineral density.

while the BMD of lumbar spine was not significantly
changed at 12 months after LSG (all P > 0.05).

The EBMIL and the Decrease in the VAT
Mass Were Correlated with the
Decrease in BMD of the Femoral Neck
and Total Hip After LSG

Multiple linear regression analyses were performed with
the changes in BMD as dependent variables and the
changes in clinical indicators as independent variables
from the baseline to 12 months after LSG. As shown in
Table 3, the reduction in VAT mass and the increase in OC
during the 12 months after LSG were found to be signifi-
cantly inversely associated with the decrease in BMD of
the femoral neck (P = 0.015, P = 0.012, respectively),
while the EBMIL was positively related to the decrease
in BMD of the femoral neck (P = 0.008). The decrease in
VAT mass during 12 months after LSG was also found to
be significantly negatively related to the decrease in BMD
of the total hip (P = 0.026), while the EBMIL and the

increase in CTX were positively related to the decrease in
BMD of the femoral neck (P = 0.022, P = 0.045,
respectively).

Discussion

As one of the standard treatments for patients with obesity,
metabolic surgery has attracted increasing attention due to
its safety. The BMD changes after metabolic surgery
reported in the current literature mainly occur following
RYGB."? Our research demonstrated that the BMD of the
femoral neck and total hip decrease in patients with obe-
sity after LSG, while the markers of bone formation and
resorption all increase after LSG. Since all the subjects
underwent LSG, our research added the evidence of the
effects of LSG on BMD and bone metabolism in Chinese
patients with obesity.

In contrast to previous studies showing that LSG has
no effect on BMD in Chileans®’ or increases the BMD in
Czechs and Spanish,'*'> our study showed that the BMD
of the femoral neck and total hip in the Chinese population
with obesity decrease after LSG. As the changes in the
BMD percentage may only partially reflect the physiolo-
gical changes, we chose to compare the absolute values of
BMD before and after surgery. In our study, regardless of
gender, the BMD of the femoral neck and total hip both
decreased in Chinese patients with obesity after LSG
(Figure 2A and Supplementary Table 1). This was differ-

ent from previous reports in Chinese populations which
showed that the effect of LSG on BMD differed between
genders, decreasing significantly in females while remain-
ing unchanged in males.'® The number of patients diag-
nosed with osteopenia increased at 12 months, and no
patients were diagnosed with osteoporosis or fractures
(Table 2). Moreover, clinically significant reductions in
BMD (>0.03 g/cm?) at 1 or more sites were observed in
43 patients (87.8%) at 12 months after LSG (Table 2). The
average age of the patients with obesity was 29.3 £ 1.3,
and we found that the Z-scores of the femoral neck, total
hip and lumbar spine decreased after LSG (Figure 2B).
The above evidence suggests that the BMD of the Chinese
population with obesity in our study decreased after LSG.
A lower BMD is linked to a higher risk of fracture,’ and
a significant association between metabolic surgery and
fracture has been reported.”*2® It is worth noting that
RYGB but not LSG increased the risk of major osteoporo-
tic fractures in a French population aged 40 to 65 years.?’
The decline in BMD caused concern because we could not
rule out the idea that weight loss after surgery caused
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Figure 2 Alterations (mean * SD) in the BMD (A) Z-score (B) and T-score (C) of the femoral neck, total hip and lumbar spine during the 12 months after LSG. **P < 0.01,

***P < 0.001 compared with the baseline.
Abbreviation: BMD, bone mineral density.

skeletal fragility. Although no cases of osteoporosis or
fracture were observed in our study, a longer follow-up
period for observations is needed to determine the risk of
long-term postoperative osteoporosis and fracture.

In our study, the levels of all the markers of bone formation
and resorption increased after LSG (Table 1 and Figure 1).
With a decrease in BMD, elevated serum concentrations of
bone formation and resorption markers after RYGB and LSG
compared with before surgery have been reported.?®?’
Therefore, we believe that bone remodelling actively occurs
in patients with obesity after both RYGB and LSG, as bone
formation and bone resorption co-exist. Interestingly, we
found that the rate of increase in CTX, which was a marker
of bone resorption, peaked at 2 months after LSG and then
decreased gradually (Figure 1C). This result may indicate that
the bone resorption rate decreases gradually after 2 months,
but the reason remains unclear. Although researchers found
that the observed reduction in BMD possibly reflects an

Table 3 Multiple Linear Regression Analysis of the Changes in
BMD and Clinical Data During the 12 Months After LSG

Dependent Independent 1] t P
Variables Variables
A BMD in EBMIL 0.497 2.821 0.008
femoral neck
A VAT mass —0.471 | —2.564 | 0.015
A OC —0.402 | —2.666 | 0.012
A BMD in total EBMIL 0.375 2.398 0.022
hi
P A VAT mass 0370 | —2.069 | 0.038
A CTX 0.351 2.523 0.026

Note: Boldface text indicates a significant linear relationship.

Abbreviation: BMD, bone mineral density; CTX, carboxy terminal telopeptide of
collagen type I; EBMIL, excess BMI loss; LSG, laparoscopic sleeve gastrectomy; OC,
osteocalcin; VAT, visceral adipose tissue.

artefact of reduced measurement sensitivity following changes
in weight rather than actual physiological changes in bone
tissue,” the increases in bone formation and resorption marker
levels in our study may suggest that the reduction in BMD was
possibly a real effect. Moreover, our multiple linear regression
results showed that the increases in the markers of bone
formation and resorption are closely related to the reduction
in BMD (Table 3). The above evidence suggests that increases
in bone formation and resorption may play a role in the
decrease in BMD after LSG in Chinese patients with obesity.
Furthermore, researchers have found that peptide Y'Y acts as
a negative regulator of osteoblastic bone formation®' and that
ghrelin directly stimulates bone formation.** The peptide YY
was increased after LSG, while ghrelin was decreased.*
Although our study did not detect gut hormones, the above
evidence suggests that changes in gut hormones may be
involved in the pathogenesis of bone loss following LSG.
Our study showed that the EBMIL and the decrease in
VAT mass were correlated with the decreases in BMD in
the femoral neck and total hip after LSG (Table 3).
Similarly, bone loss has been demonstrated at various
bone sites after nonsurgical weight loss.** Our data sug-
gest that one mechanism for bone loss following weight
loss is a reduced mechanical load on the skeleton and
a subsequent decrease in bone mass that results from
weight loss. Our results also suggest that the reduction in
VAT mass was negatively correlated with the decrease in
BMD after LSG. It has been found that excess VAT may
be deleterious to BMD.** The potential mechanism may be
associated with increased production of pro-inflammatory
cytokines such as IL-6,° which could stimulate bone
resorption in osteoclasts.>” The evidence above indicates
that a decrease in VAT mass may have a protective effect
on the decrease in BMD in patients with obesity who
undergo LSG. It is necessary to pay attention to the
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reductions in BMI and VAT mass after LSG, and physical
exercises should be performed to prevent a decrease in
BMD during weight loss.*®*°

In our research, the levels of vitamin D before and after
surgery were both deficient, while the levels of serum
calcium, phosphorus and iPTH were in the normal ranges
(Table 1). Although it was not clear whether LSG can cause
malabsorption of vitamin D, these data suggest that we
should encourage supplementation with vitamin D before
and after LSG. Vitamin D is essential for appropriate rates
of calcium absorption and bone metabolism. A deficiency in
vitamin D with a high prevalence of secondary hyperpar-
athyroidism and high bone turnover was detected after
metabolic surgery.*” It has been shown that ongoing vitamin
D supplementation can decrease the rate of BMD loss after
metabolic surgery, even though the increase in bone turn-
over markers is less pronounced.*® This evidence suggests
that preventative measures for bone loss should be initiated
in the first months after surgery, which is a period associated
with increased bone turnover. In our study, all the partici-
pants were instructed to take vitamin D 800 IU, but only
44.9% of patients had supplemented. It has been recom-
mended that LSG and RYGB patients take an initial dosage
of at least 3000 IU vitamin D daily along with 1200 to
1500 mg of calcium supplements.*' This result indicates
that the dose of vitamin D in our study was not enough and
that the compliance of patients was also important.
Moreover, the time of sunlight exposure has a large impact
on the level of vitamin D.** Although no secondary hyper-
parathyroidism occurred in our study, the BMD of the
population with obesity significantly decreased, and the
bone formation and resorption marker levels increased. In
the future, in addition to taking sufficient amounts of vita-
min D orally, we also need to determine whether the sun-
light exposure time is sufficient.

The present study was limited by the sample size and
follow-up period, which may influence the results. Studies
with larger sample sizes and longer follow-up times are
warranted. Another limitation was that DXEA measured
BMD. It has been found that increasing the thickness of
overlying fat induces inaccuracies and measurement errors
when BMD is assessed using DXEA.* Although over-
lying fat also affects quantitative computed tomography
(QCT) BMD measurements, the error is smaller and more
uniform than with DXEA BMD.*** Caution must be used
when interpreting DXA BMD results of clinical studies in
which weight and body composition are changing.

In summary, our study showed reductions in BMD of
the femoral neck and total hip in Chinese patients with
obesity after weight loss due to LSG, while the bone
formation and resorption marker levels increased. The
significant reduction in BMD was related to the EBMIL,
the reduction in VAT mass and the increases in bone
formation and absorption marker levels. Whether the
reduction in BMD is secondary to physiological adapta-
tions of bone metabolism to reduced mechanical con-
straints or whether bone loss is pathological in itself with
an increased fracture risk remains to be determined.
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